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Abstract: Late Cretaceous to Paleogene rhyolites (11 samples) and granitoids (Shirakawa 29, Toki
7, Naegi 9, Ryoke 10; total 55 samples), which have high intial Sr ratios, were analyzed by XRF and
ICP-MS for 11 major elements and 32 trace elements. Granitoids of the Shirakawa area intruding the
Nohi Rhyolites in the Hida metamorphic terrane, belong to I-type magnetite series and contain com-
monly mafic enclaves. They are composed of a high Na,O group of monzodiorite to granodiorite and
a low-Na,O group of biotite granites. The former is rich in mafic and calcic components, and was
generated in mafic igneous source rocks of the Hida metamorphic terrane. The latter is felsic and
leucogranitic, yet its Rb/Sr is not high enough to be a fractionated magma. The leucogranite, typical-
ly of the Hirase body, could be a minimum melt generated from an intermediate igneous source. The
Shirakawa granitoids are depleted in Y and HREE, implying the existence of garnet and hornblende
in the source region.

Late Cretaceous-Paleogene granitoids occurring in the Mino sedimentary terrane belong to I-type
ilmenite-series composed of high-level plutons of the Toki and Naegi areas and intermediate-level
plutons of the Ryoke granitoids. These granitoids are reduced and per-aluminous implying genetic
connection with sedimentary and less igenous sources. The Toki and Naegi bodies are composed
mostly of biotite granite, intruding discordantly, and are rich in lithophile elements. The Naegi gra-
nite is especially high in Rb, Y, Th, and U and its Rb/Sr ratio is the highest among the studied
rocks. Its REE pattern is flat with high HREE and a strong Eu anomaly, which could be considered
as fractionated I type. The Ryoke granitoids are mostly biotite granite but horblende-biotite grano-
diorite is also common. They are less fractionated and have own geochemical characters compared
with the Toki and Naegi granites. The studied granitoids have chemical compositions reflecting basi-
cally their basement characteristics, and also partly their degree of the magmatic fractionation.

1. Introduction

Parallelism between magnetite-series and ilmenite-series
granitic belts is widely known along the Japanese Is-
land arcs in late Cretaceous and Miocene granitic and
volcanic belts (Ishihara, 1971b, 1973). In the Inner
Zone batholith of Southwest Japan (Ishihara, 1990),
magnetite-series granitoids tend to occur along the
back-arc side of the Sanin-Shirakawa belt, while
ilmenite-series granitoids are distributed in the fore-arc
side of the Sanyo and Ryoke belts. This parallelism
was considered to reflect the chemical contrast of the
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source region for the granitic magmas (Ishihara and
Terashima, 1977a).

In the Chubu District (Fig. 1), one of the type areas
for magnetite- and ilmenite-series granitoids across the
Honshu Island, the most distinctive feature is that,
although Shirakawa granitoids of the Sanin-Shirakawa
Belt to the north being mainly magnetite-bearing and
granitoids of the Sanyo and Ryoke Belts to the south
being generally magnetite-free ilmenite-series; both the
magnetite- and ilmenite-series granitoids have the
same latest Cretaceous-Paleogene age and similar high
87Sr/86Sr initial ratios ranging from 0.7096 to 0.7106
(Shibata and Ishihara, 1979a, b). The district is char-
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acterized by gravity low in the northern part of the
Hida metamorphic terrane (Komazawa et al., 1999),
reflecting a thick continental crust. These granitoids of
this district having I-type characteristics (Chappell and
White, 1992), should have originated within or greatly
influenced by the continental crust.

Regional chemical variations of the granitoids across
the Shirakawa-Toki-Okazaki transect were s lied by
Ishihara and Terashima (1977a), who showed high
Fe,03/FeO ratios in the Shirakawa area and low
Fe,03/FeO ratios in the Sanyo-Ryoke Belts. The oxi-
dized magmas were considered to reflect the high
Fe;03/FeO ratio of the source rocks, while the re-
duced magmas were interpreted to have been reduced
by organic carbon from the accretionary sedimentary
(Ishihara, 1984). In  addition, a
“constant-type” and an “increasing-type”’ for some

complex

lithophile elements plotted against the differentiation
index, such as F, Li, Rb, Pb, Sn and Be in highly
fractionated granites, were observed on the Shirakawa
granitoids and the Toki-Naegi granites, respectively.
These granitoids are also different in associated miner-
alizations: economic amounts of molybdenum deposits
in the Shirakawa area, but tin-bearing tungsten de-
posits in the Naegi area (Ishihara, 1973). REE- and
U-Th-bearing minerals are nearly absent in the Shir-
akawa area, except for xenotime discovered in peg-
matitic quartz vein of the Hirase deposit (Ishihara,
1971a), but are very abundant in small but many peg-
matites within the Naegi granite.

In order to understand the genesis of these two con-
strasting granitoid series, and also to detail the genetic
variations within the Shirakawa and Naegi-Toki areas,
a detailed chemical study was made here for major and
trace elements on 66 samples, including 29 from Shir-
akawa granitoids, 26 from Toki, Naegi and Ryoke I
granites and 11 from sorrounding rhyolitic country
rocks. The analytical methods are XRF with
glass-bead for major elements and pressed powder pel-
lets for minor elements (V, Ni, Ga, Rb, Sr, Ba, Y,
Zr, Th and U), ICP-MS with acid digestion (Li, Be,
Sc. Cu, Zn, Rb, Sr, Ba, Ga and Mo), and fusion de-
composition (Y, Zr, Nb, Sn, Cs, Hf, Ta Pb, Th and
U). Details are given in Wu et al. (1993) and Wu and
Ishihara (1994). The analytical results are listed in
Appendices 1 through 3 and the studied areas are
shown in Figs. 1 through 3.

2. Geologic Background

2.1 Shirakawa Area

The Shirakawa granitoids located in the Hida meta-
morphic terrane of Hida gneisses and Triassic-Jurassic
I-type Funatsu granitoids, occur as a group of granitic
stocks intruding coeval felsic welded tuffs called “Nohi
Rhyolites”, which have been classified into six se-
quences in the central and southern parts. Their
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Fig. 1 Distribution of the late Cretaceous-Paleogene gra-
nitoids and associated Nohi rhyolites, and the stu-
died areas in the Chubu District.

CHIME (Chemical Th-U-total Pb isochron method)
and Rb-Sr ages vary from 86 to 56 Ma (Koido and
Yamada, 1999). The main granitic bodies are, from
north to south, Hatogaya (granodiorite to monzogra-
nite, but referred here as granite), Hirase (granite),
Mihoro (granodiorite), Awaradani (granodiorite) and
Fukushimadani (Fig. 2). A Rb-Sr
whole-rock isochron for these granitoids indicates an
age of 65.6 + 1.8Ma with the initial "Sr/®6Sr ratio of
0.7100 £ 0.0002 (Shibata and Ishihara, 1979a, b).
The granitoids comprise amphibole-biotite grano-

(granite)

diorite and biotite granite. They are fine-grained and
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high level. The analyzed samples were selected from
various bodies shown in Fig. 2. No sedimentary en-
claves are present in the granitoids but mafic igneous
enclaves are found. Conglomerate-looking mafic en-
claves hosted in leucogranites (see Plate LXI of Ishi-
hara, 1971a) are typically seen in the northern part of
the Hatogaya body. The most mafic rock among the
analyzed samples (Fig. 2), e.g., no. 88 (hereafter the
last two digits on the sample numbers are shown), is
such an enclave monzodiorite.

The Hirase body is composed of the main phase gra-
nite of ;,bGs, which should be read a biotite mon-
zogranite with color index of 3 vol. percent (mostly
biotite) and the grain-size index (number of grain
boundary of the rock-forming minerals in 25 mm dis-
tance, see Ishihara, 1971a) of 72 and marginal finer
phase of |4,b/mG,, which is finer, leucocratic phase
with biotite and little muscovite. They can be called
haplogranite of Tuttle and Bowen (1958).

The granitoids have A/CNK ratios (mol.
Al,O3/Ca0 + Na,O + K,0) between 0.95 and 1.06
(Appendix 2). which are lower than the S-type limit of
1.1 (Chappell and White, 1992), implying all the grani-
toids belong to T type. The magnetic susceptibility
varies from 765 x 107% for quartz monzodiorite to 100
x107® emu/g for granite. These are slightly lower than
the typical values found in the major Mo-mineralized
area of the Sanin district (Ishihara, 1971a). The Awar-
adani granodiorite body is an exception having the
magnetic susceptibility lower than 100 x107® emu/g,
being thus I-type/ilmenite series.

The Nohi Rhyolites, comprising mostly dacitic-rhyolitic
pyroclastic rocks which have been welded, are consi-
dered to be comagmatic with the granitoids (Yamada,
1977). In the Shirakawa area, the Nohi Rhyolites have
received a weak propylitic alteration and thermally
metamorphosed by intrusion of the nearby granitoids;
e.g., Fukushima-dani granite (see Plate LLXI, Ishihara
1971a). and hydrothermally altered around the
Mo-mineralized stock at Hirase. Thus, the alteration
is considered to be “contact” hydrothermal alteration
(Ishihara, 1971a), and shows following zones, from
the Hirase granite outwards: (1) andalusite-biotite-sericite
zone and/or (2) siderite-sericite zone, and then (3)
calcite-chlorite zone.

