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Secrets of the North Staffordshire Ceramic Recipeddentifying Chemical
Variation and Uniformity Using an Archaeometric Approach

Chapter 1

INTRODUCTION

The North Stafforshire region in the West Midlamisvince of England
provided an ideal location for industrial potterpguction (Figures 1 and 2). Due to
the varieties of clay in the region, the abundasfdeigh-quality coal to fire the
pottery kilns, and the unusual geological formatdsalt and lead for glazing, North
Staffordshire was long considered a potters pagasgigh over 1500 pottery
companies in operation between 1650 and presen{@apeland 1972; Shaw 1970:
6 [1829]; The Potteries 2006)

As early as the middle of thetieentury North Staffordshire potters
revolutionized the pottery industry, and the regsgoon dominated industrial pottery
production in Europe (Barker 2001: 76). With inglizdization underway, North
Staffordshire potters were able to take advantagew technology of production
(i.e. machinery), and new labor management stregg@ie. job-specific work
stations) to improve efficiency, increase out-jungl produce a more consistent,
standardized product.

At the same time, the industry as a whole was medipg to consumer
preference for wares that resembled Chinese pan¢slach that one of the main

goals of North Staffordshire potters was to creastever-whitening ceramic body.
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Over the course of the latter part of thd’ Téntury and early part of the‘i@entury,
potters were strategically experimenting with déiat ingredients and various
proportions to obtain the “perfect” paste recipat tmore closely resembled the
white body of porcelain. Given the competition aig@ottery companies, this
experimentation process was rather secretive.ePesipes were closely guarded
secrets kept by the chief potter and were rareigemwr down. In one instance, there
was even clear evidence of industrial “espionage&nvone potter obtained another
potters’ recipe and verified that the mixture wagaod quality (Pomfret1988: 23).

The dual processes of (1) industrialization ancc{@hpetition for the

“perfect” paste recipe affected North Staffordslpodtery in ways that are
potentially useful for the historical archaeologisvhile the reliance on
mechanization theoretically resulted in a standadlpaste composition,
competition among companies potentially createdavmaore distinctive recipes
unique to a given manufacturer. If as documergsaigience suggests, each of these
paste recipes was a consistent, but unique connxinat various raw materials in
specific proportions, then each recipe is potdngtidentifiable from its unique
chemical or trace-element composition. Chemicalyais of these paste recipes

could therefore lead to the identification of maauni@irer and date of production.

Project Significance
The question has been asked: why would a histacltagologist implement a

chemical analysis on ceramic artifacts, when aalldecuments and scholarly



literature are readily available? The answereaicl Historic ceramics,
manufactured in an industrial setting that are veoed from archaeological
investigations do not always contain diagnostickees, such as trademarks and
identifiable patterns that can be utilized for iptetation. In fact, identifiable
ceramics are generally less common than unidelgfilkagments, which essentially
make up the minority of archaeological collections.

As a result, the undecorated, unmarked, and unfidai¢ pattern fragments
(herein called “non-data” fragments) usually cohsfghe majority of ceramic in
archaeological collection. Historical archaeoltgysssentially are unsure of what to
do with the non-data ceramic fragments, so theggfents often get counted and
labeled “unknown.” Unfortunately, the non-dategireents will not go any further in
the analysis process. Why is there unequal tredtgieen to the non-data ceramic
fragments compared to the identifiable fragments?

A parallel example can be used to illustrate tigaificance of all artifact
categories in any archaeological context. In #s¢ 40 years, pre-historic
counterparts had a similar issue in dealing withitdge analysis-the systematic
study of chipped stone artifacts. Debitage anslgsovides information for
reconstructing prehistoric lithic technology andt@ans of human behavior (Fish
1981: 374). However, before the 1960s, debitagetvemted unequally and was not
considered a significant artifact category. Furth@re, debitage was once thought
of as a useless artifact category for analysisqae® and not even collected in the

field. Today, lithic analysis has all changed #melrelevancy for lithic debitage for
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archaeological reconstruction is immense. Corsaityy many specialties in pre-
historic archaeology are constructed around lid@bitage analysis.

The comparison between lithic debitage and non-cltamic fragments may
appear to be an exaggeration, but the point isalhattifacts are treated the same.
Before 1970, lithic debitage had little importameerchaeological analysis. The
non-data ceramic fragments are thought of in alarmegative context. The non-
data ceramic fragments are thought of, as “unisterg,” “useless,” and more
importantly, the assumption is that they do notiaithe chronological or
interpretative process.

What if the, “non-data,” artifact category couldtbened into “interpretive-
data,” by conducting a chemical analysis on thenomin fragments? What if all
ceramic artifacts could be treated equally? Whttafartifacts could stop being
referred to as, “non-data fragments,” and giveew and hopeful name, such as
“interpretative-data.” The author of this thesddiéves that a strong and evidence-
based argument can be made that all ceramics caeated uniformly during the
archaeological collection and analytical stageg.inBegrating archival documents,
which include, paste recipes written by manufactuamd using archaeometric
approaches, such as chemical characterizatiormeefeagments can all be given
the same amount of attention and importance iratiadytical stages. The following
thesis will demonstrate that the utilization offaval documents and chemical
analysis can generate a reasonable hypothesisktmtustrial ceramic

manufacturers recipes to their corresponding chamignatures.



Project Description

Ceramics, due to durability and abundance, aregpsrbne of the most
significant artifact types in historical archaeotay analysis. To assist in
interpretation, ceramics are traditionally clagsifin terms of the following: body
composition, glaze type, decorative appliqué, aalaris mark to serve as
chronological markers to aid in the determinatibsaxial factors, such as ethnicity,
economy, class, religion, and socioeconomic stg&dams and Boling 1989; Barker
2001; Chapman 1993; Cromwell 2006; Miller 1991 &aanford 1997). These
systems of classification are exceptionally usefaén applied to whole vessels or
decorated fragments. Consequently, the systemiasdification prove to be less
useful for materials without chronological markdos,instance, maker’'s marks,
registry marks, or identifiable patterns. As uratated, unmarked, and unidentified
fragments comprise a large portion of the archagcdd materials recovered from
sites, an alternative or supplementary analytmall for the non-data fragments is
greatly needed.

The current research study proposes to integrasecdraeometric approach,
into a historical archaeological study, in ordedémonstrate the applicability of this
approach for industrial ceramic analysis. In meases, the goal of archaeometric
studies and more specifically, chemical characion, is to link the provenance of
an artifact to its raw material by analyzing themical concentrations of the fabric
(Rapp 1985: 353). Chemical characterization chmet paste recipes proves to be a

complex task because there are multiple factotsattfect the variability including:
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natural variability of raw materials, paste recyagiability, water added to the clay
mix, firing, and post-depositional alteration (Aldet al. 1991). Paste analyses,
utilizing Instrumental Neutron Activation AnalygiNAA) combined with
multivariate statistics has been used for chendlcatacterization on
ancient/prehistoric ceramics for at least 30 yé@tascock 1992; Speakman and
Glascock 2007).

The integrated research study aims to chemicalkydi ceramic artifact with
a paste recipe formula by merging two distinctinat, complimentary approaches
together. The study will involve analyzing ideratifle ceramic fragments, from a
historical archaeological and archaeometric apgro@cgain more insight about the
manufacturing process of industrial ceramics.

A total of 174 ceramic samples attributed to astieax industrial pottery
companies from the North Staffordshire, Englandaegvere employed for analysis.
The North Staffordshire region in the West MidlanBegland became the Mecca of
the pottery industry during the beginning of theateenth century, as potters
positioned themselves near coal deposits necesséirg their ware and strategically
experiment with a variety of paste, glaze, andrcadoipes. Broadly, paste recipes
are assumed to be a unique combination of variatennals such as kaolin clay,
china stone, flint, ball clay, and bone. Raw matesmused for paste recipes were
transported in from the southwest region of Englaimdfact, all potteries were most
likely receiving similar raw materials concurrentlgs industrialization within

ceramic manufacture was unfolding, North Staffondspotters became more



standardized in the production process. Additignahother goal of North
Staffordshire potters was to create an ever-whigemiare that surpassed any other.
The over arching goal of paste recipe perfectidnaly increased competition
between pottery companies, thus creating specihbzenique recipes.

As standardization within pottery companies iases, it is argued in this
research that, specialization between companiesraiseased. Archival documents
reveal that nineteenth century potters were sticag experimenting with a
multitude of paste recipes where the ingredientstha proportions varied from one
recipe to the next.

As stated in the previous section, a paste resipgefined as a unique
combination of raw materials at various proportioSsibsequently, a unique
chemical composition and inherently a unique traleeaent signature will result
from specialized paste recipes. By identifyingrafeal homogeneity within known
companies and determining patterns of variationgbdity) between companies,
this research will test the hypothesis that indalsteramic companies can be
chemically linked to its specialized paste reciperfula (s). Furthermore, by
creating a chemical database of the six North &tds¢hire potteries, this research
could potentially lead to a solution for analysieqedures for the “non-data”

ceramic fragments in the future of archaeologieaéarch.
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Research Hypotheses

Ceramic fragments from six North Staffordshire daiets were analyzed for
data variables, which include, chemical concerdratiof major, minor, and trace
elements using from Instrumental Neutron Activatforalysis (INAA), paste
recipes from primary records, date ranges of marwifa and importation,
manufacturer, pattern name, transfer-print colod, @essel type. By integrating all
types of data (primary records, secondary soutaditional archaeological analyses
and chemical concentrations levels using INAA) dbéhor anticipates to link the
paste body, using chemical analysis, with the spoading paste recipe. This
multidimensional research project could be thetr@gg of a chemical database of
six contemporaneous North Stafffordshire cerammmanies that will be available
to historical archaeologists.

The historical, archaeological and archaeometrni@isbes provide evidence

for the generation of the following hypotheses:

1. Given mechanization and the documented pasteagcipis expected that
consistent use of raw materials will result in ansstent (homogenous) paste

composition.

2. To the extent that paste recipes were modifiachproved by a company, it
is expected that there will be corresponding charthat result in subgroups

within the chemical composition.
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3. Given competition and secrecy, it is dptted that the paste recipes will be

distinctive (unique and characteristic) of a givampany.

These hypotheses will be tested with a quantitativemical analysis
utilizing ceramic artifacts from two Pacific Nortlest collections. The hypothetical

statements will be tested, using the following tesilications:

Test Implication for Hypothesis #1: Chemical homogeeity within company.
Artifact assemblages within each manufacturer eghtain internally homogeneous
chemical concentrations levels.

a) Ceramic samples within each manufacturer willststently cluster or

group together when evaluated in univariate or @ analyses.

b) There will be no obvious outliers or subdivisamithin a manufacturer.
Test Implication for Hypothesis #2: Chemical chang based on paste recipe
modification.
Paste recipes were modified or improved by a compaaking corresponding
subdivisions within the chemical composition.

a) Ceramic samples within each company will consaibdivisions in

absolute element concentrations.

b) Ceramic samples within each company will congaib-divisions in

element ratios.
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Test Implication for Hypothesis #3: Chemical distirctiveness between a given
company and/or paste recipe.
Artifact assemblages attributed to a manufactundfa paste recipe will have
distinctive chemical concentration levels from amether.

a) Each manufacturer and/or paste recipe will ¢ortdiferences in absolute

element concentrations or in element ratios inrm@ space.

b) Each manufacturer and/or paste recipe will sérditive, unique, and

characteristic in multivariate space, as determtheslgh cluster analysis

and discriminate function analysis.
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Chapter 2
CERAMIC ANALYSIS

In the discipline of archaeology artifacts providiormation about the past,
although in historical archaeology it is disputkdttartifacts can be used as historical
documents, commodities, and knowledge to intetbeepast more accurately.
Historical archaeology is defined as a multidisoigty field, which is connected, by
history and anthropology to integrate the writteaard with material culture in order
to explain the complex relationship between peaple the things around them
(Orser and Fagan 1995). In material culture resgeaeramics (from a historical
archaeological context) have been used as kegeétrtifpes to examine the life cycle
of an artifact, classification systems, and behaVistudies (Miller et al. 2000).
Before this type of complex analyses and interpigtacan proceed, it is imperative

to have the ability to describe and associate tifaet with a specific time period.

Traditional Ceramic Analysis

Traditionally, historic archaeologists often dateegamic artifact or site
occupation with chronological markers; such astpdror impressed maker’s marks,
registry marks, or identifiable decorative patt@figure 3). When one of the
following markers is present on a ceramic artifédd|lows for the historic
archaeologist to begin compartmentalizing theaotd, in a diachronic and

synchronic fashion.
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Figure 3. Identifiable markers used in ceramic analyse®rinted and impressed
maker’s markp, Registry markg, The Claremont pattern by Minton; addPrinted
Tyrol Hunter pattern by Davenport.

Historically, after 1770, pottery companies in Eangl started printing or
impressing their unique mark on the bottom of catgd vessels to identify the
origin of the ware (Orser and Fagan 1995:79). éxample, a fragment with an
impressed mark of an eagle with “E. WOOD & SONS BIREM/SEMI
CHINA/WARRANTED” written on the fragment was a pract of the Enoch Woods

& Sons pottery works of Staffordshire, England (Fey3a). From 1818 to 1846,

the Enoch Wood & Sons pottery used various impressarks that were present on



15
finely printed blue wares made especially for theekican market (Godden 1964
686).

With an increase in competition and the growthhef pottery industry,
marking the ware was a necessity for each manufagtaompany. This essential
labeling technique used by industrial ceramic psftis also an important tool for
historical archaeologists to chronologically ddte vessel. Years of work done by
previous historical archaeologists, scholars, ati@éctors have produced many
books, catalogs, and databases that aid in théfidahion of a maker’'s mark to help
date the marked ceramic fragments (Chapman 199&hCand Henrywood 1982;
Godden 1964; Godden 2004, Kovel and Kovel 1986nkeli988; Sussman 1978;
Sussman 1979; Williams 1978; and Williams and WdI®S6).

Historical archaeologists utilize catalogs to datemarked ceramics,
identify the pottery manufacturer, identify the oty of origin, and possibly gather
more information about the trade networking sysb&tween the manufacturer and
the recipient. For a ceramic fragment to be idiextj a recognizable piece of the
maker’s mark must be visible. If the mark is visiand identifiable, then the
historic archaeologist has the opportunity to abttierminus post queifT PQ) or
“date after which” it was made (Orser and Fagarbi89). The date has little to do
with when the ceramic was used; however, it seages chronological indicator of
when the vessel was produced.

Another dating tool and arguably one of the mastueate for British

ceramics made from 1842 to 1883, is the diamong@eshaegistry mark (Kovel and
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Kovel 1986). After 1842, all pottery and porceléactories in England required the
mark. Each design needed to be registered witR#bent Office in London to
protect pottery companies from piracy for up tethyears (Kovel and Kovel 1986).
Each symbol in the diamond represents the yearthmand even day it was
registered. Similar to the stamped or impressekenmmark, the registry marks
does not necessarily determine the date the vesselised, although does provide
an extremely precise TPQ date.

Historic archaeologists often have the abilitydoognize and identify the
decorative pattern that is applied to the ceranaew By 1750, the transfer-printed
white earthenware was introduced in England araligitout the first half of the
nineteenth century, was the most common technifjdeaorative appliqué
(Cromwell 2006: 111). A transfer-print pattern akycontained a series of views,
which meant each vessel in the dinner or tea sepossessed a different central
design, but similar border (Chapman 1993: 43). éxample, the Copeland &
Garrett Company produced a series of dinner sesaabbedByron View Series
between 1833 and 1868 (Figure 4). The centralfmais different from one vessel
to the next, but the border remained the samegir@idly inspired by young men
traveling on the trendy Grand Tour, tBgron View Seriesontained 24 different
central motifs (Coysh and Henrywood 1982: 64). Vieevs represented various
European countries, although all vessels haveame glistinctive acanthus scroll

border.
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In order for a ceramic pattern to be identifiethrge enough fragment with
the decorative appliqué must be visible. Dependimghe pattern type of the
manufacturer, some patterns were only made fowayéars, while many others
were made for 20 years or sometimes much longexg@an 1993: 44). As a result,
exclusively utilizing pattern identification is nalways the optimal chronological
marker. However, if an analyst is able to identiifg years of importation, along
with the years of manufacturer, then a more aceuwtate could be obtained
(Cromwell 2006).

Problems in traditional ceramic analysis

Historic archaeologists that study ceramics haveynaalvantages when
analyzing the material culture. There are multtelghniques used for analyses;
including maker’s mark, registry mark, and/or aentifiable pattern. Use of these
techniques could begin to address questions cangechronology and eventually
aid in the interpretation process. Although a#tehausting these techniques to
identify fragments, what happens when the ceramagnient does not get identified
due to a lack of a maker’'s mark or pattern?

It is evident that some problems seem to get ogkdd in historic
archaeological investigations, which are as follofd¥ do not always recover
ceramic fragments that contain a maker’'s markstegmark, or identifiable pattern;
(2) identical patterns are made by more than oneufaaturer; and (3) patterns do
not get assigned to their respective manufactuegealse design patterns remain

unidentifiable. Consequently, the non-data or enidiable white ware fragments, if



18

Figure 4. Byron Views Seriesianufactured by Copeland & Garrett between 1833-
1868.a Platter with Thun viewh Soup tureen and plate in the Thun view.
collected at all, are merely sorted by fabric, tumzally identified (if possible), and
counted for an individual number of artifacts (Fg®). The analysis process
provides little interpretative data to use for sgeonstruction or date analysis. More
than likely, the ceramic artifacts are grouped tbgeand receive an uninformative

label such as “unknown.”



19

Figure 5. “Non-data” fragments collected from various FreiRehirie homestead
sites.

Problem 1: Undecorated ceramic fragments

The high quantity of unidentifiable white ware fnagnts compared to the
marked ceramics in a collection is a major probiernistorical archaeological
analysis. The unidentifiable ware problem is rotiacommon as it may appear in
historical archaeological investigations. For epanduring an analysis of the
French Prairie homestead sites, Chapman (199318} that “White wares” or
“white earthen wares” are broadly defined as a tfp&hite burning clay that
produces an opaque, non-vitreous, more or lessipdrodied ceramic. The fabric

color can range from a relatively dark course creafar to highly pure white
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earthenware. White Wares also include porcelarieg types of stone china to
later white molded ironstones (Chapman 1993: 66).

All of these fabric types were utilized for transfginted wares and were
also produced for plain undecorated wares andgtisirtiecorated wares, such as
hand-painted wares. When a small portion of treeaarated fragment is recovered
it causes a problem during analysis. Consequéhtsy/practically impossible to
determine if a ceramic fragment originally had aatative appliqué (e.g. edge
decorated ware, Figure 6) or if it was merely umdated to begin with. The process
forces archaeologists to combine all undecorategsvagether and essentially
discontinue the analysis of these artifacts. Bsalbn traditional ceramic analysis
promotes a constant reliance on decorated and ch&dg@ments.

Mollie Manion (2006) analyzed a total of 2,218 fraents of white
earthenware, yellow earthenware, redware, ironsdoleporcelain from the Robert
Newell Farmstead (35MA41) on French Prairie, Oregable 1). While 2,218
ceramic fragments were recovered, only 850 fragserte identified and used for
analysis and the site’s interpretation. This #gfproximately 1,388 ceramic
fragments unidentified because, as the author equlathe fragments contained no
evidence of decoration or trademark stamp. The®an unknown quantity that
could have been plain white earthenware vessgiamially decorated (e.g.
featheredge or shell- edged) vessels. Due tontladl and fragmented nature of the
sherds, there was no way to identify what was i plessel and what came from a

partially decorated vessel (Manion 2006: 166).



Table 1. Summary of total ceramics artifacts colleted from the Robert
Newell Farmstead (35MA41) French Prairie, Oregon Nlanion 2006)

Number of
Individual
Ceramic Decoration Description artifacts (n)
Transfer print, white
earthenware Identifiable 435
(including Flow Blue) Unidentified 117
Hand painted Gaudy Dutch 28
Edge-decorated 79
Creamware Unidentified 8
Mochaware Red 10
White 3
Yellow 5
Blue/white 58
Banded 50
White earthenware Pearlware glaze 42
Undecorated/
Unidentified 1125
Yellow ware 62
Ironstone Identifiable 12
Unidentified 71
Porcelain Grey fabric 93
White fabric 2
Stoneware 18
Total Identifiable 850
Total Unindentified 1368
Total 2218

21
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Figure 6. Feather Edged ware fragments collected from varft@aach Prairie
homestead sites.

Although Manion’s research provided a substantiabant of identifiable
ceramic sherds, the author was forced to basentddgsas on the minority of the
collection, rather than the majority. Integratenghemical approach to ceramic
analysis could solve this problem of excluding wutated and unidentifiable
ceramic fragments in historical archaeologicalexilbn. By combining traditional
historic research and utilizing ceramic analysighvarchaeometric techniques, many

of the “non-data” ceramic fragments may eventuialin into “interpretative data”.
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Problem 2: Identical patterns made by more than amanufacturer

Another problem in historical archaeology analysis patterns that often are
attributed to incorrect manufactures or get labeletivarious” because many
manufacturers use the same pattern. Conformityngmeanufacturers spread
throughout the industry after 1790, due to the pepmethod of transfer-printing. A
process that, used engraved copper plates to érgngbular images, became so
popular that the new methods of decoration evelytledd to manufacturers using
identical patterns for their ware.

Fashionable trends of European and American maskstsdictated patterns.
Oriental designs, influenced by Chinese export @ar, were fashionable in the
beginning of the nineteenth century, then arourzD18otanical and floral scenes in
Europe and India increased in popularity (Chapn&88143). By the 1840s,
romantic pastoral landscapes and domestic scerrestmeepattern topic. The
patterns on the ware from one Staffordshire factaege largely indistinguishable
from those of its neighbors (Barker 2001: 78).

Archaeologically, it is found that many ceramidfadts contain one of the
more standardized patterns, sucMalbow or Canova Given that one of the
primary objectives during analysis has been tomblagically place the artifact in
context by obtaining a date through pattern ideratifon. When historical
archaeologists have no option but to exclude timearked fragments and categorize

them as “various” there becomes no macroscopictaaytribute similar patterns to
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Figure 7. “Willow” pattern (from Williams 1945).

a manufacturer. The topic, for example, has bemanénuous problem in mid
nineteenth century Pacific Northwest collections.

TheWillow pattern, one of the most common patterns, appedrs the best
example to illustrate this problem (Figure 7). éating to Coysh and Henrywood
(1982: 402), over 50 pottery factories before 18@0e marking wares with the
Willow pattern. The populdtillow pattern was influenced by the Chinese and was
standardized in the North Staffordshire pottery oamity by the latter part of the
eighteenth century. An old Staffordshire rhymejchtserved as a description of
this common pattern, highlights the commonness@Wlillow pattern. The poem is

as follows:
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Two pigeons flying high, Chinese vessels sailing by

Weeping willows hanging o’er Bridge with three mémot four.

Chinese temple, there is stands, Seems to takk tine dgand.

Apple tree with apples on, A pretty fence to endsogg (Williams 1945).
By integrating an archaeometric approach and examihe chemistry of the body
paste, there is a potential that the artifactsabel attributed to its correct
manufacturer.

Problem 3: Unidentifiable patterns do not get atitited to a manufacturer

Another problem in ceramic analyses that gets dichdttention is that there
are many patterns that do not get ascribed to aifacturer due to the lack of
unidentifiable patterns. Although there is an amphount of literature identifying
patterns to their manufacture there appears tare@to be a gap in the databases.
For example, Chapman (1993: 44) explains that there total of 119 distinctly
recognizable transfer and flowing color transfettgras recovered from the French
Prairie homestead sites, but 27 patterns still remmaidentifiable. Some ceramic
fragments contain patterns that have been nameadgbattribution has been given
to those that includéidelaide’s Bowerindostan Italian SeaportMausoleum
Royal GemRoyal Stay andScroll.

The patternAdelaide’s Boweris an excellent example of this type of
problem (Figure 8) Adelaide’s Bowehas been a recognizable pattern by various

sources (Chapman 1993: 126; Coysh and Henrywoo®: 198 Williams 1978:

179); however, researchers have not been ablekdhe pattern to its manufacturer.
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a b

Figure 8. a Adelaide’s Bowepattern (from Williams 1978: 1790;Adelaide’s
B_owerpattern fragment archaeologically collected fromrieh Prairie homestead
sites.
This pattern is categorized as a romantic scerfetalit pagoda-like buildings in
between trees, all within a border of large floreddallions. Although not quite
certain where the pattern name originated, it le@nlassumed that it was intended to
compliment Queen Adelaide, the wife of William I€dysh and Henrywood 1982:
17). Nonetheless, the pattern continues to benmaed to its rightful
manufacturer. These instances prove to be timsurnimg and frustrating issues in
ceramic analyses. Archaeologists have no choicéoluitimately disregard this
pattern as a chronological marker.

Another problem occurs when a ceramic fragmentatosta pattern, but is
not identifiable by researchers. Based on Chapsn@®93: 164-174) analysis of
French Prairie ceramics, there were 27 recordedeutifiable patterns and 19 of

those did not have a pattern name nor could bibatidd to a manufacturer.
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A New Approach to Ceramic Analysis

In order to find a solution for the continuing issof unidentifiable white
ware fragments recovered from historical archaectdgites, this research will
focus on integrating a chemical characterizatiehmeyue with a historical
archaeological approach on identifiable ceramigrfrants from the North
Staffordshire region. Based on archaeologicalkasirical research, English-
manufactured ceramics were imported to the Padibichwest via the Hudson’s Bay
Company (HBC) and by other distributors between0l&2d 1860. A large amount
of the wares came directly from the North Staffbidsregion in England (Figure
9).

With the knowledge of the trading system, the aqurresearch project
yielded 174 samples of identifiable English-mantiesd transfer-printed fragments
that were subjected to Instrumental Neutron AcibraAnalysis (INAA). One
hundred and sixty eight samples were archaeoldgicallected from two Pacific
Northwest sites, including Fort Vancouver, Washamgand French Prairie, Oregon
(Figure 10) and represent six contemporaneous NBigtfiordshire ceramic
factories. The six remaining samples were modeam@les of Spode’s bone china
and earthenware. The archaeologically collectegncie samples were initially
selected on the basis of three criteria: (1) thendbnce and availability for the
research; (2) identifiable markings that corresptanchronology; and (3) permission

to perform partial or complete destructive anabjtigrocedures.
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Figure 9. Map of England. The green indicates the Northf&td$hire region.
The red signifies the city of Stoke-on-Trent.
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The French Prairie
<<——— | farmstead sites

Figure 10. Map of the Willamette Valley, (from Chapman 1993).
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Historical archaeological approach

In order to fully analyze the North Staffordshieramic artifacts, the
following research concentrates on a multidimerai@approach that will first
discuss the historical and geographical context®North Staffordshire pottery
region. By providing a historical narrative of tNerth Staffordshire ceramic region,
the information will be used as one line of evidehx prove that industrial ceramic
companies were utilizing a specialized paste rechkm example, the author
consulted primary records documenting specializetisiecret recipes used for
ceramic paste bodies during this time period. rEsearch has revealed that since
the latter part of the eighteenth century NortHfStdshire potters were
systematically experimenting with various bodyzglaand color recipes to obtain
the ideal recipes for their company. By 1790, dloSpode Il made a revolutionary
advance by being the first potter to successfualtyude bone in his paste recipe
(Godden 2004: 170). Competing ceramic compantemated to imitate Spode’s
bone china recipe, though it was a closely guasgedet; the recipe was never
duplicated. The recipe ingredients included: kaolay, cornish stone, flint, bone,
and ball clay. Evidently the close guarded secest mot what perplexed the other
potters, it appeared to be creating the recipe thighcorrect proportions. (Godden
2004: 171).

Other highly productive ceramic companies in theth&taffordshire region
traded to the Pacific Northwest including Williana@nport, Minton, The Mayers,

William Adams & Sons, and Enoch Woods & Sons; hasveliey never were able to
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duplicate the exact proportions of Spode’s ingneidieThe pottery companies each
started experimenting with recipes and eventuaéated their own paste body
recipe that became unique to them and subsequegtiarded secret. By the middle
of the nineteenth century, the pottery companiddarth Staffordshire had likely
perfected their respective recipes and as a regintinued to set the precedence for

pottery production for the rest of the world (BarR001: 78).

Archaeometric approach

Although some ceramic body fragments appear tauiie gimilar on a
macroscopic and microscopic examination, the dtone, and other materials from
which they were produced may have a unique cheroarabosition determined by
its natural and cultural occurrences (Arnold 200@)variety of factors potentially
affect the chemical composition in the behaviokalin from production through
deposition. The following report, however, focupesarily on the factors related
to the production of ceramics. Other factors saglwater, firing, and depositional
context can certainly affect the paste compositoant research has shown that these
factors do not appear to compromise the abilitgrtswer paste compositional
guestions (See Arnold 2000: 339).

Natural Variability

Although highly complex, the natural variability @memical characterization
studies starts with the raw materials of ceramid¢sch includes the clays and their

origin, composition, and properties (Rice 1987¢r &xample, the lithosphere, a thin
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layer in the earth’s crust containing rocks andmeedts, is composed of major
elements, such as silicon, aluminum, and iron.th&selements are exposed to
oxygen, they combine with one another in specitiargities to create chemical
compounds. Furthermore, a variety of elementscangpounds are able to construct
crystalline structures- known as minerals. Theydistinguishable based on color,
texture, gravity, and luster (Rice 1987). Mineralhich are composed of various
major, minor, and trace elements, may or may natdresformed into clay, which is
dependent on its ability to resist alternation a@thering.

Chemical concentration levels of major elementdanys, particularly silicon,
aluminum, and iron, are typically harder to det#istinction, however certain minor
and trace elements illustrate considerable vandtiam one paste body recipe to the
next. Minor and trace elements usually occur imloimations and amounts that are
quite distinctive of both individual clays and otmaw materials added. It is these
elements that occur in very small amounts, meagsuarpdrts per million or billion
that are typically used for chemical analysis (Ri6&87: 313).

Cultural Variability

Similar to the natural variations occurring in dand paste body
ingredients, the chemical composition in ceramise eeflects cultural factors or
actions that take place when a ceramic paste lsoooduced (Arnold 1985). These
decisions ultimately affect the elemental conceindevels during chemical

characterization.
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For purposes of discussion, a ceramic paste bathe#&ed when a potter
makes cognitive choices by mixing various ingretieat variable quantities to
formulate a specialized and diagnostic recipe. diieiral manipulation of the raw
materials is altered by the decisions of the pot€@ultural choices, for example,
such as adding temper (referred to as “grog” inl&md) to create a paste recipe, can
enrich the concentration of certain elements. Tampay be defined as coarse
components that have been added by the potteetoettamic paste to increase the
fusibility of the ware during the firing proces$emper additives may include: plant
material, animal bones, shell, ash or mineral tamfiice 1987: 409). All of these
cultural occurrences can ultimately alter the cloaintoncentrations of each ceramic

artifact.

Utilizing an archaeometric techniques in ceramic aalyses

A vast amount of archaeological data has beerdlgsto historic analysts
relying solely on artifacts containing an identiia mark or decorative pattern. This
has limited the potential of making any compellaxguments that include “non-
data” ceramic fragments. A solution to this probls to impose a chemical analysis
of artifacts along with traditional analyses prooexs.

Chemical analysis of archaeological materials, gignaterials science
approaches, is not a new phenomenon in archaeal@gicies. For more than 50
years, researchers from all over the world haverdehed chemical similarity

between raw materials and finished artifacts bylementing these techniques on
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many different artifact categories to answer qoesticoncerning provenance
determination, exchange, and manufacturing teclgyal®peakman and Glacock
2007). There is a long history of chemical analysed as a technique for
proveniencing ancient/prehistoric ceramics in thedierranean area (Harbottle
1970), in Europe (Hughes 2007; Michelaki et al.20@oole and Finch 1972; Tite et
al. 1982), in Egypt (Redmount and Morgenstein 1986China (Stenger 1993; Yap
1988; Yap and Tang 1984) and The Americas (ArnOI02 Arnold, Neff and
Bishop 1991, Bishop and Blackman; Glascock 199Xkdsliand Heidke 2001). The
technique has also been applied to other matgpakt such as obsidian
(Acquafredda et al. 1999; Asaro et al. 1978; Glekai al. 1997; Shackley 1998;
and Skinner and Thatcher 2006), glass (Henderso@; 2ackson et al. 2005), chert
(Luedtke 1978; Lyons et al. 2003), lead (Dik et28l05), copper (Hancock et al.
1991), and turquoise (Hancock et al 1996). Chelnaicalysis is not often used in
historical archaeology, although some researcherkimg with historical artifact
types have utilized the techniques to gain morermétion about the manufacturing
process and technological change (Armitage et0fl62Gilbert et al 1993; Freestone
1999; Owen and Hillis 2003; Scarlett et al 2004 &rte and Bimson 1991).

Ceramics are popular artifact types for chemibakracterization because of
their durability, abundance in archaeological sitesl the containment of impurities
(Perlman and Asaro 1969). Researchers have maionspvhen it comes to
choosing an instrumental method for analyzing casifSee Pollard and Heron

1996; Rice 1987 for overview of instrumental methagplied to archaeology).
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First and foremost, the chemistry of pottery mwestbnsidered. The chemical
constituents in pottery are often categorized @&sghgresent in major, minor, and
trace elements. In general, the major elementepten pottery are in amounts of
two percent or greater and include, silica, alummggen and sometimes calcium,
iron, and potassium. Furthermore, the minor ctunestits are present in amounts
between 0.1 % and 0.2 % and may include all or sointlee following: calcium,
iron, potassium, titanium, magnesium, manganesiusy chromium, and nickel.
The trace elements are measured in parts per m{ftipm) or parts per billion (ppb)
and are subsequently in very small quantities. sErelements include: cesium [Cs],
rubidium [Rb], uranium [U], tantalum [Ta], scandiy®xc], antimony [Sb], cobalt
[Co], and the rare earth elements (Rice 1987: 390).

Researchers utilizing chemical characterizatioenamics must also
consider and understand the variations betweerumsihtal techniques. Techniques
are typically evaluated by sensitivity, precisiand accuracy. Bishop, Rands, and
Holley (1992: 289-290) explain that sensitivityees to the limits of detection of the
technique, precision refers to the reproducibiityhe analytic procedures, and
accuracy is a way to describe how close the restdtthe true detection. There are
a multitude of instrumental techniques includingtinmental neutron activation
analysis (INAA), mass spectroscopy (mainly indueiyvcoupled plasma emission
[ICP] optical emission spectrometry (OES), X-rayoilescence Spectroscopy (XRF),
electron microprobe, scanning electron microsc&t€\M) and Proton-Induced X-ray

Emission (PIXE) (see Rice [1987]) for a descriptibieff et al. 2003).
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One popular technigue—instrumental neutron actvaginalysis (INAA)--
operates on neutrons interacting with a nucleus fadarget element (Glascock
1992). Instrumental neutron activation analysisnsitally characterizes
archaeological materials by analyzing its elemettakcentrations. First introduced
to the scientific community in 1957, this instrurtedranalytical technique has been
used in various scientific fields to obtain quaattite and qualitative data for major,
minor, and trace elements (Harbottle 1970; Ne#le2003; Perlman and Asaro
1969; Sayre and Dodson 1957). Speakman and Glkag20@7) point out that when
INAA was first introduced to the archaeological Wdothe advantages of this
analytical technique over other chemical charazaéions techniques were quickly
acknowledged by researchers; which included tHeviahg: (1) ease of sample and
standard preparation; (2) determination of the eatrations of multiple elements in
a bulk sample; (3) many elemental determinatiorik high analytical precision; and

(4) good inter-laboratory comparability (2007: 180)
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Chapter 3

THE NORTH STAFFORDSHIRE REGION AND ITS POTTERS

The North Staffordshire pottery industry playedeg kole in the economic
and social web of the world potting market. By beginning of the nineteenth
century, the progressive district influenced pgtraanufacture throughout Europe
and North America. The Staffordshire wares wese dictating the trends in
consumer behavior, thus monopolizing a world magkeinomy (Barker 2001: 73).
With the ability to produce a mass amount of cecanat relatively low prices,
Staffordshire producers targeted lower end markedsbenefited from relations they
made in the Americas. Subsequently, vast quasitifiStaffordshire wares were
being exported to areas with viable ties. The ldadsBay Company (HBC) located
at Fort Vancouver, Washington (Figure 10), for eglanwas one of the leading
import/export hubs in the Pacific Northwest fron218o 1860 (Cromwell 2006:
102). At least twice a year, ships from Londorivad with merchandise that
supplied the Fort and surrounding areas with Britranufactured goods.

Through historical and archaeological investigati@searchers in the Pacific
Northwest have pieced together a once fragmenstdrigiof chronology, trade, and
consumer preference (Chapman 1993; Cromwell 2006s R976; 1977; 1979).
Along with other goods, the beautifully decorated andecorated Staffordshire
wares were purchased by Hudson’s Bay Company emgsognd taken back to their
French Prairie Farmstead sites along the Willanieitter and used in their daily

lives. Archaeological investigations in the Frefuhirie, a former Willamette flood
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plain located approximately 15 miles southwestaflBnd, Oregon, has produced a
significant amount and variety of wares (Figure. 10he region is regarded as one
of the first settled land in the Willamette Vallgghapman 1993: 1). Consequently,
archaeological investigations at both, Fort Vaneswand the French Prairie
Farmstead sites, near Champoeg, have producegeadarount of Staffordshire
ceramic fragments that now can be used for anal@iapman 1993 and Cromwell

2006).

Geographical Importance of the North StaffordshireRegion

In the earlier days, before industrialization,avéling potter made his way
throughout the countryside with his potter’'s whaadl basic utensils. He set up in a
location, near a clay bed, and made pots for tb& jpopulation. When the clay was
exhausted or the local people did not need hisEyvhe moved to the next location
(Graham 2000 [1908]). By 1700, there was a scaftemall pot works throughout
the North Staffordshire region. For the most paaith factory operated on a small-
scale, were obtaining local clay and employing fgammembers and a few laborers
(Lewis 1981: 1).

By the middle of the eighteenth century, the cohoépottery making took a
drastic change. With the industrial revolutiontafforefront, strategic
experimentation, innovative ceramic manufacturgahhiques, and economic trade
influenced the way English pottery makers thoudgaud production towards the

middle and end of eighteenth century.
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White-bodied ceramics are a type of English tabtevtlaat have been used
for centuries by people from all the over the worlthe North Staffordshire pottery
district became one of the central hubs of techyiold advancement, strategic
experimentation, innovative manufacturing techngj@ad a major force on the
world market. Most of these pottery producersiogted in the city of Stoke-on-
Trent. This city, often referred as ‘the Pottériedocated in the north country of the
County Staffordshire in the West Midlands of EngldRigure 9). Merged together
in 1910 as a modern federation of six older tov@iske-on-Trent includes Tunstall,
Burlsem, Hanley, Stoke, Fenton, and Longton (Fidure Forming one of the most
populous and industrious districts in England, 8tok-Trent covers over 20,000
acres that stretches between one to three miléls ttosouth and approximately 10
miles east to west (Shaw 1970 [1829]).

Stoke-on-Trent's history is closely linked with tberamic industry. The
production of pottery, in a pre-industrial contedates as early as the seventeenth
century. The North Staffordshire region was odjynestablished because it
provided an ideal location for pottery productiaredo the abundance of clay, salt
and lead for glazing, and the coal used to firebibtigle kilns (Shaw 1970: 6 [1829]).
The central reason the pottery industry establisisetf in North Staffordshire
region and continued to progress throughout thestréhl period was because of the
excellent bituminous coal (Copeland 1972: 1). Tbal, specifically, was highly
calorific fuel and happened to be the right typeadl that yielded large flames

necessary to fire the bottle-shaped pottery kifgure 12). Over 34



Figure 11. Map of the city of Stoke-on-Trent, England, alsfened to as ‘the
Potteries’

40
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different coal mines of various types of coals reshe North Staffordshire vicinity.
Most successful pottery factories were located tteaperimeter of these coal
measures (Figure 13)-or example, Josiah Spode Il, a prominent pottery
manufacturer, formed a group of contemporary psti@iorganize the Fenton Park
Colliery Company in 1790 to lease a coalmine nleair {potteries (Figure 14). To
understand the importance of coal, it must bezedlthat 17 to 20 tons of coal was
needed to fire one ton of domestic clay-ware io#@ld oven (Copeland 1972).
Thus, was more cost-effective for pottery produdernsansport the raw materials in
and finished products out than it was to have fiells at far distances (Copeland
2004: 8).

The abundant supply of clays, lead, and salt fazigh were also attractive
qualities of the North Staffordshire region. Befd700, the local potters dug
various types of clays that were associated wighotltcrops of coal in the northern
region of “the Potteries”. The clays ranged frad firing clays to stoneware and
refractory clays that withstood high temperatumes also contained a high
concentration of iron and other impurities thabted and discolored the ware

(Copeland 1972).
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Figure 12. Bottle kilns (Photo taken by W.A. Blake ca. 1890)
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Figure 13. Potteries working in England, 1800-1830, showirgy¢bncentration
(hatched lines) in the coal-measure regions (Froeai8 1971).
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Figure 14. Part of the document recording the Fenton PatkebplLease
agreement between Josiah Spode | and Thomas Fert802. Courtesy of the
Spode Museum Trust, reference number: Box 1, 229h.
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North Staffordshire Potters
The preponderance of current research into therkisf pottery production

naturally centers on the larger firms that werevitg@avolved in trade with the
Americas. Starting in the first quarter of theetgenth century, North Staffordshire
pottery companies searched for new avenues toasenevenue. The international
trade market was the solution and the United Stageame the final destination for
many of the exported items. Some North Stafforgspotters heavy in the transfer
ware export trade include R. Steveson, J. & R. §Jéw& W. Ridgway, J. & R.
Riley, A. Stevenson, Enoch Wood & Sons, William Ada& Sons, Thomas Mayer,
T.J. & J. Mayer, Davenport, Spode, and Minton (Ghap 1993: 50; Coysh and
Henrywood 1982). Six North Staffordshire pottergmafacturers were the dominant
portion of the archaeologically recovered cerarmabe Pacific Northwest. These
potteries include Spode (Spode, Copeland & Gamagrtt/or W.T. Copeland herein
called Spodeware), Davenport, William Adams & Sdrfsg Mayers, Enoch Woods
& Sons, and Minton. The pottery companies areapit through Stoke-on-Trent

and will be discussed in detail below (Figure 18blE 2).

