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The deformation temperature and the differential stress inferred from
deformation twins of calcite in the “Atokura Formation”

—A consideration on the nappe-forming process of the Takeyama Klippe—

ITE SRR - IMRFIR

Shirou Chikashige* and Kazuo Kosaka™**

Abstract : Deformation twins develop remarkably in calcite veins in sandstone blocks
of the mélange-like “Atokura Formation”, a contituent of the Takeyama Klippe, in
Their
morphological features in thin section suggest the deformation temperature of 200~
300°C and the twin densities (number of twins/mm) suggest differential stress of 210~
285 MPa. The “Atokura Formation” of this area has experienced metamorphism of the
prehnite-pumpellyite facies, as suggested by the deformation temperature. The “Ato-
kura Formation” deformed under the maximum shear stress of 105~143 MPa.

Minano-town of Saitama Prefecture in the northeastern Kanto Mountains.

This Formation can be considered to have undergone metamorphism of the prehnite-
pumpellyite facies on the burial level of several km during sedimentation in the forearc
This
Formation of the Takeyama Klippe, directly contacting with the Chichibu belt and the

basin covering the accretionary complex or in the trench landward slope.

underlying Mikabu greenstones, is considered to have emplaced onto the Mikabu
greenstones from the northern Chichibu belt, considering the top-to-the-northeast
sense of shear in the basal fault of the “Atokura Formation” in the Yorii-Ogawa area
near the study area.

The deformation twins in calcite veins are inferred to have formed during/after
metamorphism of the prehnite-pumpellyite facies and before/during northward move-
ment.
deformation twins, deformation
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bl =R GIPN

DI RANRICFEE S BN OIS 2HEE L,
EL7 )y ROESGEIE RIS 3 5 &2 EEKT 5.

HEBE

BEER Lt ~ LR ES O B BIR T s, HRIR
SR, B X CEBERFR-/NIHEC I, EiE S
RAEFICT 2 B S5 =4 o B O HE (AR H
=N IR ER R s OISR FALICEE L, Th
Sl MHEF v 7] LIRS hTwd Wk - 1T,
1992 ; Bikfasd - AR v v R Yy A fEE AL,
1995) (Fig. 1).

EZ7 0y <D0 B AR, JLEREA S
iR O ERE, A, fOE 2 5 v Y a8 blE-RR
HRIOFRICH L, PRI ORRACH &g THid %
(Fig. 2). HhEEodicly, wvy 7 2 VR AP 1
&P A TERSE S RN L TEEL, mMfAflo
R I d AT TR > THPISEHO/ NI ihid %
(Fig. 2).

SR O MV EE 2 FE IS HCAS - TN (1992) 1T L
teiso Tk 3. BEREIIHEARIZA (1953) 1ITXD
{CHIHEK & oxfty SR & sn, THREH Lkd ]
T & B EMIMEE A E s, JEEAI O HA-EARHIX
IS - WERS L, =0 BRI SRS HEh
B WEEEEHEY S B - TREEEIC
0, BEA-LHIXK IS T TR EER AR
HEhFETH s R - TN, 1992). BESIE TV

I — 2 EH ORI O RE A 5 15 0 fERE S B R
anz <, @b ladbiEaiclmg, o3BG
FEEUKS - Fv— b - BIA - 7754 b - B
HAKE - WE - BEOEETH 505, ZIR)IEERR
DOEIEFN TV WK - 1T, 1992). BERIFE
EAENI0em DIF, & X140 cm FBEIC k.S Uk
A - Fr, 1992). MHhiE T BHVEFEREZ R TLAO DFE
HigEmE STV ng, S0 5 MoHtROME
& 5 GFrfiEa, 1963) icxftban, EHEiCKRIE
FEAoNTWSE (BE, 1964).

Mk o S L AEPIRE 1, BhaTE S IKAETE T
2L TR OBER IS L CHEEARICHEEI L Tv 5
(ErK - BEZR, 1989 ; #rHdhe, 2000). AGAED TS
FEREAPIA DO K-Ar 263 Ma MR 5 TV
(EARIE A, 1989). HIL v 7 = bz 134G 5pER
GOSN MLz HOMEE Mg TEdT 5 (K -
HRAR, 1989).