Molyhdenite-quartz veins are widely distributed in
the Shirakawa area (Fig. 1). At the Hirase mine
(Onishi et al, 1973), hosted in leucogranite of the
Hirase stock, production (1941-1974) of molybdenite
concentrates amounts to 2,692 tons (MoS, 97%). The
next largest production of ca.40 tons comes from the
Shirakawa Suien (Mo) veins occurring at the western
margin of the Hatogaya stock. The Hirase veins strik-
ing N-S and dipping vertically contain beautiful euhed-
ral crystals of molybdenite and accessory amounts of
K-feldspar. xenotime, and base metal and iron sul-
fides. The vein walls have been carbonitized and serici-

tized, but not greisenized.

2.2 Naegi-Toki-Sanage Area

Around the southern margin of the Nohi Rhyolites,
high-level granitoids intrude into the volcanic and sub-
volcanic rocks of the Nohi Rhyolites and Jurassic
sedimentary rocks of the Mino accretionary complex
(Fig. 1). The volcanic rocks aré not exposed to the
south but the sedimentary rocks which have been re-
gionally metamorphosed, implying deeper levels of the
granitoids, are seen in the southern area. All the grani-
toids have magnetic susceptibility below 12 - 18 x 1076
emu/g, thus belonging to the ilmenite series.

2.2.1 Naegi Granite

The Naegi granite intrudes the southeastern margin
of the Nohi Rhyolites (Fig. 3). The intrusion is con-
trolled by NNW-trending faults, which correspond to
the most distinct fracture system for the Nohi
Rhyolites, and NE-trending faults which bound the
Ryoke granitoids to the south. A cauldron structure,
NW-SE 15 km by NE-SW 13 km, was proposed to the
southwest of the Naegi granite (Yamada, 1989). The
Naegi granite is magnetite-free biotite granite with a
medium-grain size. It also includes very fine-grained
chilled margin, called “Nukame” stone by building
stone miners, which occurs along the western rim
(Kawata, 1961). Four samples each were selected from
the western part (nos. 175, 211, 213, 505) and the
eastern part (nos. 506, 508, 509, 510). They show
A/CNK ratio of 1.02 - 1.05 (Appendix 3).

The granite contains many drusy-type pegmatites,
ranging from a few centimeters to a few tens of cen-
timeters in diameter. The drusy pegmatites in particu-
lar are well known to contain beautiful crystals of
smoky quartz, K-feldspar, micas and accessory
amounts of zircon and its REE-rich variety of naegite,
fergusonite, samarskite, monazite, allanite, enalite - a
REE-rich variety of uranothorite, xenotime and gadoli-
nite. According to Koseki and Matsubara (1961), these
minerals were found in the following numbers of locali-
ties: naegite, (15 localities), fergusonite (11), monazite
(6), samarskite (6), allanite (5), enalite (4), gadolinite
(4), xenotime (4) and zircon (3). Wolframite-quartz
vein deposits with greisenization are known to occur
within granite (Fukuoka mine) and in pyroclastic rocks
of the Nohi Rhyolites (Ebisu and Togane mines). In-
cluding minor ore deposits, the following metallogenic
zonings are observed from the Naegi granite north-
ward: 1 pegmatite zone, II W-Sn-Bi zone, III
W-As-Bi zone, and IV Cu-Pb-Zn-As zone (Sakamaki
et al, 1961).

2.2.2 Toki Granite

The Toki granite occurs to the west of the Naegi
granite intruding Paleozoic-Mesozoic sedimentary
rocks. It has a circular form, N-S 14 km by E-W 12
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km (Fig. 3), and is composed mostly of fine- to
medium-grained biotite granite. Granodiorite is present
only at the northwestern portion (Suzuki and Ishihara,
1969). Both are magnetite free. Seven samples, two
hornblende-bearing, were selected for the chemical
analyses. A/CNK ratio of this body (1.09-1.16,
Appendix 3), straddling on the S/I type boundary of
1.1, is more aluminous than the Naegi granite. The
Toki granitoids have a Rb-Sr whole rock age of 72.3
+3.9 Ma and initial Sr ratio of 0.7106 £ 0.0001 (Shi-
bata and Ishihara, 1979a).

In contrast to the Naegi granite, the Toki granite
contains only a few pegmatites and is not associated
with any economic grade of metallic mineralization.
Absence of the Nukame granite and drusy pegmatite
indicates that the Toki granite crystallized at deeper
levels than the Naegi granite.

2.2.3 Ryoke Granitoids

Granitoids distributed to the south of the Naegi and
Toki granites around Mt. Sanage (Fig. 3) intrude
mainly Jurassic sedimentary accretionary complex
rocks with no or low-grade Ryoke metamorphism.
The granitoids are the Ryoke I granitoids of Ishihara
and Terashima (1977a). The granitoids intrude locally
into the Nohi Rhyolites in the north (Yamada and
Nakai, 1969), and older granitoids to the south.

These granitoids consist largely of medium- to
coarse-grained hornblende-biotite granodiorite and
biotite granite. They contain no magnetite. Rare foli-
ated granitoids which occur within in the massive gra-
nitoids may be the remnants of older syntectonic grani-
toids (e.g., nos. 97, 139). Some of the leucocratic
biotite granites have been classified as Naegi granite
(e.g. Yamada et al, 1974), although they have distinc-
tive chemical characteristics, compared with the Naegi
Granite at the type locality (Ishihara and Terashima,
1977a). The leucoratic granites have S-type A/CNK
ratios (1.17-1.18, Appendix 3), while the other, more
mafic granitoids show generally I-type ratios.

No pegmatite is present, but some aplitic dikelets are
observed. No metallic ore deposits are known in and
around the Ryoke granitoids. These field observations
and the wide exposure of the Ryoke granitoids suggest
a deeper level is now exposed in the Ryoke Belt.

3. Analytical Results

3.1 Shirakawa Area

3.1.1 Volcanic rocks

The Nohi Rhyolites analyzed in the Oshirakawa-Hirase
area (Fig. 1) have SiO, contents of 68.4 -76.6 percent
(average 70.3 %, n=6, Appendix 1). Granitoids of the
same area including the Mihoro, Hirase (only those
from surface) and Fukushima-dani plutons have a simi-
lar range from 68.0 to 76.4 percent but are different on
average (73.4 %, n=11, Appendix 2). Thus, the grani-

toids became more silicic than the volcanic rocks. In
the Harker’s diagram though not shown here, the gra-
nitoids are also richer than the rhyolites in Al,O;,
Na,O, TiO,, MgO but lesser in K,0O and total Fe,O5.
The Nohi Rhyolites at the eastern margin of the
Hirase pluton has experienced “contact” hydrothermal
alteration. Chemical compositions of the unaltered
rhyolites (nos. 64, 65, 66, 67, average SiOy 73.8%,
n=4) and altered rhyolites (nos. 71, 72, 94, 95 161,
average SiO, 74.9%, n=6) can be summarized as fol-
lows:
(1) Ferromagnesian components including total Fe,Os3,
MgO, TiO,, V, Cr and Ni are strongly decreased in
the altered rhyolites, reflecting break down of the ori-
ginal ferromagnesian minerals.
(2)Sr (143 ppm average) and Ba (633 ppm average), are
lower in the altered rocks (Sr 28 ppm and Ba 144 ppm,
respectively), implying these elements were depleted
during recrystallization of the feldspars.
(3) Both Zr (159 ppm) and Hf (4.8 ppm) are slightly in-
creased (220 ppm and 7.0 ppm, respectively) in the
altered rocks.
(4) Total LREE (La to Sm) have increased from 131.4
ppm to 223.4 ppm; no clear changes are evident for the

HREE (Gd to Lu).

3.1.2 Granitic rocks

Granitoids of the Shirakawa area, i.e., Shirakawa
granitoids, have a wide range of SiO, content from 60
to 77 percent (Appendix 2). Those with 60-63 percent
SiO, occur as mafic enclaves or blocks in the Hatogaya
body. The Mihoro body is composed of granodiorite
with 68-70 percent SiO,. The Hirase body is characte-
rized by high silica rocks of 71-77 percent SiO,. The
reconnaissance study indicates that the Shirakawa gra-
nitoids are rich in Na,O, as compared with the
Naegi-Toki-Ryoke granitoids (Ishihara and Terashi-
ma, 1977a). Na,O apparently decreases with increas-
ing SiO, towards 3.6 percent Nay,O of the eutectic
minimum (Tuttle and Bowen, 1958). In more details,
however, the Shirakawa granitoids can be divided into
two groups (Fig. 4):

(A) high Na,O-low SiO, group; Na,O 4.61 %; SiO,
68.4 % in average (n=11) and

(B) low Na,O-high SiO, group; Na,O 3.79 %; SiO,
75.5 % in average (n=17)(Fig. 4).

