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Fault formation mechanism in brittle-plastic transition regime
J. Ando*, H. Kotama, K. Das, D.P. Sakar (Hiroshima U.), G. Ghosh (Presidency U.), N. Tomioka (JAMSTEC)
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Faulting process accompanied with talc concentration
following metasomatism of gabbro
Takeyoshi Matsunaga*, Junichi Ando, DAS Kaushik
(Hiroshima Univ. Advanced Science and engineering)
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U-Pb geochronology and metamorphic history of gneissic rocks from Sarwar-Junia
fault zone, Rajasthan, NW India: Implications for the tectonothermal evolution of the
Aravalli-Delhi Mobile Belt
Jun-ya Okazaki* (Hiroshima Univ.), Kaushik Das (Hiroshima Univ.), Anupam Chattopadhyay (Delhi Univ.),
Jun-ichi Ando (Hiroshima Univ.), Arindam Sarkar (Delhi Univ.)

The gneisses of the Sarwar-Junia Fault Zone (SJFZ), belonging to Aravalli-Delhi Mobile Belt (ADMB) in
northwest India, recorded two phases of metamorphism. From the geochronology, the first metamorphism (M) can

be revealed the occurrence in the basement granitic gneiss at ca. 1740 Ma. Subsequently, the second metamorphism
(M) occurred at ca. 950 Ma affecting both the granitic gneiss and the overlying pelitic gneiss. Estimation of the P-
T condition and pseudosection modeling show that the M, peak stage condition reached ~ 850 “C temperature at
~ 7 kbar pressure and then that slow near-isobaric cooling occurred during the post-peak stage. Therefore, the
possible subduction, associated with collision, ceased at 950 Ma in ADMB. The near-isobarically cooled and
hydrated crust of the SJFZ records subsequent event(s) of brittle faulting as evident by the presence of
pseudotachylyte veins and cataclastic grains. Such faulting is considered to have occurred between ca. 750 Ma and

ca. 905 Ma.
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Process and timing of ultrahigh-temperature metamorphism of metagabbro

from the Kurosegawa tectonic belt in Kyushu
Osanai, Y.* (Kyushu Univ.), Nakano, N. (Kyushgu Univ.), Kitano, I. (Hokkaido Univ.),
Owada, M. (Yamaguchi Univ.), Vuong Bui Thi Sinh (Vietnam Academy of Science and
Technology), Boldbaatar Dolzodmaa (Kyushu Univ.)
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Keywords: Kurosegawa tectonic belt, UHT metamorphism, Grt-Cpx granulite, Ordovician magmatism, Permo-Triassic metamorphism.
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Structural and chemical evolution of carbonaceous materials in Archean

low to medium grade metasedimentary rocks
Sasidharan Kiran (Grad. Sch. Sci. Tech., Niigata Univ.), Yoshihiro Nakamura (GSJ-AIST), Hiroaki Ohfuji (Grad. Sch. Sci.
Tohoku Univ.) and Madhusoodhan Satish-Kumar (Fac. Sci. Niigata Univ.)

The term carbonaceous material (CM) is coined for the organic matter trapped in the sedimentary rocks that attain
maturity during prograde metamorphism, which involves two main processes known as carbonization and
graphitization (Franklin, 1950; Oberlin, 1984). During the primary stage of carbonization, the release of
heteroatoms such as hydrogen, nitrogen, oxygen, and sulfur, and the degradation of aliphatic CH groups leads to
the relative enrichment of aromatic structures in CM. Solid state reorganization takes place by the formation of
basic structural units with the release of non-condensable gases (e.g., CH4 and Hy) from the aromatic CH groups
in the later stage (Oberlin et al., 1999). Graphitization is the process by which the aromatic structure is
reorganized to form turbostratic to graphitic structure. Micro-Raman spectroscopy and HRTEM are being widely
used to assess the thermal maturity and structural evolution of CM in sedimentary rocks in various tectonic
settings (e.g., Pasteris and Wopenka, 1991; Buseck and Huang, 1985).