Spodeware (Spode | & 11 1770- 1833; Copeland & Gaett 1833- 1847/ W.T.
Copeland 1847-1867)

The Spode factory was considered the longest rgrpuottery and porcelain
manufacturing company in the Staffordshire Distri€he first Josiah Spode (Spode

) started his proprietorship of the factory inI8tan approximately 1770 in the
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Figure 15. Map of the city of Stoke-on-Trent (taken from thednance Survey one-
inch map 123 as revised in 1895) indicating thation of the various pottery
factories: (1) William Adams factory; (2) Davenptattory; (3) Enoch Wood &
Sons Factory; (4) Thomas John, and Joseph May¢orlyas) Spode factory; (6)
Thomas Mayer; and (7) Minton.
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Table 2. North Staffordshire Potters with their

corresponding factory loccation and date range of
production.

Date Range of
Manufacturer Factory Location Production

SPODE Stoke 1770-1833; 1970-
Present
Copeland & Garrett 1833-1847
W.T. Copeland 1847-1867
DAVENPORT Longport 1793-1887
WILLIAM Tunstall 1819- Present

ADAMS & SONS

THE MAYERS
Thomas Mayer Stoke 1826-1838
T.J.& J. Mayer Burlsem 1843-1855
ENOCH WOODS Burslem 1818-1846
& SONS

MINTON Stoke 1793- Present
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Figure 16. Location of the Spode pottery factory.

heart of Stoke-on-Trent (Figure 16) (Honey 19313;24hiter 1989: 10). Even
though ceramic experts in England have difficultgntifying Spode | wares, it is
known that cream colored ware, blue painted whaeswand black Egyptian ware
were being produced during the Spode | era (Whi®&9:10).

After Josiah Spode died in 1797, his son Josiali&gidook over the
business and became the cutting edge porcelaipattety maker of his time. With

his invention of bone china (first marketed as “KEOCHINA”), Spode Il had



49
discovered a vastly improved paste recipe thatessgd other pottery companies in
the region (Godden 2004: 170). Although thereecisade (Shaw 1970 [1829];
Binson 1999) to whether Spode Il was the firstgxatb add bone into the paste mix,
credit must be given to Spode Il because he wapdlson who ensured the initial
success and longevity of bone china (Whiter 1989:d%e discovery of bone china
was regarded as a ‘two-fold’ success. First, beeaunport duties from China were
increasing to as much as 108 % by 1799, Chineszjain was no longer
economical for the English trade network. Furthamm pottery-makers were able to
produce bone china just as rapidly as importingh€ée porcelain. To make the new
situation even better, the English bone china ptdeebe of harder consistency, did
not chip as easily, and had an ivory-white appeagar®©nce bone china was
introduced, potters all over the Staffordshire Bastboegan experimenting with
different formula recipes that included bone (Goddé04: 171).

By1813, Josiah Spode Il had entered into a pestie with William Taylor
Copeland. Along with the advancement in bone cpnoauction, the Spode
Company produced approximately 5,350 patternsqation tea, dessert, dinner
services, and decorative objects. Between 1800884, the Spode Company was
the leading pottery and porcelain manufacturehen3taffordshire District. In 1833,
William Taylor Copeland partnered with Thomas Gtiraed took over the Spode
Company and changed the name to Copeland & Gé@egtieand 2000). In 1847
Thomas Garrett retired and the company again uretgraszname change to W.T.

Copeland, and in 1867 Copeland’s four sons werdtsstinnto the partnership and
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the name changed to W.T. Copeland & Sons. Betd8&0 and 2007, the company
went back to its original name of ‘Spode’ under 8mode Ltd and continued
producing earthenware, porcelain and, most notélolye china (The Potteries
2006).

It was not until 2007 when the Stoke factory figahut down and moved to
the Far East where most of Spode’s products asoorwded. The factory site has
been sold subject to planning permission for relbgraent. The Spode Museum
Trust remains independent, although its futureniseutain at present day (Pam

Woolliscroft, personal communication 2008).

Davenport (1794-1887)

John Davenport started his earthenware pottery sMorkhe Longport area of
Stoke-On Trent in 1794 (Figure 17). It is not cdetgly certain when Davenport
started to produce blue-printed wares, althoughegdain started to be in production.
By 1830, John Davenport retired and his two somsyridand William, took over
until 1887 when the business went bankrupt.

The Davenport firm was known to produce large qtiastof underglaze,
blue transfer-printed earthenware. Producing denskve amount ddVillow
patterns, the Davenport firm also was known to poedmany Chinoiserie motifs, as
well (The Potteries 2006). Soon after Josiah Splockeated the first bone china

recipe in 1797, other companies, such as the Davehpn, tried to duplicate
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Figure 17. Davenport factory in Longport.

the paste recipe. Due to the differing amounngfedients that were used, the paste
recipe was considered a trade secret and it wayhiglikely that a recipe would be
duplicated. From about 1810, the Davenport facteagle a range of bone china
wares (Godden 2004: 190), which was a vital turgomt for most pottery works in
the Staffordshire region. This was a time whergust including Davenport,

were experimenting for the best paste china recipd.887 the Davenport factory

stopped production due to bankruptcy.
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William Adams & Sons (1819 to present)

Adams is one of the oldest names in the StafforddPwtteries. Although
not recognized as being established until 1657 wioéim Adams built and founded a
factory, the Adams family had a long history oftpog making dating back to 1448.
William Adams of Greensgate, Tunstall acquiredThaestall factory in 1745 and
began to produce a variety of products for domestdtinternational trade. William
Adams of Greengates, who was known as a formidabigetitor of Josiah
Wedgwood, Josiah Spode, and John Turner, produaesswthat ranged from fine
stoneware to Egyptian black ware to blue-printeth€Ilglazed ware (Turner 1904).
It was recorded that William Adams was the firstt@ioto attempt the copper plate
printing in Staffordshire in 1775 and was the fisintroduce blue-printed ware to
Tunstall in 1787 (Shaw 1970 [1829]).

In the year of William Adams’ death in 1805, sixet family members were
engaged with pottery-making. All of the family mieens except one (Benjamin
Adams) simply marked their ware with the name “Addmit was not until 1819,
that the sons of William Adams of Stoke-on-Tremtkover the Greenfield and
Stoke-on-Trent factories (Coysh and Henrywood 1982: From 1819 to present

day, the ware is marked with “William Adams & Sdns.

The Mayer Family (Thomas Mayer 1826-1838; T.J.&J. Myer

1843-1855)
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“ Mayer” was a common name in the North Staffordslairea in the early
nineteenth century. There were several potterksvoperating under the Mayer
name, many of whom were most likely members ofgeldamily (Coysh and
Henrywood 1982: 242). The two most important namesmerican export were
Thomas Mayer of the Cliff Bank Works in Stoke ar@hgport and the partnership
of Thomas, John, and Joseph Mayer of Burslem. Hsaxayer of Stoke and
Longport operated his works from 1826 to 1838 agdesl his wares with “T.
MAYER.” Thomas, John, and Joseph Mayer who oftdreled their wares with
“T.J. & J. Mayer,” operated their pottery businéssn 1843 to 1855. Both pottery
factories are known to have exported wares to Aradsetween 1830 and 1860
(Coysh and Henrywood 1982: 242). It is unclearmtine last pottery closed due to

the ambiguity of the two makers, Thomas Mayer aldd & J. Mayer.

Enoch Wood & Sons (1818-1846)

The Wood family had long been invested in NortHfStdshire pottery
manufacturing from the days of peasant potterytiustrial times. The first of the
family members in the industry was Ralph Wood, stasted apprenticing for
master potters such as John Astbury and Thomasldféhie By 1760, he was one of
the first English potters to begin marking vesseéth his name impressed on the
bottom of the ware.

The grandson of Ralph Woods, Enoch Woods, estaalisimself as an

independent potter in Burslem around 1783. AroLin@0, he entered into a
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partnership with James Caldwell and the earthenfianebecame Wood &
Caldwell. When Caldwell retired in 1818, Enoch wa@sed by his three sons and
the company changed its name to Enoch Woods & &othproduced a large variety
of wares that were imported to the United States/$6 and Henrywood 1982: 408).

The Enoch Wood factory closed in 1846.

Minton (1793 to present)

In 1793, Thomas Minton laid the foundation of thenddn Pottery Factory
when he purchased land in Stoke (Coysh and Hengw882: 248). Instead of
apprenticing as an engraver for the Caughley wiorl&hrophire Thomas Minton
was encouraged by the success of Josiah Spodarthis own business. In 1796,
his factory was finally in production, which statteith the manufacture of
earthenwares. Records indicate that by 1797 tmedvifactory soon produced
porcelain (Godden 2004: 215). The company becarmmeessful and became Josiah
Spode’s greatest commercial rival. The competitietween Minton and Spode was
So great that the bone china had similar qualitiédse only exception that could be
observed from a macroscopic view was that the ¢adfrMinton’s ware was
considered more open and the glaze was less liaalsaze.

By 1824, Thomas Minton’s son, Herbert, became #rcate part of the
family business. He took the initiative to helg Father recommence the
manufacture of bone china and ultimately estabtighe lead in creating a new type

of decorative and useful ceramics. Producingypk$ of wares, including dessert
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and tea services, porcelain vases, intricate péigares, majolica, and earthenwares,
Minton established himself not only as an entrepuenbut as a chemist and ceramic
specialist as revealed in his personal diary. Betwl852-1891, Herbert Minton
was fully engaged in his business and the expetsndn his 350-page diary,
Minton recorded a series of body, glaze, and a@oipes along with experiments
that were both successful and unsuccessful dunisgeriod (Figure 18).

In 1848, Herbert Minton made a lucrative busine=ssion and hired a
French artist and chemist, Leon Arnoux (Godden 2@Q8; Minton Ltd. 1963: 2).
The strategic move pushed the Minton establishitwetite next level of excellence
in pottery manufacturing. Léon Arnoux, not onlpbght about technical
improvements on new bodies and colors, but he Vgasrasponsible for bringing the
acclaimed Sevres porcelains to the North Staffardsbgion. A major aspect to the
Sevres porcelain was the clear turquoise colorfightiapplication contrasting gold.
This is otherwise known as “acid-gilding” and waseduced by Minton in 1863
(Figure 19).

The Minton factory marked the back of their wareswo basic ways. The
first was an impressed mark that was added duni@granufacturing stage and the
other was applied as an overglaze while the piexelveing decorated (Godden
2004: 216). The impressed mark read “MINTONS” (tBéwas added from 1873
with the singular version “MINTON?” displayed betwe#&862 and 1873), while the

printed mark contained the standard globe.
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Figure 18. Circa 1852 document recording the ingredientsmogortions of
recipes written by Herbert Minton. Courtesy ofi&d.ibrary Archives in Stoke-
on-Trent, England.
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Figure 19. a A Minton bone-china plate to illustrate the ormagglt and
turquoise color (From Godden 200@);Part of a document recording the
turquoise china paste recipe by Herbert Mintdee Appendix D for
transcription). Courtesy of Stoke Library Archives in Stoke-orefit; England.
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Chapter 4
INDUSTRIAL CERAMIC PRODUCTION

The impact of technological advancement, influenmgthe Industrial
Revolution, played a vital role in the early dayshe North Staffordshire pottery
industry. Pottery manufacturers not only startedttategically experiment with
paste, color and glaze recipe ingredients and ptiops, they looked to more
efficient methods of running their businesses.s™ain be illustrated in the changes
of the ceramic manufacturing process with the ohictiion of machinery, job
specific work, and standardization within each @uyts factory.

While standardization of production was increasiitipin each pottery
factory, recipe specialization between companies also increasing. After Chinese
porcelain recipes were introduced to the Europedntiqy a surge of recipe
experimentation started to take place in the legleteenth century and continued
into the nineteenth century. The experimentatiemga was complex; North
Staffordshire potters were forced to write downirteaccessful and unsuccessful
recipes in personal diaries to document what wogtetiwhat was a failure.
Although written down, these recipes were keptaded secret and only shared by
the company’s elite.

The second factor in the success of North Staffordgotters came from
their ties to the international market, especitily newly settled arena of North
America. The world export market ultimately diet@the fashionable trends of the

North Staffordshire ceramics.
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Influence of the Industrial Revolution

During the eighteenth century, there was a growntgyest in commercialism
and a rising demand for goods and services thraudgbarope. Trading companies,
which included the Dutch East India Company, amdBhtish East India Company
were formed and imported products such as dyescfalspices, and ceramics from
eastern Asia and India. In England especiallyniheelty of these imported
provisions spurred the idea of a growing technolagy growing industry.

The evolution and advancement of the pottery prboaén the North
Staffordshire area during the second half the emfth century was a direct result of
the Industrial Revolution. The textile, coal, armh industry started the revolution
by attracting an increase in population to the magdustrial cities. For example, by
1750 Lancashire and Cheshire, Norfolk and Suffaild the counties of the southern
Midlands numbered approximately 8,000,000 peopi¢ 1831, the census recorded
16,500,000 people living in these areas, half attvlived in the industrial regions
of London and west Midlands (Brears 1971: 56). gRewvere attracted to these
areas by the factory jobs were available for mesmnen, and even children.

Stoke-on-Trent was the central production arenahfepottery industry.
From 1801 to 1851, the population in Stoke-on-Tggetv from 16,414 to 57, 942
and then escalated to an outstanding number 008131861 (Lewis 1981: 14).
This population growth arguably tracks the growttthe pottery industry. Many of

the existing pottery works started to build larged greater numbers of ovens, as
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well as expanded their factories. The increagdfioiency and the notion of larger-
scale production and specialization among the wenkas implemented.

As population grew, technological advance develapad machinery to
speed up production. For example, the introduaicthe steam engine was a
revolutionizing tool for production. First patedtby Thomas Newcomen in 1712
and later perfected by James Watt in 1765, therseaine was a superior
mechanism that operated by introducing steam imtgiader, then cooling it to
create a vacuum that sucked a piston downward éB2066: 46). By far, this was
one of the most innovative technological advaneesd the Industrial Revolution
because as David S. Landes points out in a passage the history of technology,
“...the substitution of inanimate for animate soureépower, in particular, the
introduction of engines for converting heat intorkydhereby opening to man a new
and almost unlimited supply of energy” (Brose 2008). It not only replaced wood
and charcoal as the power source, but it also ase the speed of production with
consequent reduction in price and allowed for thi®ls/ision of labor among
workers (Graham 2000 [1908]: 7).

For ceramic production, the technological adeanaf machinery enabled
ceramic manufacturers to discover new and innogatigys to produce their
products on a mass scale. Many machines opergtieattiory workers were

designed to aid in all of the productive stagepaitery.
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Ceramic Experimentation

A second major trend of the eighteenth centurytivagashionable demand
for creating whiter bodies for ceramics (Parkes5)8English pottery production
was initially influenced by the introduction of @ieise porcelain during the Song
dynasty (960-1279 A.D.). Duplicating Chinese ptaitebecame one of the main
objectives for pottery producers in the industp@tiod. A series of improvements
and experiments began in the middle of the eigliesgntury and continued
throughout the rest of nineteenth century.

From the fifteenth century onward, the Middle arsd East had directly
influenced how the Europeans thought about pofiesgluction. The Portuguese
traded at the main center of Macao (at the mouthefCanton River in China) and
brought knowledge of ceramic innovation and tecbgplback to Europe. After the
establishment of the Dutch East India Company 0916 large amount of oriental
wares were imported to the European markets. By liénportation of Chinese
ceramics by the British East India Company hadqamoélly changed and influenced
both the technology and aesthetics of EuropeaemyoiClow & Clow 1958: 328).
With the demanding market and immediate rivalnhv@hinese white porcelain,
English potters were forced to experiment and eraaeries of ever-whitening
wares (Cromwell 2006).

Porcelain in terms of technical accomplishment thiaspinnacle of the
potter’s art due to its thin, white, and transluoatrified body (Rice 1987: 6).

European potters, and more specifically, NorthfStdshire potters were envious of
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the beautiful white ware and determined to do anygtko duplicate the Chinese
porcelain recipe.

Josiah Wedgwood, a central figure in English pgtienovation, was one of
the first potters to start experimenting with navd amproved body paste
ingredients, innovative coloring and glazing tecjuas, and cost efficient ways of
making the pottery. In a 1793 excerpt from Jo¥isdgwood’s Notes and
Experiment books, Alexander Chisolm (assumed tarbassistant to Josiah
Wedgwood) writes a chapter titled, “Chinese Pornodixtracts From Du Halde’s,
History of China” (Figure 20). In this chapter,i€lm describes in detail how the
Chinese were making porcelain bodies, glazes, almisc Chisolm first describes
the various materials, such petuntsestone, kaolin claywha-sheand a form of
gypsum calle&she-kauhat was being used. The materials and descrgptbn
techniques employed for Chinese porcelain prodoatiere discovered by Pere
d’Entrecolle, a Jesuit missionary. Between 171221 d’Entrecolle wrote letters to
Europe that described the ceramic technology andyation stages (The
Metropolitan Museum of Art 2003; Freestone 199@)Chisolm’s description of
Wha-shan a paste recipe he confirmed that, “It was aféd that porcelain may be
made ofWha-shealone; but one of Father d’Entrecolle’s conventd him that to 8
parts ofWha-shene puts 2 parts gfetunts€’ The description of materials used in
Chinese porcelain provides affirmation that Engpstters, like Josiah Wedgwood,

relied on trade secrets to improve their ceramiewa
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Figure 20. Part of the document recording the Chinese portesipe by
Alexander Chisolnmfppendix D for transcription Courtesy of the Trustees of the
Wedgwood Museum, Barlaston, Staffordshire, Engl&26$/19109-19113,31346.
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Over time prominent potters like Josiah Wedgwoddlse precedence for
excellence in the pottery industry, which is evidiey examining Wedgwood’s 1793
experiment books. Wedgwood was conscious of teengtry in the raw materials
and deliberately made additions and subtractiomséoy recipe he created (Figure
21).

The primary goal for many pottery producers inlKweth Staffordshire area
was to create a “perfect paste recipe” that not mgembled Chinese porcelain, but
also fired like Chinese porcelain. Once the stodmipes emerged in various
eighteenth century books, such as Du Halde, théhN&iaffordshire potters started
competing with one another to perfect them. Thagsfle between pottery
manufacturers inevitably led to the vast experimgomh of not only paste body
recipes, but also glaze and color recipes (TiteBintson 1991). Many wares
emerged from this time period, including glassycetains (soft paste porcelain),
soapstone bodies, cream-colored ware, earthent@me,china, old stone china,

new stone china, and ironstone (Whiter 1989).
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Figure 21. Part of the document recording the mistakes madagluarious
experiments in Josiah Wedgwood’s 1793 ExperimedtNuotes diaryAppendix D
for transcriptior). By Courtesy of the Trustees of the Wedgwood &dus,
Barlaston, Staffordshire, England, Manuscript nunt26/19120.

The Development of the Specialized Paste Recipe Rarla (s)

To discover whiter burning clay ingredients, pattenitially examined clay
tobacco pipes for inspiration. From approximatief0, these clays were imported
into North Staffordshire from the southwest regodibevon and Dorset and used for
new and improved wares, including cream-coloreceveard bone china (Figure 22).
Pipe clay or “ball clay” burnt white and becamesgular ingredient in white ware
ceramics. Ball clays were secondary clays thapanearily composed of the clay

mineral kaolinite, however, smectites and illites @lso be detected. Ball clays

generally contain around 50 % silica and approxaiye20 % alumina. The
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Figure 22. Map of England illustrating where the raw matsr@ame from.
(From Copeland 1972).
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remaining contents include at least 5 % organidenaind soluble salts. Very fine
in texture, ball clays are gray and black in théraed state, but when fired, turn a
cream or white color (Rice 1987: 51). Althoughllotdy has never been utilized
autonomously in the paste, it is an essential tigret in the bone china recipe. The
clay was typically added to white wares to impréweir working properties when
fired (Rice 1987: 51).

During the early eighteenth century (the same asball clay was
introduced to the paste recipe), pottery produstended to experiment with the
introduction of calcined flint. John Dwight of Fadm has been accredited with first
use of flint in a pottery body, but it was not lidfr20 that Thomas Astbury of
Shelton fully recognized the whitening effects ofgnd-calcined flint. Flint is
finely crystalline hydrated silica, containing 1wWater in molecular form (Rice
1987:95). The ingredient also aided to limit skaige, reduced drying time, and
eliminate cracking.

One negative aspect of adding flint to the cerdmidy recipe resulted in
rising costs to pottery producers. For exampietslhad to be prepared and
transported, which was less cost effective. Befal@ing flint to the ceramic paste
recipe, it had to be ground up. Flints were foatined in a brick lined kiln to
approximately 900 degrees Celsius to make theneretscrush and grind. After the
flints cooled and became more friable, they weusloed, and then ground in pans or
mills. The Cheddleton Flint Mill and the Eturiariland Bone Crushing Mill, were

two of the most important mills employed for th@secesses. Approximately
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100,000 tons of chalk flint were supplied to thet€es each year from southeast
England (Copeland 1972: 15).

Two of the most significant additions to potterymagacturing were cornish
stone and kaolin china clay. These raw materialewoth discovered in the
southwest region of England, near Cornwall (Fige2e Cornish stone (named
after the region of discovery) contained the sahesracal properties geetuntsgthe
Chinese tempering agent), while kaolin china claiytained the same kaolinite
minerals as the Chinese kaolin. William Cookworthghemist and druggist, has
been acknowledged for the discovery of both pasgeedients in 1747. He also was
the first documented potter in England to use ttwsangredients simultaneously
and consequently published a patent for his ‘pamelaste formula’ in 1768
(Copeland 1972: 9). The patent restricted oth&epmofrom using the two materials
together. It was not until 1796 that the CookwgHdlporcelain patent was
terminated. After that date, other potters wel@nadd to experiment with these two
ingredients.

Experimentation with both kaolin china clay andresh stone was a
tremendous development in ceramic production feNbrth Staffordshire potters.
Kaolin china clay and cornish stone are both derivem granite and have equally
important roles. Kaolin clay, which is typicallsek of impurities (such as iron and
calcium), fires to white color, does not melt avltemperatures, has a low drying
shrinkage, and attains a high natural luster witlpalishing, was an essential

ingredient to create the ever-whitening effecttfer ceramics. (Rice 1987: 47). The
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most common clay mineral in kaolin is kaolinite KAl 4SisO,0), a hydrous
aluminum silicate formed by the decomposition aihalnum silicates, particularly
feldspar, a key mineral in granite (Rice 1987: &3-4Kaolin clays found in
Cornwall, Devon, and Dorset are deep residualsateaformed from hydothermal
alteration of granites and have been essentiano@ercial businesses in England
(Figure 22). According to the British Geologicalréey (BGS), the Cornwall region
in southwest Britain is underlain by the six lagganite masses (BGS 2006).

Cornish stone, on the other hand, is medium graiieédspar-rich partially
decomposed granite, and is used in the paste recgiee hardness to the vessel.
The mineral constituents include quartz, feldspar mica, and accessory minerals
(kaolinite and fluorspar) (Rice 1987). Potters #uelcement-like flux of minerals to
promote melting, help develop firing strength, aaduce porosity (Rice 1987:75).
Combined with the kaolin clay, the cornish stonkpbeé increase porosity, reduced
shrinkage, decreased drying time, improved firingracteristics, and eliminated
cracking.

One of the most successful whitening ingredientieddo a paste recipe
during the eighteenth century was bone. Thomas, Erproprietor of the Bow
Porcelain Manufactory, first patented the additddicalcined bone ash to a porcelain
body in 1749 (Freestone 1999: 15). For the nextrsd decades’, potters
experimented with adding bone to pottery recipes.

The bone china recipe was highly desired by othmtiNStaffordshire potters

because it contributed a whitening effect to theethat was not typically seen
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during this time period in Europe. Josiah Spodeeiler divulged his revolutionary
recipe, but that did not deter other potters froqpegimenting with ingredients and
proportions. Leonard Whiter explained that,

There is no such thing as the formula for boneahivariations are endless

and have always been, but the idea pervading tlamthat to the two

classic ingredients of hard paste porcelain—fingtevburning clay and part
decomposed granite stone, combined in proportidnshwcan be quite
varied—should be added their own weight, or somévdss, of calcined

bone [1989: 27].

To formulate bone china, five components were glpiancluded: bone,
china clay, cornish stone, ball clay, and flintack ingredient served a distinct
purpose for the outcome of the vessel. China elilypugh appeared light brown
when it was unfired, was used because it firedwtige color. Cornish stone was
responsible for the hardness of the vessel. Béinted as a double-duty ingredient,
to add whiteness and also reduce cracking or shgimbkf the vessel. Ball clay was
added to the bone china recipe to assist with thr&ing properties during the firing
stages. Finally, bone was added due to its traestuand ever whitening appearance
it gave the ware and was the one ingredient tlai&toain replicating the Chinese
porcelain ware. North Staffordshire potters pughpadded up to 50% animal bone

to the bone china recipe (Charleston 1965). Theelhad to be calcined in kilns at

temperature of 1100 degrees Celsius and then fgrelynd (Table 3).



Table 3. Recipe ingredients and their functions whin the paste recipe formula All recipe formulas are calculated into percentages)

Spode's Davenport's Minton's
Ceramic Paste Typical Bone Spode's Bone Ironstone  "China" Earthenwar: Minton's Adam'’s "China
Ingredients Function in body recipe China Recipé China Recipé Recipe’  Recipe®  Recipe’ “China” Recipe’ Body" Recip€’

Creates an ever-whitening

23.5% 25% 29% 33% 37.19% 25.23% 25%
effect.

China clay

To give hardness to the
Cornish stone vessel; promote melting; 17.6% 25% 29% 17.50% 11.90% 26.87% 21%
help develop firing strength.

Whitens body; Reduced th
Flint risk of warping, crazing, 11.7% n/a 19% 1% 28.51% n/a n/a
shrinking or cracking

1]

Improve the working

Ball clay - ) 11.7% n/a 23% 1% 21.17% n/a 3%
properties when fired.

Bone Creates an ever-whitening| 55 5o, 50% n/a 44% n/a 47.90% 51%
effect; translucency.

Whltenlng whitening effect a small amoupt n/a n/a 0.50% 1.24% n/a a n/

(blue stain)

' Whiter 1970

2 Copeland 2004

*Pomfret 1988

“ Herbert Minton's Recipe book 1852-1891, Courtestoke Library Archives in Stoke-on-Trent, England.

T
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Transportation

Transportation costs became a vital concern whéemygroducers started
utilizing raw materials which were not locally fadyrand when they sold much of
their products in markets outside their coal negghbod (Lewis 1981: 10). Unitil
approximately 1767the North Staffordshire regiorswather isolated, being
connected to other major centers of industry bsvadnimproved roads. Carriage
transport on uneven roads was the only way to pamshe bulky raw materials in
and fragile finished products out. This method wassonly expensive, but also
resulted in losses due to breakages.

Major transportation advancement resulted fromrbtallation of the Trent
and Mersey Canal system. A 1766 passage Adtistory of Inland Navigatiothe
unknown author argued that the Trent and MerseyGaould benefit the Potteries.
He pointed out the current difficulties in transjpay pottery:

various kinds of earthenwares are carried, at at gngpense, to all parts of

the kingdom, and exported to the inlands and celim America, and

almost every part of Europe; but the ware whickeist to Hull is carried by
land upwards of thirty miles, to Willington; andatifor Liverpool twenty

miles to Winsford (Lewis 1981: 12).

The unknown author also acknowledged that theafasansporting goods
by land was three times the expense of water ¢grriaAs a result, on December 30,
1765, Parliament approved an Act to construct ttemfTand Mersey canal (Lewis
1981: 12). The canal system, endorsed by JosiatgWod, was built between

1765 and 1798. The canal flowed directly throughottery district and connected

the potteries to key locations for distributiokgliLiverpool and Hull (Figure 23).
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Figure 23. Trent and Mersey Canal Route, 1776. (flBodleian Library 2008).

Other canals gave access and joined Stoke to Netlesclaongport to Burslem,
Shelton to Cambridge, and Stoke to Lane End (Hill@65: 86). The canal system
created an opportunity for pottery companies toamby distribute their product to
main ports, such as Liverpool, but allowed manufiacy companies to obtain mass
loads of raw materials for pottery production (Fey@4).

With the abundance of coal and the introductiora@f materials (calcined
flint, kaolin clay, china stone, and bone), the tRd@taffordshire region was

recognized as a potter’s haven. By the end oéidjigteenth century, the North



74

Figure 24.Late 18" century transport route of raw materials.

Staffordshire region was considered, “the Pottgreasd over 100 potters were in

production.
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Ceramic Manufacturing Process

Although the potters and manufacturers of NortHf&tdshire still
experimented with various bodies, glazes, and geldpes, they began to develop
systematic and cost effective businesses. Orfeedfgy elements that led the
industry to success was the creation of a systepottéry production that was not
only standardized, but also initiated specializ@dds and work areas for the
employees (Table 4). In Malcolm Grahar@8p and Saucer Lan@000:

13[1908])), he stated that pottery production magiveled into seven major steps:

1. The preparation of the clay.

2. The shaping of the plastic clay by the potter.

3. The baking of the same in the biscuit oven.

4. The coating of ware with fluid glaze.

5. A second baking in the glost oven for fusinggdleze.
6. The decoration of the ware.

7. A third baking for the fixing of the colors.



Table 4. Summary of significant aspects of the psdustrial ceramic manufacturing process.

Processing Locations Job Titles: Machines used:
stage
Preparation |Slip-house Machine operators Blungers, arks, lawresiemagnets, the
of the clay press, and the pug.
Shaping/ Potters' shop Hollow-ware presser; flat-pressersilangdigger or jolly consisting of four parts: the
Forming runners; cup maker; handlers; scrap |jigger-head, the wheel, the monkey, and the
carriers; throwers; lathe-treader; moulgmonkey's tail.
makers
Baking Biscuit oven; Biscuit [Sagger-makers; bottom-knocker; frame- n/a
Saggar House; filler; biscuit-placers; glost-placers
Warehouse
Glaze Dipping House; BisculDipper with several assistants; ware n/a
Warehouse; Dippers |cleaners
'Drying House
Decoration | The Printers' Shop The printer; The texesf the Copper cylinders
apprentice; the cutter-out

9,
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The preparation of clays was arguably one of thetnmoportant jobs in the
production process. Following the specialized pastipes of the Master Potter of
the factory, the workers had to correctly meashieestxact amount of each ingredient
for the particular ware. Given that the manufaatsiexperimented with so many
different paste recipes, it was evident that thekexs likely worked in close quarters
with the Master Potters. This room, otherwise kn@s the Slip-house, contained
six different kinds of machines, which included thenger, the ark, the lawn sieve,
the magnet, the press, and the pug.

The blunger was an iron churn-like machine that ra&sed above the ground
level. Most factories had three blungers and tketed side by side, each mixed a
different ingredient of the paste recipe with wat&enerally, one blunger contained
ball clay, the second contained the china clay,thadhird contained the cornish
stone and flint. Each blunger included its own @dsentially a well in the floor)
was connected by a pipe. A proportionate amouertoh ingredient would pass
through the ark to be formed into fluid clay, knoasthe slip. The slip was then
pumped up and passed through the lawn sieve.

The lawn sieve’s main job was to purify the sliglamnsure the sieves were
of very fine texture. The slip then went throughiaugh-like machine that was
armed with magnets (Graham 2000: 15 [1908]). Thgmets attracted any leftover
impurities of iron that could ultimately ruin thehitening effect of the ware.

The next step involved removing any excess waten fthe by putting it

through the press. The one-inch deep clay wasrtiied up and taken to the
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machine known as the pug (Graham 2000: 16 [190Bje “pugging process” was
developed for two functions, first it squeezed gt excess air that remained in the
clay, and second, it formed the clay into a cubiché of paste. It was a child’s job
to stand at the end of the pug and retrieve aaeofithe clay and to take it to the
next workshop area where workers waited to shapeltdy (Graham 2000: 19
[1908]).

The way the clay was shaped was determined by wigiskel type was
created. For example, if a hollow ware vessel wasoduction, such as a bowl or
cup, then the clay was formed by the means of prgsise clay inside a mould
(Figure 25). If a flat ware vessel was being méile,a plate or a saucer, then it
generally was shaped outside the mould by a flesgar and assisted with a machine
called the Jigger. Another method known as castisgally restricted to the finer
and more delicate work, was a completely differapthod of earthenware
manufacture. Instead of using the solid clay bdéotke casting method used the slip
(fluid clay), which was poured into a Plaster ofiaiould. After the vessel was
formed by one of the preceding methods, it wagdhef the mould runner to place
the mould on a revolving shelf to be dried. ThatHer drying was supplied by

steam pipes.
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Figure 25. The shaping of the vessalA typical workspace where vessels are
shapedb Close up of photo illustrating a typical hollovax mould. Photos taken
by author at the Gladstone Pottery Works in Staké&ent, England.

The next process in the manufacture of earthenwasethe baking of the
ware in the Biscuit oven. The green (unbaked) waae first packed with sand and
placed in a receptacle-like container, known asgger. The saggers were made

from course local clay and were used to supporptittery and protect it from

smoke in the kiln. Once the saggers were packdgkated in the oven and the
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oven was to full capacity, the firing process beffagure 26a). The ovens were
closed up and fired at temperatures ranging fro802C to1250C for up to 60
hours. Afterwards, during the cooling processt pathe kiln wall (known as the
Clammings) was taken down and eventually the biscare was transported to the
Dipping House (Figure 26).

The next stage of production was the coating ofathee with fluid glaze.
This was arguably the most dangerous departmembitk in due to the possibility of
lead poisoning. The Dipper stood near a largeatubsystematically dipped (by
hand) each biscuit ware into the glaze. Althoulglzgformulas ranged depending
on the ware, a typical recipe included a mixturéafax, flint, whitening stone,
china clay, and lead oxide.

After the ware had been dipped in the glaze it igasly for a second baking,
known as Glost firing. Since the goal of this meg was to fuse the glaze, it was
imperative to carefully separate each vessel framanother with a small clay
buffer within the sagger. This was to stop thegsefrom sticking together.

The next step was the decoration of the ware. m&thods were employed,
underglazing and overglazing. Underglazing, theenpmpular of the two, meant the
decorative aspect was applied during the biscagesaind before the glaze. The
overglazing technique consisted of applying theod#ton after the glost firing.
Many different decorative techniques were emplayegorcelain and earthenware

pottery, but transfer-printing decoration techngjuell be discussed at length.
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Figure 26. The oven.a Saggers packed in the oven at full capacity (Ptaken by
author);b This photo is illustrating that after the firingogess the clammings are
taken down to get the ware out of the oven (Phatm f{Graham 1908).

First developed in England around 1760 transfartimg was an efficient
approach for potters to take standard designsttérmpa and make multiple copies of
the same image. Before the pottery industry tdblorth Staffordshire did not
have the skills of engravers, printers, and transfe. As a result potteries sent their
wares to places such as Liverpool to be printegdthB 1780’s larger factories were
able to have patterns engraved ahead of time. & padexample, had over 90
underglaze patterns available at most times, whdesmaller potteries outsourced
the process (Barker 2007). The process involvedli@d designer to create a
pattern by using sharp steel tools to cut orgofacopper plate (Figure 27). The

engraved plate was then heated on a stove ancsned color was pressed into the
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a b

Figure 27. The decoration procesa.An engraver designs a pattern on a plate of
soft copperp Demonstration of how a pattern from the engravagper plate is
transferred to the ware (from Larsen 1975).

lines of design. After the excess paint was wigesheet of paper was laid over the
inked copper platand hand pressed. When taken from the pressesié r
illustrated a clear imprint of the wanted desigarfen 1975).

Transfer-printed designs were printed in blue, pgdpia, green, black, gray,
flow mulberry, flow blue, and purple. The printddsign was then transferred to the
biscuit, where a clear and/or blue glaze was adaledi a final glost fire was
implemented in the kiln (Godden 2004:58).

The final optional step in the manufacturing pregescording to Graham
(2000[1908]: 57) was decoration with the on-glaaeefglazed) technique, followed
by a third baking. This was done in “Muffle-Kilng&j ensure that the colors would

be fixed to the ware.
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The manufacturing process of pottery during tharbegg stages the

industrial era was unlike any other time periodhe North Staffordshire potters were
revolutionizing not just the paste, color, and pediormulas, but also the way the
pottery business was conducted. Small pottery-svarére evolving into large
factories, which created a standardization prottesmposed specialized roles and
segregated work areas. Standardization subseguleatio higher productivity and
a cost effective business. With the growth of stdy the scale of production
increased as well. In 1762, there were roughlydditery works that employed
7,000 people; by 1800 the number of workers intidestry had risen to
approximately 20,000 and this was a figure that twascrease throughout the
nineteenth century (Barker 2001). By the beginmmhthe nineteenth century, the
North Staffordshire manufacturers were the mailuerfce in pottery within Britain,

Europe, and North America (Barker 2001: 76).

Exportation to World Market

By the end of the eighteenth century, the majait§taffordshire’s factories
were involved in long distance trade of some kind by the 1820s more than 80
percent of Staffordshire’s trade was abroad (Ba2kéxl: 81). With investments in
transport improvements, including better roadsataystems and railroads, the
Staffordshire manufacturers obtained direct acttefsreign trade with the

profitable American markets.
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Unlike the Chinese and French porcelains, the &t@ghire ceramics were
widely popular with the American market because ufiacturers were able to sell
their products in the mass-consuming lower, lowetehe, and middle sections of
the market, for whom price was just as an importanisideration as quality (Barker
2001: 81). Furthermore, American preferencesesiad diverge from their British
counterparts and Staffordshire manufacturers razedrthe difference in
preference. For example, in the 1840s flow bluetpd earthenware and white
ironstone were seen as very popular in North Anagatthough they did not appeal
to the British consumer (Barker 2001: 82).

Ceramics were imported into North America one af tmays. The first
method involved three parties, the manufacturerntlerchant dealer, and the buyer.
The other way was a direct exchange between thefaanrer and the buyer. In
the former situation, smaller manufacturers inf8tdthire depended on the
merchant dealers to act as “middlemen” to onlyritiste the goods to the buyer and
relay the fashionable trends of the American coresamin the latter situation, larger
manufacturers who were able to establish and maiotanections with the
American customers acted independently. A notekénple of this type of
business relationship can be seen between the Spmuidand firm and the
Hudson’s Bay Company (HBC) at Fort Vancouver. Urtte partnership of
William Taylor Copeland and Thomas Garrett, the pany (then known as the
Copeland & Garrett firm) supplied ceramics dire¢tithe HBC. By 1837, the

pottery entered into a contract with the HBC todmee the sole ceramic provider
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and retained a monopoly until 1847 (Cromwell 20086). In 1847, Thomas Garrett
separated from the firm and the name not only chdng W.T. Copeland, but the
firm lost its monopoly of ceramics to the HBC. T#&pode/Copeland firm continued
to supply other HBC posts with ceramics into th8ds3 but the final year of known
importation of Spodewares to Fort Vancouver wak883 (Cromwell 2006: 106;
Ross 1976: 211).

Between 1820 and 1860, Canadian and English fdiagacompanies in the
Pacific Northwest imported a large variety of Esgimanufactured ceramic wares
(Chapman 1993: 95). The Hudson’s Bay Companyp#t\Fancouver, Washington
imported a wide range of ceramic vessels directiynfStaffordshire England
potteries between 1836 and 1853 (Cromwell 2006anyears of investigation on
various HBC related archaeological sites by ChamteChance (1976), Chapman
(1993), Cromwell 2006), Ross (1976, 1977, 1979%stan (1978, 1979) and
Thomas and Hibbs (1984) have provided evidencethieatvares ranged from a
variety of fabric types and also in decorative aaion.

Archaeological investigations and historical resoirttlicate that the
Hudson’s Bay Company imported over 80 patternshaeuglaze monochrome
transfer-printed white earthenware in that timeqzer Of these, 64 are attributed
and manufactured by the Spode, Copeland & Game@ppeland and Sons potteries
(Cromwell 2006: 112). The remaining patterns dnébaited to some of the most
affluent North Staffordshire potters, such as \&iti Adams & Son, Thomas

Edwards, Thomas Dimmock Jr. & Co., William DavertigoiCo., T.J.& J. Mayer,
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Minton, William Ridgeway & Co., and Robinson & Waog&ighteen additional
transfer-print patterns are unidentified and havé&mown pattern name or
manufacturer (Cromwell 2006: 112).

Subsequently, a large variety of ceramics also wareported on the
Willamette River to French Prairie households, ri@aampoeg, Oregon. During the
analysis of the Harriet D. Munnick assemblage, thu@hapman (1993) recorded
91patterns of underglaze monochrome transfer-mriwtate earthenware in the
French Prairie collection that are attributed tatN&taffordshire potters. Thirty-
two patterns still have not been identified asdatiggn name or manufacturer. In
comparison to the Fort Vancouver assemblage, techrPrairie collection contains
37 patterns attributed and manufactured by the 8pack firm, 50 patterns
attributed to 25 other Staffordshire pottery mantueers, and 32 patterns remain
unidentified (Chapman 1993: 52). Other North Staféhire pottery companies
represented in the assemblage, included, Williamebport, William Adams, the

Mayers, Enoch Woods & Sons, and Minton (Chapmar31989).
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Chapter 5
METHODOLOGIES

The current study predominantly utilizes chemicalgsis of the ceramic
fragments recovered from excavations at the Fré&nahie Farmsteads and Fort
Vancouver National Historic Site. In determiniing tspecific manufacturer, the
chronological range of manufacture and importatiba,author consulted
contemporaneous literature that provided this eésdenformation (Chapman 1993;
Cromwell 2006; Godden 1964; Sussman 1978, 1978).reference purposes, each
ceramic sample was given a three letter, three eudentification label (e.g. DAV

001).

Sample

A total of 174 English manufactured ceramic fragtseepresenting at least
six contemporaneous pottery companies will be @isethis research project. The
ceramic samples were systematically selected falysis based on three criteria: (1)
the abundance and availability for the researchidghtifiable markings that
correspond to chronology; and (3) permission tdgper partial and/or destructive
analytical procedures. The photographs for allgamused for INAA are displayed
in Appendix A.

Originally, the artifacts were archaeologicallyleoted from various
homestead sites on the French Prairie, near Chain@wegon and at Fort

Vancouver National Historic Site in Vancouver, Wiagiton. Ninety-six ceramic
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fragments derive from the Harriet D. Munnick aratiagical collection, housed at
Oregon State University (OSU) and 72 ceramic fragsderive from the Caywood
archaeological collection housed at Fort Vancouver.

For discussion purposes, the ceramic samples fnerfritench Prairie sites
and Fort Vancouver will be analyzed as a cumulatitiele rather than by individual
collection. The cumulative process was utilizedause the point of this research is
to not compare samples between archaeologicalisitee Pacific Northwest, but
rather to compare ceramic samples between pottenyufacturers in the North
Staffordshire region. Two curation facilities wetgsen for this research project for
two reasons; (1) there was not enough diversityratloe ceramic samples between
both pottery manufacturing companies and pattendq2) since the project involves
partial destructiveness of the ceramic, the attgatection within each facility was

limited to unprovenienced samples.

