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Melting relations in the system of MgSiO, -SiO, at high pressures
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Melting relations in the MgO-SiO, system at high pressures have been extensively studied to simulate
chemical differentiation in a deep magma ocean formed in the early stage of the Earth (e.g. Kato and
Kumazawa, 1985; Ito and Katsura, 1992). Almost all of these works have been carried out on the
compositions ranging from MgO to MgSiO,, assuming that the bulk mantle composition is peridotitic or
close to that derived from CI chondrite. Recently enstatite chondrite (E-chondrite) was proposed as the
bulk earth source material (Javoy et al., 2010) because the isotope systematics over O, N, Mo, Re, Os, and
Cr for the Earth and Moon are almost identical to that of E-chondrite. In E-chondrite, the silicate
composition is characterized by MgO/SiO, = 0.5 (in weight ratio) which is substantially lower than that of
the peridotitic mantle (70.85).

In this context, melting relations on compositions more SiO, enriched than MgSiO, are indispensable to
clarify the mantle fraction. However, available information regarding phase relations in the system MgSiO,
-Si0, is so far limited to 1 GPa. In the present study, therefore, we would determine the melting relations
at pressures 5 to 20 GPa, focusing on the compositions of MgO-xSiO,, (x = 0.8 to 1.2). We expect to
present some new results.
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Experimental study on the stability and physicochemical behavior of
methane hydrate under high pressure and high temperature
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Methane hydrate are thought to be an important constituent of icy bodies and their satellites, such as
Neptune, Uranus and Titan. It is a clathrate compound composed of hydrogen-bonded water cages (host)
and molecules or atoms (guests) included in the cages. Methane hydrate has an sl cage structure at low
(< 0.8 GPa) pressures and room temperature. It transforms to an sH cage structure at approximately 0.8
GPa, which further transforms to a filled-ice Ih structure at approximately 1.8 GPa. The Ih structure
consists of an ice framework similar to ice I|h and voids that are filled with methane molecules (e.g.
Loveday et al. 2001; Shimizu et al. 2002). This structure was found to be stable up to at least 86 GPa,
supporting that methane hydrate may be stable in the deep interior of icy bodies. Although the sequence
of the phase transitions with pressure have been studied well at room temperature, there are only a few
studies that addressed the stability of methane hydrate under high pressure and high temperature
(Kurnosov et al., 2006; Bezacier et al., 2014). In addition, the pressure range of these previous studies is
only limited to < 5 GPa. Therefore, a further investigation is needed to understand the stability and
physicochemical behavior of methane hydrate under extreme conditions corresponding to the interior of
icy bodies.

In this study, we carefully investigated the stability and decomposition mechanism of methane hydrate in
an externally-heated diamond anvil cell in the range of 2-51 GPa and 298-653 K using in-situ Raman
spectroscopy and X-ray diffraction. The results show that methane hydrate decomposes to ice VIl and
solid methane at temperatures considerably lower than the melting curves of solid methane and ice VIl in
the pressure range of 2-51 GPa. The decomposition conditions of methane hydrate that were obtained at
high pressure may help in the modeling of the accretion process and evolutions of icy bodies.
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Spin transition and thermal conductivity anisotropy of siderite under
high pressure
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Deep carbon cycle plays an important role in controlling the distribution of carbon between Earth’ s
surface and interior. The subduction slabs transport the carbonates on seafloor into Earth’ s interior.
Most of the carbons could be trapped in Earth’ s interior, and carbons recycled to the ground surface are
rare. According to recent studies, Fe-bearing carbonates, for instance siderite, have been considered to
be potential carbon hosting minerals inside the Earth’ s interior. Previous studies showed that the
distribution of Fe-bearing carbonates in mantle is difficult to be detected by seismic observation due to
their low concentration, yet there is strong elastic anisotropy in Fe-bearing carbonate which could be a
potential diagnostic feature. In addition to their intrinsic elastic anisotropy, spin transition of Fe driven by
extremely high pressure is another factor that could change the physical properties of siderite. For
instance, the volume of siderite collapses sharply across spin transition and bulk modulus changes.
However, thermal conductivity, which could control the thermal structure in Earth’ s interior and is
related to the elastic properties of Fe-bearing carbonates, remains rarely studied. In this work, we study
the vibrational spectrum and thermal conductivity of siderite along a-axis and c-axis form ambient
condition to 65GPa under room temperature by Raman spectroscopy and Time-domain
thermoreflectance combined with diamond anvil cell techniques. We found that the range of spin
transition is 46GPa~52GPa, which is similar to previous studies, suggesting that iron concentration in
siderite has minor effect on the pressure range of spin transition. Preliminary results show that the thermal
conductivity of siderite along a-axis decreases across spin transition.
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protoenstatite(MgSiO,)IZ—M&ICITERICEN TE RV E SN TWVEA, BALEANVWS ONRETNT
W3 (e.g., Lee and Heuer, 1987), 4 & LAATICIFAMICENY H LB L 7=MgSio &4 % 2°Si MAS NMRIEIE L
=& Z 3. low-clinoenstatite A4} IC protoenstatite N FEd 5 Z & A RH L 7=(Xue et al,, 2002), LHhL7AaH
5. ERICEUR L 7= protoenstatite DIERBEP ZDEEIZTHONTVLAL, KR TIIELR S HHEET
1500 °CH 5 =R F THH L HB ZMRXIREITE LB v v 2 X ETRR .

