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Abstract: Late Cretaceous plutonic rocks of 6 gabbroids, and 75 granitoids, all belonging to ilmenite
series, were re-examined by polarized XRF method. The gabbroids are relatively abundant in the
south of the studied region, implying more in-put of heat and mafic magmas from the upper mantle to
the lower crust. The MgO/Fe20s ratio of the gabbroids reveal regional variation being MgO-rich to
the south, which would reflect generation depth of the mafic magmas. The granitoids are classified
into I type and S type. The I-type granitoids occur most widely and divided into five zones. Their
average silica contents vary from the Median Tectonic Line to the north as follows: Shinshiro-Shitara
zone (60.1 % Si02), Asuke zone (64.2 %), Toyota-Akechi zone (70.0 %), Sanagesan-Obara zone (73.9
%) and Seto zone (75.2 %). This regional variation was considered to reflect chemical heterogeneity
of the infracrustal source rocks, rather than the magmatic differentiation.

Granitoids of the Okazaki-Busetsu zone, represented by garnet-bearing muscovite-biotite gran-
ites, occur in the highest metamorphic grade zone, and is felsic (average Si0270.2 %), peraluminous
(A/CNK over 1.1), and thus be called S type. Because of the highest heat flow rate in the Okazaki-
Busetsu zone, even supracrustal rocks were converted to magmas and formed the S-type granites.
Both I and S type granitoids are often heterogeneous in the foliated parts, as compared with massive
granitoids of non-metamorphic terrains. The heterogeneity can be considered due to different original
compositions of the source materials and/or formed by differential regional stress during the flow
movement of the solidifying magmas. Lack of hydrothermal mineralization in the south where meta-
morphic roof-pendent still remain, can be explained by a deep emplacement level (—15 km) and
small degree of fractionation of these granitic magmas.
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1. Introduction

Late Cretaceous-Paleogene granitoids constituting
the largest batholith in the Inner Zone of Southwest
Japan (Fig. 1), are divided, from south to north, into
barren Ryoke Belt, Cu-Sn-W mineralized Sanyo Belt,
and Pb-Zn-Mo mineralized Sanin Belt (Ishihara, 1978).
The Ryoke and Sanyo granitoids belong to ilmenite
series, whereas the Sanin granitoids are of magnetite
series. Each belt is a narrow zone, but the Ryoke
granitoids occur most widely in the Mino-Mikawa
Mountains of Gifu-Aichi Prefectures, Chubu District.
The granitoids are all composed of magnetite-free
quartz dioritic, granodioritic and granitic compositions,
and intrude into the regional metamorphic rocks of the
Ryoke Belt. The granitoids are considered to be gen-
erated in continental crust of both igneous and sedi-
mentary source-rocks, which were once homogenized,

by the heat brought up with gabbroic magmas from
the upper mantle (see Ishihara and Matsuhisa, 2002
for the details).

Chemical compositions of these granitoids were
analyzed by "wet"-method during 1960s (e.g., Ishihara
et al., 1969; Ishihara 1971), which were re-analyzed
by the polarized XRF method later, and found that (1)
low correlation coefficients obtained from MnO (0.83),
P20s5 (0.85), Al2O5 (0.87) and Na2O (0.88), and that (2)
diversity from unity is low on P20s (0.79) and MnO
(0.83) but is high on K20 (1.15). It should be empha-
sized that the conventionally well known Lawrence
Smith's method gave consistently low values on the
K20 contents relative to the XRF values and the agree-
ments were poor on minor components such as MnO
and P20s (Ishihara, 2002).

Previously studied samples from the Ryoke Belt of
the Chubu District (e.g., Ishihara and Terashima, 1977)
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Fig. 1 Distribution of the Cretaceous-Paleogene granitoids in Southwest Japan and locality of the studied area.

also need to be re-analyzed by polarized XRF
method. New samples were added and their localities
are given in Table 1. All the samples were crushed by
jaw and hand crushers made of special steel, then
pulverized by agate mortar at the Geological Survey
of Japan. Major elements were analyzed on Li-borate
pellet by XLAB 2000 polarized XRF machine of
Heckel and Ryon (2002), using the Al target (Na, Mg),
graphite target (Al, Si, P, S, Fe) and Co target (K, Ca,
Ti, Mn). Minor elements were analyzed on the pow-
ders by using the graphite target (S, Cl), Co target (V,
Cr), Mo target (Co, Ni, Cu, Zn, Ga, Ge, As, Br, Rb,
Sr, Hf, Ta, W, Tl, Bi), Pd target (Y, Zr, Nb, Mo, Th,
U), and Al:O:s target (Cd, In, Sn, Sb, Te, Cs, Ba, La,
Ce). The obtained results were corrected by the soft-
ware of the Spectro Analytical Instrument Ltd. H.0O
analysis was done by conventional method. All the
analyses were made by Bruce W. Chappell at the
Macquarie University. The senior author is respon-
sible for interpretation of the results.

For analysis of rare earth elements, the pulverized
sample was digested in near 100 % concentrated 3.0

ml aqua regia, a 3:1 mixture of concentrated hydro-
chloric (HCI) and concentrated nitric acids (HNO3) at
90 °C in a microprocessor-controlled digestion box for
2 hours. The solution was then diluted and analyzed
by means of inductively coupled plasma mass spec-
trometry (ICP-MS) using a Perkin Elmer SCIEX ELAN
6,100 at Activation Laboratories Ltd., Ontario, Canada.

All the results are listed in the appendix, and are in-
terpreted in the following paragraphs. These results can
also be compared with massive granitoids of the Sanyo
Belt, which were analyzed by the same XRF method
(Ishihara and Wu, 2001; Ishihara, 2002).

2. Geological Outline

The studied plutonic rocks of the Chubu District are
distributed in the Ryoke metamorphic belt between the
Median Tectonic Line and the Sanagesan range (Fig.
2). The metamorphic rocks are originally accretionary
complex of Jurassic age, composed mostly of fine-
grained sandstone and some shale. Chert is also pre-
dominant in the southernmost part. General strike of
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Table 1 Locality of the newly collected analyzed samples.

