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Figure 2 Observed CCD images of resonant soft x-ray small-angle
scattering and corresponding schematic illustrations of
magnetic structures for (a) helical and (b) skyrmion crystal
(SkX). (c) Peak profile of resonant soft x-ray small-angle
scattering for the helical (0 mT) and the SkX (0.1 T) phases.
(d) The peak profile from the SkX along the g, including
high-q region.
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WKKRAZDEEA LI FE—LFy v F¥—DRTHD,
FLOMFICIREI L TV B DI E Y R—bhbdae—L 2k
BTS2 —2Tdh b, BENZWVKRI (0 mT) TENY
F1VHESREEIC I U Tz = H H IR OBEGBELD B E N T
BO, WHEHNINT % LG ATV I A4 2O =ARKETIEK
IS ANMEOREEEBELDBIIE NS [Fig. 2(b)]o “FATED
VD EDRHEIC & D WHEF22 R BT % A 7 fiRReD
BRI AR Y By —TTHB Ehbh B, ¥
— 7 OY{HIED 5 R E S N2 WEFF OB R IZER &
FfEEOY A XL AE 5N, BTN AFLIA VI
WHRARTH - RAS Y THET EZRBL TS, B
MESRARED BT T, Pl IR T — L >y BlE
THIMBE TN TR S e AU E A )L
A T ORGZERN Y MV ek mithd s &
MTETWS [Fig. 2(c)]o %7z, Fig. 2(d)ITRT K ICH
ROBEEEHTZBHIL TB D, B L 2SS B

EREOERADE TR, N (VY RY) Dk
IR AFIVIA VUDMEEL, =M TEIER LTS
EZRBL TV,

BRAFIVEFVICHT2ERE—HMEIDOHE

FeGe XM ZIMTREVMETH D, EHICK>TAF
VA V2 ERENT AN REE N TWS (6], i THE
FERESBEOVHEFADIEETIXE S THA I, Mgk T
BERTELIBHEIAMESNE T LITEED, & LERIC
Ko TEHBNICHEMEZHIETEUE, Ya—IVBIC K
LREAFEDIRNMEEEB L O T NA S HFE N
%o MUK TRIG AT IV 2 4 VD FHBLT 2B IZED D ix
WA, H A SIVEENE A Cu,08e0, ik TH D i S
KAFIVIAVDREATIYEE LTRLAILGNTNS
[7]e TOPEICHBNTIE, BRBICIXOBKAFIVIAY
DREETEFE D & TV 2 ITEEMED E R 2 FIhD U 5 O
EREIC K > TSNz [8]. LA L, EERICHIAKAF
WA VN EDKSITHEEZL LTS Tl o 27z
&, RWIZE TSRS X A/ B TEEZ D
LA SiEER T OBME T 72 [9].

Fig. 3(2) X BB ZHIMNT 37z Ic B & 1J 72
Cu,08e0, DEF AR TH D, BMEZM T LI SIN AT
LY EICEX 200 / A= IVEEOREE R VT X T
VTEAELTWVWS, REERTIE 100 170X — LR
JEBEEN T2 BRI IR K 150 VOBEEHIN L 72O THRK
1.5 kV/mm OFEZHNNCHIE L T3, Cu,08e0, D
& (110) HZHWWTHD, BSHE 0] 85, B
[001] il A MICEIIIL TW 5,

Fig. 3(b) IR AF IV I A4 U DFBHT % 54 K, 30 mT
KBTI HMKAEFREEZRLTHED, MKAAFIVIA
R DIERRIC X %75 ATE OB EEL DBl E T v
%, TT T, TNZEN +q, tq,, +q; DS REL & /5
TLICT B, TOIRREIC 1.5 kV/m D& HIIN L 72
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e
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+1.5 kV/mm

(e) Chiral soliton lattice

— T

st sy

®

Figure 3 (a) Picture of the thin plate of Cu,0SeO; fabricated by focused
ion beam thinning technique. Diffraction patterns at 54 K and
30 mT under E = 0 kV/mm (b), +1.5 kV/mm (c), and -1.5 kV/
mm (d). () Schematic illustrations of chiral soliton lattice. (f)
The magnetic-field variation of the diffraction patterns at 17
K in the strained sample. Diffraction spots existing at the right
side are highlighted by white arrows.