HEMEIIMgO ESIOAELZREL. XLy E{FY, 1500 CT2EMBNIB L /=D TH 5, LIEIDIR
£ (Lee and Heuer, 1987; Reynard et al., 2008)Tl&, HASRFHIEAIL M EEALIZEDH 5
protoenstatite MG 5N TWED, B4DERTIIBEOEMEEN EZFE>TWS, Boh/HRNZzHEYE
& LT, 1500 °CICHBEMRREFL T, 42 DR 2 AHEE (150 K/h, 15K/h, B£ 2 DIFDEZK TS, HH
BiE%Z/KTRAS)TERICEYNL 7=, protoenstatiteld 3 V) & I & Tlow-clinoenstatite~NZ{bd % Z & ARG
ENTWVWEOT, ARHEFEREL TR > 7%, EIRLAHREMRKRTH Y. MRXBOITEARREHMRT 20
B, HIRAFRIVY —ICEDDIENTERL, HRFE2TOABTIFFEFRLCT, 5 I/70VEEDCAIE- -
BERTHo7, BELEZOFT—4 IERietveldiE % F> T, BERBILS LUVEEDHT%1T > 7<(RIETAN-FP 7
072 AFR) , VoD% TIEReynard et al. (2008)% 58 L T, enstatiteZHERE L 7=,

MARXIEEIT/89 — U H S, £ TDEEHT S W Tprotoenstatite A low-clinoenstatite & & £ ICHEET B T
EDDH o7z, protoenstatite & low-clinoenstatite DEIEILEEMZ I VD HEICEVWTEHELTORR (LU
HEME) THERIN/, protoenstatitezZ i E% < BUEK ZfEL\. protoenstatite DER TDIEREE %
Rietvel GETHBE L7z, BFEHLIBEDSERET —4% (Jiang et al, 2002) = EBICHBLIZHEDE LW —
BaERL, BEICKEREADI BV L ETRT, BREINAERBEIINEITICNONTWSEETORE
BERZWEBWIRL, Fh, E—REFHENLSTFRASINEZED(0K) EH KL< —H LT, Rietvel ZETEE
HEFTW, ALZDIFDEAKTRALERRICEVWTIL, protoenstatite A #40%, & < EBDAHEE(15
K/WDEFHIDWTHIORRBESENE Z &9 o7z, 3DDHAFBHIDWVWTIE, SIEEHNBVAD
protoenstatite ' % WMERID H o 72 H'. — A CEBEKICEMIETRALAERBTIE30% EBEWMEE R 7,

AARIE, TLKEBEOEBREREEFBAL TWTH, protoenstatite’H 7Y DEZFNTWE I &S
MMCL7ee THIRHRERDMgSIORABTHRERD H HEYE ICprotoenstatite MHI 5 FICE TN TV ATRER Z R
BL. BEICL > TIFEROBBHRIBETH S D, TDLI A& LT, low-clinoenstatite &
orthoenstatite DAEEHRERICH LT, RiBIT I NizprotoenstatiteH' 52 o 7= HBER & B W T REMICD W T
MY Do
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Measurements of fusion enthalpy of anorthite and diopside by
combining techniques of drop calorimetry and solution calorimetry
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Diopside & Anorthite DRI /Y DIV I I E—DARE S A EDIEERANEETHY, NERIEM
DBNFHNERCHTIEHELZ T 5 LTRENLOORBBERENMNVEELSINS. INFHTIC, DiopsideDihfFzh
3% < ORI H 25, AnorthitelC DWTIFIREN DAV, KRR TIREINFIERBAS A% BUE
L, Diopside&Anorthitell D W TETRERE L ERTORARBAEEZITTV, THTNORMBEREZREL
7=.