Numbers Locality

Rock type and magnetic susceptibility

1, RG37  Minami-Shitara, Tsukute, Iwanami south 1 km
2, RG38 ditto, Tsukute, Higashi-Takamatsu

3, RG39  ditto, Tsukute, Yasunaga, Kendai

8, RG10  ditto, Tsukute, Hongo

9, RG06  ditto, Shitara, Mitsuhashi

10, RG07 [RGO7 to RG 09 samples were

11, RG08 taken from the same road-cut outcrop

12, RG09 at the entrance to Mitsuhashi

13, RG32 ditto, Ure east, 300 m

14, RG31 Kita-Shitara, Shitara,Ure south 2 km, Seiryu Park

15, RG33 ditto, Ure east 300 m

23, 52002 Okazaki. Taki-machi, Oiri 21-1, Quarry
24, 52003 The samples 52003 to 6 were taken from
25, 52004 the Nakane Sekizai quarry where the
26, 52005

217, 52006

granite shows compositional banding of
E-W to N70°W strike and steep S dip
28, RG26 Toyota, Natsuyake north 1 km, river floor

29, RG28 ditto, Natsuyake north 1 km, river floor
30, RG27 ditto, Natsuyake north 1 km, river floor
31, RG29 ditto, Kudariyama, Hanabishi Quarry
32, RG30 ditto, ditto, Hanabishi Quarry

33, RG36 ditto, Hanabishi Quarry, paired dike with RG35

34, RG35 ditto, Hanabishi Quarry

38, RG22 Higashi-Kamo, Asuke, Kawabata, river floor
39, RG23 ditto, Mafic enclave

40, RG24 ditto, Mafic enclave

41, RG25 ditto, Mafic enclave

44, SJ10 Higashi-Kamo, Asuke, Kawamo

45, SJ11  ditto, Asuke, Kunitani-Shirakawa

50, SJ08 Toyota city, Yanami-cho, Toyokawa golf course E
51, SJ09  ditto, 3 km northeast of SJ08

54, FJK  Nishi-Kamo, Fujioka, Fujioka-Mikage quarry

Fine diorite, SI=0.42-0.63 x 10°

Fine quartz diorite, SI=0.21-0.38 x 10°

Fine quartz diorite, SI=0.22-0.31 x 10°

Medium gabbro (cumulate?), SI=0.65-0.70 x 10”

Fine gabbroic enclave, ST=0.46-0.55 x 10

Medium granodiorite, SI=0.36-0.42 x 10°

Fine leucogranodiorite, SI=0.20-0.30 x 10°

Fine biotite aplite, SI=0.08-0.10 x 10”

Very fine gabbro, SI=0.33-0.36 x 10°

Fine garnet diorite, SI=0.25-0.68 x 10°

Fine granite, SI=0.02 x 10°

Medium, two-mica granite(+13.5*%), SI=0.06-0.08 x 10"
Fine biotite granodiorite(+11.5%), SI=0.09-0.12 x 10°
Medium, two-mica granite(+11.8*), SI=0.06-0.08 x 10"
Fine two-mica granite(+13.6%*), SI=0.05-0.08 x 10°
Very fine, muscovite granite(+13.5*%), SI=0.03-0.05 x 10”
Fine gabbro, synplutonic dike, SI=0.38-0.55 x 10°
Brecciated granitic dike, N45°E-35°SE

Aplitic dike (80 cm wide), N40°W-70°SW

Fine quartz diorite, SI=0.30-0.38 x 10°

Medium, porphyritic granodiorite, SI=0.28 x 10°

Fine quartz diorite, SI=0.62 x 10°

Fine granite, SI=0.18-0.25 x 10

Stretched mafic enclave N70°E-80°N, SI=0.32 x 10”
Stretched mafic enclave, 7 x 45 cm

Stretched mafic enclave, 8 x 50 cm

Stretched mafic enclave, 20 cm x 1.5 m, SI=0.32 x 10°
Very coarse granodiorite foliated, SI=0.15-0.33 x 10
Fine, leucogranodiorite, SI=0.01-0.03 x 10°

Very coarse granodiorite foliated, SI=0.09 x 10°

ditto, NSO°E-40°N, SI=0.11-0.13 x 10

Coarse granodiorite, SI=0.12-0.15 x 10°

(+13.5%), implying whole-rock 8'°0 value (%o). SI is magnetic susceptibility measured by Kappameter KT-5.

the rocks is ENE-WSW to E-W. The metamorphic rocks
are classified from north to south, 1: biotite zone (slate
and mica schist), 2: cordierite zone (mica schist), and
3: sillimanite zone (banded gneiss), distribution of
which is shown in Fig. 2. The metamorphic rocks of

the Zone 1 do not occur in the studied area.

The plutonic rocks intrude into the metamorphic
rocks and the early-formed metabasites (Fig. 3A, B),
and give them thermal effect. Radiometric ages of the
intrusive rocks, as CHIME-monazite age, Rb-Sr whole-
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Fig. 2 Geologic map and sample localities of the studied granitoids. Geologic map was taken from Nakai (1990) but partly revised. Bold
numerals of 3, sillimanite zone; 2, cordierite zone. From Makimoto ez /. (2004). M, Mitsuhashi, K, Kiyosaki
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Fig.3 A:Outcrop of metabasite (Ba) intruded by leucogranite of the Busetsu Granite (Gb), Hanabishi quarry, Kudariyama, Natsuyake-
cho, Toyota city. B:Metabasite mingled with the leucogranite, Hanabishi quarry. C:Heterogeneous Busetsu Granite with biotite-
rich enclave. Gdb, biotite granodiorite; Gm, muscovite-biotite granite. Nakane-Sekizai quarry, Okazaki city. D:Two generations
of mafic enclaves: one strongly foliated; the other with weak elongation. Kawabata, south of Asuke township.

rock isochron and whole-rock-mineral isochron age,
and K-Ar mineral age, range from 95 to 75 Ma (see,
summary of Makimoto e7 @/., 2004). Nakai and Suzuki
(2003) summarized the CHIME monazite ages and the
cross-cutting relationships of the Ryoke granitoids as
shown in Fig. 4.

In the figure, the plutonic rocks are classified into
the pre-Nohi and post-Nohi Rhyolites, which have been
considered volcanic equivalent of the granitoids, but
these Rhyolites occur only in the northernmost part of
the Ryoke Belt, and the cross-cutting relationships to
most of the Ryoke granitoids in the south are not ob-
served directly but one with the Inagawa granodiorite
at the northwestern part. With this limitation and the
fact that granitoids are often affected by the crustal
components, the granitoids here are described region-
ally from south to north, in following high to low grades

of the Ryoke metamorphic rocks.

2.1 Plutonic rocks in the south

At just north of the Median Tectonic Line, intruded
into the sillimanite metamorphic zone discordantly
is the Shinshiro biotite-hornblende-quartz diorite con-
taining abundant mafic enclaves with weak foliation.
Fine-grained mafic intrusives and granodiorites oc-
cur associated with this pluton around the
northewestern rim (Fig. 2). No ore deposits are found
in the southern zone, although the intruded rocks are
remaining abundantly.

To the north, a composite pluton with 8§ km E-W and
9 km N-S occurs also in the sillimanite metamorphic
zone, which is the classic site where Koide (1958) pro-
posed Mitsuhashi and Kiyosaki Granodiorites, which are
followed by Kutsukake (1997a, 2001). These granitoids
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Age
(Ma) _ Sanyo belt: 68.4+1.8 Ma (Toki) Naegi-Toki Granite 67.2+3.2 Ma (Naegi)
70 —
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Fig. 4 Summary of intrusive relationships among the Ryoke granitoids and the Nohi ignimbrites (from Nakai and Suzuki, 2003).

seem to constitute one single pluton intruding into the
Ryoke metamorphic rocks, and thus is called Mitsuhashi
pluton in this paper. This pluton is essentially biotite-
hornblende granodiorite, but contains more mafic phase
and mafic enclaves, or more felsic phase than the gra-
nodiorite locally. Garnet which coexists rarely with
hornblende in general, can be observed in this I-type
granodiorite, as well as allanite (Kutsukake, 1993) oc-
curring in the granodiorite. The garnet was considered
to be formed by the wall-rock assimilation under low
oxygen fugacity and high Fe/Mg ratios of the Mitsuhashi
magmas (Kutsukake, 1997a, c). Foliation is only lim-
ited to the marginal phase.

