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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-eωternNepal 回malaya w悶 da旬:dby 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era 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efoliated biotite leucogranite. Our data suggest 也at 白eCHlME 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1aticmonazite. 

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

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.ebeginning of the 1990s，田:pecia11y 田 amethodfor∞回国.ining 血eages 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
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referen白血田宮皿). The ch田nical Th-U 旬旬l-Pbis'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lCtinga 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'Onshave n'Ot been signi畳cantlyl'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eage 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'Oningin 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:leet a1., 2009). H 'Owever, an'Other w'Orkers have emph制Z悦也at也e hydr'O也erma1altemati'On 'On c'O'Ol也g

叩叫dbe a1s'O disturbed 也.eU-百l-Pbge'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.esf'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cechemica1 

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

indicat'Or 'Of metamict m'Onazite，也.eage 血畑pre旬ti'Onc阻n'Otbe 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eCHlME 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echaracterizati'On 'Of in回・crysta1linevariati'Ons with 由e

bulk-rock ch白山町・Thec'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ec'Orrelati'On betwe阻 agesand chemica1 c'Omp'Ositi'Ons 担 the αystal， and 

也.eprecise CHlME m'Onazite dating. 

2. Himalayan leucogranite and 岨mpledescripti'Ons 

The HinIa1aya且 leuc'Ogr姐1節目 regardedas '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efudian -Asia且∞llisi'On(e.g. Le F'Ort, 1975). fu e副知nNepa1，也e

U-Th・Pbages 'Of m'Onazites 阻dzirc'Ons 企''Omthe leuc'Ogranite have b田:nm'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esec'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 theassemblage '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∞mbeet a1., 

2006).τbe leuc'Ogr祖iteb'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'equentlyinterca1ated wi血血e migrnatit，田Theproωli血'Of也田el四回g阻1旬shas

been genera1ly ∞nsidered 田 thebase '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10ritevia 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eTh 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tage ofyoung 

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

leading to 阻回目ssof206pb. More rec四tly，也e206pbp'8U ag田 ofmonazitesusing LA-ICP-MS are old町

由血血.e208Pbp32Th ag田 byupωc.50%(Co世leet al., 2009). The principle adv，回匂geof232Th_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:sare older than the crystallization 

age (Crowly et al., 2009). 
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