Sampling strategy

In the preliminary stages of this project, the skngpstrategy began by
identifying which North Staffordshire pottery conmp@s were represented in the
French Prairie and Fort Vancouver archaeologicikéctions. The author consulted
Chapman (1993: 44) and analyzed a minimum numb206fvessels, identified 91
underglaze monochrome, and one overglaze polychtansfer-printed white
earthen ware in the French Prairie collection. aflditional 27 patterns were

unidentifiable (Chapman 1993: 44). As previousitexd, Chapman (1993: 44)
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identified 91 patterns to their corresponding pgtteanufacturer, specific pattern
name, and date range of production and importatdhthe 91 identified patterns,
37 were produced and exported between 1830 and®B8SPode, Copeland &
Garrett, or W.T. Copeland, herein referred to gotiewares”; this represents 31%
of the transfer-print wares in the French Praigkection (Chapman 1993: 50). The
remaining patterns are attributed to 25 other Bhgbottery companies. Of these, the
William Davenport Factory represents the secontdsgpercentage (9%), followed
by William Adams & Sons (8%), the Mayers (6%), &mbch Woods & Sons (3%).

Fort Vancouver has a comparable situation to tleadkr Prairie Farmstead
sites in the archaeological record. Eighty paterihunder glaze monochrome
transfer-printed earthenware have been identifetithese, 64 patterns have been
attributed to the Spodeware firm, while 16 weredpiced by other North
Staffordshire pottery companies (Cromwell 2006:)112ome of the other
companies include: William Davenport & Co., Mintdfjlliam Adams & Son, T. J.
& J. Mayer, Thomas Edwards, and Thomas Dimmoc& L£Lo. In addition to the
identified patterns, 18 patterns still remain uniifeed to pattern name or
manufacturer (See Cromwell 2006; Ross 1976).

A total of 174 ceramic samples representing sixtiN8taffordshire pottery
companies were chosen for the research projecsdingles derived from the
Spodeware Factory in Stoke (n=69), Davenport Fadatokongport (n=25), William
Adams & Sons Factory in Tunstall (n=9), T.J.& J.ydaFactory in Burslem (n=13),

Enoch Woods & Sons Factory in Burslem (n=14), dsdMinton Factory in Stoke
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(n=26). In addition to the known ceramic sampées unidentified ceramic
fragments representing two different patternscepamic fragments representing
one pattern with, “various,” manufacturers, andrapbdern Spodeware fragments

were included in the research project (Table 5;exulx B).

Spodeware sample

Given the large amount of Spodeware samples anchithienal amount of
other Staffordshire manufacturers in both colleddiat is evident that a higher
percentage of Spodeware ceramic samples will be fiosehe research project.
Sixty-nine ceramic samples manufactured from thed8gCompany are included in
the sample (Table 5). Eight identifiable patteand a minimum number of at least
53 vessels are represented as COP 001 through G®&hd COP 008 through COP
071 (Appendix B). The Spodeware artifacts repretenlargest subset of the entire
sample represent over 40 percent of the Frenchi¢’>(@hapman 1993: 50) and an
overwhelming 65 percent of the Fort Vancouver abiten (Cromwell 2006: 112).
All of the ceramic fragments originated from a vehgiarthenware fabric, contain a
blue, green, or pink transfer-printed pattern, eewbived a cobalt or clear glaze
during the production stages. Eight transfer-pdrpatterns are represented in the
Spodeware sample and includessop’s Fable$n=10),Antique Vas€n=10),
Camilla (n=10),Chinese Flower¢n=10),Portland Vas (n=9), Union Wreath(n=4),

Warwick Group(n=10), andVatteau(n=6) (Table 6).
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Table 5. Selected samples from the North Staffordste Pottery Companies.

North Staffordshire Artifacts Artifacts From  Total Number
Pottery Company  Factory LocationFrom OSU  Fort Vancouver of Samples (n)

Spodeware Stoke 25 44 69
Davenport Longport 19 6 25
William Adams &

Sons Tunstall 9 0 9
T.J. & J. Mayer Burlsem 13 6 13
Enoch Wood & SonsBurlsem 14 0 14
Minton Stoke 10 16 26
Unknown Not Applicable 6 0 6
Various Not Applicable 6 0 6
Modern Spode Stoke not applicable  not applicable 6
Total 174

COP 001-COP 005 and COP 034-COP 038 represepettmp’s Fables
pattern. All of the samples in this pattern camt&blue transfer-printed pattern, a
cobalt glaze, and represent six flat ware and mliow ware vessels. The Spode,
Copeland & Garrett, and W.T. Copeland periods vadirenown to produce this
pattern anytime between 1830 and 1860. More inaptst, however the importation
date proves to be a firm spread between 1836 abi@l @@ omwell 2006: 113).
Furthermore, the ceramic sample COP-034 contases@on of printed maker’s
mark indicating it is the Copeland & Garrett pogteompany. Ten artifacts are
characterized by th&ntique Vas@attern and contain the INAA identification labels
COP 013-COP 016 and COP 044 —COP 049. The astifeste manufactured

between 1847 and 1860 and imported to the PacdithMest from 1847 to 1853
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Table 6. Selected Spodeware samples distinguishiegthe identifiable transfer-
printed pattern (Adapted from Cromwell 2006).

Date range of Date range of Total Number of Sample

Pattern Name manufacturer importation (n)
Aesop's Fables 1830-1860 1836-1853 10
Antique Vase 1830-1860 1836-1853 10
Camilla 1833-1860 1836-1853 10
Chinese Flowers 1815-post- 1847  1815-post- 1847 10
Portland Vase 1831-post-1833  1836-post-1833 9
Union Wreath 1822-1847 1836-1847 4
Warwick Group 1847-1860 1847-1853 10
Watteau 1847-1860 1847-1853 6
Total 69

(Cromwell 2006: 113). All of the ceramic artifagh this sub-category contain a
light blue transfer-printed pattern, cobalt gland aepresent two hollow ware and
four flat ware vessels. It should be noted thaP@a4, COP 045, and COP 046
cross-mend with each other, as does COP 048 and0g@P

With an importation date of 1836 to 1853, Gamilla pattern was
manufactured during the Copeland & Garrett monapdlgeCamilla pattern is
identified with the INAA labels, COP 017—COP 02@&OP 050-COP 055. One
pink and nine blue transfer-printed wares are uhetlin this sub-set. The blue
transfer-printed samples contain a cobalt glazégvthe pink fragment contains a
clear glaze and they represent a minimum numbenefhollow ware and nine flat

ware vessels.
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A total of 10 ceramic fragments correspond toGinese Flowergattern
and are represented by the INAA labels, COP 062-G0P All of these samples
have a blue transfer-printed pattern with a cofplalte and represent a minimum
number of three hollow ware vessels and sevenviiaé vessels. Also it is
important to note that COP 062 and COP 063 crossdméth one another. COP
064 contains a partial printed maker’'s mark onlthek of the vessel.

Eight blue and one green transfer-printed ceramagments are recognized
as thePortland Vasepattern. All fragments contain a cobalt glaze aredidentified
by their INAA labels, COP 025-COP 033. Thertland Vasepattern is difficult to
identify a distinct chronological mark, but theshature indicated that the Copeland
& Garrett Company manufactured the ware sometirtez 4833 (Sussman 1979:
161). The importation date is more precise po8B18 1836 (Cromwell 2006:

114). The majority of the samples are too smatlize for shape identification,
although at least four flat ware vessels are remtesl in this sub-category.

A total of four artifacts are characterized by ltheée Union Wreathtransfer-
printed pattern. A minimum number of two hollowr&and two flat ware vessels
are represented in the sample and are identifie@@B 021 through COP 024. Both
the Spode and Copeland & Garrett establishmentiupeal this pattern from 1822 to
1847, but it was likely imported to the Pacific Hawest between 1836 and 1847 and
produced by the Copeland & Garrett Company (Crohm2@06: 114).

Five pink transfer-printed ceramic fragments aentdied as th&Varwick

Group pattern. All artifacts were glost, with a cledaze and manufactured during
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the W.T. Copeland production between 1847 and 18&fpresenting a minimum
number of four flat ware vessels, the ware was ntegloto the Pacific Northwest in a
limited time frame, between 1847 and 1853. Waerwick Groupartifacts are
labeled as COP 039-COP 043.

TheWatteaupattern was also imported to the Pacific Northvadesing a
short time span, from 1847 to 1853 (Cromwell 200B4). A sum of six blue
transfer-printed ceramic fragments represents amim number of five flat ware

vessels. The INAA identification labels identifyetsamples as COP 056-COP 061.

Davenport sample

The Davenport is the second highest representéerpobanufacturer in both
the French Prairie and the Fort Vancouver coll@estioA total of 25 ceramic
samples, manufactured by the William Davenport, Gany are included in the
sample size (Table 5). Five identifiable patteand a minimum number of 23
vessels are labeled as, DAV 001 through DAV 02%p@ndix B).

All of the ceramic fragments originated from a madito fine white
earthenware fabric and received a cobalt glazes tidmsfer-print color ranges from
a traditional blue to mulberry. DAV 003 through BA12 have unique mulberry
underglaze transfer-print and hand-painted floweérgarious colors over the glaze.
Five transfer-printed patterns are representeddrDavenport sample and include:
Cyprus[n=2], Brunswick[n=10], Friburg [n=5], Persian Vas¢n=2], andTyrol

Hunter[n=6] (Table 7).
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Two ceramic fragments are identified as @ypruspattern and represent a
minimum number of two vessels. The thick-bodieyinents contain a mulberry
transfer-printed pattern and a cobalt glaze thaewaported to the Pacific
Northwest in approximately 1850. DAV 001 and DAV20are the INAA
identification labels for these artifacts.

The Davenport factory likely manufactured and eigabthe highly unique
Brunswickpattern sometime between 1845 and 1860 to thdéi®Blarthwest. Ten
ceramic fragments are identified as this pattéihartifacts contain a mulberry
under glaze transfer-print with hand-painted flosven the top of the glaze.
Representing a minimum number of three hollow wassels, four flat ware
vessels, and two serving dish vessels, the Davefgmiory most likely imported
this pattern between 1845 and 1853 to the Pactitiwest. ThdBrunswick
artifacts are labeled as DAV 003-DAV 012.

With an importation date sometime after 1844 ,Rhburg pattern was
manufactured by the Davenport factory. Hrburg pattern is identified with the
INAA labels, DAV 013-DAV 017. A total of five blugansfer-printed ceramic
fragments are identified with a minimum numberairfflat ware vessels and one
hollow ware vessels are represented.

A total of two ceramic fragments make up Bersian Vasgattern and are
represented by the INAA labels, DAV 018 and DAV 0Both samples have a blue

transfer-printed pattern with a cobalt glaze aqesent a minimum number of one
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hollow ware vessel and one unknown vessel. Theebgort factory imported this
ware sometime after 1844 to the Pacific Northw€stapman 1993).

Six artifacts are characterized by thgol Hunterspattern and contain the
INAA identification labels DAV 020-DAV 025. Theye&ve manufactured and
imported to the Pacific Northwest from 1830 to 1860apman 1993: 158;
Cromwell 2006: 115; and Williams 1978: 438). Adiramic artifacts in this sub-
category contain a blue transfer-printed pattenbalt glaze and represent four flat
ware vessels. DAV 021 contains a back stamp matkieagattern naméyrol
Hunters It also should be noted that DAV 023, DAV 02ddd@AYV 025 cross-

mend with another.

William Adams & Sons sample

The William Adams & Sons is the third most représdrpottery
manufacturer in the French Prairie. The only patteanufactured by William
Adams & Sons represented at Fort Vancouver, i¥titraarked Pinlpattern and
unfortunately this pattern was unavailable for gsial A total of nine ceramic
samples manufactured by the William Adams & Sons@any are included in the
sample size. Two identifiable patterns and a mimmmumber of nine vessels are
represented as WAS 001 through WAS 009 (Appendix B)

All of the ceramic fragments originated from a madito fine white
earthenware fabric and received a cobalt glazes tidmsfer-print color ranges from

a traditional blue to pink. Two transfer-printeakterns are represented in the
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William Adams & Sons sample and include&lumbia[n=6] andFlorence[n=3]
(Table 7).

Six ceramic fragments are identified as @@umbiapattern and represent a
minimum number of three flat ware vessels and thodlew ware vessels. The
medium-bodied fragments contain a blue transferted pattern and a cobalt glaze
that were imported to the Pacific Northwest sometafter 1850. Th€olumbia
artifacts are labeled as WAS 001-WAS 006.

Three pink transfer-printed ceramic fragments deaiified as thé&lorence
pattern. All artifacts were glost with a clearzgaand were manufactured between
1830 and 1850. Representing a minimum numberreétfiat ware vessels, the
ware was imported to the Pacific Northwest sometetgveen 1830 and 1850

(Chapman 1993: 140). Tlwdorenceartifacts are labeled as, WAS 007-WAS 009.

T.J. & J. Mayer sample

T. J. & J. Mayer factory represents approximatedypgrcent of the ceramics
archaeologically collected at the French Prairieriséeads and is represented at Fort
Vancouver by th&hone Scenenyattern. A total of 13 ceramic samples,
manufactured by the Thomas John & Joseph Mayer @oy@re included in the
sample size. Two identifiable patterns and a mimmmumber of 13 vessels are
represented as, TIM 001 through TIJM 013 (Appenglix B

All of the ceramic fragments originated from a madito fine white

earthenware fabric and received a cobalt or clieeneg Two blue transfer-printed



98
patterns are represented in the T.J. & J. Mayepkaand includé-lorentine[n=10]
andRhone Sceneiy=3] (Table 7).

Ten blue transfer-printed ceramic fragments aratiled as the~lorentine
pattern. All artifacts were glost with a cobaluélglaze and were manufactured by
the T.J. & J. Mayer factory between 1843 and 1888presenting a minimum
number of four hollow ware vessels, four flat waessels, one handle, and one
unknown vessel, the ware was imported to the Radidirthwest in a moderately
limited time frame, sometime between 1843 and {8t&pman 1993: 140). The
Florentineartifacts are labeled as, TJM 001-TJM 010. TJI €0ntains a partial
printed maker’s mark on the back of the vessel.

A total of three ceramic fragments are includetheRhone Scenenyattern
and are represented by the INAA labels, TIM 011-D114. All the samples have a
blue transfer-printed pattern with a cobalt glazé eepresent a minimum number of
one hollow ware vessel and two flat ware vessélge T.J. & J. Mayer factory
manufactured this ware from 1843 to 1855, althaugborted it to the Pacific

Northwest between 1843 and 1852 (Cromwell 2006).115

Enoch Wood & Sons sample

Fourteen ceramic samples manufactured from thetEwamods & Sons
Company are included in the sample size. Two ifieble patterns and with a
minimum number of at least eight vessels are repted as, EWS 001 through EWS

009 (Appendix B).
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All of the ceramic fragments originated from a vehgtarthenware fabric,
contain a purple transfer-printed pattern, andivecka clear glaze during the
production stages. Two transfer-printed patteresepresented in the Enoch Wood
& Sons sample and includ8wiss[n=4] andBelzoni[n=10] (Table 7).

Four artifacts are characterized by the “Swisstgratand contain the INAA
identification labels EWS 001-EWS 003. They werofactured from 1830 to
1846 and imported to the Pacific Northwest from@ 881846 (Chapman 1993:
156). All ceramic artifacts in this sub-categoontain a purple transfer-printed
pattern, clear glaze and represent one flat wassel@nd two unknown vessels.

A sum of four artifacts reflects the pur@elzonitransfer-printed pattern. A
minimum number of seven hollow ware and three umkneessel shapes are
represented in the sample and are identified as$ B through EWS 014. The
Enoch Wood & Sons factory produced this pattermfd@830 to 1840 and imported

to the Pacific Northwest between 1830 and 1840 |pGtza 1993).

Minton sample

Twenty-six ceramic samples manufactured from thietddi Company are
included in the sample size. Two identifiable gats and a minimum number of 25
vessels are represented as, MIN 001 through MIN(8pBendix B). All of the
ceramic fragments originated from a relatively fimeite earthenware fabric, contain
a blue transfer-printed pattern, and received altgbaze during the production
stages. Two transfer-printed patterns are repteden the Minton sample and

include,Claremont[n=20] andSwiss Cottagfn=6] (Table 7).
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Twenty artifacts are characterized by @laremontpattern and contain the
INAA identification labels MIN 001-MIN 020. Theye®&ve manufactured between
1822 and 1836 and imported to the Pacific Northwestetime after 1830
(Cromwell 2006: 113). All ceramic artifacts inghsub-category contain a blue
transfer-printed pattern, cobalt glaze and reptesight hollow ware, 11 flat ware
vessels and one unknown vessel. MIN 006 contapestaal printed maker’'s mark
on the back of the vessel.

Six artifacts correspond to the bl8&/iss Cottag&ransfer-printed pattern. A
minimum number of four flat ware and one unknowasset shape are represented in
the sample and are identified as, MIN 021 throudN BR26. The Minton factory
produced this pattern from 1830 to 1836 and wa®rtep to the Pacific Northwest
between 1830 and 1836. It should be noted that 28land MIN 026 cross-mend

with each other.

Unknown sample

Six ceramic samples manufactured from two unknowgliEh manufacturers
are included in the sample. Two un-attributabliégpas with a minimum number of
eight vessels are represented as, UNK 001 throik QD6 (Appendix B).

All of the ceramic fragments originated from a vehgtarthenware fabric,
contain a blue, pink, or sepia transfer-printedgrat and received a clear or cobalt

glaze during the production stages. Two transfartgd patterns are represented in
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the Unknown sample and includ&delaide’s Bowefn=3] andUnidentified[n=3]
(Table 7).

Three artifacts are characterized asAbelaide’s Bowepattern and contain
the INAA identification labels UNI 001-UNI 003. €&lg were likely manufactured
and imported to the Pacific Northwest from 183A880. (Chapman 1993: 126;
Williams 1978: 179). All ceramic artifacts in trssb-category contain a sepia
transfer-printed pattern, clear glaze and represeninimum of three flat ware
vessels.

A total of three ceramic fragments are identifisdteeUnidentifiedpattern
and are represented by the INAA labels, UNI 004-006 (see lllustration #1080
Chapman 1993: 172). One pink and two blue transiated samples are included
and represent a minimum number of three flat wassels. Thénidentified
samples were found in a similar archaeologicaledrand is hypothesized that they

were manufactured between 1830 and 1850.

Various sample

Six artifacts are attributed to tlanovapattern and contain the INAA
identification labels, VAR 001-VAR 006. All ceramartifacts in this sample
contain a blue transfer-printed pattern, a codaltgy and represent a minimum
number of six vessels. This pattern was produgeal\@riety of pottery

manufacturers between ca. 1826 and 1842. Sonte @oimpanies include, Thomas
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Mayer, George Phillips, Enoch Woods & Sons, andea@lews (See Chapman

1993: 132).

Modern Spode sample

A total of six fragments, attributed to modern &pode Ltd. ceramics, were
included in the sample. Two whole vessels werehmsed at the Spode factory
store in Stoke, England on April 26, 2007 and tivene deliberately broken into
smaller fragments. Three fragments of modern lobivea and three fragments of

modern earthenware were included in the total sampl
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Table 7. Selected Non-Spodeware samples distirghed by the identifiable transfer-printed pattern
(Adapted from Chapman 1993; Cromwell 2006).

Date of range

Date of range of

Total Number of

Manufacturer Pattern Name manufacturer importation Samples (n)
Davenport Cyprus 1850 1850 2
Brunswick 1845-1860 1845-1860 10
Friburg 1844 1844 5
Persian Vase 1844 1844 2
Tyrol Hunter 1830-1850 1830-1850 6
Subtotal 25
William Adams
& Sons Columbia 1850 1850 6
Florence 1830-1850 1830-1850 3
Subtotal 9
T.J. & J. Mayer Florentine 1843-1855 1843-1855 10
Rhone Scenery 1843-1855 1843-1852 3
Subtotal 13
Enoch Woods &
Sons Swiss 1830-1846 1830-1846 4
Belzoni 1830-1840 1830-1840 10
Subtotal 14
Minton Claremont 1822-1836 1822-1836 20
Swiss Cottage 1830-1836 1830-1836 6
Subtotal 26
Unknown Adelaide's Bower 1830-1850 1830-1850 3
Unidentified 1830-1850 1830-1850 3
Various Canova 1826-1842 1826-1842 6
Subtotal 12
Modern Spode Bone China 2007 not applicable 3
earthenware 2007 not applicable 3
Subtotal 6
Total 105
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Instrumental Neutron Activation Analysis (INAA)

INAA is an instrumental analytical technique u@dzin various scientific
fields to obtain quantitative and qualitative diamajor, minor, and trace elements.
The technique is viewed as a method of quantitatineemical analysis based on
nuclear properties of constituent elements. BridNAA involves placing a small
amount of a sample material in a flood of neutrimnactivate and create radioactive
isotopes of the elements present (Minc 2008: Z.th& isotopes return to their
stable state, they emit charged particles and hanged gamma-rays, known as
radioactive decay. The detection of those declhys &or identification of elements
amount precise quantity originally present in tample (See Minc 2008 for
overview).

INAA has the ability to provide historic archaealktg with an excellent tool
to create a database that can include many hundfedsnples (Scarlett et al 2007:
94). This type of analysis also has the potemiglrovide historic archaeologists
with a tool for identification and interpretatiohunidentified ceramic fragments.
Although INAA requires a laboratory with a reseantitlear reactor as a neutron
source, it has the capabilities to measure a vadge of major, minor, and trace

elements with easy sample prep, with highly prearsd accurate results.

Preparing samples for INAA
For the purpose of this research project, a tdtald English-manufactured

ceramic samples were prepared for neutron activamnalysis using standard
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procedures (Glascock 1992: 13). Sample preparatiaived using a tungsten
carbide rotary file to remove the decorative pattgtaze, and any other impurities
from the portion of the sample that will be useddbemical analysis. The next step
involved pulverizing approximately 400 milligramsg) of the cleaned portion of
the artifact. Each sample was then washed withnilsed water and left to dry for
no less than 24 hours in a 200 heated oven. Then, by using a ceramic mortr an
pestle, the sample was ground into a fine powdeémdeced in a 100C heated oven
for another 24 hours. Finally, the samples weaglydo be encapsulated into
polyethylene snap-top vials. Approximately 400 ofighe ground powder substance
was encapsulated, accurately weighted and theadse&l The vials were double
encapsulated into larger polyethylene vials andlliyplaced in a designated
position on the sample rack that corresponds tdNA& checklist.

The sample materials were chronologically numbatedg with reference
standards of NBS-SRM-1633a (coal fly ash) and clstgkdard samples (standards
treated as unknowns) of NBS-SRM NIST1633b and Néwo®ed Clay (NORC).
For the reference standards and check standarf@dsng@vere sealed and double
encapsulated in polyethylene snap-top vials. Albldal was also included to
ensure the vials were not contaminating the samplég remaining positions in the
sample rack were systematically filled with thefact samples. Samples were
irridated in batches of 25 artifact samples, thiegdicates of the standard (NIST
1633a), two check standards ([NIST 1633b] and Néio®ed Clay [NORC]), and

one blank vial. For the purpose of this projetital of seven batches were
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introduced into the OSU TRIGA core reactor betw®etober 13, 2006 and July 27,
2007.

Irradiation and detection procedures

For 10 hours of irradiation the artifact and staddsamples received an
equal proportion of thermal neutron flux (approxieig 2E+12 n/crfis) as they
rotate on a, “Lazy Susan,” rack. During this bondb@ent, the target nucleus has the
highest probability of being hit with low energyetimal neutrons and the target

nucleus is then transformed into an unstable comgpowcleus. At this point

prompt gamma rayg)) are released and the nucleus alters into a retilrea

nucleus. As the delayed gamma ray$ from the radioactivity are released the

stable product nucleus is created (Minc 2008:T9)e process of neutron reaction
can be seen as:
Ata —»p B+b+Q
A= the target nucleus
a=is the colliding particle
B=is the product nucleus
b= is the resulting particle
Q= energy released
Every element has a different rate of decay anflif@lthat ranges from a
few seconds to a few years (Glascock 1992: 14)lyical procedures for the
current research project included one irradiatibtihe artifact samples in which they

produced a multi-element suite of intermediate lang half-life isotopes. The
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HPGe semiconductor detector in a gamma spectroroa@telne used to detect the
gamma rays that have sharply defined energies diegistic of each element. The
signals from the detectors are input into a systeanhdisplays a spectrum of number
of counts versus gamma energy (Rice 1987: 397)erAlietermining energy levels
through the spectrum, the individual elements cardbntified and their
concentrations can be estimated

In order to determine the element concentratioasEhrect Comparison
Method” (DCM) or standard-comparator method waslusehe DCM is utilized to
calculate concentrations in the unknown artifactgl@s by comparison with activity
generated in with several replicates of standdeteace materials [SRMs] on a
weight-ratio basis (Glascock 1992: 14). The elemezoncentrations of the SRM’s
are known through prior analysis and the “true” position is certified and
published (Minc 2008: 13). The current researdizad three replicates of the
standard (NIST 1633a).

Under the DCM, the unknown samples and standaedsradiated under the
same conditions and are also measured on the sstewat. It is therefore
necessary for both the standard and unknown satopdiecay correct all activities

to end of bombardment (EOB) and determine the decagtant for the isotope of
interest (lambda/()). To calculate this correction, the observed &@gtiAo,s) at

time of gamma count (cps) must be divided by thgoeential of negative lambda

times decay time. The equation is as follows:

Acos= A,,./e "
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The next step in the DCM is calculating the staddamstant for each element of
interest based on decay-corrected activity of taedard. Typically, an average is
taken of the three SRM’s. The constant (K) forreigotope (1) is based from this
equation:

K= decay corrected cps
mg of element

The last and final step is to calculate the elemsas and concentration in the

unknown samples shown on the following equation:

Element mass=_cps
K Average

After irradiation, two separate counts of gammavagtwere executed using
a ca. 35 percent efficiency HPGe detector andesethrch counting geometry. First
a 5000-second (live time) spectrum of each sampkeanllected after one week
(W1) decay period to characterize elements, inolgidirsenic [As], barium [Ba],
lanthanum [La], lutetium [Lu], molybdenum [Mo], négmium [Nd], potassium [K],
samarium [Sm], sodium [Na], tungsten [W], uraniudj,[and ytterbium [Yb]
contents. A second count of 10,000 seconds durdtie time) was collected after
a period of four weeks (W4) decay to quantify tbkofving: antimony [Sb], barium
[Ba], cerium [Ce], cesium [Cs], chromium [Cr], cdtfg&o], europium [Eu], hafnium
[Hf], iron [Fe], neodymium [Nd], nickel [Ni], rubidim [Rb], scandium [Sc],

tantalum [Ta], terbium [Tb], thorium [Th], zinc [Znand zirconium [Zr].
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The data results were organized into a table nfeotration values in parts
per million (Appendix C). The sensitivity (the #amount of an element
detectable), accuracy (the closeness of a measiteettue value), and precision (the
closeness of repeated measurements of the samityuaitl vary by element and

by the composition of the sample matrix (Minc 2008).

Quality Assurance (QA)

The quality assurance (QA) process is used in dadensure each sample
received the same amount of neutron flux througkiwaiirradiation process, and that
no human or instrumental errors have occurred,alsas normalizing the data for
inter-laboratory comparability. The QA processasnpleted by first inspecting the
precision (defined as the closeness of repeatedureraents of the same quantity)
of the samples by evaluating and comparing referstendards. The mean and
standard deviation of the standard constants fdr eeement in the three replicates
of NBS-SRM-1633a (coal fly ash) were calculategee if any inconsistencies were
apparent. The results indicated that during eachidardment all standard samples
received the same amount of neutron flux (Appei@)ixThe data confirmed precise
results with no detection of outliers or instrunsgrmrrors.

Assessing the accuracy of the element concentsatarthe unknown
samples was the second part of the QA processrdir to evaluate the accuracy or
the closeness of a measure to its true value hbekcstandards (NBS-SRM-1633b

and NORC) were compared to a consensus valueldiiatbeen published by
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accredited institutions. For example, the NBS-SE883b samples were compared
to Glascock (2006) literature values (Appendix The NORC samples were
compared to the MURR (Glascock 2006) consensuesdippendix C). The
results indicated that there was little variati@vieen the consensus values and the
check standards, which indicated that all batchea®wradiated without any

instrumental errors or problems (Appendix C).

Quantitative Analysis

For the analysis section of the report, the auphionarily utilized the
statistical program JMP 6.0 to administer quantigainalysis on 174
archaeologically collected ceramic samples. Aatgrof statistical analyses,
including exploratory data analysis, cluster analgsd discriminant analysis was
employed to identify “group” homogeneity “group”stinctiveness and internal
patterning or clustering of the ceramics. It iperative to take into account,
according to Glascock (1992: 16), that “compos#iagroups can be defined as
centers of mass in the compositional hyperspaceritdes by the measured
elements” (16). A single group is characterizedhgylocation of the centroid
(central tendency) and spread (distribution araimedcentroid) and must be unique
or distinctive on at least one variable. Stat&lc this means that the variation

between groups is greater than the variation wiginoups.
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Exploratory data analysis

Exploratory data analysis (EDA) was employed bylgpg box-and-whisker
plots and bivariate scatter plots to inspect fdrdsuisions within the given dataset
and to eliminate outliers or missing data. Fotiahanalysis the dataset was
evaluated for strong inter-element correlationsevi®us literature indicates that
iron, scandium and other transition metals are twedwn for their highly correlated
relationships; similarly, the rare earth elemeltisirate strong correlations with one
another (Glascock 1992: 16). Three main elemeataigories were used for the
initial analysis. The main elemental categoriesude, the rare earth element group
(REE), the transition metal group, the alkali megaup, a “miscellaneous” group;
not all and elements were used for analysis duei$sing data. Elements such as
nickel and zirconium were eliminated because theseveonsistently below
detection limits. Additionally tungsten was eliratad from the dataset due to the
possibility of contamination from the tungsten ¢debburr used during sample
preparation (Table 8).

The EDA method was utilized to first test the cetescy of raw materials of
a given pottery manufacturer (hypothesis #1). fie¢hod was also concurrently
utilized to test the internal patterning and sulbgrolustering within a pottery group
(hypothesis #2). Due to the fact that hypothesiadd hypothesis #2 are
interrelated, both hypotheses were evaluated samediusly using two-dimensional
bivarate scatter plots. Bivariate scatter plotsensvaluated by examining the

differences in absolute element concentrations fegh versus low thorium and by
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Table 8. The table explains how the dataset was @mgized for exploritory data analysis.

Rare Earth Alkali Metal [ Transition Metals| "Miscellaneous" | Elements not
Elements (REE) Elements & Actinides Elements used in analysis
Ce, Eu, La, Lu, NdBa, Cs, Rb, K|Fe, Sc, Cr, Co, H|As, Mo, Sb, and Tla Ni, W, and Zr
Sm, Tbh, and Yb |and Na Th, U and Zn

distinguishing variation in the element ratios (sgandium versus thorigm
Potential subgroups were evaluated using 95% cemndiel interval (CI) ellipses;
groups were assumed to represent distinct pasfeesei the Cl ellipses did not

overlap.

Cluster analysis

Cluster analysis is a multivariate statisticalqaaure where the main goal is
to find groups or “clusters” of similar entities andataset in a multivariate space.
Aldenderfer and Blashfield (1984: 34) explain tii@usters have certain properties
and the most important are density, variance, dgioer shape, and separation.”
This method measures the relative distance betadtsamples on the basis of all
variables (elements) simultaneously. Samplesfail the same cluster are more
similar to one another, relative to other casese most commonly used distance
measure is the Euclidean distance. Computer pregrsuch as JMP, are then
utilized to test the hierarchical relationshipsimstn the samples. The results of
cluster analysis are usually displayed in a treefjkaph (a dendrogram), which

illustrates the order and levels of clustering 8tzk 1992: 17). Although cluster
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analysis is reliable measure of relative distirenigss, it is not commonly used
autonomously. Other statistical methods (discamiranalysis or principal
components analysis) are normally coupled withteluanalysis to confirm that the
between group distances are in fact greater treawithin group distances

The current research administered cluster analysisigh the computer
program JMP 6.0. The distance measure was Eunlidistance based on 25
elements; the clustering algorithm was the Wardéhod, which minimizes
variance within clusters (Table 8). The approprimimber of clusters was
determined based on the fusion coefficient. Jumpisis distance measure indicate
that two relatively dissimilar clusters have beegrged such that the number of
clusters prior to the merger was chosen (Aldendarid Blashfield (1984: 56-57).

The results are displayed in a dendrogram.

Discriminant analysis (DA)

Discriminant analysis (DA) is a multivariate ssdital method, which allows
the researcher to determine whether, and how twoooe groups differ with respect
to multiple variables simultaneously (Klecka 1980: The analysis generates a new
set of variables (termed discriminant functiong@amonical variants) that are linear
combinations of the original discriminating varieblthat maximize group separation
(Glascock 1992; Klecka 1980). Finally, the anaydassifies each sample to the
closest group as measured on these new discrimumactions. In this study, DA

was used to evaluate whether the ceramic samptessponding to a given pottery
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manufacturer or paste recipe could be distinguisimethe basis of the set of
elemental variables. The distinctiveness of tloeigs was based on the success of
the posterior classification, that is, whether Dasnable to classify each pottery
sample to its appropriate manufacturer or pasipeec

To summarize, the data results were analyzed ®t2Bental variables in
bivariate scatter plots to identify preliminary gps and subgroupings within each
manufacturer (Hypothesis #1 and Hypothesis #2enTbluster analysis was
employed for initial examination of group distinehess between each pottery
manufacturer and paste recipe (Hypothesis #3)tly.asscriminant analysis was
utilized to examine group distinctiveness betweschepottery manufacturer and
paste recipe (Hypothesis #3). The results of tineeat research are organized by
pottery manufacturer, utilizing written descriptiand graphical illustration. The
artifact samples are identified by the abbreviaigiven to them in the INAA

sections (e.g. Davenport = DAV).
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Chapter 6
RESULTS
The prior review of historical, archaeological, aardhaeometric literature
and procedures provided a basis for the reseabtingses concerning the
relationship between the chemical concentratioeliein ceramics and their
respective paste recipes from North Staffordshotéepy companies. The primary
guestion for this research study was to addresshemical consistency for each
pottery company as it related to specific varialalesut the industrial pottery
production process. These variables likely deteeahithe chemical concentration
levels. The variables included: 1) consistencydste recipes; 2) paste ingredients;

3) paste ingredient amounts; and 4) geochemistrgwfmaterials.

Results: for Hypothesis #1 and Hypothesis #2
Hypothesis #1: Given mechanization and the docusdegpéiste recipes, it is
expected that consistent use of raw materialsredult in a consistent
(homogenous) paste composition.
Hypothesis #2: To the extent that paste recipeg werdified or improved by
a company, it is expected that there will be cquoesling changes that result

in subgroups within the chemical composition
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Utilizing EDA to identify homogeneity

Spodeware EDA results

The Spodeware pottery group contained 69 artifacipdes which split into
several clear subgroups when the 25 elementalblasavere assessed using
bivarate scatter plots (Table 8). The differermetsveen these subgroups were
statistically significant on multiple elements,assessed using 95 percent confidence
interval ellipses. Several obvious outliers welentified as well. The results of the
exploratory data analysis of the Spodeware thusdicdupport hypothesis #1 due to
a strong subgroup clustering based on elementakecrations levels. The lack of
homogeneity within the Spode sample as a wholeatéds that more than one paste
recipe was produced. Although homogeneity wasiatgrmined within all the
samples, it was evident that there was internaiteling within the subgroups, which
will be discussed below.

The results suggest that two main subdivisionsytitied as Spodeware-A
and Spodeware-B, exist in the Spodeware sampldy-f&eo ceramic artifact
samples are characterized as Spodeware-A subgrubigpeas 23 ceramic artifact
samples are identified as Spodeware-B subgroupsiibéivisions are based on high
versus low elemental concentration levels, as aglifferences in the ratios
between elements. Spodeware-A generally contdiigkger concentration levels of
cerium, europium, lanthanum, samarium, cesium,diaam and thorium. Lower
elemental levels of rubidium and zinc characterittedSpodeware-B subgroup.

When analyzing elements such as uranium, scandnghiafnium, it was evident
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that a third subdivision was present and this vessgihated as Spodeware-C (Figure
27). Two outliers consistently fell outside thesbgroups. For example, COP 001
was an extremely low outlier on the majority ofrents, while COP 018
consistently fell in between the Spodeware-A anddgare-B subgroups (Table 9).
It is not readily apparent why two main subgroupd ane smaller subgroup are
forming out of the 69 samples; however, transfétgpa (representing date range)
might provide a clue. For example, all samplesaggnting th&€hinese Flowers
Union Wreath andWarwick Groy patterns are all included in the Spodeware-A
subgroup, where other patterns sucmasque Vase@andCamillaare mixed between
two subgroups (Table 10). Unfortunately, most tdetle patterns from the
Spodeware samples have too wide a range of manufagdates; thus a definitive
reason for the subgroups cannot be identifiedhcAlgh homogeneity was not
determined within all the samples, it was evidéat there was homogeneity within
the sub-groupings. Therefore, hypothesis #2 wpp@ted, finding subdivisions

within the larger Spodeware sample.
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Figure 27 . Bivariate scatter plot of Thorium and Lanthandeneental
concentrations showing the overall confidence sdlifor Spodeware pottery as well
as three distinct subgroups. Ellipses are drav@® &6 confidence interval and all
concentrations are shown in parts per million (ppm)
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Table 9. Subgroup results for the Spodeware Petty Group.

Spodeware  Number of
Subgroups samples (n) Samples Elemental Charcteristics

Spodeware- A 42 COP 008, 009, 010, 011, 012*Relatively higher concentration in:
014, 021, 022, 023, 024, 025, Ce, La, Sm, Cs, Sc. and Th
026, 028, 029, 030, 031, 032,
033, 037, 039, 040, 041, 042,
043, 044, 045, 046, 047, 048,
049, 053, 054, 062, 063, 064,
065, 066, 067, 068, 069, 070, 071

Spodeware- B 21 COP 002, 003, 004, 005, 013tRelatively higher concentration
015, 016, 017, 019, 020, 027, levels in: Rb and Zn
034, 035, 036, 038, 050, 051,
052, 055, 058, 061

Spodeware- C 4 COP 056, 057, 059, 060 *Relatively high Sc, Rb & U
*Relatively HIGH Ba
*Extremely LOW in Hf; In REE
group, very homogeneous with
Spodeware-B

Spodeware- 2 COP 001; 018 *COP 001 is an lower extreme
Outliers outlieron the majority of elements.
*COP 018 is in between subgroups
Aand B.
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Table 10. Spodeware INAA results organized by ptrn

Spodeware-A Spodeware-B Spodeware-COutliersnumper 10tal Number of
Pattern Name  number of samples number of samples number of samples  of samples Samples (n)

Aesop's Fables

1830-1860 1 8 0 1 10
Antique Vase

1830-1860 7 3 0 0 10
Camilla

1833-1860 2 7 0 1 10
Chinese Flowers

1815-1853 10 0 0 0 10
Portland Vase

1831-1853 8 1 0 0 9

Union Wreath

1822-1847 4 0 0 0 4

Warwick Group

prel847-1860 10 0 0 0 10
Watteau

prel847-1861 0 2 4 0 6

Total 42 21 4 2 69
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Davenport EDA results

As a whole, the Davenport results indicated thatdompany did not use a
homogeneous ceramic paste recipe among the 25eamipl contrast, it was evident
that at least two, possibly three consistent pastipes were being used (Table 11),
as evidenced by consistent divisions in the raréhedements (Figure 28).
Hypothesis #1 was rejected by the findings, dubeaesults indicating that multiple
distinct recipes existed in the Davenport samples.

With respect to Hypothesis 2, the Davenport compasylts indicated three
subgroups existed among the 25 samples (TableTlrpugh careful examination
of the elements lanthanum, lutetium, europium rigtten, samarium, cerium, cobalt,
chromium, uranium, thorium, and scandium, the sapmar of clusters was evident
(Figure 28). The first subgroup, identified as Baport-A, was represented by six
artifact samples, which include DAV 020, 021, 0223, 024, 025, all corresponded
to theTyrol Hunterspattern produced between 1830 and 1850. The sampl

contained higher amounts of uranium, hafnium, timariand the rare earth elements.
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Table 11. Subgroup results for the Davenport Pottgr Group.

Davenport  Number of

Subgroup  samples (n) Samples Elemental Charcteristics
Davenport-A 6 DAV 020, 021, 022, *Relatively HIGH in REE, Cr
023, 024, 025 *Relatively HIGH in U, Th, &
Hf, Sc
Davenport-B 11 DAV 003, 004, 005, *Relatively LOW in REE, Cr, S

006, 007, 008, 009, *Relatively HIGH in Co & U
010, 011, 012, 002

Davenport-C 7 DAV 001, 013, 014, *Falls in between subgroup A
015, 016, 017,019 andB
*Relatively LOW in U

Outlier 1 DAV 018 Extremely HIGHER Fe than all
other samples; but is closer to
subgroup A.
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Figure 28 . Bivariate scatter plot of Cerium and Lanthanusmedntal
concentrations showing the overall confidence sdlifor Davenport pottery as well
as three distinct subgroups. Ellipses are drav@® &b confidence interval and all
concentrations are shown in parts per million (ppm)

Davenport-B included 11 samples and contained feegnitly higher amounts
of cobalt, but contained less REE elements thareBaort-A. The subgroup
included all samples represented byBnenswickpattern and one sample
represented by th@ypruspattern (DAV 002).

The third group tended to fall in between Davenpgoand Davenport-B for
most of the elements; however, the group contaangidnificantly lower amount of
uranium [U], than both groups and was labeled DpggrC. DAV 018 was an

outlier that consistently fell outside of all subgps; therefore, it had been excluded
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from the analysis. Hypothesis #2 was supportedjrigpnsubdivisions within the

Davenport Company.

William Adams and Sons EDA results

Nine samples represented the William Adams & Satepy group and
presented a relatively homogeneous group. Aftaluaging univariate and bivariate
scatter plots for all available element, it wased®ined that most plots revealed a
bivariate normal distribution supporting group hameaneity within the William
Adams and Sons company (Figure 29).

