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Abs仕act

Monazites, appro足mately [(L阻E，Th，U，Ca)(P，Si)04]，企om two leu∞granite samples in 

伽-eωtern Nepal 回malaya w悶 da旬:d by the chemical U-Th-total Pb isochron me也od (CHIME). 

Monazi旬s in foliated biotite leucogranite exhibit si伊ificant chemical cbaracteristics by different 

gra凶ぽ within 也divid叫伊山. 80me monazite 伊国 have strongly undergone the chemical 

al旬ration 也rough the monazite-hu仕onite subs帥tion �5
+ +阻E3+ 件8i4+ +百~.O也ぽ grams，

especially surrounding feldspars, have slight1y occurred the monazite-cheralite substitution (2REE3+ 

特 Ca2+ +百14+)， and have the relatively higher ∞ncen位置tions of Th0 2, ∞mparedω 也E
huttonite-rich mon回te. F町也ermore， a signifiωnt 泊回-crysta1 chemical zoning is observed in 

individual monazite grains，泊.dicating 由.at Y content decreases ftom core and to rim. Mon位ites

selωted using chemical criteria (0.95 < (Ca + 8i)/ (Th + U +Pb +8) < 1.05), which could be 
discriminate the metamict monazite due to 也e des出.ction of 也.e crystall也.e s回C旬白金om 也e

origina1 monazites, constructωge血er a pseudo-isochron of 16.4土1.7 Ma in PbO・Th02' diagram. 
Also, monazi旬S 企om quartz-rich leu∞granite have homogenous compositions of Y， τh and U 

con旬nts， and yields the weight mean chemical ages of 16.6 土 2.6 Ma, in agreement wi白血 age of 

由e foliated biotite leucogranite. Our data suggest 也at 白e CHlME ages combined with the chemical 

zomngpa壮erns such as Y, Th, U, Ca, and Pb ofmonazi旬唖 canprovide a powerfulω01 to elucidate 

the complex zon泊.gp副ems of monazite and to know 也e precise 也凶ng ofgr姐i旬 cry蜘llization

合omma伊1atic monazite. 

Key.仰rds: Chemical age; Monazite; Himal，のla leucogranite 

1. Introduction 

Monazi旬 dati且gusing the el即位onprobe microa且alys町(EPMA)h出 be∞memcr，回S血glypopul紅 smce

也.e beginning of the 1990s，田:pecia11y 田 amethodfor∞回国.ining 血e ages ofm再興国ism 阻d

me句皿0甲，hism(Suz嘘i andAdachi, 1991; Suzuki et a1., 1994; Montel et al., 1996; Pyle et a1., 2005).τhe 
EPMA dating easily allows 也eage de同盟国.tionby c. 3-5μm spot size in monazite grain，血d也ehigh

spatial resolution is a gr，回tadv加岡野 ov町 0由町 miぽoprobe 白血g， b田ausemonazite grains commonly 

exhibit complex internal zo出時 of composition阻dage on a micrometer sca1e (e.g. Williams et a1., 2007 血d

ε
J
 

戸
、J



名古屋大学加速器質量分析計業績報告書， XXII .2011.03 

referen白血田宮皿). The ch田nical Th-U 旬旬l-Pb is'Ochron me也'Od(CHIME) age using precise EPMA a且alysis

is determined by measuring m岨ySp'O臼 wi也∞mp'Ositi'Ona1 variati'Ons 泊 m'On回取 crys也1， and then by 

叩ns加lCting a pseud'O-is'Ochr'On 'Of d'Omains 也athave c'Ons旬且t agewi白血組a1ytica1田TOf， assum也g由attheir 

∞ncen仕ati'Ons have n'Ot been signi畳cantly l'Ost by subsequent也町田1 ev阻t (S田uki 阻dAdachi， 1991;

S四也i 組d Kato, 2008) 
Recent studies 'On m'Onazite g回chron'Ol'Ogyhave mainly f'Ocused 'On theω'rrelati'On 'Of也e age andits 

