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ABSTRACT

The Otagi r i Granite comprises peraluminous fine-grained two-mic a grani tes
t o granodiori tes, and in trudes into th e Ichid a Granit e wi th in the easter n part o f
t he Ry ok e m e tamorp hi c b e l t . M onaz i t e s fr om t hr e e samp le s o f t he O tag i ri
Granite and a s ample o f the Ichida Granit e were dated b y the Chemica l Th-U-
total P b I so chron Method (CHIME). The a ge s are 77 .4±3.1 Ma, 76 .3±2.8 Ma and
77.2+�3 . 5 Ma for the Otagiri Granite an d 79.4±3.1 Ma for the I chida Gr ani te.
T he CHIME monazite ages , interpreted a s t he t i me o f the emplacement, agree
w it h the int rus ive rel a t ion . The present dat ing shows tha t the 100- 90 M a Rb -
S r whole - ro ck isochro n ages ( Yu hara , 1994) f or the Otagir i Grani te i s fo r tui -
tou s . Th e CHIME monazi te ages support the previous correla t io n o f t he Otagir i
Grani te wit h t he Kadoshim a and B us et s u Grani tes of c a . 7 7 M a age (Kagami,
1972; Shibata and Ishihara, 1979 ; Nakai e t al., 1985 ; Suzuki e t al., 1994b).

INTRODUCTION

Pera luminous f ine-grained t wo-mica g ran i tes t o granodiori tes o c cu r i n d i s -
c o nt inu ou s pluton s ov e r a n ar e a of a hu nd r ed ki l ome t e r lon g, f r om K oma ga ne
t o M i k aw a w i t h in t h e e as t e r n Ryok e m et amo rp h i c b el t ( e .g . Ryok e R es e ar c h
G r ou p, 1 97 2) . T h ey a r e named a s the Otag i r i G r ani te i n t he Komaga n e a r ea ,
the Kadoshi ma Grani t e in t h e Kadosh ima a r e a a n d t h e Buse t su Grani te in t he
Mi kawa a r ea . Rocks o f ind iv idu a l pluton s , de spi t e t he w ide ra n ge i n spa t i a l
d i s t r i bu t ion , ar e pe t r og rap h i ca l l y qu i t e s im i la r ; t h e f i n e-g r a i n ed t e x tu r e a n d
t h e p re s e n ce o f mu s c ov i t e , g ar n e t , mo n az i te , x en o ti m e , s il l i man it e a n d / o r
cord ie r i t e a r e t h e d i agno s t ic f e a t ur e s of th e Otag i r i, Kado sh ima an d Bu se ts u
Gran i te s f r om ot h e r g r an it oi d s in t he e a s te r n Ryo k e be l t. A l l p l ut o ns o f t he
O t a g ir i , K ado s h im a a n d Bu s e t su G r a n i te s i n tr u d e i nt o th e I na gawa G r a n o -
d io r i te wh ic h is a con ti n uo u s p lu t on e x tended f r om Komagane to M i kaw a a n d
i s r eg a rd e d a s t h e r ep r es e n t a t iv e o f t h e Yo u n g e r Ry ok e G ra n i t e ( i. e .p os t -
t e cto n i c g r an it e s , Ry o k e R e s e ar c h G r o u p , 19 7 2 ) . T h e i n tr us i v e r ela t i o n s
co u pl ed w it h t h e p etro graph i c s imi l a ri t y l e ad man y sch o la r s t o a c o n clu s i on
t ha t th e O t agi r i , Kadosh ima and Buse tsu G ran i tes formed s imult aneous ly. Th e
Kadosh ima Gr ani te h a s bee n d a te d b y t he Rb -S r w hole - rock isoch ron me th o d
t o be 76 . 1 M a (K agam i 1973; orig ina l ly 73 . 3 Ma , 6 data w er e r ecal cu lat e d u si n g
t h e c u rr e n t l y a c c ep te d d ec a y c o n s t a n t o f 1 . 4 2 x 10 / y ) . T he Bu s e t s u G ra n i t e
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shows Rb-Sr who le-rock isochron age s o f 82.5±3.9 (1σ ) Ma (Shiba ta an d Ish i -
hara , 1979) an d 75.4±10 .4 M a (Nakai e a l . , 1985; o rig inal l y 71.4±1.4 M a, i t was
r e c a lc ul a t e d b y di sc a r d i n g d a t a f o r me t a b a si t e a nd h or n b l e n de ga b b r o) a n d
CHIME monazi t e ag es o f 75.0±5.1 - 78 .9 ±5 . 3 M a (Suzuki et al . , 1994b).

