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.f Abstract L
| %

B ' i L
Large Arctic multi-compofient surface sites present

4

problems for archaeolodical interpretation due to their

unifue polar ,desert envirofiments. Materials deposited on rlvrx
A .o M

not subjetted to the usual forces of

site surface e
L iy /
-weatherlng aéﬁ’éedimentation so horizontal stratigraphy o1

=

spatgo temporal deVelopmental schedullng becomes difficult

/éo evaluate. , §,
L '
-+ To help evaluate a suspected developmental)scheme_at
site PjRa-18 (the Kuptana Site), Banks Island, N.W.T.,

. .muskoxen'bonelisgénalyéed. It is argued‘tnatzdifferential

chem;cal alteratzon of bone parent material can be used to .

£

guage the length of eXposure to the forces of weatherlng
& .
Electron*probe‘microana1y51s and rad1o frequency 1nduct1ve{y

coupled argon plasma atom1c emission spectroscopy

(RF ICAP- AES) areyut1&1zed to ascertaln elemental

1] R

concentratlon levels in bene from'w1th1n.four areas‘of'thev

Coa

~, . ! -

N

sxte.yz
r The electron mzcroprobe proves to be of little value
for bone analysus at the minor or trace Levels due to the
volat111ty of organ1c components w1th1n the bone matrlx..
Conversxjy, RF ICAP*AES 1s of great ut111ty in prov1dlng
1nformatlon on the elemental comp051tlon of bone at the
major,,mlnor, and trace levels. Both wet and dry

; ondatlon reduct1on procedures are utxilzed“1n this study
and demonstrate a hzgh degree of conformrty Assessment ot

K the resultant data 1ndxcates that bones Qrom Tour areas of

< -



the site are chemically dissimilar. In terms of the
horizontal stratigraphic profile postuléted for the site, .

bones from the area thought to be the oldest showed the most

\. . . .
chemical, alteration, .that is, loss of parent material.

’ | | /
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I. Introduction
In this thesis I will examine modern and)archaeélogical
faunal material using relatively new analytical techniques
for compositional analysis. This study was undertaken to
ascertain whether these compositional analysis techniéues

could be of utility in the &malysis of ‘archaeological faunal

materials. .

The contained experiments were’notvundgrtaken‘with‘thp
goal iﬁ mind of supplanting conventional faunal analysi;
techniq;es, but rather to augment-and supplement them by
providing new data heéretofore .unobtainable using‘existing
techniques. Thé experiments in fact utilize conventional
macroscopic and microscopic methgds to establish the data
"base to which compositional analysis results could be
correlated. = = e ,

This chapter will ptovide informatjqn on two iopics).
théreby serving.as an introduction to the main body of the
thesis. The first sdbjéé{ isla brief andlgenefal erfview‘of
the Copper Anuig'oécugatfb; of Banks_Islénd,.N.w.T;, dufiné
the'late‘ninetéenpﬂ”p@htury;.the second is a discussion of
the‘direction;taken by this particular research, within the
.Conxevaof.thﬁfaréhaeological problgmsvrelaifngEto thi$
occupation. }}n. L |

The faunal material utilized ir- this study was
collected from Site PjRa-12. Bziks Tsland, N.W.T;JBanks
Island, the"sguthwésternmostiisland og“;he‘Canédian Arctic
Arcbipelag§j(Fig.:15;lis loéated‘begween‘7Jnand 75 degrees

: 4 . . - o . : a .

LIRS
1
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north latitude and 115 and 126 degrees west longit ude The
island 1s approximately 400 ki}ggeters long and ranges from
200 to 320 kilometers in width, encompassing an area of
60,165 square kilometers (Vincent, 1982).
Historical and Archaeological Background

Banks Island's geographical location and large size
‘account for its historical importance as it lies athwart '
western entrances to the various northwest passage routes
(Usher j9€6). Although Banks Island had been occupied at

various periods during pre-Dorset and Thule times (Manninq,

. 1956; Taylor, 1955; ArnoldL_1981), there is no evidence to

\ gest that an¥ but a small portion of it was occupied when
“{discovered and mapped by British expeditions in the .
first half of the nineteenth céntury (Osborn, 18953
.Collinson, 1889). Ethnographic evidence gathered by
Stegansson (1913, 1921) suggests that it was the‘abandonment
of the Franklin Search Expedition vessel, H.M.S.
Investidator in 1854 at Mercy Bay (northeasterananks
Island) that prec;pltated the reoccupatlon of Banks Island
durlng the latter half of the Wrﬁéteenth censury
Stefansson concluded that Inuit from Victoria Island
d1scovered the abandoned ship and/or its cache of stores
shortly after 1855. Moreover, Stefansson suggested that the
Inuit were drawn bacﬁ to the area on many subsequent
~occasions for the purpose of obta1n1ng the large quant1t1es

of European goods that represented untold 'wealth' to the’l



resource Jlimited Inuit._Stefansson-estimatea that over 1000
Inuit had v{sited the area o;er a thirty year period, with ;
the 'last visits occurring around 1890 (1921: 240-241).

In an attempt to ascertain'the effects of the large
influx of goods on nineteenth century Copper Inuit culture,
Dr. Clifford Hiqkey, of fhé/aniversity of Alberta, hés been
vconducting ;rchaeological investigations on both Banks and
Victoria Islands, as well as studies of Copper Inuit

&

artifact collections in various museums, published and

unpublished historical records, and conducting o
\
14
ethnohistorical research at the communities of Sachs Hargbur

and Holman Island (Hickey, 1984). The first phase of his
R ) ' f
'"Copper Inuit Research Project' was to delimit and
characterize the nineteenth century occupétiqn of Banks.
Island. The priglary aspects of this work included:
"éssessing-the kinds and amount of exotic materials
. available to and utilized by the Copper Lpuit;
determining the material and other effects of this
incorporation; defining subsistence relationships
.. between the Inuit and prey; and reconstructing
" settlement and scheduling strategies (including
seasonality of various activities, and frequency and
durationjof occupation of various sites)"(Hickey,
1982) . | |
" By the‘béginning of the 1980 field season, around 115
nineteenth century Cdpper Inuit sites had been located on
Banks Island, and another 80 would be found in 1981 and
1982. One of these, site PjRa-18 {(Fig. 2), was_chosen'fort
intensive testing in 1980 because a prelimihar§ §p:§ey of
~ the site by Hickéy‘in'1978 indicated that it might:yieid

specific information regarding most aspects of the first
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phase of the above research #roject.
_PjRa—18 (the Kuptana Site) has been defined by Hickey
as a large multi-component surface site, covering an area

\

between 17,000 and 20,000 sguare meters. On/the basis of
N

Stefansson s work the site may have been occupied at various
tlmes over a period of thltty years (Stefansson, 1913,
1921). The site was extensively mapped and excavated during
the 1980, 1981, and 1982 field seasons andl interpretation of
the resultant data has been proceeding along essentially |
standard archaeological lines.

Prior to the start of the 1980 field season Hickey was
aware that problems would be encountered in the
interpretation of site development. A preliminary analysis
‘of artifact clustering made it clear that there were .
distinct components to the sitelthat could be designated
living‘areas_and-processing areas. : *

‘ A few areas were hypothe51zed to have- been ut111zed
repeatedly on the basis of superposition of artlfacts and .
architectural features, but the major obstacle in the
-reconstruct1on of sike development was the vast quantlty of

faunal rema1ns in t e southern section of the maln part of

the site, In part1cu1ar it was not p0551ble to dxst1ngu1sh

8

chronolog1cally discrete, sub unlts. It was therefore not
'p0551ble to ascertaln the frequency of . occupat1on of the
sxte,‘nor ‘the extent of occupatxon at any particular time.
Some suspected developmental schedullng has been postulated

cp

and. it is to these suspected but uncorfirmed sequential.

.o



s ‘ 4
devdlopmental schemes that the analyses contained in this

study are focused.

Focus Of Thg Thesis

r,’

This study attempts to evaluate methods that éould Fres

-

-used to unravel the internal chronology of large Arctic - ’

multi- component surface sites. These 51tes developed and
survive under conditions unique to polar desert
‘environments. Cold temperatures and snow-cover for much of

the year act to protect culturally deposited materials from

i

,the effects.of normal weathering and destruction. Artifacts

——

,
once deposited on the site surface remain relatively
unchanged for many years and because there is -little
sedlmentatlon it 1is often 1mp0551ble to identify the

sequegée of artifact deposition or to utilize such

1

procedures as. searching for differential deterioration of
3
bone #tifact's. Therefore the developmental sequence or

"internal chronology of the 51te 1s often obscured or
erased The compos1t10nal anaIyses employed 1n the present

pstudy were 1n1t1ally undertaken to ascertaln whether

ﬂ

. M L X
detected in bones from d1fferent areas of the site. My

<pr1mary assumption is that bone undergdes matrix:loss with

time due to ion loss and exchange.’That is, .given chemical

leachlng primarily through water percolatlon, ceter1s

N e

Qar1bu , ©older bone mater1al 'should contain less of the

' prlmary constltuent elements than recent bone. Therefore, if

Y
¢ . observable dlfferences ‘in bone "chemical compos1t10n could be



-~
a site had taken a number of years to develop, it is
reasoned that the bones from the earliest areas occupied
should have lost more of their constituent elements.than
should‘the bones from the ereae of more reeent occupation,

1 propose tnat the loss of mineral material can be used
to determine length of exposyte to the proCessee of
weathering. To test this hypothesis, two chemical analysis
techniques were utilized (described below). “The present
study is a preliminary work where new fofmalized procedures
and reference data had to be developed. As such the study
utilized two chemical analytical techniques in an-attempt to
derive specific ‘information for the interpretation of Arctic
archaeological site developmental sequences.

.Since tne Copper Inuit material.under investigatiquis
assignable to a narrow eime frame, investigetiens'regarding
chronology were doubly aifficnlt, Even though the bone
material could be anywhere from 90 to 125 years old

(Stefansson, 1921) the amount of Significant physical

weather1ng wag conflned to the shOrt Arctic summer«months
when the bones were not frozen or snow covered Therefore,

most active bone degeneratlon would occur only during two or

-

three months of each year. e ,
) L3

'"Normally, bpne on the surfaceﬁsf a site is broken down

‘when collagen is attacked by the bacterium Clostridium

histolyticum (Rottlander, 1976), but thlS bacterlal action

is slowed or. e11m1nated in cold or very dry cllmates. Sznce

Banks Island lies within a polar desert env1ronment



(Maxwell, 1981), this bacterial action is probably not

significant. Factors which have'a bearing on bone decay are 3

water percolation, air exposure, temperature oscillations
‘ A

Lo
b

(resulting in exfoliation), exposure to sunlight

(particularly ultra-violet rays), lichen growth on bone

surfaces, erosion from wind borne particles, and movement

within bone caused by thermal action. But, the main agent !
h

bone' weatherifig at site PjRa-18 is Bglw

ed to be water
percolating through the bone: As Nor%%%astern Banks Island
receives less than 25 centimeters of- prec1p1tat10n each year

(Maxwell, 1981), with me@t. of this occuring as rainfall

e
A

during the summer months;,éﬁe actual amount of bone

disintegrat%% 76uld be expected to be slight:.. Visual

eXamination of the bone material on the site 'supported this
conclusion. '

“ Given these cOndibions for bone preservatioh, the
am;unt of elemental concentrations between bones from WIthln
a narrow time perxod should be slight. The experlments

/

“initiated below'try to evaluate these differences within the

context specified above.



