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                          ABSTRACT 

Tungsten analyses were made on 16 samples collected from the North Miyako granitic body in 

Northeast Japan. Petrographic facies of the North granitic body vary from quartz diorite in the mar-

ginal zone (zone A), to tonalite and granodiorite (zone B), and to granite in the central zone (zone 
C). A large number of barren and scheelite-bearing aplitic veins are distributed around the Yama-

guchi deposit which occurs in the contact aureole of zone C granite. The tungsten content of zone 
C granite is lower than that of the granitic rocks in zones A, B and the aplitic veins. It appears that 
tungsten in the differentiated granitic magma, which was associated with ore mineralization, was 
transported out of the magma chamber by magmatic fluids. 

 The tungsten content is generally low in the North Miyako granitic rocks but high in granitic 
rocks of Okinoshima zoned pluton, as well as in Otani granite and Busetsu granite from the South-

west Japan. In the case of magnetite-series, however, the behavior of tungsten in the Miyako gran-
itic body from the tungsten metallogenic province is similar to that of the Okinoshima zoned 

pluton from molybdenum metallogenic province in Southwest Japan. Behavior of tungsten in gran-
itic magma is affected by magmatic evolution during the process of saturation of granitic melt with 
magmatic fluid.

Keywords: Tungsten, Magmatic fluid, Devolatilization

INTRODUCTION

 Ore elements such as tungsten, molybdenum and 
tin are important for understanding magmatic hydro-
thermal mineralization related to granitic magma-
tism. According to the computational models of 
magmatic devolatilization, behavior of ore metals 
such as tungsten, molybdenum and tin are affected 
by the generation of magmatic fluids separated from 
highly differentiated granitic magma [1]. 

                            Ishihara [2] divided the ore related granitoids into

three provinces: molybdenum metallogenic provin-
ce, tungsten metallogenic province, and tin-tungsten 
metallogenic province (Fig. 1). The molybdenum 
and tin-tungsten metallogenic provinces are related 
to the magnetite-series granitoids and the ilmenite-
series granitoids, respectively [2]. The difference be-
tween those two provinces is the result of different 
oxidation states of granitic magma between the two 
series [2]. On the other hand, magnetite-series grani-
toids are related to both molybdenum and tungsten 
metallogenic province. It is possible that difference
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Fig. 1 Molybdenum and tungsten-tin metallogenic zoning of the Japanese islands (after Ishihara [6]).

between tungsten and molybdenum mineralization 
related to magnetite-series granitic magmatism is af-
fected by mechanism of fractional crystallization 
and generation of magmatic fluids, separated from 
highly differential granitic magma, rather than the 

physicochemical state of granitic magma. In order to 
understand tungsten mineralization related to gran-
itic magmatism, it is necessary to concentrate on 
tungsten occurring in granitic rocks. 

 There are very few previous studies related to the 
concentration of tungsten in granitic rocks and the 

genetic relationship among concentrations of ore 
metals in the granitic rocks [3-7]. In this paper, the 
tungsten concentration in the Miyako granitic body 
associated with Yamaguchi W-Cu skarn deposit is 
described. Tungsten concentration data are applied 
to deduce the genetic relationship between the ore 
forming fluid and crystallizing granitic melt, as well 
as to characterize the granitic magma involved in 
the mineral-melt- vapor reaction.

       OUTLINE OF GEOLOGY 

 Large numbers of the magnetite-series granitic 

bodies are distributed in Kitakami belt of the Outer

Zone in Northeast Japan. The Miyako granitic body 
is one of the Early Cretaceous magnetite-series 
zoned plutons in the North Kitakami belt. Ishihara 

[1]  divided it into Mo and W metallogenic prov-
inces of Kitakami belt, based on the location of the 
Yamaguchi W-Cu skarn deposit. 

 The Miyako granitic body is distributed in the 
magnetite-series granitic terrain and tungsten metal-
logenic province [1].  It has a size of about 50 km X 
20 km in plan view with a balloon-like shape and a 
northwest-southeast extension (Fig. 2). The age of 
the emplacement of the Miyako granitoid was esti-
mated by the K-Ar method to be 109-135 Ma [8] 
and by the Rb-Sr method to be 116—l40 Ma [9]. 
The Miyako granitic body is divided into North and 
South bodies based on lithologic and compositional 
differences [10] (Fig. 1). Katada and Kanaya [11] re-

ported that the South body intruded into the North 
body. The Yamaguchi Cu-W skarn deposit occurs in 
the contact aureole of the North Miyako granitic 
body. 
 On the basis of modal analysis, the North Miyako 

granitic body consists of quartz diorite (zone A), to-
nalite to hornblende-biotite grano-diorite (zone B) 
and hornblende-biotite granite (zone C) (Fig. 2). Ac-
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Fig. 2 Simplified geological map of the Miyako granitic body adapted from Nishioka et al. [10]. 
ties presented in Table 2.