To the west of this pluton, Shimoyama Quartz Dior-
ite occurs mostly in the sillimanite and cordierite zones
(Fig. 2). This is strongly foliated K-feldspar-free quartz
diorite showing a basin structure (Nakai, 1990), but
the mafic silicates are generally biotite and hornblende.
This body occupies a central part of large Busetsu
Granite pluton; their intrusive sequence is that felsic
Busetsu Granite is always later than the Shimoyama
Quartz Diorite (Nakai ez a/., 1985).

In this zone of the Shinshiro, Shimoyama, Mitsuhashi
and Ure intrusive bodies, which is called as the
Shinshiro-Shitara zone, an average of the studied plu-
tonic rocks has 60.1 % SiO2 and A/CNK=0.9, i.e., the
least silicic, and most mafic and calcic among the stud-
ied six zones (Table 2).

The zone to the north is the famous stone industry
area of Okazaki City. Fine- to medium-grained mus-
covite-biotite granite, which has been called Busetsu
Granite, is major source for the traditional stone in-
dustry. Although some mafic rocks occur in the
northeasternmost part, this zone is characterized by
high SiO: (an average of 70.3 %) and A/CNK ratio
(1.06, peraluminous, Table 2.).

This pluton, striking northeasterly for more than 70
km with the width of 7 to 13 km, is the most felsic
phase in the southern Ryoke Belt. No mafic enclaves
but small sedimentary ones are commonly observed
(Fig. 3C). In the northeastern part at Natsuyake, just
NE of Inabe (Fig. 2), metabasites are intruded by
leucogranite (Fig. 3A, B), which may not be a proper
member of the Busetsu Granite. The Busetsu Granite
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Table 2 Average major compositions of the studied granitoids in each zone and the Naegi Granite.

Zone 1 11 111 IV \Y VI Naegi
Si02wt.% 60.11 70.32 64.16 69.98 73.01 75.15 76.79
TiO2 0.83 0.42 0.79 0.31 0.22 0.14 0.04
Al203 16.09 14.65 15.28 15.14 13.60 12.84 12.75
Fe20s 7.07 3.33 5.92 2.86 2.31 1.60 1.07
MnO 0.12 0.07 0.10 0.05 0.05 0.06 0.02
MgO 3.16 0.71 1.55 0.65 0.53 0.30 0.04
CaO 6.03 2.76 5.00 3.66 2.10 1.30 0.65
Na20 3.22 3.16 3.18 3.22 3.03 3.22 3.57
K20 2.18 3.62 3.05 3.31 4.48 4.64 4.82
P20s 0.19 0.15 0.16 0.07 0.06 0.03 <0.01
Sum 99.00 99.19 99.19 99.25 99.40 99.28 99.75
A/CNK 0.90 1.06 0.88 0.99 1.00 1.01 1.04
Rb/Sr 0.22 0.66 0.37 0.41 1.43 3.07 25.60

1. Shinshiro, Shimoyama and Mitsuhashi pluton (n=12); II. Okazaki-Busetsu zone (n=19); IIl. Asuke

zone (n=13); IV. Toyota -Akechi zone(n=14) ; V. Sanagesan - Obara zone (n=11); V1. Seto zone (n=9).
The Naegi Granite (n=5), an average of the west body from Ishihara (2002)
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Fig. 5 Total iron vs. MgO diagram of the studied plutonic rocks.

has generally muscovite-biotite assemblage but biotite
granodiorite also occur (Fig. 3C). Garnet is common
in muscovite-dominant phase; monazite is predominant
all over the rocks, thus the phosphorous content is high,

as compared with biotite granites in other regions.
Small muscovite pegmatites are commonly distributed
in and around the muscovite-biotite granite.

2.2 Plutonic rocks in the north

Plutonic rocks in the north and northwest are exposed
most widely and the roof metamorphic rocks are hardly
seen. They are composed of hornblende-biotite and/or
biotite assemblage and meta-aluminous, i.e., I type.
They are very coarse-grained to medium-grained, and
are granodiorite to granitic in composition. The gra-
nodiorites, which are often called Inagawa (or
Sumikawa) Granite, may contain small mafic bodies
and mafic enclaves, often foliated. The foliation is
locally strong (Fig. 3D), particularly along NE-fault-
ing in the Asuke zone (Fig. 2).

To the north, the plutonic rocks become felsic. The
Akechi zone consists of the average SiO2 content of
64.2 %, but the next zone of the Toyota-Akechi zone
has 70.0 % (Table 2). Biotite granite increases in
amount to the further north, and the average SiO: con-
tents are 73.0 % for the Sanagesan-Obara zone, and
75.2 % for the Seto zone. Aplitic granites occur in the
high mountain range along the Sanagesan to the north-
east (i.e., Mikuniyama).

3. Magnesium vs. total iron ratios of mafic
intrusive rocks

Mafic plutonic rocks of the Ryoke Belt are composed
of coarse-grained gabbroic cumulate (Kutsukake, 2000;
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Fig. 6 Silica vs. ALOs, A/CNK. Ga and H.O+ of the Ryoke granitoids.

Nakajima ez @/. 2004) and fine-grained diabasic rocks
known as "meta-basite" (Kutsukake, 1975). The dia-
basic rocks are earlier than the granitoids (Fig. 3A),
or are simultaneous with the granitoids (Fig. 3B). Thus,
the mafic magmas are intimately related to the gra-
nitic magmatism in the studied area. Moreover, these
rocks tend to occur sporadically but in the highest
metamorphic grade, sillimanite zone (Fig. 2), imply-
ing that the metamorphic heat may have brought up
with the mafic magmas from the upper mantle.

Kutsukake (1975) identified either high-Al tholeiite or
calc-alkaline dolerite in the mafic rocks; yet further
detailed studies are still necessary.

In the MgO vs. total iron as Fe2Os diagram, the stud-
ied mafic rocks are classified into two by their MgO/
Fe:Osratio (Fig. 5). The high MgO/Fe20s group in-
cludes the metabasite occurring in and near the
Shinshiro and Mitsuhashi plutons. One low MgO/
Fe20s rock (0.33, No. 8 of the Mitsuhashi pluton) is
considered as cumulate (Nakajima ez @/, 2004); thus
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Fig. 7 Silica vs. KO, Rb, Ba and Pb of the Ryoke granitoids.

different from the main trend of the Mitsuhashi plu-
ton. The Shimoyama Quartz Diorite belongs also to
this group. On the other hand, the low MgO/Fe.Os
group are those occurring in the Asuke zone and Inabu
area, which are located to the north of the high MgO/
Fe20s5 group.

