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Fig. 1

Sample chamber of the CSIRO proton microprobe (PIXE for the microanalysis of geological

materials). The CSIRO system uses a normal viewing reflecting objective lens with a coaxial
hole for the proton beam, giving a magnification of x150. Beam adjustment and sample
positioning are performed using a binocular tube on the sample chamber. The sample stage is

driven by a stepping motor (left side).
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Fig. 2 Schematic diagram of the optical system and detector geometry, showing the
Cassegrain reflecting objective lens, the Si (Li) detector and the absorber (filter).
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Fig. 3 Schematic representation of the sample holder for thin sections. A single crystal
of willemite (fluorescence material) which is used for beam adjustment is mounted
on the center of the holder. A broken line represents the position of the slide
glasses. Ref. 1 and 2 show reference points that are decided arbitrarily for the
sample positioning. An analytical point is determined as a relative coordinate
between the reference and the point of interest.
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BAN RERBETOSREGZEORr v F BV F—%v=Cab— s 0N HY b s A 2EHIOK

B L, *YTBEEET 3.

Fig.4 Schematic drawing of the pre-vacuum chamber. The sample holder is attached to
the manipulator and then introduced into half of the pre-vacuum chamber (A).
Pre-vacuum chamber (A) is fixed to pre-vacuum chamber (B) by bolts. After the
evacuation of air from the whole pre-vacuum chamber by a vacuum pump, the
holder is inserted through an air-lock into the sample chamber.
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Fig. 6 Schematic representation of the reference

points on the slide glasses used for sample
positioning.

/ Air lock
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Fig.5 Schematic diagram of the stage driving system. All of the stepping motors are set
on the outside of the sample chamber and are connected through bellows to the
chamber. To prevent a backlash in the movement of the stage, the stage is pulled

to the chamber by a flat spring.
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Table 1 Quantitative analyses of a stainless steel and reference rock sample by CSIRO’s PIXE.

sample Ck-19 JA-1 JF-1

conc. (+1q) MDL __ AAS conc. (1 4) MDL  Rec. conc. (1) MDL _ Rec.
Ti n.a. 4570 + 323 112 5100 n.a. 0.003
Cr 19.00+0.08 483 19.19 - 255  7.83 - 144 5.48
Mn 2.22 £0.03 174 1.736 1040 +£49.0 37.0 1220 - 37.8 10
Fe 69.20+0.05 102 68.25 4.81+0.94 13.7 4.95 600 £0.00 14.4 600
Ni 9.22+£0.03 74.0 10.36 - 6.41  3.49 - 5.55 1.36
Co 2040 £136  45.0 2240 - 10.3  12.3 17.8 £8.41 6.71 0.12
Cu 494 +£19.3  37.4 750 31.1£2.76  4.42  43.0 6.48 £0.08 3.93 0.82
Zn n.a. 88.7+14.2 3.35 90.9 4.54 £1.05 2.96 4.41
Ga - 14.2 18.7+1.48 2.84 16.7 21.7+£4.45 2.48 17.4
As 114+4.78  9.12 3.61+£2.55 2.60 2.78 -+ 1.42 1.85  0.92
Br - 7.49 - 2.09 - 1.75
Rb n.a. 9.43+£1.37 2.73 12.3 302+78.5 2.05 266
Sr n.a. 270 £20.5  2.97 263 174 £40.3  2.50 172
Y n.a. 24.1+4.24 3.19 30.6 - 2.64  2.84
Ir n.a. 87.5+£3.46 3.43 88.3 - 2.75  38.6
Nb 76.9+4.38 7.92 - 3.72 1.8 - 2.89  0.74
Mo 1690 =£14.1 8.02 1470 n.a. 1.59 n.a. 0.3
Sn 83.3+9.32 17.4 90 25.1+£17.7 18.6 1.16 18.1+25.5 16 0.3
Ba n.a. 442 £12.7  83.8 311 1950 =598  80.4 1750
Pb n.a. - 5.73  6.55 35.9+8.34 4.09 33.4
Ta n.a. n.a. 0.13 n.a. 0.079
sample JB-1 JGB-1