MBS I TH B0, HAE-BEAKE & §E
T B ISR SRS ERE S W T 240
RN SO, BHEERIGETED 112 Ma (SARIE ),
1989), ¥ M 1056 Ma (UNEF, 1985) DI K-Ar 4F
RsfEoncTns,

frROE 2 5 v Y 2 FEAES, MltXomakEo
pANCIRE IS M L, MlloBRHE BT 5 ek -
TN, 1992). 77 7/ B aR TR CHiaE L e 5
o icheCE b L 8BS SR E S PR 9T 5 (K
AP, 1992). BB ORSER MR 5 S HfE

|:| Neogene
ChichibuBelt

B Atokura Nappe E Sanchu Group

[DID Sambagawa Belt @ Ryoke Belt

Fig.1  Geological sketch map of the northeastern Kanto Mountains. Simplified from the Geological
Sheet Map 1:200,000 “Nagano” (Nakano et al., 1998) and “Utsunomiya” (Sudo et al, 1990) of the

Geological Survey of Japan.

MTL : Median Tectonic Line, ISTL : Itoigawa-Shizuoka Tectonic Line, TTL : Tanagura Tectonic Line.
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Fig. 2  Geological outline of the Takeyama Klippe in the Kanezawa area,the northeastern Kanto

Mountains. Based on Makimoto and Takeuch(1992).

E SN SRR E L, KGR E P LS
LD EERE - AKEREEES A, Ml
9 2HmOHIER, s F+v— b - AkE%E
BUYa IROREEAES, 518 E K - 1TH,
1992).

A& i DMtE

FHEAIROZETEA R, NN S B ARFRED
FEdIchE LRSS & oL R KB TE s B X
BAHICB WM OEAEN (Fig. 3) © “BhalE”
KA BLNE, EELTAT VY EREAES X UBUK
TEOEREET LW EICRET S, ok, HE -
BEREOFLENE, HRRORO TG DEIR il
B TeOICHESEIPHICE £ 5.

EHEER : KBS IC >V TR, Raymond
(1984) D * 5 v ¥ 2 ODRESEIC L T ERE R
J& @ W Wr © 2 £ % [coherent], [broken], [dis-
membered | 1Z58H L CaFh L 727V - KIFR (2002)
DR ESEITL, ULERND “BEE % EEiai
TRHMBEOHEN IR TSN TV L EAE
(coherent formation), N TV 5 & D DIED
HEHE E SR REDbN TV LEKE (broken
formation), HifgoEGEE (IR K b E B RE
ghic ey 7 L LTRAET 2IRARE (dis
membered formation) (VIf%, EC#EHEE L CEE
BESEFEHT ) o=2icnts&icd s (Fig
4). FEIREF 100 m FREE, {RAEIE 13 10 m i, Ol
TR < BRI 100 m BT d 2 0V EMICIE R b
%<, fkics I 2B HnoiRE O A ICH
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Fig.3 Sampling locations of deformation twins in the north area of the quarry. (a) Structural data

map. (b) Cross section along the A-B-C section.
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HIRARETEA R ORES 2 RAE % 13 S TiE
AP % B < MOE AR O JLER N 279
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Fig. 4c TR 7.

BEL T, AEHEO a3 kg % s
7y —E 54 RO EEW SRS ARE (alternation
of pebbly sandstone and mudstone) T 573, i
DOIEEIC & » THAE (Fig. 42) 25O HETHORS
nrirE (Fig. 4b), & SIS ER 0BT %R
BRSO 15 5R1EE (Fig. 4c) LIRBERES % FE
S (Fig. 5) o154, Rk L7c & 5 IR E L
it RS b amEId V. BEskL RS,
HEEICECESTH S, BLEERBREMTHD, W
AL O S TR S BIE ko LA O &R
3m DRGENGET AEETH S, £/, BEEN
BET AEEEOERIEA SN,

SRS O S A RIS, TEErE <, 20
B AIE, SR, F e — b, B, DA,
BELVIES, BRFIZEAEPL0cm LI TH 3.
WaEAESHY SRS AE I TR VWEEW SRS
HEO S AHE T4 m~10 cm, B HE T 20
cm~bmm, G EREDES DN 5 1 EOE
A Th 5. AL oGBS ES Big O 5
HHET1Im~10cm, JBaHET 10~1cm, S s

Fig. 4 Classification of rock facies in the “Atokura-

Formation” of the Takeyama Klippe. (a) Coherent
formation. (b) Broken formation. (c) Dismembered
formation.