MgO/Fe20s5 of gabbro and quartz diorite of the
Shinshiro pluton vary from 0.44 to 0.39, and the aver-
age is 0.42. The mafic phases of the Mitsuhashi pluton
vary from 0.47 to 0.56, and the average is 0.52. Quartz

diorite of the Shimoyama body has the highest MgO/
Fe20: of 0.62 - 0.42 (average 0.54) at 61 SiO2% (see
Appendix, Nos. 4 - 7). Therefore the Shimoyama
Quartz Diorite is most magnesian, then the Mitsuhashi
and the Shinshiro Granodiorites (Fig. 5).

On the contrary, mafic enclave to the south of Asuke
township in the Asuke zone (Fig. 2) has MgO/Fe20s
ratio of 0.27 (No.35, Appendix). The other plutonic
rocks, stretched mafic enclave at south of Asuke town-
ship (No. 35, Fig. 5), and mafic dikes at Ure and Inabu-
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Fig. 8 Silica vs. CaO, Na:O, Sr and P-Os of the Ryoke granitoids.

Natsuyake (Nos. 13, 28, 31, 33, Fig. 5) are most
dominant in iron. Therefore, a clear zoning is seen in
the mafic plutonic rocks in the north-south direction.
This regional variation is considered reflecting dif-
ference of the source rocks due to different depth of
the magma generation. These mafic magmas have
been mixed with granitic magmas generated within
the continental crust.

4. Variation diagrams for the granitoids

Chemical components and zircon saturation tempera-
ture (Watson and Harrison, 1983) are plotted against
silica contents (Figs. 6 - 12). The examined rocks are
classified in the zone units, namely from south to north,
Shinshiro-Shitara zone including the Shinshiro,
Shimoyama, Mitsuhashi and Ure bodies, Okazaki-Inabu
zone, Asuke zone, Toyota-Akechi zone, Sanagesan-
Obara zone, and Seto zone, the local names of which
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Fig. 9 Silica vs. Fe.03;, MgO, TiO2 and MnO of the Ryoke granitoids.

are shown in Fig. 2. As mentioned previously, the stud-
ied plutonic rocks are free of magnetite and have horn-
blende-biotite and/or biotite assemblages, except for the
Busetsu Granites of the Okazaki-Inabu zone, which has
(garnet-)muscovite-biotite or biotite assemblage. The
granitoids are non-adakitic (Sr/Y <22, Ishihara e/ a/.,
2005), but a few high Sr/Y values are observed in the
Shinshiro-Shitara zone (e.g., Nos. 4 and 12), and the
Okazaki-Busetsu zone (Nos. 16 and 19).

4.1 Major elements

AL0:s contents are high in the granodiorite (SiO2 65
- 71 %) of the Toyota-Akechi zone and many of gran-
ites (SiO2 75 - 77 %) of the Okazaki-Inabu zone (Fig.
6A), but the alumina saturation index (A/CNK) is high
mostly in those of the Okazaki-Inabu zone, which are
mostly garnet-bearing muscovite-biotite granite. In the
main body of the Okazaki area (Nos. 16-27, Appen-
dix), the value ranges from 0.93 to 1.25 and the aver-
age is 1.13, which exceeds 1.1 for the S-type granite
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Fig. 10 Silicavs. V, Cr, Zn and Y of the Ryoke granitoids.

(Chappell and White, 1974). Some garnets are ob-
served in the granodiorite with hornblende-biotite as-
semblage in the Mitsuhashi pluton, whose A/CNK is
1.11 (No. 10, Appendix). All the other quartz diorite
and granodiorite have the A/CNK lower than 0.92.

Ga, which tends to substitute Al in feldspars, is fairly
high as calc-alkaline series. Ten samples contain more
than 20 ppm Ga (Fig. 6C), which are similar range of
A-type Mumbulla and Gabo batholiths (Ishihara and
Wu, 2001). H2O(+), which may represent amounts of

such hydrous minerals, as hornblende, biotite and
muscovite, decreases with increasing silica contents.

On the K»0-SiO. diagram, most of the studied
granitoids are plotted from the medium-K to high-K
series field (Fig. 7A). Two extremely high values are
muscovite-rich band in the Busetsu Granite (No. 22,
Appendix) and K-feldspar-rich part of the Inagawa
Granodiorite in the Sanagesan-Obara zone (No. 62,
Appendix). Low K:0 rocks are predominant in
granitoids of the Shinshiro-Shitara zone, where the
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Fig. 11 Silica vs. La, Ce, Th, and U of the Ryoke granitoids.

granitoids are the most mafic, and in some of the Asuke
and Toyota-Akechi zones.

Rb follows generally K content, which is also shown
in the Fig. 7B diagram. Rb-rich rocks (more than 100
ppm) of the mafic granitoids (SiO2 57 - 60 %) from the
Asuke zone are elongated mafic enclaves in the host
granodiorites. The other Rb-rich rocks are the granites
of the Seto zone. Rb contents of the Busetsu Granite
are low for their K20 contents (Fig. 7B). Ba contents
are correlated positively with many of the studied rocks

(Fig. 7C). However, the contents are low in granodior-
ites and granites of the Sanagesan-Obara and Seto
zones from the north. The Busetsu muscovite-biotite
granites are also low for the high K-O contents. Pb, on
the other hand, is positively correlated with K20, im-
plying its substitution of K in K-feldspars.

CaO contents are negatively correlated well with the
silica contents, while no correlation is seen on the Na2O
contents (Fig. 8A, B). Sr contents are well correlated
with CaO contents, except for the mafic enclaves of
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Fig. 12 Silica vs. Nb, Zr, Zr saturation temperature and Zr/Hf of the Ryoke granitoids.

the Asuke zone, which are low in Sr (<300 ppm),
but high in CaO. Many of the muscovite-biotite gran-
ites of the Okazaki-Inabu zone are enriched in Sr (Fig.
8C). P20s contents are generally correlated with CaO
contents. Many of the muscovite-biotite granites of the
Busetsu pluton are rich in P2Os (Fig. 8D), having high
P/Ca ratio. The high contents mostly due to abundant
occurrence of monazite in the muscovite-biotite granites.

The total iron as Fe2Os is negatively correlated with
silica contents throughout all the bodies (Fig. 9A). MgO

contents (Fig. 9B), on the other hand, are rich in the
mafic granitoids of the Shinshiro-Shitara zone, i.c.,
southern part. These granitoids are relatively low in both
the TiO2 (Fig. 9C) and MnO contents (Fig. 9D). MnO
contents are relatively enriched in the granitoids of the
Sanagesan-Obara and Seto zones, i.e., northern part.

