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Volcanic ashes from *hree Hclocene eruptions in the Facitiic
Northwest (Mazama, 6,600 v.bepP., Bridge River 2,440 yv.b.p. and
Mt. St. Helens In 3,400 v.b.p.) are distributed *throughout south
central British Columtia. These tephras are ofien found in local
(B.C.) archaeological deposits and once identified could rrovide
archaeologists werkirg in this region with excellent
time=-stratigraphic markers., In this work, we investigated %he
use ¢f enerqgy dispersive X-ray fluorescence (XES) analysis and
alpha counting analysis of glass concentra*es for identifying
tephras on the basis of *heir major and %race element cheristry.
Neutron activaticr analysis (NAA) was also used in crder to

verify resul+s ct*tained by the other technigues.,

As sample purification proves *o be “he greatest barrtier to
+the rapid use of these instrumental *echniques for routine
analysis, a great deal of effort was direc*ed *owards simplifying
samrle preparaticn procedsres. By extensively studying the
effects of sample preparation on composition, we discovered that
the <62pm size fraction of sieved ashes is rostly glass and can
be used to iden+ify the B.C. tephras with oqlv simple
pre-+treatments. With such pre-treatments both XES and
alpha-coun+*ing proved to te simple instrumental *echniques *hat
allowed the idertification of the 3.C., tephras with high dedgrees

of reliability and a minimum of efforz., With XES, 2z and K were
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useful eletents for distinguishing among the three E.C. *ephras

alpha counting permitted the ready identification cf 4%, &

«t

Helers ¥Yn on the basis ¢f£ U and Th concentrations. JYES offered
the advantage of rapid lakoratory analysis while alrha-coun=ing
offered simple aralysis with the potential of iden<tifyving terhras

in the field.

In addition to developing these routine me*hods for
iden+tifying +he E.C. terhras we used the *three instrzumental
techniques to analyze glass separates from the B.,C., tephras plus
t+hree additional sources. The results showed tha+% by using *he
three instrumental technigues either singly or in ccmbination
one can readily distinguish mos£ or all of these *ephras. These
methods could therefore ke useful for characterizing tephras in

an unknown regicn,.
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Chapter 1
INTRODUCTION

Certain volcanoes tend to produce catastrophic (Plinian
style) eruptions spreading %*ephra over thoucsands of square ailes,
Volcanic ashes from three such Hclocene eruptions in the Pacific
Northwes~ (Mazama, 6,600 Vv.b.p.; Bridge EKiver, 2,440 v.be.r., and
Mt, St., Helens ¥n, 3,400 v.pD.p,) are distributed throughou* south
central British Columbia, Canada and are often discovered in
local (B.C.) archaeological deposits. Many of the maijor
eruptions in the Northwest have teen da*ted by independent means,
Once identified, ztherefore, these tephras could provide
archaeologists wcerking in *this reqion with excellent

time-stratigraphic markers.

The idea of fingerprinting tephras for correlative rurposes
is nct new, and a v;;iééy of methods has been used *o identify
tephras with varying degrees of success. Most methods, hcwever,
require tedious amounts of sample preparation. Because in our
work there are relatively few tephras to identify, cur main
objective was tc develor a simple, rapid, yet reliakle method fcr

rou+tinely identifying terhras discovered in local azchaeological

th

ites. To *his end, +the use of enerqy dispersive X-ray

.

flucrescence, or X=ray energy spectroscopy, (XES) was developed



N

for *he routine identifica*ion of the three B.C, terhras. #ith
an extensive sztudy of the effec%s that samrle prepara+tion axnd
analyz ing conditions have on results, we were able to simplify
identification procedures. Neutron activa+ion analysis (NAX) and
alpha counting were alsc examined as alternative means of

fingerprintinq tephras.

1«1 TWidespread Holocene Tephras in the Northwest

The widespread tephra layvers in *he Northwest are mainly
dacitic. BRhyvoli+tic obsidian glass, however, comprises *he main
bulk with less abundant rphenocryst inclusions. Silica content of
the maqma (determining its viscosity) and gas content ulitimately
control the eruptive style of a volcano; some excellent ieXxts
cover *his +opic, (e.q. Bullard 1376, 1973; Frarncis 1376). 1Ihe
M+. St. Helens 1380, May 18, erup*ion is a good example of a
Vulcanian +o Plirian style eruption. Both Vulcanian and Fliniar
erurtions are extremely violent producing large amounts of air
fall deposit. While the “ephra produced during a Plinian
eruption is composed mainly of new magma, *he tephra produced
during a Vulcanian erup+icn includes lithic materials which
derive from clder volcanic or detrital material. These eruptive
styles undoubtedly characterize many of the tephra-producing

eruptions throughout the Holocene.
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Al+*hough we were primarily interes=ed irn the Mt. Sz. Helens
(¥z), Bridge River (BR) and =zhe Mazama (M) <%ephras, samples of
Glacier Peax (GP) and White River (WR) were availakle and wvere
anralyzed £cr comparison., We were also occasionally required %o
identify scme "ncn-B.C." tephras wher samples of tetrhras commonly
found in B.C. were collected within the fallout regions of other
terhrase The dis*ributicns of the well known Northwest <ephras
are mapped in Fiqures 1.1 *0 1.5 and a number of +he tephras in
the Northwest will be surveved below. There are numerous
references covering the iden*ifica+ion, dating, and distribu+io:n
of the tephras discussed in *his thesis (e.g. Crandell and

Mullineaux 1975; David 1370; Powders and wWilcox 13¢€4)

The 6,600 v.bep., Mazama erupticn (M) from southern Oregon
was larger *har that of Mt. St. Helens 1380 (cf. Williams 13068).
It produced up *to 30 cukic km, of tephra which covered over a
million square kilometezrs (Kittleman 13738), This eruption
eventually caused the collapse of the summit of M:t., Mazama +o
produce Crater Lake. Deposits of Mazama ash extend well into
southern Be.C., Alkerta, and Saskatchewan (e.g. Nasmith et al.
1967; Royse, 1967). Samples have been collected as far north as
Edmonton, Alber+a (e.g. Westgate et al. 1369; Westgate and
Dreimpanis 1367), and as far east as Empress, Saskatchewan (David
157G)., The Mazama tephra may actually be composed of %fephra
prcduced from at least 2 eruptions whichk occurzed Letween 6,500

and 7,000 v.b.p, (Mack and Okxazaki 1379). Chemical analyses ot
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FIGURES 1.1 TO 1.4

Dis+*ributicn of Widesprzead Holocene TephIias

1.1 Mazama (6,600 y.b.rs) (cf. 2,9)

1,2 M=, S%, Helens:
Yn (3,400 v.b.p.) (cf. 1,3)
¥n (U»SO Y-b-p-) (Cf. u,8)
T (150 yeDep.) (cfe 4,7)

1,3 Bridge River (2,440 y.b.p.) (cf.5,3)

Giacler Peak:
G (~14,000 y.beps) (cf. 6)
B (~12,000 y.bep.) {(cf. &)

1.4 White River:
North Lobe (1,300 v.b.r.) (cE. 3)
Eas* Lobe (1,250 vebep.) (cf. 3)

1) Crandell, 1362

2) Fryxel 1365

3) Lerbekmo et. al. 1975
4) Mullineaux et. al. 1375
5) Nasmith e%=. al. 135¢€7

6) Por*er, 1378

7) Smith and Okazaki 1375
8) Smith and Okazaki 1577
3) Wesitgaze e%, al. 1370
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glass, however, show no discernible chemical diiferences ftetween
the layers (cf. Borchardt e* al. 1371%a; Borchazd:t and Howard

1571).

The 3,400 v.b.p. M*. Sz, Helens (Yr) tepkra from Washtiag*or
forms a narrcw northeast trending lobe cut+ting across South
Central B.C. into Allerta and samples Lave been collected near
Entwistlie, Alkerta (Westgate et.al. 1370). Tephra resempbling a
secord bu* younger (450 y.b.p.) layer from Mt. St. Helens (W) has
been collected near Oscyoos and Kaslo (Smith and Okazaki 1377),
but has not yvet been discovered further west in B.C.. The 150
Yebepe Mt., St. Helens (T) tephra (Okazaki et al., 1372) aas not
yet keen found in Canada. Mt. St. Helens has undergone a
corrlicated series of eruptions throughout the Holocene, and up
to B8 eruptive seguences have been identified near the source
(e«g. Crandell and Mullineaux 1373; Mullineaux et al. 197%). 1Iwvo
additional Mt. S*. Eelens=like tephras have been identified in
Canada, One dated at 2,070 v.b.P. is possibly from the Mt., S*.
Helens P erupticn., The other dated at 4,400 y.bD.p. was
disccvered near Bintcn, Alkterta and is possibly f;cm *he M+, St.
Helens Yb eruption (cf. Westgate 1377; Brewster ard Barnett
1573)., In +the CkanagaL reqion, no more thamn one laver

at*ributable to Mt. St. Helens has ever been discovered in a

land-based deposit.



The 2,440 vebep. Bridge River (3EK) eruption frcm Meager Mz.
in *he liliocoet Valley, B.C. spread zephra across ceniral B.C.
into Banff and Jasper national rarks (e.qg. Nasmith e* al. 1967;
Reed 1977; Westgate and Dreimanis 13967; Westgate et al. 1370).
Recent samples collected from Phair Lake, B.C., extend =he
southern bcundary of the deposit beyond that previously recorded
{R, Mathews 1380:pers.ccmm.), & thin layer in the Otter (reek
bogq, possibly frcm Bridge River, suggests =<hat a ycunger (~2,000
VYebeps) loke of BR +ephra travelled sou*th (Westga*te 1377). 1In
early micrcrrobe work three chemical sub-groups o¢f *he Bridge

River tephra were identified (Westga<ze et al. 1970)

Thouqh ash from +he ~14,000 yv.b.p, Glacier Peak (G)
eruption (GPG) nas been collected in the Southern rcrtion of
Alterta (Westigate et al. 1370), it is believed that glaciation in
BsCs precludes its deposition in B.C. (Fulton 1371; Westgate et
al, 13970). The Glacier Peak sequence is only recean*ly being
fully studied near +the source; up %o 9 tephra layers may exist
near the socurce vent (Pcrter 1978). Two of these are from maijor
eruptions, ~ 14,000 y.b.ps G=-layer and ~12,000 y.bs.F. B-~laver,
Westgate and Evans (1378) have discovered a possible third layer

(the Irvine bed) near Walsh, Alberza.

The source of the White River (WR) tephra is Lelieved %o bhe
under +he Klutlan Glacier of Mt., Natazhat in the Yukon and is

represen+ted by iwo lcbes. One (1,900 yv.b.p.) is a north trending



Lobe, The other (1,250 y.bepP.,) 1s a more widespread east
trerding lcbe (Lecpbekmo e al. 1375). Samples c¢f an earlie:z
tephra (approxima+zely 30,000 <o 80,000 v.b.p.) were discovered by
J.V Matthews at the Cld Crow Site in Northern Yukon (N.W. Ru<*ter

158C:perss. CORMae)»
1.2 Chemical Me<hods of Corzelation

In order *c¢ fingerprint tephras for correlation purposes,
}one must find scme proper%y of the %ephra which is consisten<ly
the same fcr ashes produced by a single eruption vet is
consis*ently different for ashes produced by separate erup<tions.
The study cf the ash p;:ticle size, grading, color and
stratigraphic relationships near the source ven*t has produced
sufficient information for the iden:tification of separate
deposits in the vicini%y cf the eruption (e.g. Porter 1978;
Mullineaux et al. 1975). Identifica*ion of tephra deposits fron
distal fallcut regions, however, is no* easy. The fortuitious
association of organic materials with some of these distal
deposits has produced C-14 dates which (along with petrolcgical
studies) helped idern+ify some distal layers (e.g. Westgate and
Dreimarnis 1967). HoweveI, oTganics are only rarely associated
with tephra deposits, and these lavers are discontinuous in
distal fallcut regions. Alternate means for correlating tephras
mus* therefore be used. Mineral suite identifica*ion and

determination of refractive indices ©¢f mineral or glass shards



nave allowed the successful identification of tephras in a
l1imited numker of cases (e.q, Steen=-McInztyre 1377; Wilcox 136%5;
Wwestgate ard Dreimaris 1367). Eecen=ly, instrumen<al *echnigues
nave made rapid chemical analysis possiblie o *hat correlatiag
“erhras on the rasis of +ttreir chemical properties has becchne a
worthwhile endeavor. For identification by chemical means,
samples must be chemically homogeneous for a single eruption vet
chemically distinguishable from tephras produced by differen<t

erur+tions, As the abundance of minerals decreases wi+th distance

| from the source, bulk analysis of whole ash sanmples is an

urnreliable means for identifying terhras. ©Only glass or mineral
 separazes have proven +o be sufficiently hcmogensous forT
icorrelation by chemical means (e.g. Dudas et al., 1972; Smi*h and

Westgate 1363; Theisen et al. 1968).

Glass comprises the larges+*t bulk of tephra samrles
(particulary in distal ﬁeqions) and is fairly easy to separa<e in
quan*i*y., Glass also is durable through time, seccnd only to
quartz and the *tectosilicates in its slow rate of weathering (cf.
Ambrcse 1976; Ericson 1375)., Finally, although the minerals in a
deposit could be from a variety of origins, any natural glass in
a derosit is almost always volcanic., Glass is, therefore, the
most ccmmonly analyzed fractiion for correlation purposes. In
otder +0 serara*e out the glass, however, a series cf treatments
is required, Scluble contapinants (carbonates, metal oxides,

csalts) are generally removed with chkemical treatments,



Inherzited, detri<al and phenocrys: mirerals arce removed with
heavy 1iquid serarations or with separations using a Franz
magnetic separato-. Most techniques of sample preraration prove

lcng and tedious,

Microprobe araiysis has been the most widely applied
instrumenfél téﬁhnique for correlating tephras in the Pacific
Northwest (cf, Smith and Westgate 1363), By focusing *he
electron beam associated with the scanning electron microscorgpe,
one can visually select separate glass or mineral shards and
analyze them for +thelir major elemen* compgsition by wavy of
electron beam induced X-ray fluorescence. Theoretically,

i analysis by such means should eliminate the need <o separate out
ﬁbulk samples cf glass or minerals. In prac*tice, however, sanrle
| preparation has froven to be as tedious as *“ha*t required for tulk
-sample analysis with the cther instrumerntal tecaniques. For
microprobe analysis, glass is first concenitrated using heavy
liquid separaticn. Sample purity is then verified under a
binocular microscope. The sample is thexn mounted in epoxy resin,
thin sectioned to about 50 pm and coated with carcben ir
preparation for analysis (Smith and Westgate, 1963). This
procedure can be modified by first removing organics and iron
oxide coating with peroxide, sodium citrate and sodium dithoni<*e
treatments, Forceps are used to selec* glass shards which are
*hen mounted or a glass slide with epoxy resin. Prior %o
analysis thé interior of a shard is exposed by grinding a=nd

polishing (Smith and Ckazaka 1377).
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One advan*age of the micr-oprobe me=-kod is “ha%t the analysis
of +he unweathered interior of glass shards arnd *he use of tne
éelectron micrcscope to avoid analyzing microcrystals should
:produce a more accurate measure of glass composition. The
greatest disadvantage of the microprobe *techmique, however, is
+hat only analysis 6f major elements is possible, Fotassium,
calciuﬁ, and ircn are the mos*t common elements for correlation
purgcses, Analyesis of a larger range of elements, including high
7 trace elements, have several advantages over major element
analysis. These are: ’H;\tephra glasses are quite similar in
*heir major element composition, but *race elements can De€
expected t¢ exhikit qreater variability be*ween %tephra sources
(cf. Bird et al. 1978): 2) :for any chemical group, higher Z trace
elemrents have lazger ionic sizes and are less likely *to leach
during hydration or wea*hering (cf. Jambon et Carzcn 1373); 3!
the larger the number of elements one is able to analyze Wit£ a
single technique, the greater the possibili#y of finding at least:
one element which is useful for discrimirating between differeant
tephras, FKecently, microprobe users aze advoca*ing the use of
more than one techrnigue *c improve ones poten*ial for identifying
tephras (Westgate 1380). Identifica=ion of comagmatic <erhras
may te particulacly proklematic when using major element

cheristzry.
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The next mcst widely applied ins*r-umental chemical method
for fingerprinting tephras is neutrolR activation analysis (NAA)

(€. ge. 30rchardt et ale 1371a, 1372). Though NAA has been

kt

applied fairly ex*ensively elsewhere, we know of only one study
ir which N23A was used *to identify a number of <he +*ephras fronm
the Pacific Northwest (Borchardt et ai., 1397%a). With NAA a large
range of trace elements can be analyzed. Some disadvantages are
t+hat long +urn-around times may be required <or analysis, it is
costly, analysis of bulk =amples of aglass ¢or mineral separates is

necessary, and access o a nuclear reactor or other similar

facility is required,

X-ray fluo:tescerce *race element analysis has been used on
occasion in tephrochroncleogy (e.g. Sarna-Wwojcicki 1376; Srith and
Nash 1976), but has not Lkeen used to charac*erize the Pacific
Northwest +tephras, XRF is cheaper than NAA wizh ccnsiderably
shorter turn-around *imes., In XRF it is necessary o analyze

bulk samples of glass or mineral separates.
1«3 Methods of Tephra Correla*ion Used in This S+%udy

There are <wo forms of X-ray fluorescence analysis: 1)
wavelengqgth dispersive (XRF); and 2) energy dispersive (XES). The
X-ray fluorescernce work in tephrochronology has been almost
exclusively done with wavelength dispersive systems. Use of XES

analysis, on the other hand, has several advantaqges over XRF for
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+race element ana.ysis of bulx sanmples, Smaller amcunts cf
samfie are required, tyrically 1 gram for pelle<s as opposed *o
abocu*t 4 grams £0r peliets analyzed with wavelength dispersive

systems. Though XRF provides bexter analysis of the maijo:

' elements, XES prcvides more efficien* analysis of higher 2 =race

‘elements, Multi-channel analyzers are easily incorporated into

+he enerqy distersive systems, making the simul<fanecus
measurement of a wide range of elements possible. Aanalysis =times
are shor+ in XES, typically 5 to 10 minu*es per sample. Foro
these reasors and because it was available, XES was *he main

instrumental *technique used in *his study.

With XES one is able to measure not only the major elements,

K to Fe, but also the trace elements, Rb +c Nb., Aalthougha bulk

"analysis of glass 1s nececssary, It seemed that if a% least®t one

elednent proved tc be very different in concentraticn bezweern a
specific pair c¢f tephra sources, steps could be taken <o simplify
preparation procedures without affecting ones ability to
dis+inquish between the <ephra pairs. A great deal of effort was
therefore directed towazds understanding the effects tha+ sample
preparation and analytical conditions have on +the resul:is

produced by XES.

NAA was also available for +the analysis of a limited nunkter

of samples. We decided +to use NAA to cross check results

obtaired with XES analysis on pure glass separates. With NAA one
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could use a different range of elements *c¢ verify <ha* bulk glass
salples were homRogeneous fo:- each tephra source yet chemically
distinct frcm terhras frcm different sources. The NAA results
could also be cross~checked with those appearing within <ke
literature. TIwo tephra groups in this study, BE and WR, bhave no=

previously Leen characterized using Naa,

Alpha counting is a simple method for determining the
uranium and thorium content of a sample, e potential ¢f alrgha
counting for identifying *ephras on the basis of their U and Th

concentrations has not yet been examined by other resea-chers.

