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Secondary Ion Mass Spectrometry:
Theory and Applications in Geosciences
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Abstract: Secondary ion mass spectrometry (SIMS) uses focused high-speed primary ions to produce
secondary ions from sample surface that are analyzed through a mass filter. SIMS is often called as ion
microprobe, since it offers a micrometer-scale spatial resolution. Although the precision and accuracy of
SIMS are not as good as many conventional mass spectrometers, it has several advantages such as small
sample-size requirement, high spatial resolution and capability of in-situ analysis. In the field of
geochemistry/cosmochemistry, SIMS is widely used for (1) stable isotope geochemistry of H, C, O, S, etc.,
(2) geochronology of U/Th-bearing minerals, (3) lateral distribution of trace elements in a mineral, and (4)
discovery of presolar grains and investigation of their isotopic compositions. '

Key words: Secondary ion mass spectrometry, ion microprobe, stable isotopes, geochronology, trace ele-
ments, presolar grains.
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3} 8H(Geochemistry/Cosmochemsitry) & £33 228t
Hololl A g5 ut A3 Hopo|a] o]zjo] &3
gEA 7| o] gg Bole A, 1) i, B, A A
2, 8 5o MHEAYA AP (Deloule er al, 1991;
Valley and Graham, 1991; Choi et al, 1998a), 2)
Aol Hi}xto|E | 9135)4(apatite), 24 (allanite) &
o] 3 ¢E5/EF BE(U/Th-bearing minerals)®} Al
Z % (Compston et al., 1984; Sano et al., 1999), 3)
&M (meteorites)) A A E = Me) YA F-E(presolar

grains)2] T WA A-7-(Nittler er al., 1994; Choi et
al., 1998b, 1999) 22]3, 4) 43 U wggdie] #E
¢ (Zinner and Crozaz, 1986; Hinton, 1990) 528
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Fig. 1. Schematic diagram of secondary ion mass spec-
trometry. ESA represents electrostatic analyzer.
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Fig. 2. Primary ion sources and primary column of secondary ion mass spectrometry. Primary ions are deflected and
focused on the sample by mass filter, electrostatic lenses and deflectors. Apertures are used in order to control the pri-

mary beam intensity.
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Fig. 3. A cartoon showing the sputtering of solid sample by high-energy primary ions and generation of secondary ions,

atoms and molecules.
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ol RN 9] A&7 Edshs JS(@FLHE
e wS Bisle] 24E oA vi=s 89lo] €
t} o|& FE3}] $iste], dnkEel AFEA ] H|
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Fig. 4. Shapes of secondary ions at various positions in SIMS, where (a) with a smaller magnet and (b) with a larger
magnet. fon images A and B represent the ion signal to be measured and the nearby interference, respectively. It can
be seen that SIMS with a smaller magnet must filter more ion signals to remove the interference.
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= WA Eo] & HAR AAE AMEETS 297,
HALG AAjer HE7] Aleld] A=zt A4E AITh
shtel FFEA )M = B FR)e WX g9 A
Z27171A8] Agle ZAEHY dernz AFEHFS
A 871 A= &3S olgsla] ojzlolge] UF
£ Aol AthFig. 4). wpelA, AAE o)zfe] o]
HAEZ7VA =E8heE g, &, &9 5 & (ransmission
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719 55 A9 = Ut gy, FAREEE
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ol3ty] w7k EAE £ Utk A2 AdEE
qE olzlel2AREA7Y A¢ tbF HE A (muld-
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o)zt 2 A FEA 7|9 B F shhe AWEH ¥
Aol gt EelF olazt B3 A Esle] ofigol
AUThz Aoltt, dato] 2] Al7|(intensity), HE7|lA
ZA = olajel el A7), TBlF 4FA she AR
o] Fxofe] AAE 7V 0 F FAY 4 Utk

Aol 2] M7)7} N (particle/sec)o] 3 Al &) At
A7} n(atomsicm®), 2~2HE Fel o] A7 B b
25 A2 W 94 /i5E Nolgz s, B9A
29 Ad"e A8 ¥3 VE, V=Nn
= Nme[al/n o8 & 4 Utk 47N ¥, 2 T4
E]% H-&(total sputtering yield)ol™, Y., = N/Np
o} o} AWEEY &L Aol A7)9) dRtel
o] ZRZHE (impinging angle), 2212 A9 334
W, TR, BE Fe oy, dvtFoe s 1Hn) A
(Gnaser and Oechsner, 1989).