Th e O t a gi r i Gr a ni t e w as r e c e nt l y d at e d b y Yu ha r a ( 199 4) b y t he Rb- S r
whole-ro ck i soch ro n me thod . The ages are 71 .6 ±6 .8 , 9 9.0 ±10 .9 an d 92.7±13.8
Ma . T he se d ate s , at l e a st 9 9. 0 Ma , a r e su rpr i si n gl y o lde r t h an tho s e f o r t h e
Ka do s h im a and Bus e t s u Gr an i t e . I f t h is i s t r u e , t he p r ev i o us c o r r el a t i on o f
t h e Otag i r i G r ani te w i th t h e Kadosh ima a n d Buse t su G ran i t e s i s i n va li d. H ow -
e ve r, t h e Rb-Sr age s o f t h e Otag i r i Gran i te appear t o be i nconculusive , s in c e t he
R b -S r i s otop i c d a t a exh ib i t a s i g nif i ca n t l y l a rg e s ca t t er. To ch e c k t h e ex i s -
t ence o f t h e c a. 9 0-1 0 0 M a p lu t on s by a n a l t er n at i v e me thod , w e h a v e d e t er-
m i n ened CHIME (chemica l T h-U- tot a l Pb isochron method) monaz i tes ages u si ng
a n e l ec t ro n m i cr o p ro be fo r s amp l es o f th e O t ag ir i Gra n i t e. A l s o dat e d i s t h e
I c hi d a G r a ni te w i c h i s i nt r ud ed b y t he 92 . 7± 13 . 8 M a p l ut on o f t h e O t a gi r i
G r an i t e . T h e mona zi t e a g e c a n b e re g ar d e d a s re p re s en t i ng t e t i me f o r cr y s -
ta l l iz a t io n o f g r a ni ti c i n tr u si v e s, s i n c e t he b lo c ki n g te m pe r atu r e f o r Pb in
mona zi t e ( ca . 7 0 0 C ; P ar ri s h , 19 9 0 ; Sm i t h an d B ar re i ro , 1 99 0 ; Suzuk i e t a l . ,
1 994a ) i s c l o s e t o t h e t emper at u r e f o r c ry s t a l l i za t i o n o f g ran i t i c magmas ( e. g .
Merri l e t a l. , 19 70; R obertson a nd Wyll ie , 1 971) .

GEOLOGY AND EXPERIMENTS

Th e Komagane a rea, s i tuat e d i n t h e nor theas te rn par t o f t h e Ryoke b el t , i s
un de r l a in ma i nly by t h e Ry ok e me tamor p hic r ock s , a se r i e s of gr a ni t o i ds a n d
Quaternary covers (Fi g . 1 , Mu rayama an d Ka tad a , 1957). Th e Ryoke m etamor-
ph ic rocks consis ts main ly o f pel i t ic a nd p s ammit ic s ch is t s an d gneisses . The
me t amor p h i c g r a d e i n c r e a s e s fr o m t h e b i o t it e z on e i n t h e n or thw e st o f t he
ma p p e d a r ea t o th e s i ll i ma n i te - c o r d ie ri t e - o r t ho c l a s e z on e in t h e s o ut h e a s t
(Ono , 1 9 69 ).

F ive grani t ic in t ru si v es ar e dis t ingui shed i n the ar ea , t h e I n agawa Grano-
dior i te ( coars e-gra ined porphyri t i c granodiori te t o adamel li t e ) , t h e Ichida G ra-
ni t e (med ium-g r ain e d b i o ti t e g ranod ior it e t o adame l l it e ) , t h e Otag i r i G ran i te
(mai n l y two -m i c a ad ame l li t e ) , t he Ki s o kom a G r ano di o r i t e (med i um-g ra i ne d
h o r n bl e n de - b io t i te g ra no d i or i t e ) a nd t h e u n n am e d b i o ti t e g r a n o di o r i t e a t
Mi ya ta . T h e i n tr u si v e sequenc e o f t h e se g r an it o id s (F ig . 2 ) w a s sy n th e s ize d
on t h e ba s i s of f i e ld e v i d e nc e a n d p e t r o gr a p hi c c or r e la t i o ns by Ry o ke R e -
s e a rc h G ro u p (1972 ) . T h e r el a t i on be tween t h e O t ag i ri Gr an i t e an d I ch i d a
G r ani te i s n ot s h ow n in t h e o r ig i na l c on t ex t gi v en b y Ryoke Re se ar c h G roup ,
b ut Yuh ar a ( 1 9 9 4 ) f o u n d t h a t t h e f o rm e r i nt r u d es in t o t h e la t te r a t N a k a -
t ag i r i R i v er. A lt ho u gh t he g eo lo g ic r e l a t io n be tween th e O tag i r i G ran it e a n d
Kis o koma G ra n od ior i t e i s n e ve r de tec table , t h e Ki sokoma Grano dio r i t e i s c o n-
s ide red to in t r ud e a f t e r th e e mp lacement of t he O tag ir i G r ani te f r om t he mode
of oc cur r enc e ( Tsuch iy a , 1 966) .
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Fig. 1. Geolpgi ca l map o f the Komagane a rea showing sample locali t ie s
of granitoids (simplified from Murayama and Katada, 1957).

Fig. 2. In t rusi v e r el a t io n s o f g ran i to i d s i n t h e e as t er n Ryoke me t amorph ic
bel t ( s implified and modified from Ryoke Research Group , 1 972) .
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Table 1 . Microprob e anal yses o f ThO2, UO2 and PbO o f monaz it es from the Otag ir i Gra -
ni te (samples 2903 , 2905 and 2909) and the Ichid a Granit e (sampl e 2907 ) in t he
Komagane area. ThO2* : sum o f th e measured ThO2 and ThO2 equivalent o f th e
mea su red U O2 .

G ra in
No .

ThO2
wt.%

UO2
wt.%

PbO
wt.%

Age
Ma

ThO2*
wt.%

Gra in
No .

