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In this paper, various studies done by myself and my co-workers are reviewed with the re-
lated works by other researchers in terms of nondestructive speciation by Moéssbauer spectros-
copy and X-ray absorption fine structure (XAFS) to understand various geochemical conditions.
These methods were first applied to the sediments collected from the Tama River estuary in
Tokyo, Japan. Prior to speciation, concentrations of 33 elements in the estuarine sediments
were determined by activation analyses. The speciation of iron in the sediments was conducted
by using Méssbauer spectroscopy in order to clarify the vertical change of iron species. Although
XAFS can be applied to measure many elements unlike Mossbauer spectroscopy, the XAFS
spectra of different species often have severe overlap in the whole spectral region. For quantify-
ing the species from the whole XAFS spectra, partial least-squares (PLS) and artificial neural
networks (ANN) were employed. The overlapping spectra were successfully deconvoluted, and
the relative abundances of iron species determined were consistent with the results of Moss-
bauer spectroscopy. Applications of the Mossbauer spectroscopy to the other materials were
demonstrated; e.g., the distribution of pyrite of the sediment column collected from salt lakes in
China suggested the past climatic changes.

Key words: Mossbauer spectroscopy, XAFS, speciation, sedimentary environment, nonde-
structive analysis, chemometrics, activation analysis
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2. AOHEBRYPOESETROEE)

2.1 HEMESRICK 2R OBHEBRYO TR

AR, W AODSER L, Z 0BT E
RERLHEE LS TnD, WKEBKEPRIDAED
B R TH 5 (Croudace and Cundy, 1995;
Ravichandran et al., 1995) i [13IZ 31T % W E &)
WP R MBI F I 0 SRS A5 2 L 2 HIY
L L, HUTHER L BRI SR W 2 & £ 5 337T
K OB B X OBALEW DL FIRTE & 2 D FhiE 5
i w7z, W D720, LEE)ER FRIAE$ 5 0]
LB L AL EOL VIR EZEZ 5D
KA 8 C b R 2 BRICL, WAk 547
WAL 72 (Kuno et al., 1997; Kuno et al., 1999a;
Matsuo and Kuno, 2004) .

ZEENM T, 2km B 7220 0T Ok
50 ecm) 205 S#45 ecm T TOFIRHERE Y % 9l
Zh7z DRI 720 WEEEHTIE, Wohdfir Ok
HHEBTm) 20 5% S#40 cm T TOMRIRHERY & K
WL720 BRI 7-HEREIIR S T LT, bk
T ba#ri: (INAA) B X ORI A~
<O HTE (PGA) 12X D ILHRSH 217\, “Fe X
ANT T =4I XD SALEW OREST T 217 -
720

INAA & PGA IZIEWBEZ TR IITETH Y, B%
EIC X B EMSUE L TP &, BRI
IHRRHEREMITHLI LN TED L), BROF
FIAET 22T TR WAREN LR NN D 5. PGA X
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WEH LWTC, S, H, B EOEILHER Cd A
KERCERBTE25ENH S (Sakai et al., 1994;
Yonezawa et al., 1995; Yonezawa, 1996). INAA B
L O"PGA 12X W, Al As, B, Ba, Br, Ca, Cd, Ce,
Cl, Co, Cr, Cs, Eu, Fe, Gd, H, I, K, La, Lu,
Mn, Na, Nd, Rb, S, Sb, Sc, Si, Sm, Ti, V, Yb,
Zn D3BTHEDOMESAE W L2 L7z KLFEEH
mid, ARYEAREREKELR MO S DI
Lo THMMICETT 2, TOREERET S0,
Al &A= THISAL U IR 2 o0 A % 30 L 720 Bl
HALIZ Al 2 723 EE, AL 28— IS B L 2 C i
LBH LIS WILEDO D TH L2 TR, LiEdh
CKRBEIZEIND 0, NBIEEEZTE LT
b, ZLOG, TORENELRL) ZNHTHD
(Windom et al., 1989; Schropp et al., 1990) . & L
2FEDH B, FIZHIRRWEE S 517 S, Cd,
Zn DR 534G % Fig. UIR T SITEBHTE LS
WART 525, UK E EERRE T HmBA 4+ >
DR DD 72 IR FEHB TR R T OIF I & D &
S L E LTHEESNTWwWAzdEEZ LN, H
B & BRR A A > S TSR RN 22 50 A
L5 2% (Matsuo et al., 1996), Ag, Cd, Zn D54
&S DoAi LW > TV D, JEHEDHERIL 12 B)
ZEE T, IhSonRIEmiby & L CHR
WD AT TWE EEZ OGNS, £NTIE, WEHK
WAREMHEERICIE, —RICZD L) hAEETEIRE
ENTVDEDNEN) EZ) TRV ABIIEED
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Fig.1 Al normalized depth profiles of elements of the Tama River
estuarine sediments. The shaded area shows the range of
the maximum and minimum ratios in the Lake Okutama
sediment, except for Cdand S, for which only their detection
limits are shown (Kuno et al., 1997).
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JEH T S OHKRIZR S22 H b 53 Cd 13kl
RALFCTHoTze TOZ L5, LB MR
PR O CAd X AL E I X D Sz oR
BRI T AL VR L & L CRE ShTw bl RE
WDH %, bLIDOX) Rlinfb & L CToRED %
o2, TNOOAETERAKPITES LED D
B rTEHEEINLE, ZONNDL, MRETHE
BITHRG LEEE B2 52D T& % (Nieboer
and Richardson, 1980) .

