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ABSTRACT

The Shinshiro Tonalite located on the north of the Median Tectonic Line in
the Mikawa area is the oldest pluton among the post-tectonic intrusive in the
eastern Ryoke belt. monazites recovered fron three samples of the leucocratic
varieties of the Shinshiro Tonalite yiled CHIME ages of 86.0±4.7, 85.2±3.3 and
85.5±5.5 Ma. These ages, interpreted as the time of the emplacement, are some
1 5 Ma younger than the CHIME monazi te age s fo r the Ry ok e g ni es s , and
slightly older than the CHIME monazite ages for the subsequent Mitsuhashi
Granodiorite (ca. 84 Ma).

INTRODUCTION

Recent CHIME monazi te geochronology revealed t ha t t he Ryok e g neiss i n
the M ik aw a a re a at ta ined t o th e metamorphic g r ad e o f m on az i t e formation
(lower amphiboli te facies) a t ca. 100 Ma (Suzuki e t al , 1994a,b). The Ryoke
gneiss underwen t subsequently the peak metamorphism and the emplacement
o f grani ti c rocks. Identification o f granitic p lutons and their intrusiv e o rder
h ad been established i n ea rly 1970's on the bas is o f the fiel d relat ions, petro-
g raphic fe atu re s and morphology o f a cc essory zircon ( e.g . Sakai et al ., 1960;
Ryoke Research Group, 1972). The o ld es t intrusive in the Mikawa area i s th e
Kamihara Tonali te which i s f ollowed succe ssively b y the Tenryuky o Grano-
diori te, Ki yo saki Grano diorite, S hinshiro Tonalite, Mitsuhashi Grano diorite,
In agawa Granodiori te an d Busetsu G ran i t e. Un l ike t h e KamiharaTonal i t e,
Tenryukyo Gran odior i te and Kiyosaki G ranodior i te , t h e Shinshiro Tonal i te
forms a discordant pluton with a contac t aureo le (Asami and Hoshino, 1980).
This indicates the Shinshiro Tonali te t o be a post-tectonic intrusive. I ts em-
placement a ge , the re for, m a y p r ov i d e a c on st ra int o n t h e d ur a ti on of the
Ryoke metamorphism. Previous K-A r dating o f the Shinshiro Tonalite yielded
73.3±2.9 Ma hornblende age and 68.0±2.1 M a biot it e age (Uch iumi et a l .,
1 990). These ages, however, a re not consider ed t o r epresent the emplac ement
time, b ec aus e they ar e younger than the subsequent Mitsuhashi Granodiorit e
( ca. 8 4 Ma CHIME mona zit e ages, Suzuki e t a l . , 1994a ,b) a nd the Busets u
Granite (82 .5±3.9 Ma Rb-Sr whole-rock isochron ages, Shibat a and Ishihar a,
1 979 ; c a . 7 7 M a CHIME monaz i te ages , Suzuki et al . ,1994a). To know the
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Fig. 1. Geological map of the Shinshiro Tonalite (after Ohtomo, 1985). Sample localities
are also shown. Note that the Busetsu Granite intruded the Shinshiro Tonalite
in many places. To: tonalite, Gd: granodiorite, AD: adamellite, M.T.L.: the Median
Tectonic Line.

emplacement age by an alternative method, we have made CHIME age deter-
m ina t i on s o f m o naz i t e s f r om t h e l eucoc r at ic v ar i e t i e s o f t he Sh i n s hi ro
Tonalite. Although our CHIME geochronologica l resear ch on the Shinshi ro
Tonal i te i s i n progress, w e here present the dating results and discuss their
meaning.

