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DEVELOPHEl~TAN!”AFPLI~ATl W W THE :.--WA:.AHOSNHC1.!J:; X1.“’ .i”h:‘i.!”: !IARUWARK,

SOFTHARE, ANE CA1.IBRATION

There Is a great demand for Spatially resolven quantitat.ivp trace element

analyses ot geologic sam~les. Th:s class of samplef; is Characteristically

heterogeneous, fine grainef!t, and COmp06itiOtIdllY complex. The I.cis Alamos

nuclear microprobe has been developed for, and applied to, non-dest?”urtive

in--f.itu qeocllemical andlysib, primarily Uslnq tllo ~.rot.oll induced x-ray

emission technique (PIXE). Characteristic x-ray Gpwtra are acquirud by

bombardment with ] to 200 nA beams of proton!i from tha Los Alamo% vertiral

Van de Graaff accelerator. Beam spot diameters of .10 ~m are routine. After

spectrum deconvolution, detection limlt6 of appfoximatv]y 5 ppm are obtained

for an integrated charqe on thu ordrr of 1(I u(”. Applicdtionb, concrirnjtant

with development hav~ lnrludt’d analyws~ of motolll Itt’r., Jo;! in~]udjng one

potential sample of Harh,.’ terr(vitl Ial ~lil P.!IIIII’fl,” drrllwological artiiart f;,

and or~ mineral tiamplcvt.
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L(’n,t>llt ( }{Eli ) detect ion l~nllt :, I“rnl~~ti!I’d

t:, , to the benefit O! many mt}teoritir”

include pl ecise CUrr~Ilt i Ilteqra LioIl by

RB!5, secondary e] ectt”cm suppre~% ion and on-demand beam dei lect ion to reduce

bremsst rnhlunq, rdpirf 211 t.wam !;(.~lrltli nq, and secondi+ry f’][’~t t (JII itnii~i nq

Ctl}liltli 1it y .

SQuM.u

The soi Lwarv developed at Los Alamos for deconvol ut i nq and quant if yiny

the Si(Li ) PIXI! data i:.: based on calculations using fundatrenti~l parameters.

When applied 10 the data, quantjt.ativt’ re!tults ar~ obtained u:, itlg onJy one

variable for c%ich Plement, peak height. T’ho electronic !iign~ll amplification

gain and zfw(~ OttuPt arl’ determined in nrI i’nvrgy c!ali, hrat ion rOlltttW.

Wt?igh@d If ’rllit :.qm-rr~}i f it t J nq of known Plement nl pm+k:; ill S] M’Ctt”il from

6tatM#l d!! AIIII t II(I individual unknownli take into a(:count the dincrutu x-ray

]Jrwri III tl~r’ [t~ltil p(’;’k wrveln~w!; (for example, ttw al, nntf a:: 111’.Ik:;ill a Ka

t+nvel(J}M’) . ‘1’111’X-! ,Iy (*I)PI rJ~ rlrqlc~nd~nt qdUUF;iilll }N’ilk llllll-Wldt II fllll[-t ion l!+



L i (-r,i-:”:: , i!. I F~:IiI P,.; :!. ‘ :1 m .: : ! ..,::t jp( , ::MI”.Y ‘ VI”! ..ip problem! ra:l :IL

qtia]i~ i! at L\’e]y rp%olv~d ‘A”!; :Ji IL.l:!i: ,Ii:llng exrel:cnl d(’tee: ]on limlt: . in tile

C’I+!;< LI RHE da La, sever, iV{ ! ~.il I : I lIf. numerou~ CJCISPIY spaced (relative to

.-”;(1.:; ~Iir.rqy resolution:. ) ‘,- L,:.l, !. ‘ Iill( ! i rIpLIC;+’cl011 a non-1 i near brem!:!it I ~!!; ul]y

r.[l(.krl! *I!!,..!fir:grades th(, del~.,~-! :;:I 1iml t.!, to roughly 100 ppm.

h!.st!!t ~al to this met IIOCIJ % knowledge of the r~lative intensi t ies of

rvery x-ray line for each elf?mt+nt ill that particular matrix so that a single

i It prirdmetcr per element bufi,ce!,. Also required are Lhe relative

intensltie!; between lines of dit!~ring elements so that a known major element

Can bt’ Ilbed a:. an internal standard for quant.itication of the abundance of

all othor t’lemcnts in the’ spectrum. TIIrse relaLlvP intensitie!i ale

calculated

numerical

correspond.

absorption

by IIumerical integration.7 As the sampleb are thick Larqcts, the

ntegratirrn incllldesi the effects of decreasing beam energy (and the

ng x-ray production cross-sections) with dept I and x-ray

in the sample. As an example, a 2.5 HeV proton beam penetrates 50

MminLCr qualtz LJut x-rays from elements lighter than Cd, although produced at

this depth, do not reach the rletcct.or (Na, 17 #m max.; Al, 37 Mm max.; and Cl

43 urn max.).