11. The Nature Of Bone

While 1t 1s not the intent of this chapter to examine
all aspects of bone growth, development and general
morphology, it is necessary to examine in some detail those
aspects that had a direct bearing on the current research:
that is, why it waéwinitiated, the direction it took, and
the subsequent conclusions obtained from the derived data.

The major obstacle to exberimental analysis 1is the
general biophysical design of bone and the nature of bone
material. Mammalian bone presents problems for analysis
because it is a 1 ving tissue capable of altering its
prdperties and configuration in respbnse‘to variations in
nutrient supply and/or mechanical demand. Calcified tissue
(bone and teeth) consists of both an -organic fraction and
inorganic fraction (Oldroyd and Herring, 1968). The organlc‘
fraction is éomposed of two components, the cells and the
~intercellular substance. The inorganic fraction is;conposed
of crysfals of ‘inorganic salts which have the basic
atructure of an apatite.

szxng bone has three types of cells: osteoblasts,
osteoclasts and osteocytes bhlch have distinct but probably
overlapp1ng functions (Engfeldt, 1958). Osteoblasts
part1c1pate 1n the formation of the bone matrix.IOsteoblasts
‘are found covering newly formed bone structures and arrange,
_themselves in continuous layers. Osteoclasts are 1nvolved

with bone resorption or destruction. Osteocytes, the most

abundant cells, are osteoblasts that have become surrounded

10
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by intercellular substance®and are pecessary for maintaining
the structure and function of the fully developed bone
“tissue (Métt;r and Siegel, 1979).

The intercellular substance of the organic matrix 1s
comprised of collagen fibers and polymerized glycoproteirs
to which the mineral salts, mainly calcium phosphates, are

"bound (Weinmann and Sicher, 1955). The inorganic fraction !

- bone consists of microcrystals of calcium phosphate which

has the basic structure of hydroxyapatite. No single formula
can be given for bone mineral because there can be at least
five different calcium phosphate compounds within bone at
any one time, these are: dicalcium phosphate dihydrate,
octacalcium phosphate, amorphous calcium phosphate,
tricalcium phosphate ang hydroxyapatite.

The various calcium phosphate compounds share features
with the others in the series so that structural planes may
be identical, thus the Ca/P ratio may vary but the lattice

structure 1is preserved. In bone there is a two-way chemical

transference between the bloodstream and the cells and

‘matrix in a regulated steady state disequilibrium (Neuman,
1980). This steady state disequilib;ium ensures that the
mineral phase of bone ret?ins chemical flexibility and ¢
sgsceptibility to regulation by cellular activiti.‘
Non-equilibrium boundary conditions ensure.that chemical .
composition varies not_ohly from one‘bone to anothervbug:u

~ .

also within the microstructures of the same bone. If the

"

~mineral phase of bone was locked into a fixed solubility
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;‘equilibrium with blood serum,.modificatiass in dietary
intake would allow alternations‘between hypocalcemia and
hypercalcemia. L |

STnce\the extracellular fluads are enorﬁously complex,
bone mineral forms in a medium containing many more ions and
substances than simply Ca;", P, or OH . Consequently, a
variety of elements other than the classical constituents of
hydroxyapatite are found in bone. Particular ions may
substitute for certain constituents of the crystal lattice
itself, while others are only adsorbed on the surface of the
crystal or in-the outer hydration shell. Among the prominent
elements that may substitute within the crystal lattice are
Sr-* and Pb;- for‘Ca“; F- for OH" and CO3= for PO4= (Tipton
and Cook, 1963; Tipton and Shafer, 1964; Tipton et al. 1965;
Becker et al. 1968). -

At the surface of the érystals spatial and charge
requirements are less restrictive allowing for a greater
number ofvpossible ion éubstitutibns. Mg",*Sr", Ra: -,
Pb°*, and Na*' can substitute for Ca*" and CO3=, c1trate,
phosphate esters, pyrophosphate and amino acxds for
phosphate (Neuman, 1980).

The extracellulér fluid can contain up to 50 different
elements whlch can be 1ncorporated into Bone txssue. éone
acts as a reposxtory for many of the body's ions with
exchange occuring dur1ng bone formation and fesorption.
Movement of ions in"and out of bone is greatly affected by

the content of the extracellular fluid which is greatly

]
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affected~by diet, but may also be dependent on such factors
as animal age or sex, and variation between species
(Vaughan, 1981).

Hydroxyapatite crystals are no larger thanlSOO x 200 «x
100 angstroms so that an enormous surface area is expoged.
The total bone crystal surface in man for example has béen
estimated to be 300 square metefs per gram (Matter and
Siegel, 1979). Though-much of this crystal is inaccessible
for exéhange with blood-borne ions, at least several per
cent of the bone mineral is in equilibrium.with the
exiracéllular fluid, providipg an ion exchange surface of
eﬁofmous capacity and reactivity (Neuman and Neuman, 1958).

There are two main types of -bone: coarse fibrillar bone
of.an immature type and fine fibrillar or lamellar bone
(Engfeldt, 1958). The adult skeleton is mainly composed of
lamellar bone which in turn can be subdivided into’two main

typés, cortical bone and trabecular bone. Cortical bone is

the Hafder, more compact bone found on the outer surfaces of
éii bones. Trabecular bone is the ieSs dense inner bone
which lies internal to but contngOUS with compact bone.
Trabecular bone consists of bars, plates or thbules of bone

of varying thickness and length joined in a

n

three-dimensional network. The single trabecula consists of

‘a few lamellae, generally arranged parallel to each other or

inkconcentric layers (Boyde and Hobdell) 1969). Thraughout

all bone are cavities and canals of varying siZes containing

a variety of cells and biood yesséls. In compact bone the
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iétular channels are very narrow while 1nﬂtrabecular bone

the cavities are appreciably . larger and contain varyxng

amounts cf conngctive tissue, fat tissue, blood forming

>

. - p)
tissue, ung blood vessels.

t

‘Mature™bone s, laid down in thin layers of

;interoellhlav substance 4 to f2Amiorons thick w;th“the\
osteocytes spread out in t%é plane ofntne layers-on

'lamellae. _The osteocytes are in fact found betyeen the ‘
lamellae In lamellar bone each lamella is separated fro;

v o

adjacent lamellae by a thin layer of less mlnerallzed tissue

referred t0O as an 1nterlame11ar cement line (Ascenzi et al.

?

1965) . Bone ows in thickness by means ofﬁapposition of new

.
V4

lamellae the surface of existing bone tissue. {\

‘ELt"s the appositional incrementation of ellae that’

first pted this study to investigate'the p%%sibility of
using bone'decay as an indicator of'site deveropment and
dest'uctxon. glnce it can be shown that bone d1sxntegrates
almost in. the reverse order of bohe formatlon, that is from
'the outer c1rcumferent1al lamellae 1nwards (Uerpmann 1973)
I proposed that the loss of. m1nera1 materlal from 1nd1v1dual
lamellae could be used to determine length of exposure to

" the processes of weather1ng “0‘ _ | ' , [a

The outer czrcquerentlal lamellae are- very dense and

' .'conta%g&extremely small nutr1ent passages and thus are veryﬂ'

A'ru.a

k'reszstant to water penetrat1on. As water is the prlmary
& . " 3 .
ﬁecqan1sm of bone weatherlng in surf1c1al dep051t , - decay

__proceeds slowLy at f1rst It is onlyfafter water'penetrates"
u? . N . )
. * : : : i‘«m';:j# .
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and erodes the interlamellar bonding cement that the outer

’

compacté.begins to exfoliate. Onge the harder outer layers

”

aré removed the less dense inner bone is exposed to greater
water penetration. Because the inner layers are pcrous a
greater flow of water t;rOUQh the material ensures that the
proéess of weathering is markedly enhanced. . .

Ih the experimental analyses (Chapter 4) I will examine
a technique for dating bone o; the quantities of mineral
elements that are chemically leached out of tfé'parent bone
material layer by layer. I1f successive lameliae can be shown
to demonsttate differences {n chemical constituents a
'pattefn of minera} loss may be found that can be correlgted
to the iength of time since deposi ion. , i

To test the v1ab111ty of this m del 1t was necessary to
employ a technique of analysis that gould 1s§late and
identify individual lamellag optically as well as provide
analytical results oﬁ the areas under observation. As these
'lamellae.range in thitkness ftom four to twelve ﬁicrons the
method 5f analy51s employed had to allow visual examlnatlon
and chem1cal analy51s at the micron level Therefore'lt was
necessary to find a technlque capable of ana1y21ng o
sequent1a11y ‘at the micron level. That is, tq do a point by.
point transect from the outermost }ayer"towards the ‘central

‘ - , -

core of the bone. The only.machine that offered these
features was the electron’ mlcroprobe. Thus the experxmentUE
analyses descr1bed below begin with a focus on the

mlcroprobe analys1s of archaeolqg;cal bone.



III..ﬂaterial

I began the BQPKS Island muskoxen bone study with few
pteconceptioné coneerning the factors that could affect the
‘outcome of this studyu Since access to the faunal material
was restricted to alsingle season (1980) 1t was imperative
té decide beforehand which anatomicel elements were to
constitute tﬁe sample material. Regard had to be ﬁade for
accessibility and survivability common to all age end sex
groups. A specific area of a single bone had to be selected

to insure|standardization and minimize the regional

variations| which arise from the different structural and

-~

\ <~
functional \demands of dissimilar bone elements. Also, for

the purposes of comparison, the structure, form and function
of particular bone elements affect the.rate of chemisorptiop
and depletion. h ' )

On this basis, occipital condyles were selected as
being best suited fdr the type of analyses to be employed in
this study It‘was ésshmed that most.muskoeen skulls would
Stlll possess 1ntact condyles and these could be removed
wlthout much dxffzculty Also condyles have well developed
cortical and trabecular areas suitable’ for m1croanalys1s.

In the event that condylar preservation was poor,'the
frontal bones were selected as an aiternatlve samplxng s1te.
‘Though these could be removed readily, they lacked the well
.developed cortxcal and trabecular areas of the condyles and

»

as such they were not con51dered as godg a sampllng site.

-

g
‘L B
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Preparatory work for my fieldwork consisted of the
creation of a standarized foém on which to record all the
data that could affect the outcome of the projected
analyses. A maximum of twenty-two discrete observations were
to be made for each skull. Gross age categories were
constructed to accommodate lack of control in the .field as
to the spécific ages of individual animals. Metric
measurements were taken for the calculation of indices since
the large number of animals on the site could provide a core
of data regarding population characteristics of this‘
particular group of animals. Tooth eruption and wear were to
be regorded to aid further in éstablishing the relative age
of individual animals énd also to provide assessment of
animal age and season of death by dental annuli examination
(Miller, 1974; Savelle and Beattie, 1983).