OUTLINE OF THE SHINSHIRO TONALITE

The S hinshiro To na l it e fo rms a stock- l ike b od y wit h a n area o f 14 x 6 km
on the nor th of the Median Tec ton ic Line (Fig. 1) . I t i ntr uded di sc ordan t ly
i n t o the Ryo ke metamorphi c r ocks whic h show a general t rend of NE-SW
direct ion an d consis t ma in ly o f pel i t i c, psammi t i c and s i li c eou s gneisses .
Asam i a nd Hosh in o (1980) d i vided t h e gne iss o n th e w es t er n s i de o f t h e
p lu t on i n to t h r e e m in e r al z on e s ; a n d a lu s it e z o n e , s i l li ma n i te z o ne a n d
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s il limanite-orthoclase zone southward. Atsumi (1984) reported a paragenesis
o f anda lusite-sil limanite-muscovite from the nor theast of the pluton. The plu-
ton forms a contact aureole of 2 km in width and yields the anda lusite-or tho-
c lase as semb lage overprin te d o n the regi ona l a ssemb lage s (Asami and Ho -
shino, 1980). The assemblage o f the contac t metamorphism i s stable on lower
press ur e c ondi t ion s than those f or the regiona l a s sembla ge . This s ug ges ts
that the Shinshiro Tonalite emplace d after a s ignificant u pl if t o f th e Ryok e
belt. The Shinshiro Tonalit e is intruded by the Busetsu Gran it e (Fig. 1) .
The pluton o f the Shinshiro Tonali te comprises coarse-grained hornblende-

b i ot i t e t ona l i t e in t h e cen te r and b io ti t e t ona l i t e t o g r ani t e i n t h e m arg i n
(Ohmoto, 1985; see Fig. 1). The central tonalite, characterized by the presence
o f pr i sma ti c h ornblende o f 8- 11 mm long, grades in to t he marg ina l bi ot it e
t onalite, biot it e granodiorite and muscovi te- bear ing b iot i te gr ani te within a
narrow zone o f several dozens of meter s. Some margina l facies contain garnet
a s accessory phase.

SAMPLE DESCRIPTION

We examined a n umbe r of sample s, a nd found monazite f rom three sam-
ples from t he northern marg in o f t he pluton . The sample l oca l it ies a re given
i n Fig. 1.
Sample Gs17 (137 28'35"E, 34 57'40"N), medium-grained biotite tona li te , was
collected from a d ike extended from the margin of the pluton a t the granite-
gneiss boundary. I t consistts mainly of quartz (30%), plagioc lase (60%), potash
feldspar (0.1%) and biot it e (9.4%). Plagioclase forms euhedral grains o f 6-7
mm in len gth , and show s marked compos i tional zo ning . Quartz occurs a s
anhedral g rains and a s interstitials.
Sample Gs20 (137 28 '25"E, 34 57 '52"N) was collected from a ca. 15 m thick
dike i nt ruding into p sammitic gneiss. T he s ample , medium-grai ned garnet-
bea r in g two-mic a adamel l it e , consi s ts main ly o f q uar tz (39%), plagioclase
(24%), potash feldspar (23%), biotite (7.9%) and muscovite (4.7%). Potash feld-
spar, more than 1 cm in size , shows a poikilitic texture and includes euhedral
grains of plagioclase, biotit e and muscovite.
Sample Gs31 (137 28'13"E, 34 58'21"N), medium-grained garnet-bearing bio-
ti te tonalite, was collec ted f rom the immediate contact with psammit ic gneis s.
I t consists o f quar tz (32%), p lagioclase (60%), potash feldspar (1.2%), b io ti te
(6.6%), garnet (tra ce ) and muscovi te ( trace). Plagioclase, ca . 2 mmin size,
displays a marked composit ional zoning and its calcic center i s usuall y seri-
cit ized. Garnet forms euhedra l grains o f small er th an 1 mmin diameter.
A l l samples c onta i n monaz i t e , z i r co n, a pa t it e , p yr r ho t i te a nd p yr i te a s

accessories. Monazite grains a re yel low-colored and euhedral , a nd r ang e i n
size from 0.1 to 0.4 mm. They di ffer in grain shape and s ize from monaz ites in
adjacent Ryoke gneiss, which a re largely anhedral and smaller than 0 .15 mm
i n size . We consider that mona zi te gra ins i n th e samples crystalli ze d from
magmati c melt .

o o

o o
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Table 1. E lec t ron microp rob e ana lys e s of T hO 2, UO2 and PbO in monaz it e s fr om
samples of the Shinshiro Tonalite. ThO2*: sum of the measured ThO2 and ThO2

equivalent of the measured UO2.

No. Grain
No.

ThO2
wt.%

UO2
wt.%

PbO
wt.%

Age
Ma

ThO2*
wt.%

No. Grain
No.

