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Geology of the Atogura Nappe of the Yorii-Ogawa district in the northeastern Kanto
Mountains
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Petrological and geochronological study of orthogneiss from the Tromsg Nappe in
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Orthogneiss is the predominant lithotype in ultra-high pressure (UHP) terranes in the world but it
generally consists of low pressure metamorphic minerals of mainly amphibolite facies. However,
extensive petrological studies succeeded to find several signs of UHP minerals from the county
gneiss, and hence, most of the country gneiss shared the UHP metamorphism. The Scandinavian
Caledonides were formed by collision between Baltica and Laurentia Cratons during Ordovician to
Devonian, and are composed of several allochthons which have juxtaposed onto Precambrian cover.
Evidences of UHP metamorphism are found from the Western Gneiss Region (WGR) in Lower Allochthon
(Hacker et al., 2001), the Seve Nappe in Middle Allochthon (Majka et al., 2014), and the Tromsg
Nappe in Uppermost Allochthon (Janak et al., 2013). In the WGR, UHP evidences occur widely in the
NW part, however in the Seve and Tromsg Nappes UHP evidences are sporadic, so the areal extent of
UHP metamorphism remains unclear. The Tromsg Nappe is mainly composed of eclogites, gneisses,
schists and marbles. Krogh et al. (1990) estimated the peak P-T conditions of country gneisses and
pelitic schists as 670-700 C and 1.5-1.7GPa during D, stage. After that, Janak et al. (2012)
estimated the UHP metamorphic conditions of 720-80@ C and 3.2-3.5 GPa using pseudosection analysis
and conventional geothermobarometry for eclogite in Tromsdalstind. Janak et al. (2013) finally
found microdiamond from garnet-rich carbonate-bearing gneiss in Tensvika. However, UHP evidence has
not been reported from the country gneiss and schists. In this study, we report mineral paragenesis
and zircon U-Pb age of orthogneiss hosting UHP eclogites in the Tromsg Nappe. Studied sample was
collected from large blocks of orthogneiss distributing on the ridge around N69°26'@", E19°9'33"
(garnet-muscovite schist unit: Zwaan et al., 1998). Main constituent minerals are garnet,
muscovite, plagioclase, alkali-feldspar, and quartz with minor amounts of kyanite, rutile, biotite,
hornblende, epidote, chlorite, ilmenite, and zircon. The alignments of mica and plagioclase
porphyroclast characterize the gneissose structure. The LA-ICP-MS U-Pb dating of zircon in
orthogneiss gives the majority of the concordant ages between 470 and 420 Ma, and minor inherited
ages of about 1500-1300 Ma and 800 Ma. The weighted mean **Pb/**®U age (¢ 20) of rim of zircon is
454.2 £5.2 Ma (n=21). This age is consistent with metamorphic age of Tensvika eclogites (452.1 #1.7
Ma; Corfu et al., 2003) within error. Most of garnets with a few 10 to 100 pm diameter have Fe-rich
compositions (Alm, co o PPy 1191507 Sp 19-0.189PSp o) - They include quartz, rutile, zircon, and rare
kyanite as primary inclusions. Some of them have Ca-rich rim (Alm, o, «sP"Py 9.0 1107 Sp 20-0.269P S0 o1)
with a distinct chemical gap to the core. In some plagioclase, Ca-content decreases from the core
(An=0.26-0.33) to the rim (An=0.17-0.28). Biotite commonly replaces rim of muscovite or occur as
fine laths of a few 10 ym diameter, suggesting the secondary origin, while muscovite is relatively
coarse grained {100-500um diameter; Si=6.13-6.38 (0=22), Ti0,=0.17-1.34, X.=0.28-0.50}. GASP
geobarometer and Grt-Ms Fe/Mg exchange geothermometer give 450-500 °C and 1.1-1.2 GPa for the
core-core pairs of garnet and plagioclase and 530-570 °C and 1.6-1.7 GPa for the rim-rim pairs of
garnet and plagioclase, indicating the pressure increase is necessary for the rim formation. P
condition estimated from the rim-rim pairs is consistent with D, stage (1.5-1.7 GPa) of the country
gneiss in the same nappe (Krogh et al., 1990), but T condition obtained by the same pair is
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significantly lower than that of D,, which may be caused by the modification of muscovite
composition.

F—O—R:BBEEKE. ALRI7ELSE. ERE. )L VU-PbER
Keywords: UHP terrane, Caledonides, orthogneiss, Ziricn U-Pb dating
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Deformation microstructures of metamorphic mafic rocks close to the boundary to the
Tanzawa plutonic complex

KB BAE EM TEE

*Tomoki Mizuno', Katsuyoshi Michibayashi?

