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This paper is a study of the methodology of 

characterizing obsidian by its chemical composition in 

order to relate an obsidian archaeological artifact to its 

geological source . Applications of the methodology are 

applied to the archaeological study areas of Yellowstone 

National Park and the Quiche Basin of Highland Guatemala . 

Specific techniques studied are Proton Induced X-ray 

Emission , Despersive X-ray Flouresence , Inductively Coupled 

Plasma-Atomic Emmission Spectroscopy, Scanning Electron 

Microscopy, Density Measurement, and Chemical Colorimetry. 

Proton induced and plasma atomic emmission techniques 

involve very expensive equipment and specialized training 

to operate. The former technique is essentially non-

destructive, while the latter is destructive in the 

preparation of the sample. Dispersive X-ray flourescence 

is comparatively straightforward in the manner it is used 

in terms of equipment and operation. It is effective ~n 

its application, and non-destructive of the artifact. 

The scanning electron microscope involves expensive 

equipment and specialized handling . It is non-destructive 

of the artifact, but insensitive to trace elements. 

Density measurement of obsidian is non-destructive, but 

sensitive only to substantial differences in chemical 

composition. Chemical colorimetry is artifact destructive, 

but is simple and inexpensive when applied to the 

quantitative determination of the important diagnostic 

trace element--manganese. 
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In the Yellowstone National Park study area 

diagnostic elements such as barium, strontium, and 

manganese may be used to distinguish among the possible 

geological obsidian sources. At least 5 or 6 trace 

elements are needed to distinguish the possible obsidian 

geological sources for the Quiche Basin in Highland 

Guatemala. Some of the sensitive trace elements are 

rubidium, strontium, zirconium, iron , barium, and 

manganese . X- ray flourescence is found to be especially 

effective for the charact - erization of the archaelogical 

study areas under investigation. 

Detailed description and evaluation of obsidian 

characterizatrion are mentioned and means of improvement 

are proposed . 
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I Introduction 

The ability to characterize a durable archaeological 

lithic material such as obsidian is a valuable research 

tool for establishing prehistoric routes of trade and 

communication (Dixon 1968; Hammond 1972; Sidrys 1976). 

Current technology provides a considerable variety of 

means for characterizing obsidian through trace elemental 

analyses (Taylor 1976; Abbey 1981; Zeitlin 1978). These 

means vary in economic factors and complexity of technical 

equipment involved. Some archaeological problems may 

require a relatively simple application of obsidian 

characterization technology e.g. hydration dating where 

similar composition implies a similar rate of hydration. 

The application of a simple analysis for one sensitive 

element would be helpful and confirmatory (Dixon et al. 

1968 ; Parka and Tieh 1966) . Current techniques of analyzing 

obsidian include optical spectroscopy, neutron activation, 

proton induced X-ray emission , X-ray flourescence, chemical 

colorimetric techniques, atomic absorption and inductively 

coupled plasma-atomic emission spectroscopy with some 

rather simple application of these means now available 

<Taylor 1976; Barnes 1981; Asaro et al. 1978; Nelson et al. 

1978). 

Our goal here is to examine, evalute and compare 

several of the techniques for obsidian characterization . 
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No one method is a panacea for solving all problems . Much 

depends on the problem at hand and one technique may be 

directly applicable , while another will not . Results when 

obtained by one method may not necessarily be compared 

readily with those r esults obtained by another without 

understanding the limitations involved (Abbey 1981; Nelson 

and Voorhies 1980) . 

Most of the literature involving obsidian 

characterization deals in terms of expensive and complex 

technical equipment . This is of no help to the 

archaeologist who has problems to solve, but is faced with 

limited economic means. It is of value, therefore , to 

point out some insights into the methodology involving 

obsidian characterization. This may permit utilizing the 

techniques available to better advantage. 

\ 
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II . Objective 

The current number of techniques for characterizing 

obsidian by elemental analyses is greater than ever before. 

The economic factors and complexity of equipment are often 

determined by the problem at hand; i.e. the number of 

elements to be analyzed and the accuracy required. 

The object here is to evaluate and compare some 

aspects of obsidian characterization involving several 

techniques and applications . The preparation and handling 

of samples were simplified as much as possible. 

3 

The techniques of characterizing obsidian that were 

investigated included Proton Induced X-ray Emmission 

(Nielson et al. 1976; Bird et al . 1978), Dispersive X-ray 

Flourescence (Hanson 1973), Inductively Coupled 

Plasma- Atomic Emission Spectroscopy (Barnes 1981), Chemical 

Colorimetry (Sandell 1959) , Density Measurements (Reeves 

and Armitage 1973), and Scanning Electon Microscopy (Becker 

1975). The same set of source and artifact obsidian 

samples were analyzed by each of the preceding techniques. 

The use of one technique --Dispersive X- ray Flourescence 

is demonstrated in obtaining archaeological data from 

obsidian samples obtained from Yellowstone National Park 

and the Quiche Basin in Highland Guatemala. 
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III Description of Analytical Methods Used 

III A. Proton Induced X- ray Emission . 

Proton Induced X-ray Emission (PIXE) (Nielson et al . 

1976; Bird et al . 1978; Duerden et al . 1980 ) is useful for 

the quantitative elemental analysis of obsidian . It is 

rapid , non - destructive and applicable to samples having a 

wide range of shapes and sizes with a minimum of prepara

tion . PIXE involves the measurement of the spectrum of 

X- rays emitted during irradiation by energetic protons . It 

is especially useful for small samples and has reasonable 

uniform detectability over a ~ide range of elements . A 

list of elements that it can analyze in a typical obsidian 

sample include K, Ca, Ti, Ba , Mn, Fe, Cu , Zn , Ga , Pb, Br, 

Rb, Sr , and Zr. 

PIXE involves bombarding the sample to be analyzed 

with accelerated protons, the emission of X- rays then being 

detected by a Si (Li ) detector . The specific set- up used 

here was a 2 MEV van De Graff accelerator that bombarded 

the sample with a one mm diameter proton beam. The floures

cent X-rays emitted by the sample were analyzed using a Si 

(Li) energy-dispersive X-ray spectrometer and a multi 

channel analyzer system . Data for all elements were col

lected simultaneously with K radiations from Al to Zr and L 

r adiations from Br to U. The exposure time per Saffi?le was 

t wo minutes a nd beam current was 20 nA with a BCI of 6.xl0 . 



III B. Energy Dispersive X- ray Flourescence 

The instrument uses radioactive X-ray emitters to 

excite atoms in a sample placed a satisfactorily determined 

distance from the radiation source. The sample is not 

changed in the process. The elements in the sample 

flouresce at energies characteristic of each element 

<Nelson et al . 1978; Hanson 1973) . The X-rays from the 

sample pass through a 7 rnm hole in the holder of the 

source, then through a 0 . 025 mrn berylium window, to a 

lithium doped silicon detector which is kept at the 

temperature of liquid nitrogen . 

The X-rays from the sample produce electrical impulses 

that are proportional to the energy of the X-rays. The 

pulses from the detector are amplified linearly, sorted and 

stored in multi-channel memory banks. The contents of the 

memory banks are constantly shown on an oscilloscope and 

can be plotted on an x-y plotter or printed out digitally. 

All of the counts from the elements are collected 

simultaneously. In our initial work an Americium- 241 

radioactive source was used, and then later a Cadmium-109 

source. 

5 

III c . Inductively Coupled Plasma-Atomic Emission Spectroscopy. 

For sample preparation, a weighed quantity of obsidian 

sample was placed in a 250 ml polyethylene beaker . The 

sample was decomposed by a mixture of hydrofluoric acid and 



a small amount of nitric acid and evaporated to dryness . 

The residue was reacted with aqua r egia and evapor ated to 

dryness again . The residue was dissolved in dilute 

hydrochlor ic acid and made up to volume with pure water . 
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The aqueous solution was aspirated into a plasma made 

up of a stream of ionized argon gas . The plasma has the 

ability to atomize the sample solution , thereby thermally 

exciting the elements in solution. The excited el~~ents 

emit photons of radiant energy (light) . A precise optical 

system collimates and directs this emitted light through an 

entrance slit on to a concave grating surface . The grating 

diffracts wavelengchs of light to a series of slits 

precisely positioned along the spectrometer •s focal curve . 

Photomultiplier tubes behind the exit slits convert 

the emitted light to electrical energy proportional to the 

intensity of the concentration of the elements in the 

sample solution . A computer converts the signals into 

concentration units which read directly in a printout . 

This technique is a destructive one, but a minimum of 

50 mg of sample may be satisfactory . 

III D. Incidental Work 

a) Scanning Electron Microscope 

Two quarry samples of obsidian one from Jilotepeque 

and the other f r om El Chayal , Guatemala were surface 



examined by scanning electron microscope for variations in 

surface composition that may influence an elemental X- ray 

analysis of the surface. 

The samples were carbon coated to reduce surfacial 

electronic charges . Several surface spots were examined 

for each quarry sample with the electron beam to test for 

elemental homogeneity . 

b) Obsidian Density Measurements 

A short investigation was made to test the precision 

and sensitivity of characterizing obsidian on the basis of 

differences in density due to varying elemental composition 

<Huggins 1940; Taylor 1976) . 

The pycnometer density method was used utilizing an 

accurate analytical balance . The sample of obsidian was 

weighed in air and then in a pycnometer with water of known 

density. Variations of this approach may have applications 

in the field for screening obsidian artifacts for 

approximate similarity in composition . This type of 

analysis was found useful in the study of New Zealand 

obsidian (Reeves and Armitage 1973) . 

c ) Colorimetric Determination of Trace Concentrations of 

Manganese 

In many cases, manganese has shown itself to be a 

sensitive element for characterizing obsidian (Sandell 

1959; Griffin et al . 1969). The analysis of manganese in 

7 
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obsidian colorimetrically has proven to be relatively 

simple , inexpensive, dependable and accurate. This simple 

and economic procedure may be of value for certain 

archaeological applications when the characterization of 

obsidian is involved. Similarity of obsidian samples may 

be confirmed when a limited number of quarry sources are 

possible- each with a different manganese content . In 

obsidian hydration dating a similarity of manganese content 

in the specimens may indicate that the same rate of 

hydration can be assumed as far as composition is 

concerned. 

In the analytical procedure about 0.5 grams of 

obsidian is ground and placed in a 250 milliter 

polyethylene beaker with 10 milliliters of hydrofluoric 

acid and one milliliter of sulfuric acid . The mixture is 

evaporated to dryness over moderate heat . Water is added 

to the decomposed residue, heated moderately for awhile and 

then filtered . The filtrate is heated in the presence of 

potassium periodate. A stable red color is developed in 

the form of the permanganate ion and is stable for days at 

a time. The intensity of the red color is proportional to 

the concentration of manganese in the sample . 

The color intensity may be compared with standard 

solutions made up from readily obtainable potassium 

permanganate and water. The standards can be made by 

weighing out a certain amount of permanganate and diluting 



to a given volume with water. Color intensities of sample 

and standard solutions may be compared visually when equal 

volumes are placed in long glass tubes side by side. 

Alternately, the color intensities may be measured with a 

simple college freshman chemistry colorimeter that costs 

about $400.00. When done carefully in this manner, the 

precision and accuracy of determining manganese will rival 

that obtained with expensive analytical equipment costing 

many thousands of dollars. With the use of a colorimeter 

the analysis of other trace elements is easily possible. 

The technique is destructive, but a minimum of 50 to 

75 rng of sample may be satisfactory . 

9 
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IV Data and Evaluation for Each Analytical Method 

IV A. Proton Induced X- ray Emission 

A Proton Induced X-ray Emission procedure {PIXE) was 

used to analyze a number of obsidian samples including 

quarry and archaeological artifact types {Bird et al . 1979; 

Duerden et al. 1980) . The description of the means and 

procedure is briefly explained under III Description of 

Analytical Methods Used. 

Aluminum foil was effective in minimizing interference 

from lower X-rays . A cryogenic means was used to cool the 

preamplifier and an Apple computer to process the X-ray 

intensities. 

The obsidian samples were cleaned and mounted with a 

flat surface exposed to the stream of protons. The 

geometry and other conditions of proton exposure were 

repeated as closely as possible for each sample . The 

samples can not be compared with the best accuracy in terms 

of absolute elemental concentrations . The elaborate 

procedure to obtain data for accurate absolute 

concentrations was not possible , because of lack of time, 

unavailability of equipment and other limitations. The 

conditions of operation permitted a familiarity with the 

method in order to evaluate it and make comparisons with 

other means of characterizing obsidian. The experience 

obtained was adequate to get insights concerning the 



problems and the potential of the method as well as some 

analytical information . 

11 

A total of 19 obsidian samples were run. There were 

four quarry obsidian samples from the Guatemala Highlands, 

seven artifacts from the Utatlan , Guatemala Archaeological 

area, two quarry samples from Obsidian Cliff, Yellowstone 

National Park, and four artifacts from two archaeological 

sites in the Park. These same samples were analyzed by 

other analytical procedures that are described elsewhere in 

the thesis. 

The elemental data obtained were used to compare the 

obsidian samples in terms of elements expressed as ratios 

based on the activity count intensity measured for each 

elemental peak. The samples cc also be compared by 

graphically plotting elemental dctivity in various ways on 

Cartesian and trilinear graph paper . A number of 

multivariate statistical analytical procedures are 

available when samples are compared in terms of four or 

more element concentrations. 

Among the obsidian samples being analyzed were two 

quarry samples from El Chayal in Guatemala which are 

basically similar in composition, and two from Obsidian 

Cliff, Yellowstone Park, which are also similar. From 

other analyses, we know that the artifact samples from 

Yellowstone Park are from Obsidian Cliff. We therefore 

have an idea of some of the comparisons and similarities of 
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data to be expected . This situation permits some means of 

noting data differences possibly due to t he procedure . 

A PIXE spectrum of an El Chayal obsidian sample is 

shown in Figure 1 , with the significant elemental peaks 

noted . As will be observed , the elemental peaks are not 

all sharp and symmetrically clean , and obviously contain 

considerable background interference . I n order to isolate 

that peak area due to a specific element , certain 

corrective measurements must be taken and applied to give 

an accur ate measure of each elemental concentration . This 

exacting corrective procedure was not followed here , due to 

lack of supporting data. 

The X-ray emission spectrum as shown in Figure 1 has a 

series of peaks each of which r epresents the concentration 

of an element in the sample . Since element concentrations 

vary , so do the peak heights . The horizontal or abscissa 

axis of the spectrum represents the energy of each peak 

measured in a series of consecutively incr easing energy 

channels . The energy position of each element is specific 

and corresponds to a specific energy or channel position . 