The large sample, from a wide variety of locations in

the site (Fig. 2) and complete with age, sex, orientation,

general condition of each specimen, orientation with réspect
to cardinal directions, and metric data provides a good data
base from which to‘comparevindividuals against the narm, as

£ —

well as against groups from discrete areas of the site. But,

in brder_to'obtain usable data archaeological materials had

to be calibrated with modern referrent materials. To this

end,. eight modern animals, from recent kill sites near

PjRa-18, were sampléd. Here, too, data were collected to
establish the age, sex and season. of death of each animal.

~
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The procedure followed in this study was to establish a
~compositional norm (or characteristic signature) for a
particular class of materials, in this case modern muskoxen
bone, and then to compare these tolthe archaeological
specimens. Since ?ﬁe,rate of post-~depositional chemical
alteration was to be calculated-by microprobe analysis, it
was necessary to ascertain the range of elements within
recent unweathered bone. Sin;e the uptake of elements within
living organisms is environmentally determined, the modern :
sample, taken from animals from the same locality, should

closely resemble the original condition of the

archaeological specimens.

. :
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’ IV. Methods

The kind of analyses described below are not unique 1n
their application to bone analysis as there has been a
growing trend in archaeological data collection and analysis
to utilize more fully the innovations and technologies
developed in the physical sciences. The increasing emphas:s
on technology has resulted from the desire to extract morn
information oun of the often meagre materials available.

While the relationship between archaeology and the
physical sciences goes back at least to the late nineteenth
century (Haering, 1975), ?t was the development of
radiometric dating techniques in the middle of this century
that had the most profound influence on strengthening this
relatipnship (Aitken, 1961; Brill, 1971). |

Radiometric dating allowed for the temporal ordering of
cultural materiéls, and fairly extensive chronologies
resplted.,Once one of thg priméry goals of archaeology,
chronology became the framework around which other research
objectives:were formulated. Most of these objectives
conCerningﬁprehistorin éechnology, economy, social Q5»‘>

organization, palaeonutrition, palaeopathology, and

palaeoecblogy can only be partially answered by tféditional‘

~methods of analysis (winé and Brown, 1979). Traditional

faunal analysis, for example, proves to be of little uée‘
when fannal remains have been severely modified by

post-depositional effects. R .

19,



20

The development of various analytical methods which
yleld information about the elemental composition of
materialskappear to provide a better means to adaress some
of the above résearch objectives. These include the
techniques of atomic absorption spectrometry, neutro$
activation analysis, x-ray fluorescence and various other
x-ray diffraction methods. These techniques can offer both
qualitative and quantitative data, often with high levels of
sensitivit}. | |
’Though most commonly‘usea to study inorganic substagces
such as obsidian, flint and ceramics to determine their.
geégraphic sources by compositional differences (Gordus et
al., 1968; Sieveking et al., 1970; Aspinéll and Feather,
”1972; Bowman et al., 1973; Banterla et al., 1973), there
heve been some recent studies of organic materials‘as well
(Jervis et al., 1961} Zmijeﬁska and Semkov, 1978; Qrdégh,
.1978;QKostadinov and Djingova, 1981; Kucera and de Goej},
1981). Although few studies ha;e been doné, promising
results have been obtained from the analysis of bone
-'material (Becker et a;;, ﬁ@t?; Lambert ét"al., 1979;
Langmyhr ahd Kjuus, !97é} Gawlik et al., 1981; Hyvonen-Dabek
Jet al;,'198i; and Hyvonen-Dabek, 1981). The compositiodal'

_ ha;urg of bone, and particularly its tface element aspécts,
have been widely}Studied froﬁ a number of biolbgical science -
orienf;tions (Kerr and Spyrou, 1978). | |

The results of receht‘experiments'suggests tﬁat-

pattérned relationships in the concentration of:elemebts
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within bone do exist, and that such relationships may be
utilized as a basis for the investigation of problems
concerning prehistoric economy, technology, paiaeonutritxon,
social organization, and palaeocecology (Wessen, 1975; Wesce:,
et al., 1978; Schoeninger, 1979; Beatwie, 1981).

. The present research was ‘undertaken to determine if
these patterned relationships could be of utility'in
unravelling Fhé internal relative chronology of large Arct:c
mulﬁi—component surface sites. To examine the possibility cf
patterned matrix loss\over time, two types of analysis were
empldyed: 1) total;compositional analysis and 2) discrete
pointianalysis. Tofai compositional analysis was
accomplished using a fadio—frequency indhctively coupled‘
argon piasmé atomic emission spectrometer (RF—ICAP—AES),
while the electron microprobe was used for the discrete
p01nt analysis. o / " '

Total compos1t10nal analy51s was undertaken to
'establlsh the range of elements within the bone samplesf
gnder'investigation to aid in the selection of particdular
'\elements féf individua; isolation s;udies. Ié seemed likely
that thé pertinent information from the analysis was going
to'be dependent oﬁ'the toncentfations of only a few elements
or ratios of .elements. The advantages of total analysxs are -
that the' results give an upper limit for the ava11ab111ty of -
an element within the sample. The disadvantages lie in the
fact that there is no regipnél separation and there is

usually no chance of reproducing the results because of
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sample destruction. For this type of analysis, neutron
activation, x-ray fluorescence and atomic absoébtion have
been methods ﬁost used in archaeological investigations
(Wessen, 1975; Wessen et al., 1978; Schoeninger, 1979; and
Beéttie, 1981). It was my fhtent{on to use one of these
methods myself when I began my current research, but I was
advised by a number of éﬁalyticél chemists at the University
of Alberta to consider the use of RF-ICAP-AES, not only as a
replacement for these che: technidues, but as a more viable
and accurate alternative. For simplicity, the technigie is
generally reférred to as atomic emission spectroscopy(AES)
aAd the machine as the inductively coupled plasma (ICP).
‘Comparisons of precision and accuracy between AES and othe;

analytical techniques;favoﬁr AES as the prefer}ed"analyticél

- v

technique for the discernment of most elements at the major,

minor or trace levels (Fassel and Kniseley, 1974;

]
Winefordner et al., 1975; and Amini et al., 1981).

. -, -
: t \J
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ICP Analysis :
| _.The ICP yields results which are generally within one
standard deviation,dbfthe~§§§ﬁlts of other methods and is
therefore regarded aé a‘good alternative tofthe.more
time-consuminé sfngle element methods such as(atomic
absorption spectroscopy._Apért from sample dissoidtion, no
ére-tréatment of the sémple is reqhired, and puré’stqndards

can be used for calibration.

.
-

. 7
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Although 1t 1s not the primary intent of this study to
examine fully the history and all the theoretical aspec:s ¢
‘the plasma, the discussion ihat follows may prove useful tc
the reader unfémiliar with the field.

The principles behind the operatiod.of the ICP are ea<«-
to understand. A plasma is a highly ionized gas which’
results when the atoms and molecules of a g;s are thermaii,
excited. When a gas is raised to a high temperature (betwee
4000 and 10,000 degrees K)ﬁ the atoms and molecules of the*
gas are highly excited, precipitating violent collisions ot
particles which result in the stripping-off of electrons.
These electrons cause collisions with the gas atoms and
produce s;ill more f{ee electrons. The increased number of
free ions and electrons affeét the dynamical behaviour of
the gas and its properties are sufficiently different from
those of a normal non-ionized gas to be.called a plasma
(Greeafield‘ét al., 1976)..

A fine spray of solution taken from the sample tube to
be.analysed is injected into the plasma flame. Because it is
a solution spray it is a representative7portion of each
sample and assures its uniqum distribution throughout the
bedy of the plasma flame (Fig. 3). These atéms and moiecules
are raised to an exci;ed electroﬁic state through thermal
" collisions with the constituents of the plasma gas; and wher
‘they return to a lower or "ground” electronic state they
~emit light whose wavelengths are ¢ha;acteristic for eéch
element within it, ;ith an intensity g}rectly proportional

\
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to the element's” concentration.

This light is focuséd by a collimating lens onto the
entrance slit of the spectrometer (Fig. 4). It passes the
entrance slit and illuminates a diffraction Qrating. At th-:
point the light is polychromatic and is characteristic ot
all elements 1in the excited sample. The light is diffracted
by the grating and is separated into its component
wavelengths to form a spectrum. The photons of the spectral

/
lines are registered by photomultiplier—tubes, and the  .-»
output is amplified and diéplayed on a digital readout.

The number of elements that are determined
simultaneou;ly is dependent on the number of elements the
machine is set up to analyze, and is dete;mined by the
number of photo-multiplier tubes present. Newerlmachines
havé‘ihe capability of analyéing up to 60 elements. The ICP
can be used for most.elgmehts,,especially the metals. It
cannot.disFinguish isotopes, nor can it do some gaseous
elements like hydrogen and §§ygen because pure elemental
. hydrogen or oxygen would explode in the plasma flame.

The ICP analysis for this study was done at Chemical
a;d Geological Laboratories (Ltd.) in Edmonton, Alberta. The’
instrument used‘was the Jarrell-Ash Plasma'A;omComp Model
9000 equipped with an ICP unit (Fig. 5). The system wa$
controlled using an Apple II micro-computer as the dedicate.:
controller. The Jarrell-Ash Sample Analytiqal Ta#k Program

(version 3.1) provided the software commands to control

spectrometer functions. The ICP was calibrated using a

-~
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mercury lamp profile. The 9000 was sek/to analyze 26
elements (Table 1). The spectral lines :Zat were read'are
also’listed in Table 1.

This particuéar machine provided for the simultaneous
determination of 26 elemente,'ranging from lithium of atomic
number 3 to lead of atomic number 82. Since this was a
maé&ine used for oommerclal purposes: these elements
reprbsented those that are most commonly reqoested in the

various analyses normally undertaken by the laboratory.

For ICP analysis 13 samples from five recknt kills were

selected (Table 2). Thé animals were sexed by visual clues' )

based on horn core growth "development and robusticity. The
sample popula\lon consisted of one adult male, one adult

female, a subadult male, a subadult female, and a youné? 086

Juvenile of indeterminate sex.

Sample preparation was minimal. The samples were washed
in dlStllled vater and oven drleé at 105 degrees ce151us for
four hours One gram was taken of each sample and d1ssolved

in concgptrated reagent grade n1tr1c ac1d then dlluted to

'_100 ml gsrng dlstllled(water, The d1ssolutlon proc%ss

”Eiectronsnxcroprobe Analys1s"

required the application-of some heat and was completed in

¥

about fourroays.

