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Non-destructive search for micrometer-scale minerals from
the inside of rock samples with synchrotron radiation X-ray:
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Synchrotron radiation X-ray is characterized by its ultra-high brightness, which is suitable
for non-destructive analysis of rock samples at micrometer scale. We have developed new proce-
dures for non-destructively detecting tiny secondary minerals from the inside of rock samples
with subtraction imaging and microbeam X-ray fluorescence (u-XRF) techniques. The subtrac-
tion imaging is a method for element mapping through a rock sample, which is deduced from
the difference between two X-ray absorption images taken at energies slightly above and below
absorption-edge energy of a target element. The effective spatial resolution is ~5 to 20 um for
platinum-group elements. The 4-XRF is X-ray fluorescent analysis with an X-ray beam of sub-
micrometer spot size, which is made with a Fresnel zone plate (FZP) optics. The u-XRF can de-
tect many elements simultaneously with sub-micrometer spatial resolution. With the subtrac-
tion imaging and u-XRF, we have succeeded in non-destructively detecting small grains of
platinum-group minerals from a geological reference material and a natural peridotite sample.
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group element, qualitative analysis
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i, EH R PATEREEZTHELLZRVDT,
Z2[H 53 TR RE O R\ o 8 X MR & 0§ 5 D IR T
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Fig.1 Principle of subtraction imaging. Subtrac-
tion of the transmission image taken at en-
ergy I from that at energy I, produces a dis-

tribution map of the element.

i{a) Ru metal

(b) Matural irdosmine
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it g < (L4213 %, 2003), 0.5mm x0.5~1.0 mm
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JEWELB T, 1~10 um % — % — O 22 [ 473 fE Tl ok
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20 KU (22.117keV) O LT (1.=22.15keV -1,
=22.10keV) T, b DB TITAH A I 7 45D KIREIL
v (73.871keV) @ 1 F (1u=74.04keV L, =73.74
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L, BRI E ) EMMERER L7z XBOASH
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Fig.2 Subtraction imaging of Ru (a) and iridosmine (b) grains in
test samples. Each subtraction image was made by sub-
tracting the absorption image at high energy (I.;) from that
at low energy (I,). The banded or irregular shades in back-

ground are artifacts.
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STEK EN/231nm TH S (Suzuki et al., 2005) .
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Ry b A ADFIHTE % (Suzuki et al., 2004) , £
HENLZXBE—-2TH A RAERERE (10"pho-
tons/s BLE) ZFHoTwaDT, HARFOELETT
EBLT, WHIZHLILEOHENLX WAk 22
EDTRETH 5o HFIZ, WX ME i, #Af
DOFEBBERE DR AT TR, BLWIZALVF—0D
WHEXBMERRT LI ENTE LD, LHEVE
HONLDNERERDL I EDWREE 2%, HBD LD
HOE XML, EE T REARBRINEE (SSD) THATT
bo BREEAT—VTARY M4 XL FEREORE
THE 2 ZRCICE i, 73 7 a0y
fERE T, ABONEHEZ LRIy Y 7 T52
EDTIHETH %o

WG X 2 v 7z XRF 5047 T, SA a2 587
L7 G DEBEDEN R ATERE Z RS 720127 X
MM EAT o 720 £ DRHR % Fig. 313R T (Kogiso et
al., 2008) . #AFHE, 1um ODHEHKE AT FHF
ANHeR, 20 EIZ200umED N v T v EER & E
WebDTHb, ZORKFHIHLT, AU v T2
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Energy{kaui

Results of micro-XRF analysis of the Pt-peridotite test sample. (a) Electron-

microprobe Pt element map of the Pt powder on the slide glass before being cov-
ered by the peridotite thin section. The larger rectangle shows the area of micro
-XRF mapping. The smaller rectangle shows the area where there is an a-few-
um aggregate. (b) Synchrotron micro-XRF map of Pt Lf: line of the Pt-
peridotite test sample. The X-ray energy was 15 keV, and the spot size was 20
um % 20 yum. The accumulation time for each step was 20 seconds. (c) Fluores-
cent X-ray spectrum of the smaller rectangle area of Fig. 2a~b.
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umXx20 um \ZHEIE L 7215keV DX HME -2 % H
SUANPSHEE L, H YT VEOBRAILHDHSH
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RT3 mm BEE 2D, UL, EBIIHHTE S
R, BEXBoLALEF—Tidnl, HYITHE
25 OHE XML AV F — RSB FRICK & KE
T 5%
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AARETORBE um ORESIIH 5 um KOSEYRE
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E—2% 0 aHETH, XBOXHEEIISIFZEE
b oz (Kogiso et al., 2008), (ZITHEEE DS
Wi aeTH 5 L MfFCE %, 7272L, ¥4 70—

