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Preparation condition of rock thin section for electron backscatter diffraction analysis: Examples
of quartz and calcite
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Abstract: Crystallographic orientations of minerals b2, 9“7(_:/“@@7?755‘:4: DAY —> DAL T
were determined by electron backscatter diffraction A RIRELFDT D EENS UNE - 3111, 2002; Prior et
(EBSD) under a scanning electron microscope. In this al., 1999). =n7=%, EBSD itk 1 vE>
study, we introduce a technique for vibratory polishing R Z Mz & DESTEREE 2175 71812, 442 2

of rock samples using colloidal silica (CS), for EBSD S s e ~ f s
analysis of quartz in granite and calcite in limestone. AOA LY 71 (CS) 2N AR & D 5 A=

Evaluation of the surface state consisted of a band con- EERETHMER O LRI N TV S UhE - I,
trast (BC) measure to represent the surface state, a hit 2002; Prior et al., 1999). 5056, A>3 U Y
rate to represent the success rate of indexing, and a 3, BB T O A AL E— AR L, Fiok
mean angular deviation (MAD) to represent the accu- BECIE D BTN A — DB % 2w & > 717k 0

racy of indexing. The factor that most affected the BC s _ 1 B B e
and the hit rate was the total amount of displacement ETLFETHD. ZOFETRIHE 510 mm FEO

of the sample. However, the BC and hit rate also T TAAF 2 E— L% 20 R RiERLR IS 975 2

showed a dependency on the crystallographic orienta- & T, WP OBEET 2 It BT 2 ERNTED (i
tion. When eight Kikuchi bands were detected, the val- 2 AHIED. 2012). BHTLIEBICL LD BEEK

ue of the MAD was < 1°, and the MAD was indepen- Y . R
dent of the BC. The B’C measure showed thatpthe mm O ORTE L &t 11T 2 DIZH 1 H Ok & 59

optimal CS polishing times for quartz and calcite were 728, BEREDT 20 mm PG 2 A S & D I8 A QUL
3 hours and 1 hour, respectively. When preparing a iEmnizn. —%, aoq &)U ik st ETIE
sample with for the first time, CS polishing for 3 hours A—H—lz ko> THBAREL S, K E 10-100 nm.

and detectgon of the eight Klkuc'hl- bands provide tl!e pHO—11 O 01 KIRD S U HiEH 2B L7/ T O LTl
most effective method for determining crystallographic

orientations. EHREEFMCRIIET 5. - OFETIRHMITEE (&

EWHEDIEIRFICHET U, 1 RERENC 1-2 pm FEEE DR
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Fig. 1. Photograph of the VibroMet™ 2 vibratory polisher.

13, Lloyd, 1987). 727 L, CS % 7= EBSD 4 #7H itk
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Fig. 2. Thin section holder accessories used for vibratory
polishing. (a) Thin section holder assemblage. (b) Weight.
(c) Thin section holder fixture. (d) Thin section holder. (¢)
Pin for the weight.
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(#1200 % | AL =856 & 3EMER L7256 0uE
BEDENIDWTHH L. #RREEE T 2854, §E

DIEFMITHRA BRIV Y — R (1400 @), #H IV —
40 @) BRUERZE Tt 2 720 DFE (19 10 @) B 1) 2 0082
&5 (Fig. 2). 200, §%E 1 DE/ZIE 3 DRELGE
DEEIL, TN 650g 1050 g127/25. (1D OIEH)
FREICDWTIE, 2l ET0-100% DOHiIFHCTRET 52 &
NTE, EHEELREICEEELG525. 4N, EPF‘EMﬁ'CaB
% 50% IZ[EE LU TIREWEZ 1T > 72, £z, oz
ﬁ%?%yFﬁﬁﬂ%@&@ﬁﬂﬁ?mf%HBDﬁﬁ%
fiolz. AT CSHREDKINTDONWTIRGT 2720, ¥
A VEY REREORICHELZ NI TE—Y —2{EfH L7
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BN IZDWTH EBSD 7t 211 o 7. ot 17 o ikt
D CS WERSEMAIZ DWW T Table 1 12R7
3. EBSD 954