In spite of the relative homogeneity on a varidtglements, however, there
appeared to be a slight subgroup among three samyfé&S 007, WAS 008, WAS
009, which all correspond to the piRlorencepattern, contained higher
concentration levels of cerium, europium and samariand relatively lower
concentration levels of uranium, cesium and tamafliable 12). The remaining
samples (William Adams & Sons-B), all belonginghie Columbiapattern were
relatively homogeneous with one another and didseparate on the majority of
elements (Figure 30). One artifact sample, WAS @gdically fell in between the
concentration levels of subgroup A and subgroupus at times fell into the William
Adams & sons-A. For the most part, the William Ada& Sons pottery company
was homogenous, but there was also slight inteau@tion between thElorence

pattern and th€olumbiapattern (Figure 30).
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Table 12. Subgroup results for the William Adams& Sons Pottery Group.

William Adams  Number of

& Sons Subgroup samples (n) Samples Elemental Charcteristics
William Adams 5 WAS 001, 002, 003, *Relatively LOW in Ce, Eu &
& Sons-A 004, 005, 006 Sm *Relatively

LOWCs, U & Ta

William Adams 3 WAS 007, 008, 009 *Relatively HIGH in Ce, Eu &
& Sons-B Sm
*Relatively HIGH in Cs, U
&Ta
Outlier 1 WAS 001 In between subgroup Al &n

Enoch Wood & Sons
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Figure 29. Bivariate scatter plot of Chromium and Lantharelemental
concentrations showing the overall confidence sdlifor all pottery companies
(excluding Spodeware). Each company is represdijeddifferent color. Ellipses
are drawn at 95 % confidence interval and all cotretions are shown in parts per
million (ppm).
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A larger sample would be needed to definitivelyegtor reject Hypotheses
#1 and #2 for the William Adams and Sons Compahiy{hough there appeared to
be group homogeneity on most elements, a slighdigigion that correlated to
pattern was evident in some bivariate scatter plotss slight sub-division within

the William Adams and Sons Company suggests teptatipport for hypothesis #2.

T.J. & J. Mayer EDA results

Thirteen samples were included in the T.J. & J. dapottery group. On the
basis of evaluating univariate box plots, histoggaand bivariate scatter plots, the
sample, as a whole, appeared homogeneous on rapstrek, with one extreme
outlier, TIM 013 (Figure 29). Therefore, hypothésiswas supported due to the
internal clustering and group homogeneity amongstraples from T.J. & J. Mayer.

During the analysis process it was determinedrtigt plots (arsenic,
potassium, antimony, cerium, chromium, iron, rutandj scandium, thorium, and
zinc) revealed a bivariate normal distribution supportingup homogeneity.
However, it was detected that samples TJM 005, 88,010 contained a slightly
higher amount of REE, including lanthanum, lutetiwamarium, ytterbium,
europium, and terbium suggesting that these ttaegpkes might represent a separate

paste recipe, but more samples would need to bedtés prove this.
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Enoch Woods & Sons EDA results

The INAA results revealed that 13 of the 14 samptésbuted to the Enoch
Woods & Sons pottery group contained an exceedinghgogeneous recipe (Figure
29 & 30). The data results indicated that all sispeld together, with a 95 percent
confidence interval, when the majority of the eletsevere analyzed.

Although the sample appeared to not separate mtes@bdivisions, EWS 004
frequently was an outlier by separating on REE el@ssuch as samarium, cerium,
and neodymium. A tight cluster of the elements&x between all the samples,
which included, thorium, zinc, tantalum, rubidiuoopalt, chromium, cerium,
ytterbium, antimony, samarium, arsenic, lanthanana, potassium. Elements such
as barium, lutetium, molybdenum, uranium, and sodiid not illustrate
homogeneity within the Enoch Woods & Sons groupefwge they did not possess a
clustering pattern.

Overall, the INAA results revealed that the samplidsbuted to the Enoch
Woods & Sons pottery group contained an exceedingihyogeneous recipe.
Hypothesis #1 was indeed supported in examiningntimogeneity for the Enoch
Woods & Sons samples. The chemical concentragieeld results indicated that all
samples held together, with a 95 percent confiderteeval, when the majority of

the elements were analyzed (Figure 31). Baseted4 samples in the Enoch
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Figure 30. Bivariate scatter plot of Samarium and Cesium el concentrations
showing the two possible subgroups identified mmgsample from the William
Adams & Sons pottery, two distinct subgroups inkheton group, and one
homogeneous Enoch Wood & sons group. Ellipsedrangn at the 95% confidence
interval and all concentrations are shown in paetsmillion (ppm).

Woods & Sons collection, it appears that hypoth#2isvas rejected due to lack of

variation within the sample.

Minton EDA results

A total of 26 samples represented the Minton pptieoup and 25 elements
in box plots, histograms, and bivariate plots weraluated. The results indicated
that the Minton group, as a whole, was homogenousast of the rare earth
elements and some of the alkali metals, in contitastas evident that a strong

subdivision was consistent among the samples amder of elements. The
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findings concluded that hypothesis #1 was not stpppindicated by the variation
in sub-groupings.

The INAA results indicated the Minton group was guised of two distinct
subgroups when at least 12 elemental concentrattens evaluated. The elemental
characteristics were quite distinct between theswlagroups and contained internal
patterning and clustering. The subdivision wasaagmt when the following
elements were examined: lutetium, ytterbium, cestubidium, sodium, hafnium,
iron, scandium, thorium, and zinc (Figure 31 anfl 32

The first subgroup, identified as Minton-A, inclebtleamples MIN 002, 005,
006, 007, 008, 010, 021, 022, 023, 024, 025, ad E2even samples, identified as
Minton-B, represented the second subgroup anddeduMIN 001, 003, 009, 011,
012, 013, 014, 015, 016, 017, and 019. A totshde outliers (MIN 004, 018, and
020) were also included in the sample (Table Minton-A included all theSwiss
Cottagepattern samples and six of tG&aremontpattern and the Minton-B
subgroup consisted of Xlaremontsamples. All outliers are represented by the
Claremontpattern. The findings indicated that hypothesisv#2 supported,

indicated by the variation with sub-groups.
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Table 13. Subgroup results for the Minton PotteryGroup.

Minton Number of
Subgroup  samples (n) Samples Elemental Charcteristics
Minton-A 12 MIN 002, 005, 006, 007, 008Relatively HIGH in Yb, Lu, Cr,
010, 021, 022, 023, 024, 028), & Co
026 *Relatively LOW in Cs, Rb, Fe,
Th & Hf
Minton-B 11 MIN 001, 003, 009, 011, 012Relatively LOW Yb, Lu, Cr, U,

013, 014, 015, 016, 017, 010
*Relatively HIGH in Cs, Rb, Fe,

Th & Hf
Outlier 3 MIN 020 Extremely high in Rb & Ta,
extremely low in Hf, Co, Yb
Outlier MIN 004 In between two groups on most
elements; Low in Hf & Sc
Outlier MIN 018 High in Yb

Summary of EDA results

In summarizing the results so far, some companesse wepresented by a
single, coherent group or paste recipe, whereas cttimpanies contained clear
chemical subgroups, representing distinctive pastipes. Overall, 10 paste recipes
are represented in this sample: Spodeware-A, SymeeB, Spodeware-C,
Davenport-A, Davenport-B, Davenport-C, William Adsi& Son, T.J. & J. Mayer,
Minton-A, and Minton-B. In addition, both the Wdim Adams & Son and T.J. & J.
Mayer can be tentatively subdivided into pastepesiA and B, for a total of 12

recipes.
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William Adams & Sons, Enoch Wood & Sons,
{and the Minton Potteries

William Adams & Sons )
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Mlnton-A

YTTERBIUM

RUBIDIUM

Figure 31. Bivariate scatter plot of Ytterbium and Rubidietemental
concentrations showing the homogeneity of the AfilliAdams & Sons pottery, two
distinct subgroups of the Minton group, and the bgemeity of the Enoch Wood &
Sons group. Ellipses are drawn at the 95% condelémerval and all concentrations
are shown in parts per million (ppm).



132

95% Confidence Ellispse for

Minton Pottery Group Minton Pottery samples (excluding
Stoke, England outliers).
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Figure 32. Bivariate scatter plot of Thorium and Scandiuengntal concentrations
showing the overall confidence ellipse for Mintarttery as well as two distinct
subgroups. Ellipses are drawn at 95 % confidemiggval and all concentrations are
shown in parts per million (ppm).
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Results: Hypothesis #3

Hypothesis #3Given competition and secrecy, it is anticipatedt the paste

recipes will be distinctive (unique and charactedsof a given company.
Utilizing cluster analysis to test distinctiveness

The relative distinctiveness of these paste rea@ssevaluated using cluster
analysis. It was anticipated that if these pastges were truly distinct, then they
would form separate clusters. All ceramic samfdasluding the unknown, various,
modern samples, and outliers [COP 001, EWS 004, @&, MIN 020, TIM 013,
DAV 018]) were clustered based on 25 elements BasLa, Lu, Mo, K, Nd, Sm,
Na, U, Yb, Sb, Ce, Cs, Cr, Co, Eu, Hf, Fe, Rb,T12;,Th, Tb, and Zn). The cluster
analysis utilized Euclidean distance and the WamtEshod clustering algorithm.
The data were examined with a 12-cluster solutibne decision was based on the
joining distance variance between cluster 11 aunstet 12 and the overall structure
of the hierarchal cluster (Figure 33; Appendix @ljle 18] The data was also
examined with the 6-cluster solution; however, riggults were not interpretable
based on manufacturer and/or paste recipe. Coestguhe 12-cluster solution
was utilized and appears to replicate the pastpeeesults, indicated in the EDA
analysis (hypothesis #1 and hypothesis #2).

The results were first organized by pottery compamy then by subsequent

subgroups which is discussed below and displayddemendrogram (Figure 33).

Spodeware: cluster analysis results
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As previously stated in the section above, the 8pagle data concluded that
three subdivisions (Spodeware-A, Spodeware-B, sgaudi&vare-C) were present in
the dataset. The EDA results indicated that 428ware samples represented the
Spodeware-A subgroup, 21 samples represented tide®pre-B subgroup and four
samples corresponded to the Spodeware-C subgroup.

Spodeware-A subgroup

The cluster analysis results not only complemetitedEDA results by
identifying 41 of the 42 samples as being morelainio one another, but it also
classified the 41 samples in its own distinct @u$Cluster#7] (Figure 33). COP
071 was the only sample from the Spodeware-A gtbapwas not classified into
Cluster # 7. The cluster analysis results inditdasae COP 071 was classified into
Cluster #8, dominated by Davenport-A samples [st@W)] (Table 14). One outlier
from Spodeware-B subgroup, COP-055, was also ieduil Cluster #7. However,
no other samples from other companies were inclid&luster #7, which indicated
a very distinctive paste recipe for the Spode fgcté\lthough the Spodeware
samples, as a whole, were not unique and charstatepodeware-A resulted in a
highly distinctive subgroup due to distinctivene@sshemical concentrations within
specialized subgroups (paste recipes).

Spodeware-B subgroup

The cluster analysis results concluded that thel®pare-B subgroup was
not as distinctive as the Spodeware-A subgroupe ZhSpodeware-B samples were

classified into Cluster #3 (14% of samples), Clug& (57%), Cluster #7 (1%),
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Cluster #8 (9.5%) and Cluster #11 (14%) (FigureT3hle 14). Cluster #3 joined
samples COP 018, 019, and 020 with the Minton-Bysup. Cluster #6 included
12 samples from the Spodeware-B subgroup (COPGR2,004 005, 027, 034, 035,
036, 038, 052, 058, and 061) but also included MAY. Interestingly, Cluster #11
contained only three samples, all belonging toAhgque Vasgattern and when
analyzed under the 10-cluster solution they becpaneof Cluster #6, which
included the majority of the Spodeware-B samplensgquently, as evidenced by
multiple clustering, the results indicated that $podeware-B sample did not have a
highly characteristic paste recipe due to lackisfimctiveness.

Spodeware-C subgroup

The results for the Spodeware-C samples illustrateidjhly distinctive
subgroup compared to the other Spodeware samplesliags other manufacturers.
COP 056, COP 057, COP 059, and COP 060 are alpgbim Cluster #10 (Figure
33). The cluster analysis results for the Spodevzasamples concluded that the

paste recipe was distinctive in chemical conceioimat

Davenport cluster analysis results

As previously stated in the results section ofdtlgpsis #1 and hypothesis #2,
the Davenport samples separated into three subgir&gvenport-A (6 samples),
Davenport-B (11 samples), and Davenport-C (7 sashple

Davenport-A subgroup
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The results of the cluster analysis for Davenpogefgroup indicated that all
6 samples were clustered into Cluster #8 (Figuje 3JBree remaining samples
(COP 050, 051, and 71) from the Spodeware group aiso included in Cluster #8.
Although the Davenport samples as a whole were@gtdistinctive, cluster
analysis proved that the Davenport-A subgroup teduh a highly characteristic
paste recipe. For that reason, the cluster asaigsults indicated that indeed the
Davenport-A subgroup was a distinctive paste recipe

Davenport-B subgroup

The cluster analysis results concluded that theeBpert-B subgroup was
fairly distinctive from all other paste recipesinBl out of eleven Davenport-B
samples were included in Cluster #9, and the remginvo samples were situated in
Cluster #2 (Figure 33; Table 14). Due to the that most of the Davenport-B
samples were clustered together, the findingsi&imdtiveness were supported
during cluster analysis.

Davenport-C subgroup

The results for the Davenport-C samples concludeidlay distinctive group
from all other Davenport samples and also from muatufacturers. Evidenced by
the six out of seven samples grouping into Clugie, the Davenport-C data
indicated that distinctiveness was supported bstetuanalysis due to relatively

unique chemical concentrations (Figure 33).

William Adams & Sons cluster analysis results
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The cluster analysis results for the William AdagnSons Company

indicated that all samples grouped together undlest€r #2 suggesting that the
entire sample contained highly similar attributésygre 33). It should be noted,
however, that the EDA results indicated two subpgso{William Adams & Sons-A
and William Adams & Sons-B) for the William Adams®ons Company. While
cluster analysis did make a distinction betweesdlte/o subgroups by putting each
subgroup on different ends of the cluster, theyewert classified as being distinct
clusters until a 22 cluster solution was attain@ther samples from the Davenport-
B subgroup and the TIM-A subgroup were also indudeCluster #2 (Table 14).
Although results from cluster analysis indicateat tthe William Adams & Sons
samples were more similar than different to ondlaro distinctiveness was rejected
due to multiple paste recipes combined within @ugR. The results imply that the
William Adams & Sons may have been utilizing a spkxed paste recipe, but it
appears that the Davenport and T.J. & J. Mayer emmeg were also utilizing similar

paste recipes.

T.J. & J. Mayer cluster analysis results

As previously stated in the results section ofdtlgpsis #1 and hypothesis #2,
the T.J. & J. Mayer samples separated into twoiplessubgroups: T.J. & J. Mayer-
A (9 samples) and T.J. & J. Mayer-B (3 samples).

T.J. & J. Mayer-A subgroup
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The cluster analysis results for the T.J. & J. Mayesubgroup concluded
that the samples were classified into two sepatasters. The largest cluster for
T.J. & J. Mayer-A was Cluster #2, where seven dutiree samples grouped
together; however samples from the Davenport-BtaadVilliam Adams groups
also were included in this cluster (Figure 33; Babd). The remaining two samples
of T.J. & J. Mayer-A (TJM 002 and TJM 003) wereeggirized into Cluster #4,
where they were the only samples in that clus@uster analysis results for the T.J.
& J. Mayer-A subgroup was rejected for distinctiges due to lack of unique
chemical concentrations. TJM 002 and TJM 003 pmt@st, were so significantly
distinct (Cluster #4) from any other recipe, iargued that a new subgroup (TJM
002 and TJM 003) could be added.

T.J. & J. Mayer-B subgroup

The three samples that are classified as T.J.Mayer-B during EDA are
included in Clusters #9 and #12. As a result ncsiveness was rejected during

cluster analysis due to variation between the& .J. Mayer-B samples.

Enoch Woods & Sons cluster analysis results

The cluster analysis results for the Enoch Wooddo&is Company indicated
that all samples grouped together under ClustéF#gure 33; Table 14), indicating
that the entire sample contained highly similanlagtes. No other samples from

other companies were included in the cluster. &loee, cluster analysis illustrated
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that the Enoch Woods & Sons pottery company utliadnighly distinctive paste

recipe among all tested samples.

Minton cluster analysis results

As stated in the section above, the Minton datalt®soncluded that two
subdivisions (Minton-A and Minton-B) were presemthe dataset. The EDA results
indicated that 12 Minton samples represented thedvitA subgroup and 11
samples corresponded to the Minton-B subgroup.

Minton-A subgroup

The cluster analysis results not only complemetitedEDA results by
identifying all 12 samples from the Minton-A subgpoas being more similar to one
another, but is also classified the 12 sampletsiown distinct cluster [Cluster#5]
(Figure 33; Table 14). The cluster analysis figdimdicated that the Minton A
subgroup was highly distinctive. The results friooth EDA and cluster analysis
strongly imply that the subgroup can be identifeda characteristic paste recipe for
the Minton Company.

Minton-B subgroup

The cluster analysis results for the Minton-B swlograll also complemented
the EDA results by revealing one distinct clustemvhich all 12 samples were
classified as belonging to Cluster #3 (Figure; €abl). Three samples (COP 018,
019 and 020) identified, as being part of the Sp@dale-B subgroup was also

included in Cluster #3. Although one other compamag included in this cluster, the
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Minton samples proved to be highly uniform andlyadtistinctive compared to

remaining samples.

Summary of cluster analysis results

The results indicated that the most distinctivei@ascipes, based on cluster
analysis, are those which formed their own clusaetis no or few members
representing other paste recipes. These inclystdesvare-A, Spodeware-C,
Davenport-A, Davenport-C, Enoch Woods & Sons, Mirég and Minton-B. In
contrast, the least distinctive paste recipes appdze T.J. and J. Mayer A, T.J.
Mayer-B, and William Adams and Sons, which all falthe same cluster, and

Spodeware-B which is divided among 5 different ®us (Table 14).
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Figure 33.. Dendrogram illustrating the separate clusterstfie North Staffordshire
ceramic groups based on 25 elements. Clustersaasaycluded outliers, “non-
data”, and modern samples. The results are bastglelve clusters and each
numerical number (1-12) represents a cluster (&.1).



PASTE RECIPE

Table 14 . Contingency table analyzing 12 clusters by pastepe type.
Values in italics indicate percent of a given pastepe.

CLUSTER

Count 1 2 3 4 5 6 7 8 9 10 11 12

Row %

Davenport_A 0 0 0 0 0 0 0 6 0 0 0 0 6
0% 0% 0% 0% 0% 0% 0% | 100% 0% 0% 0% 0%

Davenport_B 0 2 0 0 0 0 0 0 9 0 0 0 11
0% 18.1% 0% 0% 0% 0% 0% 0% | 81.8% 0% 0% 0%

Davenport_C 0 0 0 0 0 1 0 0 0 0 0 6 7
0% 0% 0% 0% 0% 14.3% 0% 0% 0% 0% 0%| 85.7%

Enoch Wood & Sons 13 0 0 0 0 0 0 0 0 0 0 0 13

100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Minton_A 0 0 0 0 12 0 0 0 0 0 0 0 12
0% 0% 0% 0% | 100% 0% 0% 0% 0% 0% 0% 0%

Minton_B 0 0 12 0 0 0 0 0 0 0 0 0 12
0% 0% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Spodeware_A 0 0 0 0 0 0 42 1 0 0 0 0 43
0% 0% 0% 0% 0% 0% | 97.7% 2.3% 0% 0% 0% 0%

Spodeware_B 0 0 3 0 0 12 1 2 0 0 3 0 21
0% 0% 14.3% 0% 0% 57.1% 4.8% 9.5% 0% 0% 14.3% 0%

Spodeware_C 0 0 0 0 0 0 0 0 0 4.00 0 0 4
0% 0% 0% 0% 0% 0% 0% 0% 0% 1009 0% 0%

T.J. &J. Mayer_ A 0 7 0 2 0 0 0 0 0 0 0 0 9
0% 77.8% 0% 22.2% 0% 0% 0% 0% 0% 0% 0% 0%

T.J. &J. Mayer_B 0 0 0 0 0 0 0 0 1 0 0 2 3
0% 0% 0% 0% 0% 0% 0% 0% | 33.3% 0% 0% 66.7%

Wiliam Adam & Sons_B 0 3 0 0 0 0 0 0 0 0 0 0 3
0% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Wiliam Adams & Sons_A 0 6 0 0 0 0 0 0 0 0 0 0 6
0% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
13 18 15 2 12 13 43 9 10 4 3 8 150

A4
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Utilizing discriminant analysis (DA) to test distinctiveness

All paste recipe subgroups discussed in the prevsaation were evaluated
using discriminant analysis. They include Spodewar Spodeware-B, Spodeware-
C, Davenport-A, Davenport-B, Davenport-C, Williand#&ms & Son-A, William
Adams & Sons-B, T.J. & J. Mayer-A, T.J. & J. MaygrMinton-A, and Minton-B.
All outliers (COP 001, DAV 018, TIJM 013, EWS 004|004 and MIN 020),
“non-data”, and modern samples were initially egeld from discriminant analysis.
The current research utilized the step-wise vagiablection for the discriminant
mode. The final model included all elements withoatained significance value of
.05 (As, Ba, La, Mo, K, Sm, Na, U, Yb, Sb, Ce, Cs,Co, Eu, Hf, Fe, Rb, Sc, Ta,
Th, and Zn). The overall success of this methos &ealuated by comparing the
predicted paste to the actual assigned paste rempal, 149 of the 150 tested
samples were correctly classified into their reipegaste recipe.

The DA results indicated that after creating a setvof variables (e.g. Canon
1 and Canon 2) the majority of the pottery compsingeipes were highly distinct
(Figure 34). The DA results complemented the EBgutts for hypothesis #1 and
hypothesis #2 and the cluster analysis resultByipothesis #3. All samples, except
one (DAV 002), were correctly categorized into tlerresponding pottery group
and subgroup (Table 15). The findings indicate kliypothesis #3 was supported
due to the identified paste recipes being highdyinictive from one another.

Group separation is illustrated in the bivariatet pif the first two canonical

variates (Figure 34). While some of the pastepesbverlap one another on these
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primary variates, they clearly separate on plotsutisequent discriminant functions.
For example, the Spodeware-B and Davenport-A pastpes appear to be quite
similar as graphed, but separate on Canon 6; thdeSyare-B subgroup are highly

distinctive from the Davenport-A subgroup on biaéeiplots, Canon 2 and Canon 6.
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PASTE RECIPE TYPE

Table 15.Posterior Classification table plotting the presficpaste recipe type by the paste recipe type.

Values in italics indicate percent of a given pastpe.

PREDICTED PASTE RECIPE TYPE

DAV- A DAV-B DAV-C EWS MIN-A  MIN-B  Spodeware Spodeware Spodeware TIM-A TIM-B WAS-B WAS-A
Count A B C
Row %
Davenport_A 6 0 0 0 0 0 0 0 0 0 0 0 0 6
(DAV-A) 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 09 0%
Davenport_B 0 10 0 0 0 0 0 0 0 0 0 1 0 11
(DAV-B) 0% 90.9% 0% 0% 0% 0% 0% 0% 0% 09 09 9.1pp 0%
Davenport_C 0 0 7 0 0 0 0 0 0 0 0 0 0 7
(DAV-C) 0% 0% 100% 0% 0% 0% 0% 0% 0% 09 09 0% 0%
Enoch Wood & Sons 0 0 0 13 0 0 0 0 0 0 0 0 0 13
(EWS) 0% 0% 0% 100% 0% 0% 0% 0% 0% 0% 0% 0% 096
Minton_A 0 0 0 0 12 0 0 0 0 0 0 0 0 12
(MIN-A) 0% 0% 0% 0% 100% 0% 0% 0% 0% 0% 0% 09 0%
Minton_B 0 0 0 0 0 12 0 0 0 0 0 0 0 12
(MIN-B) 0% 0% 0% 0% 0% 1009 0% 0% 0% 09 09 0% 0%
Spodeware_A 0 0 0 0 0 0 43 0 0 0 0 0 0 43
0% 0% 0% 0% 0% 0% 100% 0% 0% 09 09 0% 0%
Spodeware_B 0 0 0 0 0 0 0 21 0 0 0 0 0 21
0% 0% 0% 0% 0% 0% 0% 100% 0% 09 09 0% 0%
Spodeware_C 0 0 0 0 0 0 0 0 4 0 0 0 0 4
0% 0% 0% 0% 0% 0% 0% 0% 100% 09 09 0% 0%
T.J. & J. Mayer_ A 0 0 0 0 0 0 0 0 0 9 0 0 0 9
(TIM-A) 0% 0% 0% 0% 0% 0% 0% 0% 0% 1000 09 0% 0%
T.J. & J. Mayer_B 0 0 0 0 0 0 0 0 0 0 3 0 0 3
TJM-B) 0% 0% 0% 0% 0% 0% 0% 0% 0% 09 100p6 0% 0%
William Adam & Sons_B 0 0 0 0 0 0 0 0 0 0 0 3 0 3
(WAS-B) 0% 0% 0% 0% 0% 0% 0% 0% 0% 09 09 100%
William Adams & Sons_A 0 0 0 0 0 0 0 0 0 0 0 0 6 6
(WAS-A) 6 10 7 13 12 12 43 21 4 9 3 4 100¢6 150

i)
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Summary of hypothesis #3: testing distinctivenesgilizing CA and DA

Overall the results of cluster analysis and discrant analysis were
complementary to one another. Both methods didtilte that the Spodeware-A,
Spodeware-C, Davenport-A, Davenport-C, Enoch Wd&ons, Minton-A, and
Minton-B subgroups represented unique and distiagiaste recipes. However,
cluster analysis classified the T.J. and J. May€er.A. Mayer-B, and William
Adams and Sons into the same cluster and alsafedsSavenport-B as being part
of five different clusters (Table 14). In contrasie DA results presented very
distinctive results for all 12 identified pasteipes in that all samples, except one
(DAV 002), were correctly classified into their cesponding pottery group and
subgroup (Table 15). The one outlier (DAV 002) wksssified as the William
Adams & Son-B during DA analysis and also clustexétl this subgroup.

In summary, both methods resulted in the similastaring for both the
correctly classified and misclassified samplese fihdings indicate that hypothesis
#3 was supported for all identified paste recipeseld on cluster analysis and
discriminant analysis. Most groups were highlttidigive from one another based
on chemical concentrations when CA and DA were eygal. The remaining
subgroups (T.J. and J. Mayer A, T.J. Mayer-B, \&iliAdams and Sons-A, and
William Adams & Sons-B) did not illustrate distimegness during CA, but did
during DA. In these latter groups, small samptesiare a problem, making it

difficult to assess group composition and coherersteg either method. This is
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particularly an issue in DA, in that the discrinting models most likely are

underspecified without enough cases to determiaedlationship among variables.

Application To Historic Ceramic Analyses

The current research has argued that historic aotbgists often face
challenges during ceramic analyses when artifaztsod possess identifiable
markings (maker's mark, registry mark, and ideabfe pattern). The unidentifiable
or “non-data” fragments hold little value to thetioric archaeologist merely because
they are unsure how to continue the analysis psocAs a result, many undecorated,
unmarked, and unidentifiable ceramic fragmentsatgget analyzed properly and
most likely do not provide any interpretable inf@tmon.

One goal of the current research was to investigagther the “non-data”
fragments could be correctly classified into idiedi paste recipe formulas utilizing
archaeometric techniques and statistical methbdsrder to demonstrate the
applicability of this approach a total of 12 “noatd” samples were chemically
analyzed utilizing INAA. Discriminant analysis (DAvas employed to illustrate

how this type of method could be useful to thednisal archaeologist.

Unknown sample
Two problems often get overlooked and they inclu@®: ceramic fragments
with unidentifiable patterns and/or the absencmaker’'s marks, and (2) identifiable

patterns whose attribution is uncertain. Many 8rties artifact category (if
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collected at all) is grouped together and receareaninformative label such as
“Unknown”. In order to find a solution for thesagwing problems, the current
research included six samples that respectivelgimedch problem. The
“Unknown” samples include three unidentified fragrtse(UNK 004, 005, & 006)
representing the same unidentifiable pattern arektiragments (UNK 001, 002, &
003) attributed to thAdelaide’s Bowepattern.

The DA results for the unknown sample illustratevieemical analysis can
complement standard ceramic analysis. Among tigeuatified fragments, UNK
004 had a high probability of membership in the &gort-C group, while UNK
006 was assigned to the Davenport-B group (Tablé&ieire 35). Both of these
samples fall well within the 95 percent confidemderval ellipse for their respective
groups, as plotted on the first two canonical tasaindicating that the assignment
is secure. In contrast, UNK 005 did not fit in ame group, and may well represent
one of the many other companies whose wares wertested in this study.

Of the threeAdelaide's Bowesamples, two (UNK 001 and UNK 003) were
assigned to the Davenport-C subgroup; both havghadnobability of membership
in this group, and both fall well within the 95 pent confidence interval ellipse
when groups are plotted on the first and secondraaal variates (Figure 35). In
contrast, the third sample Aflelaide's Bowe(UNK 002) was not assigned to any

particular group, and falls in between groups md¢hnonical variates plot.
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Various sample

Another problem in ceramic analyses is identicéigpas made by more than
one manufacturer. Often times, patterns are at&ibto incorrect manufactures or
get labeled “Various” because many manufacturegd tise same pattern. In order
to suggest a solution for this particular probléne, current research included a total
of six samples of th€anovapattern (VAR 001-VAR 006). Multiple manufacturers
from North Staffordshire produced this patterni{idong Thomas Mayer, George
Phillips, Hopkins & Vernon, Enoch Wood & Sons, alaines Clews), which makes
it difficult for historical archaeologists to anak/conclusively.

The DA results for the “Various” sample identifiagtrong relationship with
the Spodeware-A sample. All six of the sample€afovawere classified as
Spodeware-A subgroup and have chemical concentgatist similar to that paste
recipe (Table 16; Figure 35). This suggests thatlewmultiple manufacturers
produced this pattern, Spode (contrary to histbdoauments) was the primary

producer of th&€anovaimported into the French Prairie sites.
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Table 16.Posterior Classification table plotting the preslicpaste recipe for the "non-data" ceramic samples.
Values in italics indicate percent of a given pastgpe.

DAV- DAV- DAV- EWS MIN- MIN- Spode Spode Spode TIM- TIJM- WAS- WAS- Predicted Recipe
Sample Category Pattern NameA B C A B ware-A ware-B ware-C A B A A Type
Adelaide's
UNK_001| Unknownjy  Bower 0% | 0% | 100% 0% | 0% 0% 0% 0% 0% 09 09 0% 0% Davenport_C
Adelaide's
UNK_002| Unknown| ~ Bower 81% [ 0% | 18%| 0% | 0% 0% 0% 0% 0% 09 09 0% 0% Davenport_A
Adelaide's
UNK_003| Unknownj  Bower 0% | 0% | 10099 0% | 0% 0% 0% 0% 0% 09 09 0% 0% Davenport_C
UNK_004{ Unknown Unidentified| 0% [ 0% | 1009 0% | 0%| 0% 0% 0% 0% 09 09 0% 0% Davenport_C
UNK_005| Unknown Unidentified| 0% [ 0% | 10099 0% | 0%| 0% 0% 0% 0% 09 09 0% 0% Davenport_C
UNK_006| Unknown| Unidentified| 0% [ 0% | 0% | 0% | 0%| 0% 0% 0% 0% 69 94 0%  0%T.J. &J. Mayer B
VAR_001]| Various Canova | 0% | 0% | 0% 0% | 0%| 0%| 100% 0% 0% 09 09 0% 0% Spodeware A
VAR _002| Various Canova | 0% | 0% [ 0% 0% | 0%| 0%| 100% 0% 0% 09 0Y 0% 0% Spodeware A
VAR_003| Various Canova | 0% [ 0% | 0% | 0% | 0%| 0%| 100% 0% 0% 09 09 0% 0% Spodeware_ A
VAR _004| Various Canova | 0% | 0% [ 0% 0% | 0%| 0%| 100% 0% 0% 09 09 0% 0% Spodeware_A
VAR_005| Various Canova | 0% | 0% | 0% 0% | 0%| 0%| 100% 0% 0% 09 09 0% 0% Spodeware A
VAR_006| Various Canova | 0% [ 0% | 0% 0% | 0%| 0%| 100% 0% 0% 09 09 0% 0% Spodeware A

[A%])
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Chapter 7
Discussion & Conclusion

The research study proposed to integrate an arstetgo approach into a
historical archaeological study, in order to dentiais the applicability of this
approach for industrial ceramic analysis. Cerandag to durability and abundance,
are perhaps one of the most significant artifaqoes$yin historical archaeological
analysis. Typically, archaeologists use these ararto chronologically place an
object in a historical context that can be utilifedinterpretation.

A key problem, however, is thegcovered ceramics do not always have
diagnostic markers, such as trademarks and idgifipatterns, to aid in the
chronology or the interpretation process. This ip@problematic because
archaeologists are unable to reveal very much abeunon-data” unidentifiable
fragments. When these undecorated, unmarked, addniiied white ware
fragments comprise a large portion of the archapodd materials recovered from
investigations, it is crucial that an alternatigel of analysis for the unidentifiable
white ware fragments be developed.

The purpose of this study was to demonstrate tiegiation of archival
documents and chemical analysis to generate drbnk industrial ceramic
manufacturers recipes to their corresponding chamsignatures. The study
involved a chemical analysis of attributed cerafragments that measured the
homogeneity within a company and also their pastge. The study also measured

the variation between pottery companies. By compithe chemical data with
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archival documents and traditional archaeologinalyses, this study proved that
pottery producers used homogenous and distincageepecipes. By identifying
chemical uniqueness (homogeneity) within known canigs and determining
patterns of variation (variability) between compmithe current research illustrated
that industrial ceramic companies could be cheryitiaked to its specialized paste
recipe formula(s). The implications of the resalts discussed below.

As standardization within pottery companies inceglas is argued that
specialization between companies also increasedhivial documents reveal that
nineteenth century potters were strategically erpamnting with a multitude of paste

recipes where the ingredients and the proporti@an&d from one recipe to the next.

Implications for Findings

In this study, given the documented paste recipes;esearcher
hypothesized that consistent use of raw materialddwesult in a consistent
(homogenous) paste composition (Hypothesis #1 rékearcher also hypothesized
that due to the extent that paste recipes werefraddir improved by a company, it
was expected that there would be correspondinggesatiat result in subgroups
within the chemical composition (Hypothesis #2heTindings indicated that
hypothesis #1 was supported by EDA for the Enoclodga Sons Company and
rejected for the Spode, Davenport, T.J.& J. Mayéiliam Adams & Sons and
Minton Companies. Further results of this studyvsdd that pottery companies

were producing more than one paste recipe. Hyp®& was supported by the
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findings for the Spodeware, Davenport, William Ada& Sons, T.J. & J. Mayer and
the Minton Companies.

The researcher hypothesized that paste recipesmaiiied or improved by
each company and it was expected that there wauklib-divisions in the chemical
composition (Hypothesis #2). The hypothesis wagstted by statistical analysis.
These findings are key in augmenting the presesatareh by integrating a chemical
analytical tool in historic archaeology. Sincehljghomogeneous chemical
concentrations were illustrated in the subgroupltesthe research indicates that
potters were modifying paste recipes in order ekspecialization. This study also
found that distinctiveness or variability betweeste recipes had a significant
relationship with the chemical concentration result was hypothesized that given
competition and secrecy, it is anticipated thatgaste recipes would be distinctive
(unique and characteristic) of a given company @tlypsis #3).

Hypothesis #3 was supported by the findings forS8pedeware-A,
Spodeware-C, Davenport-A, Davenport-C, Enoch Wd&®ns and both Minton-
A and Minton-B paste recipes. As for the otherpesi(Spodeware-B, William
Adams & Sons, T.J. & J. Mayer-A, and T.J. & J. MaBg the results were less clear
for hypothesis #3. Similar chemical concentratiaitss other groups were indicated
by cluster analysis, but clear group separationfaasd using discriminant analysis.
Small sample sizes were a problem in these cagesybrall, the findings support

the argument that pottery companies were formigadistinctive paste recipes.
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The present research identified 12 paste recipssdoan chemical
characterization for six North Staffordshire pofteompanies. By testing
homogeneity within paste compositions and idenmtgyvariation between paste
compositions through exploratory data analysissteluanalysis, and discriminant
analysis statistical methods, this research sugdleat industrial ceramics do contain
a plethora of information even beyond macroscotftidbates. This finding implies
that historic ceramics, although standardizeddegree, are unique and chemically
characteristic in a paste recipe, which suggesisttie current research could lead to
an alternative analytical tool in historical arcblagy. The 12 identified paste
recipes can now be utilized as a starting poinafohemical database.

In order to illustrate the applicability of this@pach for historic
archaeologists, the current research included &8-tata” samples that presented
typical problems in ceramic analysis. The goal weisirn “non-data” ceramic
fragments into “interpretive data” by utilizing aemical approach. Among the
unidentified fragments, two out of three were digassigned to one of the
Davenport recipe groups, while the third did notrfiany one group. These results
suggest that the Unidentified pattern #100 (Chapt®238: 172) has a good chance
of being produced in the Davenport factory. Aduhiil samples would need to be
tested in order to confirm these results.

Of the threAdelaide's Bowesamples two of the three samples are most
closely linked to the Davenport-B paste recipe lavthe third has a high (81%)

probability of being associated with Davenport-Although Adelaide’s Bowers
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one of those patterns that is now assumed to htribogable, these results suggest
that there is a high chance that the Davenporbfagiroduced thédelaide’s Bower
pattern. Additional samples would need to be tegidest the validity of this
statement.

Another problem in ceramic analyses is identicéigpas made by more than one
manufacturer. Six samples of t@anovapattern were included in the analysis. The
results illustrated that there was a significardtrenship between these samples and
the Spodeware-A subgroup. Historical documentatd various North
Staffordshire manufactures produced this patteriding Thomas Mayer, George
Phillips, Hopkins & Vernon, Enoch Wood & Sons, alaines Clews), but there is no
historical evidence of Spode producing @enovapattern. The results strongly
suggest that Spode produced the ware, but evensadl their ware to a different
company. Additional samples would need to be tetstdishalize this conclusion.

The present study illustrated that these cerahaegs the ability to become
significant artifacts categories when subjected toultidimensional approach
utilizing chemical analyses, archival documents| @aditional archaeological
methods. Once thought of as “non-data” by histar@haeologists, the
unidentifiable ceramics have the potential to n@nabalyzed as interpretative” data
by looking beyond the traditional methods of cermanmalyses.

Ceramic artifacts contain a wealth of interprefi®@rmation in their
macroscopic attributes, but as proven by the ctiresearch, they also have the

capabilities to aid us with their chemistry. Theemical composition of every
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ceramic fragment has the ability to provide intetjwe information into historical
archaeological research questions. The findimglscated by the proposed
hypotheses, strongly suggest that a “chemical fprg&” can be identified based not
only by pottery manufacturer, but also by pastgeempening the door to a better

understanding of ceramic provenance and chronology.

Limitations of study

The current study had various limitations dueamgle size for unknown and
known groups, methodology, variability in potteayd limited access to primary
documents. The sample that was obtained for thdy/svas archaeologically
collected from two sites: French Prairie, Oregod Bart Vancouver, Washington.
Due to the trade networking system between Norff@tshire manufacturers and
the Hudson’s Bay Company (HBC), the ceramics arstiiicely from England.
Furthermore, the Spodeware Company produced therityapf ceramics between
1837 and 1847 due to the business relationshipdestWopeland & Garrett and the
HBC (Cromwell 2006: 106). As a result both therfete Prairie and Fort Vancouver
sites contained a much higher percentage of Spadexeaamics compared to
others. This presents itself a limitation becaausegher quantity of Spodeware was
sampled compared to other manufacturers.

Another limitation involving the sample includdeetsmall sample size of the
“unidentified” artifacts. This presented a probldaring analyses due to not

knowing if the samples were a separate subgrouapeoely an outlier.
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Direction for future research

Suggestions for future research are to examinesindliceramics in association
with paste recipe homogeneity and distinctivengssampling a larger and more
diverse population. It also may be beneficiallernically examine the raw
materials, such as clay and cornish stone whicle baen identified as paste recipes
variables. Another suggestion for future researckchemically analyzing historic
ceramics would be coupling the INAA with anothesrereometric technique such as
scanning electron microprobe [SEM] with an enengpérsive spectrometer [EDS]
and wavelength-dispersive spectrometer [WDS]. &hgses of analysis use thin
sections to analyze the actual paste comstituetish help identify specific
mineral inclusions (Neff et al 2003: 203). Thisyh@ad researchers to another
method of analyzing historic paste recipes in aoldito cultural variables.

Although the current study was initially proposedietermine the applicability
of an archaeometric approach on industrial cergntiesso shed some light on the
industrial ceramic production, as a whole. It aegued in the current study that
North Staffordshire potters were strategically ekpenting with various paste
recipes to obtain an ever-whitening ware. It carsjpeculated that over time paste
recipes were becoming free of impurities, suchr@s, imanganese, and chromium
and increasing the use of cobalt. The chemicalpasmtion, inherently, would
reflect this shift in ingredients.

Utilizing this information as a baseline of evidentuture researcher has the

potential to create a “ timeline” that includesgaet day pottery as a proxy measure
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of whiteware. The proxy measure would includeg\adenced in the current study,
relatively higher amounts of cobalt and signifidahdwer amounts of elements that
contain colorant impurities, such as iron and choom For an example, figure 36
and figure 37 illustrated how modern Spode is dcsively different than the
historical samples.

Archival research revealed that potters added anbatly large amount of bone
and approximately one percent of a blue stain (tdlo&) to give the appearance of
a pearl color, rather than a cream color (see Table page 70). The author
proposes, that through time, potters were addingeroobalt and removing other
colorant agents, such as iron and chromium to olataiever-whitening ware. This
could be further studied by examining modern pgtsesrwell as time sensitive
historic samples.