1. B K ZXZRAERZRMATRHELFEEZER. 2. MK FZEZMERMIKRIZER
1.Graduate School of Science, Shizuoka University, 2.Institute of Geosciences, Shizuoka University

AAEOEMNE, FERERSEICETIZERY 7 v v I EDOHMBEOREBRICDODVTERIZICETHD.
RN, FREREEEER Y T v IEaDERNSEANKnOEE (CHHITDIERVY I vIETH
3. BRV I v IABEBRMETIIIRCRELU ZBABEEZES, ARARERNE—LERFELE.
BRIDENSEND &, BIRBENRSBLEGHAEEL, ARGBERIEGREGLTULEZ. BRVIrvIED
BRIMNIEICARGEMREATHD, AREEMEAZESUELERELELZ. INSDERVYIrvIED
HBECEBEZTEICUTXIETERZ/ER L TS ESRR U e, BHET CE, ARGIIERCHE
LTHD, mIBAEATH 2, RNRAEZAEERL, BINICENBERBRL TLIL.

ARG ERRADBEAEMESI(CPO)AIEDER, ARADPIXIFEALENDERTHIL(001)[100]/3
S—rERLE. RIEAOMCE, ARAMNDEOERNE—LEETEO(100)[001]/39—VTH oM, A
A ERIEAMNES L CULBEETIIIEE(CEEL(010)[001]/359 —> & (100)[001]/359 —>, &BWIICPOEE
FEWS VS LTHhoIz. ARBRTFOES UEBDBRANUY Y TE#TLUIEBR, ARARIF(ICHERIR
NERINC. TSCHRAGRFREATRERECEE/LGERAFRNEE (CBRRIN, BmUIY—TF(ICLDED
BDENMNEEC KD THERINDCENRBRESINTED (Cao et al., 2010) , AREOEREX N Z X LIIEMND
D—HXENEZ o lzEEx5N5. ARACRREDESHEETE, ARBEDMPOE(100)[001]1/35—, &
EATIERSVYILTED, AEAGEREADEATP/\Y — Y HBEER o lzakl & DRIERAV NS V@M = FESR
Liz. RIRAOMEMLICEIE M THI2AMAANDELDEEREZZISND NS, KRIKEIV—-TICLD
ZHENZERNTH DIZAEEYNRSS.

U EOERMNS, BAREANRNE—LMETE, BAIY ) —TITHZENLEEEXNDZIXLTHD, ARREER
REDEEGHETIE, RREFEIY —THXENEEEANZILTH dDIeEBERIND.
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Inconsistency between SEM image and Crystal orientation data obtained by SEM-EBSD systems
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AE, EFREFEMIE (scanning electron microscope: SEM) (C. BFIREHAELLIT (electron
back-scattering diffraction: EBSD) HEBREBDMITISC&ICKD. SEMDHRTREDHEEN SiE&RTS
M5 E DBBEFHLBRER. ToICITEREBNT ILYDBRAMNOERANZ X 5 ERBEAICTTONT
W,

C MSEM-EBSDZE FHL\T. EBSP (electron back-scattering diffraction pattern) ZEUSUERY 1%

B. EBSPHBICAALU TIIBAX—N—NBHIT BV I LE[MEL. ##RICBAL TRE>A—D—BEFDY 7 L PERN
NDOABRENBEL TOWIEBRY IR EFERTSICEMRZL, —H. X—N—RHOVIKICDWT

(d. El-Dasher et al. (2009)7FE(CKDT. BONBSEMREEBSPHSESNIEEREFIE DBERME L <K
VEWVS, BEMERINTUS. LH L. COURERICOVTENINTUEL, EC T BROMRE
[EHUVT. SEMREEBSPH\SESNTZIBRATE DEHRICDUVT, HHTRRIIEITOIZDOT. ZDF/RICDUNT
WEZETD.

WA= CAUVZSEM-EBSDY X 7 L (&, SEMABAE FRN ST RIEM-7001F. EBSDIRHZRMA v O X
TJ4—FR - A9 )LX VYRS EHKL channel 5 TH B,

ARl UTE, SiRKUOS VA LBERERUZ, CCT. SIBEFEREY ULERTETEHRAICEY LT3
CElcELD, aAADMAE &ESEMRE DEIERDND K D(C Uiz CORFAVSERHIISIIBERD K OIS
RCIEREL. AS VI LPERLEE. EHRDHBIERZALD . SEMREBRANOBRNIER (CHMND AP
<D,

BROHERICHVNT, BHESIXA—N—2H#0Y T LHKL Channerl 5BV THYE - @BF&ETo>leE&C

3. SEMEE1S0OEMEIEI TR EICLD. BSNIZSEMREEBSPHSEONRER AU ENREL LD EHD
holze CHIER(E. El-Dasher et al. (2009)(C THESNTULVIBREBLU TH Do

