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P-T-fluid evolution of retrogressed pelitic granulite from the Limpopo Complex, South
Africa
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A geochemical constraint on the formation process of
the siliceous mudstone of the Juras
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Manganese (Mn) carbonate nodules, which are different from seafloor Mn nodules mainly composed of MnO2, are occa
sionally embedded as a lens shape in the Jurassic accretionary complexes such as the Tamba-Mino-Ashio Belt in Japan. T
interpretation of the formation process of Mn carbonate is still controversial, namely whether the Mn carbonate was formed
primarily or secondarily. The optical observation of thin sections shows that Mn carbonate nodules are comprised with abrade
grains of rhodochrosite spherule with radiolarians and are sedimentarily embedded in siliceous mudstone. Microfossil radiolar
ians from the Mn carbonate nodules and the host red siliceous mudstone are dated as the Bajocian (170.3 ? 168. 3 million yec
ago), but radiolarians in the nodules are somewhat older than those in the host red siliceous mudstone. In this study, geochemi
analyses focusing on the rare earth element (REE) were performed to unlock the formation process of Mn carbonate nodules
the Tamba-Mino-Ashio Belt.

Our analysis using the X-ray absorption near-edge structure on Ce shows dominance of trivalent Ce at present, despite of
positive Ce anomaly in the PAAS-normalized REE pattern of Mn carbonate. The REE adsorption experiment on synthesize
MnCQO3 does not show any distinctive positive Ce anomaly and a thermodynamic calculation suggests the possible coexisten
of authigenic rhodochrosite and spontaneous oxidation of Ce. The leaching experiment that can selectively decompose carbon:
phase demonstrated no Ce anomaly in the carbonate phase of Mn carbonate and poor contribution to the bulk REE concentratic
The most plausible account of all the observational and experimental results is that rhodochrosite grains were primarily formec
on the depositional site and subsequently transferred to the different site where siliceous mudstone was deposited.
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Chronology and isotope study for Cretaceous and Paleogene Granitic Rocks SW Japan
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We especially focus on (1)spatial-temporal variation of granitic rock, (2) temporal variation of isotopic signature and whole
rock chemistry and (3) tectonic and dynamic setting that caused the observed spatial-temporal variation and provided heat for tt
melt generation, based on the U-Pb zircon age, whole rock chemistry and Sr isotope ratio.

U-Pb zircon age determinations using LA-ICPMS was performed on total 81 rock samples. The obtained age ranges from 9
Ma to 30 Ma, with a possible temporal gap between 60 Ma and 50 Ma. During 95-60 Ma, the systematic migration of granitoid
magmatism from the south to the north occurred. We also compile temporal variation of petrological signatures from literature. As
a result, we observed (1) initial ratio of Sr isotopes (87Sr/86Sr) decreased from enriched characters (0.7090-0.7065) to deplet
ones (0.7065-0.7050), and (2) rock types of granitoid changed from ilmenite-series to magnetite-series.

In this study, we also conduct Sr and Pb isotope initial ratio and whole rock chemistry of dated granitic samples. Based or
these results, we discuss the origin of these variations and origin of granitic rocks in the SW Japan.
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In this study, radioactive minerals from three localities of pegmatite deposits in the Setouchi province, which belongs to the
Inner Zone of SW Japan, were described by combining EPMA and LA-ICP-MS analytical data. This was done in order to discuss
the distribution of trace elements and REEs between minerals. Late Cretaceous granitoids of the Inner Zone occur in east-we
zone with lateral extension of ca. 800 km on the west side of the Itoigawa-Shizuoka Fault [1]. Previous K-Ar dating and Rb-Sr
dating for granitoids of the Sanyo Belt from the southern part of Hiroshima Prefecture yielded the ages of ca. 78-89 Ma [2, 3].

Two groups of granitoids of the Sanyo Belt were collected from pegmatite deposits in the Mihara Mine area (Hiroshima Pre-
fecture) and in the Omishima Mine area of the eastern Geiyo islands (Ehime Prefecture), respectively. The other one from th
eastern part of Takanawa Peninsula (Ehime Prefecture) was also examined in this study. Micro-textures on thin sections wel
observed by using EPMA (JXA-8800), and CHIME dating for monazites on the textures was performed by using the other
EPMA (JCXA-733). Zircon grains, which were extracted from the rocks, were analyzed for the preliminary examinations for
investigating U-Pb ages and chemical characteristics by using ICP-MS with femt-second laser. The 91500 Zircon Standard we
used for this LA-ICP-MS study.