The energy of t he abscissa position of a s pecific element 

is obtained by referring to specific tables that list 

elements and their respective energies in Kilo - electron 

Volts (KeV) . For a calibration of KeV positions on our 

sample spectra , we ran a pure sample of Americium- 241 

produc i ng a series of known energy peaks and shown in 
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Figure 2 . The energy peaks are located in terms of KeV 

positions and are then matched against corresponding 

energies of our sample spectra and expressed in terms of 

energy channel numbers. 
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For the source sample of El Chayal in Figure 1 we can 

identify peaks due to the elements rubidium, strontium , 

zirconium, manganese , calcium, potassium, iron , niobium, 

molydenum and lead . There are other elements present ; 

however some elemental peaks are not well defined and 

symmetrical in shape. Background and interference effects 

are due to X-ray absorption, proton energy loss, instrument 

error, elemental matrix effect , etc .. 

The elemental peak intensities were measured directly 

by integrating the area under a peak above a baseline drawn 

through the shoulders or minima at the base of the peak . 

This integration can either be done by computer or 

graphical integration . Both means of peak integration were 

tried and graphical integration was found to be more 

feasible , especially when applied to small peaks, or 

irregulary shaped ones. A listing of elemental peaks and 

corresponding integrated intensity energy counts is shown 

in Table 1 . The amount of each element is expressed in 

terms of X- ray activity counts, which has a linear 

relationship to concentration. 

Our object is to compare the similarity of obsidian 

archaeological artifacts with quarry source obsidian 
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Table 1 
Obsidian Elemental Concentrationa Exnressed in PIXE Radioactive Counts 

Sam'Jle Rb Sr Zr toln 2 Ca K' Fe ' K• Nb Mo F'~" Pb 
X tO X102 X10J X10J · x1oJ 

t. El Chayal 1085 806 501 198 J7J 2)8 41) 288 5) 86 51H 22? 
2 . Cerro lxtepeque 825 1157 659 96 625 J'~9 12'~7 t64 'H 22) 107) Bot 
). El Chayal 9)2 750 465 2)0 466 )19 474 197 52 75 69) 2)9 
4. Jllotepeque 851 908 4 55 181 5)0 29) 525 194 28 7) 8)7 )70 
5. Ph-2 (Pakaman) 799 979 505 156 408 267 465 207 22 112 706 259 
6 . Chutlx tlox 701 901 ~71 126 5)1 )84 512 142 22 6) 762 21~9 

7. R-19-2 (Resguardo) 770 889 '•78 177 458 )22 48'• 188 20 86 672 256 
8 . 1-2-AD67 . 2 (Utat . ) 801 949 48) 107 6)0 56) 521 1)0 9 JO 697 )49 
9 . R-19··6 (Pesg~ardo) 76) 1102 46~ 124 417 8)1 505 122 17 )4 688 421 

to. tZ2BUI.-2 (Utatlan) 104) 711 41H 158 520 590 494 204 0 4) 641 ))2 
11. R-15-6 (Resguardo) 7)0 891 444 150 . 720 701 62) 190 t) 116 779 )97 
12 . l21Z261I(Utatlan) 799 90) 467 1?7 606 4)8 489 156 41 ll'• 8)7 )75 
t J. Obsidian Cliff I 1678 )4 524 42 )05 860 12)2 601 198 209 1242 928 
tlJ. ObRidlan Cliff II 1025 JJ 546 25 )09 68'• 1189 608 196 1)6 1028 700 
15 . Chittenden BridF.e , Fl.17 1926 26 5)0 19 ))2 7L•o 1247 560 128 195 124) 640 
16 . Chittenden Bridge , Fl.21 158) 79 499 14 5JJ 950 126) 548 179 191 1)20 686 
17. Fishing Dridge ,Terr.PltB 19)5 '•J 520 )2 ?6) 4)) 1111 61•5 2)4 10) 1190 449 
18 . Fishing Drldv.e ,Terr . Pi t5 .17)0 16 55) 44 )16 590 1t 72 569 219 158 1180 657 
19. RTSI (Res~uardo) 789 1000 519 201~ 7)6 557 6)1 176 65 12) 852 )22 
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samples. Use of the procedure and means described here 

require that quarry and artifact samples be run side by 

side. A comparison of two types of samples may be made in 

the form of count ratios as shown in Table 2. This means 

of comparison is used because it cancels out interference 

that affect both elements. 

Another means may be a trilinear plot shown in Figure 

3 where the radioactive counts for three elements in a 

sample are normalized to one. Similarities among samples 

show up as clusters of points each of which represents a 

sample . Figure 3 shows a comparison of quarry and 

artifact samples in terms of zirconium, strontium, and 

rubidium . Figure 4, is a trilinear plot comparison in 

terms of calcium, iron and potassium which show up as a 

disordered array of sample points. The disorder is due 

mostly to uncorrected interference and background effects . 

Figure 5, is the equivalent of a trilinear plot in two 

dimensions. 

The activity counts of zirconium, strontium and lead 

were normalized to one, but only the values of zirconium 

and strontium are plotted in two dimensions. Plotting in 

two dimensions is easier than three. A clustering effect 

is seen in the same manner as would be seen in three 

dimensions but somewhat larger in spread. 



Table 2 

Elemental PIXE Radioactive Count Ratios for Quarry and Artifact Comoarison 

Snmole ir/Rb Rb/Zr Zr/Pb Ca/K ' Fe'/K ' Ca/Pe ' Nb/Zr Pb/Zr 

1 . El Chayal 0 . 462 2.1.5 2.207 0.156 1. 7)0 0 . 0902 o . 10.58 0.45) 
2 . Cerro Ixteneque 0 . 799 1.25 0 . 82) 0.179 J • .568 0 . 0.501 0.0622 1.21.5 
J . El Chayal 0.499 2.00 1.946 0.146 t.l~B6 0.098) 0 .1118 0 • .514 
l~ . J lloteoeque 0 . 5)5 1.8? 1.2)0 0.101 1.79) 0.1008 0.0615 0 . 81) 
5. ~h-2(Pakaman) 0.6)2 1.58 1.950 0. 1 .5J 1.74) 0.0876 0.04)6 0 • .51) 
6. Chutix tiox 0.6?2 1 · '~9 1. )12 o . 1)8 1 . JJ5 0 .t 0)6 0.0467 0.?62 
?. R-t9~2(Resguardo) 0 .621 t. 61 1.867 1 . )96 14.77 0.094.5 o.otu8 o . 5J6 
B. 1-2-AB67 . 2(Utatlan) 0.60) t.66 1.)84 0.112 0.926 0.1207 0.0186 0.72) 
9. P.-19-G(Resguardo) 0.600 1.64 1.102 o.o.so 0.608 0.0826 0 . 0)66 0.90? 
10 . 1ZBUJ.-2 (U tatlan) 0.42) 2.)? 1. )28 0.088 0.8)? O.tOSJ 0.0021 O. ?<;J 
11. R-15-6(Resguardo) 0 .608 t.64 t. 118 o. 10) 0.888 0.1155 0 . 029) 0.894 
12 . t21Z26II(Utatlan) 0 . 504 t. 71 1 . 245 0.1)8 1.117 0.12)8 0.0880 0 . 80) 
1). Obsidian Cliff 1 0.)12 ).20 0.565 0.045 1.4)) 0,0)12 0. )7?9 1. 771 
14 . Obsidian Cliff 11 0 . 299 J.J4 0.?80 0.045 1.7)9 0 . 0260 0.).590 1.282 
1.5 . Chittenden BrldGe,Fl . 17 0 . 2?5 ).6) 0 . 828 o . o'• 5 1 . 601• 0.0266 0.2415 1.208 
t6. Chittenden Drldee,Fl.21 0.)15 ).17 0 . 727 0.0)6 1.)40 0 . 0)54 0.)587 1.)75 
t?.Flohlnp; Bri<.lf!e ,Terr . Pit8 0 . 269 ) . 72 1 .1.58 o.o61 2 . 564 0.02)7 0.4500 0.86) 

18. Flshine Drldge , Terr . Plt.5 0 . )18 ).14 0.842 0 . 0.5) 1 . 959 0.0269 0.)960 1.108 
19· R'fSI(Res('Uardo) 0. 6.59 1.52 1.612 0.1)2 1. 1)2 o . 1165 0.1252 0 . 620 

Fe" /Mn 

1.45 

1. ?2 
1.49 

1.58 
l.?J 
1.44 
1.47 
1.11 
1.65 
12.) 
t.OB 

t. )8 
).2) 

J.JJ 
).?4 
2 .48 
l •• 52 
). 7J 
1.16 

Fe"/K ' 

0.1 )1 

0 . 086 
0 .1 46 

0 .1 59 
0.1)2 

0.149 
o. t )9 

o. tJ'~ 
o . t )6 
1. 298 
0 .1 25 

0 .1 ?1 
0 . 101 

0 . 086 
0. 100 
0.090 
0.107 
o. t ot 
o. t J5 

.
(X) 
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Several conclusions are possible concerning the PIXE 

procedure. 

1. Expensive equipment is needed, requiring a team of 

specialists to operate. For a massive program of 

analyses, the procedure can be automated (Duerden et 

al . 1980) . 
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2 . For' obsidian samples to be analyzed in an undestructive 

manner, the means of properly evaluating the data to 

express the elemental concentrations in absolute terms 

demands specialized and elaborate techniques . 

Utilizing direct peak readings may be inadequate, as 

experienced here . 

3. A means of producing instrument data that enables one to 

directly compare the peak heights of an unknown sample 

with a standard sample requires a wet chemical 

preperation of the sample (Nielson et al . 1979) . The 

residue of each sample is pressed into a film of 

uniform size . The instrumental geometry can thus be 

made quite repeatable for each sample . A disadvantage 

is sample destruction. 

4. PIXE is sensitive to the elements rubidium, strontium, 

zirconium, manganese, calcium, potassium, iron , lead, 

niobium, and molydenum. Certain elements such as 

rubidium, strontium and zirconium have a minimum of 

interference and are sensitive enough to provide a 



relatively good means of characterizing obsidian 

(Nelson and Holmes 1979) . 

5 . A PIXE sample spectrum may be regarded as a pictorial 

fingerprint. Comparisons of samples may be made at a 

glance by placing their X-ray spectra side by side. 

IV B. Dispersive X-ray Fluorescence 

2J 

The energy dispersive X-ray fluorescence equipment has 

already been described. Two radioactive sources were used, 

Americium-241 (Am- 241) and Cadium- 109 (Cd -109 ) , since each 

source permits sensitivity to a different set of elements 

(Hanson 1973). The Am-241 is sensitive to barium and iron 

which are useful elements for our purpose . The Cd - 109 is 

sensitive to zirconium, rubidium , and strontium, elements 

especially valuable for and commonly used for 

characterizing obsidian . Iron, manganese and barium are 

also obtainable . 

The same samples that were analyzed by Proton Induced 

X- ray Emission were also tested for comparison of method 

and results. Additional artifacts from the Quiche Basin 

Study Area of the Guatemala Highlands and others from 

Yellowstone Park were also included . 

The ability to express the concentration of elements 

in absolute terms was limited for much the same reason as 

that for the PIXE procedure- inadequate repeatibility 

between determinations . The samples were treated in a 
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non-destructive manner exposing a clean flat surface to the 

beam of source X- rays . The positioning of each sample was 

repeated , but there was variation in sample size and shape. 

Typical sample spectra using Arn-241 and Cd - 109 are shown 1n 

Figures 6 a nd 7 . The Am-241 spectrum of El Chayal in 

Figure 6 has considerable background peaks that interfere 

with elements useful for the characterization of obsidian . 

Elemental peaks of iron and barium show up and are free of 

background interference . A calibration spectrum relating 

energy <Kilo-electron Volts ) levels to experimental energy 

channels using pure barium chloride is shown in Figure 8 . 

The operation involved is similar to that described 

previously for the PIXE procedure. 

All samples were analyzed twice using the A~-241 

radioactive source . Experience was gained t he f~ rst time 

with such techniques as handling the equipment, positioning 

the sample, and exposure time . From the experience of the 

first set of analyses , a reduction in spectr al background 

and an enhancement of sample elemental peaks were realized 

in the second set. An important improvement was in the 

manner that the sample was positioned during r adioac tive 

exposure. The exact conditions neces sar y f or the c orrection 

of instrument error and sample geometry we r e not possible 

without considerable and elaborate destructive sample 

preparation . As stated in the PIXE evaluation section , we 

are utilizing an analytical technique in a limited manner 
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for methodological comprehension and analytical 

information . 

All samples were analyzed once with a Cd - 109 

radioactive source, following the same procedure that was 

used with the AM- 241 source. However, a longer sample 

exposure time of 30 minutes was required . 

A very r ecent literature search revealed that certain 

background spectral peaks (coherent scattering peaks) may 

act in an internal standard manner to permit calculati ng 

absolute elemental concentrations (Bertin 1980 ) . This 

requires that the unknown sample be compared to a standard 

reference sample . 
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The data obtained using the Am- 241 radioactive source 

is shown in Table 3 as net peak radioactive counts for iron 

and two barium peaks . Barium and iron are the most 

applicable elements, and their sample count ratios a r e 

expressed in the form of a frequency histogram in Figure 9 

for a number of Meso- American obsidian samples . The peaks 

indicate samples that are similar in elemental composition. 

