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DEVELOPMENT AN!" AFPLICATIOY OF THE ..7F ALAMOS NUCL! Xi M1, -il0f):  MARIWARE,

SOFTWARE, ARI: CAI.IBRATION

T. M. Hengjamin, Fe S. Z. kogers, C. 2. Iniddy, 8. Fo Ol €0 1. Maguaol e,

and . . Termer.

There is a great demand for spatially resclvea quantitative trace element
analyses ot geologic samples. Th.s class of samplefi is characler istically
heterogeneous, fine grained, and compositionally complex. The Los Alamos
nuclear microprobe has becn developed for, and applied to, non-destructive
in-situ geochemical analysis, primarily using the rroton induced x-ray
emission technique (PIXE). Characteristic xX-ray spectra are acquired by
bombardment with 1 t» 200 nA beams of protont {rom tr2 Los Alamos vertical
van de Graatf accelerator. Beam spot diameters of 10 um are routine. Atfter
spectrur deconvolution, detection limits of approximately 5 ppm are obtained
for an integrated charge on the order of 10 ., Applications, concomitant
with development have lncluded analysen of m010nlllﬂh.1'2 including one

potential sample of Iliirla."| terrestrial oil Lhdlﬂh,d archasnlogical artitacts,

and ore mineral samplesn.

Anthors: Bendjamin, Roger:, and Iffy are in the Inotope and Hucleal
Chemistry Divislon, Hagyict e is In the Electiome: ivisjorn, and Tesmer 1. i
the hysitaen hivision. Al uae at the Lo Alame NI 1onal Laoboratory, lan
Alamon New Mexlco. Conner ls oan the I'ivon 1 - -aon, linlversiity of

Calltorula, avies, Calltomnl.a.
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qQihdar pedes Canal lense:n, the nolenoid can focus ion beams to nnl.ntceton
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chdaracieragtic 1 ~ro:t ., - v L peltroneters 'al I wt el O A TR L e
microprobe system {fc1 tle- :.t:it vime.  Evelo watl ool Alignmert, W e
ohtained peak to backeiian.: ' at, . that dAre more than an orde! ~—! M.t i
quper.ur ta those obta:fiea witl o - ic st b racreptolie. These Lpecstrore ter:
w.ll tadically improve the rate il vaenent (REE) detection lamit: ccmpdl od
te Si(l.i) spectrum deconvelui:al: reniilt:, to the benefit ! many meteoritic
and terrestirial geochemical prol.lems.

Near term hardwale addition' w:ll include precise current intearation by
RBS, secondary electron suppression and on-demand beam deflection to reduce
bremsstrahlung, rapid I beam scianhing, and secondary clectron imaging

capaability.

Softyare

The software developed at Los Alamos for deconvolut ing and quantifying
the Si(Li) PIXF data i% hased on calculations using fundamrential parameters.
when applied to the data, quantitative rehults are ohtained using only one
variable for each element, peak height. The electronic signal amplitication
gain and zero ofttiet arce determined in an energy calibration roitine.
VWeighed ledant squares f1tting of known elemental peak: ih spectra from
standard: and tne Individual unknownts take into account the discroete X-ray
lines 1 the it a peakx envelopen (for example, tho a,. and a., peaks in a Ka
envelape). Thre X-1.y cner gy dependent ganssian peak haalf-width 1unetifon Is
alno calthrted from the same peaks nsed in the enetgy cdlilnaticn.  ‘Mds
puuet iaon, o chataet e pntte al the 51001 detector, apjesar: eXtiasmely stabloe
and repradmetde, CThe sample spectida dre then 1t with o neroete onvelopey
compuseen]l ol Tl s el The gatsslans 1o ol The Tines ol oach olenoent

Noecaite obty ane v ahile pe: mirlt lgansistam enve lape, chaldeter st ice ol edach



CLRr-NT, At 1equines ot -t s roatine, mAlY AW P probiemt calnl e
guant (tat.vely resclved whize Laihia:hiNg exrelient detectaon limatt. In the
cdase 11 REE data, sever. «viti.il +: the numerous closely spaced (relative to
Jitld s revgy resolutiorn) Co-oraiaen it inpused on @ non-linear bremuntlaltiung
rack:n i degrades the detgct o limatn to roughly 100 ppm.

Frsential to this method :5 knowledge of the relative intensities ot
every ¥-ray line for each elemc:nt in that particular matrix so that a single
{1t paramcter per element sufiacen. Also required are the relative
intensitiex between lines of ditfering elements so that a known major element
can be used an an internal standard for quantification of the abundance of
all other clementts in the spectrum. These relataive intensitien are

calculated by humerical integration.7

As the samples are thick taraets, the
numer ical integration inclundes the etfects of decreasing beam energy (and the
corresponding X-ray production cross-sections) with dept1 and x-ray
absorption in the sample. AS an example, a 2.5 MeV proton beam penetrates 50
4m into quartz but x-rays from elements lighter than Ca, althouglh produced at
this depth, do nat reach the detector (Na, 17 um max.; Al, 37 um max.; and Cl
43 um max.).

