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é SUMMARY: The applications of x-ray fluorescence analysis, radiography, and other techniques
il __i_;o_;rcheological materials are descrited. \
é RESUME On déecrit les applications de 1l'analyse par fluorescence X, radiographie et autres
2 méthodes aux matériaux archéologiques.
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¢z, INTRODUCTTON
% f:_m___"fm' T 'For several years, the Los Alamos Scien:ific Laboratory, operated by the
a P”_____ !Univereity of California For the U. S. Energy Reasearch and Development Administration,

llnd the Laboratory of Anthropology of the Museum of New Mexico have engaged in a co-
_{ operative effort investigatinr the applications of nondestructive examinatior techni-

_.,ques to problems in the filelds of archeology and museology. This cross-fertilization
./ between the analyctical disciplines and the archeological community hae proved benefi-
_jcial for both partiea. As a direct result of these efforts, an archeological mater-

ials analysis center, hopcfully, will soon be establighed as a joint effort berween
the two laboratories,

| Several different nondestructive examination techniques have been applied to

a vide variety of archeological materials. Samples that have been examined include

ceranic wares, lithic artifacts, turquoises, metallic samples, te¢eth, and bones.

X-ray fluorescence analysis, beta-backscattering measurecments, scanning electron mi-

croscopy, and radiogruphy have been utilized, Several of the preliminary scudies are

reported here. The results of these investigations and their importance to archeolog-

ical research are presented. 1 i
|

OGRAPIIY OF METALLIC SAMPLES

Single space between lines

laeveral heavy sections of metal were excavated from thie ruins of an early
Spanieh misslon in Northeru New Mexico. It was known from historical documents that
tha missfcn had been destroyed by Indians during the Pueblo Uprising in the year 1680.
One of the first acts the Indians perpetrated when razing the rission was to remove
and destroy the misslon bell, The archeologists felt the metal samplea could posaibly :
be from the Spanish bell, Wwe uncertook :the examination of two of those mamples. l R

A radiograph of the firut gsample is shown in Figure 1. This radiograph, ' .
taken at 'l MeV, shows the metal casting to be very mound, with one low density string=
ar present., The second sample is shown in Flgure 2, You can see the vary Jifferent '
appearance uf the casting in this radiograph. The large number of voids indicates '
very poor rusting techniquea. Obvioualy, the two samples are not from the seme cast-! R
ltng. Mote information on these two ai?ples vas desired. \
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I1I. X-RAY FLUORESCENCE ANALYSIS OF METALLIC SAMPLES

o " In an effort to determine the metal(s) in these two samples, x-ray fluores-
“kence analysia was applied. Energy dispersive x-ray fluores-ence analysis has become
____pore common with the advent of the high-resolutlon, solid-stai.. lithium-drifted sili-
__con detectors. Using such detectors, with radioactive sources o. x-ray generators as
%______ the excitation source, the simultaneous measurement of many ~lemeni:i can be performed.
"A typical source/collimator/detector assembly is illustrated ... Figure 3. The sample
_ 1s placed in front of such an assembly and is irradiated by the source, simultanecously
emitting x-rays characteristic of the elements contained in the sample., The signal
from the detector is amplified, dinitized, and processed into the memory of a multi-
chaunel pulse height analyzer. A typical equipment arrangement is shown in Figure 4.
Using such a system, with several different encrgy radiation sources, all o the ele-
vents above sodium can be detected. With radiation source strengths on the order of
10 to 25 nCi, sufficient data for most purposes can he collected in a few minutes,
This method is very sensitive to the surfuce elemental content of the sample, pene-
trating no more than a fraction of a milliuetre for most samples. Very little sample
preparation is required, in most instances, other than cleaning of the aurface to be
’elsured.

' 'Using such an analyeis system, the two metallic artifacts were examined for
alemnntnl content. The surfaces were cleaned with distilled water and vigorous brush-
tsg .tzgmpt was made to remove the patina from the gurface. Two radiation sources,

Cd a Sm, were used to cover the energy ranges 1 to 20 keV aud 1 to 40 keV re=-
spectively, To maximize the sensitivity for trace element content, counting times of
1200 s vere used., The majJor constituent elements in cach sample wvere copper and tin
(bronze), with significant amounts of iron, antimony, and lead also prescnt. The radio-
graphically sound sample contained much less of tnese I-ipurities than the poorly cast
sample, indicating different smelting and refining tecuniques. The radlographically
good sumple, surprisingly, contained two additional ¢ lements - silver and gold!