FHERXUH(E. MOSEMEDEIEDEICDVTERRIDIFETH D,

F—D— K : SEM-EBSD. #&&751i
Keywords: SEM-EBSD, crystal orientation
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Elastic wave velocity and microstructures of amphibolite gneisses
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Seismic velocity is one of the most important sources of information about the Earth’s interior.
For its proper interpretation, we must have a thorough understanding of the dependence of seismic
velocity on microstructural elements, including the modal composition, the crystal preferred
orientation (CPO), the grain shape, the spatial distribution of mineral phases, etc. We have
studied seismic velocities and microstructures of amphibole gneisses. Rock samples of amphibole
gneisses were collected at Momose River (Yatsuo, Toyama Pref.). They are mainly composed of quartz
(34-36vol.%), plagioclase (18-27vol.%) and hornblende (34-46vol.%). Quartz and plagioclase crystals
are almost randomly oriented, while c-axes of hornblende crystals are strongly aligned parallel to
the lineation and a-axes perpendicular to the foliation. A rectangular parallelpiped (the edge
length ~ 40 mm) was made from rock samples for ultrasonic velocity measurements. Two faces are
parallel to the foliation plane, and two faces perpendicular to the elongation direction. Velocity
measurements were made under confining pressures of up to 180 MPa at room temperature. The pulse
transmission technique was employed by using Pb(Zr, Ti)0; transducers with the central frequency of
2 MHz. Under the confining pressure of 180 MPa, the fastest compressional wave velocity was
observed in the direction parallel to the lineation, and the slowest one in the direction
perpendicular to the foliation. Velocities calculated with the VRH averaging scheme reasonably
reproduce the measured velocities. The anisotropy in velocity is caused by the CPO of hornblende
crystals, though the anisotropy due to aligned hornblende crystals is largely weakened by almost
randomly oriented quartz and plagioclase crystals. The influence of the grain shape of hornblende
on the anisotropy in velocity will also be discussed in our poster.

F—DO—F AR FRE. BS54 BEREE. SRERER

Keywords: amphibolite, gneiss, anisotropy, elastic wave velocity, crystal preferred orientation
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Olivine megacrysts in mantle peridotites
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EEV Y RILDBRDORRE. BE. BN, IWNTRIDIEEISNTHD., BRIFT anZzEBX DL OGS
(TR STNIEL, (Ave Lallemant et al., 1980; BEF, 20117%E) LM UL. EBEORADHNASABICITE
mEBXIRFEEDOER (BER) MERPTLULEANASTEELTULSD AUBEDRENASAS. 7XUN
MSan CarlosOHASABTHES. JILDIT—WRDHASABIEE) » PEEBIZATTOERESTUNA
SAENMERFTEELTUVDCENS. NABDAENHICEREERT IBEMAGDIDTIIELNEEZZS
N, EL. EREERIDIANZILARLEE VY MLEREGETTRET IHESE. VY VB RENCIESR
BRAESTIVERS). HERREBSICEEERIILTVDITREERD D, 1mEiBXxDEREHEER
ETCTHEREIZDEHE L. XARATAROBIRICED UHVEV. COZEND. KARDEENASABEHRE

L. ZOREZEBESNCIT D EF. EEBVY RIVTOEREBROAIREM(CDVWTIREIT S ETCEETH D,
ZC T IBBEDREHNASAEPRICETINASARERICEB L. NADARERDREE T EORIZRD
WREDEVE. ZOHIEBHRICDVTIRETL 2,

FEARALUEENASAEIE. Lower ZoneDMHLRIITERENL ZEDTH D, EENASABITEHBEICIFIEFE
7C. RIRCERIDE. TEDORIFEONASAGLIDEECER D, ZEDRZEOE(MIRES)FR—T 0O
DSIAFrvIlEBTHD. EEBNASABRBENASARR—T+O0SIMIEERAMFEZLTUD, B
EHNASARDRCESNIERIRE. DABDABGR—T OIS LERU(100)ICFTTHD. ERBHAD
ARRICIESASHRERINTHSD. BRIV, ERER. ARG TERINTL D,

U-stage THIE L efd@ AN E FRFRDOAUETTIC. ERNADSAGDHRREBEZKICZENZN[001](100) &
[100]1(001) DI ARDZNHER I NI, MREETE. [100]1(010) DI RDRMNEMT BA-type T 7 TU v O NRE
5N 3 (Jung et al., 2006), &/z. EENASARAICET DHRNASABDERSMIE. EEBHNASDARE
HRINASABDHRBRNE D 7 TV I THD. ERBNASABDBRNDIRDRE, RICEITDIHRINASA
BNDCPONS., ERENASAAIFA-type T 7 TV VO EERT DBEMEFEEZ(TIENSEFELTCULZEHEET
Tdc A-type T 7 TV v ORESNBRBEHASABIF. SERIZEREL CEEF THREINTH D (Sawaguchi,
2004). REWHASABERNRESRVYY RILHS LRI 3BETERSINEED EBIRINTLS (Sawaguchi,
2004), CN&ED. EENASAREMRIENE. £V RILAZE ERITBRICA-type T 7 TV VO EER L
EEZX5ND,

ERHNASARIE, SASERBICIETHENASABLDEAL Cr, Na, Ti, GERZLEEZISND, AR
BEDSASHESNDICENS. EE&NASARIISASERBICEKRKNASABRTH DIEH, B|AKIYIDS
X SEBRBICIKSNEHNDOVWTFNHREZ 5ND, AEKRTIE, NASARERESATLSMOIRE A
SAEY /LTI —WERONMASAETCORBRERET Do
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Metasomatic reactions at crust-mantle boundary in subduction zone: an example from
Tomisato ultramafic body in the Tomisato area, central shikoku, Japan

