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ABSTRACT

The Cretaceous Kurihashi Granodiorite in the Kitakami Mountains contains
no monazi te g ra in . To d at e t he emplac emen t t ime o f t he Kurihashi Grano-
diorite by the CHIME method, monazite in a hornfels from the immediate con-
tact of the granodiorite , instead, was analyzed. A total of 159 analyses on 17
monazite grains define an isochron of 117.7±2.0 Ma with an intercept value of
0.0005±0.0005. This age can be interpreted as the time of monazite formation
during the contac t metamorphism due to t he empla cement o f th e Kurihashi
Granodiorite.

INTRODUCTION

The usual objective o f dating granito id s is to know their ages o f emplace-
ment o r c ry st a l l iza t io n. S om e p r ob lems a s soc ia ted wi t h da t ing a s u it e of
young granitoids i nclude (1 ) the presence of c rustal contamination and inher-
i tance, ( 2) the absenc e of c omposi t iona l variati on required fo r th e isochron
method, (3) t he inter-p luton thermal overpri nts , and (4) the i nt ens e weather-
i ng and/or alteration. Geochronological wo rk i n r ec ent yea rs has shown t hat
monazit e i n granitoids da te s the time o f crysta l liza tion, becaus e o f it s h igh
blocking t emperature for Pb (Schare r e t a l ., 1984 ; Suzuki et a l ., 1994 , 1996;
Nakai and Suzuki, 1996). This miner al , wit h a high concentrat ion o f Th and U,
has the ability t o a ccumulat e a n amount of Pb suff icient for p recis e elect ron
mi croprob e analyses within 50-100 m.y. o f i t s formation, and is suitable for
t he CHIME dating.

Monazite, however, i s uncommon in granitoids of somewhat basic composi-
tions l ik e granodiorite o f diorite. We sea rched for an alternat iv e way t o date
monazi te -f ree granitoids by the CHIME method, and f ound tha t most pel i ti c
hornfels fr om th e i mmediate con tact of grani toid s contain sizable g r ain s o f
monazit e. The s e monazit e g r ain s a r e i n t e rp r e t ed t o b e f o rmed du r i ng t h e
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c o nt a c t m e tamorph is m; t he monaz it e a g e is l ik e ly t o s ho w t he e mplaceme n t
t im e o f gran i to ids . We r epor t he r e t h e resu l t of CH IME da t ing o f monaz i te
f ro m a p el i t i c ho rnfe l s i n co nta ct wi th t h e Cre tac eou s Ku ri h ash i G ranodiori t e
i n t h e Ki t akami Mountains , No rt h ea s t J apan . Th i s m ay provide cru ci a l infor -
m at ion o n how t o da te monazi t e-f ree g rani to ids b y t h e CHIME m ethod .

GEOLOGY AND SAMPLE DESCRIPTION

The geo l og i cal co nfi g ura t ion o f t h e sampl ing s i t e i s i l l us t ra t ed i n F ig . 1 .
Th e Kamaishi Mine , n ow closed a nd on e o f t h e majo r copper- i ron m i ne s o f t h e

Fig. 1. Geo log ic con f igura t ion o f t h e Ku r ih a sh i Granod io r i t e a n d r e la t ed g ran i-
t oid s i n t he Kitakami Mountains (modif ied and simplified f rom Owa, 1 956 ,
Hamabe and Yano, 1976 , Yamazaki e t al., 1983 and Yoshida e t al., 1984) .
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skarn-type in Japan, i s located in the southeastern part o f the map area. The
a re a is underla in mainly by Paleozoic and Mesozoic sedimentary rocks a nd
Cretaceous granitoids (Owa, 1956; Hamabe and Yano, 1976 ; Yamazaki et al.,
1983 ; Yoshida e t al . , 1 984) . Grani toid s i ncl ud e the Ganidake Complex, t he
Ku rihashi G ranod ior it e an d the Ton o Gran odiorit e . T he Ganidake Complex
crops out over a NNW-SSE elongated are of 4.5X2 km, and consi st s of diorite
porphyry, diorite , granodiorite and monzoni te . This complex i s cons idered to
have played an important role on the formation of ore bodies in the Kamaishi
Mine (Hamabe and Yano, 19976). The Kurihashi Granodiorite crops out over an
area of 15X11 km and forms a basin structure (Kano et a l. , 1978) . The Tono
Granodior it e covers an are of 40X20 km, showing a dome struc ture with sub-
ordinate basins in western and southern margins (Kano et al., 1978). Hamabe
and Yano (1976) describ ed tha t t h e Kurihashi G ranodio rit e i s geo logicall y
younger than the Ganidake Complex. However, the intrusive relation be tween
the Kurihash i and Tono Granodiorite s is st il l unclear owing to no appropriate
exposure.