DOEFER, AF Y VORAT Yy TH/NEL T L BE)
H57290, EVHIPEAOSHIIEHE TV R, #Bl21E
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mAFy T TAFy r35E, BARKMILTLI10H
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HEmTADOICHMETETHD, LI L, HEHTE
DHFERPITEE TOZRENCE L CTIERBH 2 A% L, <
YIVHOREHRTEDFA MIE 2 HIEESR
T\, HASRICEE, v M h v g viEhTid
Fe-Ni-Cu i b8 ¥ 121~100 ppm + — ¥ — CTiE L
Twb (Alard et al., 2000; Luguet et al., 20017 &)
—H, WhEBESEEY (AEkRTHREELT L8R
MRtz &) L LTHHFELEL TS (Keays et
al., 1981; Lorand et al., 20087 &), L# L, Fe-Ni-
Cu it fbsEh o A& T RIRE X, H—o8AaAHhT
HoTHHMULHITEDL T EHNEL (Alard et
al., 2000), F7z, LS IMNCRREL A%
W (Lorand et al., 2008) 728, L5650, <
MVROHREKEITHEY EOREH> TWL00, F72
RAMELTENEZEEBHTH AP EIAHTH S,
FIE It & 7 IERNE oL L 7 0 & 2 0%
AR S 51, HEBFTEOTERA Mi% 4
ELTRIRL, ZoRECHNZMEIHT LI & AN
RTH b
HEHRITRORA MAZKFET S LV oTh, HE
Bt EA LT L O UNRSEMICIRE L T 5 LIZRS
v %Y VO FEGEYICHE L AR E TV
LML HETE 2V, LAL, 7 ¥I VanrbiHk
NGRS ERICER S hTws 2k, F7z,
YT VEOHSHEICRREO SR LIELIE [
7y MRl (Ba) PR S5NDZ L (Meisel and
Moser, 2004) 25, MUNEWIZIREL T 5T HEME
FHoicEnweEEzoNhs, 22THRAE, 9, H
GHRICRITIRE L7 SRR SR K K ol
TREEMITHI L2 HE 27, LT, IEIETR)
RIS BNEWZ RO 5N b TR E LTITEE W
DI, EHA A=V v 7~ A 7 8 XRF T
Hol:blIThb, 2 LT, kex RkITHEOKE,
CD22DFFEEANT, BEYHERROA VT~
BND, BUNASHEEW ERRT 52 LIRS L
(Kogiso et al., 2006; 2008) o
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SR SN D HARLIEW O E X, 4L D
DOEIMAREE LTHE I T WD, BREHDS,
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EDRLIELIEDH S (Meisel and Moser, 2004), i
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1117 & 511TH D2 TY D FEZ THHATE 5729
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ThHhbo 72, Tvyal—F—RlEThrd, X
DY — WAV S S TRRBEDIE L, KBEIS
80 m DILEIZH %5 —FER v 7T, #£0.7 mm X B
1.4mm O ¥ — A% 4 X T 10" photons/s D JEH
BENERINTWD (Suzukiet al., 2004), TD X
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*%#\4x—7>¢f%itb,ﬁﬁ%®Kﬁf

FAOMLZD$T5DIZHLTW5,

AE@‘ﬁfmwtﬁﬁﬁﬂi H & HEIe 3R DR
WE DO &> TH 5HPTC-1a (CANMET-MMSL)
T, EIZHWGL - RY N T 2 VL - ARSI S 7 B
WAL DREWH K TH 5o BEDOAEIRICRIRE
i3, 787 Y7 5448 ppm, H4£2.72ppm, H Y7 A
0.33ppm TH %, L4 AIZ, PTC-la lCBHLTH 7 v
FRIRIZ X B2 AT RRE DA EHE SN T
W\ (Bowman et al., 1999), #5454 X =T V71
X, #8 g @ PTC-la ®¥yK % EAE30 mm DfifbE =
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IR - BARIBRE - SARIEREL - A -