K BN BA . 78 FiR. TR &5

*Ryosuke Oyanagi', Atsushi Okamoto', Masaoki Uno', Noriyoshi Tsuchiya'
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EHAHFFICHVT, HREVY MVOYIEBERIXBERIMERBNEES I EEISNTHD, YV HILH
ASABEDIIKRIG - RIWEARICL > TER L iEE (IBfa, JIL—XA, BALE) RXSTOBEOD
EH(CAKSTLBESLTUVBRENERINTLIS (e.g., Peacock and Hyndman, 1999; Mizukami et al.,
2014). VY RILHASABE VU NICETIHRIEROFEE DAIEMIE, Mg0-5i0,-H0RICH (T3 RIGNE
Z5MNTULSM (Manning, 1995, 1997), HIFRE VY MIVMIEBERORAIERICEB LIEHAERIESNTHD
(e.g., Peacock, 1987; King et al., 2003), ZITROBENTO LI WPIK - BiARIGE DBHREL D
M2 TULZRL.

AMETIE, AEFRRBZRIIGOEBMECETSRETOVD (UT, BSEEREES) CHIFB2D
DR — ¥V Y MVBRICDVTIREZEITS. COIMEERIFIHN0XA—ILEFEDT 7 XTH D, LBICEAIT
WHEMEEELTVS. ZDD, BHFABBICHS TEIRAEAERHHEDISELTULS. EBEAES<
SEFDICUELTLS. BREFEEFEFEIARTELAENLLTULEIR, TIL—IBOERERSNEL. X
Z, BROEMILIREFIT T ETHIEEXOND. HRYBLEOEBERNSENZBARTCEIOvI L
VEUYOXOT7YFIAS1 RHRERIN, TLvF e bEL < (Eblock-in-matrix@E&Ld. JOVIDT
VFIASA IR THDIDICHLUT, YVRIUYOIDT7 VFIS51 MIBRIORIRIGERNSED>TULS.
EREEIAIONRE VY MVOYERERSIEEMF S CBEEMENEL THED, BEEUERNIOERE+
BREOIRAEHTS. —A, EfSEAEAINIRE VY MLOYEEBERIE, BERFEEBEREMENELTH
D, BREEMEAICBADMARKET 35ENH . HABRTE, BEEMSEDBRATIRBEYRENE
HI BN, BRNSEHNS CBERENELT . BREFEEMAEEDEANSEHNS(CDON, BEREG +
PUFISAL + BA OO/ PYFISAS + BA/ PYFISTAREVSIEEEICE
L, BRAEBRIEZENZNERNS~80 cn, ~110 anE TICERIND. —7FH, BAIBRIE, BRE s
FEaDERTHD. BRETRERFEEDERNSEENSICDON, PYFIS50bk + 8/ / 7VFI51k
EVDIMEEERICELL, BAIIERNS~8ImE TICEIINSDS. FENAHBROIBADIRED
OvOD7YFISA +ZERERICENDLSCELHLTHD, CNSORE#SES, YRUVYIIDTY
FIS1 RRERINLVBEERZL. UEDOBEREREFTIZ L, MERCEHRROT7YFIS 1 ~RERL
1z, SIICBEALTREICEIDRREAEZ(TlzEEXONSD. SEELBRTZETL), (1L D=RIIIFEICED
AFNZDOD, EDIT—ITORREAZRRL TLBDH, B)MBRYMEL VY MVYIERTYEER
REINTLEIDN, (HRRIERICKLDTRIEDFREE C/KERROBIBEHIC DV TERETD.

F—OU—R I HIR—VYMURR. AER. BE. =ZRIIE. BERE. BEERE

Keywords: crust-mantle boundary, metasomatism, serpentinite, Sanbagawa metamorphic belt, pelitic
schist, basic schist
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Estimation of Minimum Fe-Mg content for Plagioclase-Cordierite replacement

) & BH =R AT F
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1.Graduate School of Science Chiba University, 2.National Institute of Polar Research

Conventional studies suggested that chemical compositions of metamorphic fluid consist of C-H-0-S
system, and other elements such as Na, Ca, and Si are not transported with the fluid. These
elements, however, do dissolve in the fluid in some instances, as exemplified by quartz-filled vein
and as demonstrated by various studies of fluid inclusions. For example, in tonalitic granulite in
Sri Lanka, plagioclase was substituted locally by cordierite.

We attempt to obtain the essential data about the element transport within the metamorphic fluid,
by experimentally reproducing the chemical reactions that are responsible for element inflow and
outflow. They include the solubility of mineral to the fluid, the chemical composition and
concentration of the fluid, and their change in the pressure and temperature conditions. By
utilizing this information, we should be able to limit the range of the chemical composition and
concentration, and the P-T values.