ThO2
wt.%

UO2
wt.%

PbO
wt.%

Age
Ma

ThO2*
wt.%

Sample 2903: O ta gi r i G r an i te

Sample 2905: O ta gi r i G r an i te

M15-04 6.23 0.235 0.022 76 6.98
M15-05 6.50 0.091 0.023 79 6.79
M16-01 7.89 0.215 0.027 74 8.58
M16-02 7.49 0.218 0.027 76 8.19
M16-03 8.94 0.335 0.035 81 10.0
M16-04 10.1 0.375 0.037 78 11.3
M16-05 5.88 0.146 0.020 74 6.35
M17-01 8.60 0.283 0.032 79 9.51
M17-02 7.20 0.148 0.024 74 7.67
M17-03 9.68 0.165 0.032 73 10.2
M17-04 11.0 0.345 0.040 78 12.1
M17-05 10.4 0.347 0.038 77 11.5
M18-01 9.01 0.213 0.031 76 9.69
M18-02 8.28 0.197 0.031 81 8.91
M18-03 9.00 0.275 0.034 82 9.88
M18-04 7.40 0.268 0.026 75 8.26
M18-05 7.87 0.182 0.025 71 8.45
M19-01 10.7 0.280 0.038 78 11.6
M19-02 10.1 0.197 0.034 74 10.7
M19-03 8.73 0.199 0.033 82 9.37
M19-04 6.93 0.107 0.023 73 7.27
M19-05 7.87 0.208 0.027 75 8.54
M19-06 10.9 0.240 0.038 78 11.7
M19-07 10.7 0.212 0.036 75 11.4
M19-08 10.8 0.299 0.037 74 11.8
M19-09 11.3 0.273 0.042 81 12.2
M19-10 6.96 0.140 0.024 76 7.41

M01-01 8.09 0.641 0.034 79 10.1
M01-02 6.90 0.325 0.024 72 7.94
M01-03 9.13 0.213 0.032 78 9.81
M01-04 7.69 0.361 0.031 82 8.85
M01-05 7.71 0.463 0.027 70 9.19
M02-01 10.6 0.223 0.037 77 11.3
M02-02 10.3 0.209 0.036 77 11.0
M02-03 10.1 0.150 0.034 76 10.6
M02-04 9.71 0.138 0.031 73 10.2
M02-05 9.97 0.166 0.032 72 10.5
M02-06 9.14 0.120 0.030 75 9.53
M03-01 4.79 0.050 0.016 77 4.95

M01-01 10.9 0.287 0.038 77 11.8
M01-02 6.86 0.163 0.024 76 7.38
M01-03 10.7 0.261 0.038 79 11.5
M01-04 10.8 0.338 0.040 80 11.9
M02 6.34 0.168 0.023 79 6.88
M03-01 6.82 0.227 0.024 76 7.55
M03-02 7.47 0.225 0.026 74 8.19
M03-03 6.42 0.211 0.023 76 7.09
M03-04 7.98 0.221 0.029 78 8.69
M04-01 8.61 0.305 0.032 79 9.59
M04-02 9.22 0.171 0.031 75 9.77
M04-03 9.06 0.247 0.034 81 9.85
M05-01 5.51 0.285 0.021 77 6.42
M05-02 5.29 0.267 0.020 76 6.15
M05-03 6.10 0.396 0.026 83 7.37
M06-01 9.16 0.237 0.032 76 9.92
M06-02 7.81 0.173 0.026 74 8.36
M06-03 8.13 0.331 0.033 84 9.19
M07-01 4.62 0.147 0.018 82 5.09
M07-02 7.64 0.203 0.028 79 8.29
M08 7.90 0.208 0.028 78 8.56
M09-01 7.04 0.191 0.026 79 7.65
M09-02 7.60 0.169 0.026 76 8.14
M10-01 7.07 0.305 0.027 80 8.05
M10-02 8.52 0.325 0.030 73 9.56
M11-01 5.99 0.129 0.022 80 6.40
M11-02 9.38 0.301 0.034 78 10.3
M11-03 9.65 0.360 0.036 78 10.8
M12-01 5.68 0.225 0.021 79 6.40
M12-02 4.34 0.163 0.017 81 4.86
M13-01 9.25 0.228 0.033 77 9.98
M13-02 6.93 0.229 0.026 80 7.66
M14-01 8.31 0.149 0.029 77 8.79
M14-02 9.20 0.165 0.033 79 9.73
M14-03 8.42 0.082 0.030 80 8.68
M14-04 8.08 0.099 0.027 77 8.40
M14-05 8.16 0.137 0.029 78 8.60
M15-01 4.68 0.207 0.018 80 5.34
M15-02 4.70 0.137 0.017 77 5.14
M15-03 3.35 0.044 0.012 81 3.49
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G r ai n
No .

ThO2
wt.%

UO2
wt.%

PbO
wt.%

Age
Ma

ThO2*
wt.%

Gra in
No .