Future research will utilize the present databd$¢ooth Staffordshire ceramics
as a stepping stone for more chemical analysesdusirial wares. It is hopeful that
the present results have the ability to break dtherconceived notion that
undecorated, unmarked, and unidentified cerames &eries of negative and

unusable data.
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Photographs of ceramic samples selected for INAA
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Table 17.Historic ceramic samples selected for INAA analy$hapman 1993; Cromwell 2006; Sussman 1979). Page 1 of 9

INAA Date range of Date range of Archaeological Original
Catalog # Pattern Name Pottery Manufacturer ~ Manufacture Importation Curation Facility Collection Catalog # Description of Vessel
COP 001  Aesop's Fables Spodeware 1830-1860 1836-1853 oSsu Harriet D. Munnick Not appilea Blue cup
COP 002 Aesop's Fables Spodeware 1830-1860 1836-1853 osu Harriet D. Munnick Not appilea Blue cup
COP 003  Aesop's Fables Spodeware 1830-1860 1836-1853 osu Harriet D. Munnick Not appiea  Blue Hollow ware
COP 004 Aesop's Fables Spodeware 1830-1860 1836-1853 osu Harriet D. Munnick Not applilea Blue Flat ware
COP 005 Aesop's Fables Spodeware 1830-1860 1836-1853 osu Harriet D. Munnick Not appiea  Blue Hollow ware
COP 008 Warwick Group Spodeware 1847-1860 1847-1853 oSsu Harriet D. Munnick Not appilea Pink flat ware
COP 009 Warwick Group Spodeware 1847-1860 1847-1853 osu Harriet D. Munnick Not appilea Pink flat ware
COP 010 Warwick Group Spodeware 1847-1860 1847-1853 osu Harriet D. Munnick Not appilea Pink flat ware
COP 011 Warwick Group Spodeware 1847-1860 1847-1853 osu Harriet D. Munnick Not appilea Pink flat ware
COP 012 Warwick Group Spodeware 1847-1860 1847-1853 osu Harriet D. Munnick Not appilea Pink flat ware
COP 013 Antique Vase Spodeware 1830-1860 1836-1853 oSsu Harriet D. Munnick Not appliea  Blue Hollow ware
COP 014 Antique Vase Spodeware 1830-1860 1836-1853 oSsu Harriet D. Munnick Not appilea Blue Flat ware
COP 015 Antique Vase Spodeware 1830-1860 1836-1853 osu Harriet D. Munnick Not appilea Blue Flat ware
COP 016 Antique Vase Spodeware 1830-1860 1836-1853 oSsu Harriet D. Munnick Not appliea  Blue Hollow ware
COP 017 Camilla Spodeware 1833-1860 1836-1853 osu Harriet D. Munnick Not appilea Blue plate
COP 018 Camilla Spodeware 1833-1860 1836-1853 osu Harriet D. Munnick Not appilea Blue plate
COP 019 Camilla Spodeware 1833-1860 1836-1853 osu Harriet D. Munnick Not appilea Blue plate
COP 020 Camilla Spodeware 1833-1860 1836-1853 oSsu Harriet D. Munnick Not apphiea  Pink Hollow ware
COP 021  Union Wreath Spodeware 1822-1847 1836-1847 oSsu Harriet D. Munnick Not appiea  Blue Hollow ware
COP 022  Union Wreath Spodeware 1822-1847 1836-1847 oSsu Harriet D. Munnick Not appilea Blue Flat ware
COP 023  Union Wreath Spodeware 1822-1847 1836-1847 oSsu Harriet D. Munnick Not appilea Blue Flat ware

(Continued)
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Table 17 (Continued) afe 2 of 9
INAA Date range of Date range of Archaeological Original

Catalog # Pattern Name Pottery Manufacturer ~ Manufacture Importation Curation Facility Collection Catalog # Description of Vessel
COP 024  Union Wreath Spodeware 1822-1847 1836-1847 oSsu Harriet D. Munnick Not applisa  Blue Hollow ware
COP 025 Portland Vase Spodeware 1831-post-1833  1836-post-1833 osu Harriet D. Munnick ot Wpplicable Blue Flat ware
COP 026 Portland Vase Spodeware 1831-post-1833  1836-post-1833 osu Harriet D. Munnick ot Bpplicable Blue Unknown
COP 027 Portland Vase Spodeware 1831-post-1833  1836-post-1833 osu Harriet D. Munnick ot Bpplicable Green Unknown
COP 028 Portland Vase Spodeware 1831-post-1833  1836-post-1833  Fort Vancouver Caywood OVR 32247 Blue Flat ware
COP 029  Portland Vase Spodeware 1831-post-1833  1836-post-1833  Fort Vancouver Caywood OVR ? Blue Unknown
COP 030  Portland Vase Spodeware 1831-post-1833  1836-post-1833  Fort Vancouver Caywood OVK ? Blue Unknown
COP 031 Portland Vase Spodeware 1831-post-1833  1836-post-1833  Fort Vancouver Caywood OVR ? Blue Unknown
COP 032  Portland Vase Spodeware 1831-post-1833  1836-post-1833  Fort Vancouver Caywood OVR ? Blue Unknown
COP 033 Portland Vase Spodeware 1831-post-1833  1836-post-1833  Fort Vancouver Caywood OVR ? Blue Unknown
COP 034  Aesop's Fables Spodeware 1830-1860 1836-1853 Fort Vancouver Caywood FOVA 36485 Blue Flat ware
COP 035 Aesop's Fables Spodeware 1830-1860 1836-1853 Fort Vancouver Caywood FOVA 36485 Blue Flat ware
COP 036  Aesop's Fables Spodeware 1830-1860 1836-1853 Fort Vancouver Caywood FOVA 36485 Blue Flat ware
COP 037 Aesop's Fables Spodeware 1830-1860 1836-1853 Fort Vancouver Caywood FOVA 36485 Blue Flat ware
COP 038  Aesop's Fables Spodeware 1830-1860 1836-1853 Fort Vancouver Caywood FOVA 36485 Blue Flat ware
COP 039 Warwick Group Spodeware 1847-1860 1847-1853 Fort Vancouver Caywood FOVA 32407 Pink Flat ware
COP 040 Warwick Group Spodeware 1847-1860 1847-1853 Fort Vancouver Caywood FOVA 32410 Pink Flat ware
COP 041 Warwick Group Spodeware 1847-1860 1847-1853 Fort Vancouver Caywood FOVA 32411 Pink Flat ware
COP 042 Warwick Group Spodeware 1847-1860 1847-1853 Fort Vancouver Caywood FOVA 32414 Pink Flat ware
COP 043 Warwick Group Spodeware 1847-1860 1847-1853 Fort Vancouver Caywood FOVA 32416 Pink Flat ware
COP 044 Antique Vase Spodeware 1830-1860 1836-1853 Fort Vancouver Caywood FOVA 30861 Blue Flat ware

(Continued)
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Table 17(Continued) age 3 of 9
INAA Date range of Date range of Archaeological Original

Catalog # Pattern Name Pottery Manufacturer ~ Manufacture Importation Curation Facility Collection Catalog # Description of Vessel
COP 045 Antique Vase Spodeware 1830-1860 1836-1853 Fort Vancouver Caywood FOVA 30861 Blue Flat ware
COP 046 Antique Vase Spodeware 1830-1860 1836-1853 Fort Vancouver Caywood FOVA 30861 Blue Flat ware
COP 047 Antique Vase Spodeware 1830-1860 1836-1853 Fort Vancouver Caywood FOVA 30861 Blue Flat ware
COP 048 Antique Vase Spodeware 1830-1860 1836-1853 Fort Vancouver Caywood FOVA 30861 Blue Flat ware
COP 049 Antique Vase Spodeware 1830-1860 1836-1853 Fort Vancouver Caywood FOVA 30861 Blue Flat ware
COP 050 Camilla Spodeware 1833-1860 1836-1853 Fort Vancouver Caywood FOVA 155 Blue Flat ware
COP 051 Camilla Spodeware 1833-1860 1836-1853 Fort Vancouver Caywood FOVA 155 Blue Flat ware
COP 052 Camilla Spodeware 1833-1860 1836-1853 Fort Vancouver Caywood FOVA 155 Blue Flat ware
COP 053 Camilla Spodeware 1833-1860 1836-1853 Fort Vancouver Caywood FOVA 155 Blue Flat ware
COP 054 Camilla Spodeware 1833-1860 1836-1853 Fort Vancouver Caywood FOVA 155 Blue Flat ware
COP 055 Camilla Spodeware 1833-1860 1836-1853 Fort Vancouver Caywood FOVA 155 Blue Flat ware
COP 056 Watteau Spodeware 1847-1860 1847-1853 Fort Vancouver Caywood FOVA 30888 Blue Flat ware
COP 057 Watteau Spodeware 1847-1860 1847-1853 Fort Vancouver Caywood FOVA 30888 Blue Flat ware
COP 058 Watteau Spodeware 1847-1860 1847-1853 Fort Vancouver Caywood FOVA 30888 Blue Flat ware
COP 059 Watteau Spodeware 1847-1860 1847-1853 Fort Vancouver Caywood FOVA 30888 Blue Flat ware
COP 060 Watteau Spodeware 1847-1860 1847-1853 Fort Vancouver Caywood FOVA 30888 Blue Flat ware
COP 061 Watteau Spodeware 1847-1860 1847-1853 Fort Vancouver Caywood FOVA 30888 Blue Flat ware
COP 062 Chinese Flowers Spodeware 1815-post- 1847  1815-post- 1847  Fort Vancouver Caywood FOVA 30823 Blue Saucer

COP 063 Chinese Flowers Spodeware 1815-post- 1847 1815-post- 1847 Fort Vancouver Caywood FOVA 30823 Blue Saucer

COP 064 Chinese Flowers Spodeware 1815-post- 1847  1815-post- 1847  Fort Vancouver Caywood FOVA 30823 Blue Flat ware
COP 065 Chinese Flowers Spodeware 1815-post- 1847 1815-post- 1847  Fort Vancouver Caywood FOVA 30823 Blue Flat ware

(Continued)
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Catalog # Pattern Name Pottery Manufacturer ~ Manufacture Importation Curation Facility Collection Catalog # Description of Vessel
COP 066 Chinese Flowers Spodeware 1815-post- 1847 1815-post- 1847  Fort Vancouver Caywood FOVA 30823 Blue Flat ware
COP 067 Chinese Flowers Spodeware 1815-post- 1847 1815-post- 1847  Fort Vancouver Caywood FOVA 30823 Blue Flat ware
COP 068 Chinese Flowers Spodeware 1815-post- 1847 1815-post- 1847  Fort Vancouver Caywood FOVA 30823 Blue Flat ware
COP 069 Chinese Flowers Spodeware 1815-post- 1847 1815-post- 1847  Fort Vancouver Caywood FOVA 30823 Blue Hollow ware
COP 070 Chinese Flowers Spodeware 1815-post- 1847 1815-post- 1847  Fort Vancouver Caywood FOVA 30823 Blue Hollow ware
COP 071 Chinese Flowers Spodeware 1815-post- 1847 1815-post- 1847  Fort Vancouver Caywood FOVA 30823 Blue Hollow ware
DAV 001 Cyprus W. Davenport & Co. 1850 1850 osu Harriet D. Munnick Not applicable Mulberry saucer
DAV 002 Cyprus W. Davenport & Co. 1850 1850 osu Harriet D. Munnick Not applicableMulberry hollow ware
DAV 003 Brunswick W. Davenport & Co. 1845-1860 1845-1860 osu Harriet D. Munnick Not apptita Mulberry hollow ware
DAV 004 Brunswick W. Davenport & Co. 1845-1860 1845-1860 osu Harriet D. Munnick Not apptita  Mulberry flat ware
DAV 005 Brunswick W. Davenport & Co. 1845-1860 1845-1860 osu Harriet D. Munnick Not apptita  Mulberry flat ware
DAV 006 Brunswick W. Davenport & Co. 1845-1860 1845-1860 osu Harriet D. Munnick Not apptita  Mulberry flat ware
DAV 007 Brunswick W. Davenport & Co. 1845-1860 1845-1860 osu Harriet D. Munnick Not apptita  Mulberry flat ware
DAV 008 Brunswick W. Davenport & Co. 1845-1860 1845-1860 osu Harriet D. Munnick Not apptita Mulberry hollow ware
DAV 009 Brunswick W. Davenport & Co. 1845-1860 1845-1860 osu Harriet D. Munnick Not apptita Mulberry serving dish
DAV 010 Brunswick W. Davenport & Co. 1845-1860 1845-1860 osu Harriet D. Munnick Not apptita Mulberry hollow ware
DAV 011 Brunswick W. Davenport & Co. 1845-1860 1845-1860 osu Harriet D. Munnick Not apptitea Flow mulberry lid
Flow mulberry serving
DAV 012 Brunswick W. Davenport & Co. 1845-1860 1845-1860 osu Harriet D. Munnick Not applia dish
DAV 013 Friburg W. Davenport & Co. 1844 1844 oSsu Harriet D. Munnick Not applicable Blue Flat ware
DAV 014 Friburg W. Davenport & Co. 1844 1844 osu Harriet D. Munnick Not applicable Blue Flat ware
DAV 015 Friburg W. Davenport & Co. 1844 1844 osu Harriet D. Munnick Not applicable Blue Hollow ware
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Catalog # Pattern Name Pottery Manufacturer ~ Manufacture Importation Curation Facility Collection Catalog # Description of Vessel
DAV 016 Friburg W. Davenport & Co. 1844 1844 osu Harriet D. Munnick Not applicable Blue Flat ware
DAV 017 Friburg W. Davenport & Co. 1844 1844 osu Harriet D. Munnick Not applicable Blue Flat ware
DAV 018 Persian Vase W. Davenport & Co. 1844 1844 OoSsu Harriet D. Munnick Not applicable Blue Hollow ware
DAV 019 Persian Vase W. Davenport & Co. 1844 1844 osu Harriet D. Munnick Not applicable  Blue Unknown
DAV 020 Tyrol Hunters W. Davenport & Co. 1830-1850 1830-1850 Fort Vancouver Caywood FOVA 32240 Blue Flat ware
DAV 021 Tyrol Hunters W. Davenport & Co. 1830-1850 1830-1850 Fort Vancouver Caywood FOVA 32240 Blue Flat ware
DAV 022 Tyrol Hunters W. Davenport & Co. 1830-1850 1830-1850 Fort Vancouver Caywood FOVA 32240 Blue Flat ware
DAV 023 Tyrol Hunters W. Davenport & Co. 1830-1850 1830-1850 Fort Vancouver Caywood FOVA 32240 Blue Flat ware
DAV 024 Tyrol Hunters W. Davenport & Co. 1830-1850 1830-1850 Fort Vancouver Caywood FOVA 32240 Blue Flat ware
DAV 025 Tyrol Hunters W. Davenport & Co. 1830-1850 1830-1850 Fort Vancouver Caywood FOVA 32240 Blue Flat ware
WAS 001 Columbia W. Adams & Sons 1850 1850 oSsu Harriet D. Munnick Not applicable Blue Flat ware
WAS 002 Columbia W. Adams & Sons 1850 1850 oSsu Harriet D. Munnick Not applicable Blue Flat ware
WAS 003 Columbia W. Adams & Sons 1850 1850 osu Harriet D. Munnick Not applicable Blue Hollow ware
WAS 004 Columbia W. Adams & Sons 1850 1850 oSsu Harriet D. Munnick Not applicable Blue Hollow ware
WAS 005 Columbia W. Adams & Sons 1850 1850 oSsu Harriet D. Munnick Not applicable Blue Flat ware
WAS 006 Columbia W. Adams & Sons 1850 1850 osu Harriet D. Munnick Not applicable Blue Hollow ware
WAS 007 Florence W. Adams & Sons 1830-1850 1830-1850 oSsu Harriet D. Munnick Not apgiiea Pink Flat ware
WAS 008 Florence W. Adams & Sons 1830-1850 1830-1850 oSsu Harriet D. Munnick Not apgiiea Pink Flat ware
WAS 009 Florence W. Adams & Sons 1830-1850 1830-1850 osu Harriet D. Munnick Not apiea Pink Flat ware
TJM 001 Florentine T.J. & J. Mayer 1843-1855 1843-1855 OoSsu Harriet D. Munnick Not apiiea  Blue Hollow ware
TJM 002 Florentine T.J. & J. Mayer 1843-1855 1843-1855 OoSsu Harriet D. Munnick Not apiiea  Blue Hollow ware

(Continued)
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Catalog # Pattern Name Pottery Manufacturer ~ Manufacture Importation Curation Facility Collection Catalog # Description of Vessel
TJM 003 Florentine T.J. & J. Mayer 1843-1855 1843-1855 osu Harriet D. Munnick Not appiiea Blue Flat ware
TJM 004 Florentine T.J. & J. Mayer 1843-1855 1843-1855 Oosu Harriet D. Munnick Not appiiea Blue Handle
TJM 005 Florentine T.J. & J. Mayer 1843-1855 1843-1855 osu Harriet D. Munnick Not appiilea Blue Flat ware
TJIM 006 Florentine T.J. & J. Mayer 1843-1855 1843-1855 osu Harriet D. Munnick Not apphiea  Blue Hollow ware
TJM 007 Florentine T.J. & J. Mayer 1843-1855 1843-1855 Oosu Harriet D. Munnick Not appiiea  Blue Hollow ware
TJM 008 Florentine T.J. & J. Mayer 1843-1855 1843-1855 osu Harriet D. Munnick Not appiiea Blue Unknown
TJM 009 Florentine T.J. & J. Mayer 1843-1855 1843-1855 osu Harriet D. Munnick Not appiiea Blue Flat ware
TJM 010 Florentine T.J. & J. Mayer 1843-1855 1843-1855 Oosu Harriet D. Munnick Not appiiea Blue Flat ware
TJM 011 Rhone Scenery T.J. & J. Mayer 1843-1855 1843-1855 oSsu Harriet D. Munnick Not appiiea Blue Flat ware
TJM 012 Rhone Scenery T.J. & J. Mayer 1843-1855 1843-1855 osu Harriet D. Munnick Not apphiea  Blue Hollow ware
TJM 013  Rhone Scenery T.J. & J. Mayer 1843-1855 1843-1855 osu Harriet D. Munnick Not appilea Blue Flat ware
EWS 001 Swiss Enoch Woods & Sons 1830-1846 1830-1846 oSsu Harriet D. Munnick Not appiiea Purple Flat ware
EWS 002 Swiss Enoch Woods & Sons ~ 1830-1846 1830-1846 osu Harriet D. Munnick Not apphiea  Purple Unknown
EWS 003 Swiss Enoch Woods & Sons 1830-1846 1830-1846 Oosu Harriet D. Munnick Not appiiea Purple Unknown
EWS 004 Swiss Enoch Woods & Sons 1830-1846 1830-1846 oSsu Harriet D. Munnick Not appiiea Purple Unknown
EWS 005 Belzoni Enoch Woods & Sons ~ 1830-1840 1830-1840 osu Harriet D. Munnick Not appiilea Purple Hollow ware
EWS 006 Belzoni Enoch Woods & Sons 1830-1840 1830-1840 osu Harriet D. Munnick Not appiiea Purple Hollow ware
EWS 007 Belzoni Enoch Woods & Sons 1830-1840 1830-1840 oSsu Harriet D. Munnick Not appiiea Purple Hollow ware
EWS 008 Belzoni Enoch Woods & Sons 1830-1840 1830-1840 OoSsu Harriet D. Munnick Not appiiea Purple Hollow ware
EWS 009 Belzoni Enoch Woods & Sons 1830-1840 1830-1840 osu Harriet D. Munnick Not appiiea Purple Hollow ware
EWS 010 Belzoni Enoch Woods & Sons 1830-1840 1830-1840 oSsu Harriet D. Munnick Not appiilea Purple Unknown

(Continued)
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Catalog # Pattern Name Pottery Manufacturer ~ Manufacture Importation Curation Facility Collection Catalog # Description of Vessel
EWS 011 Belzoni Enoch Woods & Sons 1830-1840 1830-1840 OoSsu Harriet D. Munnick Not apiiea Purple Hollow ware
EWS 012 Belzoni Enoch Woods & Sons ~ 1830-1840 1830-1840 osu Harriet D. Munnick Not appiiea  Purple Unknown
EWS 013 Belzoni Enoch Woods & Sons 1830-1840 1830-1840 oSsu Harriet D. Munnick Not apgiiea Purple Unknown
EWS 014 Belzoni Enoch Woods & Sons 1830-1840 1830-1840 osu Harriet D. Munnick Not apiiea Purple Hollow ware
MIN 001 Claremont Minton 1822-1836 1822-1836 osu Harriet D. Munnick Not appiiea Blue Flat ware
MIN 002 Claremont Minton 1822-1836 1822-1836 oSsu Harriet D. Munnick Not apdiiea  Blue Hollow ware
MIN 003 Claremont Minton 1822-1836 1822-1836 Oosu Harriet D. Munnick Not apgiiea Blue Flat ware
MIN 004 Claremont Minton 1822-1836 1822-1836 Oosu Harriet D. Munnick Not apiiea  Blue Hollow ware
MIN 005 Claremont Minton 1822-1836 1822-1836 oSsu Harriet D. Munnick Not apdiiea  Blue Hollow ware
MIN 006 Claremont Minton 1822-1836 1822-1836 oSsu Harriet D. Munnick Not apgiiea Blue Unknown
MIN 007 Claremont Minton 1822-1836 1822-1836 OoSsu Harriet D. Munnick Not apiiea  Blue Hollow ware
MIN 008 Claremont Minton 1822-1836 1822-1836 osu Harriet D. Munnick Not appiiea  Blue Hollow ware
MIN 009 Claremont Minton 1822-1836 1822-1836 oSsu Harriet D. Munnick Not apgiiea Blue Flat ware
MIN 010 Claremont Minton 1822-1836 1822-1836 osu Harriet D. Munnick Not apdiiea  Blue Hollow ware
MIN 011 Claremont Minton 1822-1836 1822-1836 Fort Vancouver Caywood FOVA 32602 Blue Hollow ware
MIN 012 Claremont Minton 1822-1836 1822-1836 Fort Vancouver Caywood FOVA 32602 Blue Flat ware
MIN 013 Claremont Minton 1822-1836 1822-1836 Fort Vancouver Caywood FOVA 32602 Blue Flat ware
MIN 014 Claremont Minton 1822-1836 1822-1836 Fort Vancouver Caywood FOVA 32602 Blue Flat ware
MIN 015 Claremont Minton 1822-1836 1822-1836 Fort Vancouver Caywood FOVA 32602 Blue Flat ware
MIN 016 Claremont Minton 1822-1836 1822-1836 Fort Vancouver Caywood FOVA 32602 Blue Flat ware
MIN 017 Claremont Minton 1822-1836 1822-1836 Fort Vancouver Caywood FOVA 32602 Blue Flat ware

(Continued)
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Table 17(Continued) Page 8 of 9

INAA Date range of Date range of Archaeological Original

Catalog # Pattern Name Pottery Manufacturer ~ Manufacture Importation Curation Facility Collection Catalog # Description of Vessel
MIN 018 Claremont Minton 1822-1836 1822-1836 Fort Vancouver Caywood FOVA 32602 Blue Hollow ware
MIN 019 Claremont Minton 1822-1836 1822-1836 Fort Vancouver Caywood FOVA 32602 Blue Flat ware
MIN 020 Claremont Minton 1822-1836 1822-1836 Fort Vancouver Caywood FOVA 32602 Blue Flat ware
MIN 021 Swiss Cottage Minton 1830-1836 1830-1836 Fort Vancouver Caywood FOVA 30966 Blue Unknown
MIN 022 Swiss Cottage Minton 1830-1836 1830-1836 Fort Vancouver Caywood FOVA 30966 Blue Flat ware
MIN 023  Swiss Cottage Minton 1830-1836 1830-1836 Fort Vancouver Caywood FOVA 30966 Blue Flat ware
MIN 024 Swiss Cottage Minton 1830-1836 1830-1836 Fort Vancouver Caywood FOVA 30966 Blue Flat ware
MIN 025 Swiss Cottage Minton 1830-1836 1830-1836 Fort Vancouver Caywood FOVA 30966 Blue Flat ware
MIN 026 Swiss Cottage Minton 1830-1836 1830-1836 Fort Vancouver Caywood FOVA 30966 Blue Flat ware
UNK 001 Adelaide's Bower Unknown 1830-1850 1830-1850 osu Harriet D. Munnick Not appiiea Sepia Flat ware
UNK 002 Adelaide's Bower Unknown 1830-1850 1830-1850 oSsu Harriet D. Munnick Not apgiiea Sepia Flat ware
UNK 003 Adelaide's Bower Unknown 1830-1850 1830-1850 osu Harriet D. Munnick Not apiea Sepia Flat ware
UNK 004 Unidentified Unknown 1830-1850 1830-1850 OoSsu Harriet D. Munnick Not appiiea Pink Flat ware
UNK 005 Unidentified Unknown 1830-1850 1830-1850 osu Harriet D. Munnick Not appiiea Blue Flat ware
UNK 006 Unidentified Unknown 1830-1850 1830-1850 oSsu Harriet D. Munnick Not apgiiea Blue Flat ware
VAR 014 Canova Various 1826-1842 1826-1842 Fort Vancouver Caywood FOVA 152 Blue Flat ware
VAR 015 Canova Various 1826-1842 1826-1842 Fort Vancouver Caywood FOVA 152 Blue Flat ware
VAR 016 Canova Various 1826-1842 1826-1842 Fort Vancouver Caywood FOVA 152 Blue Flat ware
VAR 017 Canova Various 1826-1842 1826-1842 Fort Vancouver Caywood FOVA 152 Blue Flat ware
VAR 018 Canova Various 1826-1842 1826-1842 Fort Vancouver Caywood FOVA 152  Blue Flat ware
VAR 019 Canova Various 1826-1842 1826-1842 Fort Vancouver Caywood FOVA 152 Blue Flat ware

(Continued)
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Table 17(Continued) ade 9 of9

INAA Date range of Date range of Archaeological Original
Catalog # Pattern Name Pottery Manufacturer ~ Manufacture Importation  Curation Facility Collection Catalog # Description of Vessel
SPO 001  modern WIE Modern Spode circa 2007 Not applicable  Not applicable Not applieabl Not applicable Blue Flat ware
SPO 002  modern WIE Modern Spode circa 2007 Not applicable  Not applicable Not applieabl Not applicable Blue Flat ware
SPO 003  modern WIE Modern Spode circa 2007 Not applicable  Not applicable Not applieabl Not applicable Blue Flat ware
SPO 004 modern bone china Modern Spode circa 2007 Not applicable Not applicable Not applieabl Not applicable Blue Flat ware
SPO 005 modern bone china Modern Spode circa 2007 Not applicable  Not applicable Not applieabl Not applicable Blue Flat ware
SPO 006 modern bone china Modern Spode circa 2007 Not applicable  Not applicable Not applieabl Not applicable Blue Flat ware
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Appendix C

INAA Results

Clustering History
Quality Assurance value
INAA elemental concentrations
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Table 18. Clustering History based on 25 elements. The numbelusters were based
on the major jumps in variance as clusters wereghi See Cluster 11 and Cluster 12.

Number of Clusters Distance Leader Joiner
149 0.5541178 COP_046 COP_049
148 0.65119605 COP_065 COP_067
147 0.69024196 EWS 010 EWS 013
146 0.76699121 COP_056 COP_059
145 0.79445528 MIN_002 MIN_007
144 0.8300478 EWS 010 EWS 011
143 0.83853043 TJM_005 TJM_009
142 0.8652835 WAS 003 WAS_ 005
141 0.87051987 COP_002 COP_005
140 0.89231882 COP_009 COP_010
139 0.93113904 TIM_006 TJM_008
138 0.93200208 COP_066 COP_069
137 0.93219915 MIN_016 MIN_017
136 0.94752092 COP_044 COP_045
135 0.94881808 COP_015 COP_016
134 0.94993118 WAS 008 WAS_009
133 0.9684887 MIN_008 MIN_010
132 0.97123048 WAS 003 WAS_006
131 0.97183427 DAV_003 DAV_005
130 0.9751109 COP_037 COP_026
129 0.97643907 DAV_020 DAV _024
128 0.98259708 COP_065 COP_070
127 0.98836484 DAV_013 DAV 014
126 1.01556792 MIN_002 MIN_005
125 1.01747856 COP_047 COP_041
124 1.02384272 WAS 001 WAS_002
123 1.02401424 COP_064 COP_068
122 1.03165737 EWS_ 002 EWS 003
121 1.03272034 MIN_009 MIN_012
120 1.03320186 EWS_009 EWS 014
119 1.03652204 DAV_020 DAV_025
118 1.04586218 COP_030 COP_032
117 1.05128059 EWS_007 EWS_008
116 1.05741862 EWS_007 EWS 012
115 1.08665392 COP_044 COP_048
114 1.09927987 COP_034 COP_035
113 1.11366829 DAV_004 DAV _012
112 1.12139282 MIN_013 MIN_016
111 1.12908606 COP_062 COP_063
110 1.13987971 COP_019 COP_020
109 1.15372287 COP_053 COP_042

(Continued)



Table 18. (Continued)
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Number of Clusters Distance Leader Joiner
108 1.17110659 MIN_022 MIN_026
107 1.17291445 COP_029 COP_011
106 1.1998332 COP_023 COP_024
105 1.20940039 MIN_009 MIN_013
104 1.22117691 DAV_003 DAV_009
103 1.22815749 DAV_013 DAV _017
102 1.25472377 COP_008 COP_040
101 1.29178886 EWS_006 EWS_009
100 1.30379368 COP_009 COP_039
99 1.31103427 MIN_024 MIN_025
98 1.3537123 MIN_002 MIN_006
97 1.36230619 COP_030 COP_033
96 1.38378533 COP_002 COP_034
95 1.38995707 MIN_009 MIN_014
94 1.42765431 DAV_022 DAV_023
93 1.43842355 EWS_006 EWS 010
92 1.44612709 WAS 003 WAS 004
91 1.45089513 MIN_022 MIN_024
90 1.45269632 TJM_004 TIM_006
89 1.45818424 WAS 007 DAV_002
88 1.54898181 DAV _010 DAV 011
87 1.54932782 COP_002 COP_036
86 1.54949471 MIN_003 MIN_019
85 1.58170387 COP_044 COP_023
84 1.60121783 DAV_003 DAV_007
83 1.62121228 COP_047 COP_053
82 1.62291331 COP_057 COP_060
81 1.64170871 WAS 001 WAS 003
80 1.64219388 COP_044 COP_046
79 1.68585278 TJM_004 TIM_007
78 1.69881583 MIN_001 MIN_009
77 1.71923195 WAS_ 007 WAS 008
76 1.72104523 MIN_002 MIN_008
75 1.76898987 COP_050 COP_051
74 1.7749733 EWS_007 EWS_002
73 1.79241986 EWS_005 EWS 001
72 1.81894608 COP_065 COP_066
71 1.82203018 COP_038 COP_061
70 1.82434826 COP_047 COP_008
69 1.83627257 DAV _013 DAV _016
68 1.86844804 COP_044 COP_054
67 1.86957021 DAV_020 DAV_022
66 1.87438364 COP_013 COP_015

(Continued)



Table 18. (Continued)

198

Number of Clusters Distance Leader Joiner
65 1.87953304 COP_028 COP_031
64 1.88483054 COP_029 COP_030
63 1.90560634 COP_003 COP_004
62 1.96282332 COP_065 COP_009
61 1.98378259 TIM_002 TJM_003
60 2.00776345 COP_017 COP_055
59 2.0159821 TJM_011 TIJM_012
58 2.01908273 EWS_005 EWS_006
57 2.0241405 MIN_001 MIN_015
56 2.08819902 TIM_010 DAV_004
55 2.09573846 MIN_011 MIN_018
54 2.10704293 TIM_005 DAV _015
53 2.13671323 COP_025 COP_043
52 2.15249307 COP_038 COP_052
51 2.21980984 COP_056 COP_057
50 2.25576781 DAV_003 DAV_008
49 2.26089048 COP_014 COP_065
48 2.29340261 MIN_022 MIN_023
47 2.32678568 MIN_001 MIN_003
46 2.36462448 COP_018 COP_019
45 2.41465055 COP_071 DAV_021
44 2.45625207 COP_014 COP_064
43 2.46116709 TIJM_001 DAV_006
42 2.47417176 COP_038 DAV_001
41 2.51883537 COP_037 COP_029
40 2.58245639 TIJM_001 WAS_ 007
39 2.65455572 COP_003 COP_058
38 2.66339719 COP_044 COP_062
37 2.86624892 COP_037 COP_021
36 2.87717366 COP_047 COP_017
35 2.93930662 TIM_004 TIJM_011
34 2.96732743 COP_038 COP_027
33 3.0869909 EWS_005 EWS_007
32 3.16659119 COP_002 COP_038
31 3.22103657 TIJM_005 DAV _019
30 3.2245885 MIN_001 MIN_011
29 3.26167658 DAV_003 DAV_010
28 3.48388238 MIN_002 MIN_022
27 3.52642483 COP_071 DAV_020
26 3.54083653 COP_014 COP_047
25 3.79609325 COP_022 COP_012
24 4.05710737 COP_037 COP_044
23 4,19574479 COP_002 COP_003
22 4.20663343 TIM_004 WAS 001

(Continued)



Table 18. (Continued)
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Number of Clusters Distance Leader Joiner
21 4.27704728 TJM_005 DAV _013
20 4,29002273 TJM_001 TIM_004
19 4,34061853 COP_014 COP_022
18 4,4104113 COP_050 COP_071
17 4,82064565 MIN_002 MIN_021
16 4.86018266 COP_037 COP_014
15 5.43049596 TJM_010 DAV_003
14 5.63325122 COP_037 COP_028
13 5.70335177 MIN_001 COP_018
12 6.57092135 COP_037 COP_025
11 7.13313454 TJM_001 TJM_005
10 7.30166902 COP_002 COP_013
9 8.08023413 COP_050 COP_056
8 9.15182936 TJM_002 TJM_010
7 9.76734832 COP_002 COP_050
6 9.80043664 MIN_001 COP_037
5 11.63598131 EWS_005 COP_002
4 13.47362297 MIN_001 MIN_002
3 14.17702449 TJM_001 TIM_002
2 17.65040015 EWS_005 MIN_001
1 41.49951337 EWS_005 TJM_001




Table 19. The table is comparing the NIST 1633b consenalues with batch values for week one (Glascockraitee Values 2006).

Week 1:
Gamma Consensus Range Range RC RC RC RC RC RC RC

Element line (KeV)  (ppm) 2 Low High 1804-1  1804-2  1804-3  1804-4  1804-5  1804-6  1804-7
As 559.10  132.00 5,00 122.00 142.00 129.70 126.35 127.95 134.77 132.48 130.10 133.94
Ba 496.30  683.00 47.00 589.00 777.00 646.43 685.52 709.95 759.51 689.24 674.31 753.26
La 1596.50  85.50 130 8290 88.10 84.10 81.98 84.23 87.61 85.58 84.54 86.86
Lu 208.40 1.050 0.004 1.042 1.058 0.964 1.040 1.000 1.042 1.055 0.893 1.195
Mo 140.50 No Consensus Values 20.27 18.93 21.73 22.86 23.74 18.82 20.70
Nd 531.00  82.00 7.00 68.00 96.00 100.12 81.04 79.32 87.33 82.55 90.08 71.27
K 1524.60 20000 1100 17,800 22,200 18293 18861 19080 19726 20232 19206 19118
Sm 103.20  18.60 0.70  17.20  20.00 18.44 17.83 18.54 19.23 19.56 18.87 19.40
Na 1368.60 1940 36 1,868 2,012 1955 1861 1896 1985 1960 1888 1982
w 479.50 4.60 4.60 4.60 3.94 4.32 5.43 5.68 5.46 4.44 5.69
U 228.20 8.80 0.80 7.20  10.40 8.49 8.36 8.26 9.72 8.99 9.42 9.54
U 277.60 8.80 0.80 7.20 10.40 8.30 8.55 9.37 9.38 9.23 8.75 9.35
Yb 396.30 7.43 0.34 6.75 8.11 7.53 7.53 7.28 7.31 7.86 7.49 7.48
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Table 20. The table is comparing the NIST 1633b consenslugsavith batch values for week four (Glascocletature Values 2006).

Week 4:
Gamma Consensus Range  Range RC RC RC RC RC RC RC
Element line (KeV)  (ppm) +2 Low High 1804-1 1804-2 1804-3 1804-4 1804-5 1804-6 1804-7

Sb 1691.00 4.85 0.16 4.53 5.17 4.98 4.76 5.25 4.91 4.91 5.04 5.11
Ba 496.30 683.00 47.00 589.00 777.00 865.56 762.86 624.06 687.64 858.23 699.41 765.63
Ce 145.40 184.00 240 179.60 188.80 187.08 183.20 176.17 180.95 181.58 182.41 180.00
Cs 795.90 10.53 0.23 10.07 10.99 11.13 10.31 10.56 10.03 11.23 11.82 11.05
Cr 320.10 197.00 4,00 189.00 205.00 209.45 205.12 190.35 189.04 206.01 203.71 192.84
Co 1332.50 48.60 0.70 47.20 50.00 50.84 49.29 47.06 48.52 49.25 48.99 47.95
Eu 1408.00 3.93 0.09 3.75 4.11 4.06 4.07 3.83 3.88 4.08 4.20 3.82
Hf 482.20 6.76 0.20 6.36 7.16 7.00 7.24 7.00 6.93 7.18 7.02 6.99
Fe 1099.30 77100.0 1200.0 74700.0 79500.0 80650.9 775121 74512.8 75306.0 78913.1 77063.1 75628.1
Nd 91.10 82.00 7.00 68.00 96.00 84.31 88.30 79.15 86.85 90.85 83.11 76.97
Ni 810.77 116.00  35.00 46.00 186.00 99.82 -85.52 -70.63 132.15 123.17 186.85 -86.18
Rb 1076.70 138.50 590 126.70  150.30 138.70 142.94 134.50 140.80 141.23 125.95 139.70
Sc 889.30 40.20 0.60 39.00 41.40 41.99 40.42 39.33 39.63 40.97 40.88 40.18
Ta 1221.40 1.84 0.09 1.66 2.02 2.01 1.86 1.73 1.94 1.96 1.93 1.85
Tb 879.40 2.73 0.24 2.25 3.21 3.02 2.02 2.73 2.48 2.54 2.93 3.04
Th 312.00 24.40 0.40 23.60 25.20 26.27 25.33 24.73 24.99 25.64 25.34 24.82
Zn 1115.50 206.00 18.00 170.00 242.00 206.87 210.94 199.53 184.10 215.57 212.66 210.47
Zr 756.76 223.00 37.00 149.00 297.00 252.58 -156.45 282.82 -188.34 -183.22 362.22 247.72
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Table 21. The table is comparing the New Ohio Red Clay (NQB@hsensus values with the NORC values for week(Gtascock MURF

Values 2006).
Week 1:
Gamma  Consensus Range  Range RC RC RC RC RC RC RC

Element line (KeV)  (ppm) +2 Low High 1804-1  1804-2  1804-3  1804-4  1804-5 18046  1804-7
As 559.10 1480 1.10 12.60 17.00 15.37 14.79 14.91 15.14 14.69 14.86 14.39
Ba 496.30 612.00 33.00 546.00 678.00 620.37 569.01 667.47 618.56 614.66 646.80 598.37
La 1596.50 50.10 1.00 48.10 52.10 50.96 49.65 51.50 51.86 51.05 50.72 50.65
Lu 208.40 0.588 0.021 0.546 0.630 0.632 0.565 0.685 0.567 0.564 0.620 0.640
Mo 140.50 No Consensus Values 2.35 3.94 5.18 3.99 4.02 3.29 4.52
Nd 531.00 46.10 5.80 34.50 57.70 46.27 48.21 41.99 45.06 40.14 49.88 44.39
K 1524.60 34,600 1,100 32,400 36,800 36,573 37,323 35,099 34,773 35,188 35,722 36,751
Sm 103.20 9.17 0.40 8.37 9.97 9.59 9.29 9.60 11.27 9.31 9.32 9.34
Na 1368.60  1,357.00 42.00 1,273.00 1,441.00 1,453.68 1,372.10 1486.81 145408 146143 1,482.36 50148
W 479.50 296 0.40 2.17 3.75 3.25 2.23 3.30 3.15 3.34 -1.60 3.30
U 228.20 324 040 2.44 4.04 3.24 3.07 2.72 3.69 3.17 3.84 2.87
U 277.60 324 040 2.44 4.04 3.09 3.24 3.17 4.01 2.97 3.32 3.21
Yb 396.30 432 021 3.90 4.74 4.36 4.49 4.30 4.36 4.44 441 4.26
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Table 22. The table is comparing the New Ohio Red Clay (\XDPBonsensus values with the NORC values for wel@scock MURR Values 2006).

Week 4:
Gamma Consensus RC RC RC RC RC RC RC
Element line (KeV)  (ppm) t2 Range Low Range High  1804-1 1804-2  1804-3 1804-4 1804-5 1804-6 1804-7

Sh 1691.00 1.10 0.07 0.96 1.24 1.33 1.29 141 0.86 1.25 121 1.20
Ba 496.30 612.00 33.00 546.00 678.00 594.54 624.44 526.70 500.77 719.38 715.40 585.14
Ce 145.40 112.30 2.70 106.90 117.70 113.93 114.40 112.81 113.42 112.13 113.09 109.25
Cs 795.90 10.10 0.20 9.70 10.50 9.99 10.09 9.79 9.64 10.59 10.28 10.24
Cr 320.10 90.20 1.90 86.40 94.00 94.83 93.63 88.59 88.75 91.10 88.86 90.48
Co 1332.50 22.70 0.50 21.70 23.70 23.21 22.63 23.61 22.23 22.97 22.86 22.86
Eu 1408.00 1.723 0.045 1.633 1.813 1.791 1.830 1.759 2.107 1.678 1.699 1.653
Hf 482.20 7.34 0.20 6.94 7.74 7.42 7.64 7.58 7.60 747 7.32 6.91
Fe 1099.30  50480.00 1520.00 47440.00 53520.00 52408.86 51316.48 5166545  49286.96 5140453 51172.44 9940

Nd 91.10 46.10 5.80 34.50 57.70 45.24 42.16 36.70 49.17 52.49 47.35 45.26
Ni 810.77 76.00 17.60 40.80 52.80 74.07 89.26 -50.85 79.66 -63.83 -84.08 -61.06
Rb 1076.70 180.80 5.30 170.20 191.40 170.82 190.61 179.95 178.29 184.72 184.26 190.15
Sc 889.30 18.30 0.50 17.30 19.30 18.86 18.42 18.57 17.77 18.70 18,51 18.03
Ta 1221.40 1.49 0.05 1.39 1.59 1.55 1.50 1.49 1.40 1.64 1.39 1.62
Tb 879.40 1.24 0.20 0.84 1.64 1.34 1.22 1.38 1.17 1.33 1.29 112
Th 312.00 14.90 0.30 14.30 15.50 15.56 15.37 15.39 15.10 15.42 15.45 15.07
Zn 1115.50 92.80 11.00 70.80 114.80 78.28 94.68 85.51 86.56 79.16 91.15 84.36
Zr 756.76 179.00 23.10 132.80 225.20 175.03  -110.64  -115.56 -133.08 18281  -128.90 -122.76
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Table 23. Elemental concentrations for 11 elements detexdnby INAA after one week decay period.

