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Quartz c-axis fabric and microstrueture in mylonite
—An application to the Hatakawa Shear Zone, northeast Japan—

s & &
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Abstract

Quartz c-axis fabrics in naturally and experimentally deformed rocks is reviewed. Qrartz
c-axis fabric pattern strongly depends on temperature, strain rate, strain mode and other
physical conditions during deformation of rocks. The change in these conditions causes fabric
transition. For example, in greenschist facies, when the strain mode changes from flattening
to plane strain field, small-girdle fabric pattern changes into type 1 crossed-girdle patten.
In the same strain mode of plane strain, when the temperature increases, type I crossed-girdle
patten transfers to type II crossed-girdle pattern. This transition occures in upper greenschist
facies. The Taylor-Bishop-Hill analysis not only succeeds in the simulation of well-known fabric
patterns, but also gives the reasonable explanation of these fabric transitions.

Mylonite in the Hatakawa Shear Zone shows two types of quartz c-axis fabric patterns.
One of them is corresponds to “type I crossed-girdle patiern”, and the other is similar to
a variation of “type Il crossed-girdle pattern”. Each pattern retains its feature regadless
of recrystallization grade. The quartz grains in the samples showing “type I pattern” are
strongly elongated to show S-type (Masuna & Fusimers, 1981) micro-structures. In the other
hand, the grains of “type II pattern” are equant and equidimentional, so they resemble to
“P-type”. This micro-structural relationship is controlled by the temperature-strain rate regimes.
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type I crossed-girdle

(after Law et al.,1984)

(Z-)point maximum

(after Tullis, 1977)

cleft girdle

type 11 crossed-girdle

(after Lister & Dornsiepen, 1982)
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(after Majoribanks, 1976)

X -point maximum

Lk

o %A
( i
) 4 g

(after Burg & Teyssier,1983) (after Blumenfeld et al.,1986)

Fig. 1 Typical fabric patterns of quartz c-axis.
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type I crossed-girdle
(after Hara et al.,1973)
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type II crossed-girdle
(azfter Sylvester & Christie, 1968)

— foliatlon 7 X ¥ -plane
lineation # X-axis

STRAIN

Fig. 2 Sequential changes of quartz c-axis fabric patterns due to increasing strain.
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Fig. 3 Correlation between strain geometry {Flinn diagram of the uppur figure)
and quartz caxis fabric patterns.
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Ly AMD-E Y A A (Fig. 4B), non-coaxial
deformation THHEEhiz7 » 7Y » 704
ik, Listr & WiLuiams (1979), BEHRMANN

A (after Lister & Williams,1979)

B type I crossed-girdle

type |l crossed-girdle

(after Behrmann & Platt,1981)

Fig. 4 Asymmetric patterns of quartz caxis fabric formed under non-coaxial
deformation. A : The sense of shear is deduced from the asymmetric fabric

pattern. B :

“gkeltal outline” analysis gives the sense of shear.
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Fig. 5 Quartz caxis fabric patterns in experimentally deformed rocks. A :

1000

axial

shortening experiments. “g” and “c” show small-girdle pattern and (2) point
maximum pattern, respectively, B : Plane strain experiments.
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Alor— -“ TS
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shear direction

Fig. 6 Computer simulation of two dimentional modelplycrystals, each crystal in
which has only one slip system. A : Pure shear and simple shear deformation.
B : Slip directon distributions. {after Etcrecopar, 1977)
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¥ (Fig. 6B),
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Lister ¢f al. (1978), ListEr & Homss (1980)
{3 Taylor-Bishop-Hill ###7% FH\., AEDE
mP O FTNOROFEYE L, BE

SO

B
Se

&

(3) &+ DHEEL rigid-plastic flow
Tifibh b,
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MleE#E,IATETLES (Fig. Tb), £ I T,
ENEFROBTHNTG L 20+ 0 ANFAR
iGEN L, $XTCONTAE—KERETL &R
ETAIZ LI LY, strain compatibility %5
RBE¥EbITHD (Fig. Tcje (1), (2)%

e
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Fig. 7 Deformation of polyerystal. a @ Initial polycrystal. Broken lines show easiest

slip planes. b :

Deformed polyerystal of single slip system model. ¢ :