This study has determined the minimum ratio of Mg/(Fe+Mg) and the minimum concentration of (Mg,
Fe)Cl, for the plagioclase-cordierite replacement, by utilizing hydrothermal experiments. Because
the ample amount of tonalitic-granulite specimen in Sri Lanka for this experiment is not available,
we have used powdered specimens of anorthosite from the Natal region, South Africa, and chloride
solution of Mg and Fe. These materials were sealed into gold capsule with or without CO, and were
held at a pressure of 100 MPa and a temperature of 600 ‘C in autoclave for 130-400 hours. We have
obtained the following results:

The minimum concentration of MgCl, for the plagioclase-cordierite replacement is approximately 0.08
mol/kg.

The minimum ratio of Mg/(Fe+Mg) for the plagioclase-cordierite replacement is approximately 0.2.
These minimum values derived above are not influenced by the presence of (0,

It is estimated that the Mg/(Fe+Mg) ratio of the fluid responsible for the plagioclase-cordierite
replacement in the tornalitic granulite in Sri Lanka is approximately 0.2.
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Formation of Corona around Corundum in the Litzow-Holm Complex, East Antarctica
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1.Department of Earth and Planetary Sciences, Graduate School of Science, Kyushu University,
2.Department of Earth and Planetary Sciences, Faculty of Science, Kyushu University

Corona structures preserve both reactant and product minerals, which gives us information of its
formation process including mass transformation. We investigated a corona structure in
corundum-bearing ultramafic rocks in Akarui Point of the Liitzow-Holm Complex, East Antarctica. The
studied samples are composed mainly of calcium amphibole, plagioclase and corundum with minor
biotite, spinel and sapphirine. The corundum grains are surrounded by the corona composed of
spinel, sapphirine and plagioclase. These minerals are regularly arranged from corundum to the
matrix. In the corona, cracks in spinel usually continue to sapphirine, but never extend further
into plagioclase nor continue to corundum. We consider that the corona was produced by reaction
between corundum and matrix calcium amphibole. Mass-balance in the (Ca0-Mg0-A1,0,-5i0,-H,0 system
provides the following equation: corundum + spinel + calcium amphibole = sapphirine + plagioclase +
H,0-fluid. This equation shows spinel as reactant, which is inconsistent with the microstructure.
This suggests that the corona was formed in an open system. We employed following additional
assumption based on the microstructure. Continuity of cracks in spinel and sapphirine is indicative
of former single phase. Provided that sapphirine was formerly spinel, corundum changed to spinel by
supply of Mg0 from calcium amphibole. The remaining components in calcium amphibole may produce
plagioclase, and excess Si0, would be released. After this reaction, significant amount of spinel
was transformed to sapphirine due to supply of Si0,. Alternatively provided that spinel was
formerly sapphirine, corundum and calcium amphibole produced sapphirine and plagioclase. Similar to
the former case, this reaction also released Si0,. After that, sapphirine was partially transformed
to spinel and released Si0,. The net reaction based on both two cases is corundum + calcium
amphibole = spinel + sapphirine + plagioclase + H,0-fluid + Si0,. This open-system reaction
suggests that decrease of Si0,-activity triggered the corona-forming reaction.

F—OU—R: 107, RIGHEE. ISVF L Vaves - RILLEEK
Keywords: corona, reaction microstructure, corundum, Litzow-Holm Complex
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Petrological studies of high-grade paragneisses from Onzon and Thabeikkyin areas, central
Myanmar

*Thu YE Kyaw1, Masaki Enami’

1.Graduate School of Environmental Studies, Nagoya University, 2.Institute for Space-Earth
Environmental Research, Nagoya University

The sigmoidal and elongated Mogok metamorphic belt extends for 1500 km from the Andaman Sea in the
south to the eastern Himalayan syntaxis in the north and has variable metamorphic conditions
throughout the belt. It lies at the western margin of Shan-Thai block and comprises high-grade
metasedimentary rocks and metaigneous rocks with subduction-related granitoid intrusions. Previous
radiometric studies, based on U-Th-Pb and Ar-Ar dating, concluded that an assembly of these
high-grade metamorphic rocks was formed during Paleogene to early Neogene event that was caused by
the collision of remnants of Gondwanaland with the Eurasian continent and subsequent underthrusting
and collision of Indian plate with Eurasian plate. The metamorphic grade of the Mogok metamorphic
rocks reaches upper amphibolite facies and granulite facies in some places.

Samples were collected from the middle segment of the Mogok belt, ~18@ km north of the Mandalay
region, where the geology is dominated by high-grade paragneisses overlain by various types of
marbles and calc-silicate rocks trending toward the NE-SW and ENE-WSW directions. The marbles occur
in massive or scattered blocks and are medium- to coarse-grained, showing polycrystalline texture.
Their common mineral assemblage contains diopside, forsterite, chondrodite, garnet, phlogopite, and
graphite, suggesting metamorphic grade up to upper amphibolite facies. In places, the marbles are
intruded by biotite micro-granite, syenite, and pegmatite.