Several radioactive minerals such as monazite (the ideal formula C&f® LREES, Y and Th etc.), zircon (ZrSi, allan-
ite [(CaR)2(Al,Fe,Ti);Si30:2(0OH); R = Ce, Mn, La, Y and Th], apatite [G&POy)3(F,Cl,OH)], xenotime (YPQ) and thorite
(ThSiO,) were found commonly in some of the examined rocks from Mihara, Omishima and Takanawa. Titanite (§aTiSIO
was observed in others. On the basis of description in the present study, we confirmed that the amount of monazite is decreas
remarkably with increase of allanite or titanite probably due to supply of Th and LREES to these minerals.

The following micro-textures were described in the present EPMA study: the reaction of "monaziecen + thorite + al-

lanite + apatite” (Mihara); (2) the assemblage of thorite + xenotime and the outer rim of anhedral to subhedral zircon (Takanawa)
(3) euhedral zircon with negative crystal growth due to coexistence with thorite (Mihara). All of these textures imply the influence
by hydrothermal metasomatism in the latest stage of plutonic magma process. The LA-ICP-MS study demonstrated the chemic
characteristic that Th/U ratio of zircons from Mihara was decreased toward rim (i.e. core: 0.8-0.4; rim: 0.5-0.2 or less) due to
breakdown of monazite in later stage. Together with this, Th, P and LREESs were supplied to thorite, allanite and apatite. This re
sult suggests that the Th-U distribution in zircon is caused by element partitioning between phases but not the difference betwee
metamorphic or igneous processes. On the basis of CHIME dating, we confirmed that the primary monazite in a pegmatite fron
Mihara formed at the late Cretaceous age of 81.7 +/- 6.4 Ma (error: 2 sigma). To discuss precisely the process of crystallizatio
differentiation of this plutonic magma, additional zircon dating might be required.

References: [1] Ishihara and Murakami (2006) Bull. Geol. Surv. Japan, 57, 89-103 (with English abstract); [2] Higashimoto et
al. (1985) Geology of the Kure Distinct, Geol. Surv. Japan (with English abstract); [3] Nakajima et al. (1990) Contrib. Mineral.
Petrol., 104, 381-389.
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Spinel is a common accessory mineral in ultramafic and mafic rocks, and because of its refractory nature, chemical compos
tion of Cr-spinel is frequently used to infer the geotectonic environment of the rock which contains them. The tectonic setting of
the largest layered ultramafic to mafic intrusion in the world, the Bushveld Complex, is still debated, with some studies suggest
ing a plume origin, while others arguing for a subduction setting. Few mineralogical studies have been carried out to address th
possible tectonic setting. This study presents detailed petrographic and mineral chemical characterization of two types of spine
occurring within the Apiesdooringdraai peridotite, an extensive peridotite body that is spatially associated with the marginal sills
and lower chill sequence, considered as parental to earliest magmas to the Bushveld Complex.

The peridotite body is composed mainly of olivine and orthopyroxene with minor amphibole, mica, spinel, apatite and sul-
phides. The first type of spinel is euhedral to subhedral and Cr-rich with Cr# (=Cr/(Cr+Al)) of 0.58 to 0.78 and Fe# (=Fe/(Fe+Mg))
of 0.60 to 0.75. With respect to the trivalent cations, the Cr-spinel grains do not show any within-sample variations. Mn and Ti
are present in trace amounts. The second type of spinel is subhedral to anhedral and Al-rich with Cr# of 0.01 to 0.13 and Fe# «
0.25 to 0.34. Based on their petrographic and mineral chemical characteristics, the Cr-rich spinel is considered to represent tt
primary or near-primary spinel composition, while the Al-rich spinel is related to later fluid overprint contemporaneous with the
formation of amphibole and mica in the rock. The later is further supported by the Ni and Zn contents in the Al-rich spinel, more
than those in the Cr-spinel.

