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Pulsed granitic crust formation revealed by comprehensive SHRIMP zircon dating of the
SW Japan granitoids
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The origin of continental crust is a fundamental question in Earth’s evolution. Granitoids, its volcanic equivalents, and meta-
morphic and sedimentary rocks with granitic compositions, are the main components of the upper continental crust. Itis therefor
important to understand the geodynamic settings in which juvenile granitic magma is generated from mantle-derived source:
Convergent plate margins, such as the Mesozoic circum-Pacific orogenic belts, are regarded as one of the plausible candidates
the post-Archean continental crust formation, as they are associated with abundant calc-alkaline I-type batholiths. However, th
fundamental tectonic processes that triggered these voluminous granitic crust formations in the Mesozoic have remained large
unresolved due to the lack of precise temporal constraints on the granitic magmatism. We are currently undertaking a compre
hensive geochronological study of the granitic batholith exposed in the Southwest Japan Arc, which is typical of the Mesozoic
circum-Pacific orogenic belts utilizing high-precision zircon U/Pb geochronology.

In order to precisely determine the space-time distribution of the granitic magmatism that occurred in the SW Japan Arc during
the Mesozoic, we have used the zircon U/Pb method to date a comprehensive suite of granitic rocks from the Chugoku Region i
the SW Japan. Contrary to the results previously obtained using conventional geochronological methods, which suggested th
the magmatism occurred gradually from “100 to 50 Ma, with the plutons forming over long time intervals, the newly obtained
zircon ages reveal three clear pulses of granitic crust formation at 85, 60 and 35 Ma separated by 25 million year intervals. Thi
85 Ma magmatism was the most voluminous and was distributed in a broad zone that extends “120 km across-strike, whereas t
magmatism at 60 and 35 Ma were focused on the northern margin of the SW Japan Arc. Furthermore, the granitic magmatisi
at 85 Ma involved sediment-incorporated, ilmenite series granitic rocks, while the magmatism at 60 and 35 Ma involved more
juvenile, mantle-derived, magnetite series rocks. Thus, not only did the granitic magmatism in SW Japan occur in pulses, ther
was also a spatial and compositional transition in the magmatism through time. This can be best explained by enhanced subdt
tion zone magmatism during the Mesozoic, rather than the previously proposed model in which it was suggested that the graniti
crust was formed by the subduction of a mid-ocean ridge on the Pacific Plate during the Middle Cretaceous.
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Petrology and zircon geochronology of the Hikami Granitic Rocks in south Kitakami
Mountains,Japan
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K e AL, At Lok Bzt e UTafhd 2K BEREAR (REIEN,1974) &, UL 720 <
DONO/INERN 5755 (b B4 o7V —7,1982) IK FAEmAMAE, JK Lz HuiIc sEpEH 8km, FdtHy 14kmdDiZ
FFEMPIRIC AT 5 5K T, ZORPEIRICIZFEEDIRERAEZI D AL L E N5 (FR/11IEH,1999y M4 - #AK,20007% £).
JEREALE DI LTI, 79 NS IWVRINTNET )V a—AE LK EIEE e ORRER ENDH S (FHIE
M, 1974) TN TICHE S NIERICIEIWIVRICHY S % SHRIMP X (442.0+ 3.5Ma; Watanabe et al. 1995)D
37, #1250Ma 350Ma 440MadDEF T A L, £/ 2 AL, J)IaVIcE% CHIME F(WH 5 (EiAK « Ei7, 1998,
BARKIEA, 1992; K - JEV7, 1994) F7z LA-ICP-MSIC X% )La Yy U-PhHRTIE, TEIEN (2010)ic kD, 429+
19Ma, 411~416MaD > I—TF 4 THERDPELNTWVS. TN 5 DOIK FIEREHOEHEIC IS B 2R & O
ICFEDD B T8/ Mk « B (2000)DEAHIX 772 BHIOK EIEREAD 9 5k & /INEAD 45 RN S )V a v zsnEEL,
FERPEEITo T2, ZTORFOK HER SO FEFSEMRIL 450Ma t fimE N g (L RIiEH, 2013) LA LAEDS, D
IRZERiCE & Al O U IHER S & OB ORIk I ERRERMERPIRE D 23 M 5%, FHLWE5D
WERDME SN TSI T — 2280 U THRETT 5.