Fig. 5  Slip surface in the dismembered formation of the
“Atokura Formation”. (a) Whole view of the slip surface.
(b) Close up view of the slip surface.
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BEDES DO 2: 1 U oS EEEATH 5.

PeaS It A oscERE R, SRR TR OE
WEBHE (EXH4m~10cm) BaE (ESH20
cm~5mm) ABENXNAE L, FEAlO TR ICS
TRLOBWEHEREEES YT 505, Veaihem
SR ESZFFERT A i 3@ T 2 LA O EER 1 m
VITOEGHWSEEE10cm ITOREDHETH b,
PG o i Rl & 72 48R4y & BefiGrg sl o
IET AR AE STy & TREEE L BREDE S ITE
b 5.

Pt Al o Jbm o sxfERE Rl & AR O HR» 5
FE LR TOEER, MMioaEales BEn
#1300 m, A7 S-S IRS BB %K) 460 m & FLRE
B ENTES.

RIS 70y 7 &L, FIEREO/ME
EE LTl 0, G, X5 v 7l s
DR~ERELIRTOETARE S A S5 GEE - /NK,
2002). N5 OEF EHEHISSAKICHEET 5. T
5OEF ISV TIE, JERET A FETHY,
CCTIIEMET 5.

A : Ve a5 OMaE EARFRILH O FLX I i3Ik
B[ 7:F S =W s WADBULL TN [T Eat: vl ol =G NS | Al AR
WENH D, OWnEE FEBOER D SILAlICHE
7 = vy OILERSEEET 5 (Fig. 3). & 561
RS A S FER 200 m IS ISR, 2 OFGH 250 m
ISR S 5 (Fig. 3). Werts o Mas s AR F Al
DHLX I 1 F AL DL Y D IESL AR S Z DFF
#1500 m ICIEAZERL & SICEER 130 m I IEAZ RS
14 5 (Fig. 3). MHf5mER - JLEBDILX N % 8
LT LEREFR - 2 B3R - 3BT AR Bkl 3
mED 2Rk L w3 (Fig. 3).

TANYME : el i3 BrE s < 2 JHdH
LA OFETHIC (X, BEWTTENER S & ORI & BT E
DEEFIT A& top-to-the-southwest D E) & /R
FEGEHOEATNDEAVL OnB LG, XD
S L, WEAECHEST Y Yo XS5 ks
DERIEI A SNT, BEREIC m%mttﬁ%mﬁg
HIRAE L IoRIBERIE S 2 EV, XD HEICE
Uv7y§4y®i5ﬁﬁ%fbfﬁﬁém5(ﬁg
5b). TRVAIDE K BBUKEEZZF TV 5,

‘MER LHEWMSHEEEHEOERENE  MiEN
i BRERET - iR e s B O B 12 SR 1
B L cwimwy, Al o AL ElRE < A7 iE
9 5 Y R MTREAT X & PEREHIX O 35 O #RIE % PR 559
500 m HiSH S BB E 72 & D EEPEICHY 270 m & A -
T REER 250~300 m Hishi T, #n47e S¥IWr L CEtE
DS R S RE e © BB SERE I
EbbIEns, TOmANERIE 250iEd~
DIHEMBHEE SN, Disd &b RO A ‘A
& aE, MRS N T A &

UNTGIFS

3N TH 5.

HOKEE : ‘WA 13, BRE, WkE BEE
HBICH Y A NGBS, BXORESHKRICS
JE= 1mm LI Foffi v HEOSYINRE L, TREAE
Bt AEncEBWED 7o v 7 ICIEIH
mm VI EOSEYINR, BEIE I 35  FIROZE
B sn (Fig 6), 45 OFERD O BUKEENE
HOGEAENH S M > TWE GIEE - /NK, 2002).
BUKZEER G, HAHOILERAL, FEHRAlvdhicd

Fig. 6  Occurrence of hydrothermally altered pebbly
sandstones and mudstone matrix of dismembered rocks.
(a) Hydrothermally altered pebbly sandstones.
(b), (¢) Mudstone matrix of dismembered rocks.
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HHND.