Uniformly deformed polycrystal. (after TakesuiTa, 1986)
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Sab— b AT LR Lic, MTIRZDE
FLOHBEA <5, ok, FEMcowTE Gu
SEviLLANG ef al. (1980), #7TF (1986) %
SR E i,
COEFATRED S DEREL TS,

(1) FNTOERIG L 20T R0
LT _DDLICL - TERER S,

(2) F#H&EPOTNTORENTFZR—D
ERE it b,

HE L& &, BRTEGIEFNTEZERDOLS
CERERD, HTO LML bhicE AR
FoAREETLE, BT <NDARI LA
EAZ T E 27, additional rotation
BHETHES (Fig. 8). 2D,

E°=Q% 3 E° (1)
Fir A, T, Q%L additional rotation
BETT VU4, B o EOTNORCE
DEMENETNAERT vV ADETHED,
= ¢ additional rotaton T X b & fhEEA AR
T35, BB, BELTADROHIRDOLS
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Fig. 8 a-b : A shear on a slip a plane

does not cause the lattice to rotate,
although a material vector may
rotate (e. g. vector AB). b-—c :
An additional rotation, which also
causes the crystal lattice to rotate,
will bring the erystal lattice to
rotate, will bring the crystal in a
position corresponding to the
strain forced upon it. (after GiL
SeviLLaNO ef al., 1980)
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Az bbb D (Von Mises D&H),
¥, EATDOEEN rigid-plastic flow
ERED B, TRENEADERE AL
(CRSS ; critical resolved shear stress) %
Ezhi, ®HET27 70 »2hRDLRA,
Z ¢ Taylor-Bishop-Hill £5 /112 L, LIsTER
et al. (1978), Lister & Hoess (1980) (I type
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BRI Fig. 94 Fig. 10 @R+ L 50T
H5, CRSS Dz —#ic, THIEORRE
HE - SKRKENGML, FEELM LTS &,
rhombohedral <9 %k L prismatic 4
_ORTREA L, £OH0 & FiE, basal 4%
DRTHEAT A, BIEDOHE S model quartzite
C XL, BEOHAIL model quartzite
B LHIGT4, FRENLE, Thiho7 -
TNy 7oA — ik type 11 girdle #% % —
v otype [ girdle A4 —vicicd, “Thb
DRI DIETHRNIREROEBEDRE C
7>V 00BELE—HLTEY, B
EDEZ A, ZO Taylor-Bishop-Hill M 5%
AVicET ARG ICHEHELTL S,
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Eh 5% (Fig. 1), f2E, 7 -7V
7 OIERBTHL LR AMNO Y 2R R0,
Tr7 U2 s R a—vOFhc L hBEED
BEOCELEZMDZENTELY, $ i,
Taylor-Bishop-Hill £ 5/ & OB L ¢ @)
Tr 7Ny VOEREORENLER - FEEx—F
Db 28 A4 H % (KRONENBERG, 1981},
ELE, AVIVRAD Iy TV v 2k EE
bADRGHECER (EF, 1986) DX 5,
AEDT 77 I LHBOBEC LA S h
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—4 T Taylor-Bishop-Hill & F /A 10 13 H#
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CAITICAL RESOLVED SHEAR STRESS VRALUES
HMODEL A MODEL B MOOEL €
BASAL  <A> --ss--e------- 1.00 1.00 1.00
PALSH <A> -------------- 4.00 1.00
(+1 AHOMB <A>  -~~w-w--r----oe 3.00
i~] AHOHB  <A>» - ---------m oo 3.o00
I+ AHOHA  <C*A> -----r oo 3.00
I-1RHAHB  <C*A>  --=-=------- 3.00 31.00
STEEP DIPYRAMID <C+R2>  ----- 3.00
STEEP OIPYRAMID <C+RA3>  ----- 2.50

Table 1 CRSS values for each of three model quartzites.

