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Metamorphic core complexes (MCCs) are crustal-scale structural features in the North American
Cordillera that result from exhumation of middle crust through large extensional detachment systems.
They contribute to thermal and mechanical re-equilibrium of the orogenic crust after and during the
Cenozoic extensional collapse of the Cordilleran orogen and thus, record the kinematic boundary
conditions during the late stage(s) of orogenic evolution of western North America. The interplay among
various parameters such as strain localization, fluid-rock interaction, and surface processes dominates the
evolution of these detachment systems. In particular, localized synextensional interaction of fault zone
rocks with surface-derived fluids appears to be a common feature that directly impacts the conditions of
crustal flow, mineral recrystallization, elemental and isotopic exchange, and temperature gradients of
actively extending crust.

To resolve the temporal and kinematical relationship between core complex formation and fluid flow from
the Earth’s surface to the actively extending middle crust, we used a multi-disciplinary approach,
including (1) observation of microstructures, (2) “°Ar/*°Ar thermochronology, and (3) oxygen isotope
thermometry (D & '0), and (4) hydrogen isotope analyses (8 D) of syntectonic hydrous minerals. The
hydrogen isotopic composition of recrystallized hydrous minerals allows us to track the infiltration of
meteoric water into brittle fault zones (e.g. clay gouges) and strongly localized fluid flow down to the
brittle-ductile transition (e.g. mica-bearing mylonites) at mid-crustal levels.

One key example to resolve the structural evolution and multiphase synkinematic fluid-rock interaction of
a detachment system is the Raft River MCC (Utah, USA). Combined microstructural, “OAr/>°Ar
geochronological, and stable isotopic evidence from exhumed mylonitic footwall rocks of the Raft River
MCC suggest that very low- § D surface-derived fluids penetrated through brittle faults in the upper crust
down to the brittle-ductile transition as early as the mid-Eocene during a first phase of exhumation. Thus,
Eocene extension within the Cordilleran hinterland not only occurred at more northerly latitudes, but
most likely also characterized regions of the northeastern Basin and Range Province. In the eastern part of
the core complex, prominent top-to-the-east ductile shearing, mid-Miocene “OAr/*°Ar ages, and higher &
D values of recrystallized white mica, indicate Miocene structural and isotopic overprinting of Eocene
fabrics. Miocene shearing in the western Raft River MCC seems to be a reactivation and/or continuation
of an Eocene top-to-the-east shear zone with accompanied localized rather than pervasive fluid flow.
Moreover, a significant component of cooling of the core complex might be due to fluid-induced
refrigeration rather than exclusively to rock uplift and circulating fluids appear to have actively influenced
the kinematic of the detachment and as a consequence the exhumation history of the core complex.

Collectively, combined geochronological and stable isotope geochemical studies in MCCs along strike of

the North American Cordillera document that meteoric fluid flow was an integral component of crustal
extension and surface-derived water was able to penetrate extending upper crust down to the
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brittle-ductile transition. We therefore argue that meteoric fluid flow in extensional fault and detachment
systems may be more common than previously assumed which permits to export this approach to

extensional settings in other orogens.
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A new method to estimate fault activity based on the fraction of
saturation of quartz luminescence and ESR signals in fault rocks
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The activity of faults is usually estimated from the fault-displaced Quaternary sediments, containing both
measurable displacement markers as well as dateable materials (Research Group for Active Faults of
Japan, 1991). However, geologically- or geomorphologically-recognized faults especially in erosion area
are not always cutting, or covered by, dateable Quaternary units. For such faults, there is currently no
available method to evaluate their activity. The same problem also arises for the detection and dating of
seismic slip events from borehole cores. In this presentation, we introduce a new concept to evaluate fault
activity using the fraction of saturation of trapped charge in quartz —specifically, of the optically stimulated
luminescence (OSL), thermoluminescence (TL) and electron spin resonance (ESR) signals. These signals,
alone or in combination, have the potential to quantify the activity of faults with presently unknown slip
rates, in Japan and elsewhere.