It

nd -

Dlsérete point analy51s was performed u51ng the
electron mlcroprobe fac111tles in the Geology Department at

the Unlver51ty of Alberta. These facilities are supported in

. E i

4
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Table 1: Elements Analyzed By .The ICP

¢

Element Atomic Number Spectral Line Read O
Ag 47 ° 3382
Al 13 - 3093
B 5 2497

: . )
Ba . "™ 56 - 4554
Be ’ 4 3130‘
Ca 20 . 3179
cd | 48 2265 ,
Co 27 2286
Cr . 24 ‘ 2677 v
Cu 29 , 3247
Fe 26 2599
K ) 19 ) . 4047
Li T3 6707

‘Mg 12 f " 3832
Mn 25, , ' 2576
Mo | 42 . - ’ 2020 >
Na IR S 3303
Ni 28 2316 X 2
P 15 ‘ 2149 X 2
o 82 | 2203
si e - 2881

. R . L d
Csr , 38 T 4077

Te ‘ 52 . 2142
T4 o 22 | 3349
v oo T3 2024

Zn ' 30 o : 2138 X 2
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Table 2: Bone Samples Used For Plasma Analysis

Number

1

2

12

13

379
379
379
379
379
384
384
384
384
384
382
378

383

Animal
Adult éemale'
Adult Female '
Adu{f Female
Adult Female
Adult Female
Adult Male
Adult Male
Adult Male
Adult Male
Adult Male
Subadult Male

Subadult Female

Indeterminate
Immature ’

Anatomical Element

Right Condyle
Rib

Femur
Premaxilla
Mandible
Right Condyle
Femur

Rib

Mandible
Innominate
Right Condyle
Right Condyle

Right Condyle

30
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part by NSERC Grant A4254 to D.G.W. Smith.

The instrument used was an Applied Research
Laboratories "SEMQ" electron microprobe fitted with an Ortec:
EEDS 11 energy dispersive system. It was oberated at 15 Kv
with a probe current of about 5 nano amps. The instrument
uses a 1024 channel-multichannel analyzer displaying 0- 10, .}
KEV integrated photon counts. The region from ehannel 18¢
channel 218 inclusive was used for P K a'lpha radiation. The
region from channel 353 to channel 417 inclusive was uéed
for integration of Ca K alpha and K beta.

An electron beaﬁ\is focused on a small area (=1
micron’) on the surface of the sample material (Fig. 6).
X-rays characteristic of the constituent elements are
excited within the micr§volume penetrated by the elethons
and are radiated out of‘;he sample. The wavégength (or
energy) of the x-ray pﬁogbns are characteriséfc for each of
the coﬁétituentﬁelements ﬁp the sample with 'the intensity of

the emissions being dependent on the concentration of the

\

\ \

. . : . . ' /
elements present. X-rays wh1ch‘aresem1t;ed from the target

sample are dispersed by a movable diffracting»crystql.-ay

r

rotating the crystal tdgptecige.angles'an x-ray image of the
x-ray source can be focused on\the x-ray detector.

To see the point of impacf\of the probe beam the

Y

microprobe is equipped with an obtical microscope capable

magnifications up to 300X. For further precision a beam fro. .
a cathode ray tube is moved synchfonously with the probe

beam so that as.a signal) is produced as a .consequence of ‘%o

\

\,
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electron beam interacting with the sample an electron image
is produced in the form of a'bright spot at the position on
the screen corresponding to the point on the sample wgere
the photon originated. In this way the beam can be
controlled by the operator and directed with reference t.
this image. A more detailed description of microbeam
techniqgues, analysis and instrumentation can’ be found 1n
Smith (1977).

In microprobg analysis the sample must be placed 1in a
vacuum to prevent attenuation of elements in air. Since the
microprobe operates on the principle.of positive and
negative potentials it is netéssary to coat samples with
cérbon to make them conductive to electrical charges. The
carbon coating also makes the sahples more resistan} to
heat, which is critical since volatile materials may emit
undesirable substances which.could coat thexdelicate'
internal parts of the machine, affecting“its performance.

Sémples must be smaller than 2.5 cm in diameter so‘as
to fit within the target specimen holders utilize: by_thg
-micrgbrobe.'All samples have to be polished to a mirror
finish because an uneven sample surface can defiect
eiecirons and emit X—réYs'in undésirable‘direétions;
Prepafation to flatness withoub-alteriﬁg sample comﬁosition
isvdifficult)‘espeéially with poréus materials 5uch‘as Boné,
-because polishing J;mpounds can become lodged ‘inside por;s,
but since the microprobe is capable of viewing the éampliné

area in great detail, inclusions can be recognized and



34

ccempensated for or they can be circumvented in the course of
analysis.

As stated above, microprbbe analysis was preceded by
total compositional analysis in order to make optimum use of
the microprobe analysis. This optimum use also included the
amount of tiﬁe that the.machine was to be utilized because
demands far use of the microprobe were great at the time of
my experiments. Since it is the concentration of an element
that is discerned 16 microprobe analysis, the identification
of an element in certain quantities at ohe point may differ
vastly from concentrations of the whole sample. What may ba
a major element in a small area of aoncentration may be a
trace element in'the whole sample. Therefore, elactroq beam
scanning technigues can provide useful information on the
distribution of elements over an area and are useful for
examining morphological featuras. In bone, for example,
compositional changes or growth history‘can be examined by
analyzing the;distribution of elements o§er an area and
'within specific morphological éfatures.

Because diScretelpoints can‘be located.and‘examined,
microprobe.analysis can be useful for discerning variations
in composition of minefal phases in’reéards‘to~zona1
relationships and for the determination of the associafion
of minor eiements Qithin major ones. These types of data
could be especially useful in bone analy81s because any o;a

bone can contain up to five mineral phases of hydroxyapatlte

at any one time and»subst:tpixons can occur at various

-



35

stages of bone growth. If specific zones o} growth areas of
bone can be 1solated and identified on the basis of the
constituent elements, seasonality factors and
post-deposiéional changes may be documented.

In microprobe analysis traverses can be made in <ev., !
directions so that zonal relationships can be identiiie: .-
the question of homogeneity versus variability or
heterogeneity can be explained. This illustrates the ab:i:ty
of the microprobe to determine the extent of concentri-
zoning which should be exhibited by bqne~lamellation:

In the microanalysis in this study I attempted to
determine: |
1. ratio differences between elements
2. differences in composition of each bone
3. pafterﬁed variability in morpholégical features such as

cortical and trabecular bone |
4. elemental differences between external cortical bone and
internal cortical bone (where applicable)
These data would be informative if the rate of exchange‘ét
elements dufiﬁg bone g:bw;h and development cogld be
identified ana the removal of elements by post mortem or
-posf-deposftional factors could'be’ascertained.’Thus, 1f toe
leaching of elements over time due to the disintegration cf
bone could. be ascertained, placement of individual bones
a chron&logical‘sequence could be done based on-tbe relativ-

occurrence of constituent elements.
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V. Results: Part 1
- The results of the ICP gnalysis are presented in Table

3. These results were compared with data from biolbgical and

-

£
medical studies to evaluate the precision of the present

technigue. This was done with the knowledge that
comparisions of these two types of data, from different
species, 1is only qualitative at best (Rowland et al., 1959),
and that substantial variations in anaiytical values have
been reported in interlaboratofy and jnteémethod comparison
exercises (Bowen, }975); But lacking a Standard Reference
Material for bone, some verification of the analytical
method was thought necessary. I'n keeping with the convention
adopted by the Irnternational Commission on Radiological
Protection, median values ére us;d for purposes of
Eomparison of results to prevent skewness caused by any
2wild' concentrations (O'Connor,’1980).

. The median values for calcium and phosphorus.were 23.3
per cent and 11,1 pef~cent,,ré§pectively, which correlate
well with figures accepted for mammalian bone (Vinogradov,
1§'§? Underwood, 1977). The amounts of many other elements

(Cd, Cu, Fe, K, Mo, Na, Ni, 2Zn) approximated expected values

so the analytical results appear to correlate well with

“other bone ;nalyses (Skinner et al., 1972; G§w1ik, 1981:

Kirchgessner and Neeée, 1976) (Table 3).

Comparing the figures for condyles only, some

- intra-species differences were observed on age and sex

‘variables. Excluaing the values for the young juvenile
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Specimen
Adult gemale
rt. condyle
rib
femur
premaxilla
mandible
Adult Male
re. éondyle
femur
rib
mandible
1nnominate
Subad. Malile
-
rt. condyle
Subad. Female
rt. condyle
Indet. Immat.

rt. condyle

Note: All element values indicate parts per million
except Ca and P which are in percentages

Table

(4]

3:

Ag

Results of

Al
35.3 13
83.1 7
27.3 19.
66.3 5.
46.6 7
15.8 9
12.3 10
27.3 6.
20.0 5
41.0 3
27.6 9.
29.8 6
»

163.0 4

-

'

B

ICP Analys:is I

98.

103.¢

110.

94.

90.

123.

89.

76.

71.

86.

69.

185.

Be

<1

40.
20.

26.

24 .

35.

25.

24.

re

28]

37



cont. Table 3:

Specimen
Adult Femalel
rt. condyle
rib
femur
premaxilla
mandible
Adult Male
re. condyle
femur
rib
mandible
innominate
Subad. Male
rt. condyle
Subad. Female
rtl condyle

Indet. Immat.

rt. condyie \

Cu

1.3 41
2.0 40
1.4 23
1.9 10
1.1 38
1.3 74
1.9 99
1.1 .65

2.5 362

Fe K
.3 863
3.2 455
w5 589
.2 142
.5 485
.2 757
.6 755
.0 1705
.2 1064
.7 921
.7 203
.1 779

.0 2585

o

34.
53.
58.
57.

38.
59,
58.
61.
40.
44,
60.

33.

67.12

&

A

Mg

2480
3050
5733
3025

2999

3470
3060
3345
33}2

3007

3955

2724

4180

3

Mn

14.6

3.9.

Note: All element valles indicate parts per million
except Ca and P which are in percentages

7638
5780

4400

49890

5500

5087

4775

3939

3668

3745

8473



cont: Table 3
Specimen

Adult Female

! rt. condyle
rib
femur
premaxilla
mandible
Adult Male
rt. condyle
femu}
rib
mandible
innominate
Subaa. Male
rt. condyle
Subad. Female
rgl‘condyle
Indet. Immat.

.rt. condyle

48]
w

M

10.

Ny

Sr Te
2.6 28.5
78.7 36.2
138.0 72.06
80.9 48.6
70.6 43.2
58.% 34.9
86.6 55.7
66.0 48.2
53.9 42.8
49.3 36.6
70.9 41.5
52.4 32.3
106.0 46.5

Note: All element values indicate parts per million

except Ca and P which are in.percentages

VA ¢

S2 4.8 Ry
<2 j.ﬁ Hgb b
-2 4 GH o
<25 SN
2 5.5 96.4
2 4.5 by,
2 3.3 8.2
©2 4.1 72.¢
2 5.2 100.0

S

<2 3.2 5B.3
<5 5.6 129.0

39
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animal, females had marginally higher values than males for
Al (33%) and K (43%). Males had marginally higher values for
Ag (50%), Ca (15%), Li (44%), Mg (30%), P.(ZO%), Pb (43%),

S1 (50%), Te (20%), énd vV (30%). SuSégults ?f both sexes

were highest 1n 1ron but had lower valh?s for most of the
other elements. The young juvenilg animél exhibited the .
grea.‘st deviations from the median valueg‘and haq\the
highest values for most elements. High values are nog
uncommon 1in foetal or very young juvenile ani%als as\the

\

degree of vascular recruitment is high dué to véﬁy active
+bone growth (Kirchgessner and Neese, 1976; Casey and

Robinson, 1979). ‘ . . 4

On the basis of the median values for the adult male

’ L g .
and adult female samples, the female was higher‘in Al (57%),
Ba (14%), Fe (48%), Si (50%), and Sr (25%). The male was
higher in K (38%) and Pb (30%). -

The above results warrant further 1nvestlgat10n for
they. may indicate deflnlte patterned relationships. But,
since ICP analysis was initiated to establish the range of
elements and the‘éuantities of elements so that microprobe
analy51s could proceed more efficiently, the causes of these
dlfferences were not 1nvestlgated |

For the internal mlcroprobe analysis, eight right

condyles were selected for exam1nat1on Theée’consisted of
seven archaeological specimens and\Qne modern specimen N
) \

(Table 4). ance the samples had to conform to the size

restrictions 1mposed by the. mxcroprobe representatlve

.