ARWFETIE, /A - EAR (2000)2 8 LI LT, 2EEEHRIC X > TEHR D O MG 217> 7. 2E kAR O 3
O TEED SR K 0, EEfa G % B ERIX FeO*, MgO, CaO, ScOENEWT EMVh Tz, BRI
DI 2 iR B A REREREPIRS I E@E A a2 BBV RESENZ/RT. £z, sOIREE & EHEIC
o THAIT % Frikrhl = RHRERHE M BIRS 13 PR O & TTERI S ISV & DO AFEIC e TER TR
DEMEN T DR S NIz, YUEORED S, K EEREERELLTD 3 DDORINCHFZ T LN TES.

1D MBIAZETRY (VA - SR (2000) OBEIRE EA B A R ERMERPIRYS, FIREEEA A RER F—FILE,
FrRBERRE @A PIA b —TFILaE).

2) ABIGZEFIRVRY] (VMK - @K (2000) D BERHERBIfRS CREFRYERPIfRES), FIRERERMERPISS, FIR
A P RERHERPIRS, PR RIERER b —F)VE, Rk ER R ERERPIRES).

3) KUITHERISE DT RICHAAT B/MK « @K (2000 O IRk I EREERMER PItES.

RIOK FER a0 b2z, BRSSO NERFTIHOER G L T 5. ) 500Mad )L a2 U-Ph AR
DIEMEFENTWAIERE & U CREBR LRGSO H 2 Z AU E S ([EREEDHIF 5N % (Sakashima et al 2003;
Tagirietal 201D. FEERdL bl 5 ARMET R RELO s —F)VEND V)L 3 U-Pbiki T 498 + 7TMa DERMNE
ENTWVW5S. (E8Eh, AEEHE). 450Mad )L U- PhENRERSIERE & U TR ST OfERS (MUKW
Fh, HIFH) R ENRDH S, b OIERG 2K LEMEHEO RS L AHRO T — 2 LT 5. S \ARIER SIS/ L
WiEA EHIRHFD, BEREEIE RIED (2000)D 7 — 2 2 H Uiz, REEAIKIC X 5 Bl DM 5 1k 450Ma
OFRZE R I URTER S LK EREFDRBOMEN 2 /RS T MRS NIz, MERD DD 51d 500MadF 7% 7R
TEOEEBERA X R AVK EIERMSEFICLENTERNWC EDMRTE S, £z, SrAMER)ITAERRS & BIER S IZK
FEREEI D EmiizRd. f HEUCRIC K K HMER G & RIER S O Heig T ld ) RTER S O—EBAVK EIER
RPN A9 2 kR T B R R ERHER PR S & IRl Clm 2R d C E DR TE 5.
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Sr-Nd-Pb-Hf isotopic variations of Cretaceous to Paleogene granitic rocks from northeas
Japan
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HAFEE, KTHEIEED 5 EFIC M SEAARIC K > TR E N EEZ SN, HEREZID S HEROM kT X
ORI e E R B DS E B Y © 6 % (e.g., Maruyama, 1997; Isozaki et al., 201 )aruyama (1997)%, H
AYNEARFALE L QMBI TH O, FhIERED JE IRk AR HE S KRR O 2R & JRBZE T O FAEE
ZHE LTI ENT2 L@ Uz, —75 Jahn (2010)3, Phmd HARDIERSFEMN Y Y1 7))L Ul i KFEHIFR D S IE R E N7z
LNz HASIBE OB A ST B 7-8I2lE, KEERYIE O 4% 7% 3 E e H O RINA S A ARG HE IR
ICENTH S, N4 RIED (2000)iF, HILHADIERAED Sr-Nd MRS A 2R 5, Jb Ay, dbar (BTERRHD,
BXUms (R - BB 1K L, COEFERE-TRBNICEA TN C 2RV L. AlRE T, g EE
M (2000) DRz & HICFEIRE R 2 72, LT OIERERHD Sr-Nd-Pb-HIFEII &S 2RI DV TGRS 5.