Page 1 of 14

*Each element is represented by its gamma enengy(KeV). N egaitive values indicate concentrations below dégedimits and should be interpreted as 'less than

INAA Element As 559.10 Ba 496.30 La 1596.50 208.400 140.50 K 1525

ID Batch ppm + ppm ppm ppm + ppm +
COP_001 RC1804-2 18.64 0.26 135.41 19.89 23.92 0.16 0.184 0.008 3.170.44 8071 347
COP_002 RC1804-2 6.47 0.14 168.23 20.93 27.39 0.18 0.251 0.008 3.49 .44 0 8477 366
COP_003 RC1804-2 4.19 0.11 183.40 19.72 28.82 0.19 0.256 0.008 3.83 .45 0 16311 612
COP_004 RC1804-2 6.36 0.14 174.66 19.29 27.19 0.18 0.263 0.009 3.92 .47 0 14263 557
COP_005 RC1804-2 4.06 0.12 159.88 22.17 26.82 0.18 0.256 0.009 3.46 .45 0 9787 430
COP_008 RC1804-2 7.31 0.15 265.72 24.85 31.70 0.21 0.268 0.009 2.82 .40 0 9422 417
COP_009 RC1804-2 9.75 0.19 254.86 23.34 34.25 0.22 0.238 0.008 3.81 .47 0 10757 480
COP_010 RC1804-2 8.05 0.17 261.14 22.79 34.15 0.22 0.252 0.008 3.49 46 0 9958 449
COP_011 RC1804-2 8.67 0.18 245.80 22.80 33.71 0.22 0.252 0.008 2.86 .42 0 10203 476
COP_012 RC1804-2 8.08 0.17 360.10 24.22 32.06 0.21 0.242 0.008 3.30 .46 0O 9848 491
COP_013 RC1804-1 8.29 0.19 164.50 18.32 26.41 0.18 0.244 0.008 2.96 .42 0 10208 579
COP_014 RC1804-1 13.15 0.24 254.96 22.74 33.64 0.22 0.277 0.008 3.410.45 10929 606
COP_015 RC1804-1 7.73 0.20 194.44 19.77 27.46 0.19 0.247 0.008 3.16 .47 0 9724 599
COP_016 RC1804-1 8.35 0.20 165.49 18.20 26.17 0.18 0.241 0.008 3.03 .43 0 10324 676
COP_017 RC1804-1 6.54 0.19 225.33 20.49 32.09 0.22 0.240 0.008 3.26 .44 0 7428 596
COP_018 RC1804-1 7.37 0.21 198.30 20.06 29.69 0.20 0.275 0.008 499 53 0 10758 640
COP_019 RC1804-1 6.67 0.19 204.90 18.65 28.35 0.19 0.256 0.008 3.59 .45 0 11456 681
COP_020 RC1804-1 7.34 0.22 193.45 19.67 29.60 0.20 0.254 0.008 3.52 .60 0 9140 707
COP_021 RC1804-1 6.05 0.21 269.03 20.13 35.50 0.24 0.322 0.009 435 .53 0 12312 882
COP_022 RC1804-1 6.67 0.22 290.45 21.71 33.63 0.23 0.363 0.012 2.85 .45 0 <2031 72
COP_023 RC1804-1 5.41 0.21 256.82 19.65 33.86 0.23 0.359 0.011 3.44 47 0 11453 985
COP_024 RC1804-1 9.45 0.27 257.07 18.42 33.80 0.23 0.353 0.011 3.87 .49 0 10520 978
COP_025 RC1804-2 40.85 0.54 232.26 23.43 33.15 0.22 0.210 0.008 3.640.48 9735 515
COP_026 RC1804-2 14.27 0.24 203.38 19.76 33.88 0.22 0.267 0.009 3.330.44 10293 518
COP_027 RC1804-2 8.16 0.19 192.42 19.89 27.88 0.19 0.304 0.012 2.86 .42 0 10236 571
COP_028 RC1804-2 8.58 0.20 214.10 20.80 32.85 0.22 0.244 0.008 2.69 .42 0 10213 581
COP_029 RC1804-2 9.57 0.21 254.12 22.97 34.35 0.23 0.264 0.008 3.10 .44 0 11284 718
COP_030 RC1804-2 9.63 0.23 264.31 20.82 35.94 0.24 0.315 0.012 3.68 .50 0 9743 628
(Continued)
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. Page 2 of 14
Table 23(Continued)

INAA Element Sm 103.20 Na 1369 w 479.50 U 277.60 Yb 396.30
ID Batch ppm * ppm + ppm + ppm + ppm *
COP_001 RC1804-2 3.61 0.07 2709 40 6.02 0.59 4.53 0.15 1.54 0.05
COP_002 RC1804-2 4.58 0.07 2249 34 2.97 0.32 4.35 0.14 2.08 0.06
COP_003 RC1804-2 4.73 0.07 1401 21 3.90 0.40 3.98 0.13 2.16 0.06
COP_004 RC1804-2 4.54 0.07 2543 38 2.81 0.32 4.10 0.14 2.08 0.07
COP_005 RC1804-2 4.42 0.07 2790 42 3.21 0.35 4.38 0.15 2.08 0.06
COP_008 RC1804-2 5.36 0.07 1604 24 7.84 0.76 3.94 0.14 2.02 0.06
COP_009 RC1804-2 5.76 0.08 1779 27 8.42 0.82 4.34 0.14 2.11 0.06
COP_010 RC1804-2 5.52 0.08 1892 29 8.34 0.81 4.09 0.13 2.08 0.06
COP_011 RC1804-2 5.54 0.07 2112 32 9.06 0.88 4.10 0.14 2.08 0.06
COP_012 RC1804-2 5.49 0.07 1596 24 8.31 0.82 4.04 0.14 2.13 0.06
COP_013 RC1804-1 4.24 0.08 2641 40 6.59 0.67 3.74 0.14 2.04 0.08
COP_014 RC1804-1 5.06 0.08 2034 31 7.44 0.75 3.78 0.14 2.01 0.06
COP_015 RC1804-1 4.27 0.08 3101 47 10.27 1.00 4.15 0.14 1.99 0.05
COP_016 RC1804-1 4.14 0.08 2681 41 7.21 0.73 3.74 0.14 1.91 0.05
COP_017 RC1804-1 4.83 0.08 1736 27 11.69 1.13 3.88 0.14 1.85 0.05
COP_018 RC1804-1 5.13 0.10 1765 28 5.74 0.61 5.89 0.17 1.96 0.05
COP_019 RC1804-1 4.81 0.09 1573 25 5.40 0.59 5.71 0.16 2.01 0.05
COP_020 RC1804-1 4.77 0.10 1670 27 6.68 0.71 5.94 0.17 2.02 0.06
COP_021 RC1804-1 5.85 0.08 1936 31 6.87 0.74 4.12 0.15 2.44 0.06
COP_022 RC1804-1 5.74 0.08 1887 31 5.33 0.60 3.90 0.14 2.34 0.06
COP_023 RC1804-1 5.93 0.08 1856 30 6.08 0.68 4.02 0.15 2.44 0.06
COP_024 RC1804-1 5.68 0.08 2140 35 5.90 0.68 3.97 0.15 2.32 0.06
COP_025 RC1804-2 5.41 0.07 1785 27 8.91 0.87 4.01 0.15 2.03 0.06
COP_026 RC1804-2 5.75 0.08 2013 31 8.36 0.83 4.70 0.16 2.22 0.06
COP_027 RC1804-2 4.54 0.07 2979 45 3.25 0.40 3.71 0.15 2.06 0.06
COP_028 RC1804-2 5.33 0.07 1475 23 8.95 0.89 3.96 0.13 2.08 0.06
COP_029 RC1804-2 5.97 0.08 2149 33 6.93 0.72 4.11 0.15 2.18 0.06
COP_030 RC1804-2 6.15 0.08 2396 37 7.04 0.73 4.35 0.16 2.18 0.06
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Table 23(Continued)

INAA Element As 559.10 Ba 496.30 La 1596.50 Lu 208.400 Mo 140.50 K 1525

ID Batch ppm + ppm + ppm + ppm + ppm + ppm +
COP_031 RC1804-2 10.92 0.23 249.23 21.10 33.72 0.23 0.249 0.008 3.720.49 11217 675
COP_032 RC1804-2 9.23 0.22 236.41 20.29 34.51 0.23 0.260 0.008 3.62 .49 0 9588 674
COP_033 RC1804-2 10.07 0.23 238.36 21.38 35.14 0.24 0.313 0.012 3.68.50 10020 733

COP_034 RC1804-2 6.17 0.22 155.60 17.52 27.26 0.19 0.247 0.008 3.42 .45 0 7143 713
COP_035 RC1804-2 6.42 0.21 147.61 18.61 28.47 0.20 0.274 0.008 3.00 .44 0 8265 735
COP_036 RC1804-2 6.75 0.22 162.45 19.91 28.91 0.20 0.303 0.011 3.92 .51 0 8500 780
COP_037 RC1804-2 9.55 0.28 202.13 19.37 33.51 0.23 0.312 0.011 3.41 .47 0 10827 907
COP_038 RC1804-2 5.56 0.22 190.16 18.86 27.30 0.19 0.233 0.007 3.11 .44 0 10373 1108

COP_039 RC1804-2 11.67 0.29 239.77 19.62 32.31 0.22 0.248 0.008 3.55.50 10627 943
COP_040 RC1804-3 6.95 0.13 230.19 22.80 32.36 0.21 0.285 0.010 3.32 .44 9252 347
COP_041 RC1804-3 7.94 0.14 184.93 23.15 34.16 0.22 0.295 0.010 3.45 .45 9677 368
COP_042 RC1804-3 12.96 0.20 238.43 24.04 33.51 0.22 0.268 0.009 3.710.46 9876 379
COP_043 RC1804-3 33.69 0.43 258.80 22.93 32.36 0.21 0.277 0.010 4.00.51 10154 394

o o

COP_044 RC1804-3 8.05 0.15 236.79 24.87 35.20 0.23 0.318 0.010 3.81.51 0 10047 389
COP_045 RC1804-3 6.69 0.14 237.38 21.94 36.09 0.23 0.311 0.010 3.42 .49 0 10692 424
COP_046 RC1804-3 6.07 0.14 21551 21.15 35.13 0.23 0.394 0.014 3.86 .50 0 10553 426
COP_047 RC1804-3 8.44 0.16 217.80 23.55 34.20 0.22 0.306 0.010 3.12 .45 0 10114 430
COP_048 RC1804-3 6.86 0.15 285.90 22.53 35.53 0.23 0.317 0.010 3.74 .47 0 10545 441
COP_049 RC1804-3 7.59 0.16 222.50 22.06 35.53 0.23 0.385 0.014 3.79.51 0 10737 463

COP_050 RC1804-3 11.50 0.20 169.02 19.67 28.52 0.19 0.262 0.009 3.860.50 8291 394
COP_051 RC1804-3 23.38 0.33 191.38 23.70 26.09 0.18 0.235 0.009 4.29%.51 8400 408
COP_052 RC1804-3 7.12 0.16 125.11 17.01 24.95 0.17 0.267 0.009 2.79 .42 9346 459
COP_053 RC1804-3 6.46 0.18 255.07 21.17 33.49 0.22 0.292 0.009 4.02 .52 0 9400 491
COP_054 RC1804-3 11.52 0.24 300.47 24.17 34.16 0.23 0.367 0.015 3.810.56 10949 530
COP_055 RC1804-3 7.50 0.19 198.68 20.25 28.16 0.19 0.278 0.009 3.16 .45 0 9907 541
COP_056 RC1804-3 5.45 0.18 282.08 23.68 30.76 0.21 0.270 0.009 5.11 .60 12617 656
COP_057 RC1804-3 5.60 0.19 228.37 22.07 30.56 0.21 0.293 0.010 461 .55 0 12228 660

o
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Table 23(Continued)
INAA Element Sm 103.20 Na 1369 w 479.50 u 277.60 Yb 396.30
ID Batch ppm + ppm + ppm + ppm + ppm +
COP_031 RC1804-2 5.70 0.08 1718 27 7.51 0.77 4.24 0.16 2.14 0.06
COP_032 RC1804-2 596 0.08 2128 33 6.66 0.71 4.19 0.15 221 0.06
COP_033 RC1804-2 6.04 0.08 2199 34 6.89 0.73 4.13 0.16 2.18 0.06
COP_034 RC1804-2 441 0.08 3280 50 3.68 0.46 4.46 0.16 2.18 0.06
COP_035 RC1804-2 457 0.08 2701 42 3.28 0.47 4.46 0.15 2.25 0.06
COP_036 RC1804-2 457 0.08 3353 52 3.05 0.44 4.18 0.16 2.24 0.06
COP_037 RC1804-2 5.66 0.09 2019 32 7.90 0.85 4.63 0.16 2.16 0.06
COP_038 RC1804-2 4.38 0.08 2560 40 3.27 0.48 3.74 0.14 2.09 0.06
COP_039 RC1804-2 5.37 0.08 1774 30 7.51 0.80 3.76 0.16 212 0.06
COP_040 RC1804-3 5.38 0.07 1850 27 9.48 0.91 3.98 0.14 1.97 0.06
COP_041 RC1804-3 5.70 0.07 2176 32 9.93 0.95 4.33 0.15 212 0.06
COP_042 RC1804-3 5.68 0.07 1959 29 9.32 0.89 4.24 0.14 2.07 0.06
COP_043 RC1804-3 5.33 0.08 1920 29 8.85 0.85 4.73 0.15 2.00 0.06
COP_044 RC1804-3 597 0.08 1656 25 8.33 0.80 4.17 0.14 2.27 0.06
COP_045 RC1804-3 6.18 0.08 1675 25 8.48 0.82 4.45 0.14 2.25 0.06
COP_046 RC1804-3 5.99 0.08 1571 24 8.40 0.82 452 0.15 2.15 0.06
COP_047 RC1804-3 5.86 0.08 1718 26 8.28 0.80 4.37 0.16 2.10 0.06
COP_048 RC1804-3 6.19 0.08 1597 24 8.34 0.81 4.46 0.15 2.20 0.06
COP_049 RC1804-3 6.11 0.08 1682 25 8.19 0.80 4.27 0.15 2.20 0.06
COP_050 RC1804-3 4.29 0.09 1896 28 12.03 1.15 5.19 0.16 1.82 0.05
COP_051 RC1804-3 4.17 0.08 2282 34 12.69 1.22 5.45 0.16 1.87 0.08
COP_052 RC1804-3 4.09 0.07 2309 35 3.73 0.43 3.61 0.14 1.90 0.05
COP_053 RC1804-3 5.69 0.08 2041 31 9.11 0.90 4.48 0.15 2.05 0.06
COP_054 RC1804-3 5.58 0.08 1948 30 8.67 0.86 4.44 0.16 2.22 0.06
COP_055 RC1804-3 4.82 0.07 2123 32 6.73 0.70 4.37 0.15 2.01 0.06
COP_056 RC1804-3 5.23 0.09 2368 36 4.63 0.53 5.28 0.17 2.03 0.06
COP_057 RC1804-3 5.27 0.09 2539 39 4.68 0.52 5.48 0.17 2.05 0.06
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Table 23(Continued)

INAA Element As 559.10 Ba 496.30 La 1596.50 Lu 208.400 Mo 140.50 K 1525
ID Batch ppm + ppm + ppm + ppm * ppm * ppm +

COP_058 RC1804-3 5.79 0.19 201.38 21.15 29.46 0.20 0.301 0.009 4.01 .52 0 10547 601
COP_059 RC1804-3 5.12 0.20 311.65 21.87 30.43 0.21 0.293 0.009 5.12 .57 0 12630 746
COP_060 RC1804-3 9.23 0.23 231.84 21.81 28.72 0.20 0.252 0.008 4,38 .55 0 12756 737
COP_061 RC1804-3 5.75 0.20 150.58 19.96 26.70 0.19 0.360 0.012 355.51 0 9768 813
COP_062 RC1804-3 5.16 0.22 265.97 22.92 36.04 0.24 0.405 0.013 3.32.53 0 9341 737
COP_063 RC1804-3 5.69 0.23 229.15 20.38 34.68 0.24 0.392 0.013 3.77 .51 0 8842 834
COP_064 RC1804-3 4.31 0.20 263.70 21.12 34.34 0.23 0.305 0.009 273 .48 0 9634 820
COP_065 RC1804-4 4.53 0.12 255.02 23.17 34.54 0.22 0.277 0.009 3.16 .48 0 10559 426
COP_066 RC1804-4 4.71 0.12 234.70 20.27 33.03 0.21 0.266 0.008 3.43 .47 0 10433 422
COP_067 RC1804-4 5.21 0.13 269.45 22.56 34.07 0.22 0.262 0.009 3.46 .45 0 10534 437
COP_068 RC1804-4 5.48 0.13 278.18 22.80 33.02 0.21 0.267 0.009 2.81 .46 0 10401 448
COP_069 RC1804-4 5.84 0.14 225.97 21.05 3251 0.21 0.254 0.008 3.90 .49 0 10132 447
COP_070 RC1804-4 9.30 0.18 260.95 23.05 34.48 0.22 0.256 0.009 3.30 .49 0 10193 447

COP_071 RC1804-4 15.67 0.25 148.63 20.30 33.36 0.22 0.265 0.009 4.610.55 8604 431
COP_108 RC1804-1 7.37 0.21 198.30 20.06 29.69 0.20 0.275 0.008 499 53 0 10758 640

DAV_001 RC1804-1 15.17 0.23 167.47 23.31 27.12 0.18 0.255 0.009 3.160.42 12052 484
DAV_002 RC1804-1 3.86 0.11 151.79 19.77 19.69 0.14 0.148 0.007 3.48 .43 0 13999 561
DAV_003 RC1804-1 17.50 0.27 235.55 24.61 17.72 0.13 0.162 0.008 4.510.51 14970 603
DAV_004 RC1804-1 16.27 0.24 215.72 20.55 18.04 0.13 0.156 0.007 4.69.49 13939 566
DAV_005 RC1804-1 20.54 0.30 222.15 22.82 17.79 0.13 0.155 0.008 4.330.52 14460 586
DAV_006 RC1804-1 11.41 0.20 222.41 21.76 20.30 0.14 0.204 0.008 3.660.42 15594 633
DAV_007 RC1804-1 25.91 0.36 191.35 20.81 17.21 0.12 0.155 0.007 4.680.50 14963 636
DAV_008 RC1804-1 21.56 0.32 226.78 23.06 18.26 0.13 0.181 0.009 5.310.57 14899 682
DAV_009 RC1804-1 25.54 0.37 246.58 23.37 18.62 0.13 0.172 0.008 4.23.50 15322 670
DAV_010 RC1804-1 34.89 0.47 179.65 19.39 19.33 0.14 0.191 0.009 4.69.52 16256 721
DAV_011 RC1804-1 39.82 0.53 244.56 26.01 19.05 0.14 0.179 0.008 4.910.53 15987 720
DAV_012 RC1804-1 13.21 0.23 231.70 18.81 18.69 0.13 0.162 0.007 4.490.49 14952 701
DAV_013 RC1804-4 9.18 0.19 153.31 18.29 25.13 0.17 0.198 0.008 3.97 .51 0 13561 580
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INAA Element Sm 103.20 Na 1369 W 479.50 U 277.60 Yb 396.30
ID Batch ppm * ppm + ppm + ppm + ppm *
COP_058 RC1804-3 4.73 0.08 1808 28 412 0.47 4.46 0.16 2.10 0.06
COP_059 RC1804-3 5.28 0.09 2101 33 3.76 0.49 5.29 0.17 1.96 0.06
COP_060 RC1804-3 5.01 0.09 2092 32 4.84 0.56 5.46 0.17 1.90 0.06
COP_061 RC1804-3 4.39 0.07 2276 35 3.93 0.49 4.04 0.15 2.09 0.06
COP_062 RC1804-3 5.84 0.08 2004 32 5.96 0.69 4.02 0.16 2.37 0.06
COP_063 RC1804-3 5.72 0.08 2300 36 6.14 0.71 4.02 0.15 2.17 0.06
COP_064 RC1804-3 5.60 0.08 1912 30 5.53 0.62 3.65 0.15 2.28 0.06
COP_065 RC1804-4 5.70 0.07 2143 32 7.03 0.71 421 0.14 2.04 0.06
COP_066 RC1804-4 5.54 0.07 1709 26 5.80 0.59 3.91 0.14 2.01 0.06
COP_067 RC1804-4 5.42 0.07 2100 32 7.18 0.73 4.10 0.15 2.03 0.06
COP_068 RC1804-4 5.59 0.07 1815 27 5.95 0.61 3.78 0.14 2.06 0.06
COP_069 RC1804-4 5.54 0.07 1845 28 6.70 0.68 3.90 0.14 2.00 0.06
COP_070 RC1804-4 5.19 0.07 2073 31 9.59 0.95 4.16 0.15 1.93 0.06
COP_071 RC1804-4 4.92 0.09 3401 51 6.87 0.71 5.74 0.17 2.08 0.06
COP_108 RC1804-1 5.13 0.10 1765 28 5.74 0.61 5.89 0.17 1.96 0.05
DAV_001 RC1804-1 4.49 0.07 3111 47 3.84 0.40 4.26 0.14 1.90 0.06
DAV_002 RC1804-1 3.50 0.08 2799 42 4.70 0.47 4.55 0.14 1.34 0.07
DAV_003 RC1804-1 2.73 0.10 4336 65 5.09 0.52 5.57 0.16 1.21 0.06
DAV_004 RC1804-1 2.78 0.10 3525 53 5.01 0.50 5.86 0.16 1.27 0.05
DAV_005 RC1804-1 2.74 0.10 3875 58 5.32 0.53 5.79 0.16 1.13 0.05
DAV_006 RC1804-1 3.29 0.08 2979 45 4.62 0.47 4.94 0.15 1.38 0.05
DAV_007 RC1804-1 2.64 0.10 3886 58 4.44 0.47 5.58 0.17 1.05 0.05
DAV_008 RC1804-1 2.68 0.10 4704 71 5.53 0.57 5.87 0.18 1.20 0.05
DAV_009 RC1804-1 2.80 0.11 4178 63 5.70 0.58 5.91 0.16 1.34 0.07
DAV_010 RC1804-1 2.90 0.11 4144 62 5.61 0.58 6.18 0.18 1.20 0.05
DAV_011 RC1804-1 2.87 0.10 4102 62 5.18 0.55 5.70 0.16 1.26 0.05
DAV _012 RC1804-1 2.87 0.11 3725 56 5.04 0.52 6.29 0.18 1.40 0.06
DAV_013 RC1804-4 3.56 0.08 3995 60 13.59 1.34 4.28 0.15 1.63 0.07
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Table 23(Continued)

INAA Element As 559.10 Ba 496.30 La 1596.50 Lu 208.400 Mo 140.50 K 1525
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +

DAV_014 RC1804-4 9.25 0.18 126.14 17.68 24.59 0.17 0.201 0.008 4.17 .51 0 13012 598
DAV_015 RC1804-4 4.31 0.14 211.19 19.27 24.89 0.17 0.209 0.008 3.39.45 0 12491 598
DAV_016 RC1804-4 9.76 0.19 156.56 18.88 24.87 0.17 0.207 0.008 2.67 .48 0 13289 657
DAV_017 RC1804-4 9.92 0.20 142.48 19.69 25.33 0.17 0.174 0.007 3.47 .50 0 14343 680
DAV_018 RC1804-4 8.09 0.19 154.50 18.03 30.92 0.21 0.271 0.008 434 .52 0 10379 585
DAV_019 RC1804-4 5.39 0.17 132.67 16.14 25.50 0.18 0.237 0.008 2.70 .47 0 16113 774
DAV_020 RC1804-4 7.72 0.20 194.31 19.78 29.10 0.20 0.242 0.008 442 .53 0 10931 601
DAV_021 RC1804-4 23.71 0.36 178.12 18.03 31.14 0.21 0.277 0.008 4.76).56 11125 643
DAV_022 RC1804-4 5.17 0.18 191.14 19.49 29.76 0.20 0.249 0.008 5.33.60 0 11298 713
DAV_023 RC1804-4 5.77 0.19 190.28 20.19 29.72 0.20 0.239 0.008 448 53 0 11668 704
DAV_024 RC1804-4 6.31 0.20 176.52 18.13 29.66 0.20 0.247 0.008 4.06.53 0 11216 803
DAV_025 RC1804-4 5.58 0.21 199.03 18.81 29.52 0.20 0.240 0.008 461 .55 0 11624 819
WAS_001 RC1804-5 3.52 0.17 169.14 18.25 19.96 0.15 0.197 0.009 2.94 .44 0 13478 687
WAS_002 RC1804-5 2.67 0.14 144.53 18.86 19.03 0.14 0.162 0.007 291 .46 0 13887 714
WAS_003 RC1804-5 3.23 0.16 177.02 18.87 18.95 0.14 0.159 0.007 3.13.47 0 13475 693
WAS_004 RC1804-5 3.17 0.16 186.51 17.61 19.60 0.14 0.165 0.007 3.90.53 0 13705 750
WAS_005 RC1804-5 291 0.16 165.15 19.78 19.36 0.14 0.146 0.006 3.60.49 0 14484 800
WAS_006 RC1804-5 3.36 0.22 155.84 18.06 18.95 0.14 0.143 0.006 3.67 .49 0 14184 854
WAS_007 RC1804-5 3.35 0.19 177.73 17.14 20.70 0.15 0.147 0.007 3.26 .46 0 16792 1003
WAS_008 RC1804-5 3.50 0.19 184.29 19.41 21.95 0.16 0.158 0.007 3.97 .56 0 14201 909
WAS_009 RC1804-5 3.39 0.19 205.83 20.29 22.47 0.16 0.163 0.007 3.61.51 0 14775 934
EWS_001 RC1804-4 5.10 0.19 221.63 19.59 3191 0.22 0.251 0.008 428 .55 0 10840 841
EWS_002 RC1804-4 6.52 0.24 178.34 19.59 33.90 0.23 0.314 0.011 2.51 .48 0 12054 942
EWS_003 RC1804-4 6.36 0.24 193.12 18.48 33.73 0.23 0.286 0.011 3.10.50 0 11309 926
EWS_004 RC1804-4 5.01 0.22 170.97 18.53 31.23 0.22 0.237 0.008 2.96 .52 0 13611 1232
EWS_005 RC1804-4 5.80 0.23 186.38 19.04 35.34 0.24 0.289 0.010 4.40.61 0 13182 1176
EWS_006 RC1804-5 5.67 0.16 195.98 23.64 33.47 0.22 0.242 0.009 3.20.47 0 12338 559
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Table 23(Continued)
INAA Element Sm 103.20 Na 1369 w 479.50 u 277.60 Yb 396.30
ID Batch ppm + ppm + ppm + ppm + ppm +
DAV_014 RC1804-4 353 0.07 3855 58 13.62 1.34 3.90 0.14 1.49 0.05
DAV_015 RC1804-4 4.07 0.08 3939 59 6.26 0.66 4.44 0.15 1.67 0.05
DAV_016 RC1804-4 357 0.07 4002 60 12.79 127 4.05 0.15 1.57 0.05
DAV_017 RC1804-4 355 0.08 4012 60 13.55 1.35 4.20 0.16 161 0.07
DAV_018 RC1804-4 5.64 0.08 2146 33 5.06 0.58 4.90 0.17 2.24 0.06
DAV_019 RC1804-4 439 0.07 3174 48 3.79 0.46 3.73 0.14 1.92 0.05
DAV_020 RC1804-4 434 0.10 2582 40 3.34 0.44 5.69 0.17 1.87 0.05
DAV_021 RC1804-4 5.01 0.10 2121 33 4.33 0.51 6.29 0.18 2.22 0.06
DAV_022 RC1804-4 451 0.10 2125 33 3.68 0.50 5.73 0.18 1.87 0.05
DAV_023 RC1804-4 4.48 0.10 1920 30 3.76 0.53 5.99 0.19 2.05 0.07
DAV_024 RC1804-4 441 011 2377 37 3.45 0.42 6.11 0.19 1.85 0.05
DAV_025 RC1804-4 4.47 0.10 2151 34 3.67 0.56 5.89 0.17 1.87 0.05
WAS_001 RC1804-5 291 0.08 3636 56 4.99 0.57 4.40 0.16 141 0.05
WAS_002 RC1804-5 279 0.08 3378 52 4.52 0.51 4.22 0.16 1.34 0.05
WAS_003 RC1804-5 252 0.08 3141 49 4.96 0.56 4.18 0.16 1.26 0.05
WAS_004 RC1804-5 2.80 0.08 3429 53 4.95 0.57 453 0.17 1.42 0.05
WAS_005 RC1804-5 254 0.09 3474 54 5.62 0.64 421 0.16 1.34 0.05
WAS_006 RC1804-5 2.70 0.07 3020 47 5.57 0.64 4.09 0.15 1.26 0.05
WAS_007 RC1804-5 350 0.07 3157 50 3.59 0.49 4.40 0.17 1.15 0.05
WAS_008 RC1804-5 3.44 0.10 3034 48 4.53 0.56 4.89 0.17 1.28 0.05
WAS_009 RC1804-5 345 0.10 2821 45 4.56 0.60 4.98 0.17 1.40 0.05
EWS_001 RC1804-4 487 0.09 3954 61 9.18 0.98 4.67 0.17 171 0.05
EWS_002 RC1804-4 5.12 0.09 3566 55 8.17 0.91 4.47 0.17 1.93 0.06
EWS_003 RC1804-4 5.10 0.09 3939 61 9.07 0.96 4.43 0.18 1.89 0.06
EWS_004 RC1804-4 4.64 0.09 3506 55 9.38 1.02 4.16 0.17 1.75 0.05
EWS_005 RC1804-4 5.26 0.10 3617 57 8.32 0.93 4.44 0.17 1.97 0.06
EWS_006 RC1804-5 5.09 0.08 3285 50 7.42 0.76 3.80 0.15 1.88 0.06
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INAA Element As 559.10 Ba 496.30 La 1596.50 Lu 208.400 Mo 140.50 K 1525
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +

EWS_007 RC1804-5 5.56 0.15 187.50 23.13 33.29 0.22 0.244 0.010 2.76 .46 0 11501 522
EWS_008 RC1804-5 5.73 0.17 147.85 21.38 33.14 0.22 0.248 0.009 3.07 .47 0 11794 542
EWS_009 RC1804-5 5.74 0.16 195.61 25.55 35.07 0.23 0.317 0.013 3.57 .53 0 12465 583
EWS_010 RC1804-5 5.37 0.16 198.21 21.14 34.15 0.23 0.267 0.010 3.95.50 0 12069 589
EWS 011 RC1804-5 6.50 0.17 222.56 23.61 34.33 0.23 0.234 0.008 3.83.53 0 12097 586
EWS_012 RC1804-5 5.39 0.17 146.49 19.91 32.31 0.22 0.224 0.008 3.01.50 0 11774 606
EWS 013 RC1804-5 5.71 0.18 179.39 22.31 33.84 0.23 0.250 0.009 3.80.53 0 12035 617
EWS 014 RC1804-5 5.27 0.18 172.54 19.82 33.75 0.23 0.305 0.013 3.53.52 0 12477 687
TJM_001 RC1804-7 3.35 0.11 198.85 23.70 18.44 0.13 0.140 0.009 4.04 .48 0 15771 593
TJIM_002 RC1804-7 4.43 0.13 169.57 22.68 18.43 0.13 0.140 0.008 2.84 .41 0 14719 575
TJM_003 RC1804-7 3.44 0.13 216.38 23.67 19.68 0.14 0.150 0.009 3.80 .47 0 15770 611
TIJM_004 RC1804-7 412 0.13 188.17 21.32 19.03 0.13 0.160 0.008 2.89 .44 0 14563 567
TJM_005 RC1804-7 3.30 0.13 208.24 21.19 22.25 0.15 0.209 0.009 3.78 .52 0 14713 594
TJM_006 RC1804-7 4.15 0.13 116.89 18.41 18.47 0.13 0.146 0.008 2.84 .41 0 13497 551
TJM_007 RC1804-7 4.48 0.14 124.41 18.51 18.95 0.13 0.167 0.009 3.87 .48 0 13343 554
TJM_008 RC1804-7 3.98 0.13 147.90 18.84 18.83 0.13 0.153 0.008 3.15.45 0 14781 624
TJM_009 RC1804-7 3.70 0.14 199.76 22.87 22.51 0.16 0.193 0.008 3.32.44 0 14317 643
TIJM_010 RC1804-7 6.42 0.17 195.66 22.94 22.44 0.16 0.170 0.008 5.21 .54 0 13542 621
TIM_011 RC1804-7 450 0.15 162.84 18.82 17.91 0.13 0.176 0.008 3.56 .47 0 14669 658
TJM_012 RC1804-7 8.16 0.18 158.35 19.55 19.57 0.14 0.158 0.008 3.29.47 0 12354 633
TJM_013 RC1804-7 8.91 0.20 269.37 23.04 26.74 0.18 0.250 0.009 3.28 .46 0 15159 739
MIN_001 RC1804-5 7.13 0.25 199.14 18.81 33.89 0.23 0.302 0.011 3.96 .56 0 11897 945
MIN_002 RC1804-5 10.22 0.30 224.32 21.26 36.13 0.25 0.387 0.013 3.70.53 10335 967
MIN_003 RC1804-5 8.35 0.31 233.99 20.64 36.05 0.25 0.356 0.012 297 57 0 11373 1068
MIN_004 RC1804-5 6.12 0.27 182.06 21.30 26.53 0.19 0.271 0.011 3.37 .53 0 13167 1063
MIN_005 RC1804-5 9.50 0.32 245.84 21.32 36.45 0.25 0.391 0.013 3.32.54 0 12007 1140
MIN_006 RC1804-5 7.48 0.30 266.56 22.50 37.27 0.26 0.399 0.013 3.78 .60 0 9655 1096
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Table 23(Continued)
INAA Element Sm  103.20 Na 1369 W 479.50 U 277.60 Yb 396.30
ID Batch ppm + ppm + ppm + ppm + ppm +
EWS_007 RC1804-5 5.05 0.08 3402 52 7.98 0.82 4.16 0.16 1.78 0.06
EWS 008 RC1804-5 5.07 0.08 3358 52 7.51 0.78 4.23 0.16 1.92 0.06
EWS 009 RC1804-5 5.36 0.08 3427 53 8.40 0.87 4.22 0.16 2.03 0.06
EWS 010 RC1804-5 5.27 0.08 3533 54 7.95 0.82 4.47 0.17 1.93 0.06
EWS 011 RC1804-5 5.20 0.09 3433 53 8.00 0.83 4.27 0.17 1.98 0.08
EWS 012 RC1804-5 4.84 0.08 3566 55 6.84 0.72 4.03 0.15 1.80 0.05
EWS 013 RC1804-5 5.11 0.08 3440 53 7.38 0.77 417 0.16 1.89 0.06
EWS 014 RC1804-5 5.18 0.08 3502 54 7.20 0.76 3.99 0.16 1.90 0.06
TIJM_001 RC1804-7 2.89 0.08 2912 44 4.40 0.50 5.17 0.15 0.79 0.05
TIJM_002 RC1804-7 292 0.08 3680 55 3.18 0.40 4.48 0.16 0.79 0.06
TJM 003 RC1804-7 3.27 0.08 2968 45 3.63 0.44 5.02 0.16 0.96 0.05
TJM 004 RC1804-7 2.97 0.07 2811 42 3.71 0.45 3.56 0.13 1.04 0.05
TJM 005 RC1804-7 4.57 0.07 3638 55 5.09 0.58 4.27 0.15 1.58 0.08
TJM 006 RC1804-7 2.92 0.07 3161 48 3.49 0.42 3.70 0.13 1.04 0.06
TJM 007 RC1804-7 3.00 0.07 3495 53 3.48 0.45 3.65 0.14 1.08 0.06
TIJM_008 RC1804-7 2.97 0.07 2758 42 3.44 0.44 3.67 0.14 1.16 0.05
TIM_009 RC1804-7 454 0.08 3264 49 4.40 0.53 4.08 0.15 1.44 0.05
TIJM_010 RC1804-7 3.00 0.10 3568 54 7.20 0.79 5.91 0.17 1.35 0.05
TIJM_011 RC1804-7 2.98 0.08 3554 54 5.88 0.66 453 0.16 1.25 0.05
TJM 012 RC1804-7 3.44 0.08 3924 59 4.56 0.57 4.73 0.16 1.15 0.05
TJM 013 RC1804-7 4.19 0.08 3614 55 11.08 1.20 4.41 0.16 1.69 0.05
MIN_001 RC1804-5 5.13 0.10 2552 41 7.77 0.88 4.56 0.18 2.08 0.06
MIN_002 RC1804-5 5.47 0.09 1923 32 4.31 0.68 4.86 0.19 2.74 0.07
MIN_003 RC1804-5 5.70 0.10 2722 44 7.81 0.90 5.24 0.19 2.23 0.06
MIN_004 RC1804-5 4.40 0.08 3188 51 3.85 0.59 3.65 0.15 1.91 0.06
MIN_005 RC1804-5 5.44 0.09 2168 36 3.61 0.63 4.69 0.20 2.69 0.07
MIN_006 RC1804-5 5.60 0.09 2127 36 5.05 0.75 461 0.18 2.69 0.07
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Table 23(Continued)

INAA Element As 559.10 Ba 496.30 La 1596.50 Lu 208.400 Mo 140.50 K 1525
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +

MIN_007 RC1804-5 9.50 0.35 248.64 21.30 37.05 0.26 0.395 0.013 3.36 .54 0 9947 1370
MIN_008 RC1804-6 12.43 0.20 237.86 25.12 38.23 0.25 0.343 0.010 3.09.44 9710 397
MIN_009 RC1804-6 5.74 0.13 232.26 23.24 34.51 0.22 0.259 0.009 3.70 .49 0 11325 463
MIN_010 RC1804-6 8.76 0.17 252.37 25.26 37.32 0.24 0.343 0.010 2.79 .46 0 10329 412
MIN_011 RC1804-6 8.09 0.16 219.79 25.85 35.01 0.23 0.284 0.009 3.20.49 0 11158 468
MIN_012 RC1804-6 7.17 0.15 204.37 22.74 36.17 0.24 0.282 0.009 4.06 .51 0 10649 456
MIN_013 RC1804-6 7.54 0.16 223.49 25.21 36.24 0.24 0.272 0.009 3.33.49 0 11230 488
MIN_014 RC1804-6 7.63 0.18 237.08 27.11 36.19 0.24 0.293 0.010 3.54 .51 0 10705 503
MIN_015 RC1804-6 7.00 0.17 193.73 21.67 35.70 0.23 0.283 0.010 4.86 .54 0 10315 489
MIN_016 RC1804-6 7.31 0.18 216.66 20.40 36.74 0.24 0.283 0.009 3.87.51 0 12074 573
MIN_017 RC1804-6 7.19 0.17 243.85 24.29 36.22 0.24 0.265 0.009 3.89 .48 0 11992 592
MIN_018 RC1804-6 10.58 0.22 193.83 21.84 39.95 0.26 0.311 0.009 3.98.50 10694 567
MIN_019 RC1804-6 15.93 0.27 216.03 22.04 34.39 0.23 0.275 0.009 3.08.46 10890 566
MIN_020 RC1804-6 14.26 0.25 138.30 18.67 32.71 0.22 0.240 0.008 4.220.52 12048 659
MIN_021 RC1804-6 17.77 0.30 234.62 23.46 36.75 0.24 0.345 0.010 3.770.49 10217 642
MIN_022 RC1804-6 15.34 0.28 247.81 21.88 38.29 0.25 0.423 0.013 3.29.51 10731 660
MIN_023 RC1804-6 16.74 0.30 223.23 21.47 37.30 0.25 0.400 0.012 4.010.54 9426 658
MIN_024 RC1804-6 12.60 0.26 228.30 22.52 37.68 0.25 0.355 0.010 3.170.51 9434 674
MIN_025 RC1804-6 14.29 0.29 210.08 21.13 37.85 0.25 0.399 0.013 3.80.53 11392 917
MIN_026 RC1804-6 13.07 0.28 240.52 22.86 39.29 0.26 0.433 0.014 3.38.50 9880 787
SPO_001 RC1804-6 4.79 0.22 170.66 21.43 23.84 0.17 0.183 0.008 473 .61 0 12663 961
SPO_002 RC1804-6 5.51 0.24 216.84 23.68 23.17 0.17 0.184 0.008 4.87 .58 0 13285 953
SPO_003 RC1804-6 3.92 0.23 226.70 22.49 23.42 0.17 0.190 0.008 4.07 .52 0 12972 1095
SPO_004 RC1804-6 2.61 0.22 145.67 22.50 13.86 0.12 0.469 0.018 3.94.94 0 11278 1058
SPO_005 RC1804-6 2.79 0.23 167.65 20.62 14.28 0.12 0.449 0.017 2.72 .87 0 14469 1485
SPO_006 RC1804-6 2.55 0.20 124.12 17.73 14.44 0.12 0.412 0.016 4.35.99 0 11655 1397
VAR_001 RC1804-7 5.08 0.16 685.12 30.15 32.22 0.22 0.293 090.0 4.64 0.53 9574 543
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Table 23(Continued)
INAA Element Sm 103.20 Na 1369 wW 479.50 U 277.60 Yb 396.30
ID Batch ppm + ppm + ppm + ppm + ppm +
MIN_007 RC1804-5 5.55 0.09 1808 32 3.67 0.65 471 0.19 2.71 0.07
MIN_008 RC1804-6 5.77 0.08 2172 33 3.21 0.36 471 0.16 2.72 0.07
MIN_009 RC1804-6 5.46 0.08 2605 39 7.63 0.75 4.86 0.15 2.06 0.06
MIN_010 RC1804-6 5.67 0.08 1899 29 3.32 0.36 4.87 0.16 2.62 0.06
MIN_011 RC1804-6 5.94 0.08 2996 45 5.53 0.57 476 0.15 2.20 0.06
MIN_012 RC1804-6 5.52 0.08 2847 43 7.93 0.79 5.03 0.17 2.21 0.06
MIN_013 RC1804-6 5.69 0.08 2807 43 8.17 0.83 4.68 0.16 2.08 0.06
MIN_014 RC1804-6 5.53 0.08 3670 56 7.06 0.72 5.20 0.17 2.15 0.06
MIN_015 RC1804-6 5.51 0.08 2862 43 7.52 0.76 4.88 0.17 2.18 0.06
MIN_016 RC1804-6 5.57 0.09 2903 44 7.62 0.77 5.06 0.17 2.20 0.06
MIN_017 RC1804-6 5.53 0.08 3027 46 7.34 0.75 474 0.16 2.24 0.06
MIN_018 RC1804-6 5.86 0.09 3107 47 4.08 0.47 5.07 0.17 2.47 0.06
MIN_019 RC1804-6 5.34 0.08 3055 47 6.50 0.68 455 0.16 2.17 0.06
MIN_020 RC1804-6 4.53 0.09 2844 44 7.04 0.73 5.02 0.17 1.84 0.06
MIN_021 RC1804-6 5.49 0.09 3108 48 3.27 0.42 471 0.17 2.64 0.07
MIN_022 RC1804-6 5.64 0.09 2741 42 3.14 0.40 479 0.17 2.72 0.07
MIN_023 RC1804-6 5.58 0.08 2884 44 3.53 0.49 4.63 0.17 2.76 0.07
MIN_024 RC1804-6 5.54 0.09 2760 43 2.91 0.42 4.67 0.17 2.66 0.07
MIN_025 RC1804-6 5.58 0.08 2701 42 2.71 0.40 454 0.17 2.67 0.07
MIN_026 RC1804-6 5.83 0.09 2960 46 3.02 0.44 5.20 0.19 2.75 0.07
SPO_001 RC1804-6 4.63 0.10 4115 63 10.13 1.07 5.50 0.20 1.71 0.06
SPO_002 RC1804-6 4.40 0.09 4005 62 9.49 1.01 5.87 0.20 1.60 0.06
SPO_003 RC1804-6 4.41 0.09 4245 66 9.93 1.06 5.67 0.20 1.85 0.09
SPO_004 RC1804-6 3.58 0.08 10981 166 3.28 0.47 471 0.21 3.06 0.07
SPO_005 RC1804-6 3.73 0.09 11205 170 3.55 0.51 5.01 0.22 3.27 0.09
SPO_006 RC1804-6 3.70 0.10 10973 166 4.35 0.58 4.88 0.21 3.26 0.09
VAR_001 RC1804-7 5.57 0.08 1564 25 6.42 0.76 4.25 0.16 2.03 06 0.
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Table 23(Continued)
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INAA Element As 559.10 Ba 496.30 La 1596.50 208.400 Mo 140.50 K 1525
ID Batch ppm * ppm ppm ppm ppm + ppm *
VAR_002 RC1804-7 6.22 0.19 554.37 27.06 31.95 0.22 0.355 130.0 3.40 0.46 9432 599
VAR_003 RC1804-7 5.77 0.19 562.98 27.68 31.82 0.22 0.289 090.0 2.94 0.45 8934 572
VAR_004 RC1804-7 6.25 0.20 623.32 29.04 33.56 0.23 0.365 120.0 4.04 0.53 10719 695
VAR_005 RC1804-7 7.65 0.23 252.77 21.29 34.87 0.23 0.345 130.0 2.84 0.47 10347 654
VAR_006 RC1804-7 6.67 0.22 711.79 30.22 31.71 0.22 0.302 08.0 3.49 0.48 9733 624
UNK_001 RC1804-7 4.25 0.21 142.14 18.70 26.79 0.19 0.230 0.008 2.85 .46 0 10511 974
UNK_002 RC1804-7 4.27 0.21 178.28 19.57 30.59 0.21 0.255 0.009 4.00 .54 0 12275 902
UNK_003 RC1804-7 4.18 0.21 122.91 17.38 26.51 0.19 0.232 0.009 2.95 .47 0 11081 945
UNK_004 RC1804-7 5.84 0.23 127.39 15.82 25.68 0.18 0.238 0.008 3.85.56 0 11506 972
UNK_005 RC1804-7 10.00 0.28 171.56 18.88 22.19 0.16 0.215 0.008 3.52.52 9746 1102
UNK_006 RC1804-7 6.96 0.24 212.45 20.24 19.42 0.15 0.175 0.007 4.65 .54 0 14685 1213
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Table 23(Continued)

