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Fig. 1. Relation between thermal etch pits and crystallographic
orientations of polished ice surface

Ice crystal surface immediately after polishing. No etch pits

Thermal etch pits produced by free evaporation. (After 30 min)

Evaporation etch pits produced by Formvar film application
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Fig. 2. (A) Thermal etch pits developed on various grains, (B) evaporation
etch pits produced by Formvar application
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(A) Difference of scratches made through two different grains
(B) Evaporation etch pits produced by Formvar film application



B BIE THEI U 7ok O THES T o BS 5 33

mn [CEHLE D, 2 LTV 7Y Wizt TR SRkicig sk (B) ofF
LHARTAHL D, MikdH 5D, mon O—BICHEE L2252 AGHMIE Y b S ONETE,
BAOHBEENTHATHEZETHD, COLY POEXRIERED P OoIEE u
LEEEN A0, MAROEROBESZIITOHEL R, €y P SOREELICHRELTL
F ok

o
N

Fig. 5. (A) Difference of scratches made through two different grains
(B) Evaporation etch pits produced by Formvar film application
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(A) Polishing applied apploximately parallel to c-axis
(B) Polishing applied apploximately perpendicular to c-axis



¥ 35

S Al TR U 7ok o THE I o

POTOL 2% b DTH B, XY O TFTOMAPRLELGNCSSLENTNEHHSTH B, (A)D
MBI AT E, LA LB TRE
Msns, —Z0OBERE S lem
KT 2 & cd B) ok
71 Bl i (2) D & D

e CIF R DS 101 20~30 e Dfdfis T c- b
(HESTOT, MR I I D IR A
B #2000 D/NFLOAAME I >TWVS, LA, cfillici
BairnEn DL '

FTLEZEDEEBRS I, BICR LY

;'%\ a

i
i

Fig. 7. Surface damage on the basal plane produced by light rubbing
with cotton guaze



36 RA KB

IR OB BEHLNE LS BB, TOLIIC, HERD ZESICIESROFICI > 7%
D, HLEAICEHRROMEVWRICE /12D 2, COXILEBORESPEMICINL 2E
NOKRMNP, PHET AHOMEHE, BRMEATOWE I EHETEITHsL, LrL, Kikkks
DTS CTEEE L7 & & Sk O sl s T b, BT T 2 & SUROEIRICE 3, Uik
LADETs, 2ORRSARMICVS CEETERLL,

(e) KOEM (0001) [CHbh Bk

FIfiC, WHEWICH 5N 3 HMELS, PHEOBICNZ 2 F IR > T, ROFEHEIC
Mot l), HRSROENBICE K DT ECEADN, DT EE, KDER (000L) % FF
BLEEAKORALL KN B,

BIHA), B), BEMEZL—~ETNSOEIITHE LS EH LIHREGE L, THEho
~%Kv¢0ﬁﬁ%ﬁﬁf@utyrgo<0,%@%&hMﬂ&&@%ﬁ%ba«t@@f
H5, XY 75 41758 Formvar it BH RN TH %, T4 18 7% o hexagonal 73
Iy P BEO/NLE R L TR wa5@ﬁ&zaomﬂiaMCTﬂ,fﬁb%ﬂpw
TiFNCHTE Lz b @, (B)id <1120> D75 & &y 15° o MEECTHHE LA Th 5, B 6 (B)
ERUE S ICERDOEEMNTITICHE S ATHIME NS, —~FOERICED BN OMEE I’
(A) DA, #1500-em™ , (B) ®AR 2200-cm™ ¢ 5, (A), B), & &IC hexagonal 73
EREY PORNBICRBELARAONEY, B2 Ml 24z FrvicEhanizbod
Hi N 3, hexagonal WEHK LY POEIFHOFENIE 4« TtH 5,

DUOKDET %2 H — L CO0mIMET 5L, HEOTEEROMBLEEDLN S,

BEEHKRT IMMEZDOZ DO L NBITH B, Wil T, W IIE (A) i3 (1120)
®ﬁm,®MMME>®EﬁT%5°Cn%®53%8ﬂﬁb®éHM®BOMﬁ&f@ﬁﬁ
<, FED AU B2 <O ODEUET (MBS RNCKES R SN 2R Ccidisn) gELx
bOThb, Ahd XY i3, PHETO—IBICL 7Y ##% 1) T hexagonal 783 F & v b %
DL L BEHOERAERT, LY AREIHESN LB > ThE e, FIX(B)