DS HGEL % Fig. 3@ d) IR L TW5, IESMOEE
(E=+15kvimm) ZHIINLZ & EIZIE, q HOREE
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THNG, TOERIZ, EOBLZHINUZFHTIEANY A
IUREERSE DN B L, BOBLZHIINL 2RI IZ A A
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X ICBEKBHENT B8, SIVFTaA A
B Cu,08e0, TIEEHZZFINNT % T &1 K o THEK A FIME
WEHIZL LIz LR TE S,

AFERTIX, BHEININT % OIS UTIBRORNR
I Ko TRIRMN RS AEOZ L L Bl Nz [10],
FHIBMIC K > THEM 2% SINA VT L VICEEESNT
WaT, EZIEHIT 2 &R L EAROBNRERDE
IC &K o TRERMNCERRENS R LT mic —fiho5 [ -5k D
ISHIDEINE NS, MERAFIVIA NS B —HliFESD
SIFUEE FEEMEE (1] o rEEL [12] THEIE N
THEY, WRAFVIAVEEIAMCE > TEELSR
TUVRMSEEET 2 EDMENT VS, AREERTIE—RD
JEINT K > TNV A)UVIESIEEDNZEL L, Fig. 3(e) D &K
IR A TV ) b A &N B [ S DT T
KRBT 22 E2RRA LR [10] NV AV SRS
U CTHSZEFAN T NV L BB TG Z Hd % & A
YDURD LETRDDEMEMERL TVWEAE DT
PN UTzIRREE 5%, TOINLLIZAE Y DURO Y
U koo, ERRICIEATZIREN VY b AT TH S,
Fig. 3(D) ICIXEMIC X > T—H#SIDEHIINE N7 IRREDEA
FHTH LT, NV AV A SRiG 2 LR S &0
A ETDZELZ R L TWVWB, B=0mT TNV VA
BIFTICHRT % +q DRESKETTDBIHIE N T VB D, Wi
ZHML TV & +q ORGSR AL D > TH) &,
ZHUcE> TERDOER BTSN S X 5ck-oTE
T3, MRAA TV kAT OREREEIZ A Y VN
SV T U BRENENCRT B LIS NTED, B
SESFART R IVITHTT B @ KB T O DR AR & L
TEHTES [13], FBMELHRBIEBL KT B
HRTE, WK IV ) R UARFDIERENT
WBZEERTBLTWS, h1F)IVVY R TINTES
T2 DITIIHER AR B IVhiH % AN EE S izl il
BBV, B S DO—iD5] -8R D IS X o THEA
BTN U TSN Y FILDEEE N2 EER S
N3,

