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Abstract: Shulan ductile shear zone represents a suit of mylonites with sinistral strike-slip characteristics and NNE gneissosity

located in south-middle part of the Jiamusi-Yitong fault (called Jia-Yi fault in short). Systematic measurement of the finite
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strains of feldspar in mylonites indicates that the strain type is extension strain in L-S tectonites. Quartz C-axis EBSD fabric in-
dicates that the quartz fabrics is mainly low-middle temperature prism-glide fabrics with slip system of {0001}<C110>. By cal-
culation of micro structures and quartz C-axis fabrics, it is found that the shearing strain is 0.44; all kinematic vorticities are all
more than 0.95, which indicates that the deformation is mainly simple shear. Mineral deformation behaviors, quartz C-axis
EBSD fabrics, quartz grain size-frequency diagram and Kruhl thermometer demonstrate that the ductile shear zone was devel-
oped under a condition of low-grade greenschist facies, with deformation temperatures ranging from 400 to 500 ‘C , and disloca-
tion creep is the main deformation mechanism. The shapes of recrystallized quartz grains in mylonites with their jagged and in-
dented boundaries are natural records of deformation conditions. Fractal analysis shows that the boundaries of recrystallized
grains have statistically self-similarities with the numbers of fractal dimension from 1.195 to 1.220. The paleo-stress from dy-
namically recrystallized grain sizes of quartz are 24.35—27.59 MPa, representing the lower limit of the paleo-stress during myl-
onization. Together with temperature estimates and applying published flow laws, it is concluded that estimated strain rates on

the order of 107 '*% to 10~ "' 57!, contrasting with regional strain rate of 10~ '*% to 10~ "% 5!

, indicate deformation of mylo-
nite in Shulan ductile shear zone with low strain rates which are consistent with most other ductile zone, suggest the deforma-
tion is slow process. Taking into consideration of the regional tectonic setting of NE China, we suggest that the formation of
the ductile shear zone with NNE trending might be related to moving direction changing of the Izanagi plate obliquely subduc-
ting under the Eurasia plate.

Key words: Shulan ductile shear zone; quzrtz dynamic recrystallization; finite-strain determination; kinematic vorticity; fractal

dimension; differential stress; strain rate; Jia-Yi fault; structural geology.
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Fig.1 Geological map of Shulan ductile shear zone with smple numbers used for this study and stereoplot of foliation planes

and stretching lineation
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Fig.3 Flinn finite strain discrimination diagram
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Fig.4 C-axis fabric stereograms of quartz in mylonites from

Shulan ductile shear zone
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Table 2 Shear strain and kinematic vorticity of mylonites

from Shulan ductile shear zone
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IS W =05 58 42 Ky 18] 50 55 Y) A2 B i), W = 1. 7E
— s I W BT 0 il 1 ZE] L HE W, =0.5
BFIF AR EWE A5 U) 5 oy b 4 5 —F, HA T
W =0.81 W} A KR 4l 57 U] 5 1 5055 U i 7 AR 55
X PB4 R Sk 4l B i [m] 7 ( Tikoff and Fossen,
1995).

Wi 32 ) 22 10 AR A 2 Rt 50 5 i AT
B e 3222 0 5 b 7 ik R 1T IS Bl 2 e A AR
M 1A TH P YE (Passchier, 1988) , 8 F) F 45 T
N A7 B 2%ty v 2 R B SO K il v, 5 B
YIgrm (C D Wi R mER R 0. FH W, =
sin20 , P15 H BE AR A 1 I B 0.976 (£ 2) . 48
7R B U1 (4 5 D) AR T LA BT U1k .

5340, Wallis(1992,1995) 3 % 42 i i J1] 47 %% C
2R 5 A N AR Al L AE (Rs) Sk Al 5 352 Bl 2
W EE R A9 C B4l by vhoe 3648 5 57 U) 1 A
B YUY 5 A R AR T e R B XA BLURs
MW, ZHAFEEHLER.