ThO2
wt.%

UO2
wt.%

PbO
wt.%

Age
Ma

ThO2*
wt.%

Sample 2909: O t ag i r i Gran i te

M03-02 5.74 0.096 0.020 77 6.05
M03-03 5.70 0.075 0.019 76 5.94
M04-01 4.92 0.092 0.017 75 5.21
M04-02 5.40 0.106 0.019 78 5.74
M04-03 5.59 0.047 0.019 78 5.74
M04-04 5.57 0.045 0.020 83 5.71
M04-05 5.05 0.029 0.015 69 5.14
M05-01 6.62 0.696 0.030 81 8.85
M05-02 6.01 0.290 0.023 77 6.94
M05-03 4.58 0.371 0.020 82 5.77
M05-04 6.28 0.357 0.024 77 7.42
M06-01 6.64 0.135 0.023 77 7.07
M06-02 5.38 0.084 0.019 81 5.65
M06-03 6.31 0.122 0.021 73 6.70
M06-04 6.58 0.117 0.023 78 6.96
M06-05 10.3 0.282 0.035 74 11.2
M07-01 5.26 0.087 0.019 82 5.54
M07-02 5.19 0.096 0.018 76 5.50
M07-03 4.56 0.098 0.016 76 4.87
M07-04 4.80 0.099 0.016 73 5.12
M07-05 4.36 0.062 0.015 78 4.56
M07-06 4.94 0.091 0.017 75 5.23
M08-01 9.21 0.095 0.033 82 9.52
M08-02 9.07 0.129 0.030 75 9.48
M08-03 9.90 0.087 0.034 78 10.2
M08-04 10.1 0.126 0.033 75 10.5
M08-05 8.53 0.091 0.029 78 8.82
M08-06 6.58 0.121 0.022 74 6.97
M08-07 8.63 0.091 0.028 75 8.92
M08-08 9.90 0.111 0.032 73 10.3
M08-09 9.75 0.112 0.034 79 10.1
M09-01 3.59 0.060 0.012 75 3.78
M09-02 4.91 0.078 0.017 78 5.16
M09-03 5.18 0.094 0.019 83 5.48
M09-04 5.04 0.072 0.018 81 5.27
M09-05 5.27 0.074 0.017 73 5.51
M10-01 7.98 1.75 0.047 82 13.6
M10-02 9.18 2.08 0.052 78 15.8
M10-03 8.98 2.15 0.051 77 15.9
M10-04 8.75 2.04 0.047 73 15.3
M10-05 8.74 2.37 0.054 79 16.3

M11-01 5.63 0.113 0.019 75 5.99
M11-02 5.62 0.091 0.018 72 5.91
M11-03 5.71 0.107 0.020 76 6.05
M11-04 5.73 0.154 0.021 78 6.22
M11-05 5.35 0.097 0.018 74 5.66

M01-01 3.44 0.918 0.020 74 6.38
M01-02 4.98 0.739 0.024 78 7.35
M01-03 3.88 1.03 0.024 79 7.18
M02-01 5.78 0.195 0.020 75 6.41
M02-02 5.90 0.249 0.019 68 6.70
M02-03 6.57 0.087 0.023 79 6.85
M03-01 4.29 0.057 0.013 71 4.47
M03-02 3.71 0.044 0.013 78 3.85
M04-01 4.65 0.077 0.018 87 4.90
M04-02 4.91 0.111 0.016 72 5.26
M04-03 5.00 0.075 0.016 73 5.24
M04-04 5.17 0.053 0.018 78 5.34
M05-01 6.99 0.121 0.024 77 7.38
M05-02 7.69 0.160 0.029 83 8.20
M05-03 7.70 0.163 0.026 76 8.22
M05-04 7.02 0.169 0.024 75 7.56
M05-05 7.26 0.186 0.025 75 7.85
M06-01 6.63 0.135 0.024 82 7.06
M06-02 6.39 0.124 0.023 81 6.79
M06-03 6.13 0.100 0.019 70 6.45
M06-04 6.03 0.069 0.022 82 6.25
M06-05 5.78 0.086 0.019 75 6.05
M07-01 7.74 0.118 0.028 82 8.12
M07-02 7.95 0.179 0.028 78 8.52
M07-03 8.91 0.165 0.031 78 9.44
M07-04 8.69 0.164 0.030 78 9.21
M07-05 7.43 0.149 0.026 77 7.91
M08-01 5.82 0.141 0.020 76 6.27
M08-02 7.21 0.172 0.026 80 7.76
M08-03 5.74 0.150 0.020 75 6.22
M08-04 6.29 0.142 0.021 72 6.74
M09-01 3.03 0.187 0.012 78 3.63
M10-01 7.87 0.220 0.027 73 8.57
M10-02 7.56 0.225 0.027 77 8.28
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Ta b l e 1 . ( c o n t in u e d ) .

Gra in
No .

ThO2
wt.%

UO2
wt.%

PbO
wt.%

Age
Ma

ThO2*
wt.%

Gr ai n
No .

ThO2
wt.%

UO2
wt.%

PbO
wt.%

Age
Ma

ThO2*
wt.%

Sample 2907: I ch ida Gr a ni teM10-03 7.73 0.281 0.027 74 8.63
M10-04 7.56 0.238 0.025 71 8.32
M10-05 7.81 0.217 0.030 84 8.50
M10-06 7.69 0.234 0.027 75 8.44
M11-01 7.32 0.340 0.026 74 8.41
M11-02 6.73 0.371 0.026 78 7.92
M12-01 6.64 0.115 0.023 76 7.01
M12-02 6.64 0.122 0.022 75 7.03
M12-03 5.03 0.048 0.017 75 5.18
M13-01 7.56 0.379 0.029 77 8.77
M13-02 7.76 0.478 0.031 78 9.29
M13-03 7.61 0.430 0.030 79 8.99
M13-04 6.42 0.407 0.025 75 7.72
M13-05 7.38 0.321 0.027 75 8.41
M13-06 7.77 0.425 0.029 74 9.13
M13-07 7.74 0.491 0.031 78 9.31
M13-08 7.33 0.384 0.030 83 8.56
M13-09 7.34 0.430 0.029 79 8.72
M14-01 4.22 0.214 0.015 71 4.91
M14-02 2.46 0.214 0.010 75 3.14
M14-03 3.10 0.245 0.013 81 3.88
M15-01 10.2 0.215 0.034 75 10.9
M15-02 10.2 0.118 0.034 77 10.6
M15-03 9.95 0.137 0.032 73 10.4
M15-04 9.34 0.164 0.033 78 9.86
M15-05 10.4 0.191 0.034 73 11.0
M15-06 10.2 0.181 0.035 77 10.8

