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Abstract All kinds of water in minerals have a significant effect on its deformation. We studied the relationship between water
content and deformation of the quartz and feldspar in granitic rocks, which are on the southern section of ductile shear zones in Yingxiu-
Beichuan Fault that is one of Longmenshan fault zone. By microscopic statistics, we gained grain size and axial ratio of quartz and
feldspar. Based on this, we divided the deformation of granitic rocks in shear zone into three parts. That is granite gneiss of weak
deformation zone and the transition zone, and protomylonite of strong deformation zone. Weak deformation and transition zone samples
have fine-grained strong deformation bands. According to the equation about grain size of quartz dynamic recrystallization and flow
stress, it is estimated that the flow stress of the shear zone is about 15 ~200MPa. Then use of steady-state power law, we estimated
that deformation temperature of the ductile shear zone is range of 400 ~550°C. Whole rock chemical compositions of granitic rocks and
fine-grained shear bands show that SiO,, K,O contents reduce, Fe,0,, CaO,MgO and LOI contents increase as deformation. Fe and
Mg contents increase, K content decrease. It clearly shows that feldspar content decrease and mafic mineral content increase. Initially
speculation is feldspar turns into mica by the hydrolysis reaction. Using Fourier transform infrared spectroscopy (FTIR), we measured
constitutional water contents of quartz and feldspar in granitic rocks ( granitic gneiss and protomylonite ) , which collected from a ductile
shear zone. The results show that water contents of feldspar is higher than quartz, water contents of coarse-grained feldspar and quartz
is lower than fine-grained feldspar and quartz. As the deformation degree increases, water contents of minerals are increased.
Therefore, in the shear zone, strong shear deformation develops that crystals dislocation density of feldspar and quartz become larger,
forming point defects as well as line defects, which are occupied by OH and then form constitutional water. This constitution of water
accelerates rock deformation of the shear zone.

Key words Constitutional water; Ductile shear zone; Fourier transform infrared spectroscopy ( FTIR) ; Deformation; Grain size and

axial ratio; Longmenshan fault
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Fig. 1 Optical microphotographsof granitic gneiss and protomylonite in the ductile shear zone

(a)-11-1 granitic gneiss; (b)-13-1; granitic gneiss; (c)-13-2: granitic gneiss; (d)-14-1. granitic gneiss; (e)-15-1; protomylonite; (f)-15-2.

protomylonite. Q-quartz ; F-feldspar ; M-micr. Red circle is core-mantle structure. crossed-polars

MALRLE PR A2 K T 100pm, o KIS . BAK, X BE(K Le, £) o /NBURLH™ )& m PEW] 2, 3 A5 45 S 4

SEARLA P AL 51 R % ,S-C B AT s BRBE R A7 BUME 1R Gl 228 e XUt 1L 37 A2
Fil 15-1 #0152 060 T o U AR eI e b o, il IR SRR A AL s = BE 5 BEROR RS TP BT i g

W TSR B, A AR T B, BB A (& Le, ). AF“mHOHE, ZI SRR (E Le, ),

A YEFHAT/INBRL (< 100pm ) bt 8 2538 2 (A5 KA 3R R IR HR B 2R 261 R BE R o o ) 20 A S AT AR




HREF: RITDLIRT T IR HhENKeTEEBY XA

6.0

1607

TEAT L

5.5 ]

T 0 105 M
iy A A

50 J(a)
4.5
4.0
35
3.0
25

2.0
151 A A

1.0

{@skiilia

300
{(b)
250 @ *

200

T E3RE 17 (um)

150

100

® i
& KA

L2 4
“i

I R

600 ] (C) )
g9 I
500

4004

4 s

3004

2004

100

' |
=150 =100

R

T

'
N
o
o

¥ 2 (m)

piife' A

U by
30 40 50 60 TO 80 90 30 40 50 60

B 4% (um)

P2 O G HOBE R B R R A

B4R (um)

| ‘ 1
30 0

4 50 60
Fi £ (um)

(a) - HEHLAL OREAR > 100 ) A9-F-357 il FEAE S5 LT R ) 2041 5 (b)) -0 SR ATHDRE CRAR > 100 ) B9 SRAR7E BT U415 /P A 30 5 (e) -1

e AR AL AT BE RN AT (RS < 100 wm ) R B SHRI K 2 .