IELOHIC, KAEHEAWLETERASANEICEW1773-1873KE X KN E2TIKDAZADIT VYL
E—DE&BIE LR, RIC, BEUIRLAERSH T X% 5 UICAnorthite & Diopside D& RRIERD 7 v (L KEREEA
RICHT 2AMBAEAELEZ. AFRTHVWARNFEERASSTORESFIIEROHEEAT O Y 7 EICHFRHIIC
BEESN/T7 70 VEOAERRO L USRARNIOKY, ZEDQEBKEICLKVEEFhTWS., ZhEthd
BEIT23Wt% D 7 v IEKFREKABRE100mIAN, BEDRERICAERIDABFIC40-60mgDFM R AR
DAL, BEZLEZY—IZRSTHAELE. APNORAEEREE—Y—ICLZRAEEZEY IR L TERBRH% K
&7=. AnorthitelCDWTIZT100°CT728E 7 = —IL LI=HZ RICDWTHRE L 1.

HSRERERDABRADEN D, 298KDH 5 ZR{ED I v 4 )L E—(EDiopsidelc DLW T87.3+£7.0 ki/mold &
UAnorthiteDRASHZ RAICDWT83.4+6.5kl/mol&RKFE>7=. F/, 7=—JLL7zanorthite i RICDWT
1378.0+£8.5kI)/molTH>7=. TNHDEEZZTHREMNEDHER, BROBBTEDONMELHEAEHLET, =
ICB T BRREE KD T-. DiopsideDRAFRERILRER1665KIC#H L T138.7£7.0kJ/mol T#H o 7=. Anorthite®
Bim (1830K) TORMAERIL, BMAICOVWTERA T ADEEBA WL & Z(£145.026.5k)/mol, 7=—ILAH
SADEEAWZE ZIE146.1£7.5k)/molTH Y, MEIZIFIF—HL 7. DiopsideDEfRZILELIRD 4 XHT
DIWEE (137-139kI/mol) EFFE LAV, —AT, Anorthite®DEhfEZELRichet et al. (1984)IC & 3 1E
(137.0+£7.0kJ/mol) &YW H10%IFERERIETH 7. TNiL, Richetetal (19841 RIEL - /= BREA
EBICAWONAEH T ZADHS REGERBEICKERRENH LI EICHELTWR EEZ LN S.
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In situ hot/cool-stage AFM study on crystal growth of barite at 10 - 40°

C
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bariteld IR TRHLEEFRBaibiITH Y. ZDERK & ARIER ITHIROREBKICH 1T 2BadDthEk{EZERIH 4
Ay hO—IT B, Tl Bal AV EHMRHETETHDRaA F U Id A F V¥R EBRREEI|EITLS
DT, barite® K - 7AfRIERaA &V OEHCEHE % RIT T, bariteld. FERZAT—IVEHTEH Y., K
IKRE B ZDE L WMEBRE (K, =102 at25°C) 0o, B, HA KBEDEEVRFALICEST
PoMWAREIME I N T WS, c_G)o‘C’)k/\7'f b OfEEBR EBRICET 2 RINBRE. RREE. BRERS
HEALMNMCT B EIFEETH D, 2L, N4 MOBEERROFEMICOVTIEFRBELAELNZ L, — i
I, SEMORRIEEMUALREBRICKEREIND, LN >T. BREKROFEMZERET Z-DICE. KRR
ISEBRHMICIRA Z2ENH D, INICIKEFENEME (AFM) ZOBHREENBEWTH S, 7L, D
FiEF. I, ERUTOEERGETOZDHZHAEENHLWVWE VWD BERDH > T, TDL D BFRHETORES
BMRZOHBHRRICEATIHENTENTWVWS, ULEDLIREEECHEERZRE AT, Hxld. L WAFME
BEETHZBETEAFMEZRAWT, barite (001) RE TR 2ERKARDEDIFHEA10CH540CE T
DBBBREFETHAZ, TITH. TNETICEONERERET S,

