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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.

00o0D:000000,00000,000, XAFS
Keywords: manganese carbonate, rare earth element, radiolarian, XAFS

1/1



Japan Geoscience Union Meeting 2013 0 ® ,’

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

Union

SCG61-03 0 0:102A O00:50 220 14:45-15:00

Jdooodoogdoodoogooodoodoodgooodn
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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