conc. (+14) MDL  Rec. conc. (+14) MDL _ Rec.
Ti n.a. 0.77 n.a. 0.96
Cr n.a. 392 n.a. 57.8
Mn 1210 £0.00  73.4 1150 1310 £70.7  82.3 1460
Fe 6.60+0.24 25.6 6.33 11.30 +£0.00 28.4 10.53
Ni 133 +£2.12 10.8 139 30.8+1.20 12.4 25.4
Co n.a. 38.6 - 13.0 60. 1
Cu 24.4£2.12  6.92 56.7 46.4 £3.46  7.81 85.7
In 88.6 £2.55 4.94 82.1 110+ 4.24 5.49 109
Ga | 18.3+1.06 3.99 17.9 19.4+1.70 4.39 17.9
As n.a. 2.30 - 3.17 1.09
Br - 2.52 - - 2.84
Rb 39.6+0.14 3.18 39.2 7.06+1.24 3.34 6.87
Sr 499 + 15.6 3.43 442 363 £7.07 3.48 327
Y 22.4+2.40 3.74 24 8.71+0.87 3.65 10.4
Ir 157 £16.3 4.08 144 38.9+5.59  3.90 32.8
Nb 28.8£6.58 4.42 26.9 - 4.19 3.34
Mo n. a. 1.57 n. a. 0.59
Sn n.a. 2.24 - 15.2 0.48
Ba 567 £ 62.2 92.2 504 135.5+12.0 70.8 64.3
Pb 6.91+0.47 6.24 6.76 - 6.94 1.92
Ta - 16.6 1.93 n.a. 0.18

27 v LA (Gk-19) FE—WERD 7RO DE LMTORBRT, MERAROFESLERERBMLULT S 26 JA-L,
JF-1, JB-la, JGb-1) W37 &Y 2DRETSHS. FphD cone. FPIIEE. 10134 0E LA TORERE BT OBy
& wt. ppm CKFi2 wt. %). MDL ZHHER (Hfid wt. ppm T 9% (SHIRROM). AAS WHTFREKIC & 34 (AKX
B4, 1964). rec. WFHVETEEFIC & AR (Imai ef al, 1995). na. 343457 L TWI WK -RIHBERLT.
Results of 7 analyses for the same point of a stainless (GK-19) and 2 spot analyses for fused
glass beads (JA-1, JF-1, JB-1a, JGb-1) of reference rock powders issued by the Geological
Survey of Japan. conc.: arithmetic mean concentrations in wt. ppm (wt. % in bold face) ; lo
standard deviation of the repeat analyses; MDL : minimum detection limits for the sum
apectrum, representing 99% confidence limits ; AAS : accepted values determined by atomic
absorption spectroscopy (Nihon Tekko Kyokai,1964); rec.: recommended values issued by
Geological Survey of Japan (Imai et al., 1995) ; n.a. : not analyzed ; — : undetected.
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Fig. 7

Schematic drawing of the exchanger of absorber.

The exchanger consists of two sectorial

wheels on which six absorbers are mounted. The sectorial wheels act independently by a
bayonet action mechanism, so that a suitable combination of the absorber for each

measurement is selected.

Y =N — OREHEBEIRT 5.

g) THRDERR L EEE

TERDON Y 7 TSV FREFRBERELLBVODT,
ZRTBESERILVELTWE, ABEOEZEEF 2X
10 torr BETH 5.

3.2 BHEEWOATEE
RETHIHEXBROBERBH L - 20BHE
AT 3o, AERETICRHCERC B Sk
V- 04 ERE (BYMEESNE) 2H 2 LEND 5.
CSIRO Tld, PHildF a v -k kB v 7)) vr%
LTWizh, REERNIE— 7 —2BL LEBE oo
&N H 20T, BETRIITbAENs —4 b
BREFVIMLLTZAY -7 —ICRBELTWS, D
BA, TOBEBIRBTELTRONLTREENS 5
2, R EEHIL Y XORIC—500V DBEE T o
FL oy =TCENEH TS (FESX). 2OV FLy
F— REKHT, K& 1mm, BEEH20mm ©Y v 7R
KR ->THH, MHBHMO—MIEHE» - D X EEE
SIVWEIRAy PENTWVWE, ¥~y VEBRZHIE
TEEA, Sy - LABOHEHE LGB
NTVWBIEBHRETHS, BEBHOMEDOL>UE
SOKA VMG, RNEEEOMETH 5. PEAKRHER

DRI ns O THBE TRV, 7V 7P
AD 2 v =4 — it X BRI 10ms Rl R 3 C
EWHLOTERTERLY., HIEZTbEWE, ¥ —
7y PEBROGTHERESREEBMN LD bBKRIC S,
FEEEL T, 7Y 7 AD I vy — 7 — ORREE
DEicENSHSELNTL 5 busy signal & X7 —
S—oy—trEEHLT, TOMOY -4y +BFEEHI
ELRWEIILT 3. Zzokdricthid,
¥ =4y FBREGEZRETE 3.