The Kurihashi Granodiorite i s medium- to coarse-grained, and is composed
mainly o f plagioclase, quartz, K-feldspar, hornblende and biotite, w it h acces-
sories o f z ircon , apatite, magnetite , ti tanite, and ilmenite. Hornblende i s pale
brownish green in color. Biotite is dark brown and is replaced by chlorite and
prehnite along the cleavage.

The hornfels sample (No. KS-95080801) was collected from the immediate
contact with the Kurihashi Granodiorite (Fir. 1: 141 40'25"E, 39 20'42"N). It is a
pelit ic hornfels, and cons is ts mainly of quartz , p lagioclase , K-feldspa r, b iotit e
and co rdierite . Accessory mineral s include monazi te, zircon, tourmaline and
apatite. This sample does not contain muscovite that i s common in pelitic and
p sammi ti c hornfels apar t more than 10 0 m from th e contact ; th e cordier i te
plus K-feldspar assemblage i s estimated t o have formed by the d ecomposition
o f muscovite under the presence o f biotite and quar tz. Si nce t he metamorphi c
g rade incr eases towar d the Kurihashi Granodiorite, the miner al assemblage of
t he sample has formed by the thermal effect of t he Kuriha shi Granodior i te,
not by the Ganidake Complex and the Tono Granodiorite. Monazite grain s dis-
perse between and within main consti tuent m inera ls o f the sampl e ( Figs . 2a
and 2b), but in muscovite-bearing s amples i t i s rare and small i n size. This
suggests t hat monazit e g rains i n sample KS-95080801 crystallized during the
contac t metamorphism o f the Kurihashi Granodiorite.

CHIMEMONAZITE AGE

Monazi te gra ins w er e separated f rom abou t 2 k g of th e powdered (<80
mesh ) sample by panning. They form subhedral t o anhed ral g rains o f abou t
0.05-0.1 mm in size (Figs. 2 c and 2d). The ThO2, UO2 and PbO conten ts o f
monazite were analyzed on a JXA-733 electron mic roprobe. Experimental de-
t ai ls including the analytical procedure and CHIME age cal culation were re-
po rte d e l sewh er e (e .g. Suzuk i e t a l . , 1 99 1, 1 994 ; Suzuki a nd Adach i , 1 99 1a ,b,
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Fig. 2. Photomicrographs of monazite (central portions of a and b) and zircon
(upper left of b) contained in aggregates of biotite flakes in sample KS-
95080801. Note that the pleochroic haloes (dark ring) around monazite is
much more prominent than those around zi rcon. Photomicrographs of
back scattered electron images of M09 (c) and M17 (d) monazite grains.
The analyzed area are visible as small circular dark spots.
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1994; Adachi and Suzuki, 1992). Microprobe analyses of ThO2, UO2 and PbO
are g iven in Table 1 , together with the ThO2* value (measured ThO2 plus the
ThO2 equivalent of the measured UO2) and apparent age. The de tection limit s
of PbO at 2σ confidence level are 0.006 wt.%, and the relative error is about
10-15% for 0.02 wt.% of the PbO concentration.