It is difficult to distinguish between Jilotepeque and El 

Chayal sources . A third element was taken from the Am- 241 

sample spectra and identified as cadmium (Cd). The 

activity counts of Cd, Fe , and Ba are normalized to one and 

plotted trilinearly as shown in Figure 10 . Clustering is 

not distinct , indicating limited distinguishing ability on 

the part of these elements , because of spectral er r or 



Table 3 
Am241 X-ray Flourescence Sam?l~ Counts 

1 . El Chayal 
2. Cerro Ixteoeque 
3. El Chayal 
4. Jiloteueque 
5· Ph-2 (?akaman) 
6 . Chutixtiox 
7. R- 19-2(Rasguardo) 
8. 1-2-AE67.2 (Utatlan) 
9. R-19-6 (Resguardo ) 
10. 1Z2EUL-2 (Utatlan) 
11. R-15-6 (Resgua:do) 
12. 121Z26II (Utatlan) 
13 . Obsidian Cliff I 
14. Obsidian Cliff II 
15. Chittenden Bridge 

Fl.17 
16. Chittenden Bridge 

Fl. 21 
17. Fishing Bridge , 

Terrace Pit 8 
18. Fishing Bridge 

Terrace Pit 5 
19. rtTSI (Resguardo) 
20. Xoconila I 
21 . Xoco'Oila II 
22. La Estancia I 
2). La Estancia II 
24 . Xetinamit I 
25. Xetinamit II 
26 . San Pedro Jocopila I 
27 . San Pedro Jocopila II 
28 . Xesic I 
29. Xesic II 
30 . Cakelquice I 

Radioactive Counts 
Fe6.4KeV Ba36.6KeV 

3533 2992 
38t2 3163 
2537 2725 
~241 4465 
1574 672 
3401 5,265 
3361 1642 
2625 3850 
2,442 
2473 

3.276 
4,386 
4,391 
4,527 

4 , 503 

4 , 2,54 

3 ,122 
3 . 553 
3, 588 
1,385 
3,872 
3.475 
3,709 
3 . 920 
3,213 
3,027 
3 , 224 
2,644 

2,332 
1,1)4 
1 , 893 
2,853 
120 
189 
4 

143 

18 

84 

2. , 066 

3 . 589 
4,330 
4,225 
3,058 
4,622 
4 , 741 
5.972 
2,417 
1,894 
!1.,365 
2,180 

Ba32.3KeV 

13 , 429 
1),212 
tJ, 051 
22 , 032 
3 ,189 
22,935 
5, 245 
17 ,)37 
10,917 
5.760 
9,093 . 
13,182 
378 
820 

630 

527 

234 

288 

10' 069 
16 , 821 
22,893 
11 ' 016 
15. ?61 
21 , 689 
20,647 
25,902 

11.837 
9,456 
20,0)8 
10, 464 

29 
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Table J (con~ . ) 

Am241 X- ray Flou=escence S~nle Cou:1ts 

~amule Fe6 . 4KeV :CaJ6 .6KeV 5a;z . JKeV 
31.. Cakelquice II_ - 3.922 6 ,128 26, 63e 
32· •. CahyuT) I ) , 424 3918 18 , 679 
JJ . Cahyuo II 3, 101 ) , 124 9. 851 
)4 . Chisalin I ; , 421.1. 6 ,)8) 26 ,897 
)5 . Chisalin II 4 , 026 4 , 986 22 , 633 
)6. ?aismachi I 3 , 869 6,269 26 , 55C 
)7. Paismachi II ),41.5 4 , 595 21 , 562 
J8 . Chicorral I 4 , 637 2 , )88 11 , 731 
)9 . Chi cor ral II ) , 04) 2 , )08 11, )84 
40 . Los Cimien~os-Chiniquei ),44) 4 , 167 18 , 991 
41. Los Cimientos-Cr~r~que 4 , 302 2,076 !0,196 

II 

42. Xoloacol 4,262 1, 913 8, 522 
43 . Chichun Sacaoulas 2 , 9)4 l:. ,477 19 . 116 
44. Chalchitar. Aqua~ec ) , 28) 2 , 497 11 , 164 

45 . Petana 3.921 4 , 4)5 18,JJl! 

46 . Teton ?ass I 4 , 575 7. 315 )1 , 008 
47 . Teton ?ass II 4,)47 5. 310 22,980 

48 . Fishin[ Bridge , s~ec . 4194 17 233 
19 

49 . Fisr.ing Bridge , 
13 , 48Y£421 

Snec . 4 ,666 121 656 

5C . Fishing Bridfe , ST)ec . 
39, 48YE4 9 

2,506 21 139 
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and/or interference unaccounted for . As was expected, the 

Am-241 source is not too applicable for our type of 

obsidian. Since it was available, we used it as a learning 

experience, until the Cd-109 source became available . 

The X- ray fluorescence data for the Cd - 109 is shown in 

Table 4 . The data is given in terms of zirconium (Zr) , 

rubidium (Rb) and strontium <Sr) radioactive counts . These 

elements were the most diagnostic ones with the Cd - 109 

source . The activity counts of Zr, Rb, and Sr for each 

sample were normalized to one and plotted three 

dimensionally in Figure 11. We see a clustering effect of 

artifact samples fairly distinctly around the source 

samples both for Guatemala and Yellowstone Park. 

Obviously, the radioactive Cd-109 source is a very 

useful means for characterizing obsidian. It provides 

sensitive elements such as Fe, Zr , Rb , Sr , and Ba which are 

valuable diagnostic elements for our obsidian (Nelson 

et al . 1978) . A Cd-109 X-ray fluorescence spectrum of El 

Chayal is shown in Figure 7. 

The Cd - 109 source gives a spectrum that permits more 

diagnostic elements for our type of obsidian 

characterization than does the Am- 241. For general 

application , both sources have a different set of strong 

elements such as silver, cadmium , tin, antimony, and barium 

for Am-241 , and manganese, iron, nickel , cobalt , copper and 

zinc for Cd - 109 . 



Table 4 
Cd109 X-ray Fluorescence ~am~le Radio-active Coun~ 

?eak Height 

~annle ?£3-k neig!-.ts in I..illimeters 

1 . 

2. 

J . 

El Chayal 
C~rro Ixteneque 
El Chayal 

Rb 
22 . 0 
11 . 0 
28 . 5 

4 . Jilote~eque 20 . 4 
5 . Jh- 2 (?akarnan) 17 . 5 
6 . Chutixtiox 22 . 5 
?. R- 19-2 (Resguardo)25 . 6 
8 . 1- 2- AL67.2 (Uta~) 2h . J 
9. R- 19-6 (Resguardo ) 16 . 7 
10 . 1Z2BUL-2(U~atlan) 40 . 0 
11 . R-15-6(Resguardo) 20 . 3 
12. 121Z26II(utatlan) 22.5 
13. ubsidian Cliff I 45 . 7 

14 . " '' II 59 . 5 
15 . Chittende· ~ridbe 48.7 

Flake 1'/ 
16 . Chittenden Bridge 47 . 3 

Flake 21 
17 . Fishing Bridge 

Terrace ?itS 
18 . Fishing Bridge 

Terrace ?it 5 
19 . RTSI (Resguardo) 
20 . Xesic I 

21 . " II 
22 . Cakilquiej I 

23. " II 
24 .!::ian ?edro 

Joco-oilas I 

25 . " " II 

26 . Xoco~ila I 

27 . " II 

68 . 7 

33 .4 
17 . 3 
29 . 5 
26 . 5 
20 . 2 
17 .4 

22 . 9 

22 . 0 
18 . 8 

Sr 
23 . 0 
22 .4 

J6 . 3 

Zr 
28 . 9 

38 . 3 
44 . 0 

42 . 7 46 . 0 
41 . 0 )8 . 7 
48.4 47 . 2 
32 . 0 38 . 7 
52 . 0 48 . 4 
35 . 0 35.1 
52 . 5 62. . 7 
42 . 6 41 . 0 

47 .7 45 . 0 
1 . 7 57 . 0 
1 . 5 68 . 1 
1.0 62.7 

3 .1 60 . 0 

1. 0 67 . 4 

1.3 

64 . 5 
36 . 7 
68 . 5 
26 . 7 
42 . 7 
40 . 5 

47 .0 
47 . J 
43 . 7 

60 . 8 

66 . 7 
38 . 0 
61 . 5 
32.8 
40 . 0 
J9 . 2 

43 . 4 
46.2 
40 . 0 

~ource 

Jiloteneque 

" 
El Chayal 

Jilote~eque 
II 

El Chayal 
Jiloteneque 

" 

Cbsidian Clif: 

" " 

II II 

.. tl 

Jilo~e~eque 

" 

" 

El Chayal 
JiloteDeque 

II 

" 
II 

" 

J4 



35 

Table 4 (cont . ) 

Samnle Peak Heights in r.:illimeters 

Rb Sr Zr Sou:-ce 
28 . La Estanci a I 2 . 4 12 . 3 12 . 0 Jilotepeque 
29 . I t It II 21 . 7 47 . 0 52 . 0 It 

30. Xetinamit I £3 . 6 46 . 0 48 . 0 It 

31 . It II 33 . 0 62 . 0 63 .3 It 

32 . Cahyun I 31 . 3 42 . 5 49 . 0 El Chayal 
33 . It II 30 . 3 42 . 5 47 . 7 It It 

34 . Chisalin I 23 . 0 51 . 0 52 . 7 Jiloteueque 

35 · It II 22.6 49 . 3 48 .7 It 

36 . Paismachi I 29 . 3 64 . 7 58 . 3 It 

37 . It II 22 . 2 46 . 3 42 . 3 It 

38 . Chi corral I 16 . 0 37 . 0 57 .0 Ixteueque 

39 . It II 22.4 24 . 9 45 . 8 Jilo"tene~ue 

40 . Los Cimien"tos- 31.5 43 . 3 65 . 0 Ix~;epeque 
Chir.ique I 

41 . It It II 20 .4 38.4 64 . 4 II 

42 . It It III 31 . 0 33 . 0 44 . 2 El Chayal 
43 . Xol'Jacol 13 . 5 22 . 7 43 . 0 Ixteneque 
44. Pe"tana 35 . 0 43 . 2 51 . 5 £:1 Chayal 
45 . Chuchun- 24. 5 50.0 40 . 5 .Jiloteueque 

Sacanulas 
46 . Chalchi"tan- 34.0 39 .7 41 . 0 El Chayal 

.Aquacatec 
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Through the work explained here, an X- ray fluorescence 

procedure and apparatus have been developed to characterize 

obsidian very conveniently when artifact and source samples 

are examined side by side . The comparison of samples is 

made on the basis of relative elemental ratios or may be 

compared graphically as shown here . 

A more involved procedure would be necessary to 

express elemental concentrations in absolute values of 

reasonable accuracy. Special calculations , which are 

attempted later in Chapter V, are necessary to correct for 

background effect . 

Most of the literature that specifically relates to 

our developed X-ray fluorescence procedure does not deal 

with trace concentrations of elements which is the concern 

here (Hanson 1973>. 



IV. c. Inductively Coupled Plasma- Atomic Emission 

Spectroscopy (I-CP) 

The procedure and equipment involved here were 

described previously in Chapter III Description of 

Analytical Methods Used (Barnes 1981 ; Evans and Dellar 

1982). The method is relatively new, having been in 

routine use for only a few years . The unique thing is that 

unlike the radioactive methodology commonly used in the 

multi - elemental analysis of obsidian, use is made of the 

thermal induced atomic radiation of the sample in solution . 

The thermally induced atomic radiation intensity from each 

element is linearly proportional to its concentration in a 

sample solution . The method is sample destructive since 

the elements to be analyzed must be in solution . The 

multi - element radiation of the thermally excited atoms is 

focused on a series of slits each positioned to a specific 

wavelength characteristic of a particular element . 

The radiation of all the elements in the sample 

solution can be read simultaneously . The procedure is very 

rapid, but has limitations in terms of interfering influen

ces that may affect the accuracy of some of the elements . 

For maximum accuracy in the determination of a certain 

group of elements in a sample , the instrument must be 

adjusted as carefully as possible . The more the instrument 



is adjusted for a particular sample elemental matrix , the 

greater will be the accuracy of the individual elements . 
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In the analytical results shown here, the instrumental 

conditions involved a slightly different matrix than that 

best suitable for obsidian. The main purpose is two- fold , 

to gain experience with the application of I - CP to obsidian 

analysis , and to determine what analytical information is 

possible. To the author's knowledge , this type of obsidian 

analysis has never been attempted before; at least it is 

not reported in the literature. 

We must evaluate our results in terms of the 

limitations we are operating under, and try to gain 

insights and understanding along with analytical 

information . An evaluation of the results should reveal 

the specific advantages of this method of obsidian 

characterization as well as its limitations. 

The obsidian analytical results were obtained on I - CP 

equipment adapted and adjusted to the routine analysis of 

samples containing bulk elements similar to obsidian , but 

in somewhat different proportions. Our obsidian samples 

were analyzed in several groups over the course of a year 

mixed in the routine use of the I - CP equipment which was 

used for other samples. There was , therefore , a risk of a 

slight inexactness of the reproduction of instrument 

conditions f r om one group of obsidian samples to another . 

Essentially , all of the analyses were meant to be as 
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correct as possible. The combination of elements analyzed 

is somewhat different in each case. It must also be 

realized that the I - CP equipment has been in operation only 

a short time and is still in an application development 

stage in its own right. We are therefore forced into a 

compromising situation to evaluate our analyses in terms of 

development limitations of a new evolving technology . It 

is fortunate to have had archaeological obsidian artifacts 

analyzed by this equipment only recently made available 

commercially at great cost. 

As mentioned before, the sample preparation is de

structive, but only a small amount of sample may be needed, 

perhaps as little as 50 milligrams. An advantage is that 

the results are obtained in terms of absolute concentra

tions, which is very convenient for this type of work . 

The sample solution is aspirated into the instrument. 

The following are some of the interfering influences that 

affect the simultaneous determination of the elements 

(Evans 1982). 

1. Spectral interferences where two elements may have 

radiation at the same wavelength. 

2. Stray light entering the instrument. 

3. Variations in sample solution aspiration . 

4. Changes in the temperature of sample thermal 

excitation. 

5 . Instrument spectral drift. 
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Means for controlling these interferences are through 

the use of internal reference elements, computer correction 

for background effect, and optimum sample concentration to 

correct for non-linearity. 

Tables 5 and 6 also depict samples that were analyzed 

also by both PIXE and X-ray Fluorescence . Table 5 and 

Table 6 each represent the results of a separate group of 

samples. They were analyzed at different times for varying 

combinations of elements. Many elements are common for 

both groups. Table 5 includes Utatlan , Guatemala, obsidian 

artifacts and associated source obsidian samples . We see 

that in terms of concentration variation there is not a 

clear distinction between the source samples due to sample 

and instrument method variation. This is not uncommon for 

Meso-American obsidian sources and a multi-variate 

statistical analytical approach may be necessary to match 

artifact with source. 

In Table 6, there are source and artifact samples from 

the Yellowstone National Park area . More elements are 

reported for this group than Table 5. In Yellowstone 

National Park Obsidian Cliff and Teton Pass in Jackson Hole 

to the South are the major obsidian sources for the area . 

There are certain elements whose concentrations exhibit a 

large variation between the major sources i . e. barium, 

magnesium, titanium and manganese . These are the kind of 

elemental variations that make matching artifacts with 
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TABLE 5 . Elemental concentrations by I - CP 

Element 

Al% 
Ce 
Co 
FE% 
K% 
La 
Mn 
Na% 
Sb 
Zn 
Zr 
Ba 
v 

Element 

El Chaya1 
(JM) 

6 . 75 
240 
4 . 03 
0 . 553 
3 . 15 
37 . 2 
580 
2.67 
224 
95 . 5 
114 
878 
72 . 4 

A Source Obsidian 

El Chayal 
(FN) 

5 . 7 9 
279 
4.43 
0 . 552 
2 . 86 
37.7 
579 
2 . 38 
228 
84 . 4 
106 
873 
82.0 

Cerro 
Ixtepeque 

7 . 93 
279 
5 . 20 
0 . 779 
2 . 70 
35 . 8 
383 
2 . 21 
215 
92 . 1 
152 
925 
72.4 

B Utatlan Obsidian Artifacts 

(l- 2- AB67 . 2) (PH-2) (PL- 1) 

San Martin 
Jilotepeque 

7 .44 
311 
5. 26 
0 .711 
3.37 
38 . 5 
553 
2.40 
227 
93 . 5 
124 
988 
95 . 8 

(PD0- 2- 18) 
---------------------------------------------------------

Al% 7 . 47 7 . 59 7 . 0 3 6 . 68 
Ce 253 256 281 294 
Co 4 . 41 4.25 4.37 4 . 32 
FE% 0.590 0 . 611 0.640 0 . 607 
K% 3 . 17 3 . 40 3 . 4 4 3 . 17 
La 43.8 41.2 36 . 1 36 . 4 
Mn 518 490 456 464 
Na% 2 . 65 2.75 3 . 23 2 . 7 6 
Sb 246 230 145 147 
Zn 78 . 9 78 . 5 112 119 
Zr 118 113 107 96 . 3 
Ba 1152 1168 961 959 
v 74 . 3 74.8 

Concentrations in parts per million (except as indicated . > 
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Table 5 (continued) 

C Utatlan Obsidian Artifacts 

Element (R-19-2) (R-19-6) (Ul21226II) (Ul2-2 BUL-2) 
---------------------------------------------------------

Al% 7 . 11 6.81 7.15 6 . 85 
Ce 278 287 274 247 
Co 4.08 4.13 4. 0 7 3 . 85 
FE% 0.611 0.586 0.616 0.576 
K% 3.45 3.24 3.59 3 . 28 
La 35.9 36.0 35.8 32 . 8 
Mn 455 454 451 548 
Na % 3 . 38 2.98 3.46 3.15 
Sb 145 146 143 143 
Zn 109 118 109 106 
Zr 90.2 86.2 94.5 90 .4 
Ba 975 962 945 886 
v 

Concentrations in parts per million (except as indicated. ) 



44 
Table 6 

I - C? Analyses of Artifact and Source SacDles 
E:lement vbsidia~ Obsidian Teton ?ass Chit~ . Erid . 