M01-01 6.07 0.122 0.022 79 6.46
M01-02 5.48 0.130 0.020 80 5.90
M02 4.48 0.124 0.017 80 4.88
M03 5.96 0.126 0.022 80 6.36
M04 3.41 0.143 0.013 80 3.87
M05 5.47 0.143 0.021 84 5.93
M06-01 7.80 0.102 0.026 76 8.13
M06-02 7.89 0.137 0.028 79 8.33
M07-02 6.97 0.129 0.024 78 7.38
M07-02 7.54 0.127 0.027 80 7.95
M08-01 5.84 0.065 0.020 78 6.05
M08-02 6.15 0.093 0.020 74 6.45
M09 2.36 0.127 0.010 85 2.77
M10 3.74 0.097 0.013 78 4.05
M11 3.30 0.032 0.010 69 3.40
M11-02 5.08 0.108 0.018 78 5.43
M12-01 5.86 0.466 0.025 81 7.35
M12-02 6.46 0.194 0.023 76 7.08
M13 3.05 0.109 0.011 76 3.40
M14 3.66 0.043 0.013 81 3.80
M15-01 6.33 0.205 0.022 74 6.99
M15-02 7.91 0.205 0.029 79 8.57
M15-03 8.01 0.166 0.028 77 8.54
M15-04 7.54 0.169 0.027 79 8.08
M15-05 8.20 0.361 0.031 79 9.35
M16 5.34 0.066 0.020 84 5.55
M17 4.10 0.070 0.014 75 4.32
M18-01 5.12 0.062 0.017 74 5.32
M18-02 6.25 0.147 0.023 79 6.72
M19-01 4.98 0.089 0.018 81 5.26
M19-02 4.93 0.076 0.018 83 5.17
M20-01 3.26 0.050 0.011 73 3.42
M20-02 3.75 0.059 0.013 78 3.94
M21-01 4.35 0.072 0.015 75 4.58
M21-02 3.49 0.061 0.013 85 3.68
M22 3.97 0.072 0.013 75 4.20
M23-01 5.17 0.130 0.019 79 5.59
M23-02 4.44 0.095 0.016 80 4.74
M24 5.04 0.078 0.017 76 5.29
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T he O tag ir i Gran i te f o rms t hre e p lu to n s a t I n u tag i r i , O tag i r i a n d Naka -
t ag i r i R ive r s (F ig . 1 ) . We t empo ra r i ly c a l l the se p lu ton s a s the no r t he r n , ce n -
t r a l a n d sou t h er n plut o ns , respec t ive ly. Th e no rthe r n plu ton c o ns i s ts e nt i r e ly
o f f ine -gra ined t wo-mica adamel l i t e . T he ce n tra l body compr ises f ine -gra ined
gray-colored bio t i te granodiori te , f ine-grained two-mica adamel l i t e and fi n e- t o
medium-grained leucocra t i c t wo-m ica gran i te. M urayama and Katada (1957 )
f o un d t h a t f ine -g ra ined gr ay- col o r ed b io ti t e g r anodi o r it e i s in t r ud e d b y b o th
two -mica v ar i e t i e s w i t h a s ha r p bounda ry, an d t h a t f i n e - t o med ium-g ra ined
l e ucoc ra ti c two -mi c a g ran i t e gr a de s a br up t l y o r in t rud e s wi th a sha r p bo und -
a r y i n t o f i ne -g ra ined two-m ica a da mel l i te ; t he c e nt ra l p lu ton fo rmed th rou gh
mul t ip l e magmat ic event s . T he s outhe rn plu ton cons i s t s of f ine -gra ined two-
mica adamel l i te a nd f ine -gra i ned t o coa rse-gra ined l eucocra t i c two-mica gran-
i t e . Aga in th i s p lu ton pos sib ly formed through mul t ipl e magmat ic events .

We co l l e c t ed t h r ee s amp l e s (s am pl e No s . 2 9 0 3, 29 0 5 a n d 29 0 9 ) o f t he
O t agi ri Gran i t e a n d a s ampl e ( s ampl e N o. 2 90 7) o f t he I c hida Grani te (F i g. 1 ) .
Monazi te wa s analyzed o n a n e l ect ron m i croprobe ( JCXA -733 ) b y t h e method
descr ibed b y Suzuki e t al . ( 1991 ) , Suzuki a n d Adach i (19 91) a n d Adac hi a n d
Suzuk i (1992) . The Th , U and Pb analy t ical resul ts are l i s ted i n Tab le 1 ; t h e
d e te cti on l im it o f PbO a t 2σ con f id ence le v e l is 0 . 0 1 wt .% , and t h e r e l a t iv e
err o r i n t h e PbO de term inat ion i s about 15 -2 5 % fo r 0 .02 wt .% o f t h e concen -
t ra t ion. E rr o r i n CHIME ag e i s g iven a t 2σ l eve l .