Fig.2  Grain size and axial ratio characteristics of granitic gneiss and protomylonite in the ductile shear zone

(a)-average axial ratio of coarse-grained quartz ( grain size >100pum) change with distance; (b)-average grain size of coarse-grained ( grain size >

100pm) quartz and feldspar change with distance; (¢ )-relationship between grain size and frequency of fine-grained ( grain size <100pm) quartz and

feldspar
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Fig.3 The relationship between grain size of quartzs in fine-grained bands and frequency, axial ratio and frequency, in week

deformation zone and transitional deformation zone

a and b are fine-grained bands in week deformation zone, band width of a is 5. 52mm and of b is 5. 6mm; ¢ and d are fine-grained bands in transitional

deformation zone, band widths of ¢ and d arel6. 2mm and 16. 8mm respectively
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Fig.4 At different temperature, relationship between flow
stress and grain size of quartz

According to the equation about grain size of quartz dynamic
recrystallization (grain size <100wm) and flow stress, it is estimated
the flow stress under three different conditions ( Koch, 1983; Twiss,
1977, 1980; Mercier et al. , 1977). Then use of steady-state power

law, we estimated flow stress under different temperature
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Fig.5 Temperature changes with grain size of quartz
Using paramaters of Twiss (1977, 1980), we calculated deformation

temperatures under the conditions of Xiao (1999)
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9 AHHIBURLAT DR 4 ASHLUBURLC A, R A 6 A FTge kA
B9 A ISR BER A Th R BT VIR BE A 3 /> DR R A 5
WL 6 1, AR A 6 LR A BE T 4,

[ 6 SR X RE SR BE ST 0 — Ak 5 BB (R £D AR IS |
T < AR TR 4 A i R A3 A LD ARBTG5 (1B 6-1)
L AHE (B 6-2) FILT A IS i B B i 1) W s 3R 5 40
A TSR 2D IS 135 LR RL A A R 2 9 A I R

TE R AR TE A A R A ARG JE IR e 5%, I AE 7
EAE 3400em ' BHE (& 6-1) , 78 3600cm ' BT H B SS 1 %
WA b B . A AE 3390em " BT ik B — A~
FEAR ARG | SR AT S Y 2L AN WO 7E 3600em ™ BT H
T —A/NHRIE(E 62, b Fl ), T H A HIBEA XA
W o A BERNK AT EAE 2910em ™" BFET HL L A~/ NI 0 (18] 6-1
FE 6-2),
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RYET| & hBUR I 7 WEAR HE LS & DL L5 21 1 W i e e
M, RP A K AE 300K B I U X RE B U 4Kk 2800 ~
2900cm ™' ( Paterson, 1982) ;43 9% Fl A4 S A B B4 b i OH
7E 3370 ~3400cm ' Z [A] 5% 3600cm ~' i} T (6 55 08 L RE 1
I— /N 20 (Post et al. , 1998 ; Johnson et al. , 2003,
2004 ) ; B IKAE 3400 ~ 3450cm ™" 3 I % 58 14 14 ( Post
et al. , 1998 ; Johnson et al. , 2003, 2004 ) ; Woki il F W A&
(% OH 7 3600cm ~' H ¥ 4214 ( Nakashima et al. , 1995;
lto et al. , 2002) . 1Y, I 3R 78 3 %L 3400em ™' [k
LT A0 T 03 2 A B B OH sl 3% A 2 Rk, 7 2910
em BRI HE B A W Mg R ) E K. B 4 A BE AE 3600
em BRI R G A TR oA 0 R AR BB OHL B R
FW AR OH,

