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ABSTRACT

The purpose of th1s work was to determine how many chemically distinct

obsidian flows exist in the Mount Edziza Volcanic Complex; to characterize

these obsidian flows chemically; and to apply this information towards the

understanding of prehistoric obsidian exploitation within the Complex. The

Complex, located in northwestern British Columbia, constitutes the largest

obsidian source area in Canada; by virtue of its size, accessibility, and

location, it is also the most significant prehistorically exploited

obsidian quarry in the Northwest. This is attested to by the wide

distribution of artifacts made from Mount Edziza obsidian, extending

hundreds of kilometres away from the Complex. This thesis reports the

results of x-ray fluorescence analyses of both native obsidian rocks and

of artifacts collected within the study area.

A set of 174 obsidian rocks from outcrop and gravel deposits was

analyzed semi-quantitatively by energy-dispersive x-ray fluorescence, and

the relative concentrations of a number of elements were
I

determi ned. On

I

the basis of these relative elemental concentrations, ten ~hemically
/

I
distinct types of obsidian were identified. Each chemical type of obsidian

I

was then correlated to a unique obsidian flow within the Complex.,

The absolute concentrations of 28 major and minor elements in each of

the ten obsidian flows were determined using wavelength-dispersive x-ray

fluorescence. On the basis of these quantitative data, eight of the Edziza

obsidians· were found to have a peralkaline chemical composition;" five of

these fall within the class of rocks known as pantellerites, while three
i

were classified as comendites. The other two flows were interpret'e-d as sub-

alkaline.

iii



The seuli-quanti tat; ve eneryy-ui spersi ve x-ray fl uorescence rHethod was

also applied to aetertlline the sources of 16S* oDsiaian artifacts frou, three

arc haeo 10 9i cal sites situate U Vv i ttl i n ttle rio un t EGl. i za vol can iceOill p1ex. Ttle

results inaicate preterrea exploitation o·t ttle hiytl-elevation oDsiai"an

sources froid one central location. Ttle results also suggest ttlat tne people

who exploitee the COlllplex iynoreu all the poorer-quality lo\-~-elevation

oLJsi<.1ian scatters, and trlat they nlay rnot have exploited ttlE high plateau

region north of Ras~berry Pass. This raises the possibility that ttle

obsidian sources nortt'l of kaspberry Pass were not accessible at ttlat tirde,

perhaps aue to harsher enVirOnJilental conditions than at present.
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1

INTRODUCTION

edge when freshly broken. It is amorphous and isotropic, and is relatively

It occurs

Because it is a glass, it forms an. extremely sharpminor uses even today.

easy to work, either through flaking or cutting and polishing.

It is known that many natural substances which were used by prehistoric

peoples for the manufacture of goods, can be treat~d as tracers of 10n9

distance cont:act •. This idea has. been applied successfully in the

investigations of trade and exchange of materials such as obsidian and flint,

the gem-quality stones. carnelian and jade, the marine shells conch and

dentalium, metal or~s, a~d several types of rock used in ancient ar~hitecture

(Jones 1983; Washington 1921; Pires-Ferreira 1976; Shotton and Hendry 1979).

Some of these studies are summarized by Kempe and Harvey (1983).

Obsidian, a natural voicanic glass, was used throughout man's prehistory

to make tools, ceremonial objects and ornaments. It continues to have certain

naturally only in 3reas which have experienced some volcanic activity in the

recent (late Tertiary or later) geologic past (Jack 1976). These areas nlay be

young mountain ranges 'sucl. as the Cordillera of North and South America, or

volcanic islands formed at sub-oceanic hot spots and the junctions of

converging or diverging tectonic plates.

Obsidian devitrifies relatively quickly, and so it no longer exists in

the very old mountain ranges of the world. For this reason, obsidian sources

throughout the world are few and highly localized compared to other raw

materials used to manufacture prehistoric goods, such as flint or clay

deposits. The success of the methods which correlate obsidian artifacts with

geological sources is due to the fact that a particular flow of obsidian ;s a

geologically instantaneous event, and a high degree of chemical homogeneity

is frozen into its composition. Obsidian artifacts are therefore chemically



identical to the parent flovI from vJhich the r.a'fJ nlaterial was collected.

Since the formation of obsidian is a relatively rare geologic bccurrence, and

is confin~d to localized areas (either as flows or as clasts in nearby

secondary deposits), correlation of the chemical type of obsidian in

artifacts with a single geological source provides a good base for the study·

of human travel, Idateri a1 exchange ana cul tura1 contact in prehi story.
r

2



belowCl

Section 1.

RESEARCH GOAlS

erosional
I

geographic di stributions of prilnary outcrops and re\,/orkeathe

high quality suitable for artifact manufacture.

The principles outlinea above form the basis of the study undertaken

contain the largest source of obsidian in Canada. It is al.so known to have

been heavily exploited in pre~listoric times, ana the obsidian quarried there

these results to an archaeoloyical proolern. Trlis volcanic complex is known to

The pri rnary purpose of ttl; s research Y1'as to es tab 1i sri:

here, which was to icentify and chemically characterize obsidian frofil the

This project was designed in three parts, each of 'fihich addressea a

Volcanic Complex.

r'iount Eaziza Volcanic COlllplex in northwestern British Colulnbia, ana to apply

aifferent goal. These are presented and discussea in three separate sections

I

a. the nurnber of chenlically distinct obsidian flows .~ithin the r'lount t.Gziza

b.

vias \vioely traded to the north, east, and south (E. t·lel son, pers. comm.).

c. which outcro~s and reworkea deposits possess obsidian of the quantity and

geposits of each flow.

Q. which deposits were most likely to have been easily accessible and most

extensively exploited by prehistoric people.

3

aestructively, and it yielded serni-quantitative results. The results obtained

correlation of obsidian artifacts to specific sources.

non-usedThis method wasx-ray fluorescence (Eu-XRF).

The technique chosen to distinguish the obsidian sources was energy-

here and th~ EO-XRF method were also used in Section 3 (see below) in the

aispersive



Secti on 2.

This section was designed to prov~de a quantitative determination of

the chemical composition of each obsidian flow identified. These obsidian
. .

data would then serve as a reference library for- other resea~chers using

other analytical methods, and would form part of the worldwide' database of

obsidian chemical compositions. Wavelength-dispersive x-ray fluorescence

(WD-XRF) was employed here to determine the atlsolute major, minor, trace, and

some rare earth element concentrations of each obsidian flow.

Secti on 3.

The purpose of the final part of this work was to apply the semi

quantitative ED-XRF technique to a study of prehistoric obsidian exploitation

4

arti facts from three archaeo109i ca l' si tes wi thi n the Comp1ex' was exam; ned to

patterns within the Mount Edziza Volcanic Complex. A large number of obsidian

The other two sites were made up of two components: a

oeterFine how the diversity of chemical types in the artifacts correl~tes

with· the natural distributions of the chemical types of obsidian' nearest to
!
i

the l;ocations of the sites. A total of five distinct lithic assenlblages was

anal~sed in this manner. One of the sites was a single-component, multi-

function campsite.

primary reduction lithic workshop component, and a multi-function campsite

component.

The ED-XRF analyses of Sections 1 and 3 were carried out in the

Chemistry Department at Simon Fraser University. The WD-XRF analysis used in

Sect{on 2 was carri ed out in. the Oceanography Department at the Uni versi ty of

British Columbia.



STUDY AREA

The (vtount Edziza Volcanic Coulplex, also known as the Ivtt. Eaz;za -

.1). It covers an area of approximately 1,000 square kilanetres in a

;s located in northwestern Bri·tish Colufnbia (Fig.Spectrulll Plateau Complex,

Its topography reflects a cOHlplex histo·ry of recent volcanic and glacial

by high, steep escarpments and is cross-cut by aeep glacially erodea valleys.

It forms a rolling upland plateau, boundeaIskut and the Klastline Rivers.

l ,.Provincial Park ana is situatea within the Stikine river drainage, near the

r
r
I

i
[

events.

a. Archaeological significance

5

obsidian artifacts that correspond to the Alaskan and Yukon obsidian sources.

\

To the north, artifacts

The Edziza Complex is significant in Northwest prehistory as the largest

obsidian source in Canada. This obsidian was readily available in the form of

clasts both on top of the plateau ana on valley floors for sustained

aooriginal lithic procurenlent purposes' (Fladmark 1984). It \~as thus heavily

exploitea in prehistoric tinles and widely traCled east, I north, and south.

Artifacts made from this obsidian hdve a aistribution wirier than artifacts
I,

!
made from Mt. Edziza obsiaian overlap in archaeological occurrence with

They also ~occur in archaeological sites locatea further south than the

Anahim-Ilgachuz-r'1ackenzie sources of central British Colulnbia, and overlap

with obsiaian artifacts froln sources located in southern Oregon (ibid.) •..

(Hade froln any other western Canadi an obsi di an types.

I

.

.••~.;.'......•.,

'.~1 I
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Even in very early times, certainly by 6000-7000 BP if riot earlier,

Edziza obsidian occurs in archaeological contexts renlote from the source. Its

presence has been ~onfinlled in ttle Yukon at the Hooser,iqe Site (LaVk-2) by

65006P (J. Hunston, pers. COlllrn.), and in British Colufilbia at Charlie Lake
I

Cave (HbRf-39) by 7UQO-bUOO BP. So far, it has also been found in two site~

on the Peace and Athaoasca Rivers in Alberta (Carlson 1984). By late

7

(Fladmark 1982).

lies at a convenient coulffiunications cross-road of the Northwest. Its

A 1981

and also gives

It provides a relatively easy

into these mountains. In historic tirnes the

Thanks to this, ~nd to the easy access offered by other

The Edziza Cornplex is also siynificant for the i1l1portant overlana route

In modern ti Ines, areas of the Camp1ex other than the Ras poerry ana

vJhich leaas through it. Tnis trail runs north to Atl in ana southeast across

prehist~ric times its southern distribution in archaeological contexts ha~

extenaed to Alexis'Creek, near the confluence of the Chilcotin and Fraser

tne easiest land access

rivers (GodfreY-Srnitn and U'Auria 19b4).

and low-elevation route throuyh the Eaziza-Spectrum Ranges,

Te 1egraph Tra i 1 was erected along·· th,i s tra i 1 in oraer to 1; nk Dawson \vi th the

world to the south. The Stikine River, whose tributaries Iskut and Ness Creek,
I

drain the Edziza Plateau, used to ~e a major route of travel to and from the

kaspDerry Pass to Terrace and furttler south.

major rivers which drain northward into different seas, the Edziza Complex

strategic natural location was a significant factor in the wiaespread

popularity it enjoyed in the past as a source of good quality raw obsidian

Pacific coast.

Bourgeaux Creek 'valleys have remained largely undisturDed.

archaeological survey of the Spectrurn Plateau, the Blain Edz;za plateau, and

the Raspberry and bourgedux valleys established that people have been using



r-.'
l

these valleys intensively for at least the last 5000 years (..Fladmark 1982).

b. Geology

the .Complex is near the centre of the Stikine Volcan1c Belt, about 300

km east of the transcurrent boundary between the North American and ~acific
1

tectonic :plates. It is associated with northerly trending Cenozoic normal

faults, indicative of an extensional tectonic environment (Souther and

Hickson 1984). Dating of the Edziza Complex (Souther, Armstrong and Harakal
r

1984) indicates that it is a set of late Cenozoic to Quaternary composite

volcanoes that erupted in several cycles between 10 million and 2 thousand

years ago. On the basis of an alternating stratigraphy of salic (high

silica), intermediate, and basic (low-silica) rock units, the Complex is

interpreted as the product of five major magmatic cycles. It is further

subdivided into 15 formations, each of which originated from a different

centre or group of centres. The plateau ;s made up of large volumes of

alkali olivine basalt interbedded with the salic rocks trachyte and

comendite. T,hin beds of unaltered obsidian are present as a quenched basal !'

I

layer under these trachyte and comendite flows (Souther and Hickson 1984).

I
i,

I
I'

8



9

PREVIOUS RESEARCH IN OBSIDIAN CHARACTERIZATION

Sa and Zr, to dfstinguish obsidians from several sources in the Near East.

In North America these early·

obsidian can form only from specific types of magma which vary little in

such as colour, density, or refractive index, and on the concentrations of

Because obsidian sources are so highly local;ze~ and the material was

traded over large distances, it is obvious that a means of"distinguishing the

o~sidian which comes from different sources can b~ of great value t6

archaeologists. Early attempts to do so concentrated on ~hysical properties

variation, and are not adequate for the purposes of reliable source

the major elements in the glass (Reeves and Ward 1976)~ However, since

At about the same time and following the success of Cann and Renfrew,

chemical composition, most of the above criteria exhibit a narrow range of

who used the variation of the concentrations in trace elements, principally

characterization. The problem was first solved by Cann and Renfrew (1964)

They then applied these methods to the study of obsidian sources and artifact

distributions' in 'the central, Mediterranean and. Aegean regions (Dixon) Cann

and Renfrew 1968)~ and in the Near East (Renfrew, Dixon and C~nn 1968).
I

investigations were concentrated at Berkeley (Weaver and Stross 1965; Heizer,

element analysis to obsidian sourcing.

I

researchers around the world began to apply a variety of methods of trace

Williams and Graham 1965) and at the University of Michigan (Griffin 1965;

Griffin and Gordus 1966). Early and active interest in reliable obsidian

sourcing was also pursued in New Zealand (Green 1962; Green, Brooks and

Reeves 1967); it continues today. A good historical summary of obsidian

studies in New Zealand is provided by Reeves and Ward (1976).

Obsidian sourcing in Canada was initiated by Roscoe Wilmeth (Evans and

Wilmeth 1971; Wilmeth 1973). It was carried out with the use of neutron



activation analysis~ An energy-dispersive x-ray fluorescence technique waS

successfully developed and applied by Nelson, O'Auria and Bennett (1975).

The past 2U years have seen a massive accurlJulation of researcrl aata on

the subject of obsidian source characterization. Regional sUlilTlaries on

10

elenlent characterization methoas. It has sirnilar desirable characteristics

Zealana, ana the Mediterranean and Near East are presented in Part II of the

refracti ve
I I

secti on ,

tann (19b3) also provides an updated worla

As nlentioned above, the early attempts at

Ttle electron microprobe is the most efficient of the olajor

for central ana eastern Europe.

overview of the sUbject.

oDs;oian studies (Table 1).

they are linlited by the sruall range of Illajor elelflent variations in obsidian-

(lSl81) nave done so for ttle southern Pacific reyions, and Thorpe et al (1984)

cQulpiled a aetailea SUnll1ary on the f'!esoarnerican work. Leach ana uavidson

sQurci.ng ana its archaeological applications in California, r"'lesoanierica, r\ie~i

Advances in Obsiaian Glass Stuaies (Taylor 1976:1b3-333). Hester (1979) has

Rev;e\" ~ obsidian-Sourcing ~"lethods

To date, a great variety of analytical methods has been applied to

obsidian characterization, based on petrographic thin

form in 9 ulagrnas.

have been partially successful (Hichels 1982, r'lerrick and Bro\;1'n 1~84), but

index, and aensity, met \-Jith very limited success. :
I

Characterization on the basis of bulk element composition Ithrough \I/et
!

chenlical rnethods, Dlajor element x-ray fluorescence, ana electron tnicroprobe,

for quantitative and qualitative work as the trace- element methods discussea

below, but it is insensitive to trace elernents (Srnith 1975:210; 8izouard

1982; Appendix B, this work).



TABLE 1

Trace £leltient COll1position (i .. on-aestructive):

REFEREr'.. CE

t:vans & \,'ilcleth lY71
Stevenson et al Ij71
i~e1son et a1 1975
Coote et al 197~

Coote et a,l 1972,
bielson et al 1970

Cann & kenfrew 1964
Wheeler ~ Clark 1977
Arl'uitase et al 197i
bi r d, [) Uer den 6 ~'J ; 1 son 1981

Leach et al 1978
Chavez-Kivas et al 1980
r-IcDougall et al 1983
Huntley & 8ailey 1978
Gale 1981
Durrani et al 1971,
Hiller & Wagner 1981

b;zouard 1~82

j'. j i c he1s 19H2

Green 1962
Harshall 1930'
Shotton & Hendry 1979

,Sch; rl.le i sen 1936

Chemical and physical Inethods
used in obsidian source studies

hlThOD

Phy sicaleha rae te r i s tic s :

Refractive Inaex
uensi ty
Thi fl- secti un Petrography
Translliitteu Li9ht

i'~lajor [lelilent COlnposition:

Electron l"licroprobe Analysis
ESeA - XPS

11

I nstrun~ental l,jeutrofJ Activati on Analysi s
~~a ve1en~ th-U i spers i ve X,-r~ay Fl uorescence
Eneryy-Uispersive X-Kay Fluorescence
PIG;"IE, Proton- Induced liaf1l1na Ray Enli ss ion
PIXE, Proton-Inauceci X-F,ay Ellli ss; on

Trace E1elnent COiilPOS i ti on (Uestructi ve) :

Opti ca1 Elfli 5S ion Spectografjhy
h tonti c Ab sorpti on SpectrophotOITietry
Atu,,!ic Absorption ~ Flalne Erflission
I ad i achern i cal NAA

Other ~ietrlods (not in CO,WTion use):

U - Ttl t atural Beta Erfillission
i'''~OSSDauer Spectroscopy
I'lagnetic Properti es
Therrnol urninescence
Stronti Ul:1 I sotope Analys; s
Fission Track Age Analysis



12

may be source-typed wi th a rneasure of success even in the absence of mul ti-

neutrons, and it leaves ttle samples moderate'ly radioactive for several years.

are

prob 1erns

offer the

For exanip 1e, opt;i cal erni ssi on spectrography and

the neces'si ty for conlp 1ex i nstrumentati on and the

I
i

characterization is no longer~1 justifiable because they

theoretically possible. The ion bearn techniques PIXE and PIG~'iE

although

repetitions require further destruction of the artifact.

be carried out on archaeological rllaterial without altering its physical shape

All four of these techniques also perrrlit seHli-quantitative analysis which can

The use of some trace-element detection methods for archaeological

associatea with f~AA-induced resiaual radioactivity of the artifacts relnain.
, ,

require that the saniples be uniform, ie. ground or dissolved, but do not

destroy thern during analysis, so that a repetition of any analysis is

Characterization by nlinor ana trace elelnent concentrations is - now

accepted as the most powerful technique availaDle. Fully quantitative neutron

activation, x-ray fluorescence, ana the ne\V ion beaUt ~ectlniques (proton

induced x-ray ef~lission PIXE, and proton-induced garmna-ray emission PIGi'iit) all
. I

(see Biro, Ouerden and ~Jilson 19b3:440-451; Shotton and Hendry 1979:77-82),

require an accelerator. NAA, wiaely used, necessitates access 'to a source of

added advantage of increased sensitivity and thus snJaller saITlple sizes, but

obsidian

properti es (lvicDougall, Tarl i ng and \~'arren +983), anlong others, has been

atoluic absorption spectrometry consume the sanlple during analysis, and any

cOH1pletely destructive.

The feasibility of distinguishing obsidian sources on the basis of

r-,iossbauer spectroscopy (Chavez-Ri vas, Regnard and Chappert 1980, T. TOln; naga

and Y.t/linai 1984), thermolulninescence (huntley and Bailey 1978), and rnagnetic

demonstrated. These seldom-used methods indicate that if necessary, ousidian

trace-elerllent uetecting instrulnents, Dut they are not likely to replace the



more powerful techniques.

In view of the above, certain criteria had to be met when choosing the

technique to be used in this study. The criterion of non-destructiveness was

judged most impo'rtant.. Since the analysis of artffacts was to be included, a'

method pennitt~ing completely non-destructive analysis, yielding semi

quantitative results, was judged' preferable. Secondary criteria of cost

effectiveness, minimum of pre-treatment, speed and simplicity of analysis,

and availabilityTof the analytical equipment, were also considered. Among the

non-destructive methods of trace element analysis in Table 1, energy

dispersive x-ray fluorescence is by far the cheapest, simplest, and fastest

in use.

Such an energy-dispersive x-ray fluorescence spectrometer is readily

available at Sinlon Fraser University. Th~s spectrometer uses a high-energy

x-ray tube plus a secondary target as its excitation source. At present, a

choice of six secondary targets (5, T~, Zn, r~o'- Ag, and Sm) is available,

making it possible to detect with a high degree of efficiency the K emission

lines of elements in the range of the periodic table from Al to I, as well as

the L emission lines of the heavier elements. This system offers far more

flexibility and is potentially more powerful than energy-dispersive x-ray

fluorescence instruments that use radioactive isotopes (for example, Am-241)

as their excitation sources. Thus the spectrometer most easily available is

not only based on the optimum method for non-destructive artifact analysis,

but also offers the potential for efficient detection of a very wide range of

elements. It was therefore chosen for this work.

13
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SECTION 1

OBSIDIAN CHEMICAL CHARACTERIZATION AND GEOLOGICAL FLOW IDENTIFICATION

Sample Selection

The key objectives of this section were to identify ,how many 'chemically

distinct types of obsidian are present in the Mount Edziz~ Vofcanic Complex,
. .

and to determine the geographic distributions of each of -these chemical

types. Where possible, the attempt was also made to correlate each chemical
t

type with a specific geological obsidian flow, several of which 'are found

within certain geological-formations of the Complex.

The material for the sourcing study consisted of 174 obsidian rock

samples. Over half of the rocks were unworked naturally-occurring obsidian

pebbles collected from erosional contexts such as talus slopes, river

14

and their provenience is detailed in Appendix A.

for this study. These pieces were collected from distinct bedrock outcrops

during well-documented geological survey transects, and are associated with

A1so included in the data base wereeach locality varied between 3 and 24.,
i

obsidian rocks collected over a span of several field seasons between 1965
I

and 1981 by J.G. Souther of the Geological Survey of Canada and loaned by him

specific geological formations within the Edziza Volcanic Complex (for

example, the Spectrum Formation, and the Armadillo Formation).' These bedrock

samples are extremely valuable in a sourcing study, since they can be used to

pinpoint the geological origins of obsidian samples from erosional contexts.

Sample locations for all the pieces used in this study are shown in Figure 2,

gravels, or high altitude surface scatters that had eroded out 'of the

underlying obsidiar. bedrock. These were collected by Fladmark and Nelson in

1977, and by Fla~lark in 1982 as part of archaeological surveys in the area
I

(Fladmark and Nelson 1977, Fladmark 1982). The number of samples collected at



FIGURE 2a: Obsidian sample locations: samples collected north of
Raspberry Pass.
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cortex of an obsidian rock.

Research Design

A fr~sh flake was thenbristled brush under running de-ionized wa~er.

A blind experiment was conducted, in which the number and the locations

detached for analysi s. Those few that were too small to make fl aking

pra~t;cal, were analyzed on their weathered outer surfaces, providing these

were not so irregular that the rock could not be placed correctly over the

active detection area. This decision was based on the previous work of

Nelson, D'Auria and Bennett (1975), who indic~ted that no significant amount

of chemical alteration of the relevant trace elements takes place in the

Sample treatment
-f

To ensure uncontaminated surfaces, all rocks were scrubbed with a stiff-

represent pure obsidian flows.

san.ples submitted- by J.G. Souther (samples 1.01 to 1.38) were completely

unknown. The locations of the obsidian samples 'collected by the

archaeologists were known. However, since they were sampled; from very large
I,

erosional contexts such as coarse river gravels and moraines, and past

erosive action made "mixtures" commonplace, these were judgkd unlikely to

of the obsidian flows under study were unknown. The locations of the rock

Duplicate analyses of some samples were occasionally performed. An

analysis was repeated if the original result gave a low total number of

counts, indicating that the sample missed the active detection area in the

instrument. In all, 32 of the original 174 rock samples were analysed twice,

and the complete data set used for chemical type characterization consisted

of 206 obsidian spectra.
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34-36 ) •

spectrofilm screens and analyzed in air for 10 minutes.

The samples

analysis. Sample changing and data collection were done

automatically under the control of an IBM PC-XT microcomputer.

sequential

The use of a Ag secondary target, under operating conditio~s of 40 keY

were placed into 'aluminium sample cups (3.5 em diameter) with 0.00015 11 mylar

Analytical Conditions

Chemical type differentiation of the obsidian samples was 'accomplished

through the use of energy-dispersive x-ray fluorescenc~ (ED-XRF).

The apparatus and method used h:ere were developed by Nelson,' O'Auria and
I . .

Bennett (1975). The equipment used consisted of an Au-anode x-ray tube, a

liquid-nitrogen cooled Si(Li) detector, and a pulse amplifier, all supplied

by Kevex Corp. (California), plus a Nuclear Data (ND66) multichannel pulse

height analyzer. A Ag secondary target and filter were chosen for this

application. The sample chamber held up to 16 samples for automatic

and 20 rnA, permitted th2 detection of x-rays in the energy range of 2.8 keY

to 22.2 keY. This corresponds to the range of K-alpha x-rays from the

el·ements in the portion of the peri~dic tab1e between Ar and Mo (Z=18 to 42).

Typical spectra observed for the Edziza obsidians are shown ;n Figure 5 (p.

A narrow-beam collimator (2.6 mm diameter) was placed in front of the

detector,· so that the acti ve detect; on area was an i rregul ar ell i psoi d of
2

approx. 0.5 em. The characteristic x-rays emitted by the elements in an

obsidian sample were detected by the Si(Li) detector and these data were

the SFU mainframe computer for further analysis.

spectra were automatically written onto a magnetic tape and transferred to

stored in 512-channel groups in the pulse-height analyzer. From there the



Data Reduction

The spectra were analysed for peak energies and intensities using a

curve-fitting computer :program GAMANAL (Gunnick and Niday. 1972). This program

fits a polynomial function to each peak it recognizes, calculates the pe~k

area by integration, ,and calculates and subtracts from the total peak the

background continuum. It also compares the mathematically derived function

with the .experimental data. This allows for fine-tuning of the calibration

parameters for a best fit. The difference between an ideal-shaped peak and

the peak actually detected can also be used as a measure of the instrument's

efficiency in detecting the element in question.

GAMANAL holds two advantages over more primitive peak extraction

routines. One is that it recognizes weak peaks more easily. More

importantly, it resolves overlapping peaks (for example, Nb K-alpha + Y K

beta) and separates them with a resolution of 0.02 keY. It was not able to

separate the Rb K-beta from the y, K-al,pha peak since these occur within 2.9

eV of each other. This separation w~s accomplished mathematically during
,

later stages of the analysis. The dlisadvantages of GAMANAL are that it is

more time-consuming than the simple 'peak-extraction routine of the ND66

pulse-height analyzer, and that it fails when it encounters a steeply-rising

continuum such as that under the Compton and Rayleigh· scatter peaks. For

this reason, these scatter peaks were characterized by the sum of the five

highest channels over each peak.

Peaks corresponding to the K-alpha and some K-beta x-ray emissions of

the following elements were detected: K, Ca, Ti, Mn, Fe, Zn, Ga, Rb, Sr, Y,

Zr, and Nb. A peak which corresponds to the L emission line of Pb was also

detected.

19
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It was decided, therefore, to attempt to differentiate the full set of

instrumental setup. This was judged impractical.

Should these five elements have proved inadequate for

time-test was performed. A single specimen was analysed nine consecutive
{

I

times for durations of 120 seconds to 6 hours. Its position was not cha~ged

between the analyses. Peak areas were then plotted against time on a log-log

useful for flow discrimination given a reasonable measurement duration-, a

graph (Fig .. 3). It was found that peak area was strongly linearly correlated
r

Reproducibility

To determine which of the thirteen elements detected would be most

and Nb. These correspond to the strongest five peaks in the obsidian

with duration of analysis for the K-alpha emission lines of Fe, Rb, Y,' Zr,

spectrum. However, the peak areas corresponding to the elements K, Ca, Ti,

Mn, Zn, Ga, Pb, and Sr, showed considerable scatter from linearity in all

~nalyses of less than one houris duration. This scatter is due to very low

detection efficiencies of the instrumental setup for the elements at the low-

period per sample.

statistics and low computer peak-extraction efficiencies associated with weak.

energy end of the spectrum (the elements K to Mn), and to p00r counting

peaks (Ga, Pb, and Sr). Reliable' detection and extraction of these weak peaks

would have required an analysis period of l'to 1.5 hours per sample with this

strongest' peaks detected in each spectrum (which correspond to the K alpha

obsidian samples into distinct chemical types on the basis of the five

emission lines of Fe, Rb, Y, Zr, and Nb), and to use a lO-minute measurement

successful flow discrimination, measurements of the lighter elements K~ Ca~

Ti, and Mn could have been performed using a Zn secondary target. This target

would have detected them with a.higher efficiency (see Carmie 1981:61-62,101

102). However, this was later found to be unnecessary_
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Instrunlental reproaucibility "-ias elflpirically deternlinea' for this stuay

by 15 non-consecutive analyses of a single specimen (Table 2). The results

indicate that regardless of the normalization used (for a aiscussion of

nonoalization procedures, see below), only the elements Fe, Rb, Y, Zr, and

~jb,. and the Rayleigh scatter peak, had a standard deviation of less than or

equa1 to 5)0 frorn the {nean. Except for Zn (",.hi ch had a 7% standard dev i ati on) ,

all ot.her eleldents deviatea by ten or lllore percent from the mean. For many

elements (Ca, Ti, Ga, Sr) this deviation ap'proacfled or exceedea 40%. This

reproducibility test confirolea tnat the five elernents Chosen on tile basis of

ttle tiIHe-test for chetllical characterization purposes had ttle lo~~est stanuard

deviations alilon9 the thirteen elel.lents <.1etectea. it also sU9gesteG that these

deviations v,ere sufficiently low that (l lO-tninute nleasurement periGo per

saIIi p1e Vias rea sonab 1e •

22



TABLE 2

Ins truinen ta 1 Reproauc;bility ~ 15 Nonconsecutive An~lyses of JSTu-- ---

E.l ernen t/
COulpton ~Standard % ;'

Ratio i\'lean ueviation Deviation

I< 6.74 r U. 75 11
Ca U.68 0.26 30
Ti 1.71 U.89 52
['.tIn 3.34 u.b7 ~(j

Fe 264.35 13.7b 5
Zn 13.77 0.99 7
lia 2.49 1.U6 43
Po 3.24 0.59 18
Rb bU.13 2.69 3
Sr U.57 O.2L 39
y 87.62 3.90 4
Zr 843.14 3U.45 4
No 123.34 6.59 5

Rayleign 704.31 8.15 1

Elefilent/Zr %
Ratio jVlean Stel. Dev. Deviation

K' 7.9Cj U.·b~ 10
Ca LJ.1~ 0.31 163
Ti 2.02 1.04 51
I·'in 3.97 U.67 22
Fe 313.46 9.89 3
Zn 16.34 1.12 7
Ga 2.93 1.25 43
Pb j.~5 u.75 19
Rb Y5.05 1.40 1
Sr 0.46 0.25 54
y 103.90 1.~9 2
~Jb 146.26 4.99 3

Rayleigh 907.75 37.75 4

23



other Methods

X-ray electron spectroscopy (XES, or ESeA) was also investigated during

the early stages of this study. This method detected elements (for example,

Na and Si) which could not be detected with the ED-XRF setup above. The ESeA·
I

method was applied to flow discrimination on the basis of bulk elements. It

was partly successful in distinguishing the two flows tested. Thus, it may be

used to distinguish between some of the flows which are not very closely

related. However, it was not sufficiently sensitive to distinguish reliably

between flows which are very similar in their bulk element compositions.

These results are summarized and compared with the results of ED-XRF analysis

and WD-XRF analysis in Appendix B.

24
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Lata r.~orlnalization

The groupin~ of the 2G4 obsidian spectra into several aiscrete

chelnical types '\Jas based on the variation in the relative intensities of

the elelhental peaks in the EU-XRF spectra. Once the (jA~'iANAL peak extraction

vJas cornpleted, all 204 obsidian spectra were analysed on an I Bi'.'! 4341

1~7b ) •

All elel'ient peaks "Jere norllializea to the Compton scatter peak. The

COillpton scatter peak 'tJdS ctlosen for norLlalization oecause it is

pro~ortional to tlle average at0111;C nurnber of the sa!nple being analyzed. A

nortna 1i zati on to the Conlpton peak thus prov i des a setHi -quanti tati ve fileasure

of the absolute concentrations of the elelilents identifieu.

a computer

and Guire

O'Auria ana Bennett (1975),

at Sililon Fraser University using j-.'IIDAS,

filanipulation ana statistical analysis (Fox

the original work of Nelson,

compu ter

fo~ data

In

prograill

Ina; nfrarlle

nornla1i za ti on to the Zr peak ra ther than the Cornpton peak 'i~as usea. The Zr

peak vJas chosen for normalization by Ne1sof1, D1f\uria and Bennett as "it is

relatively intense in all the source types studied and is unlikely to be

subject to weathering or surface contalnination effects" (ibia~89). During

the course of thi s \~ork, however, it Decarue apparent that the i ntensi ty of

the Zr peak varied a yreat deal betw·,een the chemical types observea

(collipare types 7 and 1(; in Fi9ure 5), and so the decision vias loaGe to use

the Compton peak instead.

Tile Zr norrnalization \~us done as vlell, for no reasons. First,

IHethodolog;cal consistency vJith previously reported work on (·..,t. Edziza

obs;aian (ibid.) vias jUdgea iHIportant. Seconoly, this procedure perJllitted a

conlpari son of the ai scrim; nat; on success achi eyed vJi th the two di fferent

ITlethoas of normal; za t ion. Ttl i s compa ri son sho~·,ed whether bo th ItlethodS gave



methoQ of s;raphical data representation in YJhiCfl t~,~o variables can be

the sallie result, and which method ~'as Olore ·successful in separating the

full data set into discrete chenlical types.

t

were also examined. ~catt~rplots are a
)

Scatterplots for the elellents Fe, Rb, Y, Nb, expressed as

ratios with respect to the Zr peak,

Compton peak.

exar;l;ned at a tirne, and which allo\-./s clusters of points to be recosnized by

Scatterplots

Cartesian scatterplots of tne data (Fi~ure 4) "'iJre exarllin"eu for the

e lerilents Fe, Kb,· Y, Zr, and tJb, expressed as rati as \'/fth respect to the

inspection.

This simple graphical procedure separated the data set into ten

distinct chernica1 groups. The four cheIHical types corresponding to those

a1ready re~orted by Ne1son, 0 I Aur; a and Bennett (1975) VJere nUfnbered 1 to

4, accordingly. The renlain;ny six types \,'ere arbitraril.y assignea nUlnbers 5
I

to 10.

Exaillination ;of the scatterplots presef}ted in Fi9ure 4 confirms that
I

I

the spectra are clustered' into ten distinct groups. Fig~re 4a separates
I

the data points into six SUDsets. T~l'O of these subsets represent inixtures

of more than one type: types 4 and ~ forrfl a s; ngl e cl uster, and types 1, 2,

the c1 uster whi ch represents types 1, 2, and 8, regardl ess of the

4c and 4d are included to show that types 6 and 3 are both distinct from

6, and ti forlll a single large cluster. Fiyure 4LJ shows the same oata points,

This scatterplot shows

Finally, figures 4g and

26

Type 6 has al so sp1it frorn types 1, 2, and 8. Fi gures

that the cluster- formed by types 4 and 5 has split into tv:0 'rJidely

separatea groups.

but the elements are normalized to the Ir peak.

norlHalization used to distinguish there1. Figures 4e and 4f are presented to

show the separat; on ot type 1 froul types 2 and 8.



4t sho\v that types 2 ana d rnay be separatea on the basi s of thei r Nb/Zr

ratios. However, these t~JO types 'overlap in both.their FeiZr ratios and

their Rb/Zr ratios. Also, they cannot be distinguished on the basis of

their 'elernent/Conlpton ratios.