INAA Element Sm 103.20 Na 1369 w 479.50 U 277.60 Yb 396.30
ID Batch ppm + ppm + ppm + ppm + ppm +

VAR_002 RC1804-7 5.61 0.08 1603 25 6.49 0.77 4.41 0.16 2.03 06 0.
VAR_003 RC1804-7 5.55 0.08 1533 25 6.26 0.74 4.41 0.16 1.93 06 0.
VAR_004 RC1804-7 5.91 0.09 1612 26 6.58 0.78 4.53 0.16 2.19 06 0.
VAR_005 RC1804-7 5.89 0.08 1779 28 8.90 1.01 4.23 0.16 2.11 06 0.
VAR_006 RC1804-7 5.33 0.09 1725 28 6.33 0.75 4.20 0.15 2.06 06 0.
UNK_001 RC1804-7 3.86 0.08 4073 63 7.38 0.90 4.49 0.16 1.54 0.05
UNK_002 RC1804-7 4.70 0.11 2536 40 5.91 0.75 5.94 0.19 1.82 0.06
UNK_003 RC1804-7 3.80 0.09 4319 67 6.10 0.79 4.32 0.16 1.56 0.05
UNK_004 RC1804-7 3.53 0.09 3605 56 5.85 0.79 4.60 0.17 1.75 0.05
UNK_005 RC1804-7 3.12 0.09 4070 63 15.31 1.69 4.52 0.16 1.50 0.05
UNK_006 RC1804-7 2.49 0.11 3671 58 7.84 0.96 5.55 0.17 1.17 0.05
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Table 24 Elemental concentrations for 17 elements detauriy INAA after four weeks decay perioekach element is represented by its gamma enimeyiev). Page 1 of 21

Negaitive values indicate concentrations below ctéia limits and should be interpreted as 'lesstha

INAA Element Sb 1691 Ba 496.3 Ce 145.4 Cs 795.9 Cr 320.1 Co 1332
ID Batch ppm + ppm + ppm * ppm * ppm + ppm *
COP_001 RC1804-2 0.89 0.05 171.86 23.70 47.99 0.60 13.81 0.35 5056 .27 1 2.28 0.06
COP_002 RC1804-2 0.78 0.06 200.82 27.38 55.68 0.70 14.00 0.36 5345 41 1 1256 0.20
COP_003 RC1804-2 0.72 0.06 172.78 28.13 57.79 0.72 11.74 0.31 56.24 .38 1 29.19 0.42
COP_004 RC1804-2 0.85 0.06 137.55 26.62 54.85 0.68 12.62 0.33 53.32 .31 1 13.07 0.21
COP_005 RC1804-2 0.65 0.06 222.09 31.39 54.90 0.63 13.73 0.35 5524 39 1 26.24 0.38
COP_008 RC1804-2 0.97 0.06 238.62 29.62 65.57 0.74 15.55 0.39 51.26 28 1 8.12 0.14
COP_009 RC1804-2 0.94 0.06 322.81 40.39 70.91 0.78 16.99 0.42 56.72 43 1 11.72 0.19
COP_010 RC1804-2 1.01 0.07 249.75 32.69 70.76 0.72 16.99 0.42 56.07 .44 1 11.49 0.18
COP_011 RC1804-2 1.00 0.07 276.23 33.54 71.93 0.79 17.40 0.43 57.16 .39 1 11.69 0.19
COP_012 RC1804-2 0.89 0.07 358.40 37.53 67.61 0.76 16.09 0.40 5168 .35 1 842 0.14
COP_013 RC1804-1 4.22 0.14 188.24 28.86 54.42 0.59 14.18 0.31 56.15 .32 1 3.72 0.08
COP_014 RC1804-1 1.22 0.07 233.61 32.52 66.74 0.73 20.77 0.44 63.51 .47 1 277 0.06
COP_015 RC1804-1 3.17 0.12 180.61 26.87 53.00 0.65 12.61 0.28 5437 .30 1 6.96 0.12
COP_016 RC1804-1 3.16 0.12 215.71 33.01 52.27 0.66 13.44 0.30 5484 34 1 5.69 0.10
COP_017 RC1804-1 1.09 0.07 216.31 30.14 60.82 0.63 17.46 0.37 57.32 .35 1 235 0.06
COP_018 RC1804-1 1.12 0.07 309.82 37.05 61.25 0.68 24.29 0.51 5593 37 1 298 0.07
COP_019 RC1804-1 1.06 0.06 244,76 33.67 56.52 0.66 22.66 0.48 5467 41 1 275 0.06
COP_020 RC1804-1 1.03 0.06 191.12 30.56 57.98 0.62 19.97 0.42 55.03 .36 1 5.81 0.11
COP_021 RC1804-1 1.10 0.07 274.36 31.80 75.58 0.73 19.33 0.42 68.25 54 1 2.46 0.06
COP_022 RC1804-1 0.81 0.07 373.72 41.53 67.93 0.73 17.37 0.37 60.03 .39 1 2.66 0.06
COP_023 RC1804-1 0.88 0.06 292.69 35.64 67.51 0.68 17.28 0.37 58.60 .44 1 1.98 0.05
COP_024 RC1804-1 0.92 0.06 251.12 32.41 67.03 0.67 15.92 0.34 59.27 41 1 3.13 0.07
COP_025 RC1804-2 0.97 0.07 240.79 31.54 67.99 0.85 16.95 0.42 5487 40 1 8.06 0.14
COP_026 RC1804-2 0.96 0.08 203.81 28.59 67.86 0.77 18.33 0.45 5578 42 1 435 0.09
COP_027 RC1804-2 1.95 0.09 194.18 31.39 56.41 0.71 16.02 0.40 60.84 50 1 7.66 0.13
COP_028 RC1804-2 0.89 0.07 283.99 36.01 68.98 0.72 17.35 0.43 56.50 .42 1 8.87 0.15
COP_029 RC1804-2 1.00 0.06 238.84 31.24 70.68 0.77 18.11 0.44 5190 .38 1 553 0.10
COP_030 RC1804-2 1.14 0.07 230.65 33.82 74.16 0.76 18.46 0.46 53.65 41 1 496 0.10

(Continued)
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Table 24 (Continued) Page 2 of 21

INAA Element Eu 1408 Hf 482.2 Fe 1099.3 Nd 91.1 Rb 1076.7 Sc 889
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +
COP_001 RC1804-2 0.66 0.02 3.49 0.12 3761 71.06 22.40 2.25 124.33 5.5 7.05 0.12
COP_002 RC1804-2  0.83 0.02 4.29 0.14 4032 78.71 22.88 2.01 149.03 6.5 7.93 0.13
COP_003 RC1804-2 0.86 0.03 4.28 0.14 3743 79.58 18.43 1.99 136.43 6.1 8.39 0.14
COP_004 RC1804-2 0.78 0.02 4.05 0.14 3968 79.05 20.64 2.12 128.57 5.7 7.80 0.13
COP_005 RC1804-2  0.83 0.02 4.30 0.14 4202 84.34 24.52 2.33 154.89 6.9 8.11 0.13
COP_008 RC1804-2  0.89 0.02 4.36 0.14 4488 79.98 25.72 2.25 123.62 56 7.67 0.13
COP_009 RC1804-2 0.98 0.03 4.80 0.16 4785 90.21 28.50 2.27 131.77 6.0 8.53 0.14

COP_010 RC1804-2 0.93 0.03 4.39 0.15 4716 85.38 29.05 2.40 123.57
COP_011 RC1804-2  0.97 0.03 4.44 0.14 4764 86.78 35.61 2.69 125.18
COP_012 RC1804-2 0.98 0.03 4.42 0.15 5743 95.27 32.09 2.61 129.61
COP_013 RC1804-1 0.75 0.02 3.83 0.13 4560 81.06 21.22 1.90 149.10
COP_014 RC1804-1 0.95 0.03 5.06 0.15 4631 85.29 28.00 2.23 129.08
COP_015 RC1804-1 0.67 0.02 3.81 0.13 4266 77.94 21.45 2.02 132.14 5.4 8.06 0.13
COP_016 RC1804-1 0.70 0.02 3.84 0.13 4434 80.49 22.70 2.07 140.19 5.7 8.04 0.13
COP_017 RC1804-1 0.81 0.02 3.83 0.13 4479 79.27 25.75 2.14 93.51 4.01 8.59 0.14

5.6 8.24 0.14
5.7 8.44 0.14
5.8 7.90 0.13
59 8.34 0.14
5.2 8.80 0.15

OO NOOOWRANONONO®OPRF

COP_018 RC1804-1 0.91 0.02 4.16 0.14 4697 82.37 26.62 2.22 148.07 6 6.0 8.49 0.14
COP_019 RC1804-1 0.88 0.02 3.91 0.12 4336 76.06 25.27 2.14 127.88 1 5.2 7.82 0.13
COP_020 RC1804-1 0.84 0.02 4.10 0.13 4490 85.50 25.02 2.18 128.43 6 5.2 8.01 0.13
COP_021 RC1804-1 1.02 0.03 4.84 0.15 4941 83.77 30.48 2.54 12256 0 5.1 9.83 0.16
COP_022 RC1804-1 0.90 0.02 4.40 0.14 4573 80.51 28.69 2.30 121.71 4 5.0 8.61 0.14
COP_023 RC1804-1 0.95 0.03 4.34 0.14 4493 79.45 28.38 2.30 122.08 8 5.0 8.56 0.14
COP_024 RC1804-1 0.93 0.02 4.65 0.14 4245 77.41 29.56 2.34 116.18 2 4.9 8.56 0.14
COP_025 RC1804-2  0.97 0.03 4.38 0.14 4634 83.01 28.96 241 12451 9 5.6 8.23 0.14
COP_026 RC1804-2  0.95 0.03 4.25 0.15 5020 88.68 30.16 2.47 137.34 3 6.1 8.71 0.14
COP_027 RC1804-2 0.79 0.02 3.87 0.13 4547 83.57 25.12 2.30 170.89 3 7.4 8.27 0.14
COP_028 RC1804-2 0.95 0.03 4.58 0.15 4550 83.76 30.11 2.49 123.01 5 5.6 8.29 0.14
COP_029 RC1804-2  0.99 0.03 4.55 0.15 4593 84.06 31.08 2.54 135.82 6 6.0 8.70 0.14
COP_030 RC1804-2 1.05 0.03 4.60 0.15 4589 79.31 28.63 2.38 13486 8 6.0 8.93 0.15
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Table 24(Continued)
INAA Element Ta 1221.4 Tb 879.4 Th 312 Zn 11155 Zr 756.76
ID Batch ppm * ppm + ppm * ppm + ppm +

COP_001 RC1804-2 3.32 0.13 0.38 0.05 10.52 0.1339.36 2.22 75.72 26.04
COP_002 RC1804-2 2.56 0.10 0.54 0.05 11.75 0.1458.53 3.17 <50.02 12.99
COP_003 RC1804-2 2.59 0.10 0.57 0.05 12.17 0.1460.94 3.39 75.66 28.86
COP_004 RC1804-2 2.52 0.10 0.61 0.06 11.37 0.1339.51 2.29 <49.45 12.85
COP_005 RC1804-2 251 0.10 0.54 0.05 11.67 0.1455.21 3.27 <51.63 13.41
COP_008 RC1804-2 1.85 0.08 0.62 0.06 13.94 0.1626.03 2.37 <49.23 12.79
COP_009 RC1804-2 1.94 0.08 0.67 0.06 14.31 0.1622.48 2.20 171.04 50.38
COP_010 RC1804-2 1.95 0.08 0.61 0.06 14.52 0.1628.06 2.26 88.91 29.10
COP_011 RC1804-2 1.98 0.08 0.68 0.06 14.91 0.1726.18 2.25 <51.84 13.47
COP_012 RC1804-2 2.00 0.08 0.77 0.06 14.13 0.1631.05 2.24 126.90 40.27
COP_013 RC1804-1 4.29 0.16 0.51 0.05 11.55 0.1339.94 2.17 62.87 20.72
COP_014 RC1804-1 3.29 0.12 0.58 0.06 14.32 0.1626.26 2.22 158.77 33.93
COP_015 RC1804-1 3.74 0.14 0.57 0.05 11.11 0.1347.69 241 93.08 24.63
COP_016 RC1804-1 3.92 0.14 0.61 0.05 11.15 0.1348.55 2.43 <54.56 8.23
COP_017 RC1804-1 2.43 0.09 0.64 0.05 12.13 0.1433.26 2.07 112.38 27.39
COP_018 RC1804-1 2.37 0.09 0.66 0.06 13.84 0.1528.83 2.19 102.80 25.85
COP_019 RC1804-1 2.15 0.08 0.63 0.06 12.81 0.1530.18 2.59 93.04 25.02
COP_020 RC1804-1 2.46 0.10 0.65 0.06 12.85 0.1430.99 221 138.71 30.52
COP_021 RC1804-1 1.90 0.08 0.75 0.06 15.57 0.1728.01 2.23 153.30 32.37
COP_022 RC1804-1 1.88 0.08 0.57 0.05 14.07 0.1522.20 1.86 127.85 28.66
COP_023 RC1804-1 1.75 0.07 0.76 0.06 14.07 0.1526.79 1.77 105.70 25.76
COP_024 RC1804-1 2.19 0.09 0.73 0.06 14.88 0.1615.12 1.38 118.40 27.90
COP_025 RC1804-2 184 0.08 0.59 0.05 14.27 0.1617.62 1.83 <50.85 13.21
COP_026 RC1804-2 2.03 0.08 0.62 0.06 15.07 0.1727.60 2.16 96.61 31.42
COP_027 RC1804-2 2.81 0.11 0.59 0.06 11.49 0.1462.88 291 <50.71 13.17
COP_028 RC1804-2 1.90 0.08 0.65 0.06 14.38 0.1674.86 3.26 92.45 31.29
COP_029 RC1804-2 1.93 0.08 0.78 0.07 15.17 0.1719.50 1.78 <51.859 13.47
COP_030 RC1804-2 1.89 0.08 0.68 0.06 15.47 0.1726.73 2.15 <52.52 13.65
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Table 24 (Continued)

INAA Element Sb 1691 Ba 496.3 Ce 145.4 Cs 795.9 Cr 320.1 Co 1332
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +
COP_031 RC1804-2 0.97 0.07 217.10 31.98 69.29 0.73 19.69 0.48 5581 .40 1 7.06 0.12
COP_032 RC1804-2 0.75 0.06 271.30 32.22 73.02 0.75 18.07 0.45 5364 40 1 5.19 0.10
COP_033 RC1804-2 1.67 0.08 242.96 32.83 73.87 0.82 18.48 0.46 55.16 .36 1 5.27 0.10
COP_034 RC1804-2 0.96 0.06 190.07 34.76 55.99 0.64 13.17 0.34 5415 40 1 22.86 0.34
COP_035 RC1804-2 0.84 0.06 150.77 30.96 55.58 0.70 13.62 0.35 5383 41 1 1871 0.28
COP_036 RC1804-2 0.86 0.06 163.21 25.48 57.70 0.69 13.73 0.34 55.37 .38 1 13.03 0.20
COP_037 RC1804-2 0.92 0.06 240.92 31.40 69.36 0.73 19.41 0.47 53.70 .40 1 10.54 0.17
COP_038 RC1804-2 0.88 0.06 165.53 31.04 56.62 0.71 13.84 0.35 56.55 46 1 12.27 0.19
COP_039 RC1804-2 0.91 0.06 186.58 29.72 67.85 0.71 16.18 0.41 50.90 .36 1 11.83 0.19
COP_040 RC1804-3 0.96 0.06 242.31 29.14 63.89 0.71 15.05 0.34 49.73 .28 1 3.23 0.07
COP_041 RC1804-3 1.07 0.06 290.38 29.72 65.67 0.72 15.66 0.35 51.88 .30 1 3.45 0.07
COP_042 RC1804-3 0.94 0.06 243.54 28.45 65.55 0.67 15.24 0.34 50.97 .30 1 11.73 0.19
COP_043 RC1804-3 0.97 0.06 235.12 28.99 63.15 0.66 19.88 0.43 5218 .32 1 3.66 0.08
COP_044 RC1804-3 0.97 0.06 245.24 30.52 68.15 0.76 15.86 0.35 54.00 .33 1 293 0.07
COP_045 RC1804-3 0.92 0.06 193.66 35.28 69.80 0.74 16.08 0.36 5541 .37 1 245 0.06
COP_046 RC1804-3 1.03 0.06 291.86 30.37 69.91 0.71 16.35 0.36 5468 .37 1 223 0.06
COP_047 RC1804-3 0.95 0.06 186.29 29.17 67.97 0.69 15.57 0.35 5278 .36 1 2.67 0.06
COP_048 RC1804-3 0.99 0.07 230.98 30.11 68.52 0.74 16.16 0.36 5245 31 1 225 0.06
COP_049 RC1804-3 0.92 0.06 256.50 32.00 69.72 0.74 16.29 0.36 54.47 38 1 2.47 0.06
COP_050 RC1804-3 1.15 0.06 198.66 27.23 53.94 0.68 13.37 0.30 51.01 .30 1 4.66 0.09
COP_051 RC1804-3 1.29 0.07 162.18 25.96 49.79 0.64 15.65 0.35 48.63 .30 1 6.63 0.12
COP_052 RC1804-3 1.57 0.08 185.43 28.53 49.92 0.58 14.10 0.32 51.75 .28 1 4.66 0.09
COP_053 RC1804-3 1.06 0.07 215.57 28.93 65.03 0.73 16.69 0.37 50.37 .26 1 3.52 0.08
COP_054 RC1804-3 1.01 0.07 291.27 35.91 66.66 0.69 17.04 0.38 5496 .38 1 18.04 0.27
COP_055 RC1804-3 0.72 0.05 180.45 27.76 55.26 0.68 20.42 0.45 52.03 .36 1 3.49 0.07
COP_056 RC1804-3 1.19 0.07 254.49 33.68 57.82 0.70 16.52 0.37 56.42 45 1 19.71 0.29
COP_057 RC1804-3 1.03 0.08 313.67 38.29 58.28 0.72 17.23 0.39 61.12 .53 1 18.96 0.28
COP_058 RC1804-3 0.85 0.06 208.96 29.16 57.35 0.70 14.34 0.32 58.02 .40 1 22.27 0.33
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Table 24 (Continued)

INAA Element Eu 1408 Hf 482.2 Fe 1099.3 Nd 91.1 Rb 1076.7 Sc 889
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +
COP_031 RC1804-2 0.94 0.02 4.07 0.14 4936 87.84 29.33 2.54 147.76 6.5 8.53 0.14
COP_032 RC1804-2 1.04 0.03 4.48 0.15 4455 80.97 30.36 2.58 124.55 5.7 8.77 0.15
COP_033 RC1804-2 1.08 0.03 4.72 0.16 4616 84.20 31.75 2.64 137.40 6.2 9.02 0.15

COP_034 RC1804-2 0.81 0.02 4.14 0.14 4168 82.46 24.13 241 132.82
COP_035 RC1804-2 0.80 0.02 4.12 0.14 4015 81.83 21.78 2.20 132.50
COP_036 RC1804-2 0.85 0.02 4.19 0.15 4105 87.82 22.00 2.39 141.80
COP_037 RC1804-2 0.94 0.03 4.14 0.14 4972 90.64 30.83 2.67 156.16
COP_038 RC1804-2 0.84 0.03 4.14 0.14 4107 81.19 25.26 2.44 145.08
COP_039 RC1804-2  0.95 0.03 451 0.15 4445 83.33 28.34 2.55 126.91

6.2 8.05 0.13
6.2 7.89 0.13
6.4 8.27 0.14
6.9 8.61 0.14
6.3 8.11 0.13
5.8 7.65 0.13

COP_040 RC1804-3 0.88 0.02 4.28 0.13 4197 77.48 28.06 2.02 122.84 53 7.52 0.13
COP_041 RC1804-3 0.97 0.03 4.35 0.14 4336 84.47 25.15 2.10 129.26 56 7.72 0.13
COP_042 RC1804-3 0.94 0.02 4.16 0.14 4234 80.09 26.02 2.12 119.16 52 753 0.13
COP_043 RC1804-3 0.86 0.02 4.24 0.14 4164 75.31 24.67 2.00 122.49 53 7.92 0.13
COP_044 RC1804-3 0.94 0.03 4.44 0.14 4547 82.49 28.32 2.42 129.48 55 8.01 0.13
COP_045 RC1804-3 0.95 0.03 4.64 0.14 4618 82.99 29.65 2.15 130.94 5.5 8.27 0.14

COP_046 RC1804-3 0.99 0.03 4.42 0.14 4499 76.92 28.70 2.28 132.48
COP_047 RC1804-3 0.97 0.02 4.35 0.14 4316 78.64 27.45 2.00 130.63
COP_048 RC1804-3 0.97 0.03 4.55 0.14 4493 80.61 28.34 2.28 131.51
COP_049 RC1804-3 0.97 0.02 4.63 0.15 4546 81.50 29.59 2.22 130.09
COP_050 RC1804-3 0.69 0.02 3.60 0.12 3991 74.09 21.67 1.96 102.56
COP_051 RC1804-3 0.66 0.02 3.63 0.13 4002 74.11 22.00 1.99 115.06
COP_052 RC1804-3 0.77 0.02 3.94 0.13 4013 73.77 17.60 1.95 165.99
COP_053 RC1804-3 0.92 0.02 4.17 0.13 4427 80.44 28.40 2.31 129.01
COP_054 RC1804-3 0.91 0.02 4.40 0.14 4590 88.66 28.80 2.38 136.80
COP_055 RC1804-3 0.82 0.02 3.58 0.13 4466 78.18 22.95 2.11 147.59
COP_056 RC1804-3 0.94 0.03 3.21 0.12 4763 90.79 25.15 2.26 156.70
COP_057 RC1804-3 0.90 0.03 3.22 0.13 4840 91.27 24.09 2.26 161.20
COP_058 RC1804-3 0.84 0.02 3.80 0.13 4207 83.57 22.76 2.18 151.19

5.7 8.25 0.14
5.5 8.08 0.13
5.6 8.12 0.14
5.6 8.30 0.14
4.7 7.68 0.13
52 7.32 0.12
6.9 7.22 0.12
5.6 7.80 0.13
6.1 8.25 0.14
6.2 7.96 0.13
6.8 10.53 0.17
6.9 10.79 0.18
6.5 8.77 0.15
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Table 24(Continued)
INAA Element Ta 1221.4 Tb 879.4 Th 312 Zn 11155 Zr 756.76
ID Batch ppm + ppm + ppm + ppm + ppm +

COP_031 RC1804-2 1.90 0.08 0.61 0.06 15.11 0.1784.30 3.47 <52.34 13.60
COP_032 RC1804-2 1.85 0.08 0.69 0.06 15.19 0.1722.81 2.15 112.72 34.87
COP_033 RC1804-2 1.94 0.08 0.68 0.06 15.54 0.1714.31 1.80 <52.87 13.73
COP_034 RC1804-2 241 0.10 0.54 0.06 11.81 0.1454.28 3.09 <52.34 13.60
COP_035 RC1804-2 2.36 0.09 0.57 0.05 11.55 0.1444.63 2.67 131.28 43.06
COP_036 RC1804-2 2.45 0.10 0.65 0.06 11.88 0.1455.52 2.96 82.65 29.57
COP_037 RC1804-2 2.10 0.09 0.60 0.06 15.31 0.1735.93 2.43 90.85 31.30
COP_038 RC1804-2 2.60 0.10 0.59 0.05 11.58 0.1434.10 2.18 <51.80 13.46
COP_039 RC1804-2 1.72 0.07 0.58 0.05 13.86 0.1625.58 2.04 86.28 30.02
COP_040 RC1804-3 1.86 0.08 0.71 0.06 13.45 0.1516.92 1.32 125.30 27.71
COP_041 RC1804-3 1.98 0.08 0.65 0.06 13.76 0.1530.58 2.28 114.06 28.99
COP_042 RC1804-3 1.82 0.08 0.71 0.06 13.65 0.1532.21 2.28 95.43 22.95
COP_043 RC1804-3 1.89 0.08 0.62 0.06 12.27 0.1430.93 2.01 109.94 26.75
COP_044 RC1804-3 1.76 0.07 0.65 0.06 14.61 0.1624.79 1.80 148.03 32.12
COP_045 RC1804-3 1.79 0.07 0.76 0.06 15.05 0.1726.08 1.80 111.21 28.65
COP_046 RC1804-3 1.73 0.07 0.74 0.06 14.98 0.1622.98 1.76 92.87 24.40
COP_047 RC1804-3 171 0.07 0.70 0.06 14.54 0.1626.14 2.07 99.67 25.07
COP_048 RC1804-3 1.73 0.07 0.74 0.07 14.74 0.1628.82 2.10 86.10 21.35
COP_049 RC1804-3 1.74 0.07 0.79 0.07 15.00 0.1624.22 1.95 144.26 30.61
COP_050 RC1804-3 3.30 0.12 0.51 0.05 11.47 0.1342.32 2.28 99.36 25.29
COP_051 RC1804-3 3.57 0.13 0.56 0.06 10.85 0.1347.94 2.38 87.36 22.61
COP_052 RC1804-3 3.15 0.12 0.62 0.06 10.37 0.1245.83 2.35 104.97 25.17
COP_053 RC1804-3 1.87 0.08 0.65 0.05 13.83 0.1531.39 2.08 117.98 28.41
COP_054 RC1804-3 2.23 0.09 0.62 0.07 14.13 0.1622.47 2.27 126.85 29.79
COP_055 RC1804-3 1.96 0.08 0.65 0.06 12.64 0.1424.36 1.95 103.17 26.80
COP_056 RC1804-3 2.13 0.09 0.59 0.06 10.79 0.1366.11 3.27 60.85 22.93
COP_057 RC1804-3 211 0.09 0.68 0.07 11.07 0.1447.94 2.68 48.27 19.94
COP_058 RC1804-3 2.43 0.10 0.79 0.07 11.52 0.1458.57 3.02 101.03 26.37
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Table 24 (Continued)

INAA Element Sb 1691 Ba 496.3 Ce 145.4 Cs 795.9 Cr 320.1 Co 1332
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +
COP_059 RC1804-3 0.93 0.06 247.94 34.50 58.11 0.75 16.56 0.37 56.72 .50 1 19.80 0.30
COP_060 RC1804-3 1.06 0.06 226.31 35.70 56.72 0.65 16.96 0.38 52.26 .35 1 18.04 0.27
COP_061 RC1804-3 0.96 0.07 237.56 34.13 52.94 0.61 13.36 0.31 54.44 33 1 12.09 0.19
COP_062 RC1804-3 0.84 0.06 270.31 32.03 68.69 0.71 14.13 0.32 61.94 49 1 3.39 0.07
COP_063 RC1804-3 0.87 0.06 271.13 35.39 67.84 0.70 14.06 0.32 6091 45 1 1.98 0.06
COP_064 RC1804-3 0.93 0.06 287.31 34.46 69.68 0.72 14.42 0.32 61.21 44 1 235 0.06
COP_065 RC1804-4 0.93 0.06 287.48 33.42 66.31 0.69 16.12 0.36 60.20 47 1 2.18 0.06
COP_066 RC1804-4 0.77 0.06 256.96 31.35 65.70 0.75 15.04 0.34 59.24 41 1 226 0.06
COP_067 RC1804-4 0.96 0.06 301.67 34.18 64.88 0.84 16.21 0.36 60.24 45 1 2.87 0.07
COP_068 RC1804-4 0.72 0.06 276.94 35.54 67.36 0.75 14.86 0.34 58.36 .42 1 2.89 0.07
COP_069 RC1804-4 0.77 0.06 209.63 29.35 64.09 0.73 14.64 0.33 56.79 43 1 2.09 0.05
COP_070 RC1804-4 0.97 0.07 245.49 36.44 65.46 0.74 17.68 0.39 61.15 42 1 229 0.06
COP_071 RC1804-4 1.00 0.06 170.28 27.92 63.91 0.74 10.91 0.26 5459 41 1 4.09 0.08
DAV_001 RC1804-1 0.77 0.05 185.72 26.31 53.26 0.63 13.10 0.29 50.54 .25 1 25.80 0.37
DAV_002 RC1804-1 0.66 0.05 165.44 24.00 42.86 0.51 16.65 0.36 3211 99 0 3.46 0.07
DAV_003 RC1804-1 0.50 0.06 191.54 31.45 34.78 0.57 13.50 0.31 3485 .19 1 122.94 1.69
DAV_004 RC1804-1 0.54 0.05 220.76 28.47 37.58 0.54 13.20 0.29 36.87 .06 1 14.89 0.23
DAV_005 RC1804-1 0.55 0.06 233.91 33.18 36.52 0.58 13.94 0.32 35.02 .06 1 99.99 1.38
DAV_006 RC1804-1 0.68 0.06 239.45 33.57 43.18 0.54 16.67 0.37 42.00 .19 1 71.83 1.00
DAV_007 RC1804-1 0.57 0.06 256.16 31.45 34.97 0.58 12.43 0.28 33.12 .04 1 138.80 1.90
DAV_008 RC1804-1 0.61 0.07 245.08 32.86 39.21 0.59 15.77 0.35 39.65 .20 1 132.92 1.82
DAV_009 RC1804-1 0.67 0.06 179.69 30.73 37.85 0.59 14.80 0.33 34.80 .13 1 116.37 1.60
DAV_010 RC1804-1 0.61 0.06 158.84 30.12 39.18 0.62 15.23 0.34 38.03 .16 1 141.05 1.93
DAV_011 RC1804-1 0.50 0.06 211.27 35.33 38.64 0.62 14.65 0.33 38.93 .31 1 167.51 2.29
DAV_012 RC1804-1 0.55 0.05 248.65 26.85 35.95 0.56 13.12 0.29 35.31 .04 1 10.63 0.17
DAV _013 RC1804-4 0.82 0.06 166.83 30.58 49.97 0.66 12.62 0.29 45.08 .27 1 8.66 0.14
DAV _014 RC1804-4 0.76 0.05 171.33 30.27 48.36 0.63 12.41 0.29 43.26 .19 1 6.96 0.12
DAV _015 RC1804-4 0.74 0.06 207.19 29.52 49.15 0.63 17.35 0.38 4558 .30 1 4.11 0.08
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Table 24 (Continued)

INAA Element Eu 1408 Hf 482.2 Fe 1099.3 Nd 91.1 Rb 1076.7 Sc 889
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +
COP_059 RC1804-3 0.90 0.02 3.26 0.12 4854 95.69 23.19 2.14 160.09 9 7.1 10.60 0.18
COP_060 RC1804-3 0.84 0.03 3.22 0.13 4547 87.11 22.83 2.40 158.54 4 6.9 10.10 0.17
COP_061 RC1804-3 0.78 0.02 3.87 0.13 4002 76.84 20.62 2.01 140.54 9 6.2 8.20 0.14
COP_062 RC1804-3 0.95 0.03 4.80 0.15 4184 78.18 24.50 2.14 101.93 5 4.6 8.66 0.14
COP_063 RC1804-3 0.94 0.03 4.81 0.15 4178 75.74 27.25 2.19 102.59 8 4.7 8.58 0.14
COP_064 RC1804-3 0.95 0.03 4.90 0.15 4271 79.25 28.00 2.51 108.58 9 5.1 8.86 0.15
COP_065 RC1804-4 0.92 0.03 4.63 0.16 4324 78.08 28.59 2.55 12396 2 5.8 8.52 0.14
COP_066 RC1804-4 0.92 0.02 4.67 0.15 4173 76.88 29.64 2.45 119.63 3 5.5 8.35 0.14
COP_067 RC1804-4 0.89 0.02 4.75 0.15 4260 77.64 29.96 2.50 120.64 1 5.7 8.71 0.14
COP_068 RC1804-4 0.93 0.03 4.70 0.15 4271 78.80 31.65 2.54 117.40 3 5.5 8.43 0.14
COP_069 RC1804-4 0.90 0.02 4.38 0.15 4058 77.57 29.27 2.32 115.73 7 5.4 7.95 0.13
COP_070 RC1804-4 0.86 0.02 4.92 0.16 4322 79.27 27.24 2.47 125.24 2 59 8.92 0.15
COP_071 RC1804-4 0.82 0.02 4.49 0.15 3926 73.63 27.93 2.35 138.14 8 6.3 8.62 0.14
DAV_001 RC1804-1 0.78 0.02 3.85 0.12 3486 78.06 22.97 1.92 174.16 8 6.8 7.54 0.13
DAV_002 RC1804-1 0.63 0.02 2.58 0.10 3640 70.20 17.63 1.69 194.48 0 7.4 6.49 0.11
DAV_003 RC1804-1 0.53 0.02 2.67 0.10 2864 96.94 17.90 1.97 230.09 4 9.3 5.62 0.09
DAV_004 RC1804-1 0.55 0.02 2.93 0.10 2839 68.84 18.55 1.80 225.14 1 8.6 5.78 0.10
DAV_005 RC1804-1 0.55 0.02 2.89 0.11 3122 89.99 16.06 1.81 234.14 3 9.2 5.78 0.10
DAV_006 RC1804-1 0.65 0.02 2.71 0.10 3984 92.53 17.76 1.85 227.54 5 9.0 7.05 0.12
DAV_007 RC1804-1 0.55 0.02 2.74 0.11 2802 92.79 17.51 2.03 229.21 8 9.4 5.62 0.09

DAV_008 RC1804-1 0.62 0.02 3.03 0.12 3383 110.32 14.08 1.93 262.19 .5310 6.20 0.10
DAV_009 RC1804-1 0.53 0.02 3.05 0.12 3083 93.37 16.44 1.88 24465 9 9.9 5.80 0.10
DAV_010 RC1804-1 0.58 0.02 2.95 0.11 3334 97.87 16.47 1.96 246.35 0310. 6.16 0.10
DAV_011 RC1804-1  0.59 0.02 3.11 0.12 3253 109.18 13.60 1.98 240.51 1010 6.01 0.10
DAV_012 RC1804-1 0.55 0.02 2.99 0.10 2867 66.13 13.90 1.69 213.80 4 8.1 5.66 0.09

DAV_013 RC1804-4  0.65 0.02 3.36 0.13 3572 70.40 20.28 2.16 201.60 4 8.9 7.42 0.12
DAV_014 RC1804-4  0.63 0.02 3.30 0.13 3484 71.97 21.35 2.46 207.37 3 9.2 7.26 0.12
DAV_015 RC1804-4 0.71 0.02 3.70 0.13 3982 74.76 21.93 2.34 209.21 2 9.2 7.02 0.12
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Table 24(Continued)

INAA Element Ta 1221.4 Tb 879.4 Th 312 Zn 11155 Zr 756.76

ID Batch ppm + ppm + ppm + ppm + ppm +

COP_059 RC1804-3 2.10 0.09 0.60 0.07 10.72 0.1365.32 3.48 91.89 24.69
COP_060 RC1804-3 3.10 0.12 0.71 0.07 10.97 0.1467.77 3.13 101.35 26.23
COP_061 RC1804-3 2.67 0.10 0.64 0.07 10.83 0.1438.05 2.30 50.76 18.29
COP_062 RC1804-3 1.85 0.07 0.71 0.06 14.54 0.1618.18 151 173.74 37.28
COP_063 RC1804-3 1.78 0.07 0.77 0.07 14.06 0.1611.31 1.38 98.74 24.76
COP_064 RC1804-3 1.84 0.08 0.69 0.06 14.79 0.1619.60 1.75 118.30 28.49
COP_065 RC1804-4 2.07 0.08 0.63 0.06 14.37 0.1626.34 1.75 160.00 53.74
COP_066 RC1804-4 2.00 0.08 0.55 0.05 14.85 0.1725.68 2.02 131.76 43.20
COP_067 RC1804-4 2.25 0.09 0.65 0.06 14.06 0.1631.29 2.16 120.91 42.18
COP_068 RC1804-4 2.04 0.08 0.62 0.06 14.91 0.1720.46 1.68 152.25 50.18
COP_069 RC1804-4 2.00 0.08 0.64 0.06 14.60 0.1723.47 1.69 100.05 36.04
COP_070 RC1804-4 2.58 0.10 0.64 0.06 13.74 0.1628.74 1.92 115.64 39.71
COP_071 RC1804-4 4.98 0.19 0.44 0.05 13.27 0.1527.53 1.83 119.07 41.96
DAV_001 RC1804-1 451 0.16 0.66 0.06 11.50 0.13 29.07 2.61 71.05 20.40
DAV_002 RC1804-1 7.86 0.28 0.48 0.05 9.28 0.11 012 1.78 97.47 22.98
DAV_003 RC1804-1 9.84 0.35 0.38 0.06 8.01 0.12 6.8& 2.58 76.30 24.64
DAV_004 RC1804-1 9.63 0.34 0.31 0.05 8.39 0.10 342 2.13 136.31 28.45
DAV_005 RC1804-1 10.56 0.37 0.37 0.05 8.63 0.12 16.87 2.66 100.81 25.72
DAV_006 RC1804-1 8.87 0.31 0.44 0.06 9.74 0.13 7.238 3.52 73.14 23.47
DAV_007 RC1804-1 10.71 0.38 0.41 0.06 8.36 0.12 13.35 2.66 <66.97 10.10
DAV_008 RC1804-1 11.02 0.39 0.29 0.05 8.98 0.12 20.31 2.50 87.12 26.32
DAV_009 RC1804-1 10.25 0.36 0.35 0.06 8.26 0.11 16.93 2.35 <65.30 9.85
DAV _010 RC1804-1 10.33 0.37 0.38 0.06 8.92 0.11 13.99 2.55 <68.51 10.33
DAV 011 RC1804-1 10.24 0.36 0.45 0.07 8.82 0.12 12.98 271 <71.27 10.75
DAV 012 RC1804-1 9.44 0.33 0.39 0.05 8.33 0.11 0.92 2.20 61.31 19.27
DAV_013 RC1804-4 7.79 0.29 0.48 0.05 9.89 0.13 2.8% 2.66 <60.30 17.34
DAV_014 RC1804-4 7.18 0.26 0.39 0.05 9.61 0.12 574 2.26 <58.86 16.93
DAV _015 RC1804-4 5.36 0.20 0.56 0.06 10.56 0.1341.91 2.33 117.73 41.23
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Table 24 (Continued)