ThO2
wt.%

UO2
wt.%

PbO
wt.%

Age
Ma

ThO2*
wt.%

Sample : Gs17

Sample : Gs31

Sample : Gs20
1
2
3
4
5
6
7

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

M01-01
M01-02
M01-03
M01-04
M01-05
M01-06
M02-01

6.18
6.02
5.56
5.88
5.75
6.42
6.72

0.254
0.263
0.213
0.241
0.253
0.150
0.369

0.025
0.025
0.024
0.024
0.024
0.025
0.029

83
86
91
86
85
84
86

6.99
6.87
6.24
6.66
6.56
6.90
7.90

M01-01
M01-02
M02-01
M02-02
M03-01
M03-02
M03-03
M04-01
M04-02
M04-03
M04-04
M04-05
M04-06
M05-01
M05-02
M06-01
M06-02
M07-01
M07-02
M08-01
M08-02
M08-03

3.94
5.49
4.50
6.25
5.71
5.78
4.87
7.68
7.59
7.32
7.96
7.86
7.60
7.12
6.85
6.76
5.02
4.41
4.84
6.82
7.30
5.43

0.073
0.087
0.101
0.149
0.352
0.350
0.114
0.114
0.115
0.126
0.132
0.136
0.133
0.181
0.170
0.136
0.554
0.090
0.068
0.091
0. .082
0.700

0 .015
0 .021
0 .018
0 .024
0 .025
0 .025
0 .019
0 .029
0 .029
0 .028
0 .029
0 .030
0 .030
0 .027
0 .028
0 .026
0 .024
0 .018
0 .018
0 .025
0 .027
0 .021

82
86
86
83
86
85
84
86
86
84
82
85
87
82
90
86
82
88
82
83
85
86

4.18
5.77
4.82
6.72
6.84
6.90
5.23
8.05
7.95
7.72
8.39
8.30
8.03
7.70
7.40
7.20
6.80
4.70
5.05
7.11
7.56
5.65

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

M02-02
M02-03
M02-04
M03-01
M03-02
M04-01
M04-02
M04-03
M05-01
M05-02
M05-03
M06-01
M06-02
M06-03
M07-01
M07-02
M08-01
M08-02
M08-03
M08-04
M08-05
M09-01
M09-02
M09-03
M09-04
M10-01
M10-02
M11-01
M11-02
M12-01
M12-02
M12-03
M12-04
M13
M14-01
M14-02
M14-03

6.69
6.52
6.82
6.99
7.60
6.13
5.45
5.80
8.78
8.12
7.91
4.87
7.90
4.53
6.44
7.62
7.71
6.29
5.57
7.87
7.53
6.76
7.32
6.30
6.94
2.42
2.46
6.18
6.94
9.84
7.56
8.96
6.74
6.28
8.16
7.84
8.33

0.391
0.364
0.375
0.175
0.110
0.252
0.109
0.164
0.227
0.199
0.238
0.634
0.641
0.523
0.370
0.348
0.167
0.200
0.235
0.195
0.209
0.303
0.201
0.342
0.282
0.551
0.556
0.112
0.145
0.379
0.408
0.372
0.334
0.238
0.293
0.291
0.181

0.029
0.027
0.029
0.028
0.029
0.025
0.021
0.023
0.034
0.030
0.032
0.025
0.037
0.022
0.027
0.032
0.030
0.024
0.023
0.031
0.029
0.028
0.029
0.027
0.029
0.016
0.015
0.024
0.026
0.040
0.031
0.036
0.028
0.025
0.033
0.032
0.033

87
84
85
87
87
85
86
86
84
82
88
84
87
84
84
86
85
82
86
85
83
85
86
86
87
89
81
87
82
86
83
84
85
85
85
86
87

7.94
7.68
8.02
7.55
7.95
6.93
5.80
6.32
9.51
8.76
8.67
6.90
9.95
6.21
7.62
8.73
8.24
6.93
6.32
8.49
8.20
7.73
7.97
7.40
7.85
4.18
4.24
6.54
7.40
11.1
8.87
10.2
7.81
8.04
9.09
8.77
8.91

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

M01-01
M01-02
M02-01
M02-02
M03
M04-01
M04-02
M04-03
M05-01
M05-02
M06-01
M06-02
M07-01
M07-02
M08-01
M08-02
M09-01
M09-02
M09-03
M10-01
M10-02
M11
M12-01
M12-02
M12-03
M13-01
M13-02
M14-01
M14-02
M15-01
M15-02
M16-01
M16-02
M16-03
M17-01
M17-02
M17-03
M18-01
M18-02
M18-03
M19-01
M19-02
M20-01
M20-02
M20-03
M21-01
M21-02
M21-03
M22-01
M22-02
M22-03