In comparison with a compilation of Cr-spinel composition from various tectonic settings, this study places constraints on the
possible tectonic setting of the Bushveld Complex layered intrusion, forming part of the Bushveld large igneous province (Rajest
etal., 2013).

Reference

Rajesh, H.M., Chisonga, B.C., Shindo, K., Beukes, N.J., Armstrong, R.A. (2013) Petrographic, geochemical and SHRIMP
U-Pb titanite age characterization of the Thabazimbi mafic sills: Extended time frame and a unifying petrogenetic model for the
Bushveld Large Igneous Province. Precambrian Research (in press).
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Significance of Fe-Cu-Ni-sulfide inclusions in plagioclase megacrysts from Japan
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Paleomagnetic results are reported for the White Pine stratiform sedimentary copper (SSC) mineralization, northern Michigar
U.S.A. Paleomagnetic analysis of 176 specimens (19 sites) using mostly thermal step demagnetization isolated collinear charg
teristic remanent magnetization (ChRM) directions in both magnetite and hematite in both the SSC zones and overlying pyritic
and upper zones of the Nonesuch Formation. A paleomagnetic fold test is positive, showing that the normal-polarity ChRM is
prefolding in origin. There is no statistically significant difference at 95% confidence between the tilt-corrected paleopoles for
the SSC zone and the overlying unmineralized host rocks of the pyritic and upper oxidized zone of the Nonesuch Formation
indicating that the SSC mineralization is co-eval with host rock oxidation. Combining the ChRM directions from this study and
from Henry et al. (1977) gives a paleopole at’N3174.7E (N = 29, Ays = 3.0°) for the SSC mineralization and nonminer-
alized host rocks sites, yielding an age of 1063+/-8 Ma on the Keweenawan Apparent Polar Wander Path. Thus the observe
paleomagnetic age is likely to date both the average age of oxidation and mineralization of the SSC zone, supporting the nee
for gravity-driven recharge of subsurface brines by meteoric water from adjacent highlands to supply the epigenetic oxygen an
copper to form the White Pine deposit.

Keywords: Paleomagnetism, Ore Genesis, Stratiform Sedimentary Copper, Mesoproterozoic, U.S.A.
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Internal textures and chemical composition of zircon from high grade metamorphic rocks

of Southwest Group, Sir Lanka
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High-grade metamorphic terrene of Sri Lanka, consists of four major crustal units as, Highland Complex (HC), Wanni Comples
(WC), Vijayan Complex (VC) and Kadugannawa Complex (KC). Western part of the HC is also regarded as Southwest Groug
(SWG). The SWG is dominated by garnet biotite gneiss, garnet biotite cordierite gneiss and charnockitic gneiss. In these roc
types, zircon is identified as a major accessory mineral. During metamorphism, detrital zircon can be recrystallized. Thus, the
preserved internal textures particularly, igneous oscillatory zoning can be progressively changed into: convoluted, blurred, an
thickened. Then, the dominant texture is transgressive zircon patches and lobes. By introducing a chemical and internal textur
classification of zircons, to SWG of Sri Lanka, it may helps to identify the relationships between chemical and internal textural
domains, and petrological evolution of the rock. Basically, zircon occurred in matrix and as inclusions in garnet, biotite, and
cordierite. Average chemical formulas of the studied zircons in these three different rock samplesyggElfgro12Sii 04304,
Zrg.945Hf0.013S1.039004, Zrg.936Hf0.010S11.04704, respectively. Using backscattered electron (BSE) images from electron probe
micro analyzer (EPMA), several types of internal textural domains were observed as detrital core, and overgrowth patterns
Overgrowth patterns are fir-tree texture, radial zoning, resorption, euhedral faces, and planner banded zoning. These textures ir
indicate the different geological and petrological events. According to the chemical analysis, Hf content may not contribute to the
zoning of zircon. Then, further consideration should be based on the other trace elements and rare earth elements (REE). Zirci
structure is available for the large radius atoms like REE, and especially, radiogenic elements may causes the damage of zirc
structure. It is usual to observe that pleochroic halo around the zircon and fracture patterns during the long period of time. The
damaged and fractured area allows the impurity elements (Ca, Al) to enter the zircon structure. Then, these impurities could b
detected in considerable amount, in highly darker area of the zircon. The changes of internal textures of zircon, that is, oscillator
zoned zircons, gradually get faded and the chemical bands during the recrystallization may appear as new bands around rim at
and sometimes in core area. Later, transgressive recrystallization patches developed with loss of trace elements (Pidgeon et
1998). In the case of high grade metamorphism finally, the all the banded pattern get disappeared. These transformations higt
related to the metamorphic stages and the observed textures, in different grade of rocks and shows respective textural behavio
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Keywords: Sri Lanka, Zircon, Metamorphic rocks, Internal textures of zircon, Polymetamorphism
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northern Kyushu, Southwest Japan