ERNT & OFRIC S TS IIC I D SRR OBHE, FHET I E BUCHIRICES S < DR
ROMBEASDNE, BbH TS s 8 (B) Tl AtkoE i&bh? TR

DEFED A HEHA &N B, Formvar [Ehp-o T 5 H %XY DI, BIR»S P
Cbﬁft2%&:%vvw¢91%@ént@ﬁﬂébn%o
T, B FO0E, OB ORE RS S DO N A TIRIR O R O 5E 2 J7 i o, I O & F
mm20®b@,OM»&@OM@&&awo%%Mgmﬁémf%a TR L TR ()
DT DLLDNBZZELLT, TTCOXIBMENHBEELS DL I WL E
STHRFELTOWLADEFNTAL D,
d) BEBECHSbhZeE0RERE
DANTR UCHE O AEE, BEEHRICEADEONAD TRV, FIUHTo X
DI, KOKMBEFBOX I KEELTALPNI, LHL, BEOEIEHI0mm b5

OO ARRRoREE L OFAO—2ERET I 0L T B,



BVE Al TR U 2ok o BRES T 0

37

ERLTORIEBHOELD, T

1

b, L dkIiE B0 R B AT H

L5, W

D DRELL ET
2T, BME R A IO

AN

S

SnEENZ, OB
5 —15°C O/ OEFICELE N B, FNADLAEMOBEMICH > T, Rt
(7 D B 15 SR R

FHE T o THMBEMERSNIHBD B,
-~

& A TSR RIREE 2 ~ THM R ATER SN TY K s

‘-
-

.

-

Fig. 8. Thermal etch channels

hard with cotton gauze

which appeared on the basal plane rubbed



38 S < B N ]

FIOMA)Z, PHEBK-STH»S 5 HBOKOETMOBPHREFHTH B, Ak » v
YR VDKFAKDSS XY LA EEROERTE S, HBRHWAREEY v IROBEAE/AZXN
ST IS —FUCIE S ATNS, THEB#HS 5L TS5 KOERERE T F 77

Fig. 9. Difference of surface abration on the basal plane with change in
polishing direction

(A) Polishing applied apploximately parallel to {1120} direction
(B} Polishing approximately parallel to (1010} direction



BB RE TR U 7K O T BE T O

#&

Fig. 10. Successive stages of development of the thermal etch channels on
the basal plane

(A) 5 min after polishing, (B) 23 min, (C) I hour and 6 min

39



40 2 8 X B

THBRAZ E-> TRy, iEORERI T TR, FHEMBALEILcLTha v b7 R MIEE
7ZE, PORSBHAOTIE, 4, PHEAOHMIct~THRELRIETEONLH L EED
na,

HEI(B)ARE D, CNRPHER 23 5co1d L OR—RMTH 5, RRREIRZ LSRR
ETTFMoRICENNEY, ) Y FROTNBERLTORNES L 2TOEM, TONS
UL AEROVHBDTVWEDRALZDL, TOIEDH, FDHICHESZSREBEE OB, HEHA
LR BD o FMICAHENRE Lo TV 5, WHER LI 6 /8 Lcd & 0EH(C) TE,
FOLHIRMBEORZEIEZE LY, B THVLAHE DG LABCAERLL D, COMEBREHE
AT, RCAVAHIEZ DB LBADPLREL LD THEA, 1KBH6S>d & TR
FEAERAICHE L, cheRR3NT, kA Ha#IR (C) TRFLIREL TV S,
B TEHVWTBEDF L MER C) TRERBD B> BB LA 2B B> T—RO P ETROEL
MFHICEEL TS, MBHL O BKDERBEALABL>TNE, 1R, BIEOS>Th
feBEOEIc CEciEE, PTORBMKETZEERLTHEA S, BEOEEMSEN
BHNCT & MEIREAICC D, LA, chd—0ORERE L TBL EXKOERMTELHY
HHICIE s, PBICX2EERLERPL ED LS VORESICE THEL TS IEH7 B
HHMETHB L, TIOKOYRE, BMWEEERTE52CSEETHL, COMICHL
TP IV to~z,

() EECHObhMBEOSAE a-the OB

8,9 0RCAHLNDCELEHIES SN2 FHIK O SO0 2 T 1) & QP4
ThHdLIICHZDB, LirL, EHOKRBENTA, i@ altBEATBRMECSHS
PRMNTELNEMECTHZ, cODicF, B8 IR LLLIIC, PEHO—FIC L
T KA YT hexagonal BEFKECY v ESL D alidHiMAE DS, D hexagonal 73
HREY P “KOETRO—SFRICBT 23T HEAZHS5HLTHE” L0 IO/ E
EKRATHETHIE, NS EY PO DDRRENEFN3 DO aBlCYfTTH 5,