The paragneisses are medium- to coarse-grained and show well-banded gneissose texture defined by
elongated layers of biotite, feldspar, and quartz. The matrix of the paragneisses is mainly
composed of garnet, cordierite, biotite, plagioclase, K-feldspar, quartz, ilmenite, and rutile.
Graphite and monazite are common accessory minerals. Sillimanite mainly occurs as inclusions within
garnet. Most porphyroblastic garnet grains (> 3 mm) show retrograde zoning with increasing
almandine {X,, = Fe / (Ca + Mg + Fe + Mn) = 0.53 -0.58} and decreasing pyrope contents {X

(Ca + Mg + Fe + Mn) = 0.37 -0.43} towards the rim. Grossular (X, = 0.03) and spessartine (X =
0.02) contents are low and fairly constant. Cordierite grains {XMg = Mg / (Mg + Fe) = 0.68-0.83}
occur as the matrix phase, inclusions in garnet, and as pseudomorphs after garnet. Using
garnet-biotite geothermometer and garnet-biotite-plagioclase-quartz (GBPQ) geobarometer, the matrix

o = M9/

assemblage estimates pressures (P) and temperature (T) conditions of 0.5-0.8 GPa and 750-870°C.
Biotite grains occur as an isolated phase in the matrix, inclusions in garnet, and a symplectic
phase around garnet. Fluorine and chlorine contents are up to 8.6 wt. % and less than 0.1 wt. %,
respectively. The Ti-in biotite geothermometer suggests 800° C or higher-temperature for the
Ti-rich isolated biotite grains. Zr-in-rutile geothermometer gives temperature estimates of 750
-935°C (at P = 0.8 GPa), which are consistent with those estimated using a conventional
geothermometer.

The samples analyzed in this study demonstrate that metamorphic conditions in the Mogok Belt
reached 800°C or higher, implying wide distribution of granulite facies metamorphic rocks in the
middle segment of the Mogok metamorphic belt.

Keywords: paragneiss, granulite, metamorphic conditions, Mogok metamorphic rocks, Myanmar
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BAEAMLUASICHRET DI VrOF 17 ~FEDOEREREBOHETE
Deformation environment of the mylonite zone to the west of Shirakami Mountains, Northeast
Japan

B8 BN R FE. 2 BA\ &K Hi
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SREAMLOREEICH R T SAMHEEMAER (FHE - R, 1964) (C(E, BFERICH > TREIbICEYTIN
BORFELTHD, BEA - LT (2010) (CKD, BEEVAOF 7 AHFEFENTVS. COVrOF 1~
(EDVTIE, =18 (2001) (LK > TERETMHTY XOWERLINTED, BEAR - 17T (2010) FEHEFH
(2012) FZDEREF/TEROBERNS, VO 1 ~OERBEEEZELTCLS. £E5(F, (1) vrO
T+ FREOFMEERRUBEDERLUI(C(2) BESAROBEBLERES] (LUTFCCP0) /39 —VICED<
BERBOEEETOREDTHREIT S.

(1) ¥vrOF 7 ~F(F600 n2EDIRZERSEILIN2 knlCD>THRELTULSD. FILEIDIE200 miEE D&
FoILESYvrOFrMELTHD, BRARNICHIO LY MEEEELUTR(ITUVS. vrOF 1 ~OE
BISIEILERTRIC40~80ERIL, fFBE(FILERAMICI0~T0° DX TERT. Kz, IEIMT
Lwv—2v ROGEDIENIEEBEFSETNEMENTEMZY X ZRL, EvFOEENSETFNIME
BTHD.

(2) YvrOF 7 +FEEYB2L—LTYrO0F 7 hRDOZBRERESHETRE LT, SEM-EBSDEZRAWLT
ERAMNKRURREAELZ. ZOBR, MILb—~EEEVYrOF 7 EFHRLETES VST LMEPPO/IIS—VE
MU, FEIRRENS.5 ynThole. —7, FIDELUATIEIC T | JOXH—RIL~YEFRNDCPO/ISF—V%E
U, FEIRRE13.1~198 ymTdHh oz, BIBIFRIBECCPOIRSI—UDS, IOV —TICLDIEETH D EHE
FETES (Passchier and Trouw, 2005) . B&E(ICPO/SI—V R T | DOXAT—RIVLHSYER(CHIDED
BRETHSD, 350-450 °(COENT ) —TFICLBEHETHDIEHETES (1T, 1996) . Ffz, CPO/R

5 —VEARICTR I RTHMASEEROTIIRR S HERE (19400 °0) H\S, BEROELDEGEIGNR
(Stipp and Tullis, 2003) EFU\CEtET S E#I87 MPa, $RAID U —TDOFENA] (Hirth et al, 2001) =F
WCEETZE, BEERH 435, T5I, B —TREBBICIES U —TDO7REF (Coble,
1963) ZFAVT, IO U —FICLBERROELNIDO LREHEIT S L, 10 MPakdD, &ID ') —F(C
LBEREERLBIXT—ITIRO U — T OEENREI0 MEEDIR\WY —V(ICERUZEDEHETE
3. UELD, vrOF 1 ~ET3400 “(HIEBOREBE N CEHAIO U —FICKBERORIC, BT U —TICK
BEENTERHEDOROTRAMNICES, TS5(ICHIRES THRNICHRMEERE LZEDEEISNS.