6.40
7.68
7.63
8.16
7.40
8.39
9.01
9.27
7.90
7.42
8.29
6.95
7.54
8.31
7.76
5.48
6.33
8.70
8.14
8.30
8.30
9.00
7.37
7.53
8.29
7.04
7.03
6.63
7.62
7.93
7.83
8.51
8.26
7.76
7.19
8.16
7.74
7.47
8.03
6.58
8.07
7.94
7.96
6.11
7.14
7.87
6.76
7.27
7.54
9.02
8.33

0.110
0.129
0.098
0.116
0.110
0.170
0.177
0.142
0.165
0.135
0.124
0.115
0.121
0.099
0.077
0.092
0.097
0.126
0.113
0.117
0.138
0.155
0.060
0.059
0.083
0.105
0.097
0.100
0.132
0.134
0.124
0.136
0.153
0.135
0.088
0.097
0.094
0.128
0.114
0.083
0.069
0.069
0.117
0.110
0.150
0.135
0.099
0.114
0.108
0.138
0.121

0.024
0.029
0.028
0.030
0.027
0.032
0.034
0.035
0.032
0.027
0.031
0.026
0.027
0.031
0.028
0.021
0.023
0.032
0.030
0.031
0.032
0.034
0.027
0.028
0.031
0.026
0.027
0.025
0.029
0.030
0.029
0.033
0.031
0.029
0.027
0.030
0.029
0.029
0.031
0.025
0.030
0.029
0.030
0.023
0.027
0.031
0.025
0.027
0.029
0.034
0.031

82
84
83
83
83
84
85
85
89
81
84
83
81
85
83
86
81
83
82
85
85
83
86
85
84
82
87
86
86
86
82
86
85
83
86
85
85
86
86
86
86
83
84
84
82
89
85
84
85
86
84

6.75
8.09
7.95
8.53
7.75
8.93
9.58
9.72
8.43
7.85
8.68
7.32
7.93
8.63
8.00
5.77
6.64
9.11
8.50
8.68
8.74
9.49
7.57
7.72
8.56
7.38
7.34
6.95
8.04
8.36
8.22
8.94
8.75
8.19
7.47
8.47
8.04
7.88
8.40
6.84
8.29
8.16
8.33
6.46
7.62
8.30
7.08
7.63
7.88
9.47
8.72
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RESULTS

Crushing o f samples, s epar ation o f monazite, p reparat ion o f polish ed thin
se c t ion s we r e d on e t h r ou gh t h e me tho d de sc r ibe d by Suzuk i a n d Adachi
(1991a,b). Monazite were analyzed on a JEOL JXA-733 electron microprobe
equ ipped wi th three wavelength di spersive-type spectrometers. Intens it ie s o f
ThMα , UMβ a nd PbMα l i ne s on l y we r e measure d . T he b ac k gr ou nd wa s
measured a t two optimum positions on both sides of each l ine peak position.
Th e X - ra y i n ten si t ie s f o r b ot h t h e li n e p e a k a n d tw o b a ckg round s w er e
in t eg r at e d f o r 300s . T he measuremen t wa s r ep e at e d t h re e t imes , a nd t h e
ar it hmet ic average wa s taken. After the c orrection o f i nte nsi ty da ta wit h a n

Fig. 2. PbO-ThO2* plots f or monazite from sample Gs17 (a), s ample Gs20 (b) and
sample Gs31 (c). Error bars in the figures represent 2σ analytical uncertainty,
and errors given to the ages are of 2σ.
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average composition of monazite, the CHIME ages were calculated through the
method proposed by Suzuki and Adachi (1991a,b).
The microprobe analyses o f ThO2, UO2 and PbO together with apparent age

and ThO2* are listed in Table 1. Plots of PbO vs. ThO2* are given in Figs. 2a, 2b
and 2c . A total o f 51 analyses on 22 monazite grains f rom sample Gs17 are
r egressed with an isochron of 86 .0±4.7 Ma (Fig . 2a) . monazi te grains from
sample Gs20 show a wide compositional variation; the ThO2* content r anges
from 5.8 to 11.1 %. A total of 44 analyses on 14 grains yield a well-defined
isochron of 85.2±3.3 Ma (Fig. 2b). Monazite grains from sample Gs31 are low
in the ThO2* content than those from the rest samples. The 22 data points for
8 grains ca n b e combined with a n isochron o f 8 5.5±5.5 Ma (Fig. 2c ). The
CHIME monazit e ages for the three samples coincide well with one another.
Si nc e the blocking tempera tur e of Pb-di ffusion in monazi te ( 650-70 0 C ) is
close t o solidus temperatures o f g ranitic magmas (Suzuki e t al . , 1994a), we
consider the ca. 86 Ma CHIME age s a s the time f or t he emplacement o f the
Shinshiro Tonalite .