W, =sin{tan '[sin(28) /[ (Rxz + 1) /(Rxz —
D] —cos(2B) ]} X (Rxz +1)/ (Rxz — 1. (2)

SEATHISCA T C B EBSD 44 43 Br i3 i /Y 8.
A Fry A BRI A & X /Z B0 Rs 5i—1E
SR U A5 OF Y58 B 2 W A 0.988 (%
2) . 50 BE S A2 T B kA5 Y as o iR (A
h— B AR B R A8 B 2R IR AT B IR 25 K
FEVHA A TE C hdii 5 2 0 AR 30 LU (Rs) , DL &
SYY) I 5 A RN AR T e A Ry B T BE S AEAE N
RRE XA Rl T AR R E .
JER LY G A 25 %8 /0 BB A L S R i b X5 Bl 2
3 REAE, 48 7R ) M 5 U (9 35 D) A2 B DL S 55 )

6 A e 45 hHT ORI 4 4 L ART A AT
7 1k g

6.1 ARPSEEFETBNSEST

G3 UL 2 v () — A 3 28 1 2 50080 2 40 OF 4k
B, Bl R AR AR A AR B ALE S B R 1Y
AR &, Kruhl er al.(1995), Kruhl and Nega
(1996) Fil Takahashi et al.(1998) & , A1 % (i 2h &
T ARLIL B LR 28 B ge it o2 By | AR L
PEFNBR BE A SV L A [R] il B2 3 ] A A < o0 321 3 1Y

A3 I LA AN TR 4 43 4 5, B B0RE S AR KPS 0k
SETE R R ELAR d b 2 M A OG L T 3 O T IR 8
HP IERT " ARENRPR 4% D. i T
FITAG A3 M 7 A 1 4 2 ) R AT Y BT LA 0 ZE B
1<<D=<<2. IR &% F 25 AH AR J5t 25 v A 5 00K 301 L 1 4%
HeHUAE 1.23~1.31 Z AR 4L, & 25 AH 20K A A
A A ARl 114~ 1,23, JFRRE 2 A K 5] ¥4 38 1
B T A 4E RO 1,05~ 1,14, 75 7 35 Uk 48 & 2
SERTE G R v B TR B 0 T v A URL 3 1Y A
BRI 43 e BT A S A8 B A2 Y IR 1 (Kruhl
et al.,1995).3X —F 5% 45 5 I 5256 b 5t 2% A1
T2 UCHIE S T V/F 22 15 B4 4398 14 1 A 4B 1 R b
AAFPERRIE . Kruhl et al.(1995) #1 Kruhl and Nega
(1996) XF AN [ 9 531 A8 J5 2 FAE. v A 0 Jok i) A
TEARIAT TS, BIAE N E BMRE L A3 il
R A 1~2 AL R A A .

O3 AE RO 3 A AR Y BE AL 25 R 4
) e FEAS ) 3 B R A T LA 25 i — A T
S8, bSOk AR 22 38 & sh 28 S 45 i A e JB0kL
SR QS Ny R L P S W i s R e B |
K — WA CE B2, 2001 5 36 9% %5, 2005, 2006 5 52
INEFAE L2006 5 25 HR AR 4L 2013) X P RO 1 BT 4R
18 A1 BRI 300 1 3 2 O SO ) AHL R — T AR
PR AT R K — T AR BT G R
D) il 2 1 K 55 EL A A [ AR R 1 A A H AR
1 7 43 2 B0 O vk

e AR & 24 M B Y b sh A E 45 A R &
B A ASRE S 0 R AT o A LA SE A B
Hoa e s A AR T DUORE I AL B S O S R 4
At » 201285 T 2 T 0 U i SR kAN R ) o T
AR CHZRR L R Bl B A 2k 45 b mUAE DR 45 L O R
FH 53 T8 1A 55728 T Tt B TR B AL T R 4 A

