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I|ETHODS OF ANAIYSIS

Radion.rrlc a0€€ wso debmtndd by t. K-a. me$od ar ho orscon stats

Unlvorsity taboEtory by Dr. Fob6n Dun@. Sanl9tB wore @sh.d .rd 6tov€d

rc an wen 3i4, 0s io 1 mm. Fbvrdorcd pordorE w66 sonr io unlvgr$iry ot

Or€gon ,or K anaty6ts by arontc ab€optbn spraoptotom€ly, u.t6ss atrcaay

d.Lmin€d bt xRF 4 di*uEsd In rhs n6x secdon. Mofiods emptoyod w.r€

@N€n o4al x,ar bcnnlqu.s {Datrympto and Lanph€E, 1959), M€sur€m.nl

or $0 A..lsotopic @mpo6tuons wers dono si$ an AEt Msros mc

sp€croholor wih on-llne, htgh.vscuum gas etfiadion In€s and a SSAi Bptko
pipotis syst6h. lhs oxtractton lines werg bat€d tor 12 hou6 at 150.C wnib

onn€ct€d io oil ditluslon plmps b Bmd6 atrrosphs c ga6€5 and cr6at€ bw
pr€$ures pnor io sdpt6 fu6lon, ac ve cas€s reteas€d du ng tusion ot
apperjnabty s g sanptos wer6 rcnoved by hot TiTicr2 spono6 merat gefiorc

A..lsotopric data wde @lt€cted lJsihg a @mputer @ntroled p6ak,ho@tng

sbon$n wi$ baselino @roctioh. Peak heiohts w€r€ @or€ss€d to obraln

hnial ielop€ concsntratlons lor each snatysi6. Fepoded analytidl

un@dahlles (1 Elqma) aro giv€n ior €ach aqs deromtnalion. Anaty cal

unelrainuy ls a combinatlon ot un€natn0os in finsd p€at hotqhrs,

hee@mem or K€niont, 4d d€cat dsnnl. {sr€b., snd Js€s€r, 1974,

All dEon! was don€ on rotarlv€t t.sn l!ck6 trcm rn€ votcantc systom,

producino good as6 dara, Ths €rcopdon to rhis is Ey-16, whlch p6du@d an ag€

ollEr rhan whar Mdd be @nslsi€ wirh hs srE oraphic position, Thls sampte

ls lrom a 6ill and $e ordsr sOe ts inieprer€d ro .ened inhedted a.qon bEeuro



ll r€sms lk€ly that ths unfl n6vor isd tho opportunlly b rc€qullbato with

rcf6pr6b. An,ly.i5

Mboprob€ amty$6 w€r6 portom€d on a Cd6ca SX-50 .te.t on

mbopbb. ar or6gm star6 untvs€ly, ritt rh. hotp ot Dr, Roger Nj€tson,

ftopdEd s€mples w.r6 rhh secrions In ho @s or aI mlne€ls pobed, snd .

Pluo o, plckod ora6: lor hE on€ nyabctadiia pob€d. cofig.itons tof d€adim6,

b€c],ground and mrrix eli€cls Mrc p€dom€d ustno $€ cameca pAp progm.

OlMnos and pyoxon€s w6b pob€d ustng a j5 kv b6d d th€ slm gst

arrowablo widrh, wtfi a beam @rcnt ot 50 nA. ptagtocl.s ws prob€d u6tn! a

15 kv bod sl|h a dlstp€n€d wldt[ sbout E th. snd a OO nA curcft Chdd.s

w€r€ p6bod wlrl . 15 kv b6M, and a 50 nA curcntj gt.3s eirh a 5 jrm wid€.

15 kv bqm, dd 30 cunenr

Srarda.ds wEr€ aE rottos:

Orlvlrc Pyox€n€ ptqOioctaso Ols Maone ro/Um,

f@ K{\r| t(At€ KA\p

Lto Fo33 Kq[G KAIE K.1t G COr

AI2O3 IABB KAUS LABR EqSL C8CI,I

sloz Fo33 lqlc Kc D BAS! KA-E

P2O5 - FLIP

rso slNr gaNl

@ K'IG I(II-E LABR BA5I.