CONCLUDING REMARKS

The present CHIME monazit e age s ar e p laced in the context o f t he f ie ld
evidence i n the Mikawa a re a (Fig. 3) , toget her with the p reviously reported
CHIME ages for the Ryoke gneiss and granitoids (Suzuki et al., 1994a,b) in the
area. Our CHIME age data are in accord with the f ield relations.

Fig. 3 Summary of CHIME monazi te ages obtained in this study and those reported by
Suzuki et al . ( 1994a, b) . CHIME age data are i n harmony with the order o f
intrusion.

110 100 90 80 70 60 Ma

Ryoke metamorphic rocks

Busetsu Gr.

Inagawa Gd.

Mitsuhashi Gd.

Shinshiro To.

Kiyosaki Gd.

Tenryukyo Gd.

Kamihara To.
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(older)

o
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Fig. 4. Cooling history for the Shinshiro Tonalite from the solidification (700 C) to the
closure temperature for biotite in K-Ar system (300 C). Average cooling rates
are also shown. The emplacement age for the Busetsu Granite is based on its
CHIME monazite ages (Suzuki et al., 1994b).

The CHIME ages o f monazit e f rom the Ryoke gneiss are ca. 100 Ma (Suzuki
et al., 1994a,b). Smith and Barreiro (1990) found tha t monaz ite formed at the
lower amphibolite facies conditions records the time since the formation even
with subsequent excursions into the upper amphibol it e facies. Following thi s
observation , Suzuki e t al. (1994a) considered the ca. 100 Ma monazite ages as
t h e t ime o f t h e f i r s t at t ainmen t t o t h e lo wer amphibol i te f a ci e s du ri ng t h e
progres sive stage o f the Ryoke metamorphism. Si nce t he Shinshiro Tonali te
emplaced after a significant uplift o f the Ryoke belt, about 15 Ma is the maxi -
mum e st ima te f or the duration o f t he peak metamorphism.
The minera l ages o f the Shinshiro Tonalit e wer e dated by the K-Ar method

(Uchiumi e t al., 1990) ; they are 73.3±2.9 Ma for hornblende and 68.0±2.1 Ma
for biot it e . Th e c los ur e temperatures of these m inerals a re est imate d t o be
510±25 and 300±50 C, respectively (Dodson and McClelland-Brown, 1985). If
we assume the temperature for the emplacement (monazite crystallizaion) t o
be 700 C , we can obtain average cooling r ates o f 16 C/Ma for the temperature
range be tween 70 0 a nd 510 C an d 4 3 C/Ma for the rang e between 5 10 and
30 0 C (F i g . 4 ) . T hi s coo l i n g c u r v e ca n b e h a rd ly exp l a i n ed b y a s imp l e
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conduct ive co oli ng. Al t ern at ive ly, we co ns ider tha t th e Shinsh i ro Tona li t e
was reheated above the closure temperat ure for hornblende by the emplace-
ment of the Busetsu Granit e a t ca. 77 Ma ago . In this case, the area appears to
have cooled a t a rate o f about 40 C/Ma afte r the thermal input. This high cool-
ing rate may be owing to the regional uplift and cooling of the Ryoke belt be -
fore the emplacement o f the Bus etsu Granite.
The K-Ar and Rb-Sr b iotit e ages for the Ryoke gneiss and granit ic rocks in

t he Mikawa a re a concentrate a t around 68 Ma (see the compli cation of Suzuki
e t al . , 1994b). These ages have been i nt erpreted a s the t ime o f t he r egional
uplif t ( e.g. Suzuki e t al. , 1994b). The present s tudy, however, revealed that the
a re a had undergone a signif icant uplift b efore the emplacemen t o f the Shin-
shiro Tonalit e a t ca. 86 Ma age. The ca. 68 Ma K-Ar b iotit e ages should be
interpreted as the time o f cooling t o the closure temperature o f biotite aft er
the regional r eheating c aused by the emplacement o f the Busetsu Granite .
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