B, EMCAMBERTHL DN MES, 00—, V7 ) B eI TT
% 7z hexagonal iRy P EARRWICHE I S O TH 2, XY »d_FOM5rH Formvar
DO TERINTVE, WE, AEATTELMBOMEE, allil OMARERD 572 D ICKD
EDUTHAEED, A, i a il LE S, a KEZATHZH T, TNEEFEDL
THHEy b ABCDEF O—>0TEM A »5 a lC V78 Aa £31<, 2 L TR Y AB
M Aa LORTAEES, C OEE 195° 3% a Ak a il E BT HEHTH S, B
W a i a IETREMO R AES D, KIT, & ERDIMED OFLEKDES, bIC
ZSRERES T, FABHLTAAELY bO—2DIEAC »dc NIT 7§ Cb &3] <,
7 BC &gk Cb & 012949 29° Hifhiti b  a s T 2 H LM Th 5. FHEBIC LB BED
MEBRERRESRB-TH1°TH 5, UTFREBICLT, e, d, O aBilicsfid, A
MOy FOIRA A, E M 2NENTEFH Ac, Ed 231K ctick»>TEREN10°, 24°
ELTKRDOENG, €O & IICUTHELLMEOHAE, ERO 220N Q120> &



41

EE A TEINI Lok o B T O BEEE

Evaporation
ax Etch pits

—-¥>

Boundary

ofForm var film A ‘
—

d —

IR

N

S
/\3 g:

o - C\
—— g{ .

§ .

a [ ]

> /

\ °
Fig. 11. Schematic diagram of the thermal etch channels and evaporation etch pits

produced by Formvar film application, and method used to measure of azi-
muth angles of thermal etch channels in reference to the a-axes
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channels measured in reference to the a-axes
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# 11 BNCR Lz &k 9 ic, Formvar film iR XY O < TR, I Ualk 28tz FL v
DALFERIC X 2 MFEDBE> T 2O TRENPS BRA L 7o, 12 KD (A) 3BT @ L a-#l
& 28°, i b <1010) 5 EICHIES L7354, (B) I3 a-Bhic # 23° O 75 BICHRES L 72 554,
(C)ig alific T 2 EMN 1L F1Eb b, adiciZ FEACHELLES, D) afis 10° 0
RHEICHE L BRI b e B Ol N B OHEATIRTH 5,

H 12K (A), B), (C), (D) D 4 DOEEMERE S L &, AN HH LA 218 & 20° & DRI
HLMEDHBENRERT, TOXRIZ14° L 16° L O/ic, ORI 8 & 10° L D/iIC v — 7 73
b TVaZ &ph s, COXIBHENGO—ROENE, EOX>URTHICHESN
THHFTOESRL, VE, DI, ERICHSDNLEED, oItk >THE ULBERIER
o> THEbWEALTE, EROAFEI PO MEINIHEIES LD HEE, 1120
THY, TRIKKSDENL I OH/EAILT Q010 FHTHs, Lrl, FLR2ECHS
NBTEL, CoMBbT O 2D DK EICHKRDHEEZR I THIC IS & 20° & ORNTERH
BELODORBRICE LY, BEMBHRICHO LN IMEBOFTAANC O XD HHES A ER
TR ELHG S AHETHZ, CORIBELTREBIVEAITI DLADNECL LT S,

) BFECEHEIHWEZIORE

DUDONERE I WICENT, KORBMZWHE T 28IC, H v F THI-RKEEPHER
No. 320 T E L, RICHOM D No. 400 TEHAT/IC LT, HHBICBHE 7~
TS 2L DN, BMEGXI A~ ECHEBMD XS I TS NIOKOETEICE, FERICE
ZERREEALEHRESNEYN, R TBA2RBRETICX 2EENELICHREINTICH
DTNELEBD L, COLIBVEGRODELTEBHRIEET L, BRICZ-THERCD
EDBRROIBHEMING C &b 3,

WI3ENL, COXIBERNTROERICE UABBEROFCH 2, (A) RTIBEROEE
TH B, a,b,e,d, e DT ELKREEH50~100 ¢ FREDOHEERBERICZ>T—FICHES A
TG, TNOHFMO FICEL LA IR T iR, MERTIK I > THLERATICET
DHFLNABENHOEEETH 5, KICENENTE TREET 2 LREMICIMAOKABHE
BIE L85 3, GH B REUREEHICY 7Y ARELTTEREY 122 215D TH
%, =TS AREBHBROFOMANC 3 FHADKRHDIH ML % H 5 b T hexagonal 757358 &©
v EREAHALB, LU, BHEE, a,b e, dBOoRIICTEAERY Yy PREREB 20N %
A BICLTND, TS #EESE, Formvar OA R LT —15°C oigihicxs L, —
ANELTESE, TOREINIVLYEORERLEDTRVRY, KR THELTLIE
Do TNHHARGRE, PSR No. 320 OHLOK T OB DR & 72> THAR L b
DI BANTIIN,