TO2 - &qsl , B,€L RUTI

c4o3 . Cm,l cm,l
M,a PYI,N PmN , pyMN pyMN

rc FAYL FAYL I{:{G E,ISL [I!GT



NO NtSr

b sANr

\205

All 6laidaftL e. dsdb€d In dd.tr h th6 taborabds at OSU. KANO -

Anodhoclassi FOss - Ottulne (Fodorn6 33) rom tho Sp hswaier

m€isoriio: KAUG - augfi€ rom (at€n!t, N4 &aland; cFoM = chomtiel
LABR - Plaoiocr6. {t!bl dodio) lom Llko Counry, Or€lon; BASL _ Bshic
Gl66 lrom Mal€opuht Lava Lake, Hawslti FLAP - Ftlonparjb tbm Do.aroo,
M.xicq s,{Nr , seldtno; RUT| - Futlto; pyMN - pyonanlan 6i FAv! _

Fayalft€ nom Fockpofl, Matnei MAGT - Maondir€ lrom Mlnes coEts, Brszit:
Nlsl = synrho& nickel s tcal€, Ni2slj v meiat - varadiun molat (synrheic).

Oxldos wsE calibralod ic th€ srandards at ts bootnnin! oI a prob€ day;
one $and{d pq minoral @ anaty4d th6. tim.6 and &6ra9€d, pdor b
pbbrno, afis, @librarion, and 6oah ar he end of tho day or pobino. h { 5

manner ll was po$ible ro so6 any vadions ln etemsnt abunqanoos ou€ D

d€le o€lion ot callblation, du nq lh€ day,

Ssmples wero chosen lor micrcpobg anstFis by rhe amount ot

ph€nocrysrs pres€ , and ihe major €tem€nr (xRn compostrions. phenocrysts,

nlmph€nocrysls, ad goundm6s crysr.t3 w.r6 prob€d trch smdes as

pnhntue a6 15 wr% i&O, to emo ol tho fiost dot6d wlh < 2 wt9, MOO. Alt

dysrab woro pob€d acoss ia@s t om rim to @!€.

XiF Anarvsi3

Malor and som6 tEce otom€ds werE snalyz€d wirh Xjay ruore6@n@

spoclrospy {XRD by Dr, P6rsr Hooper. d washrngbn Srale UniveEhy.

Crushed rccl sampl€s, Iom 2 mm b abour p€a-5iz€ wer€ senr ro wSU, whEE

lulhg preparafon (iusino inb ltass b€sds) was pertom€d. Anatysls



oEured wirh a tully aubnatod Rtgaku 3370 xjay sp€cilmerer In rwo
soPa€ro b6ich€s. E&h babn indud€d dup{car6 anatysos ,o. one saopte In orctor

io dol.mlne pl€clsion ot dalysis, fth b sho*n In Tsbt€e 3.ol .nd 3.02. ont
ih. nomalLod d.t! wore ussd lo. anat.ts, s al Ew dara w6 6s!n6d lo nave
varyrng 4ounG ol votailtes.

lNAl An.lvsl.

Swon sanpl€s wer6 anatyzed tc{ FEE, Ta, snd Hr @ncentrarrbns rhrcuOh

l$tum6ntal neut.on ad[€lion anatysis. It€6e satsoE se@ pedom6d by

Dr, Robsn walker, ar lhe Radtaion Conr€r, Or€oon Siar6 thiveGty, Sampto

propaElron consisiod ot powdo no aFp@xtmstety 1 sEm ot sampt€, whtch kas

rien sesr€d ido doubte vtats, standads used in anatrsis wore 1633a (Fty ash),

cBa (Columbia River B6at0, od A[dd€ (mote ia), Tho6e aro disdJss€d

Iunh.. b6low, tfiadtarton kas p6.tom6d at 1 Mwatt ror 6 houB in rhe ourer

rinc otatino rac* ar thg osu TRTGA r€acior, Gamna adta on wss @unrgd by

Go{LD dotecroE, lo.4,ooo se@nds, 7 daye after tradiaron, and 2o,ooo

seonds, 30 days aller iradia on.

hdivldual e(o6 which al€ r€poned lor rhe anaty €t resulB a.€ bsssd

on on€ siddad dovialion ol lhe samplo s nsl clunl6 ln the photopoak ot Ini.l€st.

