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EBEFIEMEE (Transmission Electron Microscope: TEM) B W /=EF[E#E (Electron
Diffraction: ED) (&. REICHTEDMHOERFENBRZEIEITEZIFEL L TLKHFBEINTE
Tco LHO L. ZOELAEFEIG. BEMAITICEIBRIMDRER. ERBET —IXR—XILE
# T 17/=Crystallographic Information File (CIF) YIELABFEIFRFED/INEZ—2I Y F
VOICEDCIEBEREICRESIND CAE < RABROBERTEENICE VW TITEZRXER
Bl#riE (Single-crystal X-ray Diffraction: SXRD) (ICRIE%G o 7c. IEF. ZXRTEFIREITE
(Three-Dimensional Electron Diffraction: 3DED) # % WM&~ 1 2 OEFEfE (Micro-
Electron Diffraction: MicroED) C##F SN2 RiERBEEITFENRE SIN[L]. MEHR
2. MESSIVBEEYFEZIEILHETIBEVAFICEWVWTIGADERE L TW3S, MicroED
I¥. SXRDEEHFRDREBICE DS, BRMEAFICEFEEZ TR LA SHAX T —J % Ef:
HICEREE. RIELAEEFREIFINZ—2DERS U —XZ@BiT5 CIiIC& D ZRTiES
BEETRETBIFETH B, EFEIING LB L TYE L OBEERIHNICEERVC & h
5. SXRDOTEBEHAVLNZBRLIDDIFAININTWETTIoO VA IOWEEDL S EE
IFICT D BREFEIFT —2EIMETZICNTE S, CDSH. EEEEHLNREEA RN
L CHEAAETH S Z EHDMIicroEDOKREIRIFR TH D, THIC. SREREBIORE - T
RICED, BEFIEBHEBLe /A2KRBLVSEBO TRIFEEDXETICEVLTH, BRBLEF
Blif 7 — X DEUSH AR R o Tce EDMER. MRIIBEFREBEOEEICL D RAIES L UM
HRETH 1= NNTBREDFILEYICDOVWTH. MicroED%E UL\ it @& E BT AL <
KHINDELSICE>TWB[2] AT, T—X2WIEBY 70z 7DELVERICK D, Xt
BE (F7VT0—) ORAE. BROBHIRES SFUVRHINZHOERZHRE LB
EFAEDRBEINTVS, AEKRTIE. MicroEDZEDIRRICOWTHIER T B & Hil. Ei%
R Z X R & L 7=MicroEDIC & 2 &SRB EBRITORFTDLBEFICDOWLWTHENT 5, [1]D. Shi
etal,, eLife, 2,(2013).[2] C. G. Afonso et al., Nature Communications, 10 (2019)
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The phases, crystallographic orientations, and microstructures of rock-forming minerals
provide fundamental information in mineralogy and petrology, including discrimination of
polymorphs, reconstruction of deformation histories, and interpretation of seismic
anisotropy through lattice-preferred orientation. SEM-EBSD is the most powerful technique
for obtaining such information at the grain scale; however, its reliability essentially depends
on the accuracy of reference pattern simulations. Indexing of geological samples is often
difficult: the success rate is at most ~70% for serpentine [1] and only 10-20% for talc [2]. Most
conventional software relies on the kinematical approximation and cannot reproduce the
intensity contrast, position shift, or curvature of Kikuchi bands caused by dynamical
(multiple) scattering. Moreover, the actual intensity of EBSD patterns is also governed by the
energy, depth, and angular distributions of backscattered electrons (BSEs). A physically
correct prediction of the patterns therefore requires a unified framework that combines
electron transport and dynamical diffraction.

In this study, we decompose the problem into three processes: (i) BSE transport, (ii)
dynamical diffraction within the crystal, and (iii) projection onto the detector plane. Monte
Carlo simulations tracking millions of electron trajectories, employing Mott elastic cross-
sections (NIST database) and a dielectric-response inelastic model, yield the joint distribution
of the exit direction, energy, and depth of BSEs, from which the energy and depth ranges
required for the dynamical calculation are determined automatically. Using the reciprocity
theorem, the exit problem is converted into an equivalent incidence problem, and energy-
and depth-resolved master patterns are computed by the Bloch wave method with our fast
algorithm [3] and stored on a Rosca-Lambert equal-area grid; nonlocal absorption and
thermal diffuse scattering background can be optionally included. Kikuchi patterns are finally
synthesized by interpolating the master patterns along the direction subtended by each
detector pixel and weighting them with the BSE distributions.