旬x同ral-chemi四1 ch町郎防isti田'On泊dividua1 'Or diffi町田tgr田ns 'Ofm'Onazi陥 (e.g. Harris'On et a1., 2002). fu 

旬rms 'Of m'Onazi回泊也eHimalay岨 migrna世国岨dleuc'Ogr回国， s'Ome w'Orkers have rep'Orted a s町ong

∞，rrelati'On between the ages and Y伽iu皿 z'Oning in m'Onazite αystals， assuming 由attheY c'On旬ntin由e

m'Onazite is m泊nly ∞n加Uedbyre明白ons inv'Olv也ggarnet (F 'OS旬ret a1., 2000, 2002; K'Ohn et al., 2005; 

C'O仕:le et a1., 2009). H 'Owever, an'Other w'Orkers have emph制Z悦也at也e hydr'O也erma1 altemati'On 'On c'O'Ol也g

叩叫dbe a1s'O disturbed 也.eU-百l-Pb ge'Ochr'On'Ometer in m'Oll8.2加 (e.g. T'Owns阻det al., 2000; B'Ollinger阻d

J阻'Ots， 2006)，泊 which a1temati'On may '0ωur 'On the micr'On t'O submicr'On sca1e smaller than 阻a1ytica1

volu血.es f'Or in-situ dating回:lmiqu田(Ber呂町 et al., 2008). 百lUS， m OTIおrto 'Obta血 reliable 組d

出C町ate ag田， it is ess阻tialωundersta且dh'Ow flnid-assis旬dmetas'Omatic proce四回 influ聞ce chemica1 

∞mp'Ositi'Ons in a single m'Onaziteαystal 町'Ovぽ也.e gr副且.-sca1e. fudeed, because Yttriu血 is n'Ot a direct 

indicat'Or 'Of metamict m'Onazite，也.eage 血畑pre旬ti'Onc阻n'Ot be f'Oll'Ow by血e cher凶四lmap 'OfYt凶um

a1'One with'Out kn'Owledge 'Of the 血ter百a1 z'O凶ng 'Of the 'Other elernents such 描 Th， U , Ca, P, and Pb 血 grains

Here we rep'Ort 也e CHlME age and X-ray multiple chemica1 mapping 'Ofm'Onazites 企om leuc'Ogr田i旬sm

由e f1訂・同stemNepa1 Himalaya, and c'Ons回m由e characterizati'On 'Of in回・crysta1line variati'Ons with 由e

bulk-rock ch白山町・The c'Onstructi'On 'Of pseud'O-is'Ochr'On by the distinct chemica1 d'Omains 血血'Onazi回

∞叫dc'Ontribute to und町蜘nd也e c'Orrelati'On betwe阻 ages and chemica1 c'Omp'Ositi'Ons 担 the αystal， and 

也.e precise CHlME m'Onazite dating. 

2. Himalayan leucogranite and 岨mpledescripti'Ons 

The HinIa1aya且 leuc'Ogr姐1節目 regarded as 'One 'Of the best example 'Of y'Oung S-type leuc'Ogr田11国

'Originating 企om 町田凶 melting a色町也e fudian -Asia且∞llisi'On(e.g. Le F'Ort, 1975). fu e副知nNepa1，也e

U-Th・Pb ages 'Of m'Onazites 阻dzirc'Ons 企''Omthe leuc'Ogranite have b田:n m'Ostly dated at c. 24・ 16 Ma, using 

the is'Ot'Ope diluti'On therma1 ionizati'On m田s sp即位ome町 (ID-TIMS) 'On individua1 gra由也atw町

physi回lly sep訂ated (Sch勧町 1984; C'Opeland et a1., 1988; H'Odges et a1., 1998; Sinlps'On et a1., 2000; 

