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Figure 17.3 (a) Schematic illustration of rigid domino-style
fault blocks. (b) Such fault blocks can be restored by rigid
rotation until layering is horizontal. In this case we have
applied 30° rotation and displacement removal.
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Frgure 20° Domino faults, before and after movement

Burg(2017)
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SR SSIHR - EIERURTE MR AU s Fig. 1. Regional map of the northern North Sea (inset map) and of the Gullfaks—Statfjord arca, and a profile
RFRL T LB, across the Gullfaks Field,

Kaewkor et al. (2015)
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Moore et al.(2015)
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« KERITRENDIEMERHE, EXDIEME(CAIFRFOM RS CLDHERBYIDEBIHNER SN,
HEFEREFTIRZIRAMBEREERD, FOBERMINDEFARIRENTORVEDD, “FEECHIR
[EfHEDIEDIEENCL > TEUBIRIG A LI TSN, MTIREBOEREY, BS5LERZMD
—EOFATRIEMER " C VSR TEE—THD, MIRDBEERT(CELZES EERZ 4> —EDF
ITIRERRIEEFERRINT D,

Depth (km)

Fig. 1. Regional location map, Red dots « 10DP drill sites used in this paper, blue
dots ~ other NanTroSEIZE drill sites. Black outline - region with 3-D seismic data;
yellow arrows = estimated far-field vectors for motion of Philippine Sea Plate (PSP)
with respect to Japan (Seno et al., 1993; Heki, 2007). Stars — epicenter locations of 1944
and 1946 ssunamigenic earthquakes. Black line = KRO108-5 seismic reflection line
shown in Fig 2. KBEFZ = Kumano Basin Edge Fault Zone (Martin et al, 2010} Inset in
upper right is regional location map — KB = Kumano Basin; MB = Muroto Basin;
T8 = Tosa Basin.
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DOEE(E D (2015) OOIEIE

- MNEEEN (2015) (&, PIFUABHEAEREIRZAEL, MBIV OBEEZFMCHITLTVS. (B1IKSR)

o EREE, BIAREREA-_LTEEENTIL P MELRRBEECE LLTHD, MEIFES10~20cmd
WrfEH Do/ AR L TLBEL T LD,

. MBI HEEIENTNRERMERZED6D0E (FG01-FG06) (CHFEENZEL, CNBEXRIRERIEAITIS
(FG01,FG03,FG05,FG06) , BEIMEHYIS (FG02) , E2EMEAESE (FG04) O 3FEFE(CEIBLTLS,
(BE2K=Hg)

o RIRBWENUDICE, NIRTOBRRTHEICLIEIRESENRDOONZEL, RAEMIRECOEBRRTERIAISIC

BIFUIEFGO1D—ERIC(EFEENSEDIAFNIE R HERHENZEL TS, (BE3RISR)
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FEUREL, WEERENCHSHTEN) S HOFREBIEZERL TS,
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M E FPENROSESL UM OIS HER IR R,
Hi3h (1990 CETVTHR NIUEERBTO2GSTHOI8ER [t OBt BmE LT,
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Ean: 2 (A) A stab of fault gouge zone v
BEEE RN BIE FHOYCEDADTME (A BLUNEEMEEK B-F
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HILEH (2017) OBIE (1 2) -

fHLEN (2017) (&, JEFRHEME (19274) TZO—ENNESEILE, ILHABEFOEETHZILMMEOREZRAZREL, MEHAZFMCEHRITVWS. (B-1, K-2,
M-3281)

RAFEGEBT(E, TERESRIROMEBABIMENIOMOEE TRHSN, COMBIIREE, REFE CHARME LI EARETIMBNVIE, KREFETITIAY M EARET
BifEMAN, BBELISTX MERELIIIL -1 MBSIEBREN2ELTVS, (K-5518)

WA DS H(IMEL~4cmTHD, 1E2.5cmUTORA®ERE, 181.5cmU T ORXEBBEPLERABEBOEEBLIIOTVSEIDNSRREEL, EAE(IIELI0~35cmiZETH,
HIEEZEIHEL TS,
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HILEH (2017) OBIE (2 2) -

o EWEBmEEZISNBAY 1OMHIIEISEICOVT, UTOBRSEERZRUTVS, (K-9(a), K-10=0,8)
> MBHYTHIBIREEZZLTED, 10KMOMEHIS (gl~gl0) ([(HFEN3.
> BIEADSEER T BRI EEMESILTHED, —EDAT—EERAE T—HRICHEL T2, COMTIID
SHYIRRAT - EERAENEDESMEBA IS TERZYD, BIAMEENRECYTINS,
> gl~gl0FZNEN, MBMEmERIEZUIEIZTAD N fh I DECHINSRZPEZMAED. £12g9Eg10DEFR DK
[EmEzZAIEE 3R, HNRHEND.
« YLALDMBADSHE, WNIRSRTUVKEE2ROMBAIS(CDIAN, BREBETI0MOMEBHISHSRED
[EBIRIEENROHSNTZEL, COBIETEREDORIECHIENIRVESZ R, TNETNOKIEBADSH1EIDHES
RO MNERUTWBRIBEMEN®ZEL TS,