NS DY IE, FEIAME TRIER mm 2l Eo
bR W AR & 8 1 mm FREELLR O O 3R
BLOHBAREKR L TWS (Fig. 6b). F7,
TCIRME 0.1 mm B OE ARV E ST
AFnREERICEHES N, —HIE0.1~05mm D
HIRARGIBESEES XUl AT s
BhEEbIchRREVZ2ERERE T 5 (Fig. 7).

FRARDEIR & KRR

BEABTIRESRE T a7 ey 7HICE
WC, WE 7oy s oRcEMICRERT S (3ITHE
R B) NEICHRAIRSFIEL, a7 e v o0
THES 3EER%ERd (Fig.6b). BEBBLUZN&
BT aWE ORI T, BE oA Tho G IEAIR
WaEdic st EE 0 (Fig. 8a), BEBICHLIRIK, H 5
WO EIR O A ROIRDSELES 505, TRk O
HlTFELTVEWL (Fig. 8b).

Calcne s
vein,.

Fig. 7 Photomicrographs showing the relation between
quartz veins and calcite veins in the sample Ta-6.
Earlier-formed quartz veins are cut by later-formed
calcite veins in the muddy matrix of the dismembered
rocks.  Upper (Crossed nicols), lower (Plane-polarized
light).

VA OZIPEE L&)

B g O BUKEE %252 1 TV A ibE B L CIRERED
BEERE EWEER I, Mk RS Ra &2
W%t o it~k o ok FodEL, ol
PITRZET 5 2 KA OWEED 618 BTG EPES 5
RGIROFENTIE TH B, LITIC, ZOEREZRN
5.

(1) Pk IR A & TR 20 5 it ~EHR D
JrfRak

B g O BUKAE 5% TV A AR, EFTR
H IR O A 3fi & & dIcE & 10um LIN O
fkL AR A S A E T E L, 204m X 200 4m LU
T ORI % S Kt ~$HR D b & HfF 9
LEERE T (Fig. 9, Ta-2).

(2) HRAIROZETZA &

AR U7 & 51, A4 BRI TR mm
PIb o R W A AR & 08 1 mm FRELL T O »
ﬁﬁ%ﬂmm‘z LTw3 (Fig. 6). Th5DHEANK

WHNC AT 2> TV 5,
(%D AR I BOKEE O ERZR T EICA OGN

LN (Fig. 10a)

0.5 mm FEEEDJE §®2@ﬁ®2%¢éﬂ LR
L, Burkhard (1993) I X AL OIEEN L E X
>1lum O typell, &5 h‘di?%ﬁﬂ@‘éﬂ%%%)?ﬁ?é
EtypellicHHY L, AL 150~300C, & 5 W id
>200°C, 2 f@%H 0 W& DS twin density 13 63/
mm Tdh 5.

(2-2) RBEEHASEOWE 7oy 7IcAhNEF Y
S EWEEN G (Fig. 10b)

800 um FEE D JE W ARG RIC 2 FEEH D REE T 5
EISFEL, TD—13F v &S TWS. Burkh-
ard (1993) 1T L AEIENBEDIEED 5E X >5um O
typellicHEY L, {EAF1E>200°C, 2 FEMHOD W D14
twin density I3 77/mm T& 3. 312 3 HEEI7Y
S, BT A5, @REALND.

(2-3) HiBfEaREEEhOZHIEO At

(800 m X500m) 75755 1,000um 22 5E0
HiRANk (Fig. 11a) I3 2 FEHORET 5, [F&>5
um D type I OZTEAREBFEL, BEEGH O HIE
R 3iEEHE, BRI 2 9 8s 60 5.

(2-4) HEESPOWSE 79 v 712500 um FEE O
JEWhiEalk (Fig. 11Db)

JE&>5um O00BHd 2 W& CNIcRET 5
WD 575 5 type IO AT EBTEK S 1, @ iE
>200°C, 2 FEEH O M & D14 twin density (& 67/
mm Th 5. ARkt A5 25, i
LR N
(2-5) RHEEAGREREETCHFROEEHFELER
THER AT BES 15u EEOHRAIR (Fig. 12)

2FHIADAR T Z WM FE LIE S >5um D type

OEFMEPFE L, IR E 150~300°C, 2 FEFED
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Fig. 8 Occurrence of calcite veins developed in the “Atokura Formation”. (a) Calcite veins cut
sandstone in the broken formation and are limitted within sandstone. (b) Calcite veins cut the
dismembered formation and are limitted within the dismembered formation. Pencil in circle for scale
(white dot lines indicate the boundary between the broken formation and the dismembered formation).

a : Twinned calcite grain
b : Small size calcite grains
¢ : Quartz grains

Fig.9 Calcite grains in the hydrothermally altered
sandstone in the broken formation of the “Atokura
Formation”. Crossed nicols.