Because the alpha counter is a simple piece of equipmen= it
seemed feasible tha*, if <ephras could be distinquished on the
basis of their alpha count rates, alpha counting cculd be adapted

intec a field method for iden=ifyving *ephzas,
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Chapter 2
MEASUREMENT THEORY AND PRACTICE
2.1 General RKequirements For a Correlation Technique

The main gcal of our work is to iden*ify individuvual samples
as belonging to cnhe or another of *ke tephra sources, In crder
to chemically charac*erize each tephra source onhe must determine
the averaqge concentrationrand the s*andard deviation for a number
of samples analyzed <rom each “ephra source, The standééﬁrrr

deviation 1s a measure of the vaziation among +he s=samples used *o

characterize each source. In order to cherically identify

individual samples it must be shown that there is at least one

" element for whichk *here is no coverlap a*+ *he two standard

' deviation range in concentra*ion beiween the different *erhra

' Sgurces.

In this work we have decided *to separate *the glass <c
procduce specimens of adequate homogeneity for correlation
purrcses. In chapter 4 we show that *he concentrations of a
number of such samples analyzed from each tephra source are
Normally (or Gaussian) distributed. We can, therefore, devise a
simple test (eq., 2.1) which allows uUs *o determine whether or nckt
a particular element is cseﬁul for distinquishing Le=ween and
identifyinqﬂindividual csamnples froam %*wo different scurces with a

reasonable degree of certainty.
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qu 2.1

average coacentration of

element (y) for sources
S 1 and 2

(1g|,tj + X ’-,‘j> S standard deviation

| %0 - ’2‘*" X

A\J,l,l

Fquaticn 2.1 uses the 95% confidence iznterval cf the Normal
distributicn (2 sigma rance) as the decisicn point., If 2 is
greater than 1, there is no overlap at the two sigma raage in
concentration and the element y is, therefore, useful for
distinguishing retween and identifying individual samples fzcn
+tephra sourceé 1 and 2., It is imporzant to no*e +that +*he
A-coefficiert allows us to compare populations of individual
samrles rather than populations of averages, as would have been
the case if we had used +he *-test, Ccnonparing populations of
individuals is necessary as we are interested in identirfying <%he
source of individual samples. The selection of *he two sigma
ranqge as our decision pcint is somewhat azbitrary and the
significance of the +wo sigma range for making a probabilis*tic
statement is more fully discussed in Section 6.4,

Given tha* an elemen* prcves useful for iden+*ifving samrples,
*he A-coefficient can be modified so *ha*t individual samples can
easily be compared to each of the characterized souIces on the

basis of +*ike element (V).
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eqs <e2
<iy —% [ xi = concen*ra*ion of '
:=l “d szj element (y) for sample (i)
'Ij:hl X
Z'Shj s see eq. 2.1

A value for I of greater than 1 means *hat the sample (1)
does not belcng to the terhra source characterized by x1, and St.
If more than one element is necessacy for distinguishing =oucces,
each sample must be compared to all tephra sources using all
diagrostic elements. In cur work we found *tha* making
comparisons element by element was a useful exercise, Sonme
elements are sensitive to low levels of contamination and
scanning concen+traticns of %*hese elements immediately sigra’s

rroklems of this type.

It is evident from the above that we nmust know three things
akout our tephras: 1) the average elemental corcentratiors (X)
for a source; 2) *the spread of data (S) about the mean; and 3)
whether the concentraticns of particular elemeats are

significantly different (A>1) between pairs of tephras.,

Our techniques of sample preparation and our analytical
procedures are desigred tc¢ provide an accurate measucement of the
compcsition x of the magmatic glass for each tephra. We must,

therefore, attemgt 0 reduce the uncertainty S of cur measuremen=
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0f X. However, if a par-icular element Y proves to be very
differert in concentration between two =epixra sources, and if a
particular sample treatmen* does not seem *0 affec=< greatly *he
concentration of that elemen: we may eliminate the treatmen=
procedure., A certain increase in *the scatter about the mean
concentration may be observed but, if +he concentration of an
element is very different te*ween diffezent tephra sources, such
increases in *the uncertainty can often be tolerated without
affecting our akbility to dis*inguish between *eghras., In cur
Wwork we seek a balance Letween the requirements fcr preparation
and cur ability to identify individual samples from each tephra
souice. If at least one element allows us to distinquish between
tephra sources at an intermedia*e stage in samrple preparation we
believe tha* any additicnal effcrt to prepare samples is a was*e
of +time. The factors which will affec* X, S and ultima=ely A are
listed below and must be studied in detail before such

simplifications ip identification procedures can be made:

Average concentration (X): The average concentration of
samples of glass separates from a particular source will te

affected if contarinants are present in the samples. The

contaminaticnmébuld be primary rhenocrysts present in +<he magma
or xenoliths and detrital material acquired during transpcrzt and
deposition. These ma*erials are commonly removed during samp.e
preraration. In Ch.3 we study the effects *that each step in

preparation has ¢n our measurement of X. If an element proves
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useful for distinguishing Letween *ephras we carn, +therefore, know
+he e€effect that each step in sanrle preparation has on *hat

element and whether that treatment is of any value. During these
studies we will be examining the partizioning of elements petween

the gqlass and mineral phases o0f +he *terphra sanmples.,

our calculations of X will also depend on ionic diffusion in
the glass durirg hydration and cther forms of weathering.
Weathering effects will te discussed in Ch.3 bu: there is little
+hat car pe done in *he way of sample preparation *o reduce the

effect that these phenormena will have on cur measuzes o

rh

concentration., We can, however, determine +the effect +that
weattering tas c¢n the uncertainty of our measurements of X arnd
whe+her or not such effec*s significantly reduce our ability <o

distinguish between tephras,

Standard Devia*ion (S): The spread in data about the mean
will be affected by: variable levels of contamination amcng
samnrles; different weathering and leaching of samples:
uncertainty in our measurement of concentration due *o
instrumental and operaticnal errors; mode of samrle presentaticn;
and counting statistics. In Ch 4 we examine all *ltese factors

+ha+ carn affect the spread in da*a about *the mean ccncentzrations.
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Dis*inquishability (A): Informa%ion on factors affecting §
and X is of nc value unless we know whe-her there are any
elements detectakle by XES which allow us to dis*inquish re=-ween
“he differen* terhra souzces (A>1)., In our work we s=udied 3 Ly
carefully separating the glass from *he whcole ash for *h
Northwest tephra groups of interest. Bo*h pure and nearly-pure
samfples were analvyzed, A-coefficients were calculated comparing
all tephras element ky e€lement (chapzer 5), Results ob+-ained
using NAA and alrha counting analysis of the samples were

compared to those in the literature and were used =c cross check

results obtained wi+th XES analysis.

Simplification: Once we had information on X, S and A
we attempted *o identify a number of individual sanmples
which had undergcne a minimum of prepara=ion (Ch. 6). When we
were certain cf cur identification procedures we characterized
each of the three B.C. *terhras using a.l samples identified at
intermediate stages c¢f sample prepara*tion. By characterizing
each source in *his manner we could therekby identify future

samrles with reduced preparation,
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2.2 Analytical Techniques and Prac=ice

A) Principles of X-ray Energy Spectrcscopy (XES)

Excitaticn and Fluorescence: A high energy photon or
particle beam can be used to create vacancies in :the inner
‘electron orbits which, under the appropriate conditions, can
‘cause the samrle to emi+ X-rays tha*t characterize ~he elements
icomprising i*., There are a number of %<exts dealing with the
principles and practice of X-ray fluorescence analysis (e.q.
Bertin 197C; Woldseth 1573). 0Only informa*ion rnecessary *o

understand scme cf our methods will be discussed here.

In XES, we use a moncchromatic beam ¢f primary X-ravs to
induce fluorescerce, The desired form of beam absorpzion for

is that which prcduces the photoelec*ric effec*, leaving

td

vacancies in, mainly, the K shell. This is followed by a series

of electror transiticns with emission of charac=eristic X-rays.

During fluorescence the energies of *the X-rays emitted Dy *the
samnrle are exactly equal to the differeace in bindizg ererqy

between the innermost (K) and outer electrcns of the elements
excited in the sample., Ls *the spread in enerqgy be*ween irner
and outer elect:rons increases with increase in Z higher énerqy
X-rays are emi=ted by higher Z elements. When K vacancies are
created the probability is highest *hat *he ensuing electron

transition will produce K-alpha secondary X-ravys. Other:



<rarsitions are also possible in which K-beza, L-alpha, be%a or
gamma X-rays are produced. Zach element, therefore, can te

idertified by examining X-rays emitted a* more than one ernergy.

The probabili*y of producing the photoelectric effec+ is
greatest when the enerqy of the incident Lbeam (E) is sligh+ly
higher than the K-absorrtion edges (EB) of *he target (X)
electrons. When E < EB no absorption by the photoelectric effect
is possikle. When the enezqgy of the incident beam is less zhan
or greatly exceeds *he K~aksorption edges of *he elements
cemprising the sample, absorption by =he photoelectric effec+
decreases.and other fcrms of X-ray scatter (Compton ard Ravyleigh)
begin to dcminate. In cur system we contrcl *he energy of =he
excitation team and reduce scatter by producing a monochrcma<ic
excitation beam. This is done by using Bremstrahlung X-rays,
produced by an X-ray tuke, *o excite a seccrndary *azge+ of pure
material. The srectral lines of the secondary targe: are pasced
thrcugh a filter, composed of the same material as the secondary
target, ard are thean used to fluoresce =he sanmple. We use a
silver secondary tarqet to preferentially excite the elements Rb
to Nb and a Zn secondary *arget to analyze better “he elements X

to Fe,

Monitoring <%he levels of Comptcn (Cp) and Rayleigh (F)
backcround scaz*er can provide valuable informa*ion abouz <the

compcsition of a sampie matrix. Ravleigh (elastic) scat*er
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occurs when the enerqgy of the incident beam grea=ly exceeds *he

Bl

pinding ernerqy of the electrons in *the sanrle. Ravlieigh scatter
) . . a . . s . . .
increases 1n progpccttion tc Z. Compton (inelastic) scat=teriing

occurs when the enerqgy of the incident beam is less than that of
+he kinding enerqy of the electrons in the sample and increases
in rroporticn to Z. The Cp/R ratio varies in propertion to annd
serves as an indirec*t measure of the average Z and *he macss

absorption coefficient (u/p) of the sample matrix (cf. Kunzendorf

1371; Neilsct 1377).

Detection: When a team of seccndary X-rays emerges fron a
sample 1+t is necessary to identify the energy of each X-z-ay
comprising +he keam and count the number of photons arriving at
each enerqgy. In an enerqgy dispersive (XES) system, such as *hatx
used in *this study, the pho%ton energies and intensities of the
X=rays are measured with a semi-conducting so0lid state crys:tal
detector and associated electronics, In wavelength dispersive
systems (XKF) +the beam c¢f secondary ¥~rays is f£irs+%t dispecsed
into separate beams ¢f different waveiengths using a diffraction
crystal. These photons are then detected and counted a+ each
wavelenqgth using a variety of detectors or photographic plates.
The advantages of XES for our type of work were discussed iz

section 1, 3.



Analysis: 1In enerqgy dispezsive systems one generally uses a
pmulti-channel pulse heigh% analyzer ir order *o count
simultaneotsly the photons arriving %o the detector at a wide
range of enerqgies, In figure 2,1 we give an example of a zvyrical
eherqy spectrum produced Lty analyzing a <*ephra sanrple wizh a Ag
secondary target, In fig. 2.2 a sample is analyzed with a Zn
secondary tacget, Using cur analyzer the entice spectrum is
spread over 400 channels, The posi*ion along the X=-axis
indicates the energy of thotons emitted by the sample; each peak
identifies an elemert in the sample. The hkeignt (cz arzea) of
1each peak 1s propor+iocnal <o the amount of analy:te in the saunrle.
The Compton and Rayleigh scatter peaks are included in our
spectra. For hiqh Z materials the Rayleigh scatter peak will ke
hiqhest; fcx low Z materials, such as %fhat in our example, the
Comp+ton peak will dominate. 3additional back-scatteriag of
secondary X-rays in the sample produces mos*t of *he background
continuum under the peaks, This must eventually be subtrac-ed in

orzder *to calculate net freak areas,

Instrumentation: At SFU the Bremstrahlung X-rays are
prodtced wi*h a Siemens X-ray tube. The sample chamber houses a
stainless steel multi-sample changer ecuipped to hecld up *o 16
sangles. The sargle chamker is evacuazted for analysis and, wi<%h
remcte contrcl, samples can be rotated consecutively to the
analyzing positicn. Forz thg analysis of solid specimerns and

pellets we use aluminum sample cups with changeable myla:z
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Typical Terhra Spectrum 3iAnaiyzed wi+h

a Silver Seccndarv Targe=x
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FIGURE 2.2

[

Typical Tephra Spectrum Analyzed with

a Zinc Secondary Targe=
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windcws., Fcr “he analysis of lcose powder specimens we place tlhe
samrle in 13 om dia. Somar #340 plastic Spectzo cups with avlar

windows.

Detec+tion is by way of a Kevex li+*hjum dzrif*ed siliccn
Si(Li) semi-conducting detector crystal connected to the
appropriate electronics., Because of limited de*ec*or resclutior
(FWHM of roughly .2 KeV for Fe) we are unable tc distinguish

between the K=-teta lines of K, BRb, Sz, ard Y and the respective

K-algha lines of Ca, Y, Zr, and kb.

Two separate multickarnel analyzers, %*he Nuclear Daza (NI)
812 and the Victcreen Scipp model 104TP multichannel anavyzer
(SCIFP), were used for this project. Malfunciionirg of the ND812
required that we complete most of our work using *he SCIPE. The
settings on +he SCIPP cculd be adjusted so that each spectrun
could be accumulated in anywhere from 10C to 3600 channels, 1In
our work a series of 24 spectra, each occupying 400 channels, is
typically ccunted into the 36C0 charnneis. The data (number cf
ccunts per channel) are recorded in digital form onto magrne=ic
tape and then transferred <o an IBM 370 computer. W%ith a
packaged prcgram (SAMPO) (cf. Routti 1363) we recoqnized the
presence of peaks, fitted idealized peak forms to the peaks,
suktracted Lbackground, calculated peak arzeas by integra=ing the
number of ccunts under each peak, and identified tte energy at

whict each peak cccurred, Twc sub programs, SHAPEDC anrnd FITDO,
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were run after each XES session in order tc calcuiate the shape
and fit parameteIs necessary TO rLun properly “he SAMPO prcgranm,
A surplementary fF-ogram calculated the ra*io of each peak to =he
Ccmpton height icr each =spec=rum. A program performing siailar
calculations to those of SAMPO was bpuil= into tThe ND812 aralyzer
so that resuits of peak area calculations were immediately
availalkle on teletvype, In *he ND812 backqground is calculated Lty
linearly interpclating a line under the peak from two points
measured on either side of *he peak., With this less
sophisticated method for calculating backgrcund it is iikely thac
larger variakilities exis* in the peax area calculations made ty

the ND812.

Relaticnshir Between Peak Intensity and Ccrceniratior: Each

element has a different prcbability of being excited by <zhe

'incident beam., A number of additioral insirumental coaditioas

‘ can affect the ccunt ra*te recorded for each peak. I* is

“herefore difficult *o calculate absolute concern*rations directly
frem peak areas. Calibration *o some standard, containing
eléments in knowr quantities, is almost always necessary.
Determining absolute concentrations from line intensities is
further complicated ty a number of phernomena which can render tte
intensity a non-linear function of concentration. These factors
which cause variations in in*ensity are discussed in Ber+%in

(1570) and are summarized as follows: specimen errcrs resul+ing

from particle size effects, micro-inhomogeneities, and changes in
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sanfple *hickness; in+terfering peaks from c<her analyrtes (i.e,
K-be*a peaks); rackground peaks f-cm contaminants in saample
holders, tindezrs etc, as well as peaks resulfting from £lucrescing

materials in the analyzing chamber; background scattering fror

It

sanple holders and gecmetrzy effects due *o differences in the
placement of samples in %the sample chamber; in*terelement effects
or srecific absorrtion enhancement effects; matrix effects due *o
change in average 7 Letween samples; variakble counting iimes
resulting from machine dead time; and changes in f£lux of <the

incident beam.,

Specimen Errors and Specimen Preparation for XES: The Lest
methcd for grcducing homogeneous, fine-grained (K45 Pm), well
mixed, and smooth-surfaced specimens for XES is %0 produce

pressed pellets in a manner outlined in Arpendix B.

Given a set of amalyzing conditions and a specific mass
absorption coefficient for 4he sample for a specified arnaly:e
line there can be variaticns iz intensity with va-ia%tions in
sample thickness., This is illustra*ted bo+h in eguation B.3

(Appendix B) and in figure 2,3,

Absorption cf a monochromatic, collimated X-ray beam follows
an exponential furnction. Although a great deal of mazerial would
be required *to atsorb completely all the X-rays, most of the

X=-rays are absorted in the first few millimeters of sample (fig.
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Relationship Be+tween Intensity Ratio

and Sample HMass

-
o
[

intensity of analyte line a* thickness t
Iwo = intensity of analyte line at infinite thickness
note: As illustrated in egq. B.3, mass serves as an

indirect measure c¢f pellet thickness. Mass was
calculated for pellets having diameters of 13 nn.
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2.3+ An crerational definition of infinite “hickness is usually

n

that amount of ma*ezial required tc absorb mos* of <“he X-zravs,
say 57 to 59%. Infinite thickness will be different for X=-ravs
of different erergies. IZf a sanple is greater tharn abou: 37% of
infirite thickness for a par*=icular aralyte line, then +the change
in irptensity is relatively unaffected by slight changes in
+hickness. As samples tkecome thin, however, large changes in
intensity are observed wizth each ctange in *hickness., The
intensity c¢f the backgrcund (from mul+iply scattered Compton and
Ravleigh phctcns) begins o underqo the greatest decrease in
intensity with decrease in +hickness, +herefore, the signal =:o
noise ratio is improved in samples of intermediate thickness., 1In
very thin samrples the absorption curve is linear. Matrix and
interelement effects are nmirimized, and sample *thickness is the

only variatle affecting intensity.

| Our separated glass specimens are typically pcwder in <+he
:62-210 micrcn size range, Perhaps the optimum in specimen
preparation wculd occur if thin pelletized specimens are
prepared, However, a great deal of effor+t is involved in
preparing pellets. Moreover, if +thin pellets were prepared all

samples wotld have to be accurately weighed because large

variations in intensity result from small changes in sample

4]

thickness, If lcose powders could be analyzed instead of pellez

a great deal of effort cculd be avoided. If the powders coulid ke
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poured intc¢c a sample cur to grea*er *=han 37% c¢f infini*e
thickness careful weighiang of samples would be unnecessary. In
chapter U4 we enpirically s+tudy <he effects %<hat such
sirplifications in specimen preparation have on the uncertain=*y
of cur results. Because the Cp/R ratio inczeases as samples
beccme *hin, monitoring the Cp/R ratio will signal rroblens

related to sample thickness.