ARG BT ARAR I AE b AR T 28 TP SR A T K
PELTAMRMSCRE FIK B 555 07 T S AT 45 8 2B Jr T
WA — 2225,

A SCARAT TR 5 BT TR 25 A0 v A 3 R A A R A g LA
ERIRBREE K N F, & A MBI KUk B K . Kronenberg
et al. (1990) FI J&l 7K 45 (2008 ) 4351 45t (46 B 7 JRR
AT BRI A 8 2T 911 W A 1y R WA g s LA A SR 4 31 1) LA
EARAEAN A RE S AE 3200em ! ST HY B E AG 2 BE  i 0 5
{H Gleason et al. (2008 ) % Hi Y R IR HH A e A ZLAMI IS
W57 B TE 3380em ™', FHUEA B AE 3432em ', 7E 3200em ' fif
EBA IR, Gleason et al. (2008) A A BT A iX £al i
U (3380cm ™" Al 3432em ) #B S Fh AR BB K O PR B, o,
3380 Fl1 3432cm ~ AbHYR IS HY 5 AP 2L SitT %,

FRIGLT S W 11 B R i B K B e, AR A
Paterson ( Paterson, 1982) 757 7E 2800 ~3779cm ™' 15 [l N i1
B L TR A5 K AR E(FR3), EEX R
SRR T AR K B R AUER T SR PR AOR & &,
FELERK SRR TR 31 LK RN A BE 44K 1 L BR (Post et al. ,
1998 ; Rybacki et al. , 2000; Bell et al. , 2003) ,

5.3 KEEMNTLIFE

THEAS B 0 WK & AR A RE S 22 18] LR — A
ANRORE Z [ R 58 AR F (L 7) o A s AR A B K By
PRI I SRR R 32, I & A 0 8 ORI K R B AAOK
o, 5948 T A6 B A R A ToRDR R A & K&l 0.049% ~
0.065% ,HLR AT YE 3 /KK 0.006% ~0.012% , 40k 77 5
KA 0.07% ~0.125% A0 A &K 0. 015% ~0.035% ,
P R RLRL K A A B K 4 o 0.055% ~
0.063% 1 0. 004% ~0.012% , 4% i K 77 FLA D (4 K &=
43514 0.072% ~0.106% 1 0. 019% ~0.036% , 58ASTE (1
WIBERE A P B VIRR BT A FIA DAY 7K & i 43 BITE 0. 059% ~
0. 066% #i1 0. 008% ~ 0. 024% L [ , 4AE Y 4 A7 A7 T ) 7K
ErETEETE 0.078% ~0.11% #10.016% ~0.031% , £,
ALUEH, (1) &L, KAWKESES TFAEAKSE;
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F3 FIAEEMHTHRIIMRBOLE M (FTIR) B EIF 5]
HHAEMKANSKE
Table 3

shear zone measured by FTIR

Water contents of feldspar and quartz in the duntile

IR A (W% )

B — — T
Boomekr ke D VR
T (>100pm) (>100pm) : (pm)
( <100pm)  ( <100pm)
0.065  0.00934 0.070 0.035178
0.064 0.00736 0.075 0.030110
1121 0.059 0.00846 0.091 0. 024590 130
0.061 0.01074 0.021216
0.019178
0.017670
0.061 0.006145 0.125 0.026452
13-1 0.049 0.008033 0.083 0. 024969 180
0.052  0.011949 0.015427
0.063 0.006412 0.072 0.02614
0.057 0. 02096 0.081 0.02334
132 0.011675  0.078 0.03622 190
0.006859 0.021824
0.01105 0.019
0.062 0.004355 0.072 0.033901
4y 0-055  0.012357  0.094 0.03672
0.011978 0.106 0.0241712
0.01044 0.01991
0.063 0.023718 0.091 0.0159121
sy 0-05  0.020052  0.088 0.017932
0.008462 0.11 0.018575
0.00776 0.01969
0.066  0.009294  0.078 0.0153782
152 0.02092 0.098 0.0201663 150
0.101 0.03045