baritesd®HE., AU A - 20T RINZA M—=UANLSLKRET, PPEADD>/EROERTH D, AFME
BRBRIRERIICT A 7 THiZ/: (001) SSHEZBHES €. AFMEREICEE L7, BaSO, BEEMBEKRS &
7=« AFMERRERTIC, 2TABMENa,SO, 8 & UBa(NO,), E L HliKICK YR L, BREMEIX. 700
O4Y 7 MPHREEQCICK WETE L7z, AFMERZI(L. Digital Instrumentstt& dMultimode SPM1 = v k%35
& L 7=Nanoscope I TiT > 7=, fERKERERIE Bruker AXSHE Dair/fluid heater/cooler& £ L 7=k =L
EFRWVWT7O—RIL—FKTITW, BREYV) VIV RY TTHO.6 mI/hDRETH L, EEBREEIX10(x
0.3). 25(£0.2). 40(£0.3)C . ;REHIfHILBio-Heater & Thermal Applications Controller C{T\LN, F7. &
FEILRICEY b LEBEEEET (Cole Parmerit®) TRABREBEAER L, E&EXRIFEOV 42
M- E—RERAW. AYFLA—@SLNR 2F v F—ZBEATENIG)-headZE ALV, EEEEIZT~4 Hz%
ER L7,

ZEBEICBITZELBHEMEBBRTDONTA MOO)KREADHREMEIL, EICSEVERARISTERIN
DEMDODANA ZIEREEFBAYOE S /FHD[(1201AEDR Ty FE[010]AAICET 2BHRTY TH 5
BREBHEOZRTEOENREE CTREMNITONS, MEIE. TORREEICEAMEZF O LHERIN
7=

NZ4 K (001) RETRIPERHRERORERIE. ERAMEKREBICK > TERS, [uVAREDKE
ICEALTIE. ANIZILERELDBOH THWAT Y THEEE2FOFETRAT Y T7ORERE (L BLEFMERHRD
TEICHHIT S, FNRICHLT, ZRTEODZDODR Ty Tk, BEMNERKICLEHIT S, —A. [001]ABED
MERICEALTIE. ANA SIVEREDKRREBZEBEAMEERICLHATZ2DICT L. ZRTEORKREE IES
BREAMERG CIREERNICENT 2L O AREAERLE, £/, 10CERERITIE. ZRTREROKRERRE
EORANEREEIIKRERRE & RAKRICIEHBHNTH > -,

N4 NDIERKEEE - BEICHT 2RBEZCOHEBICOVTIE, UTOZODZ ENHELME
molee —DHIF., EEFEAREBEOEZEIE 2BRFBAMERVZOROKREED. AREEDOEKT
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EEBICHVTEIETHD, REBLVEBEEREDIOCERTIE, TEMREEN ZRTRBREEI SHE

BREEICELT 2 FE2BEABHMEIERTEFE, BEMETLATREMAIEH T2, —2BI. R

BRREEBOZLDEEN VR WMEBRBFESRME (Si3) TE. [uWARDRT v TORIEREDREKEMNED
RATE, ACBBENERETIE. BAREENGWVWIEZEERTY TOREEEIAEK LB &EREIED

oo F20 TNOORISICHT ZFE LI RILF—%EREL., BRTEET AT Y 7ORIE L BRERGDE

METRILF—PEFEFELVWCEEME T,

¥F—7U— R ERA. FEKAE. RFEHEHE
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Characteristic local structures of Ca, Ti, Fe were observed in fusion
glass of shergottite
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HITY A NMEIKERBOBATH D, HIREADKRICKEANAMRT 2 & TRHREAT S AEELFHD
ZEDH B, ARATRAEOBFAESEICIE. KRBRARICZITAFIAEERAREBICL2EEIROON
% (Tobaseetal, 2016) . XAFSEAZBWTY vILT v 44 RDCa, Ti, FeD BFFEERT ATV, FhEh
A4 A VRORMECRFEER. MEOELREBREFEONDIE T, KEHEOY vILIvIM4 MOKE
BHERRBF P HIBR A RBRADIRICZ I - RIEOHEA T o /oo AR THRABRAL T AV & DBFIFEED
tegRIc &Y. ARA S ABOHKIRERT 21T 7,

Ty )Ty A4 RDCaXANESARI MLE YT v LTy 94 NDBMHAZRET V791 MCRERGARA S
RICHTHREBEVEHZD, HERFABEEZR>TWS, YvILIdv 94 NORFABEELERRNIERDZ
EREDHBIEIH»AONDD, MORIBERABHEBE KK PUASAMKRREZRTWD EHATE
%, Okudera et al., (2012); Wang et al., (2013) Tl&. Fe OERILIREETH 2 MENIS T KRIFDEE DEFRDFE
%327 T, BARAEAEAXANESZARY MLOE— I DREBICRNZ Z EARINTWS, YvILdv 94 MO
Fe XANESZAX I MLDOE—- DFELMENS L vILT Y 54 MOBRMAZ R EMDOBA S R & BERRICHBRK
STTEREIN-EHIINE, ZhICRL T, TIORMEEDL S5CavFeDIEA & IFERDEBRIESN
Tco YTV 94 BDXANESRARY MU, 7L —9—FLTERREINTWEY—D 1 VHASAEUTS
U, TO94MEEAVNRIMNASRELERDZMBFRTBRBEERTVWR LHMTE S, KEBREKD vIL
Ty 94 MIlE, KKBERARFICTELART S AWML AXEMBREFICZ I 2B ERREON I A ESE
h, MELBFABEZR >TW5S,

Reference

Tobase et al., (2016), IOP Conference series, 712, 012095.