Interfering peaks and subtraction of K-be*a rpeaks: In czder
to study tlke changes in *he concentrations of Y, Zz, or NI or to
calculate acsolute ccncentrations from peak areas, it is
essential that the K=bet*ta peaks of Rb, Sr, and Y be subtracted
from the K~-alrha peaks c¢f ¥, Zr, and Nb. Once the K-be*a/K-alpha
ratiaos are determined f£c¢r Rb, Sz, and Y in a ma*trix similaz *¢
glass, we can estima*e the K-beta'a:eas from *he K-=alpha areas
and then suktract the respective K-beta peaxs £fxzcm Zr <o Nb. IT
is necessary to determine the K-beta peak areas in samples for
whict the elements Y, Zr, and Nt are absent., We fcund *ha=
lakcratory centrifuge glass and watch glass weze suitably void of
these elements., Three pulverized glass samples were heavily
laced with nitrates of Rb, Sz, and Zr. These were then aralyzed
for 15 minutes each and the K-beta/K-alpha ratios ere
calculated. As *the K-beta peaks are relatively small they were

only subiracted when absolute concenitrations were deternined.



Backgrcund Peaxs, PRackgrournd Scattering and Gecme*cT
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ects: We analyzed “he sample holdezs and binders to verify

o+
t3*

at no contaminant peaks were preseri, We also analyzed a tiece
0f lucite *to observe whether there were backgrcund peaks arising
from the materials in *he analvzing chamsber. No background reaks
were observed. Nevertheless, erratic varia*ions in our iron
concentrations (Ch.5) led us to believe that back=-scattering
X=rays were fluorescing an iron oxide coating that is present in

+he analyzing chamber.,

During loose powder analysis standardized lucite rings were
placed around all our sample curs. This was so they could be
placed within the multi sample changer in a standardized fasaicn
and additioral mcvemen%* of *the samples during analysis could ke
avoided, The contribution that the effec*s of geome=ry and
scat*tering might have on the uncer%ainty ir our resuits (which
were not ccrrected by the apove measures) were studied

empirically (Ch. 4).

Other Effects - Use cf Compton as Variable Internal
Standard: In our work interelement effects can ke ignored
because the elements in which we are interested are present in
quantities less than 5% (cf. Jenkins 1367). Most of the matrix
effects are negligible kecause we are anzalyzing high Z =race
elements in a predominantly low Z matrix and momitoring *ke Cp/R
ratioc hLas revéaled that the average Z's of our matrices dc¢ rnot

change significantly between samples (cf. Jenkins 1567:131),



Many cf the above effects, howevezr, are minimized if one
normalizes the analyte reak areas tc¢ arnother peak within each
spectrum, We found that the Comp=on peak heigh:t was the rost
suitable variable internal standacd: 1) I+ is of an energy cnly
slightly higher than the trace elements of interes*, 2) Unlike
other elements which can vary due tc chanhges in concentration the
Comp*on varies with change in average Z and, therefcre, in our
case, it changes only sliqghtly from sample *o sample, 3) Because
“he Conmpton is affected Ly geometry, scattering, sgpecimen erzcrs,
and ma%*rix effects, scme changes in these conditions are
corrected by normalizing %o the Compton. 4) Conditions <+tha= are
likely *o prodtce large changes in the Compton height (i.e. large
changes in samgle thickness, or averaqge Z) can be mcnitored Ly
exarining *the Cp/R ratios (e.g. Giauque et al, 1377; Feather and

Willis 1976).,

We tried normalizing to the Zr peak bu* found i<z
unsatisfactcry, In Charpter 4 we discuss the advantages and
disadvantages of normalizing to either of *hese variable internal

standards.

Absoclute versus relative concen%ra*ions: In our WOoTrk we are
interested in identifying tephras on the kasis of differences in
chemical ccmrposition between different tephra sources., Relative

concentrations (Peak (Pk)/Cp ratios) are as useful for *his



purpcse as are absolute concentra+tions. We were arle *=o
elirinate a great deal of effor: and reduce errors by rnot
calikbrating tc¢ standards and by using rela*ive concentrations
(Pk/Cp ratios) £cr cocrelation purposes, Commurnicating recsul<s
to cther workers, however, 1s easies* wiith absoluze
concentra*tions. In Appendix C we have, therefore, characterized
each of our terhra sources using absolute values., Our particular
calirration technique is detailed in the Aprendix while

alternative methcds are discussed in Bertin (1370).
B) Principles cf Alpha Counting

Trace quantities of U and Th are easily determined by
counting the alrha emissions associa*ed with their rzadiocactive
decay. The principles of alpha-scintilla*icn zpectrome+ry are
outlined in Cherry (1363) and Aitken (1374), while the alrha
counter and methcds used are discussed by Huntiey and Win+*le
(1881). For alpha coun+*ing the sample is placed on a ZaSs
rhcsrhor screen. The ZnS fluoresces with each alrha emission and

;the scintillation pulses are then deteczed wi*h a rpho+=omultiplier
tube, The number of alrha particles counted per “ime period is

prorcrtional to the amoun*t of uranium and thorium in the sanrle.

We spread powder to a thickness greater than .05 am cn a
commercial 13.85 cm dia. ZnS disk held ir a plastic con+ainer.

As irfinite thickness is about ,05 mm for alpha particles,
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he sanple hcider is placed

[

Wweighing of samples was unnecessary.
on a 5 cm., diameter photomul<iplier *ube fitted wi=zth the

aprreopriate ccurnting devices,

The alpha counts are an indirect measure of uranium and
thorium concentrations and, as with XES, we simplify the method
of tephra iden*tification by simply looking for differences in <the
count rates Letueen different tephra groups. The methods
outliﬁed in Hun+*ley and Wintle (1981) were used by Dr. Huntley o
calculate absolute concen+trations of U and Th.,. From these da<a
we characterized each terhra group c¢n the basis of i+ts absoiute

(erm) U and Th concentrations (Table C.5, Appendix C).

C) Principles of Neutron Activation Analysis
For neutron activation analysis (cf., Tite 1372) the sanmples
are bombarded with slow neutrons, usually ir a nuclear reactor.
The neutrons interac+t with the nuclei of the atoms in *he sanrle
| to produce unstakle iso%opes. These *hen decay to stable
daughter prcducts and gamma-rays of discrete energies are emitted
in the process, The gamma-rays characterize the isctopes and,
ultimately, the elements excited by *he slcw neutrcns. The ganmma
rays are generally detected in a semi-conducting Ge(Li) sclid
state crystal with associated multi-channel pulse height analvyzer
in a system similar to that required for XES analysis. Analysis
times for each element will vary according to tThe half-lives of

tte isotopes. Scme are bpest analyzed af*ter several weeks when
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interfering peaks Irom short-lived isoc*opes are eliminated. Due
Z0 the longer ranges of the gamma=~rays all samples are infinizely
thin, matrix effects are eliminated, and the calculation cf
absolute cconcentrations is easier thana wi+h XES analysis.
Calculatiorn of aksolute concentiration is usually accomplisred Ey
calikrating to samples of a standard material which are activated
along with each sample and which con%tain elemen*s rresent iz

kncwn concentrations.,

Our samples were arnalyzed by Novatrack Inc. a+ TRIUMF,
Vanccuver E.C. Novatrack's neutronl beam is produced by
unccnventional methods using a proton beam from a cyclo=ron

accelerator.,



THE EFFECTS OF CONIAMINATICN, WEATHERING, LEACHING, AND

SAMELE PREPARAITICN CN CCMPOSITION CF SPECIMENS

In secticn 2.1 we discussed the facztcrs which can affect X,
+he average concentra*icr of elemen+ts for a numker of bulk glass

samples aralyzed from each tephra scurce. In +*his chapzer we
icok at the pctential effects that weathering, cornzaminazion, and
sample preparatiocn can Lave on cur measure of X, We also present

+s ¢f empirical +es%is carried ou: to detezmire =he

[

~“he resu

effects that sample preparation have on conmpositiocn.
3.1 The Samples

T¢ shew *hat our me+thod of fingerprinting tephras #ill allow
us to identifv wephra samples independent of their depositional
locations and depositional envircnments including land, lake or
bog deposits. For most tephras, samnples were collééted bcth near
+he source and in distal fallout regions., ¥We collected zeference
samples frem spcis where the terhras had already been identified.
The samples are catalogued arnd mapped in Appendix 4 and

sub-csanmples ¢f limited size may be ottained from the authc:z,

ct

All reference csamples were labelled according fo tte

iden+ifica+*ions tha+t were given by these geologists. We guessed
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rh

<heir

the sources of *he GUnkncwr samples on the basis o .
geograpnrical location, grain size, etc. and =“hese samrples we:ce

similarily lakelled according to *=heir a gziori iden=ifica=<ions.
The kenefits o0f such a rriori analysis will be discussed in Cnh.

6, The sarnples used irn this study are catalogued axnd mapred in

Appendix A.
3.2 Sample Preparatiorn
A) The Cortaminaticn Probienm

There are an infinite variety ¢f soil +*ypes. Eecaluse any
one of these could ccntaminate an ash layer the con+tamination
rroblem is complex., WwWhile it is obvious that we cannot deal with
all rossible sources of cor*tamination, ar unders+<anding of the
average soili conmrosition allows us to treat the sample zo
elirina*te ukiquitous contaminants. Any remaining contamirnation
no+t removed by the treatments will contribute to the uncertainty

of our characterizations of *tegphra sources.
B) Sources of Contamina*ion
An average soil corntains, 1in addi+tion to air and water,

about 45% mineralsand akcut 5% organics (Brady 1974). The

mineral fraction consists ¢f primary minerals as well as +*he

n

secondary minerals or weathering by-products such as: amcrphous

and recrys+tallized silica (clay minerals), ard comrcunds that



have perccia*ed into the scil such as collcids of metal oxides
(mainly Fe, 04 Al,03), gal<s and carbonazes, (i.e. CaC03 » #gCCyq,
KyCCy, K,;SCq). The organic portion may cortain partially decavyed
pliant and arimal remains as well as *he humus collcids (fluvic
and humic acid acd tumin). The mineral f:iactiorn tends o
concentrate the alkali elements while high corcentrations of
alkaline earths are found in the organic gcr*ior. Eoth clay and
organic colloids contain excess anicns and adsoz-h free cations.
(cf, Brady 1574), 1In addition *o these extermnal scurces cf
contamination, as we are interested in analyzing setara<ed glassz,
we ccnsider +ha*t phenocIystis present in the magmas ace an

internal source c¢f contamina<ion.

C) Anticirated Changes in Average Ccmpositiorn with Femoval

of Contamirnants

The phenocryst suites of the tephras are listed in Afrrerndix
E., In %table D.1 we compare the major e€lemen* composiztion of
whole ash samples with tha* of separated glasses, using the
literature as our source. The chemical coamposition of most
minerals and o%*her soil compounds can be found in a number of
texts (e.q. Brady 1374; Deer et al, 1572; Dixon and ?eed eds.
1377). Using informaticn from Appendix D, Apperdix F, and the
akcve references we can make *the followirgq general comments accu:
+he chemical charnges one might expec* with removal cf tne varicus

the

H

types ci ccntaminants. 1) Primary minerals: removal o
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primary mineral frac*ion saould cause a -ela=ive increase 1in
alkali metals, a decrease in alkaline earth metals, and a
decrease in mos=z transition elemen<s (particularly Fe). 2)
Sclurles: wi=h removal of metal oxides we would exrec: a
reduction in the tzansition elements., The removal of cartorates
and salts should cause a reduction in *he alkaline earths with
scme reduction in aikali metals, 3) Organics: +here should be a
reduction in the alkaline earths with some reduc=ion in alkali
me+als. U4) Clay minerals: with removal cf clays %e miqht expect
a reduction ind alkali metals, a reduction in the +rarsiticn
elements (ratticularly Fe and Ti) ard some reducticn in alkaline
earths. Rare-earth *race element chemistry also reveals that
transitior. elements tend to concentrate in the clay fraction (cf.

Borchardt e+ al. 1371b).

D) General Methods for Removing Contaminaan=ts

A nunker of texis deal with methods for removing soluclie
contaminants as well as primary and seconrdary mirerals (cf.
Allman and Lawrence 1372; Black e+ al., eds. 1965; Steen=-McIn+*yre
1577). We chose rather standard procedures of sanmrle
preraration; the de*tails are outlined in Appendix B (Methcds 1 <o

6) e
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Primary Mireralis: Three methods exist for removizag

Hh
H

cryszadl action from %he tephras. 1Y Minerals are npoce de:

=]

e

o]
in

than gqlass and can therefore be remcved throuqh serarations with
heavy liquids (Mezkod 4). 2) Most minerals are mo:é Jagnetic
thén glass, excep+* fcr *he tectosilicates which are less
magretic. A Franz magnetic separa=cr separates minerals on the
basis of their magnetic pzoperties (Method 5). Highly magnetic
minerals such as magnetite and titano-magnetite can be rexoved
with a hand magnet (Me+thod 1). 3) Minerals tend toc be
concentrated in larger size fractions (i.e. greater than €2
microns) (cf. Brady 1374)., Sieving =o concentzate the glass in

+he fine qrained fracticns (i.&. less than 62 micrcns) nay be a2

fective me+hcd for serarating the glass., We do not know of

rh

e
exanfples in *tephrcchronclcqy where sieving has been routinely
used for corcentrating *he glass; an empirical study compariag
results prcduced by heavy 1iiquid serarazicns tc those produced by

sieving will be rresented in our study.

Soluble Seccndary Minerals: S*zong HC1l is a gcod
all-purpose clearer capable of zemoving metal cxides, carkonates

and salts.

Organics: Several reaqgeats exis* f¢r removing organics,
Altkcugh NaOH is the most efficient methcd for removing ozganics
(Mortensen 1365), it forms an iasoluble compound (FeOH) with <he

iron oxides we are seeking to remove, I+t would, therefore, ke
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necessary ¢ follow <he NaOH :tzeatmen+ts wi=t acid *reatmer<s =o

- .

dissclve the izcn precipitates. Also, strcng alkalii solutio

j—2
(=
in

-

can dissolve silica glass (Ambrose 1376), For remcval of a less

m

“han 5% souz-ce of contamination we therefore decided =0 usze a

(B

ess potent reagent, Thirzy percent H,0, is of reutral pHE and is
an effective method for removing mos* organics except cellulose.
As H,0, is unstable in alkali environments it is best used afier
the acid treatments, Steen-McIntyre (1377) suggested *hat 7,0,
mighkt attack tetrhra glass ty leaching ou*= Fe. She frroposed that
5% NaOCl (adjusted Tc 9.5 pH with HCl) should be used ians+tead cf
H,C, Zfor removing o-ganic stains, Iritially we fcllowed ter
sugqgestion but, during the studies described below we found +ha+*
5% NaOCl was no* a very efficient me*hod for removing organics,
and it did rot arpear *c do any iess damage to the giass *han did

the treatments with peroxide.

Ciay Minerals: <Clays are par+ially dissolived Ly percxide,

streng alikxali solutions, and stronqg acid sciutions, bu=

ution is slow (Dixon and Weed (Eds.) 1377; Grim 136€8).

[

dissc
Most clay mirnerals aze less *han 2 microns and can Le remcved
thrcugh centrifugaticn (Method 2). We found %hat centrifugation
was a simpiéwmethod for washing out reagents following othe:x
chemical treatments, and could Dpbe easily adapted for renoval of
collcids. When we ex*tract the larger par*icles (i.e., 62 *0 210

micicns), most clays have automatically been removed during

sieving. VNevertheless, use of the ultrasonic ba*k following
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ctemical treatments guararnztees removal of fine grained material

frcm tke larger size fractions (Method 2).

By Effects 0f leaching arnd Weather-ing on Obsidian Glass
Following are several factors which can affect the
comgcsition of oksidiar tephra glass: 1Y leaching ¢f elemen*s 1in
the lab during chemical +%rea*tmenis, 2) ieachirqg of the elements
during chemical weathering, and 3) hydraticn. There have been
few ccntrolled studies on chemical changes in obsidiar glass
produced by each of these phenomera, We therefore supplemented

the studies 1in the literature with a few tests of cur own.

Obsidian Leach Studies: In our work we =specifically wicshed

1=

to determine what effect the 20% HCl, 30% peroxide arnd 5% NaccCl
Teagents would have on concentraticns of elements in obeidian
glass, These latoratory leaching studies aoight alsc mimic

leaching that could occur during accelerated weathering such as

+hat which cccurs in extremely acid or alkaline environments,

Arahim Peak obsidian was ground to a fine powder (less *han
62 pm) and subdivided into 4 sub-samples. One csub-cample of this
standard remairned un<treated and one sub~-sanple was %“reated with
+he 20% HCl and 30% peroxide +<reatments 1n a manner idern=ical =c¢
that used f£cr treating tephra samples (Me%thod 2). Two mo:e

Suib-camples of *his stardazd were leached for i0 days each, one
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in 30% Hy 0, solution, the cotker irn 5% NaOCl soluticn. Small

=z

amcurts of NaOH and HCL weze added to the Y¥aOCl sclutiorn to
adjuss it *c¢c fH 9.5, The peroxide was of neutral pH {(abot: & =0
7y and the HC1 sclution was extremely acid {aboux ( zo .5 pH).
The EH c¢f koth +he NaOCl and peroxide solutions was again tested
after the 10 day leaching period. The *reated obsidiarn samples
were washed, dried and aralyzed for 5 minutes each, using bo:h
silver and zinc secondary targets, The percentage differences irn
compcsitior between rreated and untreated csamples were calculated
and *he results appear in “able 3.1. <Changes in values which
were not grea+er than *the two sigma taage in analy+=ical
uncertainty (Ch, U4} for each (Pk/Cp) ra*tic were no* considered

significan=.

Resul+s show that calicium, iron, and possibly zubidium ace
leached fr-cm obsidian glass by the acid treatments. Iron
concen+tratic¢ns decreased mos%t rapidly., I% is possible that the
spaller lonic size of Fe con*<riputed to a diffusion rate which
was faster than that of Ca. Resul*ts on peroxide trea*ed tephras
showed +hat ncnhe of these elements undergoes significant changes
with peroxide treatments. Most of these effectis are, therefore,
caused kv acid leaching. Potassium concentzatzion did not

sigrnificantly ckange as a resul% of acid leaching.
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Both H,0, ard NaOCl leached Ti; H,0, caused a siigkhz
reduction in Rb; while +he NaOCl <reatmen*s may prefentially
leach K and Bt (these effects c¢f NaOCl are mainly =eer in later
exreriments sumarized in Fig. 3.1). After 10 davs cf leaching
“he rH of *+he NaCCl solu*ion had changed %c pH 8. 7This irdicates
tha* either anions are leached from the obsidiar gliass, or OH- is
adsorzbed on the glass surface (cf. Bornemisza 1371; Loughnan
1565). Because alkali solutions dissolve silica (louganarn 13563;

Smith 1380) i1t can be assumed that K and Rt are preferen+ially

leacted alcng wi+h Si.