A total of 159 spots on 17 monazite grains were analyzed. The ThO2 con-
c en t rat ion ranges f ro m 2 .41 t o 15 .0%, t h e UO2 co ncent ra ti o n fr om 0.054 t o
1 .14%, the PbO concentrat ion from 0.013 8 to 0.07 87%, a nd the U/Th atomic
rat io f rom 0 .012 t o 0 .178 (Table 1) . Analytica l d at a are plotted on the PbO vs.
ThO2* diagram (Fig. 3) . Al l the data points are arrayed linearl y on the dia-
g ram , and give a well-defined isochron of 117.7±2.0 Ma (MSWD=0.10) with an
intercept value of 0.0005±0.0005. No signa ture o f older ages c an be s een on
any part o f individual monazi te g rains.

DISCUSSION

A s no ted above , t h e CHIME monazi t e ag e f o r t h e ho rn fe ls sample i s
117.7±2.0 Ma. Before a cc epting this CHIME monazite age a s that fo r the em-
placemen t o f the Kurihashi Granodiori te , a n alternative interpre tat ion needs
t o b e examined . Some may consider that monazi te i n the hornfels i s n ewly
formed a s a r es ul t o f a process other than the contact metamorphism. This
proces s may include crystal l iza t ion o f monazi te f rom a non-metamorphic ,
REE-rich fluid as envisaged by Corfu and Muir (1989) . In sample KS-95080801,
monazit e disper ses a s 0 .05 -0 .1 mm grains be tween an d wi thi n main c onst i -
tuent minera l s, and d oes not occur i n vei ns o r microcracks a s might b e ex-
pected o f a mineral crystallizat ion during fluid infiltra tion. Furthermore, we
have not observed any REE minerals l ikely co-precipitating from such fluids .
We also note the preservation o f the high-grade metamorphic assemblage o f
cordierite-bioti te-K-feldspar- plagioc lase-quartz without any retrograde and hy-
drothermal modification. These lines o f petrographic evidence do not support
crystallization o f monazit e from a non-metamorphic REE-rich fluid .

Sawka et al. (1986) speculated that monaz it e in metasediments (precursors
o f S -t yp e gran i tes ) cr y sta l l izes t hrough dehyd r at i o n o f R EE -r i ch hydrou s
phosphates. Smith and Barreiro (1990) found that the monazite-forming reac-
tion takes place a t l ower amphibolit e f ac ies conditi ons, and that t he Th-U-Pb
s ys t em records t h e t ime s in c e t h e f orma t io n. Mona zi t e i s l i ke ly t o have
formed a s a metamorphic m inera l during t he contact metamorphism. Thus ,
t h e mon az i te ag e d at es d i rect l y t h e emplacemen t o f t h e Ku rihash i G ran o-
diorite.

The Kurihas hi G ranodiori te, the Ganidak e Complex and the Tono Grano-
d i o r i t e h a v e b e en d a t ed b y Kawan o and Ued a ( 1965 ) t h r ough t h e K -A r
method; the K-Ar biotite ages are 120, 120 and 122 Ma for the Kurihashi Grano-
diorite, 119 Ma for the Ganidake Complex, and 110, 114, 114, 119, 119, 120 and
122 Ma for the Tono Granodiorite (errors i n ages are not referred i n the a r-
ticle). Shibata ( 19 74 ) repor ted Rb-Sr whole-rock i sotop ic da ta fo r 4 sample s
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Table 1. Microprobe analyses of ThO2, UO2 and PbO of monazites from hornfels sample
KS-95080801 in contact with the Kurihashi Granodiorite in the Kitakami Moun-
tains.

Grain
No.

ThO2
(wt%)

UO2
(wt%)

PbO
(wt%)

Age
(Ma)

ThO2*
(wt%)

Grain
No.