Sr-Nd-Pb-HflRIfi &5 #1i&, db By (B F - FHEPA - =y - 3l - =28 - N - TRIAR EDT XA MEBEm R
& ZNLNN DR AS K CEIREO—ER), B (Eehlt, AECRNAE, AFL, B0t BreCRE LD,
Hir (AR, sk, KERER), BREA (GORRE, R, BRI, Rt 2Rt e
BRSOV T Ao, INHDTF—2h5, dt ki, MR, $1H - ERH ONEE TRREHEIE O BNK E <
BoTWVBTEAREN, T LY FIGKREGEYIEICHIE Uik & 2 ARSI DIRABICL 2D L #E
AZBTENTES. KREMBYIEICHE LIl & UTIE, MERAARIEIRB X UME LI 2y < Mbe
EBZTHEIREV. — KRB E SISOV TIE, TRAATZHEREY) (Plank and Langmuir, 1998; Chauvel et
al., 2008) & Hf-Nd [FIfiif&Ltd b L > RZEZITE AW, HE-Nd [FINifALLD b L > RZEZFHIIT 2 72dIcid, duVokkE
FREIROPEE M D)L a2 T E T HE AR OO HEREY) (Chauvel et al., 2008k % . 2 40Eh % %. £ 7z Hf-Nd
FRRLED P LY 2R LS RS &, b ERO LY FEREDOF LY FERRZLTED, K0 Hf FAAHALLIIEEO
WY & DIRGZ2E 2 E 5213750, b R difd O Wik AT BE U7 7 2 /1A MEAOFEH TR D
Fons e, bt ERICTEARAA T BT OFERIZE WIS TH D, EEEMEYOM SN DEh>Tizd
I KRR D HERI) DB RIS E < IR > e T & THIITE 5.
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Garnet-bearing acidic igneous bodies in Mt. Kenashi-yama area, Fujikawaguchiko-machi
Yamanashi, Japan
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MonTws (B 1956, 7 )111E A 1996, 7/ 111E A 1997 FE1E A 2008, HFFIZ /A 2010, LML, TNHHNERE LT
£ % T LIEDWTORHEIZ DL, WD S EZ O AR ABICY 7 a a2 880N H 5 LWV 5
BRSNS (FH 1956, T O, Atfic W T 7 aaBlakEZiB LIz T, ZOEIRERET %,

(E] bk, gra - NERIL, mEE T 4y U U, YSEERR D R BRI A B 2 E 2 % E T
HERNEICH D, BILESE R Lt i U, o) R, mHSEIcE L (ri 1956, kK
A EZ 3 &9 28 = RERER & chzB < AaRBlRE. NCAROASEENS%% (LELR 1984,

(FEIRY ki 5 EH L UTEIC R 2 AR, ZIRINEAER, Uil s > xouh SR ILUTHICE 5 R, KT Ei
Mo+ FBRLEHICES R, chso—fic, ¥/ oaBtaRkoBZiEe Ao 8008 Ehiahn SRRk s, <
N5k, PRMEDERERZ =DD T NN —TICHHTE S, B, 25 1,100mA 5 1,200m {3 Tt rg b — st s A m)ic
DT HED LR, TAZIL—T] EMER) AZ)L—7 Ol FAEE 1,200m 3T T i — AL G ke 3 % 37
OAEZUEIEXLKOEIEY) CUE A 70— 7 aaiiEsoiity) IR, BV —7EemR), KU 1,300
mM 5 1,400m {3 TR — AL G0 fHmd 28D (UUR, TCOIN—T] LMER) Thb,

[AZ)WV—T] HIREE— KOO LIRSS, BRI (1 0%~2 0%, A5 mm), £ (10
%~25%, REHN4 MM, ¥7an F1 %, BAEKR3 mm ZE5H, A3HE60%~6 5% RETHZ, ¥ran
BEAICHAEINTVEEDONZ W, SR TIRZERN DR B TH DD, 1T TIRZERD L, 2Ry
WS O THIFNIR S BRI E 2 > T 5

[BZIL—T] IRkEAGO~FEOOLEE, BEXN2m, AZIL—7RBEOAE (BAEKN 4 mm KTYZ7afn
WA 3 mm) 23, 7o, 0Mila BIREINE 26 LA OORM S 2 BRI E Z > TW\Wa, kil
AT ZRIE N CRE SR IR E R a8, Y ruazatiBib ko (Y 7 aagiEsomiey) RS
N3,