Wang et al., (2013), J. Miner. Petro. Sci., 108, 288-294.

Okudera et al., (2012), J. Miner. Petro. Sci., 107, 127-132.
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HhERRRE DM DK & RIS DN LM A2 E4:
Anomalous characteristics of relative formation and reaction for
terrestrial mineral crystals
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MmYfERE, WE - B5A - AEENRY 2MELENRNEMTH Y EHRNICEHEINT —IR—2{LSh
TW3. LD L, ZDRE LI DERKIE, RAEDOHMMKDREOEILTER LAY 7 OBGKER TEHINALR
FERY T, RO ZRAOERERPHIKARE (B - KEF) ORBEICL>TETELLIERTHS. AR
DEBI, SR HKRE IR OGN TRELERRREE R TH 2F L, ZDORIRMBIRPHIRARE (0K
BOBEHE) THLEMICERT 2FETH 5.

1. REM A KXEMIK TR S NI, ERELOEBE &L B REIEREFES, FHICIELT
BRSEBERNISTETCWS. ZD7H, IROKRRDIED IZYEBILZMICIIFEELRWVWHARET —9R—R L
T EE L TEFEEINTWS.

2. 13K ET, B o Bl GRERR) ICER L IDIEENEA’R L TH 20, £ MR FEHIRRE
HRIZELD.

3WIHRRARKICEWTCR LEMNEDT — I R—INRBEHTE TH, MIKICHRTERDOMIBILZHERIE
RI2D. ZDH, MIKEBULAK - BKETER LEICHRIEL L i) D, HREAKREMIK & R 5 Ik
HICERENAEAB TERINANE, ERICIEVWTNEMIRARET -9 PRR LAV EERD TRV,
SREN DB BDEREL T TR EHBEICHKEBKENFE L TUORRBICIZARY IS L.

4. KR TIE, HIRDFTEH D BREAEI SHERBEICHELRVWSAE - Ridz LEYEBICEXSE 2B
TR HEREEICHR VIR L7 RICER S N 2B EGREFNETH Y, KBRTIIHFENLINTHSE LD
s,

5. ZNLDEA =R HIKOJ[BEQMYE BE - RAFOESRMHOMEM EZEE L ERSELY (R
REBEW KOV FARBTEFHEBEFICL 2T/ 7 7RRERFLRBNT 5.

6. BEBRETHMSINIERRAELLY (RERSEYW) Ok (RR) N2MINTTEREDREXIM
TERABLCRAMDOY Y MIVEDHABERMETE (51 7V EY FRR) OBRICOVWTIE, KESHRBEIL
T LIEBRERFEIEREOHTORS 21T TORRERIZEEL L.

7. U EDRERENS, BERRAELY (RREEYW) IEERFICEEL CRAIRBOXRKD XX TEET 5XRE
AR (B - IBRE - AB)ICEBRETE DI LIF, T DREKICHIKREDFENBKEDOHKINT. H
EENBUVWTHEFELTWSB I EZRTHLWIANTH 3.

F—7— K HIROHY. BRUERSECY. SIS

Keywords: Earth's minerals, Quenched solids with volatiles, Various mineral characteristics
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CLAY MINERALOGY OF ALTERED VOLCANIC ASH BEDS AND FACIES
CORRELATION BETWEEN THE PERMIAN TO TRIASSIC BOUNDARY
STRATIGRAPHIC SETS IN GUIZHOU AND SICHUAN PROVINCE OF
SOUTH CHINA

*Ni na Gong1, qgian Fang
1. China University of Geosciences

Permian to Triassic is the important stage for the Earth from Paleozoic to Mesozoic, and the extinction
among the Permian to Triassic is a hot topic by researchers. Many researchers had been study it by
different aspect. The view of volcanism to P-T extinction was accepted to more and more researchers, and
the wide distribution of Permian to Triassic nearby boundary is the important record of extinction. The
mineralogy characteristic of clay mineral can provide important information of sedimentary source, and
the research about it has important research significance. Successions of the Permian-Triassic boundary
(PTB) altered volcanic ash beds exist in south China.