2.2 XZANIT—RRECLZAOGHEFEYHO

#BHOIRED R

Fe b $72iftWE KT 2 LHTH LA, TO4
BIIESICLDIEMMDV DIV AON L o720 22
T, “Fe A AN T —=0WEIC L), ZOfLAmRIEh
5545 % X7z (Kuno et al., 1998). 2B 135
HERE T DFAL S W DAL AR S 046 % Fig. 2121
Fo ARNY T =TI, Bk, R ¥ VIR
LEDRLGZIAFEO A ZTHRLIENTES

(Tominaga and Minai, 1984; Minai and Tominaga,
1979), #§ksh (pyrite, FeS,) WO Fe 13 I A
Y o2MiliTd bo HERMPIAHEIET 52D X 9 7 Fe
DAL T ERIET O b DD AE 2 55 (Manning
and Ash, 1979) O THWHATRL L 720 BHEOREEER
W& A ORR, #HEkIE20~40 cm DR S T K
iz & %25, s LTRBIER A ¥ 224 o 55
DA ICEE T2 2 L 2% 7z, BILEICEN 2
ERFEEEIE RN T 5 L E R HENHDIT, Hk
PER A ¥ v2ffiopsras, HE TP L, @EEHT
BOWRT203ABERLHLLEL 5, £2T, #
WL722D % £ DIRECTHRMRAE L 72HB 72T TR
<, 25Tz L 72 Bz AR W T hllE L7z &
Zh, WHMEEAY 2AliD A%, EEZIC X o Thg
LI N2 HT & R D IRD G L I bz, £
O OERE GG & AT RER, JAEZ % 7% % U3
SR U CHFRA L, BHZIC X o THRIL S L5 sy
FR SN L CTHRABINT 2 2 b h o7z, HiHd
— R A BRGSO Fe, & (XM 70 R T £ Sk

(pyrrhotite, Fe..S) &#z 5 b (Lipka et al.,
1993)c 20, REAHIMT 5 &7 A BRI O MK
RV £ BRI L K YD W T w7z Fe YT 5
WS, TOFe IR EEH T E LT, L)L
FRICTEA OV ERG T IIMRSkEL & L CRIEShT
W3 E#Ez 515 (Gagnon et al., 1995; Manning et
al., 1979), THEHERY (Kataoka et al., 2003) <&
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Fig.2 Depth profile of iron components in the
Tama River estuarine sediments deter-
mined by Mossbauer spectroscopy: open cir-
cle, paramagnetic Fe™; open square,
paramagnetic Fe™;closed circle, pyrite;
closed square, magnetic components (Kuno
et al., 1998).