The maturity of the CM in the meta-carbonates of the Archean Chitradurga Schist Belt, Dharwar Craton has been
evaluated and compared structural changes using micro-Raman spectroscopy with carbon isotope systematics.
Following the Raman Spectra of CM thermometry (Beyssac et al., 2002) and carbon isotope thermometry (Wada
and Suzuki, 1983) a systematic increase in the metamorphic condition from upper greenschist facies to lower
amphibolite facies was observed along the younger to older stratigraphic sequences respectively. The
inconsistencies between the thermometry in one stratigraphic unit are considered due to the post-metamorphic
hydrothermal infiltration evidenced by the cross-cutting quartz veins and associated alterations. To focus on the
evolution of CMs under low thermal maturation further samples are considered from Archaean (Tumbiana
Formation, 2.7 Ga, Pilbara Craton; Malmani Subgroup, 2.5 Ga, Kaapvaal Craton) and Proterozoic (Duck Creek
Formation, 1.8 Ga, Pilbara craton) terranes. Preliminary results indicate that the CM is metamorphosed under
prehnite-pumpellyite to lower greenschist facies condition. The § *3C value of the CM in the Tumbiana Formation
stromatolite is between —39.6 to —47.3 %o, which attained large attention in terms of record negative carbon
isotope excursion related to methanogenesis (Thomazo et al., 2009; Lepot et al., 2019). Recently using deep UV
Raman spectroscopy that avoids fluorescence, Quirico et al, (2020) distinguished immature terrestrial kerogens
and coals from those of extraterrestrial kerogens extracted from type 1 and 2 primitive chondrites. Moreover,
traces of organic molecules present in the CM can be identified due to the resonance effect of the deep UV laser
(Bhartia et al., 2021). In this presentation, we will be comparing the visible and deep UV Raman spectra of CM
along with HRTEM images in low to medium-grade rocks and attempt to understand the maturation process of
Archean unicellular organisms and later evolved complex multicellular organisms.

References:
Beyssac et al (2002) Journal of Metamorphic Geology, 20, 859-871; Bhartia et al (2021) Space Science Reviews,

217:58; Franklin (1951) Acta Crystallographica, 3, 107-121; Kouketsu et al (2014) Island Arc, 23, 33-50; Lepot
et al (2019) Geochimica et Cosmochimica Acta, 244, 522-547; Oberlin (1984) Carbon, 22, 521-541; Pasteris and
Wopenka (1991) Canadian Mineralogist, 29, 1-9; Quirico et al (2020) Geochimica et Cosmochimica Acta, 282,
156-176; Sadezky et al (2005) Carbon, 43, 1731-1742. Thomazo et al (2009) Earth and Planetary Science Letters,
279, 65-75 Wada and Suzuki, (1983) Geochimica et Cosmochimica Acta, 47, 697-706

Keywords: Carbonaceous material, Micro-Raman spectroscopy, deep UV-Raman spectroscopy, Carbon isotope
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Geodynamic cycle of carbon in the continental crust
M. Satish-Kumar (Niigata Univ.)

The geodynamic cycle of carbon is of vital importance in controlling the Earth’s carbon budget,
ever since the biological process became active in the surface. Organic carbon in sediments and carbonate
carbon are two important reservoirs that can act as a source or sink for carbon during plate subduction and
continent building processes. It is important to understand the movement of carbon through different
reservoirs in the Earth and carbon isotope geochemistry has served as a common and widely applied tool.
In this presentation, a comprehensive synthesis is carried out on the forms of carbon, its movement among
the various reservoirs and the evolution of carbon isotopes in the middle to lower continental crust, where
large volumes of carbon can be stored as long-term sinks. Examples from the orogenic belts in India, Sri
Lanka and Antarctica are used to demonstrate that metamorphism of sediments rich in organic material can
preserve graphite as carbon sinks for hundreds of millions to several billions of years.

A detailed carbon isotope study of graphite was carried out in continental collisions zones. Based
on the mode of occurrence, they were classified into three types, vein-type, disseminate flakes and coarse
aggregates. In addition, graphite concentration is also observed along the contact between metacarbonate
rocks and silicate rocks. In order to understand the source of carbon, the carbon isotope fractionation
between calcite, graphite and carbon-bearing fluids (CO; or CH4) during metamorphism was considered.
For example, at the Skallevikshalsen locality in the Liitzow Holm Complex, East Antarctica, all three
forms of carbon-bearing phases were present. Field evidence suggest that carbon is being pooled at
lithological contacts and deposited as graphite. Carbon isotopic composition of graphite and associated
carbonates are consistent with graphite precipitation from CO- fluids released by decarbonation reactions.

The formation of vein-type graphite in Sri Lanka is considered to be a different process, as large
volumes of highly crystalline graphite is deposited from fluids, possibly derived from mantle derived
magmatic source. The CO»-rich fluids are observed in quartz pods within the graphite veins, recording
compositional characteristics of fluids that deposited graphite veins. Carbon isotopic composition remain
constant across the vein, with only minor variations observed with depth. Absence of methane in fluid
inclusions suggest graphite deposition directly from CO;-rich fluids.