33 VIbUx7T

€3k PIXE & T3 thin target S FEE N AE & 1um
DT oOMERESFT 3 EBEEAETE K. Z
D 1o HEE OMIRRFOHF L LEA OB 5 thick
target DT %78 5 1 i3 thick target HOERE 7 o
75 ABMEE S, T T, CSIRO @ thick target
HERS0 75 L%23HT5, 58, co7ns sl
CSIRO 2 LIEATE 3.

a) & Bk

F— 7D Y 7 b3 Fortran 77 TEhhTE D,
Digital Equipment Corporation ® uVAX FCEI{ET
5. OV NIFEIMOL AR Ny F =D -TH
b, BIELIRA~NY bk, BTROBEORHELT

live time @
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Fig. 8

Schematic diagram of a negatively biased ring electrode (suppresser) for

accurate measurement of the integrated charge. a) The optical system and

geometry of the suppresser.

and the sample surface.

HELILEFVARI PVET 4 » PERBTLET, &
TTEOEELEET 2 (Ryanetal, 1990a, b).

FTRANCARY b VOB 2E3 FETLRDE
WPy 7 RO 27— ELTANT S, #
BROE#HRIZ, EPMA Ik > TEZZEMET LV, B
B fbELP—RoBHT LV, T, HBLHE
KoWTiE, BERLLLELSTOEETSLEEILN
ZETORHEREVALT v 7LTHBL., ZOF—5%HE
i<, LAYER 70 7' 540 TAT 72 ) AT, &L
Fh o O X RONBMSFES NS, i, COBH
22T, BLEOLTD R~ F VB O HRE
REL 7T ) XATHESNS., ThH05ETE, 1
A AR, BHibRE, EERINRE, ROTRILE
fE e BRI O RSEZER S L, BRIBEPT TV —¥—
DT A — g &I, NEPHEBENFES L
3. BEAEELOVWTIEADOLE, IKOKI (A -V =
KHEEs) PERsH, BTFES 27U ETE Ka,
Ka,, FEFES 2P ETIE Loy, La, NI LBES
3. ZOHWME DT — 4 3 PIXE-FIT Fu "5 4
Eoh5,

BIFE Lz 27 PV PIXE-FIT 70 7/ 5 A0S
f, 22T, LAYER 7u /5 4D 7F—yic kb
SNIRRI PNVEDT 4w T 4 ¥V ITBBN_FE
BIE) THEH~LNE. REICSNIP 7T ) Xaitk -
T, MELFART bAVDNy 2 759 v FEREL
WiZ, FDARIT MNP OLZ Ry —TE—IREE—7

b) A part of the ring electrode is cut for passing
the characteristic X-rays from the sample.

c) The geometry of the suppresser

DEANVF-OELRET S, 2 X5—TE—-s &
iZ, ASHY BEHE X #2581 (L) JUARIHBRA T S
DK BIED BT vF LS5 Eick-THE
CBREEE — 2D & T, TNEFNDOTROY —7 D&
TR NF QO 1T5keVEEN/- LT AIREL B, F
BATREECIZBH TRV E - MBHEE, Tox
Ry —7E—7 OBELE|ETERILY, ThEHMY
LT BRI EN » THEDHEEROCBREBBRAZES T
3. BlziE, Fe Ke DRy —7E—2idb x5 &ETi
Ka DL icdh 5700, 020V il Ti OlIERE
BEL, BRHEBR EV.