W DN twin density (3 66/mm Tdh 5. JBE R
Hho Ak I 3EEHE, ZE7 2 8B 605
(Fig. 12). BfEahoiba 7 a v 7 O A5,
HAR D IEENHOL M EAE TE 7 » 7, #ikAA SN
5.

RN R EZDORERES K UTERROEICS

HIREAOEIEAEE, ciERFRLT 2 =>2D (e) M
(2768 - THI 10 MPa DA ARG TI O N TlE C 51
EANETERIC X 5 DT, BRWHOE - @5 ED
RPN ETRE DRIRICIE 5 2 &P MeNnT
W5 (Ferrill, 1991 ; Burkhard, 1993 75 &). F7c,
Rowe and Rutter (1990) 12 & » THIEA DTG
DM EEL/ mm, B D % (KT & Z TR & DRI B S
T 5 2SI DBAFRISKIRD KA 1T D W THEERANICER
E&h, HaoEEREICED K EIRTETP R &
N TW5. Rowe and Rutter (1990) 12k » CTHIAZE
NTW5T43MPa DR (BHERZE) 2EHET 544
FhH 508, ZIEE 200~300°C THREEICER L
T HIRAIT D W TEICBES L 2B g s 5
ZEMHSNTWS (Burkhard, 1993).

VI bz, Situgo “thaeg” cEhd %
HiRARF OETEN R OEIRE LA+ bl o L
ZIGDBEB L ZDEERES 5 T ENAREEEZ S
N5, £l7T, ZLCBEKRT BT 4 —-5LELT
Rowe and Rutter (1990) Zfi » T Twin density &
L T No. of twins/mm % & 0, No. of twins/mm @
HIE 1F Ferrill (1991) OFNs & W ITE T 53874
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VA OZIPEE L&)

Fig. 10  Photomicrographs of calcite twinned twins (1)
(mechanical e-twinning of calcite, dark lines indicated by
arrows labeled T). (a) Twinned twins in the sample Ta-2
showing the twin density 63/mm. (b) Twinned twins in
the sample Ta-3 showing the twin density 77/mm. Upper
(Crossed nicols), lower (Crossed nicols).

T3 2B ONFEDOFIE L . TD—D2Df%
Fig.10a,10b iT/R 9. #ds, HIER, @ ICBT
% FH T OWEH/ mm 2K, RICAT =YD RN
PR & W ST O /KA BEREE & DBAfRICE S W T
A b &G & OAEEKD T, BEORGEHEICE
Y ARERE/ mm iR L 7o, i i & A S &
DAL, T8 OoiR/NTH 65° L TH - 72

Table 11 6 fHRTOFEHREGGHT D S1G /A AR
THIZE L 72 Twin density (No. of twins/mm) &
Burkhard (1993) T X 2Z TR OTEZEITHIET %
B (°C), LU Rowe and Rutter (1990) 2k > T
B 5 N7 Twin density & ZEIRSTOREZRZ R L 12
(Rowe and Rutter (1990) @ Fig. 9) IT/rx S vz 5EER
G WANIEY S =3 I A K N

Table 175, ZIEE 13 150~300C, & % Wi
200°C LLLE, #EES N 57207713 210~285 MPa (£43
MPa) 21550, KRIKOZEI L 1Kk DRIkt
BT AEPHICEEN TV S,

Fig. 11  Photomicrographs of calcite twinned twins (2)
(mechanical e-twinning of calcite, dark lines indicated by
arrows labeled T). (a) Twinned twins in the sample Ta-4
showing the twin density 70/mm. (b) Twinned twins in
the sample Ta-5 showing the twin density 67/mm. Upper
(Crossed nicols), lower (Crossed nicols).