The whole procedure is implemented in the open-source crystallographic software ReciPro
[3], directly linked to crystal-structure databases such as AMCSD and COD. It enables
quantitative evaluation of how chemical composition, absorption, accelerating voltage, and
sample tilt affect the visibility and contrast of Kikuchi bands, supporting reliable phase
identification of complex minerals and optimization of measurement conditions prior to
experiments. In particular, even for minerals whose Kikuchi bands are intrinsically low in
sharpness (band slope) owing to their chemical composition, the present framework
correctly reproduces such diffuse patterns as they are, since the energy and depth
distributions of BSEs are explicitly taken into account. As validation, we performed pixel-by-
pixel image comparisons with experimental EBSD patterns of major rock-forming minerals
and confirmed good agreement. Kikuchi lines, band indices, and zone-axis indices can be
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overlaid on the dynamical patterns, and the crystal orientation is synchronized with the
structure viewer and stereonet, making the simulator a useful educational tool for
understanding the correspondence among real space, reciprocal space, and orientation
space. We will present the computational procedure and validation results, and discuss
prospects for applications to minerals that are difficult to index.

[1] Nagaya, Wallis, Seto, et al. Journal of Structural Geology 95, 127-141, 2017. [2] Nagaya,
Okamoto, Oyanagi, Seto, et al. American Mineralogist 105, 873-893, 2020. [3] Seto & Ohtsuka.
Journal of Applied Crystallography 55, 397-410, 2022.
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IE, RSN TVAD > EKKREWVERBEZ O BIMEERD. HIXWTERT
NTW3, SEEBEILEE. EE T CEELERZLFEERMEDERBELR—TCH 25
BEHRZVH. TNSDEONMNIERELZEMEICIIFEBRERVE<FHLVERBETH S, D
. BETTCTIIRFEERESN TV U LEICEEABERBENRRLEDZ xR LTY
%, AWM TIE. TS5 LEFRSELYBEDNDS B, R, BEESDIIL—TTHEZEDT
SBZRBNT B,
@ Si0, D Li,ZrFgBY48 (Tsuchiya and Nakagawa, 2022) : a-AE%Z IFEKERG T TEMmT S
CICEDHIRTZETHD. BEETOLIZrFg L AI—DIERBEZ £ Do COEEIRa-AREF
CLLK=ZARRICEL. BESKT1BED—Dphase D HHBET 3 ERIBETH S, BAE
TRICESNZ SASHBEDEET TOREB L DI|REHNHINTEHD (Otzaenet al,, 2023). A
EOENFEIEZECCEETIURMDOH D, TORIMEICID. ZBIET1ROBES
FEHE L THSNEFe,PREEANEGR TN, ITXILF—WICIEI—H1 X7 anNAa
MCXTL TERETH S,
2 CaSiC,05 (Aprilis et al., under rev; Tsuchiya and Isobe, 2026) : #1120 GPa TRERBIIZER S
NEEETABERBECWVWSHILBRATIV—ICBI Z25EHY. E—REFHEICED. &7
TEIE RIS RIS "B T AR EDRIBICE 2T, DEBEETHRENR LTI CHRT
Nico AMEIE. 2DDARMCO,ZHEANTERHEBLIEEIZ Y bH 5D CNETHISN
TUWEAN 2 IFHFTAERBELT DD, MEEICE T IREDEERRX MMEE AR S ATREMD
=10
(3 a-MgSiO4H, (Shao et al., 2024; Jiang and Tsuchiya, under rev) : Phase H & L TSRERHIIZE R
TNTWEBEBKI TR VLT ABIBEDREERBETH D, COBEDRRAMSNTL
Bh27HDTHH., FKEBEINTULPhase HOEEETILE IZER D, KEEEDORIME
ZHELBV, D, BEEAUINKRESETITZICHBESHER ST,
(@ CaSiO4H, (Takaichiet al., submitted) : EETFTEERXFILF 1 b DR EHEEZHHKI10
GPaDENTEEMICERE SN, F—FREHEICE>THRAL « AFIIWLF 1 MADEEES
BEMNERINT e TORI L « RFILF A M. BERDEEEMISIOqZ E A L KER DABLAL
SIOZHEAOEAZET. FITLERBEZE T 3. 5BEBKITXRI T LT AR
(DHMS) ICDWTIRCNETEZHOMREANDH 2D BBEEIKAILS VLT 1EE
(DHCS) & L TEABH D TDH B,
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IZCOIC 1 ROT R A1 FEBIEMAT BT 0513, SBREBBA AV OERICERTH S Z EHE
SNTW3, FhcBIEChET. ROTRAA FEF2UEEATTIVO5ICcE W TTIY 2 3MHED
B4 > TEHRL. BEMEL L TBREXMEEAT ZA2TiIY0;—AZ'M370, s R D EAZEE)
EZMELTE o FIRIE. CaTiOsROT R A1 FTIRTIH AR OBRICE D ARET TIRH
26mol% X TEA L. EAZEDEBMICHEVVRFERNRDT 5. FROTINA MEEDOX
MEDEBEICKHC T, 922mol% FTIREARER. 925 mol%UA ETIRIILER. TOHED
BAE (23mol%) TIREARRLEWVSLEILTAATHLEBELE LTV DI 2T
Il