On 'the basis of the above results, all relative element ratios of each

cluster representing a single chemical type were described statistically:

the nleans and the standard ueviations for each ele'ment ratio of each type

were calculated. The mean and standard deviation values of these element

rat.ios in all ten I,'jount Edziz.a chemical obsiaian types are presented in

Table j.
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Figure 4: t',orTl1alized scatterplots sho\'/ing tl'le separation of all Gusiuian
sal~lples into ten chelilically Jistinct clusters.
c) l\O/COljipton vs Fe/COiiipton
d) Rb/Zr vs Fe/Zr

The above trIO sCdtterplots dei:IOnstrate the individual cl usterins of tYiJes 3
anu 6 froli~ the cluster consistin~ of types 1,2, anc J. This separation is
ap~urent under both I:iett"lods of uata norr-':alization. Closed circles
represent d single data point; crosses represent t~;o or I!lore Qverlappins
data points.
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Ttle above t\iQ scatterplots der.1cnstrate the individual clusterin~ of type 1
froH~ the cluster consistinj of types 2 and 8. This separation ;s apparent
under bot,) rlEthodS of data nonnal ization.
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The above two scatterplots def,;onstrate the separation of type 2 frolt: t.ype
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l·ABLE 3

Relative element concentrations in ten Mount Edziza obsidian flows

flow' 1 2 3 4 5 6 1 6 9 10n 26 34 80 9 3 11 6 24 "4 4

x s x x x S K X X S x x x s
A: element/Compton ratios

K " 9.l 2.0 8.4 1.4 7.4 1.2 7.9 1.!I 7.1 1.8 13.6 2.0 9.6 1.6 9.6 1.5 6.8 1.0 5.1 1.0ea 1.0 1.3 0.7 1.1 u.2 0.5 0.9 1.1 0.0 0.0 5.5 0.9 0.0 0.0 0.8 1.4 0.2 0.4 0.6 1.2Ti 5.7 1.3 4.6 0.5 2.0 0.8 1.& 0.8 1.0 0.9 11.4 2.0 4.5 0.8 5.9 0.7 0.3 O.ti 0.3 O.bHn 7.9 1.1 b.9 1.0 3.4 0.9 2.5 0.6 2.8 1.1 21.!i 2.5 12.5 1.5 9.2 1.3 1.6 0.3 0.3 0.7Fe 62~.l 69.9 5ti2.4 62.5 l13.0 26.4 239.8 26.6 250.5 55.7 1349.6 96.9 955.2 126.8 746.6 69.5 110.9 22.0 94.1 5.2211 Uiel 2.J 19.5 2.U 14.3 1.8 11.5 1.2 13.9 2.8 24.2 2.3 43.2 6.1 24.9 3.0 12.7 1.0 10.2 0.9Ga 3.J 1.0 3.3 1.0 2.9 0.9 3.1 0.1 2.5 2.2 4.0 0.7 3.3 1.8 3.1 1.1 2.9 1.1 2.7 0.6Pb 1.8 0.1 2.3 1.0 3.1 0.5 2.0 0.6 4.3 0.7 3.2 0.6 1.5 0.8 3.3 0.4 5.3 0.5 6.4 O.liab 51.9 4.4 61.3 5.1 01.8 5.0 81.4 6.4 119.6 20.4 75.5 3.8 119.1 10.8 64.6 4.9 139.1 12.6 lti6.1 11.4Sr 0.0 0.0 0.1 0.4 0.0 0.0 3.5 0.5 0.0 0.0 0.0 0.0 2.3 ·1.9 0.0 0.0 0.0 0.0 0.0 0.0
V 13.4 4.& 85.5 8.6 15.0 3.7 83.8 5.J 83.2 8.8 110.1 3.3 213.6 16.5 102.5 6.1 81.5 6.4 86.5 3.4U Zr &18.2 44.6 !l99.3 92.6 &52.4 38.0 560.1 32.0 731.5 11.1 1292.8 28.6 2469.5 155.6 1131.0 10.1 384.4 21.7 161.8 1.1N Ub 10 .3 4.9 123.1 11.S 124.5 4.8 1140.4 7.9 143.5 12.5 211.2 4.2 324.1 18.8 154.9 1.8 " 148.3 9.1 147.8 6.3Ray. ti19.4 13.8 822.4 14.0 ~66.0 12.1 160.8 8.3 751.5 13.9 941.3 14.6 894.8 28.0 843.5 12.3 139.8 6.0 121.1 6.8

8: elementlZr ratios

K 11.2 2.0 8.4 1.4 8.7 1.2 14.0 2.6 9.6 1.4 10.5 1.5 3.9 0.5 8.5 1.4 11.5 L4 .35.0 6.1Ca 1 2 1.6 0.7 1.1 0.2 0.6 1.6 2.0 0.0 0.0 4.2 0.7 0.0 0.0 0.7 1.2 0.5 0.9 3.9 7.UTi 1.0 .3 4.6 0.6 2.4 0.9 3.1 1.3 1.3 1.1 8.8 1.5 1.8 0.3 5.2 0.6 0.8 1.6 1.tt 3.6Hn 9.1 1.0 6.9 1.1 3.9 1.0 4.5 1.0 3.7 1.2 21.3 1.7 5.0 0.3 8.1 0.9 4.1 0.5 l.9 3.8Fe 765.ti 45.0 564.3 54.1 319.8 19.0 426.6 25.0 331.0 38.9 1043.3 60.9 385.5 28.0 65~.8 42.1 443.4 30.9 585.1 11.120 22.1 1.1 1~.5 l.b 16.8 1.5 20.4 1.2 1&.7 1.8 18.1 1.1 11.4 1.4 21.9 1.9 33.1 1.3 62.8 2.8Ga 4.0 1.1 3.3 1.0 3.4 1.0 5.5 1.1 3.3 2.9 3.1 0.5 1.3 0.6 3.3 1.0 7.5 3.1 16.8 3.2Pb 2.1 U.9 2.3 U.9 3.6 0.6 3.5 1.0 5.8 0.3 2.4 0.4 3.0 0.2 3.0 0.3 13.1 0.8 39.5 4.0Rb 63.3 2.3 ul.4 1.1 ~6.0 3.1 155.7 3.!I Hil.5 10.1 5&.4 l.li 48.2 l.b 57.1 1.6 3b3.1 10.1 l149.4 22.1Sr 0.1 0.4 U.l U.4 0.0 0.0 6.2 U.H 0.0 0.0 0.0 0.0 0.9 0.1 0.0 0.0 0.0 0.0 0.0 O.uy 09.7 1.U 85.6 l.1 6b.O 2.3 149.4 l.ti 112.7 0.5 U5.1 1.9 li6.5 J.U ~0.6 1.0 227.7 5.9 534.4 5...
~b 127.0 2.6 123.2 ~.1 146.1 3.5 25u.4 3.4 194.H 4.5 163.4 1.6 131.6 4.u 137.0 2.8 385.9 5.0 913.1 1.3Ray. 10u4 ti (,3.2 u29.3 72.5 9UO.6 45.7 136U.1 16.4 1021.4 12u.3 12H.6 24.5 363.9 31.4 148.3 44.5 1931.9 137.0 446b.1 210.3-- -_._-. -



f·'jaunt Edziza Obsidian Type Spectra

Fi gur'e 5 shows ten ED-XRF spectra character; sti c of the ten

"chemical types distingu;shea above. It is observed from the graphs that

several spectra are very 'similar to each other, \vhile others are
I
I

graphically distinct. Because obsidian is made up primarily of ~i02. , a

very low-Z substance, obsidian spectra in general show scatter peaks

(COlopton and RayleiSjh) which are higher than the elehtental peaks. The

five chetnicdl types #1, 2, 0, 7, and~, are all cnaracter;zed by

extretnely hi gh Fe and Zr K-al pha peaks; in type 7 the Zr peak is even

higher than the Compton scatter peak. Types 3, 4, and:; also shovJ hiyh

Fe and Zr peaks; however, Fe is considerably lower than Zr, and both are

much lower than the Compton and Rayleigh scatter peaks. Spectra of

types 9 and 10 are quite unlike the other' eight; ~hc elemental peaks are

all much lower than the Conlpton, and the high Fe/high Zr configuration

so typical of the other types ;s difficult or impossible to observe.

Relative increases in Rb and Pb are observeo'instead.
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KEY TO NUMBERED PEAKS IN THE OBSIDIAN SPECTRA SHOWN IN FIGURE 5:

"- ---
I

K K-alpha
Ca K-alpha (and K K-beta)
Ti K-al pha
~ln K-al pha
Fe K-al pha
Zn K-alpha
Ga K-alpha
Pb L-line
Rb K-al pha
Sr K-alpha
Y K-alpha (and Rb K-beta)
Zr K-alpha
Nb K-alpha (and Y K-beta)
Ag target Compton scatter
Ag target Rayleigh scatter

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

-The pronlinent unnunlbered peaks are from the K-beta enlission lines of Fe, Zn, Zr, and Nb.
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Figure 5: Typical EO-XHF spectra of ten chefilical types of f10unt EdziLa
ousiuiilli.
a) cheu,ical types 1 to 4.
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KEY TO NUMBERED PEAKS IN THE·OBSIDIAN SPECTRA SHOWN IN FIGURE 5:

1. K K-alpha
2. Ca K-al pha (and K K-beta)
3. Ti K-alpha
4. ~'n K-al pha
5. Fe K-alpha
6. Zn K-alpha
7• Ga K-al pha
8. Pb L-line
9. Rb K-al pha
10. Sr K-alpha .
11. Y K-alpha (and Rb K-beta)
12. ZrK-alpha
13. Nb K-alpha (and Y K-beta)
14. Ag target Canpton scatter
15. Ag target Rayleigh scatter

The prominent unnumbered peaks are fronl the K-beta emission lines of Fe, Zn, Zr •. and Nb.
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Figure 5: T.ypical E[j-Xl~F spectra of ten chenlical types of haunt Edziza
obsidian.
b) chcn°,ical tYIJes 5 to 8.
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KEY TO NUMBERED PEAKS IN THE OBSIDIAN SPECTRA SHOWN IN FIGURE 5:

1. K K-al pha
2. Ca K-alpha (and K K-beta)
3. Ti K-al pha

·4. Mn K-alpha
5. Fe K-al pha
6. In K-alpha
7• Ga K~al pha
8. Pb L-l i ne
9. Rb K-al pha
10. Sr K-al pha

- 11. Y K-alpha (and Rb K-betal
12. Zr K-alpha
13. Nb K-alpha (and Y K-beta)
14. Ag target COlnpton scatter
15. Ag target Rayleigh scatter

The prominent unnumbered peaks are from the K-beta emission lines of Fe. Zn t Zr, and Nb.



Figure 5: Typical [U-XnF spectra of ten chemical types of :·lount [dlizd
olJsidian.
c) che",; ca ~ types 9 and 10.
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standard devi~tion .(s) of these element ratios are presented in Table 3 for
,
I

all ten chemical types. The standard deviation refers to the distribution of

the data points within each group, and is thus a measure of their scatter.

To veri fy that the ten chemical types identified on the basis of

37

Multivariate data sets are considered distinct if the distance between

types.

scatterplots are distinct on a quantitative statistical basis as well as ~

qualitative graphical basis, the element ratios were compared between the

Mathematically, the A-coefficient is expressed as follOws:

x = statistical mean
s = standard deviation

i,j = obsidian groups
k = element

distanc~ between the means of a given variable in both populations.

As mentioned above, the average element/Compton and element/Zr ratios

for each chemical type were calculated, and the statistical mean (x) and th~

the group means of at least one of the variables is greater than an arbitrary

rejection criterion. This rejection criterion was set here at two standard

deviations from the mean of each element ratio. Separation between the two

The natural grouping of the points into ten discrete chemical types was

confirmed to be non-overlapping at two standard deviations through the use of

the A-coefficient statistic. The success of the A-coefficient is measured by

its abil ity to distinguish two mul tivariate populations on the basis of the

Statistical Treatment

populations' is thus achieved when the A-coefficient value for anyone

variable present in both populations is greater than 1 (Cormie 1981). A

separation of two obsidian chemical types confirmed by this method indicates

that for at least one element ratio, the distributions of the element ratio

in the two types do not overlap at two standard deviations.



The A-coefficient was calculated comparing the mean element value in

each chemical type with the mean values for the same element in the remaining

nine . types. The A-coefficient was calculated for all 13 relative element

concentrations (element/Compton ratios). A similar set of I A-coefficients was

also ·calculated for the element/Zr ratios of all ten chemical types, for

comparative purposes. All results are presented in Table 4.

The A-coefficient calculations confirm that all ten chemical types are

statistically distinct according to the criterion defined above. In two

cases, the distinction is based on a single A-coefficient. Types 1 and 2 are

barely separable (the A-coefficient for their Fe/Zr ratios equals 1.02),

although the scatterplots (see p. 30) show the type 1 cluster is clearly

separated from the cluster composed of types 2 and 8. Since the A-

coefficient is a univariate statistic, it can fail to confirm that clusters

are distinct if the~r distributions are not normal, as is the case here.

Types 2 and 8 are separable solely on the basis of their Nb/Zr ratios. The

relative chemical similarities of these three types (1~ 2, and 8) suggest
I
I .

that they may represent three obsidian fiows which are closely related

geologically. This possibility is investigated and confirmed in the section

below.
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TABLE 4

A~Coeffic1ents for the ten chemical groups of Mount Edz1za obsidian



TABLE 4 (continued)

A-Coefficients for the ten chemical groups of Mount Edziza obsidian

Group5 : 4~5 4~6 4&7 4&8 4&9 4~10 5&6 5&7 5&H 5&9 5&10 6&7 6&8 6&9 6t.l0 7b8 7&9 7&10 H&9 8&10 9tlO

A. A-coefficients for elClnent/Colllpton ratios

K .11 .73 .26 .25 .20 .39 .86 .39 .38 .07 .26 .54 .56 1.15 1.32 .02 .58 .19 .57 ~1a ~21
Ca 1.13 .03 .25 .07 1.04 2.12 1.17 .16 .03 .13
1i .23 1.16 .90 1.39 .54 .53 1.Ul 1.06 1.51 .23 .22 1.26 1.02 2.16 2.14 .41 1.51 1.52 2.16 2.10 .01
Hn .•08 4.02 2.45 1.79 .55 .89 3.43 1.92 1.35 .45 .• 71 1.&& 2.40 4.61 4.26 .60 3.14 2.88 2.42 2.21 .66
Fe .01 4.49 2.33 2.64 .11 2.29 3.60 1.93 1.98 .51 1,28 .86 1.81 4.96 6.15 .53 2.64 3.26 3.15 4.36 1.40
2n .30 1.63 2.11 1.60 .29 .31 1.01 l.f4 .95 .15 .50 1.13 .06 1.78 2.22 1.01 2.16 2.36 1.55 1.90 .69
Ga .09 .30 .. 04 .11 .05 .14 .24 .09 .18 .05 .03 .14 .06 .29 .49 .08 .06 .11 .19 .30 .05
Pb .91 .51 2.0b .72 1.50 1.62 .44 1.1i .43 .41 .72 1.60 .10 .95 1.18 1.79 .86 .34 1.05 1.30 .44
Rb .60 .5& .92 1.00 1.38 2.77 .91 .01 1.08 .30 1.04 1.50 .63 1.91 3.64 1.74 .44 1.51 2.15 3.12 .97

.{::"" Sr .26 2.10 .55
0 Y .02 1.52 2.98 .7lJ .16 .15 1.11 2.58 .62 .14 .13 '2.62 .3li 1.16 1.66 2.40 2.7b 3.14 .57 .76 .05

Zr .&1 6.U4 5.09 2.19 1.4li 5.10 2.63 3.72 1.34 1.68 3.42 3.19 .ti2 8.01 15.85 2.96 5.69 7.09 3.b2 6.28 3.20
til> .08 2.91 3.44 .45 .23 .26 2.04 2.. 90 .28 ,,11 .11 2.47 2.28 2.32 3.03 3.15 3.13 3.53 .19 .25 .02
Rayleiyh .21 3.93 1.&5 2.00 .74 1.30 3.33 1.71 1.76 .29 .72 .55 1.ti2 4.89 5.12 .64 2.28 r'-49 2.84 3'~19 :71

B. A-coefficients for element/Zr ratios

K .53 .41 ~.52 .65 .41 1.11 .16 1.5l .19 1.43 1.70 1.62 .34 1.19 1.61 1.23 3.56 2.35 1.61 1.77 1.16
Ca .49 .15 .20 .12 .92 1.18 .02 .05 .18 .20
11 •3li 1.03 .42 . .54 .41 .14 1.44 .20 1.10 .U9 .05 2.02 .84 1.31 .69 1.90 .28 .00 1.00 .41 .10
Hn .1ti 3.09 .23 .97 .14 .21 3.03 .46 1.08 .11 .18 3.9a 2.50 3.91 1.74 1.29 .66 .38 1.50 .66 .25
Fe .10 3.59 .39 1.14 .15 2.19 3.54 .36 1.99 .16 2.4B 3.70 1.&6 3.21 3.10 1.96 .49 2.55 1.48 .10 1.69
Zn .29 .29 .51 .25 2.56 5.27 .00 .20 .45 2.. 35 4.18 .21 .46 2.45 4.92 .10 2.95 5.40 1.77 4.36 3.64
Ga .27 .13 1.19 .52 .25 1.31 .04 .29 .00 .36 1.11 .15 .08 .62 1.84 .62 .84 2.02 .52 1.62 .74
Pb .B6 .40 .22 .22 2~91 3.64 l.21 2.56 2.05 3.53 3.91 .• 4& .35 4.68 4.21 .05 5.42 4.31 4.73 4.22 2.71
nb .2U 0.55 9.63 ti.90 7.40 UL63 4.15 4.60 4.25 4.8G 14.• 78 1.50 .19 12.89 22.2& 1.31 13.44 22.59 13.10 22.44 11.98
Sr 1.75 3.22 .62
Y li.U3 9.23 6.89 9.11 5.28 21.04 5.66 3.73 5.12 9.U1 35.b9 .14 .71 9.16 30.86 .44 1.96 26.lli 9.13 31.69 13.67
ilb 3.!i0 li.55 7.21 9.14 il.02 3U.8li 2.55 3.4U 3.98 10.00 30.49 2.4H 3.01 16.76 42.01 .36 13.00 32.37 16.06 38.61 21.41
Rayleigh .u5 J.13 4.6, 2.53 1.34 5.42 1.03 2.19 .ti5 1.7ti 5.~O 3.£6 .14 3.13 1.96 2.53 4.66 U.49 3.26 7.30 3.f5



All other chemical types are distinguished on the basis of two or more

element ratios. However, in two additional cases, involving the separation of

types 3 and 5, and the separatio~ of types 4 and 5, . this discrimination was

element/Compton ratios were able to successfully discriminate between these

two group pairs. Inspection of the scatterplots (Fig. 4a, Rb/Compton versus

Zr/Compton) shows that in at least one case (types 3 and 5) the two chemical

None of thesuccessful on the basis of ~lement/Zr ratios only.

groups in question are actually clustered into two tight" distinct, and non-

overlapping clusters. As in the case of the A-coefficient based on the Fe/Zr

ratios in types 1 and 2, the failure of the A-coefficient to discriminate

41

are also dissimilar.

types 4 and 5 cluster into widely separated groups. Their spectra (Fig. 5)

Figure 4b shows that
I

large statistical errors in its distribution.
i

ensuing

between types 3 and 5 ;s due to the shapes of the two distributions. Also,

although groups 4 and 5 (Fig. 4a, same scatterplot) form a single elongated

cluster, they also do not ov~rlap. Type 5 makes up the top three points in

the distribution (triangles), while type 4 makes up the remaining points

below. The failure of the Compton A-coefficient to discriminate between them
I I

is likely due to the very· small data set associated with type. 5. and the

In sum, the discrimination of the obsidian samples into ten chemical

groups was successful in 44 out of 45 group pairs, or with 98% success, at

two standard deviations, on the basis of their element/Zr ratios. The

success rate of the element/Compton ratios in discriminating the ten chemical

groups from each other was 91~. While these ratios could not discriminate

between the four pairs of groups noted above (1&2, 2&8, 3&5, and 4&5), all

ten groups in 41 other paired combinations were discriminated successfully.



Different element ratios separated the chemical types with varying rates

of success. The Compton-normalized element· ratios Fe/Compton and Zr/Compton·,

and the Zr-normalized element ratios Rb/Zr and Nb/Zr were the most

successful. Each ~f th~m co~firmed the separation of more than 75% of all

type pairs. Other el~ment ratios which had a greater than 50% rate of

success in group discriminati9ns were the element/Compton ratios for Ti, Mn,

Rb, Nb, and the Rayleig~ sca~ter peak, and the element/Zr ratios for Fe, Pb,

Y, and the Rayleigh peak. The poorest rate of success was achieved with the

elements Ca, Ga, and Sr, regardless of the normalization used.
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, Correlation of Chemical Types with Geological Obsidian Flows

Once the chemical analysis established the existence of ten distinct

chemical : types of obsidian within the Edziza Volcanic.Complex~ it became

necessaryl to correlate these with specific obsidian flows, many qf which

are known to exist within the Mount Edziza.Volcanic Complex. As stated

previously, the Complex consists of 15 geo,logical formations, formed during

five major magmatic cycles over the last 10 million years (Souther and

Hickson 1984). The rocks which make up each formation have originated from

one or several different volcanic vents" and consist of thick strata of

olivine basalts interbedded with trachyte and comendite,. It ;s not uncommon

to find several obsidian flows within a single formation, as the obsidian

forms in a thin quenched basal layer underneath these trachyte and

comendite flows (ibid.).

Since a high degree o~ chemical homogeneity of a single obsidian fiow

is usual (Cann, Dixon and Renfre'w 1964; for ~n exception, see Bowman, Asaro

and Perlman 1973), the c~emical analysis of noncontiguous obsidian outcrops
I

within a limited geographic region' can,also help to establish whether they
I I

belong to the same or two distinct obsidian flows. This is especially true
i

when their stratigraphic position places them within a single formation,

but when there is little in the way of physical characteristics to

distinguish them.

For these reasons, two advantages will accrue from the correlation of

the ten chemical types of Mt. Edziza obsidian identified above with the

geologically known obsidian flows within the Complex. First, each chemical

type will be associated with a specific geological formation. Since the

limits of the geolog~cal formations are known, this yields data on the

maximum possible limits for the natural distributions of each flow.
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Second, the number of chemically distinct flows present in each formation

will be determined. Where possible, correlation of chemical types with

each stratified layer of obsidian may help to establish the order in which

the chemical types have erupted •.

~ The original locations of all samples within each of the ten chemical

groups was examined carefully. This was done in order to check whether the

samples in each group were geographically clustered, and whether they were

correlated with distinct geological formations.(and therefore with distinct

obsidian flows) of the Complex •. Such a clustering of samples from specific

locations into specific chemical types was found. It indicated that the

ten chemical types reflected realistically the actual groupings of obsidian

rock samples in their natural environment. The horizontal and vertical data

for the samples collected from the geological sections were made available

at this point; in several instances the relative positions of several

obsidian samples collected over ~ slngle transect were found useful. The 0

geographical information from these and the samples from secondary

d~posits confirmed that the data separation into ten chemical types was

successful and geologically justified.

The geographic locations of each chemical type identified in this I

study are presented in Figure 6. These locations are discussed below in

more detail. Associations with geological formations are based on a

generalized geological map of the Mount Edziza Volcanic Complex (Souther

and Hickson 1984), and on a yet-unpublished detailed geological map of the

Complex made available for inspection through the courtesy of J.G. Souther.

Except as ind~cated, the geographic names in use here have been accepted by

the Canadian Board of Stratigraphic Nomenclature for formal use (J.

Souther, pers. camm.). Informal names conferred on certain landmarks by

archaeologists are indicated in quotation marks.
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FIGURE 6a: Natural geographic distributions. of the ten Mount Edziza
obsidian flows identified: areas north .of Raspberry Pass.

LEGEND:

• Outcrop occurrence

~ Occurrence in a gravel sample

Limits of existing glaciers

Elevations in feet
Contour interval 500'



45b

Big

C.ALE



FIGURE 6b: Natural geographic distributions of the ten Mount Edziza
obsidian flows identified: areas south of Raspberry Pass.

LEGEND:

• Outcrop occurrence

~ Occurrence in a gravel sample

Limits of existing glaciers

Elevations in feet
Contour interval 500'
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examined. Its northernmost occurrence is at Cartoona Peak. The most easily

and southeast of Coffee Crater, were of different chemical types.

and just south of
(

I

The "Fan Creek" locality is signjfi~an~ because it contains large!
i

prominent Holocene cinder cone on the Big Raven Plateau,

deposits.
I

the Crater. Other obsidian samples collected further northwest, northeast,

accessible quantities of this ob~idian are found in the gravel slides in

Raspberry Pass, and in the talus gravel at the base of IIFan Creek", a small
I

northern tributary of Artifact Creek. Both of these are pure unmixed

This type is the most widely distributed of all the obsidian flows

Edziza #1 - Armadillo Formation
( n=26 )
Samples: 1.02,1.11,i.12, 16.01-16.13, 17.01-17.09

This type is limited to the immediate vicinity of Coffee Crat~r, a

Edziza #2 - Armadillo Formation
(n=34 )
Samples: 1.01,1.1S(2x), 1.26(2x), 1.27(2x}, 1.33(2x), 2.02, 6.06, 9.01-9.11,

12.02-12.03, 19.01-19.05, 20.01-20.05.

Tencho Glacier. The gravel samples were collected from a large surface

scatter located 2.5 km southeast of the Crater, and from a scatter west of

clasts of good quality obsidian which are useable in artifact production,
I

and it is readily accessible at the bottom of Artifact Valley. This·

contrasts with most other valley-bottom sources, which contain only poor

quality small pebbles, and probably were not exploited for tool materials,

for example the above-mentioned gravels in Raspberry Pass.

Type 2 obsidian also occurs mixed with type 3 obsidian in gravel

deposits at two locations: on a.ridge ~ast of "Goat Mountain" (2 out of 3

pebbles), and at loc~lity 6 (1 out of 6 pebbles). A very minor quantity of

this type (1 pebble), mixed with types 7 and 8, is also found in the pebble

sized gravels in Destall Pass (of poor quality, and therefore of no

archaeological significance). These almost negligible amounts suggest that



type 2;S' scarcer in the regions. immediately west of uestall Pass. It was

not found in Artifact Creek or anywhere s~uth of it.

Stratigraphically, type 2 is found unde'rl,ying type 3 obsidian on the

slopes of Kitsu Plateau (west of "Goat i~iountainll), and on the ridge north of

Artifact Creek. East of "Goat r'/lountain lt
, clasts of this type are' found on a

ridge abov~ outcrops of types 7 and 8, and so this flow probably overlies

theul (dlthough direct stratigraphic confirnlatnon of this in the fornl of a

bedrock santple fraln above types 7 and b is not available). Outcrop san'ples

of this chemical type are fuund at e'levations of 590U-u2UO· (Fi9. 60),

except at Cartoona Peak, where it is found at 7100' (Fig. 6a).

Edziza #3 - Spectrum Formation
(n=uu)
Samples: 1.Oj-4,6,lO,17,17,25,28,29,34,37,-1.38, 3.01-3,6,9~12,17,ld,

3-20,23,-3.24, 6.01-6.05, 7.01-7.07, 12.01, 18.01-18.08,
21.01-21.04, 22.01-22.15, 23.01-23.05.

IThis is the filOst common of all the Edziza. obsidian types identifiea in

prehi'.storic tool s. Its outcrops are confined to ;high elevations of 630CJ
I •

i

6900';, and are found on uGoat j:iountain", along Obsidian Riege, ana in small

patchy reronants along the nigh1y erodea ridge just above IIFan Creek". It is

also found. in yreat quantities in the high-altitude surface scatters

surrounoiny the IISoat Hountain ll peak, on the south-facing slopes of (;bsioian

Kidye, and in the yrave1s and surface scatters of upper Artifact Creek

vall ey. Concentratea 1ow-el evati on sources rnade up pure ly of type 3 obs; ai an

are fou.nCl at two locations: in the lower till of "Artifact Valley j",ora;ne u

at the head of that valley, and in "Point Valley r·toraine". For a aetaileu

description of these obsidian sources, see F1adinark (1~&2:1u3-12ts).

The obsiaian in Artifact Creek gravels ;s of a relatively poor quality,

as these pebbles are ulechanically vJeakene<1 through alluvial transport ana
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contain nun.erous incipient fractures. Analysis of sailiples collected fronl

Artifact Creek near its confluence \v'itn IIFan Creek" indicates that type 3

oDs;dian is preaorninant (70-bu))) in these ~ravels. It is lnixed with sniall

quanti ti es o:f types 6, 7, and 8.

Type 3 obsi di an is found wi thi n the Spectrum Format; on, the uppermost

fornlation in that region. It lies directly over the Annaciillo Fonnation.

Stratigraprtic data show that it overlies types 2, 7, and' 8. Ina;rect

evidence indicates that it also overlies type 6 (see below).

Edziza #4 - Ice Peak Formation
(n=~ )
Saillp1es: 1. 05 , 1•07 ,1 . 09, 1. 14 (2 x ), 1. 22 (2 x), 1. 32 (2 x ) •

Thi s obsid; an is found at approx;Jl1ately 6300-6500 I near Cocoa Crater,

on ~orcery Riage, and east of Ice Peak. Since it is found both to the east

and to the" ~·,est of Tencho Glacier, it is probaole that its distribution

extenos continuously under tllat glacier. It is one of the more inaccessible

obsiaians. The t'riO types found nearest ,to it are type 1
1
(to the south) , and

type 1U, but it is spectroscopically unlike either of· them. In tenns of
i
I

horizontal coordinates, type 4 is fauna dire<:tly above type 10, but they are

strati~raphically separated from each other by aoout 5001' of elevation.

Edziza #5 - Pyramid Formation
(n=3 )
Samples: 1.13, 1.21 (2x).

This type;s found only very near The pyraru;o, a prominent volcanic

cone north of' ~·lt. tdz;za (Fig. 6a). The only bedrock sample of this type was

collected at 6100' west of the cone, while a loose gravel sample was picked

up to the south of the Pyramia at a slightly lower elevation. Although its

natural distribution is limi~e<i, this type is archaeologically significant

in that it has been identified in a nUIJber of artifacts (Goafrey-SHlith ana

a'Auria 1984; E. Nelson, pers. COITlfU.). This obsidian is probably rdore easily
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accessible to people approaching the Edziza Complex from the north than any

of the other types.

Edziza #6 - probably Armadillo Formation
( n= 11 )
Samples: 3.02-4,5,7,8,1~,14;16,21,-3.22.

I .

This obsidian type was~found only at one sampling location: the outwash

gravels of Artifact Creek, collected at 4600' near its confluences with

IIFan" and IIWet ll creeks. ~ts g~ological association is uncertain, as no

outcrop samples examined corresponded to this type. However, its XRF

spectrum ;s generically similar to the other Armadillo types. Its absolute

element compositions (see Fig. 8a [p. 82J in Section 2) confirm this

similarity. Types 7 and 8 were also found in very small quantities (one

pebble each) in this sample.

Since this type was not identified in any of the samples from further

up the Artifact Valley or in upper "Fan Creek", it is sugges+.ed here that it

comes . from a low-elevation stratum which belongs within the lower Armadillo

Formation. Its much greater proportion in this sample relative to types 7
...

and 8 suggests that these two 'types are stratigraphically above it. Also,

the complete absence of type 2 obsidian in this low-elevation outwash gravel

sample contrasts with other gravel samples collected in the upper Artifact

valley, and with the sample collected from the talus slope at the base of

IIFan Creek ll
, which is composed purely of type 2 obsidian. On the basis of

the outcrop samples available, and the relative proportions of each chemical

type present in high-elevation and in low-elevation· gravel samples, the

stratigraphic relationship of the obsidian types found on the ridge north

of Artifact Creek (in order of descending elevations) is inferred as

follows: 3, 2, 7, 8, and 6.
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Edz;za #7 - Armadillo Formation
(n=6 )
Samples: 1.23 (2x), 2.14, 2.18 (2x), 3.19.

This is a minor type. It occurs in only 2 pebbles of the Destall Pass

sample and in only one pebble of the Artifact Ck./"Fan ll ·ek. low-elevation

gravel sample. Its ~rchaeological significance is probably minimal, as bpth

of these samples are made up of only small, mechanically weakened pebbles,

none of which appear to be of useful flakeable quality. A geological sample

of this type was collected at 5700· on the ridge which forms the west wall

of Destall Pass. Two other samples collected from thin glassy outcrops

higher up along the same transect are of type 8. Their stratigraphic

relationship is therefore clear: type 7 underlies type 8.

Edziza #8 - Armadillo Formation
( n= 24 )
Samples: 1.19,1.20, 2.01,2.03-2.13,2.15-2.17,2.19,~.20,3.15.

This type was found in 17 peb~'les of the Destall Pass sample and in

only 1 pebble of the Artifact Ck./"Fan ll ek. sample. The same arguments nlade
I I

above with regard to the limited archaeological significance of type 7 apply

equally well in this case. The stratigraphi~ position inferred for this type
i

is that it lies above type 7 (see above) but underlies type 2, since
I

naturally weathered scattered pebbles of type 2 obsidian were found at

higher elevations than the two type 8 outcrop samples (see Fig. 6b).

Edziza #9 - Pyramid Formation
(n=4 )
Samples: 1.18, 1.35 (each analysed twice).

This is a very small flow located at 6000-6100·" directly south of the

Pyramid cone. It is found at a lower elevation than type 5, the only other

obsidian type in its vicinity It is also completely unlike type 5 in its

relative element concentrations (see Table 3), and has a very different

characteristic spectrum (see Fig. 5).
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Obsidian Flow Identification Summary

outcrops whose stratigraphic positions and physical characteristics are

Until now, isotopic age determinations provided the only

trends. The archaeological significance of this flow is thus judged very

r
dissected terrain with steep ridges and narrow valleys, and it is unlikely

to have been intensively exploited in the past. Since these outcrops are

located near the present limits of Tencho Glacier, it is likely that they

were exposed only relatively recently, and re-glaciated during any cooling

In summary, distinct geographic and/or stratigraphic positions have

been demonstrated or inferred for each of the ten chemical types studied. On

the basis of these demonstrable geographic groupings, the conclusion is

reached that each chemical type does in fact correspond to a single discrete

obsidian flow within the Edziza Volcanic Complex. This provides a powerful

and simple tool for the correlation or distinction of discontinuous obsidian

ambiguous.

Edziza #10 - Ice Peak Formation
(n=4)
Samples: 1.30, 1.31 (each analysed twice).

This is also a small and localized flow. Its outcrops are found at

5700·, stratigraphically separated from type 4 by a thickness of 500' of

non-glassy rock. It is possible that both these obsidian types may'be found

in the gravels of Tennaya Creek. However, this is very rough, deeply

rel;a~le means of correlation for such obsidian flows within the Mount

Edziza Volcanic Camp.lex (Souther, Armstrong, and Harakal 1984). It is hoped

that the results obtained here will aid in clarifying the number of distinct

obsidian flows present within some formations, and their stratigraphic

order.
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south of it.

obsidian types.

It is suggested that five of

localities 16 and 17 at Coffee Crater, made of type 1

and localities 7, 21, an·d 23 at IIGoat Mountain" and Obsidian

Ten obsidian flows have been identified.

One surprising result of this analysis is that of the fourteen

The high-elevation concentrated obsidian scatters composed of a single

and 9) formations.