SRR
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Hirth, G., Teyssier, C. and Dunlap, W. J., 2001, Int. J. Earth Sci., 9@, 77-78.
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HELEZERFDREAAIE(ICHZE L ZAb-CaC0348lRF D O0mphacite-Diopsidett 4
Coexisting Omphacite-Diopside in Ab-CaC03phases vein developed in Epidote-amphibolite
olistolith in kamuikotan Metamorohic belt.

KT B T8 KRB
*Shusuke Kinoshita', Takao Hirajima'

1. REBBRFZKZ IR AERIMIKRERFEW
1.Department of Geology and Mineralogy, Graduate School of Science, Kyoto University

Ca-Na pyroxene is a common mineral in eclogite and blueschist facies metamorphic rocks. Omphacite
with an intermediate composition between jadeite and augite is considered to be a clinopyroxene
group with ordered P2/n symmetry, because the cation partitioning and ordering in NaAl-CaMg
substitution took place below the critical temperature. At further lower temperatures, two
miscibility gaps were proposed between omphacite and (Z/c sodium-rich augite, and omphacite and
(2/c impure jadeite in the jadeite-augite binary system based on a thermodynamic theory and
petrographic evidences (Carpenter, 1980). As natural Ca-Na pyroxenes generally incorporates Fe* as
an aegirine component at various degrees, several phase diagrams of Ca-Na pyroxenes concerning with
stability fields of (2/c and P2/n symmetries have been proposed in the jadeite-aegirine-augite
ternary system based on a number of thermodynamic models (e.g. Carpenter, 1980; Holland, 1990;
Green et al., 2007). As the low-temperature stability conditions of Ca-Na pyroxenes harm their
synthetic study, thus it is necessary to justify the validity of proposed phase diagrams using
natural samples. In this study, we report the petrology of omphacite and sodium-rich augite pair
which was newly found from high-pressure mineral veins developed in an epidote amphibolite block
collected from the Horokanai area in the Kamuikotan metamorphic belt, central Hokkaido. Shibakusa
(1989) divided the metamorphic rocks in the Horokanai area into three zones, Zone I {lawsonite
blueschist (BS) facies} to Zone III (epidote BS facies), based on the mineral assemblages of mafic
rocks. Imaizumi (1984) reported the occurrence of epidote amphibolite blocks from the Horokanai
pass area, which is located in Zone III of Shibakusa (1989), and he concluded that these blocks
represent olistoliths within the Kamuikotan metamorphic rocks prior to the BS-facies metamorphism.
We identified three kinds of metamorphic veins; 1) Pale green, 2) yellowish green and 3) white
veins. The pale green vein is about 1 cm thick and its central part is mainly composed of Ca-Na
pyroxenes, carbonate (aragonite and calcite) and albite, while apatite is partly developed in the
outer part of the vein. Yellowish green veins and white veins are less than 1 mm thick and mainly
composed of pumpellyite and albite, respectively. The composition of pumpellyite is identical to
those of Zones II and III of Shibakusa (1989). Calcite is considered to have developed after the
formation of aragonite, as aragonite is always surrounded by calcite. These observations suggest
that the vein-forming conditions are about 250-35@ °C and less than 7-10@ kbar (P-T estimation for
Zone II/III of Shibakusa, 1989). Most of Ca-Na pyroxenes occur as anhedral grains, ca. Tmm in
length, in the central part of the pale green vein. They are composed of two domains, 20-100 pm in
width, separated by straight boundary which can be easily identified by their different
birefringence. The chemical composition of the two domains is omphacite (Jd,, ,Acm,. ,.Dis ) and
sodium-rich augite (Jd, ;Acmy .Di,, ), respectively, showing an obvious gap, probably between P
lattice omphacite and C lattice sodium-rich augite. Tsujimori (1997) reported the coexistence of
omphacite and sodium-rich augite in an omphacitite collected at the Osayama serpentinite mélange,
Sangun-Renge belt. They are less Fe® contents compared with our data and are associated with
pumpellyite. The results of our study and Tsujimori (1997) propose a miscibility gap between
omphacite and sodium-rich augite at 250-350 °C, which is slightly wider than that proposed by
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Carpenter (1980) at 350 °C and there is a tendency that omphacite slightly prefers Fe®* content
rather than the coexisting sodium-rich augite.