INAA Element Sb 1691 Ba 496.3 Ce 145.4 Cs 795.9 Cr 320.1 Co 1332
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +
DAV _016 RC1804-4 0.77 0.06 208.54 31.13 49.76 0.60 12.34 0.28 45.06 .20 1 8.07 0.14
DAV_017 RC1804-4 0.83 0.06 191.13 29.65 50.02 0.68 12.47 0.29 4444 27 1 7.23 0.13
DAV_018 RC1804-4 0.82 0.06 <77.25 3.46 60.62 0.67 16.68 0.37 56.25 45 1. 3.90 0.08
DAV_019 RC1804-4 0.66 0.06 215.04 38.86 49.47 0.60 13.43 0.31 50.02 .30 1 5.43 0.10
DAV_020 RC1804-4 0.79 0.05 254.99 37.46 58.20 0.74 11.98 0.28 5474 45 1 477 0.09
DAV_021 RC1804-4 1.37 0.08 231.71 33.63 61.66 0.75 13.61 0.31 55.80 .44 1 10.95 0.18
DAV_022 RC1804-4 0.87 0.06 <76.55 3.43 56.83 0.69 11.97 0.28 5216 39 1. 2.58 0.06
DAV_023 RC1804-4 0.54 0.05 185.56 35.09 56.92 0.71 12.08 0.28 5157 31 1 222 0.06
DAV_024 RC1804-4 0.79 0.06 214.03 34.73 58.26 0.72 12.10 0.28 5287 .38 1 3.46 0.07
DAV_025 RC1804-4 0.92 0.06 223.38 39.04 59.24 0.75 12.41 0.29 5420 43 1 293 0.07
WAS 001 RC1804-5 0.58 0.05 210.25 35.69 39.43 0.60 13.69 0.32 3765 .10 1 263 0.06
WAS 002 RC1804-5 0.57 0.05 212.51 39.35 38.11 0.58 12.76 0.30 38.29 .16 1 3.01 0.07
WAS _003 RC1804-5 0.58 0.04 105.47 28.06 35.86 0.60 13.06 0.30 40.39 .13 1 284 0.06
WAS 004 RC1804-5 0.54 0.05 208.28 38.40 38.34 0.58 13.50 0.31 3863 .11 1 3.16 0.07
WAS 005 RC1804-5 0.37 0.05 154.34 35.15 36.84 0.60 13.15 0.31 38.32 .16 1 3.07 0.07
WAS 006 RC1804-5 0.59 0.06 217.20 41.51 36.77 0.61 13.55 0.31 40.81 .18 1 3.04 0.07
WAS 007 RC1804-5 0.52 0.05 232.79 33.90 44.45 0.65 16.72 0.38 3980 .18 1 6.74 0.12
WAS_008 RC1804-5 0.51 0.05 243.69 37.66 43.83 0.64 16.47 0.37 3847 .12 1 7.25 0.13
WAS_009 RC1804-5 0.48 0.05 204.20 37.97 44.64 0.64 15.84 0.36 41.67 .20 1 9.08 0.15
TJM_001 RC1804-7 0.50 0.05 176.20 25.13 37.96 0.60 17.76 0.40 3288 .08 1 27.37 0.40
TIJM 002 RC1804-7 0.54 0.08 216.12 36.29 38.24 0.70 18.33 0.44 33.84 .35 1 347.38 4.74
TJM 003 RC1804-7 -0.22 0.01 288.73 43.21 39.06 0.70 17.73 0.43 33.491.33 334.99 4.57
TJM 004 RC1804-7 0.53 0.06 161.05 27.32 36.94 0.58 17.04 0.39 34.27 .08 1 54.40 0.76
TJM_005 RC1804-7 0.61 0.06 186.74 27.99 45.31 0.56 16.23 0.37 36.05 .12 1 7.47 0.13
TJM_006 RC1804-7 0.45 0.05 171.46 31.39 37.37 0.58 17.13 0.39 3274 .15 1 56.25 0.79
TJM 007 RC1804-7 0.48 0.05 <68.15816 2.98 36.95 0.60 16.79 0.38 635.2 1.16 56.42 0.79
TJM 008 RC1804-7 0.54 0.05 182.54 28.75 3751 0.60 16.93 0.38 34.39 .13 1 55.61 0.78
TJM 009 RC1804-7 0.48 0.05 170.40 28.80 45.52 0.63 16.02 0.36 3549 .09 1 12.06 0.19
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Table 24 (Continued)

INAA Element Eu 1408 Hf 482.2 Fe 1099.3 Nd 91.1 Rb 1076.7 Sc 889
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +
DAV_016 RC1804-4 0.64 0.02 3.20 0.12 3482 75.23 23.76 2.38 203.62 9.0 7.32 0.12
DAV_017 RC1804-4 0.64 0.02 3.20 0.12 3513 72.43 21.80 2.35 201.97 8.8 7.27 0.12
DAV_018 RC1804-4 091 0.02 4.32 0.15 5173 90.01 24.33 2.37 165.54 7.5 8.89 0.15
DAV_019 RC1804-4 0.73 0.02 3.43 0.13 4303 79.36 20.01 2.18 173.48 7.7 7.52 0.13
DAV_020 RC1804-4 0.79 0.02 4.09 0.14 3504 77.49 25.96 2.56 167.50 7.5 8.49 0.14
DAV_021 RC1804-4 0.89 0.03 4.43 0.15 3553 73.85 25.44 2.44 145.38 6.9 9.32 0.15

DAV_022 RC1804-4 0.82 0.02 4.10 0.14 3378 72.30 23.83 2.71 161.55
DAV_023 RC1804-4 0.80 0.02 4.07 0.14 3356 69.77 20.11 2.33 172.41
DAV_024 RC1804-4 0.82 0.02 4.32 0.15 3477 70.90 26.43 2.64 167.58
DAV_025 RC1804-4 0.82 0.02 4.16 0.14 3630 76.22 27.01 2.67 170.29
WAS_001 RC1804-5 0.58 0.02 3.02 0.12 3585 70.12 16.54 2.14 206.48
WAS_002 RC1804-5 0.52 0.02 2.94 0.12 3392 73.39 16.66 2.30 203.82
WAS_003 RC1804-5 0.50 0.02 2.90 0.11 3560 76.10 16.07 2.15 216.82
WAS_004 RC1804-5 0.56 0.02 2.81 0.11 3617 73.14 13.08 2.15 210.24
WAS_005 RC1804-5 0.54 0.02 2.92 0.11 3564 74.18 15.54 2.19 210.64
WAS_006 RC1804-5 0.52 0.02 3.14 0.12 3606 74.02 18.24 2.26 222.06

7.4 8.25 0.14
7.7 8.26 0.14
7.6 8.61 0.14
7.6 8.60 0.14
9.1 7.03 0.12
9.0 6.81 0.11
94 7.11 0.12
9.1 7.01 0.12
9.2 7.08 0.12
9.7 7.30 0.12

CONOOWWOU U WWwOoO OWwWOoOoWwNMMwWoOO

WAS_007 RC1804-5 0.66 0.02 2.52 0.10 3584 75.45 20.42 2.38 213.27 9.3 6.42 0.11
WAS_008 RC1804-5 0.65 0.02 2.62 0.11 3521 78.39 16.20 2.30 204.67 9.0 6.39 0.11
WAS_009 RC1804-5 0.68 0.02 2.80 0.11 3698 75.08 19.21 2.35 204.25 9.0 6.57 0.11

TJM_001 RC1804-7 0.56 0.02 2.15 0.10 3483 79.86 14.23 1.89 256.28 7910. 6.69 0.11
TJIM_002 RC1804-7 0.64 0.03 2.49 0.13 3610 140.35 16.62 2.20 222.66 .1411 6.58 0.11
TJIM_003 RC1804-7 0.61 0.03 241 0.13 3580 146.34 17.81 2.41 229.94 4511 6.57 0.11
TJM_004 RC1804-7  0.55 0.02 2.20 0.10 3368 86.64 16.45 2.07 220.57 2 9.7 6.55 0.11
TJM_005 RC1804-7 0.71 0.02 2.69 0.11 3909 77.61 17.65 1.93 240.66 0210. 6.93 0.12
TJM_006 RC1804-7  0.57 0.02 2.35 0.10 3287 88.85 15.17 1.94 215.07 3 9.4 6.56 0.11
TJIM_007 RC1804-7 0.56 0.02 2.29 0.11 3491 92.59 14.46 2.24 208.12 9 9.1 6.54 0.11
TJIM_008 RC1804-7 0.54 0.02 2.34 0.10 3382 88.38 15.94 2.12 212.08 9 9.4 6.50 0.11
TJM_009 RC1804-7 0.70 0.02 2.55 0.10 3852 74.25 18.64 2.00 228.28 1 9.6 7.02 0.12
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Table 24(Continued)

INAA Element Ta 1221.4 Tb 879.4 Th 312 Zn 11155 Zr 756.76

ID Batch ppm + ppm + ppm + ppm + ppm +

DAV_016 RC1804-4 6.88 0.25 0.42 0.05 9.68 0.13 7.3@ 2.33 72.16 29.64
DAV_017 RC1804-4 6.91 0.26 0.34 0.05 9.72 0.13 5.46 2.74 85.51 31.58
DAV 018 RC1804-4 2.17 0.09 0.82 0.08 13.02 0.15 44.02 2.28 118.64 42.60
DAV 019 RC1804-4 3.40 0.13 0.49 0.06 10.21 0.13 36.01 2.20 87.56 33.28
DAV_020 RC1804-4 471 0.18 0.61 0.06 12.68 0.15 38.26 2.33 164.23 54.62
DAV_021 RC1804-4 3.35 0.13 0.58 0.06 12.85 0.16 36.50 241 152.68 50.53
DAV _022 RC1804-4 4.75 0.18 0.39 0.05 12.42 0.15 29.15 1.87 146.16 47.09
DAV _023 RC1804-4 4.64 0.17 0.51 0.05 12.54 0.15 33.05 1.99 133.43 44.52
DAV_024 RC1804-4 4.90 0.18 0.53 0.06 13.00 0.15 46.46 2.45 140.48 47.69
DAV_025 RC1804-4 4.86 0.18 0.47 0.06 13.16 0.16 37.91 2.16 165.05 55.58
WAS_001 RC1804-5 6.75 0.25 0.38 0.05 9.47 0.12 19.62 1.89 <54.82 3145
WAS_002 RC1804-5 6.49 0.24 0.27 0.04 9.09 0.12 23.47 2.23 71.92 26.13
WAS_003 RC1804-5 7.50 0.27 0.24 0.05 9.02 0.12 23.59 2.29 66.47 24.65
WAS_004 RC1804-5 6.67 0.24 0.35 0.05 9.30 0.12 17.10 1.88 113.89 838.2
WAS_005 RC1804-5 7.52 0.27 0.21 0.04 8.73 0.12 21.77 1.88 76.68 28.07
WAS_006 RC1804-5 7.70 0.28 0.30 0.05 9.16 0.13 22.84 1.94 44.15 20.18
WAS_007 RC1804-5 8.79 0.32 0.42 0.05 9.47 0.13 25.37 2.12 80.37 26.71
WAS_008 RC1804-5 8.41 0.30 0.30 0.05 9.39 0.12 24.75 2.23 59.86 24.33
WAS_009 RC1804-5 7.78 0.28 0.36 0.05 9.76 0.13 24.25 2.06 80.09 27.37
TJM 001 RC1804-7 9.10 0.35 0.29 0.05 8.17 0.11 1.1%8 2.57 75.63 22.77
TJIM_002 RC1804-7 8.32 0.33 -0.23 0.01 8.60 0.15-12.66 0.40 <88.55 13.73
TJM_003 RC1804-7 7.42 0.30 0.34 0.07 8.95 0.14 4.2& 3.89 <87.23 13.52
TJM_004 RC1804-7 6.68 0.26 0.30 0.05 7.57 0.12 2.883 3.18 <58.19 9.02
TJM_005 RC1804-7 5.01 0.20 0.56 0.06 9.61 0.12 2.973 2.06 49.50 18.93
TJM_006 RC1804-7 6.56 0.26 0.43 0.06 7.56 0.11 6.342 240 <58.36637 9.05
TJIM_007 RC1804-7 6.50 0.25 0.35 0.06 7.60 0.11 5.8 2.58 <58.11 9.01
TJM_008 RC1804-7 6.64 0.26 0.43 0.07 7.67 0.11 9.8 2.66 <58.15 9.02
TJM_009 RC1804-7 472 0.19 0.56 0.06 9.40 0.12 5.8 251 100.38 24.78
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Table 24 (Continued)

INAA Element Sb 1691 Ba 496.3 Ce 145.4 Cs 795.9 Cr 320.1 Co 1332
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +
TJM 010 RC1804-7 0.71 0.05 260.09 31.62 42.04 0.59 14.17 0.33 39.10 .12 1 5.61 0.10
TJM_011 RC1804-7 0.60 0.05 174.93 33.56 35.82 0.57 14.32 0.33 33.29 .06 1 42.25 0.60
TJM_012 RC1804-7 0.67 0.05 203.89 29.74 40.47 0.59 16.06 0.36 31.78 .06 1 3.68 0.08
TJM_013 RC1804-7 0.79 0.06 233.92 33.67 52.04 0.68 11.53 0.28 50.84 .29 1 11.37 0.18
EWS 001 RC1804-4 0.71 0.05 200.75 32.15 64.13 0.77 16.43 0.36 4555 .21 1 235 0.06
EWS 002 RC1804-4 0.68 0.06 224.95 34.18 66.00 0.76 15.05 0.34 48.02 .23 1 273 0.07
EWS 003 RC1804-4 0.83 0.06 174.96 30.86 66.00 0.76 15.14 0.34 47.80 .27 1 3.79 0.08
EWS 004 RC1804-4 0.75 0.05 214.58 33.31 59.26 0.71 14.54 0.32 4241 18 1 2.35 0.06
EWS 005 RC1804-4 0.86 0.06 <79.0925 355 68.43 0.77 14.95 0.33 45.981.28 2.25 0.06
EWS 006 RC1804-5 0.82 0.06 174.05 30.48 68.13 0.77 15.65 0.36 4843 32 1 247 0.06
EWS 007 RC1804-5 0.81 0.06 218.97 32.83 66.97 0.76 15.70 0.36 4517 22 1 242 0.06
EWS 008 RC1804-5 0.87 0.06 148.15 28.55 67.40 0.76 15.31 0.35 4496 .25 1 253 0.06
EWS 009 RC1804-5 0.84 0.06 210.88 33.71 68.44 0.78 15.60 0.36 46.29 .25 1 2.60 0.06
EWS 010 RC1804-5 0.83 0.05 191.39 36.96 68.66 0.79 15.69 0.36 4555 27 1 2.23 0.06
EWS 011 RC1804-5 0.82 0.06 171.20 33.42 67.33 0.71 15.48 0.35 43.08 .20 1 3.44 0.08
EWS 012 RC1804-5 0.80 0.07 221.94 35.87 68.23 0.75 15.71 0.36 4547 28 1 3.00 0.07
EWS 013 RC1804-5 0.84 0.06 205.88 37.58 66.30 0.77 15.32 0.35 4460 .32 1 242 0.06
EWS 014 RC1804-5 0.88 0.06 166.31 34.13 68.25 0.79 15.63 0.36 46.47 28 1 2.66 0.06
MIN_001 RC1804-5 1.01 0.06 212.33 42.35 68.09 0.80 21.40 0.48 61.72 45 1 2.02 0.05
MIN_002 RC1804-5 1.37 0.08 361.75 46.47 70.19 0.81 12.91 0.31 62.35 .53 1 1351 0.21
MIN_003 RC1804-5 0.99 0.07 280.90 46.71 69.93 0.82 22.16 0.49 60.81 .56 1 2.18 0.06
MIN_004 RC1804-5 0.71 0.06 <89.26 431 52.39 0.69 14.13 0.33 49.15 31 1. 9.34 0.15
MIN_005 RC1804-5 1.37 0.08 273.86 44.80 73.97 0.84 13.37 0.32 64.29 57 1 13.74 0.21
MIN_006 RC1804-5 1.38 0.08 305.43 50.01 73.04 0.77 13.13 0.31 64.12 56 1 13.17 0.21
MIN_007 RC1804-5 1.43 0.08 304.36 40.84 73.16 0.81 12.97 0.31 64.40 .60 1 14.07 0.22
MIN_008 RC1804-6 1.38 0.08 311.48 40.78 76.43 0.82 12.68 0.30 65.82 .53 1 10.11 0.17
MIN_009 RC1804-6 1.15 0.07 239.87 34.26 67.49 0.72 21.26 0.48 5861 .46 1 220 0.06
MIN_010 RC1804-6 1.55 0.08 262.90 34.85 71.08 0.80 12.91 0.31 64.60 .54 1 12.96 0.20
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Table 24 (Continued)

INAA Element Eu 1408 Hf 482.2 Fe 1099.3 Nd 91.1 Rb 1076.7 Sc 889
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +
TJM_010 RC1804-7 0.58 0.02 3.08 0.11 3137 65.95 16.64 2.11 226.67 9.5 6.53 0.11
TIJM_011 RC1804-7 0.54 0.02 2.34 0.10 3407 83.73 12.97 1.95 221.34 9.4 6.57 0.11

TIM_012 RC1804-7 0.58 0.02 2.43 0.10 3449 69.64 21.11 2.16 198.74
TIJM_013 RC1804-7 0.75 0.02 4.05 0.13 3768 76.55 21.60 2.16 194.47
EWS_001 RC1804-4 0.93 0.03 4.10 0.14 3924 74.48 25.81 2.66 203.68
EWS_002 RC1804-4 0.96 0.02 4.09 0.14 4070 77.23 28.71 2.69 185.54
EWS_003 RC1804-4 0.93 0.02 4.28 0.15 4104 76.66 26.58 2.70 190.32
EWS_004 RC1804-4 0.85 0.02 3.96 0.14 3809 72.56 24.76 2.40 179.31
EWS_005 RC1804-4 0.94 0.02 4.36 0.15 3737 72.79 34.95 3.20 199.93
EWS_006 RC1804-5 1.00 0.03 4.33 0.14 3607 72.85 29.61 2.59 185.10

8.4 6.18 0.10
8.4 7.15 0.12
8.9 7.46 0.12
8.2 7.54 0.13
8.7 7.64 0.13
7.9 6.93 0.12
8.9 7.43 0.12
8.1 7.35 0.12

EWS_007 RC1804-5 0.90 0.02 4.30 0.15 3670 72.97 25.11 2.33 186.09 8.2 7.27 0.12
EWS_008 RC1804-5 0.95 0.03 4.15 0.14 3698 69.76 29.02 2.71 184.64 8.1 7.23 0.12
EWS_009 RC1804-5 0.97 0.03 4.20 0.15 3751 72.47 29.66 2.61 187.99 8.3 7.42 0.12

EWS_010 RC1804-5 0.95 0.03 4.21 0.14 3750 76.11 27.89 2.58 186.67
EWS_011 RC1804-5 0.95 0.03 4.13 0.15 3648 73.02 28.55 2.74 184.18
EWS_012 RC1804-5 0.94 0.02 4.14 0.15 3774 74.59 26.86 2.43 186.08
EWS_013 RC1804-5 0.91 0.02 3.97 0.14 3608 72.85 28.36 2.60 186.04
EWS_014 RC1804-5 0.94 0.03 4.12 0.14 3800 72.65 29.51 2.65 181.47
MIN_001 RC1804-5 0.99 0.03 4.04 0.14 4408 80.44 26.68 2.67 154.96
MIN_002 RC1804-5 0.94 0.03 5.34 0.17 3829 81.06 31.81 2.98 100.38

8.2 7.35 0.12
8.1 7.19 0.12
8.2 7.36 0.12
8.3 7.10 0.12
7.9 7.34 0.12
7.1 8.98 0.15
5.3 9.45 0.16

00T OO, O©ORMOWOWOMNMNDMNO ONNOMONOOO © U

MIN_003 RC1804-5 0.98 0.03 4.07 0.15 4614 84.94 31.42 3.02 157.64 7.1 9.27 0.15
MIN_004 RC1804-5 0.81 0.02 3.43 0.13 4115 80.42 2341 2.49 160.92 7.5 7.39 0.12
MIN_005 RC1804-5 0.93 0.03 5.17 0.17 3801 81.66 31.61 3.04 104.32 54 9.72 0.16

MIN_006 RC1804-5 0.97 0.03 5.11 0.17 3764 82.81 27.25 2.77 99.01 5.199.56 0.16
MIN_007 RC1804-5 0.96 0.03 5.11 0.17 3794 81.10 31.85 3.08 102.01 8 5.2 9.62 0.16
MIN_008 RC1804-6  1.02 0.03 5.08 0.17 3944 79.08 32.17 2.60 94.64 4.619.97 0.17
MIN_009 RC1804-6 1.01 0.03 4.07 0.14 4576 81.84 31.97 2.59 149.42 3 6.3 9.03 0.15
MIN_010 RC1804-6 0.98 0.03 5.03 0.16 3868 82.20 29.84 2.54 100.41 5 4.7 9.48 0.16
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Table 24(Continued)

INAA Element Ta 1221.4 Tb 879.4 Th 312 Zn 11155 Zr 756.76

ID Batch ppm + ppm + ppm + ppm + ppm +

TJM_010 RC1804-7 7.70 0.30 0.28 0.05 9.51 0.12 0.343 2.34 62.28 19.71
TIM_011 RC1804-7 7.02 0.27 0.56 0.07 7.58 0.11 7.953 2.82 <56.98 8.83
TJM 012 RC1804-7 7.07 0.27 0.55 0.06 8.97 0.12 8511 1.58 <50.88 7.89
TJM 013 RC1804-7 574 0.22 0.51 0.06 11.94 0.1542.23 2.47 86.45 24.17
EWS_001 RC1804-4 4.70 0.18 0.49 0.05 12.78 0.1519.21 1.78 124.19 41.41
EWS_002 RC1804-4 4.20 0.16 0.54 0.05 13.06 0.1622.64 2.14 106.28 37.04
EWS_003 RC1804-4 4.28 0.16 0.53 0.05 12.99 0.1516.04 1.46 124.53 43.46
EWS_004 RC1804-4 3.97 0.15 0.66 0.06 11.96 0.1417.93 1.90 119.00 41.46
EWS_005 RC1804-4 4.54 0.17 0.47 0.05 13.22 0.1618.87 1.65 97.52 35.00
EWS_006 RC1804-5 4.86 0.18 0.50 0.05 13.24 0.1523.43 231 113.30 36.94
EWS_007 RC1804-5 4,72 0.18 0.59 0.05 12.96 0.1521.45 2.04 148.86 46.04
EWS_008 RC1804-5 4.48 0.17 0.52 0.06 12.92 0.1521.93 2.30 109.38 35.38
EWS_009 RC1804-5 4.87 0.18 0.52 0.05 13.24 0.1519.13 2.06 100.73 33.10
EWS_010 RC1804-5 471 0.18 0.58 0.05 13.13 0.1521.68 2.06 115.40 37.40
EWS 011 RC1804-5 4.68 0.17 0.52 0.05 12.93 0.1519.43 2.04 131.99 41.63
EWS 012 RC1804-5 4,95 0.18 0.66 0.06 13.25 0.1513.66 1.58 117.42 37.25
EWS_013 RC1804-5 4.67 0.17 0.55 0.06 12.75 0.1520.76 2.04 92.09 31.89
EWS_014 RC1804-5 4.89 0.18 0.67 0.07 13.29 0.1623.50 2.38 106.92 35.11
MIN_001 RC1804-5 3.05 0.12 0.61 0.06 13.71 0.16 21.13 1.98 70.64 28.37
MIN_002 RC1804-5 2.02 0.09 0.62 0.06 13.11 0.16 41.44 2.67 142.27 43.56
MIN_003 RC1804-5 3.22 0.13 0.57 0.06 14.41 0.17 20.19 2.02 120.97 39.31
MIN_004 RC1804-5 3.48 0.13 0.47 0.06 10.43 0.13 32.27 2.44 93.67 31.87
MIN_005 RC1804-5 1.97 0.08 0.69 0.06 13.51 0.16 40.83 2.70 178.96 53.90
MIN_006 RC1804-5 2.08 0.09 0.71 0.06 13.25 0.16 50.92 3.07 78.42 30.46
MIN_007 RC1804-5 2.08 0.08 0.61 0.06 13.40 0.16 45.96 2.76 148.79 47.83
MIN_008 RC1804-6 1.87 0.08 0.69 0.06 13.56 0.16 37.58 2.30 138.59 36.36
MIN_009 RC1804-6 3.02 0.12 0.62 0.06 13.81 0.16 24.83 2.10 132.22 34.63
MIN_010 RC1804-6 1.99 0.08 0.67 0.06 12.92 0.1538.34 2.40 103.38 28.11

(Continued) 3
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INAA Element Sb 1691 Ba 496.3 Ce 145.4 Cs 795.9 Cr 320.1 Co 1332
ID Batch ppm + ppm + ppm + ppm + ppm + ppm +
MIN_011 RC1804-6 1.05 0.07 301.86 35.33 74.14 0.83 16.41 0.38 60.38 46 1 2.05 0.06
MIN_012 RC1804-6 1.10 0.07 218.37 35.17 70.52 0.74 22.09 0.50 61.76 48 1 231 0.06
MIN_013 RC1804-6 1.09 0.07 232.52 34.11 73.27 0.82 22.59 0.51 63.75 56 1 2.35 0.06
MIN_014 RC1804-6 0.95 0.07 216.53 33.78 70.50 0.74 21.73 0.49 60.47 51 1 3.04 0.07
MIN_015 RC1804-6 1.21 0.07 245.74 38.31 73.36 0.82 22.43 0.51 64.36 .57 1 232 0.06
MIN_016 RC1804-6 1.06 0.07 247.17 36.32 72.18 0.75 22.46 0.50 6244 50 1 221 0.06
MIN_017 RC1804-6 1.02 0.06 293.72 45.09 71.80 0.81 21.87 0.49 6499 60 1 257 0.06
MIN_018 RC1804-6 1.05 0.07 256.56 40.35 80.00 0.81 17.68 0.41 73.64 68 1 294 0.07
MIN_019 RC1804-6 1.11 0.07 227.78 34.50 69.21 0.74 21.51 0.48 61.04 51 1 273 0.07
MIN_020 RC1804-6 1.01 0.07 269.42 34.12 59.46 0.84 15.13 0.35 5758 45 1 2.02 0.06
MIN_021 RC1804-6 4.44 0.15 292.52 36.16 74.26 0.77 13.01 0.31 63.43 58 1 16.30 0.25
MIN_022 RC1804-6 1.77 0.08 275.18 38.19 75.22 0.83 12.65 0.31 66.81 .63 1 14.43 0.22
MIN_023 RC1804-6 2.47 0.10 159.39 34.01 76.02 0.84 13.02 0.31 66.01 .63 1 15.62 0.24
MIN_024 RC1804-6 2.22 0.10 215.58 36.40 77.69 0.86 13.25 0.32 66.10 57 1 11.31 0.18
MIN_025 RC1804-6 2.11 0.09 294.25 38.61 73.82 0.82 12.27 0.29 66.66 .59 1 11.05 0.18
MIN_026 RC1804-6 2.02 0.09 230.16 42.70 74.32 0.83 12.33 0.30 66.86 .57 1 10.86 0.18
SPO 001 RC1804-6 1.34 0.09 <115.03 511 49.41 0.80 22.42 0.52 23.73 .19 1 345.45 4.72
SPO_002 RC1804-6 1.51 0.12 <113.53 5.05 49.76 0.76 22.06 0.51 2456 .26 1 338.29 4.62
SPO_003 RC1804-6 1.44 0.10 250.67 44.78 48.13 0.75 21.53 0.50 2512 .31 1 331.33 4.53
SPO_004 RC1804-6 0.62 0.05 191.89 31.87 31.21 0.90 8.06 0.20 551 0 0.8 15.29 0.23
SPO 005 RC1804-6 0.90 0.05 178.70 27.52 31.36 0.97 8.18 0.20 7.22 7 0.9 14.05 0.22
SPO 006 RC1804-6 0.50 0.04 236.46 32.18 30.59 0.90 8.07 0.20 492 0 0.8 14.57 0.23
VAR_001 RC1804-7 0.79 0.06 681.65 45.60 64.47 0.75 14.50 303 57.24 1.40 2.23 0.06
VAR_002 RC1804-7 0.94 0.06 462.09 37.00 65.59 0.76 14.65 4 0.3 58.12 1.44 2.30 0.06
VAR_003 RC1804-7 0.84 0.06 499.57 39.33 65.38 0.70 14.88 5 0.3 57.16 1.40 2.21 0.06
VAR_004 RC1804-7 0.93 0.06 484.01 39.62 62.33 0.68 14.07 2 0.3 55.06 1.40 2.15 0.06
VAR_005 RC1804-7 1.07 0.06 226.50 28.66 67.83 0.78 16.43 7 0.3 54.34 1.40 2.56 0.06
VAR_006 RC1804-7 0.80 0.06 633.69 43.88 64.80 0.76 14.44 4 03 57.14 1.53 2.66 0.06
(Continued)
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Table 24 (Continued)

INAA Element Eu 1408 Hf 482.2 Fe 1099.3 Nd 91.1 Rb 1076.7 Sc 889
ID Batch ppm + ppm + ppm + ppm ppm + ppm +
MIN_011 RC1804-6 1.05 0.03 4.09 0.14 4239 80.66 36.85 2.76 145.16 6.1 9.61 0.16
MIN_012 RC1804-6 1.02 0.03 4.13 0.14 4578 84.53 30.56 2.59 158.99 6.6 9.27 0.15
MIN_013 RC1804-6 1.01 0.03 4.15 0.14 4663 82.88 32.68 2.70 156.86 6.7 9.61 0.16
MIN_014 RC1804-6 1.04 0.03 3.92 0.14 4468 82.52 31.51 2.66 156.38 6.4 9.27 0.15
MIN_015 RC1804-6 1.06 0.03 4.08 0.14 4642 83.55 32.01 2.87 155.87 6.6 9.74 0.16
MIN_016 RC1804-6 1.02 0.03 4.19 0.15 4550 83.16 35.71 2.78 153.49 6.5 9.43 0.16
MIN_017 RC1804-6 1.05 0.03 4.25 0.15 4602 85.00 34.28 2.77 153.05 6.4 9.52 0.16
MIN_018 RC1804-6 1.08 0.03 4.90 0.16 4586 83.14 35.87 2.87 143.48 6.2 10.87 0.18
MIN_019 RC1804-6 0.97 0.03 4.16 0.14 4553 86.08 29.87 2.68 153.55 6.5 9.25 0.15
MIN_020 RC1804-6 0.87 0.03 3.84 0.14 4050 78.29 30.77 2.65 178.61 7.3 8.81 0.15
MIN_021 RC1804-6 0.98 0.03 4.86 0.16 3858 87.34 35.72 2.85 112.20 5.5 9.58 0.16
MIN_022 RC1804-6 0.99 0.03 5.07 0.17 3796 78.50 30.12 2.75 94.20 4.629.70 0.16
MIN_023 RC1804-6 1.01 0.03 5.18 0.17 3812 81.14 34.46 2.88 99.66 4,77 9.80 0.16
MIN_024 RC1804-6 1.02 0.03 5.17 0.17 3875 79.22 33.48 2.84 101.89 0 4.8 10.01 0.17
MIN_025 RC1804-6 0.98 0.03 4.93 0.16 3787 80.01 34.24 2.85 97.46 4.859.78 0.16

I+

U0 ERLNWNO

MIN_026 RC1804-6 1.00 0.03 5.07 0.16 3762 78.24 30.92 2.80 92.94 4.66 9.87 0.16
SPO_001 RC1804-6  0.70 0.03 3.60 0.15 4195 147.32 22.22 2.88 137.50 62 8. 5.13 0.09
SPO_002 RC1804-6  0.79 0.03 3.43 0.15 4229 145.97 24.19 2.89 143.93 69 8. 5.01 0.08

SPO_003 RC1804-6 0.72  0.03 3.31 0.14 4228 144.86 17.71 2.59 139.01 54 8. 4.92 0.08
SPO_004 RC1804-6 0.27 0.01 1.82 0.09 1732 57.87 -14.14 0.64 79.29 039 1.34 0.02

SPO_005 RC1804-6 0.32 0.02 2.81 0.10 1780 57.65 -14.40 0.65 80.71 1 4.0 1.35 0.02
SPO_006 RC1804-6 0.29 0.01 1.70 0.08 1724 50.40 -14.39 0.65 7752 6 3.8 1.32 0.02
VAR_001 RC1804-7 0.98 0.03 4.62 0.15 4386 82.53 28.49 251 2.7 5.60 8.28 0.14
VAR_002 RC1804-7 1.00 0.03 4.62 0.15 4496 80.60 27.20 250 1.112 5.62 8.20 0.14
VAR_003 RC1804-7 0.97 0.02 4.63 0.15 4367 81.71 27.54 2.51 0.8R2 5.64 8.15 0.14
VAR_004 RC1804-7 0.93 0.03 4.48 0.14 4209 79.01 26.52 247 3.1 5.29 7.88 0.13
VAR_005 RC1804-7 0.94 0.03 4.23 0.14 4490 81.24 26.50 2.40 6.0B3 6.35 8.24 0.14
VAR_006 RC1804-7 0.98 0.03 4.53 0.15 4272 80.60 26.22 255 2.2®@ 5.67 8.30 0.14
(Continued)
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Table 24(Continued)
INAA Element Ta 1221.4 Tb 879.4 Th 312 Zn 11155 Zr 756.76
ID Batch ppm + ppm + ppm + ppm + ppm +
MIN_011 RC1804-6 3.78 0.14 0.60 0.06 15.23 0.17 28.04 1.92 156.65 38.38
MIN_012 RC1804-6 3.21 0.12 0.68 0.06 14.47 0.16 27.39 2.10 126.40 34.84
MIN_013 RC1804-6 3.19 0.12 0.61 0.06 15.17 0.17 19.37 1.56 127.74 34.55
MIN_014 RC1804-6 3.39 0.13 0.67 0.07 14.56 0.16 21.79 1.85 82.95 25.31
MIN_015 RC1804-6 3.17 0.12 0.66 0.06 15.32 0.17 27.80 2.19 103.42 29.01
MIN_016 RC1804-6 3.24 0.12 0.61 0.06 14.74 0.17 32.73 221 133.74 33.65
MIN_017 RC1804-6 3.26 0.13 0.65 0.06 14.72 0.17 21.22 1.82 137.17 34.99
MIN_018 RC1804-6 3.16 0.12 0.65 0.06 15.13 0.17 30.46 2.27 111.84 30.85
MIN_019 RC1804-6 3.24 0.12 0.61 0.06 14.43 0.17 25.05 2.10 92.78 27.44
MIN_020 RC1804-6 5.49 0.20 0.54 0.06 12.42 0.15 18.40 1.77 93.97 27.34
MIN_021 RC1804-6 1.99 0.09 0.59 0.06 13.14 0.1550.83 2.60 149.26 37.90
MIN_022 RC1804-6 1.84 0.08 0.67 0.06 13.39 0.16 58.65 2.94 194.55 45.10
MIN_023 RC1804-6 1.93 0.08 0.65 0.06 13.46 0.16 77.56 3.44 154.62 37.98
MIN_024 RC1804-6 1.93 0.08 0.73 0.06 13.59 0.16 45.89 2.43 123.67 33.85
MIN_025 RC1804-6 1.87 0.08 0.65 0.06 13.30 0.15 46.79 2.54 134.78 35.15
MIN_026 RC1804-6 1.91 0.08 0.74 0.06 13.39 0.16 42.35 2.37 151.98 36.58
SPO_001 RC1804-6 2.19 0.11 0.60 0.08 13.56 0.1918.10 3.81 <89.82 16.98
SPO_002 RC1804-6 2.13 0.11 0.51 0.07 13.46 0.1825.29 3.79 <89.06 16.84
SPO_003 RC1804-6 2.32 0.13 0.56 0.08 13.18 0.1811.66 0.37 <87.71 16.59
SPO_004 RC1804-6 2.73 0.11 0.71 0.05 7.23 0.11 1849 351 64.06 18.98
SPO_005 RC1804-6 2.76 0.11 0.76 0.05 7.21 0.1101.26 3.76 85.16 22.07
SPO_006 RC1804-6 2.64 0.10 0.78 0.05 7.01 0.11 8.099 3.69 73.07 19.89
VAR _001 RC1804-7 2.93 0.12 0.78 0.07 13.40 0.15 30.35 233 .3489 23.72
VAR _002 RC1804-7 2.73 0.11 0.76 0.07 13.77 0.16 18.89 1.79 7.632 28.98
VAR _003 RC1804-7 2.58 0.11 0.70 0.06 13.43 0.15 22.54 1.83 0.982 28.30
VAR_004 RC1804-7 2.61 0.11 0.70 0.06 12.95 0.15 21.32 1.79 7.642 28.71
VAR_005 RC1804-7 1.77 0.08 0.76 0.06 15.11 0.17 30.22 2.12 8.540 26.16
VAR _006 RC1804-7 371 0.15 0.71 0.07 13.14 0.15 32.62 247 1.230 25.06

(Continued) N
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Table 24 (Continued)

INAA Element Sb 1691 Ba 496.3 Ce 145.4 Cs 795.9 Cr 320.1 Co 1332
ID Batch ppm + ppm * ppm * ppm * ppm + ppm +
UNK_001 RC1804-7 0.80 0.06 206.82 32.74 51.19 0.68 13.96 0.32 44.80 .28 1 1.56 0.05
UNK_002 RC1804-7 0.99 0.06 198.34 34.03 62.07 0.69 14.71 0.34 48.61 .28 1 1.99 0.05
UNK_003 RC1804-7 0.66 0.05 <71.87 3.14 52.15 0.68 13.95 0.32 46.46 22 1. 1.80 0.05
UNK_004 RC1804-7 0.86 0.06 <70.30 3.07 48.49 0.65 13.18 0.30 42.05 15 1. 225 0.06
UNK_005 RC1804-7 0.88 0.06 135.95 27.06 43.50 0.63 13.84 0.32 38.61 .08 1 7.26 0.13
UNK_006 RC1804-7 0.71 0.05 215.28 32.73 38.56 0.61 16.39 0.37 3476 .08 1 7.33 0.13

(Continued)
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Table 24(Continued)

INAA Element Eu 1408 Hf 482.2 Fe 1099.3 Nd 91.1 Rb 1076.7 Sc 889
ID Batch ppm * ppm * ppm * ppm ppm * ppm *
UNK_001 RC1804-7 0.69 0.02 3.13 0.12 3812 71.23 21.39 2.38 156.99 5 6.9 7.83 0.13
UNK_002 RC1804-7 0.78 0.02 3.85 0.14 4141 78.75 24.71 2.56 18391 9 8.1 7.69 0.13
UNK_003 RC1804-7 0.77 0.02 3.19 0.12 3861 73.86 17.98 221 15443 5 6.8 7.79 0.13
UNK_004 RC1804-7 0.70 0.02 3.45 0.12 3094 64.90 21.87 2.40 184.33 0 8.0 6.94 0.12
UNK_005 RC1804-7 0.61 0.02 3.06 0.11 3156 68.12 15.16 2.15 19895 1 85 6.44 0.11
UNK_006 RC1804-7 0.51 0.02 2.47 0.09 2917 67.06 17.18 2.00 25154 5610. 5.95 0.10

I+
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Table 24(Continued)

INAA Element Ta 1221.4 Tb 879.4 Th 312 Zn 1115.5 Zr 756.76
ID Batch ppm * ppm + ppm + ppm * ppm +

UNK_001 RC1804-7 4.65 0.18 0.54 0.07 10.66 0.13 18.24 1.74 <54.39 8.43
UNK_002 RC1804-7 5.68 0.22 0.64 0.07 13.44 0.16 26.25 2.17 76.07 21.59
UNK_003 RC1804-7 4.64 0.18 0.41 0.06 10.68 0.13 15.81 1.71 63.74 21.50
UNK_004 RC1804-7 6.41 0.25 0.51 0.06 9.21 0.12 2.8@ 2.34 85.64 22.67
UNK_005 RC1804-7 6.42 0.25 0.44 0.06 9.15 0.12 1.88 2.35 80.51 22.12
UNK_006 RC1804-7 8.50 0.33 0.37 0.05 8.52 0.11 3.43 1.36 53.00 18.05
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Appendix D

Transcriptions



Transcription of Figure 19

Page 171

No 300 Turquoise for China
(Leon Arnoux 1867)

Frett No 1 100 Washed Sand
Base 47 Carbonate Soda (dry)
5 Protoxide of Copper

Frett No 2 1FrettNo 1
Base ¥ Lead & Tin Ash
1 ¥4 Borax Flux

Frett No 2 1FrettNo 1
Base 1 Oxide of Zinc
5 Borax Flux

For use take ¥2 No 2 & % of No 3 and grind
them together

Superceded see page 282

240

Fired in the
E.ware
Glost Oven

Fired in the
E.ware Glost
Oven

Fired in the
E.ware Glost
Oven
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Transcription of Figure 20

19109
Chinese Porcelain
Extracts from Du Halde’slistory of China
Made nowhere but in one town, King-te-ching, (ia grovince of Kyang- si)
about a league in length, containing upwards oflgom souls,
lying in the district of Jau-chew, one of the gtief the first rank in that
province.

Attempts have been made to manufacture it in giteeres, but without
success, notwithstanding the materials were bidugim King-te-ching,
under the Emperor’s direction- perhaps the faingse from
political views.

The name is not Chinese-nor can any of its sylab&written or
pronounced by them --- It is probably Portugueseporcellang
a cup or porringer.

Its Discovery unknown—all that was transported iotioer kingdoms
had no other name than the precious jewels of dautc
The Chinese now call the wase-ki

Materials:
1. Petunse--- Stone, of a greenish cast, dugfayuasries, pounded

and made into bricks; which are simply white ywime to the touch.
The stones are broken with iron mallets, themped in mortars, by
manual labour, or by stampers moved by a watezlvtige heads of
the pestles are of stone capped with iron.-Thvedeo is stirred with
water, the cream that rises is taken off intatla@ouseful vessel,
repeatedly, till only the grosser part remainiich is pounded
afresh—The paste which settles in the seconceVestormed into
small bricks, by pouring it into wooden boxeslinwith thick cloth
laid in loose—From the form & colour it receivéee name petunse.

Clay-- 2. Kaolin; mixed with shining particles—Tleesire mines of it, pretty
deep, in the heart of certain mountains, whosasel is covered
& it is simply washing it over. The fine parsl do not
[....] they only[....] & do not sink with the coarser powder.
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Transcription of Figure 21

Page 51

6311 & c—Some of the mixtures, when dried on ths,baere found to have
almost wholly lost their caustic taste; & henceds judged that salt,
instead of remaining glaze, is most of it absormethe bibulous pitcher
along with the water.

One of them, 6318, was therefore dried on a nbotbus substance (glazed
ware) and thin pieces of the dry ad on the sarhbeditaeen strokes of the
wet—In 37° heat they are all well run, but theedrpieces have the best
surface.

For further trial how the alcali is disposed fsuch circumstances,
bibulous was steeped in alkaline solution of miglktrength: wiped dry &
made red hot, it retained an increase of 1/60aight, & the alcali or great
part of it, was forced out to the surface, butemally, in white
deliquescent specks.

6316 to 19—In trial hole 37°-- 16 is the worst—thv® next nearly alike--

10 the best, much improved by the additions imrégo dipping, It does not
appear injured in any other respect.—it has rattemuch salt for dipping— 17
dips best. 16 is very well, but full of air bub&teNone of them settles  hard