The Permian-Triassic boundary (PTB) successions in south China contain numerous altered volcanic ash
beds (K-bentonites), which presents the opportunity to correlate the PTB position in both marine and
non-marine PTB sections. Clay mineralogical and geochemical studies of two altered ash beds in the
Chahe(CH), in Guizhou Province and Shangsi (SS) in Sichuan Province sections, in south China, deposited
in littoral and interactive marine-terrestrial environments respectively, permit an investigation of the
alteration of ashes and correlation of ash beds between disparate facies. The results show that the two CH
altered ashes are dominated by R2 and R3 I/S clays, with 86.3 % and 84.04 % illite layers for samples SS
and 57.83 % and 68.19% illite layers, respectively. The CH ash samples contain mainly kaolinite and
mixed-laye illite/smectite (I/S) clays. The poorly-crystallized kaolinite is present in pseudo-hexagonal
plates, and the well-crystallized kaolinite occurs in book-like aggregates in veins or cavities. Obviously, the
CH ashes experienced terrestrial weathering and resedimentation prior to final burial and preservation,
and local microenvironmental conditions control the formation of clay minerals. The SS ash samples have
markedly lower 8’Sr/®°Sr values (0.721708 for SS-1 and 0.717225 for S$S-2) than those of the CH samples
(0.761077 and 0.742332). The notable difference in 8’Sr’®®Sr value of ash beds between the sections is
attributed to variations in Rb-Sr partitioning during the chemical weathering process in different
environments. The CH ash samples have notably higher149 Nd/"*Nd ratios (0.512376 for CH-1 and
0.512424 for CH-2) than those of the SS samples (0.512034 for SS-1 and 0.512043 for SS-2), suggesting
that the CH ashes are likely derived from continental crust and the SS ashes originate from new
continental island arcs, in agreement with the REE distributions and the Ti vs. Zr, TiO, vs. Al,O,, and
Zr/TiO, vs. Nb/Y discrimination plots. The occurence of different volcanisms in PTB stratigraphic sets
previously believed to be synchronous, south China, suggests that correlation between disparate facies by
an ash marker is unwise without geochemical fingerprinting of the materials.

Keywords: Altered volcanic ash, illite-smectite, Sr isotopic composition, Nd isotopic composition,
weathering
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Understanding the origin of polycrystalline diamond, carbonado
through analysis of nano-inclusions

*KERBARR'. 2% 2T B’
*Hiroaki Ohfuji1, Natsuko Asano', Hiroyuki Kagi2

1. BIERPHECER A FI VARV I —. 2. RERKRZRPZREZ2RHARE
1. Geodynamics Research Center, Ehime University, 2. Graduate School of Science, University of Tokyo

Carbonado is a type of polycrystalline diamond, which shows a grayish to black color and a massive and
irregular morphology with a porous internal texture. It is distinct from ordinary mantle-derived diamonds
in the following respects: extremely low carbon isotope composition (-257-30 %), absence of
mantle-derived primary inclusions, high concentration of radiogenic noble gases, etc. Therefore, the
origin of carbonado has long been controversial. A recent study (Ishibashi et al., 2010) found several lines
of evidence that H,O-rich fluid is present within constituent diamond grains of carbonado, suggesting its
formation in close association with C-H-O fluid in the Earth’ s mantle. However, the detail of the
formation process and condition of carbonado is still unclear.

Here, we found, for the first time, primary mineral inclusions (majoritic garnets, phengite, rutile, apatite,
etc.) in nano-sized negative crystals within diamond grains by detailed FE-SEM and TEM observations.
Those precipitates usually occur as an assemblage of a few to several mineral phases that are mostly in
euhedral forms in the negative crystals. They are most likely quenched products from silicic fluid that were
trapped during the crystal growth of diamonds that comprise carbonado. The presence of these mineral
phases in negative crystals suggests that the formation of carbonado occurred in fluid-saturated
environments to which crustal materials (e.g. basalt) are supplied potentially by the subduction of oceanic
plates or extensive collision of continental plates to form a thick mantle keel.