Their average compositions are listed in Table 1.

Mafic enclaves and blocks of the Hatogaya body
(nos. 86, 88), the granitoids of the attached Aradani
body (nos. 83, 84), a small part of the Hirase granitic
body (nos. 8, 115) and all of the Mihoro granodiorite
body (nos. 6, 68, 69, 70, 73), belong to the high
Na,O group. The low Na,O group, on the other
hand, is composed of all the granitoids of the Hato-
gaya body (nos. 80, 87, 89, 91, 92, 93), most of the
Hirase granitic body (nos. 2, 7, 9, 119, 123; 13, 75,
76, 79, 122), and the Fukushima-dani granitic body
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Table 1

Average major and selected trace element compositions of the studied granitoids from the Chubu District.

Magnetite Series

IIlmenite Series

High Na,O group Low Na20 group Ryoke Toki Naegi
Number of analyses 11 17 8 6 8
Si0, 68.43 % 75.45 % 73.37 % 73.39 % 76.67 %
TiO, 0.42 0.13 0.18 0.14 0.05
AlL,O, 15.24 12.97 14.26 14.09 12.67
Total Fe,O, 3.27 1.25 1.82 1.74 1.11
MnO 0.11 0.05 0.06 0.06 0.03
MgO 1.00 0.24 0.34 0.26 0.04
CaO 2.75 0.90 1.65 1.33 0.73
Na,O 4.61 3.79 3.15 3.48 3.52
K,0O 3.07 4.32 4.33 4.25 4.74
P,0q 0.13 0.04 0.05 0.06 0.01
Ig. loss 0.71 0.60 0.73 0.72 0.45
Total 99.75 99.74 99.95 99.92 100.00
Color Index 4.80 1.67 2.40 2.20 1.23
TFe,0,/MgO 3.3 5.2 5.4 6.7 27.8
Zn 55.1 ppm 23.5 ppm 33.5 ppm 39.7 ppm 20.9 ppm
Ba 672 502 477 371 76.9
Pb 12.6 13.9 29.1 31.8 28.8
Rb 100 142 182 232 289
Sr 281 98.7 106 99.0 22.6
Rb/Sr 0.36 1.43 1.72 2.34 12.8
Zr 189 103 90.4 112 86.3
Hf 5.2 3.5 3.1 3.7 3.9
Zr/Hf 36.4 29.5 29.2 30.3 22.1
Th 9.4 13.9 19.4 24.0 32.0
U 2.0 4.5 4.0 5.5 9.1
Y 25.7 21.4 37.1 54.7 78.4
REE 160 130 134 140 162

High Na,O-group: Nos. 86,88,83, 84,8, 115, 6, 68, 69, 70, 73. Low Na,O-group: Nos,87, 89, 91, 92, 93, 80,
3.7.9. 119, 123, 13, 75, 76, 79, 122, 58. For the ilmenite-series granitoids, those with SiO, higher than 70 % were
selected. Ryoke: 105, 110, 109, 114, 94, 60, 145, 70. Toki: T38, T44, T51, T82, T25, ZI‘Z. Naegi: 175A, 213,
211. 505, 506, 508, 509, 510.
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(nos. 58, 61). Both types of granitoids occur together
in the Hatogaya body, related to the mingling occurr-
ence of mafic enclaves in this body.

The high Na,O group is rich in both mafic and calcic
components, such as TiO;, Al,O3, Total FeyO,,
MnO, MgO, CaO, P,0s5, Zn and Sr, while the low
Na,O group has higher SiO,, K,O, Rb, Th and U. It
is considered unusual that the high Na,O group is also
high in Ba, Zr, Y and REE. In Fig. 5, it is evident
that Rb is not “constant type” (Ishihara and Terashi-
ma, 1977a) but rather shows a weak positive correla-
tion with SiO, within each group. Ba is approximately
constant in the high Na,O group, but drops sharply
with increasing SiO, in the low Na,O group (Fig. 5).
Sr decreases with decreasing CaO and is slightly higher
in the Shirakwa granitoids than the Naegi-Toki-Ryoke
granitoids.

Athough all the low-Na,O group granitoids are high

in SiO,, hence in normative ab + or + qz (see Ishihara
1971a), and may be called haplogranite (Bowen abd
Tuttle, 1958); yet their Rb/Sr ratios range from as low
as 0.5 to 8.7 (Fig. 6). These values are similar to un-
fractionated I-type haplogranites of the Lachlan Fold
Belt (Chappell, 1999). These low Na,O granites are,
therefore, considered a minimum melt of the original
magmas, rather than its fractionated products.

REE contents of the high Na,O group vary from
higher in the low SiO; end-members (e.g., nos. 86,
88) to lower in the high SiO, rocks; the latter are de-
pleted particularly in HREE (Fig. 7A). The high Na,O
granitoids reveal weak negative Eu anomalies. Grano-
diorites of the Mihoro body show very similar REE
patterns to those of Fig. 7A, but no Eu anomaly is
observed.

Among the low Na,O group, granitoids of the Hato-
gaya body show a wide variation of Eu anomalies and
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Fig. 6 Rb/Sr ratio vs. SiO, diagrams of the studied

magnetite-series and ilemenite-series granitoids.
Solid circle, Shirakawa granitoids; open circle,
Toki granitoids; open diamond, Naegi granite;
cross, Ryoke granitoids. Areas of UIH, unfrac-
tionated I-type haplogranite and fractionated
I-type haplogranite of Chappell (1999).

HREE contents (Fig. 7B). Granitoids occurring in the
northern part (nos. 87, 89) have similar LREE patterns
to those of the associated monzodiorite but depleted in
HREE (compare Figs. 7A and B). Granitoids of the
central (nos. 91, 92) and southern parts (nos. 80, 93)
reveal a sharp decreasing of both the LREE and Eu,
and show strong Eu anomalies.

In the Hirase body, REE patterns of the main biotite
granite phase (nos. 13, 75, 76, 79, 122), are similar to
those of the low-Na,O granites of the Hatogaya body
(e.g., no. 93). Finer-grained phase of the same body
show also similar pattern.

3.2 Naegi-Toki-Sanage Area

The Naegi, Toki and Ryoke granitoids appear to be
different in the present erosion level by differential
movement along the NE-SW regional faults, and they
may also be different in the magma sources. In order
to test this hypothesis, some elements pertinent to
magmatic fractionation are shown in Table 1. Com-
pared to the Toki granitoids, the Naegi granite is high-
er in Si0,, K,0, Na,0+K,0, Fe,0,/MgO , Rb, Y,
Th, U and REE, but lower in total Fe,03, MgO,
CaO, Sr and Ba. Average Rb/Sr ratios are 12.8 for
the Naegi granite, versus 2.3 for the Toki granitoid.
Because of their depleted MgO, the average total
Fe,03/MgO ratio is much higher in the Naegi granite
(27.8) than in the Toki granite (6.7). Thus, these pa-
rameters indicate that the Naegi granite is much more
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Fig. 7A  Representative REE patterns of the Shirakawa granitoids, Chubu District.
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Fig. 8B Representative REE patterns of the Naegi and Toki granitoids, Chubu District.

fractionated than the Toki granite.

Similar variations to those observed between the
Naegi and Toki granitoids, are also seen between the
Toki and the Ryoke granitoids. Amongst the three
granitoids, contents of TiO,, total Fe,O3, MgO,
Al,O5. CaO, Ba, Sr are highest, and those of NayO
(Fig.5), Rb, Th, U, REE are the lowest in the Ryoke
granitoids. Two samples of the Ryoke granitoids have
much lower Ba content (nos. 97, 139, Fig. 5), and
may belong to xenolithic block of the older foliated
granodiorites generated from different source mater-
ials.

REE patterns of the Naegi granite (Fig. 8A) are flat
implying high concentration of HREE with strong Eu
anomaly, similar to strongly fractionated I-type gra-
nite, e.g., the Caboniferous I-type granites of North
Queenland (Champion and Chappell, 1992), and to
A-type granites of the Lachlan Fold Belt (King et al,
1997) and Zhejiang Province of China (Charoy et al,
1987). Among eight samples studied, the chilled mar-
gin phase of “Nukame” granite (no. 211) is most de-
pleted in Eu and highest in Rb/Sr ratio (40.5, Appen-
dix 3). implying plagioclase fractionation. In the Toki
granite, hornblende-bearing phases (e.g., nos. 41, 38)
and biotite-rich granite (no. 44) are rich in LREE and
have no or weak negative Eu anomalies. Other Toki
granite samples are rich in HREE and have similar
REE pattern to those of the Naegi granite (Fig. 8B).

The Ryoke granitoids have a wide variety of REE

patterns, because they include a variety of granitoids
in the batholithic unit. Fine-grained biotite granite of
stock size, which can be considered equivalent to the
Naegi granite (Yamada et al., 1974), has a similar
REE pattern to those of the Naegi granite (no. 70),
while the other sample (no. 145) is more depleted in
both LREE and HREE. The granitoids of nos. 110 and
114 are most depleted in HREE.

