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ABSTRACT

The proton induced X-ray emission (PIXE) technique has been applied
to the analysis of element concentrations in obsidian source samples.
No target preparation other than washing and the selection of a flat
surface was undertaken. Thick target yields have been calculated and
element concentrations derived from the detected X-ray spectra; concen-
trations are given for K, Ca, Ti, V, Mn, Fe, Ga, As, Rb, Sr, Y, Zx, Nb,
Ta and Pb. A pinhole filter is described which enables a single measure-
ment of about 5 minutes' duration to give element concentration data

over an X-ray energy range 3-20 keV.
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1. INTRODUCTION

The analysis of element concentrations in obsidian source material
for the classification of artifacts is a major aspect of the archeological
study of trade and migration in the obsidian occurring regions of the
Mediterranean, the Andean Cordillera, Mesoamerica, Japan and Oceania.
The Australian Atomic Energy Commission (AAEC) is participating in an
investigation of obsidians from the latter region, particular interest
being centred on the South West Pacific. A review of characteristic and
geographic distributions of volcanic glasses in Oceania has been made by
cmith et al. [1977]. Source samples are available from all Known flows
in the region, the majority of them being from New Britain, the d'Entrecasteaux
Group, the New Hebrides and New Zealand. Samples are also available
from Easter Island, Hawaii, Indonesia and Australia.

The classification of element concentrations in obsidian samples
has been reported by many researchers and several analysis techniques
have been used, including emission spectroscopy, neutron activation and
X-ray fluorescence. Nielson et al.[1976] reported the element analysis
of obsidian artifacts by proton induced X-ray emission (PIXE). Using
thin targets made from acid digests of 30 to 100 Wg of finely powdered
samples, they reported concentrations of the elements K, Ca, Ti, Ba, Mn,
Fe, %n, Ga, Rb, Sr and Zr.

The PIXE technique has been used at the AAEC's Research Establishment
at Lucas Heights to analyse thick obsidian targets which generally were
either chips or cut samples of volcanic flows and artifacts in their
entirety. No target preparation, apart from washing and selection of a
flat surface, was necessary. The source samples were easily distin-
guished both by element concentration from the complete X-ray spectrum
and by a much simpler intexrcomparison of counts in specific channels set
by ¥-ray energy windows.

The experimental assembly at Lucas Heights is described in detail.
A pinhole filter which may be used for data collection in the entire 1.5
to 40 keV region, but having the facility for high count acquisition in
the lower and higher energy regions, is discussed.

Data analysis procedures for both element concentration measurement
and for the intercomparison of spectra have been established and are
described in full. The calculation of K X-ray and L X-ray yields for

elements in a thick obsidian matrix is described and yield curves are



obtained. Possgible errors that can arise from rough surfaces and in-
correctly positioned targets are included in the discussion.

Data from about 40 source samples have been used in this study; a
number of source regions within the New Britain area are included.
Approximately 20 elements can be resolved and are used for source inter-
comparison. Most of the analysed data have been converted to element
concentrations. Element concentrations are given for X, Ca, Ti, V, Mn,
Fe, Ga, Rb, Sr, ¥, Zr, Nb, Ta and Pb; important elements for the obsidian
classification are mentioned and some variations in these analyses are
highlighted. Silicon data are used in the relative element concen-
tration analysis, but are not included in the list of element concen-
trations. The detector efficiency is not well determined at the Si K X-
ray energy (L.74 keV) and changes very rapidly with energy, nor is the
detected silicon X-ray vield certain as it is very dependent on the
unknown concentration of lighter 7 elements in the particular obsidians.
Copper and zinc appear to be useful elements for the analysis, but in
this particular experiment there has been some Zn and Cu contamination

from the target holder.

2, EXPERIMENTAL PROCEDURES

The standard PIXE experiments undertaken at the AAEC Research
Establishment have been fully described by Cochen & Duerden [19792]}; a
schematic diagram of the equipment is shown in Figure 1.