F—I7—R:¥M4¥EVR Hh—FKF+—K S8EY
Keywords: Diamond, Carbonado, inclusion
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CaOg4 and MgQO, clustering in Grs.,Prp., garnet in diamond-bearing
dolomite marble from the Kokchetav Massif
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Grossular-pyrope garnet (ca. Grs.,Prp.,) has long been attracted about crystal chemistry, mixing
properties, and P-T stabilities. Many experimental and thermodynamic studies on grossular-pyrope garnet
have been conducted (e.g., Ganguly et al., 1996; Geiger, 2013; Du et al., 2016). Garnet having near the
Grs.,Prp,, composition is extremely rare in nature. Only two occurrences have been reported, so far; (1)
xenocrysts in the kimberlite from Garnet Ridge, Arizona (Wang et al., 2000) and (2) diamond-bearing
dolomite marble from the Kokchetav UHP Massif, Kazakhstan (e.g., Ogasawara et al., 2000; Sobolev et al.,
2001). This strange garnet from the Kokchetav Massif is a main constituent silicate mineral of dolomite
marble (P > 6 GPa, T = ca. 1000 °C) and is a main host mineral of abundant microdiamond (Ogasawara et
al., 2000; 2005). This garnet is chemically homogeneous and has its composition range: Grs: 43-46, Prp:
39-42, and Alm: 10-16 mol%. The closest composition to Grs.,Prp., is Grs,,Prp,,Alm,,. No exsolution
and no symplectite were observed.

We conducted laser Raman spectrometry on this Grs_Prp., garnet in the Kokchetav UHP dolomite
marble. Among the obtained Raman bands at 366, 556, and 903 cm'1, we focused on the band at 366 cm
" that was assigned to R(SiO4)4’. FWHM of this band was significantly large (24.5 cm™), compared to those
of Prp (14.3 cm™'at 365 cm™) and Grs (14.0 cm™ at 372 cm™). Such a large FWHM of Grs,Prp,, garnet
suggested that two kinds of R(SiO4)4' bands corresponding to Grs and Prp were obtained as one
overlapped broad band because the peak positions of both bands are very close. The synthesized band
from Grs and Prp end-member was well fitted to the observed band.

In the crystal structure of garnet, a SiO, tetrahedron is surrounded by six dodecahedra XO4 (Geiger,
2013). ASiO,, tetrahedron of grossular surrounded by six CaOy, and that of pyrope by six MgO,. The
observed overlapping of two R(SiO4)4' bands corresponding to Grs and Prp indicates two modes for R(SiO,
)* in a single Grs,,Prp,, crystal; R(SiO4)4' of SiO, surrounded by six CaO, (CaOq clustering around SiO,)
and that by six MgOg4 (MgOg clustering around SiO,). Such clustering stabilized garnet of ca. Grs. Prp,,
and could be controlled by two factors: (1) bulk chemistry near Ca:Mg = 1:1 and (2) UHP conditions. No
exsolution lamella and no symplectite mean that Grs.,Prp., garnet was stable under low P and T once it
formed at high Pand T.
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A new insight on the chloritization mechanism of biotite in
hydrothermally altered granite
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CEETFORKEEICL2EEROKEREEEIL. TEEOEERAEMTEDICINETES DO
BHTHONTER, LHALZOHRIE. BREFNVBFEEEARDNTETETEIFEDELLNMIR2/ZHDIC
RoNTWz, AR TIE. TOEEFOKERLEOBARAEREE L LRERETLOEEmI LM LI,
DIER. RERBOKBAREICIIEROGBEENERICEZ TVWS Z MR mBI N,

FANARIAARPRICMHEBET 2 LIREEES T KRBRERRHICAEY 2B FMBMEMOMEDE
R-274 mH 5-314 mBETHRINE N, ERBERICLY., ZOREEEIIRLDBRERLORELAF OEER
HEEATWRZENH o7z, REEIEVWEERNFERLICKERBALLLZRFEZERMSTWVEHL, AR
W74 AASERBVWTXIREIFARAY -V ERB L, ZORR. FEREEDOEERNFORI Y4 TIEFIM
. RRICEERIELERFORY YA T —TE 11 bbTH BT EHNHBA Lz, EPMAICKBDHTICE Y. &
DEEIEEAIL LR FICIEEERICIIEEFNTVWBTINE L SEFNTVWAVWZ & D >, —AT
—EI BRIt LEEEROHER Y Yy EYIHSIE, KESATWAWEERTIEAWD, TiEEATWSE
DHREEFNTWVWEIEDH o7, MDOTHRELERZ E, COEDEELFRAEEZAONE, INOEZEE
MLiEZ D, TIDBEICK > TAIDEPFe/MgLICEWHNRON B Z &N ELID LN, FLTEMICLZE
FREIIF/NY — 2 ¢ SORERDOBRIL, INOHDTIZEUEH D EEFRVNFIIEELEFEATHZ I &
HHEZRTE /=,