(BHCLBEIE] (PRSI OSECEICHHLOER)

- WIEEEFENTHD.

- WIBEFEZOBEILICZE, ARIROEIARES (KEAE, hyIL—S4(N) |, BIEHITHRDEN, BIEHYS(IC
(FERERRBEAMMEIE (PHEH, R,H) HERHSNS.

« BEHOCRHIORFOMBAVIEENICRHETSE (MEMAI) ORFIAFRTHS.
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& ".‘_L!l 1 () ~ (o) A-"m'.i?'li" L -.I‘-'U»W -Ll~'.Lr'.l>. Hl:.ll.‘v-r::mi' '8;--f_'.\'mH‘iiv}Fr:'m;!&k&v:;::( le) oE® B0 WEN LR - AT L0, RRIETHOFEARONME 5T, () ~ (g) HAZ=TLFORELTYS, @) - (f
RYGHLTAAERERY. (). b} BLO () ORNERIRETATR, RHA ), () BLT () (553 W OBBOERAIRHIEE > AEFRY. (1) — () ORBED () SFEPELLE () OREE W ELRLE
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FABEH (2019) RUBET BHEEROME -

o RFHDUZIRERLA—HIBIATT (12F£EX(CLDHEBAT, LUF, TNRRCHIAIEWS, ) TR, 2011FEEREBENOMETERLOS /ERiEZURELT, BBRMKRCSVWTAN > FRE

FZITOTV%, xALBEED, RILEH, BREBDR-NT(IR, FEEH, tEEH, BEEH, FEEH, MEEH, VUNEH, BARARFHEE, BRER, BAEHR

EEEFED (2019) OHIE]

o {EfBEN (2019) (X, NRRCHIADKRED—EPZE(C, HIBRMIRON >FTE, EREOTRAICHE=RE/KEEGIRE, tBRAICTIIFFREESEEIKERENMIMIZELTNS,

o TBOMEERE, WEAY -, MEAY - atRUMMBHDS2SF1IE, KBFSBEOERERIF2MBNSEBRSNDEL, FIEERR, MEAKEY —JEF2MEZ REBE(CEIME
DEEZ20cmZEZMESETVSEL TS,

o WIEH DS OMIESIESROL > ADEHINS, WHIETY AL IEMBT AOIEIMEIAGENRESNDN, BT AOR,ENEMETZOR EICHISN, EREESIOAIFLLEHIRENS
ELTWB,

« NRRCHHATIF, #&£AGEHN (2019) TRENZFIEER, BEEESIN >FEEICSVWTTFENTERMENRVCE, WAV CERERBIREENRHSNARTINOHITE (g1~g3) CHF

TE, TOS5g2HCEFAITH (g1OER) OEDIAHNHDILZHRL TS,
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HARIRM (2015) *OE

"EIJEBE?'J

KA E OB B EESHCAIBERE (5868 (Fa747A17H) , ERl1-1 BAIRMER. MOXIREIITE:S FithEDOEEHEON, LEFEsEE (X MNEZ (201) )
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- BEEEIROER, HE (EE=#it) OWBERIRELRR
RS E IR S SRR TS v— T RIfEBEZ L ILEL TS,
FIHREE(CE D4V RORRERE T, BrEEa TEAE U
WERINEENENTNRDHENDELTVS,

« EAADOVIBRROER, WiEE EEANS, AIEIRIERED
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Bense et al. (2003) O#iE (1.2) p'dﬂﬁﬂ@n

Bense et al. (2003) (%, AS>HDRoerEFBNOUITN AT AICRHSNZREEHEREY) (L58 : 30~60ka, T : 250ka) FDGeleenHifE(CDVWTI >FRAEEITOTL
%. (Fig.1=88)