BURFIZEAET Y ZLAFGEDERTICERSHER T TS L MER0N<tH 5,
OB TR i LET W T 323 & A EHENRICH 5, (A) IIBHEER 10 5D X T
H5b, LPET—RICNED S, Bosh LEBRELOEMGRIIE, Z0EHLVIKEROS
FOR-ED LBV EFA 7HESRBEEINS, COXIBERIEREZVHE LS i@
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Fig. 13. (A)

coarse grain of corundum and evaporation etch pits produced
by Formvar film aplpication. (B) Recrystallization
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Fig. 14. (A) Microcrystals developed along a groove scratched by a coarse
grain of corundum
(B) Crystal S shows a hexagonal etch pit



H KB

MCSEITIE 7Y X AT AR L& s ki S Th 5, (A) BITERN
104, B)RBUKEICL Y AEELFTHOCY + 2D o EETH DL, FHEREFZ2D
O FBIFIC T B THE LTV 2 02 ORIB ST E AN ORRBICSES L0, #
BIZIECS Iy FEICGAEVWEEZH 5D L, SEIBAOKETER UESTT N AN, £0O

FISII, ¢

LE

Fig. 15. (A) Microcrystals developed along a groove scratched by a coarse
grain of corundum
(B) evaporation etch pits produced by Formvar film application
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OF AIFHFEREDO TN LK 45° BiEL T3,
P L% 13, 14, 15 [NCIR L 7o Bk @ 3 WHE O KT D 3 WS T K - THF

b2, BIBICBLEOISHEBRBEEMERICEZON, 2hbhd EO XSGR L ~THE

BB PRI OB RRNY, TOREEER L OHENE D TH 5,

(g) HSREKELDFFEICH SN -#EE
HeETIHNTENRNICLIEASA FII2%

LidoT

HhOFOVE THiid, RKeod

Fig. 16. Zone along grain boundaries free of etch pits
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3, KRFOUVLLLDERCEST, HLETE, CDEEXKENTAMCELEL DGR
e —15°C KB ALHDO LIKEWTHSE S, MAWMELTRLS, KEH T ADOHEMICHR
WY av I hkBIZBEKEITTIRAOEEMISENT, SEHKRHERLL DI 5, T O
EHAELES (NGICEL LTOLBBE Y HEL> L D MNPELOHA) THE, Y FHED
WEAEZ IR IATZOWANICH 50 £ OBHRIC, etch pitsfreezone A SN B, (B) BFE L
HICL ) HBEDPTTERE Y FEDL 27D ThHE, BUAEOEY Y I DR
WHET Iy FRIGEWZEAZH oD LTV D, HIEDB) T, kounikd 2EEOLE
¥7 (inclusion) ® BRIC I BB L OB BEBICTE 30 AR L, ZDOHBO—D2&
LT, EBHTOSREOWEHIKORICHER L CTHMOREZHIE LD TH A S L3
L7z, COBAGRU LD EHRBMETHETH 5, KOMERFICEET s EEsnhT
WEH, KOTEMBL L ETT, #7AmCHL2HbhicdE, RAMDS &G LIRMHh R
ROMENCIE > THFALOREETNIEEEBZ AL EBTED,

1v. EBERCXT S5t

Bowden, Tabor® It X3, £BOX YU BOYWH TCLRIDEZWET 2 &, HHEMELB
BEHEOMOBBAIIC X > THEBEROMILE A RMEREC LD, BHROPRE R E 3
Beilby® it k> T Hh ULHIFE RN, HEmICRERE, EeBEE 2T “Beilby layer” & X
ENZMERBEOBMTE2L:ELI LN TS, 2OF0EIRHEROMNELYENEE
K-> TREBHEFAWTm) PO RE A Th 5 > LiftEsh 3, HE, £BOPFERO
BT EFTRIEETERECH 2L, THLAHFICHILIOPFROES LB CTH 5 C & ER
4, “Beilby layer” OE X3, —RICHEBFBOFBEBHBELDIENE DN TV S,
L7 L Bowden, Tabor ©FZ i Zuid, FHBADEL 512D IBEEAT % #HEE 9 % & Beilby
layer @JEAE S 1LY, INABECEEBEICH N IR OE ¥4 IS 2 BSeke LTHEER
OWEERDIBOEND, TR, FEmMSFICEiEsrb oo it LTER%
EOFELNELITHS, LrL, MhicLTh, BIELLYBREIC K> THOWER KRR
BOIIICTHRIZENIDTH LD, BT 5 CER TR Bowden 500 & S ic B aIC &
ZpfbsB e, BROMESTRE LT, ZMOBEPLRRBULMMEEDILS LTWwIKES
IO,