Numerals are sample locali-

cording to the grain size of hornblende and biotite, 
the granitic rocks gradually change from fine-

grained to coarse and non-equigranular from zone A 
through zone B to the boundary between zones B 
and C. The zone C granite frequently includes the 
country rocks as roof-pendant blocks. Aplite and 

pegmatite commonly occur in the zone C, close to 
the Yamaguchi deposit. 

 The Yamaguchi Cu-W skarn deposit occurs in the 
contact aureole of zone C granite. The distance be-
tween the Yamaguchi deposit and the granitic rocks 
in zone C is less than 100 m. Tungsten mineraliza-
tion associated with scheelite (CaWO4) occurs in 
aplitic veins. The scheelite-bearing aplitic veins cut 
massive skarn, which commonly contains the aggre-

gates of fine-grained scheelite crystals mainly near 
the veins. The scheelite-bearing aplitic veins are 
abundant of albite, plagioclase, and titanite with sub-
ordinate amount of K-feldspar, quartz and scheelite.

ANALYTICAL PROCEDURE AND RESULTS 

 Major elements and tungsten analyses were made 
on about 16 samples taken from granitic rocks and

aplitic veins from the North Miyako granitic body. 
Locations of the analyzed samples are illustrated in 
Fig. 2. The concentration of Si02 was analyzed us-
ing XRF at Akita University (RIGAKU 3270) using 
fusion glasses made from a mixture of powdered 
sample and alkali fluxes in the proportion of 1 : 5. 
Tungsten was analyzed by ICP-MS (PQ-3, VG Ele-
mental Co.) at Akita University. The methods of 
sample digestion and preparation of solution for ICP-
MS analyses were the same as described by Sato et 
al. [12]. 

 Results of analyses on Si02 and W are given in 
Table 1. The results from the duplicate analyses for 
tungsten concentration in the Japanese geological 
standards (JB-1 and JG-2) and the Miyako granitic 
rocks (MA-2, MB-2 and MC-5), used to calculate 
experimental error are shown in Table 2. Coeffi-
cients of variations (CV) of tungsten concentration 
were less than 12% for concentrations > 0.15 ppm in 
samples JB-1 a, JG-2, MA-2 and MB-2. A larger CV 
value (34.1%) for MC-5 probably results from the 
smallest concentration of tungsten. The detection 
limit of tungsten concentration by ICP-MS, calcu-
lated after Yoshida et al. [ 14], is approximately 0.02
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Table  1 Analytical results (contents of Si02 and W) for sam-
ples of the granitic rocks and aplitic veins

Table 2 Duplicate analytical results (n = 5) of geochemical 
reference samples and the North Miyako granitic rocks

Sample No. Rock type  Si02 (wt.%) W (ppm)

North Miyako granitic rocks

R.V. 

(ppm)

mean 

(ppm)

6 

(ppm)

CV 

(%)

R.E. 

(%)

Zone A 

MA-2 

MA-3 

MA-4 

MA-II

Biotite-homblende quartz diorite 

Biotite-homblende quartz diorite 

Biotite-homblende quartz diorite 

Biotite-homblende tonalite

61.64 

54.55 

55.92 

64.67

0.40 

0.15 

0.18 

0.46

JB-1 

JG-2

17.1 

23

11.87 

20.60

0.55 

0.26

Zone B 

MB-2 

MB-4 

MB-5 

MB-6

4.6 

1.3

-31 

-10

Biotite-homblende granodiorite 

Biotite-homblende granodiorite 

Biotite-homblende tonalite 

Biotite-homblende tonalite

MA-2 

MB-2 

MC-5

0.40 

0.56 

0.15

0.03 

0.06 

0.05

 8.2 

11.4 

34.1

64.20 

65.69 

62.88 

62.68

0.56 

0.34 

0.63 

0.39

Zone C 

MC-3 

MC-5 

MC-7

Biotite-homblende granite 

Biotite-homblende granite 

Biotite-homblende granite

72.16 

72.34 

71.46

0.19 

0.15 

0.28

R.V.: recommended value[131 

mean: arithmetic means of duplicate analyses 

6: standard deviations of duplicate analyses 

CV: coefficients of variation 

R.E.: relative error between R.V. and mean value.