Across the regimes of high-temperature metamorphism and partial melting of graphite-bearing
rocks graphite dissolves to form COH fluids, part of which, especially the lighter isotope-bearing fluids,
escape the system causing a bulk *C enrichment. Based on field, textural and carbon isotope evidence,
from a typical example from the Kerala Khondalite Belt, southern Indian granulite terrane, during biotite
dehydration melting of graphite-bearing rocks graphite dissolution is enhanced by Fe** reduction, however
during melt crystallization graphite will reprecipitate, resulting in carbon remobilization and carbon
isotope reorganization. Thus, carbon is recycled and retained as graphite in the continental crust during
high-grade metamorphism and anatexis, though its isotopic composition can be considerably modified. A
comprehensive review of carbon isotopic composition of graphite in continental crust is presented in order
to understand the role of graphite as "long-term sinks" of carbon.

Keywords: graphite, COH fluids, continental crust, partial melting, carbon isotopes
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New calibration of Raman spectra of Carbonaceous material thermometry using a deep UV

micro-Raman spectroscopy

TR R (EERRTIT), miffse L (RERRHIT), IRtk (REARTIT)

PREY) O ff G L IO C HUEIRERHE, S omBEICEBIRE 2 HEE TR 572
DINKHIHEINT WS, Lo LARFECIEMARRE 2 E T 5 1L, BYI 7% REVRL T D%
iE L ERERRF O DR 2 T 5 R D 5. X OIREREIC T 5 & REV D 65
BT ZEHKENIC K o THM T ~ vt BEsNEIC 2. 2o X5 2MEZ kT
% 7o, ARWFFECIEHT L W EREIMNER 7 < v 9 e EeiE 2 B L 7=, BREESMEIH (200~300 nm)
TlE, HOEBIR L AEREL R, ZODEICEAI RV SNILOFHW T v v Z~7
FAERISTE B, AFZETIE 266nm S 2L —F—ZiEGHEE LCHFL, &7k
50cm ¥ VY 7 E 7 7 a A— X — LR CCD M a8 T 7 ~ v e i 217 - 7-.
TV VHERICE 2 OXA rm Ly 7 I 7—%RFALL—F-RUET~VEEDAL—
7'y bR KIEICH EX 2T\ b, §illIE Nakamura et al. (in press) IC#R#& LT 5,

AREBEBZHHT 2 L dEOREL B TE 2720, 100 CH 5 400°CDZE AR T
ENTEAR ZNIEE T Z O F N L 72, 100~230°CIC B B IREYD 7~ v 227 b
/¥, D band & G band 721} Tlx7x < T band & M:EiL % Sp3 iRk #NE IC B L 72 IREh € —
F 234809 1 314~ % (Ferrari and Robertson, 2001). D band & T band 13255 & 25 5
TR ONHFHD L, Gband DADH ' — 7 ~Z2 LT 5. DL, HEEENT
D RGBT LT b 2 e 2 RKML T3, ZORED G band FfllE (Full width
at half maximum; FWHM) & RBS (wavenumber -pbands) 1, ZBIREEICN L CTiRWELERE1R
(R2=10.94,0.85) %" . U LD I = v 22 b AE{LDOHZED 5 Gband FWHM J U RBS
23, 100~400°C D JA W EIR CHUEIRERH . L CAZI ISR CH 5 2 LI g, K
FERTIE, XV RERIERICB L THINT 5.

(51 FSCHR]
Nakamura et al. (in press), JMPS. Ferrari and Robertson, (2001), Vo. 64, 075414.
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The time-scale conundrum of jadeitites: How long retained in forearc mantle wedge?
Tatsuki Tsujimori* (Tohoku Univ.), Toshiaki Komata (Tohoku Univ.), Hiroki Oka (Tohoku Univ.), Qing Chang
(JAMSTEC), Shogo Aoki (Akita Univ.), Kazumasa Aoki (Okayama Univ. of Sci.)

Jadeitites form in the forearc mantle wedge, and the jadeitite—hosted mélange can stay within the mantle wedge
for a considerable time. But how long are jadeitites retained in serpentinized mantle wedge environment?
Osayama jadeitite (OSJ) contains primary rutile, zircon, grossular and paragonite and secondary titanite and rare
Ca-rich amphibole. Although the hydrothermal zircons yield a U-Pb age of ~524 Ma, new age data of secondary
amphibole gives K—Ar age of 292 Ma that overlaps phengite ages of HP rocks in the same mélange. The §'Li
values of amphibole (0.2 + 0.8%o) are significantly smaller than those of jadeite (+4.6 + 1.4%., n=10), suggesting
isotopic disequilibrium among those two phases. Our reevaluation of OSJ suggests the possibility that jadeitite-

@Japan Association of Mineralogical Sciences.

hosted serpentinized mantle wedge can be retained for ~200 m.y..