4. Discussions

4.1 T1type vs. A type

F contents of the Naegi granite are the highest of the
Japanese granitoids (Ishihara and Terashima, 1977b).
Other elements with high concentration in the Naegi
granite are known to be also enriched in A-type grani-
toids (Collins et al, 1982; Ishihara, 1988; King et al,
1997). Thus, the Naegi granite could possibly be an in-
dependent magma of A type. However, Ga is not as
rich as A-type granites in the continental regions, like
Australia (Fig. 9) and China. As I type becomes
strongly fractionated, F, Ga, Y, HREE etc also in-
crease strongly (Champion and Chappell, 1992), such
that they in part resemble A-types. Geologically, the
Naegi granite occurs at northern margin of the
calc-alkaline granitoids of I type. Similar granites are
seen along the northern fringe of the Sanyo-Naegi
Belt; e.g., biotite granites at Tanokami, Shiga Pref,
the Kurashiki area of Okayama Pref. and the Iwakuni
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Fig. 9 Ga vs. Al,O4 diagram of the studied granitoids
and Australian A-type (Mumbulla and Gabo) and
I-type (Bega) granites from Collins et al. (1982).

area of Yamaguchi Pref. In the Kurashiki area, the
granite occurs at margin of the so-called Hiroshima
biotite granite, and the boundary of the two granites is
unclear, suggesting that they are cogenetic. The Naegi
and Toki granites have had a common I-type source
but fractionated in different ways; the Naegi granite is
most fractionated and emplaced in the highest level.
Thus, it could be fractionated I type ilmenite series.

4.2 Magnetite-series vs. Ilmenite-series Granitoids

Magnetite-series granitoids of the Shirakawa area
and ilmenite-series granitoids of the Naegi-Toki-Ryoke
area have a wide range of silica contents (58 to 77%
and 65 to 77%, respectively). Chemical trends for most
major elements are similar in those two granitoid
series, except for the Fe;,03/FeO ratio and Na,O con-
tent (Ishihara and Terashima, 1977a). As mentioned
previously, the Shirakawa granitoids are composed of
two groups in terms of Na,O and SiO, contents, and
may have different source materials.

The Naegi-Toki granitoids have similar SiO, content
to the high silica Shirakawa granidoids, but are lower
in Na,O and higher in K,0. The Ryoke granitoids are
much lower in Na,O content (Fig. 4). Given in re-
latively high 87Sr/®0Sr initial ratio, these granitoids are
considered to have been generated from different
source materials within the continental crust. A
Na,O-rich and K,O-poor character may be expected in
intermediate meta-igneous rocks, while a potassic na-
ture under a reducing atmosphere can be obtained from

pelitic and arkossic sedimentary rocks of the source re-
gions. This interpretation is supported by the fact that
the magnetite-seires granitoids are mostly meta-aluminous
(A/CNK < 1.0), while the ilmenite-series rocks are
generally per-aluminous (A/CNK>1.0).

Two series of the granitoids are also clearly sepa-
rated by Y content. The contents are generally lower
than 30 ppm in the magnetite-series granitoids, but
higher than 30 ppm in the ilmenite-series rocks
(Appendices 2, 3). The same is true on the HREE con-
tents. Y and HREE elements are strongly partitioned
to garnet, zircon, apatite and titanite, and moderately
to hornblende (Pearce and Norry, 1979; Ogasawara,
1989). Thus, the depletion of these elements indicates
existence of these minerals, especially of garnet, in the
source region for the magnetite-series magmas.

The Hida metamorphic rocks are composed mostly
of quartzo-feldspathic gneiss, basic gneiss and cal-
careous gneiss, associated with lesser amount of pelitic
gneiss (Suzuki, 1977). Their bulk composition is a
mafic to intermediate one rich in the ferromagnesian
components, CaO and Na,0O (Nozawa er al, 1975,
1981; Suzuki, 1975, 1977). These rocks are intruded
by magnetite-series Triassic-Jurassic granodiorite and
granite and lesser diorites. Their chemical characteris-
tics correspond to those of the Shirakawa granitoids.
Some older, gray granitoids occur close to the east of
the Shirakawa granitoids. Low Bougeur anomalies are
widely present in the Hida metamorphic terrane
(Komazawa et al, 1999), indicating that these meta-
morphic and igneous or similar rocks continue to the
depth. The high Na;O—low SiO,; and meta-aluminous
initial magma and low NayO- high SiO, initial magma
for Shirakawa granitoids could have generated from
igneous rocks similar to the present constituents of the
Hida metamorphic Belt.

The Mino sedimentary terrane, on the other hand, is
an accretionary complex of Jurassic fore-arc sediments.
Sandstone, shale, chert and their metamorphic
equivalents occur dominantly associated with some
limestones and ocean floor basalt (Nakai er al, 1985;
Wakita, 2000). Their bulk composition is supposed to
be dominantly sandstone, then shale and less chert,
thus having high K,;O and Al,O3 but low Na,O con-
tents and a low Fe,O3/FeO ratio. These characteristics
are also seen in the Naegi-Toki and Ryoke granitoids,
implying that the accretionary complex continues to
depth. The Ryoke granitoids, however, consist of
both hornblende-biobite and biotite mineral asssemb-
lages. Thus, some I-type components are necessary
for the source region, which could have been brought
as basaltic magmas (Ishihara, 2001). The studied gra-
nitoids are considered to reflect the chemical composi-
tions of the immediate basement rocks they were found
in.
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5. Conclusions

Magnetite-series granitoids of the Shirakawa area
are divided into high Na,O and low Na,O groups.
Each group appears to have its own magma source.
Monzodiorite-granodiorite of the Shirakawa granitoids
may have originated from mafic and intermediate
igneous protoliths containing garnet. Similarly mafic
enclaves and granodiorite of the high Na,O group were
derived from mafic igneous protoliths. Biotite granites
of low Na,O group were most likely derived from an
igneous source of intermediate composition, similar to
those of the Hida metamorphic belt.

The Naegi-Toki-Ryoke granitoids were generated
from continental materials, most probably the sedimentary
components of the Mino terrane, but also including
some igneous-source components. The sedimentary/mafic
igneous ratios of the source materials may be different
between the Naegi-Toki granitic area and the Ryoke
granitic area. The chemical difference between the
Naegi and Toki granitoids may be attributed to the de-
gree of fractionation and the depth of emplacement.
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Appendix 1 Major and trace element contents of the Nohi Rhyolites from the Shirakawa area.