(2) 207 A 3 AR A B 7K F o s FORDRL A s J i A
7K B, RO BE 5 A8 TR F2 B 1% B 0, 0 4 P 19 5 K i 2
I, FEG YA b, B 25 U) AR T e 3K A R A
A 585 95 B A R, T et B0 B B B, 3 B 5 [ b B OH
T B A K . XA G R AR T A R A AR
I o

8 o, NE AR5 2R AR LY, A 38 R KA B K B
BB 1) MRS IR A5 1, d R A B K & 0.018% ~
0.362% , FURAT BEMK A 0.004% ~0.021% ; 40K £ 1
K& 0.07% ~0.125% , Ml ki K A1 H) /K & i 0.049% ~
0.066% , @AK,TE[E)—FhkE 5 (U 11-1) AN [m] s B[] —Fip
0 S K BAFTE AR 10 (R K 2 & TR 9 1K &
B WMAERE S B (AN 11-1 A1 132) RAEEXF E R, T Re 5
TR AR BN RO

5.4 HETAZERxTEE
ARSI A RFR W, FASTE 5 B AR AB0RE B4 41 e FTHC
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#
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Fig. 6  Absorbance spectra normalized by thin section thickness of quartz and feldspar

AR B R 3 R T RURL A BRI A 7K & 5, T A R i
MRS RE S TAXMKEE(ES8),

Kronenberg et al. (1990) #fF 5% T 46 5 IN K & 4l f A R
AR AL EE W A SRR A B SRS . K IAE R INK S
A dhE A K AR, A A A E K R R P

FEBERE A N, o, KA A A S MG AT 09 R s A
YEETKARE, /NT 0. 04% |, TSR ASTE () BERR S A A7 S K A
PKAEXT LB R o Gleason et al. (2008) BF5T T 4K 4 BER A
160 F R BRI P TR A B AR 045 W B A S
A EKAEDL, [RIRE 3R KA S K b e, RO
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Fig.7 Water content of quartz and feldspar changes with minerals size

Solid square is water contents of coarse-grained feldspar; Open square is water contents of fine-grained feldspar; Solid uptriangle is water contents of

coarse-grained quartz; Open uptriangle is water contents of fine-grained quartz
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Fig.8 The relationship between water content and deformation

47 (2008) 25 H HRASTE I S IR AE i3 bR A K &
] 0.05% ~0.15% , £ Bk &5 4 0.03% ~0.09% ; 4 K
T BE A Y V) AR B A N B K B 0.095% ~
0.32% , i Tim B AT B Ak A A JERIK B . X EE4Y
P38 T LA SCHR A B A SO oK B 50, BASIE 5K
RIS ARSI R R

6 A MEnREBI V)i a e sE b
HAIBRR&

PER YL A R, PR ) o AL B (7
Mo FATDEF BV 46 B bR RI) B e L B Ak A B
VI B T a2 b, SR AT R XRE J7 3%, 20 Bk 4 12
RSD 4 0.1% ~1.0% (£ 4) o L BUA A4, & i Sio,
I TIO, SR T8 Mo s & 0 9 B A ARG A5 IR
R MgO 55 Fe IR WA K.

K9 R 4B BUa 1 s i A R i
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x4 AHRERERHNEEUFERS (M%)

Table 4 Whole-rock chemical compositions of deformed granitic rock (wt% )

Acta Petrologica Sinica

£ L¥FI/ 2010, 26(5)