10

Aplitic veins 

BA-1 

BA-2 

BA-4 

MM-0

Barren aplitic vein 

Barren aplitic vein 

Barren aplitic vein 

Scheelite-bearing aplitic vein

76.42 

75.14 

76.59 

58.38

0.63 

0.93 

1.10 

8000

ppm (2a).

           DISCUSSION 

 Figure 3 shows the variation diagram of tungsten 
against Si02 concentrations for the North Miyako 

granitic body in Northeast Japan. For comparison, 
data for similar plutons in Southwest Japan, such as 
Okinoyama zoned pluton (magnetite-series: molyb-
denum metallogenic provinces), the Busetsu granite 

(ilmenite-series: barren zone) and the Otani granite 
(ilmenite-series: tungsten metallogenic province) af-
ter Ishihara [6, 7] are also plotted in the same 
diagram. 
 The tungsten content in the North Miyako gran-

itic body slightly increases from zone A (0.15-0.46 

ppm) to zone B (0.34-0.63 ppm) and then decreases 
from zone B to zone C (0.15-0.28 ppm). However, 
the tungsten content drastically increases from zone 
C to the barren aplitic veins (0.63-47.67 ppm). 
Tungsten content in scheelite-bearing aplitic veins is 
ca. 0.8 wt% [15] that is mush higher than in the 

granitic rocks from all zones. 
 The trends of concentration of tungsten in the 

North Miyako granitic body and aplitic veins are 
similar to those of copper [15]. Ogata et al. [15] sug-

gested that behavior of Cu in the granitic rocks in 
the North Miyako granitic body was affected by a

E 

1.0

0.1

Thu North +1li}•aku 
granitic body 

•Zone A 
• /one H 
A Zone C 

 X Barren aplitic vein,

                      Sr                     ~S 
                      Py • 9 

Okinoyuuw 
Zoned Pluton 8u.seisu 

                                  Gruuite 
Q~a6/ 

o 

i 

n

5055 60 65 70 75 80 

SiO2wt% 

Fig. 3 Tungsten content (ppm) plotted against Si02 wt% in 

granitic rocks.

mechanism that differs from simple magmatic frac-
tional differentiation and also transportation out of 
the granitic melt by fluid coexisting with the melt. 
Therefore, tungsten in granitic magma might have 
been transported out of the magma chamber by mag-
matic fluids. 

 The Tungsten concentration in the North Miyako 

granitic body is lower than that in the other plutons 
of Southwest Japan (Fig. 3). The tungsten concentra-
tion in granitoids is somewhat similar to tin con-
tents, which are generally high in Southwest Japan 
and low in Northeast Japan [16]. Ishihara and 
Terashima [ 16] suggested that the low tin granitoids 
of Northeast Japan and high tin granitoids of South-
west Japan were formed by granitic magmatism 
which occurred in intra-oceanic island arc and conti-
nental margin, respectively.
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 Behavior of tungsten in the granitic melt is differ-
ent between magnetite-series and ilmenite-series 

granitoids. In the magnetite-series granitoids, varia-
tion of tungsten content in the North Miyako gran-
itic body is similar to that in the Okinoyama zoned 

pluton. On the other hand, tungsten contents in the 
Otani and Busetsu granites of ilmenite-series in-
crease with increasing Si02 concentration. There-
fore, it is possible that the Okinoyama granitic 
magma coexisted with magmatic fluid that trans-

ported tungsten out of granitic melt. 
 Tungsten and molybdenum species are contained 

mainly in OH complexes and in some cases in Na-
and K- hydroxide complexes in the magmatic fluid 

[17, 18]. The solubility of tungsten in magmatic 
fluid coexisting with the granitic melt increases with 
increasing pressure and irrespective of the chloride 
concentration in magmatic fluid [19]. On the other 
hand, the solubility of molybdenum in magmatic 
fluid increases with increasing pressure and/or the 
chloride concentration in magmatic fluid [18, 19]. 
Shinohara et al. [20] suggested that the partition ra-
tio of chloride (the ratio of Cl concentration in fluid 
to Cl concentration in melt) exhibits a strong posi-
tive pressure dependence. Therefore, W/Mo ratio of 
ore-forming magmatic fluid was probably deter-
mined by the depth of devolatilization of the gran-
itic melt. 