B6@use ih6 tr.t @unts in sono phorop€at! worc rotsliy€ty hish, tho srandard

d€vla on valu. shoM for the co(ospondtnq anattlicat resutr lurned our lo b6

conpa€tiv€ly small (1,6., less than 1 or 2% ol the anatylicat r€sult)_ ti lh€sE

sm.ll slandard ddiation values dr6 u6€d as th6 ontt measurc ot @nfidonco in rhe

€ponod .€sulls, th€y wili Indlcato sn unroasonabty high tevel ot snatytical

a@u6cy, |n lh€6o @*5 a ben€r estlmato ot tho anatyllcat 8@u@cy €n b6

ob/|qinod by usinO rh6 pe@nt uncanainty valu. tbrod to. rho et€mofl und€f

ctnsrd€Ellon. Ihis value b tn€ porcent or rotalivs slandad dsviation {uslng



Tabl. 3.01: Pr€cFton of xnF amtysb.
or..i.r{ hclqd.r 4dy ot tor .nd nnol.
UINONIAUZED BESUITS

31111331. t117 . r . l
alo2 15.71 a7.23 1.45
41203 13.€7 14,02 0.Ss
Tto2 3.365 3..{22 0.057
F.O '  13 .61  13_5 O, l1
lb 0.209 0,209 o.0o
co 9 .s6  10 .14  o .1S
r,to

0.7,1 0.75 o.o1
r|.20 2.95 3.04 0,09
P205 0.392 0.395 0.003
Lt.t 95_73 97.95 2,22

3to2 47.73 ,13.22 0.44 4S,aO 4€.33
41203 14,2A 14.31 o.O3 14.21 14,12
Tro2 13,s2 r,4s o_os 13.32 13.7s
F.O. 14_22 13.73 0.44 13.51 i3.96
lF o,21a 0.213 0.OO5 .224 .217
co 10..4 10,35 o.O5 9.25 9.12
i/tp 5.32 s.35 o,os 4.s5 4.45
Krlo 0.77 0.77 0.oo o,s8 o.sg
N!20 3.1 0,02 3.63 3.32
P205 0.41 0.403 0.007 0.52 0.52
Tor.l 96.43 93.50 93.13 93,22

N l  2 6 2 3 3 2 2
c t  2 1  2 2 2  3 3
s .  40  26  14  35  29
v  396 397 1  330 36S
g.  152 151 1  195 170
6  l 4
sr 395 3S7 S 403 4os
2t 204 201 s 243 24
Y  3 2 3 3  1 1 1  4 2
r5 rc8 ,t3€ 0 142 143
G .  2 5 2 4  1 2 5 2 2
or  109 102
a 11€ 113 3  1133 t j32
P b 0 0 0
L .  1 6
C . 4 e 5 5 7
' t h 1 2 4
1 lor.r F. r.potr.! as F.O
I ddot . rdlu.. >120* ot htgh..t .t.n.t .d

.uo t  9h t2s  e t1 l30  . t . r
0,52 40_.15 49.73 0.33
0.03 14.45 i4.55 0.00

0-004 3.362 3.335 0.023
0.30 12.90 12.34 0,06

a,aa4 .220 0.222 0,AA2
0.02 3.s3 3.97 0.0.4
0.05 r.ss 4.65 0.07
0.02 0.96 0.0€ 0.00
0.03 4,00 4_04 0.04

o.00,1 0.614 0.313 0.004
r,13 99rr3 100.02 0.54

o.o1 4s.71 49.77 0.06
0.09 14,54 14,55 0.01
o_04 rc3a 13'33 0.00
0.45 12.91 12.94 0,13
.oo7 .22t .222 .AAl
0 .13  3_93 3 .97  0 .01
0,11  4 .60  4 ,65  0 .05
o,01 0.97 0,95 0.01

0.00 t0.6e rc,62 0.00

r tr3 142



Table 0,02: Accuracy ot xRF ah.tyslr.