A truly tyllical ripecttum i!, shown in Fiq. Lt. The Sdm;\lQ, a meteoritic

pldgiCJCldSQ tfltll )ld~ h(v?ll impact fihocked into a glass was ana]yzerl under the

iu]]owirlcj ~();ldit IOII!,: ;:.!. MeV protons, 9 nA beam currcllL, 1[) Mm spoL, 6.8 MC

lnteqr”at~~d IVI,411VI, X-IAY fjll~rs c:cnl~i~tinq (I! 20.33b mq/rm;: B(* ahd

I:!. 11”1 mq/[vn:’ Al ;IIIII iI llllmf~rir,ll ir]togratlun stel) %i~~ of 1.[1 [1.(1 J 10 KeV).

‘1’11(*{ l(ml’;l! I, lli\lf~tl I II t 1111 Ieq(-lld an(l till)U]i{L[*d ill ‘~rl))ll’ : w(*ftI nurm,tl17,ed to

th(’ [11(1(’I ?(!11 11111’1(1]11

l“, il[’1ll. lt il)ll. ‘1’111) R
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:,. ” ‘:, ‘l-.:!,,:!! ,I!.d Clete”-I C-T.:.c:-I arr!(i ,;’ ,:, ,.: (55’ ,~nd !,-/’], respertive]y) i:;

: ,. 4 :+ ds5r+r .;eti :Ij’ ..alCl,iatlLlr).

Exam;’; v ‘- of the ef fert of ni;]t.: :;” ,Ir::i ],tlmericdl integration st. e}l s~ze are

g J ‘v.l-.r, ill 1,’]:]!.. ‘ and 6. Tlie ?-W: H,(I: ! ii’{?! , ! ,i-:-, and Fe304, encompass the m(?dil

at onli r I“iuml-,(.[ c,! most geologir mat {II , i :: . ‘1’IIP numerical integration step

Size’ is in 11:’lit!i of 10 KeV. In botl, p’1q!: 5 and (J the curves are relative

intensity ralrLlaLlons normalized tc] .i 0.;’ (t))at is, 2 KeV) integration step

size. in Fig. 5 the x-ray energy d(’pcndenre (plotted as atomic number for Ka

X-rays) v!, the difference (error ) in the r~lative intensities between a step

size of ::.(] and a step siZe of 0.2 ]5 sl)own. As expected, the lal-ger step

si7je YiClrfs pcxl, er r“P5UltS but only tot tl]e softer x-rays and at absorption

edges. Tile difference is less than 5’% for all elements heavier than Cl (for

K-1ines, allci heavi.cr tl)a])F’11for L-lines). Fortunately, the deviations due

to st~p size ar~ linear for reasonable ranges of” step siz~ (Fiq. 6). This

allows, where necessary, extrapolation to zero step size. Aqain, the softer

x-rays are most affected and the matrix effects less significant for the

higner atomic number elements. This type of analysis, when extended to other

variables ill the system wil] a]low the details of the PIXE analysis technique

to be tallorcd to Lh(i ;{cruracy required by tile particular problen!.
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FIG. 2--- Los Alamos nuclear :...croprob@ sample chamber, tcp view. Crystal

x-ray Spectrometers, net shown (see Fig. 1), are mounted abcve an<

below Si(Li”) detertcr.
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FIG. 3--- 2.5 ?leV PIXE bpectr:l;. ●nd aaca deconvol”ut:.m :es-l:ts for Zagam,i

meteorito shocked p:aqicclase. Concentrations q~ver, in Table 1.
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FIG. 4--- Enlarged portion of Fig. :. sllowxng excellent fit Gi relative

intensity calculation tu data.
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2:5. 5 --- ?ercentaqe error as funct:ch s! x-ray energy (~lotte.j aK atcmic

number for Ka x-rays) and Ina=rix composition for numerical

integration step siz+ of 2.! relative to step size of 0.2.
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--- .-. 5 --- Eeviatlons i!l relative i!lter,slties as function of step 5:ZC a!ld

matrix composition normalize: tcI step size of 0.2. Results for

calcium and iron are n~arlj’ i~~~ r.c~dent and are displaced fcr

clarity.
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