A 2.26 or 2.5 MeV proton beam is used to irradiate targets loaded
on a 1 m long target holder, the position of which can be varied by a
computer—control}ed stepping motor. X-rays emitted by the target
material are detected by an intrinsic silicon detector placed beneath
the target chamber; there is a 25 im Be window in the base of this
chamber. Two thin layers of Perspex, one having a pinhole at the
centre, are used as filters and may be placed in the path of the X-rays
between the target chamber and the detectors. The target chamber is
insulated (> 70 MR) from the rest of the experiment and acts as a Faraday
cup for charge collection and integration to give a measure of the total
current hitting the target.

The obsidian samples vary in size from small chips to pieces ™~ 50 mm
in diameter with thicknesses ranging up to 20 mm. The only limitations
are the size and shape of the samples; they must be able to be mounted

on the target holder and, if the target is to be moved, able to go into
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the 50 mm diameter side tube. The samples are positioned such that an
approximately flat surface is presented to the beam at an angle of 45°
to both the incoming proton beam and the emitted X-rays.

The sources for the present experiment are itemised in Table 1.

The only target preparation was to wash the samples in distilled water
and Mallinckrodt Nanograde benzene using ultrasonic agitation. The
majority of samples irradiated in the preliminary run had smooth,
cleaved surfaces but a number had flat ground surfaces. The effect of
variation in target angle and of the errors resulting from misplacement
of the target will be discussed later.

A carbon filament for flooding the insulated targets with electrons
is attached to the top of the chamber which is kept at a base pressure
of approximately 0.5 mPa.

A complete description of the electronic equipment (Figure 2) is
given by Cohen & Duerden [1979]. The detector is an intrinsic hyper-
pure n type silicon chip and has an active area of 50 cm and a depletion
depth of 5 mm. The resolution (FWHM) was measured to be 285 eV for the
Mn Koo 5.9 keV X-ray; this rises to 325 eV for the Zr Ka 15.77 keV X-
ray.

2.1 Detector Efficiency

Measurements of the detector efficiency with varying numbers of
layers, T, of 1.5 mm Perspex inserted between the chamber and the
detector have been reported by Cohen & Duerden [1979]. The efficiency

of the detéctor, Eff %, at an X-ray energy, E, takes the form:
Eff % = 100 exp[-588 T/E’] . 6 < E < 20 keV (1)

The efficiency of the detector when there is no filter in place can be

represented by:
Eff % = 100 exp[19.93 E"2°8%%} | 1.6 < E < 20 kev (2)

This takes into account the two 25 um beryllium windows and the 3 cm air
gap that are interposed between the detector and the target, and the 50

2 of gold that is present on the crystal surface. The detector

Hg cm”
efficiency is shown in Figure 3 for the no filter and the 3 mm Perspex
filter cases.

2.2 Measurements

A typical spectrum cbtained when no filter is in place is shown in
Figure 4. Good data are obtained for the elements Si, Cl, K, Ca, Ti,

Mn, Pe, Cu and Zn. The maximum data acquisition rate of 3000 counts per



TABLE 1

OBSIDIAN SOURCE SAMPLES USED IN PRESENT EXPERTMENT

—

Tdent. No. Region -
SE.S52.34.a12
SE.SZ.34.A9 Santa Cruz Salomon
SE.SZ.34.A8 Islands
Tikopia
175 Dire
287/a Mt Bao
187 Talasea
295 Hospital
292 Bitokara
296/1 Bitockara New Britain
292/1a Bitokara
298 Admin
299a Garua
293/2 Veganakai
293/1A Voganakai
294 Pilu
180/1 Waisisgi
4
304/ Taupolo West Fergussony
392/2 Igwageta
250 Gaua
316/2C Gaua
2500 Gaua New
249A Vanua Lava Hebrides
249 Vanua Lava
280 Lou Island
283/n Pam Admiralty
283/1 Pam
277A Lakou
281A Unrei
1 M i
974/29 Te Mamavai Easter Island
17691E Maunga Orito
Hala'uta
Tefitomaka Tonga
G373 Weta New Zealand
GS628 Cook's Bay
132/498 Pitcairn
P40908A Kermadecs
352/4 Puu Waawaa Hawaii
301 /0 Dobu East Ferqusson|
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second is reached with a current of ~ 20 nA and an aperture allowing
only one sixteenth of the detector area to be used. A typical run of
5 uC live charge lasted approximately four minutes.