dounle esparte entre d-ux patan gohee
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‘There are legends that personal valuabler were added to the melt pot when
bells for new missions were being cast. The discovery of these elements, silver and
gold, in this fragment lends credance to these legends and makes more credible the
hypotheais that this fragment could be from the original Pecos Mission bell. We are
attempting to obtain several additional metal fragments that were excavated at the
ssne site fifty years ago for comparison purposes.

iOther metal objects that have been examined with this technique include pro-
j-ctile points, lance tips, medallions, and religious srtifacts. A certain group of

[T B4

x opper arctifacts, all from the same locality and dating from the eighteenth century,
o :ontlln significant amounts of silver and small Aamounts of strontium and rubidium.
5 There are known copper mines in the same region and these samplos may repreacnt crudely
= tefined copper from these mines. We are presently obtaining ore samples from that area
' for reference purposcs.
g IV, CERAMIC ARTIFACTS
g |X-ray fluorescence analysis has proved valuable in the study of ceramic mate-
X ials, glazea, and paints. Washed sherds of several different types of Spanish, lexi-
an, Indian, and contemporary pottery have been examined. [n the clay paste, : .gnifi-
3 cant variations have been obeerved in the concentration of certain elements = rubidium,
v atrontium, yttrium, and zirconium. Many other elements almo appear (n :vpical clay
g‘ samples, but moat do not appear diagnostic for our purposens.
}
| Definite relationsh.ps have been established between cert. ~ttaory types
and their regions of manufactura, For uxample, x-ray fluorescence . le was used
lto characterize several series uf "Apachean" pottery sherds racover wm three dif-
%crent archeological sites. {17 This pottery belongs to a class of wwoous culinary
are commenly found on 18th, 19th and, occasfonally, un early 20th . .'iry ruins
throughout the Upper Rlio Grande culture province, Two of the sites, .irupa Ruin (LA

030) and San Miguel del Vado (LA 2734), are located in the Pecos Rir drainage,
fle the third, Los Alamos Canyon (LA 5140), (s in the Rio Grande Valley. On the
basis of the Rb/Sr/Y/Zr rntiuu. the Pecos -hord- are qulte dlltlnc: tron tho Rio :
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o Grande samplen. The sanples from the twn different Pecos sites are virtually identi-

. leal, as are the individual Rlo Grande shavrds, The two different elemsntal content pat-
‘terns imply localized ciay sources for these two arcas vhore the Jicarilla Apaches
were known to have been prodi rinpg pottery. A typical a-ray speciris of the Riuv Crande
Apache pottery is shown In Figure 5. The diffcrent elemontal pattarn for the Pecos
sherds is shown in Figure 6.

]
R : Similar variations in elemental contert patterns have been noted in other ce-
l' rasic assomblagen. Preliainary atudics have been comploted on Mayan Fine Orange and
N Thin Slate vares oxcavated in Menoamerica, Spsnish and Mexican majolica wares - a clusw

. of woft paste, lcad/tin glared potterv - have bren vxanined to determine the lead/tin
N - ratios in the various types, The clemonts used for the colored paints in the glazed
- vares have been detuermined. Thus, x-ray analvsis has offered infornation on many fac-

ates of ceramic manufacture and decorative techniques.
. i Mo BADIOCRAPHY OF CERANICS

‘1wd principal aethods were uscd Lo construct pottery in the prehistoric Amer-

K ican Southwost., The technique used by th~ Puebluoan groups was primarily the coil-form

H oethod. A long thin strad of clay would be wound liclically to form the deosired shape,

1 and then the surfaces sacothed by scraping. The wethod used prisarily by the Apacher
- vas paddle-and-anvil construction, A luap of clay would be squcezed between the (in-
gers and thusb or other puitable paddle and anvil vati! 1t was the desired shupe. A
third technique wam the combination of the first two in the same vessci. bthen frag-
mants of pettery are excavated, it §s d{fficule to knuw which msethod of construct lon
was used. Low voltage radiography nan ocen used to vxamine this particular probles,
A radiograph taken at abuout 7% eV of an Apuche sherd {s shown in Figure J. The high
density inclusions i{n the paste sre particles of temper. Tempering aaturials are ad-
ded to the clay tu prevent sarinkage and cracking during the firing of the pottery,
As can be reen In thin f)lustration, the orientation of the teaper {3 totally randoe,
This has proved truc i{n all of the paddlc-and-anvi]l pottery exapined Lo date. In coll-
forued pottery, the temper particlen have been seen tu assume 3 preferred orfentation
a8 a tesule of the formation of the !ndividual strips of clay used to manufacture the
vesscl wvalls., LUnfortunately, thia In alanst iapossible to sve In reproduztions of the
original radlographa. Herc we have sern how routine radiography van ald the archeolo-
gist in the solution of a difficullL problom,