0000 ™ 000032,00003%0000400000°5
Masaki Yuhard*, KAMEI, Atsushi?, KAWANO, Yoshinobi#, OKANO, Osamd, KAGAMI, Hiroo®

lopgoooo0,20000000000,300000000000,40000000,°000
I'Fukuoka Univ.2Shimane Univ.2Rissho Univ.;!Okayama Univ.?Omachi

gooooooooooo0ooooooooo0oooooo-0ooggooooooooOoOooOoo sroocooga
oo0o0doooooooooooooOoOo srgggooooooooooooOOo00o0OoOoUobooOOoOO198sy
ooooglie4ooooooooooobooooogooooooooooooobooooooooooooooooD
oooooooooOo0oOoooooo0oooobOoooOOo0ooozolzIODooooOoOoOoOooooDoOooOoOoooooDO
0000000000000 0000000000O000O000000O0O00000O0O000O0O0O000 Rb-sSrO
Oo00000000pooOo0O0O0O000ooOoOO0O0O00OooOooooO srO00o0ooogosrDoooooooon
goooooooboboooooooooboboooooooobOobooboooobDobobobobobooobDoD
cooooooooooOoooooooo0oOoooooooooo0goooDOooOodoogoooDoboog srio
oboooboooooboooon

Oo0oo0o0oO00ooo0oOooobOoOo0ooOooOooDbO0oobooOoOo0DO0oooODObOOoOobooOo1essuODnDoOong
boooboooobooboobooooobooooboooboobooooboooboooboobooobooo-0oboooa
co00o0ooo0oooo0o0ooo0o0oo0oU0ooo00oDoOoU0oOOooOOooOoOooooOooDoz200800D0O0O00O
obooooooobobobooooooooboooboboooooooooboboboobooboobOobobooboooon
OOoO0oDOO0oO0o0opi1es40000Do00DObO00DoOd 1embO 100cmMOOO00D0OOOODOOOODOOODOOOOO
ooo0oDo0o0obOb0OO0 1ocmdd 100mMi00OCO0O0OOOO0ODOOOO0ODODOOO0ODOOOODOOOOOOODOODOOOD
0002013J00000000000097.0# 0.9Mal 98.1+ 0.8Mal Rb-ST0OD-00000O00O00OOOOOO
000000000020120000000000000000118.0+¢ 11.3Mald Rb-SIOOOOOOOOOOOOO
O0000ooooopoop193ooggooooooooo0gooooooogooooooogoooDooo
ooooooooooOoooooooDoboboOoob20130ooo0o0ooooooobooooooooooooooDon
obooboobOooobooobOoooobooboooooboooobooobooboooooboo-oboooobooonog
oooooooooooooooooobooOooo-o0ooooobOOobO0o0oooDboObO0o0oooDDD IemoogooO
boooboobooooobooon