ARCEBE K — ARG TR RS A
Y URL I 53 T A B S A R S R b g R B
BE LS5 AA D E A X A G E B RO, R
Coreldraw 14 B4 XF A 95 2 245 5 45 & B ik i 3
AR Ak 38 3 T BRI R KA R G T A 0K 1
SERA PRI AR P4 A L 48] 460 55 SR S R SURE Y THT
FURE A 55 v 380 5 A [R] 5 B 1o R 2 (30 1Y) L
1, IR AE MV R 2h 745 B 45 i A 5 R B R A2 d.
B D bR 30 R ) A T R S B i K BE (P L R
o7 14 255 v AR (4 JR K Coed ) B KL TR I o A BT R B
ViRl A0 52 2 A BE v LU o S R SE PR K (PO
AT BURLAR (d) 1) A R 5 1 R AE K T A 5000 i A
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Table 3 Fractal characteristics of dynamically recrystallized quartz grain boundary in mylonites
s WEEH RESM(em)  EMRA (pm) AKSH (um) SEHEK (um) SR D MK RE
799SQ-1 60 20.52~123.10 57.90 90.91~836.36 352.73 1.214 0.932
7995Q-2 61 32.44~137.63 65.01 163.64~853.36 357.68 1.195 0.942
800SQ-1 58 13.28~141.78 64.02 93.16~747.37 329.67 1.220 0.935
801SQ-2 56 9.39~150.39 55.55 112.63~826.32 342.87 1.208 0.939
Excel B i#frsE , MEEFK 1g(P) RN Y i, 3.5M p=1.214 [ D=1.195
N R R N 3.0+ R’=0.932 - R’=0.942
Rits lg(d) R X AT 8, /N — e ikl & 26 o 25 _Néo./M | N=61 /*’
RORLRE S B D S RE R RS — R KR F 200 woson T 950
e e N N e 1.5+
BERARE 0K 3 ME SRR e R O
R'>0.93. /4% D 7F 1.195~1.220 Z[a], n] W,
3.5r r
. _ N b P N D=1.220 D=1.208
/ V7 N=58 N=56
(1 A AR (1<<D<<2) F I & 1Y) 43 JE R AF. & 25¢ M -
6.2 THREEMNHEE - ?(5) 800SQ-1 ' 801SQ-2
I A 9 28 T FR AR AL )M AR 5 A 1) A2 T R 1.0

FE R O BOR TR A2, MR 4 Fhis R A B 0
AR A7 3 19 728 I8 44 8 50 Al 328 JE IR 2. Hirth
and Tullis(1992,1994) X 5 %6 % A7 e (1) 748 2 21 #4 XF
A9 B A JAEAE 3 A AR I B, IR IR Ok BT R
F L R JE B e L IUR i L ST RS R A T R e
B % M TR B Ay WIAE 280 ~400 °C ,400~500 °C I
500~700 °C (Stipp et al.,2002);(2)i# i3 EBSD Xt
AV R T, FE R F REHWERE R,
T %2 28 JE 18 B (Mainprice and Seno, 1986 ; Oku-
daira et al., 1995; Takeshita, 1996 ; Bahattacharya
et al. 2004 ;X2 A 25,2008 4 A 32, 2009) 5 (3)
Stipp et al.(2002,2010) #1 Boutonnet ez al.(2013)
Xt A7 11 e YR R AR T S 56 R AN 1 B DA AR T
A7 SR i R T RE FA S AT DUAR 4 E 2 6 BURL K
JIN T ) W A A A T BIL L HE WA T R s ()
Kruhl TR A48 D 5EBRE T X &
(Kruhl and Nega,1996) 45 H 48 15 FE .

FIH 13k (1) 3 38 o X bR S 9 A7 35 A0 A8 JE
FRIE (B 2c.2d) , 55 T B2 g b 3 L 5% BE 3R L 4% i R A
1 A HAB I VE AL G+ 43 W W, B4 B
WOURE i 20 25 T 45 T I 5 T LR I B 28 (BLG) T 45
i 4 (b K AR 2200, 2008) L BE B b A7 B 1 78
T2 20 K 8 EL A TR g el A7 AR TR R AR HE T A 5
T i A )V AR T R0 BE e 5 Ak B IR EE Y R 7R 400~
500 °C., A& T BB Y R AL B I 2 (Stockhert
et al.,1999;Stipp et al.,2002).