EBSD 73#tid, RREHKYITE O SEM (BN T2
02— X8 S3400N) BEL Y, [F SEM IZHD 1750 T
% EBSD i (Oxford Instruments # HKL Nordlys
detector) 2 L7z, £z, FHill/NF — > OREMITICIE
HKL Channel 5 software (CA F, Channel 5; Oxford In-
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Table 1. Summary of the preparation conditions of examined samples. “0 h” indicates only diamond polishing. “Soak 1h” and
“Soak 3h” indicate samples soaked in colloidal silica solution for 1 hour and 3 hours, respectively, after diamond polishing.

Condition Weights (g) Time (hour)  Motion velocity (cm/ s) Total displacement (cm)
Oh 0 0 0.00 0
Soak 1h 0 1 0.00 0
Soak 3h 0 3 0.00 0
1h1w 650 1 1.53 5500
1h3w 1050 1 1.53 5500
2h1w 650 2 1.53 11000
2h3w 1050 2 1.53 11000
3h1w 650 3 1.53 16500
3h3w 1050 3 1.53 16500

Fig. 3. Photograph of the sample chamber of the SEM. Ar-
row shows a sample holder tilted at 70°.
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MY > T AT > Wz Hily — 213, BloEm
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B2 <721 SEM bkl 0 24 2 K #1122 (30 Pa) IZ7%
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ol 8B, KRB I OHFA DR G ClI5H 5 —
AT D T EMNB N, AIETIRIE T O IC
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FNE — > OBIZEINS. 4 EFIA L7z Channel 5 Tid,
%)X & — > OE1E Band Contrast (BC) 12k > TREMMiE 11
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Fig. 4. (a)—(c) Examples of the Kikuchi patterns of quartz grains, with c-axis plunges of 76.9° (a), 48.1° (b), and 2.7° (c).
(d)—(f) Automatically indexed Kikuchi bands for (a)—(c).
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Fig. 5. Boxplot showing variations in the results of the electron backscatter diffraction analysis. The line within the box rep-
resents the median value, with notches indicating 95% confidence intervals around the median. (a) and (b) Band contrast.
(c) and (d) Hit rate. (e) and (f) Mean angular deviation. (a), (c), and (e) Results for quartz. (b), (d), and (f) Results for cal-
cite.
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Table 2. Summary of the results of the electron backscatter diffraction analysis for each preparation condition.

Quartz Calcite
Condition BC Hit rate (%) MAD (°) BC Hit rate (%) MAD (°)
Mean Median Mean Median Mean Median Mean Median Mean Median Mean Median
Oh 1496 151.3 53.6 50.0 0.68 0.69 221.6 2251 934 956 0.54 0.54
Soak 1h 145.2 144.8 57.0 60.0 0.69 0.67 246.3 250.3 96.7 971 0.56 0.54
Soak 3h 148.9 146.4 551 551 0.68 0.65 247.2 253.2 92.0 984 0.65 0.66
1hiw  171.6 164.3 70.2 705 0.65 0.65 251.6 253.8 98.1 99.1 0.47 0.46
1h3w 1919 187.8 704 68.3 0.71 0.69 250.9 254.9 97.6 97.8 0.41 0.41
2h1w  190.1 188.8 74.3 80.0 0.72 0.72 250.6 253.7 94.5 99.1 0.49 0.46
2h3w 191.9 193.8 73.0 751 0.74 0.72 2447 2514 984 994 0.53 0.52
3hiw  207.4 205.7 80.7 86.1 0.63 0.62 233.0 246.6 97.5 979 0.53 0.53
3h3w 204.7 207.8 779 724 0.72 0.75 239.6 246.3 98.2 984 0.63 0.63
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Fig. 6. Plot of the c-axis plunge versus the band contrast (BC) (a) and (b), and the hit rate (c) and (d). (a) and (c) Results for