AW, E801-yhD (Homogeneous silt) , FimdIZyhA (Horizontally laminated sand) , B (Horizontally laminated clay interbedded with sand),
C (Cross-bedded sand) (CX73&ns&el, BifE(E, TRIE10cmTHD, 1-vhBZIRIRETDILAAXT (the clay smear) HEEICA>TERHSN, 1-yvhALKIE(CS]
EINEZIITVDEL TS, (Fig.4, Fig.6Z5H)

/OO

— - s

Legend: L ) Y A /| Fig. 1 Geographic location of
Borsch over e utenFanat |\ WETHERTARDY, "\ Pt va.\ = - tectonic blocks, important faults
R | o \ e g and fieldwork location within
AN % N4t the RVRS (regional location of
Fauk bea L Y X RV} N7 \ ORRMANY study arca shown on left). CB
X M { g, T Campine Block, RVG Roer
' = Valley Graben, PB Peel Block,

| c8 F{ VB Venlo Block. EB Erft Block
N Fig. 6 Photograph of the fault
core of the Geleen Fault show-

ing the morphology and litho-

J | . - - . - ~
~f | logical variation within the fault
core, Gravel pebbles cause dis-
/ faultcore / damage zone continuities in the clay smear

or—

Fig. 4 Overview of sampling locations for box cores B0, BI, and
B2 in the trench over the Geleen Fault (for a description of units A-
D, see Table | and the text)

10cm
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Bense et al.

(2003) OHiE (2 /2)

"EIJEEE:’:I

« Bense et al.

(2003) (&, GeleenMifE(COVWTERERERZITL),
DLAZAY (the clay smear) DifHlTADT, WiEEHICLIEMICL O THRIFRAT—IL OB EMTDRE

FHRBE AL TV,

WiEEENCdoT, ERIBEOISMEICFATRAIFOBEIIMEOTVSEL TS, (Fig.788)

FHIEENSEEN/ B TEB R EIZRZ1TL),

FNIARDEISADERIFORENCELOT, H1lcmhEE

(mixing of sand and clay) Mo TWVWdELTWS, FfZ,

EEERINLTWRELTWS, (Fig.12888)

man Suk piane

Fig. 7 Thin section of sample
BO showing the morphological
aspects and composition of the
fault core in detail and at dif-
ferent scales. Reorientation of
grains and larger conglomerates
of gruins (clasts) in the fault
core along discrete bands is
accentuated by patterns of iron-
oxide distribution. Mixing of
clay and sand is visible but a
distinct ‘mixed zone™ has not
yet developed at this stage of
fault-zone formation

Copyright © Chubu Electric Power Co.,

Inc. All rights reserved.

- 3

‘\v.

3 vy 't‘.f

Orientation of siip face

Fig. 12 Detailed image from a thin section of a pant of sample BI,
showing how particulate Mow along & narrow ship plane accom
modates @ vertical throw of about 1 em, The dashed line shows how
one stratigraphic level is offset by the microfault
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Fossen (2010) a O#IE (1./2) ,,' PR

« Fossen (2010) a (&, 7XUHDIAMICHDTRTS, MoablifE(ERECourthouseMiEBfHI(CHNT, IREHBYIOZIFICHZMINBECOVWTHEBL TV,
(Fig.2, Fig.3&08)
- [Eibig(E, TaSoENSRD, FAIONavajolds (ARk) &, TOLEERC, Dewey Bridgeffig@ (BELES) , Slick RockEpE (B2 & — BRiEEYD) |

MoabZPfg (EpkiLE) NMTeLTHED, Dewey BridgeSfiED L TF(C(E, IREHBYIOZIABEN ZRHOHNZEL TV, (Fig.4=08

9 A j. - é : - ’?
' Unite: TGRSR gl ey
B Cedar PR
| |Mountain Fm 3060 2
. 2 Birisliy _ —
‘.E. Basin R0-90F" =
- Mbr
..... 3
3 E | Salt Wash |
8 = Mbr 60
15
— . . " , : Tidwell Mbr
10047 10836 10845 10928 10543 o|Z{Summerville Fm | 110-15 _ :
2|5 EMoab Mbr| [25-30E=m
é E &} 200 o Mudstone
K # | Slick (uncon-
E _g Rock 150 formity)
S| 5 Mbr
S . U Dewey
€l Dewey nggc Sst
2/ g Bridge -5 Soft-sediment
119 Mbr deformation
~
5 Navajo Sst
k-
C| Kayenta Fm | [-20

SA.’]')" Dewey F—"ll‘;‘.;f“
Nibe:

Fig. 4. Stratigraphic column of the Courthouse area. Modified from Doelling and
Morgan (2000).