ThO2
(wt%)

UO2
(wt%)

PbO
(wt%)

Age
(Ma)

ThO2*
(wt%)

M01-01
M01-02
M01-03
M01-04
M01-05
M01-06
M01-07
M01-08
M01-09
M01-10
M01-11
M01-12
M01-13
M01-14
M01-15
M01-16
M01-17
M01-18
M01-19
M01-20
M01-21
M01-22
M02-01
M02-02
M02-03
M02-04
M02-05
M02-06
M02-07
M02-08
M02-09
M03-01
M03-02
M03-03
M03-04
M03-05
M03-06
M03-07
M03-08
M03-09

6.90
7.50
6.92
6.46
6.63
6.80
6.35
6.78
6.85
6.01
6.45
6.63
6.54
5.75
5.72
6.25
6.28
6.22
6.05
6.24
5.68
5.80
5.01
7.62
8.78
5.11
6.18
7.54
6.59
8.19
8.02
6.29
6.41
5.76
6.19
5.73
6.09
6.10
4.82
4.85

0.165
0.217
0.357
0.762
0.735
0.620
1.03
0.469
0.477
0.076
0.526
0.715
0.633
0.594
0.599
0.649
0.612
0.487
0.984
1.04
0.609
0.564
0.079
0.138
0.136
0.097
0.082
0.131
0.088
0.112
0.136
0.092
0.083
0.098
0.070
0.081
0.079
0.073
0.073
0.080

0.0365
0.0398
0.0408
0.0454
0.0439
0.0451
0.0492
0.0395
0.0440
0.0290
0.0393
0.0471
0.0419
0.0386
0.0402
0.0434
0.0410
0.0394
0.0471
0.0470
0.0386
0.0371
0.0266
0.0402
0.0476
0.0283
0.0319
0.0426
0.0350
0.0431
0.0423
0.0335
0.0316
0.0330
0.0312
0.0331
0.0340
0.0322
0.0255
0.0271

116
115
120
121
116
121
121
113
124
110
114
125
116
119
124
123
118
120
121
116
119
115
120
118
122
123
117
126
120
119
118
120
112
129
115
131
127
120
119
125

7.43
8.20
8.07
8.91
8.98
8.79
9.65
8.28
8.38
6.25
8.14
8.93
8.58
7.66
7.65
8.34
8.25
7.78
9.22
9.58
7.64
7.61
5.26
8.07
9.21
5.43
6.44
7.97
6.87
8.55
8.46
6.59
6.67
6.07
6.42
6.00
6.35
6.33
5.05
5.11

M03-10
M03-11
M03-12
M03-13
M04-01
M04-02
M04-03
M04-04
M04-05
M04-06
M04-07
M04-08
M04-09
M04-10
M04-11
M04-12
M04-13
M04-14
M04-15
M04-16
M04-17
M05-01
M05-02
M05-03
M05-04
M05-05
M05-06
M06-01
M06-02
M06-03
M07-01
M07-02
M07-03
M07-04
M07-05
M07-06
M07-07
M07-08
M07-09
M08-01

8.85
4.88
7.09
5.72
6.51
9.88
6.28
9.46
6.32
5.97
3.77
2.79
6.00
7.14
7.15
6.63
6.18
5.60
5.07
8.50
8.61
3.80
4.24
4.14
4.71
4.08
6.14
3.69
4.73
3.52
2.75
2.55
2.75
3.07
2.79
2.77
3.16
3.03
2.49
2.54

0.138
0.074
0.100
0.09
0.175
0.108
0.144
0.255
0.134
0.111
0.108
0.076
0.344
0.396
0.416
0.375
0.135
0.131
0.109
0.246
0.094
0.061
0.054
0.064
0.068
0.061
0.061
0.204
0.206
0.223
0.181
0.071
0.134
0.246
0.233
0.174
0.262
0.254
0.069
0.234

0.0473
0.0266
0.0378
0.0292
0.0352
0.0512
0.0331
0.0513
0.0333
0.0333
0.0206
0.0157
0.035
0.0409
0.0431
0.0381
0.0347
0.0313
0.0256
0.0479
0.0455
0.0212
0.0222
0.0234
0.0262
0.0225
0.0305
0.0222
0.0260
0.0210
0.0162
0.0135
0.0170
0.0205
0.0173
0.0174
0.0203
0.0191
0.0127
0.0177