FI 3R (2) 971, EBSD A 3% C %l 28 ¥ B 48 7R
HIE T 400~500 C Bk F A tHIR BT, S e —

1 1 1 1 1 1] 1 1 1 1 1 1]
1.2 1.4 1.6 1.8 2.0 2.2 1.2 14 1.6 1.8 2.0 2.2
lgd lgd
15 A e Bl 35 H 45 b WURL 9 RL AR — T URT £4 51 i
Fig.5 lg-lg plot of perimeter-diameter of dynamically re-

crystallized quartz grains

N g i 2k J50RE £

IR ST B8, 5 AR 48 W 5w 9 728 08 W BE A 1 09
i —FL.

FIHT 13k (3D J7 6 o HE W &F =2 90V 87 U037 1 42
T BE S Ik Ok BE A 2 PN A R B L 2 i A 0 14 kL
JEE — AP (I 6) 3 I 4L 58 73 A Y [l 2 10 ~
120 pm , M348 51 45 i A 0ok BE 5 A8 B AL )R A2 JE R
JEE B X6F 1 O R LA T, 5 22 B0 P B D) Al N BE W A A
& AR T AL DA iR 7 5 I AR AL Oy 32 AR TR IR
400~500 C.

R TT 8 (4) 4 A BERE S5 B it v 3 25 1 25
o ORI A GE T ECHE A OCPEH R T 0,93, FF il 43 4
$1.195~1.220, BA ST L A AR (Kro-
hl ez al..1995;Kruhl and Nega,1996). \[&l 5 Fl1 3
3T LLE M, 40 T8 4 B 2 W B T 45 A 0 JBURLRL A2
0 FEL P D80 /N T 3 AT 0 1) o 245 R BE R N 7% 5 3 ]
i 3 4 AR DL SR AE. 6 B Kruhl 6B 31 #4308 4
WD 5 HEET ERE (A 7) (Kruhl and Nega,
1996 5K % 4, 20065 7K & R 4, 20085 2= g A= 5%,
2013) , FIWr A IR R A AE 400~500 °C AH 2 T i
2% = M R £ TN A #H (Kruhl and Nega,1996) .
H Kruhl J#EETH5H A 3 FhJr ik 46509 28 IR E W)
B P AS YR AR v B e e ) 78 T kL B 326 B R 400~
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Fig.6 The relation between the particle sizes of recrystal-

lized quartzes grain size versus frequency and deform-

ation mechanisms in Shulan ductile shear zone
P BLG R 3R A 28 2 5 45 T 45 (280~400 °C) 5 SGR HL 3R
15 W UKL E % 2K 3 A8 T 45 T (400~ 500 °C) s GBM 4R 38 & 1R kL i1
FUT BB TS i (500~700 1C)
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1
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Fig.7 Relationship between fractal dimension and deforma-

tion temperature

500 °C. 40 4% F X 3 %R R O 33 °C/km AT R EL
HeWr i B I T2 AT 12~ 15 km B9 VR BE VU Bl 9. 4%
25 MPa/km f) iy A8 B 7T DA 5 ) R T 2l 300~
375 MPa, J& Tk 52 2 IR
6.3 HERNNHE

oL 2 i A7 S A AR AR BORLRE BE 5 22 S 0 ) A AE
Xk £ (Twiss, 1977, 1980 ; Mercier et al.,1977;
Koch et al., 1989; Stipp and Tullis, 2003; Stipp
et al.,2010) , PRI 22 5 0 g 31530 R o 45 it UK R
B Rm N

oc=d/b)"", (3
Ko WEFNF1 . MPasb HEE S5, pumMPa * ;
d R BN A E L & A SRR, pms R R SE IR S 4L
(—1.47~—0.59).38 4 A% H 5 H iS4

4 ARELFRFHNNEENTSH
Table 4 Parameters of paleopiezometers based on recrystal-

lized quartz grain sizes

b(pmMPa™ ) R EE PN
1.45X10" —1.47 Twiss, 1977,1980
4,07 X103 —1.40 Mercier et al.,1977
4.9X10? —0.59 Koch, 1983
3631 —1.26 Stipp et al. 2003

AR A 7] 27 35 45 1 B 1 g 3 (Mercicer, 1977
Twiss, 1977, 1980; Koch, 1983; Stipp and Tullis,
2003) 34T Tl 22 7 N 1R (GR B).