 In the Okinoyama zoned pluton, high tungsten 
concentration among granitic rocks is observed in 
the granitic porphyry [7], which is the hypabyssal 
rock emplaced at shallow environment, rather than 
the North Miyako granitic body. Shimazaki [21] in-
dicated that the depth of formation of the deposit in 
the inner zone of Southwest Japan is relatively shal-
lower compared to the Kitakami belt of Northeast 
Japan. It is possible that the depth of emplacement 
and devolatilization of the North Miyako granitic 
body is relatively deeper than that of the Okinoyama 
zoned pluton. Chlorine concentration in apatite from 
magnetite-series granitoids distributed in the outer 
Southwest Japan is higher than in other similar 

granitoids in the Kitakami belt [22]. Therefore, chlo-
ride concentration of magmatic fluid coexisting with 

granitic magma of the North Miyako granitic body 
is relatively lower than those of the Okinoyama 
zoned pluton. Additionally, W/Mo ratio of the min-
eralization in the North Miyako granitic body is rela-
tively higher than that in the Okinoyama zoned 

pluton, which is related to the high chloride bearing 
fluid. Ishihara [23] suggested that magnetite-series 

granitoids in W metallogenic province belonged to a 
different original magma and tectonic setting which

are characteristic of granitoids in Mo metallogenic 

province. However, it is emphasized that the W/Mo 
ratio of the magnetite-series granitoids may be con-

trolled by factors such as the devolatilization depth 

related to the formation of ore metal complex. 

 Tungsten and molybdenum mineralization associ-

ated with magnetite-series granitic magmatism is af-

fected mainly by magmatic evolution in the process 

of saturation of a granitic melt with magmatic fluid. 

Study of behavior of tungsten in granitic melt is im-

portant to understand its behavior as an ore metal 
during volatile exsolution and magmatic crystalliza-

tion.

       ACKNOWLEDGMENTS 

 The authors thank Dr. 0. Fujikawa of the 
Hokkaido University Museum for his valuable 
comments. They are grateful to Dr. M.D.P.L. Fran-
cis, a COE PD-researcher, for his valuable advice 
and critical reading of the original manuscript. This 
research was supported by a 21 st Century Center of 
Excellence (COE) Program on "Neo-Science of 
Natural History" (Program Leader: Hisatake Okada) 
at Hokkaido University financed by the Ministry of 
Education, Culture, Sports, Science and Technol-
ogy, Japan.

          REFERENCES 

1. Candela, P.A. and Piccoli, P.M., 1995. Model ore-metal parti-
  tioning from melts into vapor and vapor/brine mixtures. 

  Mineral. Assoc. Canada Short Course, 23, 101-122. 
2. Ishihara, S., 1984. Granitoid series and Mo/W-Sn mineraliza-

  tion in East Asia. Rept. Geol. Surv. Japan, 263, 173-208. 
3. Kuroda, R., 1956. Distribution of tungsten in granitic rocks 

  in Japan. J. Chem. Soc. Japan, 77, 1142-1145. 
4. Burrows, D.R. and Spooner, E.T.C., 1987. Generation of a 

  magmatic H2O-0O2 fluid enriched in Mo, Au, and W within 
  an Archean Sodic granodiorite stock, Mink Lake, Northwest-

  ern Ontario. Econ. Geol., 82, 1931-1957. 
5. Keith, J.D., van Middelaar, W., Clark, A.H. and Hodgson, 

  C.J., 1989. Granitoid texture, compositions, and volatile fu-
  gacities associated with the formation of tungsten-dominated 

  skarn deposits. Rev. Econ. Geology, 4, 235-251. 
6. Ishihara, S., 2002. Chemical charactestics of the mineralized 

  granitoids (I): Mo and W provinces of the Inner Zone of 
  Southwest Japan. Bull. Geol. Surv. Japan, 53, 657-672. 

7. Ishihara, S., 2002. Chemical charactestics of the mineralized 

  granitoids (II): Polymetallic province of the west-central 
  Hyogo Presfecture, Japan. Bull. Geol. Surv. Japan, 53, 

  673-688. 
8. Shibata, K., Matsumoto, T., Yanagi, Y. and Hamamoto, R., 

  1978. Isotopic ages and stratigraphic control of Mesozoic ig-
  neous rocks in Japan. Contributions to the Geologic Time 

  Scale, AAPG Studies in Geology, 6, 143-164. 
9. Maruyama, T., Miura, K. and Yamamoto, M., 1993 Initial Sr 

  isotopic ratios of the some Late-Mesozoic igneous masses in



142 T. Ogata et al.

   the Kitakami Mountains, northeastern Japan. Rept. Res. Inst. 