CHIME MONAZITE AGES

Otag i r i Grani te
Samp l e 2903 f rom the n or thern plu ton i s weak l y fo l i at e d f ine-grained two-

m i ca adamel l i t e, an d consis ts main ly o f quar tz, K -f e ld s par, p lagiocl a se, b io t it e
and muscovi te . The p ar t ia l XRF analys i s o f th i s s ample i s l i s ted in Tab l e 2 .
The normati v e composi t ion i s 31 .8 % quar tz , 28 .6 % orthoclas e , 31 .8 % p l ag io -
c l as e , 2 . 2 % co rundum and 4 .1 % hypers t hen e . The mola r Al 2O 3/ (CaO+Na2O
+ K2O ) (A /CNK; hereaf te r ) va lue i s 1 . 15 , a nd the mo la r K 2O/(Na2O +K 2O ) (K /
NK ; hereaf te r ) va lue i s 0 . 52 . P la gioc lase i s z o ne d w i th a ca l c ic co r e a nd a
s od i c r im ; t h e ca l c ic c o re i s h i gh l y se r i c i ti z ed . Accesso r i e s inc lude ga rne t ,
a p at i t e, monazi t e , x enot ime, z i rcon and i lmeni te . Ti t an i t e i s absen t , b u t s e c-
ondary gra ins devel op i n chlor i t ize d biot i te . Monaz it e fo rms euhedral t o sub-
h e dr a l c ry sta l s a nd is 0 . 12 to 0. 2 2 l on g; excep t iona l l y i t a tt a i n s t o 0. 3 0 mm .
T h e len gth /w idt h ra t io is in th e r ange be tween 1 . 1 an d 2 . 8 an d concen tr at e s
around 2.1 . Monazi te conta in 3.34-11.3 wt .% ThO2 and 0.09-0.38 wt .% UO2. A
t o ta l o f 6 7 ana ly s e s on 1 9 mo n az i te g r a i n s a re a rr ay ed li n e ar ly o n th e PbO -
ThO2* d i ag ram (F ig 3A) , an d y i el d an isochron o f 77.4±3.1 M a (MSWD=0.1 8).

S amp l e 2905 f rom t he ce nt r al p l ut o n i s mass i ve fin e -gr ain e d gra y-c olo red
b io ti t e g r an odior i te , and consis t s o f qu ar tz , plagioclase, K- fe l dspar and biot it e .
The A /CNK an d K/NK values a r e 1 .14 and 0.41, respectively ( Tab le 2) . Com-
pared wi th o the r samples f rom t h e Otagi r i Grani te , t h is i s enr iched i n Z n and
B a b u t p oo r i n Y a n d N b . P r im a r y m us c o vi t e i s r a r e , b ut s e c o n da r y on e



K . Suzuk i e t a l .24

Table 2 . P ar t i al XR F an al y s es o f g ran i to i d s f r om th e Ot ag i r i an d I ch ida
Grani tes i n t h e eas te r n Ry ok e Be l t.

d evelops i n t h e al t ered co re o f p l agioc las e . A cc es s or i es a r e apat i t e, monaz i t e,
zi rcon , xenot ime and i lmeni te . G arn et ca n no t b e s ee n i n th i s s ample. Mos t
monaz i t e g r a i n s o c cu r i n e u hed ra l f o rm of 0 . 11 t o 0 . 1 7 m m i n l e n g th . T h e
l ength/width r a ti o ra rel y at t a in s 1 .8 . Monaz i t e g rai n s f r om this s ample, u nli k e
those f r om s ample 2903 , show high v ar ia t ion i n the UO2 conten t ; t h e UO2 con -
t en t ranges f ro m 0 .06 t o 2 .36 %. The ThO2 conten t i s i n the range be twee n 3 .59
an d 10 .6 %. F igu r e 3 B s hows PbO vs . THO 2* p lo t s o f 5 8 analyses o n 11 g rains .
A ll d a t a p oi n t s a r e r e g r es s e d w it h a s in g l e i s o c h r o n o f 7 6 . 3 ± 2 .8 M a
(MSWD=0.20).

Sample 2909 fr om the southern plu ton i s w eak ly f oli a t ed f i n e-gra ined two-
m i c a adame l l i te , c o n si s t i ng ma i n l y o f qua r t z , p l ag i oc l a s e , K- f el d s par, b i ot i t e

O t ag i ri G r an i te I c h id a
G r a n i t e

S a mp l e
N o .

Northe rn
p luton
2903

Centra l
p luton
2905

S outher n
p luton
2 90 9 2 90 7

F eO * : t o t a l F e a s Fe O , A /CNK : m o l a r A l 2O 3/ ( Ca O +Na2O +K 2O )
r a ti o a n d K / NK : m o l ar K 2O / ( N a2O +K 2O ) r at i o

S i O2 (% )
TiO 2

Al 2O 3

F eO*
M nO
M gO
C aO
Na 2O
K 2O
P 2O 5

To t a l
A / CN K
K /NK
C r ( ppm )
C o
N i
Z n
R b
S r
Y
Z r
N b
B a

72.6
0.23 0
14.7
1.74
0.04 4
0.50
1.47
2.99
4.84
0.11 8
99.232
1.15
0.52
5 .8
2 .5
5 .1
4 1.2
157
174
1 5.7
132
1 5.5
625