Flows 1, 4, 5, 9, and 10 are found only on the upper plateau regions

localities where 'loose gravel samples were collected, all but four wer2
~ I

found to be composed of only a single chemical type of obsidian. Since many

of these are losated at relatively low elevations, this result was
I

i
unexpected. Since the low-elevation gravel scatters were probably created

I
by erosiohal and gl.acial reworking, downslope tumbling of eroded clasts, and

type are as follows':

fluvial action, it was expected that most would be composed of a mixture of

these (1, 2, 6, 7, and 8) are associated with the Armadillo Formation. Flow

3 . is associated with the Spectrum Formation, and the· remaining four flows

are associated with the Ice Peak (flows 4 and 10) andlthe'Pyramid (flows 5

obsidian;

r

north of Raspberry Pass. These regions are more inaccess1ble, barren and

inhospitable to humans than the regions to the south, a fact which probably

diminishes their significance in archaeological studies. Flows 3, 6, 7, and

8 are found only south of Raspberry Pass, while flow 2 is found both in

Raspberry Pass as well as considerably further north and slightly to the

Ridge, made up of type ~ obsidian. Also, single-type obsidian deposits were

found in five low-elevation areas: at localities 9 and 20, representing the

slide at the west end of Raspberry Pass and the general scattered clasts in



the Raspberry Pass, made up of type 2 obsidian; at locality 19 in the talus

slope at the base of "Fan Creek ll
, made up of type 2 obsidian; and at

localities 18 and 22, in "Point" Valley Moraine and Artifact Valley Moraine,

made up of type 3 obsidian.

The four sampling locations which were found 'to consist of more than

one type of obsidian were localities 2, 3, 6, 'and 12 (see Figure 2b).

Locality 2 is in the slide on the west side of Destall Pass. Of the 20

pebbles making up this sample, 17 are of type 8 obsidian, 2 are of type 7,

and one pebble is of type 2. Locality 3 is in the outwash gravels of

Artifact Creek near its confluences with "Wet" and "Fan" creeks. Of the 24

pebbles sampled here, 11 are type 3, 11 are type 6, one is type 7, and one

is type 8. Again it must be noted that the absence of type 2 obsidian in

this outwash gravel sample is surprising, particularly in view of its

presence in the gravel sample in the nearby locality 19. Finally, locali~y

12 represents a very small sample (3 pebbles) collected to the north of the

1977 reconnaissance campsite, of which two pebbles were type 2/ and one

pebble was type 3.

Reasonably easy access to low-elevation gravel concentrations of

obsidian from flows 2 and 3 is .possible at the following locations: in the

gravels of Raspberry Pass (not of flakeable quality, however) and in the

talus slope at the base of "Fan Creek ll
; in IIPoint" Valley Moraine, Artifact

Valley Moraine, and in the outwash gravels of Artifact Creek near its

confl uences with "Wet Creek ll and with "Fan Creek". Al so available at low

elevations (in Destall Pass and in the gravels of Artifact Creek) are small

quantities of obsidian pebbles from flows 2, 6, 7, and 8. The pebbles at

these localities are not of flakeable quality, however, and the significance
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Thi sis a150 ttle most color; sti ca11y var; eo

This chefilical type preao~linat~s in Artifact Creek gravels,frOiil flow 3.

by far the most COHlillon ana the'most easily accessib.1e is the obsiaian

(apar t f r 0111 D1ack, ; t s col 0 Ur 5 rail9e from red and tJ r 0 I. n , tn fa uyi1 9r een,

"Point" and Artifact Creeks.

grey, and blue, to alrnost purp1;sll) ana trle rnost vitreous anlony the ten

I

~.. 11 i 1e pure quanti ties of it are present wi th i n the mora i nes at ttle head of

low.

of flows 6, 7, and b to archaeological stuuies is therefore jUdyed to be
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there.

over the \'Iorl d.

for the following reasons: absolute elenlent

A standard yJflole igneous rock an~lysis for ,najor (Si, Ti, Al,

I

ana SOlile rare earth element concentrdtions of the ten flows ~-Jere
i

result obtained above,

The purpose of this section ~Jas to deternline the ctlernical cOlnposition

of each of the ten obsidian flo\vs identified in Section 1. Such

concentrations do not depena on the analytical conditions used to obtain

Tnree peDoles front each flow ~,ere selectea for anal,ysis. In order to

SECTION 2

the basis of their chefilical CO{,lpositions, ',Jidely separatea oDsiaian sources

thelil, and thus they. are easier to reproduce; they can be comparea to the

QUANTITATIVE CHEMICAL ANALYSIS OF TEN MOUNT EOZIZA OBSIDIAN FLOWS

quantitative data are generally far more useful than the semi-quantitative

element concentrations of other ousiaian sources frolll arouna tne ~Jorld; on

trace,

can be classifiea into crlaracteristic ct1eruical categories (for exaiflple:

In oraer to make the l:oziza obsidian source a part. of trle \'Jorlawide
I

database of obsiaian chernical COHlpositions, the absolute major, Jliinor,

aeterllli neG.

calc-alkaline, alkaline, peralkaline, or peralufllinous) vw'hich are fauna all

Fe, I)'in, I~19 , Ca, t~a , k, P) and ini nor ( Sa, Co, Cr, Cu, Hn, f','io, N; , Pb, Rb,

Sr, Va, Y, Zn, Zr, Nb) el ements \-/as done y~ i th ~avelength-dispersivex-ray

fl uorescence (HU-X RF ) • Approxirilate concentrations for three rare earth

e1ernents ( Ce , La, No) were al so deterl~1i ned using the t"J[)-XRF rnethoa. Ttl; S

w'ork ~"as perforlnea at the XkF 1abora tory of the Oepartnlent of Uceanography,

University of British Columbia, follo~,'in9 standard procedures enlployea

SaH1ple ~election and tJreparation



ratios fell within one standard deviation of the flo\~ mean. The three

s; eve \'~aS vJashed unaer a very ni ~~l pressure streani of runni ng vidter from

carbide ball rnil1 for a total of 6 In;nutes. The obsidian powder was sieved

ground in a Herzog tungsten-

Uoth the sieve ana the pan were rinsed with

into a single sarnple for eacb flow, and

both sides to rernove enlueddea particles. The brass receiviny pan ',v'as also

sieve, A~Tr"'E-ll Specification, ~~.s. Tyler Inc.). Bet~'~een each saluple, the

avoid randolu salnpling errors, the pebbles chosen were those ",hose elenlent

pebbles \..;ere 'tJashed in distilled .~ater, dried, ano crushed to pea-sized

fragrnents \"Jith an agate mortar and pestle. The fraynle'nts were then cOlnb;ned

in a LUu-niesrl, 20. crn cJiaHleter standard brass sieve (USr\ Standard testing
!

vJashea under runni ng \/ater.

Ciistil1ea H20, the excess water VJas wiped off, and the sieve and pan \~ere
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disks were prepareo for each of the ten Eaziza flo~/s, the control obsiaian

The powderea sal~lples ~Jere prepared as pressea pellets for minor,

,·t

'l

I
i

····1·.'·-··

.. 0:

, J

(Ctlelilp1ex

Two pellets and two glass

All results quotea below

They 'Nere then cool ed to rOQll1

The vials were capped and sealea

9 of pO\lJUered obsiaian sdruple + 0.5 9 binaer4.0

tetnperature before use.

trace, and rare earthjelement analysis anafusea into glass disks for the

standaru, ana the procedure- testi ng sal.ipl es.

represent averages of these auplicate analyses.

driea in a ~OO C oven for 5 minutes.

deterulination of nlajor elelnent concentrat;ons~

Preparation ~ Pressea Pellets

additive) \vere wei~hea out. The ,u;xture was transferreu to a plastic vial,

and a plastic nlixing ball was added.

Spectrographic X-ray i'~lix Po~~der, a conlnercia1 grinaing ana briquetting

with Parafilcil, ana shaken for 10 nl;nutes in a Iflechanica1 lil;xer (Spex

t"i xer/i\'(; 11, Cat. #8000, Spex 1ndu stri es Inc.). The resu1tant In; xtu re \"ias
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tons.

This mixture was then

poured into a plastic weighing boat, 5 drops (0.25, g) of polyvinyl alcohol

solution (2 9 PYA + 1000 ml H2 0) were added, and this mixture was

thoroughly stirred to a sticky mud-like consistency •. The" PYA was added

because" without it the obsidian powder formed pellets too friable to stand
I

up to the analytical conditions of vacuum and continuous rotation. The

mixture was poured into a pelletizing press (Spex, with a 1 1/4 II die),

tamped down, backed with boric acid (SOH Chemicals), and pre~sed to 10
r

temperature. The disk was then removed from the mold and trimmed.

was made up with Johns9n-Matthey Spectroflux 100.
I

C for 20 mlRutes. Upon removal from the oven the crucible was placed in an

aluminium heat sink and cooled to room temperature. The crucible and

Preparation of Glass Disks

Glass disks were prepared following the method of Norrish and Hutton

contents were ther reweighed and the weight loss (typically about 0.025 g)

heated to soooe over a Meker burner. The melt was quickly poured out onto

an aluminium mold and flattened with a flat brass plunger held at 350° C.

The resultant glass disk on its mold was left to coolon the hot plate for

5 minutes, then removed to an asbestos mat where it cooled slowly to room

Samples were analysed in a Philips PW 1400 wavelength-dispersive x-ray

spectrometer using a Rh x-ray target. Analysis time-for the glass disks was

15 minutes each (45 sec:./peak + 45 sec./background, at each element), and

for the pellets 19 minutes each (30 sec./peak + 30 sec./background, at each

element).

(1969). 3.6 g of Johnson-Matthey Spectroflux 105 + 0.4 g of obsidian

. powder were heated in a covered platinum-gold crucible in a furnace at 1000°



Problems addressed

a. Natural Surface Leaching of Constituent Elements

A test for the effects of leaching due to weat~er;ng on element

~oncentrations. VJas perfonnea. Since elernent leaching is confined to the

thi ckness of the hydrati on bane i·n obsi di an, 1 i tera ture ~ydration data \~ere

rev;e\·;ed (Friearnan ana Obradovich 19(j1, r~lichels, Tsang and i·Jelson 1~(3).

r··~·..·.fq
r
L :~

The estinJate was haade that the rnaXit;luO. po.ssible hydration ttlickness .vas

unlikely to exceea 40 }Jnl (correspundiny to an age of 1.1'hl.Y., Frieolnan and

In vie", of the fact that the j;lount EaziLa Volcanic

COHlplex experiencea extensive and repeatea glaciations aurins tile past

that ttle actual hyaration effects are Inuch sr.ldller than this extrelue case

of extrenu: cold, the actual hydration thickness on any naturally occurring.

obsidian pebbie is prooably less than 20 ,urn. This corresponds to a maxinluHI

iaealizea situation in which an element is leached ~ut,
I,

the hydration rind (100% leaching), and a hydration

Assunling an

the resultant depletion of that elernent in a 'whole rock san:ple (obtained: by

powderin~ this rectangular peDDle) ~'~ould equal to 0.41%., However, sputter

thickness of 20 rnicrons on a rectangular pebole of the airuensions 2x3x5 'em,

""

inducea optical emission experiments (Tsang et ale 1978) have aenlonstrat'ed

age of 150,OOu years (ibia.), or to a maxilllunl age of 50 ,OUO, years (group: B,

i\iichel s, Tsang and Nel son 1983).

cOlnpletely wittlin

Iilillion years, and the hydration rate ~~JOUld have been slovJer (1urin~ periOdS

band) was observea in the liyht elen.ents Na and K, and it becarne negliyible

for elements heavier than Al (ibid.). This inaicates that natural surface

of lOGlo leaching. The greatest effect (a 20':, aepletion \~ithin the hyaration

leaching 't/ithin the hydration rind or an obsidian pebole is not signi~icant

~or the elernents'Fe, Rb, Y, Zr, ana Nb.
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Th~ standard deviation from the mean in the semi-quantitative results

for Fe,- Rb, Y, Zr, and Nb ;s between 1% - 5%, and it is much larger than

this in the lighter elements K, Ca, Ti, and Mn. Thus any element depletion

due to surface leaching is well within the experimental error in the semi~

I .
quantitative results, and it should not be detectable in a whole rock

quantitative analysis.

To test the correctness of the above, all cortex was cut away with a
r

low-speed geological diamond saw from visibly weathered pebbles of two

abundant flows (Edziza #2 and #3). The cortex and inner portion of each

pebble were then prepared separately and analysed in duplicate as above.

There was no significant difference in the results (Table Sa). This

confirmed that all the naturally weathered pebbles selected for

quantitative analysis can be prepared wi.thout th~ need for cortex removal.

b'. Laboratory Procedures

The sample preparation procedures (grinding, sieving, and pelletizing

~ith polyvinyl alcohol) were tested~ A standard rock specimen (NBS Obsidian
I
I

~ock Standard SRM-278, an obsidian from Clear Lake, Newberry Crater,

O'regon, powdered to <200 mesh) was ground and sieved, and processed into

pellet and glass disk samples as above. Another sample of SRM-278 was not

subjected to the grinding and sieving, but it was pelletized with PYA.

The results of these preparations were compared to the results obtained

from existing pressed pellet and glass disk specimens of SRM-278,

previously prepared by USC Oceanography laboratory staff. These control

specimens were prepared without grinding, sieving, and without the addition

of PVA to the pellets. In addition, two other standard geological

specimens, G-2 and BeR-I, were prepared with PYA. All results were also
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results are summarized in Table 5b.

It ;s detenmined by

Precision of measurement is a measure of the reproducibility obtained

Comparison of the results from the control specimens and the glass

disks prepared by the method outlined above, determined. that the grinding

and sieving did not affect the major element concentrations. Similarly, the

results. However, the pellets which were ground and sieved became

due to the grinding process (S.· Calvert, pers. comm.). To avoid this

addition of PYA to pressed pellets did not affect the trace element

problem, grinding in an agate mill rather than a tungsten-carbide mill is

suggested for samples in which the Co concentration is significant. The Co

compared with the element values recommended in the literature. These

contaminated with small amounts of cobalt. This cobalt contamination is

the -Edziza obsidians is very low. Because of the contamination due to

concentrations detected in the ten Edziza obsidian flows were not

by the instrument from one sample to the next.

significantly different from the Co-contamination level in the re-ground

SRM-278 sample. T'his indicates that the actual Co concentration (in ppm) in

grinding, the determination of Co is excluded from the WD-XRF results

reported here for the ten Mount Edziza obsidian iflows.
I
I

I

c. Experimental precision and accuracy

conducting a number of non-consecutive analyses of one sample, and then

checking the standard deviation of these analyses. The smaller the standard

deviation, the more precise the measurement. The analytical precision for

the major elements was determined through ten analyses each of two

geological rock standards, G-2 and BCR-l. The analytical precision for the

trace elements was determined through ten analyses each of the geological

rock standards AGV-l and NIM-S, and of Edziza #3. The experimental means
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and standard deviations were calculated for all four rock standards and for

Standards. Recommended literature values, and the difference between the

For the major elements, the

precisions are 0.3% and 0.1% for 5102 and A1 2 03

Edziza #3, and are presented in Table Sc.

A measure of the experimental accuracy obtainable from duplicate
!

experimental

respectively, and typicall:y between 0.05 and 0.01 in the other oxides. For
I -

the trace elements, the experimental precisions are typically between 4 and

experimental measurements reflect the true element concentrations in a

1 part per million. Ba and Mn, when present in very high concentrations,

have analytical precisions of over 20 ppm.

The analytical accuracy is a measure of how closely do the

sample. Accuracy of experimental results can thus be determined through a

1 iterature values recommended for them by the u.s. Nationa') Bureau of

comparison of experimentally-obtained values for standard rocks with the

recommended and the experimental element concentrations, are quoted here

for all four' geological standards analysed (Table 5c).

analyses can also be de~ived by comparing the recommended literature values

in Table 5b with the experimental values obtained for the major elements of

sample SRM-278 Control, and for the trace elements in samples SRM-278 PYA,

G-2 PYA, and BCR-l PYA.



Notes: 1. bdl = below detection limit.
2. for experimental precisions, see Table 5c (p. 65).
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Pressed Pellets:

SRM-278 G-2 BCR-1
pYA PVA+G+S Lit. PYA Lit. PYA Lit.

ppm
Sa 860 861 1150? 1752 1900 688 I 680 I
Co 2 47 2 9 5 33 36

!Cr 11 9 6 5 8 13 15 i
Cu 4 10 6 11 10 22 16 ~

IMn 432 439 402 254 265 1357 1350 I

Ni 11 9 4 3 4 15 10 I

Pb 18 20 16 31 30 22 14
Rb 130 127 128 169 170 48 47
Sr 69 68 64 455 480 326 330
V 10 11 ? 51 36 425 420
y 43 42 12 11 36 40
Zn 52 49 55? 81 84 122 125
Zr 284 278 294 300 187 185
Nb 19 19 12 13 14 19

Ce 43 49
La 29 26
Nd 27 27

Notes: 1. PYA = polyvinyl alcohol added to obsidian powder.
2. G+S = sample was ground in a tungsten-carbide mill and sieved in

a 200-mesh brass sieve.
3. for experimental precisions, see Table 5c (p. 65).

TABLE 5b

Effect of sample preparation on element values

73.1
0.24

14.15
2.04
0.05
?
0.98
4.84
4.16
0.04
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SRM-278
G+S Literature

74.2
0.25

14.215
2.115
0.03
0.28
0.98
4.37
4.15
0.05

100.50

73.2
0.245

14.31
2.115
0.035
0.27
1.00
3.935
4.16
0.04

99.37

Control
%

5;02
Ti02
A1203
Fe2 03
MnO
MgO
CaD
Na20
K2 0
P2 Os
Total

Glass Disks:



· TABLE 5c

Analytical preclslon and accuracy
for all major and minor element analyses

BCR-l G-2

Experimental [ 1 t-EXp Experimenta1 Li t-Exp
Lit. x S Li~t. x S

%
Si02 54.53 54.0 0.3 0.5 69.22 68.8 0.3 0.4
Ti02 2.26 2.24 0.02 0.02 0 ..48 0.50 0.01 0.02
A1 203 13.72 13.52 0.11 0.2 15. r40 15.48 0.10 0.08
Fe203 13.44 13.61 0.05 0.17 2.67 2.70 0.007 0.07
r~nO 0.18 0.15 0.01 0.03 0.03 0.034 0.005 0.004
MgO 3.48 3.35 0.04 0.13 0.75 0.77 0.03 0.02
CaD 6.97 7.00 0.04 0.03 1.96 1.97 0.02 0.01
Na20 3.30 3.25 0.05 0.05 4.06 4.04 0.07 0.02
K20 1.70 1.72 0.02 0.02 4.46 4.51 0.03 0.05
P20S 0.36 0.36 0.006 0 0.13 0.125 0.005 0.005

Edziza
AGV-1 NIM-S #3

Experim. Experim. Experim. Detecti on
Lit. x S L-E Lit. x s L-E x S Limit

ppm
I 1200Sa 1037 29 160 2400 2812 69 410 42 6 22

Co 16 13 4 3 4 7 3 3 29 2 30
Cr 10 9. 2 1 12 33 2 21 11 1 14
Cu 59 66 4 7 bdl odl 17
Mn 728 741 22 12 80 84 4 4 458 2 14
Ni 15 14 2 1 bdl 10 1 16
Pb 33 41 2 8 5 4 2 1 32 2 40
Rb 67 68 0.7 1 530 517 0.9 13 199 0.7 7
Sr 660 683 4 23 62 64 1 1 11 1 71

V 125 144 7 19 10 55 3 45 bdl 12
y 19 23 1 4 3 bdl >2 124 1 1
Zn 86 87 3 1 10 10 2 0 237 2 12
Zr 230 219 2 11 33 25 1 8 1019 3 8

Na(%) 4.32 4.02 .01 .30 0.43 0.39 .01 .04 0.14%
Nb' 16 18 1 2 bdl 145 1 6
Mo bdl bdl bdl 6

Notes: 1. no recommended literature values are available for Edz;za #3.
2. x = experimental mean of ten analyses.
3. s = one standard deviation from the mean; this ;s a measure of the

analytical precision.
4. Lit-Exp and L-E = literature - experimental, absolute value; this

is a measure of the experimental accuracy, ie. how close the
experimental values are to true values.
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Results

preparation of glass disks (Norrish and Hutton 1969),

Major element concentrations are expressed as oxides;n percent by

glass disk or pellet sample. As stated above (see p. 57), two glass disks

and two pellets were prepared for each of the ten Edziza flows.

of the ten Mount Edziza obsidian flows are presented in Table 6. All values

quoted represent an average of two analyses, each performed on a different

The' results of the wavelength dispersive x-ray fl uorescence analysis

weight, on a volatile-free basis (~20 and CO2 are lost during the heating

process in glass disk preparat;o~. Total Fe content is expressed as Fe 203 •

All w3jor element concentrations except Na 20 were determined by glass disk

analysis. Since Na is particularly volatile and ;s easily lost during the

concentration was determi ned by pressed pellet analysis.

All trace and rare earth element concentrations were determi ned by

pressed pell~t analysis. They are expressed in,parts pel" million by.
I

weight. Rare earth element data were rounded to te~ parts per million.

in question. This detection limit is a strict statistical definition; for

!

The detecti on 1 imi t quoted for each trace and! rare earth' element is
I

defined as equal, to six standard deviations from t~e background count (the

count obtained when the concentration ;s known to be 0 ppm) at the element

practical purposes, any concentration value equal to or greater than half

the quoted detection limit is reasonably reliable (B. Cousens, pers.

comm.), with a probability of >99%.



TABLE 6
Absolute chemical concentrations of ten Mount Edziza obsidian flows

Flow #: 1 2 3 4 5 6 7 8 9 10

%
Si02 76.3 77.0 76.8 77.2 78.7 68.3 75.6 76.3 77.0 77.9
Ti02 0.39 0.32 0.18 0.15 0.12 0.64 0.16 0.35 0.09 1).0.6
A1203 .9.09 9.02 11.10 11.35 10.46 9.91 7.23 8.52 12.16 12.19
Fe203 6.00 5.77 2.99 2.66 2.64 10.74 8.35 6.82 1.78 ~~24
MnO 0.07 0.06 0.03 0.03 0.02 0.22 0.11 0.08 0.01 0.01
MgO 0.01 0.02 0.02 0.12 -- 0.02 0.01 0.02 0.04 0 0
CaO 0.28 0.23 0.25 0.26 0.18 0.77 0.15 0.25 ..

O~23 O~31

Na 20 4.25 4.21 4.13 4.39 4.22 5.91 5.58 4.46 4.12 4.18
K20 4.24 4.25 4.52 4.26 4.02 4.18 3.88 4.19 4041 4.07
P2 Os 0.02 0.02 0.02 0.01 0.01 0.05 0.03 0.02 0.01 0.01

Total 100.68 100.91 100.02 100.40 100.36 100.68 101.07 100.98 99.78 99.94
(J) Detection-......J

ppm Limit
Ba 31 32 34 56 I 36 21 46 35 30 40 22
Mn 850 770 457 373 331 2280 1170 920 223 204 7
Ni 15 18 14 16 15 19 42 21 14 10 16
Pb 20 23 34 20 31 L8 53 27 35 43 40
Rb 126 155 200 208 271 182 283 161 321 493 7
Sr 11 12 11 18 12 11 20 13 10 10 7
y 124 147 126 140 133 188 363 181 143 150 1
Zn 300 331 240 183 216 398 723 404 195 190. 12
Zr 984 1208 1017 662 845 1546 2879 1396 454 215 8
Nb 106 125 124 139 141 211 305 158 145 155 6
Ce 220 270 250 180 150 360 670 300 100 40 60
La 110 140 130 90 80 190 340 150 50 20 60
Nd 160 180 150 120 110 230 380 210 90 60 60

Notes: 1. Cr, Cu, Mo, and V: below the detection limit (14, 17, 6, and 12 ppm respectively) in all flows
2. Co concentration (in ppm) is estimated to be very low in all flows (see text)
3. For measurement uncertainties, see Table 5c (p. 65).



Discussion·

in Section 1 resulted in absolute element concentrations for ten major

The WD-XRF analysis of the ten Mount Edziza obsidian flows identified

Of the fifteen trace element determinations, four elements (Cr,

elements (ex/pressed as oxides in percent by weight), fift'een trace
I

elements, and three rare earth elements (expressed in parts per million by

weight).

CU, Mo, and V) were found to be below the detection limit in all ten of the

Mount Edziza obsidians. Additionally, the Co determination was rejected

from the results, because of Co contamination of all samples during the

68

very

the Co

the;s

However,in a tungsten-carbide Inill.

feature· of these element determinations

A large range is also exhibited by the Zn values (compare

significantA

grinding process

Apart from being viewed simply as a self-contained set of absolute

flows are also very low,

the trace elements in the ,ten obsidian flows. In many cases this range

I
j

large range of element concentration values obtained for both the major ,and

approaches or even exceeds a factor of ten. For example, among the major

elements compare the Ti and the Fe concentrations in flows 6 and 10; the

MnO concentration in flows 6, 7, 9, and 10; and the MgO concentration in

concentrations detected in the ten Mount Edziza obsidian samples were

comparable to the Co concentration level (47 ppm) ;n a similarly processed

test sample whose true Co concentration is known to be very low (2 ppm).

This suggests that the true Co concentrations in the Mount Edziza obsidian

exhibited by the Zr concentration, which varies by a factor of 14 between

flows 4, 9, and 10. Among the trace elements, the most striking range is

flows 7 and 10.

flows 4 and 7), the Rb values (flows 1 and 10), and the Ce and La values

(compare flow 7 with flows 9 and 10).

.-

. I
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element results obtained here should reflect the results obtained for the

Since

In this case, although the rocks

Such a comparison can be useful in several ways. It can help to

Volcanic Complex by Souther and Hickson (Souther and Hickson 1984).

recently reported for the basalt comendite series of 'the Mount Edziza
A

element values pertaining to a closed set of related obsidian flows, these

results may also be discussed in the light of some previous iresearch on two

related topics. First, they may be compared to the chemical analyses

the Mount Edziza obsidians form a part of this basalt comendite series, the

methods.

the Mount Edziza Volcanic Complex.

variation observed w·thin other major multi-flow obsidian sources, ie.

salic rocks (68-80% Si02 ) of that series. Second, they may be compared to

other significant obsidian sources from around the world, characterized

chemically at different times, by various researchers, and by different

determine the petrological class of obsidians to which the Mount Edziza

flows belong; it can relate the range of variation in the chemical

intra-source variation; and finally, it will demonstrate some of the inter-

thus placing the results obtained here into a broader perspective.

compositions exhibited by these ten related flows to the ranges of chemical

a: A comparison of the obsidian flows with the basalt comendite series of

Comparisons of the chemical compositions of igneous rocks are usually

accomplished by first relating all major and trace element concentrations

source variation in the chem'ical compositions of unrelated obsidian flows,

in a sample to its Si02 content, and then by examining the element values

in the two sets of rocks being compared, for all rock samples which fall

within the same range of S;02 contents.

of the basalt comendite series from the Mount Edz;za Volcanic Complex

(Souther and Hickson 1984) range in their 5i02 content from 45% to 80~, it



is relevant to compare the ten obsidian flow results with the element

concentrations of the basalt comendite rocks only within the 68-80% range

of 5i02 content. The normal procedure adopted towards such comparisons is

to construct plots known as IIHarker variation diagrams", where all major

and trace elements are plotted on the y-ax~s as a function of the 5i02

concentration (plotted on the x-axis). Harker variation diagrams not only

permit the comparison between two data sets to be accomplished simply on a
t

graphical basis, they also help to recognize conslstent trends in major and

trace element concentration changes with increasing 5i02 concentrations.

These trends are important in confirming postulated genetic relationships

for a suite of rocks from a small geographic area. In order to facilitate

this comparison, Harker diagrams for the major and trac~ elements of the

ten Mount Edziza obsidian flows have been constructed (Figure 7).

All tre major element values observed in the ten Mount Edziza obsidian

flows are generally consistent with the m?jor element values of the basalt
I

comendite series ;n the same range of Si02 concentration (Souther and

Hickson :1984:88). Some minor differenc~s are o~served, however. For
I

example, the Edziza obsidians' Al values are 7-12%, compared to 8-15% for

the basalt comendite series, while the Fe values are 1-11%, as opposed to

1-7%.

The trace elements Sa, Co, Cr, Cu, Ni, Sr, and V are near or below the

detection limit in the rocks of the basalt comendite series. In the

obsidian data, Cr, Cu, V, and presumably Co, are also below the detection

limit, while values for Ni (10-42 ppm), 5r (10-20 ppm) and Sa (21-56 ppm)

are very low. Concentrations for these elements, therefore, appear to be in

agreement in both works.
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FIGURE 7a: Harker variation diagrams for ten Mount Edziza
obsidian flows identified: major elements.

LEGEND:

Circles represent from left to right: flows 6, 7, 8, 1, 2.

Diamonds "represent from left to right: flows 3, 9, 4, 10, 5.
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Circles represent from left to right: flows 6, 7, 8, 1, 2.

FIGURE 7b: Harker variation diagrams for ten ~1ount Edziza
obsidian flows identified: trace and rare earth elements.

Oiamonds represent from left to' right: flows 3, 9, 4, 10, 5.
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of the obsidian flows have La values which fall within the ra~ge reported

r~nges: 20-340 ppm in La, 126-493 ppm in Rb, and 124-3p3 ppm in Y. Five

There are also large differences in the ranges of concentrations

The obsidian data shows these concentrations to have ·much larger
I

ppm.

reported for La, Rb, and Y. In Souther and Hickson (1984:99) the values

f9 r these elements are, respectively, 0-115 ppm, 100~23.0 ppm, and 30-70

by Souther and Hickson, and six have Rb values which fall .within that

range. The concentrations for the element Y, on the other hand, are clearly

different in the two works.

As both sets of data being compared above represent absolute element

concentrations, it is unlikely that these differences are due to the the

analytical methods used to obtain them. They may be due to sampling error,

since the high-silica rocks formed a very small part only in Souther and

Hickson's much more extensive study. It is also possible that they are due

to some differen~es in the processes responsible for the formation of high

silica crystalline rocks, and those which lead to the solidification of the
I

j

natural glass obsidian. Obsidian quenches very rapidly, (usually on the

order of minutes), while solidification of crystalline rocks ;s much

slower, during which time post-eruptive chemical changes may take place

(for example, see Macdonald [1974:5,14J).
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these elements" (ibid.:13).

in the Fantale obsidian, the characteristics of these obsidians

Kenyan and Mayor Island obsidian flows. With the exception of a high Sa

Edziza flow 6 has a

I
sources are known as

Peralkaline rocks can be

the aboveAll

74

!
ie., rocks which, by definition, have a molecular excess of

two African obsidians.

Among the Edziza obsidians, flows #1, 2, 7, and 8 have major-element

total Fe, MnO, Na2 0, and Ti02 , and low A1 2 03 , CaD, and MgO; comendites

"generally transitional towards the non-peralkaline rhyolites in

s close to the pantellerite averages, while flows 3, 4, and 5 have

A comparison of the chemical compositions of the Mount Edziza obsidian
flows with other obsidian sources of the world.

The Edziza obsidians represented by flows 1 to-8 are quite similar to

Or-element values close to the comendite averages.

into the strongly peralkaline pantellerites, and the

i1dly peralkaline comendites. Pantelleritic chemistry is characterized by

Table 7. Average values for pantellerites, comendites, and rhyolites

include very low Sa, CU, MO, Pb, and Sr values, and high values for Mn, Rb,

Nb. Edziza 7 is most like Kenya M, while Edz;za '1, 2~ and 8 are

to Kenya m, in the concentr~tions of the trace elements;given for
I

For the purposes of relating the Mount Edziza obsidians to other

significant sources of the world, the chemica1 compositions of several

obsidians from Kenya (Bailey and Macdonald 1975; Weaver 1977), Ethiopia

(Gibson 1972), Iceland (Klein, Kluger and Wieseneder 1979), Mayor Island

(Ewart, Taylor and Capp 1968; Leach and Warren '1981), New Britain (Lowder

and Carmichael 1970), and California (Noble et al 1972) are presented in

(Macdonald 1974) are also presented.



KEY TO TABLE 7-----
Average valuE;s:
1. Average Pantellerite
2. Average Comendite
3. Average non-peralkaline Rhyolite

Peralkaline Obsidian Sources:

East Africa
4. Eburru, Kenya (m);
5. Eburru, Kenya (M);
6. Emuruangogolok, Kenya {563};
7. Fantale, Ethiopia (Y346);

New Zealand
8. Mayor Island, main dome (4a, P.29560);
9~ .May·or Island, honey variety (16);

Calc-alkaline and Alkaline-calcic Obsidian Sources:

10. Talasea, New Britain (343);
11. Landmannalaugar, Iceland, (#5);

Sub-alkaline Obsidian SourC2:

12. Glass Mountain, ~1ono County, California (M03B);

Reference

Macdonald 1974
Macdonald 1974
Macdonald 1974

Bailey and Macdonald 1975
Bailey and Macdonald 1975
Weaver 1977
Gibson 1972

Ewart, Taylor &Copp 1968
Leach and Warren 1981

lowder and Carmichael 1970.
Klein et al 1979

Noble et al 1972



TABLE 7

Major and minor element concentrations in different obsidian sources of the world.

Source: 1 2 ~ 3 4 5 6 7 8 9 10 11 12
----Averages---- -----~-------Peralkaline--------------

-~------~---~------Pan. Com. Rhy.
01
A:>

5i02- 71.2 74.0 74.06 62.61 69.56 73.40 75.33 70.95 76.38Ti01 0.37 0.21 0.19 0.81 0.49 0.15 0.27 0.50 0.07
A1 2 03 9.11 11.59 13.37 11.01 9.62 9.05 12.58 14.81 12.65Total Fe 6.90 3.13 1.81 11.06 7.61 6.15 3.6 2.46 3.19 1.07MnO 0.21 0.08 0.07 0.44 0.17 0.19 0.07 0.14 -o. OS'MgO 0.09 0.04 0.13 0.15 0.02 0.01 0.24 0.65 0.01CaD 0.45 0.36 0.42 0.90 0.47 0.21 1.25 0.22 0.56
Na2 0 6.44 5.35 4.50 7.84 6.66 6.20 4.6 4.02 5.46 4.06
K2 0 4.40 4.46 4.36 4.11 4.39 4.25 3.82 3.92 4.67
P2 Os 0.05 0.02 0.03 0.05 0.01 0.02 0.01 0.01

'-J
Total 99.01 99.72 99.99 100.46 99.85 99.90

U1
0-

----. -ppm
Sa 126 700 31 39 645 560 30Cu 5.55
Mn 1450
Mo 24 6.5Pb 41Rb 131 417 218 120 162 139 55 16.5 192Sr 13 12 4.7 200 5Y 195 410 218 130 190 20 34Zn 333 537 146Zr 1038 3058 1380 1050 1520 1019 150 120Nb 230 542 359 155 81 22

Ce 355 270 158 162 50 212 52La 205 120 130 90 20 105Nd 125 106 63
------------~-~---------~~---~---~--------~-~-------------------~--~------------~------------Notes: 1. For ease of comparison with Table 6, FeD and Fe

2
0

3 values froln original sources
are summed as Total Fe (oxides).

2. ~I;ssing values not quoted in the original sources.



deviations from average values are not given) quoted by Macdonald for

very high total Fe value, which places it very close to Macdonald1s line

dividing pantellerites and pantelleritic trachyt~s (ibid.:7), and thus it

is probably intermediate to these two rock types.

The major element values in Edziza flows 9:and 10 suggest that these

two flows lare 'either very mildly peralkaline, or they are non-peralkaline

rhyolites. strictly speaking, both fall within the range (standard

r
comendites (ibid.:10). However, their total Fe values are far below the

comendite average Fe value, while their Al contents are higher. In fact,

their total Fe values are below the average Fe content in the non-

peralkaline rhyolites. They are also similar in major element

concentrations to the average rhyolite lava quoted by Carmichael (sub

alkaline rocks, entrl 10) in Irvine and Baragar 1971:546), and in the major

and some trace element concentrations to the sub-alkaline obsidian source

of Glass Mountain, California (Table 7~ entry 12; after Noble et al 1972).