120
123
121
115
118
118
116
118
117
124
118
122
117
115
120
115
124
123
112
122
121
126
119
128
126
125
114
121
114
117
115
115
127
126
116
123
120
117
111
127

9.29
5.12
7.41
6.01
7.07
10.2
6.74
10.3
6.75
6.33
4.11
3.03
7.10
8.41
8.49
7.83
6.61
6.02
5.42
9.29
8.91
4.00
4.41
4.34
4.93
4.28
6.33
4.34
5.39
4.24
3.33
2.78
3.18
3.86
3.54
3.33
4.00
3.85
2.71
3.29
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Grain
No.

ThO2
(wt%)

UO2
(wt%)

PbO
(wt%)

Age
(Ma)

ThO2*
(wt%)

ThO2*
(wt%)

Age
(Ma)

PbO
(wt%)

UO2
(wt%)

ThO2
(wt%)

Grain
No.

(continued).

M08-02
M08-03
M08-04
M08-05
M09-01
M09-02
M09-03
M09-04
M10-01
M10-02
M10-03
M10-04
M10-05
M10-06
M10-07
M11-01
M11-02
M11-03
M11-04
M11-05
M11-06
M12-01
M12-02
M12-03
M12-04
M12-05
M12-06
M12-07
M12-08
M13-01
M13-02
M13-03
M13-04
M13-05
M13-06
M13-07
M13-08
M13-09
M14-01
M14-02

2.41
2.61
3.19
2.68
4.34
5.79
6.74
7.11
6.65
6.35
6.28
6.87
6.47
6.55
6.46
5.66
8.88
7.26
7.97
5.93
8.30
6.43
6.11
5.78
5.70
6.02
4.96
5.56
6.56
8.97
3.77
3.68
3.97
5.67
5.86
5.94
6.60
10.2
6.53
6.52

0.067
0.071
0.080
0.069
0.067
0.082
0.079
0.100
0.857
0.629
0.661
0.536
0.726
0.598
0.840
0.088
0.181
0.136
0.165
0.094
0.163
0.098
0.076
0.095
0.105
0.110
0.101
0.100
0.120
0.115
0.092
0.117
0.080
0.189
0.189
0.143
0.141
0.136
0.762
1.06

0.0138
0.0151
0.0158
0.0162
0.0230
0.0339
0.0355
0.0413
0.0471
0.0427
0.0431
0.0416
0.0447
0.0417
0.0478
0.0295
0.0480
0.0377
0.0421
0.0306
0.0452
0.0333
0.0325
0.0315
0.0289
0.0316
0.0265
0.0301
0.0344
0.0479
0.0205
0.0199
0.0214
0.0300
0.0325
0.0319
0.0356
0.0536
0.0456
0.0491

124
126
108
132
119
132
120
131
118
121
121
114
120
116
123
117
120
116
117
116
121
117
121
123
113
117
119
121
117
121
119
116
120
113
119
118
119
119
120
117

2.63
2.84
3.45
2.90
4.55
6.06
6.99
7.43
9.40
8.38
8.41
8.59
8.80
8.47
9.16
5.94
9.46
7.70
8.50
6.23
8.82
6.75
6.36
6.08
6.03
6.38
5.29
5.88
6.95
9.34
4.06
4.05
4.23
6.28
6.47
6.40
7.05
10.6
8.98
9.92

M14-03
M14-04
M14-05
M14-06
M14-07
M14-08
M14-09
M14-10
M14-11
M14-12
M14-13
M14-14
M14-15
M14-16
M14-17
M15-01
M15-02
M15-03
M15-04
M15-05
M15-06
M15-07
M15-08
M15-09
M15-10
M16-01
M16-02
M16-03
M16-04
M16-05
M16-06
M16-07
M17-01
M17-02
M17-03
M17-04
M17-05
M17-06
M17-07