quartz. (b) and (d) Results for calcite.
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B3 WM, 5fRA T CS ALEE 1 R O E 0 iR B Ol %
RUE. 738, ZONHEIRNCE W TIEDENIC X D HHE
REDOZLITED 5N o, BITEE LD BC
&, HRGCTOHTA VT RETHEITEDAHOELL D B
IAGED sz IEDZ Ens, ik L7z CSABEIZ L %
HEOREZ LT 5 DODDEZEDI B, ROLEENKE
WHDITIAEI DR EICH D EZZEND. AFDLDIC
1 < BEARAFF IS DIEFT AV WIEY) Tl AN B 2 B0 A S
BB, —F, HRAGOI DTS DWIEYTIE, 1 RRRRE
@ CS M GRAAL &R 5000 cm FE1E) DEER Gt TH 5

EEZOSND. RATEEDORZNDDIIHRA TR
CSEREDRIRTH 5. WHEAR S T ZDERNB25
TFERE LT, Ml Bk, oo IEE {bd e
W, BEEVSEERANEZSNTNDS (R, 1996). i
CS B DYEE, P CmE L ki oo 4Ly
NICEDEEERANEEEGADHEEZLNTVS R,
1996). ZOXDIEER & DKIBEE Z D56, WK
BE 2 T T 2 OISR BV B K O e HHERLRL O TR
REZIHDWI S TR, FE U THHERRRL & alEhs &
DRI BIT DEHRISDES I TZEEZEZ BN TNDS (L
7k, 2001). ZFD7=, 4la CS ERICETE E U zalkhc
DT, JffA TREREOSEDS LS NZICHEb 5T H
PCRIMIREBICEE R 5N a0/ 2 &1, AEDHIME
FHNCEE LTI TH D ZENFERD—DELTEZILN
5. B, MHBHANOENXBUEESNOENT, |1
RERMLE O A I LR S e Tz, D7Dk 1
OTH CSUHD=DIT BRSO NTNE EEZS
n5.

MAD i2DW T3, A%, HEAEHIT CS MHEFICX
59 1°UFOEZER L. 20U, FHNy — 2o His
A% H/N> RO E § RICRELLEOEEEZAZSN, §
ADOIN> REGAHID T EPTEIUTHREAT ORI
BENIRNZ LR TIN5,

v FRIZDWTIE, kv MROEHEE BC OFEHIE
MIEDQHBEZRL 2 Z &5 (Fig. 6a, 6d), KREHIITIZHT
BERIEIIKE L TR LT 5 EE 25N 5. AEITBNTIL,
R OB HE > Tl v NROEEEN LR 2RSS,
EDWHELIFIZB N TH v MRORAM & i/ MEDRIZH
50% DIENTFET 5. b v MRMEWFEENR SN2 HER
ELUT, RE—RHEICL DT AV BOKRY, ka0
EWZEDWEINDCT IDENNEZSNS. HEEGD
A= v NROEICEND ET 5 &, CS UHEEERH D1
IS THHE RS OARE—EE S iU v MROIFEX
NS rdrEEZEZLNSD. LnL, CSUBEFRFRIZHESL T
b v NROEIINEDZRL Tz, CSUBIZHEN
T3k NRIZEEE 52 5 X5 BWHEOAE—3AE L TN
TnEEz26ND. —KT, 204 5)L U hERWHE
TEBRNWbD D, NAHESR SIC Bifb /s & TR AT
HFLTHEESNELT DR N®E SN TN D (HEE,
1991). HEEANOF AR T 2720, ¢ WO T AT
95 BC &b v MEROBIRICDW TG L /= (Fig. 6b, 6c,
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6e, 6f). ZODFER, HMAITBWTIZBC, by h&RED
IZ ¢ HiL N & ORI S ish o e, i TThaM%
IWBWTIEBC, by hREBIT cHlL FAD 30-60° D
PHCEAME T 9 2 HAARO 5Nz 72, Fig. 4a, 4b,
4c DHMINY — NI HHITH T DA ¢ filliL T 44
76.9°, 48.1°, 2.7°®HDTH YV, Channel 51Tk 5K
HHRIE#FIITON TN SO T (Fig. 4d, 4e, 41), V7 b
IV K DI 05 A AT IR S 2 rTREMEIT R &2
ZAH5ND. ZOTENS, AFEITDNWTIIKERSIITKFL
THHEEASWIEILT S ZE Ty FRITIEAELC TS &
EZoh5, by MROKFE<HEELT, (1) %M
57— ORERZ RS LT/ A ADFBEZEHI T &
TBC ZA E3®2, Q)%HM/Y— 75 FHAIS 5N
CROEESIELTE, QmHOBRINEBITY 7MY
TEMATZIENEZEZALNS. ZNHDOT AU v NS,
(D) HHiEENE< 725, QMAD MEFT5ZEThHS.
—h, SWlEENS<THIET]1I DORFIZHL TS
HBONNHEED ZENTEUE, by MEBMEL THRT
DRSS ERET B2 EMTES. L, ¥1OF1 b
DEDIT 1 DORITFHINS K ZED I RIS NN
B, WENEIET DRI T 2R TR D22 KB < 5
FLEWEEICIZI I OHEZAME TH 5.