-:VIl EXAMINATION OF LITHIC MATERIALS

The sust durable and the oldest traces of man'n varly activities are the wide
variety of atone tools and implements found throughout the world, The study of these
11thic artifacts can provide such information on methods of manufacture and the spread
of this technology through trade or travel. A recent study from Japan traces stone
feplementn 10 the source of rawv materials by x-ray (luvorescence analvais {2 . We are

presontly involved {n the fdontification and sourcing of a series of obmidian and chert

implenents using the same technique., The preliminary data are incomplete, but are en-
couraging. i

Many tools are produced by flaking rtechniques. This can be accomplished by
percussion, pressure, or by hcating and suddvn cooling. Each of the aethods leaves
flake scars vith distinctive characteristics. Tools uere also produced by grinding
and polishing. The surfacen of implementa are usuallv examined by optical micioncopy,
but this technique s limited by the depth of (leld. One of the advantages of scanning
electron microucopy is the very large depth of field, even at high magnifications. An
n-ray detector can also be incorpurated into the scauning microscope, alloving x-ray
flvorescence analysis on a microscopic scale,

e ivge et peen e
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A typical application of the scanning electron microscope is shown in Flgure
6. This ob)ect (s a very mmall, flaked chert drill encavated at the Pecos Pueblo (LA
625). BSuch drills were uscd to make the holes through beads and pendants and when
other smal) diameter holos were needed. The (lake scars are clearly seen in the {igure
and are typical of the appearance of pressure flakes. Also showm in this fllustration
are usc or wear acars on both vdres and at the tip. In canes such as this, the grest
| ____depth of ficld of the scanning electron microscope_is clearly an advantage.  Mosaics, _
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comprisin. many micvographs can be 1ai¢ up to cover the ontire object.

vil, snREIYC of svEnvolLsEs

Turquolnz artifacte are found in archeological sltes throughuut the Aserian

Southugst and Mescamerica. There are many sources of turquoise that are krowm L. have
] " baen eined in prohisioric timea. It is desirable o trare artifacts to thoir origingl
' source as + posaible ladicator of patterns of tfade ur travel, Siglco . 1" han suwrcvsue
| . fully dezcenined the origin of turgueise boads cxcavated at e Snasctown aile in
: Avizoas by thermal neutron activation analvais, ¥e afe applying K=tav f(luarracets
analysis to the study of turquolee as a cusplenent Lo the moutron analveis.  the v-ray
technique offers better sensitivity fof cortain eloponts with Jow Reulroh Jross e, -
tlona, W have obtained smsles (roa aeveral known nechistofic mininr vitco and are in
the process of bullding 3 reforen’e Jibrary ul Llurquolne %74y apocira, A large oumbog
of these cavples have already been analyted using thwrnal acuteon sctivat lon, previding
the opportunity (or a direct cooparinss o1 The 2uz (. aniques,

During the exravation of 3 kiva, a cerummial chamber, atl the Tijrras Pucblo
: (LA 381) in New Mexico, an unurual sssaic var dlscovered. Bits of voried turgquniac,
| coral, obsidian, and shell weer tnlald directly Inte the tlosr (o 3 vers ordorly pate
tern. Xo one hnows Lhe asaning or origin of this srastice. Xe e¢ramined the eleven
turquolse sazples and they are apparcalis all from Lthe same wouric. o oo (i Dave
veferunce 8anples with the sane eleacntal r=ga pItIOLAe In wur fllcs, a0 wo canact
fdentify that source atl prescint.