AR TIE. IARRDOROT INA MMEERFOSITIOZADABR LSS OEAICD VT,
FORABRRCBELT N ENRE LR ET oD TRE T %, SOk kLS5 Y XEFH
IZF 1L THO. AB*(0.535A)<Ti**(0.0.605 A)<Sc3*(0.745 A) D1 4 V¥ B EET B &, Ti*&D
INEWALRY)/KE WSS A > DBEBRD. RFEHPEEICH L THBRNANREE5X 5
EHERE I NG, Fio. SITIOsIETEY Y MLOETBERIYD—DTHZTAIXE 74
CaSiO;D 7+ 0% & L THERIZMICHBEKEN. T4 TIF 71 FCaSiogAn DSt —ABR B
BUCOWVWTIFBEICW LS DD DOH|REFIHH D, FlZIE. Kurashinaetal.(2004) TIFER A HZ
ZLIFFRETHZH. AP ODTHAREEICE D GAFeOsEDOEA RREOREBEHANLEN S
tt]‘%ﬁ%éhr\/\éo F7-. Kanzakiet al(2017)Tti\ Ca(Alo_55i0‘5)02_75tca(AlOASio_G)Oz_s(\:_
WSBEXEAOKRFENMRESNTWS, 14V E0BREN5IE. Si*(0.4A) <A (0.535
ATHBZeh 5. SITIOZICHIF BTV >SS DBIICH T 3EAESHHN 7+ 0O & L TR
nH 3,

SRERF L | SrTiO3—SrAlO, 5% (/NJLZ DSrAlO, sAi 710, 20 mol%) & &K T'SrTi03—
SrScO, 5% (/NILU DSrScO, shEH'20. 30, 40. 50. 60mol%) IZDW\WT. REEE - B4
AENSEMERBICEDEREH AT, FIBE LTIE. SEHABNZEE - BE%. XL v kI
AR L. ZZRA1300 °C TA8BFRIBERL L foo BEMRE RS LEMN L e ZXRDOMT L& C 3.
BERREIED DR VEHIIZ 2 BOROT 2 A+ MESEIERIN. D55 1BIEHER
SITIO; TH o= Eh 5. BH>BA>RL v FRE>BERO 704 X £ i 4SITiOs DBl
E—ohEkT % £ TI~6EEDIR L oo

FER ¢ SrTiO3—SrAlO, 5% © HED/NIL T DSrAlO, si DN 10 mol% TIFIIARHBRDROT XA

A MEBEIEE B ST 20mol% TR HRBRAOT X A1 FESHOMICDEL v b
SraALOg ¥ FEREEBEHTE — 2 DETE Lo E7o. MFEFEIZSIAIO, sHS DEINICHE ST