PAEX D, EBSD /#7 Tld 5 &9 285 OFEEDRD
SN DHERO-EIC L > THHLEEE A0 T S 2 RS 2 40
EHH 5, HER S A TIEEE 3 @ T 3 B, HMa T
134E 3 {E T 1 K5, Nowell et al. (2005) 12 & % NiCrFe &
4 (INCONEL 600) TiZ 2 FFfil & 3R CTE HITRED
BC 36N TS, HFEITEL T 2 ML ORFET
BC 23§ 2 HAIN R SN SO TIEZE DK D
BFIZIZE S TWaWnD, ZOLRMETS CS U EITHRN
BEX0BHENBC 2 RLTHD, 3KHO CS WUEEMNHK
L72% EBSD i OB OFE L WK FIZFEEL Tz, Z
N6 ORERES &I, BBRORWEEIZHTSERICIE, 13D
12 3 I CS ALEE 21TV, EBSD 4T 2 ® &12 CS
IREAN: % EES 2 BRI AN HED 1 DTh B EE A
5N%. BEFHAYETIEIREBOROWRE 285 BRIiZZ U
1288 3 T 3R D CS LR ZTS WS Hgt 2 AL T
W5,

£ & B

ERETFOGEEGIREF O RO ZENSE LT SEM-
EBSD S #t A G iRt O LA 2 et 972 2 & %
HiE L, CS ZHAWIRBIESMC D W GHIIZ T 7.
OB EEREZ K 5 BC & ks, CSUHICEL S
WFERIRAEIS AR O BIC R & R E 2T, KWT CSIA
WREDKINTHEEZ T DHEZEALNS. MEIZDNTII,
BEt L 72 Tl b NS (5 650 @) ITB W T H 47k
MAERETH 5. kIO R Z R T 2B, Gk
CBWTIE 3R, HRAICBWTE 1 BROLHETED
BWIBEIRRE 2R Y. FE5AH O IEMEME 2 Kk 3™ % MAD
13, AEEHROE BB ONEIREEIC X 5 THAMETH



WEM 121C11)

5 1°LLFOMEZERT. ZHUIHHMINY — >S5 HED 5
HWN> ROREIIKET D EEZ5N, GO ERTFREES
SARENVNIZGTHIUIMAD X 1I° AT OEZERT EE A
5N%. FREMTHRERZ KT 5Ly FRITIBC &IED
FHEEZRL, HFEBRESEWED e Y MR E < IRDHAZ
RUTE. — B CHERENBBODNREL WA TS, BCP
by MRIGFERAIIC K > TR 2 rlREEN D 5. TD7
® EBSD 47 ClEst & & 3 25 OFEEEDR D 51 5 f 5
DI & > TG 2R T 2 08D 5
7, FEBR D72 VGRS BRIE CS QLEE 3 KRR, Fgi N>
ROFAIO § AL WS WS/ HED 1D
ELUTHM L.

a1 2

BRHRFREO = {CKIZIE, SEM-EBSD 7 #tdds
DEAEITHRL THEW /20 e, [EA DB T H ITITRIRIE
REEOFIMEIC DWW TEE/R D A > b EWe/Z AT AR
ICEEES N, MERY TH L IUNKRFAOME R
WMYRa A hEWEEW. PLEOB2IZ@fLp L R
5.

