Session
2021 Annual Meeting of Japan Association of Mineralogical Sciences (JAMS)

[ Oral presentation | R8: Metamorphic rocks and tectonics
& Fri. Sep 17, 2021 2:00 PM - 4:45 PM JST | Fri. Sep 17, 2021 5:00 AM - 7:45 AM UTC | & Zoom Session 1
R8: Metamorphic rocks and tectonics

Chairperson:Yoshihiro Nakamura, Shunsuke Endo

[Chairperson]
Yoshihiro Nakamura: R8-07 - R8-11
Shunsuke Endo: R8-12 - R8-16

2:00 PM - 2:15 PM JST | 5:00 AM - 5:15 AM UTC
[R8-07] UHT metamorphicrocks from northern Mogok, Myanmar
Khaing Nyein Htayz, *Yasuhito Osanail, Nobuhiko Nakanol, Bolgbaatar Dolzodmaa®, Ippei Kitano3, Zaw

Htet?, Tatsurou Adachil, Masaaki Owada® (1. Kyushu Univ. SCS, 2. GIM, Myanmar, 3. Tochigi Pref. Mus., 4.
Kyushu Univ. ISGS, 5. Yamaguchi Univ.)

2:15PM - 2:30 PM JST | 5:15AM - 5:30 AM UTC

[R8-08] Mixing and fluid-related processes in the slab-mantle interface during incipient
subduction: records from the Dalrymple Amphibolite, Philippines

*Gabriel Theophilus Vinalay Valeral, Tetsuo Kawakamil, Betchaida Duetes Payot? (1. Kyoto Univ., 2. Univ.
of the Philippines)

2:30 PM - 2:45 PM JST | 5:30 AM - 5:45 AM UTC

[R8-09] Pressure-Temperature path of a pelitic gneiss from Menipa, Ser Rondane Mountains,
East Antarctica

*Tetsuo Kawakamil, Masayasu Suzukil (1. Kyoto Uni. Sci.)

2:45PM - 3:00 PM JST | 5:45AM - 6:00 AM UTC

[R8-10] Uranium-Lead ages of grossular, titanite and apatite in a pelitic schist (Menipa, Sar
Rondane Mountains, East Antarctica)

*Sota Nikil, Tetsuo KawakamiZ, Tatsuro Adachi3, Masaoki Uno?, Fumiko Higashino?, Takafumi Hirata® (1.
Univ. Tokyo Sci., 2. Kyoto Univ. Sci., 3. Kyushu Univ., 4. Tohoku Univ.)

3:00 PM - 3:15 PM JST | 6:00 AM - 6:15AM UTC

[R8-11] Counterclockwise and clockwise P-T histories recorded in a single sample?
(Brattnipene, Ser Rondane Mountains, East Antarctica)

*Hayato lkedal, Tetsuo Kawakamil, Fumiko Higashinol (1. Kyoto Uni. Sci.)

3:15PM - 3:30 PM JST | 6:15AM - 6:30 AM UTC
(5

3:30 PM - 3:45 PM JST | 6:30 AM - 6:45 AM UTC
[R8-12] Non-barometric behaviour of Na pyroxenes in blueschist-facies metamorphic rocks
*Wataru J Yabutal, Takao Hirajima2 (1. Non, 2. Kyoto Univ.)

3:45PM - 4:00 PM JST | 6:45 AM - 7:00 AM UTC
[R8-13] Crystal size distribution and compositional zoning of garnet formed by two-stage
growth in the Kotsu eclogite and basic schist, Sanbagawa belt

*Otgonbayar Dandarl, Atsushi Okamotol, Masaoki Uno! (1. Tohoku University. Graduate School of
Environmental Studies)

4:00 PM - 4:15PM JST | 7:00 AM - 7:15AM UTC



Session
2021 Annual Meeting of Japan Association of Mineralogical Sciences (JAMS)

[R8-14] Formation of garnet aggregate of the Khungui eclogite in the Zavkhan Terrane, Western
Mongolia