Jde—LY FERXBEIRA A—I VT

A 70 AXA—=FVOEYFR—)LTY b g av—L
VN EMXEBEDES NS, av— L MRXERETA
A=V VI KB AFIV I A v DOFRZERIEN % i H
Teo YEOWHED > TV D I —L > ik X #iAE RIS
AT B L, tRllEFOBIHICBWTHRENM DO
— LY Ra/ S —r (7527 4—7 7—EHT) HEH
TN [14,15], ab—L Y MRXEREHTA A—Y 2 71,
2IoktgR TR SN2 — 22 T — ) TAEHL
T, R HEMT 2 XM TFLEThD, LY AkRE
OWMXKREENT 272D DN ERTRRLE L VT, HER
T-OMERERREE DIRIIC X B HIFRAEZ T { Wik DR E
NHB, 7707 4+—T7—mHZ—%, WEHRD 2
Kot 7 — V) TEHUC K D155 N B RS A T OHHED
TIRICHBI U TR E LTINS NG, — IS RN 1
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W5, —DI, iR SDET E EVR—ILh 5 DBIR
Wz T B2 0757 0 —3HTHB, BF5NZMET
HREEICIE, AUElE €Uk —)U 5 DRGSR R # ez
THENEEND 2D, T T7—) I8HT 5 Lidkl e
EVR—)VEEBRAATE (AVRY a— g Lik) 42
MBMEENS [16], DED, ZEMNRAENE > K—IL
DY A R T2 RZEMGVBRITE S, T OFITFIEE,
T —1) TEWIE T B 12 THZEMUGIE SN D IO
U TH DD, REOMICY v R— )V EHEET 20BN D
D, FEMDRESE Y R—NVTA XX THRELT
LES, @BOREEORZEMGZIRX S LY R—)LDT A
A/NELLTLES &, BIEOBENIFHZ->TLE
W, THHEHOMBELHDLTLES, ZORMERRST S
zdic, EVR—IVZAET 5 ERAY wy MIRDE
VIRV S FEBIREEIN TV B [17], (SR
RS 2% 5 —DDFIEMNKIE T — 1 AU K 2 ([
W7NI) XL THS, adBHDOFHICERET % ¥ R—IVE
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REMND T VX LISEEMERNTAFEEINS, T T,
Z OMHETZ T ZBIHE GREOEHR) ICE A, {7
FHIERIEZDOEFHE L THBL, KTz 2 RycoifiEH
77— TZH (FFD) ICX > TEEMICET T 21T,
FZE Tk, ARIDMAET BHIH (R XARHEEL TL %
TEHIE) MWHEAPERZOT, ZTORPANOBEIFETOICEDS
EWVS R R T 5, % T TR b NI KRGz,
THE FFT U, SO RSS2/ L, IFFT U CHZEM
OMFEMNERT, LV IO A EMEEEEVIKET T &
THARNNAHRIEDRT B &0 7 IVTY AL TH S,
CORMETIE, BT NzEiS2—2 EtEICK > TR
SNFE 82— ORE R Rk FETRIMEL T
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a2 WEND B D, ZFORMEMERT BTzl HRZE
MOWEEGEH T2 2 & THREZEMICHE S T & 20
W9 % HIO (Hybrid-input-output) EDBIFE T Nz [18],
T O CRICREE 1BV R EME TEREL P
TN EMISENTED, MMHREETEICHNLONT
Wi,

RIFHEIE T VTV X LORZEROM LML LTE->T
WBEYER—IVOEIRET KT 5 EMMHEIET7IVITY X
LOWCRENm Ed 252 o T3 [19], EVER
—IVOSFRED E D RO ATREME W ONFIET B 72
&, IELWRANOIEMENS E 0 BBV, ISR
BEN R WEHFMED BV h— L VW5 DRSNS

(b) Helical B=0mT B=50 mT
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(d) Helical
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Figure 4 (a) Real-space support used for iterative phase retrieval.
Resonant soft x-ray small-angle scattering patterns measured
at T =280 K and (b) B = 0 mT corresponding to the helical
phase of FeGe; (c) B = 50 mT corresponding to the skyrmion
crystal (SkX) phase. (d) Imaginary part of the reconstruction
of the magnetic texture of FeGe at B = 0 mT (helical phase)
and (e) B =50 mT (SkX phase). The grayscale bar is given in
arbitrary units. (f) Magnification of the real-space image of
the skyrmion lattice obtained by the iterative phase retrieval.
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Abstract

FKIRAFAET B TIVIV O LR DT - LA - RA MM AR EZ<Y A 70— LAV ZEEX v ¥V T, R
FIT XA ARG E  (XAFS) 7081, BRURFTXMREITIC X ORE Lz, £ztbie L THBEDO L I DWW T B AR
DI ZRITo oo ZORER, TIVIVIZ goethite 75 & DBELERICHAS - BEEND T W Dh >z, £z EXAFS M 5,
TIVIVEE IR bR IEIC R R EEA L UTIFET 52— AT, LY (BL 2 EINEEEAE LTIFEST ST &N
Dhote, Z0YD, ELVICHNTTIVVZIKGEREMELS, HBICEE T NPTV, G5 NBILE\ DS
B fRE Kd Z R e 8 (Ka) DOENT 5 LIck D, HAGAFVEED Kd ZRHENICEINTE S W7,
CORIAIE, STROBRRN TORTZHE T S L TOEEREEE %5,