A8 ¥3 vijel ofH U4 A9 YAMEL(atomic
concentration, C'(A))= n'(A)net Zt}h sl g g
AlZbE 2FE gl o8] WEFHE 94 AY FE,
N' @) =rA)V =CnV = C@AN, ¥,,01%, 3714
A HA se AnEHEe o8 wEE 945 oujg
T} 2HERY Z7oE AEF 23 3 (preferential
X+ non-stoichiometric sputtering) W&ol W&EEl< &
Aol Ai¥le A8 oE § ot A, d-
AlZro] Auha U, g3 o] olFojx Alge] ¥
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| et Tz} M 4Y AA7k@E M 4 sl
(%, q=0, £1, £2, £3 §). 54 A2}t ¢ 713 &
& T i, ARt ¢F e 99 J gz
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2o Ao 2deE g os) HHE o]L5Le B}
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AlE9F HFEA B B} F27} 8] AR
73*‘13*01] Y (AT oA, ry g 1olt}. A Hol o}
2t 2HEly E&3 ol&sl d80] FEXe= S
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9]r EEA gL AR F27F 3] dAEA &=
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o 271 whe A 2Aso] vlolAE Bele) Fe
FF0) g wAEA S shestAl gt ol A %
BA719) o2 ARz Apo)HolH,| o]xto]
FEMZ1E Hol FH F ik 48t e ¢
ol it sta A HFol A glo] AnfHol
v dAnjebE Aol FEE AH B (in-sitw analysis)s
UThe ZolthFig. 5). Wk, FEAZelM ¢
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Aol W @l Ueth. AB HWo] dxjol
o3 718 g W HBE, YRl e VY A7
93, A% A ol BY&IA s A

A 943 HoluA slmz 8o BrbesFich g
Ay FOo8 AE BHE IYshe 4o% ojHd #
ANXE FEHoR dAdT F drh A, Lol
& Eoae 2 ¥ oz} AxE AE

oA WEH DR E3| vlHEA AR A$ IHgeo
2= olg &3] dAg F glrh o] Sl Azl
Z(electron flood gun)S ©o]-&3le] AAE ¢l9How
AR BH T8l e WS ARESHA "ok (Lorin,
1992).

A de] AHEe oatel A FRA I &% 7]
o) ZgA i tel £AY(Cameca 3-f, 4-f, 5, 6
), M 71Feze= F7t 1270(Cameca ims 1270)

Fig. 5. A secondary electron image of magnetite and sil-
icates in the Semarkona chondrite. Two sputtered cra-

ters in magnetite were produced as a result of SIMS (Fig. 6)% &F=+Yheal(Australia National Univer-
» 0 g
measurements. The diameters of craters are approxi- sity P ks T7he ) o) 23 n) A7) (Sensitive

mately 15 pm. ) ] .
High Mass Resolution Ion Microprobe: SHRIMP)

(Fig. 7) 5°] vk AFEA7)9] s Had 33

o, Az 71 EAle & AFENE ARV o} 3 W3 (urning radius)oi2 Ve = =), JF
olF 24 WAl ol REHag &y vhest W7t LAEe A9 0.127m, YHHF} 12708 0.585 m,
ol okal Agt wpel 7hol AREeS A IPHA SHRIMP= | me] 3] W3-8 zh=th oiE 7|59 4
T $MEES A fAM fisiME 718 oy T A% 7%l vE] of 6,000 9] A gES] Tl A
Aok St A gl 108 o] k. ATt V1ESe F2 i

ol e BAE o Folo) Algo)A] w7 o] (0N E A= FLFHRuEED A o
M ANE BEHE S0 gidET) Solds ¥l L(MCsyE LT 7] Y3 gHoel sl dxjolewt

Primary

column

Cameca ims 1270 ion microprobe
(magnet turning radius = 0.585m)

Projection Entrance sli

Imaging lepses Detection
plane block Electrostati

Exit slit

Electrostatic peak
switching
compensating lenses

Fig. 6. Schematic diagram of the Cameca ims 1270. The instrument is capable of both negative and positive secondary
ion measurements.
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Fig. 7. Schematic diagram of Sensitive High Mass Resolution Jon Microprobe (SHRIMP), Main application of the
instrument is in-sitw U-Th/Pb age dating of zircon and monazite.

ARRE BF PR o, AAEE A3ksla 9l
of, golem Yoles BT BAT 4 Uy Uy,
SHRIMPYE Yuha o2 FeEulzviEg uhg ¢ilo]
& R AHgshe, Axlge] flo} deiies &
ol&2 BAdi=dl Basic} ol SHRIMP/T ol
o] Felz AL Fdsle § $HEER #8589 4
] 245 98] A7) BEo]cKClement e al.,
1977).

olxjo|2EEEM|2] #E

ojxpol &g rl = 2|2 Fob rte] ope}
a2, S5 v a7 2 A8 Eoklx
8o sete, 2 ol AA A FAM ddt F
A4a g gstas she A RE Fobl &
9 4 gk @ ool 28 75 ABES
Ao} viEkAe %, F4AA £XE sk
de) olg¥t) tid 7159 34 o= ¥ f2hw
(EE #2e ddl I 23 o4 ok

orHEAL BY

2} 28} Bopolla] ozl A PFA VIS olEsted |
FE AEAYEAEE 4, BE, Ba, A4, &
gy, Elebw Fol Urh

FAENYA BMde dutdge g o7t YAl
oz AMgEH, H¥el Dt o] 22 FEl3lr] HsiME ok
1,0008] Amgslpo] a3 440 Fakol A

Hoz we Hr7l w7 Hd DH ¥le
0.00015576; Hagemann et al, 1970), ©JAPo]SETZE
HANEe 10% olate] FUxE A7 sig- PEh
o] 7%, 8D 7ol HHh = AW %ol D3 24 A
gel #A299L dFode oelgo] flov, b #
o] 200904 +20% WS ZHE AP 94 dF
A= a7t 98 = ckDeloule er al, 1991).