1980)

Model Quartzite A

AXIAL
EXTENSION

(after Lister & Hoges,

4 )
AXIAL SHORTENING

Fig. 9 c-axis fabrics predicted by Taylor-Bishop-Hill analysis for model Quartzite
A and coaxial deformation. (after Lister & Hosrs, 1980}
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A Model Quartzite B

o AXIAL

exienLon

P S i
sTRam |V shortaning

AXES

24-7]"

C Simple Shear

B Model Quartzite C
Model B Model C

axial extension plane strain  axial shortening

Fig. 10 A,B : caxis fabrics predicted for model quartzites B and C, respectively,
in coaxial deformation. C @ c-axis fabrics prediced for model guartzites B
and C in simple shear. (after Lister & Hosss. 1980)



24

Flatterning
X=¥>Z

Plane Strain

X>Y>Z

Axial
Extention

X>¥Y=Z

- Coaxial Deformation

(Z-)point maximum

4

small-girdle

/'\high T/ : \ high T/O\
X Iowe Iowe

greenschist facies

Type i crossed—girdle Type |l crossed-girdle

Z
mhigh T/?\hlgh T
X lowg lows

o
3
£
— .
a c strain _ .
5 g J increase ‘Y maximum
g0 2 z
o &
e ~ #
, /(7\
o -
7/

cleft girdle
Z

X-point maximum
Z

4

(constrictive)

¥ N

lower-middle

greenschist facies

yaY

upper greenschist
-granulite facies

Simple Shear

- Non-coaxial Deformation

Type | crossed-girdle Type Il crossed-girdle

L; shear direction
5. shear plane

Fig. 11 Relationship between quartz c-axis fabric patterns.




TARFA VERGLREECET 77U » 7 B WNBRE~DRAE 25

THTHL, Gk RROBBOBEFEL T
e, ERPCHERNMESLTRELIAT
Hho

MINBRHEO~ 1 0F 1 b
BRI Y EEE RS LT L <1

gFA MRELS O LTV%, FhbD=
FA bR EREEY T S OREEE FBLT

LEGEND

Granitic Rocks of
the Ashio Belt

Granitic Rocks of
the Abukuma Belt

Paleo-Mesozoic
Sedimentary Rocks

Metamorphic Rocks

Ultrabasic Rocks

N E

14C0°E

X THRE-ST R DTS - SEE0REE
LTv%, B (1985) widbbroic, T
TOBBRICLLSL L, AEOESFEDESEDD
B+ DRERFH, FEROmEBEHICATL T
BHo IO EFINRLOESLED non-coaxial
deformation K LR EINAS-C<1 o F
1M ThiZ %Rt

AT FRBLMFEOBERTDHETH
LA SR Lo bR AV (Fig. 12),
i, B¥EclhT > 7 ) o 7 0BHEEOHE .

Fig. 12 The schematic geological map of the Abukuma Plateau, northeast Honshu,
Japan. Arrow shows the locality of samples.
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BB~ 1eFqg bOEESE Sm @ L, AT =T EAGTIT - . 10EDOEBTDWT

RS Lm CRTER T -1 FhEh 100—210 BORERFO ¢ W% HE
L

1. AXc@777V sy BE LEIMEORB D cD T » 70 o 7 s

NA—=VIIRO2ZODDR, THFTFT I EMNTE
BEcli7+ 7Y v 708ITEIL, TuRNER & A (Fig. 13), U &2DF 1 FiTHEE Ln
Wriss (1963) OFEIC LD, 2=/S—H - CEZET LA 2 &R 4 DG H —

N=200

L

Fig. 13 Pole figures of quartz c-axes. Lower hemisphere projection. Contours ;
0.5% <, 2% <, 4% <, 6% <, 8% <, 10% <. The upper seven figures are
“type 1 crossed-girdle patterns”, and the lower three are varieties of “type
Il crossed girdle pattern”.



AuFA A bERTLIAXECHTZ » 7 » 7 L BHMES . @IERE~DILHE 27

KA bBEREEOR—1OFb OG5/ M N —
Fatnicd, Zhbit type 1 crossed-girdle
pattern L E %, TAMKGRA Lm ok
T AL —OBERITAD LR,
b5V EDDFA TILHERKE Sm DEAKEH
D, HEE Lm REXTI2HRACOE2DOE
FE LI T THD, BRERORE Y
DD, ZOFA TREHBBOREHED type
1T girdle pattern M- ) T —3 3 VT, T
Ht Y-maximum 3% — v cELU LTV,
AEHBA TR OO X TOS AR -
Twb, type I girdle 3% — v 2R3 5HH
L hEMcsL, Y-maximum +34 — v
RTERFHL L DIEMOFER N TEE S HE LT
W54 (Fig. 14),