Active faults in Japan are categorised according to their slip rates into three classes (A, B, and C-classes)
(Matsuda, 1975). An A-class fault experiences more frequent and larger-energy earthquakes than B- and
C-class faults, contributing to a greater removal of trapped charge in quartz by frictional heating.
Therefore, our working hypothesis is that the fraction of trapped charge saturation of A-class faults should
be significantly lower than that of B-class faults, which themselves are lower than those of C-class; i.e. the
fraction of trapped charge saturation is a function of the fault activity. By inverting the fractions of
saturation using their corresponding trap kinetic parameters, one can estimate one of the following: the
frequency, the temperature, or the duration of the resetting events (earthquakes), if the other two
parameters are independently constrained.

In this presentation, we share our preliminary results from the Atotsugawa Fault, central Japan (including
experimental data, modelling and inversion), and discuss the method’ s potential contribution to
understanding fault mechanics (flash heating, in particular) and to estimate fault activity.

References:

Matsuda, T., 1975, Magnitude and recurrence interval of earthquakes from a fault. Zisin (2nd ser.), 28, 3,
269-283.

Research Group for Active Faults of Japan, 1991. Active Faults in Japan. University of Tokyo Press, Tokyo.
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Thermal signatures as well as timing of fault motions can be constrained by thermochronological analyses
of fault-zone rocks (e.g., Tagami, 2012). Fault-zone materials suitable for such analyses are produced by
tectocic and geochemical processes, such as (1) mechanical fragmentation of host rocks, grain-size
reduction of fragments and recrystallization of grains to form mica and clay minerals, (2) secondary
heating/melting of host rocks by frictional fault motions, and (3) mineral vein formation as a consequence
of fluid advection associated with fault motions. The geothermal structure of fault zones are primarily
controlled by the following three factors: (a) regional geothermal structure around the fault zone that
reflect background thermo-tectonic history of studied province, (b) frictional heating of wall rocks by fault
motions and resultant heat transfer into surrounding rocks, and (c) thermal influences by hot fluid
advection in and around the fault zone. Thermochronological methods widely applied in fault zones are
K-Ar (4°Ar/39Ar), fission-track (FT), and U-Th methods. In addition, OSL, TL, ESR and (U-Th)/He methods
are applied in some fault zones, in order to extract temporal imformation related to low temperature
and/or very recent fault activities. Here | briefly review the thermal sensitivity of individual
thermochronological systems, which basically controls the response of each method against faulting
processes. Then, the thermal sensitivity of FTs is highlighted, with a particular focus on the thermal
processes characteristic to fault zones, i.e., flash and hydrothermal heating. On these basis, representative
examples as well as key issues, including sampling strategy, are presented to make thermochronologic
analysis of fault-zone materials, such as fault gouges, pseudotachylytes and mylonites, along with
geological, geomorphological and seismological implications. Finally, the thermochronologic analyses of
the Nojima fault are overviewed, as an example of multidisciplinary investigations of an active seismogenic
fault system.

References:
T. Tagami, 2012. Thermochronological investigation of fault zones. Tectonophys., 538-540, 67-85,
doi:10.1016/j.tecto.2012.01.032.
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An investigation of coseismic OSL / TL time zeroing of quartz gouge
based on high-velocity friction experiments
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OSLE/TLEE, ARPRANMMBABABFARCFEREAV THEEFZERL W ZEzFALL
FRUEETHY, EICHBBRICAVWONTE . EF, BEIED (2013) T, EMBOFRRAEEZE LT
DERAMZRELTWS. OSUE/TUETHMMEBEARY FERET2HODERELDEZL AR, BRI NLE
REHRIC L 2IBENERRERAF L IHWRICL >TERICRD (§1LE€EQ0M4VY) 2&THD, LHL, B
BEHENI XY EVRESOHEE (914 LE04 7)) OBRRERE+TIICEBINTHWAL. ZORRMEE
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HEHE, RERABSILIXRFMBLEORMS/ITERS & WIRR - 28 L 7caRF (RIE150 wmd
T) 2RV, SFEERERTIE, MZE150 umllTOAKET.0 giox L TREKRTFN & EMEKRFHEZANR
o, 28, RAOHEZERT 20, EREDOABZ75 umBlTFRU75~150 umIZHZREL .