eSS Si0, TiO, Al, 0, Fe, 0, MnO MgO Ca0 Na, O K,0 P, 05 LOI TOTAL
Eoea
11-1 72.82 0.15 14.59 2.82 0.11 0.57 1.10 4.50 3.06 0.12 0.78 99.92
13-1 72. 54 0.17 14.76 2.45 0. 08 0.67 1.59 4.56 2.35 0.11 0. 56 99. 84
132 72.19 0.17 14.72 2.61 0.11 0. 66 1.57 4.52 2.44 0.11 0.48 99. 58
14-1 72.21 0.19 14.51 2.81 0.11 0.75 1. 69 4.55 2.36 0.12 0.48 99.78
15-1 71.43 0.22 14.75 2.92 0.12 0. 84 1.99 4.57 1. 86 0.13 0.76 99. 58
152 71. 86 0.22 14.79 2. 88 0.11 0.85 1.75 4.50 2.20 0.12 0.52 99. 80
152F 71. 81 0.22 14.74 2.88 0.11 0. 85 1.75 4.55 2.18 0.12 0.54 99.75
Ak
11-1 71.32 0.26 14. 58 2.89 0.11 0.92 1.76 4.58 1.82 0.13 0.97 99. 34
13-1 71.18 0.24 14.76 2.96 0.1 0.94 1.73 4.62 1.78 0.12 0. 86 99.29
132 71.26 0.28 14.73 2.88 0.1 0.8 1. 84 4.53 1.94 0.13 0.89 99. 47
14-1 71.24 0.3 14. 67 2.92 0.12 0.9 1.65 4.58 1.98 0.14 0.8 99. 30
15-1 71.17 0.24 14.78 2.98 0.11 0.93 1.78 4.56 1. 88 0.11 0. 81 99. 35
152 71.16 0.27 14. 82 2.93 0.12 0.91 1.79 4.51 1.96 0.12 0.79 99.38
152F 71.17 0.25 14.82 2.94 0.12 0.90 1.79 4.50 1.97 0.12 0.78 99. 36
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Fig.9 Whole-rock chemical composition of granitic rocks and fine grained-size shear bands changes with the deformation
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Al,0, . TiO, \MnO Na, 0 .P,0, F:ARKAH &k 441k, Si0, . K,0
eSS A5 W D B, 7 5 AR T A I D 8/, Fe, 05 CaO
MgO TR ILAF G KB L, ST s A8 JE A T84k, LOL 1§
Al UL 5 AR 3K Si0, (K, O U/, Fe, 0, ,CaO \MgO ,LOI
R, Fe Mg Fit i, K &t FEAIT,

PEt, AR U] A B A, BREE T ) R 2
FRATHREI e & A7 2K A S K2 2B s B R B

7 Wig

71 WHMERSESKENER

G K 5 A0 AR T A AE W IR S 1 0 B AR I 51 kL K
SN AR 5 K A

XTSI 5 LK 5 Bk JE A PE S (2008 ) TAh H T
BT YIASTE | P AR OR AR AL, S BOR AT A B Th IR A 1 254
IR LR VAR K FIBURE 30 K B e IR, A8 9 i 4 A R e b A7
FERIZK B A G A 1] b B0 s 0 F AR 51 K & i1,
Gleason et al. (2008) I\ N AEJEALH =8 T4 IRE I , At
BT BERAE T 25 1F, i FLBE 25 25T 1 38 I, 4 H0H B
PR, DT 7K ot 25 38 0 3K A A 1 0 9 2 2 A7 A, B AR
PIFAILAR LA B & A (R PR BE AN ] o R LA T 24 DA Ay 3 6 Aol 15 O
Xof 57 T2 B AS [RLAR 25, i85 1A 07 9 2 A4 o B, i 5
WiE SR B . ARSI S H — 30 AR 5 K & i
.

B A AT B A A U A S B UL A R A R
YIRifk . — FXSEADRLIE Y I, IR 4 i — A5 AR T8 st 7
LR A IUR A RO T Bl . A IR AR A 0 A 0 R 1
YE (Rybacki et al. , 2004) o FY TR RS 4R A SR A
(7K T BEAR S 58 4ok [ T R B0RLA S I A (0 A LA UK
A REE A SR K B B B AR