Table 4: Bone Samples Used For Electron Microprobe Analyéis

Animal No. Sex ‘ Age
61 ‘ Female 5
144 Male 4
251 Male 5

“278 Female 3
280 Male 8
363 Male 7
372 Male - 4
382 Subaqult Male 2
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Ny

pieces were cut from the central portion of the condyles.
# " .

.The sample population consisted of 5 adult males, 1 adult

o \ —

. female, 1 subadult male and 1 subadult female. The subadult .

malé was the only modern specimen prepared.

For the first exploratory analysis, transects were run
aeross sample 144 starting at the extreme outer edge of the
cortical area toward the center. The first transect
consisted ofnpoint by polnt analysis using a beam of focus

#

of one squate micron. Immediately there were problems of

burning at the sampllng site and bubbles began to form.
These bubbles were caused by the fatty substances still
contained thh;n the old bone. The high combust1b1lity of
the organiEs hithin;the bone could be compensated for by
elther reéucing‘the initial energy of the bean of electrons
striking?the sample, or by rastering the beam over a larger
area. Both 5; these~ solutions had drawbacks. Reouging the
~initial energy'of the beam would reduce the incidence of

x- ray or photon em1551on and would thus lower detectablllty

for most élements and partlcularly for the minor elements.
‘.'

e Raster:ng over a larger area would e11m1nate all the

proposed exper1ments 1nvolv1ng dlscrete points of»ana1y51s.
o Slnce reduc1ng the 1n1t1al energy of the electrons was

‘so restrlctlve, affectlng the whole range of elements, and
;3thereby all the experlments, rasterlng was the only
nalternatlve because some analyses could still proceed. After
a few attempts, 90 X 90 m1crons was . selected as the optlmum

‘,.

,'szze of the rasterlng area.



Once the problem of voiafilization was. solved,
compositional analyses begaﬁ. Tﬁe results were not
immediately encouraginé. High background interference

" obscured all .the minor and trace element emission peaks and

only calcium and phosphorus peaks were disﬁgrnible. In fact,

. [

it was the high calcium and phosphorus levels that obscured
the other element peaks. |

This problem arose because of the 1inherent nature ¢
microprobe analysis, in that it employs a counter which
detects the number of emitted x(rays or pﬁotons. Since the
microprobe was beilng rastered over.an area of48100 square
microns and penetrating to a depth of one micfon, the
massive amounts of parent material (iﬁhthis case the Caic1um
phosph;te based hydroxyapatife) caused the detectibn limits
of ‘the other elements to increasé to unreadable 1ev§ls. The
reéson for this is that if only a few atoms of an élement
are présent within the microvolume béing,excited, the
chances.are extremely‘small.that these'atoms will’bé excited
enough to emit an x-ray or photon and smaller still that the
emission will be in the djrecﬁion of the detector. :

» Since calcium‘and‘phogphorus were the only elements
detectable using thi;-technique, it was hoped thét épétia}
distribution or ratio differences betwegn these p@o elements
could be deteéted.

A gfadual*inc;easelin both calciUm.and phosphorus

Py

levels was detected moving from the exterior of the cortrn:

towards the interior (Table 5), but the increase was.not



Table 5:

Samble
144
382
144
382
278
372 -
278

372

Results of Electron Microprobe Analysis

Location
Trabecular
Trabecular
Cortical
Cortical
Trabecular
Trabecular
Cortical

Cortical

\

Total Counts

P

274008

276044

277185

267997

272184

272581

264098

245555

C
369179
375416
379479
374683

382428

384487

385007

354766

Ratio
P/Ca
0.7422
0.7353
0.7304
0.7153
0.7177
0;7089
0.6860

0.6922

44
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sdfficiently different to be quantifiabie except on a counts
per second basis. There were also slight variation;‘in these
levels within the microstructures of the cortical and
trabecular areas, but these too were not quantﬁfiable.ﬁNo
detectable variation 1in khe calcium/phosphorus Fatié .
appeared at =sny time during the investigetions of differen:
bone nor 1n different areas of the same bone. It seemed
unlikely that ratio differences would be apparent swhen *he
beam of focus covered such a large area. No quantifiable
differences were apparent between the old bone samples and
the bone frbm the modern specimen. The only major difference
was that the modern material did take less time to begin
burning, due to the presence of more volatile organics.’

The volatility of the organic matrix plus the high
calcium‘and phoépho;us content within bone precluded a
satisfactory conclusion to the experimehts; Since exact
elemghtal composition at discrete'poihts of one square
micron were the focal point of these experiments, forced
'rastéring of the electron beam over larger areas effecLiQely

14
eliminated the anslytical advantages that prompted the use
of the electron microprobe for analysis of these |

‘archaeological bone materials.



Vi. Analysis: Part II
‘The inheren£ d;ficiencies of the microprobe.analysis of bone
prompted a re-examination of ICP analysis since the
preliminary ICP results appeéred encouraging. An extension
of my Boreal Institute g}ant enabled me to complete a more
detéiled examination of the use of the ICP fqr bpneﬁ

>

analysis.

The ICP results in Table 3 revealed differences. in the
elemental make-up of bones depending on the age and sex of
the animal sampled. Also,. differences were noted between
va;ious bones from the same animal. It should be noted here
that differenées in quantities or ratios of elements can be
expected between animals because of differential soil intake
(Healy, 1974). Grazing animals  ingest soil along with their
herbage and this can be a major source of elemental intake.
Healy .reports that annual ingestion of soil can reach 75
kilograms fof domestic sheep and up to 600 kilograms for
dairy animals, with individual animals in é flock or herd
_‘diﬁ{ering by a'ﬁactor of two or more. Since intake of soil
elements directly affects uptake of elements within bone,
variation between animals even of the same sex and age group
can be expected.’

Fér-the second stagé of.analysié it was decided to
select bones from within one rigidly defined group so‘as to
keeb the number of inferfering variables to a minimum.
'C}iteria‘for selection wére as follows: 1) all condyles

selected were to be pointing straight upwards so as to

46
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preclude ground-water or soil contamination; 2) all condyles
had to be from animals of the same sex and age group; 3)
there had to be representation of animals from throughout
the site to test for sbatial differences.

Following these criteria, pairs of condyles from 17
adult females were selected for analysis from the sample
population. These animals came from four areas of site
PjRa~-18 (Fig. 7). Right condyles were used in the first
series of analyses following the wet-ashing procedures
employed in the first ICP analysis described above. Left
condyles were used in a second Series-of analyses employing
a dry-ashing technique described below.

Both procedures have been used in other studies with
‘varying degrees of success (Hyvénen;Dabeck, 1981; Scott and
Sfésheim, 1975; Koirtyohann énd Hopkins, 1976; Friend et
al., 1977; Cheng and Aghew, 1974; Anderson, 1972; Giron,
1973; Keeley et‘al., 1977; and'Locke, 1980; Moo and Pillay,
1983; and Hall et al., 1984). I decided to run paraliel
tests in order to determiné the effect of these ashiﬁg
procedures on the analytical precision‘bf ICP. analysis pf
bone material. Also, the inclusion of both techniqués would
help to facilitate interstudy comparisons since various |
studies ha&e expressed reéults in terms of either whole [
dry weight (for wet-ashing) or qshed‘wéight (for
dry-ashing). |

. For the dry—ashing’procgdhfe the samples wefe oven

dried at 105 degrees Celcius for 24 hours, whereupon the
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welghts were recorded. This procedure was to eliminate most
of the water loosely bound within the samples. The sampies
were then ashed in a muffle furnace at 550 degrees Celcius
for 24 hours, then weighed again after equilibration to 1oon
“conditions. The ashed saﬁples were digested.with nitric and
perchloric acids, then diluted to 100 millilitres using
distilled water.

Due to the absence of a bone standard to aid in
cailbrating the results for interstudy comparisons, an
értificial referen;e solution was created using reagent
grade calcium and phosphorus. First an ICP analysis for
calcium and phosphorus was undertaken for all 17 pone
samples, then the median values for these were used to
create the standard compound. Standards and blank samples
were introduced after every third unknown as this is a good
means of monitoring instrument stability and quality of the
analysis, Analyzing'refeérent samples with known

t ' .
concentrations providgs an estimate of the combined accuracy
and precision of a semi—quéntitatiye procedure(Brenner‘et"

al., 1984; Zhuéng and Barnes, 1984),



VII. Resalts: Part II
The results of the second set of ICP analyses are
presented fn Table 6 and 7. Table 6 lists the analysis
results of the samples that were wet ashed. The elements

listed here are those that were selected for in advance on

the basis of the previous analysis results (Table 3). To
keep costs of analysis down only those elements that had
readings greater than 20 parts per million werf selected.
This number was chosen because if differences iﬁ values were
signif}cant, elements with low parts per million levels |
could drop below their detection limits. .

The results from the two wet-ashed procedures (Tables 3
~and 6) were examined to test the original hypothesis that
there should be a detectable decrease in the amounts of
elements from the older bone material in comparison to the
modern material. No observable pattern was evident. For the
old material six elements had lower readings (Ca, K, Li, Na,
Pb, and Te), seven showed increases (Al; Ba, Fe, Mg, Si, Sr,
and Zn), while phosphorus reﬁainéd the same. For the.minor
elements it is intéresting to note that lithium all but e e
disappeared while'Mg,;Né,,Te, and Zn were on;y mafginélly' |
different. _ ‘

Table 7 presents the results of tﬁe dry-ashed sample
analysis. Heré, no particulag"elemen§s were.requesﬁed, so:w
the full capébility of this ICP maéhine (26 elements) ngy
used. Also, for purposes of comparison four modern bone
:samplés were analYZed aléng with the 17 archaeoloéicai
). 50



Table 6: ICP Result

Specimen

1

2

16

17

29.

122

64.

69.

75.

367

245

119

283

56.

125

73.