Location Fresh Rhyolite Altered Rhyolite

Sample No. 67RS-60 67RS-64 67RS-65 67RS-66 67RS-67 67RS-78 67RS-71 67RS-72 67RS-94 67RS-95 67RS-161
Si0, (%! 58.57 72.93 75.20 74.81 72.09 68.39 72.68 75.33 75.61 74.44 76.62
TiO, 0.92 0.21 0.20 0.14 0.23 0.38 0.10 0.08 0.09 0.10 0.10
Al,O4 16.52 14.66 13.17 12.78 13.88 14.68 13.61 12.77 12.36 13.33 14.24
TFe,04 6.96 2.40 1.90 1.70 2.53 2.98 1.57 1.34 1.81 2.19 0.76
MnO 0.14 0.06 0.04 0.04 0.08 0.08 0.10 0.06 0.07 0.04 0.02
MgO 2.74 0.49 0.30 0.15 0.59 0.88 0.02 0.01 0.06 0.03 0.03
CaO 6.40 1.54 1.05 1.00 1.56 2.46 0.58 0.34 0.41 0.24 0.07
Na,O) 2.92 2.66 1.95 3.39 3.43 4.05 4.02 3.58 3.21 2.17 0.92
K,0O 3.34 4.26 4.77 4.28 3.98 3.63 5.13 5.10 4.46 5.83 5.59
P,05 0.30 0.04 0.04 0.03 0.05 0.10 0.01 0.01 0.01 0.02 0.02
LOI 1.19 1.25 1.11 0.78 0.88 0.69 1.26 0.95 1.11 1.02 0.65
Total 100.00 100.50 99.73 99.11 99.30 98.32 99.08 99.57 99.20 99.40 99.02
V (ppm) 178 20 13 6 21 37 3 NA NA NA NA
Cr 92 39 38 45 33 24 22 NA NA NA NA
Ni 16 11 11 8 11 6 8 NA NA NA NA
Zn 127 39 28 37 151 47 34 25 53 211 49
Ga (XRF) 20 16 17 22 19 17 16 13 19 18 22
Rb (XRF) 108 170 179 139 140 118 169 182 156 246 270
Sr (XRF) 446 142 120 119 189 255 42 26 22 25 24
Y (XRF) 26.7 39.4 41.1 28.8 28.7 24.4 35.7 32.4 33.4 38.4 37.6
Zr (XRF) 174 172 165 149 148 162 235 210 192 232 230
Nb 10 12 13 12 12 11 15 12 14 15 16
Sn 3.4 4.2 3.7 2.1 4.9 1.2 3.9 2.2 3.3 3.3 3.7
Cs 7.6 10.4 8.5 5.0 6.4 2.5 1.8 2.2 2.1 6.2 8.7
Ba (XRF) 934 562 674 636 658 789 151 108 112 161 188
La 25 41 37 31 31 33 59 44 46 61 59
Ce 52 80 72 60 62 65 112 88 95 115 118
Pr 6.5 9.4 9.0 6.5 7.2 7.2 12.6 10.1 10.7 13.0 13.7
Nd 25 34 32 23 26 26 47 38 38 46 49
Sm 4.5 7.6 6.9 4.6 5.2 4.5 8.7 8.6 6.7 7.0 7.8
Eu 1.33 0.77 0.87 0.54 0.57 0.95 0.41 0.30 0.20 0.52 0.29
Gd 4.2 6.9 7.0 4.4 5.1 3.7 7.0 6.8 5.9 6.8 7.2
Th 0.7 0.9 1.1 0.6 0.7 0.6 1.0 1.0 1.0 1.2 1.1
Dy 3.1 6.2 6.4 3.5 4.3 3.7 6.4 5.8 6.0 6.4 6.6
Ho 0.7 1.1 1.1 0.7 0.7 0.7 0.9 1.0 1.0 1.0 1.1
Er 2.4 4.5 4.9 2.9 3.3 2.0 4.0 3.4 2.7 3.0 3.2
Tm 0.5 0.9 0.9 0.5 0.5 0.4 0.7 0.7 0.6 0.6 0.7
Yb 2.0 4.5 2.7 2.2 2.7 2.8 3.3 4.8 3.8 3.7 4.3
Lu 0.3 0.6 0.8 0.5 0.7 0.4 0.8 0.6 0.5 0.4 0.6
Hf 4.5 5.3 5.2 4.2 4.3 4.9 6.4 8.0 5.8 7.3 7.4
Ta 0.7 1.5 1.1 0.9 0.9 0.9 1.0 1.3 1.2 1.3 1.5
Pb 23 20 22 18 47 17 46 27 24 27 27
Th 9.7 17.7 16.8 12.7 14.5 12.0 19.0 18.0 17.7 17.4 19.9
u 2.0 3.8 3.9 2.8 3.1 2.3 4.6 3.4 3.8 3.6 3.9
REE 154.5 238.0 224.1 169.4 178.8 175.9 298.8 246.1 251.4 303.3 309.4
Sm/Nd 0.18 0.22 0.22 0.20 0.20 0.17 0.19 0.22 0.18 0.15 0.16
Rb/Sr 0.2 1.2 1.5 1.2 0.7 0.5 4.0 7.0 7.1 9.8 11.3
Th/U 4.8 4.7 4.3 4.5 4.8 5.3 4.1 5.2 4.6 4.8 5.2
10000Gas Al 2.34 2.07 2.43 3.18 2.54 2.13 2.28 1.93 2.86 2.58 2.92
Y/Nb 2.8 3.2 3.2 2.5 2.5 2.2 2.4 2.8 2.3 2.6 2.4
Nb/Ta 14.5 8.6 11.6 12.4 12.9 12.6 14.7 8.7 12.0 11.6 10.6
Zr/Hf 39.0 32.5 31.6 35.7 34.3 33.3 36.6 26.4 33.1 32.0 31.0
A/CNK 0.82 1.24 1.28 1.06 1.09 0.97 1.03 1.06 1.14 1.29 1.85
TFeO/MgO 2.3 4.5 5.8 10.0 3.9 3.1 71.4 121.8 27.4 79.6 23.0
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Appendix 2 Major and trace element contents of the Shirakawa granitoids,

Location North Hatogaya South Hatogaya Aradani
Sample No. 67RS-86 67RS-87 67RS-88 67RS-89 67RS-91 67RS-92 67RS-80 67RS-93 67RS-83 67RS-84
SiO, (%) 62.96 72.78 59.84 73.73 76.73 77.17 75.56 77.00 70.80 70.26
TiO, 0.49 0.24 0.84 0.21 0.07 0.06 0.14 0.09 0.33 0.33
Aly,O4 17.18 13.72 16.80 13.68 12.66 12.71 13.20 12.63 14.65 14.72
TFe,04 4.62 1.85 6.18 1.64 0.89 0.87 1.33 1.07 2.64 2.55
MnO 0.12 0.04 0.23 0.05 0.04 0.05 0.05 0.05 0.10 0.08
MgO 1.33 0.46 2.37 0.47 0.11 0.12 0.23 0.17 0.66 0.74
CaO 3.87 1.60 5.30 1.27 0.55 0.46 1.02 0.64 1.95 2.26
Na,O 4.64 3.67 4.77 4.01 3.67 4.02 3.86 3.58 4,68 4.56
K,0 2.82 4.11 2.09 4.09 4.82 4.31 4.19 4.52 3.35 3.33
P,05 0.24 0.07 0.27 0.07 0.01 0.01 0.04 0.02 0.10 0.11
LOI 1.18 0.63 1.04 0.92 0.19 0.36 0.40 0.51 0.38 0.52
Total 99.45 99.17 99.73 100.14 99.74 100. 14 100.02 100.28 99.64 99.46
V (ppm) 46 22 119 13 3 2 9 5 23 29
Cr “4 16 20 4 6 7 18 17 4 27
Ni 6 4 8 2 6 6 7 6 2 7
Zn 56 32 85 26 28 14 30 27 62 67
Ga (XRF) 20 16 21 16 14 16 17 15 18 21
Rb (XRF) 75 109 73 116 158 200 132 168 109 104
Sr (XRF) 492 224 427 188 34 23 102 67 207 246
Y (XRF) 27.9 9.0 29.4 11.5 20.3 32.5 23.2 19.5 26.5 20.3
Zr (XRF) 267 140 169 139 90 75 103 87 183 171
Nb 8 5 12 6 9 13 12 10 12 9
Sn 2.1 0.6 2.7 0.5 1.9 2.4 0.9 1.9 2.3 1.4
Cs 1.1 0.5 0.8 0.9 1.7 3.1 1.0 1.3 1.4 1.1
Ba (XRF) 747 876 466 772 200 86 471 378 726 747
La 38 39 32 34 21 21 24 21 44 29
Ce 75 71 63 64 45 46 48 43 82 54
Pr 8.8 7.4 8.1 7.3 5.0 5.8 5.9 5.3 9.3 6.3
Nd 34 24 32 24 19 22 20 18 30 21
Sm 6.2 3.5 6.5 3.8 3.7 5.2 3.8 3.2 5.4 3.6
Eu 1.22 0.71 1.22 0.75 0.32 0.13 0.60 0.33 1.08 1.04
Gd 4.8 2.9 5.5 2.5 2.7 5.4 3.2 2.8 4.2 3.2
Tb 0.6 0.3 0.9 0.3 0.5 0.8 0.5 0.5 0.6 0.5
Dy 4.4 1.6 4.9 1.8 3.2 5.2 3.4 3.1 4.1 2.6
Ho 0.8 0.2 1.0 0.3 0.6 1.1 0.6 0.5 0.7 0.5
Er 2.3 0.9 2.2 1.4 1.9 2.9 2.8 2.1 2.4 1.5
Tm 0.5 0.2 0.6 0.2 0.4 0.7 0.4 0.4 0.4 0.3
Yb 2.5 0.9 2.0 1.5 2.3 3.0 2.5 1.9 2.5 1.8
Lu 0.3 0.2 0.3 0.2 0.3 0.6 0.4 0.3 0.5 0.3
Hf 6.7 3.0 4.7 4.0 2.9 3.8 3.8 2.6 5.7 4.7
Ta 0.6 0.4 0.7 0.6 1.2 2.1 0.9 0.9 0.7 0.5
Pb 6 8 5 8 17 15 15 17 13 12
Th 6.7 8.4 5.0 11.0 15.4 25.6 16.2 16.9 11.7 8.9
U 1.9 1.2 1.5 2.4 3.4 4.8 3.4 2.7 2.2 1.6
REE 206.9 162.0 189.4 153.5 126.0 151.6 139.2 121.7 214.0 146.8
Sm/Nd 0.18 0.14 0.21 0.16 0.19 0.24 0.19 0.18 0.18 0.17
Rb/Sr 0.2 0.5 0.2 0.6 4.6 8.7 1.3 2.5 0.5 0.4
Th/U 3.5 7.1 3.3 4.6 4.5 5.4 4.8 6.3 5.4 5.7
10000Ga/ Al 2.20 2.16 2.41 2.18 2.07 2.39 2.47 2.29 2.29 2.70
Y/Nb 3.3 1.9 2.5 1.9 2.3 2.4 1.9 1.9 2.3 2.3
Nb/Ta 14.6 12.1 17.4 9.6 7.6 6.3 13.6 11.8 15.6 17.3
Zr/Hf 40.0 46.5 35.9 34.4 31.5 19.6 27.0 32.8 32.0 36.8
A/CNK 0.97 1.02 0.85 1.03 1.03 1.05 1.04 1.06 0.99 0.97
TFeO/MgO 3.2 3.7 2.4 3.2 7.4 6.6 5.3 5.7 3.6 3.1
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Appendix 2 Continued,