71 .1
0.362
15 .2
2.36
0.055
0.67
2.14
3.33
3.48
0.177
98.874
1.14
0.41

71 .8
0.259
15 .1
1.91
0.046
0.54
1.65
2.93
5.01
0.126
99.371
1.14
0.53

72.7
0.216
14.3
1.74
0.040
0.52
1.33
2.43
5.53
0 .11 2
98.918
1.15
0.60

14.6
0.6
4.6
70.3
88.6
362
11.5
150
11.6

1080

9 . 0
1 . 4
3 . 6
4 8. 6
2 00
1 91
1 6. 8
1 42
1 6. 5
7 23

5.6
1.1
5.2
38.4
128
252
9.1

115
11.4

1390
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Fig. 3. P l o t s o f P bO v s . ThO2* o f monaz i t e s f r om t h e n o rt he rn (A ) , cen t r a l ( B ) and
sou thern p lu tons o f t h e O t ag i r i Gran i t e. Er r o r b ar s i n t h e f igu re r ep re sen t 2σ
analyt ic a l uncer tai nty, a nd e rr o r g iven t o t h e age i s o f 2σ .
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S ampl e 2 9 09
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Analyt ic a l
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76 .3 ± 2.8 M a

7 7.1±3 . 5 M a
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(MSWD=0.23)

T hO2* (wt.%)
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a nd muscovi te . The analys is , n ea r ly ident ica l wi th tha t o f s ample 2903 , sug -
g e st s s ample 2 90 9 to be pera luminou s wi t h t h e A/CNK va lue of 1. 1 4 a nd t h e
K/NK value o f 0 .53 ( Table 2 ) . Acc esso ri es are g arn et , apa t it e , monazi t e, zi rcon ,
x en ot ime a nd i lme ni te . Monaz i t e f orm s e uh e dr a l t o s u bh e dr a l pr i sm s of 0 . 14
t o 0 . 25 mm i n l eng th . The length/width r ati o ranges f rom 1 .2 t o 1 .9 . The ThO2

conten t ranges f ro m 2 .45 t o 10 .4 % and t h e UO2 conten t fr om 0 .05 t o 1 .03 %.
A to tal o f 6 1 analyses o n 1 5 gr a ins (F ig . 3C ) y i el d s an i soch ro n o f 77 .2 ±3 .5 M a
(MSWD=0 .23 ) .
Ich ida Grani te

S ample 2907 f rom the Ich ida Grani te i s m edium-gra ined biot i te adamel l i t e,
a nd consis ts main ly o f quar tz , p l agioc las e , K -f eldspar and biot i te. Th i s s ample
shows t h e A/CNK v al u e o f 1 .15 and t h e K /NK value o f 0 .6 0 ( Tab le 1 ) . A cces -
s o ri es include apat i t e , z i rcon, ilmeni te, al lan i te and monaz i t e. Monaz i t e range
fr om 0 .13 t o 0 .2 8 mm i n l ength , an d except ional l y l a rg e one i s u p t o 0 .35 mm.
The ThO2 conten t ranges fr om 2.3 6 t o 7 .9 1 % an d t h e UO2 con ten t f r om 0 .05 t o
0 .47 % . T he PbO-ThO2* p lo t s o f 3 9 analyses o n 2 4 grains (Fig . 4) d ef in e an i so-
ch ron of 79 . 4±3 . 1 Ma (MSWD= 0. 1 3) .

Fig. 4. P lo ts o f P bO vs . ThO2* o f m onaz it e s f r om the Ichida Grani t e . Explanat ions f or
e r ro rs a re t h e s ame a s f o r F ig. 3.

PbO (wt.%)

Sam pl e 2 9 07

3 9 a nalyses o n
2 4 grains

7 9.4±3 .1 Ma
(MSWD=0 . 13)

Ana lytical
u ncertainty

0 .03

0 .02

0.0 1

0
0

2 4 6 8 1 0
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DISCUSSION

The t h ree CHIME monazi t e ag e s fo r the Ot ag i ri G ran i t e are 77 .4±3 .1 M a fo r
t h e n or thern pluton, 76.3±2.8 M a fo r t h e cent ra l p lu ton and 77.2±3.5 Ma fo r t h e
s o ut h er n p l u t o n . T h e t h re e CH IME d a t es c o i n c i d e we l l e ac h o t h e r w i t h i n
t h e l i m i t o f an a l yt i ca l u n c e rt a i n t y. I f we r e g r es s a l l a n a l y t ica l d a t a fo r
t hr e e p lu t on s , w e o b ta i n a n is o c h r o n o f 7 7 . 2 ± 1. 7 Ma (MSWD=0 . 20 ) w it h a n
i nt er c ept va lue o f 0 .00003±0.00057 .

As ment ion ed e a rl i e r, t he Otag i r i G r ani t e h a s bee n da ted by Yuhara (1994 )
b y t h e R b - S r who l e - r o c k i so c h r o n m e t ho d . T h e Rb - S r a g e s a r e 71 .6± 6 . 8 ,
99 .0±10 .9 an d 92 .7±13 .8 M a fo r t h e nor the rn , cen t r a l and sou the rn p lu t o ns ,
respect ive ly (F ig . 5 ) . Thes e Rb-Sr ages , p ar t i cu lar ly 99.0±10 .9 M a fo r the c en -
t r a l pl u to n , a r e in consi st e n t w it h th e CH IME m onaz i te age s . T hi s in consi s-
t e n cy m a y n o t b e a s c r i b ed t o t h e s im p l e e r ro r i n b o t h th e m i c r o p ro b e a n d
isotopic analyses . R athe r, w e b el ieve tha t t h e 99 .0±10 .9 M a Rb-Sr age resul ted
f rom i s o to p i c d i seq ui l ib r i um in th e Rb -S r s y s tem on th e wh ol e -r o c k s c a l e a s
documen ted by S charer e t a l . (1984 ) . Inspect ion o f t h e isochron diagram (Fi g .
5 ) s hows a ma rked s c at t e r i ng o f d at a po i n t s f o r t h e cen t r a l p l u t on ( c i r cl e s ) .
F o r t h e a g e c alc u la ti on , Yuha r a (1994) di sca r ded 6 da t a (open c ir c le s ) f r om 16