EFIARYI PNVOAKRTE, £, REL7 VT Y X
ATHEL RESBRESRIBEOHEL T 7Y — -0
BRERRICE > THESK S, COEGEBEIC3IKOLD
ECERLIAINT y 7EMA, Big, RlF—50
Ny g 59y FEEbhbEBIET, EFNVARY bV
EZERT B, COBFNARY bVENES NIER]O
AR MWERNIRETT 4w FER B, BB
T4y PEXRIEEFINVZARY P VDR Y — 7 OFEERE
ZBAT 7T Y XA TEET R, COREDOF—5%
GEO-TRACE 71 "5 stk 3,

GEO-TRACE 7'u 7' 5 4T3, WEHE, N&, 77
V==, RHBRZLEOERERET, REEZEHET
. 74974 v IBBVERE (F ORBHKEVED
i, ES c BEBERSOLEEEMNMSET, EFOD
LAYER 70 7' 5 A bBUHELED 5. 12 OFREH
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Fig.9 The flow of data through the CSIRO PIXE analysis software system.
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HIERFIEF PIXE & 2 0t (BB 13d)

NS B (LiTESL) $TTOFHERRVES N, &
MR ARC 7 » A WITRRIFES LB, REIIEE
RO P OEXERREZVESRE, #73, BELZ~S
bw&ﬁﬁmxa%Twz«abw&%%uﬁfﬁf@
L, fFA—HOEFEREEL I ENEETH D, Lf—HKD
FESERE, 7TV - N—DEXEEDAIENNT A —
YDA 2R, BEBBOMBITRED YA LT v 70
MR ETH B, T, MEBITROV R NT v FE2EZL
3L, XOEMNSLIBTDRTN,

b) BRI E 5 X — 5 OBE

KEDONT A -5 (REBEOME, WEESEORMF
B, 77 v —N—D¥HEE) & GEO-TRACE 7'n
75 A TOREBBEICKERDTEN S 2 EHICRET
BLEMNEETHS. FIAE, 7TV —"—0DFES (&
B 1% OBRZIRKRNITEEOFERERE i
F) IKb5% DBEEEEZL, T, MHBIIIEENS
50DT, Be &, (NBE, &REE, KoBoEsEOH
AR ORIEEZ BECEEYE, k- VT 7Y —
N—DRIEHITL > TRELLZE> DLW,

3.4 AEE-BE

a) AREoiREE

RIE D - DHES 12 EPMA Ol & FE U, Sk o
B & REICRRRE 2T OMLENH S, £/, ¥
LADBRANFESB~80um BEROT, EDORBBLE
T, SRR T OEB D PAEYOFELER GERT 248
BdHbB. 73y PUYRRE LT CBENS &I
BEARTEE X ROBMHPALET, B, 74y
FERBAETERVOT, AEREICEEI LMD
3. FHomEslid 1-2°k 5, BEBRRVL. TV -
N— EEEE ORIROSRVDT, sy —BAEREFN
Hflsh TR EASER L TRV E8FRHEN 5,
¥/, E— AQEAD Z M OB (+10pm) FI7HE
AITBIABEELLTROTLTLEBRVOT (BHE
K OB : 25 mm, MAEMIKBY 3EE= (0.02/
25)0), WFEOREICIRHEY T, ik,E—Aﬁwém
BIEFEAEEELRY, kEZL, v—-aRoEfbickDd
%6#%ﬁ%ﬂcﬁwfmﬁ¢5tm5®r,t~A&
WRIR LD /NS BTFRIER S0,
WERERFCEEEMEREL, BEOMETRD
HETIE, FHEHICRABEEAB 3 -dicld, 2-3uC
OREBMBLHEL NG, BEOY TRIkENEE
BT B iz, ©— ABHRER 10nA BITFIRIBZ %25,
H—%w FEER15nA THEHEBRELIWEDT &
T 5 (Sie, 1995). TNHDE — ABRMEDOES wﬁ
B 20 9BETH 5. WEKRMEERET 50D