Souther and Hickson also classify a highly salic rock with an A1 2 03 content

of 12.10% and total Fe content of 1.70% a~ a rhyolite rather than a

comendite (Table III, #29, in Souther and Hickson 1984:87). In conformance

with the above authors, therefore, the Edziza flows 9 and 10 are

interpreted here as having a non-peralkaline chemistry.

The calc-alkaline and alkaline-calcic obsidians from New Britain and

Iceland, respectively, are included in Table 7 to demonstrate the wide

.range of trace element values observed in obsidian rocks. Both have high Sa

and/or Sr concentrations, and low Rb, Y, and Zr concentrations. None of

the Edziza obsidian flows show such a pattern.

In summary, most of the Mount Edziza obsidian flows fit in the class

of peralkaline obsidian compo~ition. Flows 1, 2, 7, and 8 are interpreted

as pantellerites; flows 3, 4, and 5 as comendites; and flow 6 as a
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pantelleritic trachyte (transitional to panteller1te). Two E~dziza flows, 9

and 10, are interpreted as sub-alkaline in composition. The presence of

transitional rock types within the Mount Edziza Volcanic' Complex ha·s been

observed by Souther and Hickson: lithe salic suite inclupes ( .•. ) ~ members

which.appear to grade from one to another without any obvious~mineralogical

or chemical gaps" (Souther and Hickson 1984:84).

The chemical trend in the formation of lavas is that per~lkaline lavas

need 'longer residence times within a magmatic reservoir under the surface

of the earth than do the alkaline lavas. In other words, the more strongly

peralkaline the rock, the longer the residence time of its parent magma. In

particular, pantelleritic (or strongly peralkaline) composition is

Formation.
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characteristic in areas of rift tectonism (Cann 1983).

should.be found stratigraphically above

In fact, this is the case. As discussed in Section 1,

The chemical nature of Edziza flows 9 and 10 suggests that they have

indicative of prolonged magmatic evolution of the parent magma, and is

.. 1 ,I d t·requlrlng onger reS1 ence lmes,

is found about lOa' lower in elevation than flow 5 within the Pyramid

flows 9 and 10.

flow 4 is found 500' above flow 10 in the Ice Peak Formation, while flow 9

In addition to this, the most strongly peralkaline of the Mount Edziza

obsidian flows (flows 7 and 8) are found within the Armadillo Formation.

This is the oldest fornlation in the Mount Edziza Volcanic Complex which

it is also volumetrically the largest among the fifteen formations

contains salic rocks, having a mean age of 6.3 Ma. At 159 cubic kilometres,

formed at an earl~ stage of evolution of the Pyramid and Ice Peak

formations, respect{vely. The other two flows within these 'formations
i
I

(flows 5 and 4, respectively), being more strongly peralkaline; and thus



(0.25 Ma for the Pyramid) (Souther et al 1984).

approximately 1 Ma, respectively), and their lifespans have a narrow range

Armadillo Formation magma chamber is consistent' with the oversaturated

A long time span for the active life of thepossibly be as long as 4 Ma.

peralkaline nature of the obsidian flows within this formation. In contrast,

both the Pyramid and the Ice Peak formations are young (1.1 Ma, and

identified within the Complex (Souther et al 1984; Souther and Hickson

1984). The lifespan for this formation is at least 1.1 Ma, and might

c. Geochemical Interpretations on the basis of absolute element
concentrations

The element concentrations within a suite of igneous rocks can be used

to discriminate between/two different processes of igneous rock formation.
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surface, where it solidifies into a new daughter rock, distinct in its

proportions of the parent material involved in the partial melting process,

High pressure forces the resultant liquid out onto the earth's

volcanic heating. Since different minerals melt at different te~peratures

and pressures, some minerals in the parent rock are liquefied faster than
I

others.

The two processes are known as partial meltin~ or crustal anatexis, and as

crystal fractionation or fractional crystallization.

Partial me1ting is a process in which existing rock (old continental
I

crust, sediments, new basaltic crust, etc.) remelts ·into magma because of

the rate of removal of the resultant melt, temperature, pressure, and other

chemical composition from that of the parent material.

Various partial melting equations (for example, Shaw 1970) can be used

to calculate the expected concentration of an element in the daughter rocks,

given the initial chemical composition of the parent material, the

data (Berman 1981; Johnson, Smith and Taylor 1978). These equations can also

be used to verify a parent-daughter relationship between different rocks



found in geographic proximity to each other (ibid.:65).

The crystal fractionation process is one which involves a compl~tely

molten lava, which changes in its chemical compositidn through time. In

this process, known as the Bo~en ~ reaction series, (Press and Siever

1978:347), specific minerals are formed in a known sequence of chemical

compositions within a liquid magma, during. a long and slow cooling process.

These minerals are then removed from t~e meJt, either through gravitational

settling or through extrusion. This results in a residual melt of a

different chemical composition than the original magma. Unless the melt

cools and solidifies into rock, different mineral crystals continue to form

and be removed, and thus the composition of the remaining magma continues to

change in a gradual fashion. Rocks formed at different stages of crystal

fractionation reflect this gradual change.

As in the case of the partial melting process, the crystal

fractionation process can be modeled mathematically, using the Rayleigh

fractionation model (Shaw 1970). This permits the derivation of various

intermediate and end-member rocks from ~ifferent original fractionating

I magmas, under different conditions of bulk composition, :emperature,

I pressure, and rate of crystal removal. Souther and Hickson used mathematical

modeling (of major elements) to derive various modes of crystal

fractionation for the igneous rocks of the Mount Edziza Volcanic Complex.

The derivation of a genetic relationship among some of the Edziza

obsidian flows would be useful in confirming that flow 6 is part of the

Armadillo Formation. The simplest way of doing this is to plot major and

minor element concentrations against the samples' 5i02 content, as was done

in the Harker diagrams above (Fig. 7). Relatively smooth compositional

variations in such diagrams indicate that a postulated genetic relationship
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is correct. Such variations were observed by Berman for rocks of the

Coquihalla Volcanic Complex (Berman 1981:157-158) and by Souther and Hickson

for the basalt comendite series of the Mount Edziza Volcanic Complex

(Souther and Hickson 1984:88, 99).

The Harker di agrams ; n F;'g. 7 can be exami ned to veri fy whi ch of the

ten Mount Edziza obsidian flows are genetically related. For the major

elements (Fig. 7a), the set of obsidian flows postulated to originate within

the Armadillo Fonnation (circle's, representing flows 6, 7,8, 1, and 2) in

general show consistently higher concentrations of Ti, Fe, Mn, and P, and

consistently lower concentrations of Al, than the other five flows

(diamonds, representing flows 3, 9, 4, 10, and 5). Since the latter five

7lows are thought to have originated from three different formations, a
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large amount of scatter in these points should not be cause for concern.

although the range of variation commonly observed in them usually permit:s

gradual and predictable changes,Trace elements can also show

depleted during the latter stage of the process (Souther and Hickson

1984:99). Certain trace elements (for example Zr, Nd, Ce, and Nb) are

commonly considered as hygromagmatophile or incompatible, and they tend to

remain in the melt during the entire fractionation pr~cess, with resultant

terminal enrichment (Berman 1981). Others (for example, Sa and Sr) have a

chemical affinity for the crystal phase, and are removed in the minerals

fractionating out of the melt, so that their highest concentrations are

found in the early-stage rocks.

l I
only qualitative observations to be made. Certain trace elements will tend

to be depleted, either very quickly ;n the e4rly stages. of fractionation
I

i
(for example, Ni) or very gradually (Cd). Other trace elements (Rb, y) will

I
show increasing enrichment as the fractionation proceeds. Still others (La

and Th) can show enrichment in'the early stages of fractionation, but are



As ~ in the case of Harker diagrams, a suite of rocks from a single

continuously fractionating magma should show a positive linear correlation

between the chemical concentrations of two incompatible ~lements . in these

rocks (B. Couseps, ~ pers". comm.; Berman 1981). If the data points do not
I -

form one straight ]ine, then either they are not all members of a single

fractionating suite, or the crystal fractionation model is not appropriate

for the formation of the: set of rocks being studied. In general, nearly

linear patterns are not consistent with partial melting processes, and

-partial melting processes cause a much greater departure from linearity in

trace element correlation diagrams than crystal fractionation processes

(Berman 1981).

In order to test the above, several incolnpatible elements determined

for the Edziza obsidian flows were plotted in element correlation diagrams

(Fig. 8). Figure aa shows the relationship between the element Rb and the

elements Nb, Y, Ce, and Nd. The pattern which emerges from these graphs

suggests that flows 1, 2, 8, 6, and 7 are related in the manner predicted by

a crystal fractionation model for a single fractionating suite. This

confirms the suggestion made earlier in this thesis that flow 6 is a part of

the Armadillo Formation along with the other four flows, and that at least

three of these (flows 1, 2, and 8) are closely related chemically.

The data points for flows 3, 4, 5, 9, and 10 show more scatter, and a

strong positive linear correlation ;s not observed for them. Where a linear

correlation can be inferred, it is either weak (Rb ~ Nb, and Rb ~ Y, Fig.

8a) or negative (Fig. 8b). Thus, it is unlikely that these five flows are

members of a single fractionating suite. Since they come from widely

separated outcrops within the Mount Edziza Volcanic Complex, and have been

assigned to different geological formations, this is a valid conclusion.
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Figure 8: The relationships bet~veen several of the ~iinor and trace
e1E:Lients in ten j·~ount Edzi za obsi di an fl ov~'s.

b) t~b ana Y vs Zr and Zn.
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case.

d. Relative vs Absolute Element Concentrations

element concentrations of each obsidian flow were constructed for most of

In most cases, the

The interpretation of such a relationship is

It would not be useful for individual samples.

Such a comparison would only be valid for obsidian data consisting

Two exceptions to such a linear relationship were observed for the
:

here.

Graphs relating the relative element/Compton ratios and the absolute

These relative vs absolute concentra~ion plots can be useful in
r

I

the elements detected by both methods. They are presented in Figure 9a (Ti,

Mn, Fe, and Zn) and in Figure 9b (Rb, Y, Zr, and Nb).

relating the semi-quantitative data obtained with the ED-XRF spectrometer

at SFU to the absolute element concentrations in obsidian flows not studied

Also, as can be observed from the graphs in Fig. 9, the absolute element

concentrations obtained through the use of the graphs would be of low

precision.
I
In most of the relative vs absolute element graphs a linear

and a standard deviation.

of several measurements, with each relative element ratio given by a mean

the absolute concentrations of these elements.

relatlonship is observed.
i

that ~or the obsidian flows studied, the semi-quantitative element/Compton

ratios measured with a Ag secondary target are directly proportional to

graphs of Fe and Rb. Instead of a straight line, the data points for these

straight-line fit falls within one standard deviation for all ten groups.

The graphs for the trace elements Zr, Zn, Y, and Nb show this to be the

two elements best describe a curve. However, a straight-line fit falls

within two standard deviations of all data points on these two graphs.
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Figure 9: COfilparison of the tViC analytical Ii-,ethocs used in the ciler.iical
charae t er i zat ion stu (j)1 0 f the i\ ~ 0 un tEd zi za 0 bsid ian flo \-. s .
b) ED-Xr:F relative concentrations vs hC-XRF absolute

concentrations for Kb, Y, Zr, and ~!b.
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~l hen san1p1es 0 f a si r,l i 1ar'

Suchachan 9e \~ i 11 natu r a11 y 1eaa

As Fe is one of the major constituent elernents in

As al.reaay stated in Secti on 1, the Compton scatter peak

Tile failure of these t\JO elements to srloh' the expected linear

relationshir.; is aue to an intrinsic limitation of the Corupton nornlalizatiorl

procedure.

thern. Thanks to this, elel!lent n0Y1:1alization to the COll1pton scatter peak is

since theoretically, the major elelr:ent chemical coniposition (and therefore

observed in an XRF spectruln;s inversely proportional to the average atoniic

nUlfiber Z of the specifllen being analysea.

exal;lineo, ttle Compton scatter peak is approxiriiate1y the sal,1e in all of

the average atornic nUflloer~) of obsidian varies very little. In 1O\"i-Z ,

sam p1e i nc rea ses, tile Cor,lpton peak beCOfiles small er .

to a cnange in the hei~ht of the Compton scatter peak: the f1ov~s ';Jith the

a valid procedure when several related obsidian flows are being studied,

CheItlical cOlilposition (and therefore of similar average atoL"lic number Z) are

increase in the concentration of Fe2 03 results in a 15% increase in the

observed for Fe2 OJ •

I

one of the characteristics of thelten j-flount Edziza obsidian flows 'IJhich had

obsidian, and Fe2uJ is r:luch heavier than Si02 (atolo;c \~eiuht = 160 aInu, as

opposed to 60 alou) , a sITlall change in its concentration can De expected to

1i~htvJeiS"lt salilples the Conlpton scatter peak is hi~h; as the average Z of a

Ubsidian is a relatively light substance, and its average l is

10"'. Ttle absolute elerllent concentrations in Table 6 shot,-; that r;io:t of the
I

ten f~'iount "El1ziza flows are coruposed of aoout 76% by "Jeight SiOz • hOvJever,

highest"scatter peaks.

average atornic ~"ei9ht of the obsidian.

alreaoy been pointed out above i~ the very large range of concentrations

change the average Z"of the obsiuian considerably. For example, a 5~h

highest Fe content (flows 6 and 7) will have the lowest scatter peaks,

while the floVJS with the lowest Fe contents (flo ..~s 10 and ~) VJill flave tne



The curve for Kb (Fig. 9b) is sub-linear: it curves down' frofll a

Trle curve for Fe (FiS. 9a) is supra-linear; that is, it rises faster

concentra ti on increases, then the Compton scatter peak decreases,: and so

Fe

The reason for this is as follows. As the Fe

Fe/COlllpton ratio increases faster than the real

The hi ~nest Fe/Compton rati 0 observed is that for fl ov~ b,

than a straiyht line.

the Obs'id~,an flo~~' \'Jith the lowest 5i02 (68.2tJ%) and the hiyhest Fe 2 0
3

(10.74%) concentrations observed in the ten flo\'/s.
r

the . re 1at i ve
I

concentration.

~'hose Fe concentration of 1.24'h is the lo~~'est observed in the ten haunt

88

I
',isin~il ar

on a s t r a i St1 t - 1i ne fit; allot11e r sao . This poi nt corres po nos to i 10 ~~ 10,

Eaziza obsiaian flo\~·s. The Compton scatter peak for this. flo\-, ;s therefore

hi 9her than in the other fl o~~s, and so the Hb/Compton ra ti 0 is lower than

strai~ht line. In fact, only the highest point on that s;raph does not fall

it ~vould have been ff the Cornpton did.not vary inversely with a sanlple's

result' (not included here) has been obtained for ttl€ relative vs absolute

Graphs for the tVJO 1ightest elernents detected, i( ana Ca are not

average z.

suppor-ced by tne aata for poorly detected lO\~J eleUlent peaks.

incl uded. For these tv-lO peaks near the lo\.;-eneruy extreme of the x-ray

A yraph of Ti shOVJS that the linear relationship betvieen the relative

eler:ient/Con'lpton ratios and absolute elelnent 'concentrations ;s not well

fi t to the Ga ta ob ta i neG fron) lOVJ peak s •

concentrati ons of Po. Trle scatter observed in these graphs is due both to

counting scatter ana to the large errors (20%) in the computer-generated

continuum, the scatter and the detection efficiency of the ED-XRF results

are so poor that these relative Kana Ca concentrations have little bearing

on the real elerllent concentrations in the sar:lple. Obsidian analysis with a



Zn secondary tarSJet (K-alpha eillission er.lergy = b.b keV) shoula il"t",prove

dramatically the aetection efficiency and decrease the scatter in the

observea relative concentrations of K, Ca,. Ti, and [in. kelative

elerllent/Cofllpton ratios, measurea for these tour elements with a Zn

seconuary tar~et, could then De usea to const~uct'sirdiiar relative vs

absolute concentrations as those presented here.
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SECTION 3

A LOOK AT LOCAL OBSIDIAN EXPLOITATION PATTERNS
THROUGH A STUDY OF FIVE ARCHAEOLOGICAL .LITHIC ASSEMBLAGES.

Introduction

~---------ane-of-tne-speci-flcgoals-of-thearc-haeologica'-survey of the Mount
f

Edziza Volcanic Complex conducted·by Fladmark in 1981 was to determine the

extent of aboriginal utilization of the Edziza obsidian sources. This

objective was achieved with the documentation of 114 prehistoric sites. Of

these, all but 29 were found within Raspberry, Bourgeaux, and Artifact

valleys, on Kitsu Plateau, and on "Goat ll Mountain. Also, 82 of the 114

sites were designated either as quarry-workshops or flaking stations

devoted exclusively to the processing of raw ~bsidian rock into lithic tool

. ---~-pr-ef(rrrrfs~-Tl1e-r~maini ng-r2- sTles wer-e- Eampsl tes- or- rnul tf-functfon -si tes ~

I
The previously documented wide distribution of artifacts made from

Mount Edziza obsidian, extending hundreds of kilometres aw~y from the
I
I

Complex, attested indirectly to its significance as the largest and most
I

heavily exploited obsidian quarry in the Northwest. As a result of the

1981 survey, it became clear that the exploitation of the Mount Edziza

Volcanic Complex as an obsidian source was both extensive and intensive,

and that the obsidian exploitation was probably the single most important

- --------reason----fo-r- -pretltstori--c-numan-JYr-es-e-nce wftl1fn- th-e- Complex:-

Section 1 of this thesis established that the Raspberry Pass - "Goat"

Mountain - Artifact Valley area (Fig. 6b) was host to five distinct types

of obsidian, and that in most sampling locations, the obsidian occurred as

single-type unmixed deposits. Also, certain of the obsidian types

notably types 2 and 3 - show the heaviest concentrations in very different
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obsidian types in the artifacts from an archaeological site could thus be

obs i J ian t y pes 5 0 r 9, at sitesin /\ r t i fa ct valley, 'r'/O U1a ina i cate t hat the

ra~~ material 'vJas procureu at tne Pyraf;liG, 'Nell to ttle north of Artifact

The identification of particular

;s the only obsidian type found in the Raspberry Passareas. tdziza 2

only type found on "Goat ll !"Iountain.

sCdtters, \ytlich are of poor quality and of no use for tool llianufacture,

\~hile Edziza 3 is the preoolllinant oosidian type in !\rtifact 'vall~y, ana the

----

~- -.---tfsed--as--a- gUlde-fo-fhe - o-bs i di an procuren,ent stra teg i es practi ced by the

makers of these arti facts. For rexa[;lpl e, the presence of arti facts I.iade frorn

valley. Of course, since Artifact valley is itself full of obsiaian, such

a scen ario i s bi ~ h1Y i 1.1 probab1e • Ai dO n9 0 ttl er th i n9s, ho ~ 'e ver , tYPe

i •

Accessibility to concentratedtheir qualfty varies frout poor to gOOd.
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Analysis of artifacts fron1 ttle t\~O sites peryHit the follo'~iiny

type frequencies in the lithic '.-Jorkshop components of the t"-iO sites are the

ctlaracterization of obsidian artifacts can yield infonl!ation on whether raV1

and catilpsite cOlilpOnents, locateu in t\'JO different valleys. The natural

sari~e; ~vhether the obsidian type frequencies in the calflpsite components of

Description of the Sites and Assemblages chosen for study

Three si tes were chosen for thi s stUdy. T",o of them (Hi Tp-63 and HiTp-

l1iateri a1 proc ureftjent was a ~Je l·l-organi zed, task-ori ented process, or a niore

trle two 'sites are the sal;;e, .ana ho~~ do they differ from the frequencies in

obsidian type distributions near these sites are quite oifferent, althouSh

aifferent con'ponents \Jithin each site are the saBle; v~tlether the obsidian

corllparisons to be made: ~'t'hether the ol,)sidian type frequencies in the t'ilO

1) are lilulti-function, multi-component sites, containing lithic \rJorksbop



Figure 10: Location of the Archaeoiogical Site Discussed in the Text
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the lithic worksflop components; and finally, how' uo the obsidian type

frequencies iittl;n eacrl site relate to the natural obsidian type

uistribution,s in the ir.imeciiate vicinity of trlat site.

A ~ t ni r Gsite (H hTq-1) \-J asal so inc1U(jeCl i nthiss tu dY• I t lwa SiC h0 sen

lJoth because of its location, ana because of the rather unusual 'lithic

ass e!llb 1a9e i't con ta i nea. This site i 5 10 catetl 0 n the k r c tic P1ate au, far to

trle sotuth of any obsiaian sources within the COlliplex, and \~ell isolated

frolii any other arcr1aeological sites in the COl'llplex. It contained a diverse

1 i til i cassemb1age whie h inc 1ude <l mi c r 0 LJ 1ade5 ana a 1a r 9ewe11- fl ake a

biface. Analysis of these artifacts VJas Gone to deterfi'line INhere the rav-J

[llaterial for their manufacture Vias procurea.

a. HiT P-1 (E PI, ~'ietC r eek Site )

This site is locJtea at the junction of ~rtifact Creek ana its

tributary "~'let" Creek, at ar: elevation of 482U' (1460 m). It is one of the

t'v,ro-coniponent si tes, composea of ali thi c vJorKshop component (House 1), and

a catllpsite cor,lponent (Ared ~). The two components ao not overlie each

otiler, Dut are separatea Dy a di stance of SOllie /U ftl. Excavati ons of each

COillponent VJere perforrnea (Fl aUlilark 19b2).

House 1. Ttlis is a large natural aepression feature, presurliea to oe a

sinsle-occupation lithic worKshop dedicated to uiface preform Llanufacture.

Upon excavation, this cultural depression 'rJas fo nd to ccntain literally

tens of thousanus of obsidian aetritus flakes, and over 70 biface preform

fragulents. Of the biface preforllls, 8-10 are in an advanced state of

Inanufacture.

This cOfclponent is daten at 2b6U+-16U 8P (SFU 141), by C14 dating on

organic material associated with the lithics. It is al so associated with a

coastal-type Sround slate or siltstone projectile point typologically dated

93



94

chosen because it ...,as in ttle core area of most intensive lithic reduction

A l~; sarnp1e

However, on trle basi s of the strong fllicrobl aue

This sahlple consisted of: one nlicroblade core ana one

at 2UOO-3UUU years OPe No eviaence of a n1 i c rob 1aue industry ~v'as found.
; ..

Both the biface preforlils and the obsidian flaking aetritus \'Iere

sdll:plea for analysis. T'tienty reasonably complete bifaces ~iere ctlosen. Tt1e

number of flakes (nearly 10,000) excavated from any quaarat.

debitage flakes \~ere sat'llpled frol-l levels 2 to 5 of'a 50 x 50 cm unit (t·J22-
I

23 , E18-1 ~ , SE) . ~J i t hi n the c u1tu r a1 de pre s s ion f eatur e . This un i t \·ia s

The artifact saillple chosen for analysis consistea of 12 of the 32

Th.is conlponent is associated with a mininiunl aate of 1140+-60 BP (SFU

Area 2. The nlain excavations of this cOhlponent \'Iere conductea about 70

activity within the cultural depression, ana it contained the hiyhest

this saIiipling scher:je lIas 111.

the saiilple size exceedeo the nurnber of obsidian flovJS found in ttle stUGy

area. Tile total nUIllDer of obsioian debitage flakes analysea as a result of

ot" levels 2, 4, ana 5 ",as taken. Level 3 ~JdS saflipled at 5% to ensure that

Fl adrnark (1982: 245 ) •

rn SE. of the house 1 excavations. T(lirty-t'~'iO mooifiea tools and several

sU9~ested (Fl adlllark 1982: 248) •

actually vJithin it.

thousand oDsidian detritus flakes v~ere recovered. The moaifieu art·'fact
I

assemblage vJas a diverse one, consisting of microb'lades and microblaoe

I

cores, end- anp sioe-scrapers, bifaces ana retouched flakes, as well as
I

bi face preforITls and fl ake cores. The hi gh di versi ty of arti fact cl asses
I

in this asseHiblage places it ~·"ithin trle "carilpll class as defined by

cOlllponent in this asseltlblage, a rnuch ulaer date of approxir:lately 4000 8P is

162), obtained· on Iflaterial directly overlying the asselnblage but not

fllicroolaae, three scrapers, one complete and three broken bifaces, a

riloa; fi eo tool s.
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(Ash j).

lJ n1ike the

Fi rst, trle

J\~a 1 ~, as in the case of the Area 2 COfllt-i0nent of the '~·iet CreeK

The dati ng of Conlponent 1 is based on two cri teri a.

( Com po nent 1) ana ali t hie ','i 0 r k5 hop con1po IIen t (C0[,1 po nent 2).

uni1:s.

t~le asselllolage Iday have been left deliberately as a tool cache.

brief 2-3 day ca(~1psite, occupiea by d small group of people. Alternatively,

si te, the vari ety of art; fact cl asses found here suggests that thi s ~'ias a

uni.face, a retouched flake, ana a core. This saf'lple \-Jas chos'en so that· at

b. HiT~-63 (EP8U, Grizzly Run Site)

sublilitteci to analysis. r40 o0sioian detritus '~Jas ~nalysed.

least one of each class of artifact found in the assemblase VJculd be

·COTl'PO nent 1 . Th i sis a surface ana shall 0\·' suo surface cornpo nen t,

volcanic tephra layer separating this COlllponent frorn the underlying

other uy a distinctive marker t"torizon composed of a coarse volcanic ash

ina strati graphi C sequence. Trle tvvo corilponents are sepdra teu froro each

situation at the ~~et Creek Site, the two CO(;lponents at this site are found

4885 I (14bU iid. It is al so a tiJO-CO(;:ponent si te, representeu by a ca'llpsi te

T11is site is located in Bourgeaux Creek valley, at an elevation of

obsiaian aetritus flakes were al so recoverea from eight lxl ~ excavation

separated froin the lo\'.er cOlllponent by a layer of volcanic tephra.

The artifact assefHblage excavatea here consisted of a large variety of
I

artifact classes, incluaing bifaces and biface fragments, retouched flakes,

side- and ena-scrapers, a core, ana a large "ba~tered piece" tool: Several
I

artifacts \iere fiiade of raw materials other than obsiaian, incluaing basalt,
I

rhyolite, ana ana€site. No microblaaes were found. Approx;'.lately 130u

provides ~ (ilaxintUnl age 1imit for Cor.lponent 1. Al so, a radiocarbon date of

COlllponent 2 is kno\~n to have ori~inateC1 in a 4630 8P eruptive event, and it
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This site is locateu on tl1e Arctic Plateau at an elevation of SCJSS',

It consists of a nearly pure lithic

core • Au c.i i t ionall .y , a ve r y 1ar ~e nur.lb er ( 0 ver 1S, QuU) 0 f

3~lO +-120 BP (SFU 147)~;s tentatively associated \'Jith this cOHlponent. This

aate is accepteu as a probable and a reasonaDle estimate for the age of the

~Iere not saIilpled for analysis.

The sahlple analysed consisted of 13 artifacts, all chosen from anlongst

the forLlea tools. Host consisted of biface or flake tool fraglilents. One of

COf;lponent 2. This VJas clearly a lithic workshop component, uevotea to

the oldest cultural occupation at this site, but also the oldest uate,

cOOlponent (Fl dUlildrk 1S182: ~7b ) •

(1540 rn~, anions a COlilplex of esker riages at tne upper end of riore Creek.

associated with any cultural re!dains in the Ectziza region.

the rnicroblades refitte~_t~!~r~l_th~_cQr_e_'i~a~ _al~p__aDaJy~e{l~ _\ihjch- -~a'le- - - - - - - - - 

;nforBlation on t}te obsioian type for a numoer of other microblaaes and trle

oiface and microblade proQuction.

I~licrob1aoe

obs;oian detritus flakes) \rlere recovered from eleven lxl ii1 excavation

'~iorKshop resicue: 12 biface fra~nlents, 4 fiake cores, and 60 l,';;croblades or

original core.

lilicroolade fragments, many of 'fJhicll \'y'ere refittea to fori:} a. single

c. HhTq-l (EP5b)

Since ttle size of the lasse~l:blage \-/as small" all seven obsidian

artifacts found in this cornponent 'i!~re analysea. They, consisted of 4 biface

J~a~~e1l1~_J_tJ ~~_c_ore_,_ ~nQ 1\iO- S-C rap~~_ - -=fb-€- 00-£ i-d-i a-n- ee-tri-tttS- -f-i ak-e s - - - - - - - -

places its tniniiilurn aSe at. 4630 8P. A raaiocaroon date of 4b70 +- 12U BP

(~FU 129) is associ~teG with it. This gives ~ot only the prooaDle age of

il • .l-__u~ ~t~ ~ - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -

This cotnponent 'i~uS found unuerneath the volcanic te(Jhra layer, v.hich
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ffI i c rob 1aQes (F1atHd ark 1S1 b 2 : 151-152 ) •

. i

The art i f act ass e III [) 1as e )'j a S

FrOill tnis asser!iDlage, six artifacts, incluainy the projectile point,

It is one of the most isolated sites, the area being other\\Jise barren 'of

This \'Jas a surface seatter site, VJith no buriea cOfnpone.nt or aateaole

perioas ot the hypsitherrlial, prior to 4UOu D.P. (Fladmark 1982:152).

single brief occupation, probabl.y a short-ten1) caribou-llunting caI~lp.

Environmental considerations suggest that the site If.as created during \iarm,

clll tural renlains. It is interpreted by Fladliiark as representative of a

t\-iO r:licroblades, a Illicroblaae core, ana t\~O flake tools, v~ere analysed.

flake tools, one flake core fraglllent, t microblaue core retlnants, ana 14

colldterally flakeu projectile point, 2 scrapers, 2 bifaces, 2 retouchea

aiverse, consisting of 24 ousioian flakes, one lony and relatively thick

III ate ria1 ina5 SUc i d t i un ....Ji ttl the art i f acts .
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Hypotheses on possible local obsidian procurement strategies

HiTp-l House 1. Since this is a high-intensity lithic workshop

located very 'near ,prime obsidian source areas (on "Goat" Mtn., and in the

IIFan Cre~kll talus ~deposit) it is presumed that high-quality obsidian was

del iberately ~sought out and brought to this site for reduction. If the.

IIGoat Mtn. 1I source was being exploited, then Edziza 3 should be the sole

obsidian flow rrepresented here. Similarly, if the IIFan Creek ll ,talus deposit

was sought, then all artifacts should be made of type 2 obsidian, since·

that is the only type present in the "Fan Creek" deposit. If such was not

the case, then a more generalized and diffuse exploitation pattern is

indicated. A high percentage of Edziza 8 obsidian (and small quantities of

types 2 and 7) would indicate that the slide in Destall Pass was exploited;

similarly, high percentages of Edziza 3 and Edziza 6 (and small quantities

of types 7 and 8) would indicate that the obsidian was collected from the

outwash gravels of Artifact Creek. Presence of the obsidian flows

represented in the gravels of D~stall Pass and Artifact Creek is unlikely,

as these deposits are small in quantity, and are composed of poor quality

obsidian. The presence of these flows, despite the fact that this obsidian

would necessarily be of inferior quality, or the presence of type 2

obsidian, would indicate that the people who left behind the enormous

amount of obsidian detritus at House 1 preferred to collect the raw

material at low-elevation easily accessible locations. The climatic

conditions prevailing around 3000 BP were those of the Neoglacial (Fladmark

1982) , and access to the hi gh-al ti tude obsi di an outcrops on IIG.oat" Mtn.

during that period may have been seasonally restricted to such an extent

that exploitatio·n of low elevation source areas was necessary.

HiTp-l Area 2. A greater number of obsidian flows is postulated for

I
. !



its flanks. E.dziza 2 at the base of IIFan ll Creek would be the nearest 10\-;-

been idore accessible. This 'woula incluae Euziza J and 2 on Il Goa t lJ ;·itn. ana

111anufacturea at the salne tiL'ie, thus a variety of sour.ce material s is more

Furt (1 e r d v.ay , flu \vs 1,

The aiversity of artifact classes ano the fact tnat thisthis assemblage.

~levation source of good quality obsiuian clasts.

is a caiHpsite suygests that the tools fauna in ttlis coniponent were not all

likely. The cliliiate curing 4000 l3P \'1'aS probably r~lilc!er than the '-ieoglac;al
I

conai ti ons of 3uGO BP, ana so hi ~her-al ti tuue obsi ai an outcrops YJoul d have
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in ttle lithic artifacts not Lldoe of obsiaian, suggests that a nUH1ber of

Artifact valley suggests thal: ttle frequency of tuziza 3 obsiaian should be

Since it is located in bourgeaux valley, the

In spite of the accessioility of tnese flo~is, tl1e site location intouay.

nigher than any other. Association '~Jitrl a projectile point oiagnostic of a

HiTp-63 Component 1. The presence and diversity of ra\'1 h'laterial types

'+ , 5 , 9 , an u llJ \10 Uloa1soli kE: 1y have bee n asaccesSiD 1e as they are

not be; ndi genous to Euzi za. SOnte may have been il1anufactureCl on the coast

coastal ~roup raises ttl€ possibility that SOllle of tne oDs;Cl;an tools neea

tile artifacts analyzed.

obsiaian types nlay also be present in ttle artifacts frorrl this cornponent.

hiTp-l aoove.

nearest naturally available obsidian is of type L, and is located in the

frorn one of the Alaskan or YUkon otJsiaian sour~es, and illay have been
I

brought into the, site by coastal people along v,ittl other tool s maGe Jf non-

Since this ;s a possible cal~ps;te cOlllponent, a variety of obs;aian types is

I

1ocall i th i c rnat~ ri a1 .
I

1ikely, as th-e sart~e argun'ients apply here as in the Area 2: con-,ponent of

HiTp-63 Cort1~onent 2. Tnis is a litnic workshop cornponent, and so it is

most likely that only the Eaziza obsidian sources '\"ill be represented in



iIi tn. sour ce v, 0 u1abe i nGi cate ti •

collected their ra"i material at Cocoa Crater or Coffee Crater. In thfs case

1UU

it is black and

Jilso, the obsiuian from 'it'hich trle

T11 i sob sid ian , ho ~-J E: Ver , i s no t 0 f use ab1e

The principle of least effort woula suggest

Thi s si te In'as chosen for ana 1ys is because of its un i queHhTq-l.

that the artifacts in this COlllpOnent are Jl1ade of the Euziza 2 obsidian

scatters in Rdspberry Pass.

quality. The nearest source of useable quality obsidian is in the rJoraine

ootainable in Kdspoerry Pass.

gOOd qua1i ty of ravl materi a1 •

at the tlead of "fJoi nt Creek ", \Jh i ch is conlpo sed of obs i C1 i an of type 3. The

concentrated remnants of microblaae proauction al so 'suggest that tnis type

\Jas exploited here, since micrublaae prOduction requires a particularl)'

rd i c rob 1aae s wE:~ r e Iilade i s visUd 11Y su99esti ve 0 fEd zi za 3:

glassy, ana clearly transparent vJith a greenish tinge in transmitted lisht.

position ana artifact assemblage within the f'iount Eazizct Volcanic C~riiplex.

are at best translucent, and often almost completely opaque.

the obsidian flows 1, L, and 4 'tJoula be expected in the assel:lblage.