JKHEA SN FORL AT GEAT AR 22 B . AN 30 Pl o 4P
A AR 2 A R BB, W 2 (LA BB IR Y, T
W ORI P I, W A B T I A T 1 I Bl W
B URL T BT RS I A 45 1 1 T Bl LA B A Ok 3
AHEHLS . XEEHLE T, R AR HUR AT B AR vl A
S ARIRFRY WO AR R SR R A YT HGE R,
AT RE R AT T S0 ORI AR AL, T 46 56 T 9 B B, vl
DA Hk 2075 1 S o W A 1 A IR WO &
PSR B B T B AR E IR T AR e W
AR A ) B AR 1 o LA = R BIL I A1 T AR AT L
R o BENASTE AT LUK A1) S A1) 34 B2 ( Gleason et
al. , 2008) ,

AL B JURPAILA b, AR R 5O Fhe 08 (0 — A A, I 7
B AR T AR IR . B, ShAS EAh T BOIUR 4
LAk, RS I 3 R sl 2 S IR T KR A ) A v Y
JE, BRAT  AETE 7= A 1 KAV T I A B DA e R Gk 4 4
OH 24t T R7 T .

1615

7.2 WHMERSUZERSHIXER

B 6L B 5E , T2K Si0, (K, 0 \LOL Jdi/)y, Fe, 05 |
Ca0 MgO 3k, Fe Mg SR, K SR, BAUIIK
AR SRR Y S I 2, M s RS g R AR
VAL S 5 AR (A8 v oK S5 i3 i, TR A7 5 T A 2
KA L ( Yonkee et al. , 2003) o HfiatE, FATHE M X K A
LRI S A R R B

8 &k

BATFFET IR 1l s i 4355 e 7506 )1 W7 24 g B
BT U AP AR B TR A S A AR TE UK SR R R

(1) 7 B Al E AT A2 5 S R e T P I AR TR AR O, &
IFE RARER AT T R A 0 K R B A L, 4387 5
AL B AR IR 45 1 R A = Rh 2R A S AR T 5 R Y AR
AR 0 IR A B iR A8 T R ) BE e o v 35 28 T i
P RE R I AR A 25T, FRATTIA R 3 B AR R Ak 2571 2
IS . WRYE AT EES MBLE S5 W R Al
T B B EN N S 15 ~ 200MPa, HE— B F A AT
AR S R A B U0 AR TR R R 400 ~550°C

(2) 465 5 A A ADRLAR BY V) 425 A0 2 43 o W 45
L F A Y 53¢ Si0, (K, 0 JEi/IN, Fe, 0, . CaO  MgO , LOI
WK, Fe Mg & 3K, K S BEAR, Ul A & & FEAR,
BREED Y & B 2 AR SR I B A SR R kA
= hHE R,

(3) I A L AR 2T AN SO REAY, X BY U5 55 45 B
At P AL R R R RS TE ) BE AR A T 1 R ) A
B KAFAT T KGRI, s EE R R, L0 TR
ASFEAHR S L W B, TR, W e 437 5 LA 3400em ™" 2y
FFB A 3600em ™ AT /N, A S A A7 HR K DL AR
BEEK A E, JF H A ok Sk R oK .

(4) HRARLT ARG TS5 B 0 55 28 T 46 B R
A TG BERE 5 A R DK & i, 3 I S5 78 T8 B R K
A ATERK E BRI TFRAAIE AR K A A TS KR,
R, FERTYE T, RIS IE S B A AL BE R AR
FEESR AR TR IS B T 2 R BB, X e e g rh g OHL oy
i, T RLAEF K, 3 e 5 A0 K 6 B Y14 T A RO AS T AR B T
REHER

(5) B4 ok & ' BEAETE AR AL 5 7K A7 e 7 SRR AR T
W EYIMG, B 51 R A S MEEF K AR 1L, 5516 T
U J2 RS 18 5, T D 2 RO M 48 1 2 A B 1) g 2 ek oA
R, AT A A BA AR E .

Bugt  ARSREERCREL D SR T SR TR
WEAR L B3 56 54 50 R L 45 ] 2 HF A0 T AR A5 ) 5
PNITAEHE B HIAE T A S8 AT A FTIR 975 B il ) K 35 B3
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