Location Hirase

Sample No. 67RS-115 66RS-2 66RS-7 66RS-9 67RS-119 67RS-123 66RS-8 66RS-13 67RS-75 67RS-76
Si0, (%) 71.04 76.70 75.90 75.37 77.34 74.59 71.75 74.96 75.07 76.32
TiO, 0.27 0.10 0.10 0.11 0.05 0.14 0.24 0.17 0.17 0.12
Al,O4 14.39 12.37 12.43 12.55 12.57 12.91 14.21 13.10 13.14 12.93
TFe,04 2.26 0.76 0.83 1.14 0.74 1.36 1.91 1.24 1.50 1.23
MnO 0.09 0.04 0.05 0.06 0.03 0.06 0.08 0.06 0.06 0.06
MgO 0.64 0.11 0.17 0.10 0.03 0.26 0.53 0.36 0.29 0.21
CaO 1.90 0.74 0.74 0.77 0.54 0.91 2.01 1.05 0.93 0.84
Na,O 4.48 3.57 3.63 3.89 3.70 3.86 4.49 3.83 3.86 3.80
K,O 3.32 4.44 4.58 4.33 4.81 4.22 3.27 3.95 4.07 4.28
P,0O5 0.08 0.02 0.02 0.03 0.01 0.03 0.07 0.05 0.05 0.02
LOI 0.92 0.66 0.72 0.86 0.38 1.23 0.89 0.56 0.42 0.48
Total 99.40 99.51 99.17 99.21 100.20 99.57 99.45 99.33 99.56 100.29
V (ppm) 17 3 4 7 2 7 16 8 9 6
Cr 24 23 22 30 23 29 18 14 9 7
Ni 6 5 6 6 7 6 4 5 3 4
Zn 35 15 12 23 13 18 25 14 34 23
Ga (XRF) 15 17 14 14 9 10 13 11 10 16
Rb (XRF) 127 141 150 132 143 130 131 132 121 161
Sr (XRF) 211 71 66 80 28 97 215 133 120 94
Y (XRF) 25.2 23.1 21.9 15.4 17.9 19.8 17.9 20.1 22.7 23.4
Zr (XRF) 148 84 96 110 56 102 136 112 112 88
Nb 5 17 12 7 9 9 8 9 9 5
Sn 1.3 1.6 1.1 0.8 1.6 1.2 1.5 1.2 0.9 1.6
Cs 1.9 0.9 1.0 1.4 1.5 1.5 1.7 1.2 0.8 3.7
Ba (XRF) 602 474 558 555 88 582 583 589 607 524
La 26 29 27 30 16 33 28 36 30 22
Ce 51 55 54 60 37 67 56 72 54 46
Pr 6.0 6.5 6.2 6.6 4.6 7.8 6.8 8.3 7.0 5.4
Nd 20 21 20 21 17 25 24 29 25 19
Sm 4.2 3.8 3.5 3.2 3.2 5.1 4.6 4.6 4.6 3.9
Eu 0.89 0.53 0.49 0.50 0.39 0.63 0.82 0.58 0.64 0.52
Gd 3.7 3.1 3.2 3.0 2.4 4.3 3.7 3.6 4.1 3.5
Tb 0.7 0.5 0.5 0.4 0.6 0.8 0.6 0.7 0.7 0.6
Dy 3.3 3.9 3.3 2.3 3.4 3.9 3.4 3.6 4.0 3.3
Ho 0.7 0.7 0.6 0.4 0.6 0.6 0.7 0.7 0.7 0.7
Er 2.2 3.1 2.2 1.6 2.6 2.5 2.0 2.3 2.9 2.7
Tm 0.3 0.4 0.5 0.2 0.4 0.4 0.3 0.4 0.5 0.4
Yb 2.8 3.0 2.4 1.4 2.4 2.3 2.4 2.6 2.5 2.8
Lu 0.4 0.5 0.4 0.3 0.3 0.4 0.3 0.4 0.4 0.4
Hf 4.6 2.9 3.3 3.5 2.2 3.9 4.3 4.5 4.1 3.2
Ta 0.5 1.3 1.1 0.6 1.1 1.2 0.8 1.1 1.1 0.6
Pb 10 14 16 16 20 13 12 13 13 14
Th 9.7 11.9 14.2 10.6 12.8 13.7 10.2 13.4 13.7 12.8
U 2.1 2.9 2.9 2.6 2.9 2.5 2.1 2.5 2.4 3.9
REE 147.3 154.7 146.9 146.9 108.8 173.4 151.5 183.9 159.8 134.9
Sm/Nd 0.21 0.18 0.17 0.15 0.19 0.20 0.19 0.16 0.19 0.20
Rb/Sr 0.6 2.0 2.3 1.7 5.1 1.3 0.6 1.0 1.0 1.7
Th/U 4.7 4.1 4.9 4.0 4.5 5.5 5.0 5.3 5.7 3.3
10000Ga/Al 2.01 2.52 2.16 2.03 1.40 1.47 1.77 1.61 1.50 2.26
Y/Nb 5.2 1.4 1.8 2.3 2.1 2.3 2.2 2.3 2.6 4.3
Nb/Ta 10.6 13.4 10.9 11.8 7.9 7.2 9.9 8.0 7.6 8.8
Zr/Hf 31.9 28.8 28.9 31.1 25.8 26.1 31.6 25.2 27.3 27.8
A/CNK 1.00 1.03 1.01 1.01 1.02 1.03 0.97 1.05 1.06 1.04
TFeO/MgO 3.2 6.3 4.4 10.4 22.4 4.8 3.3 3.1 4.7 5.3
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Appendix 2 Continued.

Location Hirase Mihoro Fukushima dani
Sample No. 67RS-79 67RS-122 66RS-6 67RS-68 67RS-69 67RS-70 67RS-73 67RS-58 67RS-61
Si0, (%) 74.47 74.73 69.56 68.04 69.71 69.31 69.49 74.15 76.36
TiO, 0.16 0.15 0.43 0.49 0.41 0.43 0.40 0.20 0.08
Al,O4 13.15 13.11 15.07 15.39 15.04 15.14 15.06 13.62 12.45
TFe,04 1.55 1.37 3.20 3.55 3.01 3.19 2.94 1.84 1.01
MnO 0.05 0.05 0.09 0.10 0.09 0.09 0.08 0.06 0.03
MgO 0.33 0.30 0.96 1.11 0.87 0.94 0.85 0.44 0.05
CaO 1.14 0.95 2.37 3.00 2.52 2.61 2.50 1.19 0.34
Na,O 3.75 3.82 4.46 4.49 4.69 4.73 4.70 3.98 2.66
K,O 4.13 4.37 3.16 3.02 3.12 3.09 3.14 4.18 6.24
P,O5 0.05 0.04 0.11 0.14 0.12 0.12 0.11 0.05 0.01
LOI 0.68 0.64 0.62 0.59 0.60 0.38 0.73 0.49 0.39
Total 99.46 99.53 100.03 99.92 100.18 100.03 100.00 100.20 99.61
V (ppm) 9 8 36 48 32 38 31 11 5
Cr 23 15 26 12 16 16 10 ¢! 12
Ni 5 4 6 5 5 6 3 4 7
Zn 29 16 31 46 73 72 58 45 30
Ga (XRF) 14 13 11 13 18 19 19 18 14
Rb (XRF) 116 149 95 91 97 97 103 152 188
Sr (XRF) 128 102 255 279 249 255 257 120 81
Y (XRF) 26.4 24.3 28.3 23.8 28.2 29.1 26.0 33.6 21.6
Zr (XRF) 113 109 210 208 200 198 186 136 103
Nb 6 5 3 3 10 12 10 14 9
Sn 0.9 1.5 3.0 2.2 1.3 1.8 1.4 2.4 1.4
Cs 1.4 1.6 2.4 2.0 1.1 2.1 1.9 2.7 2.3
Ba (XRF) 611 543 759 737 667 667 694 612 736
La 29 26 42 36 35 37 31 32 28
Ce 60 54 81 72 71 74 61 66 57
Pr 6.9 6.1 9.7 8.8 8.2 8.5 7.3 7.6 6.5
Nd 24 20 35 30 29 30 25 26 21
Sm 5.0 4.8 6.0 5.7 4.6 5.1 4.3 4.2 3.3
Eu 0.66 0.65 1.41 1.78 1.43 1.33 1.33 0.65 0.48
Gd 4.6 4.2 5.2 5.6 4.8 4.8 4.1 4.4 3.0
Tb 0.8 0.6 0.9 0.8 0.7 0.7 0.6 0.7 0.6
Dy 4.2 3.1 4.7 4.4 3.9 4.3 3.8 4.4 2.6
Ho 0.7 0.6 0.7 0.7 0.6 0.8 0.6 0.7 0.5
Er 3.2 1.8 2.8 2.7 2.6 3.0 2.5 3.1 2.0
Tm 0.4 0.4 0.4 0.4 0.5 0.6 0.4 0.6 0.5
Yb 3.6 2.8 2.7 2.8 2.4 2.1 2.2 2.7 2.3
Lu 0.5 0.4 0.5 0.4 0.4 0.4 0.3 0.5 0.4
Hf 3.4 4.2 5.3 5.2 4.9 5.8 5.6 4.7 4.3
Ta 0.6 0.5 0.3 0.3 0.8 0.9 0.8 1.2 1.3
Pb 12 11 17 15 15 16 15 15 19
Th 13.2 12.6 10.2 7.8 10.7 11.6 10.6 14.5 18.7
6] 3.0 3.3 1.7 1.5 2.2 2.3 2.3 2.8 3.3
REE 169.8 149.4 220.6 194.8 192.6 201.6 169.8 186.2 150.1
Sm/Nd 0.21 0.24 0.17 0.19 0.16 0.17 0.17 0.16 0.15
Rb/Sr 0.9 1.5 0.4 0.3 0.4 0.4 0.4 1.3 2.3
Th/U 4.4 3.9 6.0 5.3 4.8 5.0 4.7 5.2 5.7
10000Ga/ Al 2.04 1.83 1.43 1.56 2.20 2.33 2.41 2.47 2.17
Y/Nb 4.5 5.4 8.8 8.4 2.7 2.5 2.6 2.4 2.4
Nb/Ta 9.5 9.6 9.7 10.4 13.5 13.7 13.0 11.3 7.2
Zr/Hf 33.1 25.8 39.9 39.9 40.5 34.1 33.5 29.2 24.0
A/CNK 1.03 1.03 1.00 0.96 0.96 0.95 0.96 1.03 1.06
TFeO/MgO 4.3 4.2 3.0 2.9 3.1 3.1 3.1 3.8 19.5
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Appendix 3 Major and trace element contents of the Toki, Naegi and Ryoke granitoids.