The other otJsiuian types found at f/lount Edz;za v,/hich sbo~'J this green tinge

Because of its isolated position it is impossible to guess I \..;hene the

source area), and in upper-Artifact valley. The presence of obsidian' flows

Alternatively, they nla)' have traveled down the east side of the COHiplex,

and collected their obsioian in Artifact Creek (the rnost easily accessible

EGziza 3 obsiaian, a direct route over the high plateau areas to the :It Goat li

2, J, 6, 7, or 8 would confirnl this route. Shoula all artifacts be Illade of

obsidian 'r,as procurea. The people may have traveled froll} tne north ~ alony
I

1'iess Creek, UO\'Jrl the VJest side of the Complex', in \~'bictl case they fflay have
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setup of Section 1.

anG Nb 'ri'ere's i 9n i f i cantin c tl eli I i cal flo)'J' a i sc r i rn ina t ion , and the r e1a t i ve

unGer

none ot the 169 arti fact spectra exaliii ned \"Jere

kll 16S1 artifacts ~J~re analyzea non-oestructively

f-\pproxiiilately halt' of the artifacts iaentifiea on tt1e basis

Sd.mp1e pre par at ion ',.ja s 1i III i t e Q to \J ash i ngallar t i f acts

t i ill es ( Fis. 3 ). Since t t1 e pur lJ 0 se 0 f t his ana1y sis ~.J as to ass i Sn eac n

The precise obsiaian source iaentification of the artifacts 'v...hose

intensity of these peaks v.-as "'Jellraefined at even the shortest analysis

aeion i zea \J ater • The ana1y sis \'~ a's per f 0 rill ed us; n9 the· sarn e ins t r u~ ~i ental

It was aeterhlineo in Section 1~tr'lat only the eleLients Fe, Rb, Y, Zr,

The Cheol;cal Analysis ~ Five Artifact Assemolages

for 5 In;nutes on1,1'.

artifact to one ot the lLJ obsidian tlo~Js anu not to establish precise

flows 1,2,6,7, and 8 cannot De reliably distin0uist1ed from each other on

concentrations for all eleillents in each floVJ, ttle ar"tifacts :,Jere analysed

flo \'J s (1, £:, b, 7, a nG 8).

flO~'J. The rerdainder of tbe spectra ap~eared to represent the five Arrnadillo

SIJ€ctra caul d not be pasi ti vely i aent; fi ed by i nspecti on '..,as mace

the basis of their spectra. uuring analysis most of the spectra collected

were identified by inspection as representative of the ~oziza 3 obsidian

:.Ji th the exception ot j very 1arge cores or fla~es, frO[il \'~h i c tl a Siild 11

flake ~~as detacheu for analysis.

It is il;tportant to note that of tne ten natural Edzi za oDsidian fl OVJS ,

a positive identification of flo\'JS 3, 4' S 9, and 10 can be maGe by visual, ,

exarnination of their s~ectra (Fig. 4).' However, the Annadillo Formation

characteristic of flows 4, S, 9, or 10.

ana lyt; cally.

confirlli that the flow iaentifications rliCiue visually v/ere not in error. Tt'~e

of their spectra as made of Etlzizd 3 obsioian ~jere also analysed, to



~nalyses involved peak extraction, normalization, and comparison with

normalized element values obtained for source flows 1, 2, 3, 6, 7, and 8.

Inspection of the A-coefficients separating the relevant natural

Edziza obsidian flows suggested that the most efficient way to attribute,

the artifacts to the obsidian source flows was on the basis of the element

rat; os Fe/Zr, Rb/Zr, and Nb/Zr. Rather than sublni tti ng the data to the

lengthy process of peak extraction through the GAMANAL computer program as

in Section 1, the peak areas corresponding to the K-alpha emission lines of

Fe, Rb, Zr, and Nb were extracted using the internal peak extraction

routine of the ND66 multichannel analyser. However, as this was a departure

from the procedure followed for the establishment of the semi-quantitative

element values for each flow in Section 1, it was felt that direct
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rather than directly to the results obtained in Section 1.

compared to the source flow element/Zr ratios obtained in this manner,

This ;s unfortunately one of thepresented in Table 3 would not be valid.

shortccmings of the semi -quanti tati ve :method, and so a more cautious
I

approach was indicated. Three source pebbl~s from each of the cherni ca1
I

types 1, 2, 3, 6, 7, and 8 were analysed witn the artifacts, and their Fe,

peak extraction routine. The Fe, Rb, and Nb values were normalized to Zr,

Rb, Zr, and Nb peaks were extracted using the ND66 multichannel analyser's

comparison of these re~ults with the values for the ten Edziza flows

and the average values were computed from the three pebbles in each flow

for these element/Zr ratios. The results of all artifact analyses were then



Artifact Analysis Kesults

The res u1t S 0 f t 11 e ando 1Ysis are pre sen teo i n TaD 1e SaIl u i n Fi~ure

11 . 1) et d i 1eu resu1 t S 0 f t ne arJ a1y sis 0 f the ~0 f U fL iedt0'0 1s are pre sen ted

inAppen di x F~. I 8r i efly ~ ttl e fin a i n9s are as f 0 110 V/5 :

1. The 16S1 arti facts '",ere i denti fi ed as lilade frolll oDsi ai an flo\;5

2, J, and 0. Flo '~J 3 \~ aspreo0 i! lin ant , an G i t III aae up 8::3 Jo 0 f the saL I p1e .

drtifact.

Flow b \..;as identified in only one

i.. All artifacts fro':i tlle t'~'o-COrjl~O(}ent sites HiTp-l ana t\iTp-63

here hid de fro III t I', e 00 5 i a i a11 flu ..·iS ~ anu 3. The set I. J0 flo \~ s ",erei Qe rJ t i fie a

~Ot.t1 in the otJsiaian deT.ritus flakes frul;l fliTp-l, and in the rOrrTiell tools

sampled frorli edch of tne four cOirlponents representeu by the t',·,o sites. i~O

other UuS i ui an f10\'-I5 \Aiere representea 1n t~lese arti facts.

J. Mrl'IO n9 t r1e f 0 n iiedt001s, the r e Vi as T1 0 s i ~ni f i can t Giffe\'ence i n

f-JU~ frequenci es bet·t·~een the t~'/o corilponents ~Ji T.hi n eacil of the t'.;o-

COli:ponent sites (l'iTp-l, HiTp-63). Hov/ever, there 1~'/aS a difference ()et\'~een
I

sites: flu',.~ 2 ,,~as t~~ice as COnlH10n in HiTp-b3 (14.51~) as in t-liTp-l (6.5%).

4. In HiTp-l House 1 (the 'N'orkshop component), flo\i 2 v'las Ifillch

rnarefr eque rt t ali10 n~ the uebitaij e (db0 Ut 2()~~) t han ali ion 9 the b i f ace pre fori tl S

(5~o ). The r e ~J as con siderau1e varia t ion i nthe flo Vi f r eque nc i e S 0 e t"vJ ee n

levels. For exal:iple, flovJ 2 represented ~87~ of the level 2 sal.;ple, but unly

1L70 0 f t ne 1eve 1 4 saL Jp1e •

~. The 1arse collaterally flakea biface from lihTq-l was of the

f 1() ~, 0. Tf1 eon1y 10 cat ion \~here 0 D S i Gian fro 'I il t his flo vJ i s to Unu i sin t ti e

out"".'asn gravels of Artifact Lreek (locality 3). Tne reltiainins 5 artifacts,

incluoin~ the microul,ades, viere liiaue of f..uziza j obsidian.

luJ
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TABLE 8

Obsidian Artifact Source Analysis Sununary

a. Debitage

HiTp-l House 1
(N22-23 Elb-19 SE)
Lithic Workshop N* Edziza '2 E<1ziza #3 t.dziza #6

Level 2 Ib 6 (37.51,) 1U (63.b'1)
level 3 15 3 (20%) lL (8u1, )
Level 4 50 6 (12% ) 44 (d81, )
Level 5 3u b (27%) 22 (73~)

Subtota1 111 23 (21 ~b ) 88 (79% )

b • Formed Tools

HiTp-l House 1 20 1 (5%) 19 (95%)
Li thi c Workshop

Area 2 12 1 (8% ) 11 (92%)
Canlps i te

HiTp-63 Component 1 7 1 (14%) b (B6%)
~ICalilpsi te ~'

Cornponent 2 i1j ~ (lb%) 11 (85%) i
p

Lithic Workshop I
"t
~~l
'",Ii

.j

I
HhTq-1 Hunti n9 Carnp 6 r 1

l~

:> ~
~

Subtotal 58 5 (9% ) 52 (~O% ) (2~ )
f~

1 :l

TOTAL 169 28 (16.6~) 14U (82.8%) 1 (0.6%)

*N represents a 1~ sample of Levels 2, 4, and 5, and a SiJ saralp1e of
Level 3 in the debitage:.



Figure 11: nesults of the obsidian artifact source analysis.
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A:. Obsidian type frequencies in artifacts of the Wet Creek Site (HiTp-1)
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Tt1e oDsi a; an sources nearest to tne bri z.zly r~un si te are the

Uiscussion

It vIas sur~risin~ to fino that allion~ tne rive artifact assen:blages

laziza 2exar:dned, essentidlly only tYIIO oDs;u;an flows were represe.nted:

an <.1 j. Eazi za 3 'y.,'aspreG0ri lin af1 t i f1 a11 ass erl ib1agE s • I t in aue u}J be t \r1 een b4'1;

anll 9~1 of each assemblage analys~d.

scatterea clasts naturally present in ~aspberry ~ass (represented by flo~ 2

unly), ullO the oDsiaian in the sravel sl10e in uestall Pass (Colllpuseu ot

ODS i Gian fro Iii t 10 ~~ s 8, ~ , ana 7). i..~ 0 ne 0 f the i II a te ria1 f uuna i n ttle se

9ravels is of useable quality, ho~ever~ Tile nearest and lilost accessible

obs;oian of flakeable qualit.y is foun(j in the ri10raine at the heaa or "tJoint

106

the asseHiDlages lNere made up excl sively of taziza 3 oDsiaian, but all

asseldblase, it seen,s evioent that t-.e source areas preferentially exploited

As none of the foUr aSSel'llb 1ages fronl tne two

inc1UGed SIna11 qua ntit i es 0fob s i a .an from flo \'J 2, i t Vl0 U1d seern t hat the

JudUing by the consistently high frequencies of flo\,,, 3 in eactl

not of sufficient quantity or quality to be used lin tool manufacture. The

nearest useaDle sources are found in the tal us at the base at' "Fan Creek",
I

I

\tJhictl is maGe up of type 2 obsioian, and ·in IArtifact Valley r'-;oraine,

the "principle of least effort" nas to be firmly reJecteo.

tl\e '~-~et Creek site is in ttle out\Jasn gravels of Artifact Creek (locality

sites in Ar~ifact and 80urgeaux valleys reflect the obsiaian flow

obsiaian nearest to each site, the possibility of oosician exploitation by

~'ere those ~~here thi s flow; s predOLj; nant. On tt1e other hanl1, 5i nce none of

frequencies corresIJonding to one of the source localities of gOOd quality

COlliposea of type 3 obsiaian.

3), .~.jhich is-maae up or obsidian from flow's 3, 6,7, and tj, but it too is

Creek ll
, '(,hicn contains obsiaian of type j. The obsician source nearest to



lJbsiaian kioge, and the two low-elevation sources uf Point Valley fvtoraine

indicative of an exploitation strate~y of source areas where ty~es 2 and 3

single-flo,;; sources of Edziza 3 oDsiuian \vere not necessarily alr~'ays SQUytlt

The geological sal;lples takenare mixed through natural erosive processes.

and Artifact Valley j',\ora'ine.
I .

Tile presence of small quantities of type 2 obsidian in Datil sites is

out. This includes the hish-elevation sources on top of IIGoat" htn. ana on

t r aIn siteson kitsuP 1ate au ana 0 n Swarrn r~ i age (1 0 cal i ties 1. U1 and 1 •20 )

indicate trlat the outcrops of tlo~'J L are fauna \'iittlin an elevation ranye of

5~UQ-62ULt (1790-1380 m). It would tc'\us a~pear that ra", material

procureElent frolll tne flanKS of "Goat " r::tn. at or belo\~J tl1ese elE::vations

'r~0 u1d resu1tin so If Ie a11 to un t s 0 f 00 si Q ian from flo 'vJ Las vJell asob si Gian

from flo~ 3, oelng inclUded in tne sardple. Obsiaian procurei,:ent fro,:l these

areas was probaoly preferred to the exploitation of valley bottom sources,

Decause the rock fragll'lel1ts found nearer tne outcrcps \"ere 1arser ana 1ess

\A.'eathered than those found at lo~','er elevations.

All a'lternative explanation for the presence of types 2 and j in the
I

oDsidian artifacts of the t'v.. o sites unaer consideration is tnat "the type

frequencies reflect trle exploitation of only the two lov~-elevotion type 3

sources (Artifact Valley i'-loraine and IIPoin·t ll Valley 11loraine) and the type ~

source at the base of "fan Creek". Because the frequenc4 of type 2

obsidian in these artifacts is so, low, however, despite the fact that the

"Fan Creek" deposit is readily accessible and of good quality, this is an

unlikely situation.

The ex tens i ve and concentrated source areas on top of tlGoa tit jYltn. \.;ere

rl'lO s t 1ike1y a 1so ex p10 i t.ed , since i tis h; 9h1Y i III probaD 1e t hat pe0 p1e

collecting obsiuian froHl the flanks of the mountain !i.Joulu not have knov/n of

the hi~il-quali"'Cy obsidian to be obtaineu only 5LJu-8()(J' turttler up. Lowever,
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it is possible that concitions curing the cooler perioGs~of the r,;eoglacial,

or sil:lply the snO'fJ cover of the spring or fall seasons, !Jay have made the

f1; shes t area-s i naccess i ole.

Ttle sl(i ~htl y ui fferent frequenci es of flovi 2 in the forf:led arti facts
I

frOt:i the tVJO idul ti-coli,ponent sites are lilOst 1iKely caused oJ{ the

exploitation of s1 iSJf1tly different source areas surrounding II Goat ll 1'ltO.

Ar[:ldUi 11 0 FOrriiati on of \-ini ch tlovJ Lis a part, enos in tIle senera 1 area of

Li eo 10 ~ i Cd 1 i nf 0 rr i1at; 0 n (J • .s0 U T.ne r , pers. COflilll. ) i no i Cd tes tC1<t t tne

Mrtifact valley. Tnus the 0utcrops at flo·fJ Lin ttle ~,a11 s of Aft.i fact

valley SilO~lu tJe ttlinner, anu tr'le resultant nunlber of ero<.leo clasts
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areas.

natural flo\'i distributions in aifferent areas of 1I(-~oat" f··itn. This also

There ..~as essentially

The consistency of flo,,; frequencies in the different
I

proDatJly dpproacheu the mountain from the north, perhaps via JlPoint ll Creek,

sl i~hl:ly lo~·~er, than the outcrops of l:nis flo\'J to trle norti: of II Goat ll I",tn.

Tile hypothesis that a diverse asserdolage representative of a carnp

to "Gcat ll i"il:n. ~'iere sl ig.htly different, ana prooably leo to specific source

tldve approachea it from he southeast up Artifact valley, or :hrough

tool prouuction worksnop was not borne out, in spite of the fact that they

suggests that tnese frequenoies are indeea caused by sli~ht differences in

Trle people ~ho left oehind the asselilbla~es at the Grizzly r:un site fliOSt

uesta 11 Pas s •

SU9~ests tr1at the approach routes froel oourgeaux valley ana Mrtitac"t valley

no difference. in oosioian flo\J frequencies bet\-Jeen the car~ipsite and the

i

assehID 1a9es y~ i ttl i n each site, eve n t C1 0 ugh thesea ssenib 1age s are not c 0 e via 1 ,

occupation should contain a ;\-Jider aiversity of obsiaian types than a lithic

GO contain oiverse assenlblages of other rock types.

·... hereas tile people who created the asseif1bla~es at the '~'i€t Creek site \'1'ould



lithic workshop component of the Grizzly Run site, and a similar lack of

difference between the campsite and the lithic workshop component at the

Wet Creek site.

'The hypothesis that obsidian·detritus sampled from the "lithic workshop

'component of the 'Wet Creek site should represent a more complete sample of

~obsidian flows than does the sample of biface preforms from this component

was not confirmed. Obsidian from flows 2 and 3 only is found in both the
r
'detritus sample and in the biface preforms. There are, however,

significant differences in the frequencies of each flow observed in the

detritus as compared to the preforms. Flow 2 is found in only 5% of the

biface preforms, but it represents 21% of the detritus sample. The higher

frequency of flow 2 in the detritus may be due to the inferior industrial

qual i ty of thi s stone, and a grea ter tendency for i t to fraglnent duri ng

early stages of the lithic reduction process, which led to the abandonment

of the piece worked before the stage of a recognizable biface preform was,

reached. On the other hand, a completely different explanation is also

po~sible if one assumes that the flow frequencies in the detritus reflect:
! I

the true proportions of the flows in the obsidian worked and in all I

I
resultant biface preforms. Since the bifaces left at the workshop were I

those which were not successfully completed, and those analysed show a

greater proportion of type 3, this may indicate a greater rate of success

with the production of useable biface preforms out of obsidian from flow 2.

Flow frequency differences were observed in the obsidian detritus·

flakes sampled from the four stratigraphic levels of the Wet Creek site's

workshop component. Since these are arbitrary excavation levels, the:

differences between them are useful as indicators of overall trends only.

These differences may be suggestive of certain procurement strategies. The

lowest. level sampled (level 5) contains a high frequency (27%) of flow 2,
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Dut tr1is drops draillatical-ly to only 12'1 in level 4. This suggests ttlat sante

sUiJerior-quality obsidian ','/dS brouuht aOVJn to the Horkshop vJhile the lithic

reduction \'Jork ';-ias in prosress. Tr~e frequ'ency of obsidian froG] flo\J 2

inc rea ses 9r ad ua11 yin SUD seq ue nt 1eve1s , and i. s hi 9. r1est (3 7•5%) i nthe

Upperl.lOst level sanlpled (level 2). Perhaps obsiaian fronl flo~, 3 ~1as

variants, or the lack. of textural sraininess. l-\S ttiis prihle qUillity

oelioerately selected du~ing the ilianufacturin~ process on the basis of SOllie

of its visual attriuutes: 01ass clarity anu p~rity, interesting colour
r

ODS i did rI ~"d S L) e i rI Sj Uep1ete G Uuri n~ ttl e CO ur se 0 f ui f ace proauc t ion , ttl e

~.~ 0 r Kill e n t urn ell i ric rea sin ~1Y tot r-! e s1i ~ ht 1Y C0 ar ser ~ r aueS 0 f tJ 1ac k

oosidian 51:i11 availaule, rather ttlafl returnins, to u Goa t," '"'jtn. fur a fresh

supply. All ten '·lount t.GZiLa obsioian flo~Js, incluuing floY,s 2 anu ::i, are
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aepressifon.

~ince

SuCh a

Cflern i ca1

times that flow"s frequency in trle level ilHlIeaiately bel 0\''; (2070).

The presence of obs i di an #0; n the art; fac t Satl1p1e froH, iinTq-l

preao(;linantly of ttlis graue, and it is illlpossii.Jle to select d specific

t r equency off10 \-/ 2 ob si aian i nth2 UPperm0 St 1eve 1 (37 •5:b) i s near1y t ~'i 0
I

I
i

strons iu;stinction is suggestive of a later reocc~pation of the workshop

in the' preceeai ng sect; on, flo';J 6 is not representee by any geo 1oSi ca1

saiilples, ana it.s actual source or outcrop location is unKnOv,n.

sU<jgests that the people \4l ho createa this site procured their raVJ lnat.erial

obsidian, flav'; fro~n alllong this sligntly coarse black variety. The

froi:l Artifact valley, ana not fror" Coffee Crater or Cocoa Crater. As noted

s;1I1ilari;ty to sor;~e of the other flol,-/S indicates ttldt flovi 6 is a part of

tI1e Arma<.iil1o Furnlation,' ana ttlat its outcro~s shoula occur at a sorne"'Jriat

the artifacts at HhTq-l are made of obsidiarl fronl flohs 3 ana 6, a possible

1airiere1evation t han tile autc ra pS 0 f E:. Uliza flo ~~s 2, 7, anII a.



procureiiient locality for this obsidian is the out~~'ash 8ravels of Artifact

ereek (1 0 cal i. ty 3), \r;hie il con t ains 0 LJ sid ian c1as t s fro fit flo~, s ~, 6, 7, and

d. riowever, the size of trle projectile puint ~"h;ch ;s maae of tile oiJsiaian

frOfli -flow t.> (rid nihiunl <5 en}, ai stal end IJi ssi n9), the qual i ty of I!lateri al ,

anu the excellent vJorkmanShilJ evioent'in its production, all ar~ue that

"the ra\~ rilaterial was probably not from ali'ionSj the mechanieally-v/edkenea

si:iall peDoles ootainaole at localit.y 3. Thus it is also possible t~lat tne

people lrJno explored the valley and ttlen created ttle assef!lbldge at HhTq-l

fauna tne actual outcrop of flo~·.j b SOHlevJhere ~.;ithin Artifact valley, and

there they procure~ a large chunk of the obsidian. Tile <1; scovery OT an

outcrop of this floVJ shoula be one of the ~oals of future archaeological

ana s;eological explorations of Artifact valley.

concentrati ons on the fIlounta; n V.Jere uti 1 i zea.
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Cul tural lnterpr'etati ons SUlnf:lary

Artifacts l:lace of oosinian from

ana IHora;nes, '\--Jith the possible exception of tt,e "Fan ,Creek" deposit, were

T,'le re_sults of Eu-XkF analysis of 169 oosidian artifacts frol~l three

the approacn route taken, (fran] the north vi a Raspoerry or Bourgeaux

There has no evidence for exploitation of the obsiuian sources on Big

on tt'le fl anks of I1 Goat ti f':iountai n 'r'iere preferentially sou~nt out for rav~

ignored. Insteaa, the high-elevation concentratea obsidian scatters located

valleys, or froril tile sQuthvJest via Artifact valley) different ous;dian

sites in the 1~lount Loziza 'olcanic COlnplex indicate t.hat the "Goat U

I I

jiiounta;n oDsiaian source voidS \'Jell knO.·irl ana neavily ex.ploited. It a~pears

that the lov~-elevation otJsiuian sources located in pas!ses, valley floors
I

obs; di an prOCUre!ilerjt purposes auri ng the peri od 5UOO-3UOu DP. iJepena i ng on

flows 1 and 4, as \·,ell as 5,9, and lu \'Jould have provideG this evidence.

kaven Plateau, north of Raspberry Pass.



LJbsiuian tlo~f fre4uenc;es in ar"tifacts from an isolated site on the

krctic Plateau confirlil that the exploitation of the II Goat li i.'ltn. source via

Artifact valley vias the preferreu strate~y in obsidian procurer;;ent \;;thin

the (taunt Eoziza Volcanic COI,;plex.
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The purpose of this stuay v·idS tG aeterliline how li1any distinct ousidian

territories anu· states. Prior to the COfiimencernent of this \;ork, four

oistinct oDs;oian flo\'JS from the i·Jaunt EGz;za Volcanic Coniplex \'iere knovln.

fl uo rescence

CONCLUSION

seld i -quanti tat; ve energy-ui spers; ve x- rayausing

~rehistoric tildes as a lithic material resource to aujacent province.s,
r

naturally available trlere ~',as intensively quarr.ieo anti vJiaely traaed in

This Complex fori'lIs the largest and tne Idost eXl:.ensive,ly
t

exploited source of oDsidian in the I~orttnvest. The natural volcanic U1ass

flows there are ,'",ithin the r··lount E..uziza Volcanic COinplex of nortn\iestern

Br i tish Col uri iO i a .,

technique, ten distinct obsioian flo\'~s \1/ere iaentified hithin the i··lount

[azi za Vol can; c COlllp1ex. Four of these correspond to tLe Edzi za fl O~~IS

previously reported by Lelson, O'Auria and Dennett (1975). i··~ine of the ten
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inforrnation on the high- ano lO\J-elevation secondar.y aistributions of edcrl

aGditional

ana lU) are "na tura 11 y present orl1 yin areas \'~e11 norttl of9 ,

within the Haunt Euziza Vulcanic COLlplex gave

5,4 ,(1 ,

lieposits

flo\:/, and the frequencies of each flo\-I in luixeo ~rave1 deposits. Five flows

obsidian flo'r/s identified in this stuoy ~...ere correlatea to obsidian outcrop

samples froHI the Armauillo, I Spectrum, Ice Peak, ana Pyraiditl forrnations.
I

~trat;9raphic ana geocheriiical: information indicate that another flo~",
,
I

tdziza b, probably fonns part of; a basa"l unit ot' the Ar'iiCidillo Fon~latioTl.

The analysis of oosioianl salilples trofil a larye nUt:Ioer of sravel

Raspberry Pass. 8ecause tn'ese are }ligil-al ti tuue Darre~ and rusged terrai ns,

accessibility to tnese flovis lis difficult, and their sisnificance in

prehistoric obsidian exploitation of the COlltplex is thus judged lav~. The

and passes irnrtlediately to the south and north of IIGoat" I,!ountain. FloVJS 2,

ottJer five obsiaian flo\'~s (2, 3,6,7, and b) are available in the valleys



flows to be compared to the basalt-comendite rock series of the Mount

Edziza Volcanic Complex, and to several other major obsidian sources of the

wavelength-dispersive x-ray fluorescence. This analysis yielded ten major

This extensive data set enabled the Mount Edziza obsidian

r
element' concentrations (in %) and 17 trace element concentrations (in ppm)

3, 7, and 8 are also available either on "Goat ll
r~tn. and its flanks, or at

high elevations in the surrounding lands~ape. The obsidian flow of high

quality which is most easily accessible in large quantities is Edziza 3.

This flow is predominant in all samples' from IIGoatll Mountain, Obsidian

Rid~e, and in Artifact valley.

The chemical composition of the ten obsidian flows was determined by

for each flow.

world. These comparisons indicate that the Mount Edziza obsidians show an

unusually wide range in their total Fe content, which varies from 1.2% to

Mount Edziza basalt comendite series, and the obsidian sources with which

they were compared.

the trace elements. CharacteY'istic in all ten flows are very low Sa and Sr
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The chemistry of flows 9 and 10, however, is interpreted

Edziza flows in many cases reach or exceed the values reported for both the

and the rare earth elements Ce, Nd, and La. Trace element values for some

10.7%, and very wide concentration ranges for Ti, Al, Mn, and several of

contents, and high enrichment in the trace elements Rb, Y, Zn, Zr, and Nb,

are only mildly peralkaline, and are classified as comendites. The

Comparative information indicates that most of the Mount Edziza

obsidian flows may be classified as peralkaline volcanic rocks. The

chemical composition of flows 1, 2, 6, 7, and 8 is pantelleritic (flow 6

being transitional to a pantelleritic trachyte), while flows 3, 4, and 5

chemistry of these eight flows is similar to saine of the obsidian flows

of New Zealand.

from the East African Rift Valley and to the Mayor Island obsidian source



here as sub-alkaline; they are similar to the obsidian source from Glass

Mountain, Mono County, California.

A study of 169 artifacts sampled from five component-s of three sites

inc the Mount Edzii:a Volcanic Complex, indicates that lonly~ tho-se deposits

which contain obsidian clasts from flows 2 and 3 were extensively

exploited. Two such deposits were identified in the study of natural gravel

scatters, both of whi ch are found on the fl anks of "~oatll: Mtn. Thi s

suggests a preference by prehistoric people for exploiting the prime

obsidian deposits found on IIGoat" Mtn., and an unwillingness on their part

to use the widely scattered poorer-quality obsidian gravel deposits fOJnd

at low elevations in Artifact and Raspberry valleys, in Artifact and

HPoint li valley moraines, and at some other minor but easily accessible

locations.

The absence in the sites of those obsidian types present· solely in the

rugged regions north of Raspberry Pass ( flows 1, 4, 5, 9, 10) suggests

that people of t~e middle prehistoric period (5000 - 2000 BP) avoided the
- I

more environmentaily hostile regions. They confined their exploitation to

the easily accessible major valleys of Bourgeaux and Artifact Creek, and to

the gentler environment of the Arctic Plateau south of these valleys.
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i\ r c hae0 log; cal saL Ip1e s , co 11 eC ted 197 7 an d 19~ 1--------

Source Location

Geolo.oical Survey Transect i~U(liber, 19G5-1~61

5t.U5CJ4-73.
IGC-7L
~E.1303C-73

SE1303u-73
f':"1L 4111 a-65
~EOICJ48-72
5E45YG-6S
5E5214-65
St13CJ6-72 r

SE2~LJ2a-66
SE4a
SEIUL-56 (one pebble)
5£.3115-66
:"E23(;9 a-56
SE0101-73
~ElbU6S-7(j

SEL2bG-81
~ t.U0U3/~\ - 72
SE0604-72
SElb-3Es
l"iL 4111-65
SEu60b-72
StU602A-72
Sf0912a-7L
5E01048-7::5
5E4617-65
~EI4-8h

SE2b13G-67
SEU~120-6o

SE-7u<:JA-72
i\IL1208A-65
SE2202A-76
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Gravel slice on the west siae of Oestall Pass
Outwash gravel s in Artifact Creek bet~·.'een lI~let"

and "Fan ll creeks
j·.. ear 1977 carl1p, Artifact Valley
Source areas \Jest of the 1977 cal:.p in Arti fact Va 11 ey
Slide, west end of Raspberry Pass-
Peak north of the 1':J77 carllp in Arti fact Vall ey
East Coffee Crater
~Je.s t Coffee era ter
"Point ll Valley I'i!oraine
Talus slope at the base of flFan ll Creek
General scatters in Kaspberry Pass
ubsidian RioSje overlooKing Stewooolb Creek
Artifact Valley ,'loraine
Ria~e bet·, een Raspuerr.y and Artifact valleys

APPENDIX A: Stuuy l'·laterial Provenience

Rock NU1:1Der

Geological sarnples
1.01
1.U2
1.03,1.2i)
1.U4
1.05
1.06
1.07
1.U9
1.1U,1.25
1.11
1.12
1.13
1.14
1.1S,1.27
1.16
1 . 17 , 1 . ~6 , 1 . ~7
1.lb
1.1St
1.20
1.21
1.22
1.23
1.24
1.26
1.29
1.3CJ
1.31
1.32
1.33
1.34
1.35
1.38

2.(;1-2.2U
3.01-J.24

6.QI-G.06
7.01-7.07
9.(jl-~.11

12.01-12.03
Ib.ul-16.13
17.01-17.09
18.01-1o.0b
19.ul-19.CJ5
20.ul-2U.05
21.uI-Ll.u4
22.LJl-iz.1S
2:>.Ol-:-2j.u5



APPENDIX B

AN APPLICATION OF EseA ANALYSIS TO THE STUDY
OF TWO MOUNT EDZIZA OBSIDIAN FLOWS

The purpose of thi 5 work was to aetermi ne whether °ESCA (electron
r

spectrusco~y for chenlical analysis) coulo ue applied to uistinyuishbetween

r-~ relate<1 obsidian flo\Js, to couipare these ESCA results to those outaineo
i

usi n~ XF,F (x-ray fl uorescence), and to deter'~line wha't auvanta~es ttlere eire

in usiny ESCr\ insteao ot' XF~F for o[;sidian stuu;es.

'r
I
l

Tne nldterial crlosen for tr,;s stuay consis.ts of obsin;an pebbles froln

two flo'vis fauna 'fiithin the '"Iount luzizd Volcdnic COHiplex in northern 8.C.

Tile t'.~O flo'v',s in ques1:ion are sepdratea ~eograptlica'11y uj several kilolnet-

fl aViS associatea ~J; th the Arlt~adillo Formation, and EClziza #3, associatea

',:Ii th the rel atively young SpectrulH Forniati on. The Euziza tfl. san1p 1es conle

trolll the east flanks of Coffee Cra ter , ' '~~h i 1e the Eciziza #3 salilples caine
,

"GoatfroBi three locations in the Artifact Creek valley area: hountain ll

r-
I

I •I I

.'I
[

res (see Figure 2 in text). They are kno~'4n as Eez; za rrl, one of several

(quotation marks indicate inforrnal naBte; given this landnlark), p,rtifact
I
I

valley moraine, and ubs;d;an Ridge. All t~lese saulples ~IJere collected by
I

K. Fladrnark ana his cre~~ during a 6-week arctaaeoloy;cal reconnaissance of

the Complex in 1981.

Since. this ~'as a test case, the obsiaian chosen for this vJOrK \JdS

alreaoy known to represent t\~O distinct .chen,ical types. They 'fiere first

;aentified by 'IJelsou, lJ'Auria and Bennett (1975), \~ho detectea 13 elen'lents

usiny eneryy-aispersive x-ray fluorescence (ED-XRF). T~1e selhi-quantitative

concentrati ans of three of these el eHients (Fe, Rb, and 1\lb, - expressea as

ratios ~"ith respect to Zr) ""ere sufficiently aifferent as to .oiscriminate

uet\'Jeen the t~.;o fl O'riS •
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Trle lllai n ci fference iJetween the E~CA IIlettlOd and XFF is that in ESCA a

bealll of rlish-ener~y electrons rattler t~ldll hish-enersy x-rays is used for

excitatiun of tne atoHiS in the sdl.lple. [SeA can usually aetect trle UiaJor

constituent elef(lents only, ie., those 'n'hose concentrations exceeu 1%, '.Jhile'

concentrations).. The tl,.~·O metnods are similar in that in both cases the

is capable of detecting .trace elerllents
I .

( in parts per iii ill ion I

characteristic K and Lx-rays enlitted Dy the eleiilents in a safiiple are

analyzed.

because of the spec; fi c oi fferences betvveen the parti cul ar i nstrunlents .

usee iTI this 'riork, it \-ias noted that the ESCA systel~l has SOliie advanta~es:

1. it is usee in conjunction with a sCCinnin9 electron microscope, so one

coulJ actually see the surface being analyzed; ~. it caula uetect liluch

li~hter eleillents such as r'a, Si, ana C1; 3. tne bealll of electrons \·.hich

analyzes ttle saillple coula either be focused down to a aianieter of 6 pi:l, or

it caul a De II fanned out" to obtai n an averaged .read; ng frofll a 1arge area;

anu 4. DeaUI pe.letration is confined to the top 2 rUli frorn the surface of the

sal ii P" e , V.J hie hensurestrt a t 0 f) 1J the vis i l> 1e fed t ures are be i n9 dna1y zea.

These points made this systeol ver"y useful in tile detection and chei~jical

analysis of any I~l;cro-crystals, prlenocrysts, and other deviations froid the

typical af;10rphous 91assy matrix of obsiuian, as vell as the chehlica1

effects of very stla 11 o~J-l ayer v~ea theri ng of ti'le 91ass.

lnstru{]entation and Sarnple Preparation

Tt1e ESCA instruDlent used in this stuay 'das a JEOL JSh-35CF scanninu

electron rnicroscope. uata collection and eleiilental analysis \'Jere done on a

Tracor Northern Ti···l4(jCJCJ .olultichannel analyzer, in tanderil 'yo,ittt a Geaicateo

Til20UO-Tf··J131 computer system. The saLlples \vere washed in uistillea \-Iater

and then electroplatea w'ith a thin layer of AU-PO alloy in order to l~lake
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them conductive. The plating process was done in a Hummer V ion sputtering

sample, which can easily be cleaned off with acetone afterwards. The
\

samples were placed on a small Cu-Zn pedestal, inserted into the analysis

This process is non-destructive. No

grinding or surface polishing is necessary, and so samples of any ~hape may
r

chamber, and analyzed under vacuum.

be analyzed in this manner. An upper limit to the size of a sample is

placed by the 2 11 diameter of the entrance to the analysis chamber. All

instrument, for 5 minutes at 10 rnA and 6-8 volts, under a partial vacuum

(110 millitorr). This process deposits a 50 nm thick layer Qf"metal on the

pieces were analyzed at least twice, on different parts of the surface.