TE AN [R) 2 5007 4 55 10 25 55 0 (AR BRI
# 5 (F 5),{H Hacker et al.(1990) %} Koch(1983) .,
Twiss(1977,1980) Fl Mercier et al.(1977) K525
SHIEAT T X ST L IESE Koch(1983) I 52 56 5 4
BT %8 T2 R KR, Qa9 iy IR R 7R
R Bl P R T IR R R R L R S i 22
SR DN o R 22 5 ORI AT L 20 S B 0 5
B AR R 4 B 7 T A R A S A ARORY B Y S 56 s
S 1 ARAT L BT AL A 0 AR R RO A DX 1] o
PEAE L Stipp and Tullis(2003) R Gt B T £ 9
1o R R S B L A S AT TAB IE L 7
AL 485 05 AR B %) o 1) R B — I ) O R A X EE Sy AT
FE D MR WF5E 2R 1 Stipp and Tullis(2003) A 52
5 285 A AT 22 00 1k B U BE M Y AR TR g )
227E 24.35~27.59 MPa 2 [i]. % B A7 75 1R K5 2 B
A FH 3k 2 v A JB0RE L A28 15 R 25007 1 5 ) K A 25 R
7 (B 0] BB AR R T & 22 104 B9 DI BE b 2 kA
FHIE R 22 50 S F R (Hacker et al..1990).

6.4 NETERWHE

FEF P 55 U1 B 5T b 2 R A e B SR8
TR A R A R I AR e, — HL 22 S5 W ) R I B
E AT DA S BE b A A AR A N AR R (SR 6, 7)
(Poirier,1985; Hacker er al.,1990) . % F B f1 34
F14) o Ul AR AR

e =Ac"d "exp—Q/RT] , 4
e MRARHR s 1, H AR ALY R AR R — iR
107" ~10""s ;A NS E,MPa 's ;0 N2
F NS MPa;Q MiGfbHE . Jmol ™' s T MR E, K B
AR E R R=28.314 JK ' « mol ';d NH ¥ ki
P pmsn N7 B m SRR BE 4R B LU BE »
AL TFARME Y n KT 20.m=0;2 n /b
F 1.5 W} ,m =2 (Rutter and Brodie,2004a,2004b).
AN TR 2735 25 0 S 96 S BOR [A] (3R 6).
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Table 5 Estimation of paleo-stress by different methods

HE S -y A% (pm) Twiss (1980,1977) Mercier (1977) Koch (1983) Stipp et al.,2003
799SQ-1 57.90 42.83 20.86 37.33 26.70
799SQ-2 65.01 39.59 19.20 30.68 24.35
800SQ-1 64.02 40.00 19.41 31.48 24.65
8018Q-2 55.55 44,06 21.48 40.05 27.59

6 AREREREEFXIREH

Table 6 Experimentally determined parameters for power law creep constitutive equations for the quartzites

A(MPa 's™ 1) Q(Jmol 1) n H;0 EEBUN
1.10X10°7 134 000 2.7 T Koch,1983
5.05X10°6 145 000 2.6 b2 Koch et al.,1989
1.58X10°° 134 000 2.6 0.4% Kronenberg and Tullis, 1984
6.50X 108 135000 2.6 Paterson and Luan, 1990
4,40X10 2 230 946.2 2.6 b2 Parrish,1976

6.309 57X 1012 13 400 4.0 — Hirth,2010

[F] i}, Takahashi ez al.(1998) 1@ i K i 52 56 #ff
FWHR B XML B ARTRIESEAS
THAE Y B AR TR R E B S ST L A 4
K5 I 7 AR TR R (3G I i 1 K 5 A AR S R E Y AR
T A ST R A %) 43 2 K5 I R 1) R AV T 1 K
PRI 3 A8 5B A2 T 5% 1 AR R e B A, R DR
J— AR S5 4 1 48 7R 1. Takahashi er al.(1998)
A D AEIRIRE T (KO HIR S 3 3 e (ST X
FARR 38 o /D ZRELIE A HE B A

D =¢lge +p/T +1.08 , (5)
Ko flp #RELHSE:0=09.34 X 10 " [lg
(ST ]—1;0=6.444 X 10" K;S JAFE,s; T Rk
J# . K.