The use of the 3 mm Perspex layer absorbs the low enexrgy X-xay
continuum and the bulk of the characteristic X-rays of the obsidian
samples (from Si, K, Ca and Fe) and reduces the data acquisition rate
to 1/10 000 of the no filter case. The full detector area can now
be used and the target current increased to ™~ 200 nA, and yet the
data acquisition rate will still only bhe ~ 200 to 300 counts per
second. A typical spectrum obtained with the filter is shown in
Figure 5. Good data can be obtained for the elements Fe, Ni, Cu,
7n, Ga, As, Rb, Sr, Y, Zr, Nb, Ta and Pb. Typical runs were of 40

uc live charge and lasted approximately five minutes.

It is obviously desirable that a single filter be devised so that
the complete element data can be obtained in a single experiment. To
achieve this the total diameter of the detector (8 mm) has been covered
with a 3 mm Perspex pinhole filter having a central hole, the size of
which is selected to enable the lower energy spectrum peaks (particu-
larly the 8i, K, Ca and Fe Ko peaks) to be attenuated to approximately
equal the peak areas from high energy Rb, Sr and Zr Ko X-rays. The
problem of sum peaks is removed because the count rate into any peak
within the detector spectrum is very low. The maximum taxget current
that can be used on the sample under analysis determines the limitation
to the data acquisition rate. In our analysis, the wmaximum target
current was 200 nA and the pinhole size was 0.21 mm diameter, i.e.

1/1450 of the full diameter. When using this filter, the efficiency is

Eff % = 100[exp(-588 x 2/E” %)+

+ exp(19.93 E"27%3%)] 1.6 < E < 20 keV (3)

1
1450
and is included in Figure 3. The effect of the filter is seen in
Figure 6. Runs were of 40 UC live charge and lasted approximately five
minutes. Care is needed in such experiments to see that there is good
alignment between the filter pinhole, the target area and the detector.
all samples were analysed with and without the 3 mm Perspex filter
and a number were analysed with the pinhole filter to enable these data

to be compared with more simply analysed data.
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3. DATA ANALYSIS

The analytical routines and computer programs used for the
analysis is fully described elsewhere [E. Clayton - AAEC report in
preparation].

The characteristic X-ray peaks are assumed to be superimposed on a
smoothly varying background which is fitted by a five parameter expo-

Ilelltlal Of t}le fOIm‘.
b. = eX II I E. E 2E ’ t 1: . Pl{. » I - 4

The X-ray peaks are represented by Gaussian line shapes. Large peaks,
however, are seen to be asymmetric, hence low energy tails and step
functions can be included in the analysis. The analytical data are

fitted, channel by channel, to a function of the form:

Y, =b, + L, A.IR. G,. (5}
i i ik 5

ik ik *

where Rjk is a matrix of the relative peak intensity of X-rays at

energies E,
g 3k

the Gaussian peak shape

2
[(Ei-u) ]
exXp I '
202

where | = Ps + PgE

for element j; Aj is the magnitude of the Ko or Lo peak,

and Gijk

jk; and 0 = P; + PgEjk. The Gaussian peak shape is
ig modified by a tail function:

T = Py exp Plo(Ei-u) E, <W (6)
and a step function
(Ei—u)
S = P, erfc . (7)
ov2

The parameters Ps to P11, together with Aj and the complete background
continuum bi’ were varied in a least squares fitting program until xz,

defined by Equation (8), changed by less than 1 per cent:

o 2
, 1 =Y et
X = N-P ; 2 ! (8)

expt

where P is the number of parameters; N is the number of channels used

for fitting; and Yi’Yexpt are fitted and experimental yields, respec-
tively, for channel i and have a standard deviation Oe