Conclusions: If we combine our resul<s with those ir the
literature we can make the following tentative sta*ements abcut
the rossible effects of leacking and hydra“ion on the composition

of crsidian tephra glass:

1) Stronqg acid environments cause *he preferen*ial leaching
’of alkali earth e€lements (Ca, Mg, Ba) and *he +*ransition elements
(Fe, Pb, Cd, Mn, Zn) which function primarily as neiwork
nodifiers (cf. *his study; Belousova and Tonkxonogov 1368; Smith
168C). The leaching effec%ts may be accelerated for elements
having smaller icnic sizes. Potassium concentration is

rela+ively unaffected by acid leaching (Belousova and TokoLogov

156€).,
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2) Stzcaq a.kalire environmen=s will cause pzeferenzial

ieachirng of retwcrk formezs such as Si and o*ther: arioas (Ci, B,
F), with a conccmitant reduction in K, Ca, Li, U, ard v {cf. tais

study; Smith 138&0Q)

2) In most weathering environments the pH is not as extrenme
as that of the leaching experiments carried ou+ in this study.
Under moderate weathering environmen*s slow nhydraticn is rrokably
the dominant form of weathering for silicic glasses., During
hydration there is an inward diffusion of protons (H+) or
hydronium icns (H3O+), wi=h concomitart outward diffusion of
alkaii and alkaline earth mezals (Doremus 1375) ., Cxidaticn of Fe
can also occur (We Ambrcse 1380; pers. combe.)., The alkali metals
are removed from *ne hydration rind, while *“he alkaline earths
tend to ke leached frem *he hydrated portion but are concentrated
at *+he surface of hydrated specimens (Tsong et al, 1378)., During
hydration higher Z trace elements have lower diffusion rates thar
najor elements from the same chenmical groups (e.g., K versus Rb)

(Jamton et Carrzon 1373).

4) There are some discrepancies in *the literature as %0 +re
relative sclukiliities of K and Ca during chemical weatherirng.
Some wriiters claim *that K is quite soluble during weathering
{e¢.g. Rankama and Sharma 13950; Teria and Hayami 1975), O<zhers
suqgest that Ca is easily removed while K tends o remain in *=he

weathered products (Loughnan 1363:43),
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Appiica=+iorns: In our s*udy (Chs., 4 and 5) we analvyze

separated glass from the 62-210 micron size range as well as

[

glass csamples £rom +he silt=-sized (K62 pm) size rance, Samples
have been collected from differert loca<icns, and an effort was
made to standardize methcds of chemical treatments in order *c¢

reduce variability introduced through leaching during samrle

PIerara+tion,. Due to the relatively larger surface area of tne

particles in the fine grained specimens (<62 pm), we can expec=x

that a larger vclume in the fine grained csamples will be affect
by toth leachirg and hydration. Samples ccllected from distal
fallcut regions (being mainly fine grained) skould likewisze
ccntain larger veclumes of hydrated and leached glass.

ources arnd

n

Nevertheless, 1if we can distinquish between tephra

~
=

identify distal samples while aralyzirg samples frcnm ei+her size

range, and 1f there are nc real chemical differences bexweern
serarated glass fractions from the differen+ size ranges, we
consider that bcth weatkering and leachirng have had regliqgible

effects or the glass compcsition of young (Holocene) tephras.
3.3 Empirical Results of Effects of Sample Preparation or X

In the following sections we study *he effects that five

Steps in sample preparation nave on concen*rations of elerents
bulk samples of *ephra analyzed froam varicus %epkra sources.

These are as follows: 1Y glass separation, 2) sieving as aa

in
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alternate methcd for glass sepacation, 3) HC1l %reataen<ts, 4) H, GOy

treatments, angd £) NaCCl as an alternative to H,0, »

cts of sample prepara*ion were

i
o

General Mezhods: The ef

erent experimen<s using <zhe

(o))
-
(a1
[ ]

s*udied during a numter of

o the prcblen, 1) A few samples were

ct

following gereral apgproach
selected from various tephra sources, The samples were tlern
subdivided into sub-frac*ions. 2) Cne csukt-csample remairned
untreated, while cther sub-samples were +reated by cne or more of
zhe above 5 s*teps in sample preparation, 3) Treated and
untreated samrles were then analyzed, anrd the averages and
standard deviaticns were calculated for all =samples aralvzed fron
each tephra source at varicus stages in samgle preparation. The
effects of samrple preparation on the standard deviations (S) arce
examined in Ch 4, while the effects of sample preparation on <he
average cocmposition for each *ephra source X will Le szudied
here., We fizst subtrac*ed the average (K-beta/Cp) ratios of Rb,
Sr, Y from the average (Pk/Cp) raxtics of ¥, Z2r, ard Nb, ®e *hen
calculated the percentage differences in the average
concentraticns between *reated and untreated samples. Tos
changes in average concentrations wi*h sample preparation are
plctted in figqure 3.1 {(cols. A to D). A negative deviazticn in
the values means that the concentratior of an eiement has
decreased, A4 positive devia=ion means trat the average
concentration of an element has increased with preraration. Anv
deviaticn les; +han %wice +the analytical variability £foz- ecach

ratic (Ch. 4) was not considered significanz.
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TIGURE 3.1
Percentaqge LDifference in Concen*traticn

with Sample Preparation

Column:

A) gla

n
n

(€2-210pm) vs. whole (62=-210pam)

B) <62pm (whcle) vs. 62-210pm (whole)

C) HC1l (<62pm) vs. untzeated (<62pn)

L) H,0,, HCl (<62pm) vs. HCLl (<62pm)

E) NaOCl, HCl (<62pm) vs. H,0,, HCL (<62pm)
Key:

a) M-, st. Helens in

L) Mazama

c) Bridge ERiver

d) Mt. St, Helens W oz T-like Samples
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Glass Separza*ion: Th-ee groups of samples naving undergone
three different *ypes of treatment were analyzed frcm four =erhara
scurces (3 ¥n, 3 BR, 4 M., arnd 2 urnknown (U or l}). Samples frad

been treated as follows: samples from the 62 to 210 micropn size

range were submitted directly for analysis; samples from *

o

e less
than 62 micron size range were submitted fc¢r analysis: glass
separates from the 62-210 micrcn size range were analyzed. All
samples had bpeen pre-treated with HCl and NaOCl (or H,0,) prior
to separation., Results on the separated glass sanrles and on the
fine grained samrles were compared to results cbtaired oa *he

unserarated specimens from the 62-210 miczon size range.

The percentage changes in concentraticn with glass
separation by sieving or Lty heavy 1liquid separa*ions are rlotted
in columns 2 and B (fig. 3.1). BResults cshow *tha®* concerntrating
~he glass, using either method, produces a consistent increase ina
+te concentrations of alkali metals, a consistent decrease in %he
fconcentration 0of alkali eazth metals, a consisien* decrease in
+he average Z of the matrix, and a sharp decrease in the
concentration of iron, Most transition elements are probabiy
remcved wi*h +he hiqh 2 ferro-nmagnesium minerals, while Ca and Sz
are probably removed with +the plagicclase feldspars. Some of
these elements cculd also decrease with removal of clay minerals.
The transition elements Y, Zr, Nb, and zhe alkali metals (X, Rk)

are concentrated in the glass phase of the separated specimens.



The OLly exc¢er*icn tc¢ this rule is Mazama for which Nb is
concerntra=ed in the mineral phase., Mazama had the lowast

prorcrticn cf minerzals, whiie Yn had the greates=.

The results gproduced by sieving %o concént:ate the glass
{(ccl. B) are almost identical to those prcduced by the heavy
liquid =separaticns {col. d), This indica*es tha+ +he-fine
fraction (<62 prm) of sieved ashes is mainly composed of glass,
Judging by the magnitude ¢f chaage produced through glass
separation with heavy liquids as oprosed ¢ that produced by
sievirg, sieving is only a siightly less effective me=hod fo:x

separating the glass.,

HCl Treatments: During 2 differen< experiments a few
samfles ﬁere treated with HC1 and the resulis were compared *=o
untreated sanples of *he same, In one exrerimert 10% HCLI was
used on 2 samrples of Mazama glass (62 10 210 microns). In a
second experiment 20% HCL was used to treat less *han 62 mic-on

sized samples of Mazama (3), BR (1), ard ¥a (1),

The percern*age changes 1in concentra*ion with the acid
trea*ments are plotzed in column C, The HCI +treatments produced
consistent reductions in Ca, Fe arnd Sr; *hese elemerts wece
protably removed with iron oxides, calcium carbonazes and =al-s.
A significant amcunt of irop may be removed from *he glases i=zgelf

{see secticn 3.2). No other elements showed sigrifican+ changes



excert for the Yr samples, In the ¥n sampies *the decreases in
the transi+tion elements Y, Zr, Fe, Ti, with concomitant increase
in RLr and decrease in average z, sugges=s *that some clays as well
as cxides are being dissolved by the acid. The sharp reductiorn
in Ca and Sr in the BR sample indicates that =his sample was

heavily contaminated with carbcnates or salts,

Hy 0, and NaCCl: Two groups of samples (3 M, 1 BR and 1 ¥n)
were treated wi*h HC1l and H,0, and HC1l and NaOCl. 1In a second
experiment 2 samples of Mazama glass (62-210 miczons) were
treated with 10% HCl and 10% H;O0,. The results of the HCl aad H,0,

and the HC1 and NaQCl treated sarmples were compared %o samples

which had underqgcne only the HC1 ftrea%men<s.

Results are plotted in columns D and E and show *hat neither:
+he peroxide nor tke NaOCl treatments produced sigrificart
changes in relative concentrations in the samples., This is
protably because none of the samples of this s*udy was heavily
contaminated with orgarics. Nevertheless HCl and H,0, (or NaCCl)
trea*ments sometimes caused slight increases in Ca, Ti, Fe, Sr
when compared to HC1l treatments used alone., BResiduval percxide cr
NacCCl left on the samples might pe interfering with cthe
subsequen* HCl *reatments. In later experiments this proktlem was
circumvented by using the HCl treatmerts before the NaOCl or

peroxide trea*ments.
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When ccmrpared to H,;0,, NaOCl seems to cause additiornal

decreases in X, Ca, Eb, and Sr in scme sanples, is K 1is

in

concertrated in the glass pnase of separated *ephras, 1= seeas
possible *hat <ke NaOCL sclution is leaching +his element alcng

with network fcrmers frcm =he glass.

3.4 Eelative Effectiveness of Each Treatmer*t Step arnd

Conclusiorns

Vhen examining +he zesults in figures 3,1, i+ is clear <hat
by far the most significant change for all the elements is
oktained trrough separation of the glass Ly sieving or by heavy
liquid separaticns. The next largest effect is produced Ly %the

HC1l treatments.

The alkaline eac-th and major transiticr elements are most
affected by glass seraration followed by the acid *reatments.
The *ransition elements (Y, Zr, Nb), on +the other hand, are most
affected by glass separations but remain zela%tively unaffected Ly
+he chemical *reatments, The erratic changes in *he small peaks,
Y and Nb prcduced by sample preparation are par*ly due %o
statistical fluctuations in *he data as well as a systemat*ic
errcr in the SAMPO calculations of peak azeas on the small peaks

(see Ch.l).
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the treatmgn=t steps produced chancges for wos:
'"elements tha® were quite predictable (see secticn 3.2), we car
deduce that our treatments are effective for removing most fcras

cf ccntamination., It is also eviden* that sieving is a
celatively sipple metnod for separating out the glass and could
replace heavy liquid serarationls as the preferred method cf
separation, provided that the uncertairty is not greatly
increased and rrovided *+hat we can s+till identify samples which
have underqone such simplified treatments. Depending on the
elements which are fcound useful for identiivying %<erhras, +the
above information will help us fucther decide which steps can te
cafely eliminated without drastically affecting *the

concentraticns ¢cf +the elements of interest.
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FACTOERS AFFECTING UNCERTAINTY (3)

4,1 Intzoduction

and tthe

(b}

<
-=

ot

In secticon 2.1 we discussed why we must unde

uncertalnty asscciated with fhe analysis ¢f a number of samples

from each tephnra source, In addition to isolating =he
uncertainties frcm varicus sources we will also study %he

Normality of the distributjons of the relative concentraticn

in

Fcr convenience in this chapter we will study *the relative

percentaqge error or coefficient of variaticn (CV) as deiined by

equa*ions 4,1 and 4,2 (cf. Thomas 1376:;83).

eq. U,1
100§ — L
C_V = X = average concentration
% of elemen*
S = standard deviatzior
eq. U4.2

Lv (relv«riance,> = (¢ v):..

or a number of samples analiyzed frca

(&1

The total umcertainty

each tephra souzce, LV (%), contains the uncertainty due tc each

of the factcrs listed in section 2.1 added ir quadrature.



€ge Us3 LV(%) = LV(coun*ing stazistics) + LV {shor% =ec-n
instability and operational erzors) + LV (long +e=n
instrumental and operazional errors) + LV (speciaen
presentation) + LV(replicaze samrle p:epara:ion)+
LV{weathering effects) + LV (contamina=ion).

To study the uncertainty from each of the above & factors we
set some of the uncertainties tc¢ zero through contrclled
experimentation, and then we used equation 4,3 *o subzract o=he:
uncectainties of known magnitude. Whern we study any of <te 5
factors in equation 4.3, however, we are simultanecusly siudvying

a nutber of sub-factors which are included in *he uncerzain-y fo:

tha= factor. These can Ye summarized as follows:

1) Counting statistics are simpiy =he Pcisson counting

statistics cf the Pk/Cp ratios given by equation 4.4:

)
eq. 4.4 ' .
N+2B CP
. +
v (Coun'hnj) = leo N 1
Cp
L

N = net peak area
B background
CP Compzon height

2) Short-term instrumental instability and operational
errors (within=zun varialkili+y) are *hose which cccur during a
single XES session. These iaclude instability in: X=-ray tuke

potertial and-current; de*tector bias and efficiency; pulse



azrlification; electiconic noise; shif=<s in pulse height
distrituzion; decad <ime correction; and varia+=ions inherernt in

the method ty which the rpeak areas aze calculated by compu*er.

3) Long=-term instrumen*al and opera*ticnal ezro:s
(between-run variability) are those which cccur between differen=
XES sessions. These are long-term changes in excitation,
detection, and arnalyzing conditions including compu*er peak

calculaticn rcu*ines.,

4) The factors included in specimen ezzors were listed in
L ]
section 2.2. In additicn to particle size, *hickness, and
micrc-inhonogeneity effec+ts, =here will be varia=ions due *o

gecmetry, tackgrcund scatter and interfering peaks.

5) With sanrrle preparation we expect *hat the uncertainzty
of +he measured concentrations in a number of samples from a
tephra source will decrease as cor:taminants are remaoved.
However, other factors besides contaminaticn can affec:t <te
uncertainty associated with sample prepara+%ion and could cause an
increase in the uncertainty with removal of contaminants: a)
Scme uncertainty may resul: from replicating sample preparation.
b) Large changes in concentraticn ¢f a particular elemen*t will
affect the relative uncertainty due %o counxzing statistics, <)
IZ£ the level and =zype of contamination is fortui+*ously <he sanme

for a grour c¢f samples, *tzeatment could cause an increase in =te



EQ

uncertainty, An increase in uncertainty with replica<e saiple
preparatior can also occur when preparation leads to large
changes in concentra*tions of elemen<s, d) Large shif+s in
cackground fzcm sample to sample cculd ircrease *he uncer=tainty
in *khe net reak calcula*ions., e€) Large uncertain+ties in the
elements R, Sr, Y, increase the uncertainty of Y, Zr, Nb due %c
variations in the underlying K-beta peaks. f) If the uncer+ainty
is estima<ed using a standard deviazion calculazed on but a few
specimens frcm a single <*ephra souzce, the uncertainty in <his

.

estimate is large., Some of the changes in *he s*andazd devia=ion

fcllewing preparation will therefore be raadon.

4,2 General Methods

The relative percen*age erzors {(CV's) were defined duzing
experiments described below. The CV's were isola*ed via eg. 4.3
for samples arcalyzed with a Ag seccndary +targe: and are listed ir
Takle 4,1, Scme uncertainties were isolated for sarmples analyzed

with a Z1 secondary targe* and are lis*ted in Table 4. 2.

In some cizcumstances we used the Tesults of more than cne
experiment in to order define the uncertairnty of a specific
factcr., Under +these circumstances we used equation 4.5 *o
calculate the weighted average of the standard deviations (S?)

(cf. Jchnscn 157€:372).



painsesu jou AjutelIsoun pxepuels ueTpIsqo Pulsn paje(nores

— - q
© sOT3sTIe3s bUTIUNOD ueYl SSOT Sem AjuTejiooun Te3o03 s sesAreue jyo zequmu
3 14 0 0 9 L 0 3 0 T ¥/
61 744 ¢l 1< 0 0 80T 61 ¥ (44 aN
L 8 [4 0 € 0 0 0 4 4 1z
LT 0T 8¢ 0T 8 0 0 i74 ¥ 6 A
/Al 8T S € S i74 0 0 0 T s
€T Al 0T 0 ot 74 0 S * 9 St
LT ve ot 0 8 9 4 € 0 1 EX
8¢ (43 44 - 9¢ 0 - * 8¢ St L
91 0S 9 - 9 4 - o1 ] 9 e)
9T LT 6 - 174 0 - LY ¥ 8 pii
187 9¢ €T ST 0T ot o1 6 Le 6 - MC
(zopmod (x5pmod (udoTz-29
9S00T SB) 9S00T S®) wrlzo> ssers) (udgp>

ysy sse1H *daag poA9Ts) Ispmod ssern) cIep uny CJepA uny HuT3zunod

aTouMm 2ang sqeotrdey 19pMOd 95007 9S00T S32TTed  -USIMIDH -UTUITM  CuTW g

zopmod 25007 -doxa ordues UoTjejueseld UsuwToads TeuoT3zeiadp ¥ [P3UsWNI]SUT

umzg pojeaal  HUTIDYILSM ‘UOTIPUTWEIUOD
z C

O'H 'T1DH 103%
*3a20uUn jolc]

~-AI9SUO TR3I0L
1obxe] Arepuooos by v yaTm pozAreuy soidwes I0J (AD) SoT3UIR1IILOU[ PaIRTOSI

1° v dTdVYL



62

ST

o1

(ulz9> PoASTS)
I9pMOod 98007

(08

(WdQTZz-z9 SSeTO)
I3pMod 9s00T

uotjejussaid uswtoads

74 0 T

8 € T

ST €1 T

74 9 T

S Al 6
*IeA uUnx *IeA unx butzunod
PEETREET: UTUITM "UTH §

TeuoT3eaad0 ‘Tejusuniisuj

jobxe], Axepuodsss ugz ' U3TM pazATeuy sorTduwes I0J (AD) S8TIUTEIADDU[ POFRTOSI

¢y dTdYL

34

L

€D



€3

(93]

ege. U,

P

2(m‘-|>8;1
Se =

2(ni-l> ni

Si = stardard deviation

of experimernt (i)
nuamber cf analyvses used
<0 calculate Si

In the *ext we will cccasionally refer to uncertainties
which are significantly different frcm each c=zher., In such cases
a one~tailed F test at .05 level of sigrificance was used *o
decide whether cr not there were any significant differences
tetveen variances (see Johnson 1376:361 fcr details 0of the %est

used).