116
200
336

»

99

147

s
Al
0

.0

.0
.0
.0

.0

.0
4
.0
.0
.0

.4

.0

1]

(Wet-Ashed)

Ba
178
175
175
194
240
177
229
161
148
179
186
184
235
236

188

242 -

151

Ca Fe
20.8 55.2

18.3 246.0

18.3 140.0

" 20.1 128.0

17.7 51é.0
23.9 428.0
17.2 157.0
17.8 317.0
16.6 121.0
21.3 276.0
17.5 88.1
20.4 152.0
21.1"256.0
15.5 367.0

20.6 175.0

17.2 172.0

265

454

472

387

407

762

474

44

594

478

573

415

1

.4

Mg
4040
3760
4140
3890
4000
4040
5800
3560
3360
3340
4300
3600
3940
4360
3680

3520

3610

Note: all element values indicate parts per million

except Ca and P which indicate percentages

o1



cont. Table o:

Specimen Na
1 . 4141
2 3020
3 3670
4 3200
5 3400
6 2420
7 3050
8 2660
9 2690
10 2580
1 3095
12 2860
13 3430
14 2920
15; 2630
16 3310
17

2730

p Ph
11.4 10.90
10.30  9.51
9.37 9.30
10.50 10:40
10.5Q0 11.50
9.35, 9.70
10.90 13.10
10.20 9.54
9.70 9.83
9.30 9.12
9.85 12.50
8.77 9.17
11.30 12.40
10.90 12.30
9.42 9.72
10.60 12.30

9.85 10.50

51.
77.
56.
57.
62.
98.
66.
57.
77.
51.
51.

44.

70.

101

46.

55.

9
.0
0

3

108

110
104

86
105

76.

.0

.0
.0
.0
.0

2

22.
22,

19.

22

20

.4

3

129,
77.

"104.

90.
93.
84.
113,
108.
96.
100.

110.

Note: all element values indicate parts per million

except Ca and P which indicate percentages

4
Zn’



Table 7:

Spec

1

15

16/

17
18
19
20

21

1 men

wah
)

e

(modern)
(modern)

(modern)

(modern)

Note: all element values indicate parts per millic
except Ca and.P which indicate percentages

ICP Results

Al

133

902

563

444

277

663

731

404

583

534

342
356

434

! 288

1120

443.

521.

367
283

311

91

111 (Dry-Ashed)

Ba

289

322
309

340

294
361
334
340
355
395
416
346
453
287
260
226

303

190

Ca
37.2
36.5
36.4
35.5
33.8
34.9
35.2
36.1
35.4
36.6
35.9
36.3
35.2

35.3

35.9

36.9
35.6
36.4
35.1

36.3

36.5

<5

<5

<5

14

<5

23

<5

. <5

<5
<s

<5

<5

1020
568
508
285

A 780
885
459
420
454
387
429
433
312

1040
571
415
324

265

217

194

S

58
oo
Bo4
88¢
657

681

549
607
522

719

897

430

(P
G
LRE
6360
6990
5640
5720
6760
6230
6090
b 10
6630

% Xl

5 3

&



cont. Table 7:

Specimen

[

2

18
19

20

21

{modern)
{modern’)
{modern)

(modern)

<5

<5

<5
<5
<5

<5

<5
<5
30
<5
<5

<5

Na
56/C
4640
5160
4640
4940
4180
4630
4480
5290
4721
4810
4340
4420
3680
3980
4830
4820
5200
7990
7590

6420

et

<5
<5
<5
<5
<5
<5
<5

<5

<5

8

<5 .

<5
<5

<5,

<5

<5

913
9600
5560
4790
1550
7340
6580
2940
4450
3650
3039
486Q

3240

2570

9220

1870

3940
1903

1200

870

.1120

208

168

187

172

- 190

206
207
210
169
180
]71
181

194

190 -

166

206

205

153

164

224

201

Note: all element values indicate parts per million

except Ca and P which indicate percentages
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specimens. The 13 elements in Table 7 represent those tha: -
registered above the detection limits of tﬁe machine.

In combaring the results of the wet and dry precedutes
1t was found that most element levels increased by a 1. '
of two, except aluminum (factor of 3) and silicon (fa.c:: ot
70) (Table 8). This doubling of values was predictabi.
because the weight loss of organic matrix upon ashing - 3¢
to 60 per cent (Table  9). The calcium/phosphorus ratic '.:
the dry ashing was 2:1, for wet ashing 1t was 1.86:1, while
the theoretical ratio for bone hydroxyapatite is from 1.0 t¢
1.66:1 (molar) (Neuman, 1980), or 1.2 to 2.15:1 (weight)
(Skinner, 1972). The calcium ahd phosphorus values appeart
remarkably constant in all samples and appear unaffected by
the age of the materials.

Among. the dry—éshed saméles, coméaring the 1; old
samples to the four modern ones, no discernible pattern was
e&ident: Five elements showed increases (Al, Ba, Fe, K and
Si), one showed a decrease (Na), while seven rgméinpd the
same or showéd only marginal differences (Ca, Cu, Mg, Mn, P,
Pb and Zn). Most éf the elements of the old bone matgrial
shéwéd increases or decreases relative to the new bone
material bynabobt the same'factor as in the wet analysis.

It sﬁould be noted that lead levels dropped to just
above detection limits after the dry-ashing procedufe whito
strontium and tellurium levels dropped below detection

limits. Very low réadings were obtained fot copper and

manganese as in the initial study (Table 3), but lithium )

e~



Table 8: Comparison of Means-

S Zn

Element Wet-Ashing Dry-Ashing
Al 148.7 509.7
Ba 195.7 - 345.7
Ca 18.9 35.8
. |

, Fe 218.dF
K 464.2 757.8
Li 1.78 0
‘Mg 3761.0 6134.2
Mo 2 783
‘Na 30474 4623.3
P 10.17 17.38
'Pb-‘ 11,27 <5.0
si 64.0 4552.2
St -82.0 | ;—'
Te: 20.3 .

102.2 * 190.5

Factor of

Increase
= 3

=~ 2

y
N .

/7
N

’
N

&
N
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Table 9: Ash Content of Dry-Ashed Bone

Specimen No.
1

2

11
12
13
14
15
16
17 4
18.
19
20

21

Ash(% by weilght)

64.4

62.8
60,3
60. 1™+
62.4
57.8
60.8
59.8
56.1,
57.7
58.9

60.5

. 65.1

63.0
56.7

60.8

57.8

57

®
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values were below detection limits, even in the modern
samples. The high temperature used in the dry-ashing
procedure could have caused the volatilization of lithium,
lead, strontium and tellurium, yet the ashing temperature

- was comparable to those used by other researchers (Langmyhr
and Kjuus, l978;HyvOnen—Dabek,‘1981; Scott and Strasheim,
1975; Koirtyohann and Hopkins. 1976; and Andersoh, 1972)
wvhose ashing.temperatures ranged from 450 to 1000 degrees
Celcius. Only Anderson reports losses of lead at
temperatures between 450 and 506 degrees Celcius.‘%he loss
of these elements could have been the product of high-
temperature or could have resulted from these elements
adhering to the surface of the crucibles used in the muffle

*

> furnace.
rd

i Sihce no discernible pattern emerged from a visual
examination of the-data,-these data were assessed
statistical&y Proceglures for these analyses were dermved
from the Michigan Interactive Data Analys1s System computer
program (MIDAS). /For thls study sepasate tests were run on
the two sets of data. The wet ashed set eonsxsted of all 17°
'samples from Table 6 and the 51ngle female adult condyle

4 ) The second set consisted of the 17 old

°

samples and the s1ngle modern female adult from Table 7 (no.

18)

‘.

In all cases, ca1c1um and phosphorus wvere excluded from

the statxst1ca1 analyses because the measurements were not

comparable (per cenf~versus parts per million) and the
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conversion to parts per million would have resulted in
values that would drastically skew the results.

For the purpose of the tests, the old material was
divided into four discrete groups based on their areal
distribution on site PjRa-18 (Fié.'7). The areas are
representative of the postulated developmental sequence at
the site: the southern afea 1s thought to represent the
earliest occupation while the ﬁorthern are;‘represents te
most recent occupation (Hickey, personal communication,
1981). Group 3 comes from the southernmost area while grwup
4 comes from the northernmost. On the basis of the physical
appearancé the boné material from group 3 shows more gross
deterioration than does the material from group 4. Group 1!
1s contiguous with group 3 but superposition of bone
material over tent ring remnants indicate at least two
separate occupations within this arga. Therefore, group 1
could represent a separate occupation from groups 3 and 4 or
1t could be the processing-dispbsal area for the group 4
occupation.‘Group 2 lies Betﬁeen groups 1 and 4 and could
represent surface scatter from any'grdup. Gréup 5 consists
of the modern control specimehs.bFor the purpose of these
statistical analyses, eéch'gfoup is assumed to be a randau
sample from a discrete area of ‘the site.

Descriptive‘spatistics were run on the data and tle
results are listed in Table 10 {wet-ashed) and Table 1!
_(dry-ashed). From‘T;ble 10 two sepépate test sets were

derived. The firs; set includes all 12 elements while fo.

[N
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Tabl

e 10:

Element

Al

Ba

Ca

Fe

Sr

Te

in

Note:

Group Means For Wet-Ashed Bone.

Group 1
72.14
192.40
18.74
136.24
397.0

2.0

;;ﬁﬁi 3966
3486, 2
10.4
10.32

61.12

81.42

20.04

107.16.

Group 2
243.67
189.00

19.6
367.67
559.0
1.69
*3800
2710.0
10.15
10.78
74.23
88.17
20.43

112.0

Group 3
134.48

174 .25

10.16
56.28
60.38

1935
30.35

Group 4
179.68
210.40

18.96
224.40
434.2
1.88
3822
3004.0
10.4
11.44
66.94

/
96. 34

21.54

105.52

14

Group 5 counsists of one modern specimen

Group 5

35.
98.
16.
80.

863

34.

30

60

20

30

.0

60

2480

3900

7.

19,

62.
28.
93,

.0

63



Table

11:

Element

Al
Ba
Ca
Cu
Fe
K

Mg
Mn
Na
P

Pb
Si

Zn

Group Means For Dry-Ashed Bone

Group 1
463.8

330.6

<5.0
502.0
744 .4

5916.0

5010.0
17.5
<5.0.

4482.6 -

185.0

Group 2-“_éroup 3
533.5 453.75
322.5 347.5

35.5 36.05
<5.0 <5.0
620.0 422.5
943.0 676.5
6123.0 6217.5
8.5 5.75

4330.0 4790.3
17.35 17.47

5.5 <5.0

5140.0  3999.8

208.0 175.25

Group 4

589.
385.

35.

- 609.
639.
6278.
7.
4393.
17,

5.

4586.

194

" Note: Group 5 consists of one modern specimen

W

83

85

33

33

.67

6630,
30.

5200.

1903.