HEE LY 556, EEOMER T 7Y — N —AFiT
ELF2ZETHLLIZEI PR,

b) FEFER ORIE OB

BMEEME, 57y PERERES 5 ETrbN
325, _REBETOBHBPEBOEEEOEENH 5/
b, BELdY—4y P BROATESENREEEWN &
—HT BEHEILERSH S, CSIRO TR, 7Ly
F—DEMAICE Y, ZIREBFRUEOBELR/NCLTY
52 &, RHDRBERE CRAEOE@EER CicLTWS
CEpoERBIcEBEVWIREL, ¥y VERREY
BEBEMEFIEFELVELTWS, 2L, hoFE
WHTHZmD Fe 2 EPMA & PIXE Ol THlrd 5 &,
PIXE OF5 M EPMA &0 & T5% BE/NSWEES5Z 5
(Ryanetal,1990a). Thiz, #—4%» FrBROJET
&, BYMHEESENEDR REAERNS 5 T EERL
TW3, ZOBPNEHEOEIGPHEE L ILE Sh Uy
PoTwiid, EOBEBREEL L OHEETH 5.
PIXE OMBICEAT TIE, BRIGICHES W28
DEE A EPMA THIE L BE Tk L, BESH
DBEELERTZLE VS ZEBTbhTWVWS (Ryan et
al, 1990a, b).

3.5 RIEBELIERE

a) RAF—ILONHT

CSIRO iz B %5 PIXE OAHTREEARETT 5 ko,
TR DO 2 57 v L 2 ZAF — v (GK-19) ZHIE L
fz. AF VYV ARRF — i, Cr & Fe & Ni%, [BFHRS
B2EISOERNUEITLENEZRICA->TWVWEDT, IR
SEHEOMEARIT 20 BRI TH B, WE
&, Al (200um) D7 7y —~N—%FHALT, E—sF
30um, ¥ — LB 6nA, BEEMN 2uC, D&M, FE—
HA v b A T IR R URSE Lie, —E ORI
W03 TH B, CONFTI, EEYEORTEELE
LBV, EROBEICEL - T, FFEtELD
BESNIERKS (Fe, Cr, Ni, Mn) DR (HAH
#a, 1964) A< b ) w7 20OEHME LTAA LK.
ZDO=bY)w 7 2DBEMBZNEEERTRLTHE
W, ZhE, Ta v T a v S OBRBETERSTROEE
RS HBBLHEETY, BRITROREOMEKE
HETBLDTD 5.

SBIEME RIS Y BEALOT, “IREFIKLSE
FoEKEIDPEVWEEZ NS, CSIRODY 7 v =
T ORI, HERNIE R OB BN ORI AHE S
RENTWBDOT, BEADORMEDES, WEL XK
WEICENCREEN 2 EBRFET 2 < Licisy, ok
BEADERCERTEC LK S, ¥, F—0%AL v
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WMEFREHFABREGE TS E95)

FEBOEBELAIET RS, F+—VTy FREREE L
FI8 L ORMEIREEOEITE > THME X BOFEHR
BRDT S, o0, ThFhOTLRE L0 X B0
AR ISR 38 D 5 10, HEWBREE 34 IR
Bl LB, #2T, ZORKETIE, MERERC,
N, P, Si, SPANOTHRERL L FIFEFT 100% 12733
DT, EFEDTLROGEHEE 100% &4 2Bk EiT-
1.

RIEOHRIZE 1 RIT/R Lz, £HD cone. (+10)
2T EOEREROTEE L = D 0B LRIE T OEHE
Rz (lo) Td 3. MDL 32 OTHEORHERT, <h
B7 4974 VDD 275y v FORIRDP, @
HOBMEXBOLr—s LR3EBBIXr —TE—2%
NRANWT 5 POEBOICE > THRE D, ZORE O
LROBHEBERVAERMF L >THREZETD
5. AAS BETUOLA & 2#RE (HARSHAHE,

1964) 279, EHRHTLR KF) OBALIE wt.% T, # -

ErH%i3 wt.p.pm Th 5.