Results

The ESeA results obtained are semi-quantitative. They are presented

~n Table lA. The element values for all the ESeA results presented here

(also in Tables 2 and 3) ,were normalized so that their sum totals 100.

These are compared 'with/the actual elemental concentrations (Table 18,

determined by wavelength-dispersive XRF) and with semi-quantitative ED-XRF
I,

~esults (Table lC), presented in the main body of this thesis. The ED-XRF
I

work wa3 done in the Chemistry Departme.nt at Simon Fraser University, while

the WD-XRF work was done in the Oceanography Department at the University

of British Columbia.

Table lA shows that it may be possible to distinguish between the two

flows on the basis of the relative concentrations of some of the major

elements detected. The Al and Fe values have no overlap at one standard

deviation, while Ti is present in one flow (#l) and absent in the other

(#3). These three elements (Al, Fe, and Ti) are thus on the verge of being

able to discriminate between the flows.

A comparison of the ESCA relative concentrations with the absolute
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element concentrations given in Table IB indicates that the ESeA data

reflect the actual elemental. differences between the two flows, although

the statistical errors associated with the ESCA results are large. We also

note that the discrimination: between the flows is achieved on the basis of
I

elements whose absolute concentrations differ by 2% or more, ie. Al and Fe.

Also notable is the fact that Ti was not detected at all in Edziza #3, but

that it was detected (although not consistently) in Edziza #1. This

lndicates that a 0.4% Ti concentration is 'right at the detection limit of

the ESCA instrument, while 0.2% Ti is clearly below the detection limit.

We are confident that further work could reduce the statistical errors to

more acceptable levels, so that statistically significant flow

discrimination (no overlap at two standard deviations) can be achieved.

The ESCA data were also compared with semi-quantitative ED-XRF data,

presented in Table 1C. The ED-XRF instrument and sample treatment were

essentially as described by Nelson, OIAuria and Bennett (1975), with some
I

minor i~prove~ents. The XRF data presented here were normalized to the

betterThe discrimination between the two flows isCompton scatter peak.
I

I

than that achieved with ESCA however, since several elements show no
I

overlap at 2 standard deviations from their means, whereas ESCA was only

capable of this discrimination at 1 standard deviation. In addition to the

elements quoted, the ED-XRF instrument detected several minor and trace

elements (Ca, Zn, Ga, Pb, Sr, Y, and Zr) not able to distinguish between

the two flows. It did not, however, detect the low-Z elements Na, Al and

In conclusion, the results of Table 1 suggest that ESCA may be used to

discriminate between o~sidian flows on the basis of their major elements,

However, at this
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S;. Finally, the ED-XRF result was obtained without the need for plating,

with comparable data collection periods (10 minutes per sample).

if their absolute concentrations differ by 2% or more.



time such discrimination can be achieved faster, with less sample

preparation, and with a greater degree of separation using semi-

quantitative ED-XRF. However, both of the above methods .are faster and

simpler than fully quantitative analy?is ~sing~wavelength-dispersiveXRF.

The results obtained here are consis~ent with the findings of Michels

(1982). He applied bulk element analysis in. an attempt to differentiate

between a number of obsidian source ar~as w~thin the El Chayal source

system in Guatemala. He found that the obsidian source areas could be

differentiated successfully 70% of the time. The differentiation of the

same source areas, using the same raw material specimens, but based on

trace element concentrations, was successful in' 97% of cases.

This work thus confirms that, all other things being equ~l, bulk

element analysis is not as effective as trace element analysis in

discriminating between closely related flows. However,' semi-quantitative

bulk element analysis using the ESeA system described here would probably

be successful in discriminating between obsidian flows which are not as
I,
closely related as those analyzed in this' test. For example, the Fe

concentrations in two obsidian flows of the Mount Edziza Volcanic Complex

can differ by as rnuch as 9.5% by wei ght (for flows 6 and 10) ; the Si

concentrations by as much as 10.4% (flows 6 and 5); and the Al

concentrations by as much as 5% (flows 7 and 10). Semi-quantitative ESCA

analysis should have no difficulty in distinguishing these flows from each

other. Bulk-element differentiation between non-related sources from vastly

different locations (for example, the Edziza obsidians from the Anahim

obsidians of central B.C.) should be easily successful as well.
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Other.applications for ESCA

Having said all that, two instances where the use of the SEM-ESCA

system holds an advantage over XRF were noted.

First, it permits the recognition and examination of weathered

surfaces of flakes which appeared surficially unaltered when viewed with

the naked eye. The weathering is recognizable through the irregular pitting

and surface scratches, clearly visible at 600x ~agnification, and

completely distinct from a fresh surface. It was thus possible to compare

the chemical compositions of these weathered surfaces with the unaltered

glassy matrix of the same flake (Table 2).

No significant difference in the chemical compositions of these two

surfaces were found. This disagreed with the data of Tsong et al (1978)

who found a 20% depletion of Na and K within- the hydration rind of

obsidian. The findings of this study are interpreted as indicating that the
I

observed weathering pattern on the obsidian flake is due' to mechanical
I

pitting and scouring, and that chemical alter~tion had not taken place
I

within the shallow surface layer.
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relative Fe concentration was depleted.

Among the several pieces examined, one such

The second test made possible with the SEM-ESCA system which cannot be

The crystal showed a significantly greater proportion of Al, while its

variants of a single obsidian flow, or pieces which differ in graininess or

done using XRF is a check for microscopic inhomogeneities within the

instance was found, a small crystal which had formed within an otherwise

their fracturing properties.

perfect glassy matrix. Its elemental concentrations differed from that of

the surrounding glass (Table 3).

obsidian glass. This might be helpful in distinguishing different colour



Conclusion

The foregoing results show that ESCA is a very powerful method, and

that it has several potential advantages over XRF. However, because of the

large experimen~al uncertainties in the results, some of these advantages

could not be realized. However, it is certain that the large errors can be

reduced. This error reduction might be achieved mainly through using a
t

defocused electron beam to analyze the glass matrix, to average out "spot

differences" in. the chemical composition of the glass, and through the

analysis of more samples. The ESCA method can be applied successfully to

differentiate quickly and non-destructively on a semi-quantitative basis

between some of the less closely related flows from a major obsidian source

area such as the MOUi.t Edz~za Volcanic Complex, and to differentiate

between obsidians from unrelated source areas, using the semi-quantitative

concentY'dtirns in their major elements.
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Table 1

h: E.~CM ~~elative Concentrations

Ttl. t n=l+ ) ffj ( n= 1j )

x s x s
i',a 1.0 0.2 1. J u.(;
,.;1 2.7 u.3 ~.2 U.b
~i Lu.4 1.4 0'+.4 S.'-t

12.1 1. 7 12.~ 1.6
Ti 0.4 0.4- n.u.
Fe Ib.~ 1.L ll.u L.4
~ , L) u.lJ L.I 7.u ~.4

--~----_ .. _-- ---------_..-
T(j"Cdl lliu.J lUu .1

Li : 'r.U- A~,f" hO 501 u ~c.e Concentrations

Ttl #'.s (1'1=10 )
x x S

tId (:0 ) Lt.~5 4.1J u.Gb
kl ~.O9 11.lll 0.11
Si 76.~4 70.78 0.29
i\ 4.24 4.5~ U.02
Ti u.~~ 0.18 O.ul
Fe a.OU 2.~S1 u.OJ
r'l~ ( ~~ill) 106 124 1

I
I
I

C: tLJ-XkF i~elativE Concentratioins
tnorL:dIizea to t,le COfdtJton scatter peaK)

I,d

r\l
c:'..,)1

i\
Ti
Fe
I\J

i"ln
ill

ifl
x

n.d.
n.u.
n.G .
~.i

S.7
bib.L
104.3

7.9
51.~

( n= ~b )
5

~.u

1.J
o~.9

4.9
1 .1
4.4

-fTJ
x

n •a •
fl.G.

n.U.
7.4
~.• u

2/,j.u
li4.5

3.Lt
dl.b

(,l=CU)

5

1.2
LJ.u

2G.4
4.8
u.~

5.u

i.otes: n.u. = not oetecteo
x = experilliental rl:ean of n analyses
S = CJne stanaaru l1eviation frOt!1 tIlE: lliean
n = nUl~ber of analyses
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Table 2

Ti
Fe
.. c

Totd 1

,a
(-\1
Si

iotal

Fresn
Surface

1.6 ± u.i
it.U ± u.l

bJ.5 ± 4.Y
11.7 + u.J

n.o.
11.S ± 2.7
7.u t ~.o

Table 3

Glass

l.u ± l.u
(~ .u ± 1. J.

a7.s: ± ~.b

IL.a ± ~.4

n.u.
~.2 ± 2.0
Lt.7 ± 2.~

luu.2

1~6

Lea tllered
~urtace

1.4

67.1
11.5

n.o.
9.1
G.l

lUG.l

Crystal

2.u
llJ .1
65.5
lS.S
n • (J.

4.2
2.u

IGu.u



APPENDIX C
----. -

ECIIZA sou RC E CP.~IDI"~S: LJtJCORRECTED RAW PEP. K CCU~! i S G~TAINED FP. orA T~~ E CPf'I' t- ~'f. L ~PECTRU~-STP.IPPING PROGRAM.
CC.se Lab e1 K Ca 1 i ~ln Fe Zn Ca Pb Rb Sr Zr Nb Rc?ylrigh Crmpton

1 .01 768 U 481 815 56730 2 2 ~'2 355 ~67 5974 (I 931 C 941 ~O 11570 77581 ~55P91 .02 840 310 544 692 59240 1 765 362 269 4897 [) 7823 7~f30 1 (12 ~0 81741 994 P21 .03 641 0 0 311 24750 1 320 424 339 7471 [I f:?11 PO 6~() 11 ?~ (I 753 f 1 ~7 3224 1 .04 634 0 287 365 28670 1482 346 2 e8 8533 0 9525 101400 1371(' 8; 893 1104 705 1 .05 892 0 21 7 274 26140 1243 303 218 9831 403 11300 64110 16230 P7792 1142676 1 .06 773 0 263 331 27350 1398 271 298 8763 0 9743 90EOO 13630 84572 11 054 77 1 .07 730 0 C 1 94 24660 1217 301 203 9063 379 102 [0 57820 1 444 C 82496 1065258 1 .09 981 183 1 50 3 4 6 2j770 1065 281 234 8116 290 9147 52330 1~(l00 69631 91e2E9 1 . 10 662 0 157 384 24950 1278 149 297 7505 0 E017 78130 11 SOO 74284 9554 710 1 . 12 923 0 629 8:4 70080 2071 44 7 202 5793 0 9500 95500 124 eo 97418 11768011 1 . 13 787 0 G 385 30100 1 641 442 532 14 700 0 1 2840 91400 18200 97521 12851012 1 . 14 1062 311 244 234 28440 1296 285 224 10030 357 11550 66530 16680 91990 12027213 1 . 14 706 0 229 296 26350 1259 264 1 97 10440 33S 11 EOO 664 70 IF91C 98394 13207914 1 . 15 758 251 352 497 47620 1e26 228 229 4831 0 74 (' S 74670 8069 46e27 5675615 1 . 16 '836 0 246 413 33510 1734 468 394 9990 0 11 C4 0 107000 1 5520 97959 12584216 1 . 15 1002 299 543 942 72900 2854 331 361 8132 0 13780 142000 1 7700 lC3453 121 5791 7 1 . 16 11 77 211 200 396 32640 1 687 404 303 9331 0 1 CO 70 g4460 13720 e3 3 ~6 107904t---J 18 1 . 17 567 0 142 311 19060 1066 295 11 4 5545 0 5801 55960 8100 49004 6:418l\) 19 1 . 18 895 87 0 21 7 211 90 1499 264 671 1 71 90 0 13450 4 74 50 1 7960 84039 11 3995'-J 20 1 . 17 793 0 254 370 28410 1 550 3 e6 351 8233 0 8435 PO 980 11 520 66439 B816~21 1 . 18 789 0 1 58 1 76 21290 1 673 213 728 17850 0 14300 50220 1 9440 101 657 1361 5022 1 . 19 999 0 537 1207 85560 3032 402 323 7734 1 41 131 60 121200 1 721 C 78362 g3 96 723 1 . 1g 1042 363 523 e85 76400 2584 375 338 7133 0 1 2870 129345 1 7692 91201 10733724 1 .20 919 0 586 780 74520 2428 447 373 6418 0 11690 117400 1 6180 90299 10840425 1 . 21 898 0 164 237 30110 1 729 0 538 15050 0 13720 99550 1 941 0 111 785 1 4705826 1 . 20 872 0 624 1007 76810 2516 337 396 6976 0 12300 125300 1 7050 102076 1 204 1127 1 . 21 911 0 179 369 30980 1 694 414 496 14100 0 11610 81 73...0 1 5540 72930 9915328 1 . 22 779 0 182 387 29790 1584 530 134 11370 53 7 12930 73970 18390'00104854 1 3°73 97
29 1 . 23 886 0 376 1295 92520 4307 283 718 11800 290 22500 2 54400 35720 92432 10510230 1 .22 1096 0 353 364 37660 fl89 514 304 14120 633 15950 91260 22830 120007 1 5862231 1 .23 1114 0 .443 1228 95060 4187 1 93 769 12270 4 77 25090 2627D.o 3.3820 97~7$ 11 01 6032 1 . 24 907 0 489 1148 87650 3314 535 541 9209 0 1 6570 1 71 900 22950 1 02 976 11915633 1 .25 973 0 307 43 7 35380 1874 321 419 10980 0 11 940 11 5600 17290 107402 1 40200
34 1 .24 1146 321 319 1106 88040 3295 417 401 8874 0 16640 169700 22650 1 00076 11466335 1 .25 932 0 238 380 35420 1819 456 336 10450 0 11700 112400 16110 1 04567 133 98 136 1 .26 901 0 527 604 62960 2290 482 348 8025 147 12010 1 28300 15590 105806 1 271 5037 1 .27 963 0 508 776 75180 2973 466 463 8403 0 13620 138500 1 7320 93389 111-601
38 1 .26 963 0 534 852 65990 2339 316 328 7909 0 12340 130400 15690. 98314 12110839 1 .27 903 0 4 71 652 65030 2612 384 - 385 6964 0 11500 116900 14730 78342 9385140 1 .28 840 0 237 462 32860 1682 353 275 10040 0 11060 104100 15390 96361 12588041 1 .29 879 1 74 310 371 32350 1684 287 468 10220 0 111 60 1 04200 1 5440 101080 13020842 1 .28 933 0 1 97 410 33820 ] 727 2.78 463 10500 0 11400 112400 16220 103347 13488443 1 .29 668 0 292 302 25160 1264 188 302 7621 0 8200 76240 111 90 68749 91475
44 1 .30 753 0 0 0 13710 1379 464 784 26110 0 1 6840 23260 21250 107252 147760
45 1 .31 876 0 165 1 76 13740 1 521 429 967 27140 0 16960 23040 21070 95881 134239
46 1 . 30 957 356 0 0 13390 1425 291 968 26380 0 16850 22920 21110 105454 146914
47 1 . 31 6&2 0 0 0 1 3930 1 555 390 07 () 2 eooo 0 1 763 (I 244:0 22070 109768 1 ~O 621
48 1 .32 1046 243 277 305 30040 1408 397 231 10600 41 7 11 980 68410 16660 88301 11 E571
49 1 .33 1060 251 453 797 63810 21 96 382 147 5 .46 0 10220 1 03 d 00 13010 84206 1 (13 924
50 1 .32 970 1 76 249 256 27640 1232 414 230 9657 406 10560 58550 14900 721£5 95064



EDZIZA SO URC E C0 ~ 101 A t~ S: UNC0RRECTED RAW PEAK COLIN T5 COlt. HIE C FEOt-'; THE G/r·! t ~!ft L SPECTRU~-STRIPPING PRCGRAM.

lase Lab el K Ca Ti Hn FE In Ga Pb Rb Sr y Zr ~1 b Rayle;9h Compton

51 1 .33 1020 179 526 880 63250 1 S7 5 29B 2: E 65e7 0 1 ()J 4 r. 109700 1 2Fro 9842 () I1F93152 1 . :>4 848 0 221 326 30270 1 551 211 371 04 e3 0 1()=10 101400 1 ::0 90 96795 1 2 E3 f 153 1 . 34 946 160 202 507 33190 1495 1 78 440 10250 0 1120r. 107300 1 5F5Q 06636 127:.'1054 1 .35 579 0 0 134 15300 1O~O 320 408 11 e90 0 0420 31490 12260 5e7 98 7 ~ 19955 1 .36 1110 230 208 388 33260 1695 391 44 E 9820 0 101 ('0 102700 16580 91646 11 918556 1 .35 806 0 0 184 19680 1 54 1 481 61~ 1 6[)4 0 0 1 ~ 64 0 4 71 ~0 1 F3 2 C 97'2 71 13283P57 1 .36 841 0 250 408 33250 1 71 e 503 355 9979 0 11220 105300 1 ~3 00 95790 1 232 9058 1 . j 7 924 0 273 535 35350 1 918 234 374 10660 0 11790 112 fO (l 1 E74(' ~7 024 12824159 1 .28 751 0 1 93 416 30600 1421 1 F4 444 911 9 0 9RE 2 95750 12920 85061 11220560 1 .37 &70 96 366 431 32860 1730 337 361 10020 0 i r 740 104 70G 1 5230 9822 :: 12714261 1.38 776 0 186 409 32270 1699 358 '262 902 d 0 9962 931 PO 12620 78487 1044 1 462 1 . 11 71 6 0 443 577 57190 1562 303 1 E4 4 911 0 7432 74480 9610 75797 9206363 1.11 1038 296 432 £24 57280 1 G10 25f 1 56 3P63 0 5465 53470 64 71 4444 P. 5478~64 2 .01 762 0 515 744 64240 2161 1 97 311 5264 0 9376 94900 12680 71157 8401~65 2 .02 751 0 394 647 53430 1812 363 181 6750 69 lalS0 110000 13440 90429 109707G6 2 . OJ 722 0 506 81E 65340 2101 285 265 5926 0 10410 1 (14 700 14610 R2221 97 P3667 2 .04 511 0 354 434 39600 1 301 1 94 1 53 331 f 0 5781 Se940 820~ 423 e6 5048168 2 .04 809 0 440 691 62700 2168 413 314 5612 0 9495 96790 13060 68742 8207869 2.05 820 321 590 734 61830 2071 412 321 5586 0 ~6 90 97560 13820 73204 8821670 2 .06 740 0 466 654 58460 1 94 7 314 246 5209 0 9102 921fO 12720 f'781~ 8224471 2 .07 632 0 349 597 40270 1676 230 1 71 331 7 0 6091 59190 7999 43885 5227472 2 .08 621 0 420 581 53970 1 708 314 226 4508 0 7639 76010 10420 56253 - 67388f---J 73 2 .09 602 0 340 563 48470 1609 289 1 76 3 eB8 0 6867 65960 8772 47768 5672el\) 74 2 . 10 685 0 269 563 42810 1403 215 1 99 375 p 0 6616 65810 9153 52237 62280co 75 2 . 11 587 0 482 714 52640 1697 258 227 4403 0 7694 75450 10250 56839 65325
76 2 . 12 753 0 580 833 65030 2103 325 345 5991 0 10240 103300 14360 80984 94847
77 2 . 13 663 0 424 622 49420 1430 0 183 3996 0 7028 69920 9752 54612 6357178 2.14 508 0 259 821 62980 2702 135 531 7671 0 14770 1 56400 20700 58744 6303479 2.15 980 278 425 677 52050 1 746 269 222 4576 0 7884 78730 11110 62543 73054
80 2.16 936 170 512 770 65550 21 76 31"4 313 5867 56 10210 103300 14000 81479 9629581 2.17 730 205 368 648 49420 1637 180 263 4379 0 7890 78020 10720 56821 67120
82 2 .18 457 0 227 531 41160 1 865 97 333 5434 (\ 10900 113000 14930 46527 5015883 2 .-18 959 - 0 417 1124 902-50 -~.-l 54 - 4-13 642 10640 297 20210 209100 26820 67218 77489
84 2 .19 315 0 275 390 33730 1079 227 173 2 e22 0 5249 50560 6736 39406 4604885 2 . 19 783 0 506 852 66510 21 75 364 320 5401 0 8919 87890 11830 62359 7617886 2 .20 587 151 303 495 42400 1367 177 186 3497 0 6108 60560 8395 44796 53669
87 3 .01 593 0 169 229 19440 1052 0 237 5742 0 6263 59630 8915 58205 72640
88 3 .02 1120 478 1107 2380 109900 1982 344 227 6496 0 10750 114100 18860 86228 9154489 3 .03 655 0 0 381 30730 1578 326 366 9288 0 101 70 96690 14330 e5808 112370
90 3 .04 813 262 795 1973 94950 1976 29 8 199 5243 0 8931 89410 14530 66049 69339
91 3.05 818 287 610 1339 64440 1163 1 94 145 3310 0 5483 57880 9537 43455 45925
92 3.05 671 210 670 1396 67400 1153 ~. 62 179 3710 0 5751 60140 9717 40442 44529
93 3 .06 408 0 121 0 20620 1139 276 207 6682 0 741 8 68180 9969 63540 85289
94 3 .07 951 401 641 2018 94330 1555 280 272 5221 0 851 7 91110 14990 66787 70739
95 3.08 907 442 774 1783 94450 1 779 375 226 5342 0 904 7 94790 1 5590 69576 74042
96 3.09 667 0 202 382 24020 1284 262 224 6181 0 6627 62870 8820 51 781 67398
97 3 .10 606 0 203 273 20120 1024 243 218 5568 0 FO 76 57600 8349 5301 7 67847
98 3 . 11 791 0 211 436 28300 1 502 353 309 8113 (\ 8e70 84960 12440 70225 9221 7
99 3 . 12 860 0 2G7 439 28120 1483 331 327 8705 0 9066 86830 12890 71724 96231

iOO 3 . 13 1055 482 641 1 944 99820 1736 339 184 5890 0 9433 100400 1 6350 7211 7 77276



ECZIIA SOURCE CB~IDIANS: UNCORRECTED RAW PEAK COUNTS 0BTAINED FR0~ THE GPMft~PL SPECTRUM-~~rJPPING PP0GRAM.
Case Label K Ca 1 i ~~n Fe Zn Ga Pb Pb $r y Zr t!b Rayleigt' Compton
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1491€.10 1111 326 512 765 58340 1 751 261 1 74 5146 0 8217 e0930 10190 79635 ~94 62
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EliZIZA SCURC E CI) ~ I DI />.. t! S : L! tJ COR RECTED RAW PEAK CCUNTS ce TA ItJE r. FROM lHE GP~'! ~ t!A L SPECTRL; P. - ~ Tn JPPIt! G PR(' CPA tI.
Ca Sf: Label K Ca Ti ~1n FE Zn Ga Pb Rb Sr y Zr t!b Pi'yleigt't Compton

156 1 7 .03 1034 0 606 994 742 eo 2074 349 316 6237 0 10240 103300 1~41 (' 11 211 7 1~3229157 1 7 . 04 1336 308 64 5 917 68640 2076 357 247 53 PB 0 81f1 7P.f\20 ~84 ~ 69650 P5006158 1 7 . 04 1074 246 411 760 60760 1 773 32f- 1 E5 4 S1e 0 75 ~8 77200 9POe 7551: ~?E33159 17.05 1020 0 635 1039 74580 2262 520 291 6113 r. 972 f} ~95EO 123 eo 1 (,~2 60 12Bl:~160 1 7 .06 1309 252 650 966 70080 1.03 413 1 71 5922 0 92 B6 9?"74C 12020 -9501 7~ 11 5"7 e 9161 1 7 .07 1055 297 590 BOO 63 ~1 0 1944 369 256 524C' 0 8274 P19-:r. 10190 e2 E3 7 100227162 17.08 987 a 495 799 64750 18A 3 399 0 531 5 0 E3 ~'5 83e10 10750 P4574 1P3 4f5163 : I .09 912 a 402 745 63130 1 94 7 364 3a3 55C8 0 e8l? P8210 1145C 9~63~ 11277?164 18.01 1OJ 4 0 237 515 3341C 1673 383 41 7 101 70 0 11290 10 ~7 0 0 1 ~74 (\ 10274 P- I 332 P~165 lE.G2 870 0 266 433 33450 1676 279 31~ 9897 0 1109(' 1057('0 1 541 C' 101052 12 ~9 0 ~le6 18.03 927 C 287 120 34710 1 705 1 91 337 1t:"'75 0 0 12r~C 114200 1 (54 (' 101 723 135611167 16.04 807 0 230 4e8 33500 1 708 344 481 991 7 f) 112~0 1(\~400 1 E1(,0 ~4 4 [-:3 12e797168 18.05 796 0 192 425 33390 1653 334 409 98ge 0 11CeO 1062 CO 15880 99480 12 e187169 IE.06 812 0 377 376 31920 1669 3"64 4C'5 10180 0 10e60 107] 00 15e80 ~9572 1~IC'e4170 1 B. 07 941 0 212 374 32250 1871 546 392 ~4 5e 0 10220 9562P 138eO 7S8~4 1C50 1 ~1 71 18.08 947 0 215 430 34160 1658 386 41€ 9611 1 56 10730 101 600 14eOO 94196 121253li2 1 ~-. 01 ~99 . - . 0 433 699 .. 6 J-61 0 ---- -£3 B9 -508 32 ~ 8001 0 1253 ('l 133000 1 57C'O 11 7470 1 381 ~417J 1 9.02 861 0 583 756 64040 2166 314 164 8348 0 12300 1 34300 15f>S0 1OJ ~6 7 12 eo 26174 19.03 1187 407 438 761 '62eOO 2243 393 441 767 e 0 11690 12~700 1~O60 102402 125176175 19.04 912 0 431 739 54550 1985 331 2e5 6506 0 1('3 60 109600 1 ~ 1 fO 894 gO 1105051 76 19.05 1150 280 530 672 62960 2293 427 335 7689 0 12040 1 29200 1 ~7 30 101685 1 251 99177 20.01 773 0 613 970 69640 2306 398 341 7199 0 111 70 115900 14290 1004 fO 122842.......,
178 20.02 835 0 578 829 69200 2276 421 347 7137 0 11260 116500 14390 103 590 12394 7\..,J 179 20.C3 999 0 600 83~ 674fO 2204 402 .0 6846 0 10990 113800 14450 1069~7 12685(\0 1&0 20.04 796 0 385 649 53610 1 749 413 281 5202 0 8039 79620 CJ7 2 3 61537 75750181 20.04 704 0 341 594 44020 1370 0 125 4505 0 6804 69630 8671 f\0062 75 E~5182 20.05 870 0 4 77 681 56570 1678 271 243 5654 146 9079 92320 11 580 76652 95522183 21 .01 1166 158 343 211 32730 1639 293 3 "16 10340 0 11380 105400 1 5790 101276 1~02 03184 21 .02 859 0 296 372 31360 1686 334 388 9491 0 10240 96990 1 3 ~2 (\ e2921 11 02011&5 21 .03 927 0 231 454 32400 1640 222 346 10030 0 11000 1(\5000 1 53 -60 94249 124324186 21 .04 843 0 266 381 32040 1 701 383 285 9476 0 10280 ~]470 14420 93763 125715187 22 .01 929 0 198 607 35680 1870 377 344 10810 0 11 e40 114100 16650 99747 130767188 22 .02 809 0 348 325 36110 1 728 192 394 10700 0 11 700 110100 16040 99153 128077189 22 .03 1029 0 269 338 36890 1814 418 614 11430 0 12520 122000 1 7450 114202 1 47052190 22.04 1066 0 243 338 35810 1822 371 392 10630 0 11610 11 5000 16820 102225 1 331 60191 22.05 972 230 357 482 38610 2036 531 461 11720 0 12740 122900 1 7790 103698 137467192 22 .06 867 0 428 368 35090 1802 416 338 10680 147 11570 111300 16200 95588 127970193 22.07 573 0 0 255 26670 1494 311 214 8233 0 8780 82070 11820 70663 93106194 22.08 852 130 154 451 29470 1 571 393 262 8866 83 9430 90680 12980 80071 105938195 22.09 983 0 269 539 39030 2106 526 486 10840 0 11460 110700 15640 88421 11 9353196 22.10 668 0 247 239 26920 1380 264 290 8070 0 8765 81990 11 e60 71803 95095

j' 197 22 • 11 1413 269 222 426 39270 1812 53 ~ 472 11690 0 12450 121900 18020 111 545 143604198 22.12 930 0 371 490 36630 1996 450 480 11440 0 12160 116800 16750 103454 136338199 22.13 1156 253 269 522 36410 1950 374 526 11610 228 12640 122400 1 BO 70 111115 146701200 22.14 898 0 0 502 37440 1909 438 418 11410 0 12700 122400 1 74 70 11213-6 146830201 22 .15 1137 0 214 502 36420 1954 417 485 11180 a 12480 122600 17940 11 91 54 151337202 23 .01 1000 0 267 493 34470 1 736 358 378 10790 0 11 P4 0 111 POO 1f5 60 100 104 1 ~2 62 7203 23.02 1057 0 0 545 37660 2251 486 357 11000 a 12310 120700-- 1 7270 ,1"1 ~ 1 78 . 144052
~O4 23.03 891 0 224 453 36640 2130 667 454 11530 0 12120 11 E2 00 1 7030 10e813 1 41 2e4205 23.04 940 0 233 428 35790 1870 448 340 10590 0 11 ~40 113600 16660 10P24S 1 3~e 56206 23.05 984 0 313 460 37310 2001 54G 440 10~lC 0 11 750 116300 1 7000 lC4695 13l'~27



APPENDIX D
EDZIZA OBSIDIAN SOU RC E DATA ~!ORMP.LI ZED T0 THE COMPTOH PEAK ( PK/C('~tP * }0E2)

Lo se Label K Ca Ti Mn Fe Zn Ga Pb P.b Sr y Zr Nb Rayleigh Compton Pk

1 1 .01 8.03 0 5.03 e.53 593.48 23 .98 3 .71 3.P4 62 .50 0 86 . e4 ~8 4 .95 121 . ('4 e11.61 955A92 1 .02 8.44 3 . 12 5.47 6 .97 595 .48 1 7 . 74 3 .64 2 .70 49.22 a 70 .2g e()().~5 103 . 0~ r21.f7 ~94 P23 1 .03 6.59 0 0 3 .20 254 . 31 13 .56 4 ~6 3.4f 76 .77 0 72 . '! CJ 82 ~. 1r 1 21 .56 774.2~ 973224 1 .04 5 .74 0 2.60 3.30 259.53 13 .42 3 . 12 2 .61 77 .24 0 73 .13 917.C:O 124 . 11 759.42 1104 705 1 .05 7 .81 0 1 .90 2.40 228. 76 10.eS 2 .65 1 • g1 86 .04 3 .53 P4.31 ff 1 .05 142 . £l4- 76 P.-:lJ 114267b 1 .06 6.99 0 2 .3e 2.99 247.41 12.65 2 .4 S 2.70 79.27 0 74 .70 el~.~f 123.;(' 765 .0) 11054 77 1 .07 6.85 0 0 1 . e2 231.49 11 .42 2 . "3 2.84 e5.08 3.56 82.0e 542.78 135.fE 774.43 1065258 1 .09 10.68 1.99 1 . f3 3.77 258.86 11.60 3.06 2.55 e8 .3B 3 . 1 t 84 . f3 569.ee 141 .57 75e.29 91P26
~ 1 . 10 6.93 0 1 .64 4 .02 261.13 13.38 1 .56 3 . 11 78 .55 0 70 . 5~ 81 7 . 71 120.36 777.46 9554710 1 . 12 7.84 0 5.35 7 .43 E95 . 51 1 7 .60 3 .80 1 . 72 49.23 0 72 .3f 811 .~2 106.05 e27.P2 11768011 1 . 13 6.12 0 0 3 .00 234.22 12.77 3.44 4 .14 114.39 a 80 .53 711.23 141.62 75 e .P6 12851012 1 . 14 8.83 2 .59 2 .03 1 .95 22,6.46 10.78 2.27 1 .86 83.39 2 . CJ7 81 .90 553 .16 128.f9 764.P5 12027213 1 . 14 5.35 0 1 .72 2 .24 199 . ~O 9.53 2 .00 1 .49 79.04 2 . f4 74 .43 f03 .2F 128.03 744 . ~6 13207914 1 . 15 14.06 4 .42 6.20 8.76 839.03 32 . 17 4 .02 4.03 e5 .12 0 116 . 11 1315.63 1 5e .03 e25.23 5675615 1 . 16 6.64 0 1 .95 3 .28 266.29 13.78 3.72 3.13 7~.39 0 74 .27 850.27 123 .33 778.43 12584216 1 .15 8.24 2 .46 4 .47 7 .75 599 .61 23 .47 2.72 2 .97 66.89 0 1 ('2 .00 Ilf7.96 145.Ee 850.91 12157917 1 .16 10.91 1 .96 1 .85 3 .67 302.49 15.63 3 .74 2 . e1 86 .4 e 0 78.67 875.41 127 . 1 E 772.87 10790418 1 .17 8.94 0 2.24 4.90 300 .55 16.81 4.65 1 .80 e7 .44 0 76 .65 882.40 127.72 772.71 6341819 1 .18 7 .85 .76 0 1 .90 1 a5 .89 13 . 15 2 .32 5.89 150 .80 0 92.43 416.25 1 57 .55 737.22 113995

l--J 20 1 . 17 8.99 0 2.88 4.20 32.2 . 22 17.58 4 .38 3 .98 93.38 0 79.84 91e.46 120.66 753 . ~4 88169
\..,J 21 1 . 1e 5.80 0 1.16 1 .29 156.37 12.29 1 .56 5 .35 131.11 0 82.fl 368 .86 142 .78 746.E5 1 361 50l--J 22 1 . 19 10.63 0 5 .71 12.84 910 . 53 32 .27 4.28 3 .44 82 .31 1 .50 126.10 1396 .23 183.15 833.93 93 ~6 723 1 .19 9 . 71 3.38 4.87 8.25 711.78 24.07 3.49 3 .15 66.45 0 108.64 1205.04 164 . P3 e49 .67 10733724 1 .20 8.48 0 5.41 7.20 687 .43 22.49 4 .12 3 .44 59.20 0 97 .80 1082.99 149.26 e32.99 10840425 1 .21 6 . 11 0 1 .12 1 .61 204.75 11 • 76 0 3 .66 102 .34 0 75 .95 676 .94 1 31 .99 760 .14 14705826 1 .20 7.24 0 5.18 8.36 637.90 20.90 2.80 3 .29 57 .93 Q 92.~3 1040 .60 141 .60 84 7 .73 12041127 1 .21 9.19 0 1 .81 3.72 312.45 1 7 .08 4 .18 5.00 142 .20 0 92 .99 824·.28 1 56 . 73 735 .53 9915328 1 .22 5.67 0 1 .32 2.82 216.82 11 .53 3.e6 .98 82.75 3 .91 eo .08 538.37 133.85 763 .15 1 3739729 1 .23 8.43 0 3.58 12 .32 880 .29 40.98 2.69 6.83 112.27 2 .76 195.05 2420.51 339.86 879.45 1 0510230 1 .22 6.91 0 2 .23 2.29 237.42 11 .28 3.24 1 .92 89.02 3.99 85.47 575 .~3 143.93 756.56 15862231 1 .23 10. 11 0 4.02 11 . 15 862 .93 38.01 1 .75 6.98 111.38 4 .33 208.88 2384.71 307.01 888 .51 11016032 1 .24 7 .61 0 4 .10 9.63 735.59 27.81 4.49 4.54 77 .29 0 125 .96 1442.65 192 .60 864 . 21 11915633 1 .25 6.94 0 2 . 19 3.12 252.35 13.37 2.29 2.99 78.22 0 71 .89 824.54 123.32 766.06 14020034 1 .24 9.99 2.80 2.76 9.65 767.82 28.74 3.64 3 .50 77 .39 0 132 .00 1479.99 197 .54 872.78 11466335 1 .25 6.96 0 1 .78 2.84 264 .37 13.50 3 .40 2 .51 78.00 0 74 .11 838.92 120.24 780.46 13398136 1 .26 7.09 0 4 .14 4 .75 495 . 16 18.01 3.79 2 .74 63.11 1 . 16 83.76 1009.04 122.61 e32 . 14 1271 5037 1 .27 8.63 0 4.55 6.95 673.65 26.64 4 .18 4 .15 75.30 0 109.28 1241.03 1 55 .20 836_ 81 .11160138 1 .26 7.95 0 4 .41 7.04 544.89 19.31 2.61 2 .71 65031 0 90 .82 1076.72 129.55 811.79 12110839 1 .27 9.62 0 5.02 6.95 692.91 27.83 4.09 4.10 74 .20 0 109 . 96 1245.59 156.95 834.75 9385140 1 .28 6 .67 0 1 .88 3.67 261.04 13 .36 2.80 2 .18 79.76 0 74 .34 826.98 122.26 765 . 50 12588041 1 .29 6 .75 1 .34 2.38 2.85 248.45 12.93 2.20 3 .59 78.49 0 72.40 800.26 118.58 776.30 130208

