Statement of the Problem Modeling Secondary Fluores-

Using PENEPMA to Model Some Problems in EPMA

A long standing -- and difficult -- 1ssue in electron cence with the Monte Carlo Acknowledgements:
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Th erg is general understanding that the incident The PENEPMA Monte Carlo program, based upon in Meteorites Coexisting opx and cpx are commonly utilized as a geo- I e .
electron beam hits the target material with a small spot PENELOPE, has been shown to a.ccurately predict the Cu in most stony meteorites occurs as 1-20 - *_v t.nermometer. The opx has a small amf)unt of Ca; the
and scatters some within the material. Primary x-rays extent of secondary fluorescence in EPMA. um grains associated with troilite (FeS) and parfiLl(;r;/ ;? ?_U.CS'[IOI] that PENEPMA cgn answer 1s, how much error
are generated 1n an “interaction volume™ a few cubic | PENELOPE }S 3} computer pr.ogram. devgloped to model NiFe. Duke and Brett (1965) considered the NiFe / In temperatures can be attributed t?O Ca caused by second-
microns in width-depth. high energy radla.tlon transport 1n bodies with complex. ge- concentration of Fe in 10-20 um Cu grains in - e Lo |_L— ary fluorescence from nearby cpx |

What 1s more difficult to comprehend is the extent ometries, using Monte Carlo procedures. (One of its a stony meteorite. Their EPMA measurements (25 kV on ARL) i e i g The far left plot shows the apparent (false)
to which the primary x-rays (both continum and main 1ntendeq uses was to mode.l }"‘}dlatlon treatments gave 1-4 wt% Fe. However, Cu formed @ 475C in equilibrium - 750 Ca cont.ent mn Ca—free opXx, ad afent 1o CpX,
characteristic) can travel long distances and excite in cancer patients. EPMA capabilities have been with Fe has <0.2 wt% in solid solution, so the results were con- $ 6055603 o [ emeefiures decreasing with distance away from the
different material, resulting in secondary x-rays that added in collaboration with EPMA users.) fusing. - [ 120 1/ ¢ Y Y ¢ couple boundary. The near left plot shows the
can “contaminate” the detected spectrum. This 1s It ditters from other Mo.nte. Carlo Progtdms used by A simulation was run with PENEPMA with the same operating g 5 710 ;{5‘0 A ! errors due to Ca p %*oduced by §econdaroy fluo-
most serious for two recognized cases: the EPMA/SEM community in that it follows eac;h conditions (25 kV, TOA 52.5°) for a simple diffusion couple ge- ¥ N |l g 700 [3 ; % = X 4 rescence: the maximum CITOT 1S 20-25° too

(1) trace element analysis, and electron and each x-ray and records the types of inter- ometry (Cu-Fe), showing 1 wt% Fe apparently present in the Cu $ & L | .5 ::S P e By low for measurement 3 microns away from

(2) analysis of small bodies, 1.¢. inclusions, Jamal- action.s and the location. Thus, an x-ray generated by at 10 um distance from the Fe. This matches closely recent ex- . IRE! o70 | — v ﬁiﬁi‘:ﬁf{iﬁ:{tﬁgﬁ | DA slowly reaching the correct value .30_40
lae, the primary electron beam 1s followed throughqut the perimental work (Llovet and Galan, 1996). ool L L LT L] | ] el 660 X Brey and Kohler (1990), method 2| - m}CI‘OIlS away fr(?m the cpx. The Error 1S
as well as one unrecognized case: modelled geometry and any secondary interactions Simulations closer to the boundary run much faster since the | Clnopyroxens———| F—— ortnopyroxens | o 10 2 T s shehtly reduced lf the subtrg ction of the fluo-

(3) “the size discrepancy problem”, where there is a are recorded. Evaluating secondary fluorescence then is 5 probability of Fe Ka gen- roster Distance away from ciinopyroxene boundary rescence amount 15 done prior to ZAF correc-
large difference in the sizes of the standard and the un- possible. S | ! eration is higher, but at tion (method 1), rather than after (method 2).
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| microns), severa
Ti Ka !%t E: TiKa Pllewe; FUs only under Wm,d OWS). I; run; usmg 3 nput li-: 3 hours may be necessary Watson and co-workers experimentally | Distance | Spurious
°R (11)6 ilfe aé;;zzilgiiitgocﬁsmél? ;ﬁ etflle lgﬁ;s?cﬁa;%gﬁgﬁt : E i to achieve x-ray intensity determined that the amount of Ti incor- [?;L'::E" Zic e | umoer | e | (oo
, ’ , that 1s statistically mean- porated 1n zircon (~1 to 1000s ppm), 1 |  Zircon Only - 0 Glass w/Ti | 452
- cach el.emenF involved, anq (3) the geometr.y desired. . ingful. In this case, we coexisting with a high-Ti mineral (e.g., g gg 1: g Gfbs_ﬁgg;; | Zgg
TiO?2 Thfre lts, a farrly ste.et]i) Learnmg cull;ve, but g’lth N,Z ho;]gs of see secondary fluores- rutile or 1lmenite), was proportional to 4 30 15 5 epoxy 1179
instruction a committed user can be up and runnin - - : : : 5 30 60 5 Pb-glass 25
NEFMA bt poben ey e e i g one ' | e fUASMEMEm el o i s i eSSttt ==
(Above) Irradiating a zircon with 15kV electrons of the simple geometries. dicalbcli Lol A CLD from the Fe metal d eyothermor;leter For the low levels Geometry model 6 Geometry model 2.4 :
generates S1 Ka, Zr La, O Ka (and associated lines) Major and minor element x-ray spectra in a simple | l%eing measured .SIMS is the preferred Seven different cases have been modelled here, simulating 15 kV beam spots in the center of 30
and continuum x-rays -- but all will be well con- single body can be generated quickly, but for multiple body i} o method. Howev96r cometimes EPMA s UM diameter synthetic zircons surrounded by various glasses or epoxy, and embedded with rutiles
strained within a few microns of the impact spot. geometries where secondary fluorescence at trace element Adjace“t olivine _ used. and then secjon darv fluorescence of various sizes and spacings. Two geometries are shown (cross section and plan views, above