5H, ZEEEE LT3 Burkhard (1993) 1tk 3
EIEW O RE S type 1T + type I @ i & f %
E5T200C~300CIEEELE T L EMTE S,

5 =

(1) ZRRFEDERD & A 1 ETRE & EIER IR T
Burkhard (1993) T & 22RO EE IS
BIRGRE (°C), & U Rowe and Rutter (1990) 1T
& - TiE 5N 7 Twin density &2 ORERERT
EER ) 5, EEE L 200~300°C, ZI771E 210~
285 MPa (£43MPa) EHEESNIH, TN HIERA
DAL LtichARE I T 2iEREZ#EHA LIcbDTH S
DT, INERERMASETIZKS N B Ak
M9 5 Loz imatd 5.

Ea i 3RO FE s EIE - B AR & [E
—, FIREBBIIBHTHILTT 7 4 N —IREERP
ERURAE B O B A AR S NEES & DIRYIRERIC
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‘. Mudstong 3 a4’
;. clast, A

Fig. 12 Photomicrographs of calcite veins with twinned
twins in the sample Ta-6. Band-like undulatory
extinction (indicated by white arrows), sub-grains
(indicated by black arrows) in quartz grains and twinned
twins (dark lines indicated by arrows labeled T) in calcite
veins are observed. Upper (Crossed nicols), lower
(Plane-polarized light).

F-oTyv v F vV, T F Y F Y r VIRDIER
SNbsTERELHS N TV S (Ramsay and
Huber, 1983). Burkhard (1993) ®/R4 KAKD LIk
IZB T BB OE/R G H (Burkhard (1993) 2%
I} % Fig.7b,7c 8L U Fig. 9b) » 5, TN o DHE
Ak NE AR ST ORI Licy v F 7 F
Yy VIRICER SN zbDEH B 000 5E, —
4, UHso “MiakE olRERAATICER S i
HIRARIZT v F 9+ ¥ v VIRTH 5.

YU O 75 AR TE R D AT i 200~300°C
F7 by —aH (LIFP-PH) O
SR L (Liou et. al, 1987 75&), ZFE—/NI[HuE o Bh
BEEMERAETIE T Foh, Xy~ — O EE
L PPHOEBIERAEZZFCTVWE I &S CEE,
1984), Ml D> “BhafE” O LA S P-P HDZE K
EZTTVWEEEZEZILNS.

Rowe and Rutter (1990) ®OZEIRE 1%, HFEEEIC
BIEEW >t T Kooy <) —GHO 7 v+
(200~300°C) DAIKEICHHET 2D YE ST
WA EDERM G DIEEM 2 4 Z PEHE D Helvetic
nappes DL FEOHEICE SV T WS T & AFZE
9% & (Burkhard, 1993), 7 Ko f3-—-¥v <Y =i
OEBIERZ2 0 T aafeEnE < [E L & 5 i
- BT ICh - 12 EHEE S 2 410 “Hha
& DORERMASDHBAEIENEIC>\WTIE, D
CEBEWEE - THAE O LEELNORBEG D
I Rowe and Rutter (1990) oG EH%#Hd 5 C

Table 1  Measurements of twin density (No. of twins/mm) and the differential stress values
estimated based on the results of Rowe and Rutter (1990).

Sample No. Types of twins Deformation No.of twins/mm  log,,(No.of Estimated
temperature twins/mm)  differential
(C) stress(MPa) * M
Ta-1-1 Typell 150~300 64 1.81 260
Ta-1-2 " " 45 1.65 230
Ta-21 Typell 150~300 63 1.80 256
Ta-2-2 " " 49 1.70 239
Ta-3-1 Typell 200~ 57 1.76 249
Ta-3-2 " " 9N 1.96 285
Ta-3-3 " " 90 1.95 282
Ta-34 " " 77 1.89 271
Ta-4-1 Typell 150~300 70 1.85 260
Ta-4-2 " " 80 1.90 280
Ta-5-1 Typell 200~ 67 1.83 260
Ta-5-2 " " 36 1.56 210
Ta6-1  Typel 150~300 66 1.82 259

*M

=—52.0+117.1log;oD (£43) MPa (Rowe and Rutter,1990)

,whereD=No.of twins/mm
o =Estimated differential stress (MPa)
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