6.10
5.92
6.11
6.16
5.86
6.43
6.89
5.72
6.06
6.20
6.49
6.46
6.26
6.80
7.51
11.8
7.73
10.7
15.0
11.5
7.75
8.16
11.1
12.9
6.50
6.36
6.68
6.33
9.98
6.39
6.25
6.03
4.36
4.46
4.33
4.36
4.48
4.50
4.35

0.789
0.712
1.08
0.655
0.681
1.14
0.651
1.04
0.889
0.854
0.717
0.808
0.236
0.723
0.355
0.230
0.150
0.207
0.270
0.191
0.125
0.112
0.189
0.219
0.132
0.124
0.331
0.100
0.158
0.103
0.112
0.102
0.099
0.080
0.074
0.093
0.084
0.074
0.084

0.0431
0.0408
0.0504
0.0435
0.0403
0.0496
0.0443
0.0473
0.0426
0.0451
0.0445
0.0447
0.0359
0.0451
0.0427
0.0629
0.0399
0.0564
0.0787
0.0628
0.0411
0.0408
0.0585
0.0671
0.0341
0.0347
0.0396
0.0328
0.0519
0.0346
0.0321
0.0309
0.0252
0.0231
0.0233
0.0244
0.0240
0.0224
0.0237

118
118
124
124
119
116
117
123
113
119
120
117
121
117
117
118
115
117
117
122
119
113
118
117
116
121
121
117
117
122
115
115
127
116
121
124
120
112
121

8.63
8.20
9.58
8.26
8.05
10.1
8.98
9.06
8.91
8.94
8.79
9.05
7.02
9.12
8.65
12.5
8.21
11.4
15.9
12.1
8.15
8.52
11.7
13.6
6.92
6.76
7.74
6.65
10.5
6.72
6.61
6.36
4.68
4.72
4.57
4.66
4.75
4.74
4.62
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Fig. 3. Plots of PbO vs. ThO2* for monazite grains from hornfels sample KS-
9508081 in contact with the Kurihashi Granodiorite. Error bars in the
figure represent 2σ analytical uncertainty, and the erro given to the age
is of 2σ.

f ro m the Ton o Granodiori te ; t hey a r e 0 .275 Rb / Sr and 0 .7047 Sr/ S r f o r
s amp l e 7 0K-47 , 0.374 Rb/ S r a nd 0.70 50 Sr / S r f or sample 7 0K-49 , 0 .82 0
Rb/ S r and 0.7058 Sr/ S r for sample 70K-79, and 0 .9411 Rb/ S r and 0.7057
Sr / Sr for sample 72K-569A. These data yield an isochron of 111.5±40.4 Ma
(MSWD=0.02) with an init ial Sr/ S r r ati o o f 0.7043±0.0004. The large error
in the Rb-Sr whole-rock i sochron age i s evidently due to low Rb/Sr ratio s o f
the Tono G ranodiorite.

Although the 117.7±2.0 Ma CHIME monazite age is s lightly younger than
the K-Ar biotite ages of 120, 120 and 122 Ma for the Kurihashi Granodiorite,
the CHIME monazite and K-Ar biotite ages seem to be nearly identical wi thin
errors. This may simply mean that both the Th-U-Pb system in monazite and
the K-Ar system in biotite were closed nearly a t the same time. Since the K-Ar
biotite age dates cooling to 300±50 C (Berger and York, 1981; Harrison et al. ,
1985), the age relation suggests a rapid cooling of the Kurihashi Granodiori te
s ubsequent t o i t s emplacement.

The present study demonstrates the utility of the CHIME method for dating
the emplacement age of monazite-free young granitoids . This i s presumably of
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u s e f o r a n y geoch rono log i ca l s t u d y o f g ran i t o i ds t h a t a r e h ar d l y d a t ed
through c on vent iona l i sotopic method s owing t o the presenc e of crustal c on -
t amination a nd inhe r itance, the absence of compos i tiona l va r ia t ion required
f o r i s o ch ron me thod , t h e i n t e r-p lu t o n the rma l ove rp rin t a n d t h e in t en se
weathering.
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