Gk-19 ORIERER T, 7EHO#ED R LRIE T ORE
(dev.) 3D TEL, VETI% LG ->TWV5. PIXE
KEZEREREFETREEIC X 2HEEELKT 2
&, Mn, CudfEizd o —FLTVWiEWLY, Tho%x
B1F i3 PIXE 1o & 3 FBIE 3 5% DS THERME & —3
L7z, B, FeKy EFAIC7 O X A ER 2 HME
DCoDEEH BT I% ODRET—HLTW/E. MnD
E—27i2Cr Ka & Fe Ka DifWE— 27 lciish T3
TeDBEENPREL UL EELON, £/, Cud NiKg
DHBVWE— 7 OFBEZITVWEEEIONS. &K
OHEREOHEBRZER 1% UTTh 2, 77V —
N—DESHEOBREN1BULEZDT, 2FOHKR
I 5% B OBEENH B LWV, ThhBRIEERED
FERERTHSE LTS (Sie, 1995). CoKa D&
RO -7 LER->TLESEA, AIEEHE
FOEEBEOLS 1% D s Twiin kT
XIBWT LI B, TIREEEOFIEORE >\ T
5%, BMAPNBNETH S, EPMA SHET 3 &, &
DIER & L TERATTROERIC DV T EPMA ©F
PEWIERETH 5. hid, PIXE £ & EPMA 0F
PREEEE L THDVESE CTERTELDIRNL,
PIXE TREBHRE S TOPEMEMIELNEL L,
FHERBORMMPS B LERLTVEOLG LIV
V. L, BRSOV OEREIC DWW TIRIZIZRE
ETE3b0THBEVZ B, Fic, BTFREETIR
HARTRESMED As ® Nb dRHIah T3

d) #35 2FHEORIE

HEERROMBETROERE R RS BN T, H
BHEEHO JA-1, JF-1, JB-1a, JGb-1% 45 z21kLL
7z @ % CSIRO @ PIXE TRIEL /. ThdDH T R
&, BREAREE@EGEZFERELCASF - — TIREA
L, @BRAKE»T B ETINRETHRISE, 20K,
KicgLTam U TERashl, ThooH s ARG,
EPMA T & » TERA LR OAHBERS TV &, B
MBI & > THNEEEYP B W EMHEREA T
3. B, FiEAOPIXE (E— A% 2mm) Kk ->TH&
TROMIEEESHMEREROHRMEE 3L T
W5 &AL,

CSIRO @ PIXE TOHIER, Al (200um) OF 7 —
N—ZfEHLT, - 4% 30um, £—AEF 20nA, &
BEBH 2uC, OXRMETITY, BEERK Ilmm OF 5 X5k
OayEy sz lEFoRIEL L AEERIEHEEEE
BLd0Th5, | BORERMZR 16 AL 3
HDRPPEVERETHEL2DT, Feds 1L
Ty THED LN, k1, TOHRIETLEEYE L
WILWTERT 2 coic, AL » CHIEFAERO
eIt (Imai et al, 1995) WX B2 EHSOBEEE < b
Uy s ROEMELTASIL .

HIERERIIE I RISTR U, EERER, §52F0
WEITHEOREEMICL 6D TH S, Rec. IHER
B OREIC L BHERETH 5. RHPBAR (MDL) 35
BETRICE->TRB SN, Fekh dEEBD/PSIT
#ZTI3, B 10~%100ppm T, Fe Kb 4 AKEWHEOD
THETREH ppm THB. #7251, 3MeV OBFLE—24
AT 2541, Ba kb bEOVTROBRHBERIIEK
10ppm Pl k& 723, PIXE i & 3 EBHE & HRE AL
B s&, TRINTIE, LI Fe DFELZIF 5 Co &
Cu DEEMKEWV, 771, FedBEDODEWJIF-1
THBEPRKE OV LIIRFTORMNE S 5. Tho%ER
Fid, PIXE i & 2 TREIEIHN 15% ORECTHIE L —
HLTky, EEYEZAVEVHMBILROERELLE L
T, BEWBRTEARENL-TVE, BEMED
BVWEBMTEITOI LD, I RORNEEORE
EROVWTEZBE, D) XAV T v Z7HELBVE D IKE
WERARTEREO T TIET S L, 2) AIEEFRO
Fei#¥ % EPMA TEEL, ZO#fRE PIXE THIE
LicFe DMEL2ELEZ LI KB TROE— 7 E%
Bk scd, 02 8PEETHEEEAONS. &
KABIORETE, F—3@BFov 7 btk an
7Ty 7RFTER BRETEZELT, FeDXA VT v 7
DOEEEFEL CHBRTUEET -, LL, ¥4
NT o TBRETBEENY 7759 Y FOPRPET %
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VETHBEEAOLNS,

W AROANBRO—IRIZ TEFMEREDIZE [PIXE
DERFEE~NOISH BT 2 KRS | ORRETH 5.
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B TFEREBE L LT £ 9 VRS HEEEEE 0 RIS
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