ERRHE 7L — b DILAARRIT BT,

O T OHI A DI & 7 iR~ > h L
Ty PHEREIARTITET 4 Ay TV T LTE
D, HERIEKRORE CIEECEL L 7202 A 6 A
EPHEL w3 EEZLNTVE, A7 7Y
B2la & L mEERA DB FEARUC R

T, OFT WG ED Z AR RERIEZ RO
7 E, Al Y PV ooy SEEEOERG 2R
REZ# RB T B BIEHERIIMFMET S, LarL,
Bea Z EEERNE TE 2w oRilig< ~ b
Wz PR EDRED Y A LA — )T
WHETE 200, DhoTouky, HalddhE
i KFEILEERCE 2 5 > 2 2 (OSM)IZET %
O T WA A (OS)) DFENAEZ T 5 Z & T
FIICHTUS ~ > P Ly =y DEEEME T E
LR A r — VOl % i A7z, OST OWIAER
2O Wl (0 'Li SFHfiE+4.6 + 1.4%0) &
TAWEDREISIES L a Ly D, VFL,
0y 27—, N334 FTHB, BHURERE
PLREEKEO O T WG A & Rk, 2510
EHR O Eu 1R EDSEE TRAIED O v
BiAE & E KA (DT WA AD 777 v
77 =V b FREORH S E F), RINEEYIC
3F 7 v AaeRT b IA ik L D EH
T5H, Fhuc Cafifdhz&t, Yvavii
LIFLIEVF L E Yy a5 —2a4A1L, &b
g0 *O[VSMOW i +3.8 +

0.6%o0) CREAHT 55, TiGERICK 2iRE

#EE1Z 620 + 50°C ThH %, 523.5 + 3.6 Ma D
U-Pb 4ERZRTH, BF - N7 =7 LFEREER
LehsekZE % Wi > T 3 (Tsujimori et al., 2006
IGR; Fu ef al., 2010 CMP; Tsujimori, 2017
IMPS), nNav D7 5y 712> AL
WD KDY & 2 DIMERDFIR D 1IHERTE 7%
VB, Pavid 10 ng/g BED LiZ&H, 0
Lilxa7D+1%7%> 5V LN D> T-5%0 £
THRHWT %, CaMPfa(o0'Li ‘FHfE-0.2 +
0.8%0)13> ) a v d U-Pb A X h b 2 {45
Fi\s 292 + 6.2 Ma @ K-Ar #fZ7R L. OSM
FEDEITEAREED 7 = Y v A4 b K-Ar 4%
(327-373 Ma)D#iipH £ H7 %5, Ca APIAIZZ
DD & WA 72 O A & ISTERIREH S
BixprtEions, —RIHFETEH V7 7
A & P R D AL EL 53 I A Lo, an) 23
HDEZE & 503 0S] DOT WA &EATHIZE
WO AN LHEDBREZ b B, WF I EIEH &5 2
55, OSJ I, 2 [AaER, A~
YV oy PIRECIERCA L L 7o~ v B oL
A6 G EERINZIRAE Z REBR L . ST OfG
RABHIDAEN TG X 7 VY 2 2T
284 IV THLOCERIFHZRERL 72 L&
A%, ik~ PV 2y PETIZEE
EHGED EAD K ) BIFEHNSHE A X b
DRI S RWRD | FRREZ 2 (4R C IR
T2 AR D 5,

Keywords: Jadeitite, Forearc mantle wedge, Osayama Serpentinite Mélange, , Ca-amphibole
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Kinetic control on Al-Fe*" distribution between Na-amphibole and Na-pyroxene in

the lawsonite blueschist facies
Wataru YABUTA* and Takao HIRAJIMA (Kyoto University)

Na pyroxene (Na-Px) and Na amphibo?e N akoioni /?mjfw
(Na-Amp) are two of the most common metamorphic h{

minerals in metabasalts and metacherts, suffered
lawsonite blueschist (LBS) sub-facies, in the Hakoishi
sub-unit, Kyushu, Japan. In the area, Sato et al. (2016)
proposed an westward upgrading in metamorphic
conditions accompanied by hydration of metabasalts,
based on the systematic variation of low-variant
assemblages. However, X, [= Y'Al / (CatFe*'+Al)] in
Na-Px reaches its peak in the middle of the area.