,era4, (hr 3iandads run NoT ar lh. s6 dn. s sanot*t
scRn ac8-l BCR-1 BCB.I aCR-1 ECR_1

a' F' G..wns. WSU1 WSU2 .rr€r
IOBUA(IZED iESUITA
slo2 55,31 55,43 55.33
41203 13.92 13.34 13,33
Tfoz 2,2e 2.23A 2_26
F.O. 12.26 12.33 12_33

0_13 0 .133 0 .135
7.O7 f .O4 7.oA

|'lp 3,53 3,s2 3.51
K20 1,12 1.73 1.72
l{.2O 3,35 3.33 3.33
P205 0,335 0,366 0.377
Tol.l 100.00 100.01 100,00

NI

zl

' T.t l F. r.p.rr.d a! F.o

Abb.y, s., 19s3, sludl$ In .3isnd.rd sMd*. ot s icql. rodl! m
mrn.Ers, 1969n$2, G.ologtcd autr y ot c4ada prp.r, p. 1133.
Fla.a!s, F.J-, 1976i 1972 mnpit.lte ot d.ia on U6cS Bisdada
U,S. G.ololt@l Suru.y Protoslon.t prpor B4O, e, 131-j33.
Graan€y, 8,s., Boms, c.E., sd Ret.ndts, t,, 1933, 1932 onpitation of
oromoniar @ndnrdliom in 6tdvon uscs rcok giandrd6.
G.€randards N6mt6x.r, 7, p, 2.226.
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on€ st8n&d d€vra0on) oharn€d tor ris spocnic €t€mont b€tnq conEkjoled, based

on Bp.aiod 6! 3 or apprcpda!. 9.ndards tor ihts Mo ot€nsnt,

Ad€cf ol h€ dalys€s can b€ s6€n by @mpa$on ot fio .u. stddads

ulrh $5n n€dlf€ varu65, shown In Tabt6 3.03,

SBM 169Sa (@al ny ash) ls a stedsrd €l€r.@ mar€isl preparod &d

c€dbd by h€ Nsdonal Insttrlie ot Scndart6 ad Tgclnotogy. Et.montal

sbun(,3ne oiv€n in Tablo 3,03 s6 not @nti6d by th€ N|ST, bu1 r6pr.s.nt to

b$l value lor a Panicular elom€nt 6pon6d ln the alaitsbts titeraiu@, usla y

CFB ll is a rc.k standsrd p@p@d by th€ OSU Fldtadon C€nt6r. SMFt.s

ol Columbla Rlver b.3sl, @rtocr6d ron the typ€ to@te ot aCR-1 , a rc.k

staMard propaEd by th6 U.S, ceoLlicat Suryoy, worc cloan€d, qround,

homo!.nrz.d, and splt, spllrs ol cFB u have boen r.pea!€dry €Ibraied aoaircr

BCF-1 and o$d standads usinq rh€ OSU analyt€t tacititiEs as w€l as orher

hboraio €6 rhbuqhour fE U.S- Ih€s6 anatsgs hav€ show! rhat CFB lt hs nh€

asm€ €bmonial .bund4€s s 8cR,1, Et6m6hlat abunda@ Ior BcR-1 {6

iak€n,rom Tablos 106 and 107 ot Ftanaoan, F.J. {1s76),

AlLnde is a msbodte standsrd propa@d by the OSU Fadiaton Centor.

El€m€ntal abundanc* eo 'b6i' lltoraturo vrtu€s s doisrmtned by p@r6$r

Ronan A. $hmin, osu Depadmsnt or chemtsl|y dd rh6 Rsdiaton c€ntor,

H.lioB koroplc Anrlvr..