AW R E K LA KR Takahashi er al.

(1998) 1 43I o AR vy Tk U 722 142 53 ol 1 A oy 7208 Sl o3 Ay
IR IR 400 (C A 500 °C , 43 5 4R AS R A7 7 R
w7 iR,

PIS I R BE 400 °C B 1 55 45 2R R ), A
Takahashi ez al.(1998) 42 {1 (1 73 J 1 530 1) 1o 2%
FN 100 ~10 4 s 1 AT Koch (1983) , Koch
et al. (1989) . Parrish et al. (1976) , Paterson and
Luan(1990) ., Hirth et al.(2010) Ll % Kronenberg
and Tullis(1984) By AL A LIS K (R 6 M 7). A
FH S 36 3t A2 A 0 ATH B A A B R <1010 s
e 38 i /0N I B TS G R /N3 ~5 A EE 4R

PR 7 B 46 2R 2 S i DS R A O I

(D TARELRPRELIELSRE, &R
KAE T BUA P RTURLRL AR 3G KR 1 5 AR

®T ARAAEBENERE AR EEE

Table 7 Estimation of strain rate by different methods

e=Ac"d "exp[ —Q/RT]

D=o¢lge+p/T+1.08

. No® K Koct Kronenberg Takahashi
RS m:x och ronen)?rg and Paterson and  Parrish, Hirth, NIE afahasit
(MPa) ('C) Koch,1983 et al., Tullis, I 1990 1976 2010 R et al.,
wuans, Lo =

1989 1984 1998

. 400 10 13.49 10 13.82 10 11.48 10 13.23 10 15.54 10 15.95 10 8.79
799SQ71 2670 500 1()*12.13 ‘10*12.37 ]()*10413 ‘10*11.87 ‘10*13.23 ‘10*11.6(1 1214 10*7.17
400 10*13.60 10*13.93 10*11,58 10*13.33 10*15.65 10*16.11 10*9.00

- 4 35 -
7998Q 2 24.35 500 10 12.26 101248 10— 10.24 10— 12.00 10 13.33 10 14.76 1.195 10768
. _ 400 10 13.58 10 13.91 10 11.57 10 13.33 10 15.63 10 16.09 10 8.73
SOOSQil 2460 500 10*12.24 10*12.46 10*10422 10*11.98 1()*13.32 1()*14.74 1220 1()*7.41
400 101345 10— 18.79 101144 10— 13.18 10— 15.51 10 18.90 10886
-
SOISQ*Z 27.59 500 101211 10 12.33 10— to.10 101183 10 18.19 101455 1.208 10754

. * Y& Stipp et al.,2003.
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HP AR T AR I A 0 R O A S A SR B g AR
S K (Twiss, 1977 ; Hacker, 1990 ; 3 3% 45,
2006 ; 2= PR 755, 2013) 4 55 AME JAE T2 % A LU Y
A1 BERIURL 91 2% 77 1B b F AR L X 6 o0 O 4 B R
f) 5 W %5 K ( Takahashi e al., 1998 3K I %5, 20065
PR 4 ,2013).

(D43 2 3E TR (T <7400 C) %
(Mamtani,2010) , Ifif 1= Ik 9 7228 4 14 I A8 3 3 01 7 5
W G (T =400 °C , JEHE 400~500 CH 38R TE .
[ EF, 20 08 3k N AR 3 F b ok A T & iR (800 ~
1000 CHOMBR AR F (10 ~10" s DL, A
SR AR A ) Qb A Y R AR TR SR AE L RO 1071 ~
107" s ' (Pfiffner and Ramsay,1982), 1M % R
AR AS R (<107 s~ ) &M TF, /%A K4 W
B B AR TR IR 4 L 2006 5 25 R 7 45, 2013).