Yabuta and Hirajima (2021, JAMS) pointed out
that X, is controlled by the coexisting Na-Al phases, i.e., : #%
X is lowered in the coexistence of Na—Amp, resulting in Fig. Mup of the | Iukm1 .~:uhun1ti|m.1 Nu-l’x-""-ii-.-rnp CECLITENCes
an apparent reversal in pressure estimation.Actually, the
most Xj,-rich sample located in the middle of the area is Amp-free and lower Xj4 sample in the western part of the
area is Amp-bearing. This new finding brings a serious issue that the petrologists cannot simply use the Jd-Ab-Qtz
geobarometer to the relevant grade rocks. In this report, we attempt to explain another determinant of the element
distribution between coexisting Na-Px and Na-Amp by
characterizing the pairs in LBS sub-facies. 10

In metabasalts, both Na-Px and Na-Amp occur throughout
the Hakoishi sub-unit. Typically, Na-Px and Na-Amp replace relict
augite and tremolite/hornblende, respectively. In metacherts, on the
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contrary, Na-Amp is more rare compared to Na-Px; Na-Amp mainly
occurs in the western higher-grade part of the sub-unit while Na-Px is
widespread. In coexistence, the two form mixed bands of acicular
grains or intergrowth.
Al-Fe* partition between Na-Px and Na-Amp is investigated v

in terms of distribution coefficient [Kp=(Al/Fe*),,,/(Al/Fe’)p,; »~
Onuki and Ernst, 1969]. It is suggested that Al is distributed equally S
to both minerals in metacherts (K= 0.5-2; K,= 1 in average), while Rt
Al is concentrated in Na-Amp in most metabasalts (K= 2-8; Kp=4

Al/Fe3* in Amp

+ OT10)
+ OT10l

+ 0D311
+ KY1815a
+ 0D209
+ 0D40

Metacherts

107! 10° 10!
Al / Fe3* in Px

Fig. Al-Fe * distribution between Na-Px and Ma-Amp
in average). This could explain the lowered X,y in Na-Px of

metabasalts. But K, values near 1 are obtained for one exceptional metabasalt sample (OD112),where Na-Px and
Na-Amp occur as vein-fillings. There the pair clearly shows a simultaneous crystallization from infiltrated fluid,
like the cases in metacherts. This infers another factor to control K, between Na-Px and Na-Amp.

Literature study of K, in blueschist facies rocks also show two peaks at K, ~ 1 and Ky, ~ 4. Like Hakoishi
metamorphic rocks, Ky is closely associated with rock texture: K, ~ 4 obtained from less deformed rocks
containing relict minerals, K, ~ 1 from in well foliated (i.e., equilibrated) samples. For instance, blueschists in the
Horokanai area of the Kamuikotan metamorphic belt, Hokkaido, where schistosity prevails and trace relict
minerals are observed, K, mostly equals 1. Furthermore, K;, approaches 1 in eclogite facies rocks, where better
equilibrium state is expected.

Thus chemical compositions of Na-Px and Na-Amp in blueschist facies should be interpreted in light of
kinetic control depending on rock texture. Al preferences of the two phases are controlled by their “seed” phases

when replacement progresses.
Keywords: blueschist, Na pyroxene, Na amphibole, geobarometry
* Corresponding author: W. Yabuta yabuta.wataru.25n@kyoto-u.jp
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Stable isotope geochemistry of the olivine-bearing dolomitic marble in the Hida Belt,
Japan
Hironobu Harada*, Tatsuki Tsujimori, Hideko Takayanagi, Yasufumi Iryu (Tohoku Univ.)

Marble, a metacarbonate rock, occurs in various orogenic belts throughout the Earth's history. We newly

determined C—O isotope compositions of upper amphibolite-facies dolomitic marbles from the Hida Belt, Japan.

The C-O isotope compositions of dolomitic marble are characterized by 8'*C[VPDB] = 3.3 to +2.8%o,

0'* O[SMOW] = +8.6 to +20.0%o respectively; overall, calcite tends to show lower 8'*C values than dolomite.

New data can be explained by the result of the olivine forming decarbonation reaction.

KBt D Mt 22 E A & 9~ 2 ARBAT I I ZIE A
R P> CERRIRBRIE S N RICFET D,
B ORI DZ X e~ A haEF
THBANOHERINDKEATH LN, HiE
e e~ FBREOENLLAMARRA b
BREA S PET D, AR TlIR etk T
BRI RAT % o T 28 R FR SRS O RIS AARHH
R FEER S U B IF s 2 fiH 2 A & L
T, RE D Fa~ A NERKEAOREC)-1#E
F(O)FINLIR T RE R 2o~ U, FREBHATT DA Bl R R
H2AIZE B LT RINCAARHRERAL P AORIFZEIC K 28T
HRIZOW TR 5,