Brld., COEBRDEWVIEEROBREAELOMBDEWCLZEDREEEZKL, D2FY., TIESUKERA
LITRERD2:TE%F|Z#HE. TIZSERAWVEEAILAEEBRNEOARER TR SN EHR L, Tik
BERPTEH22ZIBONERY — MRIZHZDT, HBAETID2:1EZSI EHIFIL, HRARTIZETL L
127 %, —AC—ERERI’RKICEREL. BNHETERINAEKERETIZS XY, ZOBATIERKBD
ANSOL - TARERICFITFTA MEFERT %, BEFOA2R2E. TiZEUKEAIZ. BER2EHDKRY
G4 TTN—THRS > B9 —2%&RL. ZhIZTLICERBAIE L7z | bbDRIF & IZHEEMICTER T
HBILETRET D, |l bblIIFHEADRLRELREBEERD T, ARBITE LEBERIbLIER I NS
M. FEANEERD2:TEAFIZHWEEE. REREEEADEROBEDEWICEYTEER | bbDFK
BELWEEZOND, ISHICEDRETEMREEMICARNS &, TIZSUKERIZ2:1BOAEN R >TSS
W, ThETMDR) 94 TEFOBRERISL2TIBNBIEMINIZEEZI DI ETHRATES, ThICHLT
TiASF R WERBAIK2:1BOBEZ /R >TE ST, BENICHEDEVHIERINT,
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Grs,Prp., garnet-bearing composite inclusion in Cr-rich pyrope from
Garnet Ridge, the Colorado Plateau
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Garnet having near Grs.,Prp., composition is very rare in nature because of the large difference in ionic
radii between Ca®* and Mg?". So far, only two occurrences have been reported from Garnet ridge, Arizona
(Wang et al., 2000) and the Kokchetav UHP Massif, Kazakhstan (e.g., Ogasawara et al., 2000; Sobolev et al
. 2001). At Garnet Ridge, Wang et al. (2000) described four grains of Grs.,Prp., garnet as a constituent of
composite inclusions in pyrope-rich garnet in kimberlitic diatremes. In the Kokchetav UHP Massif, Grs,
Prp., garnet is a major constituent mineral of UHP dolomite marble, and contains abundant
microdiamonds. Takebayashi et al. (2017) has stated that CaOg, and MgQ, clustering around a SiO,
tetrahedron stabilized ca. Grs.,Prp., compositions on the basis of the overlapping of R(SiO4)4' Raman
bands corresponding to Grs (372 cm™) and Prp (364 cm™), and considered that two main factors
controlled the formation of this strange garnet; (1) the bulk chemistry of the host rock (Ca:Mg = 1:1) and
(2) UHP conditions.

Recently, we discovered one grain of Grs_ Prp., garnet from the Garnet Ridge; the garnet occurs as a
constituent of composite inclusion in the host Cr-rich pyrope (Group A by Sakamaki et al., 2016), which is
of garnet Iherzolite origin. Cr-rich pyrope (Group A) is an original material for Cr-poor pyrope (Group B)
during mantle metasomatism. The found composite inclusion, which shows spherical form measuring 150
mm across, consists of pargasite and dolomite with minor Cr-spinel, phlogopite and apatite. The other
composite inclusions consist of pargasite, dolomite, Cr-spinel with minor apatite and magnesite. We
conducted laser Raman spectrometry on this Grs_ Prp., garnet, and focused on the band attributed to
R(SiO4)4' at 365 cm’'. The overlapping of R(SiO4)4' bands corresponding to Grs and Prp in a single Grs,,
Prp., crystal was observed. Our results of Raman spectrometry were consistent with those of the
Kokchetav Grs.,Prp., garnet by Takebayashi et al. (2017).

Almost all composite inclusions contain dolomite/magnesite and show rounded or spherical form. This
suggests that these composite inclusions was trapped carbonate-silicate melt during the mantle
metasomatism. The Grs_ Prp., garnet in the found composite inclusion was formed from such trapped
melt which had the bulk chemistry, near Ca:Mg = 1:1, at very high pressure.

The Grs,Prp., garnet described by Wang et al. (2000) could have formed by the same process from
trapped carbonate-silicate melt, and the inclusion Grs.,Prp., garnet was not in equilibrium with the host
pyrope-rich garnet. Their interpretation about the genesis of Grs.Prp., garnet including very low
formation temperature based on the coexistence with the host may be wrong.
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