4.2 Minor elements
Vanadium may be contained in mafic silicates, be-
cause no magnetite is present in the studied rocks. V

— 336 —



Chemical compositions of Ryoke granitoids (Ishihara and Chappell)

contents are positively correlated with the Fe.Os con-
tents. The contents are relatively high in the mafic
granitoids of the Shinshiro-Shitara zone in the south
(Fig. 10A). No correlation is observed in the Cr vs.
silica diagram (Fig. 10B). Zn is negatively correlated
with the silica (Fig. 10C), implying that zinc is substi-
tuting ferrous iron in the mafic silicates. Y contents
are uniquely distributed. The high values are seen in the
biotite granites of the Seto zone. This element is also
high in the granodiorite and granite of the Sanagesan-
Obara zone, and granodiorites of the Asuke zone.

Both La and Ce contents are erratic, like those of Y,
and are not correlated with the silica contents (Fig. 11A,
B). These elements are somewhat rich in some
granitoids of the Toyota-Akechi zone. U and Th con-
tents are generally high in the high silica rocks, espe-
cially on those of the Seto and Sanagesan-Obara zones
(Figs. 11 C, D).

Nb contents are negatively correlated with the silica
contents (Fig. 12A). The contents are relatively high
in the muscovite-biotite granites of the Okazaki-Inabu
zone, but are low in the granodiorites of the Toyota-
Akechi zone. Nb/Ta ratio varies from 1.1 to 9.7. Zr,
which may be solely contained in zircon, is negatively
correlated with the silica contents (Fig. 12B). Hf sub-
stitutes Zr in zircon because of similar ionic radius of
Hf* (0.79A) and Zr*" (0.80A). Experimentally Zr/Hf
ratio of zircon is known to decrease with increasing of
magmatic fractionation (Linnen and Kepller, 2002). In
the actual measurement, the Zr/Hf ratios vary greatly
from 48 to 11, which decrease generally with the in-
creasing of SiO2 contents. The Zr saturation tempera-
ture (Watson and Harrison, 1983) is plotted in the range
between 800 and 700 °C for the silica contents of 65 -
77 % (Fig. 12C).

Average compositions of 75 granitoids (>55 % SiO2)
are calculated by the least-square method. The aver-
age values of each component intersecting the 55 %,
60 %, 65 %, 70 % and 75 % SiO2 are given in Table 3.
The values of 75 % SiO2can be compared with an av-
erage of the Naegi granites of the Sanyo Belt, which is
an example of highly fractionated, Sn-W mineralized
granite (Table 3).

5. Heterogeneity in the Ryoke Granitoids

The Ryoke granitoids are heterogeneous in many
places, which are found generally in the foliated
granitoids. The heterogeneity is best seen in tonalite-
granodiorite because of color difference of mafic vs.
felsic silicates. Mafic enclaves with irregular bound-
aries (i.e., magma mingling, Fig. 3B) are fairly com-
mon, which are stretched along the foliation in the
foliated tonalite-granodiorite. Some examples at the
south of Asuke township are given in Fig.3D.

The heterogeneity is also seen in a massive granite

Table 3 Average compositions of the Ryoke granitoids at different
Si0O2 percentage. The average values calculated based
on the least square method are allocated to the SiO2
contents. Average composition of the Naegi Granite
(Ishihara, 2002; Ishihara and Murakami, 2006) is added
for comparison (n=4 or 5).

Ryoke granitoids gzi%: e
SiO2wt.% 55.00 60.00 65.00 70.00 75.00 76.79
TiO2 1.31 .00 0.69 0.39 0.08 0.04
AlLO3 17.32 1638 1543 1448 13.53 12.75
Fe203 942 739 537 334 131 1.07
MnO 0.15 0.12 0.09 0.07 0.04 0.02
MgO 297 228 1.59 090 0.20 0.04
CaO 7.70  6.17 463 3.10 1.56 0.65
Na20 318 319 319 319 319 3.57
K20 148 221 294 3.67 440 4.82
P20s 029 023 0.16 0.10 0.03 <0.01
HxO* 098 0.84 0.70 0.55 041 0.52
Sum 99.89  99.90 9991 99.92 99.93 100.27
Rb ppm 48 72 96 120 144 362
Sr 404 343 281 219 158 12
Ba 683 675 667 660 652 34
Zr 203 175 146 118 89 86
Hf 5.3 5.0 4.6 4.2 3.9 3.7
Nb 12.8 114 10.1 8.8 7.5 14.0
Y 288 272 257 241 225 916
La 28.6 272 258 243 229 19.1
Ce 64.8 60.0 553 50.5 457 45.0
\" 1256 95.1 64.6 34.1 3.6 1.7
Cr 349 322 294 267 239 8.5
Zn 1049 87.0 69.1 512 332 222
Pb 59 112 165 21.8 27.1 29.5
Ga 21.1 19.6  18.1 16.6  15.1 19.6
Mo 1.6 1.4 1.1 0.8 0.6 <0.3
Sn 0.7 1.1 1.6 2.0 2.5 3.8
Th 5.9 7.5 9.1 10.8 124  30.7
U 0.7 1.2 1.6 2.1 2.6 104
A/CNK 0.82 0.8 094 099 1.05 1.04
NK/A 037 046 056 0.65 0.74 0.87
Ga*10000/A 231 226 221 216 2.12 2.92
Rb/Sr -0.4 0.1 0.5 1.0 1.4 299
Zr/Hf 40.8 36.5 32,1 278 234 186
Sr/Y 153 140 127 114 10.0 0.13
Zr-TCC) 757 752 747 742 737 739

of the Busetsu Granite in the Okazaki city area, which
has been used in daily life for more than 500 years,
and still used for graveyard, statues, mortar (Usuishi),
Shinto-shrine gate (Torii), fencing and building. Be-
cause the mafic silicates are not hornblende-biotite but
muscovite-biotite, the heterogeneity is not as distinct
as the hornblende-biotite assemblage rock, thus may
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Fig. 13 Muscovite-biotite granite showing heterogenous mineral compositions, Nakane-Sekizai quarry, Aichi Pref. The yellow scale is

1 meter. The black patches are restitic biotite aggregates, which are dominant in salic layers.

be used for the stone industry.

At the Nakane-Sekizai quarry (Nos. 23 - 27, Fig. 2),
the granite shows often heterogeneity (Fig. 13), which is
shown as faint color difference of black and white, due
to the modal change between plagioclase and K-feld-
spar, and also between biotite and muscovite. How-
ever, there are no sharp boundaries among the layers,
implying that they are not intrusive relationship. Peg-
matitic dikelets are also common cutting through the
host granites, some of which contain molybdenite with
the Re-Os age of 76.4 +/-0.3 Ma (Ishihara ez a/., 2002).

Biotite is rich in the dark gray layers but less in the
white parts where biotite-rich restite fragments are
distinct (see the middle of Fig. 13). Chemical compo-
sitions of the representative three phases are shown in
the appendix. The biotite-rich parts of muscovite<bi-
otite granites have the femic index (Fe203:+MgO+MnO)
0f 2.33 % and 1.91 % (Nos. 24, 25, Appendix), mus-
covite-biotite granite of 1.61 % and 1.48 % (Nos. 23,
26), and muscovite granite of 0.64 % (No. 27).