IR IR RS O RNARHIER L RO IRIE. &
DJFERAR—E A EAE . BRI SO BS 72
2O\ T O & FBEIC T 5, fxil., Harada
etal. (2021) | ITREHHAICPEST D Fr~A 2B E
RVRKREA R OAIKEEE A ICOW T~ A 7 e
TN TN K D IREEESI D C-O T & FINL
KRB 3T 2 ATV, BEIAVY C-O [RINZAAKERR %
H L7 (813C =-44~+42% [VPDB], 630 =
+1.6~+20.8%0 [VSMOW]), & 0 i, KW 813C
(OBC = —44~-29%0) DFIKEEE 1T, IRERHE
§ii & EEFRIESIY) & O COMLRBE N L 5
SBC K FZ&/RT, B0 ILREHEHEREMIZ T

< AKIRIRSCEERR RS & D RINAR LA 5
T 5, —FH, AL TEA LI Fa~A NVE
KEAIIE Mg FfifR + Ra~<A4 b + AL
AU (Foos-oa;—FTRERCA L) DIEFA I G I H & Fr
H, YEOSERNRSI Y Jba—~vA N E%E
aite, ZORu~vA NMEREADGRA 1238
Bl Fa~A b2 BHZOWTERE, BRFRFN
M T H AT -T2, DDA D AAITE TR N
FIRA, DD AAEITE L EEERNOEDD
Re<A FTholo, RFE. BRI
(813C[%0 VPDB], 8'80[%0 VSMOW1) D /34T 5
IXENEI, FTIRAD 813C = -3.3~+2.8%o,
8180 =+8.6~+17.3%0, Fua~A F23813C=+02,
+0.8%0, 880 =+17.9,+200% Cdh -7z, FfiEf
D 8CIE 1 L E RV TADMEERL, Raw
A4 MY BEWEAIZH -T2, 2T Fr~A
REHEE L, DADAAEIRT 5 BRI
WZEDbDThHHEEZELXBND, o, AW
TEHLE Fa~vA NEAREADONALLAED
DITEMAIC AR INTEBZOND A X %
BUMAREAEY LI TEY (Haradaet al.,
2022 JpGU), ZHITHOWT b IHLICHEMN LTz
[

Keywords: Hida Belt, dolomitic marble, carbon isotope, oxygen isotope, abiotic methane synthesis
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Metamorphic zone mapping and a P-T path of metapelite of the Higher Himalayan

crystalline nappe in Dhankuta, eastern Nepal

Shumpei Kudo'*, Tetsuo Kawakami', Toru Nakajima'?, Harutaka Sakai' (1.Kyoto Univ., 2.JAEA)

b= 7 VG Ik, mEZLMSESE Higher
Himalayan Crystallines (HHC) 238 PE#7 2000 km,
FALHT 100 km b 7z>oTHEHBL TS, 2D
HHC MR ICEH T RICEDL T 7 F =27 AILD
W, BE D R CE Y BUERRIC X
DEATRETADBREIN TV S eglldd, 2D
RREEIC 1 R AR 0 5 iRl oo B - FE ) - IRg T g PR
(P-Tt N R) DI L Z OHB AR 2R3
EBRBEAFRTH B,

WEkOWMETIZ. T LTEeTITYDAL—
S — VT P-Tit NADRERERED LT & T,
HHC 135&ER BT IchiiE 3 2 7 F AR &
Bi 5L < &» % South Tibetan Detachment System
(STDS) & . WS FALICfIET 5L vy —k~
T Y HEREY) & DEEFLCH 5 Main Central Thrust
MCT) % E TofERf e LChERLTE L
EzbhT&7zleg 2], L2L., EFEDOWFT
HHC WICHEES % (eI © & % High Himal
Thrust (HHT) % HHC @ _ERF i3\ CEE R EE
ER-LZCERER I TWw5([3], HHC I
HHT %55 & L T Bl % Upper HHC. Fz{H]
% Lower HHC & XFll& 13,

— /T, = V=L ’éﬁbﬁtt
HHC 7 v 7 CIRE A RE RN b HERA R
FEIRIC 22 1T CORFEFEI Y D P-T-t ¥R M liié
T % 23[4], Bgefl234 7 <, HHC v 70
FRoF 7= 2%iimT 5 LT3 HICA
WEC P-T-t A% flfI 3 2 EHED 5,

Z TTCARIETIZ, £v 27 v 2 AtHiig o
HHC F v 7 b8 L 2B EEHD P-Tit XA
EREEEL, 20 LA OMIHICHES T L %
KEHWE LCTWwa, Kittcla g clic, L
L 72 R EZ RS DS A G b 1c o 2 4K
T ERITW, X v 7y 2 bdbica g - TESG
TAVIZ Iy F.EROGTA Y77y F, AER)
HMRTA Y77y FEERLEG],