Fig. 3. Courthouse Rock and irs steatigrapiny, Note contorted nature of the silty lower Dewey Brdge Membee

Copyright © Chubu Electric Power Co., Inc. All rights reserved.




Fossen (2010) a O#IE (2. 2) ,,' PR

o B~ HERBBERICEUZERT (deformation band) ORZRXN-ZXLELT, Granular flow, Cataclastic flow, Dissolution , Cementation® 4 D%RU,

ENENOANZZTLNECPRT VB PIRIBOZM4 2 RU TS, (Table 1588)

o FEXNZXLDS5, Granular flow(d, RIFORIENRL, HFOLRERSIVERINDICLINFOBR- DBENS2% (disaggregation band) &LTW%, &Iz,
COWEE(S, B—RRROMAETEBICRARV, STHIHERTEIBEETOIEEERACLDHBITIRE THdEL, BED5|EFTD%MHolzNabajoibahoiEEE
ZR_UTWS, (Fig.1=88)

« Dewey BridgeBBfE(CHSNBZERAICOVNT, BREERTE, MFOMEOZIEREEROZ(ENRDHONT, SFBRNRNFEHIINRESNZDHTHD (Fig.788R) &
U, RIFOBRENERHSNBVNCEE, T RYIREIE(CREET DNIIIAT AV IR B E(FBAMECERD, AtEiE(ddisaggregation band(CH%EEN3EL TS,

Table 1
Schematic overview of mechanisms operating during deformation band formation
and their preferred conditions.

Granular llow Shallow depth, low eff. stress, poor lithification

Cataclastic flow =1 km depth, some lithification, high confining pressure
Dissolution {Qtz) =2-3 km depth, =90 °C, locally along faults due to fluid flow
Cementation For quartz, same as above. Calcite shallower

Fig. 7. Typical disaggregation deformation band of the Dewey Bridge Mbr., running
diagonally across the picture.

Fig 1 Synsedimentary disaggregation band in sand dune deposits of the Navdjo
Sandstone, Arches National Park. invisible in homogeneous sandstone. Displacement
can be measured on selectively eroded surfaces (See Fig. 2, inset map).

Copyright © Chubu Electric Power Co., Inc. All rights reserved.
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Komura et al. (2019) OOHRE ,,'q:amn

Komura et al. (2019) (&, 20114, 2016F(CERALTREUCIEMERMECSVWTEBUIFILEEICOWT, BB TEEEREZE’L TS,
FILEE, &/ EiE - HPRIEOmA#I25km(AZIEL (Fig.1288) , DINSAREEMTICEST, 20114, 2016FOHERII30cmZEBX 2EX AN RS
ncns,

LY LFEEET(E, BETHITEMNRETR(C, MBY—> (FFZ) h'tEsRan, WENv>, WM, h9IL—B1/NMIDEEL TV, (Fig.928g)

WIEH D>, BEOHODE, RIGEOAVZO2ENEREN, MEORFRETE, KBEOHIS(ITREDHIZSHSFEMANMTEONVZHIEFINTSD, C
DOIRKRFE—OUIEEEN AN MCEERATERVNELTVS, (Fig.S45HR)

a Koyama Dam FFZ

ma Dam FFZ

e ioh /

Koya

D Fragment
: Fracture

Latest shp plane

\ 3
¥ 1 e -/’\\\.‘ 0.\“v§
Grynodiorite] /o8 M\, 2
i .k) A /16‘1
g -8 g

SR b
i Pin e

i x b A
L B " A ; = K
T i 5 - PP -
ol de
Qonw - .
oA - ) 1’ ’
vm ) o T T
\

\
!

b Wakaguri FFZ

Fig. 9 Photograph and shetch log of a the Kayama Dlam FFZ (vee P 2¢ and Additional file 1: Fig. 530 for focation) and b the Wakagun TFZ (see
Fig 2¢ anf Additional Nle 1-Fig S3e for Tocation) Yelkivw-dishied lnes oxdicats boutdanes of lehofac ke in badrock
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Schuck et al. (2018) OWIE (1, 2) ,.'cbﬁﬁ@:

+ Schuck et al.(2018)(&, Z1—>-3>ROTL—MERRIETHD, 300FEFB0EENEEIZEDAIPINeRTEBICDNT, BE LTI XD MOFR(CATBELFI4kmOBRERIAD
R N —A%EFF DE _LRIET ) X hDWaikukupaZ S A MeISRIC, TBIEABEZEML TS, (Fig.1588)