42 1 .28 6 .92 0 1 .46 3.04 250 .73 12.80 2.06 3 .43 77.84 0 71 .32 833 .31 120.25 766.19 134884
43 1 .29 7.30 0 3 .19 3.30 275 .05 13.82 2.06 3 .30 83.31 0 75 .52 833.45 122.~3 751 .56 91475
44 1 .30 5.10 0 0 0 92.79 9 .33 3 .14 5 .31 1 76 • 71 0 84 .02 157.42 143.81 725.85 147760
45 1 . 31 6.53 0 1 .23 1 .31 102.35 11 .33 3.20 7.20 202 . 1e 0 92.07 1 71 .63 1 56 .96 714.26 134239
46 1.30 6.51 2.42 0 0 91 .14 9.70 1 ; 98 6 .59 179.56 0 84.26 156.01 143.69 717.79 146914
47 1 .31 4.5:i 0 0 0 92.48 1(,.~2 2.5~ 6 .50 185 .90 0 85 .54 1 62 . 20 146.53 72f!.77 1 EO 621
48 1 .:i2 8.97 2.08 2.38 2.62 257.70 12.08 3 .41 1 . ~8 90 .93 3.58 87 .36 586 .85 142.92 757.49 11 6571
49 1 .33 10.20 2 .42 4.36 7~67 6·1 4 . 01 - - --2 r . 13-- 3 . 6e 1-.41 62 .03 0 87.e3 994 .96 125.19 810.27 103924

----I ---1



EDZIZA CeSIDIAt! SCURCE DftTA t~ORMALIZED TO THE COt-iPTON Pf,A_K (PK/CCI·;P * 1('[3)

Case Lab~J K C~ Ti Nn . _fe ---_ ---In- -- Ga. _ Ph Rb Sr y Zr Nb Payleigh Compton Pk
50 1 .32 10.20 1 . e5 2.62 2.€9 290 .75 14 .01 4 .25 2 .42 101.Se 4 .,7 9~.P6 615.~O 1 56 .74 759 .23 ~S06451 1 .33 8.58 1 .51 4 .42 7.40 531 .82 16 .61 2 .51 2 .15 55 . 3~ 0 77 .55 922.2f I1t:.fl3 £27 . 54 I1B93152 1 .34 6 . i'l 0 1 .75 2 .58 239.55 12 .27 1 . t 7 2.94 75 .05 0 70.415 8Q2.4f 119.42 766 .02 12636153 1 .34 7 .43 1 .26 1 .5S 3.98 260 . 70 11 .74 1 .40 3 .46 80 .51 0 74 .33 f42.82 122.S3 759 .06 12731054 1 .35 7 .31 0 0 1 .69 193 .18 13 . 76 4.04 5.15 1 50 .13 (l 93 . f 1 3 f!7 .61 1 f.4 •PO 742 .41 791 ~955 1 .3t 9.31 1 .93 1 .75 j .26 279.06 14 .22 3.28 3 .74 82.3~ (l 70 . i~ e61.69 ] 3 ~. 11 768 .94 11 ~ 1P556 1 .35 6.07 0 0 1 . 3 ~ 148.15 11 . fO 3 .62 4.62 126 . 77 0 e 1 .1 ~ ~:4 .~4 137.91 733 .01 1 3283 P57 1 .36 6.62 0 , .03 3 .31 269.69 13.93 4.12 2.e8 80 .94 0 77 . 2 ~ 854.re 124 .10 77 f . ~5 1232905b 1 .37 7 .21 0 2 . 1~ 4 .17 275 .65 14 .96 1 .82 2.92 83 .12 0 77 .85 e78.C3 130 . 54 756.~e 128241
~9 1 .3a 6.69 0 1 . 72 3 .71 272.72 12.66 1 .64 3 .96 81 .27 C 74 . 12 P53 .25 124.06 766.11 11220560 1 .37 6 .34 .76 2.88 3.3~ 258 .45 1 3 .61 2 .65 2.84 78 .81 0 71 . II 823 . 4 ~ 11~.7~ 772.56 12714261 1 .36 7 .43 0 1 . 7B 3.92 30g.0E 16.27 3.43 3 .47 86 .43 0 eo .76 ~92.41 130.44 751.69 10441462 1 . 11 7.78 0 4. £1 6.27 621 .21 16.97 3 .29 1 .78 53 .:4 0 71 . f. 9 eo ~. fll 104 .: '2 823.:2 ~2063E3 1 . 11 16.95 5.410 7.89 1 5 . 04 1 04 5 . 58 29.39 4.65 2.85 70 .51 0 87.81 f}76 • C~ 11 B.12 e11.:5 5478364 2 .01 9.07 0 6 . 13 e.B6 764 .59 25.72 2 .:4 3 .70 62.65 0 1 CO .97 11 2 ~ . 51 1 50 . ~ 2 846 . ~2 e401965 2 .02 6.85 0 3 .59 5.90 487 .02 16 .52 3 .21 1 .65 61 .53 .f3 82.451C02.f7 122 .51 P24.2e 10970766 2 •OJ 7.38 0 5 . 17 e.~4 667.85 21 .47 2 . g 1 2 .71 60 .57 0 96.}41r70.1f 149.33 A40.dO 9783 f\
67 2 .04 10.12 0 7 .01 8.60 7e-4 .45 25 .77 3.84 3.03 65.f9 0 103.3e 11t'7.57 162 .62 839.64 50481

J--J 68 2 .04 9.86 0 5.36 8.42 763 .91 26.41 5.03 3.83 68.2j 0 1 04 . C~ 11 79 . 2 £1 1 5~. 12 ~3 7 .52 82078
'-..A> 69 2.05 9.30 3 .64 6.69 8.32 700.89 23.48 4 .67 3 .64 63 .32 0 99.11 1105.92 t56.f6 B29.B3 B8216
tv 70 2 .06 9.00 0 5.67 7 .95 710.B1 23 .67 3 . A2 2 .99 63 .34 0 99.941120.57 1 :4 .66 824.55 8224471 2.07 12.09 0 6.68 11 .42 770.36 32.06 4.40 3 .27 63.45 a 105.771132.30 1 53 .02 P-39.52 5227472 2 .08 9.·22 0 6.23 8.62 800.88 25.35 4.66 3 .35 66 .90 0 102.('21127.95 154.63 e34.76 6738873 2.0S 10.61 0 5.99 9 .92 854 .43 28.36 5.09 3 .10 68.54 0 109.431162.74 1 54 .63 842.05 5672874 2 .10 11 .00 0 4 .32 9.04 687 .38 22.53 3 .45 3.20 60.34 0 96.CO 1056.68 146.97 838.74 6228075 2 . 11 8.99 0 7.38 10.93 805 .82 25.98 3.95 3 .47 67.40 0 106.361154.99 156.91 870 . 10 65325

76 2 . 12 7 .94 0 6 . 12 8.78 685.63 22 .17 3 .43 3 .64 63 .16 0 97.261089.12 1 51 .40 85 S~ 84 . 9484777 ~ .13 10.43 0 6.67 9.78 777.40 22.49 0 2.88 62.86 0 99.90 1099.87 1 53 .40 859.07 63571
78 2 .14 8.06 a 4 • 11 13.02 999 • 14 42 .87 2 . 14 8.42 1 21 . 70 0 213.69 2481.20 328.~~ 931 . 94 63034
79 2 .15 13 .41 3.81 5.82 9.27 712.49 23.90 3.68 3.04 62.64 0 91 .30 1077 .-7Q 1 52 . 0 8· .. 8 5 6·•.1 2 73054
80 2 .16 9.12 1 .77 5 .32 8.00 680.72 22.60 3 .26 3 .25 60.93 .58 95.701072.75 145.39 846.14 96295
81 2.17 10.88 3.05 5 .48 9.65 736.29 24.39 2.68 3.92 65 .24 0 106.491162.40 159.71 846 .56 67120
82 2 .18 9.11 0 4 .53 10.59 8 2 0 • 6 1 - - 3 7 .~- 18 1 .93 6.64 108.34 0 1~8 .95 2252.88 297 .66 927.61 50158
83 2 .18 12.38 0 5.38 14 . 51 11 64 .68 53 .61 6.10 8.29 137.31 3.B3 237.54 2698~45 346.11 86 7- . 4 5 - 77 4 89
84 2 .19 6.84 0 5.97 8.47 732.50 23.43 4.93 3 .76 61 .28 0 103.60 1097.98 146.28 855.76 46048
85 2 . 19 10.28 0 6.64 11 .18 873.09 28.55 4.78 4.20 70 90 0 105.061153.75 155.29 818.60 76178
86 2 .20 10.94 2.81 5.65 9.22 790 .03 25.47 3 .30 3 .47 65 .16 0 102.761128.40 156.42 834.67 53669
87 3 .01 8.16 0 2.33 3 .15 267.62 14.48 0 3 .26 7~.05 0 72.82 820.90 122.73 801 .28 72640
88 3 .02 12.23 5.22 12.09 26.00 1200.52 21 .65 3 .76 2.48 70.96 0 105.40 1246.40 206.02 941 .93 91544
89 3 .03 5.83 0 0 3 .39 273 .47 14 .04 2 .90 3 .26 82 .66 0 76.49 860.46 127.53 763 .62 112370
90 3.04 11 .73 3.78 11 .47 28.45 1369.36 28.50 3 .87 2.87 75 .61 0 115.99 1289.46 209.55 952 .55 69339
91 3.05 17.81 6.25 13.28 29 . 16 1403. 16 25.32 4 r 22 - 3 .16 72.07 0 107.17 1260.32 207.66 946.22 45925
92 3.05 15.07 4.72 15.05 31.351513.62 25.89 3.64 4.02 83 .32 0 115.03 1350.58 218 • 22 908 .22 44529
93 3 • 06 4.78 0 1 .42 0 241 • 77 -13.35 3.24 2.43 78.35 C 73 .70 799.40 116.88 745 .00 85289
94 3 • 07 13 .44 5.67 9.06 28.53 1333.49 21 .98 3 .96 3.85 73 . B1 0 107.891287.97 211 .91 944 . 13 70739
95 3.0e 12.2E 5.97 10.45 24.0e 1275.63 24.03 5.06 3.05 72 . ] 5 0 lO~.96 12eO.22 210.~6 ~3~.68 74042
96 3 .09 9.90 0 3.00 5.67 356.39 19.05 3.89 3 .32 ~1 . 71 0 82.7e ~32.82 130.£>6 768.29 67398
97 :> • 10 B.93 0 2 .99 4.02 296 .55 15.09 3.5e 3 .21 82.07 0 75 . E4 £>4 P. f}7 12~.Of 781.42 f.7e47
98 3 .11 8.58 0 2.29 4 .73 306.88 16.29 3.83 3 .:5 87 .98 0 B1 .27 921.31 134 .90 761.52 92217
99 3 . 12 8.94 0 2 .15 4.56 ? 92 .21 15.41 3.44 3.40 90 • 4 ~ 0 78.B8 902 .31 133 .95 745.33 96231

100 3 . 1 j 13.65 6.24 8.29 25.161291.73 22.46 4 .29 2.3f.' 76 .22 0 1 C9 . ] 5 1299. 24 211 . 58 933.24 77276



EDZIZA OBSIDIA~ SOURCE DATA ~ORMtLIZ[D T0 THE COMPTON PEAK (PK/CCMP * 10E2)

Case Leibel K Ca 1 i Mn Fe Zr. Ga Pb Rb Sr y Zr ~lb Rayleigh Compton Pk

101 3 . 14 10.84 4 .75 10.41 26.25 1332.40 23 .63 3 .84 3 .61 74 .98 0 111.~~ 1283.78 209.~S 951 .08 72606102 3 . 15 8.21 0 6.02 9.05 671.21 23 .1: 4 .63 2 .64 62 .16 0 103 .8a 112~.~1 I~El.57 ?63 .70 98061103 3 . 16 15.57 6 .75 12 .54 31.91 1516.49 27 .41 4.94 3 .17 e1 .30 0 112.23 1221.?4 21 5 . 22 ~ao .06 41206104 3 .1 i 8.28 0 3.25 4 .61 305.82 16.?5 3 . 54 2 . 84 80 .68 0 76 .76 872.60 125.e7 767.B? 5483f.105 3 .18 9 .73 0 3 . 1~ 3.09 2 9 1 .00 1 5 .73 3 w03 3 .25 90.17 0 73 .4 E e56.7c) 124.fl 770.71 77113106 3 . 19 10.43 0 5.46 13.43 1003.72 46.40 4 .96 7 . 71 123.66 2.65 227.72 2579.20 32 e .84 873 . 91 77970107 3 .20 7.86 0 2.69 4.59 303.'L7 16.47 3 .27 3 .20 e4 .51 0 77 .87 P.98 .72 130.20 767 .14 e65561C8 3 .21 13.65 5 .95 12 .43 25.72 1315.01 22.38 2.87 2 .47 74.fO 0 107.20 12e7 .03 206.23 ~66 .1 ~ 85779109 3 .22 12.93 5.05 10.01 26.41 12g3.98 22 .98 2 .95 3.tie 75.46 0 109.~e 1314.12 217.3e 930.93 7~44 511 G 3 .22 11 .4B 0 3 .34 5.36 395 .20 20.44 4.08 4 .85 102 . 11 0 91 . 1a 979 . e2 1 41 .04 755.67 70319111 3.23 6.75 0 2 .54 3 .53 283 .15 14 .22 2 .12 3.42 S2.E5 (\ 75 .70 86 7 .74 127.01 770 . ~ 1 1125c)111 2 3 .24 7 .42 0 1 .83 4.51 295 . c4 13.99 2.~6 2 . ] 3 89.02 0 79 . 19 905.07 133 .26 764 .24 101307113 6 •Cl 6.47 0 2.38 2.68 264 .67 13 . 93 3.3e 2.88 83.97 0 72 .97 e61 .50 125.27 755.04 123737114 6.02 6.74 0 2 . 12 2.94 251.87 13.58 4 .26 3.58 80.61 0 71 .89 823.24 119.53 7fl2 .64 13336011 5 6.03 7 .16 0 2.85 2 .97 277.62 12.67 2.66 3 .44 80.76 0 74 .21 ~5 3 .78 122 . 98 770.38 12 2 ~6 611 6 6.04 6.35 0 2 .07 3 .42 247.51 13 .51 ~ .02 2.94 76.83 0 72 .51 83C.90 120.e2 780.61 13094211 7 6 .05 5.76 0 2 .66 3.06 264 .86 16.02 3 .31 2 . 71 81 .69 0 74 .52 e55.8B 123.76 775 .63 1 2233011 8 6 .06 8.92 0 5 . 74 7.83 685.74 21 .99 3 .51 2.90 66.76 .74 96 . 73 11 03 .35 139.69 823.:J6 9607111 9 7 .01 7 .45 0 2 .31 3.13 281.18 14.49 1 .57 3.26 83.03 0 76 .51 874 .62 126.56 767 . EO 11227712 CJ 7 .02 7 .55 0 2 .95 3 .32 295 .48 20.65 2 .62 3 . ~ 7 88.81 0 80 .64 904 .32 125.48 758.36 100650121 7.03 7.04 0 1 .95 3 .01 256.15 12 .40 2 .07 3 .36 78.96 0 73 .48 834.77 120.30 772.45 1 06736122 7 .04 9 .97 0 2 .70 4 .60 303.04 15 .61 2.42 3.07 89 .22 0 80 .31 890.92 130.65 761.48 70287123 7.05 6 .97 0 1 .39 2 .53 243.69 13 .37 3 .12 3 .35 76 .54 0 72.80 799.45 118 .62 778.01 126963124 7 .06 6.44 0 0 0 240.34 13.09 2011 2 .94 78.63 0 72 .41 805 .84 1 21 .02 749 . C2 112132
t--' 125 7 .07 7.08 0 1 .74 3 .45 247.90 13 .50 3 .09 3 .78 80.42 0 73 . 11 810.54 120.44 772.34 1 26705
~ ~26 S.OI 8.44 2 .36 4.67 6.97 521.91 1 7 .67 3 .37 2 .78 55 .33 0 76 .27. 899.81 108.84 8J 4 . 6 2 . 1 1 3 4 68
'-0 127 9.02 7.89 0 4 .63 7.94 567.11 19.63 4.77 1 .00 59.63 0 80.62 938.50 118.72 827 . 5 B 109750128 9.03 8.69 1 .70 4 .49 6 .10 540 .04 18.29 3 .24 2 .12 54 .04 0 76.38 904.24 113.46 834.15 11 5898129 9 .04 6.23 0 4 .76 5 .56 508.61 16.65 1 . E3 2 . 15 53.89 0 75 .59 896 .41 111.16 833.07 118027130 9.05 8.68 0 4.20 6.24 546 . 12 1 7 .74 3 .73 0 55.08 a 78.89 911.48 116.69 841 .88 116294131 9.06 7 .23 0 5.25 7.34 565.88 20.91 3.93 2 .28 57.06 0 80.69 934.12 114 .88 824.89 108980132 9.07 7 .37 0 4 .86 6.00 538.02 18.36 2 .86 1 .33 56.69 0 78.55 920.71 113.72 814.82 111761133 9.08 11 .30 2.28 4.88 7 .77 597 .63 19.84 4 .19 1 .78 60 .12 0 84.66 97 1 .07 122.27 813 .23 104112134 9.09 9 .51 1 .27 4 .38 5 .42 551 .08 18.05 2 .63 1 .89 55.17 0 76 • 17 928.13 125.46 826.67 120673135 9.10 7 .90 0 4.35 7 .10 53 7 .45 1 7 .67" 3.85 2 .61 55.39 0 78.59 922.03 114 .40 831 .93 1 22989136 9 • 11 8.12 0 5.17 7 .52 600 .97 19.24 1 .98 1 .40 59.25 0 84.54 969 .36 117.82 829 .21 110588137 12.01 7 .77 a 2.93 3.06 261.08 14 .15 2 . 17 2 .44 78.37 0 67 .51 834 .78 131 .64 791 .87 113718138 12.02 12.37 3.03 4.79 . 7 .06 -- 62 8-.-(})- --. 22 .2,8- 3.46 2 .97 72.32 0 94 .51 1130.46 134.87 809.15 76668139 12.02 10.30 2 .16 4.83 7w22 559.78 18.74 2 .55 1 .15 67 .52 a 88.631060.64 128.46 804.94 101825140 12.03 6.41 0 4.07 5.67 493 • 12 17.87 3 .95 2 .22 61 .28 0 850341009.74 121.36 811.38 87260141 16.01 7.04 0 4 .31 8.11 530.06 13.63 0 0 45.85 1 .09 65.56 744 .41 96 .28 81 9 .63 . 1041 77142 16.02 9.88 0 5.88 7 .67 647.12 19. B4 3.48 2.54 50.62 0 74 .97 839.22 104 .60 812.76 92038143 16.03 10.19 1 .48 6.45 9.30 670.06 18.71 2.85 2 .22 54 .85 1 .46 74 .71 817.30 101 .39 820.16 88903144 16.04 7.24 0 6.20 6.25 548.41 16.70 2.82 1 013 47.39 0 67.90 763.02 94 .75 829.67 134990145 16.06 10.04 1.18 7 .45 8.37 706.49 19.55 4.05 1 .27 57.18 0 78.63 869 .31 107.83 803 .27 92740146 16.07 6.40 0 6.48 6.89 560.86 15.46 1 .97 1 .47 47.67 0 68.49 777 . 75 101.19 824.65 128962147 16.08 9.38 0 6.20 9.68 676 .42 20.00 3.B8 1 .65 56.41 0 75 .94 855.62 109.01 PO 7 . 13 82537148 16.0~ 8.04 0 5.64 8.39 645.36 1 e. 79 3.89 ) .30 52.27 0 76 .86 e38.71 II C. 50 803.re 98735

149 16.10 11 .17 3 .28 5 . 15 7 .69 586 .56 1 7 .60 2.62 1 .75 51 . 74 0 73.84 813.68 102 .45 800.66 99462
150 16 . 11 11 .04 0 8.18 9.EO 783.21 21 .61 4 .14 1 .46 62.49 0 83.99 927 . 75 11 5 . 66 782.51 83579
151 16 . II 8.58 1 .56 5 .27 7 .55 596 .75 17.20 3 .13 2 . 1E 49.96 0 70 .80 B23.1j- 106.12 B11 . e9 109023
152 16 .12 7.0E .60 4.87 7 .47 554.94 14 .84 3 .16 1 .57 48.22 0 69.06 767 .14 100 . ~ 3 el1.15 114517
153 16. 1~ 8.09 0 5 . 11 7.51 615.33 17.44 2 .15 1 .82 52 .88 0 75 . ~ 3 825.1 C 105.53 P21.6e 123e52154 1 7 .01 8.62 0 5 .49 7 .64 63 5 .3 S 19 . 14 4 .43 1 .25 50.90 0 74 .51 eOO.PI 1 (\4 .83 P27 . ('4 e7049
155 17.C2 10.S5 2.66 9 . 21 8.39 732.63 21 .22 4 • /J 7 I .98 54.28 0 eo.~o 867 . 70 10~.57 P32.~2 1('6752



EDZIZA OBSIDIAN SOU PC E DP,TA t~o Rt1 P. LIZ ED TG THE CC'MPTOtJ PEA K ( PK/ COM P * 1QE~)

Case Lab e1 K Ca. Ti Mn Fe Z., G~ Pb Pb Sr Zr Nb Rayleigr Compton Pk

156 1 7 .03 7 .76 0 4 .55 7 .46 557.54 1 5 .57 2 .62 2 .37 46 .81 (' 68.93 775.:f 100 .65 841 .54 133229157 1 7 .04 1 5 .72 3.62 7 .5 S 10 .79 807.47 24 .42 4.20 2 .91 63 .28 0 85 .26 924.?P ] 1 : . 8-6 fll~.:5 8500615& 1 7 .04 11 .59 2.66 4 .44 8.20 655 .92 1 9 . 14 j .54 1 .78 53.09 0 73 .02 833.40 105.88 815.1 e 92F,33159 1 7 .05 7 .96 0 4 .96 8 . 11 582.04 1 7 .65 4.06 2 .27 4 7 .71 0 E7 . £l4 776.99 96 .62 852 . f 0 12813S160 1 7 .06 11 . 31 2 .1 C 5 .61 8.34 605 .24 1 6 .44 3 .57 1 .48 51 .14 0 71 .53 800.94 103 .81 820.60 115789lEI 1 7 .07 10 . 53 2 .96 5.89 7 .98 637.65 1 9 .40 3 .68 2 .55 52 .28 0 73 . f. 9 817.44 101 .67 824 .50 10022 7162 1 7 .oe 9 .54 0 4.78 7 .72 625.82 18.20 3 .86 0 51 .27 0 72 .43 810.03 103 .90 817.42 103465163 1 7 . OS' 8.09 0 3 .56 6 .61 55S.80 17.26 3 .2:; 2 .69 48 .84 0 69.86 782.20 10.1 .53 830.29 112772164 1 8 .01 7.76 0 1 .78 3.86 250.67 1 2 .55 2.B7 3 .13 76 .:0 0 71 .77 823.06 118.09 770 .84 133283165 18.02 6.70 0 2.05 3 .33 257.49 12.90 2 .15 2 .46 76 . 18 0 72 .45 812 .65 118.62 777--.87 ' 129909166 1 C .03 6.84 0 2 .12 .56 256.10 12 .57 1 . 41 2 .49 79.27 0 75 .72 842 .11 1 21 . (} 7 750 .11 135611167 1 &.04 6.27 0 1 .79 3 .79 260 .10 1 3 .26 2 .67 3 .73 77 .OC 0 74 . ~3 84 9 .40 125.00 733.58 128797168 18.05 6 .21 0 1 .50 3 .22 2 60 .48 12.90 2 .61 3 .19 77 .1: 0 73 .36 828,r4l? 123.8a·, 776.. 05 1-28187169 18.06 6 .19 0 2 .88 2 .87 243.51 12 .73 2 .78 3.09 77 .66 0 69.E8 81 7 .03 1 21 . 14 759.£0 1310e41 70 18.07 8 .96 0 2.02 3.56 308.05 17.,.82 5.20 3 .73 90 .06 0 82 .05 910 . 54 132 .17 760.69 10501 51 71 18.08 7 .81 0 1 .77 3 .55 281.72 1 3 .67 3 .18 3 .43 79.26 1 .29 75 .06 837.92 122 .06 776.86 121253172 1 9 .01 7 .23 0 3 .13 5.06 460 .43 1 7 .29 3 .68 2 .35 5 7 .91 0 80 .8e 962 '. F9 11 3 .64 850 .28 ·138154173 1 9 .02 6.73 0 4 .55 5 .91 500 .21 1 6 .92 2 .45 1 .28 65 .21 0 85 .02 1049 .01 123 .80 812 . OR 1 2802 6
r-' 174 1 9.03 9.48 3 .25 3 .50 6.08 501.69 17.92 3 . 14 3 .52 61 .34 0 82 .99 1004.]9 120 .31 ?18.06 125176

\..,J 175 1 9 .04 8 .25 0 3 .90 6.69 493.64 1 7 .96 3 .00 2.58 5~.88 0 83 .77 991 .? 1 119 .09 809.83 11 C505+:- 176 1 9 .05 9 . 19 2 .24 4 .23 5.37 502.88 18.31 3 .41 2.68 61 .41 0 e5 .76 1031 .96 125.64 812.19 1251 99177 20 .01 6.29 0 4 .99 7 .90 566.91 I? .77 3 .24 2 .78 58 .60 0 81 .00 943.49 11 E .33 817.80 122 P'112178 20.02 6 .74 0 4.66 6.69 558.20 1 8.36 3 .40 2.BO 57.58 0 B1 .09 939.92 116.10 835.76 12394 7179 2G. 03 7.88 0 4 .73 6.57 531.81 1 7 .37 3 .17 0 53 .97 0 77 .49 897 .12 113 .01 843 .02 126850160 20 .04 10 . 51 0 5.08 8.57 707.72 23.09 5 .45 3 .71 68.67 0 94 .49 1051.09 12B.2f. 812.37 75750181 20.04 9.30 0 4 .50 7.85 581 . 54 18 . 10 0 1 .65 59.52 0 79.80 919.88 114.55 793.47 75695182 20.05 9 . 11 0 4.99 7 . 13 592 . 22 1 7 .57 2.84 2.54 59 . 19 1 .53 B5 .01 966 .48 121 .23 802 .45 95522183 21 .01 8.96 1 .21 2 .63 1 .62 251.38 12.59 2 .25 2.89 79 .41 0 73 .94 809 . ~ 1 121.27 777.83 1 30203184 21 .02 7 .79 0 2.69 3.38 284.57 15 .30 3 .03 3 .52 86 .12 0 78 .32 880 .12 126.31 752.45 110201185 21 .03 7.46 0 1 .86 3.65 260 . 61 13.19 1 .79 2.78 80.68 0 74 .80 844 .57 123 .55 758.09 124324186 21 .04 6 . 71 0 2 .12 3 .03 254 .86 13 .53 3.05 2 .21 75 .38 0 69.00 743 .51 114.70 745 .84 125715187 22 .01 7 .10 0 1 .51 4 .64 272.85 14.30 2 .88 2.63 82.67 0 76 .53 872 . 54 127 .33 762 .78 130767188 22 .02 6 .32 0 2 .72 2.54 281.94 13 .49 1 .50 3.08 83 .54 0 77 .19 859.64 125.24 774.17 1 280 77189 22 .03 7.00 0 1 .83 2.30 250.86 12 .34 2 ,84 4 . 18 77 .73 0 71 .97 829.64 118.67 776.61 1 4 70 52190 22 .04 8.01 0 1 .82 2 .54 268.92 13.68 2 .79 2.94 79.83 0 73 .66 863 .62 126.31 767.69 1331 60191 22.05 7.07 1 .67 2.60 3 .51 280.87 14 .81 3.86 3.35 85.26 0 78 .23 894.03 129.41 754.35 137467192 22.06 6 .78 0 3 .34 2.88 274.20 14.08 3 .25 2 .64 83.46 1 . 15 76 .27 869.74 126.59 746 .96 127970193 22.07 6 .15 0 0 2 .74 286 .45 16.05 3 .34 2 .30 88.43 0 79.31 881 .47 126.95 758.95 93106194 22.08 8 .04 1 .23 1 .45 4 .26 278.18 14.83 3 .71 2 .47 83.69 .78 74.83 855 .97 122 .52 755 .83 . 105938195 22.09 8 .24 0 2.25 4 .52 327.01 1 7 .65 4 .41 4.07 90 .82 0 80 .62 927.50 1 31 .04 740.84 119353196 22 .10 7 .02 0 2.60 2 .51 283.09 14 .51 2.78 3 .05 84 .86 0 77 .79 862.19 124.72 755.07 95095197 22 .11 9.84 1 .87 1 .55 2.97 273.46 12.62 3 .75 3 .29 81 .40 0 72 .90 848.86 125.48 776.75 143604198 22.12 6.82 a 2 .72 3 .59 268.67 14.64 3 .30 3 .52 83.91 0 74 .97 856.69 122 .86 758.81 136338199 22 .13 7.88 1 . 72 1 .83 3 .56 248.19 13.29 2.55 3 .59 79 . 14 1 .55 72 .75 834.35 123.18 757.42 146701200 22 .14 6 . 12 0 0 3 .42 254.99 13 .00 2.98 2.85 77 .71 0 73 . ~2 833 .62 118.98 763 . 71 146830201 22 .15 7 .51 0 1 .41 3 .32 240.65 12 .91 2.76 3.20 73 .87 0 69.94 810.11 118 . 54 787.34 151337202 23 .01 7 .54 0 2 .01 3 .72 259.90 12 .09 2.70 2 .85 e1 .3 E 0 75 .4 e 842.97 124 .86 754 .78 132627
'-03 23.02 7.34 0 0 3 .78 261.43 1 5 .63 3 .37 2.4t> 76 .36 0 72 .51 P37.e9 11 9 . e9 785.67 144052,04 23.03 6 .31 0 1 .59 3 .21 259.34 1 5 .08 4 .72 3 .21 e1 .61 0 7] .95 822.46 120.54 770 .17 1 41 284205 23 .04 6 .72 0 1 .67 3 .06 255 .91 1 3 .37 3.20 2 .43 75 .72 0 72 .54 81 2 .2 E 119.12 773.97 1 39856206 23.05 7 . 19 0 2 .29 3 .36 272.48 14 . E1 3.94 3 .21 79.68 0 72 . ~ 1 84 9 . ! f 124.1~ 764.60 136927
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APPENDIX E

EDZIZA OBSIDIAN SOURCE DA1A NORMALIZED TO THE ZR PEAK (PK/ZR * 10E2)

Case Label K Ca 1 i Nr. Fe Zn Ga Pb Rb Sr y Zr Nb Palleig.h. Zr pe a k
1 .01 8.16 0 5 . 11 €.€6 602.55 24.34 3 .77 3.~0 63 .45 (\ 28 .1 7 1000 122.£9 824.01 941 501 .02 10.55 3.69 6.83 8.70 743 .94 22.17 4 .55 3 . ~P 61 .50 C P7 . P2 10(\0 12P.72 102r.51 796303 1 .03 7.94 0 0 3.85 306 • 73 16.36 5.25 4.20 92.5~ 0 e7 .21 1000 146 . f.1 ~3 3 . ~6 806904 1 .04 6.25 0 2.83 3.60 282.74 14 .62 ~ .41 2.e4 84 .1 £ 0 79.67 1 ('DO 135.21 827.~5 1014005 1 .05 13 .91 0 3 . .38 4.27 407.74 19.39 4 .73 3 .40 1 5~ .3: 6.29 1 fO .27 1 (100 253 .16 1369.40 641106 1 .06 8.53 0 2 .90 3.65 301 . ea 15.43 2 .99 3.29 96 .72 0 91 . 1 ~ 1 roo 1 50 .44 ~~ 3 .47 906007 1 .07 12.63 0 0 3 .36 426 .50 21 .05 5 .21 5.24 1 56 075 f. .55 1 51 .22 100e 24'! .74 142E.77 57e208 1 . (\9 18.75 3 .50 2 .87 6.61 454 .23 20.35 5 . ~ 7 4 .47 1~5.0~ 5 .54 14 P. 51 1000 24e.42 1~30.61 523309 1 . 10 8.47 0 2 .01 4 .91 31S.~4 16.26 1 .91 ~.80 96 .OE 0 Pl' .23 1 (\00 147 .19 950.77 7812010 1 .1£ 9.66 0 6.59 9.15·733.82 21 .69 4 . f.E 2 .12 EO.66 0 f9 . 1 ~ 1000 130.r8 1020.08 9550011 1 . t:; lL 61 0 0 4 .21 ;-29 . ;2.---1 7 .95 -__ 4.84 5.22 1 60 . e~ 0 113 .22 1 COO 1 99 . 12 1066.97 '!]4(10

12 1 . 14 15.96 4 .67 3 .67 3.52 427 .48 19.4e 4.2e 3.27 150 .76 5.27 14e.O~ 1 DOC 250 .71 1~82.tP 66530
l~ 1 . 14 10.62 0 3.45 4.45 396.42 18.94 3.97 2.g6 157.06 5 .04 147.PS 1('00 254 .4{) 1 4 PO . 2 e 6647(\14 1 . 15 10.69 3.36 4 . 71 6.66 637.74 24.45 3.05 3.C7 64 .70 0 rB.26 1COO 120.12 f.27 .25 7467015 1016 7 .61 0 2.30 3 .86 313.1 e 16 . 21 4 .3 i 3 .6e 93.~6 0 e7 .:: 5 1 COO 145.(\5 91 5.50 1(\700016 1 . 15 7 .06 2 .11 3.82 6.1:3 513.30 20.) 0 2 .33 2 .54 57 . '27 0 Po7 .24 10(\0 124 . £5 72 ~ .54 ] 420001 7 1 . 16 12.46 2 .23 2 .12 4 . 1 ~ 345 . 54 1 7 .86 4.2t 3 . 21 ~n .7e 0 ~9.~6 1000 145.25 B82.~7 944fO18 1 .17 10.13 0 2 .54 5.56 340 .60 19. (\5 5 .27 2 .04 9~ . O~ 0 86.f7 1000 144 .75 875.70 5596019 1 .18 18.86 1 .83 0 4 .57 446.58 31 .59 5 .56 14 . 14 362.2B 0 222.C5 1 (\00 378 . ~O 177 1 .11 47450