The whole rock 8'*0 data of the three groups are
divided into two clear values (Table 1); one with 11.5
to 11.8 permil for the muscovite<biotite granite, while
the others with 13.5 to 13.6 permil for the muscovite
>biotite granites. Thus, the latter group can be consid-

ered to contain much sedimentary components than the
former. The regional heterogeneity observed in the
Busetsu Granite, therefore, is caused essentially by
different source rocks for the granites.

RDb/Sr ratios, which may represent a degree of mag-
matic fractionation, on the other hand, are constantly
low, as 0.5 to 0.7 for the most of rocks (Appendix).
Muscovite-rich granite of No.27 at the Nakane quarry
is weakly high as 2.5. This granite has lower contents
of the REE than the main muscovite-biotite granite
(Table 4), and shows slightly enrichment of HREE
relative to the main phase granite (Fig. 14). Therefore,
this rock may have been fractionated in a small degree
but main cause of the heterogeneity is considered to
have been formed by differential flow movement of
the crystal mush during an early stage of the emplace-
ment.

Kagashima (1999) studied biotite-rich layering,
which can be called "schlieren", within porphyritic
biotite granite of the Iwafune pluton in non-metamor-
phic belt. Here, the layering is shown by different
proportions of biotite and plagioclase, and the biotite-
rich horizon is very high in Rb content, up to 617 ppm,
and the Rb/Sr ratios of the five studied layers vary
from 46.1 to 4.8. Kagashima (1999) considered the
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Table 4 Contents of REE and some trace elements of the Busetsu Granite, as com-
pared with the average Naegi Granite.

Busetsu Granite

Naegi Granite

Sample No. 52003 52004 52006 Gb (n=5)  Ga(n=3)
SiO2 wt.% 73.2 74.5 74.8 76.8 76.5
310 (%) 11.5 11.8 13.5 7.6 n.g.
La ppm 19.8 26.4 4.5 19.1 13.0
Ce 41.0 55.1 9.8 45.0 24.3
Pr 4.45 5.87 1.07 6.70 4.43
Nd 16.9 21.5 3.85 27.4 22.9
Sm 3.40 4.29 1.26 8.40 8.40
Eu 0.621 0.712 0.174 0.090 0.040
LREE  86.198 113.928  20.636 106.690  73.068

Gd ppm 3.23 4.09 1.44 7.80 11.60
Tb 0.57 0.63 0.34 2.00 3.02
Dy 3.13 3.25 1.66 13.70 22.20
Ho 0.59 0.61 0.25 2.55 4.82
Er 1.60 1.66 0.63 7.72 17.30
Tm 0.233 0.221 0.102 1.40 3.06
Yb 1.39 1.28 0.67 9.10 20.90
Lu 0.196 0.182 0.096 1.23 3.16
HREE 10.951 11.914 5.189 45.55 86.06
L/HREE 7.9 9.6 4.0 23 0.85

Gb, Main phase biotite granite of the western body; Ga, Aplitic dikelet.

The Naegi data from Ishihara and Murakami (2006) and

Ishihara and Matsuhisa (2004)
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Fig. 14 Chondrite normalized REE patterns of the muscovite-
biotite granites, Nakane- Sekizai quarry.

layering resulted from a flow differentiation that oc-
curred at an interface of successive magma pulses,
which cannot be applied to those of the Nakane-Sekizai
quarry.

6. S-type vs. I-type granitoids: Genetic consideration

The studied granitoids are all reduced, belonging to
ilmenite series (Ishihara, 1979), which has been con-
sidered due to supracrustal contamination of sedimen-
tary carbon, based upon oxygen and sulfur isotopic stud-
ies (Ishihara and Matsuhisa, 2002; Ishihara and Sasaki,
2002). Within the ilmenite-series category, major com-
positions vary from south to north. The average silica
contents, for example, are 60.1 % in the granitoids of
the Zone I, but 75.2 % in those of the Zone VI, except
for felsic granites of the Zone II (Table 2).

The granitoids of the Zone II are felsic, because of
the presence of the muscovite-biotite granites of the
Busetsu Granite, which are most close to the S-type of
Chappell and White (1974). The granites contain no
cordierite but muscovite and trace amounts of garnet
as peraluminous minerals. The A/CNK ratio is gener-
ally higher than 1.1 (Nakai ez a/., 1985; also Fig. 6B).
Mafic enclaves are very rare, but small restitic sedi
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Fig. 15 Histograms of A/CNK ratio of the muscovite-biotite granite (Busetsu) and biotite granite of the Sanagesan-Obara and Seto

Zones. 66T173A and B are averaged.

mentary fragments are sometimes observed (e.g.,
Figs. 3C, 13). The K20 contents are not enough to
define to the S-type, being generally below 4.5 %, and
the Na:O contents are higher than 2.3 % at 3 % K-O.
Therefore, the muscovite-biotite granites are quite
different from the typical S-type in the Lachlan Fold
Belt. Towards the northeast of the studied region, sil-
limanite was reported in the Ohtagiri muscovite-biotite
granite (Katada and Murayama, 1961) and sillimanite
and Zn-spinel were found in fine-grained aplitic gran-
ite at Tenryukyo by Tezuka (2005).

The major part of the studied granitoids have horn-
blende-biotite and/or biotite assemblage. The granitoids
in the northern part, i,e, those of the Sanagesan-Obara
zone and Seto zone, contain many biotite granites
whose silica range is similar to that of the muscovite-
biotite granite but contain only biotite as mafic sili-
cate. Histograms of A/CNK ratio of these granites are
shown in Fig.15. These granitoids are clearly separated
by this ratio into two; the ratios of the muscovite-bi-
otite granites are higher than 1.1 except for the 66T173
sample, but those of the biotite granites are below 1.1.
Therefore the latter granitoids belong to I type.

The other major difference between the two types is
P20s contents. An average of the muscovite-biotite
granites is 0.105 % at 73.7 % SiOz, but that of the bi-
otite granites is lower than 0.021 % at 75.4 % SiO.. In
the Lachlan Fold Belt, the averaged S-type granite

contains 0.15 % at 70.9 % SiO2, whereas the averaged
I-type granite is 0.11 % at 69.5 % SiO2 (Chappell and
White, 1992).

As mentioned previously, gabbroids occur sporadi-
cally but are dominant in the south. The granitoids are
also mafic and calcic toward the same direction (Table
2). Blending mafic magmas from the upper mantle and
felsic magmas generated within the continental crust
by magma-mingling and mixing is an attractive idea
to explain mafic I-type granitoids (Chappell, 1966),
but occurrence of the gabbroids is so sporadic to ex-
plain a large distribution of quartz diorite to grano-
diorite. The I-type granitoids would reflect chemical
compositions of the infracrustal source rocks (Chappell
and Stephens, 1988).