HeIZ2D00—EDEERZIT>7. (1) OSL/TLIESDY £y MW 2EREKEFEEZRD-HODERLZIRT
RNYFEETORERER. (2) OSL/TLESD) £y MW 2ENEREFELEEZR27DDHRLZLEMETORRT

H5.
HelE, HROMREERT Z7HIC, BINRINEZHABZ<75umB LTVT75-150umD 2D DRLFH 1 XIZH
=L/

OSLEIEMDERTIE, (1) HAMICE > THRYELAZHADY (<75um) B, FTLRY Y TOHTo>HK
LV bfasti oA EWVWT &, (2) TRYRERED200 um/s 150.13 m/sE TOEMICHEWRIRTS umllTF
DR FDfast D LLHIEMT B2 &, (3) 0.65 m/sTHEIN/ZRERTIX, OSLESHAEOICR S Z &HD
MoZ. LEBEBEWITRY REDERERTR SN dfasti o tbDIBMIZ. BB LZEF (MBAFHICHZICERS N
LHERED S EFREFDDEFIREHEHIND) ORMICK > TEIERI I NAAEEMELH 5. HRERE
BRCEHINAY M LE€E04 Y T1E, BEMNEICE > T00CETRHIC LR LA-EREAICERT 5.
0.65m/sDEERERICMAEBIRILF—DHEICEOWVWT, RADHERE (EfI1.6m) OFES
117miCH#EEL =,

F—O—R:XBME. WIXvEVR SREERER 41LE€04007
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ESR technique for the assessment of fault activity; an approach from
frictional tests using the Asano fault gouge collected by a trenching
survey
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BB A DERD SUEEEMTMAITY FED—D2& LT, ESR (EFAEVHIE) ERAEE,HZ (&
#, 2004) , ESRIETIE, MIBEHPICEFNZESRESIMBERRICLIY ) EY FEINB L2 RELTH
FEBERERD DD, ESRESHAFTRLRICY Y FINTWRBEICIEERBOFZTEFERL Y EEHVERED
BO5NTLED, ESRESODARERY £y OB, BEEZEENLFLPTVWHTERISBESE %
RENGTBIETRRTEDZEEZONDD, A= VI DRBEEENKEWVWRRIAR MEMNBDT, ESRES
DREEBICVEY NSNZREEZPASNMITEIIENEETH D, T2 TS5E, RBFMED ML v FiEHIREAET
BRSNMEA Y 2RV TERAREEREL, HABREBROHAV VHNOESRENZEREL, ESRESHITL
ICYEY NENBZFHFICOVWTHRE 21T o7, £, BRBEOAVVHARMNOGE/EONBESRARY ML &XE
BB bL v FROR—) VTREITHEIRSNMBEA VDN SBREINBESRARY MLELEL, RAICH
T HMTBEEAICLZ )y NRROEER AT T,

EERARICAVEMEA Y CREE, EHMENL Vv FILEOMEBREIRICS W TS & KIRBENET
DEDICHKZET DR ~10mMmMDIKABRH VY THD, BAREIEEMBLEZKABBH Y VIE, ERF24.98 mmil
B L—OAEREL 1 28R OBICHA, —AOARAOERS & CHERAS5 X -