F—O—R I HETEERS. VI 7 ABA-T AT RARNEE. 7SLA
Keywords: kamuikotan metamorphic belt, omphacite-diopside gao, aragonite
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Metamorphic conditions of Gotsu blueschists in the Suo metamorphic belt, SW Japan
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AEBARFICHH T SEMBEMFIC(E160-230 MaDEMRFRAERIBERERE (/IRV-—G-TOF A
Gt -ERAaREE-BNAREREME) NP HIT S (Nishimura, 1998) . STEMIBOSEFEOBERILAE
@#NAR, BRE (Na, Na-Ca, (aRiE) , BRA, BA, JTVIvrk (Si: 6.62-7.02) , AR,
BBa, FI9VA, K#kdh, DAKRA, BEANSHKD. AREMERRFEEEERI (U1 YFHE-ERA
- VFRA, EBRG-VIRIF)—RvIORE-I1VFRAG/ 7OF /BA) . BRIOERAFHEN
AR, AR, FRBRAEEEL, BNARBKESRIE, &ea. ERNA, ERA, 6%, mKIEE8879 5.
SEREOEBCIYMEZEERELD, BERIFRARGEERXT—I, E—0, BREXT—IDD3DNDXF—IIC
XN TES. BT —IEHRNAGHKRZERFOIBFIYEEREDITICHENS D1 Y FRAICELDOT
EEIN, REFEENSEBRFEMEOERRGETRT. E—OZBIEFRAEIRERERNAG, ER

A, JIVIvah, &R, FIVA, KRRKILICEIDTRIN, BNAGEEREEICHEETS. BREEE
430-530 'C, 12-15.5 kbarBRRB\EESNS. BERADV LGOIV FRA/ 7OF /BAICRHEBEL, ER
AZEBRT SRR CECREBAEHDBERER T —IDRHTERT.

FELERHERHeilongjiang Complex(CIHEBEERDERAENDHL, TZDHODEEFE(F320-550 'C, 6-15
kbarDZEMFRAFETT (Li et al., 2010) . EBSEIERRENDAI0Ar/39ArFR E LU T145-184 MamiRE TN
TW3S (Li et al., 2011) . STEOFEHKS EHeilongjiang ComplexDBEEHRENERRUE EEBRERDS X
THERNRZL, INBEI1SROB—DOYITIFTI Y 3 VETERINCEEREREEEXOSNDS.

SR

Li, W., Takasu, A., Liu, Y. and Guo, X. (2010) Newly discovered garnet-barroisite schistsfrom the
Heilongjiang Complex in the Jiamusi Massif, northeastern China. JMPS, 105, 86-91.

Li, W., Takasu, A., Liu, Y. Johann Genser, J., Zhao, Y. Han, G. and Guo, X. (2011) U-Pb and
40Ar/39Ar age constrains on protolith and high-P/T type metamorphism of the Heilongjiang Complex in
the Jiamusi Massif, NE China. JMPS, 106, 326-331.

Nishimura (1998) Geotectonic subdivision and areal extent of the Sangun belt, Innner Zone of
Southwest Japan. J. metamorphic Geol., 16, 129-140.

F—DO—R : 5BHA. Heilongjiang Complex, NE China. EBHSZERH
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The source rock age of Renge metamorphic rock in the Omi-area, Itoigawa city.
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FRRRAIMAEROSEMRC(E. SEROK-ArERER DRALEREENER TS LIEHEINSHS
NTLB. TNSERERIWNEEHVEXTEREPERARE. ARECI OO v 1 MMIERRET
ODrZvOTJOVIONSHBEMEAS YT 21EFERL TLBESTNTUSRIKREN2011), FeIoHO
Jv A MPERERELEDBEERERSMI ST Y 7E LTECAZ Y FEZRES N ZNA DI
Non-ECIZw h&EETNTH D (Tsujimori, 2002) BB EREAZEZ(TIcEGNEEL THHLTUL D, EiFEiH
15340280~ 340MaDK-Ar ERE R DIBRA AN EB U (FIEE(FN\ 200475 L), HERDEHFAHFFEDT I D
AERBAT S ORI TEELIMEEINTU S, UL UEBIIEII1980F(0 S 5F /L a R Z IR TIONT
TlERE. FIROZDONOIZ v MEDOBHRE EBEPLZDREA VWX EARBERERMNZ 0\, U EOBEZ R
ITB5—BIETBEH. ECAZy RSN TLBHMENSEEERIEFRAZZ(TcarZHE L. JILdVE
DEtEU-PYEMRIEZEIT O 2,
FRPRICFERALUZERE. SES EREZEOULSFPRTCERL Y OORENRREETHD. YV
VIFER2~5mOY O OABRESRN. REHI2~4mDERENRERIT IESEHRICRSN. —HFEBAICED
HRDBIKICEROHSNS, Y TIVEBNCSVTERNI~SmOT I ORNSINSRERBERERIC. B
K~ Y IRICESNEEEAUNCFERBEFEESNEV, COYFOORERAAERICETNSIIL]
VEMEURZ, BB UZIILTIVRFICOVWTIRBRRETOIREC S, ([FEAEDRIFMELERIFREDEEL)
JT7EFHADERN LEFDCERDMN DT, U-PhFRIE(CIFRAZDLA-ICPMSZE AL, 115ED )L Y
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