KOEE, Wi —15°C QIEREB T, FOREICAZ TV AEX 10 mm, iF25 mm, £
X 50 mm QEEHC DT DN, PHETICRELSN S & HBRMBMIE A& D51
Mo, PHEEHAOKOFMEEZMAIGIVEBICGEL TV AT RN, BIEER
ST CHBEORYEO LIco¥ b NG, PHEEE —15°C OBt ERIKSNTE
MREETOHRY S, ZNERBICEE»S BENBC S, b UHABHE» S —BEEREEC
2ETNE, FERCRMOBERSBRINENTHEAS, Lrl, WBILI-TOE (B
2 RBAPREDOH 2EHPLE, HEHICROERBBC > THELBNAATYL, T
NOABMOFEHTH 5, THEHOEESEREOEEC—HR L AHE CHRBEOWERE
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WEDDTERE D TOTY L,
ZCTCTHBREDIIBBECCOL I WABMOEREE X 2BRENET 50 TH 5,
TIRNIC, cHICETREETFELLE XS5 b 28MEEL LD, F1RB) OFi&R
K (a), %52 B)oft&d@), ), HEHA), OLXHIBHFATH L, AMGFEHR OIS
WoTclC\BERFRMICHELNTINE, THIIEREERE OBICHIHE D BB -
THREEZED, TRCR->TRESKRELLEEZ208ELBERTHSE, L{AONTNS
FOIOKBEREERE OMTizd, TN, =OIGRRAT 2R cilic BEICAELPT L
ThrH, PIRB oA (@ E243E, COIIBAFBOREIITEHLT20~30, TH
5, DI, ?612]0)( ), B)DEEDDENOENNEALD, (A)DEAICE, PIER
CHNCIFIEVATICB) OB ICRBEICE CEb N, BXE SKOERE, KiliCERICK
ofw&(M B, MEBEICH S b T T cicEHATMICO TV T, #L
THHELMCROTTHRY, CARERNERICESTBLIORTVCEEZBRL TV,
ZNH B) DX DI clCE AL, TRHLBERICH> TEBINZELEVOEWVEBEENRECLD

TH 5,

i, BROdH L0, KOEMICHOLONIMETH B, H— ¥ TR, BEEIFT
MET2-FTHOL > WAROMANS S bR, MBI 2EE 8,90 L S EME A
Ehbobhb, FTRTXY »5 EMOBAITIHBRG LM > THs V77 ) HEAL
754, hexagonal MFEHKE Yy Do Nk, FEIXIXICHRETAEAWET 5 & “Beilby
layer” & JIENZMERBEDEREP LD ESFEINZENI CEE2D N, KOEELT
BETRE BEEIC X » TR £ TN E N B 7%, IEEHEEDHIZ, &BLA4 4 ViRt e
KHARTT 2 EEND DI EEAD EBENS, THELE L THXKOXMICEREUT T
HAKFENRSBEFETIALHES 50V TH B, UL, Formvar_O)%H%@kFlC%BZéint
hexagonal MR Yy Vi, COXIBENVMEBBOGFAEEZTEIRLE, bLb-o7&
LENR L H2TVHDOT, MEMMBERICIDINLELARB A>T LE2h, 4
B, $<STEOMBEEIRINTEMLTLIE»LEELONS, HELS, b LMEFR
BROGEOEL, POEECHFEL TR LT EE, EHc2<on3y +tiF, Hokiic
BRANELWAABICRELREWNWTHA D, BIRICALNE AROMTLE, HRLTALEHE
EIHY 2~3 0 D/NTLO T TE DB 2000 cm ™ TH B, < DL S H/INFLAIBFEEE
THE XN OBRIEADOD L THENE I DEMETH 25, KOEMCEENLE
RMEMICEEI, HEMLEDLVEMNOBC>TEC L, FTFEBLENTEA S,

LCAT, MBRES IICRLALLINMHMENMEDRALTH S, DL HMEIR, B
OB RLACEL, BIBEARCHO DN I AIROBHELOEREL TYWL0L 5D, &
HERIEBERICRET 250055, TOREIE, H2H0RIEL, HEb0RED, FI0K
BUTRL AR OMER, TESN1IBM>2dE RN O IKRTTELIERLTHA
TLE 27, cNERING, =ML JHE T MERRELAOTH S, AL THHF
BICE-oTOEBCENARER, BRLOWVWANAREIIC, LTIKEL TS & AR
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T 5, ST Y ZLHEICHD N fhiE, EWEERE OMOMBNI Itk TELE
BRESODODLTVREV > ENEROMBOFRRNIEMTH 5,