Four emdes wgr. .narF6d for Hotlum isobpo composftion, Ey-32, Ey-

39, Ey-49, Ey-50. I hand-plcked olivine phon@rysts tbm th€ss samptes

unrld 6 hido@p8 and $on *fl rhom to Dr, oavld G€hah ot the unlveGliy ot

Calilohb, Sanla BatbaE. The heliom r€pped in incluslons w8 6xrad6d by in

vacuo cru3hin!, and iebp€s w€€ m€asu€d on a m.ss sp€crom€l€r.
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'The Inslrum€nr ls a 90. cuparurs, 21{m Edlus, stericaly opo6t€d.

.bublo-colleior mEss spoctonoler. fte sonstuvtty ior H€ tE >10-4

Arorl, ahd fio ab@ture d6iaolon rimh G <104 atoms ot 3H.. rx€ htol

5ysr6m uses a ro*-lompsBture (40K) ch.rcoat rrap aor sgpa6don o, Ho

l6m ot6r @e caes. Th6 pr€.ision lor He lsoroplc n o d6rominations

is v.ry clo6. to th€ llmlt b6.d on ton ounttnC st.ltsli.s tor the woak 3te

b€an. Ths robl system blart is "tx1o_10d3 STP 4t€. Bt&rk6 woE

always rutr benro sanpl€s. A soond€ry sbndard of y€ltowstono park OaE

va6 alway6 run afi€r sampl.s, whh standard sL€ sthihr io $e stzo ot tho

smlo jusl Enslrs€d. This qas has been bu n€ty catibErod aOatnst m.ine

Ei d UCSB and has a 3He/4H6 rario or 16.49+0.04 (2 slqma) RA (BA i!

the ahosphe c 6tio o11.39 x 10'6). This p@c€du@ attows very smatl

sarnplos b b6 analysed dd s preciso cn6ck oI @pl6 hoioplc €rlos ln $s

iu. Enge ot rh6 eralysis.' {tom Gaham st zt,, 1990)

filtldl!!--tualrll!!

In o.d$ ro slmulaio p€rlei fr&rionar crystalliarion ar tho NNo snd oFM

o$!€n tuladly buf€6, lho mod6lino Flgru, MIXNFRAC, w6 us€d. lhis

progran wa3 lriton by Dr, Roo6. NLrs6n, orslon sralo untv€tsity. Glvon a

slarllnq pafenl compodtioh (maJor and som6 tE@ .l6msnts), essimir4r

@mposrLron, orycen ruoeiry ol rhe Eyston, and s6lmlla0on, n&!om on,

.edion, r.charq. 6rlos, MlxNFaAc ,ilr carcuralg he ovotuuon oa rho

@mposlllon and temp66luG ol rhe liqulds and equlllb um mherats 3s

MIXNFRAC is us€d In lhls thosis lo mod6l rwo difeGnl Focosses, all

wlh pgrcnl compositiol Ey.49. An ld€al pargnt composilion is on€ that



7 5

r€pr€€gna uF €nd ol olMno ld@ndon, just Fu b th. .ddlbn ol

dscloclars b fi€ lhuldus (lor I aln mod€b). A itpotBlbal parcnt w3s

oEd€d fon lhs lrs|xts ob88rv€d h t€ oxlde vlridbr diloi'ms to cohcid.

wth rhb.lEi!. h dyBbllLlrl! phlsc dd[bn ol olv!$ lo thh

hypo$edcal p€r..r cBar€€ omtGlrlM .lmllar io Ey49 (whloh b 3

cumular6, orouCh domlntndy olMn.), .ld |h.r8nt€ h lr b€llovod lhat Ey-

49 can r.pr€€mt s Po63[t. par€nt compo6ldon.

Th. tu8r 6c€nsdo calculaidd rh MlxNFMo w$ r€ri6d lrac onal

.'yBlalkdlon, wfth 4 o4!En tuqa.ly ai AFM. fte sscord s@atlo w6s

Frl€.! fredonal dy3al|Ialbn wih oxye€h tugadry at NNO-