V11, OTHER TECHNIQUES AND MATERIALS

Sevaral other analvtical tech: iques have boen used in the exaninstion of ar-
chaologlical rateviales., The betu particie backucatter Inspection has been developed oo
the ssasurcacnt of Sunnity andlae thickness o mMaterlala. The asount uj Bels bacan: al-
ter (ron a sanple s dircctly proportional to the product of (he densitly and tie squase
of the atomic nuabdey nf the matorial, 1! the asterial (s thicher than aboul one guaricy
of the Tange of 1he bala pasticlie, 1, (or cxanple, # high 2. hirh deasitiy nalevial i
deposited on 3 low 2, low deanity subrirate, thickarss neawufenents of the doponit can
be made over a linltd range. After the saxiom raape In feached, only detsiiy vari=
ations In the deposit can be drternined. Ko have uned this techaique Lo Poasute the
density of the lead/tin glares on Speni=h and MenicIa Bainlirs waren, lhese glasen
are wswally very thick, spproaching | am, -aking the donsity mrasurcornt toxaible. Wr
have found & direc: cotvelativn Betweon the lcad/tin content of the glate and the den-
N sity of the glaze. Fuor Indiun lead=painted pottery, the »3int s usually quite Ihin,
: alloviag thicknesn meanuPemwnta Lo B¢ porlormed., ke afe DPescally Beasuring a Nefics

< of lndian lead=decorated varcs (rom dif(erent time periods t¢ follow Lhe duvelupaent

e L R Tulaxcy e

ol the use of minara) paints.

Lead-glazed pottery, vhen i(mproperly (ilred, will react with aridic (aods with
lead going intv solution. CExtensive use of low-lired lradoglated wvare will result in
(ncreased lexd levels ‘n the bady. We have been Inventigating lead levels In teolh
acd bones using the xeray (luorcacence technique., Sumr evidence of Lnrressed lead lev-
ald in prehistoric (ndlan bonea has buen noted, but the reculis to date ave inconcliu-
.‘“l .

The n=ray (luorencence axaminatior of tewth Indicated a possible relationship
botveen the strontium content of the tecth and Lhe age of the Lr.lvidual. There in a
uvlde vaciation cf the srrontiun (n teeth dependent on locale, strontivm content of the
watur, and other undeterained (actove. if wo could ancume Shat a piven band of iIndi-
viduals lived their ontire lives in one location, it may be possible to detoermine
thair ages thvouph the scrontium uptake, The uselulness of this asasurement has not
yot been successfully Jdvmonstrated.

In sddition - the above techniqueu, ve are investigating the applications of
MBsabauer effoct spectroucapy, proapt aeutron activation analysis, elecivon spectro-
scopy for chemical analysis, and othrra. The organic chemintey group vithin the Libo-
vatory ham spniled & vide variety of tachniques to the study of organic remidues, dye
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. in the above dircussions, w: have dimonstrated how many =«!eting ncndestruc-
tive enamination techniques can be applicd to a variety of arricological investigations,
Ove of the main difficulticn uncountered in such o program is communication,

Each dis-

cipline han its own jarrun, therefure the analvat oust learn the language of the arche-

ologist and vice versa.

- v
—— o ——

. the toechniques te answer
vhat these probleas are,

| Ao ACKNONILLIGENTNTS
[}

be asked of 2 particular irapection ewthod,

tive and collaburative ateosphere in eatablinhed, the werger of the two disciplines in~
to the one of archeonetcy fosulin,

The arclwologist also must lecarn what questiuns can properly
when thin is accomplished and a coopera-

wc, in the ficld of nondestructive testing, have
many problens in other ficlds, but, firat, we need to know
We oust take the fnitiative in sesking them out,

. This work wvas possible nnly with the cooperation and encouragement of :he
' scalfs of doth the Las Alamos Scicutif |r Laboratory and the Museus of New Mexico,

David H. Snow, Curatur of Archueoluny .t the Muscum, has carned special recognition

; i through his paticnce in dealing with the non=archeologlist and for his suggestions of

oreas o~ _avestigation.

Most of the samples reportced here werc supplied by the Musust.

Megan A. Cansldy of the Xondestruclive Testing Group performed many of ihie analyyes of

these aanples.

This woric was done under the auspices of the U. $. cinergy Ressarch and

bDeveloparntl Administration,
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Kadlogranh of puor casting.
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X-ray Calibrated P:'se heght

detector [ umplitier || anolyzer [ | P1tPiOY
Power Output

supply devices

Fig. 4. X-ray analysis sysatem.

rig. 3. Source/collimator/detector
assembly.,

Pig. 6. X-ray spectra of Pecos Apache
Fig. 3. X-ray spectra of nottery,
Rio Grande Apache

pottery.
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Fig. 7. Radiograph of Apache sherd,
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Pig. 8. SEM of pecos dril}.