Tl AENTOESERIRE L U TERF
T - ToiER, type 1 girdle 7338k
SFEmZEF 7213 general flattening & TR X
. Y-maximum %7 7EHEHEFEE £ i
constrictive ETHEM EhicZ bbbtz
(#7, 1987),

2. M 8 &
MO LE 2 AED @7 » 7V » 7228

D24 TEFTLRLE, -2 TREFRFR
DOBMBBERED L DRI - TV 5w Ha

Th, 24 2t FhOFELELORTOKE
DELPHBERIEAORA L EG AR SERT
L. BMERERERCI VB« ORERNFIRE
DORELYHE LS00, BEAERACETEILE
HERCIT RN TOENEC L hETZ &8
TES, ThE¥hoORHBCET2RERNTOE
BRE Table2 KRTENTH A, FHNE
ELTIEADRFOREE ((AB)') oMFE
FHERH Iz, Table2 s b L 51, F
BREOKNET 7 7Y o2« A& —vTi2iA
BERIZRDEhisy. 2O LIk, EFRMEF
AR X T 7270 w7 e Ra—vi3EELE
W EERT,

i, BREAOETLELDE, £5Th
LOTR—R LB ENLE{ELL, L
9T, Ml ECRETT AR 8,
BREAOETENR LEEDLORL % EAT,
BT E24ENAEL, FIT, I TREEM
fERDETE > BN F O EOHE S
RE—vERIEREE LTE LI, EB, FHGE
HoOETEEG, NEOHESH/ 4 — v IIE
fbTa2sLbRTVA (FrEEMAN, 1984),
Fig. 15 CRE¥EcE#I 7+ 70 o 7 o 288 — v
ORI ZFER LR ThEBRORRFH <5 —
VELODLDRPEOCLE LA DERT, 2O
THRNEONEHEDRB L APELY /XL
THHE, ThEhORERN L CTHER

500m

Fig. 14 Route map showing sample localities. Closed circles show “type I
crossed-girdle pattern”, and open circle show variety of “type II crosed-girdle
pattern”. Broken line is the trace of the younger fracture zone.



28 oA

mean mean
sample no. | aspect diameter

ratio (pm)

A 4.29 98.4
B 3.12 48.0

C 2.66 65.2
D 2.56 36.0

E 3.07 59.3

F 3.02 64.0

G 2.86 77.3

H 2.28 52.4

I 2.36 43,0

J 2. 44 70.0

Table 2 List of mean aspect ratios and
mean diameters.

DEEFAERLTH L.
9, RUDEHEESHFRAET LD D

AR OMMELE Y LT 5 (Fig. 15a,¢)e 7 7
TN o e Z—vh type 1 girdle ;iR
HBORERNFIIMEE R LES, EBHHELL
El v, ¥, ToRRITESKYET S (plate
a)s —#, Y-maximum %4 EE 1 Tidfe
EEWNEL, BEBIEEOBEDRLNA VA
ERTHEL, NRATERREI®L20R
MR TH 5 (pleate b)), Zh DR TOF
BIRiEN A0pm B TH B D L ERERAE, B
Eit Masupa & Fusimura (1981) @ S-type
W, HEIL Ptype CXHEND,
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Fig. 15 Grain size vs area fraction graph. a ; sample B. b ; sample F. C ; sample
I.d: sample J. a and c¢ consist of recrystallized grains, and b and d of
both recrystallized grains and relict grains.
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Explanation of Plate

a ; Microphotograph of sample B, showeng S-type microstructure.

b .  Microphotograph of sample F. Recrystallized quartz grains are elongated and
their grain-boundaries are serrated.

¢ ; Microphotoguaph of sample I, showing Ptype microstructure.

d ; Microphtograph of sample J. Recrystallized quartz grains are less elongated
than sample F.

All photographs, taken between crossed polarizers, are of the sections parallel to

mylonitic lineation (Lm) and normal to mylonitic foliation. The horizomtal sides

of photographs are parallel to Lm. Scale bars represent 0.2mm.