TS MMOETHNE, aflihsDOHNAOEBE L THMY, Z0MHELHNTAHLE
DR & IR ABRIC Z DB RO~ 713 18° & 20° O, 2, 30~ 2t, 2hzh
14° 216°, 8 & 10° EOIcHEbN B C & @ F TICEI2ZRICRL:, A, 0°L 2° L0
({1120y), 28° & 30° & R (QA0I0Y) D Mich HAREDOHE L L >THSHN B, Ll
18° & 20° ERICH DN D E- 25 MZ 2 L 3o, EHOMBHICHSHS 2 D
a-BCH T2 M AOEETHNIEE DL IR EE EPEXODERMOBETFRS & BHiE X1
TELZTHL D,

HITEDO EHERLELTEL, KOEFICE Y 2ETF L hexagonal L% RT,
BARFE—EMICHI2BERTOME KEFIFE LN THRERD) A2, ANBZORTFHOHETIC
HHNOEHROBROMBEEZRT, KFRBALEANOMERL D 2HETHKEESTAROCE
CERENTV A, clil@N ) THH CEMICERTH 5, W E, —>DAME ABCDEF %
EoTEZ B, KOPHETICL 7Y Hi#li% 13T T = 5 hexagonal 7#EFK Y bD 65D
3, COAMEOBICTA TS, ABOESEECAONTINALSIC453A Ths, AB
OHAE aBiO—DIETTH B, 0WE, AZFELELT, ThENDHMNILHEEZINE—D
DEF [ AC ((1010Y) & DRIT, WALAIE AT b AC, ACs AC., AC, -, &, ADy
AD, AD, %0 THES, ELTCHE DN VDI 0 % AB A KAEE L THl-
THBE, N7 b AC, OFH IR 0=19°10, AC, o J7 £ f4 1t #=13°55, AC, d Z1id
H=10°55', AC, Dz hid =855 Th s, & T AT, <7 b AD, it AC L W5 75 F
Rrfaid 0=30°, AD, O3 0=23°25", AD, i3 AC, LT 15 2 ® T =110 TH 5, T
DESEART PiE, AEPSMRICT S 54, ¢T3 FC OERS I LB L 7 B
FFF C,, Cyy Cyy Coovry U ED, OB 1€ # 5 Dy, Dy Dy, Dy B D 25D 3 1C
HET 5, STEAA DS CNEDETFE B M T30 F~2 b ACy (m=1,2,3.-),
AD,(n=2, 3, 4,5, ) HOES%, ~/ ba AB=453 A R E LTHD, 205 Ak
Wi, M ERfI e 2L T oy LT, FRENZAOIMBCHAZ O BEITROT
DU 1) BU () TH B, WH~27 v AB I 0=0° Tl OESEL B, <7 v AC i 0=
30° CLT3DES 2L, AD, 12 AC DEICH>TEDEXE 346 Th3, VE, Thd
NI MNVESDRI FNEEZBE, ACHBETA C,C,,Cp Gy, Cypvoeeeenes , %7213 D, D,,
D, Dy SO EICHT O LELIES LENELTE A BS T NE <7 VDR
XICHHITBEZZTEINTHAS, Ak 2ET4 BICBTICET 35118 AB=1<ThH 50
SEb/ASY, ThE U200 OFMEBEGESHB =V HATH 2, RICADFEF%E ¢=30°
T5HE COMEIRETHMAC IO THED, §75bH5 1010) OFmA%E 2 DAz
DHMTHD, COFMPE # BFELTBIco>NTh 2 bvid, BITRO S 79 7O
FROTE LR, B/AELSDBELREMNS 60 10 EdicdiciikLTwl, VWEzhN
7 I NEZOCDRT IO EhS, BE, Fif, FMEKKLoNTEBEBLEZOL
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Fig. 17. Correlation between azimuth angles of glide vector and maxima in a frequency curve
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g1k

ThRy b & HhLfs o 5 oM
—
AB | 0o <1130}
ac 1.73 30° <1070)
AC, 2.64 19°10" (i510)
—_ .
AC? 36 13°55/ (5720)
- -
AC, 458 10°557 (3310)
_ o
AC, 5.56 8°55/ GRI10)
LTI

DT B,

# 12 FICERM I N/ D a-lilic X9 2 560 A O FH B 4 A il i 13 18° & 20° & DR HY
B SR RICREROE~ 256D ERL o, TOULO—2%E 1T RO hBICH
URWT, ZTO5HMHOBE, S1RIXLLT 7 b v EOBEAX S, HhH18°
L20° L ORICH D b ASTHMGEORKDE ~ 7 @i <7t AC, OFMIC, B2 RUE
30 E~ 73 AC, KU AC, DFME~KT 5, B1ESLLMESNE LS CRLEST 2D
FEAL20) R o Nic o< 1010 D MiciRERD Y~ 7 3B bhiEho 12,