However, adjacent phases are susceptible to wan- levels 1s the 1ssue, 1t can take many hours to get results that and plagioclase ?::'ZZ)F:::’ ilig,::,":z, must,be considered Herr}é PENEPMA left). In the table, Geometry 1 shows that with no rutile and only silicate glass with 6 wt% T,
dering x-rays generated from within the primary ex- are above a (low) detection limit -- but in my opinion, that oM aieithes < used fo model fwo situations: experi- there will be apparent 452 ppm Ti. Geo 2 adds 5 rutiles (30 um diameter, 15 um distance rim-
citation volume 1n the zircon: in the above case, only 1s an acceptable trade-off, giving its usefulness. 10 ments where rutile may be in close rim), and now the apparent T1 1s 948 ppm. If the Ti-bearing glass 1s dissolved and replaged by
continuum x-rays will be > 4.96 keV needed to The authors are working to make it more accessible and o0 (@ proximity to zircon (above right), and Pb-glass (Geo 3), 60% of the secondary fluorescence (SF) 1s suppressed (but 40% remains). If the
e T e, user friendly. Output specifically refined to show second- .08 S Secondgry fluorescence 2 volished probe mount where,zircon glass 1s replaced by epoxy, the apparent Ti goes up to almost 1200 ppm! Two points: this 1s all

If Hf 1s present (it usually 1s), then Hf La (7.9 ary fluorescence was added 1n 2006 1n response to requests o can emy bqost the Ca < a dpacent tolzi)lmenite (below) continuum SF; and conceptually, we can view the Ti phases from point of “solid angle” that they
keV) will happily excite Ti Ka also. from the EPMA community. E“"‘“‘"’ c.ontent 1n Qllylne, par- J ' present to the x-rays generated 1n the incident electrons’ primary excitation volume.
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simulation of x-ray emission spectra usin . - I e - Ay 00 | N, e : :
Secondary Fluorescence? PONELOPE o sioclase, modelled here. L sionificant differance in sivs be.

There are 4 approaches: e —— =il B Al oveen an unknown and the san-
(1) separate the material from the second phase, “ENELOPE-2006:ACode System | .~ Distance frominterface (um) This will happen in pla- \ Pl st el dard will lead to some errors.
lelfrf?éi?g?g the problem (this 1s generally very '::; x:::'tz ::::;:::u:ra;;:;::t - :3: ..... gioclane tl.lalt1 ishadj acent ? 50 40 60 80 100 - e : ﬁ;a;nd;:iiﬂs)’(r):aﬁ; gzgg
(2) minimize the effect by running at a lower kV saccons, Spain 0.3 Olivine Fos0)  Fiaa An%0 {0 an Fe-rich phase (c.8. . . microns into Zircon from FeTIOS fooe
(and using L lines vs K lines, etc), which can S olivine, magnetite, basal- Above is a BSE image of a rock where zircons are surrounded by ilmen- O = :
create other analytical difficulties 5 0 —=—wt.% FeO* tic glass). Typically 1te? herpatl.te and biotite (from C. MO.I‘I.SSG'[., Univ. British C.olumb1a). The com g
(3) model it experimentally--poss,ible for diffu £ 03 EPMA analyses of pla- points indicate EPMA analyses for T1 1n zireons; data and inferred tem- ﬁ
sion couples, creating non-diffused couples 01| F090 : gloclasoe show some peratures not taking secondary fluorescence into accoupt, range from 162 fon i
(4) model it ;vith 2 Monte Carlo simualation ,that &y T SR —— 0.05 g:g ﬁ ;: EEQ tenths. o FeO, some/most ppm, 1064°C .(Zrl) to 645 ppm, 1314°C (Zr4). Modelling a simple diffu- o7e PRI B ﬁ
tracks x-rays as well as electrons. SR e ol of which could be due to sion couple with PENEPMA shows that these could be easily caused by -

Distance from interface (um) secondary fluorescence. secondary fluorescence from the nearby ilmenite (and biotite). Ko Xoray rerere (F: 1.6 mioron 1 oo e