X K

BHIEE (Arita, ML), 1988, V& F 5, HAES DIEMETED S
FWIZE — IS 2N 5 OISO W T —. HEME Jour Geol.
Soc. Japan) , 94, 279-293.

AR (Fujimoto, H.) , 1974, BIRILHIC BT 2 A IRE D /3D
W a8 AR (Gypsum & Lime) , 128, 29-36.

Harigane, Y., Mizukami, T., Morishita T., Michibayashi, K.,
Abe, N., Hirano, N., 2011, Direct evidence for upper mantle
structure in the NW Pacific Plate: Microstructural analysis
of a petit-spot peridotite xenolith. Earth Planet. Sci. Lett.,
302, 194-202.

% - JiffA O SEM-EBSD 734712 3513 % iRk i UL S 427

A NE— - FRHE - R EH%S - NEIRT - B H #(Honda, J.,
Matsui, H., Harada, A., Obata, H. and Tomita, T.), 2012, iz
BREAERLA 2 2 ) O VR ORTE. JAEA-Technol., 21, 17p.

INEHETE - NPT (Kogure, T. and Tachikawa, O.), 2002, ET##
#HHHGELIEHT (EBSD) I~ DA, EEIMRE Japan.
Mag. Mineral. Petrol. Sci.), 31, 275-282.

Kogure, T., 2002, Identification of polytypic groups in hydrous
phyllosilicates using Electron Back-Scattering Patterns (EB-
SPs). Amer. Mineral., 87, 1678—1685.

Lloyd, G. E., 1987. Fabric Analysis Using SEM Electron Chan-
neling. Jour. Geol. Soc., 144, 678—678.

&k 3e 4 (Michibayashi, K.), 2000, SEM-EBSP > X7 AIZ &%
T2 T 2 DR & ALENT. K& HE Jour: Tectonic Res.
Group Japan) , 44, 63—66.

Nowell, M. M., Witt, R. A., True, B. W., 2005, EBSD Sample
Preparation: Techniques, Tips, and Tricks. Microsc. Today,
44-48.

Oxford Instruments HKL, 2007, CHANNEL 5. 5.27p

Prior, D. J., Boyle, A. P., Brenker, F., Cheadle, M. C., Day, A.,
Lopez, G., Peruzzo, L., Potts, G. J.,Reddy, S., Spiess, R.,
Timms, N. E., Trimby, P. W., Wheeler, J. and Zetterstrom,
L., 1999, The application of electron backscatter diffraction
and orientation contrast imaging in the SEM to textural
problems in rocks. Amer. Mineral., 84, 1741-1759.

JIHIE— (Rikita, M.), 1986, & & OED J5 (How to Make a
Rock Thin Section). =2 — -+ % L > ZtE(NEW Science
co., Itd.), 77p.

HICA (Shigematsu, N.), 2001, EZERE TEHMESE T BELE T
EHT% (SEM-EBSD) I & 2 A —RAEE IV Ivr0h1 b
Di&EH YT, MaEE Jour: Tectonic Res. Group Japan),
45, 65-68.

ZUEMER] (Suga, T, 1991, I F I v 7 XD AT ) I H)
RU T >T. Bk E T B (Kikai to Kogu) , 6, 92

ATE— (Suzuki, S.), 2004, EBSP £ D HA# I &6 A D). 8
W% Microscopy) , 39, 121-124.

4 2854 (Tani, Y., 1996, WFEN TITBUF (L AER. EMEMRT
(Seisan Kenkyu) , 48, 221-225.

#1555 (Yasunaga, N.), 2001, @EEH - b0 Ti%E — ke
FIEKD AN/ IVRY > > 7 —. KEFREJour. Surf.
Sci. Soc. Japan) , 22, 187-196.