8, IR LUAME VAR, $AIC ONLEIC, ERMIL BN ATHS,
CHNREPHBICH EDCBRES, BERERBEN>ARNTEBL 2 TWAL EARERT S, T4
BIEEIC & > TH U 72 JEIEH (non-basal plane) TOREO—ARFHICH AN TE, £Thd
BRNBERNBC > THEEA DO 2D TH S, LhL, KEWCEHEHTOA=D, Lird
ZOibhOHME—EL TR ENICEF LI MEN T 3, F:0 W. Kamb” i&, =@
RRZCOHMOzDEEN T DR IICINA S tz, WSO n FICHHT 5 &0 5 ®/NAD
HAESHP-T, XOERMTOCY B—EDHFMERLL LT EERIL 2, 370HBEXKIEE
P T a- B RIS, A oA NERULNICT 52D TH DY,

EC, LNONDPEEL 7 fdi DI (FEE ) I {72 RN T8 & » A RFRICIER
ZELT, COBEMEARBBTTEAIRBETHSE, 2O0BBO—D2&L L THOL IR
CEMEZONS, TEEEOREREKE, MO, chic IV RERLE>THT
Ehpaicmicn —15C OHKRICE L EN b, £DH, PHEHICEBRENTENEHR TS
THHEA DL AAEEMMH S, b LAENARICL3BEThE LT EE, MO PRLED
ECEREHT RV F-DRLATOIII C1010), KT 1120) OHEICHRWHEE b > T
HobndzxThs, LW.Gold” BXXKOERICHNK Y ay 25252 TEHHEDLDEZD
FEEEAETAT a- i ErTis 11200 oJiiick 2 ¢ &EAHBRNIKAR L, Lo,
WHETHIC & © Ao 1 72 Al O $HIE 4 #5132 3 17 KNCOR U fo & 5 i <2510) O F HCRD ¥ — 7 %

* dold, n=40& %, shear stress OFMIE D FHEED L bBRLIIREAT 29° KIS, n=3, X
3 a=1 o0& i, MBOFARTERLE 8T 3,
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b0, TN OMBIR T THANLTERICLZ2HE TCRTNEZEZTINTHA I, L
L, CNODEMENBIIYay 7IChbE BLEBETHRVLELTS, MRBRIKBELTHNSLER
5 % “Griffith crack” »5H#E LD TREBOHEVHEMELD 2D, HIEDHKR O
SR, DR ROEBAIR AL Tigen =(ET/d)} 1T 5T 1/100 25 1/1000 FREL TS LN &

W, THEREFE O, Grifith DEE & W S/NSOEEBBEL TWH T, KRITKIIR
Mbd&, TIHOoWENLBLEEODATVS, CCIC ERY Y7, v iZRB@EB T 1V
Fe, d JEFHEERETH 3, b L Griffith DEHEHOR&Z 21 & FIUTTHHREE e &

gfrac—{ZET/ l(l V }z

THrALNBW T Iy 3BT Y vHTHB, bL, KOWERE, v v /% &
HEHBE T AVE—, BTV VB END h-o T h L, Griffith crack ORI DHEN TE
%, Butkovich™ | ZHUZ KO EMEBIEME R, REBFTOHICL > T ANAICEN B -
70 kgem ™ ORETHZ L1005, KO Y v /rREFEE RO DX O fiE <t 8.10° dyne-
cm™? O, XOFEHAM T & v ¥ — 13, de Reuck™ D CIZIER T 119 erg-ecm ™ & W
HfEEE B, FHRTY VT Dorsey” itk 2 &£8036 L THALONTVS, TNEDHE
ZHAT B L, Grifithcrack OE XL L T222 0 LWV HENRZOND, EmMICHS DN
BOEXE, 20~304 THEDLA~F —E—HL T3, T CTHEERIX>TZOXD
7 Griffith 8] H REEA S, MEEERL AV SBEMNLT DD, Lal, HAmhicBE
ZTHEN 2 Grifith 2 H O d OBETH D, KOUEPICEIRTHEEE TR 3 2120~
30 £ 1T BERNEHENEETIEN I EAMOYMHWE L FETLC LB LICL
ZBWVIRY, WEDELLALARBMEICEEZEDLITTH B,