Visknpic 阻d H 'Odges, 2001; Visknpic et al., 2005), 'Or 白e sec'Ondary i'On-mass spectr'Ome.句 (SIMS)

micr'O阻a1ysis 'Of sp'O旬'Ondifferent grains 担由也 secti'On(Harris'On et al. 1999; Murphy and Harris'On 1999; 

Catl'Os et a1. 2002) 

百le Kanche勾凹.ga leuc'Ogrョnit田 in f1町'-eas旬mNepa1 c'Orr加血 the assemblage 'Ofbi'Otite + musc'Ovite + 

qu町包+ K-feldsp町+ plagi'Oclase 土 ωurma1也e 土 E田net 土 sillinlanite (Schelling, 1992; G田∞mbe et a1., 

2006).τbe leuc'Ogr祖ite b'Odies '0∞町 atvari'O田 sca1es， ranging from a few cerr出湖町-si田d sills 阻d dikes ぬ

several kil'Ome旬r-s由dplut'Ons (e.g・ H'Odges， 2000). B'Oth f'Oliated a且dmassive leuc'Ogranites in 由ickn田S

within a few meters are 企'equently interca1ated wi血血e migrnatit，田Theproωli血'Of也田el四回g阻1旬shas

been genera1ly ∞nsidered 田 the base 'Of the 姐lphib'Oli旬ーfaci田 me旬sedimen'句， especia1ly 'On 也e mJ回-rich

schist, 'Ofthe 回glIぽ HimalayanCrystalline Sequ偲C田 (HHCS)， based 'On 也.epぽa1Ul凶n'O田 c'Omp'Ositi'Ons 'Of 

leuc'Ogranites and 也es出世l釘ities inNd阻dSr is'Otopic rati'Os between the leuc'Ogranite and the 

metasediments (e.g. fuger and Harris, 1993) 
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breakdown of monazite to 世10rite via huttonite substitution. Y con値目t 也 monazíte gr.副ns 企。msample L02 is 

ma泊lycoπelated to 由eUcon旬nt， ra白er由血血e Th content. τbis is because the monazite 回nnotreplace 

也.eU.

In genera1, monazite gives concordant U-Pb and百 Pb ages 泊世1e c剖e that 血e concen回tion ofU 泊

monazite is enough highωanalyze. Howevぽ， Sch舐er et al. (1984) r句orted 也e discor，白且t age ofyoung 

igneous monazite in e踊tern Nepal, which田flec回 incorporation of excess 23"Th during αys阻l1ization，

leading to 阻回目ss of206pb. More rec四tly，也e 206pbp'8U ag田 ofmonazites using LA-ICP-MS are old町

由血血.e 208Pbp32Th ag田 byupωc.50%(Co世le et al., 2009). The principle adv，回匂ge of232Th_208Pb ov.町

U-Pb systems for dating Tertiary monazite is a rapid attainment of equilibrium 阻dhighτbc祖国間回世田s，

r田叫ting i且 veryhigh level of 208Pb (Mon旬1， 1993; Harrison et al., 1999). Although 也eCI宜MEag田 cannot

be directly ass国sed白 discordantproblem (i.e. isoωpe)， it must be also noted 伽.tthe even spot s因。fc.

10-15μ皿 forion microprobe is too large ωelucidate the complex zoning 血 monazi旬 g割ns，田区hownby

the chemical zoning of monazite 泊 far-easternNepal. For Th-rich m注目'als (e.g., monazite) 由at

preferential1y in∞'rporateτb relative to U d田恒ggrow也， 20FPb/238U da旬:s are older than the crystallization 

age (Crowly et al., 2009). 

Acknowledgements 

Iwish to 也ankto T. Kato 岨d也出 col1eagt醐(Nagoya Unive四ity) for usefu1 discussion on 由is s佃dy.Iwish

ωexp問ss my sincere thanks ωT. Kajiz政a(Nagoya University) for assisting 田 forXRF analyses.τbe 

detailed ch田ùcal data of monazite wi血血r也町 discussion for leucogr阻ites 泊 far-eastemNepal wil1 be 

publi由dinthe Am帥anMin悶logistor one of the 。也erirr旬:rnationaljournals in n巴紅白附.