*Manzshir Bayarbold?!, Atsushi Okomatal, Otgonbayar Dandar!, Masaoki Uno?, Noriyoshi Tsuchiyal (1.
Tohoku University)

4:15PM - 4:30 PM JST | 7:15AM - 7:30 AM UTC

[R8-15] Occurrence of CH4-N,-bearing aqueous fluid inclusions in jadeite-bearing chlorite-
grossular rock from the New Idria serpentinite body, California

*Rio Riol, Tatsuki Tsujimoril (1. Tohoku University)

4:30 PM - 4:45 PM JST | 7:30 AM - 7:45 AM UTC
[R8-16] Garnet zoning in the Yukinoura serpentinite mélange, the Nishisonogi metamorphic
rock.

*Tadao Nishiyamal, Koouhei Unokil, Akira Yoshiasal (1. Kumamoto Univ.)



R8-07

— AR H ARSI R 22021 FF L -

SyUv—-EIdvIVLAICREESNS UHT ERE
Khaing Nyein Htay (GIM, Myanmar) «/)> [ PNEE A (JUN K) « Hf B 2 (JUp oK)
Boldbaatar Dolzodmaa (JLM K) « AL EF— 2 (F5 A JR A2 -

Zaw Htet (JULMK) « @& S22 EH (JULM oK) « RFTH ER (1A k)

UHT metamorphic rocks from northern Mogok, Myanmar
Khaing Nyein Htay (GIM, Myanmar) , Osanai, Y." (Kyushu Univ), Nakano, N. (Kyushu Univ),
Boldbaatar Dolzodmaa (Kyushu Univ) , Kitano, I. (Tochigi Pref. Mus.),

Zaw Htet (Kyushu Univ), Adachi, T. (Kyushu Univ), Owada, M. (Yamaguchi Univ)
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Mixing and fluid-related processes in the slab-mantle interface during
incipient subduction: records from the Dalrymple Amphibolite,
Philippines
Gabriel Theophilus Valera'", Tetsuo Kawakami', Betchaida Payot?

'Department of Geology and Mineralogy, Graduate School of Science, Kyoto University
National Institute of Geological Sciences, University of the Philippines

The slab-mantle interface separates the downgoing slab from the mantle wedge in arcs. This shear zone
is the locus of complex mechanical and fluid-related processes which control the chemistry of fluids
and/or melts passing through. During incipient subduction, the slab-mantle interface is sometimes
preserved at the base of the ophiolite as a high grade metamorphic sequence. In this study, we present
the petrographic and geochemical signatures of the Dalrymple Amphibolite, a mélange sequence which
occur at the base of the Palawan Ophiolite, Philippines. The block-and-matrix sequence is composed
predominantly of metamafic blocks which record prograde metamorphism (~625 °C, 11.5 kbar to
~700 °C, 13 kbar) surrounded by a hybridized matrix with comparable peak metamorphic conditions
(~700 °C and 13 kbar). The surrounding matrix share characteristics of both metamafic and
metasedimentary blocks and is composed of kyanite+ilmenite+Ca-amphiboletbiotitetgarnettepidote.

The edge of some amphibolite blocks adjacent to the matrix are characterized by enrichment in light rare
earth elements (REEs), Th, U, Nb and Ta relative to their mid oceanic ridge (MOR) basalt protolith.
Such enriched signatures follow an apparent mixing line connecting metamafic and metasedimentary
blocks in the ternary Ni-Th-Rb diagram. The same trend is followed by surrounding matrix. This indicate
that the edges of the blocks may have experienced substantial mixing with the surrounding matrix
material during matrix-forming deformation events and before recrystallizing at peak P-T conditions.
The Grt amphibolite block B214-21furthermore, is cut by a Qz-Ky vein and contain local Al-rich zones
composed of Ky and Ep. These Al-rich zones occur in the interstices of Hbl and Grt and were possibly
once dilatant sites filled with fluids equilibrated with the matrix. Rutile grains included in the prograde
mantle and rim of Grt porphyroblasts of this sample record an abrupt increase in Nb content (= 161-6664
ppm) compared to those in the Grt core (= 175-266 ppm). This possibly indicate the pre-peak P-T mixing
processes during matrix formation.