EROMENREHHTLEVWET B L, RICFEGEAOEFERIGIEERAN TOMAGHIT- DI
L2500 THAD, MENEHMISELLENCATHNEENIHEE, COMIHERL LD
B DZEENH ST, I EFH>THERNEBL - EELBZTENTE, FEBTOHL &
WO THWNANAHAD, WVEBRHOLY, BITHEHCERLAEZVANAIENT bvEs
AT CINCEBEZ WA VAR TOCD#% 4 5L -0t {1010} @R THRELBC DR T L,
AT {1120} HNTHEZHPTVTHA D, BHERS, FIEORBTR-HNY P VOES
RBEM T EbEML, BBETRLIB TIREZD2OTEODL S TH b, MO aflicxtd
BN 0 OFEESAEMRD C— 7 OAE IR Q) & 2) Lz 272 KOV 7 F SR O/
BOMBICSHIELTED, E~270ESbZ0WMAICEINEI=OR7 PORIICHELHAIL
THDPLTOL END HEHHTE2L 0T, BF afhins3E 90° O A% & DmAIC
BROFENERICEZ2PRTHRICELL, Lrd OBERETE S INICIMBEFRIcE 30
ThHbd, COXIRHRBBEHEMCLIZZEORNA I TBORBPELLEOLEEL SN EHL
HLUOBIIRIFROPIRICH I RITES 30,

b ol WRENOYHOERLEZLEILILED B,
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Bryant & Mason'™ &L 7"y # g RO R 1120) JFiiciE 3 i =@ L fe,  3#3E
B ¥ W. L. Hamilton” [3{L32H9 S fiEIC & - T, KOEMICIE & o & & 1010) JFimic
FEBIEMET B C EERM U, BT, NREKUH WEFHEMEE D> TOKDOREERF
MICEEL, cns OMBRIEER TO=DIT L 3 LML 70, 163k, KCRERPSADZD
BN TRk, BSIIOREE S 27HTCEERPA DD BHMHL R —

chemical etch method
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MITBWTBLYDH>LTHA D,

BIBHICRT 2 DOEERABMBE T LIFNEMBETHEH, T O K D BHEHN
MEMTRTS, BEmTOHMINE L, TN E B 2HERREmMNS & DD

JWLETRATODEDERT DI LT EDTH S,

KOWHFEZRE S 10 cm, WHEA 2 X05cm OFIRIT ciBEXOFME—HT I LHKC
WO, TNEF->TEITEEANT., O LiKEMEE LT 6% O Formvar @ 2#{bhx 5V v
HREEL Y1z, MER —10°C Th o7z, BMRE LI EEH20~30FKEL, Kz L
SLTHBER T2 EF BB R(A)IKRT T ELNBNARFIICESBMMEOFNLL B,
ZCTHREZHETY T, BIMICO> T3 RGSOBMEZHRL, TOEZEZITILTRS
L, BMBEORPICERL TN TV &EERLE LT, EH®H T2 DE hexagonal 1278
Ry v 2L NTYWL, EHA)OBIEEE, AicEFAHAERNARBENTH S, RNA
FEOWMTRROBEREBL STV EDS, REICTELERMAMESNAFONMWTRERL
THEKTEETHZ, UL, FHICAONZ X HiT, AAKONBOMEE, TLAMDE
Fric N Tona v + 5 R P CHEERBREINTVWS, TOHHBARANAFKLONE CIE, Blicsh
%753 Formvar OEAEIC L 7Y H ENTWT, M EEFEH & DORIC TERZERD YD, DA -
THERVIVIIRINTRESNLOIOLEBRING, 2l Edn<, ¢ TE, BmL%E
FEBIEMAEFIOAMICER LLE S, TicDL bhfz hexagonal WERKE v F 5 E@HO
250 F 11205 & <1010 A& E 5, FENSH S 278 X S ICRMMBEOES Finid
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Summary

Surface damage on polished ice crystals was studied by thermal etching. The experi-
ment was conducted in a cold room maintained at —15°C using the method hereafter
described. An ice surface was smoothed with both No. 320 and No. 400 corundum paper
and then polished with a clean silk cloth or cotton gauze untill a mirror-like surface was
obtained. When this polished ice crystal surface was exposed to free air in cold room,
preferential evaporation occurred at various sites which had been subjected to damage
during the polishing, and characteristic thermal etch patterns appeared in each grain. A
thin solution of Formvar in ethylene dichloride was then applied to parts of the polished
ice surface to reveal the crystallographic orientations.

The general aspect of the surface damage varied with the polishing treatment. When
an ice surface parallel to the basal plane was rubbed lightly with cotton gauze, many
spotted scratches appeared in the direction of the polishing (Fig.7), however, linear, etch
channels developed on the basal plane in various directions when the surface was rubbed
hard (Fig.8 and 9). Sometimes a series of microcrystals formed by recrystallization as
observed in the polished surface along the deep grooves made by the coarse grains of
the corundum paper (Figs. 13, 14 and 15). Azimuth angle of the etch channels which
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appeared on the basal plane were measured in reference to the a-axes (Fig.11) and their
frequency curves were drawn against the azimuth angle divided in 2 degrees intervals as
shown in Fig. 12. These frequency curves show that the most frequent orientation of
the etch channels was the azimuth between 18> and 20°. A qualitative description on the
orientation of these etch channels is given in terms of ice crystal structure.