[CTN—T] FHIRE—IKEODLEEIE A T, BEICAE (3% ~2 0%, mAEN 4 mm), £ (3%~20
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UE2AHRR]  BIfE. 30 X SREE OO EIT> T3 £ ATH 5, A B, C, &7 IL—TD SiO, filild 72wt%~
T6WtDHIFHICH D, TIVAHY — SI0, XA 7 75 L (Le Bas, et al., 1986 I XLt d % & TN S IF ALY DAL TH
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(2] YV o7uaiBtah bl =D0E0 7NV —TEk%, BB, A Z)V—7"; PRI — RIS mc k)
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I a7z ETEBEXLRORIEY) CUE A ZV—7 7 anittaoiibyn). C Z7)V—7"; vt — s b5 mic iy 3
k miHfE U7 i RIER) 80 mD_EFIRE A (EAS) Ths, ThHIFHRGGE R5N %,

F—U— R ¥ onf, A%, BA, WCa, B, &L T
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Two types of websterite from the Ust’-Belaya ophiolite, Far East Russia: Origins and
implications
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The Ust’-Belaya ophiolite is located in the Koryak Mountains, Far East Russia. We report two types of websterite in the mantle
section of the ophiolite.

The lithology of the mantle peridotites from the ophiolite is variable from very fertile lherzolite to moderately depleted harzbur-
gite. The mineral chemistry of the very fertile Iherzolite shows similar signature to those of the subcontinental peridotite. The
two types of websterite (typel and type2) occur in them as dikes/veins. Typel is composed of brownish colored cpx, opx an
Al-spinel. On the other hand, type2 is composed of green colored cpx, opx and Cr-spinel.

Type2 websterite is similar to those reported from many other ophiolites. Websterites, which are characterized by extremel
aluminous spinel similar to the typel websterite, are never found in ophiolitic peridotites but are described in passive margir
peridotites (e.g. Zabargad Island in Red Sea and Iberia Abyssal plain peridotites). These websterites are generally interpreted
high-pressure cumulates and the host peridotites are considered as fragments of subcontinental mantle.

The mantle section of the Ust’-Belaya ophiolite represents, at least partly, fragments of subcontinental mantle. The two type:
of websterite might be related to two different magmatisms in two different tectonic settings; typel is formed former subconti-
nental to oceanic environment and then type2 is formed later oceanic to arc environment.

F—T—RIAFARIY - F T4 FFA M, V2T ATI514 b, KFEF~Y> ML
Keywords: Ust’-Belaya ophiolite, websterite, subcontinental mantle
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Field geological considerations on the formation mechanlsm of platy joints in lava flows
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Columnar jointing and platy jointing are characteristic types of jointing in volcanic rocks. The origin of columnar joints has
been discussed for centuries, and at the present day it is considered that they are the result of cooling and contraction of la
(Aydin and DeGraff, 1988). However, platy joints have far less attracted researchers than columnar joints and their formatior
mechanism is still controversial. Platy joints can develop in thiek@0 m) and voluminous lava flows which have glassy margins
such as "flood andesite” in Kyushu, Japan (Nagao et al., 1995) and ridge-forming lava flows at Mount Rainier (Lescinsky and
Sisson, 1998), probably reflecting stress distribution or physical property within solidifying lava. Previous studies attributed
formation of platy joints (sheeting joints) to late stage shear of lava flow and/or microlite orientation (Lescinsky and Fink, 2000),
deflation of flow (Sprli and Rowland, 2006) or both flowage and shrinkage of lava (Bonnichsen and Kauffman, 1987). Although
absolute evidence for the origin of platy jointing has not been found, restraining of internal lava by solidified flow margin would
be an important factor in any case and density (volume ratio of crystals to glass) difference between flow margin and interiol
would be also important when we consider thermal contraction. It is also a problem when platy joints form, especially in the case
that columnar and platy joints intersect without terminating each other. Occasionally platy joints are filled with tridymite and/or
mica mineral with or without andesitic to dacitic melt, which might be segregated from the crystallizing lava body, suggesting
that platy joints start to form at early stage of cooling of lava.