The geochemical characteristics of the matrix largely mirrors the REE and extended trace element
patterns of some metasedimentary blocks. This is marked by enrichment in light REEs and large ion
lithophile elements such as Th and Pb in the MORB-normalized spidergrams. Notable differences
between the metasedimentary blocks and matrix were however also observed. At a given FeO/MgO ratio,
the matrix has lower Cl, Si and Sr content and higher concentrations of Th, Ni, Zr, Al and light REEs
with respect to the matrix. The potential role of mechanical mixing between end member components,
i.e. mafic basalt, sediments and ultramafics, and fluid infiltration in controlling the chemistry of the
matrix will be investigated.

Keywords: slab-mantle interface, fluid infiltration, Dalrymple Amphibolite
Corresponding author: gtv.valera@gmail.com
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Pressure-Temperature path of high-grade metamorphic rocks from

Menipa, Ser Rondane Mountains, East Antarctica
Tetsuo Kawakami*, Masayasu Suzuki (Kyoto Uni.)
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Precambrian Res.
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Uranium—Lead ages of grossular, titanite and apatite in a pelitic schist
(Menipa, Ser Rondane Mountains, East Antarctica)

Sota Niki (Univ. Tokyo), Tetsuo Kawakami (Kyoto Univ.), Tatsuro Adachi (Kyushu Univ.), Masaoki
Uno (Tohoku Univ.), Fumiko Higashino (Kyoto Univ.), Takafumi Hirata (Univ. Tokyo)
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FRic A T ZE RS O IEREIEY T H 2 —
Hi, AR WY 7 VIR D 72 o R T EARNE 28 K
HThotz, L2LAEYL, BFOL —HF—
7 7L — a3 v ICP E &5 HTi(LA-ICP-MS)
D R[1BJICH, A ZED S HEED
SNt B 1B O EREE R R Y T v -
E(U-Po)FARHNE 23 0T HE & 7n o 72 [4].

AWFZECIE R — L - o v & — 3 (L
(SRM) A — = NICET L RERAICERL,
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H. etal., 2017, JAA4S. [3] Makino, Y., Kuroki, Y., Hirata, T.,
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Counterclockwise and clockwise P-T histories recorded in a single
sample? (Brattnipene, Ser Rondane Mountains, Antarctica)

Hayato Ikeda*, Tetsuo Kawakami, Fumiko Higashino (Kyoto Univ.)
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I RFTAC Yy Crd+Spl DJEARFES 5 &
26, ROWMEIG TR I - E 2 5.

Grt B+SiHH0 — Crd+Spl  (2)
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VTV I XA M FEET S, CrdtQz VT L
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5 [FSCHk: [1] Jacobs et al., 2003, Precam. Res., 126, 27-53.
[2] Osanai et al., 2013, Precam. Res., 234, 8-29. [3] Adachi et
al,, 2013, GSL, 383, 113-133. [4] Baba et al., 2013, Precam.
Res., 234, 210-228. [5] Tomkins et al., 2007, IMG, 25, 703-
713. [6] Spear et al., 1999, CMP, 134, 17-32. [7] Holdaway,
2001, Am. Min., 86, 1117-1129.

Keywords: continental collision, granulite, Zr-in-rutile geothermometry, trace element
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Non-barometric behaviour of Na pyroxenes in blueschist(BS)-facies

metamorphic rocks

YABUTA Wataru*, HIRAJIMA Takao (Kyoto University)

We provide a report on the chemical compositions of Na pyroxenes (Na-Px) in low-grade
metabasalitic and metasiliceous rocks and envisage the reaction relations involving them.