.

xpt

The relative peak intensity data, for the element j included

R.. .
jk
in the analysis code, is applicable for X-ray detection when there is no



11

filter material of any kind between the detector and the target. The
attenuation data for the varying thicknesses of Perspex filters are also
included in the analysis program which adjusts the Rjk data for the
particular filter case. The peak areas associated with the Ko or Lo X-
ray lines of the particular element are then extracted and, if necessary,
the peak areas obtained in a filter case can be normalised to the zero
filter efficiency condition.

The zero filter data were analysed over the energy range 1.6 to 9
keV. The two Perspex filter data were analysed over a range 6 to 19 keV
and all peak areas were brought up to the zero filter condition. The
pinhole filter data were analysed from 1.6 to 19 keV and again brought
to the zero filter efficiency. Examples of the fitting analyses are
shown in Figures 4, 5 and 6; the smoothly varying background and the

Gaussian line shapes can be seen fitted to the experimental data.

4. YIEILDS

The X-ray yield from trace elements in a 'thick' target has been
calculated by the method described by Cohen et al. [1979). They con-
sidered the two major problems resulting in reduced X-ray vield - that
proton energy loss is due to collisions with matrix atoms and that X-
‘ rays produced at varying depths in the matrix are attenuated while
traversing the matrix en route to the detector.

Following the prescription of Willis & Walter [1977] for the total
thick target K or L X-ray yield, we have:

KoL _ N | larte d{D KL A P oam coth]
W ame x S(B) P S (E)
E E
P
(%)
K,L - . . ,
where cx = UIwK L 1S the X-ray production cross section for all X or
r
L I. transitions (cmz);
U = Zujcj is the composite matrix mass attenuation

2

coefficient (cm g'l);

S(E) = Esjcj is the composite proton stopping powers of the
matrix (Mev cm® g~ ');
GI = the proton ionisation production cross section for the
trace element being considered;
® = the mean fluorescence yield for all K and L transitions;

KL
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. .. .th .
= mass attenuation coefficient cof the 3j matrix element;

uj th
Sj = proton stopping power of the J matrix element;
cj = the relative concentration by weight of the jth matrix
element;
¢ = the relative concentration by weight of the trace
element; ,
NO = Aveogadro's number;
W = the atomic weight of the trace element (g);
Q0 = the solid angle subtended by the detector (sr);
It = the total proton charge impinging on the target (C);
&€ = the detector efficiency including all absorptive
materials between the detector and the target;
= Eff % as defined by Equation (1) in our case;
e = electronic charge (C};:
Ep = initial proton energy (2.26 or 2.5 MeV); and
8 = target angle (45°).

The mass attenuation coefficients and stopping powers required to
produce these curves were taken from the tables of Theigsen & Vollath.
[1967] and Williamson et al. [1966], respectively, and the ionisation
_ production cross sections were calculated by the polynomial fit of
Johansson & Johansson [1976] and the fluorescence yields from the tables
of Bambynek et al. [1972]. As far as can be estimated, these would
produce a possible error in the total X-ray count of between 5 and 15
per cent.

A calculation of the thick target yield from a US National Stan-
dards Bureau geological standard rock (BCR-1) has been compared with
experimental measurements of a pressed capsule of the ore sample. The
results are shown in Figure 7. The shape of the yield curve is in good
agreement with the experimental data for all elements with 2 > 19, but
an overall normalisation factor has to be applied to the yield data.

gimilar results have been reported by Liebert et al. [1973] who
have measured a detector efficiency that is 13 per cent lower than that
stated by the manufacturer. They attributed this to a geometrical
factor correcting for losses due to apertures or annular dead areas
inside the detectoxr case. In the present experiments the need for
normalisation could, however, be partially due to a systematic error in

our measurement of the total charge hitting the target.
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A similar calculation has been used for X-ray yields from a thick
obsidian matrix. The concentrations of the major elements in this
matrix were taken from X-ray fluorescence analyses carried out at
Macquarie University and at the Australian National University's Geology
Department, reported by Ambrose [1976] and included in Table 2. The
derived element concentrations for the Santa Cruz (Solomon Islands)
obsidians (see below) suggests that the concentration of major elements
in these samples may be different from those in other samples. A larger
uncertainty in the calculation of the X-ray yield using the Ambrose data
will apply for these samples.