(1R - ftt, 2016) ., EEERIL, dryRUEBKTELIEwetRETICEWT, EEIGH2 MPa, XY EE
1.3m/sTERBELE (-1, 2016) , HBEREIOMDEDOH Y SHOREIEREF, dryRHTT380C
T2E, wetRMETT340CREIGELTWEHEINS, BEEARKIE, drykUwetRM & £ EIME O HD
AE%E (=Omm) & LT, A9 2B%E 0~9mm (BDOER) , 9~16mm (BEFER) , 16~25mm (HELZR) I
=HEIL, BRDEDICDOWTCESRAIE AT o7, TDER, dryRHETTIE, =9E L ABOETH S EERE
ICKWERNRT BHFMR (7 = VRMERIS) ESM/RE I (Fukuchi, 2012) , FDEHSHBEEICAD > TE
SRENELCIEBALTVWIONERINL, £, FHEBSLUCHABETIE, ESRERAEICERATZ2HA
EHE AFAOPEVEVOFAM (Mo) MEEFESAY Y FEINTWEDOIERIN, THISTH LT, wetd
HETTIX, HESRICBWTHEWFMRESIRE I NAD, E FLPMolMEEFESIKIFEAE Y hahTw
Bhot, ®oT, EZBMBHYVDESRESA Y Y NINBZBEICIIFMRESDE L WBANEBI>TWS
RNV EMHIBE L, —F, REFEEI00mIEH] O 7 HRORE200mHEICAIE T 5 fa-SET BT
DA VEEDS L, wetFRETOHRBEEERAROFMRESHRE SN, KEFUE TldwetRHE T CHIBERE
NERLEAREELSTEBINS,

5| A scEk

fBHhBERR, 2004, ESR (BEFAEVHIE) ZRICLMBEEBFERUIE—ZOREBEER—. FEMZ 17
Z1)—, 63, 45pp.

T. Fukuchi, 2012, ESR Techniques for the Detection of Seismic Frictional Heat. In: Earthquake Research
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and Analysis: Seismology, Seismotectonics and Earthquake Geology (ed. D'Amico Sebastiano).
InTech-Open Access Publisher, 285-308.

IR BRA -, 2016, HEMEDDIKEE (CXHME) hEBMEOSEERFT & ERERRERE. BF
hWEFRBI123FFMASBEES, T1-P-7.
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Keywords: ESR dating, Electron spin resonance, Asano fault, Fault gouge, Assessment of fault activity,
Frictional test
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Repeated coseismic injection of pulverized fault rocks and infiltration
of fluids including meteoric and sea-waters within fault damage zones
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In the past decades, increasing geological evidence has emerged that faults and shear zones within the
middle to upper crust play a crucial role in controlling the architecture of crustal fluid migration and
seismic faulting process. It is also well known that fluid can be released by dehydration reaction caused by
seismic frictional heating during large earthquakes within both intracontinental faults and subduction
zones that contain abundant hydrous minerals (Lin et al., 2003, 2013). Such rapid dehydration reaction
would induce a sudden increase in fluid pressure that would simultaneously act to reduce the effective
normal stress and markedly weaken the dynamic strength of seismogenic faults during seismic faulting,
thereby facilitating seismic slip during large earthquakes. For an integrated multidisciplinary study on the
assessment of activity of active faults involving active tectonics, rock-fluid interactions, geochemistry and
geochronology of active fault and seismogenic fault zones, recently, a new project of “Drilling into Fault
Damage Zone” has being conducted by Kyoto University on the Nojima Fault again after 20 years of the
1995 Kobe earthquake.