~ 20 1 . 17 9.79 0 3 . 14 4 .57 350 .83 19. 14 4 . 77 4 .33 101.67 0 e6 . ~3 1000 142.26 B2C.44 PO 'leO'-'J 21 1 . 1£ 1 5 . 11 0 3 . 15 3.50 423.93 33 .31 4 .24 14.50 3 55 .44 0 224.50 1000 3 f7 . 1C 2024.23 50220V\ 22 1 . 19 7 .61 0 4.09 9.20 652 . 13 23 . 11 3.06 2 .46 58.95 1 . () 7 90 . ~1 1 coo 131.17 5 ~7 .21 13120023 1 . 19 8.06 2 .81 4.04 6.84 590.67 19.98 2.90 2 .61 55 . 1 ~ 0 90 .15 1000 1~6.78 705 . 10 12934524 1 .20 7.83 0 4.99 6 .64 634.15 20.77 3 .81 3 . 18 54.67 0 90 .31 1000 1~1.e2 769. ] 6 11 740025 1 .21 9.02 0 1 .65 2.38 302.46 17.37 0 5.40 151 . 18 0 112.20 1000 1 94 .98 1122 .90 9955026 1 .20 6.96 0 4.98 8.04 613.01 20.08 2.69 3.16 55.67 0 88 .73 1000 136.07 814.65 12530021 1 .21 11 . 15 0 2 . 19 4 .51 379.05 20.73 5.07 6.07 172.52 0 112.B1 1000 1 90 .14 892.33 8173026 1 .22 10.53 0 2.46 5.23 402.73 21 .41 1 .17 1 .81 153.11 7.26 148.75 1000 248.61 1417.52 7397029 1 .23 3.48 0 1 .48 5 .09 363.68 16.91 1 . 11 2.82 46.2P 1 .14 80 .58 1000 140.41 363.33 25440030 1 .22 12 .01 0 3 .81 3 .99 412.67 19.60 5.63 3 . ~3 1 54 .12 6.94 148.£5 1000 250 .16 1315.00 9126031 1 .23 4.24 0 1 .69 4.67 361 .86 15.94 .73 2 .93 46 .71 1 .82 87.59 1000 12e.74 372.58 26270032 1 .24 5.28 0 2.84 6.68 509.89 19.28 3 • 11 3.15 53.57 0 87 .21 1000 133.51 599.05 1 71 90033 1 .25 8.42 0 2.66 3 .78 306.06 16.21 2.18 3.62 94.98 0 87 .19 1000 149.51 929.0B 11 560034 1 .24 6.75 1 .89 1.88 6 .52 518.80 19.42 2.46 2 .36 52 .29 0 89.19 1000 133.47 589.72 16970035 1 .25 8.29 0 2 .12 3.38 315.12 16.18 4.06 2 .99 92.97 0 88 .33 1000 143.33 930.21 11240036 1 .26 1 .02 0 4 .11 4 . 71 490 . 12 17.85 3 .76 2 . 71 62 .55 1 .15 83.01 1000 121.51 824.68 12830031 1 .27 6.95 0 3 .67 5.60 542.82 21 .47 3 .36 3 .34 60.67 0 88.06 1000 125.05 674 .29 . 13850038 1 .26 7.38 0 4 .10 6.53 506.06 1 7 .94 2.42 2 .52 60 .65 0 84 .35 1000 120.32 753 .94 13040039 1 .27 7 . 72 0 4.03 5.58 556.29 22 .34 3.28 3.29 59.57 0 88 .28 1000 126.01 -670 .16 11 690040 1 .28 8.01 0 2.28 4.44 31 5 • 66 16.J.6 3.39 2 .64 96 .45 0 89.90 1000 147.84 925.66 10410041 1 .29 8.44 1 .67 2.98 3.56 310.46 16.16 2 .75 4 .49 98.08 0 90 .48 1000 148.18 910.06 10420042 1 .28 8.30 0 1 . 15 3 .65 300.89 15.36 2 .47 4 .12 93.42 0 e5 .59 .j.OOO 144 •.!1 .919.46. 11240043 1 .29 8 .76 0 3 .83 3 .96 330.01 16.58 2.47 3 .96 99 .96 0 90 .61 1000 146 • 77 901 .74 7624044 1 .30 32.37 0 0 0 589.42 59.29 19.95. 33.711122.53 0 533.72 1000 913.59 4611 .01 2326045 1 .31 38.02 0 7.16 7 .64 596 .35- 66 .02 18.62 41.971177.95 0 536.45 1000 ~14.50 4161 . 50 2304046 1 .30 41 .75 15.53 0 a 584 .21 62 .11 12.70 42 . 23 11 50 . 96 0 540.08 ·1000 ·921.03 4600.96 2292047 1 . ~ 1 27.92 0 0 0 570.20 63.65 15 .96 40.07 1146.13 C 527 .: P- 1COO 903.40 4493.1r 2443(148 1 .32 15.29 3 .55 4.05 4 .46 439.12 20.£8 5.eo 3 .2e 1 54 . ~5 6 . 10 14f.e6 1(\00 243.53 12 ~o . 76 6841 ('
49 1 . ~3 10.l5 2.43 4.3E 1 .71 617.12 21 .24 3.69 1 . ti2 62 . ~4 0 P8.2i 1000 125.e2 e14 .~7 1034(\0
50 1 .22 16.51 3 .01 4.25 4 .31 472.08 22 .75 7.07 3.93 1 64 . ~4 6.93 1 52 .40 1000 254 .4[< 1232.8e 5e5S0



EDZIZA 06SIDIAN SOU f\C E DATA NOR ~i ft, LIZ E0 TO THE ZR PEl'l,K (PK/ZR * 10(3)

Case Label K Ca Ti Mn F~ Zn Ga Pb Rb Sr Zr Hb P.ayl~igh Zr pe c3 k
51 1 .33 S.30 1 .63 4.79 8 .02 576.57 18.00 2.72 2 .33 60 .05 0 84 .08 1COO 125.80 897 .17 1 (l g7 0 052 1 .34 8.:'6 0 2 .1 t 3 .21 298 .52 1 5 .2 C 2.08 3.66 93 .52 0 8.7 .80 1 (100 1ap.B2 95d .59 10140053 1 .:'4 8.82 1 .49 1 . e8 4 .73 309.32 1 3 .93 1 .66 4 .10 95 .53 0 88 . 19 1000 1~5.e5 900.£'2 10730054 1 .35 18.39 0 0 4.26 485.87 34.61 10.16 12.96 377.58 0 235.43 1000 389.:3 1867.20 3149055 1 .36 10 .81 2.24 2 .03 3 .78 323.86 16 . 50 3 . e1 4.~4 95.62 0 B2.14 1000 1 61 .44 e92.27 1 02 70056 1 . j5 17.09 0 0 3 .90 417.39 32 .. 68 10.20 13.02 357.1f 0 228.75 1000 3e8.55 2065.]: 471 SO57 1 . J€ 7.99 0 2 .37 3.87 315.76 16.32 4.82 3 .27 94 .77 0 90 . 4 ~ 1000 1.15.30 909 .69 10530058 1 .37 8 .21 0 2 .42 4 .75 313.94 1 7 .03 2.08 3 .32 94 .67 0 e8.66 1000 14e.f.7 861.67 11 260059 1 .28 7.64 0 2 .02 4.34 319.58 14.84 1 .92 4 .64 95 .24 0 86 .85 1000 145.2e 897 . 77 9575060 1 .37 B • ~ 1 .92 3 .50 4 .12 313.85 16 . 52 3 .22 3.45 95 .70 0 86 .36 1000 145.46 938.1f 104 70061 1 .38 6 .33 0 2 .00 4 .39 346.22 18 .23 3.84 3.B8 96.84 0 90 . fO 1000 146 . ] 7 842.32 9318062 1 . 11 9 . 61 0 5.95 7 .75 767.86 20.97 4.07 2.20 65 .94 0 88 .61 1000 129.03 1017.62 7448063 1 . 11 1 9 .41 5 .54 t.Ga 15 .41 1071.25 30.11 4.77 2.92 72 .25 0 89.96 1000 1 21 . 02 831 .27 5347064 2 .01 8.02 0 5 .43 7.84 676.92 22 .77 2.08 3 .2e 55 .47 0 8~ .40 1000 123.61 74 9 .81 9490065 2 .02 6.83 0 3.58 5.88 485.73 16.47 3.20 1 .65 61 .36 .63 e2.24 1000 122.1e 822.0B 11000066 2 .03 6.90 0 4.83 7 .79 624.07 20.07 2 .72 2.53 56.60 0 e9.e3 1000 139 . 54 785~30 104 70067 2 .04 8.67 0 6 .01 7 .36 671.87 22.07 3 .29 2.60 56.26 0 88 .55 1 ('00 1~~.2e 719.1 4 5894068 2 .04 8.36 0 4 .55 7 . 14 64 7 .79 22 .40 4.27 3.24 57.98 0 88 .2 i 1000 134 .93 710.22 96790

t-J
69 2.05 8.41 3 .29 6.05 7 .52 633 .76 21 .23 4.22 3 .29 57.26 0 89.62 1000 141.E6 750.35 9756070 ? . 06 8.03 0 5.06 7 . 1C 634.33 21 . 13 3 .41 2 .67 56.52 0 89 . 1e 1000 12e.02 735.83 92160'-J
71 2.07 10.68 0 5 .90 10.09 680.35 28.32 3.89 2.89 56.04 0 93 .41 1000 1 ~: . 14 741.43 59190~
72 2.0e 8 .17 o· 5 . 53 7.64 710.04 22 .47 4 . 13 2 .97 59.31 0 90 .45 1000 137.0~ 740.07 7601073 2.09 9 .13 0 5.15 8 .54 734.84 24 .39 4.38 2 .67 58.94 0 94 . 12 1000 132.99 724.20 6596074 2 . 10 10.41 0 4.09 8 .55 650.51 21 .32 3 .27 3 .02 57 . 10 0 90 . B5 1000 139.08 793.75 6581075 2 . 11 7.78 0 6.39 9 .46 697.68 22 .49 3 .42 3 .01 5e.36 0 92.0B 1000 135.e5 753.33 7545076 2 . 12 7.29 0 5.61 8.06 629.53 20.36 3 .15 3 .24 58.00 0 89 .30· 1 COO 13~.Ol 783.97 10330077 2.13 9.48 0 6.06 8.90 706 .81 20.45 0 2 .62 57 . 15 0 90 .83 1000 139.47 781.06 6992078 2 . 14 3.25 0 1 .66 5.25 402.69 17.28 .86 3 .40 49.05 0 86 .12 1000 132.35 375 . 60 15640079 2 • 15 12.45 3 .53 5.40 8.60 661 . 12 22 .18 3 .42 2.82 58 . 12 0 90 .29 1000 141 . 12 794.40 7873080 2 .16 9.06 1 .65 4 .96 7.45 634.56 21 .06 3.04 3 .03 56.80 .54 89.21 1000 135.53 788 .76 10330081 2.17 9.36 2 .63 4 .72 8.31 633.43 20.98 2 .31 3 .37 56. 13 0 91 .61 1000 137.40 728.29 7802082 2 .18 4.04 0 2 .01 4.70 364.25 16.50 .86 2 .95 48.09 0 88 .31 1000 132 . 12 411.74 11300083 2 .18 4 .59 0 1 .99 5 .3e 431.61 1 9.87 2.26 3.07 50.88 1 .42 88.03 1000 128.26 321.46 20910084 2.19 6 .23 0 5.44 7 • 71 667 . 13 21 .34 4.49 3 .42 55 .81 0 94 .36 1000 133.23 779 .39 5056085 2.19 I 8 .91 0 5 .76 9.69 756.74 24.75 4 .14 3 . f4 61 .45 0 91 .06 1000 134.60 709 . 51 8189086 2.20 9.69 2 .49 5.00 8 .17 700.13 22.57 2.92 3 .07 57.74 0 91.07 1000 138.62 739 . 70 6056087 3 .. 01 9.94 0 2 .83 3.84 326.01 1 7 .64 0 3 .97 96 .2 9 0 88 .71 1000 149.51 976 .. (0 5963088 3 .. 02 9.82 4.19 9.70 20.86 963 . 19 17.37 3 .01 1 .99 56.93 0 84 .57 1000 1 65 .29 755 . 72 11410089 3.03 6 .77 0 0 3 .94 317.82 16.32 3 .37 3 .79 96.06 0 88.90 1000 148.21 887 • '4 5 9669090 3 .04 9.09 2.93 8.89 22.07 1061.96 22 .10 3.00 2 .23 58.64 0 89.95 1000 162 . 51 738 .72 8941091 3.05 14.13 4.96 10.54 23.13 1113.34 20.09 3 .35 2 .51 57 .19 0 85.04 1000 164 . 77 750.78 5188092 3.05 11.16 3 .49 11 .14 23 .21 1120.72 1 9.1 7 2.69 2.98 61 .69 0 85 .17 1000 161.57 672.46 6014093 3.06 5 .98 0 1 • 77 0 302.43 16.71 4.05 3.04 98 .01 0 92.19 1000 146.22 931 .94 6818094 3 • 07 10.44 4 .40 7.04 22 .15 1035.34 17.07 3 .07 2.99 57.30 0 83 .77 1000 164 .53 733 .04 9111095 3. 08 9.57 4 .66 8 .1 7 18.81 996 .41 18.77 3 .96 2 .38 56.36 0 85.89 1000 164 .4,7 734.00 9479096 3 .09 10. 61 0 3 .21 6.08 382.06 20.42 4 . 17 3 .56 98 .31 0 88 .74 1000 140.29 823.62 6287097 3 • 10 10.52 0 3 .52 4.74 349.31 1 7 . 78 4 .22 3 .78 96.67 0 89 .10 1000 144.95 920.43 5760098 3 ~ 11 9 .31 0 2.48 5 . 13 - 3 3 3-:- to- -. 1 7 '. 68 - 4 .15 3.64 95 .49 0 88 .22 1000 14 € .42 e26.~7 84 ~6099 3 .12 9.90 0 2 .38 5.06 323.85 1 7 .08 3 . e1 3.77 100.25 0 87 .42 1000 148.45 826.03 86830100 3 . 13 10 . 51 4.80 6.38 1 ~. 36 994.22 17.29 3 .3 e 1 . e3 5e.67 0 84 .01 1000 162 . P5 71e.30 100400



EPZI ZA 0BSID I At~ SQURCE J) ATA_HOlUiALIZ E_~ _TOT ~ E ZR. PEA K (p K/ ZR * 10E3 )

(else Label K Ca Ti Hn Fe Zn Ga Pb Rb Sr y Zr Nb Rayleigh lr pe ak
101 3 . 14 8.44 3 .70 8.11 20.45 1037.87 18.41 2.99 2 .81 58.41 0 86 .76 1 COO 1 63 . C7 740.84 93210102 3 . 15 7.27 0 5.32 e.01 594.04 20.49 4 . 10 2 . ~ 4 55 .01 0 91 .94 1000 140.34 764.40 110800103 3 .1 C 11 .78 5 . 11 9.4S 24.141147.25 20 .73 3 .74 2.40 61 .50 0 84 .91 1 COO 162 . e2 711 . 1 7 54600104 3 .17 9.49 0

.;

3 .72 5.29 350 .47 1 9 .31 4.05 3 .26 92.46 0 87 .97 1000 1 44 .24 87 9 .92 4785fl105 3 . 18 11 .35 0 3 .72 3.60 339 . 64 18.36 3 .54 3.80 105.24 0 85 .73 1 COO 145.32 899 .53 E6070106 3 .19 4.04 0 2 . 12 5.21 389.16 1 7 .99 1 .92 2.g9 47.95 1 .03 88.2~ 1000 127 . 50 338.83 201100107 3 .20 8.74 0 3.00 5 .10 337.45 1 e.33 3 .75 3 .68 94 . 04 0 86 . E4 1000 144 . '88 853.59 77790106 3 .21 10 .61 4.62 9.66 1 9 . 98 102 1 . 74 1 7 .39 2 .23 1 .92 57.96 0 83 . 2~ 100(l 1fO.24 750.72 11 04 CO109 3 .22 9.84 3 .84 7.61 20 . 10 984 . (j7 1 7 .49 2 .24 2.80 57.42 0 83 .24 1000 1 65 .42 708 .41 104400110 3 .23 11 . 71 0 3 .41 5.47 403.34 20.86 4.17 4.95 1 04 . 21 0 93 .02 1 COO' 143.95 771.23, 68900III 3 .23 7.78 0 2.93 4.07 326.31 16.39 2.45 3 .94 95 .25 0 87 .23 1 ('00 1.16.37 888.40 97700112 3 .24 8.20 0 2 .02 4.98 326 . 64 1 5 . 45 2.82 2.36 98 .35 0 87 .50 1000 1~7.:4 844.40 9169011 3 6.01 7 . 50 0 2 .76 3 . 11 307.22 16 . 1 7 3 .92 3 .: 4 97 .47 0 84 .70 1000 1 d 5.dO 876.43 1 C6600114 6.02 8 .19 0 2.58 3.57 305.92 16.49 5 .30 4 . ~ 4 97 .91 0 87 .: 2 1000 I d 5.]7 950.57 1 ('980011 5 6 .03 8.39 0 3 .24 3 .48 325.17 16.01 3 .12 4.03 94 .59 0 86 .92 1000 144 .04 902 .23 10490011 6 6.04 7 .64 0 2 .49 4 . 12 297.89 16.26 3 .64 3 .54 92.46 0 87 .27 1000 145.40 93g.d8 108aOO11 7 6.05 6.73 0 3.10 3 .57 30'9 .46 18 .72 3 .87 3 .16 95.44 0 87 .07 1000 1.1.1 . EO 906.24 104 700118 6.06 8.08 0 5.20 7.09 621.51 19.93 3 .1 t 2.63 ' 60 .51 .67 87 . f: 7 1000 126.£0 746.24 10600011 9 7 .01 8.51 0 2.64 3 .57 321.49 16 .57 1 .79 3 .73 94 .93 0 87 .47 1000 144.70 877 .64 98200120 7 .02 8.35 0 3 .26 3 .67 326.74 22 .83 2.90 3 .72 98 .21 0 89 .18 1000 138.76 83£>.60 91020121 7.03 8.43 0 2 .33 3.60 306.85 14 .86 2 .48 4 .03 94 .59 0 88 .03 1 ('00 144.11 925 .34 89100r- J 122 7 .04 11 . 19 0 3 .03 5.16 340.15 1 7 .52 2 . 71 3.45 100 . 14 0 90 .15 1000 146.65 854.71 62620U> 123 7 .05 8.72 0 1 .73 3 .16 304 .83 16.73 3 .90 4 .19 95 .74 0 91 .06 1000 148.37 973 .19 101 500--.J 124 7.06 7 .99 0 0 0 2 98 .25 16.25 2 .62 3.65 97 .58 0 89.86 1000 1 50 . 18 929.49 90360125 7 .07 8 .73 0 2 .14 4 .26 305.84 1 6 .66 3 .81 4.66 99.22 0 90 .19 1000 148.59 - 952.86,102700126 9.01 9.38 2.62 5 .19 7 .75 580 .02 19.64 3 .74 3 .10 62 .61 0 84 .77 1000 120.96 905 .32 102100127 9.02 8.41 0 4 .93 8.46 604.27 20.91 5.08 1 .07 63 .53 0 85.90 1000 126.50 881 .82 1 03000128 9.03 9 .61 1 .88 4 .96 6 .75 597.23 20.23 3 .59 2 .35 59 .76 0 84 . 4 7.~. 1 00 0 125 .. 48 ..922.48 104800129 9 .04 6.95 0 5 .31 6.20 567.39 18.57 1.71 2.40 60 .11 0 84.33 1000 124.01 929.35 105800130 9.05 9.52 0 4.60 6.85 599.15 19.4E 4.09 0 60.42 0 86 .55 1000 128.02 923.64 106000131 9.06 7.74 0 5.62 7.86 605 .'80 - 22 .35 4.20 2.45 61 .08 0 86 .39 1000 122.99 883.06 101800132 9.07 8 .01 0 5.28 6 .52 584 .35 19.94 3 . 11 1 .45 61 .57 0 85.32· 1000 123.52· ·884.99 102900133 9.08 11 .63 2.34 5.02 8.00 615.43 20.44 4 .31 1 .83 61 .91 0 87 .18 1000 125.91 837.46 101100
134 9.09 10.25 1 .37 4 • 71 5.84 593 .75 19.45 2.83 2 .04 59.45 0 82 .07 1000 135.18 890.69 112000135 9 . 10 8.56 0 4 .72 7 .70 582.89 1 ~ .16 4 .17 ,.83 CO.07 0 85 .23 1000 124.07 902.28 113400136 9 . 11 8.38 0 5.34 7 .76 619 . 96 19 .85 2 .04 1 .45 61 .12 0 87 .21 1000 121.55 855.42 107200137 12 .01 9 .31 0 3 .51 3.67 312.76 16 . 95 2.60 2.92 93.88 0 80.87 1000 157.70 948.59 94930138 12.02 10.94 2 .68 4 .23 6.24 555.56 1 9 . 71 3 .06 2 .63 63 .98 0 83 .61 1000 119.30 715.77 86670139 12.02 9.71 2.04 4 .56 6 .81 527 .78 1 7 .67 2 .41 1 .08 63 .66 0 83.56 1000 121.11 758.92 108000140 12.03 6.34 0 4 .03 5.62 488.37 1 7 .69 3 .92 2 .20 60.69 0 84 .52 1000 120.19 803 ..55 88110141 16.01 9.45 0 5.79 10.90 712.06 18 . 31 0 0 61 .60 1 .47 88.08 1000 129.34 1101.06 77550142 16.02 11 . 77 0 7.00 9. 14 771.10 23 .64 4 . 14 3 .03 60 .32 0 89.34 1000 124.. 64 - 968.47 77240
143 16.03 12.47 1 .82 7.89 11 .38 819.85 22.89 3 .48 2 .71 67 . 11 1 .79 91 .41 1000 124.06 1003.51 72660144 16.04 9.50 0 8. 13 8.19 718.74 21 .89 3.70 1 .48 62 .11 0 88 .99 1000 124 .17 1087.35 103000
145 16.06 11 .55 1 .35 8.57 9.63 812.70 22 .49 4 .66 1 .46 65.78 0 90 .45 1000 124.04 924 .03 80620
146 16.07 8.24 0 8.33 8.86 721.14 19.88 2 .53 1 .89 61 .29 0 88.06 1000 130.11 1060.31 100300
147 16.08 10.96 0 7.25 11 . 31 790 .57 23.3e 4 .53 1 .93 65.93 0 88.75 1000 127.40 943 .33 70620
148 16.C9 9.59 0 6.73 10.00 769.47 22.40 4 .64 1 .55 62 .32 0 91 .65 1000 1:1.75 958.23 82810
149 16 .10 13 .73 4 .03 6.33 ~.45 720.87 21 . E4 3 .23 2 . 15 63 .59 0 90 .75 1000 12 S .91 984 .00 80930 .
150 1 6 . 11 11 .90 0 8.82 10.56 e44 .21 23 . 2 ~ 4.46 1 .57 67.36 0 90 .53 10no 12d .67 843 .45 77540.
1 51 16. 11 10.42 1 .89 6 .41 9.17 724 . 98 20.89 3.eO 2.E2 EO .70 0 B6 .01 1 COO 128.93 ~8 6 .35 ~9740
152 16. 12 9.20 .79 6.35 9.74 723.:9 1 ~ . ~:4 4.12 2.05 62 .99 0 90 .02 1000 130.79 1057.2e 87850
153 16 .13 9.80 0 6 . 1 ~ 9 .10 745.f9 21 . 14 2 .60 2 .21 64 .oe 0 91 . 2 ~ 1000 127.8~ 995.76 102200



ECZIZA 08SIDIAN SOURCE DATA NORMALIZED TO THE ZR PEAK (~KIZR * 10E2)

Case Label K Ca Ti Mn Fe Zn Ga Pb Rb Sr y Zr ~Jb Rayleigh Zr pe a k

154 1 7 .01 10.76 0 6.86 9 .54 793.43 23.90 5 .54 1 .56 63 .56 0 93 .04 1000 130.90 1032.75 69710155 1 7 . C2 12.62 3.07 10.73 9.67 844.23 24.45 5 .15 2 .2e 62 . ~6 0 93 .24 1000 12S.12 959.92 9263 ()156 1 7 .03 10 .01 0 5.B7 9.62 719.07 20.08 3.3e 3.06 60 .2 e- O BB . e.9 1000 129.82 1085.35 1 03300157 1 7 .04 16 .99 3.92 8.20 11 .66 873.06 26 .41 4 .54 3 . 14 68.53 0 92.19 1000 12S.27 885 .91 78620158 1 7 .04 13 .91 3.19 5.32 9.84 787 .05 22 .97 4.25 2 .14 63 .70 0 87 . E2 1000 127.05 978 . 1 5 77200159 17.05 10.25 0 6.38 10.44 749.10 22 .72 5 .22 2 .92 61 .40 0 e7 . ~ 1 1 COO 124.35 J097.43 995601£0 17.06 14 . 11 2.72 7 .01 10 .42 755.66 20.52 4 .45 1 .84 63 .86 0 B9 . :- 1 1000 129.61 1024.~5 92740161 1 7 .07 12.80 3 .63 7.20 9.76 780.06 23 .73 4.50 3 . 12 63 .96 0 90 .15 1000 124.27 1 008 .63 e1930162 17.08 11 .78 0 5.91 9.53 772.5B 22 .47 4 .76 0 63 .42 0 89.42 1000 128.27 1 009 . 12 83810163 1 7 .09 10.34 0 4.56 8.45 715.68 22.07 4 .13 3 .43 62 .44 0 89 .21 1000 129.80 1061.48 88210164 18. O~ 9.43 0 2 .16 4.69 304 .56 15.25 3 .49 3.80 92 .71 0 87.20 .1000 .143.48 936.55 109700165 IB.02 8.23 0 2 .52 4.10 316.46 15 .86 2 .64 3 .02 93 .63 0 89.05 1000 145.79 956.03 105700
1C6 18.03 8. 12 0 2 .51 1 .14 304 . 12 14 .93 1 .67 2.95 94 .12 0 89.91 10(\0 144.83 890 .74 11 4200167 18.04 7.38 0 2 .10 4.46 306.22 1 5 .61 3 .14 4 .40 90 .65 0 87 .74 1000 147 .17 863.65 109400
168 18.05 7 .50 0 1 .81 4.00 314.41 1 5 . 56 3 . 15 3.85 93.13 0 88.55 1000 149 . 53 936.72 1 06200
169 18.06 7.58 0 3 .52 3 .51 298 .04 15.58 3.40 3 .78 95 .05 a 85 .29 1000 148.27 929.71 107100
170 18.07 9.84 0 2 .22 3 .91 338.32 1 9 . 57 5 .71 4 . 10 98 .91 0 90 . ] 2 1000 145.16 835.43 95620
1 71 1£.08 9.32 0 2 .12 4 .23 336.22 16.32 3.80 4.09 94 .60 1 .54' 89.58 1000 145.67 927 . 13 101 600
172 19.01 7 .51 0 3 .26 5 .26 478.27 1 7 .96 3.82 2 .44 60 .16 0 84 .01 1000 118.05 883 .23 133000
173 19.02 6 .41 0 4.34 5.63 476.84 16.13 2 .34 1 .22 62 .16 a 81 .05 1000 118.02 774.14 1 343 00

~ 174 1 9 .03 9.44 3 .24 3 .48 6 .05 499.60 17.84 3 .13 3 .51 61 .08 0 82 ~65 1000 119~81 .e 14 . q5. 125700
'vJ 175 19.04 8.32 0 3 .93 6.74 497.72 18 . 11 3.02 2 .60 59.36 0 84 .46 1000 120.07 816.51 1 09600co 1 76 19.05 8.90 2 . 17 4 .10 5.20 487 .31 17.75 3 .30 2 .59 59 .51 0 83 .10 1000 1 21 .75 787 .04 129200177 20.01 6 .67 0 5 .29 8 .37 600.86 19.90 3 .43 2 .94 62 .11 0 85.e5 1000 123.30 866 .78 115900178 20.02 7 .17 0 4 .96 7 .12 593.99 19.54 3 .61 2 .98 61 .26 0 86 .27 1000 1 23 . 52 889. 18 116500179 20.03 8.78 0 5.27 7 .32 592.79 19.37 3 .53 0 60 .16 0 86 .38 1000 126.98 939.69 113800180 20.04 10.00 0 4.84 8.15 673 .32 21 .97 5 .19 3 .53 65.34 0 89.e9 1000 122.12 772.88 79620181 20.04 10.11 0 4 .90 8.53 632.20 19.68 0 1 .80 64 .70 a 86 .75 1000 124.53 862.59 69630182 20.05 9.42 0 5 . 17 7 .38 612.76 18.18 2.94 2.63 61 .24 1 .58 87 .96 1000 125.43 830.29 92320183 21 .01 11 .06 1 .50 3.25 2 . 00 310.53 1 5 . 55 2.78 3 .57 98 .10 a 91 .34 1000 149.81 960.87 105400184 21 .02 8.86 0 3 . 05 3.84 323.33 17.38 3.44 4.00 97 .86 0 88 .99 1000 143.52 854 .94 96990185 21 .03 8.83 0 2.20 4 .. 32 308.57 15 .62 2 . 11 3.30 95 .52 a .88 .57 1000 146.29 897.61 105000186 21 .04 9. 02 .. 0 2.85 4 . 08 -3 42 ./ a- - - j 8 . 20- 4 .10 - 3.05 101.38 0 92.80 1000 1 54 .27 1003 . 13 93470187 22.01 8.14 0 1 .74 5.32 312.71 16.39 3.30 3 .01 94 .74 0 87 .71 1000 145.92 874 .21 114100188 22 .02 7.35 0 3.16 2 .95 327 . 97 1 5 .69 1 .74 3 .58 97 .18 0 89.79 1000 145.69 900.57 110100189 22.03 8.43 a 2 .20 2 .77 302.38 14.87 3.43 5.03 93.69 0 86 .74 1000 143.03 936.08 122000190 22.04 9.27 0 2 . 11 2.94 311.39 15.84 3 .23 3 .41 92.43 0 85 .29 1000 146.26 888.91 115000191 22.05 7 .91 1 .87 2.90 3 .92 314.16 16.57 4.32 3 .75 95.36 a 87 .50 1000 144 .75 843.76 122900192 22.06 7 . 79 0 3 .85 3 .31 315.27 16.19 3 .74 3 .04 95 .96 1 .32 87.69 1000 145.55 858.83· 111300193 22.07 6.98 0 0 3 .11 324.97 18.20 3 .79 2.61 100 .32 0 89.98 1000 144.02 861 .01 82070194 22.08 9.40 1 .43 1 .70 4 .97 324.99 17.32 4.33 2.89 97 .77 .92 87 .42 1000 143 • 14 883 .01 90680195 22.09 8.88 0 2 .43 4 .. 87 352 .57 19.02 4.75 4 .39 97 .92 0 86.93 1000 141.28 798 .74 110700196 22.10 8 . 15 0 3 .01 2 .91 328.33 16.83 3 .22 3 .54 98 .43 0 90 .22 1000 144.65 875 .75 81990197 22 .11 11 .59 2 .21 1 .82 3.49 322.15 14.86 4 . '12 3 .87 95.90 0 85.88 1000 147.83 915.05 121 900

198 22 . 12 7.96 0 3.18 4.20 313.61 17.09 3 .85 4 . 11 97 .95 0 87 .51 1000 143.41 885 .74 116800
199 22 . 13 9.44 2.07 2.20 4.26 297 .47 15.93 3 .06 4.30 94 .85 1 .86 87 .19 1000 147.63 907 .80 122400
200 22.14 7.34 0 a 4 .10 305.88 15 .60 3.58 3 .42 93 .22 0 87 .96 1000 142.73 ~16.14 122400
201 22.15 9 .27 0 1 .75 4.09 297.06 15.94 3.40 3 . ~6 91.19 0 86 .34 1000 14E.?3 97 1 .89 122600
202 23.01 8.94 0 2.39 4 .41 308.32 1 5 . 53 3 .20 3 .3 B 96 .51 0 89 .54 1000 148.12 895 .: e. 111 800
203 23.02 8.76 0 0 4 .52 312.01 18 .65 4.03 2 .96 91 .14 0 86 .54 1000 143.08 937.68 120700204 23.03 7 .67 0 1 .9 3 .90 315.32 18.33 5.74 3 .91 99 .22 a 87 .4 e 1000 146.56 936.43 11 6200205 23.04 8.27 0 2.0 3 .77 315.05 16.46 3.94 2.99 93 .22 0 P'9.:0 100n 146.E5 952.86 113600206 23.05 8.46 0 2 . E 3 .96 320.81 1 7 .21 4 .64 3 .78 92 . B1 0 P5 .13 1 COO 146.J7 ~OO .21 11 f 300
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APPENDIX F

Resul ts of trle ElJ-XRF Analys; s of 58 Forlned, Art; facts frain
- --riiTp-l, HiTp-63, anaHnTq-l •.

Catalo9ue Artifact 0escr;pt;on Obsidian Suurce FloVJ
(·lumoer 2 j --G

HiTp-l House 1 (Lithic Workshop)

EtJl:L;!) Bitace prefurlli x
~b 8itace ~refortil x
4~ 8iface preforld x
194 ~;face preforril x
01 biface prefurlil x
217 biface prefurrn x
1~2 biface preforn. x
28 6iface preforlC\ x
'97 Biface preforLl x
34 biface prefor:n x
119 Giface preforHl x
90 Gi t"ace prefurlli x
163 Biface prefOrt;l x
162 Biface preforrn x
164 eiface preform x
115 Biface prefori"1 x
t28 13 if ace preform x
113 Biface preforrn x
93 Biface preforrn x
121 Diface preforrn x

HiTp-l Area 2 (Carnpsi te Area)

E?1:1S1~ j"'ii.crobl aoe x
19B i',s i c rob1al1e core x
lbLa uval scraper x
IbLb Scra~er x
Lu2 Cure x
177 Scraper x
l~o Flake x
22~ Uniface x
1~7 biface fraglllent, di s ta1 end x
176 Biface, COIUp 1ete x
2LJl aiface fraynlent, prox i Hid1 end x
172 biface fragi:'lent x



Cdtdlo~LAe

[. UrdDe r
Artifact uescription Ubsioian ~ource Floh

L 3 b

HiTp-63 COlllpOnent 1 (Camps; te/Cache)

LPbu:l~

1u5
102
14
5j
b5
55

Flake
Scraper
Scraper
EGS]e fra9lnent
Core fragr:lent
Larse fl ake tool
" ta tterea piece lJ

X I

x
x
x
x
x
x

HiTp-63 Component 2 (Lithic Workshop)

hhTq-l Surface Scatter (Campsite)
I
I

EPJU:2S;
2Y
66
i5
77
41
luC)
L.)

81
7S
,+4
L~3

74

LP~3

Large flake
~i,:c:lll tl dke
I·.otcned pi ece
Giface frasment, proxildal ena
Fl ake too 1 frasr.ient
Dif dce fraSilient
Liface fra~rllent, proxililal ena
Giface fra~lIient

Scraper frasr:lent
Flake too'}
Bi face fra~i~lent

Large sC,(dJ.ier tra~rllent

rli crab 1ace

Lons, coilaterally fld~eu biftice
,-Iicroblade

I

1'·1 i c roiJ1aue
idcroDlaue core
Fl ake too1
Flake toul

x
x
x
x
x
x
x
x

x
x
x
x
x

x
x
x
x
x
x

Total:

140

5 52 1
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