153,



Q

- pair-wise tests.whenever differences arise, group 3 is:

62

the second set sodium and magnesium were excluded because
their high values could obscure differences existing between
elemengs with low numerical values. Likewise, the material
from Table 11 was divided. The first set includes all the
elements while the second set excludes copper, lead and
manganese because the ungquantified values obtained for these
elements were not deemed sufficient for these aﬁalyses. For
the purposes of all the tests run in this study, probability

levels of 0.05 or less were considered to be statistically

significant. L
To testche possibility of inter-group differéﬁtes,

statistical evaluation of the numerical data was undertaken.
The statistical tests carried out were the t-test, the
pairwise rank test, parametric correlations (using Pearson's
»R), non-parametric rank correlations, and univariate one-wéy
analysis of variance tests. The nﬁli hypothesis -being tested
in all cases is that there is no difference between the’ |
means. The results of these tests are listed inﬂTables’fG
through029 (Appehdix.l).
- Though the.data.indicates that there is considerable

| overlap and variation in a number of measurements énd that
no one ngUp'emerges,as being significantly different from

the others, a closer examination of the data results reveals

some interesting tendencies (Tables 12 and 13). In the

involved and in the group correlatidns, the modern specimeh

is involved. Although the eviéphce is meagre, group 3 does



Table 12: Summary of Tables 16 thru 22 (Wet-Ashed)

Table 16
-no Significanf dxfferences between the means

Table 17
~differences at the .05 ievel between Graupes
and 3

Tabley 18

Twelve Elements
—differences‘at the .01 level between Groupr
and 3 “
~differénces at the .01 léveL between Groups
and 4
Ten Elements

~differences at the .01 level bétween Groups 2
and 3 ‘ |
~differences at the .05 level beéwegn Groups 3
and 4

Table 19 ’ !
—éll groups show high correlations =

Table 20 . |
-all groups show high correlations?

Tabie.zy | |
-all groups show high.correlations

4 Table‘22 |

o=,

-differences at the .01 level‘between'Groups v

and 5; 3 and 5; and 4 and 5



Table 13: Summary of Tables 23 thru 29 (Dry-Ashed)
Table 23
-differences at the .05 level between Group 1
and 3, 2 and 3, and 3 and 4
Tablg 24
-no significant differences between the meags
Table 25
Eleven Elements
-differences at the .01 level betweén Groups 1
and_3;'and groups 3 and 4 d
-differences at the .05 level between Groups 2
and 3, and groups 4 and 5
Eight Elements
-no s;gnificant differences between the means.
Table 26 |
-all groups show high correlations
Table 27
-group 5 {s different at the .01 level from all
other croups
| Table 28 ’
~group S‘ishdffferent at the .01 fevel ffom’éli
s other groupé
Table 29 |

‘—differénces at the .01 level between Groupsvz‘

and 5, and Groups 4 and‘S

64
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emerge as having some statistidélly significant differences
from the other groups. The fact that the 2 modern female
samples show differences in correlation is less signiticant
since these single individuals with their inherent
indiﬁfﬁhal variation are the sole representatives of e
experimeﬁtally discrete populations.

To determine whether or not differencgs €X1St betwe
the group means, univariate one-way analysis of variar,
tests wegg.undértaken. In this equality of variance teur th-
variances are assumed to be the same. Tests.were first «up
on the raw data then the raw data were trénsformed into
naturalmlogs to equalize group variances. The null
hypothesis being tested here is that the means are not
different.

The results of these analyses are presentéd in a
‘simplified form in Tables 14 ;hd 15.

For the wet-ashed material zinc sho'r the most
consistent variability with di®ferences af the 0.01
si?;(pificance level between groups 2 and 3 and groups 3' ar
4. Analysis was not poss1b1e ﬁetween groups 1 and 2 apd

' groups | an‘ﬁ% because the group variances were not equal.

But, differences in variances also indicate differences

o

.

b‘etwee.n the gr_o.ups, For the dry—aéhed _ aten/ial the me

groups show variances at the 0 01 level for zinc (gfoups:®

and 3; and groups 3 and 4). Group dlfferences were also
appar'érit betvrs'en Groups | and 3 for Ba, Fe, Mn and Si.



Table

14: Summary of Analysis of Variance (Wet-Ashed Bone)

Significant at the .05 level

Al
Ba

Fe

Li
Mg
Na

Pb

Si

Sr

Te .

in

Groups
1/2 1/3 /4
0211 .0208
.0573 oo
.0298 - .0204

X

~

variances are not equal

2/3

.0006

2/4

X

3/4

.0069

T .0676

.0057
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Table 15: Summary of Analysis of Variance

Significant at the .05 level

@,

Groups
1T and 2 1 and 3 \1 and 4
Al
Ba X
Cu . : P

Fe X

K .0735 X

Mg
Mn ..0843

Na .0794 ' .0543

A
® )

Si ‘ X
Zn

X - variances are not equal

2 and 3

0031

(Dry-Ashed Bone)

2 and

A
4

.0529
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The results of The statistical manipulation of the data
are generally in;onclusive. The means are shown to be
céﬁsistently similar even though the individuél values show
. considerable variation about the means. In fact, the
numerical data show considerable overlap. But, when
differencés arose in the s;atiétical assessment of the
numerical data, group 3 was usually involvga.

Though individuai element }eadinqs for the two ashing
p;gcedures are not consistent, group 3 appears to have the
lowest element values overall. Groups 2 and 4 appear to be
the most similaq having consistently higher rankings than
the other two groups. Group 1 ranks between groups 2 and 4

v

and group -3. On the basis of the statistical analyses éroup

3 does appear to be different from the other groups.

t" }‘/
. S A T -



VII1. Discussion and Conclusions

%
On the basis of the present analytical results, I would
©
have to conclude that my original hypothesis was corre--: N

bone mineral elements are leached out of bone over t .m. ;n

sufficient guantities so as to enable the de??rminatwn!<w

chronologically discrete sub-units of large arctic
multi—component'surface sites.

In thlS study the assumpt1on underlylngafll the
experiments was that the age of a particular bone is
reflected in the preéence or absen;e of element%&ri;hin the
bone. But, it was stated that since the ConditiOﬁg for bone
preservation were good, g!emental differences between bones
from within a narrow time period were expected to be slight.

Thus it is encburaging-that'the'gtatist{cai
manipulation of the data provéd to be so’successful.‘On the
basis of sta}istical evaiuagién‘of the data, it appears that
all the material came from the same stat15t1ca1 populatlon
but some internal differences were shown to EXISt. Perusal
of the raw data from Tables 6 and 7 shows that slight areal
differences are .indicated. Since the differences wére ’
expected to be slight, the tenuous nature of.the resulfs of

these experiments is not surprising. @

The experimental results are encouraging because cvern

.
-

if the expected overall pattern of loss was not 1dent' f.0.3,
some tendencies were shown to exlst. And, these tendenc es
match the suspected developmental sequence ‘postulated f .1

site PjRa-18 on the basis of standard archaeqloé&cal_

»

.
. . 4

. ’ . . o
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'subsequent occupation utilizing the remaindeér of.-the site.

. larger sample szze would reduce errors due to 1nter—an1mal

,hw1thout thé spec1£1c chrdnological populatlon. -A larger

70

-\assessment .

'#1% - Hickey proposed.that there were at least. two discrete

occupatjons at site PjRa-18 based on superposition of

- artifacts and artifact clustering. He .speculated that the \

southernmost area was “occupied earliest with at leagt one

.

" On the basis of the present ahalytical results, the .

-

. southernmost area/does appear to contain bones that have

A " %

w
S0 chemxcal % s1m11ar that no conclug;ons can be reached as

to their chronologlcal strat1f1catlon.< AR P

14

Furrher study us1ng a larger sample size could provhde‘
1

, .
'results that are staalst1cally more s1gn1f1cant Also a .

Yr.

;varlab1l1ty and the p0551b&e 1nclu51ons of animals from

-sample s1ze would also enable the/esolatlon of spec1fic.

\o*

,irelements as belng the, demarcators of patterned elemental

' e p

'_7loss 51nce 1nter an1mal var1ab111ty would be reduced as a

o ) _ .
- - . SR -~ Y

facto[-. * : h:"'t_ ¢ .» .;i - ‘ ': . . . B . .

Al e, . Lo
R . °

Thls study examlned two dlffereng technlques for the'[

;iashxng df bone materlal and has found the results to’ be very

s;mxlar. Therefore, nelther method 1s be1ng endorsed or

Vutk

reJected as the method of chonce One recommendat1on for the

)

3%drywasﬁlﬁg technxque is that low temperature ashzng be used

(below 400 degrees Ce1c1us) to prevent VOlat1l1zat1on of

e
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)
some elements. This could make the results of the two

techniques even more similar if the same elements could be
detected and compared. But, nofmatter which technique is

used, it does seem imperative that a bone standard be used
so that 1nterstudy compag;s%ns can be affected. At present

no two studles have been 1ocated which present their results

N
?

with reference to a bone standard with sufficient clarity so
‘ Bl

as, to make interstudy comparjsons valid.

The present study was'only a'preliminary work\gith
nexther formalized procedures and few established reference
data. As such the study tested analytlcal techniques in an

ﬂattempt to derive specific information regarding bone Qp

5

analyisﬂthat could be of benefit for the 1nterpretatzon of

Ve -

AfCth archaeologlcal site. developmental SeQUences.

Ny

Y Whlle add;ng to ba51c knowledge and extendlng°
analyt1cal techniques,. th1s study demonstrates that the
general b1ophy51ca1;de51gn of bone with'lits complex organlc

?~matr1x does not 1end itself to examlnatlon by the electron.
1°Em1croprooe. Whlle some information was gathered u51ng thlS'
-‘techn1que, 1t was of a éua11bat1ve aature only and most of‘
the hoped for results were’ not reallzed “The ICP results dh
'the other,hahd show great promlse ‘and th1s techn1que may be

applied to a wlder range of archaeologlcal problems.._

o
)

,en‘

be pf great ut111gy rgagsgnal analyszs. Just as
Y ~u~.-

lffa;fanaly§hs has beeysgsed to address problem g:;Aff

I feel that total comp051t1onal analysxs u51ng11CP YR Sie

\

ce amlc, me;al and obs1d1an orlglns, so too can 1t be use Bﬁ
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to assess the origins of faunal materials. This is not an
unreasonable expectation-since the biocavailability of
elements 1s determined by environmental factors. Wessen et
al. (1978) have noted that barium content differences can be
ysed to distinguish marine bone from terrestrial bone.

Terrestrial bone identification on the basis of geographical

»

location could also be accomplished by total compositional
analysis due to the fact that each micro-environment is
unique. Pedogenesxs and physiographic region have the most i

I1nfluence on bloavazlabxllty of elements and‘var1ab111ty 1s
-
thus assured. A number ¥ factors “which cause dlfferences in

-

.the avaxlabxllty of elements to plants and thus-ultimately

.to the animals which eat ‘them are: J R

1. microbiological acti-Vity‘_*‘

2. soil drainage and oxidation-reduction conditioﬁs

1. 3. ueather conditions and seasonal variation ..

parent materlaliygyrces 1- Wi
5. organlc matter content 6f the soil

6. soxl texture and make=up

a
o

,These cond1tzons vary great,yﬁéetween areas, and thus

varxab111ty 1s assured S o g
. " &
Even though an1mals ma1wta1n roughly the same.