goooooo0oooo0ooOoooOoU0oooO0ooooO0oooOoo0UobOoOoOOooDbDOoDOoODo200 srooQd
oo0000000oo siG000000f0fd0oooo0O000000o0o0o00ooooooOoOooooUobDOooOo
oooooo srO0000OD0O00 SrOoooo0oooooOoooooOooooO srbOboooDoboOooooboooo
goCoooOoOooooo sicUO0fdoooooooooooooooooooO0 sr0d0d0nonlzawa etald 198910
Oo000i199a119941 0000000000 SrO000000 SrO00000pooo0o0oooopoooooooonoo
gooooooooOooooOdoOoooo0oooUooooo0ooooOUoOoDoOOoO sroocogoooooooo
coooooobooooooOooooobOoOooobOoOoOoo0ooDboOoOoDOoOOobOOoOooDOoOOoOooOoOg sroooooDo
obooooooobOobobooooooobOobobooooooooobooboboooooooboobooboooon
gooooOoOoOoOoOoOOOOOOODOOOODOOO sIGOOO0DOOOOOO0O0O0O00O00 sicUOoOoOooooon
OooooboOooooboooosSroooooooo soosrobboooobobooooooooon

105Ma] 110M&eJ 115Mal 00 000000 Sric0fdooooodoooooooooooooooooooag
cooooooooooo srigopooo0oooboo srbogoooooooo0opooooooDooOooboooOooOoo
Srroo0d0 Srogoooooooooofdooooooooobooooooboooooooooooooo sroob
ocoooooooooooooo sriooobbooooobooooobooooooOooooboOo srooopoooooo
Oo000O000RL-SIOO00O0O0O0O0O0O0O0OOOOOOOO0O0O00000

oooooD:0o0bo0ooo,opoooog,sroogooo
Keywords: Soeda Granodiorite, whole-rock chemical composition, Sr isotopic composition

1/1



Japan Geoscience Union Meeting 2013 0/0)

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

SCG61-P09 go:booboboobo 00:50 220 18:15-19:30

Joogooogd

_ oooooQg
Petrogenesis of the Ao

granite in the Ryoke belt, southwestern Japan.
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Granitic plutons of the Ryoke belt in the eastern part of Kinki area have been studied mainly by field research and petrography
however, geochemical research of these plutons has not been done enough. Among these plutons, the Ao granite is one of the la
plutons and it extends 34 km from east to west and 10 km from north to south at the border between Nara and Mie prefectures. |
this study, we have analyzed whole-rock chemical compositions of the Ao granite and discuss the petrogenesis of the pluton. TF
Ao granite is fine-grained biotite granite containing muscovite, and medium-grained biotite granodiorite containing muscovite
distributes some part of the pluton. 15 samples were analyzed for major and minor chemical compositions by X-ray fluorescenc
spectrometer. Sipcontent of the Ao granite range from 65.6 wt.% to 74.9 wt.%. It shows intermediate composition between
I-type and S-type in the ASI (alumina saturation index). Saistribution within the pluton shows reverse zoning. Whole-rock
geochemical characteristics of the Ao granite shows that the parental magma of the granite might have chemical relationshif
with surrounding migmatites of the Ryoke metamorphic belt.
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High-MgO and Low-MgO plagioclase phenocrysts in the 2011 eruption products of Shin-
moedake, Kirishima volcano, Japan
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Plagioclase phenocrysts in the 2011 eruption products of Shinmoedake, Kirishima volcano is divided into high-MgO and low-
MgO types, which may represent the two end components of mixing of magmas and may reflect the different temperatures c
crystallization/annealing in the magma chamber. The MgO contents in plagioclase generally delineate increasing trends wit
decreasing Ca/(Ca+Na) ratio, and the MgO contents of the high-MgO plagioclase in the eruption products are 3 to 4 times highe
than that of low-MgO type plagioclase. The high-MgO type generally have fairly homogeneous core with Ca/(Ca+Na) ratio of
0.82-0.92, whereas the Ca/(Ca+Na) ratio of the low-MgO type plagioclase ranges from 0.50-0.87. The high-MgO type plagio-
clase has voids in the core, whereas the low-MgO type plagioclase shows patchy or oscillatory zoned cores. The high-MgO typ
plagioclases generally have thin rim of lower Ca/(Ca+Na) ratio and high-MgO contents, whereas the low-MgO type may or may
not have thin rim of high-MgO composition. The available experimental data suggest that three to four fold variation of the distri-
bution coefficient of MgO between plagioclase and melt may be accounted for by differing temperature of crystallization and/or
annealing. The distribution coefficient as defined by D(MgO)=(MgO)plagioclase/(MgO)melt varies from 0.05 at 1100-1200 de-
gree C (Sato, 1989) to 0.021 at 950-1050 degree C (Sisson and Grove, 1993). The annealing temperature of the lower temperat
dacitic magma is estimated from rare white pumices to be 850-900 degree C, whereas the high temperature end magma he
1000-1050 degree C from the pyroxene thermometry. We suggest that variable Ca/(Ca+Na) ratio of the core of low-MgO type
plagioclase recorded previous intrusion events in the magma chamber, and Mg subsequently equilibrated in the low temperatu
dacitic magma in the magma chamber. The time scale of the diffusion annealing of Mg in the low-MgO plagioclase is more than
1000 years if we use the diffusion coefficient of Mg in plagioclase by LaTourrette and Wasserburg(1998). The thickness of the
high-MgO rim in the low-MgO plagioclase is from 0 to 20 microns with sharp boundary against the core, suggesting short time
duration between the mixing of magmas and the eruption.
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Possible collateral growth of columnar joints and groundmass crystals in an andesite lave
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Geochemistry of the Miocene volcanic rocks distributed around Utsunomiya, central Japa