HIFDIUTED LTD SrAlO; 5% 530—10 mol%fE DiF P &EIC LA 1020 mol%E DRI ED
INEWZ D 5. SrAlO, s DEIABR R H10~20 mol%DFEICH B Z e HAREEI N D, &
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B. INS5DEERIEShah et al.(2022)IC &K BT B RMICEEMNTIIA L. EEIHRBRET

HBo
SrTiO3—SrScO, 5% - R D/NILT DSrScO, 5573 H°20~50 mol% TIFIIA@ADROT XA

1 MBS R o725 60 Mol% TIRIIARRROT A1 MEEEOICHBLREEDE
FE— O DEIE Lo F7o HFAETEIESISCO, sM50—50 mol% i EIFEMRAIC M L 1=0
123 L. STAlO, si5360 Mol DI FAEREIX Z DAEL DB HTIMTNST VT Eh 5.

SrSc0, sAi 4 DEIEMR R I350~60 mol%DRIIC 53 Z L ATE I N3,

KRR THRE LEVWTNORICOVTHEBRA E TUHRRROT N1 MEEH R
INTHED. T« TTF 7 CaSiOs—CaAlO, sRTH]E SN TS & 5 BIER L PRI

MCOMBRIZBERINGD 5T £, BFEROELIZ. AR<TIV<SS D1 F Y HED
KNEREEBEENTHD. AABRROTIANA FESTIO;DEWEEREMUNTE IN S,
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Keywords : hydroxide spinel with microdiamonds. multi-defects structure. single crystal diffraction.
water in the mantle

We have found euhedral single crystals of hydroxide spinel (3-8 wt% H20) in a diamond-
bearing serpentinite mélange exhumed from depths greater than 90 km. The cation
distribution of a certain hydroxide spinel is

Tiea2+ 3+ :
(Fe="o.48Fe>"0.17Si0.08M80.03MNg 02ZNg gVacanty ;)

M(Cro.92Fe**0.3aFe" 9. 31Nig 03Tin.02Ca0.01Al0.01Vacantg 36) [0.47(0H); 53] Asignificant H is
incorporated into the spinel structure along with the formation of cation vacancies. The
substitution by tetravalent Si or Ti stabilizes the hydroxide spinel structure. The formation of
this high configuration-entropy multi-defects hydroxide spinel indicates an abundant supply
of hydrogen, therefore must have occurred under water-saturated conditions. The
occurrence of the hydroxide spinel provides compelling evidence that the cold subduction
plates transport water deep into the mantle, hydrating the transition zone reservoir.
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Fiz 1. Composihons of wvanous smkal hydroxide spanel crigtals
(). The ideal solid solufion series based on the substittion of
B = [o+3HY is on the line of (3)-(5 1 (3)-ordinaryspine]. The

cormpositional distribution is close to the chermcal forronla of
(00 B 8B [ {OH)s].
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Theiron-bearing Fe,Ti, 0, minerals are important terrestrial materials for plate tectonics
studies and paleo-magnetism in geophysics. The bulk modulus of the Fe, Ti, 0, minerals, such
as Fe304 (magnetite), Fe,TiO4. (ulvospinel), FeTiO3 (ilmenite), Fe,TiOs (pseudobrokite) are

related to the compressions of cation sites and vacant site. Cation site partly occupied by Ti
atom shows a smaller K,than that of only Fe atom. The compressibility increases with
increasing Ti content in Fe,TiyO,. The vacant sites in the unit cell are much larger volumes
than cation sites in these four structures. The bulk moduli of these samples are very similar to
those of their vacant sites. The compressibility of the cation site is much larger than those of
the vacant sites. The cation distribution in the solid solutions have been carried out by
neutron diffraction and X-ray diffraction studies. The Fe/Ti distribution has been examined as
a function of pressure. The cation sites and vacant sites show different compressibility with
increasing pressure. The cation sites of these minerals at high-pressure conditions were
investigated to understand their strong electronic correlations. The crystal internal potential
change under high pressure is in an equilibrium state of the external pressure by virial
theorem. The structure changes such as high-low electron spin transition, Jahn-Teller effect
and d-p-p hybridization in the Fe-O bonds are elucidated by present high-pressure
experiments. The d-p-p hybridization in the octahedral cation site was discussed by
molecular orbital calculation and it brings the deformation of the octahedral cation site. The
deformation triggers the structure changes in the high-pressure polymorphs.
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