4,3 Study of Uacer*tainiy

A) Statistical Uncertainty Due to Counting Errors

The Poisscn counting statistics were determined for each

peak of a typical terhra sample using eq. U.1.

The results in Table 4.1 (col. 1) skhow tha* for a 5 rminu=e
counting pericd, the CV's of the major peaks are abcut 1 tc 2 %,
and for minor peaks are about 6 to 22%, Increasing the ccunting
+ire will mainly reduce +the CV's of the smaller peaks., PFrrther,
as irdicated ir Table 4.2, use cf a Zn target greatly reduces <he

counting uncer:tainty associated with major element analysis.
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Withir-run and Between-c-un Variabilities: A "mahogany"
oktsidian standard was cut o infinite thickness aaxd i*ts suzface
was polished. This was routinely analyzed during each XES
session, We calculated the average and standazd deviatior on
results over 3 separa*e XES sessions to prcduce one estimate of
uncertainty due *o0 between-zun variabili<ty. The s+tandard was
alsc analyzed 10, 6, 6, and 5 consecutive times in four- separate
XES =sescsions and we fpooled *the four eszimates of within=-zunm
variability via eq. 4.5. Because scme concentra*icns in tze
stardard were quite different from those in a *ypical tephra
samgle some uncertain*iez calculated on *he standarzd
(particularly between=-run variability for K and Ca) over-estima=e
those that would occur ir a *ephra sample. Ignoring the
maqnitude c¢f uncer+=ainty calculated on the standarxd, however,
similar *yres of instrumental and operational ecrors exist fcr

bo*th standard arnd tephras.

The uncertainty due to within-run variabili*y for the srall
peaks (XK, Rb, Y, Nb) was smaller than that due to the cournting
errcrs for +these peaks (Table 4,1 col. 2). There is evidently a
systematic error in *he SAMPO fit+ing routirne on *he small peaks,
producing artificial uniforpitv. Ccnversely, *the small reaks

v .

have the largest beiween-run variabili*ties (col, 3), This
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indicates *hat we cannot reproduce the Fi*s on *ne small reaks
between different XES runs. The lazge peaks (Zr and Sr) tave no
such additional uncertainty due to <ie between-run variabiliizy.
Therefore, with the exception of fitting problems on *he =small
peaks, +there are no additional long=+term ias+trumenzal or
operational errors. By routinely analyzing a calibration
standard during each XES session, we could, if necessary,

caliltrate to reduce some of the LetWeen-run variabilizv or +the

small peaks.

Results ir Table 4.2 show zthat bo*h withiz-run and
betweern-run variability are improved for the major elements when
analyzing with a Zn secondary tarqet. However, because in ouz
system we cannot comfpletely resolve the Ca aﬁd K peaks, fit+irng

prctlems are =till evident.

SAMPO fi+ errors: We ranr the SAMPC program on a group of

ot

spec*tra, first using fit rarameters from the previous %ES

session, and then calculating new reak fi%* rarameters. We fcund
that re-calculaticn of new fit parameters after each XES sessicn
significantly improved the within-zun precision by 7 to 10% fo:

most peaks. The sys*ematic errcr in the small peaks was also

reduced by such measures.
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C) Jncertainty Due *0 Specimen Preserta=ion

Analysis of Pellets Versus Loose Powders: Ten peilets of
separated glass from a single large sample of Mazama treatited with
BTl and Hy0q were prepared in identical fashions (Mezhod €).
Pricr to pelletiza=ion the samples were ground (to less +han 4%
pm) and mixed in a porcelain ball will. Ten lcose rowder sanrles
of separated glass from a single sanmple of Mazama (62=210 pm)
were analyzed for compazison., We also analyzed 10 loose rovwde:
samples from the <62 pm size range of sieved but ottkerwise
urtreated specimens from the same large Mazama saadrle. {(Glass in
“he <62 pm size range is typically giigh+ly less pure than glass
separated ty heavy liqguid separations from the 62-210 pm size

range.) The pellets were greater +than 99% infinpitely thick

-+

(sect, 2.2), and we estimazed *that the locse powders (about U
grams) were poured to greater than 38% of infinite thickness in

the csample cucrs.,

The uncertain+y due to replicate preparaticn and aralysis of
pellets was insignificant (0 to 2% fc¢- most peaks), Evidenzly,
+he pellets are very homogeneous. When analyzing loose pcwdecs
in the 62~210 pr size range instead of pellets, the uncertainty
was larger by upr to 7% fcr some elements, The uncertainty in *he
fine grained size range (<62 pm) was the largest (C to 10% for
most elements), Fvidently, micrc-inbomogeneities are more of a

proklem than particle size effects when analyzing lcose pcwde:
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Srecimens. Otherwise *he uncer=ain*y o

B

()

wculd be larger *harn that 0of the small size ranges (cf., 3Ber=in
1570)s This is also evident from the resul:s obrained wi*h a 2zn
target where *he uncer%aint*y of the less homogeneous samples is

lazger “han the uncertain*y associated with analysis of saaples

having larger particle sizes.

Uncer*ainty Due to Variable Thickness: Although ouz pellets

e any

(]

were infinitely thick, we wicshed to cee if there we
ccrrelations tetvween the PBk/Cp ratios and rpellet mass (thickness)
whichk might increase the uncertain=y asscciated wi=a the analvsis

ratios

o]

of pellets. As pellets kecome thin, the Pk/Cp and Cp/
shculd increase, and the ccrrelation between Pk/Cp ratios and
mass should ke negative (Fig. 2.1). We calculated Spearman's
rank order coefficient ccmparing the Pk/Cr intensities to pelle*
mass (cf. Jchnscer 1976:533), A% the 5% level of significance we
found that ncone ¢f the coefficients of correlation was
significan+ly large and none was negative, Therefore, vwhen
analvyzing samples of greater +han 99% infinite +hickress, sliqghx

changes in thickness have no significant effect on reak area.

D) Sample Preparation

In order *c estimate the uncertainty due *o ccmntamination we

a

h

ccmpared the uncertainties associa*ed wi*h +*he analyses o

nunber of purified glass specimens and of a number cf whole ash



specimens from 3 tephra souzces, The pooled uzcerzaint
calculated on tre wnole ash sarples (14 M, 7 In, 5 BR) was
ccorared *o *he fpcoled uncertainty calculated on a number oI
glass =amples separated from *he 62-210 po size range aand treated
with HC1 and NaCCl (4 M, 7 ¥n, 2 BR}), In crder %o improve sakfilie
purity in the *treated sanmples, we followed the heavy liguid glass
separations with additicnal serparations using a Franz magnetic
serarator. The isolated uncer*ainties due tc whole ash aralysis
and analysis 0of glass separa*es are listed in Table 4.1 (cols ¢,

8) .

When comparing all *he isola*ed uncertain*ties in the tarle,

"i* is clear that the largest source of uncertainty (4 to :C%) is

caused by contamination in *he whole ash samples, The gr-eatest
imprcvement in precision is, =herefore, accomplished <=hrotgx
samg}grprepa:aticn. In compacison, a relatively small
imprcvement in +*he uncertain-y is achieved by analyzing pellezts
instead ¢of lccse powders, A fairly large uncertainty was
assaocia*ed with +the analysis of purified glass specimens (0 1o

28%), indicating *hat some weathering or contamination affec*s

M

the homogereity c¢f the glass specimens even after mcst of *h
ccntaminants are removed. However, =his uncerzainty is s*ill
quite small in ccmparison %c the uncer+tainty associa*ted witkh

analyzing uatreated specimens.
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Because samnple *Zea*tmdernt cal have 3uck a2 lacge effec= oL *he
uncertainty 13 cur measuremen<s, we fur+ther ztudied *he change iz

uncertaintiez due to sanmple pr-epac-atiorn.

-4
o

ecms oOf Feplica*e Sample Preparatior onh Unce-tain+vy:

]
Fh

f
order to define the uncer*ainty introduced ir the lab during
replicate sample preparation, we subdivided lazge tephra sanmples
and the sub=-frac*tions weTe prepared in identical fashions
{Methods 1, 3, 4, and 6). We found that the uncer<ain+ty due =c
suck replicate sarrle preraraticn was minimal, abou= 0 +*o 10% for

most peaks.

Effects of FKemoval c¢f Contaainants on Uncec-*tainty: Iz czdec
to study the effects that each step in sarrle prepara%ion has on
the uncertairnty, we compared the coefficient of variation (CV)

asscciated with different steps in preparation;

eq. U.6

—_

1 = trea*tment step
AcCv =0V, =-QV, 2 treatment step 2

The CVs studied in this portionh o0f our work were calculated
frcm the experiments described in Chapter 3. Glass separa+<icn by
heavy liquids or sieving produced the largest differences in the
uncerztainty (+5 %o =-33%) with preparation. This was Follcwed Lty

t+he HCl *reatments (+3 *o =-30%) then *he rperoxide oz NaocCl
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+-ea*ments (+4 =g =2%). Glass sepacatiorn by sieving p-odrced
Tesults almos* iden=ical to glass separazion usirzg heavy ligaids,
bu® +*he pagnitude of difference was =slightly less (+1 =o =-151%)
for the sieved sanmples. All peaks, parzicularly +tke zransizion
clements Y, Zr, and Wb, derived some benefi% frca glass
separation (CV2=-CVl = =-2% (Fe), =-U4% (Y), =-3% (Zz), =33% (XDb)).
The BCl %*rea*ments caused some decreases in *he uncer*ainty of
all freaks except Ti and Y. The uncerc*ainties of K, Ca, Fe, &L,
Sr, Z2r, Nb in the trea*ed samples were smaller by 8%, 20, 1, 2,

5, 1, arnd 30%. Hydrcgen peroxide caused decreases in zthe CV's of

3}

Rb (-2%) and Y (=3%) while use of NaQCCl caused dec:teases 1in =<he
uncer*ain=y of ¥ (6% and Nb (-4%)., Of the tepnras, In «as
originally the least homcgenecus aad registered the largest

changes in uncertainty with prepazation.

Chemical Treatments on the <62 pm Size Range: 1In <he
experiments described alove we calculated *he standard devia*icas
on tut a few samples frcm each tephia source, We therefo:e
carried out a seccnd experimen: on 4 BE, 8 M, and 3 ¥n sasples in
order o define te=ter the changes in uncertainty associated wit*h
HC1l and H,0, treatments on samples from the <62 pm size range
(Methods 1 and 2). The uncec-tainties for the following ratics
decrecased significantly: K, (-5%), Ca (—30%), Ti (=7%), Fe
(=7%), ’b (~4%), Sr (-7%) and Cp/R (-5%). The uacertaizty ol *ae
+ransition elements Y to ¥b, howevez, did no* significaznzly.

impzove.
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est for Normalizty of =the Distzibu<ion o0of 3elazive

Concentrations

Wwe indicated in section 2.2 that we can correct many
instzumental, operational and srecimen errors by ncrmalizing %c¢
+he Comptor height or to the zirconium peak area. We alsc

discussed why it was important %hat our measures of relative

ccncentra<icn be Normally distributed.

We carried cu: “wo %tests on a group of 41 analyzed samples
of Mazama ash frcm *he less =han 62 micron size ranhge, In one
test we determined whether *Lhe uncertainty when normalizing <o
<he Coﬁpton heigh* was larger or smaller than when normaliziang to
+he 2r peak. In the second tes* we determined wherlker for a
select grour of elements both sets of ratios were Normall
distributed. For ke seccnd experitent we used <he
Kclmogorov=-Smirncv (K-S) cne-sample test (as descriked in Thcmas
1376:336) to compare our data to a Normal dis*ribu%ion having the

same parameters.

When normalizing %o the Cp height as opposed to the Zr reak,
+he CV's were smaller for *he elements Ti, Fe, Sr (CV(C)=CV(ZIz) =
-1% to -4%)., For “he remaining elemen=s the CV's were larger (0
0o 17%). At the .05 level of significance (<wc-tailed tesz), ve

fourd that the elements Rb, Y, K were Nozmally distributed
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whe+ther normalized *o the Z- peax or Cp reight. However, wiile
+he dis<rikutions of Fe/Cp and Sr/Cp were WNormally dismriku=zed,
+he distributicns of Fey/Zr aad Sr/Zr wer-e ncian=-Normal and vuere
positively skewed, In Chap%er 2 we show that, with
contamination, there 1s a negative correlation between
concentraticns of Fe, and Zr, and between Sr and Zr. The
posi*ive skew car therefore ke attributed %o corntariratior and
correlation between the elements Sr, Fe, and Zr., This would also
exrplaia why, whker normalizing to Zz, *he uncertainty is large:

fer the elemenr<s which are negatively correlated wi+h Zr (Ti, Fe,

Sr).

4.4 Summary and Conclusiorns

Most cf the uncertainties due to instrumental, operational,
and specimen presentation errors remain sﬁall in ccmpariscn to
*hose due to sample contamination, but %he following simple
metheds can be used to improve analytical precision: 1)
Increasing counting times improves precisicn in our measure of
the small peaks, 2) Aralysis with a Zn target improves
analytical precision in our ameasure of major elements, 3)
Calitrating results helps -educe between rtun variakbility for :he
smaller peaks. and U4) Re-calculation of fit parameters after

eact YES session reduces within and between Ttun variabilic<y.
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*he uncertainty asscciated

-l

Although *here 1is an iacrease iz
(25 opposed =0 aralysis of pellers
ccmparison *o tha+%t asscciazed wizkh
ts in

this urcertainty is
con=amirated samrles., The improvemen
DY prepariag pellets are prolably

with loose fpocvwder analysis

small in

£
oz

tnre apalysis

uncecztain+y that can be made
cufficiently large +¢ merit such an increase in effort.

not
The greatest improvment in precision can be accoaplished

through sarmple preparation, particularly tarough glass
size frac*tion

the <62 miczcn
from

0 extract

Sieving
of a purity conmnparable to tha*t resulzing
a

separation,

-~

%Droduces samples

‘qlass separation by heavy liquids and could provide us with

iqreatly sigplified techrnique for separating the glass. As HC1
have lit=le effect c¢n both the

tCeatments
These

and H,0, (or NacC(cl)

uncertainty and the concen*trations ¢f some elemenis,
the

concentrations of
tetween

treatments could be eliminated if
apprepriate elements prceve %o be distinctively different

tephras frcm different scurces,
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CHARACTERIZATIIGCN OF TEPHEA GROUPS

b In *his charter we examine whether XES, NAAX, or
alpha=-courting analysis can be used to distinguish Letween
sanfples from 6 tephra scurces (White River (WER), Glacier Feak G
(GPG), Glacier Peak B (GPB), Mt. St. Helens Yn (Yn), Mazama (M)

and Eridgqe River (BR)) (see 2ppendix d). Use of the

n

A=-coefficients will allcw us +o de+<ermine if the separate souzces
are dis*inguishatle and if concentrations are sufficiently

di eren= Leiween sources so that individual samples can ke

P
(21}
Hs

1G€

[}

r+ified, The resulis using the three instrumental technigues
will be compared %o each other and %c da*ta appearing within the
li+terature, If cne cf the techaiques rroves useful for
distinquishing tephras, we need to determine which steps in
preparation carn ke sacrificed without hampering ocuz ability to

identify sarmples,

5. 1 Analytical Methcds

A) The Samples and Sample Preparatiorn

-

Qur methods for collecting samples were descrited in Ch. 3.

. In this +test five of the M+, S+, Helens ¥Yr samples had bpeen

i

ccllected mear the scurce and two (Ul-u4a, UL-10) were collected
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.._A

in %*re Ckaragan region of 3.C. L1l =zamples had been prepared as
outlined ir Arperndix B. The sanples were ground (if zecessarcy)
and +tr-eated with HCI, NaCZl solutions *¢c remove s3al*s, metal

oxides and orgaric stairns., {Three samrles, UL-10, UL-8a, U=-432,

in

seemed to ke more heavily cortaminazed *haa *he cthers and
undezwent *ke HCl treatments for lcnger times %han usual, 30 o
45 minutes.) We thenuﬁieved +he sanmples to isolate the 6¢=21C Ao
and <62 am size ranges. G3lass was separated frcm *he 62-210 po

size range ty means of heavy liquid separations followed Lty

serarations with a Franz magne+*ic separatcrt for additiornal

n
gl
jn
(o0
jo )
o )
o

purity. As NaCCl, HCl treated samples frca *he les
micrcn size range were available from the same samples for which
we separated the glass, we submitted such samples directly £¢r

analysis in order to compare resulzs of <he <62 pjnm specimels ¢

+hecse of +he cseparated glass specimans.
B) XES Analysis

In all, 31 samples of purified glass separates and 31
samtles of fine grained samples (<62 pm) pretreated with NaOCl
and HCl were analyvzed by XES using a silver secondary target.
The Fk/Cp ratios for the elements K, Ca, Ti, Fe, RLk, Sr, Y, Zz,
and Nb wereiéﬂusAdetermined. Analysis +“imes were 15 mirutes per

separated glass csample and 10 minutes per <62 pa sample.
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C) Naa

The 31 serarated glass samples were alsc analvyzed by NA} a=

iU

+1
o)

-

F. In preraration for analysis we weighed aprzoxima<ely C.7

n
i

ams of pcwdered sanple into 12 mm diameter, 24 mm long
polvethylene vials. We pulverized Anahim obsidian and weighed
similar portions of this s*tandard into separate polyethylere
cortainers. OCne standa-d was prepared for each sanmrle. all
vials were *hen reat sealed and pairs of vials (one containing a
tephra samgle, ¢Le ccnhtaining a standard sampie) were placed iznto

larger unsealed rolyettrylene containers, Six additioral cbsidian

standards were prepared. Duzing NAA +hese would evenzually rLe

O

ross-calitrated against an internatioral grarnite standazd

(NIN=-G).
D) 3lpha Counting

Twenty~=wo of the purified glass and 14 fine-grained sanriles
were further analyzed by alpha counting *c¢ determine their U and
Th concentrations. Three of these samples (M-54, M-56, U-48) had

been treated witt peroxide instead cf NaOCli +c Temcve organics.
5.2 Results

Taples S.1 to 5.3 chow the average concentraticns and

[

standard deviaticns on the averages as determined for each =ephra
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scuzce for all elemernts aralyzed by YES and NaA, Individual
analyses oktained by alrha coun=ing appear in Fig. 5.1 while *he
averaqges ard twc siqgma ranges of the alpha count rates f£o: each
tefrhra source are plotted iz Fig. 5.2, Al averages were
calcula*ed after scanning the data to veriry that the grourings
of samples for each terhra source seemed reasonable. Three
sanmfles {(L-23, L-24, U-43) did not appear to belong o any of +*te
6 tefhra groups. As we were alsc unsure of our field
identificaticns of *these samples, we did nc+t include these in the
averages bu+ list *hem fcr comparison iz Tables 5.1 %o S5.3. The
averaqges and standard deviations calculated for the NAA and alpha
counting resul*s were weighted by 1/Vi (eqg., 5,1 aad 5.2). When
calculating NBA statistics, Vi is the variance due to aznaly:iical
variabili+ty and, wher calculating alpha-counting statistics, Vi

is +he varijability due to counting uncertainty.

eGs 5.1
x|
x = ' Xi = concen=ration
] 1/Vi = weiqhting factor
—_— ¥ = number of sanmples
Vs -
[~
egs. S.2 | X g 2
N xXio- ’
. el Pl el e
— ‘>2~ ' V" V'
-] —
(v-1) (25,
| —_—

~

A-coefficients were calculated in order <c comrare *lke 5

tephra sauzces ty XES, NARA, and alpha counting and appeaz in
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FIGUR

Azpha Particle Coun+

E

5.1

Ra*tes for:

Individual

Samrples + 10 (coun+ting uncertainzy)
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FIGURE 5.2
Alpka Particle Ccunt Rates for Tephra Sources.
The numter of samples is shown above each

roint and the error bars acte % 26%
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Taples 5.4 <o 5.7. In Appendix C we have converted <he alrtha

Th.