Na-Px provides premier pressure indicators applicable to a wide range of metamorphic
rocks. Although thermodynamic modelings have been developed to reproduce natural mineral
assemblages in most P-T ranges (Carpenter, 1980; Holland, 1983; Holland and Powell, 1996;
Green et al., 2007; Diener and Powell, 2011), Jd-Di-Aeg ternary diagram is still under debate.
Therefore, observations on natural occurrence have a crucial role in constraining such models.

The Hakoishi sub-unit (Kamimura et al., 2012), in the Yatsushiro area, Kyushu, Japan is
represented by the intercalation of metachert and metabasaltic rocks in serpentinite melange. The
metabasaltic rocks are characterized by the mineral assemblage of Pmp + Na-Px + Chl or Lws +
Na-Amp + Pmp, with the latter Amp-bg. one representing higher grades. The sub-unit is
interpreted as a former oceanic crust metamorphosed at 30 km depth (200-300 °C, 0.45-0.80 GPa;
Sato et al., 2016). The metacherts in the study area are mixed with Fe/Mn ores to various extents.

In the metacherts, Na-Px occurs as acicular or fibrous grains, coexisting with Chl + Pmp,
Chl + Lws or Lws + Ab in the Qz-rich part and Na-Amp + Pmt in the Fe-rich parts. In addition,
Na-Px occurs as mono-mineralic veins, possibly synchronous to the matrix Na-Px. Generally, the
Na-Px are Di-poor and show a variety of Jd contents, perhaps reflecting the Ca-poor nature of
metacherts. With importance, 2 points characterise the observations: (1) chemical variations within
a hand-specimen size (Xj4 = 0.3-0.45 in Qz-rich part and 0.15-0.25 in Fe/Mn-rich parts) (2) strong
correlation of Jd contents to the presence of Na-Amp (X4 = 0.15-0.35 in coexistence, 0.20-0.60 in
others).

Interestingly, this tendency is also the case for Na-Px in the metabasaltic rocks in the
study area (Sato et al., 2016); Na-Px associated with Na-Amp is Jd-poorer than those in
Na-amp-free samples even in the higher-grade area. We performed Schreinemakers’ analysis of the
phase relations in both metabasaltic rocks and metacherts to evaluate the effect of Na-Px
compositions. The revised Schreinemakers’ nets in the two systems suggested that the Na-Amp
bearing assemblages (1) should occur in higher grades of the study area and (2) could have a
stability field enlarged to lower-grade when Jd-poor (and Di-rich) compositions are assumed.

These observations demonstrate difficulty in determining representative compositions of
Na-Px in low-grades and needs for further natural observations. As for now, we conclude that (1)
Jd components of Na-Px in the Di-Poor Aeg-Jd system are affected by other associated minerals,
even when coexisting with Ab and Qz and (2) Na-Amp effectively reduces Jd contents when

coexisting with Na-Px, in BS facies.

keywords: Na pyroxene, Blueschist, Geobarometry, Schreinemakers’ analysis
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Crystal size distribution and compositional zoning of garnet formed
by two-stage growth in the Kotsu eclogite and basic schist,
Sanbagawa belt

OTGONBAYAR DANDAR!", ATSUSHI OKAMOTO!, MASAOKI UNO!

! Department of Earth Science, Graduate School of Environmental Studies, Tohoku University

The nucleation and growth history of crystals during metamorphism are recorded both as crystal size
distribution (CSD) and compositional zoning from core to rim. In particular, the crystal size distribution
of garnet has been investigated and modeled by relative rate of nucleation and growth, and coupled with
diffusion. As garnet is commonly formed during prograde metamorphism, the incremental amount of the
garnet growth at individual P-T conditions is essential information to elucidate the water release at the
subduction interfaces. Conventionally, there are two type models on CSD; one is the nucleation and
growth rates are defined as a function of time (e.g., Spillar V. & Dolejs D. 2013), and the other one is
growth rate is defined as the size (Eberl et al., 1998). However, it is still uncertain which model is more
appropriate, as the data aquations of CSD from thin sections and the composition of “true” core are very
difficult due to the cut effects. In this contribution, we showed the detailed data showing the relationship
between CSD and compositional zoning of garnet in the Kotsu eclogite and basic schist in the Sanbagawa
metamorphic belt, Japan. This eclogite sample is suitable to this trial, because garnet grains show
euhedral shape and record two-stage growth history composed of the core containing abundant mineral
inclusions (epidote, plagioclase, chlorite, carbonate, titanite, quartz, and omphacite) and poor-rim.