Fig. 5. R b-S r i sotopi c relat ion s i n wh ole -r oc k sample s of t he Otagi r i G rani t e (isotopic
data from Table 4 o f Yuhara, 1994). Soli d l ines a re 7 7 Ma r eference i sochrons
wi th d i ff e ren t i ni t ia l S r/ S r ra ti os , a nd b roken ones r epr e sen t reg re s sion l ines
o f fi l l ed da ta point s of indiv idua l plu ton s b y Yuha ra ( 199 4) .
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isotopic analyses o n t h e bas ic o f p et rographic and chemi c al cr i t er ion. The s e-
l ec te d 1 0 d at a ( s oli d ci rcl es ) , however, are s ti l l no t s t r ic tl y al igned i n t h e i so -
ch ron d iag r am ; th e s c a t te r i s beyond ana ly ti c al un c er t a i nt y (mean squ a re o f
w ei ghte d deviat e d (MSWD)=3.3) . Th i s sugges t s tha t t h e Rb -Sr sys tem i s n ot
i n equi l ibri um even i n t h e s el ec t ed 1 0 s amples . I n th i s connect ion , i t i s i mp or-
t a n t t o n o t e t h a t t h e ce n t r al p l u t o n compr i s e s at l e a s t t h r ee i n t r u s i ve un i t s
wi t h a cle a r-c u t i nt r us i ve re l a t ion (Murayama a nd Ka tada , 19 57 ) . The s e l i n es
of ev i dence s u gge s t tha t t he R b- S r w ho le - roc k i sochr o n age s o f 99 . 0± 10 . 9 M a
might b e for tu i tous , an d n ot r ep re se nt the t r u e t im e of emplacement . Th i s i s
pa r t icu la r ly e vide n t i f on e e xam ine s whol e i s o t op i c d ata of t h e cen t ra l p lu ton
w it h r e spec t t o t h e r e f er enc e i soch ron o f 77 M a ( s o li d li n e ) ; s ub s e t s of t h e
da t a p oi n t s c a n regressed wi t h 7 7 M a i soch ron s of di ff er en t i n i t ia l S r / S r
r at i o s .

Th e Rb-S r da ta f or the s ou the rn p lu ton ( squ a re s) a l so a r e d i st inc t ly n ot
a l ign ed i n t h e i s o ch ron d i ag r am (F i g . 5 ) , a n d su s e t s o f t h em a re r eg r es s e d
w i t h 77 Ma i s oc h r on s . A g ai n t h i s i s a c ompos it e p l u t o n (Mu ra y ama a nd
Ka tad a , 1957). We consider t h at t h e 92.7±13.8 M a Rb-Sr whole-ro ck i sochr on
age i s for tui tous. The Rb-Sr isochron plo t s of d at a fo r t h e no rther n plu ton d o
no t show a majo r ef f ect o f t h e iso topic disequil ibr ium, an d t h e age of 71.6±6.8
M a is e s se nt i a l ly i d ent i c a l w i t h t h e CH IME monaz i t e a g e of 77 . 4±3 . 1 Ma . We

Fig. 6. Diagrammatic p resent ation of CHIME monazite ages i n context o f field relation s
i n the Komagane and Mikawa areas. CHIME age s a re plot ted wi th e r ro r ba rs
(2σ) . Bold l ines represen t age data o bt ained i n this study and other li nes repre-
sen t those repor t ed by Suzuki e t a l . (1994a,b ).
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pr efer t h e CHIME monazi t e ag e s o f c a. 7 7 M a (77.4±3.1 , 76 .3±2 .8 an d 77.2±3.5
Ma ) a s r ep r ese n t in g t h e t ime of i nt r u s io n a n d s o li d if ic ati o n o f t he no r th e rn ,
c entral and southern plutons o f t h e Otagir i Grani te.

The p resen t CHIME monazi t e ag e s o f t h e Otagir i a nd Ich ida G ran i tes a r e
p l a c e d i n t h e c o nt e xt o f f i e ld e vi de n c e i n t h e e a s t e r n Ry ok e b e l t ( F ig . 6) ,
to geth e r w i t h t h e prev iou s ly r epor t ed CHIME m onaz i t e a ges f o r gne i ss e s a nd
gr anito ids (Suzuk i e t al . , 1 994a,b ) . The ca . 77 M a CHIME age s o f t h e Otagir i
G r a ni te j u s t o ve r l a p wi t h t ho s e o f t he Bu s e t su G r a ni te ( 75 . 0 ± 5. 1- 7 8. 9 ±5 . 3
M a, Suzuk i e t a l . , 1994b ) , and appear t o b e s l i gh tl y younge r t h a n t h e CHIME
mona zit e a g e of 79 .4±3 .1 M a f o r t he I c h id a gr ani te ; t h e ag e s p re sent e d he re in
a r e i n go o d ha rmon y w i th t h e in t r u s iv e r ela ti o n t h a t th e Otag i r i G r an it e in -
t r u d e i n to t h e I c h i d a G r a n i t e . A lt h ou g h w e a r e u n c e r t a i n w h e t he r t he
Otag ir i , Kadosh im a and Buse t su G ra n i te s a r e o f comagmat i c o r n o t, w e c an
s t a te th a t th e y we r e e mp lac e d si mu l taneousl y a t c a . 7 7 Ma .
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