   Nat. Resources Mining  Coll. Akita Univ., 56, 29-52. 

10. Nishioka, Y., Yoshida, T., Kanisawa, S. and Aoki, K., 1987. 

  Geochemistry of the rocks from the Miyako granitic body in 
   the Kitakami Mountains. Res. Rep. Lap. Nucl. Sci. Tohoku 

   Univ., 20, 340-350. 

11. Katada, M. and Kanaya, H., 1980. Potassium, rubidium, 

   strontium, thorium and uranium of the Cretaceous plutons in 

   the Kitakami Mountains. J. Min. Petr. Econ. Geol., 75, 

   173-185. 

12. Sato, H., Ishiyama, D., Mizuta, T. and Ishikawa, Y., 1999 

   Rare earth element analysis of rock and thermal water sam-

   ples by inductively coupled plasma mass spectrometry. Sci. 
   Tech. Rept. Fac. Eng. Res. Sci. Akita Univ. No. 20, 1-8 

13. Imai N., Terashima S., Itoh S. and Ando A., 1995. 1994 com-

  pilation of analytical data for minor and trace elements in sev-
   enteen GSJ geochemical reference samples, "Igneous rock 

   series". Geostandards Newsletter, 19, 135-213. 

14. Yoshida, T., Yamasaki, S. and Tsumura, A., 1992. Determi-

   nation of trace and ultra-trace elements in 32 international 

   geostandards by ICP-MS. J. Min. Petr. Econ. Geol., 87, 
   107-122. 

15. Ogata, T., Ishiyama, D., Mizuta, T. and Nakashima, K., 

   2002. Coexistence of fluid phase with granitic magma: Geo-

  chemical characteristics of REE and Cu in Miyako granite 

   and scheelite-bearing aplitic veins at the Yamaguchi Cu-W 

   skarn deposit, Iwate, Japan. Resource Geol., 52, 173-186. 

16. Ishihara, S. and Terashima, S., 1977. The tin content of the 

   Japanese granitoids and its geological significance on the Cre-

   taceous magmatism. J. Geol. Soc. Japan, 10, 657-664. 
17. Wood, S.A., 1992. Experimental determination of the solubil-

   ity of WO3 (s) and the thermodynamic properties of H2WO4 
   (aq) in the range 300-600°C at lkbar: Calculation of schee-
   lite solubility. Geochim. Cosmochim. Acta, 56, 1827-1836. 

18. Webster, J.D., 1999. Exsolution of magmatic volatile phases 
   from Cl-enriched mineralizing granitic magmas and implica-

   tions for ore metal transport. Geochim. Cosmochim. Acta, 61, 
   1017-1029. 

19. Bai, T.B. and Koster van Groos, A.F., 1999. The distribution 
   of Na, K, Rb, Sr, Al, Ge, Cu, W, Mo, La, and Ce between 

   granitic melts and coexisting aqueous fluids. Geochim. 
   Cosmochim. Acta, 63, 1117-1131. 

20. Shinohara, H., Iiyama, T. and Matsuo, S., 1989. Partition of 
   chlorine compounds between silicate melt and hydrothermal 

   solutions: I. Partition of NaCl-KC1. Geochim. Cosmochim. 
   Acta, 53, 2617-2630. 

21. Shimazaki, H., 1975. The rations of Cu/Zn-Pb of pyrometaso-
   matic deposits in Japan and their getical implications. Econ. 

   Geology, 70, 717-724. 
22. Imai, A., 2004. Variation of Cl and SO3 contents of microphe-

   nocrystic apatite in intermediate to silicic igneous rocks in 
   the Western Pacific island arcs and the implication to metallo-

   genesis of porphyry Cu deposits. In: Abstract of Japan-Swiss 
   Seminar "Spatial and temporal relationships between deep 

   magmatic, porphyry and epithermal environments, and sig-
   nificance for ore formation processes ", Tsukuba. 

23. Ishihara, S., 1973. The Mo-W metallogenic provinces and the 
   related granitic provinces. Mining Geol., 23, 13-32.