SEFZICER/RGTAY 77y P bEE
FREEENCAzE S % Grt-Ky-Bt F KA D P-T ¥ &
DR ZAT o 72 M RGO LS A G D2
1% Grt+Bt+Ky+Sil+Qtz TH %, Grt IZEEYD%
wa 7y, vV a0 nY L0 3 KR

KXBlEND, £72, Grt U 41 Bt+Si1+QtZiPl I
EHICER X 2 FE OB S TR I
MAOICERINS  Grt 27 ICEHF IS Rt ﬂ
L C Zr-in-Rt HUEIREERH[6] % L Qtz IC3 L Qtz-in-
Grt &) EHEH[7,89] % L. Grt 2 7 DK
WmEIES % 690°C, 8.2 kbar EHEE L 72, T HIC
Grt U 4725 Bt+Sil+Qtz+Pl 1/ fif & 7= fiik 1<
L C Grt-Bt {EIREFI[10] & GASP B [+ 15+
[11]Z8H L, BBERFED P-T 4% 600°C,
6.0 kbar EHEE L7, 2D & OARFKENT Grt
a TTERKEBRE 2> & Grt O R K 1C 2 2 PR
WED P-T NA%fET=Z L Bbh 5

SEfS 6 L7z P-T S A, %E**%ﬁﬂw
EEfRA 2 SR 20\ C D JIRIRE S 2 TH B
BT AEREBTA VY 79y FX0 b EERE
fill> Grt-Ky-Bt FFRE T CICHEEE L 72 P-T 3
A[5] & FLLF 2, T2, AWFFEH ORI AT
B9 % Lower HHC THE I N7z P-Tt ~¥ R[12]
CRICHIET 2 llam F v 7 C BRI N P-Ty
NZAAIEDEMT B, 2D Ehb A—F S —
¥ @ Lower HHC & HHC F v 73D L7 7
Ob AR EBRRBEIND,

Bl FASCHR: [1] Jamieson et al., 2004. JGR., 109,
B06407. [2] Beaumont et al., 2001. Nature, 414, 738-
742. [3] Imayama et al., 2018. Geol. Soc. London Sp.
Pub., 481(1), 147-173. [4] Imayama et al., 2022. J.
Asian Earth Sci., 105236. [5] LRI 2>, 2022, HA
HEREERIAE A 2022 REFHEE E, SMP27-06.
[6] Tomkins et al., 2007. JMG., 25(6), 703-713. [7]
Angel et al ., 2017. Contrib. Mineral. Petrol., 172(5),
1-15. [8] Angel et al.,, 2017. Am Mineral., 102(9),
1957-1960. [9] Schmidt & Ziemann, 2000. Am.
Mineral., 85(11-12), 1725-1734. [10] Holdaway, 2000.
Am. Min., 85(7-8), 881-892. [11] Holdaway, 2001.
Am. Min., 86(10), 1117-1129. [12] Imayama et al.,
2012. Lithos., 134-135, 1-22..
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Heat source of the late Neoproterozoic-Cambrian ultrahigh temperature terrane:
constraints from chemical composition of prograde melt inclusions in zircon

Kota Suzuki®, Tetsuo Kawakami, Tetsu Kogiso (Kyoto Univ.) & Shuhei Sakata (Tokyo Univ.)

It is controversial whether ultrahigh temperature (UHT) terrains were generated by radiogenic self-heating of the
lower crusts [1] or by externally added heat from the upwelling mantle [2]. The radiogenic heat leads the lower
crusts in collisional orogens to the UHT condition slowly (10’s Myr after the onset of collision [3]), and granulite-
UHT conditions are usually maintained for ~30-100 Myr [3]. Meanwhile, the mantle upwelling accompanied by the
underplating/intraplating of mantle-derived magmas leads the lower crusts in back-arc settings and in collisional
orogens to the UHT condition rapidly (>5 Myr after the underplating/intraplating [2]), and granulite-UHT conditions
are usually short-lived (<10 Myr [3]). However, the poor understanding of prograde pressure-temperature-time (P-
T-t) evolutions of almost all of the UHT terranes makes it difficult to reliably discuss the heat sources [3]. In this
study, we discuss the heat source of a ~560-520 Ma UHT terrane (Rundvégshetta, Liitzow-Holm Complex, East
Antarctica) by using chemical composition of prograde melt inclusions in zircon (MIzm) in a UHT granulite.