1. FL&IC FREICEIh Uz 51T, TIVIVD TR \OIEEIC X
RB/LRTHZT7IVIVIE, REBUEOEVITREROV & DAERRT B REEHADORMZ FETH 5 L > DR HEHA
DTHY, ZORSERNMAIIEES —FREROBICE BEELHEETZC LT, TIVVOERETTOBRITOLSE
ERERICHHE NIz 13l — AT, TV eimpEZIC DWW TR LTz,
RipBiWTEDIEE (LT AR ThHO, ZORREEE
DRI, TIVVEROBFE L L BE#HT 5 [4-7], LML, 2. S LURER
TN E THIBREJE T T LIV O XEE) L2 RAEIC B3 5 1 TN, O TE - T IV AERE U fz i L
HIFEmIcH Uh o7z, 20T, B4, 700t (E AN ORI THE L 72 [11-13], ARESEL T,
TOPIREZ, BEUDENBIEbNE YA 7 ub—LXH  ZEUEZAEEXKLE R OBUKEG HEIROBDIRD 7 )V
% FAO T R X ARSI S~ 2 7 - XERRUA D B RNATH O, WRlE LT 1959 FEE T
W& (XAFS) A7 MU - XEREHF (XRD) 5% % BEIL COzh, BERBILL TS, ABIBETIE, W
BAMICEKOPRE L (8]l TOKE, REHOTIVVIEE  SLLASRYIOLTO N S O #E - RERNCERZ BRI U 72,
F—RICIER IR DT, TV EEET B0 (FEYD 3% pH 12 4.8 TH > T2,
FEADBREEICER L, TV RN EI LI EZ S THEEERHE 0.5 mm DL EORAR FIEBRE, 2Hic WY
N2 LEEPFHNT, METTROZETINTIA SR LR Teo 7NV OEBLTEMMKIS XTI, H#EXERD
WL TH % XAFS BT IWIVICHEH T 2154, 30keV LI L HiEtBXOWR XEREFCRE LTz, T/WIVBXUEL
DEBIRIVF—=XMOFHAPRETH O, RRBEAD YOIV, THEERZIEE T/ L 721% T, ICP
XAFS OEH BB E W [9], 7z, PF BL-15A[10] 7% & BROMEciE Lz, 72, NV ERhor L vk
THELTV2 XRD ZEUEE TN ZHHAT S LT, T IVIVDILEFEIE, PF-AR DE—L 5 A 2 NW-10A T
TR OTEEDO S - ALAEKEE - KA MEYIZFRHCIRE WE L7z L K NG K U7 VL K WU XAFS A
TX %, AWIFETIE, THNSMEHE XD ez St Lz,
MHT 2T, HEROTIVIVOEE % ZE T % K70 Ko, HERN FOUEEN Z{FR L, SPring-8 D
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BL37XU 3 & U PF O BL-15A IZ BV T, ¥ -1 7 1 XRF-
XAFS-XRD #2170, WUhEEO T IV, L, %
R DR (XRF), {LZHEf#FT (XANES, EXAFS),
SEPIENT (XRD) Z17-o7, XRFESINTzTIVILZE
LY (goethite, ferrihydrite, illite) IZ¥d % TV K
Ut LY OWESEFESS EXAFS I X 5 W ERE (NE /
MEEEA) DT Z T T2,