In this presentation, | will review the previous studies and report the recent progresses on the fluid
infiltration concerning with coseismic faulting and recent activity on two seismogenic faults that recently
triggered the large earthquakes, one from the active faults of the Longmen Shan Thrust Belt that triggered
the 2008 M, 7.9 Wenchaun earthquake in the Sichuan basin, China, the other is the Nojima Fault that
triggered the 1995 M, 7.2 Kobe earthquake. Circulating fluids deposit fine-grained sediments including
clay and carbonate material and pulverized rock materials into cracks within the fault zones. Such
crack-fill fine-grained materials, calcite veins, and oxidized/weathered open cracks have well been
observed in the drill cores, from both the Nojima Fault and the active faults of the Longme Shan Thrust
Best. 3D micro-X-ray scanning data and powder X-ray diffraction analyses show that the fault core zone
contains a numerous of veinlets which are composed of fine-grained materials, carbonate material and
clay minerals. Isotopic analyses of carbonate material within the fine-grained materials and calcite veins
reveal that the calcite veins are sourced from typical meteoric and seawater. c dating ages of 10 calcite
vein samples range from 35.0 to 58.4 kyr B.P. Geological, petrological, stable isotopic, and '*C data
suggest that these crack-fill fine-grained materials and calcite veins and brown open cracks were
developed by the repeated infiltration of O,- and CO,-bearing meteoric and seawater downward into the
deep fault zone during the last 35-60 kyr. We propose a seismic fault suction-pumping model to interpret
the infiltration of subsurface waters being carried down into the deep fault zone by rapid potential change
during episodes of seismic faulting.

References

Lin et al. (2003). Repeated coseismic infiltration of meteoric and seawater into deep fault zones: a case
study of the Nojima fault zone, Japan. Chem. Geol., 202, 139-153.

Lin et al. (2013). Coseismic dehydration of serpentinite during large earthquakes: Evidence from
high-velocity friction experiments. Chemical Geology, 344, 50-62.
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Influence of fault activity to hydration thickness of quartz: Application
of SIMS analysis
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WrE D REIMEETMIL— RIS, MIBICK o TEMAZIIMBEMBAWE T 2HLVWHIBOER A SIFE
BEIORHZHEYT 2 LBMELICL > TITHhN 2D, MIBAHET 2EVERDOME & OREKRHEE TR
LTW25BE1%<, LHEMEENERATERWVNMEBLHZ K FETS. —AH, EREDPORBRTOHELE
EARBICE > TELE L TVWSIGE, HEEOMERENENTL, S BENICEHEZEBIDEEY Z ORANMEE
TENIE, MEOFEMHTEDORREIIRERIIET Z LN 5.

BEOHEMTANY OMERZHNRREFE LT, BEERAMICKE 1 —RIF54 NOFKICINA, BB
Ho O DRI PR T O DB ENERINTUVEY, MIBETOY Y ADKHM - FILEEZD S ED—
DTH> (Faberetal, 2014) . EHZNH T, ARECEEREDMBERZERRER (HA7R) OFR%H#
ETHFEELT, KMEBOEIHENEAINTWS (BH - /HE, 1967 ; Stevenson etal, 1989) . X
WAHZZIZDOWTH, RABEBEBERICEIZIENRDEVILKIMEAZREL, TOES & HERHE & DHERE
ARIARHINTWS (ILUTF - #E, 1995 ; £HIFH, 2016) . HBEEREBICEH LA, KILUHSRADKIE
EE#BR1 um/ FTEOF—5—TH5b. —H, BREIATRAELRTKMEELNFEEIELS, BB TOILE
REUCT D&, FIEIX10? cm?/sT2E, %&F1F10"7 cm?/si2ETH 2 (Ericson et al., 2004) . 7=72L, X
REAFDOHRCERNMARLSIE, HIBEICEWVWT, KHMLAEYY HOEENHEMEBY ICKELEFS LTV
BHEBEMDH BIEIMWHAE SN TH Y (Hayashi and Tsutsumi, 2010; Kirkpatrick et al., 2013) , ErEE&IHK
MEBORRA(BESIETWSTREELDH .