Comparison of some of the measured data with published element
concentrations for some of the obsidian samples gave the normalisation
factor for this particular experiment.

TABLE 2
MAJOR ELEMENT CONCENTRATIONS IN

TYPICAL OBSIDIAN SAMPLES

Element Conc.

%

Si 35

Al
Fe
Na

Ca

W = W ]

The number of Ko X-rays detected at the 50 mm? crystal/l00 uC/100
Ug g~1 for a proton beam of 2.0, 2.26 and 3.0 MeV at 45° to the target
and to the detector is shown in Figure 8. The variation in yield as a
function of outgoing angle is shown in Figure 9 for a 2.26 MeV proton
beam where the yield for a particular Z is normalised to the value
L(¥55° + ¥45° + Y35°)/3.

It can be seen that large changes in the estimation of the element
concentration can occur for low 2 elements with quite small alteration
in target angle. This has been verified experimentally and the experi-
mental measurements are included in Figure 9. For source identification,

the ratio of yields for adjacent or similar (%) elements will be valuable
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and will be much less sensitive to any change in target angle. 1In this
experiment, a variation in angle of * 5° was considered possible; this
would give a variation in the yield for Si of * 12 per cent. The Si/K
ratio would, however, vary by only * 2 per cent.

Small changes in the proton energy during an analysis can give rise
to variation in the X-ray yield. From Figure 8, it can be seen that
this variation in yield is between 0.2 per cent and 0.6 per cent for 1
per cent change in proton energy over the range of elements being
considered. There will, therefore, be no significant errors in any
ratio of element yields resulting from drift in the proton energy which
is stabilised to € 0.5 per cent. The Ko X-ray detected yields for 2.26
and 2.5 MeV are given in Table 3.

TABLE 3

Ko X-RAYS DETECTED/100 UC/100 ug g~ !

Element 2.26 MeV 2.5 MeV Element 2.26 MeV 2.5 MeV

si 3535 3713 Ga 11740 17480
K 70690 82965 As 6776 10217
Ca 81943 99253 Rb 2276 3529
Ti 69604 88746 Sr 1743 2718
v 62674 82096 Y 1343 2120
Mn 46822 64156 Zx 1035 1634
Fe 39595 55239 Nb 798 1260
Ni 25895 37129 Ta (L) 11742 16941
Cu 19698 28590 Pb (L) 4112 6170
Zn 15454 22673 Th (L) 1550 2395

No Perspex filter used.

Q=2.2x10°% sr

5. SECONDARY KO X-RAY PRODUCTION

The enhancement of the X-ray production of an element A by ex-—
citation from the radiation of an element B within the obsidian matrix
has been considered using the calculational procedure outlined by Reuter
et al. [1975]. They showed that the secondary fraction caused by
element B, of the total primary Ko product for element A, where ZB > AA'

is:
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Ysec,A _ 1_(rA_l) C ﬁé OKG,B uKOL,B(ln A) u (10}
T : T3ian) °
YPRIM,A 2 Iy B AB OKa,A uKa,B(ln obsidian) KB
where CB is the concentration by weight of B in the obsidian;
uKa B in A is the mass absorption coefficient for a Ko X-ray of
r
element B in matrix A;
uKa B in obsidian is the mass absorption coefficient for a Ko X-ray
I
of element B in the obsidian matrix;
AA is the atomic weight of a;
AB is the atomic weight of B;
wKB is the K fluorescence yield of element B:
UKa B is the Ko X-ray production X section for element B;
r
and
r. is the K absorption edge jump ratio.
r -1
Reed [1965] gives a value of 0.88 for the ratio.
A

The maximum contribution of secondary X-ray production was found in
the Santa Cruz (Solomon Islands) samples and contributed only ~ 1 to 2
per cent to the total X-ray yield of the Mn Ko X-rays. The contribution

of the effect has not been considered in subsequent analysis.