BEL Fukrh 108 119 F P EAELE 7}
2w, YRR Ble] WIS 0247260 thDe Bievre
and Debus, 1969). ¥xjo]&e 07} FE ARZHH,
RS VB AlEelA EElsir] dEdE 2,000 FE
o] AuRalso] Pesltl Chaussidon and Albarede
(1990) 52 H7|4(lourmaline) W BE FH ¥y
& 1% olde] Pung Basled RIENTH

iy 08t BC R iYL E e
PDB(Pee Dee belemnite)] UC/CHIE 001123700
(Craig, 1957), “CH o|23 PC °|&-& 23] 98
Me o 35008 HEEsEe] gasith saiel
B o9 Gt BF YAl Lo AMRE & SIAY,
guiA e @ Cstg ojfdhe Rol F 9 B ol23tE
& B}

i 60, "0, PO Al HPEEYYE4LE AN, B
8] P (standard mean ocean water: SMOW)S] 0/°0
BlE 0.0003828Holmden et al., 1997), ¥O/0 HlE
0.0020052(Baentschi, 1976)8 BIse] Qi) Juk3E o
2 Rpare] AJgEel AL RoMo vl ke SR H
ed, ol FET AcREE GHEHYSENT
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Fig. 8. A mass scan of O™ and OH on a magnetite
grain at mass resolving power of 6,500 using the Cam-
eca ims 1270. The ""OH peak is completely resolved
from the O™ peak.

o]Foizl 7% V0/0 HlE= 00 HIEHE Ao
7Hs3t7] Wl ZolthBecker and Clayton, 1976). 3}4]
w24 A8 Agole I 2ANA 2EE A
o] oly7] dj& 0, "0, Y0 BRFE BAs)o} 3}
o, o] ZA$ “OH'E £37) S8 6,000 =] &
2 AFE 5o 2 7HMFig. 8). Valley and Graham
(1991, 1992)3 Choi er al.(1998a)2 7tz WA} &
Ao E3E 21 A (magnetite)?] AHAFHLL: 24 S
A, T A WMz §%0 Fhol 10% 7H7te]
apol7b dthe A#AE B ol#d 4 A
E e FEEY ALFHYME il W
oz EAste] AAF-9 U2 A (oxygen isotope
geothermometry)E -8 of nfl-g A4gE Foj7t &
8F& AARREEL ot

ojelol = 3H(Eldridge et al, 1987; Macfarlane and
Shimizu, 1991), Z53 E ¥ (lreland, 1990) 529 ¢4
YA QFE ojxlol AR 77t B4 )

ir

pa o B35

olFlo] 2AFRA IS o] &5IH AT, Bux}o
E Q13HY, A F febed EES TR BE
3t At =H o] 753K Compston er al., 1984;
Sano er al, 1999). @Y #E oM E 10-30 um =
712] gl el HEM(spot analysisyS S Z
BT Y GARE 78S e BE A8 4
ZAoll o9 {83 AHEEY] olRfo] 2 FRA )
& eE/EE-Y QUSRS s 3%, U-Th/Pb ¥
of wel B9 E FAe S "o
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Yafo] Lo 2= 07} o] &-HH, e, EF, @9
94 Az ey nYdast JEFALI 4
T3 AT Exlol2g Eeldf ot sluz uie =
& AHeso] 27T Wik, ¥o 2R 5o
A gRtEgol Be 4% JFeRE o $HE/ER
FEo dd &Fo) Brhsdith. Ynd o= 6,000 F
=9 "AFE ol AAgEHed, o] A9NE FAasE
E(hydrides)& #4383 28] A £33k o E
o], pprol] MPpH* 257t AR EFH= AL ¥
£ glom, o] A =245 YphUPh Hl= AARTH
AARA "} o)zl A FEA 7N E e 94
7t dEA oz gol o]&3 He 7170 % 4
28 (instrumental mass fractionation)e] UoLtE=H),
ol#3t Fah= Yppl%pb H]E AA BT A uhEo]
WppHre] ZHdol 23t §HE o= AT A=
AAS 7R, ofd A4 Eale) MpbHre) 7MY &
7 FAG F UE TR o e e B AHE
H-E} Compston et al.(1984)2 54 E Pb/*Pb H|E
a2 AMg-EE T AT, A4 At 3 3B
MppHe] 7] E3E HAE Fojof F} o] Ay
Wpp/2%ph H)E Y3 Y EFAIFE 23 sle] MppHY
A EE 4% F AR HEsH 29

o|A}o| RAFEAM I E o) fsle] FEY dAulg &R
e AL M & AYog:e 3717 Fe 3 Ly
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