References:

Aydin and DeGraff, 1988, Science, 239, 471-476.

Bonnichsen and Kauffman, 1987, GSA Special Papers, 212, 119-145.

Lescinsky and Fink, 2000, J. Geophys. Res., 105, 23711-23726.
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Oxidation stats of Fe within constituent minerals in spinel-lherzolite xenolith from Tariat
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£ d)V Tariatiiffid. BaikalMongolia rift IC 351 2% EEME / U A (deep-seated megacrystic xenolifg)k 0" >
FLE /U X (mantle-derived xenolithD & - & & HHRFEMD —DTH %, Tariattls{ TlE, KB U 7a kK
BHCH=2 Y b T2 TAZTGA R « =%y F L=V TFA bk « ARV L—ILY T4 FMEHEE NS (Osanai et al.,
2011), AW T, TariatMIHic 5132 ARV L—)IVY T4 N ORI B X CLREBRETODNA B ALICEBIT S
Fe DILEZ X R8T 77— 01 B K CE PR INT 2 28T (EPMA) 2 W TER L. TNHOREIEMICE TN
% Fet OIRFFHIC OV THET Uiz, IR LIZAERIVL—)VY 54 B /1) A, #iRICEBIT 2280 {bD
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F—TU—R: AL A, FeDRELE, REXIVL—ILVTA MBS/ X, AZINT T —735¢00, | d)b
Keywords: olivine, oxidation state of Fe, spinel-lherzolite xenolith, Mossbauer methods, Mongolia
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Al/Si disordered anorthite in anorthite megacryst from Miyake-jima: effect of non-stoichior
on Al/Si distribution
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AT AlISI ﬁ%ﬁif’*”rﬁﬁb‘a ENTNBZ AL TV 5, . SEEEREABE S ZFHIC 0T LT
Al/Si BCH M ERE P Lkl & . —Efp b LIchs iz L T s fﬂﬁé’:%’%ﬁbt@“( FNH5DHEER %5(’*”%5???
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THELNIKEADOZERENZ P-1 T, cHiEIZN 74 L7x 0. WUEARICET S AISI ORI TZ2ICEEFL L TV
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F iz, FERREEEMRATICEH U ROEE R ZE EPMA-WDS Z W TIRE L2 & T A, (Cay.93Nag.03Mdo.o1Fey.02 [
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MaE, TFRA ST L—LTU—TY A MCEL RS, 7L—LTU—7H A MOEFEIST Y ks (O Sio, impaic L
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LT — 279 A M2l & DOAELE (nonstoichiometrie 125 %, SEIFER & Nz AIISI BLYIDMERL L U T KIRIKE
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Formation temperature of perlite and its texture by heating experiments of obsidians fron
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Estimation of intracrystalline distribution coefficient of Mg-Fe ions in olivine using Cs-

corrected STEM
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A Novel Approach for the Classification of Mineral Ore Particles by A Statistical Raman
Spectroscopic Method
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[Introduction]

Mineral ores extracted by mining go through a milling process before ore dressing. An important factor in both milling and ore
dressing operations is the determination of the particle size distribution of the materials being processed, commonly referred t
as particle size analysis. An elemental analysis technique such as X-Ray fluorescence and destructive wet chemical analysis ¢
determine the quantity of mineral species present in the ore, however, these chemical analysis methods do not allow the stu
of the composition of individual particles of different size and shape. The statistical Raman spectroscopic method is a nove
approach which can resolve this problem. Using this method the Raman spectra of several hundred particles is determined aft
size and shape classification of each individual particle by automated particle image analysis. Raman spectroscopy can be us
to acquire the spectra of any inorganic compounds such as metal oxides and nitrides which are Raman active. Many miner
resources are mined as inorganic compounds. Therefore, Raman spectroscopy can be used for the identification of the chemi
composition of mineral ores. Using the statistical Raman spectroscopic method described herein, it is possible to calculate th
particle size distribution and proportion by mass or volume of each chemical component or mineral species based on Ramz
spectroscopic information. This study will report and discuss the capability of the statistical Raman spectroscopic method usin
iron ore as a model material.