Toki

Element T-41 T-38 T-44 T-51 T-82 T-25 T-2 175A 175B 213
Si0, (%) 68.10 70.57 72.72 74.44 74.29 75.18 75.54 76.52 76.88 76.74
TiO, 0.46 0.39 0.11 0.10 0.07 0.07 0.12 0.05 0.03 0.04
Al,O4 16.52 14.78 14.67 14.07 14.04 13.68 13.32 12.79 12.79 13.02
Fe,04 0.64 0.40 0.56 0.40 0.24 0.16 0.32 1.27 1.28 1.07
FeO 2.95 2.30 1.35 1.14 0.93 0.93 0.86

MnO 0.06 0.09 0.07 0.05 0.05 0.04 0.04 0.03 0.03 0.03
MgO 0.96 0.77 0.21 0.24 0.11 0.08 0.14 0.03 0.03 0.05
CaO 3.05 2.60 1.20 1.24 1.11 0.95 0.87 0.66 0.64 0.67
Na,O 3.55 3.18 3.76 3.60 3.66 3.50 3.43 3.54 4.15 3.60
K,0 3.05 3.57 4.63 4.28 4.77 4.85 4.31 4.88 4.11 4.84
P305 0.14 0.11 0.06 0.06 0.05 0.02 0.05 0.01 <0.01 <0.01
H,0™ 0.54 0.70 0.63 0.21 0.38 0.50 0.31

H,O™ 0.22 0.20 0.26 0.38 0.28 0.14 0.32

1ILO 0.42 0.42 0.54
Total 100.24 99.66 100.23 100.21 99.98 100.10 99.63 100.19 100.36 100.60
V (ppm) 51 44 5 6 3 4 8 3 1 <1
Cr 20 40 23 <4 <4 36 37 <4 <4 <4
Ni 8 6 10 7 5 13 14 8 14 7
Zn 105 56 73 31 27 20 31 20 25 23
Ga 22 19 21 19 21 21 18 21 26 20
Rb 152 168 263 228 275 324 289 372 397 389
Sr 342 259 108 83 64 48 41 16 2 14
Y 24 24 42 56 54 74 85 82 206 76
Zr 241 163 181 107 80 77 99 96 196 80
Nb 9 8 13 11 10 14 17 15 38 14
Sn 4.4 4.1 10.5 3.4 2.4 2.1 5.1 2.6 4.5 4.3
Cs 5.0 4.9 13 6.3 5.7 5.1 8.6 8.6 9.4 11
Ba 1206 704 757 259 215 178 112 60 2 29
La 53 30 36 24 21 19 19 19 9 19
Ce 101 60 72 51 47 40 37 44 22 43
Pr 10.8 7.0 8.5 6.1 6.0 5.3 4.7 6.5 3.6 6.4
Nd 39 26 30 22 22 20 18 24 17 25
Sm 6.0 4.5 5.6 5.2 5.8 6.0 5.6 7.6 7.9 7.7
Eu 1.43 0.96 0.97 0.45 0.43 0.25 0.36 0.09 0.01 0.14
Gd 5.4 4.0 5.1 5.1 5.1 4.8 5.1 6.2 8.6 6.3
Tb 0.7 0.6 1.0 1.2 1.1 1.4 1.4 1.6 2.7 1.8
Dy 3.6 3.7 5.5 7.7 7.4 8.6 10.5 11.1 20.5 12.3
Ho 0.6 0.6 1.1 1.4 1.4 1.7 2.0 2.0 4.0 2.1
Er 2.2 2.2 4.2 5.5 5.2 6.1 8.2 6.6 15.3 5.7
Tm 0.4 0.4 0.8 1.1 0.7 1.0 1.4 1.2 2.8 1.2
Yb 2.3 2.4 4.6 5.9 5.7 8.6 11.5 8.5 20.4 8.0
Lu 0.3 0.4 0.7 0.9 0.7 1.1 1.6 1.2 3.2 1.0
Hf 5.5 4.3 4.7 3.5 2.7 3.2 4.0 3.8 9.1 3.7
Ta 0.7 0.7 1.6 1.5 0.9 1.7 2.0 1.4 2.1 1.8
Pb 14 20 46 28 31 30 36 30 40 31
Th 17 17 25 25 27 24 26 40 74 33
U 4.1 4.0 3.2 3.3 5.2 7.0 10.3 17.1 10.6 13.6
REE 253.18 168.89 216.84 196.01 183.88 190.52 208.70 217.50 313.70 208.54
Sm/Nd 0.15 0.18 0.19 0.23 0.27 0.30 0.31 0.31 0.47 0.31
Rb/Sr 0.41 0.61 2.22 2.53 3.73 6.00 6.02 18.88 84.50 20.87
Th/U 4.10 4.41 7.88 7.47 5.28 3.40 2.49 2.35 6.96 2.44
10000Ga/ Al 2.49 2.40 2.72 2.49 2.77 2.83 2.55 3.11 3.79 2.97
Y/Nb 2.77 3.29 3.05 5.44 5.22 4.79 4.90 5.05 4.63 4.85
Nb/Ta 12.04 10.83 8.46 7.17 11.00 8.24 8.24 10.55 18.11 8.03
Zr/Hf 41.39 29.59 38.33 29.08 30.27 27.18 24.01 21.90 18.82 19.94
A/CNK 1.12 1.07 1.10 1.10 1.02 1.07 1.12 1.04 1.03 1.05
TFeO/MgO 3.68 3.46 8.85 6.27 10.44 13.44 8.22 34.99 0.69 19.07
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Appendix 3 Continued.

Naegi

Element 211 70N505 70N506 70N508 70N509 70N510 T-139 T-97 T-105 T-110
Si0, (%) 77.38 76.74 77.15 76.64 76.02 76.20 65.53 68.06 70.03 72.10
TiO, 0.05 0.03 0.04 0.11 0.05 0.05 0.55 0.52 0.29 0.24
AL O, 12.67 12.65 12.40 12.49 12.61 12.69 16.60 14.96 14.83 14.36
Fe,O4 0.98 0.90 1.01 1.46 1.05 1.13 0.60 0.60 0.40 0.48
FeO 3.84 3.20 2.14 1.58
MnO 0.02 0.02 0.03 0.03 0.03 0.03 0.07 0.11 0.07 0.04
MgO 0.04 0.04 0.06 0.09 0.00 0.01 1.30 1.45 0.70 0.47
CaO 0.61 0.60 0.72 1.15 0.69 0.70 4.03 3.71 2.29 2.20
Na,O 3.76 3.34 3.36 3.31 3.63 3.58 3.15 2.84 3.05 3.46
K,0 4.54 5.07 4.72 4.25 4.78 4.85 2.78 3.10 5.10 3.82
P,04 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.13 0.12 0.09 0.07
H,0™ 0.82 0.67 0.48 0.57
H,O™ 0.32 0.38 0.36 0.32
ILO 0.76 0.54 0.38 0.44 0.40 0.41