Z I TARMRETIE, MEEENAROKMBE S ICRIFTHELATMT 5720, ZRA A VEENPTEE

(SIMS) IC&>TAFVE—LEZRRKRAMCBHAL, RETDIZRAAVEDNTEIEICE > TKIEDE
SEHET DI eAl A, SIMSHMIIHMBRZRMIREFEICE WTEREL, BUWEEEPhysical
electronics PHI 6650% 7= [&PHI ADEPT 1010 C#%H 3. —RA A & L TCCsA AV =R L, ZRA4A &L
TH, Si, O, AIM AV DMEDOHBRKREINSDFEI 10 umETOTOT7 7 M ILERB L. GREEHAS
HETEHRL, J[RERIBICLY, KMBOREDEEZEE L THA A VDREDRSINHBEFGTE L. — RN
REMEIZ5.0 kV, HMHEEIFH20 umx20 umTH 3.

AFRTIEET, HEF+—bEE (B 7 #I)L=F DFranciscan Complex® K UBADERE) ZHWL
TSIMSAM % T o7=. Fv¥— MNOEENLDKNBOHHREICK L, MEEEDRFEICK YKNEAENZT
BRERLTVWAHMAEFHET 2728, ACEGRRICEVWT, 1) BN OBEERAER, 2) MiEEE%#H> TLan
BADEARETHMMDIFE A EBEBWES, 3)MELZEANIBOE, OZNFNIIDOVWTIRSA A VDRES
TO774IERELTHELE. ZORER, 1)TIE, PR EHERRE BB aMOhOENEER
TERWVERDIERL) HEFEST umBEEXTIEENLLREE YV EHA T VEEIBEARES < R>TWVWBDICH
L, BIBYRYEEBRDIEV2)W3I)TIE, HAF VIRENREAMAICIFEAERLLTWRWI EHBPLH
Ehot. BEOHRTIZEBADOKIMBOES DA/ TSIMSHER I nFlidsHh 54 (Liritzis and
Laskaris, 2009) , ARIHFRICEL Y, MEBEOARDKMEE S DHEICESIMSHBATEZ2RBELIELN
=, S1&iX, KMBOEITDEWEMEBOFZHRE S DBRERTT 240, IS5ICEZDEBICH L THE
HEL L TLERL.
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Luminescence measurement of quartz from Nojima Fault Trench
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1. LI
1995F1A17HOEERFEHMETIE, ANER - RBEMBETD—E TH 3 RBREAFDFSEE CHEDE
REAIDIEEBICERZERTAmBER L, RADARNRZRR2.TMODTIAE Lk, KFETIE. BEMBAE TR
EL7Z2015FD ML Y FRENSFLBERBOAGRABEAWVT, MIBEEIICLZLIRYEZYRAYTFIL
DB LEERELARAE L,

2. LIxvEYRAE

WIRYEVREICE, BILI XYy EVR(TL) A AMEILI XYy EY X (OSLEGBENMONT WS, &
HETIE. tRAEHEOAERAREZERUET ZRICAVIEERILI Xy EZYR (BTL) E&. OSLEER
CRAEREAVIEMEFEEBIL I Ry YR (UV-TL) FEEAW:Z, TIN50 T FHILik, INELHIRIC
SUBBEYIT TN Y bENZEEEFED UNMEIED, 2015) , T FIIL) Yy MIKHBAGERE - BFEIE
HAEEZDBRICIK. HEBEICEITEVTFILORBRICHERBEOREZE: L TEYEM cE2EHT 2, T
DRE - BERMEFIFESREPK-AEE LB L TIHEITER. REFEATH 2 I LD OMBORKEERHEAFE
TBIENTEDAREMEEF>TWS (BEIEH, 2013) .