TE T -e Efi# (Stipp,2002) H1 (F 8), ARk 4 4
FEME TR T Me B TE BLG X, iR
TR e B BE A 3 AN XL T AR YR AR I i Al N
400~500 “C , PRI 1 4 0 =7 30k O 72 S8 1480 45 2 1T g 7
AN S 4 8 AR R (H G AP vk T A A SR B ]
15 I T EAE TR T B S % (.

LA UL L L 400 °C BRI R AR IR ASTE 3B
B AR B <1071 5715500 CARFE T S RAZTE  1H5E
PRy 7 AR 5 R <10 100 s — e DX R AR Ry
107 ~10"" s~ ! (Pfiffner and Ramsay,1982) , Ui B &F
2 BT UL Y AR B R 5 B T R 22 0 1 5 )
I BE b A I AR R — B, SR R AR AR T I 45 R

10°% F \\\ \\\
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1™ r 4y
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Fig.8 Strain-rate versus temperature diagram with the mi-
crostructural correlations of dynamically recrystal-

lized quartz grain

(&P 25 M X AL 4 5 A 2 Z 91 PE AR JE 1B %
BEM IR 5 A, A2 AT 85 U1 AR B R AR, R JRR B 7R G
NNE i) K £ 45 B3 28 Flinn (&% ) 51 4 47 28 50
LS RURG R A 0 A8 A0 32 B kg ar 4 A i AR

()% C i EBSD 4145 3 8 Ry LLZE i Ca) W
o E L8R HIE T 400~500 C 4 A A5
S e — AR IR AR TR BB 5 AR 5 G ) R T IR
BEAGTH A% B — B b 4% D0 38 DX 43 0 i 4R 5
SOl 2 o A AR ) B R R T — R AR TE 3 SR
PAZEAT YD) R L 3kt 5 0 ok s 40— 3, BLZS A
JBE e Th BRI £ BHLM5 SR AT i 00 44 o 32 Bl o NNE-
NE [0 2247 — 1IE V- #442 57.

(3D S-C BT 5Y YAl P9 BE b 5 1) 59 7 A8 Ky
0.44. 8T 58 BE 48 1 500 m 40 BE W il B 1 B
O 660 m. AN A TH 5 7 vk T 5 B AR A 32 B
WA YR T 0.95, 48 28 1% By DI At 1 85 V) A5 JE LU
fA] B BT U)K 3.

DOEEART WAL REI A% C B EBSD 4
T e kL BE — A AL ] Je Kruhl & B2 128 5 Al it
Z )Y B YD AR T AL LA b A A I AR AL
AR AR SR A AR K AR M AR TR R BE e A AL IR
JEVE FE7E 400 ~500 °C Z [H]. 4% - 24 M #4380 1R R Ry
33 °C/kmA] R ECHE W i 59 Y) 4 % T 12~ 15 km
R TR JBE 3 BBl P .35 25 MPa/ ke 4 i FE 66 JBE AT LA 80 5
R R 300~375 MPa. J& % i 2 1K

(5)&F 22 Wk 5 V) Al v BE W 25 1 Ay D Bl A i 4
v BT v 1 A i L A A DR v VR S5 A, R
A3 D5 3 o L T 245 B i 0 R 9 e B L 3 B ok
NREAG AR, 2 2 A dh A S ORI R
BAEIAE R B R =>0.93, 2 L 4E 50 il 1.195 ~
1.220. 5% FH 5 45 f A 5 0k B 31980 0 22 1 1 {H K
24.35~27.59 MPa, {38 T &F 22 1) 1% 59 V) 5 BE b 5
FEAE R R 0 22 55 0 0 B AS T 52 56 54k
B LR A BT T I B YDA il AR SR O R
B R 1071200 g Th~ 107 S g 28 5 X e AR R
1077 ~10"" s ' X H, Ud B 67 2% 3900 BY D) A 1 B AR
AR AL b K R0 M BT DA i e A I AR
R— 3, LR AR Y Y 25 A1 AR ) 7 B U0 1
TE 18 AT BE 5 5 o A1 44 Uk A B 1] KRR K i FF aoft
R A K.

B AP B R K F (b ) R R R A
EBSD % A4 Ml X 5 @4 T e 8h, A Bt 2+ = 4
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