The regional variation of MgO/Fe20s3 ratio in
gabbroids mentioned previously would not possibly
caused by magmatic differentiation but by different
compositions in the source level. More abundant
gabbroids in the south with MgO-rich character indi-
cate that in-put of the gabbroic magmas from deep
levels prevailed in the south. The gabbroic magmas
should have also brought heat and volatiles from the
upper mantle, which may have been the main heat
source for the regional metamorphism of the Ryoke
metamorphic belt. The heat also generated mafic gra-
nitic magmas in the infracrust, and even supracrust in
the case of the Zone II, giving rise to the muscovite-

— 340 —



Chemical compositions of Ryoke granitoids (Ishihara and Chappell)

biotite granite of the Busetsu type. Thus, the felsic
compositions of the Busetsu Granite is considered
largely depending upon its felsic source rocks.

7. Relation to Mineralizations

One of the characteristics of the Ryoke granitoids is
absence of metallic mineralizations among the il-
menite-series granitic activities of Southwest Japan,
which is very clear as compared with the W-mineral-
ized Naegi Granites of the Sanyo Belt (Ishihara and
Murakami, 2006) to the north of the studied area. In-
truded rocks are still preserved in the Shinshiro-Shitara
zone, and the Busetsu Granite is felsic in composition
and youngest in the intrusive sequence; yet these
granitoids are almost barren except for small sizes of
pegmatites, which may contain mineral species of
molybdenite (Ishihara ez a/., 2002).

One of the reasons for the absence may be the depth
of the granite formation. Depth of formation of the W-
mineralized granites are considered to be 6 - 9 km (0.2 -
0.3 GPa) by the biotite geobarometer (Uchida ez a/.,
2007). Ryoke metamorphism has been considered re-
gional in scale, and intruded granitoids also emplaced
in a deep level around the time of the metamorphism
(Ishihara, 1973). Kutsukake (1997b) indeed estimated
that crystallization of the Mitsuhashi pluton took place
at the depth deeper than 15 km (—~0.42 GPa). The
Busetsu Granite may have intruded later into the
Shimoyama tonalities but in a similar depth level.

The second reason for the lack of mineralization may
be a low degree of magmatic fractionation, which is
critical for concentration of volatiles and ore metals in
the hydrothermal fluids. The Busetsu Granite is felsic
having granitic composition and rich in water as shown
by presence of muscovite, yet the Rb/Sr ratios are low
ranging from 0.4 to 2.5 for the muscovite-biotite gran-
ite (see Nos. 17 - 27, Appendix). The highest No. 27
granite is muscovite-rich layer of Fig. 13 and depleted
in the REE (Fig. 14). Their REE patterns are completely
different from those of the well fractionated Naegi
Granite with (Sn-)W mineralizations.

8. Concluding Remarks

Chemical compositions of the Ryoke granitoids
were examined in the Chubu District. The granitoids
are mostly I type and show a regional variation being
mafic and calcic in the south, but become felsic to-
ward the north. This regional variation was consid-
ered mostly due to chemical heterogeneity of the un-
derlying continental crust where these magmas were
generated. S-type granites were formed along the
Zone II where the highest heat-flow was provided
from the upper mantle to the supracrustal level. A little
magmatic differentiation can be expected on these

granitic activities.
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Appendix: Chemical compositions of the studied granitoids from the Ryoke Belt.

Shinshiro pluton Shimoyama pluton Mitsuhashi pluton

1 2 3 4 5 6 7 8 9 10 11 12

RG37 RG38 RG39 65778 65T79 66T151 66T134 RG10 RG06 RG07 RG08 RGO09

SiO2wt.%  51.06 58.43 60.22 61.32 60.83 60.76 60.35 4780 5155 6258 7113 7533

TiO2 128 094 0.86 072 079 080 0.81 159 1.04 070 031 0.06
Al203 1742 1619 1632 1559 1580 15.89 16.83 18.64 16.30 16.11 14.56 13.48
Fe203 1123 794 726 6.09 656 652 663 1255 1019 576 3.16  0.91
(FeO) 1011 715 653 548 591 587 567 1130 919 519 284 0.82
MnO 020 014 0.13 010 041 011  0.12 020 020 009 005 0.02
MgO 493 323 282 380 363 355 280 409 565 268 061 0.16
CaO 9.06 6.69 6.30 544 574 586 568 1003 791 505 284 1.70
Naz20 201 312 3.15 313 312 311 3.38 3.07 362 369 391 338
K20 1.01 152  1.61 241 225 236 232 116 254 224 269 4.04
P20s 024 021 017 016 016 018  0.20 031 023 018 0.09 <0.01
S 0.07 0.01 0.01 0.03 0.04 006 0.01 0.07 009 003 0.01 <0.01
H20* 121 139  0.95 099 095 084 0.68 095 0.96 093 047 0.42
H20" nd. nd  nd. n.d. 026 016 n.d. 012 006 004 008 0.29
CO2 nd. _nd. _ nd. n.d. 004 003 n.d. 014 014 015 _0.10 _ 0.09
Sum 99.67 99.80 99.80 __ 99.75 100.26_100.20 99.79 _100.68 100.43 100.22 100.01 _ 99.87
Rb ppm 33 40 45 80 76 79 75 36 96 85 78 79
Cs 22 28 34 79 40 52 58 11 42 55 63 59
Sr 391 382 396 406 317 305 310 434 329 322 219 180
Ba 242 487 452 1010 463 520 560 207 428 479 830 840
Zr 53 124 102 143 120 155 127 169 187 131 139 21
Hf 22 37 35 37 38 45 32 60 58 47 49 20
Nb 8.2 8 75 1041 109 122 104 135 167 124 123 44
Ta 48 34 <22 <20 24 <27 21 33 53 39 18 <14
Y 28 23 20 14 20 28 23 43 48 21 12 5
La 15 10 9 36 23 18 25 19 24 16 34 4
Ce 37 29 24 74 49 44 52 59 69 39 71 4
Vv 210 128 118 6 142 137 125 203 172 112 19 <2
Cr 78 15 14 33 131 99 57 12 228 65 15 9
Co 27 18 11 4 19 23 17 32 37 17 5 4
Ni 5 3 4 2 26 21 11 <2 54 13 <1 <1
Cu 8 6 6 <05 17 16 5 16 39 11 1 1
Zn 113 93 87 35 74 71 70 117 115 70 92 30
Pb 6 8 10 27 10 10 13 8 10 12 16 27
Ga 18 19 19 16.9 177 187 164 210 189 184 201 13.9
Ge 16 13 16 1.1 13 15 14 15 17 14 10 13
As <04 05 05 <03 05 07 06 <04 <04 <04 <04 <05
Se <02 <01 010 <02 02 01 <01 <02 <02 02 02 03
Mo 14 05 05 13 17 14 14 07 23 13 10 02
W <17 <15 <14 <10 <14 <14 <13 <18 <19 <13 12 1.1
Sn 16 03 07 10 13 18 19 1.1 15 1.1 13 16
cd 07 02 02 <02 03 04 <02 04 02 03 <02 06
Tl <06 03 05 <07 <05 04 05 <07 04 09 07 13
Th 3.7 2 16 71 91 48 109 15 18 49 99 28
U 08 06 14 <05 14 20 24 1.4 1.1 16 07 13
A/CNK 0.84 0.86 0.89 0.88 0.88 0.86 0.92 076 071 111 1.02 1.04
NK/A 025 042 042 050 0.48 048 0.48 034 053 053 064 074
Fe203/MgO 228 246 2.58 160 1.81 1.84 237 307 180 215 514 583
Ga*10000/A 2.0 23 22 20 21 22 18 21 22 22 26 19
Rb/Sr 01 0.1 0.1 02 02 03 02 01 03 03 04 04
SrlY 14.0 _16.6 __ 19.8 290 159 109  13.5 101 69 153 183 36.0
Zr-1(°C) 647 723 716 744 728 746 736 701 710 741 768 __ 636
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Appendix: Continued.