0oooo ™ 00002
Ryuichi Shimizd*, Yoshinobu Kawan®

0000000000 0O000O0O0,?200000000000
IGraduate School of Geo-environmental Science, Rissho UniveiBigulty of Geo-environmental Science, Rissho University

gooooooboooobooobooboooboobooobooobbooobDoooobbOobooooboobooboDo
000000000000 000000000000000000000O000O0O0O00O00O0 (2998 OO0 UO (2001
OO0 (2010)0 000000000000 K-ArO00000000000000D0 148g]166Ma0O0OD0OOOOOOO
42Ma0 0000000000000 00O0DODOOOODODOOCOO0O00O0O00O0OODOOOOO0O000O0OODO
0000000000000 0000000O00O0000O00O0O0OOnoOotofujietal.(19850 00 (20090000000
gooooooobobooooooooboboboooboooooobDoboboooboOooDobDobDobooobooo
gbooobobooooobooobooogoboooooboboooooboo

000000doo0O00o00o00dooooO0o0o0oUoooO0o0oUUoooOD0oUOO0 (bobooooooooon)
go0COOoQOOO0O0O0O0OO0O0OoUUo (UuUoOoO2012pooooOOoOOOOOOOOOOCOCODODOOOOOOOO
booooooobobooooooooboboboooobooboobobobooobooboOoboobOoboooooboon
uboooboboooooboooog

000000000000 XOOoDoooooDOOoODODODOOODOODODOODOOODODOD SIGOD bane3wWxI 000000
O7082wtvd 0000000 77082wtx 00000000000 ON-MORBODOODOOOOOOOoOoooDoOOOO
ooOoLLODOO0OO0OHRSOOOODOOOOOOOOOOOODOODOOOOODOOOOOODODOOOOOODOD
ooooooooooouLoooooobooboboo0ooooooooooo0ooooooooDooOoboboooooooooD
000000000 Si000000 FeOzs0 CaOODOOODDOOOODOOOOODOOUOODOOOODO K.OO Bad
RbO0OODODOO0O0OO0O00O0000O00ODO0O0O0O SIGGUIDOND0O0O0O0O0D0D0O00O0O0000000000000n00o0OO
oooobooobooooboooboboooobooboooobooboboobobooyY0 ZrooboobOODOOODOO
ocoooooooooooooOoooyoO ZrDOOOOODOOOODOODODOOOODOOOOODODOOODOO
booboooobooboobooobOoobooobooooboobOOobooooOoobooobOooooboooOoboOoon

gooood:ogo,0obo,bodoooo,boo0oooo
Keywords: andesite, rhyolite, Miocene, Utsunomiya area

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]’;‘;g‘;‘sgiem

Union

SCG61-P13 go:booboboobo 00:50 220 18:15-19:30

JodooooodoooouBsOdooooooooooo
In-situ elemental analysis with laser-induced breakdown spectrometer (LIBS)
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The relationship of smectite crystal shape and growth rate
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Atomic columns in rock-forming mineral using Cs-corrected STEM
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