- EMBOEIEIL, FRANGREGEDAIpineFEDIIL NSO/ CHD, FIARDY—-> (Principal slip zone ; PSZ) &UT, h9JL—H4A R, EBIROMGLTRT
[E#2> (layered clay gouge) WE&2~30cmOUEI7 =L, TEENEUCORIICIRHEREYI THDEL TS, BUT, BIROPSZNY, LHgE TSI v—T
(CHBELTLBELTWS, (Fig.2&8R)

0
Danl\h‘ t
faul trace
. @ —
25 km o — o
— Fox Glacier S5 a o
4330 cataclasite cataclasite 3
)
o
-~
o
perpandicular Ia
3 yered
to fault trace clay gouge
>
c
O e o T P SR AT e B . : Quatenary | F £
1 oy e N ot by 30 L b i T, B o 171 4] gt S oy i o 1) () Tigied #hrvadins e (DM e of e ) gfavei gravel I~ 2
rrmirsd segent semmg 4 Thm DO (s JATH |0h Wbt Thoes (i vt Do | o wemeburwnd sryst of e Sipane Suntd. Bor e samptiny iowetom. S ¢ b =-
Ao of G mTTeon = odov e (e Rt eared, (e semier o el B Wl wrrwen of B wtice | g
e
.
- !
\ 10cm

Fig. 2. (a) Outcrop image of the Waikukupa Thrust fault segment. The ~ 3.5 em thick ochre to medium-brown PSZ (indicated by white arrows) sharply separates hanging-wall cataclasites
from Auvioglacial footwall gravel. Height of yellow Aeldbook is 15 cm, White box shaws location of investigated sample displayed in (bl white arrows indicate dextral sense of shear, (b)
Scanned image of sample investigated in this study, Footwall was scanned parallel and perpendicudar to fault trace. Orange spots and labels are locations of powder samples for XRD and
1CP-0ES analyses, respectively. Sample broke along the PSZ duting shipment resulting in materfal Joss of roughly 5 me. (Foe interpretation of the references to calor in this figure begend,
the reader is referred to the Web version of this article.)
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Schuck et al. (2018) D#IE (2. 2) ":b&{s@:

. Schuck et al.(2018)(&, WaikukupaZXSAMDEEEENSH>TUSIU, EBEONIIL-HAN, PSZ, TEROBIREREY) (E) 2MRC, FHEEEICIDZOMMIE

&D”E ﬁ*ﬁbtb\éo

o FRAIOHIFIL B/ MPSZOIRRTIE, BIEHDZ(OAIIIONT, BBEMHFOYAXEARCHL, EFREIBIMNU, PSZEDEAE CEBEMEHAZHFUDEL TS,

FIEEREIZRTE, PSZAICHTISH (gouge clasts) iM&FNTVWSTEERLTWS, (Fig.3a)

« PSZTE, HOZH(E () AIRTHD, HH<EINRTF (FICERERRA) TEREINTVWSELTWS, (Fig.4a)

« PSZETEEAIOMYBLDIETRTE, EMEE () A~ () ARORBYNIERTE5LL TS, (Fig.6d)

o INSFFHERROERNS, AMEI72AOMHIEEDENZRICRL, CO&ORMEER, AlpinefifENERAENDCLIRIRICLD, FEDIRLICEZRIELTLD
(Fig.9=1)

S5mm

Fig. 3. Cataclasite microstructures. Fig. 4. PSZ microstructures

(a) Transitional contact (dotted line) between (a) Gouge clasts (dotted outlines) are Fig. 6. Microstructures interface PSZ-gravel
cataclasite and PSZ. Cataclasite contains large (up (sub)angular and constitute most of the gouge. (d) optical micrographs showing the contact
to 2x1 mm) mylonite clasts (black Orange box gives location of inset. Inset: Gouge between gouge and footwall gravel. The
arrows).Stippled outlines indicate larger gouge clasts (dotted outlines) are composed of contact is defined by the appearance of
clasts, white arrows indicate smaller ones. Here, comminuted particles (mostly quartz and (sub)angular — (sub)rounded clasts often
larger gouge clasts are cross-cut by calcite veins. feldspar), cemented by phyllosilicates and finely haw.ng a mylonitic fabric.

XPL: cross-polarized light;cat: cataclasite; PSZ: dispersed calcite.Surrounding matrix is formed by XPL: cross-polarized light
principal slip zone; White arrows (top right) larger quartz and feldspar clasts, micas and

indicate fault movement as derived from the smaller amounts of authigenic phyllosilicates.

oriented sample taken at the outcrop. BSE:backscatter electron microscopy;White

arrows (top right) indicate fault movement as
derived from the oriented sample taken at the
outcrop.
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