%@; proportlons of the essentlal\elements in thexr hpdzes,
blogeochemlcal factors w1ll act to 1ntroduce dlfferent
proportlons of elements into the body whlch wﬁll be- absorbed

' and stored W1th1n the txssue51ﬂ53 skeleton.‘ﬁl’

.. [N - . » P NS [T

&0 .
tw
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Given that the environment dictates the number of
potentlal elements available,” the skeleton of an animal acts
as a reservoir for these elements. Analyzing for major,

minor and trace elements could alloy for the 1dentification

PR

of pecnliar patterns of elemental combinations relying on up

to 60 different elements, and would permit the
'fingerpripting' of bones on the basis of their constiiuent
differences. ‘

Applications'of‘this type of information could be
useful for Examrning uestions concerning prehistoric
technology, economyvor so¢ial organizatien. For example,
processed bone artifacts of‘unknown geographical origin
could belanelyzed to deéermine_source areas of the raw bone
materiai, thereby dfferingxhope‘pf determining‘trade
networks or seasonal round. : |

Thls 1s but one of - the p0551b1e applicatlons for total

i

by

. comp051t10nal ana1y51s ‘of bone, byt the focus.of th1s studyfﬁ*

was not the appl1c§t1on of thxs type of analx51s as it has

been in checklng the fea51b111ty and accuracy of analy51s of,

‘bone mater1al I am convznced that radlo frequency

1nduct1vely coupled argon plasma atomac em1591on
. o 3

spectrometry is probably the most convenlent aa@ acGurqpe

-method for thls type of analyéls and th1nk that further

:

kexperlments with th1s machlne are warranted .
. S e o )

B—
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Table 16: Results of T-test (Wet-Ashed Bone)
’ : L

Group ﬁéén
1 711.00
2 681.39
1 711.00
3 642.79
1. 711.00
4 681.53
1 711.00
5 . §4%;79
2 681.39
3 642.79
2 681.39
4 681,53
2 681.39
5 642.79
3 642,79
4 681.39
3 642.79
5 642.79
4. 5681.39
5 642.79

Twélve Elements

Std Dev T-Stat Signif
257.43 .39853  .6979
.219.13°  1.0783  .3040

154.96. 65891 .5235 C

482,20  .49003 6337

72.55. 18424 .0925 ;
f:107.76 -.4554 9964

553.72 .2414  .8136 ‘

75.07 | -1.7875 .1014

497.50 ‘e;sedzs 7'-1gobou.

507.16- L2662 o .7962 e
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. Table 17: Results of T-test (Wet-Ashed Bone)

Group .

[ -

w N N —

SOV W B N BN

Mean

107.98
166.66

107.98

125.72

107.98

135.23

107.98
- 133.35

166.66
125.72

166.66
135.23

166.66
133.35

125,72
135.23

125,72
133.35 .

- .. 135,23
1133.35

Std Dev

91.315

45.607

39.274

159.05 .

55.056

58.632 °

156,67

\

. 34,001

132.0

164.26

e

- Ten Elements

T-Stat

-2,0321

1.230

-2.1941
-.50435
2.3515
;.69$2

.67241

- . 88449

o
-.1827

I3

Signif
.0727

.2499
.0559
;6261
.0432
1243

.5182

.399¢4

- .8591

v F,36269///‘?§719
Dby ‘ _ . :
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‘Table

Group

—

—

S RN

T W bW

y

7,

{

18: Resﬁlts of PairwiSe Rank Test (Wet-Ashed Bone)
/TweIQe'Elemenfs Ten Elements
Significance Significance
..3877 | .1094
.1460 . . . .3438
.3877 : . 1094
7744 ' .7539
’ ; ! . !
.0063 P .0020
T
L7744 . 1.000
.7744 ‘ .7539
- .0063 o | .0215
S E “ . '
e .7744 ‘ : .7539
L .7744 - - .7539
O

Vo
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Table 19: Results of r correlations of group data (Wet-Ashed)

-

/ Twelve Elements

P
R @ .os=f57svf//R@ .01=.7079

Group 1 - 7.0000

Group 2 | .9904 1.0000
Group 3- .9963 9983
Group 4 . 9976 .9974
Group 5 L9421 .9008

‘Group 1 Group 2

1.0000
.9995 1.0000
.9195 - .9210  1.0000

Group 3 Qéroup 4 Group 5

'
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Table 20: Results of r correlations of groupvdata'(ﬁet—Ashed)

‘>

Ten"Elements

RO.05=.6319 R@.01=.7646"

Group 1 ' 1.0000
Group 2 . .8951
Group 3 . . .9738
Grgup 4. .9577
 Group 5 ;9092
v Group 1

1.0000

.9593
.9750
- .8016.

Group 2

1.0000
.9800

.9229.

. Group 3

U

- 3
. B o

1.0000 s
.8362 . 1.0000"

Group 4 .Group 5
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Table 21: Rank Order Correlations (Wet-Ashed,Bpne)'
| by

./

Twelve Elements

Groups " Tau

1 wnd 2 ~ .8788 . -

1and 3 .9091
"1 and 4 .9091
1 and .5 .7879

2 and 3 T ..9697

2.and4 - ,9697
2 and 5 .6667

3and ¢ 1.0000

3and 5 6970

Signif.

-.0000

.0000

~.0001
o ;0000 “
0000
.0018

1.0000 .
N
.0010 .

I ‘:00i0

.0000,...

. "Q

: Rﬁq
.9441
.9720
'{9720
.9231
.9930
.9930 d
8531
;1:0060;
o .8811

¢

-

.89

1;\“
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_'.I‘alﬁlve 22: Rank Order Correlations (Wet-Ashed Bone)

ya - t . ‘g_

)

s ) - '

.Ten"Elements

s -
»

:

3 = . ) . . .‘ . .
Groups, - _1'$au L8, 'Signif. Rho -¥

5

A‘ .

, .J/7nd14' T i.8222 4, .0004 .9030 -

17and 3 Y .8667 5‘4Jﬂdcoff .- -.951%
fand s - ,8667- .0001 9515
tand 5 . .7333  ..0022 .8788’
@2and3 | 9586 ' .0000 .9879
2 and ' ;,‘,955é ~ L0000 - .9879

2 and 5 .., --55%6 ' .0288 . = .7576

® oy

3génd 4 ' 1.00000 ..  .0000 C1.00000 i
J3and’s’ .. .6000 - .0167 ° 8061 | ’
4 ands5 - .60000 T 0167 8061, -

5
~ : i S PR . g
—— : o S . ~%
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Table 23: Results of T-test (Dry-Ashed Bone)

Group

—_

-

P .
VW dw O &8N wWwN U -

S

’

Mean

1224,5
1205.5

1224.5

1009.2

1224.5
1229.4

1224.5

1184.1‘

1205.5

1009.2

- 1205.5

1229.4

1205.5

. 1184.1

1009.2

1229,4
T e

1009.2

1184.1°
1229.4

!184.1

¢

¥

i

Eleven Elements

Std Dev

322.37
319.85

194.2

1354.0

335.84

) 284.10

1386.0

326.94.

1247.1-

1393.8

T-Stat

.24301
2.7754 .
-.10427

. 12288
2.4300,

-.40389

»

.63521

J
-2.3?2

-,57841

1]

. 13390

,Siqpif
.811)

.0135
9483
.9037
.0283

.6916

. 9501

.0135

.5710

.8952

-91



Table 24: Results of T-test (Dry-Ashed Bone)

Group Mean Std Dev T-Stat
1 2204.3 369.15  ° «.56277
2 2277.8 . ‘

1 2204.3 222.22. .87710
3 2135.4 )
1 2204.3 283.77 . -.53064
4 2209.6 : |
1 2204.3 1947.3 -.43984
5 - 2507:1 -
2 2277.8 V//;59.26 .87676
3 2135.4 .
2 2277.8 237.91° .80992
4* 2209.6 K )

-2 2277.8 2052.3 -.316.12

.5 2507.1 . T
3 ~ 2135.4 272.08 -.77174
4 12209.6 | o |
3 21354 1863. 1 <.56435
5 - \2507.1 ‘ P

4 1 2209.8  -297.50  -.41776

Eight Elements

2507.1

Signif

.5912

.4d95
.9592
.6733
.4097
.4446

L7611

L4655

.5901

.6886
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Table 25: Results of ‘Pairwise Rank Test (Dry-Ashed Bone%

Group

— W —

N =

Vs W dw N BN WN

“"Eleven Eléments

. L)
Significance

Eight Elements

Significance

.8036 .0703
/ »
.0074 .2891 (
L
.3323. .2891
.1185 °©  — .7266_
.0213 .2891
_ .4545  ° .2891
.0768 .7266
.0023 .2891
. .g488 .7266
- SN
004904 " e .7266
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L

I

R 6 .05=.7067
Group 1

Group 2

.Group 3

Group 4

Gréup.S

Eleven Elements

Ré -0'7f-8343

1.0000

.9888

.9959 .

.9933

.7224

Group- 1

/
1.0000

.9827
L6921

Group 2

.9954

1.0000

.9938
.7456

Group 3

1.06000
.7015

Group ¢

1.0000

Group 5

94

Table 26: Results of.r correlations of group data (Dry-Ashed)
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Table 27: Results of r correlations of group data (Dry-Ashed)

Eight Elements

A

g -
R6.05=.7067 R6.01=.8343

Group 1 . 1.0000 '

éroup 2 L9832 1.0000 g

Group 3 . .9959 9731 1.0000 .

Group 4 .9933 .9902 - .9938 1.0000

Group 5 . 7228 -, 6620 .7456 . .7015 1.0000

- Groﬁp 1 Group 2 Group 3 Group 4 Group 5

~
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Taple'28_: Rank Orde.r Correlations (Dry—Agl‘fgd Bone)
I‘Eleveh Elementﬁ/. ‘ ,
S T e
Groups ‘Tau s Signif T Rho
1 and 2 »:95’4*2“‘ .0000 __.9886,._ et ..
and 3 .9630 ., . .0D0O . L9909 |
1 and ‘4 9175 - L0000 ..9749 ,_
1 and 5 .8889 0000 .9635 ) i
2 and 3 .9175 40000 - .. .9785
2 and 4 — 9273 . .0000 9727
2 g@_s  sasy | 0001 6522
3 and 4 ,8808 © | 2 o000 | ' ~ .9658
3and 5 9259 _  .0000 L9726
4 and 5 ,8074 0002 .9385

4o
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Table 29: RanktOFQer Correlations (Dry-Ashed Bone)
,
Eighf~Elements.
. . B
Groups “ ¢ Tau - Signif. Rho
_tand 2 lgzse - + .0004 .9762
v tand 3, .9286 . .0004 - .9762
1 and'4 " .9286° . .0004 | ..9762
1 and 5 . .7857. .0055 .9048
.-2’and 3. 7 .85M1 0017 .9524
2 and 4  1.0000 o .0000 1.0000
2 and'5 L7143 p . L0141 .8810
3and 4 . .8571° ;boqj < - .9524
? 3 and.5 .8571 »;4, *ﬁ.Qor%'  . .9286
\T‘wﬁand 5 .7148 ' ;’.Qr4l:ﬂ"{ .8810

IR o -