£

ccun=ing results into acsolute concen+traticns of U axn
Similarly, the relative concen%tzazicns determined by XES appear
as arsolute concentraticns in +the arrendices, In Table 5.7 in
addi*icn to A-ccefficients ccmpazing tephras by *heir alpha ccunt
rates, we include A-coefficients comparing them on the basis of

their U and Th concentra<ions.

-

5.3 Discussion of Results

a) XES

The A-coefficients in Table 5.4 show +that%, when aralvzirg

purified glass separates by YES, at least 1 element will allcw us
to distinquish Lbetween all but one of *the tephra pairs (WE/GEF) azx
+he +wo siqgma rarge in rela*ive concentra*tion. This indicates
+ha+t for the elements analyzed by XES, the glass serarates ace
sufficiently homcgeneous for correlation purposes.. The distal
' samples of ¥n ccllected in the Okanagan reqior of B.C. (UL) are
indistinquishable from the Yn samples collected near the soucce,
'"hic irdicates that XES analysis of “he gqlass separates 1is a

valid methcd for iden*ifying samples from distal fallout reqions.
I

- r/ ‘ ’

/
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Sieved Samples: The uncertainties associated wi+th <*ke

. sieved sanmples (Table 5,2) aze sligktly larger zhan those
 calcuiated on the serarated glass samples {Table 5.1).

. Neverthaeless, *he A=-coefficients calculated for +he sieved

samrles in Takle 5.5 show that we are able to use such sarmrples

intermediate purity to distinguish between all *tephras except

oz

'GE/ER and GP/WR. Oucx inabkility +o distinquish between GP, WE and

BR is, of ccurse, of only academic importance as none of these

tephras is fcund witiir *he same gecgrapkical regicnos. {We shall

illustrate later tha*, 1f one has any doubts whe*her GP occurs

in

BsC., alpha~ccuntirg could be used *o distinguish Le-ween *he GP

and ER lavers.)

Even thcugh the distal Yn!s were indis*inguishable frcam the

source Yn's when analyzing glass samples, 1if we compare fine

graired (<62 pm) samples of UL-da arnd UL-10 on an individual

basis to the 5 scurce samples, concenzraticns of ke elements Ca,

Fe, Eb, Y, and 2r are “co low. Such anomalies were not
reprcduced in la*er tests, We therefore suspect that thne
extended HCl bathing times caused additional leacking of these
eleménts in the distal ¥n samples. Efforts were made to

standardize all subsequent chemical *reatmernts.

B.C. Tephras: Using boih separated glasses ard sieved
sanples, Mazama ash is easily distinquished £zom all zephras c¢n

+he tkasis c¢f its high Zr content. As was shown ia sections 3.:

14



3,4, ard 4.3, Zr is unaffected by the HCLI and peroxide
+reatments, It 1s therefore Zeasible that Mazama could bpse
distinquisted frcm both BRX arnd ¥rn by directly submi=ting the Zfine
‘g:ained untreated porticaos of sieved samples for analysis. BER
iand ¥n can ke distinquished fzom each other on the pasis o¢f zheir
major elements. Potassium is characteristically low in ¥Yr (Tatkle
5.1 and 5.,4), and calciur may be chazacteristically high ia In
(Takle 5,2 ard 5.5)s A= the uncertainty is lacge when arnalvzing
major elements with a silver secondary *arge%t, future analysis
with a zinc seccndary target will, undoub<tedly, allcw us *a
distinguish retter beiween tephras cn the basis of their rpmajez

elements.

White River: All glass sanples excep: WR are cf the sate
average composition as evidenced by the Cp/R ratios. White ERiver
is of higher average Z *han the res* and can be distingquished

from GP on the basis of i%ts Cp/R ratio.

Glacier Peak: We found +the Glacier Feak =etrhras to ke
(ext:emely variakle in Ca, Sr, and Zr indica*ing the existence c¢f
‘more than cne chemical g=-cup. #e observed at least 2 cherical
d:oups among *he GP samplies. These groups, however, did ro=
coincide with +the uprer (E) and lower (G) lavers, but, rathez,
with samples collected near the source (GP30's) and samples
collected farfher away (GE4O's)., The GP3C samples have unusually

high Sr and Ca concerntraticns. Conceniratiorns of Ca and Sr a:ze



siqgpnificar%ly differen* between GP 3C's and 40's wkex analivzing
@sepa:ated glass fzom <he 52 =0 210 micron size range. Serara%ing
‘the *Ww0o GP subgroups reduced the variapili<y <o *he poin+t :hacz
each individual GP subgrcur was dis*ingquishable fzcx the c¢the:
and GP30 was distinguishable from WR. Although discrepancies in
Ca in the GP30 csamples could be explained by contamination o:
Wwea*hering effects, we doukt that +his is the case. Firstly, iz
is urlikely tha*t the s*tzong acid baths would leave behiad any
carbcnates or salts, Secondly, hydration and mos* cther forms of
weathering shculd cause a decrease rather than iacrease irn Ca
content, Llarge variabili%ies among samples of Glacier Peak
+tephra have Lkeen noted by some zesearchers (cf. Westgate and
Fvans 1978) and may bte due in part to the high crys*tal con<ent in
+he GP tephras., Howeve:r, other researchers suggest tha*t up %o 3
different GF tephra groups may exist near the souzce (c.f.,

Porter 1378)) and only recen%*tly is the stratigraphy being fully
exrlcred near the vent (cf, Bejet 1380). 2As we cannct solve the
problem of GP variabili+y until the +ephra sequence is better
understood near the source vent, we Wwill be corntent with cu:r
akility *o distinguish Glacier Peak as a whole from the othex

major tephza gxrcups.

Unkrowne: Neither ke L nor U-43 samples kelcng to any of
+he grours aralyzed, The low potassium concentr-a*icns in these
+~ephras suqgecst, however, that both groups of samplies belcng *to

some M%t, St, Helens eruption, probaply # or T, (see Appendix D),
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3) NA:A

"he resul+s in Table 5.6 indicaze tha%, at *he =Zwo sigma

3

i . ) . .. .
range in concen+tra*ion, the analysi

n

of three elements (Sc, HE,
and Th) allcws us “o discrimidéte between most of +the ma-cr
Pacific Northwest Tephras on *he basis of *heir rare eazth t-ace
element chemistry. 123, L24, and U43 are chemically
vindistinquishable from each other and, as a group, are unlike any
}of +he other tetrhras examined (Tabie 5.3). The Mt., Sz, Helens iIr
samrles collec*ed in the Ckanagar region of B.C. are chemically
identical tc thcse cbllected rear the source. RarZe earth trace
elementwéhemist:y of bulk qlass samples is, +hezefcze, a teliable
;means for identifving terhra samples collected in distal fallou=z

reqgicns.

Using NAA we cannot disztinguish between Mt, St. Helens In
and WR tu*, once again, owing to the dis%*ritu+ticns of the
+ephras, this dces not have any prac:ical consequence for
+ephrochronoloqy., Wi*h NAA we cannot distinguish Letween the GPB
and GPG layers, nor can we distinquish between the GP30 and 40

qICULS.

C) Alpha ccunting

" -

The resul<s in Figures 5.1 and 5.2 indicate tha* there is a

definite clustering of *he count rates for some ash groups and a
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clear distirnctiorn be*ween the alpha coun* Tates at:ributable %o
M*, St, Helens Y¥Yn, Glacler Peak and all other tephras except WR.
The cournt zZa*tes of L24 and U48 are identical and confirm our
suspicion +that nei+ther of *hese is the Tesult of “he ¥Yan eruption,
The M-, S%, Helens In samples collec*ed in *he Ckanagan are
identical to *hose collec*ed near the source. This indicates
~ta%t concerirations of U and Th can be reliably used forc
ider*ifyirg dis*al samples. The count rates produced by =he
sieved samrples are almost identical to those produced by the
lpu:ified glasses which suggesis “tat simplifying sample
preparatior will rot affec* our ability %o dis*inguish be<weer
“he *ephras., Finally, when comparing *he s*tandacd deviations due
to individual coun<ing statis*ics (Fig. 5.1} to the standard
devia*iorns calcula*ed or a number of samples from a tephra soucZce
(Fig, 5.2), we see that mos:t of *he uncertain+*ty is due =o
con*tamiraticn or wea*he-ing rather than counting statistics. We
calculated *ta* by ceducing our coun*tirg *“imes *o about 2 days wve

should s+ill be able *o distinguish be+tween *“he tephras,

We cannot use the alpha cour* rates to distinguish bezween
+he following *ephra paizs: BR and M, GPB ard GPG (or 30 arnd 49),
M and L o= U; WP ard all c:her *ephras except ¥n. The unusually
large vaciarnce a**cibu*table “o White PRiver appears %o be due <o
i*s Th cor*ert and Temains a mystery. Separating *the counts

due *o U and Th does no* imp-ove our ability +o distinguish

betvween *ke Temaining *ephra pairs.,
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S.4 Ccmparison with Work in the lLi<terature

In Aprendix D results of N22A and Microprobe aralyses for tae
literature are listed fcz compazison to our da%a. In Table 3,8
we ordered +he tephra scurces (from highest to lowest) accordiag
%0 the relative concentrations of each element de+termined by the
3 instrumental +*echniques, Witk this methcd we are able *o
ccmpare our da*ta with that of the literatuze in order to verify
whether our characteriza*icns of tephra scurces are reasonable in
light of results obtained by oiher reseazchers., HKHe place a "+
a* thre bottom of the columns in which *he rank crders of 4 madjor
tephra groufs in our s+tudy (GP, M, In, BR) corrzespcnd *o the rank
orders of +the same tephra groups in the literature,

.

XES: Table 5.8 shows that the rank c¢cdez of K concertraticn

in cur tephra grcups is ccnsistent with that of +he lizeratu:e.

for Fe dc not compare with +*he litera*ure, buz

H

The XES result

n

th

+he NAA analysis of *the same samples do. Cur XES analyses of
irecn are aprarentliy unreliable, prolkably due to an internal
source of i-on contamination (see sec%ion 2.2). If we ignore the

GE30 samples in our rank orders in Table 5.8, we £ind that our

data on calcium also conforms *o tha+t of the literature.

NAA: By comparing our da*a to results in the litecature
(Appendix L), Wwe show that cuzr NAA Zesui<s (particularcly for

Mazara ash) ccmpare quite favorably wi*th Borchazdt's, except for
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“he elements Eu, Sc, and Cz, Our cesul:is are considerab.y righer

-
!

for these €lements, The discrepancies in =he da+-a are possic

~

due *o differences ino the laboratory me+thcds of calibraticn.,

-1
¢
®

rank order of our da%“a also compares favcrably o Borcharcd+'s for
all elements excep: Fe, Rb, Co, Cr. However, the concentra*icns
of Cc in our data and of Rt and Cr in botk our own and
Bozchardt's data are sufficiently variable %o render then
undiagrostic. Inconsistencies in our rank orders of *hese
elements are rrokably due to nothing more than randonm
fluctuations in the data. OQOur NAA results for iron are
apparently more accurate than Borchard%'s, as ours compare
favoralbly with the micrcgpiobe resuits while Borchard:i's dc no+,
The rlacement of the L and U samples in the rank orders svggests
tha+, if “Lese kelong tc a :eceﬁt Mt. St., Helens erup=ion, they
are chemically nmcre like the W than the T lavez, |

-

The A-coefficients with which we distinguish tetween
separate tephra groufs are a conservative measure. Using %his
criterion, we canrot use Borchardt's data to distinquish Lketween
Yn and GP, Mt, St. Helens W and GP (Table D.6)., We used chemical
+trcatments tc remove carbonates, organics, and some clays while
Borchardt did net. This may ke one reason why our data arpears
+0 ke better for dis*tinguishing be%“ween some tephra groups than

dc¢ Ecrchardtt's.



5,5 Coaclusions

We can use XES, NAA cr alipha coun=irg analysis of bulk

samples of glass %*o distinguishk be=ween mos: of the Pacific

! Northwes: tetghras. Keducing sampie preparation and analyzing =he

less than 62 micricn size fraction of sieved ashes, should still
allcw us to use XES and alpha ccunting %o distinguish be=ween

m¢cst tephra pairs, Mazama can be distinqguished frcm *he cther

h

tephra grours on the basis of Zz. As chemical +reatmen<ts do no=
gqrea*ly affect ccncentraticns c¢f Zr such treatmen+ts could
protably be eliminated when identifying Mazama. The BR and ¥n
sources are best distinguished by usiag alrka ccuntirg, or by
using XES tc analyze for major elemen= concenzrations. Wi<h a Zn
seccrdary targe% we can greatly impzove *he major elemerz
analyses of ~he BR and ¥n samples., For major element analysis
+he HCL, H101 treatments will probakbly be necessary to Cemove

" possible post d;positional sources of K contamina+ion, Pinally,
because many tefrhras can be dis*tinquished c¢n *he basis of +heir
“alrha count rates with reduced sample preparation, and, because
;the alpha ccunter is a relatively sinmple piece c¢f equipmert,

alpha counting cculd po*entially be develored into a field method

for identifying terhras.,



56 Arplica*ions

¥V

The results suggest that we should be able +*o idena=ify <te
BeCs tephras by using XES %o analyze %he <62 pm size frzaction of
sieved ashes, Since we have not yet analyzed a lazge numker c¢f
samples from each of +*he +hree B.C. *ephras, we conszider <he

results presented in this chapter *o be prelimirary. It ®ill now

o

be impcertant to increase +*he number of samples analyzed with suc
reduced sample preparation and =o attempt %to include the analysis
of a number cf sawmpies frcm different loca*icns and, presumatly,
different depcsiéional environments, This will give a be*zer
idea of the variation that is possible amcng nearly=-pure samples
from each scurce. In char*tez 6 we will use the informaticn fzcn
+his chapter *o expand upon the XES me<kod for identifying
tephras: 1) We ckaracterize the B.C. sources using nearliy-pure
samfples fro; a variety of environments.l 2) We identify scne
previously unkncsn sampies. 3y We re-characterize each scurce
using all identified samples. and 4) We use *he A-coefficients
to determine whether, in the future, samples from the 3 B.C.
+tephras can be identified while using samples of intermediats

purity,
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Chapte:

FURTHZE TESTING OF XES METHOD FCK THE RQUTINE

IDENTIFICAZION CF TEPHRA SAMPLES

The results of Chapter 3, 4, and 5 suggested that Mazama (M)

could be distinguished from M%*. S%t. Helens (Yn) and Brzidgqe Rive:x

H

(ER) on the tasis of its Zr concentration by submit+ting “he <62
pm size fraction of sieved samples directly for analysis. Bridqe
River and ¥Yn, on *he other hand should be distinquiskable on the

basis of their K concentratioas by analyzing HCI1, B0, -treated

{KEZ Pm) samples with a Zn secondary *arge<,

In this chapter we first examine whether samples can be
identified using HCI1, H,0p-%*reated <62 pm samples analyzed with a
Ag and Zn seccrndary tarqets. Wde will then reduce prepara+tion by
submittinéothe <€2 jpm size range of sieved samples dizectly Zcr:
aralysis t¢ see if samples can still be identified., Althougqh cu:c
main goal was to identify nearliy~-pure samrles of BF, Yn, and M
during *hese experiments we discovered other samples which
resenbled the U-43, and L-23, L-24 +type sanmples mentioned irn

Chapter 5. Such informa*ion on o*her tephrds will te included in

this chapter.



€.1 Identification of Terhras Using <62 pm HCi, H,0,-treazed

Samplies

A grour of reference samples (sectiocn 3.1) (5 M, 8 Yn, 14
BR) were sieved to extract the <62 um size fraction, This size
fracticn was treated with HCl and H,C,. Twenty-twc unknowun
sanrles were ircluded foz analysis. We suspec*ed that 5 of these
were M, 5 were EBR, 4 were ¥Yn, and 8 were c¢f unknow2 ozigin.,
These a priorci guesses were based upon inicrma*ion about the
qecq:aphicai lcca+ions from which the samples were collected, as
well as upcn prelimirary XES resul%s obtained through previous
analysis of whole ashes (<62 pm). 2ll samples were analyzed for

S minutes each with a Ag secondary %<arge<.

A number of HCl, H,0;-*rea%ted (<62 pm) reference samrles (16
Bk, S M, 9 Yn) were then analyzed for 5 minutes each using a Zn
secondary *arcqet. Because we had no%t vet analyzed samples of
otker nozihwest tephﬁas with a Zn secondary target, HC1,
NaOCl-treated (<62 pm) csanmples of White hKkiver (WR) and Glacier
Peak (GP) *erhras were amnalyzed for comparison. %e included tte
analysis of 21 urknowns. ¥We quessed that 4 were M, 4 were BR, 4

were Yn and 8 were of urkncwn ozigin.
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The Pk/Cp zatios were calcula*ed for <the samples analvyzed
with The Ag seccndary targe=, and the PKk/Cp+k Ta<ics were
calculated for samples analyzed with the Zn secondary <=az-ge=, %e
ctaracterized each scurce using the reference samples, Tte

ersnce

th

+he urknowns were then ccmpared to the ze

(21

results ¢
samples on an individual Lasis. Compariscns were also made to
results obtaired earlier (in Ch. 5). We found *hat samples cf M

were easily identified cn the pasis of +heiz high 2=

(s}

concentrations, while ¥n could be iden%ified on the basis of its
iow K concertration, In the final analysis (Tables 6.1 ard €.2)
all samplecs identified a2s M, ¥n, BR e%c, wWere used *o
characterize each source. A-coefficients ccmpazing *he *ephra
sources on the tasis of Cesults obtaired using the Ag and Zn
seccndary targe=s appear in Tables 6.3 and 6.4,

-

Three examples c¢f spectra of BR, Yun, and M analyzed «izh a
silver ;econdary target are given in figure 6.1 and show %tha*t 2=
is considerably tigher for M *han for- the cther %wo *ephras, The
K concentration is also lower £or ¥p in these spectra, but this
difference is best seen *“hkrough arcalysis with a Zn secondary
target as rresented in fig. 6.2, In Table 6.3 we cshow that at
+he Z sigma rTange in concen%ration, ¥ can ke distinguished frcnm
BR ard Yo on +he basis c¢f both its Zr and Y corncen*rations., 1In
Takle 6,4 and fiq. 6.3 we show *tha“ at *he 2 sigma range in
concentraticn, In can be di;tinquished from both M and BR on <he

basis of its low K concen*ra+ion.
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A-Coefficients Comparing Tephras on Basis of HC1l, H

TABLE 6.4

2

0

2

Treated <62um Samples Analyzed with a Zn Secondary Targeta

M/¥n
M/BR
M/GP
M/WR
Yn/BR
Yn/GP
¥Yn/WR
BR/GP
BR/WR
GP/WR
GP30/GP40
GP30/WR

b
n

10/13
10/20
10/6
10/3
13/20
13/6
13/3
20/6
20/3
6/3
3/3
3/3

X

1.80%
.250
.227
.684
1.25+%
1.03%*
3.04*
.014
.870
. 732
1.15%*
1.88%

Ca

.642
.390
.115
.778
.375
.456
.019
.200
.475
.543
.453
.477

Ti

.390
.1%4

1.09%*

.914
.175
.324
.189
.611
.472
.313
.417
.591

Fe

.092
.412

1.19%*

.879
.197
.591
.347
.446
.182
.446
.034
.857

Ca/K

1.72%
.213
.184
.109
.882
1.14%*
1.94%*
.053
.179
.136
.792
.526

acalibration was used to reduce between run variability

*

element is useful for distinguishing between tephra pair

bnumber of samples analyzed from each source
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FIGURE 6,1
Three Examples 0f specira gf Mazama, Bridge River,
and Mte. St., Helens ¥n Analilyzed by XES with a

Silver Seccndary Target
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FIGURE 6.2
Two Examrles of Spectra of Bridge River and
Mt. S*t. Helens Yn Analyzed by XES with a

Zinc¢c Seccndary Targe=®
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FIGURE 6.3:

FIGURE 6.u4:

FIGURE 6.5:

K area/Compton-Rayleiqh peak heigh%

for *hree terhras measuzed by
numkter of sarples analyzed is
each point and the error bars
all three figures,

XES.,
showr
ate t

Zr area/Comp=cn peak height ratios

tephias measured by XES.

ratios
The
above
26" in

for threse

K azea/Compton-Rayleigh peak height ra+ios

for Bridge EKiver and M%t, S+,
untreated sarples (<62pm).