3. BREER

3-1. HBROFIVIV - €L VDNV REE - (L2TEE KB
R
EIRGIOYTOD 5 OFEHC 9 % 7))V )VIBE % Fig. 11
RUTze TIVVEER, HiH 0.5 m MBI THRA (18 mgkg)
THH, iSRRI N B &HICZDOWRELI BT L
Teo SRILEL O LEEDO T IVIVIEREX, 0.12 5 18 mg/kg
OHFPICH O, HAERPHADOLTED T V)V EEEE (Zn
Z 1 0.075 mg/kg[14] 3 K U 0.027 mg/ke[15]) ICLLNT#Z
NEN 203 EBXT 5635 TH o7z FizihfaDIEAIZH
5N, TORBERWT, TEhOTIVIVOLEREE
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Figure 1 Total Te concentration in soils from abandoned mine tailings.
The box represents interquartile range (25th and 75th
percentile), the band near the middle of the box is the 50th
percentile (the median), the square indicates the mean value,
and the whisker represents Sth and 95th percentile.
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: SYSTEM Se-0-H : SYSTEM Te-O-H
25°C, 1.0 bar 25°C, 1.0 bar
;i 3 [Se]=1.0mg L' [Te]=1.0mg L!
| \iss0; s\ HTe0s

TeO-OHT~__| HTeO,”

e | e

=
—
] & o
0 Tz TeO,
HTeO,
_074,
,UB Il 1 Il
2 4 6 8 10 12
pH

Figure 2 Eh—pH diagram for Se and Te at 25°C and 1.0 bar, which is
calculated and modified from previous studies [17].
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N3 LT, TIWVIVOLTEPORIICRIZT N EZFHNS
N3 ehrRmIniz,

TV @RI e tHERIOKZmA, MEhns
HEBPFNTFER, TV 8.4x107"% Uit hieh
S7h, LLVIZ 1% b Eh, coLmEhTREL Y
ETIVIVITEERTE LU IKITTBT R TN Ehah - Fz,
CDXHFEBIENEREICH S PO VL L VD
DR LIRE, FNFNTIIVIVEBLERE (HTeO,
BE) LHTIVVEE LR (HTeO, & E) BXULL YV
(b (Se0, & &) bt L VL (HSeO, 7%
E) BETHB (Fig. 2)o TOTHHPOLLVEBBXTTIV
VDIV T TD XAFS b b, L rikFicHitl >
s (Se0y) & UTHETRM, TIWIVIETIVIVIEE & diT
JVVEBINES L TW e, Eiiitkz @ik oo~ 7
74— (HPLC ; A& H1h T L2EE) /e 1ICPH
HOMEI T UIRR, filichrctlLvid, 2Tkl
VEBEOWRETH- Tz (FIVIVIEHIETED), ThHi,
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Figure 4 p-XRD patterns of interested hot-spots in soil grains. The
upper, middle, and lower figures represent p-XRD patterns of
various hot-spots. (a: Spot 1, b: Spot 6, c: Spot 8, d: Spot 7, e:
spot 9, f: spot 10, g: Spot 3, h: Spot 4, and j: Spot 5)
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Figure 5 Te K-edge pu-XANES spectra (solid lines) of interested
hotspots in soil grains marked by open circles in Figure 1.
Red dotted lines on each spectrum are simulation spectra
obtained from the best LCF results by combining Na,TeO; and
Na,H,TeOq in the range of 31800-31835 eV.
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Figure3 p-XRF maps of selected areas in
contaminated soil. The upper figures are

optical image of five interested areas (A-E),

High while the middle and lower figures show
the maps of Te and Fe, respectively. The
open circles in Te maps indicate interested

Low hotspots for further p-XAFS measurement.
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Figure 6 Te K-edge EXAFS spectra of hotspots in soil grains and
adsorbed samples: (A) k’-weighted x(k) spectra, and (B)
their RSFs (phase shift not corrected). Solid lines are spectra
obtained by experiments, and red dash lines are calculated
spectra by curve-fitting analysis..

Bidentate- J}.‘ “‘
Binuclear \‘f\ Te(VI)-Fe: 3.3A
A"

Monodentate-
Mononuclear

Figure 7 Types of surface complex. Left: monodentate-mononuclear
surface complex; Right: bidentate-binuclear surface complex.
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Figure 8 Relationship between pK, values and attachment modes on
ferrihydrite for various oxyanions. The pK,, and pK,, values
are obtained from the reference.
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