Total 100.81 99.93 99.87 99.98 99.26 99.65 99.72 99.72 99.83 99.71
V (ppm) 1 <1 <1 4 2 <1 22 36 27 10
Cr <4 <4 <4 <4 <4 <4 <4 7 <4 <4
Ni 9 11 6 4 8 8 6 5 6 2
Zn 22 23 20 21 19 19 45 53 47 42
Ga 19 20 19 18 20 20 18 17 18 20
Rb 394 375 307 221 331 326 166 136 221 161
Sr 6 12 22 70 13 17 150 212 185 186
Y 95 127 68 52 100 93 43 35 36 35
Zr 77 96 108 98 92 86 135 145 148 133
Nb 12 17 12 12 13 16 7 7 8 8
Sn 3.7 3.3 2.6 1.7 2.7 1.1 2.7 3.2 2.8 1.9
Cs 12 7.2 9.1 4.4 9.4 5.3 5.5 4.9 4.0 4.1
Ba 8 40 60 331 29 58 219 426 937 617
La 16 22 23 34 26 23 25 28 19 39
Ce 44 48 54 72 55 56 44 56 41 78
Pr 7.0 7.4 6.9 8.7 8.3 7.1 6.2 6.9 5.0 9.3
Nd 28 30 28 33 33 29 22 24 19 32
Sm 9.2 9.8 6.9 7.3 9.8 7.3 4.8 4.7 3.7 6.8
Eu 0.05 0.08 0.20 0.36 0.07 0.11 0.68 0.96 1.03 0.86
Gd 8.4 9.0 6.3 5.5 8.2 7.1 4.0 4.2 3.8 4.7
Tb 2.4 2.4 1.6 1.3 2.4 1.9 0.9 0.9 0.9 1.0
Dy 15.9 16.9 10.1 8.5 14.6 12.5 5.9 5.4 5.5 4.9
Ho 2.6 3.5 1.8 1.4 2.7 2.4 1.2 0.9 1.0 0.9
Er 8.2 9.8 6.0 4.8 8.9 8.4 3.4 2.9 3.2 3.3
Tm 1.4 2.0 1.1 0.9 1.6 1.4 0.7 0.6 0.5 0.4
Yb 8.9 12.0 7.8 5.6 10.4 9.5 5.1 5.0 4.7 2.8
Lu 1.2 1.6 1.0 0.7 1.3 1.1 0.6 0.6 0.6 0.4
Hf 3.1 .3 4.3 3.7 4.6 3.9 3.8 4.7 4.1 3.6
Ta 1.5 2.0 1.4 1.2 1.6 1.8 0.9 1.1 1.2 0.7
Pb 32 32 27 21 28 29 21 22 29 21
Th 44 22 33 21 32 31 16 15 13 16
U 7.0 10.1 6.4 4.7 6.4 7.3 5.4 4.2 3.3 1.8
REE 237.48 285.28 214.11 231.35 275.02 254.02 165.54 176.59 145.22 215.88
Sm/Nd 0.33 0.33 0.24 0.22 0.30 0.25 0.22 0.20 0.2 0.21
Rb/Sr 40.50 24.68 11.48 2.73 19.20 15.16 1.03 0.63 1.11 0.80
Th/U 6.29 2.23 5.11 4.49 5.08 4.25 2.95 3.70 3.82 9.14
10000Ga/ Al 2.82 2.98 2.87 2.78 3.00 3.02 2.07 2.14 2.23 2.69
Y/Nb 7.05 6.47 4.95 4.01 6.99 5.56 5.70 4.86 4.48 3.79
Nb/Ta 7.80 8.44 8.82 9.47 8.39 8.90 8.05 6.98 6.9 11.70
Zr/Hf 26.63 18.56 21.61 27.83 19.00 22.04 34.00 26.45 28.6 30.68
A/CNK 1.04 1.05 1.04 1.03 1.02 1.02 1.03 1.00 0.97 1.04
TFeO/MgO 22.27 23.38 15.56 15.43 none 102.70 3.37 2.58 3.58 4.29
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Appendix 3 Continued.

Ryoke Belt

Element T-109 T-114 T-94 T-60 T-145 T-70
Si0, (%) 73.04 72.67 73.42 76.17 74.54 74.96
TiO, 0.15 0.14 0.26 0.10 0.14 0.12
Al,O4 15.28 14.94 13.66 13.06 14.06 13.92
Fe,O,4 0.32 0.40 0.60 0.16 0.28 0.36
FeO 1.15 1.15 1.62 0.86 1.04 0.83
MnO 0.06 0.04 0.07 0.02 0.08 0.07
MgO 0.26 0.19 0.51 0.06 0.29 0.27
CaO 1.93 1.82 1.53 1.09 1.12 1.22
Na,O 3.01 3.05 3.14 3.29 3.29 2.93
K,0 4.02 4.35 4.22 4.49 4.16 4.50
P,O5 0.04 0.03 0.09 0.02 0.04 0.03
H,0" 0.27 0.57 0.52 0.32 0.45 0.38
H,0~ 0.26 0.42 0.16 0.20 0.34 0.24
1LO

Total 99.79 99.77 99.80 99.84 99.83 99.83
V (ppm) 4 3 11 2 6 3
Cr <4 <4 <4 <4 <4 14
Ni 4 2 5 9 4 7
Zn 20 27 38 29 32 33
Ga 15 15 16 20 16 16
Rb 195 136 209 240 263 294
Sr 7 147 137 49 68 53
Y 30 18 44 57 33 67
Zr 63 72 132 91 68 64
Nb 5 5 1 11 6 8
Sn 1.3 1.0 4.1 1.6 5.5 4.2
Cs 2.7 2.6 5.2 4.1 9.9 7.4
Ba 416 812 453 253 232 93
La 12 36 32 31 15 26
Ce 31 60 62 70 31 31
Pr 3.0 8.7 7.5 9.1 3.8 7.7
Nd 10 31 25 32 13 29
Sm 2.6 4.8 5.4 8.0 2.7 7.7
Eu 0.47 0.88 0.65 0.43 0.36 0.36
Gd 2.3 4.1 4.1 6.1 2.9 5.7
Tb 0.6 0.7 1.0 1.5 0.7 1.6
Dy 3.4 2.9 5.5 7.9 3.8 8.9
Ho 0.8 0.5 1.2 1.6 0.7 1.8
Er 3.0 1.2 4.2 5.0 2.8 6.6
Tm 0.6 0.2 0.7 0.8 0.4 1.1
Yb 3.4 1.3 5.8 4.6 3.4 7.4
Lu 0.4 0.2 0.7 0.6 0.6 1.1
Hf 2.3 2.1 4.4 3.0 2.7 2.6
Ta 1.0 0.3 1.1 1.0 1.1 1.6
Pb 30 19 30 29 31 44
Th 25 14 23 23 18 23
U 4.4 1.9 3.6 3.5 6.9 6.9
REE 102.02 168.32 198.11 231.59 110.76 196.10
Sm/Nd 0.25 0.15 0.22 0.25 0.20 0.27
Rb/Sr 2.34 0.82 1.37 4.44 3.33 5.04
Th/U 5.71 7.24 6.34 6.54 2.63 3.41
10000Ga/ Al 1.83 1.92 2.26 2.82 2.19 2.18
Y/Nb 5.87 3.38 3.80 4,68 4.88 7.36
Nb/Ta 4.71 13.55 10.28 11.90 5.64 5.16
Zr/Hf 28.66 40.27 27.28 34.64 25.20 20.52
A/CNK 1.21 1.16 1.09 1.06 1.14 1.10
TFeO/MgO 5.54 7.97 4.25 16.76 4.46 4.29
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Genesis of Late Cretaceous-Paleogene Granitoids (ISHIHARA and WU)

AAD ST OMBRICRZEFHME L FOREREH—TE=KERERORE
RER= - RBF
® F

HELHN - HE=AomUEE (LK) LEmEE (B)129, Lk7, #A9, #FE10, &565:

K 122w T, XRF & ICP-MS #i2 & D 1LERST, 2B IOV THH Lz B0 TR
EHARBERT ICEAL, 15741 THEKSERICET AEREE —ERRRE, 62, Br BFafduEl
TREHET > 75—y PEAEERMECRET . QIEREEEI N~ —HETESF M) 724
(E > VBkE —ERPIRE) LIEF MY vl FERE) L4 o b, miEIEFERZ LR R
20, BEORBHICEONS L) 2ERENREREOEREECEREGHICHRTIbDLER
b, —7, BEEENTOEE LI 2EREELHFD, €0 Rb/SrHIEIGHFRBICESNL
EWEEZREY, ThBHEAREOHSERICHKT A/ voMBEEHE S s, FIZY,
HREE (2Z L <, BWEIHBELR EOFENHERZE I L.

Lk — EREOLEARY — =R EAEIIRET L FOEFERFOBEREREEHICEAT
BI5ATFy U HERTHY, IUBH O - BAIEREE TIHESMH, FEHOERERE TP PR
HHEAEN L TWE, INOENS—TLIFADDOF ¥ VR THHHT, BEWELLTALC
CEOHEAE L OB, EICANOSAEHICIIARERESEE SIS, T - BAREREIBEAT
FILEOH, HAERETIZEEICRDb, Y, Th, UB L U Rb/Sr A&\, %0 REE 784 — » & HREE
CEL 7Ty MITELVWAEDEWRELZRL, IAPMELATI VA T oE Lol L 2
Y 5.
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