Helerns Yn using



Fig. 6.3
——= (62 pumHCl, H0, treoted 0
—————- *——— - 4
20
—_—————— —_— — — — —— —
13
—_————.——— -
120 160 2l0
K area/Compton - Rayleigh height ratio

Fig. 6.4

——— <62 ymHCl, H0, treoted 10

—— < 62 ymuntreated b e = e~

b — —
—— e —
L Z 1
- s ;
F —— -
50 80 1o
Zr area/ Compton height ratio

Fig.6.5

— < 62 umuntreated

5
- —e <
5
- - -
100 150 200

K area/Compton- Rayleigh height ratio

107b

Mazama

Bridge River

Mt. St. Helens
Yn

} Mazama

iBridge River

Mt. St. Helens
Yn

Bridge River
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8) Giacier Peak and White Kiver Terhras

In Taktle 6,4 we show tha® Yn car be distinguiszhed f£rzcm Lkc*h

its low K concentra+ion, or cn

t

GP and WR either on the basis o
the rasis of its high Ca/K ratio. Concentratiors cf Ti arnd,
possibly, Fe also allow us +o distinguish Etetween M and GE. No
cther tepkra paizs are distinquishable on the basis of the maijcr
element chemistry of HC1, Hy0, (or NaOCl)-treated samples fromn
*the less than 62 micron size range. We fcund that GPB and GEG
were not distinquishable on the basis of +heir majcr element
chemistry, Lut *hat GP 30 and 40's had differen: concentrations
of pctassiunm. Ihis4further supports the evidence in Chapter S5
tha*t GP30 and GEU40 belong in different cherical groups.
Serara*tion ¢f£ *he GP30 and 40 groups now allows us to dis*incuish

between GP30 and WR.

C) U-Tephras

On the basis of +their trace and major elemen* chemistry, the
samfles U0-25, U-27, U-29, and U-48 resembled the L-23, L-24, and
U-U43 samples merntioned in Chapter 5. Analyzing the separa+%ed
glasses of these samrples did not change the results and vwe
therefore dc not believe that contaminazion alone can explain *he
differences betvween these and the ¥Yn samples, all such samples

were collected in spots where Mz, S*t, Helens W, T, or both W and
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T terhras are found; ftecause of *hei:r lc¢w corncentrations cf K,
all samples are certainly <he zesul:t of one of *he M%. St. Helens
arurtions. Whern comrpared to 4%, St. Helens Yn, trese sampies
almcst invariably had higher Zr concentra*ions aad lower Ca/kK
ratics than *he Yn samples, ther features wkich relp
characterize this grcug aad distinguish it from Yn are: thigher
concen*rations cof alkali elements, lower concentrations of alkali
earth elemerts, and higher concerntra+ions c¢f Y aad Zr (Tatle
6.1). We had only one reference sample of Mt. St. Helens Wng; i+
also had hiqher Zr concen*rations than the Yn samples, We alsc
had cne reference sanmple of Mt, St Helens Y¥s which resembled *te

In samples mcre closely +than %the unkhowns,

bec Identification of Tephras Using Untreated Samples Fo-cm

the Less than 62 pm Size Range
A) Trace Element 2nalysis

Because the Zr concentration in M was extremely differen=
from that of the other tephras, acd because the HC1l and H,0,
treatments have little effect on Zr, we believed that ¥ cculd be
identified Lty submitting the <62 pm size fraction of samples
directly fcr analysis without the chemical pre-ireatmen=zs, He
have discovered that most samples of ftephra discovered in B.C.
=

are M and we realized that a great deal of *ime could be csaved if

these cculd be identified without +*he chemical pre-trea+ments,
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In this exrperiment we f£irst characterized M using 10
untreated reference sampies (<62 pm)., Similarly 4 unireated EFN
and U untreated Yn samples (<62 pm) were arnalyzed fcr comrparison,
We veriiied tha<® none bf <he BR c¢r In samples could be coxnfused
with the M samples. Next we analyzed 33 untrea<ted (<62 pm),
unkrncwn samrples swhich, ¢n the basis of a pricri informa=zicn, we
believed tc be M. A1l but 4 of the 33 samples had Zr
concen*raticns which were unmistakaily those of M. The fcur
csamples had Z:r cchcenitrations which were slightly lower than *he
2 sigma range of Zr concentra*ion defined ty the 10 reference
samgples, Previous tests (secticn 6.1) indica+ted, however, that
if we had any doubt as %c the correc+* identificaxicn of a sanrle,
such samples could be treated with ECl and H,0, and then
jdentified with almost cerztain*y. By trea*ing the U samples we
were able tc verify that *they were Mazama, In the firal aralysis

all 43 un*treated samrles were used *o characterize M,

Mazama, BR, and ¥n tephras are characterized in Table 6.%
usirqg untreated (<62 pm) samples. A-coefficients ccmpazing <hese
terhras appear ir Takle 6.6. Results indicate that at the 2
sigma range of Zr concerntration, M can be distinqguished frcm Ltoth
BE and ¥n using ctnireated sanmples from the <62 pm size range.
Mazama can also be distinquished at the 3 sigma range., In fiqurce

6.4 we plot the two signma ranges for =he 3 B.C. *erhras *c show

that M can be iden=ified using either treated or un*zeated
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sanrles. The HCI and H40,treatments do no: sigrifican:tly change
the results and therefore do no* imr-ove our ability zo iden=ify

Mazamra on the basis c¢f Zz.

B) Major Element aAnlysis

We assumed in section 5.5 that the HCI, Hy0a treatments
wculd be necessary if K were used as a diagnoszic element for
distinquishing ketween ¥Yn aud BR. Nevertheless, we analyzed S
untreated sasples frcm each of BR and Yn. The results ian fiqure
6.5, thougt preliminary, show that even wi%hout +he HCL ard HyCq
treatments, we Fay still Le able to dis<inquish be*ween BE and ¥n

using concentraticns of K.

6«3 Ccmparison tc Cther Work in *the Literature, and

Conclusions

When we compare the major element chemistry of the 6 test
sarples (Table C.1) %o +*he microprobe data of Westgate (Table
D.1), we find that the average composition of our =amples
ccnforms reasonakly well with results in *he literature. This

means that our modified *:zeatments Lave prcduced bulk sanmples of

glass which are remarkakly puze,
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Witn untreated samrles from the fine grained size range no
elemen+s but Zr and K will allcw us *0 dis#ingquish Lte=weer +the 3
BeC. tephras, Nevertheless, in Aprendix D we have applied our
A-ccefficierts tc some of the micrcrrobe ITesulis arrearing wizhicz
the literature (Tables D.4, D.5). We show tha*, a* the <wo signma
range in ccncentration, other researchers cannot distinguish
between BR and M. With our methods, on the other hand, we carn
distinquish between Yn, BR and M with a higqh degree of

reliability and a minimum of effor<.
6.4 Discussiorn

Since crne of the main goals of our woztk was to provide local
archaeologists with a routine, zapid, reliable, and inexpensive
method for identifying *efrhzas discovered in local deposits, i=
is worthwhile indica%ing %o archaeologists just how zeliakle our
results are likely to be. The following discussion should

estaklish ttat tte real value of ouz *technique lies in i=s

In our work we find tha*t the chemical composition of the
glass does not depend greatly cn derpositional envircnmen:t, We
also believe that the problens inherent in iden+*ifying individual
samples are likely *o be similar %o *hose already encountered.

In order to identify the B.C. Iephra samples we must krow two

things about +<he samples: 1) +they mus* be from S. cen*ral 5.C.;
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and 2) *they must be from Holocene erup:ions., With I-coefficien-s
we can thern use concentrzazions cf K arnd Zr- %o identify sanmples
from any of *he 3 B.C. tephra sources wi*h greazer than 3%%
certainty. If less tharn 20 samples are used *o charac:tezize a
source (as was the case for Yn) this probabilii*y drcps *o0 +ha*
defined by the Student's * distribu%tion: 80-90% (n = 2 *o 5), 30

to 93% (n = 5 %o 10), 93 %o 95% (n = 10 *o0 20) samrles.

A) Improvina Reliabili*y of Results with Additional
Treatments = Value cf Comparing Samples
Element by Elemen*
.
The prcrcability of correc:tly identifying a sample increases
if mcre than one element rroves useful for distinguishing te+ween
tephra deposits, Pe:héps cne of *he best methods for comtining

such protatilities would e offered through Bayesian statistic

n

(cf. Lavalle 1370; Phillips 1374; wWinkler 1372). The +to*al
protability of ccrrect identifica*ion is increased by each
individual prcbability of identification cffered by each elemenxz.
One thereby increases the possibility of correc= identification
by, for example, treating M with HC1l and Hy0, so that Y beconmes
diagnos=ic, or ty supplementing XES with alpha coun*ing sc *hat U
and Th can be used to distinquish be:weern RR and Yr.

In our work, by analvz}nq less than pure samples, we have
accerted the fact that some elemenzs will be virtualily useless

for identifying tephras. For example, Zr is *he scle useful
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elemen*t for identifying M wi<h less than puze sanples, O=her
celements, though unreliable for identification purtoses, ace
still exiremely useful Zor other purposes. High concen*ration of
elements suck as Ca, Sr, Fe, and Ti immediately signal tha* high
levels of contaminamicn are presert in the sample. For example,
amonqg the 33 untreated samples of M ash, 17/33 samples had Ca
concentrétions *hat were %00 high and ou*side *+he acceptatkle
range defined by the 10 reference samples for this source; 93,/35
samples had Ti concen*rations which were also %*oo high; and 7,33
had Cp/R ratios which were *o0o0 low. Apprcximately 1,20 oz, in
oux case, 1 or 2 samrles would be expec:ed to fall outside =the
twc sigma range due *o statistical fluc*tua%ions in the daza.
Therefore, we kncw that mcst of the anomalies are rrobably =he
result of the presence of large amounts of carbonates and clavys
in the samrles. In spite of *he high levels of contamination in
this many samrles, rTelatively few of +he Zr concen*ra*+ions were
abnormal (4/39 as discussed earlier), This is 2 or 3 more +%han
that expec*ted by statistical £luctuation alone, bu%* in all 4
cases, the ccrcentrations of other elements indicated that large
amncunts of contamina*+ion were present, The Zr concentra+tions of
these samples fell within the 3 sigma range of 2z concentra+ion
for M and did not fall wi*hin +the 3 sigma ranges of Zr
concen+traticn for the other B.C. *eghras., There was lit*le dcubz
that these samries were M. As discussed, our general procedure
was to *reat such samples w}th +he HCI and peroxide zeaqents =c

verify that thke concent:zations of all elements in the *treazed
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sanrles fell within <he %wo siqma ranges defined £c¢r ¥ on =he
basis of the refe-eznce csanmples, but by then irciuding the results
of the untreated contaminated samples in the final calculaticas
used to characterize each source, we hored *ha*, in the future,
mcst con+taminated samples could still be identified without “he

chemical *rea*tments,

Although approximately 18/20 samples can be identified using
only those trea*ments outlined above, there is no reason why
samples which have undergone additicnal trea*ments cannoz s+ill
be idenzified alcag with untreated samples (cokcen*rations in
treated santgples fall wi<hin the ranges of concentra*+ion of all
elements defined for each source). Extremely contaminated
sagrles are generally easy %o spot prior to analiysis, or
fcllowing analysis if concernzrations of all elements ace scanned.
We tave shown that, in most cases, additioral tzeatments will not
be reguired, tu*t we have no* eliminated +<he option of using

addi*ional *reatments *0o aid identificaticn in difficult cases.

B) Using Addi*ional Informaticn to Improve Reliabiliity cf

Identifications

We believe that we are actually able tc identify teptras
with much Le=*er thar 35% ceztainty, ever without additioral
sample treatmen+*s. This is pecause we have recorded prio:

infcrma*ion about each of our samples. I+ is not our aim to
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provide exac% pzckabilizies or %o delve heavily into a branch of
sta*is*tics (Bayesian s*ta=zistics) which allcws one <o use
infcrma*ion from a varie%y of scurces in order *o improve +he
calculated creditility of one's resuli+s, Theze ace a numlter of
excellent texts covering *his <topic (see abcve references), Cne
"use cf the Bayesian methods is quite simple. Prior “o analvysis,
we knew with a rela%*ively high degree of certainty +o which
source each of cur samples belonged. For example, %e can guess
~that a samrle sert from B.C, is likely *o be ei%*her M, BR o= 1in,
-and not GP or WR, If i%f is collec%ed in the Okanagan regior cf
B.C. and is fzcm the upper layer in a depcsi*= ccn+aining two ash
layers, i* is likely %o be ¥Ya. If it is collec*ed near Lillcoet,
it is 1likely to be BR bu* could be M, and is probalkly no= ¥Yn, If
it is coarse grained it is almost certainly BR. In the lak wue
Lcan improve our quesses derending on such criteria as grain size,
color, relative abundances of minerals, etc, With experience we
became extrenmely good at the a priori identificaticn of samples.
The zesults of ckemical analyses often came as no surprise and
merely s*rengthened cur belief +*ha+ a sample belonced *o a
particular source., No%t cnly do we feel *that the use of a priori
identifications improves the reliabili+y of the final results,
but we also fcund that +this skill, developed with experience,
enabled us t¢ sipplify identifica%*ion procedures, Eecause M can
be identified withou= chemical treatments, 1% is wcrthwhile
analyzing untreated (<62 pm) samples to isolate first Mazanma.

Ncn-Mazama samples cculd +*hen be chemically treated and



re=analyzed w#wi*h a Zn seccndary targe% =0 identify BR aad Yn. Io
our woTk we simply used cur a priori informaticn to pretreat all
samples acccrding to whether or no* we iri<ially believed =hem =o
be M, The "¥" samples were submitted direc=ly for analyzis and
the "non-M" samples wWwere preirea*ed with HCl and H,C, pricr zc
analysis. All samples, whether M, BR, or ¥Yn, could therefore be
analyzed wi+thin the same XES sessionr and addi+ional time spent
setting up the XES equirment and refit+ting SAMPO parameters could
be eliminated, In our case, all our initial guesses proved
correct and a great deal cf time was saved, OCf course, if a
particular reseazcher is no% good a% the a priori identifica=xion
cf samples, *time can be lost’by unnecessarily treating M sanmrles,
or by havirg +to pretrea* and re-analyze samples frcm other
sources, Each researcher must evaluate the utilityv of his methcd
for his particular cizcumstances. If a more exact indication of
+he reliability of our identificazions is required, we can use
Bayesian statis*tics %o calculate suchk figuzes, IR any case, Wwe
can safely assume that all of our identifications are better *han

95% cer+ain.



120

Charptez 7
SUMMARY ANLC ARCHAZCLOGICAL APPLICATIONS

Most rast methods for iderntifying terhras with a high degree
of reliabili*y have required tedious amoun*s of sanmrle
prepara%tion or long analysis times., The resulis pzesented in
this wcrk have shown that, if the problem is to iden+tify
routinely samples fror a limited number of well kncwn *ephra
sources, the techrniques cf tephra identification can be grea+xly
simplified. Both XES and alpha=-counting are simple ins*trumental
technigues that can te used %o identify sanmples of B.C. tephras
with high degrees of reliability and a nminimum of effor:z. One
(XES) offers rapid laboratory anlaysis; +he other
(alpha=-courting) offers simple analysis and the possibility of

identifying terhras in +ke field.

By extensively studying the effects of sample preparaticn on
ccmpcsition, we discovered that the <62 um size fraction of
sieved ashes is mostly glass and can be used to iden+ify the E.C.
tephras wi+th only simple pre-trecatments. A grea:t deal of +edicus
samrle preraraticn is thereby eliminated. We have further
simplified the XES method for identifying tephras by analyzing
locse powders instead of pressed pellets, and by using rela*ive

concentraticns instead of absolute concentrations *o charac+terize
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tephras, Use of the I-coefficients provides us with a simple
statistical methcd fc¢r identifying individual samples, Although
we hLave concentrated on developing routine methods for
iden+*ifyirg samrles of well krcwn *ephras in B.C., results on
separated glass samples have irdicated <ha+* alpha-counting, XES
or WNAA analysis of the glass separa*es make the analysis of a
wide :aﬁqe 0f elemer+ts possible and can be very useful for

characterizing tephras in uUnknown regions,
7.1 B&prlications o Archaeology

Orly 7 of our zamples vwere directly archaeological. The
results of iﬁdividual analyses of the archaeological samnples are
listed in *ables 7,1 ard 7,2, The loca*ions from which ttle
archaeological samples were collected are revealed in Appendix A,
while descripticns of the archaeological sites near (or in) which
these samples were fcund appear in various repor%ts, Orly a krief

summary will be givemn here,

Perhaps the mos= interestinq 0f the samples analyzed were
the FeQwl8-10 ard EeQwld 8-3 samples collected from a spo* adjacent
T0 *the Gore Creek Si+te (EeQwliB8) near Kamlcors, B.C, Human
skeletal remains were discovered ,5 %o 1| mezer below the Lkottom
ash layer ir a deposit ccn*taining two ash lavers (cf. Elmcre et,
ale 19793), We iden=ified <he bot*onm laver as Mazama ash ard =*he

*op layer as M%. S=., Helens ¥Yn, Approximately 2 meiters of
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sediment had accumula*ed between the =op and bo%t=om ash lavye:

n

.
By calculating the average rate c¢f depcsi<icr for the site, vwe
estimated that the skeletal remains are about 8,400 radiocarton
years old. This si<e is, itherefore, one c¢cf *he eazlies=t
evidences for man in B.C. A radicca:cbon age of 8,250 % 115
Vebers (S1737) oLltained on the pbone indicates *ha+ cur

tephrochronolecgical age estimate is reasonakly accurate.