References 

Bence, A.E., Albee, A.L., 1968. Empirical coπ'ection fac旬.rs for the el即位。nmicroanalysis of silicates and 

oxid田: J. Geology 76, 382-403. 
Bぽger， A., Burri, T., Alt-Epping, P., Engi, M., 2008. Tectonically con佐ol1ed fl凶dflow 阻d water.ー田S1臨d

melting in the midd1e cn且t: An example 企om血eC聞出1Alps: Lithos 102, 598-615. 

Bollinger, L., J:阻0也， E., 2006. Evidence for Mio-Pliocene re廿ograde monazite in 也eL国S町H恒国laya， far 

westem Nepal: E町 J. Minera1. 18, 289-297 

Catlos, E. J., Harrison, T. M., M祖国ng， C. E., Grove, M., Rai, S. M., Hubbard, M. S., Up問ti， B. N., 2002. 
Records of the evolution of the 団ma1ay姐 orogen 企omin situ Th-Pb ion microprobe dating of monazi旬:

Eastern Nepal and wes旬mGarhwal: J. Asian Ear. Sci. 20, 459-479. 
Clarke, D. B., 1992. Gr皿itoid Rocks, Chapman and Hall. London. 
Copeland, P., Parrish, R. R., Harrison, T. M., 1988. Id阻tification of inheri飴dradiogenic Pb in mon阻te and 

i臼 implications for U-Pb systematic: Nature 333, 760-763. 
Cottle, J. M., Searle, M. P., Horstwood, M. S. A., Waters, D. J., 2009. T:並ting ofmid町田切1 metarnorphism, 

melting, and deformati叩血也.e Mount Ev町田 egion of Sou也ern Tibet 田:vealed by U( -Th)-Pb 

geochronology: J. Geology 117, 643-664. 
Foster, G , K血ny， P., vi組問， D., Prince, C.，日目ris， N., 2000. The sigtﾙficance ofmon:田i旬 U-Th-Pbage da旬

血 meta血orphic 踊semb1ag'田; a ∞mbined study of monazite 阻dg田net chronome句:E低 Plan. Sci. Lett. 

181 ， 327・340

Foster, G , Gibson, H. D., P田rish， R., Hors阿ood， M., Fras伽" J., Tindle, A., 2002. Textural, chemical and 

62 



名古屋大学加速器質量分析計業績報告書， XXII .2011.03 

isotopic insigh包泊旬也e 四回re and behaviour of met町田中hic monazite: Che. Geo. 191, 183-207 
Goscombe, B., Gray, D., H阻d， M., 2006. Cn国旬1 arc悩t民国re of 由e Himalayan me旬morphic 企unt in 

国S加百N句a1: Gond.R，回. 10, 232-255. 
H国rison， T. M., Grove, M., Mc~田gan， K. D., Coath, C. D., Lovera, O. M., Le Fort, P., 1999. Origin and 

episodic emplacement of the Manaslu 血飢店ive complex, centra1 Hima1aya: J. Pe'仕 40， 3-19.

Harrison, T. M., Catlos, E. J., Montel, J-. M., 2002. U-Th-Pb dating ofphosphate min町'a1s: Rev. Minera1. 48, 
523-558. 

Hodges, K., Bowring S., Davidek, K., Hawkins, D., Krol, M., 1998. Evidence for 四.piddisplacement on 
Himalayan normal fau1ts 阻d也e import祖国 oftecωnic denudation in the evolution of mountain r，阻ges.

Geology 26, 483-486 
Hodges, K. V., 2000. Overview: Te仰nics of血e Hima1aya and southem Tibet from two perspectives. G即1.

Soc. Ame.B叫le出 112， 324-350. 