6. RESULTS

The normalisation factor of 0.80 * 0.07 for the element concen-
tration calculation was found by comparison of peak area/X-ray yield
data with published element concentrations. The standard error has been
obtained from nine element ratios and the sources of the data used in
the comparisecn is shown in Table 4.

The element concentrations obtained with the peak areas, the
calculated X-ray yields and the derived normalisation factor are listed
in Table 5; the standard errors quoted for each element have been
obtained by adding the normalisation error and the statistical error.
Table 6 lists some important interelement concentration ratios and
includes a Si/K peak areas ratio.

It can be seen that a wide range of concentrations can be measured
in the same experiment with a detector resolution of 285 eV at the Mn
Ko X-ray, provided that a good analytical program is available for

resolving overlapping Ko/KB X-rays.
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TABLE 4
SOURCES OF COMPARABLE DATA

Sample Elements Reference
Maunga Orito Rb, Sr, Y, Zr Smith et al.
Hawaiil [1977]

Vanua Lava

Garua

East Fergusson Fe, Rb, S5r, Y, Smith [1974]
(Younger)} Dobu Zr

St Andrew Strait

Talasea K, Ca, Ti, Mn, Key [1969]

Fe, Sr, Zr
Pam K, Ca, Mn, Fe, Ambrose [1976]
Waisisi Rb, Sr, ¥, Zr

West Fergusson

Tefito Tonga Mn, Rb, Sr, Zr Rogers [1974]
Cook's Bay Ti, Mn, Rb, Reeves & Ward
Weta Sr, 2r [1976]

A large number of samples have been analysed, and we expect to
publish much of the data. It was observed that measurements on dif-
ferent samples from the same source region, whether of cut, cleaved or
with rough surfaces, gave consistent values of the element ratios, and
comparisons of measured concentrations made on different samples of the
group over several months gave experimental variations of ~ 7 per cent.
Examination of repeated measurements of interelement ratios showed that
the ratios agreed within the statistical accuracy of the counts in the
peak areas.

The majority of the source samples are separable either by direct
examination of the element concentrations or by compariscn of the
interelement ratios. The variations in the measured concentrations of
K, Ca, Ti, Fe, Sr, Rb and Zr are seen to be particularly gignificant for
source identification. However, concentrations of some other elements
appear to be good indicators for particular samples. Yttrium concentrations
are high for the Easter Island samples; a high concentration of arsenic
is measured in the Weta sample and high concentrations of gallium are
seen in the Easter Island and Pitcalrn Island samples; niobium and
vanadium are not detected for a number of the samples. The very high

concentrations of niobium and tantalum in the Santa Cruz samples are
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TABLE 6