T - AR5

VDYV ZIZEDTNY FZ L ATHImm EDR
Ly MIEBI L7202 iz, ¥—AF4 2V TD5
ﬁ%%k&x7»@ﬁ%%FQ4 BRMIORLTH
%o XM & HEHC WCHBEL, ZogAHIZH 5
(mDﬁX7fLL@%ﬁ 25 5o A1 AT OREFIZ500
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ERA A=YV TTIE, BT ANVT—HOEMEE
B ANVF—HOEMED T Y FF AP TE BT
KEL B L9, HHOLEOWIUGHI#H#TTE 572
FIRIEOB VI ANV F =% 1, TEDL720IE
DEVIZANVF %L, & LTERTILEND S
(Fig. 1) o £2°C, EBROEEWE 2583 50012,
H&HEZ2HWTHEO KRR (78.395keV) fitilf
DX BRI S (XAFS) A7 bV ZEHEIE L
720 30 um EOHEHEREHIEBEIZ X HEAHL, X
BMOTANF—ZEZRDPO A XHE R % 5B
L-XHoOBRELZME L. B5Nh7-H4 0 XAFS
ARYZ MUHS, WY b T A MBERAICE S X
9, Ii D% 78.54keV, I, Dftix78.30keV & L7z,
KIZ, PTC-1a DXL v MZDOWT, % miEE
AT =V T40um 32T 6 LA, ILnOT %)V
F—TLAErL7- ) OFXKMIF TImm X9 mm O
HPRZ L Lico COEBBEOHRNS, KRN OGH
WG DB o TG R A AROZL, %h%n@%
FriconT, I & L ZNEFNDO AN F—TEHBG
%%thW%bfﬁ L7 #LC, I vEa—%
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Fig. 4 Schematic illustration of the configuration of subtraction imaging and micro-
XRF analysis at beamlines BL 20 XU and BU 47 XU, SPring-8.
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Fig.5 (a) Subtraction imaging of Pt for the pellet sample of PTC-1a. A highlighted
area in the subtraction image indicates that there is a ~50 um-size Pt nugget.
(b) Fluorescent X-ray spectrum of the Pt nugget.
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keVOIRANVF—%EALDOIF, AFXHoar 7
FEELOE -2 S RKBOE -2 2L TLZ
AT L EMITLHIL, ALKBOT F L F—
(66.83~75.75keV) X ) T keV Ll EEw AG T
ANF—HPREZE 572720 TH5H (Fig. 5b)o 113
keVTIE, HE - AU YT L - FAIT20KMIZ
L TE 205, BUASKEITE V7=
AT ITL - NRTTVTLN) DKM (19~24 keV i
W) R, ASBEILHRICE DL ) T DL VEDK
Mt (10.56~11.8keV) DEER)FIZE L (K, L7z
WoT, TNLOILHENZOREMIEFETNTHD )
E M, Fig.sbo 707 7 4 VT TRHHTE
v, 72720, At AV I EFRAITA
i, FENTVZE LTOIEFICREIMERVE S X
%o

A A=V 7T, BRLUZASREMOIY
FCEHFAETE RV, BHRICE > THEEREM
FOEELT, BT~ A 7070 — 72X 5 EWGHT
THMEFET 5 L 2 Ahiz. PTC-la KD BID
795273 v010g 212N ®HCl #7.0ml il 2, 2
HR180°C D&y 7L — b L CTHGMH L7, 2Dk
ErBETH~Ara 77— 7 TERM Lz 25,
s 4 WY & A E D Co-Ni-Fe tEALWICIR L - T,
HEEMEZ T 05 7% 530 um KOFEYR A L o
Mole TO2XEUITHMMTE LIRS

O, TOHEWIIMEEIE (PtAs,) LEZON D, Z
DM, BT A EGLHFERILY D Rod o 7295,
RKEESDP3um LT E/NE L, IEMERMK E Tldie
T&Lhol, WTFhZe X, PTC-1a i2id, E+ um
RKOWMAEHENEZITNTWLEZ EBRHSLNI R 572,
R L72b 0, EHA A=V 7LD kiE
DTF7arThrHH, KEX, LEOMAE DY
POHERT, BEHA A=YV 7 TRAZASEEMZ
AL TH - 2R T V. #EEX BT e 7 7
4V (Fig.5b) THEZEOE - R LML VDI,
Fa U7z & 912, 113 keV TIZALE 0 96 X M
WRPE LN EABFREEZ SN D,

B L7:01gD 7527 ¥ 3 »HhiZ30 um KO
H&AH 5 L, TNHHH ) AEOREX, BtH40
BRI EET S EMlppm & R Do —H, EHA
A= U7 L729mmX*X9mmXx3mm O (FErIZ
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Fig. 6 Micro-XRF mapping for Cu, Ni, Pt, and Ir in the two Fe-Ni-Cu sul-
fides (307-5 and 439-15) in the Horoman lherzolite 1102-1 A. The
pixel size is 1.0 um X 1.0 um, which is the same as the step size of
scan. The accumulation time was 10 second for each step.
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