The Mlzn is included in the cathodoluminescence-dark mantle of zircon. Applying the Ti-in-zircon
geothermometer [4] to the zircon mantle yielded 710-790 °C [5]. The weighted mean age of the zircon mantle was
~560 Ma [5]. MIs are also included in the P-poor core of garnet (Mlar). Applying the Zr-in-rutile geothermometer
[6] to rutile inclusions in the garnet core yielded ~900 °C [5]. [5] interpreted that the MIzm and Ml were formed
in the prograde and near-peak UHT conditions, respectively. [5] also constrained the duration of anatexis to be at
least ~40 Myr, by combining the previously-reported leucosome crystallization age of ~520 Ma [7].

In this study, we performed piston-cylinder remelting experiments of Mlz using separated zircon grains,
and analyzed the rehomogenized glassy Mlzm (n = 4) and primary glassy Mgy (n = 5) by SEM-EDS. The
experiments were conducted at 900 °C/15 kbar for 24h. To prevent Na loss, the glass was analyzed with 15 kV
acceleration voltage, 300 pA beam current, and 30 seconds live time. Because ZrO, of the host zircon was detected
in the Mlzy, analysis due to its small size (<5 pum), the glass composition was corrected by subtracting zircon
component and normalized to 100 wt%. Both Ml and Mlz, were peraluminous (ASI = 1.24-1.33 for Mlgy, 1.10-
1.31 for Mlzm) with high SiO; (76.2-77.2 wt% in Mlgr, 74.1-76.5 wt% in Mlzm) and low CaO (not detected in Mlgr,
0.3-0.8 wt% in Mlzm). Na,O was high in MIzm (2.2-3.3 wt%) compared to Mlgr (1.1-1.5 wt%), while KoO was high
in Mlgr (7.5-8.0 wt%) compared to Mlzm (5.9-7.9 wt%). In the Qz-Ab-Or normative diagram, the Mlg plots away
from the haplogranite eutectic points for different P conditions and plots close to the Qz-Or axis. This is consistent
with the MIs in garnet reported from the same lithology [8]. Meanwhile, the Mz plots close to the eutectic point
of 5 kbar and ay,o = 0.07 [9]. So far, neither the Mlgr nor Mlzm showed liner chemical trend in the diagram.

It is recently suggested that compositional homogeneity of prograde MlIs reflects the rate of heating during
prograde metamorphism [10]. [10] reported that composition of prograde Mls in garnet in an anatectic enclave show
a liner trend parallel to the Qz-Ab axis in the Qz-Ab-Or normative diagram. This trend is confirmed in experimental
glasses produced at high degree of T overstepping [11]. [11] interpreted, under the rapid heating conditions, that the
sluggish diffusion of Si compared to the rapid diffusion of alkalis in melts results in the liner trend in the diagram.
In fact, the enclave is interpreted to have experienced rapid prograde heating into the granulite facies condition by
the underplating of mantle-derived magmas [12]. On the other hand, the prograde Mlzy, in this study shows no liner
trend in the diagram. Therefore, the external heat from the mantle is unlikely involved in attaining the peak UHT
condition, but rather the radiogenic self-heating may be the viable heat source in Rundvagshetta. This is supported
by the long-lived anatexis (~40 Myr) [5] and the lack of syn-metamorphic igneous activities [13] in this region.
Although the protolith ages of orthogneisses in this region are reported as ~2.5 Ga, only one intrusive rock and two
quartzites yield ~600 Ma protolith and metamorphic ages, respectively [13]. It is pointed out that terranes once
melted in a previous metamorphic event are less fertile and thus less latent heat is consumed by anatexis in next
events [1]. Although no polymetamorphic evidence was found at least in the studied UHT granulite, the ~600 Ma
event possibly helped this region to attain the UHT condition in the next ~560-520 Ma metamorphic event.
References: [1] Clark et al. (2015) Gondwana Res. [2] Gorezyk et al. (2015) Geosci. Front. [3] Harley (2021) Encycl. Geology [4]
Ferry & Watson (2007) CMP. [5] Suzuki et al. (2022) EGU2022 Abst. [6] Tomkins et al. (2007) JMG. [7] Fraser et al. (2000) JMG. [8]
Carvalho et al. (2021) EGU2021 Abst. [9] Becker et al. (1998) CMP. [10] Acosta-Vigil et al. (2017) Lithos [11] Acosta-Vigil et al.
(2006) CMP. [12] Cesare & Maineri (1999) CMP. [13] Dunkley et al. (2021) Polar Sci. Keywords: melt inclusion, glassy inclusion,
zircon, piston-cylinder, rare earth element. Corresponding author: suzuki.kouta.22u@st.kyoto-u.ac.jp
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