Al(~) 

B(~) 

Ea 
Ca(~.) 

Co 
Cu 
Fe(~.) 

K (7~) 

La 

r •• n 

N a(~.) 

Ni 
Ti 
v 
Zn 
Zr 

Cliff#:. 3 Cliffff14 Fl37 , i.10=: 

6 . 17 
0. 25 
40 . 7 
0 . 297 
4 . 20 
15 . 5 
0. 8?1 
2 .6? 
61 . 6 

257 

172 
101 
2. 9L 
11 . 0 
46 . 9 
4 .60 
?8 . 1.;. 

170 

6 . 02 
0. 301 
19. 2 
0. 362 
10 .1 
7. 42 
0. 862 
3 . 21 
57 .5 
265 
166 
81.3 
3 . 15 
19 . 0 
47.8 
7 .40 
74 .4 
169 

7 . 32 
0 . 2?7 
1182 
0 . 971 
13 . 9 
5. 40 
0 .831 
3.42 
71 . 0 
1o9L 
482 
11J.3 
3 . 27 
30 . 2 
636 
10 . 1 
60 .4 

90 . 3 

Lev . 10 

6 .39 
0. 266 
o. 310 
0. 262 
4 . 92 
4 .60 
0.8J7 
4 . 00 
59 .? 
201.!. 
15e 
91 . 6 
2 . 95 
11 . 9 
45 . 5 
2 .60 
7C . 3 
182 

Concent::-ations in narts uer rr.illion , unless otherwise 
stated . 
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Table 6 (cont . ) 

Element Chittenden Br idge Fishing Bridge Fishing Bridge 
Flake21 ,Level 8 Site7 ,Terrace Si te18 ,Ter race 
70- 75 en: ?it8 ,Level8 ?i t5 ,Level ~ 

Al (5.) 6 . 25 6 . 26 5· 70 
E (5.) 0 . 342 0 . 298 0 . 243 

Ba 30 . 8 41. 8 36 . 1 
Ca ($.,) 0 .499 0 . 335 0 . 311 
Co 7 . 80 6 . 30 5. 70 
Cu 4 . 95 5 . 30 4 . ,53 
Fe (7c.) 1 . 05 0 .190 0 . 830 

K (~.) 4 . 03 4 . 19 4 . 06 

La 51.:. . 3 66 . 3 61 . u 

Mg 228 21ll 

I .. n 189 173 160 

Lo 83 . 8 9/ 1 o . _ 87 . 1 
Na (~: ) 3 . 27 3 . 30 3 . 03 
f\i 2G . O 14 . 6 14 . 3 
Ti 61 . 8 51 . 1 47 . 3 
v 8 . 9 5. 6 3 . 7 
Zn 64 . 9 77 . 8 77 . 1 
Zr 141 182 171 

Concen~:ra~:ions in uarts ner million , unless o~:herwi se 
stated . 
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specific sources relatively easy. 

Table 7 shows a group of obsidian artifacts from the 

Chittenden Bridge archaeological site in Yellowstone 

National Park. No source samples were analyzed with them. 

The artifacts represent all levels of the site and we see 

that the composition of all artifacts are the same within 

the limits of accuracy. The varying combination of 

elements illustrate a difficulty found in the literature in 

which different elements are reported each time, and not 

always the most sensitive ones . However, the manganese 

content, a sensitive element, indicates with reasonable 

certainty that the source of the obsidian artifacts is 

Obsidian Cliff. Similarity in composition also suggests 

that the same rate of hydration for all the artifacts may 

be applicable for hydration dating purposes . 

Table 8, shows another set of analyses for the same 

major obsidian sources of the Guatemala Highlands that were 

also shown in Table 5. There is considerable variation in 

elemental concentration between the two sets of results . 

Each group of samples was analyzed at a different time, 

undoubtedly under slightly different instrument condtions . 

The variation in results is not much different than that 

experienced from laboratory to laboratory for similar 

samples that are reported in the literature (Nelson and 

Voorhies 1980; Asaro et al. 1978) . It is suspected here 

that non-linearity between sample solution concentration 



Table 7 
Analysis of Obsidian Artifacts-Chittenden Bridge Site-Yellowstone Park 

::>amT)le No . Al Na Ce Fe La Mn Nd 
( ~") ( ~") (ppm) ( ~<-) (ppm) (ppm) (opm) 

75 6 . 18 2 . 91 113 o. 852 70 . 1 t 72 56 . ) 
12) 6 . 27 2 . 94 107 0 . 870 59 · 5 172 55 .8 
139 . 6 . 29 J . Ot 113 0 . 86). 69 . 9 174 56 . 9 
193 6.2) 2.94 117 o. 857 60 . 6 174 57 . 1 
205 6 . t7 2 . 78 122 0.868 58 . 7 170 55 · 5 
221 6 . 22 2 . 91 110 t . 01 74 . 8 196 56 . 6 
2)8 6.24 2 . 94 113 0.898 77 . 8 179 58 . 1 

.f:" 
--.J 
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'!'able 8 
I - C? Analyses oi Guatemala Sour ce ObsiC.ian 

Elemen1: El Chayal El Chayal Cerro Jilo-ce:>eque 
(J .r .. • ) (F . I\) Ixteneque 

hl (~( ) 8 . )2 6. 8L 7. 15 7. 17 
E (7) 0. 426 0. )36 0. 3)6 0.42) 
Ba 1366 904 1065 1296 
Ca (~- ) 0 . 737 0.692 0. 895 0.942 
Co 7. 93 11.1 10 .1 14 . 4 
Cu 3. 36 ) . 72 4 . 42 3. 80 
Fe(~ .. ) 0 . 664 0. 590 0. 922 0. 86 '5 
1{ (01.) 4 . 22 3.19 J . 48 2 . 95 
La J6 . 6 )4 . 4 3,5 . 6 42 . 3 
r .. g 9e1 1221 2227 231J 
J..n 61.!.1 608 429 633 
{1.0 107 88 . 5 102 119 
r~ a ( $.) 4 .86 ) . 11 ) . 21 J . 12 
l\i 16 . 5 21 . 1 20 . 7 30 . 7 
Ti 859 75J 1)17 1ll.7J 
v 7. 58 9.87 13 . 0 16.1 
Zn )8 .1 )1.8 28 . 5 36 .8 
Zr 119 99 .7 15J 1)1 

Concentrations in narts :>er million , unless otherwisE 

stated . 



and instrument reading may be the major factors . This 

situation indicates the exacting effort that is needed for 

this type of analysis . 

Table 9 shows the recovery of elemental concentrations 

from synthetic blends made up to simulate obsidian . These 

synthetic samples were handled as regular samples. There 

is fairly good recovery for the elements present in minor 

concentrations. Evidence of the presence of some trace 

elements that should be absent could be due to background 

ef f ect or contamination from the reagents used. This 

i l lustrates the disadvantage of wet chemical preparation 

compared to a non-destructive, radioactive analytical 

procedure . Some trace elements gave good recovery; i.e. 

barium, manganese, vanadium, zinc , and zirconium. These 

are an adequate number of elements and of proper variety to 

serve as a means of characterizing Meso- American obsidian. 

Further refinement of this procedure would probably improve 

the accuracy of more trace elements. 

Table 10 represents the I-CP analysis of a National 

Bureau of Standards sample of Coal Fly Ash previously 

analyzed for elements indicated, by a number of different 

methods and laboratories. The recovery of cobalt and 

nickel and zinc is on the high side as is also noted for 

the synthetic blends in Table 9. An extra amount of 

reagents was necessary in the preparation of the NBS sample 

making for greater contamination of trace elements . 
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Table 9 
I - C? Analyses of Blended Obsidi an Type Samoles 

Element Cbsi dian 3lend 1 Obsidian Blend 2 Obsi dian ~lend ~ 
Bl ended ' Blended LX-:>cri. Blended E}..-oeri . Lxnerl.-

Cone . cone . Cone . Cone . Cone . Cone . 

Al(~) 6 . 72 6 .44 6 . 57 5. 55 6 . 66 5.75 
B (~. ) 

Ba 10 . 1 1271 1284 )96 383 
Ca (~~) 0.710 0. 777 0.694 0. 721 0.70) 0.699 
Co 8 . 78 4 . 89 14 . 1 1 . 98 9. 82 
Cu 5. 74 9. 78 11 . 9 1. 98 4 . 40 
F'e (7., ) 0. 700 0 . 701 0.684 0.655 o. 693 0.648 
K (~.) J . 2l,. ) .79 J . 17 J . 9J ) . 21 ) . )1 

La 15 .6 24 . 4 )8 . 4 9. 91 2) . ) 

h.g(i, ) 0 . 120 0. 179 0 . 117 0 . 156 0. 199 0. 127 
Ln 4 . )2 635 631 )96 393 
r •• o 
Na(~, ) 3 . 12 4 . 01 ) . 05 3. 12 3. 09 ) . 50 
Ni 15 . 9 97 .8 102 19 .8 )2 . 9 
Ti (f) 0 . 060 0. 0)9 0 . 059 0. 0)5 0. 059 0.031 
v 3. )7 97 .8 101 19 .8 22 . 4 
Zn 2J . 2 48 . 9 53 . 0 24 .8 2e . 9 
Zr 15 . 3 147 129 74 . 3 72 .8 

Concentrat i ons in narts oer million , unless otherv:i se 

stated . 



Table 10 
I-CP Analysis Of :a~ional Bureau Standard 1633a 

(Coal Fly Ash) 
Element Given LXl)tl . 

Cone. Cone . 

Al (5.) 14 . 6 

B ( 7·) 0. 24 
Ba 49.7 
Ca(%) 1.16 
Co 38 67.7 
Cu 128 121 
Fe(~<-) 0 . 388 
K (~,) 1 . 72 1. 98 
La 57 .8 
r.:g o. 615 
kn 493 176 
J,,o 241 
Ka (~v) 1. 07 
Ni 98 196 
Ti 0. 896 
v 214 286 
Zn 210 256 
Zr 181 

Concentrations in narts ner million , unless 
o~herwise sta~ed. 
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From experience, it was expected that aluminum, 

sodium, and potassium may give random results, but our data 

generally indicates otherwise . The lower limit of element 

detection is regarded as 0.02 parts per million in 

solution. From the data here, sensitive and dependable 

results seem to be obtained with zirconium, zinc, 

manganese, iron, barium, vanadium and calcium. These same 

elements are similarly recognized in the literature when 

reporting results using other analy tical methods (Nelson 

1978 ) . 

It is sometimes difficul t to match Meso- American 

obsidian source and artifact samples. This can be aided in 

part by repeating each sample say four times and reporting 

an average of the results. A minimum of five trace 

elements should be used ( Nelson et al. 1978> . The 

elemental matrix settings for the instrument should be as 

close as possible to that of the sample being analyzed . 

The concentration of standard solutions, should be as 

similar as possible to those expected in the unknown sample 

solutions . Linearity between instrument reading and 

element concentration may be more limited than expected 

sometimes. These cited factors for exactness may have been 

involved in some of the variations of our results. 

A synthetic obsidian blend when analyzed with an 

unknown obsidian sample may permit correction factors to be 

applied in order to obtain more accurate results for the 
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difficult elements . It seems logical to regard the I - CP 

analytical procedure as useful at this time , when used in 

terms of the dependable elements. 

There is generally good agreement between the Obsidian 

Cliff and the Yellowstone Park artifact samples . 

IV D. Incidental Work 

IV D (a) Scanning Electron Microscope 

Two quarry samples of obsidian from Jilotepeque and El 

Chayal , Guatemala were examined by a Scanning Electron 

Microscopoe (SEM) (Becker 1975) . Our goals were to : 

1 . Examine several different spots on the surface for 

similarity of composition, to complement the validity of 

surface measuremencs for trace elemental analyses by proton 

induced X-ray emission and dispersive X-ray fluorescence. 

2. Test the potential of using the SEM to compare 

obsidian artifacts with source samples of known elemental 

composition. 

The SEM instrumental conditions were carbon coating 

each sample, and checking the surface of each sample at 

three different spots . The specific conditions for each 

sample were: 

El Chayal Jilotepeque 

Magnification 126X sox 
Time of exposure 1412 sec. 1012 sec 

Total counts 60 , 040 60 , 023 



Multielemental 

fit of 

significant 

elements 

El Chayal 

Cl 
0.00117±0.00009 

K 
0.01964±0.00014 

Fe 
0.00444±0.00018 

cu 
0.00113.±0.00027 

Al 
O.Oll50.;i;0.00014 

Si 
0.09395±0.00019 

Jilotepeque 

Cl 
0.00083±0.00011 

K 
0.02090.±0 . 00018 

Fe 
0.00579.±0 . 00023 

cu 
0 . 00163±.0 . 00034 

Al 
0.00707±0.00018 

Si . 
0.10980±0.00023 

The elemental values given in the above denote a 

relative relationship with each other and are proportional 

to the concentration in the sample. The following is an 

effort to compare the elemental cornposittion of the two 

quarry samples on the basis of elemental ratios : 

Si/ element El Chayal Jilotepeque 

Si/Cl 80 . 3 132 . 3 

Si/ k 4. 7 8 5.26 

Si/ Fe 21.2 19 . 0 

Si/ Cu 83.1 64.4 

Si/Al 8.17 15 . 5 

The elemental ratios show a marked difference between 

the two quarry samples. The significance of the above 

values could only be checked by repeating the process with 

more samples , but it could not be done at this time. It 

can be seen that SEM would not be very appropriate for the 
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quantitative analysis of trace elements, as no trace 

elements appear in the above listing. Significant analysis 

of individual elements is possible if they are present in 

major or minor proportions above 0.01 % (Becker 1975). The 

elemental compositional values tabulated above for each 

sample were exactly the same for each of three different 

spots on a sample surface. This would indicate, that any 

clean obsidian surface would be homogeneous enough for our 

X- ray type of analysis. 