THE PIXE TECHNIQUE

K/Ca Fe/Ti S8Si/K* Fe/Rb TFe/Zr Sr/Rb sr/2r Rb/Zr Y/Zr Nb/Zr
Al2 0,178 3.05 0.73 1810 le.1 4.35 0.039 0.002 0.45 1.66
A9 0.123 2.80 0.61 3590 20,2 14.1 0.079 0.006 0.43 1.66
A8 0.399 2.00 0.91 1120 13.3 5.23 0.062 0.006 0.32 2.08
Tikopia 0.189 14.7 0.87 792 169 3.31 0.705 0.21 0.11 0.075
Dire 3.58 6.3 0,47 136 56.0 3.77 1.55 0.41 0.13
Mt Bao 3.55 6.6 0.49 140 54.5 3.74 1.45 0.39 0.070
Talasea 3.57 6.6 0.52 151 66.7 3.74 1.65 0.44 0.080
Hospital 3.39 6.5 0.50 168 66.5 4.19 1.66 0.40 0.16
Bitokara 3.49 7.1 G.47 140 60.6 3.69 1.60 0.43 0.085
Admin 136 55.7 3.85 1.58 0.41 0.11
Garua 4.64 6.3 0.45 90.0 41.5 2.26 1.04 0.46 0.07
Voganakai 4.23 0.45 132 58.3 2,67 1.18 0.44 0.09
Pilu 4,46 6.8 0.45 115 52.5 2.51 1.15 0.46 0.12
Waisisi 1.88 7.0 0.82 218 58.8 5.18 0.72 0.27 0.18
Taupolo 74.2 24.3 0.57 C.188 0.33 0.043
Igwageta 74.2 35.4 0.59 0.279 0.48 0.036
‘Gaua 4,36 10.2 0.25 198 111 1.79 1.01 0.56 0.063
Vanualava 4.72 19.8 0.30 195 63.7 0.85 0.276 0.33 0.10
Lou Island 3.49 10.3 0.43 106 41.1 0.47 0.183 0.39 0.076
Pam 83.7 51.6 0.25 0.156 0.62 0.107 0.067
Lakou 160 47.7 0.60 0.179 0.30 0.060 0.088
Umrei 116 41.5 0.45 0.162 0.36 0.212 0.074
Te Mamavai 225 24.9 0.23 0.025 0.111 0©0.175 0.066
Maunga Orito 6.86 20.8 0.47 240 24.2 0.18 0.018 0.100 0.168 0.087
Hala'uta 0.179 2.70 1.46 3260 6510 13.1 26.1 2.0 0 0.085
Tefito 0.431 2.11 1.23 986 665 8.93 6.02 0.67 0.16
Weta 9.63 20.5 0.45 15.3 77.4 o] 0 5.1 0.76 0.216
Coock's Bay 74.5 80.3 0.54 0.577 1.08 0.18
Pitcairn 3.12 13.7 0.28 470 51.8 0.61 0.068 0.110 0.062 0.086
Kermadecs 0.142 12.2 2.51 3390 666 16.9 3.32 0.20 0.43
Hawaii 7.40 16.1 0.30 208 27.9 0.115 0.015 0.13 0.044
Dobu 183 21.8 0 0 0.12 0.079

* The Si/K ratio is obtained from peak areas not from element

concentrations.
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very clear indicators for this source region. Some of the interelement
concentration ratios are shown in Figures 10, 11, 12 and 13. Figure 10
shows K/Ca concentrations plotted against Fe/Ti concentrations, Figures
11 and 12, Fe/Rb wversus Fe/Zr and Figure 13, Sr/Zr versus Rb/Zr. The

wide range of these interelement ratios and the separation of the samples
are clearly seen. There is however, a grouping of the sourxrces from the
New Britain region and the Dire, Mt Bac, Admin, Bitokara and Talasea
samples arxe not necessarily separable.

Calculation of correlation coefficients, using either the element
concentrations or the interelement ratios with a weighting proportional
to the coriginal counts, provided a simple method for grouping the
samples into source regions.

However, it was shown that intercomparison of samples using un-
corrected counts into a number of windows (17), which were set up about
the most prominent peaks in the X-ray spectra, was almost as satis-
factory for source correlation as interelement concentration analysis,
The data in low energy windows, where there is a high background con-
tribution, are, however, much less sensitive to variation in elemental

concentrations of minor elements.

7. CONCLUSION

The PIXE technique is a completely satisfactory method for the
element analysis of obsidian glass requiring only a minimum of sample
preparation. The method is therefore, being used in conjunction with a
{(p,Y)} measurement to provide element concentrations in a complete
survey of obsidign sources from the South West Pacific region. In this
report, the range of element concentrations analysed in a sample included
K, Ca, Ti, V, Mn, Fe, Ni, Ga, As, Rb, Sr, ¥, Zr, Nb, Ta and Pb, but the
installation of a newer detector has extended the range of elements to

be analysed so that Na, Mg, Al and Si concentrations can also be measured.
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