WHEREY (Zheng et al., 2007) 122V T b FAEEDS
Bzt L, SALE Y DL RIS E 5040 % 1572,

2.3 XAFS &EIC & 2 A OEHEYH O#DIRES

A AN T = E N 7 IR IRTE ST T B
505 BWHTEZILEFROEN TS, —J, XAFS
3% K DILRICHTTE BN, R 2L ORT A
Ny P VBB LS IS L TS b Tl A
WOT, REWBEHIN S % @ WY I HEET
% (Bertsch et al., 1997), ZZ T, TD X9 %Y
HTHEERE S DERNTE LLERFILETH
% partial least-squares (PLS) { (Lindberg et al.,
1983; Otto and Wegscheider, 1985; Kelly et al., 1989;
Lavine, 1998) % XAFS OHTHEER (HIETE
5 X MG R 1 (XANES) DT iZIe i L7z

(Kuno et al., 1999b) o # O 7= OFEHERELE LT
W&, A AT T =56 X D AFEDSHERR S 7z Fe*
EEOhALY & A BRIESLY, Fe' &2 &L - K
ALK IS T 5 W EREE, A B AFA (olivine), §I
#k8L (goethite) & ZN &% Mex RILETHLREW
7z iR o B AL B & B AR T o L A
XANES A X7 M VIZH 2 258K E WV (Bajt et
al., 1994; Westre et al., 1997) o 2ili#k TEALJET- 2%
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Fig.3 Depth profile of iron components in the sedi-
ment core determined by XANES spectros-
copy combined with PLS regression (closed
symbols) and by Mossbauer spectroscopy
(open symbols): closed circle, pyrite-like
component; closed triangle, olivine-like com-
ponent; closed square, goethite-like compo-
nent; open circle, diamagnetic low-spin Fe
(II); open triangle, paramagnetic high-spin
Fe(Il); open square, paramagnetic Fe(Ill) &
magnetically ordered Fe (Kuno et al.,
1999b).
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RENT,

BB, =a—F W4y b= (Gemperline et
al., 1991; Miyashita et al., 1994) % XANES DT
WA L7z (Kuno and Matsuo, 2000). [ U < #&$#k
o, BALAH, SHEESLORGHAFICOVWT=2—T
Vhy NI =271 X BRREIT- kR, EBEOLE
EHEE T VIS K » TEHRE S N2 & oM BREUL
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ENOWEPRDOLNDL Z EWbh -7 (Fig. 4).
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Fig.4 Correlation plots of the calculated vs. actual
relative abundances of pyrite (circle), olivine
(triangle), and goethite (square) for the test
set by artificial neural networks (Kuno and
Matsuo, 2000).



R ZING T =56k B L OV XAFS % W 72 R BRI (2B 3 2 s ERIL A ik o 107

BETHDH I LARENT,
3. BKEHERYHOBKOIRER

PERKOEKRNTH 5 HilEilH (Kelts et al.,
1989) DOHEFEMIZ X AN 7 — 4tk &#A L, HE
YOS FIRE L Z0ME S A ExH ST Lz

(Kuno et al., 2002). SGilod X 512, W CHSHERY
TIkiR % EERIE L 3264 A+ VSRR
WRE TR T ONENC L D s ik & L
THESINTW S, HAKMDHEREA 4 v % EHh, BT
M2 RPN 72 B DT, ZFHIUTEE D AR HER T o8k
DOALFAIRTBIZEH S5, FERIZ, BTHEMEIICLD
HiMERY P ICESBEOFESER SN TS

(Lin and Chen, 1983). #{EMHEREY h O #ALEW
DALZFEFERN SN A6 % Fig. BI/RT o 2881 L1
TEW 70 & & MBI BEESMM,  marE2fh, %8880
Mt S 7ze HREVE2MN O B 4 122 B 2 i H 7z
728, MRRGHEAKRE L AT MV ETHNC 72 5 )ik
9% outer, PUMLZELD/NE { A7 MV ETHAN
7 55 % inner &R L72o Outer I[ZHIM 9 % B
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Fig. 5 Depth profile of iron species in the sedi-
ments collected from Qinghai Lake: open
circle, paramagnetic Fe’;closed square,
paramagnetic Fe’"(outer); open square,
paramagnetic Fe*'(inner); closed circle, py-
rite (Kuno et al., 2002).

KT8 CH Y, inner (AN § 2 B 13K HRIE 5L
TdH5 (Wang and Li, 1991), HESLOEA=ITH
AR L AP SNz A IR,V
RO ERER DI 720 KT 5, WIS
At IRV E DI I EE R T W O EAE 720
WMRKITHEZEZOLND, Tz, AP HT L, XD
BRIT R BRIEIC R 5 DT, T WA RICAFNC
B <o LLEDZ &2 b EERILO & = I XA IR %
LXIEWMARTLEEZONDLDOT, GAHEITBED
SMEAE LB L TEF L T A REEIRIZS L
720 #9350 cm DHERIM 2 T & 0 HT L 720 HEEME
THHE D40 cm/ka TH S (Lietal., 1996) Z &5,
DI TITL D #E:9,0004 DML BT B 1
PSRN ZFOMPIIMOMIERF (Wang and
Chen, 1990; Huang and Sun, 1989) &3 %% L7z,
EHIZ, HiEH 0100 km B R T QKW TH %
T OHEFEW DT H FMARD AT I L 22/, [
L&) Empadoni, Lzd-T, Ihb o
R TIIMEDOXBERHIH TV EDL LW Lb%h
2» 72 (Kuno et al., 2005) .