The value of the SEM may be seen as essentially an 

extension of the optical microscope and suited very well 

for observing the physical features of obsidian surfaces, 

and elemental composition in substantial concentrations 

ab• ve 0.01% . 

IV . D. (b) Obsidian Density Measurement 

An investigation to test the ability of distinguishing 

obsidian from different geologic sources by pycnometer 

density measurements (Taylor 1976: 268-271) was attempted 

on several source and artifact samples from Guatemala . The 

results are shown in Table 11. 

Each of the density measurements given is based on the 

average of three repeated measurements for each sample . 

The critical factors noted here were accuracy of the 

analytical balance and care used in working. Good weighing 

repeatability was obtained in the third decimal place. 
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Table 11 
Obsidian Pycnometer Density Measurements 

Samnle Sample Size (gm) Density (gm/cmJ) 

Source-El Chayal 5.1074 2.J726 
Source-El Chayal 10.9524 2.)624 
Source-Ixtepeque 12.0994 2 .J554 
Source-Jilotepeque 6.0664 2 . J618 
Artifact 1, Utatlan 0. 5022 2 . 2890 
Artifact 2, Utatlan 5 . 9504 2.J609 



The following conclusions may be derived . 

1. The larger the sample, the more sensitive and 

accurate the results. 

2. A number of repeated measurements on the same 

sample will permit a statistical averaging to 

give the best result. 

3. Good repeatability requires very careful work . 

4. This specific method of characterizing obsidian 

may not be applicable where the chemical compo

sitions are overlapping as Guatemala obsidians 

are known to be . 

5. The obsidian sample must be very clean so that 

bubbles form on its surface when it is immersed 

no 

in the liquid medium being used in the pycnometer . 

6 . For the best comparison by this technique , sample 

sizes of the same magnitude are preferable . 
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There are a variety of methods available for measuri ng 

the density of solids . Some are more sensitive than others 

and can be modified to be applied to a specific problem. 

The accuracy attained in this investigation can probably be 

used to screen obsidians that look alike , but have 

considerable variation in the composition of major and 

minor elements . Density determinations using a pycnometer 

as used here are most accurate when the size of sample is 

at l eas t 10 t o 20 grams in weight, with accuracy in the 



third decimal place of a gm/cubic em . The procedure used 

is very simple and anyone can do it , and it is 

non - destructive. 
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According to Taylor (1976 : 58> rates of obsidian 

hydration may be related to density differences as shown 

for artifacts from Amapa, Nayarit, Mexico. It was possible 

to differentiate obsidian from several different sources in 

New Zealand on the basis of density comparisons with third 

decimal place accuracy (Reeves and Armitage 1973> . 

IV D. (c) Colorimetric Determination of Manganese 

Most applications involving the characterization of 

obsidian in archaeology requires the analysis of several 

elements that are either in bulk or trace concentration: 

For some applications there is a need to have the abili y 

to characterize obsidian in an economic and practical 

manner . 

Archaelogical work described here has been carried on 

in the Yellowstone National Park area and obsidian 

artifacts have permitted the measurement of time by means 

of hydration dating . It was found helpful to have a means 

of checking the obsidian being measured for a similarity of 

composition, so that the proper rate of hydration may be 

applied . For example , in the Yellowstone area it was found 

that two important sources of obsidian , Teton Pass and 

Obsidian Cliff have very different rates of hydration. 
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Obsidian from both geological sources look similar to the 

ordinary eye and a practical way of distinguishing between 

the two would be helpful . 

It was noted that the concentration of the trace 

element manganese varies significantly for obsidian from 

geological sources of the Yellowstone region <Griffin et 

al . 1969 ) . 

Chemical decomposition of a weighed or measured amount 

of obsidian is easily done in a polyethylene beaker in the 

presence of hydroflouric acid and a small amount of nitric 

acid . The e xact procedure is described in Sandell (1959) 

except for a modification in the method, it is the same 

that is described here. The exact procedure used is 

described in thesis Chapter III 0 (a) . 

The first question that was answered here, was that of 

a practical manner of distinguishing between obsidian from 

Teton Pass and Obsidian Cliff . The concentration of the Mn 

in Teton Pass obsidian is about double that from Obsidian 

Cliff . By applying the procedure of Sandell , referred to 

above, an intense red color due to permanganate ion--an 

oxidation state of Mn--is developed . When equal amounts of 

obsidian sample are used , and the final volumes of Mn 

solution are made up to the same volumes the difference in 

color intensity can be see visually . Sensitivity may be 

increased when colors are compared side by side in long 

glass tubes . The permanganate red color intensity may be 



used to measure Mn concentration by comparison with those 

of known concentrations untlizing a colorimeter . 
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A number of obsidian artifacts were taken from the 

Chittenden Bridge archaeological site in Yellowstone 

National Park and analyzed in the manner described by 

Sandell for Mn. The purpose was to distinguish variation 

in the sources of the obsidian being subjected to hydration 

dating in order to apply the proper rate of hydration . The 

artifacts measured were taken from excavation levels 

varying from 25 to 105 em . . The concentrations of Mn are 

indicated in Table 12 . It was found that, under the 

conditions of the analytical procedure used, the most 

accurate results for measuring the permanganate color were 

gotten using a cell with a path length of five em. in the 

colorimeter. 

According to the Mn content published by (Griffin et 

al. 1969) for Obsidian Cliff all of the obsidian through 

time was obtained from there. 

A second set of obsidian artifacts from the Chittenden 

Bridge site were analyzed for Mn using the above procedure 

with results that are shown in Table 13. 

The intensities of the permanganate color were 

measured using two different colorimeters. A five em cell 

was used in an expensive colorimeter, a Perkin-Elmer 559 

UV-Vis Spectrophotometer and the one em cell was used in a 

Spectronic-20 Spectrophotometer , a type commonly used in a 



Table 12 

Colorimetric t•.anganese Content of 
Chittenden ~ridge Obs~dian Ar~ifac~s- ( 5 em cell) 

Sam-ole ff Excavation Level 
(em) 

76 

192 
206 

220 

237 

Samule 

75 
123 

139 

193 
20.5 
221 

238 

70- 75 
100-105 
60- 65 

45- 50 
25- 30 

Table 13 

Colorimetric I1:anganese CoP.te ni: of 
Chi~tende~ Bridge Obsidian Artifaci:s 

..J % kn ~~ r .. n rr 

0 . 016 

o. 016 
0 . 017 

0 . 018 

0 . 018 

(5 em cell) ( 1 c .. t cell) 
0 . 018 0 . 016 
o. 019 0 . 019 
0 . 017 0 . 015 
0 . 019 0 . 014 
0 . 021 0 . 015 
0 . 018 0 . 016 

' . 0 •. 018 0 . 014 

61 
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freshman college chemistry laboratory. The five em results 

are regarded as more accurate because of a large instrument 

reading , and measured immediately after the permanganate 

color was developed . The one em cell results were 

determined on the same solutions after being stored for a 

month in the dark. The purpose was to show the stability 

of the permanganate color and the fact that an inexpensive 

college colorimeter can be use for fairly accurate color 

intensity measurements. 

The same set of obsidian artifacts shown in Table 13 

was subjected to an analysis of a number of trace elements 

by Inductively Coupled Plasma Atomic Emission Spectroscopy 

(I-CP) described else where in the thesis and is shown in 

Table 14. 

In Table 15 we have a compar~son of Mn content in 

artifacts as analyzed by I-CP and colorimetry . 

Certain conclusions may be drawn from the work and 

results shown here. We have demonstrated that for a given 

archaeological site, means are available at relatively low 

economic cost, involving simple technique, to answer 

important questions that arise whenever archaeologists 

evaluate the cultural significance of artifacts in the 

parameters of time and space. We have endeavored to use a 

simple procedure to compare two different obsidian source 

samples side by side and using a visual comparison (Teton 

Pass and Obsidian Cliff) . The same procedure was followed 



Table 14 
I-CP Elemental Analysis of Chittenden Bridge Site - Obsidian Artifacts 

Samnle No . Al Na Ce Fe La Mn Nd 
II 
I" ~· (nom) % (npm) r~ (pnm) 

75 6 . 18 2 . 91 113 o. 852 70 . 1 0 . 0172 56 . 3 
123 6 . 27 2.94 1 07 0 . 870 59 . 5 0 . 0172 55 . 8 
139 6 . 29 3 . 01 118 0 . 863 69 . 9 0 . 0174 56 . 9 
193 6 . 23 2 . 9LI· 117 0.857 60 . 6 0 . 0174 57 . 1 
205 6.17 2 . ?8 122 0 . 868 58 .? 0 . 0170 55 · 5 
221 6 . 22 2 . 91 110 1.01 74 . 8 0 . 0196 56 . 6 
238 6 . 24 2 . 94 113 0 . 878 77 . 8 0 . 0179 58 .1 

Table 15 
Manganese Content ol Chittenden Bridge Artifacts by Co l orimetry and I-CP 

Sample No . ~l\1n r.Mn 
(5cm cell) 1-CP 

75 0 . 018 0 . 017 
123 0 . 019 0 . 017 
139 0 . 017 0 . 017 
193 0 . 019 0 . 017 
205 0 . 021 0 . 017 
221 0 . 018 0 . 020 
238 0 . 018 0 . 015 

a-
~ 



64 

in a more exacting manner to compare archaeological 

artifacts in terms of one sensitive element <Mn). 

Indications of conclusions drawn by the results of one 

element <Mn) are confirmed by comparing the analysis of Mn 

on the same samples by two different methods . The 

similarity of the obsidian in the artifacts as indicated by 

Mn content is also confirmed by a I - CP multi-elemental 

analysis of the same artifacts . 

The important fact of note here, is that two separate 

approaches are used to answer a question. In one case the 

means to do so was inexpensive and relatively easy to 

perform . In the other case , the procedure using (I - CP) 

involved expensive equipment {$150 , 000-$200,000). We do 

not mean to imply that every problem has a solution 

utilizing modest means , but that there is an ability to 

screen those problems from an expensive solution which may 

be unnecessary . The ability to utilize practical 

technology means that the average archaeological laboratory 

may extend itself to examine parameters of artifacts beyond 

those that are based on simple visual examination . There 

is always the necessity of going to a technological 

specialist , (but with the atitudes that are being 

emphasized here) in a more intelligent manner. A series of 

hydration dates on a set of artifacts done by a speci alist 

are more meaningful when we have a practical means of 

confirming that we are talking about the same obsidian. 
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It is fine to have impressive and elaborate analyses 

of obsidan character ization that are pubished in the 

archaeological literature and obtained through expensive 

means possessed by a fortunate few. This state of affairs 

does not help the archaelogical effort supported by modest 

means . The average archaeologist by extending his 

interests and skills in the analysis of artifacts can 

e xtend the effectiveness of his archaeological endeavor . 

This should be impressed on those individuals training to 

be archaeologists . 

The Mn analysis of obsidian artifacts explained here 

has a wide application, as Mn is a sensitive and 

distinguishing element for most obsidian found in the 

world. The work here indicates several considerations that 

should be realiz ed to accurately determine Mn. 

1 . The amount of sample should be adequate to be 

diluted to volume that can measured in a five em 

light path cell for proper sensitivity . 

2 . Where a result is important it may be necessary to 

run the same sample more than once . 

3 . While the method is destructive of the sample being 

analyzed the amount of sample to be taken can be 

varied, to minimize the loss . Some so-called 

non - destructive analytical procedures previously 

published now utilize a destructive form of sample 

preparation i.e . PIXE (Neilson et al 1976) . A 
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destructive form of sample preparation permits more 

accurate analytical results . 

4. The absorbance measured in the average spectro

photometer should be less that 0.45 for linear 

relationship between instrument reading and 

concentration . 

5 . The use of the colorimeter is simple , but as in 

everything else, care must be taken in its use . A 

check on instrument precision would be to see that 

the calibration curve is straight and goes through 

the origin or zero concentration, as shown in 

Figure 12. 

6 . Some analytical procedures compare obsidian samples 

on the basis of elemental ratios requiring two or 

more elements . The colorimetric procedure for Mn 

described utilizes a sensitive element and accu

rately determines it in terms of absolute concen

tration . One element may therefore be used signi

ficantly to match obsidian artifacts with some 

possible sources . Within limitations , this means 

has practical application as demonstrated for the 

Chittenden Bridge site in Yellowstone National Park. 

The colorimetric procedure for Mn gives an absolute 

concentration of Mn that is easy to understand . Most of 

the sample radioactive analytical procedures that one sees 

in the literature often need a sophisticated and arbitrary 
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FIGURE 12 

MANGANESE ANALYTICAL CURVE FOR A SPECTRONIC 20 COLORIMETER 

.30 
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interpretation of the instrumental results . An 

archaeologist need not be a chemist to apply chemical 

methods to archaeological problems . There are simple and 

economic procedures available to give valuable information. 

Almost any individual can adequately perform an analytical 

procedure when it is simple and performed repeatedly . 



v. Comparison and Evaluation of Results 

V A) Some General Considerations of the Methodological Studies 

A number of different procedures were utilized in this 

investigation of the characterization of obsidian . The 

procedures tried were those that utilized means available 

intermittently over a period of one and a half years. In 

no case was it possible to exhaustively refine a particular 

procedure to give the very best results possible. Adequate 

opportunity was realized only to gain familiarity and 

insights into each analytical approach. In addition, it 

was possible to obtain sufficient information to deduce 

results of archeological implications . 

One of the basic needs in the work was the use of a 

reference sample. In this type of work, a reference or 

standard sample is limited by the fact that its analyzed 

elements may not be of the same variety that the analytical 

procedure being used can analyze . For our purposes, a 

quarry sample from El Chayal, Guatemala was used as a 

reference . El Chayal obsidian is quite homogeneous <Asaro 

et al. 1978) , and we had specimens of it from different 

donors. Other source or quarry obsidian samples that were 

well analyzed with published results were fr om Ixtepeque, 

and Jilotepeque, Guatemala, and from Obsidian Cliff, 

Yellowstone National Park. 

Where possible , an effort was made to express 



elemental concentrations in terms of absolute 

concentrations in weight percent. Otherwise, elemental 

ratios were used in terms of the raw analytical data, a 

measure of elemental concentration; i.e. elemental 

radioactive counts from the scanning electron microscope 

and some proton induced X-ray elements. 

A basic need in this type of work is to express 

elemental results in terms of absolute concentrations. In 

this way, results from any analytical procedure can be 

compared. The limitations of comparing results between 

laboratories are as follows: 

1 . Various analytical procedures are ap~ to give 

different results for the same element . 