At the Moulton Cr. Site (E4dQx5) near Chase, B.C., a vclcanic
ash layer separated *wo cultural compornen*s (Eldridge 1374).
Eldridge guessed “hat the ash was Mt, S%. Helens Yo (3,u0C
Yeb.rs), and our analysis confizmed his hyrothesis. The
"above=-ash" ccamrcnent was identified as an early Kazloops phase,
while the "celow-ash" cchponent has some resemblance to the Cid

Cordilleran Tzradition,

Geological =samples were collecied from a road cut a few
hundzed meters from the Bell Site (EeRkU) or Kettle Brook Crc.
near Lillocet, B.C. (Stzvyd 1371; 1380:pers. comm.), This sanmrle
was identified as Mazama ash. Another si*e (EeRk5) was
discovered in +the immediate vicinity of the EeRk4 sampling
location., One nmefer abcve the ash a+ EeRk5 was a rpaleosol
containing basalt flakes and butchered bone, The cldest
compcrent at the Bell Site is of the Nesikep #“raditicn and
appears above the paleoscl po:izon descrited at EeFRk5., The
cultural material at EeRkY4 mus+, therefore, Lke considerably

younger than €,600 y.b.rFs

v
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The remaining archaeclogical samples weze fournd in, ¢r n1ea:s,
sites which were examined during a 1373 su:zvey (Heritage
Conserva+icn Branch of EB.C.) conducted in =<te vicinity of
Kamlcops, Es.Ce. (B¢ Chisclm 1380:pers. conm.). 7TIwo saamples
collected near EeRat~-3 were identified as Mt, 5t, Helens In, Tvwo
flakes and a core were discovered 1/2 o above the ash in a
stratified si%te. The sarxrle from a cut bank near EeRald was also
identified as Mt., St. Helens ¥n., The site at EeRald was neavily

disturbted with a small surface scatter oI £flakes, The exacz

tn

rela*ionshir tetween ash and flaking debris was unclear, A%
EeRtE, flakes were scat*ered a* a below ash level in a wird-tlcwn
depression. Ash identified as Mazama was collected from a cuz
adjacent 4o the site bu* *he exact relationship between the ash
and flaking dekris is not understood. None of “hese si*es frcn
“he 1373 suzvey have been studied in detail. We are hoping,
however, =hat the prior identification of ‘ephra samples will not
only facilitate future in*erpreta*ion of site s=zratigrapny, tuc
will alsc provide regional archaeologists with a means of making

inter-site comparisons cf cultural materials.
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FIGURE 4.1

Saapling Loca*icns in Wasaington S+za<te

FIGURE A.2

Sampling Locations in Oreqgon State
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FIGURE A.3

Sampling Locations in *he Okanagan %egion, B.C.
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FIGURE A.4

Sampling Locations in the Yukon
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Appendix B

METHODS OF SAMPLE PREPARATION

In *trace element aralysis it is essential *ha+* all glassware
and apparatus be kept scrupulously clean between treatments, Mest
of the glassware of *his study was washed it reagen+* grade Ni<ric
acid before Leing used. Feagent grade chemicals were always
used, We further reduced the possiblity of contaminating sasrles
with hiqh Z +race elements by using grinders and sieves which
were composed cf low Z raterials. By analyzing ground sanmples as
well as the grinder materials, we dezermined that no significant

+*race elemernt ccrntamination was picked up from *he grinders.

Methdd 1: Griading and Sieviag

Where possible, we sieved large samples *o reduce =he
relative prcpcerticn of cross-contamination (between samples) <hat
could be picked up by any one sample during sieving., We tused
lucite sieves (5.5 cm. dia. 5 cm. high) with disposable nylon

screens; the sieves could ke washed Letween samples,

Fine Grained Samples: with tweezers we picked ou:t +Le large
ccntaminants (rcots, stcnes, etc.). A hand magnet (wrapped in
paper) was then rassed cver *the sample t0o remove *he magqnetic

minerals (ie. magretites, ilmenites)). We then sieved the sanmrles



for roughly 1/2 hr. each to isolate *he 62-210 pm and the <62 pa
size ranqges. Fcur samples were sieved at a time using a
Cencco=-Meinzer mechanical sieve shaker. Grea*er than 50% *o 60%
of a typical samrle ky weigh* was less *han 62 Am while rcughly
40% was in the 62-210 pr size range.

Pumice Samrles: We first used a standard (21 cm dia.) brass
sieve *to remove *he less *han 1.4 mm size frac*ion containing
soils and other non-rumice debris. The larzger pumice fragments
were *hen ground in a Fisher roller mill using a 1.1 litre
Burundum Rcalox vozcelairz jar mill with pcrcelain disks. The Har
was carefully washed out with alcohol be%ween samples. We gzocund
the fpumice sized fragments for 10 minutes *hen sieved the safrle
using lucite sieves to separate out the <210 pm size fraction.

As we wished to concentra*te the glass in the <62 pom size raage,
Wwe were able *to avoid pulverizing crystalline minerals *o lecss
than 62 um ky keeping our grinding times *o less than 10 minutes.
Pumice in the >210 pn size range was re-subaiit+ed for additicnal
10 minute periods of griandirq. The less *+thanr 210 micron <ize
fraction on the cther hand, was pre-treated and sieved in a
manner similar %o tha*t described above for the £fine grained

samfgles.



137
Method 2: HCL and E,0, Treatments

Up to eight sieved samples at a time were chemically trea*ed
for removal ¢f scluble contaminants, Each saanple was placed in a
standard 40 ol centrifuge +tube. HCl (20%) was poured iatc the
tubes so that the solid to volume ratio was 1 £o0 1, The mixtures
were then rlaced in an 80 degree C water bath and stirred
intermittently fcr 10 minutes. We cen+trifuged *he saamples,
decanted +he acid soluticns, and washed the samples three tinmes

each with distilled wa+*er.

Occasionaly, the H,C, treatments preceded the acid
tIeatments, Normally, however, we added *he 30% reagent grade
hydragen peroxide to ithe samples direcly fcllowing *he acid
treatments, The mix*ures were placed in a 60 degree C water fath
and stirrzed intermittently for 10 minutes, The samples were then
washed 6 times with distilled water, three times wi*th acezone,

and placed in a 70 degree C water kath tc dry.

Cen*rifugation was used to remove all chemical and wash
sclutions., At the same time we removed the <10 pnm {containing
clay minerals) from all our samples. With an IEC International
Chemical Centrifuge run at approximately 3,000 rpmn we used eq.
B.1 *o estimate the centrifuqe times foz which the >10 pm
rarticles would seitle tc the bottcm and the <10 pm parcticles

would remair in suspension.
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eq. E.1

% time in seconds for particle
ie 20 fall +c botftiom of
9.450>Nnx [0 cen=rifuge +*ube
= viscosi*y in poises o
v (di~ds) liquid at 20° ¢
particle size (dia. iz pn)
centrifuge speed in rpm

l
x
[
1]
h

0n v
i

d1 = sp.g. of particle
d2 = sr.g. 0of separating liguid
x +q X = dis*tarnce for particle to fall
k’:loj tTO bottom of tube
o q a = dis*tarnce from cen*re of

rotation o the par<icle
before fall

When dealing with the 62-210 pm size range, mcst of the fine
grained particles were automatically removed during sievirg.
However, fcllcwirg the chemical *reatments anpd during *he acetona
washes, we placed the 62-210 pm sample/acetore mixtures in an
ultrasonic bath for a few seconds each tc¢ remcve the remaining
fines, Suck remcval of fines proved morZe important for samples

which were *o underqo magnetic separations (Method 3).
Method 3: ECl and NaCCl +<reatmedts

Method 3 is identical to Method 2 except tha‘t reagent grade
5% NaOCl sclu%*ich was used to rerove organic stains instead cf
H;0, « We generally used *the NaOCl zreatments before the ECL
treatmen<s., Pricr to treatment we added 2z0% HCl +¢ the Naccl

solution in order *o reduce its pH tc 9.5.
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Method U4: Glass separation with Heavy lLiquids

The averaqe specific gravi®y of obsidian giass is 2.4 while
tha* of minecrals inciuding most clays 1is greater tharn 2.6. ie
can therefore flcatate glass in a heavy ligquid set at sp.g. =
2.4. General methods for separating minerals using heavy liquids

are cutlired in Allman and Lawrence (1372).

In our work, glass was separated from the 62-210 um size
range and, prior *o separa=ion, samples were chemically trea=zed
using methcd 2 c¢r 3 to remove soluble contaminants, Abou* 30% *o
50% glass (by weight) was %ypically recovered fzom a 4 to % grTanm

samrle added +to *he heavy liquids.,

For our work we used a custom made plummet in crder to
adjust liquid brcmoforms/acetone mixtures o SpP.g. 2.4, Tle
plunret was a 2 ml glass bulb filled with lead and suspended in%o
+he Fkeaker of brcmoform on a nickel *hread hung frcr an
analytical balance. We stirred acetone into *he brcmoforr until
the rlummet reached the desired weight in the bromoform/acetcne

mixtures (calcula*ed by eq. B.2).
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eqe. E.2
FPa = weilght c¢f plummet in air
FPw = weight c¢£ plumme* in wate:
Fl1 = vweight of plumme+® in
Fl = Fa ~sp.9. (Fa"Fw) heavy liquid . -
Sp.9. = specific gravity of

nheavy liquid

Separation was Lky centrifugation with 4 sanmnples treated at a
time., For seraration we used tapered tubes which were placed
intc standard 46 ml centrifuge *tubes, The sanmples were stircrted
intc *he brecmcfcim/acetcre mixture ir the inner =ukes and during
centrifugaticn the heavy binerals would se=*le To the bottom ¢f
the centrifuge tube by rassing throuqh ar openirng at *he Lotion
of the inner tube. By stoppering the inner-*ube, *hke glass could
be easily remcved with the inner tube. We gerneraliy centrifuqed
the samples for about 10 seconds so that *the majority of heavy
dainerals wculd settle, We then stirred the sample remaining in
+he inrer tube a second *ime and, firally, we centrifuged all
sanples for about 10 minutes, The glass and mineral separates
were filtered on #1 Watman filter.paper, washed several times
with acetone, and allowed to dry. By scanning the bzomine peak
during XES anaysis we determined that no residual bromoform was

left on *the sampies after the acetone wash.



141
Method 5: Glass separation wi*h a Franz Magne=ic Serara*ocrc

General! methods for separa<ing nminerals using a Franz
Magrne-ic Separatcz aze described irn Allman and Lawrence (1372)
and Hess (1966). In *able B.1 we list the sextings =ha= we Zound
mcst useful for separating glass from “ephra samples in tre 62 to

210 micrcn size range.

Takle B.!1

Settings for Magre*ic Serparations

range most ccmmon
foreward ancle (degrees) 25=30 2%
side angle (degrees) 4-3 9
amperage (mafics) . 40-.80 . £S5
amperadge (non magnextics) 1. 50 1.50

Approximately 1 to 2 hours were required to separate a 4 *%c
8 gram sample with the Franz Magnetic Separator. Magnetic
serarations were therefcre used only irn a few cases when we
wished to purify samples which had already undergone heavy liguid
serarations. We es-imated that after such purification, the

samples were compcsed of less than 1% mafics (by weight).
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Method 6: Pelle*iza%iodn

Somar-Mix rinder was added to 1.3 gms ¢f powdered sample in
a 1:8 binder-to=-sample ra*io. We ground *he sample-binder mix
for 10 minutes ir a porcelain ball mill after which particles iz
the €2-210 pm size were typically ground tc less than 45 pm. The
samfples were +hen pelletized at 10 tons using a Beckman K-13 KEBR
die in a hydraulic press. The pellets produced were 13 a1
diameter, approximatély 1.25 grams, .45 cm thick, and greater
+hap 99% infinite thickness., Equation B,3 was used to calculaze
+he sample mass requized tc¢ produce specimerns of the desired

+hickness (cf. Bertin 1370).

egde Eo3
I+ (a/Plirp = mass absorption fcr
A L\( - incident bean
L oo #= angle of incidence = 52 deq.
m“ss(ﬂh):: (u/p)y. = Mass absorption for
analvte line
M M ¥ = angle of takeoff = 52 deaq.
(-) csc;‘ +(-) ¢se¥Y (It/Iew) = proportion cf infirite
P XP P/ thickness

A = area (cm) of surface of specimen
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Appendix C
ABSCLUIE CCNCENTRATICNS
A) XES: Major Element Analvysis

Six HC1, B,0, treated samples cf ash (<62 pm) were analyzed
for their major element composition at Chemex Ixnc, Vaacouver,
B.C. We re~calculated these data to 100% oxide comrposition cn a
water free Lasis as presen+*ed in Table C.1. In this way the daza
could be ccmpared to da*a in tte li*erature such as those of
Wes+gate, (1970a). As *the calculation of absolu*e concen*raticans
was not a major geal of this thesis, we did not attempt tc
convert further results of samples analyzed with a Zn seccndary
tarqet into aksclute concentrations. The =six test csamples
therefore prcvide our best estimate of absolute concentrations of

K, Ca, ™1, Fe for samples of M4, BR, GP, WK, and Y.

B)Y XES: Major and Trace Element Analysis With & Ag Secondary

Target

Trace Flement Analysis: The method of stardard addi+ions
(cf. Bertin 137C) was used +to derive a set of calitratior curves
for the calculation of absolute concertraticns of the trace
elements RE, Sr, Y, Zr, Nt. We selected a large sanmple of Mazanma

ash from the less than 45 micrcn size range. A s*ock solution
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#as rrepared in which we dissolved approximately 1000 ppm of each
of RL, Sr, ¥, 2r {(as pitzates) into dis*tilled water, Wi+th a
syringe (accurate =0 ,05 a@l) we diluted the stock sclutior =c
prcduce 10 ml aliquots thaving aprroxima=ely 25, 50, 100, 300,
500, and 10C0 prm concen<raticns of each trace elemen=,. 2
seventh aliguct was distilled water only. #We then evaporated
each 10 rl aliquct onto 7 powdered sub-samples of ash of U4 granms
each. The amcuni of solttion was chosen sao that all of it wculd
soak into *he sanprle and little would be lcst on the saaple
ccntainer, The samples were dried, well mixed {(in a shaker
bot+tle), and analyzed £for 15 minutes each as loose rowders. The
Pk/Cp ratics were calculated, “he K~lketa in=erfering peaks were
sukttracted from +the Y tc¢ Nb peaks, and <he ppm concentration
versus Cp/R ratios were rlotted (Fig. C.1). Using Figqure C. 1 we
were able t¢c vezify that *he Pk/Cp versus pph concentra*icn was a

linear relaticnship,

Because the extremely delegquescent nitrate standards couid
not te accurately weighed, we were uncertain whether we actually
had 1000 ppm of each element in the original stock soluticn. We
therefore had a number of the spiked samples analyzed by XRF at
the Geology Department of the Uriversity of British Columlia
(UBC) in order to crcss-calibrate our results against the UBC
standards. The unweighted P/Cf ratios determired in this study
were plotted against *he UBC measured concentrations (ppm). A

leas*t squares fi* of these data produced the calibration
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FIGURE C. 1

Standard Additions fcr Trace
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constants shich appear in Table C. Z. A descrip*ion of <%he
reqgression metheds used appears in Beving*on (13563). Egqguatica
Cel was then used to convert the average EX/Cp ratics of each
“erhra source into prm concentrations for +the elements Rb, Sz, 1,
Zr. (Concen*rations of Nip were estimated from the Y K-beta

peake.)

eq. C.1

C(29) = altSa) % (£5:)+b (£S4)

C = absolute concentration

X = average rela*ive concentration
of element for souzce

a = slope

b = intercept

In Takle C,3 we list absolute concentrations ¢f separated
glass sanmples from Che S. In Table C.U4 we present absolut*e

concentrations Ic

H

scme HCL1, H,0, (<62 pm) tzeated samples froa

Ch. €.

Major Element Analysis: The K, Ca, Ti, Fe peaks also appear
in a typical spectrum analyzed with a Ag seccndary tazget (Figure
2,1)s We ccnverted the results of the 6 samples analyzed by
Chemex (Takle C.1) into % element concen*ration for the elements
K, Ca, Ti. Linear regression analysis was then used (%
concentration versus Pk/Cr ratio) in order to produce the
calitration cons*ants in Table C.2 for the major elements, We

+her converted the average Pk/Cp ratios of samples analvyzed
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€ and 6) into % concentr-ations (Tables C.3, and C.4).

ccncentrations (NAA) and Pk/Cp zZatios (XES) were

for Fe in 31 serarated glass sanples (see Che 5), we

used linear least square fit*ing of *hese data %o caliculate <he

calikration constants fct Fe,
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Source

M/BR
M/Yn
M/Wn

M/T
M/GPUL
M/GPML
M/GPLL
BR/Yn
BR/Wn
BR/T
BR/GPUL
BR/GPML
BR/GPLL
Yn/Wn
Yn/T
¥n/GPUL
Yn/GPML
¥n/GPLL
Wn/T
Wn/GPUL
Wn/GPML
Wn/GPLL
T/GPUL
T/GPML
T/GPLL
GPUL/GPML
GPUL/GPLL
GPML/GPLL

TABLE D.5

A-Coefficient Comparing Tephras Characterized

by Smith et.al.

Using Microprobe Analysis of Glass

a
n

14/2
14/3
14/17
14/8
14/7
14/5
14/10
2/3
2/17
2/8
2/7
2/5
2/10
3/17
3/8
3/7
3/5
3/10
17/8
17/7
17/5
17/10
8/7
3/5
8/10
7/5
7/10
5/10

(See refs. Table D.2)

K

.773
5,60%
.875
1.44%*
.308
1.07*
1.31*
3.65*
1.12*
1.50%*
.250
.083
.472
1.59%*
.118
2.67*
5.92%
3.75%*
.646
.763
1.39%
1.45*
1.20*
1.76*
1.72%*
.100
.250
.650

Shards

Ca

.500

1.00%*
.233

2.14%*
1.38%*
1.51%
2.14*
1.51*
.250

2.47*
2.50%
2.80*
4.13*
.333

l.81*
2.13*
2.16*
3.00*
1.69%
1.27*
1.38*
1.80*
2.48*
2.,48%*
2.82*
.217

.444

.150

a - 3
number of samples used to characterize source.

*

157

Fe

.600

3.57*
411

1.06*
5.21%*
3.94%*
5.00%
2.11*
,053

1.17*
3.39%
2.68*
3.40%*
1.13*
1.85%*
1.92*
1.31+*
2.14*
1.00*
1.84*
1.58*
1.94*
2.19*
2.04%*
2.24~*
.125

.800

.500

tephra pair can be distinguished on basis of this element.
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