The crystal growth of garnet in the eclogite is divided into two stages. The garnet grains are
euhedral and composed of the inclusion-rich core (stage 1) and poor-rim (stage 2). The core shows
prograde zoning (from core to rim), characterized by decrease of Xmn (0.025 to 0.005), increase of Xy,
(0.06 to 0.12), decrease of Xre (0.65-0.55), and almost constant of Xc¢, (0.27-0.35). The smaller cores
have lower Mn and higher Mg contents, suggesting that nucleation at the later stage. All grains have an
inclusion-poor rim showing Mn increase. Similarly, the crystal growth of garnet in the basic schist is
divided into two stages: core showing increase of Xr. (0.52-0.65) and rim displaying decrease of Xr.
(0.65-0.56). One of the interesting observations is a positive relationship between the diameter of the
inclusion-rich core and the growth width of the inclusion-poor rim, meaning that the growth rate is
proportional to the grain size. We will construct the nucleation and growth model to reproduce the CSD

and the trend of growth zoning, and discuss the mechanism and water production history.

Keywords: Crystal size distribution, Compositional zoning, the Kotsu eclogite, Sanbagawa belt
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Formation of garnet aggregate of the Khungui eclogite in the
Zavkhan Terrane, Western Mongolia

Manzshir Bayarbold"; Atsushi Okamoto; Otgonbayar Dandar; Masaoki Uno, Noriyoshi Tsuchiya
Graduate School of Environmental Studies, Tohoku University

Garnet is one of the most important minerals that records the dehydration process within the subduction
zone. The chemical composition of garnet is usually used to constrain the P-T conditions, but the fluid
chemistry and the amounts of fluids related to the garnet formation are not fully understood within the
deep subduction zone. For example, previous studies suggested that the mobility of HFSE (Ti, Nb, and
Ta) are high in the eclogite-facies conditions compared to the low-grade rocks (Chen et al. 2018). In this
study, we report the novel texture of garnet aggregate from the Khungui eclogite in the Zavkhan terrane
of western Mongolia. We reveal that the variation of garnet texture and compositional zoning is closely
related to the occurrence of the distribution of Ti-bearing minerals (rutile, ilmenite, and titanite).

The Khungui eclogite consists of garnet, omphacite, quartz, amphibole (barrosite, taramite, hornblende),
phengite, plagioclase, epidote, Ti-bearing minerals, with minor K-feldspar, zircon and carbonate
mineral. Based on the mineral assemblage, three metamorphic stages can be classified: pre-eclogite,
eclogite (2.0-2.1 GPa, 445610 °C), and decompression (0.5—-1 GPa, 540-615 °C). The eclogite stage
is presented by garnet + omphacite + barrosite + epidote + phengite + rutile. Based on the garnet
microstructure and modal abundances of minerals, the Khungui eclogite is composed of two-types of
layers: layer I consists of garnet aggregate (GA), quartz and abundant Ti-bearing minerals whereas layer
II composed of single garnet grain (SG) with epidote and omphacite. The major element (Fe, Ca, Mg,
and Mn) compositional zoning of the GA shows asymmetric zoning whereas the SG shows symmetric
zoning. The EBSD analysis reveals that the GA contains numerous small individual garnet grains that
are separated by high angle orientations and the grain boundary of the GA is not controlled by the major
element zoning. The GA has inclusions of rutile and shows the close spatial relationship with rutile,
ilmenite, and titanite in matrix which are revealed through an analysis of thin section (Microscopy),
element map (EPMA), and core sample (uX-ray CT). In addition, each garnet grains of GA and SG show
the concentric zoning of a trace element such as V, Ti and are increasing concentration core to rim. The
GA was often fractured and shows the Mn-rich compositions along the fracture that is close to Ti-bearing
minerals which reveals that they formed in order of rutile => ilmenite => titanite at the retrograde stage.
These observations suggest that nucleation of garnet to form aggregate could be induced by infiltration
V and Ti-rich aqueous fluid at the eclogite-facies condition, and also later fluid-infiltration caused the
modification of garnet to form asymmetric compositional zoning of the GA and Ti-bearing minerals
(ilmenite to titanite) at the exhumation stage.