2. Each analytical procedure is good for certain 

elements and not for others. Thus there is a 

limited commonality in the variety of elements 

that can be compared. 

3. The degree to which a worker strives to control 

the conditions of his analytical procedure to get 

the best results possible is probably the greatest 

factor accounting for lack of interlaboratory 

agreement (Abbey 1981) . 

4. Analytical results for some elements may vary over 

a considerable range for samples from the same 

obsidian source. Variations may occur over a r ange 

of 30 to 40% . 

70 
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Perhaps , the most practical way to compare results 

between laboratories would be to employ the same analytical 

procedure -- if such a means of analysis is possible -

that is economical, accurate, and sensitive to the proper 

elements. Another factor would be use of similar and 

readily available standard reference samples . With 

advancing technology, this may be possible; i.e. X- ray 

fluorescence utilizing a Cadmium- 109 radioactive source , 

involving relatively simple equipment, and techniques that 

most archaeologists can manage (Hanson 1973). This method 

was the one that was the most thoroughly studied in this 

work. The elements that were easily analyzed by this 

method, quite sensitive and readily diagnostic, were: 

zirconium, rubidium, strontium, iron, and to some extent 

barium and manganese . There is a growing mass of data in 

the literature using this analytical procedure (Nelson et 

al. 1978) . 

The procedures studied in this work fall into several 

catagories based on certain conditions. Both density 

measurement and colorimetric analysis used to characterize 

obsidian are economical and relatively simple . Density 

determination is not sensitive enough to distinguish 

between obsidian sources, but may be able to screen between 

groups of them. The scanning electron microscope, proton 

induced X-ray emmission , and X-ray fluorescence are all 

related in the sense that they depend on the induced 
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radioactive emissions of the elements analyzed in a sample. 

They vary in the variety of elements that they can analyze 

in sensitivity and accuracy . For the most part, they 

involve expensive equipment and skilled operators for the 

best results. They are noted as good examples of other 

varieties of radioactive procedures that were not tried 

here, such as neutron activation . The inductively coupled 

plasma-atomic emission spectroscopic procedure that was 

investigated is based on the atomic absorption analytical 

procedure where instead of one element at a time, many are 

analyzed simultaneously. The procedure involves the 

thermal excitement of elements so that the characteristic 

radiation they each give off will have a measurable 

intensity which is proportional to the concentration. 

V B. Comparative Utility of Procedures Studied. 

All of the analytical procedures mentioned here have 

advantages and disadvantages depending on the application. 

The considerations involved in judging the analytical 

procedures investigated in this study for applicability in 

a particular situation were: 

l . Economy 

2. Elemental sensitivity 

3. Complexity of technique 

4 . Variety of useful elements possible 

5. Manner of sample preparation i.e. destructive or 



non-destructive 

6. Matrix effect or interferences that must be 

specifically accounted for in order to obtain 

correct results. 

7J 

Starting with our more simple means of characterizing 

obsidian, den~ity determination is economical and the use 

of the pycnometer is fairly easy. The procedure lacks 

sensitivity however, as it may not detect obsidian density 

differences beyond the third decimal place expressed in 

grams/cubic centimeter. To increase the sensitivity 

requires an enormous amount of complexity that may not be 

worth the effort. Density differences in characterizing 

obsidian have been successful in screening between groups 

of obsidian in different parts of New Zealand. The method 

is non-destructive, economical, and can be relatively 

simple. 

The use of colorimetry to analyze for trace elements 

in obsidian is limited in the variety of elements that can 

be analyzed in a practical manner. The procedure is 

economical , and may be complex, depending on the elements 

to be analyzed. The procedure is destructive in sample 

preparation. The results are specific and usually 

dependable. As in any procedure, when performed in a 

routine manner, the productivity could be substantial. In 

any event, colorimetry can be regarded as a valuable 
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adjunct to the more modern means of analyzing obsidian when 

checking the accuracy of an analytical result . In our work 

the application of colorimetry in the analysis of manganese 

was valuable because manganese is a valuable diagnostic 

element. This colorimetric procedure was dependable and 

straight forward, and was used in this investigation to 

check the plasma spectroscopic result obtained for 

manganese . 

The scanning electron microscope was utilized to 

compare two different obsidian source samples -- El Chayal 

and Jilotepeque , Guatemala . Differences were observed in 

the chemical composition , but the method lacked sensitivity 

in terms of those trace elements that were most diagnostic. 

This analytical means is expensive, complex to operate, 

with considerable interferences to account for. All in 

all , one may conclude that it is not a very practical means 

to characterize by chemical composition . 

Proton Induced X- ray Emission (PIXE) was applied in 

the study of a group of 19 obsidian samples. Conditions of 

operation did not permit the treatment of the data to 

obtain the best analytical results. The equipment is 

complex, expensive, and must be operated by specially 

trained operators . It is valuable in that it can be 

automated to handle large numbers of samples if necessary. 

It i s sensitive to traces of key diagnostic elements for 

our type of obsidian such as rubidium , strontium, 
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zirconium, manganese, iron , molybdenum, and lead . PIXE has 

the advantage of producing a sample spectrum for 

"fingerprinting" an obsidian sample so that comparisons 

between source and artifact samples can be made at a 

glance. Sample preparation may or may not be destructive, 

though better conditions for analysis are realized by going 

through a destructive means of sample preparation. In any 

event, PIXE is a useful means of characterizing obsidian, 

but complex, expensive, and not readily attainable. The 

conditions of analysis have to take into account 

precautions to minimize matrix and other interference 

effects . 

Inductively Coupled Plasma-Atomic Spectroscopy (I - CP) 

is a relatively new technique for elemental chemical 

analysis . As of now, there is very little in the 

literature that treats results of this application to 

obsidian characterization . Our access to this equipment 

was substantial over a period of one and a half years. The 

results of this technique are treated and evaluated 

elsewhere in the thesis . The procedure was and still is in 

a developmental stage in terms of practical applications. 

It would be ~~fair at this point to be too critical of its 

capabilities. It was a privilege to have access to the 

equipment in competition with its normal routi~e and other 

necessary demands being made on it . Comments on the 

procedure are made strictly in terms of our experience. In 
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terms of the other analytical techniques studied, I-CP has 

tremendous potential. The elements that it is capable of 

analyzing simultaneously are limited to the variety of 

elements used to standardize the instrument . A 

multi - elemental analysis can be made simultaneously and t he 

results can be readily expressed in absolute elemental 

concentrations . The state of the art , as it exists now, 

seems to involve problems with sample matrix effects and 

the smooth operation of instrumental components. For the 

best results , the instrument has to be conditioned as 

closely as possible to the elemental matrix of the type o: 

sample being analyzed. To sum it up, the I - CP manner of 

analysis is perhaps one of the best available, but it still 

has its own unique problems and limitations. It is in the 

class with those tests that involve a destructive sample 

preparation , require an operator with special training and 

equipment which is very expensive to own and maintain . 

Dispersive X-ray Fluorescence (DXRF) is mentioned 

last, because as advancing technology has made obsidian 

characterization means more complex and expensive, it has 

simplified this effective procedure (Hanson 1973) . The 

specific details of the procedure are described elsewhere . 

In our work, DXRF has been utilized the most because of its 

availability , simplicity, and the number of samples 

analyzed . The procedure is simple enough to be operated by 

almost any individual . In our work, it seemed to be the v. 

Comparison and Evaluation of Results 

' -



best compromise of the considerations mentioned earlier 

that are involved in an analytical procedure to 

characterize obsisian. The variety of elements necessary 

to characterize our obsidian i.e. Rb, Zr, Sr, Fe, and Ba 

were satisfactorily met by DXRF . 

V C. Some Limitations of the Work 

77 

As stated before, we do not attempt to account for the 

ultimate accuracy of all the results expressed in this 

thesis . An eAtensive coverage was attemped in this 

methodological study of obsidian characterization. 

Ultimate expertise in every analytical situation was beyond 

our scope. Much of the effort for means of obtaining 

analytical data was dependent on the limited capabilities 

and generousity of others . The exactness of our evaluation 

is limited to the work as performed. Personal specialized 

expertise in this investigation -- for every method studied 

is not admitted or, for that matter, possible. 

The FIXE data is in need of considerable refinement to 

give accurate concentrations for all elements. The more 

correction necessary for a specific elemental peak the less 

accuracy one can expect in the result. We can thus still 

judge the most accurate elements that are apt to be 

possible by this procedure . Elements with low atomic 

number or Z value are apt to be less accurate than those 

with high Z numbers, because of instrument variation or 
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noise. Integrating the intensity above a base line drawn 

through the minima, or shoulders , of elemental peaks is 

more accurate when the peak is located on a low, flat 

background. For example, in the PIXE elemental peak shown 

in Figure I for manganes e , the background shoulders are 

quite slanted . This condition adds to the error of 

integrating net radioactive counts under the peak as 

described above. 

Since the dispersive X- ray fluorescence (DRXF) 

procedure was the one we had most control over, some effort 

was made to establish conditions to correct for 

interferences . This effort involved accurately measuring 

the alpha coherent scatter peak in each DXRF-Cd 109 

spectrum of the type shown in Figure 15 (Bertin 1980 ) . 

This calculation permits a reasonable attempt to correct 

for background interference. In the case of the DXRF- Am241 

data, an unsuccessful effort was made to us e an appropriate 

background position to correct for interferences (Bertin 

1980) . 

In all of the X-ray type analyses the accuracy of the 

determination of some trace elements could be enhanced by 

longer time exposure , but time did not permit this . This 

limiting condition was noted for the trace elements of Mo, 

Nb, and Pb determined by PIXE . The diagnostic effect of 

some elements for sample comparison is expressed in the 

form of elemental radioactive count ratios as in Griffin et 
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al. (1969) . Some elemental concentrations for El Chayal 

obsidian are not mentioned in the literature . For these 

elements, comparisons are made in the form of elemental 

radioactive count ratios. These elemental ratios are shown 

in Chapter IV. 

One common way of increasing the accuracy of 

analytical results is to repeat the analysis of a sample 

several times, and take an average . This was not possible 

here . Our coverage was too extensive for time to permit 

this. 

variability of elemental concentration for the same 

obsidian source can be in a range of up to 20% as can be 

seen in iron and rubidium for Obsidian Cliff, Yellowstone 

Park Griffin, <1969) . 

v D. Utilization of Analytical Results 

The analytical procedures investigated include 

colorimetry for Mn, I - CP for mult - elemental analysis , PIXE 

and SEM for a radioactive multielemental analysis . Each 

method had its own unique approach and variety of sensitive 

elements. Each time , a different combination of elements 

was found to be favorable for obsidian characterization . 

Under our conditions of analysis, there may be limitations 

t o some of the elements analyzed . 

In the cQses of the X- ray types of analyses relative 

elemental compositions of obsidian samples may be expressed 
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in the form of elemental ratios of radioactive counts. By 

any one analytical method, similar ratios of the same 

elements should indicate similar source and artifact 

sample. This was the manner of comparison for the X-ray 

methods dealt with in Chaper IV. 

In order to compare results for the samples analyzed 

by the different techniques used, it was necessary to · 

express all results in the same manner. It was decided to 

use the sample designated as El Chayal, (J.M. > as a 

standard or reference sample and express the X-ray methods' 

results in terms of it. The concentrations of elements 

used in the El Chayal reference sample were taken from the 

literature (Nelson et al. 1978; Asaro et al. 1977). 

We will endeavor to explain the means that were used 

to express the elemental concentrations in the comparison 

of obsidian samples in Table 16. Ideally, the best way is 

to express elemental concentrations in absolute percent by 

weight, either as percent or parts per million. 

An effort is made to convert the data in radioactive 

counts to absolute concentration by either a direct 

comparison of data, and in the case of DXRF-Cd 109, 

applying corrective measures, by use of an internal 

coherent (Raleigh) scatter peak. 

A direct comparison of PIXE and DXRF- Am241 sample 

spectra with that of a reference sample, run under the same 

conditions , in order to calculate elemental absolute 



Table 16 (a) 
Compar ative Absol ute Elemental Concentrationc 

Mn(ppm) 

Sample Literature* PIXE I-CP 

El Chayal ,J .M. 728 728 580 , 641 
El Chayal , F,N. 728 628 579,608 
Ixtepeque 526 304 383,429 
Jilotepeque 596 574 553 .633 
1-2- 1AB67. 2 (UT) 339 518 
Ph-2 (Pakaman) 495 490 
R- 19-2(Resguardo) 561 455 
Chutixtiox 349 
R-19-6(Resguardo) 393 454 
1Z2-BUL-2(UT) 501 548 
R-15-6(Resguardo ) 476 
1Z1-226II(UT) 561 451 
Obsidian Cliff I 133 172 
Obsidian Cliff II 79 166 
Chittenden Br. (FL37) 60 158 
Chittenden Br. (FL16) 44 189 
Fishing Br . (Pit 8) 101 173 
Fishing Br .(Pit 5) 139 160 
RTSI (Resguardo) 647 
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Table 16 (b) 
Rb (-ppm) 

Sample Literature* PIXE DXRF 
Cd109 

El Chayal ,J . M. 147 . 5 147 . 5 147 . 5 
El Chayal , F. N. 147.5 171.4 1)0 . 5 
Ixtepeque 9).9 182.8 
Jiloteneque 109 .4 14) . 4 102 . 1 
1- 2- 1AB67 . 2(UT) 126 . 6 102 . 0 
Ph- 2 (Pakaman) 126.2 108 . 4 
R- 19-2(Resguardo) 121.7 146 . 7 
Chutixtiox 110 . 8 111 . J 
R-19-6(Resguardo) 120 . 6 9).2 
1Z2- BUL- 2(UT) 164.8 
R-15- 6(Resguardo) 115-J 110 . 9 
IZI - 226II(UT) 126 . 2 104.5 
Obsidian Cliff I 198 265 . 1 247 . 7 
Obsidian Cliff II 198 288 . 4 252.1 
Chittenden Br. (F1J7) J04.J 220 . 7 
Chittenden Br~(F116 ) 250 . 1 2J9 . 4 
Fishing Br~(Pit 8) J05 . 7 253 . 1 
Fishing Br .. (Pit 5) 274 . 6 2)5 . 2 
RTSI(Resguardo) 124 . 7 104.5 
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Table 16 (c) 

Zr(ppm) 