4. HEEFCLYORER R

FEGTHEWITH L TH A 2N 7 =42 wH
LT, #iaFysr sV ¥—var&fiolk, 701
AEHTIEAE A VRN Z & D, 4RO A YA b
% Fe*' 7%, 6. D B4 b % Cr*' 2% \5 %, Fe**
Mg>h, Cr'% Fe"' R AP DB T 52 L0 dH
b0 7A4VKEYOF T4+ T4 FNRBRIIET S 71
288 D Fe OIREESHT (Kuno et al., 2000) T,
AY A FOFe & BY A b Fe* Oz, Fe*' »5
fEENTHELZLEEZLNSLAY A N DFe

(Sudrezet al., 1990) A Sz, T i b,
70 LRI E DS WIRILTAER L2 E# 2 5
Nbo WEHRIUL EIZIEAARGT O LICAET 5 2 &
VEVWBERTEOHHTH L, 72, AV A D Fe*'
X, BT O Fe #42H @ (Robbins
etal., 1971) & AI’" 2§55 b @ (Bancroft et al., 1983)
LT BT ENTE, Fig.6TFe* (A) &R L
T2ONE R T O —HIZFe*' %, Fe*' (Ay) LR
L7zODBEERETO—HICAYZ2HOHOTH
5o Fe* D4 F ¥ LRIL APICHRT Crr st v o
T, WROERIVNE WO, UERGEINEL %
%o

HEOEN = 7 IVERICE T 2 Bk s o
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Fig. 6 Mossbauer spectrum of RS126(P), a chromite sample from
the Palawan complex, measured at room temperature

(Kuno et al., 2000).

T I I I

Magnetite (A)
T T T T 1
T T T T T Ma&tite (B)
Olivine
~~ D
S Chromite (Fe2+)
2 '_\Chromite (Fe3+)
5 100 o .
.8
2 98 -
=
Q
2 96 L _
9% —

Velocity (mnvs)

Fig.7 Mossbauer spectrum of N-5, an ultramafic rock sample
from the Jinchuan nickel deposit, measured at room tem-

perature (Kuno et al., 2003).

Fe OIREESHT (Kuno et al., 2003) TH, 7o Asgk
FLCHRT B Fe oM E /=4, TH5TIZA
A bOFS B SN ol 72, FHURE
U RESRSEC R 3 % Fe et S 7ze ek
WEa A YA NVEREEE & D, 4B A4 I Fe'!
2%, 6EEAL D BH A MIZFe* & Fe’'281: 1D LT A
bo Fe AL ENL L BY A bDOFe*23ELL LD
WZ2b, LaL, ZOWMSEOMBIZIZIZELE -7

(Fig. Vo 2hH5OFERIIVTNRG, ZOHKEI
TR OBREGEDR IR TAER L7z (Chai and

Naldrett, 1992) Z & &Z/RLTEDY, AKEREICET
BIEMOR SN,

5. X AN T =R HEDEHEANDICH

AZING T =5 HEOZHFAOIRH E LT, AF
DA TRESNZEEE R O Fe OREHIT 2175 72
(Kuno et al., 2004) . #R\VEER]Fy 2 5 1 3ARERHLDT,
Rt O BE F 70 & W3 PN 72 ST 8RSE S S 7z (Fig.
8)o SIERELD X AN T — AR b IVIIAE, 64D
Y— 7 QMRS DY, KIRITHEIET A EHEk8L % & A
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Fig.8 Transmission Méssbauer spectra of one of the red frag-
ments (top), one of the orange fragments (middle), and the
plaster (bottom) measured at room temperature (Kuno et

al., 2004).

B (Keisch, 1973) 3R EDSHI 720, HEHBEMERD
RICE V2R -7 oMl % /"9 (Kindig et al.,
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