Keywords: Garnet aggregation, Fluid infiltration, Ti-mobility, HP metamorphism
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Occurrence of CH4,—Ny-bearing aqueous fluid inclusions in jadeite-

bearing chlorite—grossular rock from the New Idria serpentinite body,

California
Rio* and Tatsuki Tsujimori (Tohoku Univ.)

New Idria serpentinite body in California represents an exhumed forearc serpentinite containing jadeitite
precipitated in the mantle wedge. Jadeite-bearing chlorite-grossular rock found in the Clear Creek of the
New Idria serpentinite is one of the metasomatic ‘jadeitite’ varieties with a botryoidal texture. The rock
consists mainly of chlorite, grossular, and jadeite; irregular-shaped grossular aggregates and euhedral to
subhedral jadeites occur in the chlorite-rich matrix. The brittle deformation features of the grossular
aggregates suggest the grossular formation prior to jadeite. The characteristic botryoidal growth texture
and mineralogical features of the rock indicate that the rock preserves an incipient formation process of
jadeitite in serpentinite.

We studied primary fluid inclusions hosted in jadeite and grossular in the jadeite-bearing
chlorite-grossular rock. Jadeite crystals contain abundant, relatively large, two-phases liquid-rich
inclusions (~1.5-6 um in size) (Figure 1). The fluid inclusions are commonly isolated and/or form
clusters with various shapes, including irregular, ellipsoid, and prismatic shapes. Over 200 Raman
spectroscopy analyses have identified three groups of fluid inclusions comprising M, MN, and N-types.
There were, however, no relations among the shape, size, and fluid types. Type-M (mixed CHs—H20)
and type-MN (mixed CH4—N>—H0) inclusions are found in jadeite crystals. The distribution of those
two types of inclusions within a single jadeite crystal is random; they can be found next to each other.
In contrast, type-N (mixed N>—H;0) inclusions occur characteristically in grossular. Although the type-
MN inclusions are also found in grossular, no type-M was confirmed similarly in grossular.

N2-rich fluids have been found in some mantle xenoliths and rare orogenic eclogites. However,
they commonly coexist with CO»-rich fluids. Despite CH.-bearing aqueous fluids are very common in
jadeite-rich (or -bearing) metasomatic rocks associated with serpentinite, Nj-bearing fluids seem
extremely rare in the ‘jadeitite’ (sensu lato). Hz, CH4, and N2 gas mixtures have been reported from
serpentinization-related hyperalkaline springs and/or olivine-hosted fluid inclusions in mantle wedge
serpentinites. Recent studies notably concluded that the abiotic CH4 generation was linked with
serpentinization. Naturally, the source of CH4 of the New Idria jadeitite and the related-metasomatic
rocks can correlate to a serpentinization process. In addition, previous geochemical studies of New Idria
jadeitite revealed that the jadeite-forming fluids therein were derived from metasedimentary rocks.
Considering the hypothesis, the N2 was also most likely derived from the subducted sediments.

In this contribution, we will report the occurrence of the CHs—N-
bearing aqueous fluid inclusions and discuss the possible source of
nitrogen. Our finding might bring new insights into the nitrogen
cycle in the mantle wedge.

jadeite |

e
’

46 um Figure 1. Primary aqueous fluid inclusion in a jadeite crystal.
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metamorphic rock.
Tadao Nishiyama*, Kouhei Unoki and Akira Yoshiasa (Kumamoto U.)
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