Sample Literature PIXE I-CP DXRF 
Cd 109 

El Chayal,J.M . 122 122 119 , 114 122 
El Chayal , F. N. 122 132 100 ,1 06 126 
Ixtepeque 176 173 153 ' 159 
Jilotepeque 124 120 131 ,1 24 145 
1- 2- 1AB67 . 2(UT) 127 118 128 
Ph- 2 (Pakaman) 133 113 151 
R-19- 2,( Resguardo) 126 90 140 
Chutixtiox 124 147 
R- 19-6,(Resguardo) 122 86 12) 
1Z2-BUL- 2 , (UT) 116 90 
R- 15- 6 ,(Resguardo) 117 90 142 
1Z1 - 226II , (UT) 12) 95 132 
Obsidian Cliff I 1)8 170 195 
Obsidian Cliff II 144 169 182 
Chittenden Br , Fl 37 139 182 180 
Chittenden Br , Fl 16 131 141 192 
Fishing Br , Pit 8 137 182 157 
Fishing Br, Pit 5 145 171 t84 
R~SI Resguardo) 137 143 
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Table 16 (d) 
Sr(ppm) 

Sample Literature* FIXE DXRF 
Cd 109 

El Chayal, J.M. 196 196 196 

El Chayal , r .. N. 196 210 209 

Ixteneque 203 302 

Jilotepeque 241 237 271 
1- 2-1AB67 . 2(UT) 248 277 
Ph-2(Pakaman) 256 322 

R-19- 2(Resguardo) 232 233 
Chutixtiox 235 304 

R- 19- 6(Resguardo) 285 248 

1Z2- BUL- 2(UT) 186 
R- 15-6(Resguardo) 233 295 

Izi- 226II(UT) 236 281 

Obsidian Cliff I 211 

Obsidian Cliff II 199 
Chittenden Br.(FL137) 171 

Chittenden Br•(FL16) 198 

Fishing Br . (Pit 8) 210 

Fishing Br • (Pit 5) 201 

RTSI (Resguardo) 261 290 



Table 16 (e) 
Fe(%) 

Sample Literature* PIXE I -CP DXRF nxRF 
Am 241 Cd 109 

El Chayal , J . M. 0.57) 0 . 573 0 . 558 , 0.664 0. 57) 0 , 57J 
El Chayal , F. N. 0 . 57J 0 , 447 0 , 552 , 0.590 0 . 573 0. 580 
Ixtepeque 0 . 98 0 . 887 0 . 779,0 . 992 0 . 861 
Jilotepeque 0 . 61 0 . 692 0.711 , 0 . 865 0. 59) 0 . 6)2 
Ph- 2(Pakaman) o. 58) 0 . 611 0.760 0 . 780 
R-19-2 ,( Resguardo) 0 . 556 0 . 611 0 . 760 0. 665 
Chutixtiox o . 63o 0.769 0 . 749 
R-19-6,(Resguardo) o. 569 o. 586 0. 552 0.569 
1Z2-BUL-2, (UT) 0.5)0 0.576 0 . 559 
R- 15-6 , (Resguardo) 0 . 644 o . 693 0 . 689 
121- 226!!, (UT) 0.692 0.616 0 . 740 0 .665 
Obsidian Cliff I 1 . 1 1.03 0 . 871 0 . 991 1.03 
Obsidian Cliff II 1 . 1 0 . 85 0 . 862 0 . 992 0 . 824 

Chittenden Br. (FL37) 1.0) 0 . 8)7 1. 02 0 . 878 
Chittenden Br . (Fl16) 1.09 1.05 1o23 1.03 

Fishing Br. (Pit 8) 0 . 984 1.02 0 .757 

Fishing Br . (Pit 5) 0 . 976 o . BJ 0 . 961 0 . 9)3 

RTSI(Resguardo) 0 . 705 0.706 0 . 686 ()) 
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Table 16 (f) 
Ba (ppm) 

Sample Literature* I - CP DXRF 
AM 241 

El Chayal, J . M. 974 878,1366 974 
El Chayal, F.N. 974 873. 904 946 
Ixtepeque 1082 925,1065 958 
Jilotepeque 1135 988,1296 1597 
1-2-1AB67.2(UT) 1152 1257 
Ph-2 (Pakaman) 1168 231 
R-19-2f·Resguardo) 975 380 

Chutixtiox 1491 
R- 19- 6,(Resguardo) 962 791 
1Z2- BUL- 2, (UT) 886 418 
R-1 5-6 , (Resguardo) 658 
1Z1-226II,(UT) 945 956 
Obsidian Cliff I 41 27 

Obsidian Cliff II 29 59 
Chittenden Br.(FL27) 31 46 

Chittenden Br ,(Fl16) 31 38 
Fishing Br . (Pit 8) 42 17 

Fishing Br . (Pit 5) 36 21 

RTSI(Resguardo) 730 

*Literature References: 
Griffin , J. B., A. Gordus, and G .A. Wright 

1969 Identification of the Sources of .Hopewellian 
Obsidian in the Middle West. American Antiquity 
34(1):1-14 

Nelson, F.W ., R. Sidrys, and R.D. Holmes 
1978 Trace Element Analysis by X-ray F~uuresence 

of Obsidian Artifacts From Guatemala and Belize . 
Excavations at Seibal, Department of Peten, ; 
Artifacts, ed. G. R. Willey. Memoirs of the 
Peabody Museum of Archaeology and Ethnology 
14(1): 153-161. 
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concentrations seems reasonable. In any method, the same 

exposure time and geometry of sample position were repeated 

during the time of analysis . The precision seems to be 

plus or minus 10%. 

The known absolute elemental concentrations of other 

source samples were compared for agreement . Such source 

samples were from Ixtepeque and Jilotepeque, Guatemala · as 

reported in Asaro et al. (1977) and Nelson et al. (1978), 

and also Obsidian Cliff, Yellowstone Park, Griffin et al . 

(1969). In addition , four artifacts from Yellowstone Park 

are included as samples from Obsidian Cliff. Earlier in 

the work it was established that these artifacts were · of 

Obsidian Cliff origin and therefore of the same composi-

tion . These comparisons are shown in Table 16 (a to f) 

element by element and method by method . The I - CP and 

colorimetric analytical procedures automatically give 

results in absolute concentrations, so it was not necessary 

to manipulate those elemental results. Examination of the 

results of Table 16 show various degrees of agreement with 

the reference sample. Each method was applied essentially 

to the same set artifacts. From this table we can compare 

results with a known sample and also the repeatibility for 

the sample element between methods. Unfortunately it is 

not possible to show the same set of elements for each 

method on every sample. 

It becomes possible to determine what the best 
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elements are for a particular analytical procedure. In 

Table 17, there is a comparison of analytical methods and 

their best elements in terms of sensitivity and 

reproducibility . We have dealt with the characterization 

of obsidian from different geological areas -- northwestern 

Wyoming , and Guatemala . In Table 18 an effort is made to 

give the most sensitive elements to be analyzed to 

determine specific obsidian geological sources and in Table 

19 the most sensitive elements and the best analytical 

methods to be applied. 

The main pupose of this thesis was to investigate 

obsidian characterization methodology in terms of the 19 

samples shown in Table 16 . In addition other obsidian 

samples from Guatemala and northwestern Wyoming were also 

analyzed by X-ray fluoresence . This work will be evaluated 

in our next chapter. 

When the tables and figures of results are examined, 

it is seen that in some cases there is a wide range of 

agreement . This is due to a variety of reasons that are 

given in the order of decreasing probability . 

1. Uncorrected matrix effect 

2. Instrumental error and background noise 

3 . Error in converting from raw data to absolute 

concentration by using simple elemental peak ratio 

comparisons between the unknown and the reference 

samples. 



Table 17 Anal ¥tical Pr ocedures 
for Anuronr~a~e Elements 

~ .ethod 

I - C I: 

ORXF- Am- 241 

DRXF- Cd- 109 

FIXE 

Colorimetry 

Best Elements 

Ba , 1\in , v , Zn , Zr 

Ba , Fe 

Fe , Rb , Sr , Fe , Ba 

Rb , Sr . Zr , I1'in , Ca , 

I'1in 
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K, Fe , Nb , r~:o and Pb 

S E!li K , Fe , Al , C 1 , and CU 
(Quantities greater than 0 , 01~) 

TahlP t8 Geograohic. Ob~idian and Sensitive 
Diagnostic Elements 

General Geogra~hic Area Suecific Obsidian 
Sources 

v:yoming Obsidian Cliff 
Teton Pass 
Geyf?er Creek 
Norris Geyser Basin 
Thumb 
vJi llow Par k (2 mi E) 
Buffalo Lake 

Guatemala El Chayal 
Ixteneque 
Jiloteneque 

Dia&tostic 
Elemen'ts 

Ba , r.:n 1 

Sr , Ti , r~:g , 

La 

Rb , Sr , 
Zr , h,n , 
Ti , Fe , Ba 



Table 19 
Analytical Ap~lications for Distinguishing Among 

Geological Obsidian Sources 

Distinction Of Sources 

Teton Pass and Obsidian 
Cliff 

Local Yellowstone sources 
from Teton Pass and Obsidian 
Cliff. 

El Chayal , Ixtepeque and 
:iloteuque, Guatemala 

C~sidian from other minerals 

Sc~eening obsidian between 
g!'OU"Os of sources 

Senaration of sources based 
o~ differences in concen
trations in minor elements 

Auurouriate Analvtical 
Kethodology 

Mn by colorimetry 
Sr by DXRF- Cd109 
Ba , Ti , and Mg by I-CP 
Ba by DXRF-Am241 
Mn or Sr by colorimetry 
Rb ,Sr , Zr simultaneously 
by DXRF- Cd109 · 
Ba, Ti , Mg by I - CP 
Ba by DXRF-Am241 

FIXE-Determination of as many 
trace elements as uossible 
using statistical analysis 
i .e. Rb ,Sr,Zr ,Fe ,Ba,Nn. 
Also DXRF for the same 

Density measurement as de
scribed here . 

Density measurements as 
described here 

SEM as well as DXRF 
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4. variation in elemental concentration within a 

geological source of obsidian. 

5 . Poor elemental sensitivity. 

The data are still a good basis for studying 

comparative obsidian methodology. Mainly, the results 

expressed in Table 16 constitute an effort to compare the 

results of analytical procedures with those given in the 

literature for certain elements. 
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V. E . Specific Utilization of Methodology for 

Elements and Archaeological Study Areas 

Specific elements have been found to be sensitive for 

different geological sources associated with the general 

archaeological study areas of Guatemala and northwestern 

Wyoming. 

In the following, we attempt to list the specific 

elements that may be used in characterizing obsidian and 

the best techniques to be applied focusing directly on the 

techniques considered here. This is summarized in Table 

20. 

Manganese may be determined best by colorimetry in the 

development of the stable permanganate color. The 

procedure is accurate, straight forward and fairly free 

of interferences . The next best technique is I - CP . 

Rubidium is best analyzed by DXRF-Cdl09, next being the 

PIXE technique . In both cases, the data seem to be 

fairly free of interferences. 

Strontium is best analyzed by DXRF-Cdl09 though 

interference from Yttrium may have to be taken into 
• 

account. Yttrium did not show up much as an 

interference in our work. PIXE analysis seems fairly 

dependable, but as stated previously is a fairly 

complex analytical procedure. 

Zirconium is best analyzed by DXRP- Cdl09 followed by PIXE 
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Table 20 
Obsidian Characterization Elements and Estimated 

Appronriate Analytical Procedures 

Element 

Manganese 

Rubidium 
Zirconium 

Strontium 
Iron 

Barium 
Vanadium 
Zinc 
Niobium 
Molybdenum 
Lead 
Potassium 

Aluminum 

Titanium 
Sodium 

Yttrium 

Analvtical Procedure in Order of 
Imnortance 

Colorimetric Permanganate Colorimetry, Neu
tron Activation, Atomic Absorp~ion, and 
I-CP. 
DXRF-Cd109, PIXE, and Atomic Absorption 
~XRF-Cd109, PIXE, Atomic Absorption, and 
I-CP 
DXRF-Cd109, PIXE, and Atomic Absorption. 
DXRF-Cd109, and Am241, PIXE, and Atomic 
Absorption 
DXRF-Am241, Atomic Absorption, and PIXE 
DXRF, Atomic Absorption, I-CP 
DXRF, Atomic Absorption, I - CP 
DXRF, PIXE, and Atomic Absorution 
PIXE, DXRF, and Atomic Absorption 
DXRF, PIXE, Atomic Absorption 
DXRF, PIXE, Neutron Activation, Atomic 
Absorution, and SEM 
Neutron Activation, PIXE, Atomic Absorp
tion, and SEM. 
DXRF, Atomic Absorption, and I-CP 
Neutron Activation, Atomic Absorption, and 
Optical Emission Spectroscopy 
DXRF-Cd109, and PIXE 
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and then I-CP. 

Iron is best analyzed by DXRF-Cdl09 for simplicity of 

technique and good repeatibility. OXRF- Am241 is the 

next best analytical technique and then PIXE which is a 

more complex procedure. In a sense, all the analytical 

techniques used seemed to be fairly satisfactory. 

Barium is best analyzed by I-CP for accuracy and good 

repeatibility. The DXRF-Am241 procedure is next best 

for accuracy. For practical use, the DXRF-Am241 would 

be better utilized as it is quite specific for barium. 

There are several radioactive peaks in ~he spectrum 

that can be cross-checked for similarity of accurate 

data . 

vanadium can best analyzed by I-CP. The other analyti 11 

procedures tried were not satisfactory. 

Niobium, Molybdenum and Lead were elements that were 

adequately sensitive to analysis by PIXE . The other 

analytical procedures were not particularly applicable. 

Potassium is a bulk elemental component of obsidian and 

is best analyzed by PIXE followed by the Scanning 

Electron Microscope. 

Aluminum is best analyzed by the Scanning Electron 

Microscope. This element is a bulk component of 

obsidiun and is seldom used in characterizing our type 

of obsidian. 

The foregoing listing of obsidian characterization elements 
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is based on studies we have had the opportunity to make. 

Since the best obsidian characterization is made by 

multi - elemental analysis of trace elements, the analytical 

procedures tried have this capability , except for the 

colorimetric procedure illustrated for manganese . Other 

good specific elemental analytical procedures are available 

such as atomic absorption, optical spectroscopy, and 

neutron activation . Certain gravimetric , volumetric and 

colorimetric procedures utilizing elemental complexing and 

ion exchange techniques are laborious but accurate. They 

are worth keeping in mind if a few elements are adequate to 

characterize a particular obsidian archaeological 

application where accuracy is desired . 

In Table 19, are listed the geological sources of 

obsidian that have been our concern . The obsidian sources 

are in two general areas--northwestern Wyoming and Highland 

Guatemala . In northwestern Wyoming the two major sources 

are Teton Pass and Obsidian Cliff. Three very diagnostic 

elements elements to distinguish between these sources are 

barium , strontium, and manganese . Teton Pass contains 

considerable barium and strontium while Obsidian Cliff has 

very little . Teton Pass contains about twice as much 

manganese as Obsidian Cliff. One element , barium, 

strontium, or manganese will distinguish between these 

sources using analytical techniques previously mentioned . 