A truly tynical spectrum i:n shown in Fiqg. 3. The sample, a meteoritic
plagioclase that hds been impact shocked into a glass was analyzed under the
following canditront:  .% MeV protonsi, 9 nA beam current, 10 um spot, 6.8 uC
Integrated clnat ge, ¥=14y {ilters vonsisting of 20.334 mq/cmx Be and
19,117 mq/vmr Al aml @ numerical integratlon step size of 1.0 (1.0 : 10 KeV).
The c lemeats oiven an the legend and talmlated in 1hile 3 wele normalized to
the electron mictnpr-he villne of 618 Wit Ca tintongh the 1elarive intensity
calenlhat ion, . e % tay Tilters wele chaseon to spppress Lhe ma jor eloment s

siich 1 aan ol 1o minmmize detectol deadtime. Nole that at this plot
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Development pilaw include addition of thke x-ray f{lnorencence correction,
Lorentzian intrinsic line widths, low energy cxXponential tails, and brems-

tt1ahlung modeling.

1jiln jo

Inttial calibrations ngainst known materials indicate ah accuracy on the
Oorder ot 10% when a major elemeht 15 used as an lnternal standard. Precitc
curr eyl integration by RBS dand new tiace element standards, both svnthetic
aml natnral will permlt precine intersample comparition. (alibration and
relltwir e tesiting in progress inelisle dautlyses of a snaate of pure met.alsg
tau] i sl leys and minerals used oL electiron microprobe standardtsg o nnoedd

f W-1, AGY- 1, MCK 1, anel BIVIE 1 1 ock st andar o,
dehtativity to v idlaare an e beam energy (aue, thepefaore, Xay
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ottt and detetors toaetaraet gt (85 and &7/ , respectively) is
s N oassafied Ly ocalcuiation.,

Examples ot the eftect of miat! : and himerical integration step size are
divem i Mg 2 oand &, The twi hudt! poer, Pl and Fe3o4, encompass the mean
atomic numb.cr ! most geologic male¢r.iic. ‘T'he numerical integration step
sizce is in mhits of 10 Kev. In botl. ¥i1gw L and & the curves are relative
intensity calcuiations normalized Lo a 0.2 (that i4, 2 KeV) integration step
size. In Fig. % the X-ray energy depcndence (plotted as atomic number for Ka
X-rays) v« the difference (error) in the relative intensities between a step
size of L.0 and a step size of 0.2 is shown. As expected, the larger step
size yicelds poo.er results but only for the softer X-rays and at absorption
edges. The difierence is less than %% for all elements heavier than Cl (for
K-linez, and heavier than Ph for L-lines). Fortunately, the deviations due
to step size are linear for reasonable ranges of step size (Fig. 6). This
allows, where necessary, extrapolation to zero step size. Acdain, the softer
X-rays are most affected and the matrix effects less significant tor the
higher atomic numbel elements. This type of analysis, when extended to other
variables in the system will allow the details of the PIXE analysis technique

to be tallored to the accuracy required by the particular problem.

conc

The PIXE techniquee has proven to be a major advancement ih in-situ
nen=-destructive spat ially resolved trace element analysiu.  Tho Los Alamow
nicelear misctoprale: i heint developed and calibrated to prodnee apid amd
campr ehensive elemetilal analysis of compliex geologle samples with o YW ppm

detaat "on Limit .
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TAELE 2.- . .7 Mo\ PIXE spectrum, a:i plagsiccladre

Fisne-t Cencentration (ppm)
I 2700 + 1400=
Ca =6.18 x 10°
T 534 + 35
Cr 13 + 7
Mu 131 1 8
Fe 7550 + 40
an 11 + 2
Ga 60 + 4
Ge 2 + 2
Rb 7+ 3
Sr 166 1 12
L.a 90 - 50
e 30 + 50

»Errors are lo total uncertainty.




FI5. i1.-- Los Alamos rL-.rar microprobe beam line :-neratic, side v:ew.
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FIG. T.-- Los Alamos nuclear ..,Jroprobe sample chambar, tcp view. Crystal
X-ray spectrometers, nct shown (see Fig. 1), are mounted above an?

below Si(L:) deteccr.
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FIG. 3.-- 2.5 MeV PIXE spectrin and iata deconvolut:on resi:te for Zagami

meteorite shocked p.aqgicclase. Concentrations g:ver. in Table 1.
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FIG. 4.-- Enlarged portion of Fi3j. . slhowing excellent fit o reiative

intensity calculation tc data.
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-- pPercentage error as funct:cn of ¥-ray energy (plotted A atcmic
number for Ke X-rays) and matzrixX composition for numerica:

integration step siza of 2. relative to step size of 0.2.
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Ceviations in relative intersities as function of step c:ze and
matrix composition normalizeld to step size of 0.2. Results ¢or
calcium anAd iron are nearly <-ircident and are displaced fcr

clarity.
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