Inger, S., H町ris， N., 1993. Geochemica1 ∞ns位'aints on le叫ogr阻ite magrnatism泊也e Langtang Va1ley, 
Nepal Himalaya: J. Pe仕 3， 345-368.

Kaω， T., 2005. New accurate Bence-Albee a-fac旬rs for oxides and silicates ca1cu1ated 企um也ePAP

correction procedure: Geosta. G田租.&田.29， 83-94.

Kohn, M. J., Wie1and, M. S., Parkinson, C. D., Upreti, N., 2005. Five gen，目'ations of monazite 也 L田gtang

ge凶sses: implications for cbronology ofthe Hima1ayan metamorphic core. J. Met. Geo. 23, 399・406
Le Breton, N., Thompson,A. B., 1988. Fluid-absent (dehydration) melti且喜 ofbiotite in metapeli旬s in e紅'ly

stag田 of町田旬1 anatexis: Cont. M血.Pe甘'.99， 226・237.

LeFo民 P. ， 1975. 団ma1ay田: The collided ra且ge. Pr四回tknowledge of也.e continen旬l 町'C:A血.e. J. Sci. 

275・A， I -44.

Morishita, T., Suzu組， K., 1993. XRF a且a1yses of the Mits池田:hi gra血te in the Shitara area, Aichi Prefc田知re:

B叫1. Nagoya Univ. Furukawa Mus. 9, 77-90 (in Japanese with English abs佐叫t).

Murphy, M. A., H町rison， T. M., 1999. Relationship between 1四∞g組ites 血d也eQomola且.gmade回hment

恒也e Rongbuk Va11ey, south Tibet: Geology 27, 831-834. 
Pyle, J. M., Spear, F. S., W:訂k， D. A., Daniel, C. G., Storm, L., 2005. Con住ibutions to precision姐d

acc町叫y of monazite microprobe ag田・ A血.e. Minera1. 90, 547-577 
Sc悩rer， U., 1984.τbe effect of initia1 230Th disequilibrium on young U-Pb ages: the Maka1u case, Hima1aya: 

Ear. Pla. Sci. Let. 67, 191-204. 
Schelling, D., 1992 羽田 tectonos仕組graphy 岨dstructore of the 回stemNepal Hima1aya・ Tectonics 11 , 

925-943. 

Simpson, R. L., Parrish, R. R., Searle, M. P., Waters, D. J., 2000. Two episod田 ofmon恒ite crys旬1li国tion

during metamorphism岨dcrustal melting 血血eEv町田t region of the N句a1田e Hima1aya: G四logy， 28，

403-406. 

Suzuki K, Adac 

勾
‘dzo 



名古屋大学加速器質量分析計業績報告書， XXII .2011.03 

tempera佃re rep1acement of monazite in 也e Ireteba gr'血ite， Soutbem N町ada: Geocbrono1ogical 

implications: Chem. Geo. 172, 95-112. 
vi也1， P., Cocherie, A., Le Fort, P., 1982. G回chemical 血V回世gatio田 of 也e origin of 也eM祖国1u

1eucogranite 但imalaya， Nepal): G即chim. C冶smo. Acta 46, 2279・2292.

Viskupic, K., Hodges, K. v., 2001. Mon田i旬-xeno出le tbermochronometry: metbodo1ogy and an examp1e 

企om tbeNepal田e Hima1aya. Cont. Min. Pe甘~ 141, 233-247. 

Viskupic K., Hodges, K. V. , Bowrlng, S. A., 2005. Tim田cal田 ofmelt g'田町ation 血d 白e 也四nal evolution 

of tbe Himalay血 metamorphic core, Everest region, easter宜N叩al: Contrib. M也ぽa1Pe位。1. 149, 1-21. 

Williams, M. L., Jercinovic, M. J., Hetb町並gton， C. J. , 2007. Microprobe monazite geocbronology: 

Und悶t血也ng g四10gic process田 by integra出.g composition and cbrono1ogy: Annu. Rev. Ear. P1a. Sci 

35 ， 137・ 175.

64 