In the Yellowstone area distinguishing among other regional 



obsidian sources beside Teton Pass and Obsidian Cliff may 

depend on differences in very accurate analytical results 

for barium, strontium, and manganese if only a couple of 

these elements are used. The local geological sources may 

also be distinguished by multi-elemental analysis using 

X- ray fluorescence and a multivariate statistical analysis 

of the results. 
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Meso-American obsidian geological sources must be 

distinguished by a minimum of 5 or 6 trace elements . The 

most sensitive elements are rubidium, strontium, and 

zirconium whose concentrations may be plotted on trilinear 

graph paper for comparison. Manganese, barium and iron are 

another combination of elements that will help to further 

distinguish specific sources that the other three elements 

may not. The best analytical procedure for the above 

mentioned Meso-American diagnostic elements of Rb, Sr, Zr, 

Fe, Ba , and Mn is X-ray fluoresence using both the Cdl09 

and Am241 radioactive sources. PIXE is good in analyzing 

for these elements, but very limited in its sensitivity for 

barium. 



VI Archaeological Applications 

The Dispersive X-ray Fluorescence Cadmium-109 

CDXRF-Cdl09) technique was available and free for use. It 

was used, as described earlier in the thesis, to analyze a 

number of archaeological obsidian samples from the Quiche 

Basis, Guatemala and Yellowstone National Park , Wyoming. 

The elements analyzed and reported are rubidium (Rb ) , 

strontium CSr> , zirconium CZr>, and iron (Fe ) . These 

elements are most suitable for analysis by DXRF- Cd -109 . 

It was considered worthwhile to study an obsidian 

analytical technique as an application in d e tail to gain 

experience and useful archaeological information on two 

study areas of interest . 

The analytical procedure was performed exactly as 

described elsewhere in the thesis . Some of the following 

conclusions were drawn from the experience . 

1 . A reference sample must be run each time a group 

of samples is analyzed . 

2 . The positioning of the sample to the X-ray source 

must be duplicated as closely as possible for each 

sample. 

3. A clean, flat surface, at least 4 mm thick, of the 

sample should be exposed perpendicular to the X-ray 

source . 
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4 . Absolute elemental concentrations may be calculated by 

comparison with a reference sample using the Raleigh 

coherent peak to correct for background interference. 

Accuracy seems to be plus or minus 10% . 

Tables 21 and 22 show the results obtained from the 

two study areas mentioned . In assigning geological sources 

for samples absolute concentrations of Rb , Sr, and zr were 

summed up . The concentration of each of the three elements 

was then expressed as a decimal fraction of its absolute 

concentration divided by the sum of the concentrations . A 

trilinear plot of each study area is shown in Figures 13 

and 14 . All artifact sample points plotted in the vicinity 

of an obsidian source sample were assigned to that obsidian 

source. 

For the Quiche Basin Study Area in Guatemala, the 

total number of artifacts shown in Table 13 is 33 . The 

number of artifacts assigned to geological sources in the 

order of increasing geographical distance away was 

Jilotepeque 19, El Chayal 9, Ixtepeque 4, unknown source 1. 

For the Yellowstone National Park Study Area a total 

of 21 obsidian artifacts were analyzed and all but one was 

assigned to Obsidian Cliff as the geological source. 

The artifact 48TE700, East Lizard Creek, Specimen 40, whose 

geological source is unknown, was one of a group of 

a rtifacts subject t o obsidian hydration dating analysis . 

On the assumption that all of the artifacts in that group 



Table 21 

Quiche , Guatemala ~tudy Area 
Samole No . Location Fe Rb Sr Zr Obsidian 

0 
1'- (pnm) (nom) (ppm) Source 

1 El Chayal 0 . 573 1l~7 . 5 195 . 6 1 22 . 4 ----------
2 El Chayal 0 . 580 130 . 5 208 . 7 126 . 0 ----------
68 In Chayal 0 . 616 121 . 1 219 . 7 1 26.4 ----------
67 Ixteoeque 0.950 89 . 0 220 . 0 209 . ) ----------
4 S . M. Jilotepeque 0 .726 102 . 1 271 . 0 145 . 4 ----------
5 Utatlan 121AB67 . 2 0 .6)2 102.0 276 . 7 128.) Jiloteoeque 

6 Pakaman Ph-2 0 . 780 108 . 4 322 .1 151.4 Jileteoeque 

7 Resguardo R-19-2 0.665 146.7 )2) . 6 140.1 El Chayal 

8 Chutixtiox 0.749 111 . ) 30).6 147.5 Jilotepeque 

9 ResRuardo 0 . 569 9) . 2 247 . 8 12).8 Jilotepeque 

tO Utatlan 1z1DUL -2 0 . 649 1)8 . 0 229 . 8 136 . 7 El Chayal 

11 Resguardo R-15-6 0 . 689 110 . 9 295 . ) 141. 5 Jiloteoeque 

12 Utatlan 121Z226-II 0 .665 104.5 281 . 1 132 . t Jiloteneque 

56 Resguardo RTSI 0 . 686 104.6 289 . 8 142 . 7 Jiloteoeque 

20 Xesic I 0.7J6 113 . 4 )05 . 0 1 57 . J Jiloteoeque 

21 Xesic II 0.5)0 90 . 0 267 . 8 119 . 7 Jilotepeque 
22 Cakelquiej I 0 . 549 151 . 8 194 . 1 118 . 7 El Chayal 

2) Cakelquiej II 0.771 119 . 4 J20 . 2 149 . 4 Jiloteneque 
24 San Pedro Jocooilas I 1.225 16).5 482 . 6 2)2.6 J ilotepeque 

27 Xoconilas II 0 . 628 88 . 0 259 - 3 118 . 2 Jilotepeque 
\0 
\() 



Table 21 (cont . ) 

Quiche , Guatemala Study Area 
Samnle No . Location Fe Rb Sr Zr Obsidian 

tTl 
J~ (nnm) (npm) (ppm) Source 

28 La Estancia 142GHJI (I) 4 .417 85 . 2 554.1 269 . 2 Unknown 
29 La Estancia 1 L~2GH3I (II) 0 . 757 97 .0 266 . 5 146 . 8 Jiloteoeque 
JO Xetinamit I 1 . 018 164.6 406 . 9 21 1 . 5 Jilotepeque 
)2 Cahyun I 0 . 703 14) . 4 246 . 9 141 . 8 El Chayal 

3J Cahyup II 0 . 655 1)5 . LI- 241 . 0 134 . 7 El Chayal 
J4 Chisalin I 0 . 718 103 . 9 2<)2 .2 150 . 4 Jiloteneque 
J5 Chisalin II 0 . 8)6 1 Olj. . 1 285 .4 140 . 4 J iloteue.que 

36 Paismachi 142G14I ( 1) 0 . 74J 130 . 5 )65 . 6 164 . 1 Jiloteneque 
J7 Paismachi 142G14I (II) 0 . 819 122 . 9 J25.1 147 . 9 Jilotepeque 

J8 Chi corral 14JUOI (I) 0 . 884 77 . 1 226 .1 17J . 5 Ixteneque 

39 Chi corral 143UOI (II) 0.879 77 . 2 226.5 173 . 8 Ixtepeque 
40 Los Cimientos-Chinique I 0 . 780 13J . 5 232 . 7 173 . 9 El Chayal 
41 Los Cimientos-Chinique II 1 . 005 100 .6 240 .0 200 . 4 Ixteneque 
42 Los Cimientos- Chinique III 0 . 713 148 . 8 200 . 9 134 . 0 El Chayal 
L~ J Xolpacol 0 . 925 97 . 0 206 . 9 195 . 2 Ixteoeque 
L~l~ Petana 0.751 1 54 . 3 24t . 6 143 . 4 El Chayal 
~~ 5 Chuchun Sacanulas 0 . 677 120 . 7 )12.5 126 .1 Jiloteneque 
116 Ghalchitan Aquacatec 0 . 680 161.4 2)9 . 1 123.0 El Chayal 



'fable 22 

Yellowstone National Park ~tudy Area 

!::>arnnle tlo . Location Fe Rb Sr Zr Obsid ian 
% (onm) (porn) (porn) Source 

13 Obsid ian Cliff 1 . 0)0 247 . 7 11.7 195 . t --------
14 II II 0 . 824 252.1 8 . 1 182.) --------
6) Teton Pass 0 . 944 119 . 5 194 . 1 98 . 1 --------
75 II II 0.978 1 )4 .1 2)6 . 1 11 5 .7 --------
15 Chittenden Bridge Fll/37 0 . 878 220 . 7 5 . 7 179 . 5 Obsidian Cliff 

t6 II .. .. 21 1 . 0)1 2)9 . 4 19. 9 191 . 8 " II 

48 .. " II t 9J t.026 255 . 2 15 . 2 198 . 4 " " 

~~9 II " " 139 1 . 109 229 .93 16 . 6 245 . 0 " 
,, 

50 II " " 205 o. 980 21~ 5. J 25 . 7 195.5 " " 

51 II II II 2)8 1.0)2 2JJ . 7 29 . 9 167 . 0 II " 

52 " " II 221 1 . 144 252 . 8 20 . 0 185 . 0 " II 

53 II II II 75 0 . 964 277 . 8 20 . 6 194 . 2 II " 

5'~ II II " t2J 0 . 895 225 . 7 18. 8 18).8 II II 

55 II II " 2)8 0 . 910 222.0 11.5 201.8 II II 

17 Fishinr: Bridge , 0 . 757 25J .1 4 . 7 156 . 9 II " 
Terrace Pit 8 

t8 Fishine Bridge Terr . Pit 0 . 9JJ 2)5.2 7.9 184.J II II 

5 
65 FishinE Bridr;e , Terr 0 . 91~9 241.0 9 . 7 169 . 2 " II 

Pit6 , Pedestal Lev . 7 
J0-35 em .... 

0 .... 



Yellowstone 
~ample No . Location 

69 48YE449 

70 Fi shin~ Bridge , Terr . Pit 
5 , Lev . ~ . 1 5- 20 em 
Soeciman 9 

71 Fishi ng Bridge , Terr Pjt 
7 . Lev . L~ ' 15- 20 em 
Soecimen 1J 

72 48YE421 , Remel Site Sur-
face , Cody Knife , Spec-
men J9 

7J 48YE449 , Remel Site ,Sur-
face , Elv . 7700 ' 
Specimen 41 

74 48TE700 , E .Liz.ard Cr . 
Surface , Elv . 6800 ' 
Specimen L~o 

76 li'i shi ne; Br idge , 'l'errace 
Pit 8 , Lev . 11~ , 65- 70 em 

77 Fi shing Br i dge , Terrace 
Pit 6 , Pedestal , Lev . 7 
JO- J5 em 

Table 22 (cont . ) 

National Park ~tudy 
Fe Rb 
~0 (nom) 

0 . 871 252 . 9 
0 . 862 22J , J 

0 . 879 238 . 2 

1 . OJO 235 . 5 

1 .1 04 280 . 6 

1 . 253 1 59 . 7 

0.955 24 5· 0 

0 . 936 2JI~ . J 

Area 
Sr Zr 

(npm) (onm) 

9 . 2 185 . 8 
20 . 0 165 . 4 

9 . 6 187 . 5 

14 . 1 196 . J 

o.o 220 . 6 

79 . 7 J45 . 7 

2) . 6 182 . 2 

7 . J 166 . 9 

Obsi d i an 
Source 

Obsi d i an 
II 

" 

" 

" 

Unlcnown 

Obsidian 

" 

Cliff 
tf 

.. 

" 

" 

Cl i f f 

" 

..... 
0 
N 
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FIGURE IS 

OXRF-Cd 109 SPECTRUM OF EL CHAYAL SHOWING 
THE COMPTON AND RALEIGH SCATTER PEAKS 
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were from Obsidian Cliff, its known rate of hydration was 

used in the dating calculations. The date calculated for 

this artifact appeared to be out of place with the rest of 

the group (Wright, personal communication ) . The ability to 

characterize the artifact as being from another geological 

source whose rate is most likely different and in all 

probability accounts for the anomaly. 
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VII Conclusions 

The subject of this thesis has been the study of the 

methodology of characterizing obsidian essentially by means 

of chemical composition for the purpose of relating an 

obsidian archaeological artifact with its geological 

source . In order to do this, a variety of analytical 

methods were tried and two geographical areas were 

investigated. 

The Yellowstone Park area is an example where at most 

two major sources , Teton Pass and Obsidian Cliff, are 

considered as geological sources of obsidian. These 

sources may be readily distinguished by one of three 

elements such as barium, strontium, or manganese . Teton 

Pass has considerable barium and strontium while Obsidian 

Cliff has virtually none. Teton Pass also has twice as 

much manganese as Obsidian Cliff. For more thorough 

coverage of possible unknown sources perhaps all three 

elements should be used . 

The geological sources of obsidian in Meso-America are 

much more difficult to identify separately by chemical 

composition . About 5 or 6 elements are needed to identify 

each geological obsidian source, such elements are 

rubidium, strontium, zirconium , iron , barium, and 

manganese . These elements are readily analyzed by means of 

X-ray Fluorescence. 
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From the entire study, several conclusions may drawn. 

1. Effective analytical procedures are available at 

modest cost . 

2. Analytical procedures are possible that are relatively 

simple to operate in an effective way. 

3 . Each geographical area has its own unique conditions 

that must be accounted for in analyzing obsidian. 

4 . Sensitive elements for a particular study area are the 

key to mimimizing the cost and effort in character

izing obsidian. 

5. Different analytical procedures have to be applied for 

different types of archaeological situations. 

6. Distinguishing between obsidian sources can be a 

powerful aid to accurate hydration dating as seen in 

an application for the Yellowstone area. 

It is felt that the comparison of obsidian data 

between laboratories for the purpose of characterizing it, 

involves more than the literature to date indicates . In 

realistic terms, the following factors should be 

considered. 

1. A good reference obsidian sample should be easily 

available to anyone who wants to characterize obsidian by 

chemical composition. All of the elements that can 

possibly be of value to anyone should be analyzed . At 

present , this condition leaves much to be desired. Our 
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personal e xperience with one author who voiced this concern 

and offered help to anyone who contacted him was not very 

encouraging . It is felt that more of an organized effort 

may be necessary . A possible way of making an obsidian 

reference sample available to everybody, would be to 

persuade the National Bureau of Standards to get o ne . 

2 . A good standard method of analyzing obsidian should 

be adopted by as many laboratories as possible. It is ' felt 

that the X-ray fluorescence procedure as used here , is a 

good solution. It is interesting to note that from c urrent 

literature there seems to a growing tendency in this 

direction <Hanson 1973) . 

3. The most important single factor in effective 

obsidian characterization by chemical composition is 

careful analysis . There are more variations in analysis 

due to this than any other single factor . When this is 

said , it is meant an analytical procedure we ll within the 

capability of the analyst to manage. The advantages of new 

analytical means are often offset by new problems of 

operation. In any type of analysis , the more exacting the 

results t hat a r e desired , the much more need there i s for 

e xacting effort . There must also be an unceasing effort to 

keep abreast of the literature on obsidian analysis , as 

progress i s moving rapidly . 
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