[Material and Method]

Iron ore samples were purchased from a vendor. These samples had been through the ore dressing process. Statistical |
man analysis was carried out using a Morphologi G3SE-ID instrument (Malvern Instruments, UK) equipped with a dry powder
sample dispersion unit (SDU) and Raman module. The laser wavelength of Raman excitation was 785nm the laser power we
less than 5mW and the irradiation time was 5 sec. The particle image measurements were made in diascopic mode with a tot
magnification 250x. Iron ore dry powder samples were dispersed using the SDU using a short duration pulse of compressed a
Measurements were made automatically using Standard Operating Procedures (SOPs) which define the software and hardw
settings used. Measurement sample was dispersed on to glass plate as sample carrier which was minimized environmental
posure by the enclosed sample chamber unit. Particle identification by Raman analysis used the spectrum correlation coefficie
approach.

[Results and Discussion]

A Total of 66,436 particles of iron ore were measured by image analysis. The circle equivalent diameter particle size dis-
tribution by volume (VCED) exhibited a monomodal distribution with size distribution percentiles as follows:n8.@#L0),
21.83:m (d50), 51.2&m (d90). A subset of 700 particles were selected and the Raman spectra were measured. Particles ove
20 micron in size were selected randomly from the image analysis data and Raman spectra were acquired. The spectra enab
identification of 4 components (Fig.1). The relative proportion of each component by volume or number of particles is shown
in Table 1. Component (A) comprised approximately 90% of the sample. This component exhibited a Raman spectrum typica
of a-F&,05 [1]. It is assumed that components (B) and (C) are polymorphs based on the ratio of the intensities at' 2ictm
245cnT . Component (D) exhibited a spectrum typicabeFeOOH and composed less than 3% of the sample. This result does
show that the statistical Raman analysis approach can detect components present at quite low concentrations.

[Summary]

This report illustrated the application and capability of statistical Raman analysis for the characterization of mineral ores using
a new approach based on combining chemical and particle size / shape information.
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Table 1

Ratio of each component based on Raman spectrum

Component Number (%) Volume(%)
A 876 90.2
B 2.5 =1
C 72 63
D 27 14
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The Nakhile Cu mineralization is located in 145 km northwest of Zahedan in Sistan and Baluchestan province of Iran. This
area is geologically located in boundary part of Lut block and flysch zone of east Iran. Geology of the study area consists o
Cretaceous to Eocene andesitic lavas and tuffs that were intruded by a dioritic to quartz-dioritic stock. The intrusive rocks are
mainly altered and mineralized. Based on the petrography and XRD studies, main mineral in all types of the igneous rocks i
plagioclase and the main texture is porphyry. Other minerals are clinopyroxene, amphibole, biotite, quartz, and secondary mir
erals that vary in the igneous rocks. A large part of the intrusive rocks is rich in pyrite. The pyrite occurs as veins, veinlets and
disseminated in the stock. Cu mineralization occurs as vein and can be divided into hypogene and supergene mineralization. H
pogene mineralization is characterized by chalcopyrite and pyrite while supergene mineralization is characterized by malachite
azurite, jarusite, ghothite, hematite and limonite. The propylitic alteration is dominant feature of the intrusive rocks as a wide
outer zone. Potassic, phyllic and argillic alterations are also important in the area. The potassic alteration is probably importar
in the center part of the stock in depth. phyllic and argillic alterations are mainly formed by supergene processes.

The samples that were collected from the least altered and altered rocks in the study area were analyzed by ICP were process
by convenient software such as EXEL and SPSS to obtain statistic parameters of: skewness, maximum, minimum and standa
deviation. Then, the histograms for the amount of Cu, Au and related elements were drawn and their correlation coefficient:
were calculated. There are remarkable positive correlations between Cu, Au and Ag indicating their similar origin. The highest
content of Cu is 7000 ppm in the study samples. The Cu anomalies are mainly observed in central and eastern parts of the are
The highest content of Au is 6000 ppb. The Au anomalies are mainly observed in western parts of the area. The higher conten
of Pb, Zn and Ag are observed more away from the intrusive rocks.

The outcrops in the area are mainly similar as propylitic alteration zone of porphyry Cu deposits that is characterized by
secondary hydrothermal epidote and chlorite and pyrite. The Cu porphyry mineralization and other alteration zones specially
potassic probably occur in depth in the area.
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