3. LY FHIoE—VRE

NRETEEEEORESR (Hostrock) &WEEMNSEMBEERNUENSEI L ATEEEEAR (E1) 2#H
WT., TLY T FILDE—VBEARET 27012, 10CHADT-TmaxitxFHWHIEAITo 7=, EBRERIT
BTL. UV-TLTIFIZEA&KE AV, E—2REIF200C, 270C. 320CHhaEmEE L,

4, EEBEDI IRy Y AFELHR

Host rock& &l E188L BWREBICEET 2 ML Y FREBOEEEHFEDHR (S1~S6) BLUVMBA VY
(Gouge) HABHILAEDHEDBL., TLAEEAITVEZNTNORNERES . ThENORLTIK. R
BMECHICERENR SN,

Tz, TNThORRHIIRE BRIEMICIRE L THRAERAY VT ILOE— I DB TOWROIREICH T S
E—IBRERERE ROz, E—VBRRIRICEALTH, RAKRIEShARVWEVWSIRERER ST,

5. FLYFHHEOEREIRE

ZEHANDOERERE (Gy) %2, BNV I T ILOE—IRBATVEHLE, WThOoRRICEWTHREE
E—7Ic&>TRA--ERBIEEM@EERY, 200CE— 7 DEBBEDEIRIMEE TR L=,

F—O—R:LIRxvEVRERAUE. AR, FEHE
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Development of direct dating methods of fault gouges focused on the
latest fault slip event
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Bz ISMTBHRARMEDL S EENICHBEERRFERZNET 27ODFEOERICEF L, £FKIE. EHit
BN WS E OB DEHMFMICAVS D THD, MBOSIIBROERELZFTLLDICIE. METETH
RrOEBRANFERD) £y MNEEICELAMBERYMEZAVTERAEZ T 20ENH 5, HRMAE TR
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ZERBEERVESRERBIEERICE 2ERBEEITD. 3) ENERREER : I L AWBHEYMEE AV /zK
ERIETCOEETAMEREREZTV. HBOERFEPERDOY Y NREORFEICDOWTERET S, T
NoN~I)DEBMDFENOCBONIIERALLE - RIEL. BIBDOFENEICET 2MABREITD. DR
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New authigenic illite age and hydrogen isotope data to constrain the
geochronological and geochemical framework of brittle faulting within
the Nojima fault zone, Japan.
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1. Department of Geology and Mineralogy, Kyoto University, 606-8502 Kyoto, Japan, 2. Institute of Geoscience,
Goethe University Frankfurt, 60438 Frankfurt, Germany and Biodiversity and Climate Research Centre (BiK-F) and
Senckenberg Research Institute, 60325 Frankfurt, Germany

Numerous recent case studies have successfully constrained the timeframe of brittle faulting through
dating of clay-size fault gouge fractions. However, the involved fluids sources are not well constrained.
K-Ar dating of fault rocks coupled with hydrogen isotope analysis allows to both constraining the timing of
brittle faulting and to constrain the influx of variable fluids sources into such fault systems. We present a
novel application of hydrogen isotope-based analyses that explores the hydrogen isotope values of fluid
sources in Paleocene to Miocene clay gouge-bearing faults from outcrops and drill core samples from the
Nojima fault (Awaji island, Japan; [1]). K-Ar ages provide have an age range from 63.4 1.3 Ma (Early
Palaeocene) to 42.2+1.0 (Palaeogene-Middle Eocene). Several <0.1 and <0.4 wum fractions in proximity
to a pseudotachylyte zone are thermally influenced with loss of radiogenic Ar. The illite age data support a
model that the Nojima fault zone was initiated ~ 55 Ma ago by ZFTA data [2]. Hydrogen isotope ( & D)
values of -119 to -97 for fault gouges and cataclasite zones and document meteoric fluids infiltrating the
upper crustal brittle fault zones. The data document elevated temperatures and a heterogeneous thermal
history within the study area and influence of a secondary thermal heating event probably caused by
circulation of hot fluids within the fault zone about 31-38 Ma ago and even a potential influence of
Quaternary faulting.

[1] Zwingmann et al., 2010. Chemical Geology doi:10.1016/j.chemgeo0.2010.05.006

[2] Murakami and Tagami, 2004. GRL 31. doi:10.1029/2004GL020211.
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