Ure pluton Okazaki-Busetsu zone

13 14 15 16 17 18 19 20 21 22 23 24

RG32 RG31 RG33 65776 65T81 66T133 66T135 66T136 66T173A 66T173B 52002 52003
SiO2wt. % 48.83 56.07 73.60 7152 7497 7483 7092 7531 6935 7344 7485 73.15
TiO2 1.88 1.46 0.14 0.21 0.12 0.09 0.28 0.10 0.43 0.14 0.11 0.15
Al203 17.22 16.96 13.69 16.53 13.61 13.63 1514 1356 14.19 13.81 14.21 14.75
Fe20s3 12.03 10.10 1.87 1.96 1.37 1.09 2.94 1.18 3.78 1.46 1.30 1.90
(FeO) 10.83 9.09 1.68 1.90 1.04 0.86 2.44 1.19 1.90 1.19 n.d. n.d.
MnO 0.21 0.14 0.05 0.03 0.04 0.05 0.07 0.04 0.07 0.03 0.04 0.06
MgO 3.12 2.42 0.22 0.54 0.26 0.22 0.64 0.27 1.08 0.35 0.27 0.37
CaO 8.67 6.02 1.69 2.66 1.26 1.05 3.09 1.33 3.49 1.30 1.33 1.62
Na20 4.03 3.16 3.04 3.33 3.10 2.91 3.76 3.24 2.52 2.48 3.51 3.94
K20 2.20 2.04 5.00 2.65 4.17 4.46 2.06 3.81 4.35 6.01 3.95 3.15
P20s5 0.43 0.42 0.03 0.08 0.09 0.1 0.12 0.07 0.06 0.12 0.08 0.11
S 0.02 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
H20+ 1.06 0.88 0.61 0.49 0.57 0.49 0.74 0.63 0.46 0.14 0.34 0.63
H20" -0.01 -0.02 n.d. 0.14 0.32 0.20 0.30 0.34 0.26 0.50 0.16 0.15
CO2 n.d. n.d. n.d. 0.03 0.01 0.81 0.01 0.00 0.03 0.02 0.01 0.01
Sum 99.69 99.68 99.94 102.07 99.89 100.80 100.07 99.88 101.97 100.99 100.16 99.99
Rb ppm 50 58 134 67 124 192 58 117 106 123 123 132
Cs 25 2.2 75 4.5 5.3 6.6 4.3 5.2 6.9 11.7 n.d. n.d.
Sr 445 481 162 408 188 87 381 197 239 298 214 201
Ba 850 760 680 882 718 214 502 806 853 1679 600 482
Zr 389 356 112 160 79 50 127 70 105 103 73 103
Hf 8.4 8.5 4.8 5 4 3 4 3 5 4 3.1 4.3
Nb 16.7 15.3 9.6 9.7 10.1 9.6 8.7 10 8.2 7.4 10.7 15.1
Ta 3.7 2.8 4 1 2 2 1 3 3 3 n.d. n.d.
Y 56 22 16 12 14 17 14 14 49 12 17 17
La 101 88 23 28 20 9 23 25 18 26 20 16
Ce 183 168 44 57 42 21 46 49 48 55 39 33
\Y% 130 95 3 12 4 8 20 4 43 7 <3 <3
Cr <1 <1 4 30 4 8 6 4 11 3 25 30
Co 29 17 5 7 3 4 6 4 14 4 n.d. n.d.
Ni <1 <1 <1 3 1 1 <07 1 <08 <06 1 1
Cu 10 11 <04 <04 1 <03 <04 <04 <04 <04 <0.4 <0.4
Zn 110 116 43 57 44 33 67 39 51 41 45 64
Pb 9 10 35 20.1 28.1 27.3 18 22.9 24.9 35.4 27 22
Ga 23.6 23 16.4 16.2 16.4 16.4 17.8 18 14.5 14.2 17.6 20.3
Ge 14 1.7 14 1 1.4 1.9 1.7 1.5 15 1 n.d. n.d.
As <04 <04 <06 <04 05 <05 <04 <04 <05 <06 0.4 <0.5
Se <02 <0.2 0.2 0.2 <01 0.2 0.2 0.2 <01 0.2 n.d. n.d.
Mo 1.1 14 <0.2 06 <02 <02 <02 <02 0.3 0.4 <0.2 <0.2
W <18 <16 0.3 0.8 1.7 1.2 0.7 1.1 0.7 0.6 n.d. n.d.
Sn 1.5 <04 2.8 0.6 1.6 4.1 2.1 1.9 24 1.4 1.2 1.7
Cd 05 <02 <02 02 <02 <02 <02 0.4 0.4 0.5 <0.2 <0.2
Tl <0.6 0.5 1.2 1.1 1.1 1.3 0.6 1 1 1.3 1.1 1
Th 21 21.9 15.4 8 6.2 3.4 3.9 6.6 12.9 8.8 6 4.1
U 1 0.9 4.6 1.5 1.4 2.3 0.5 <0.5 6.2 <0.5 1.6 1.2
A/CNK 0.70 0.92 1.02 1.25 1.14 1.18 1.08 1.14 0.93 1.07 1.14 1.15
NK/A 0.52 0.44 0.76 0.50 0.71 0.71 0.56 0.70 0.62 0.77 0.71 0.67
Fe203/MgO  3.85 4.18 8.40 3.65 5.27 4.92 4.63 4.43 3.50 4.19 4.81 5.14
Ga*10000/A 2.6 2.6 2.3 1.9 2.3 2.3 2.2 2.5 1.9 1.9 2.3 2.6
Rb/Sr 0.1 0.1 0.8 0.2 0.7 2.2 0.2 0.6 0.4 0.4 0.6 0.7
SrlY 7.9 21.9 10.1 34.0 13.4 5.1 27.2 14.1 4.9 24.8 12.6 11.8
Zr-T(°C) 754 821 755 802 739 707 768 730 736 753 732 759
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Okazaki-Busetsu zone

25 26 27 28 29 30 31 32 33 34 35 36

52004 52005 52006 RG26 RG28 RG27 RG29 RG30 RG36 RG35 66T165 66T168
SiO2wt. % 7450 7445 7484 5133 7136 76.36 57.20 70.39 55.06 72.25 51.87 68.48
TiO2 0.13 0.10 0.03 1.81 0.25 0.05 1.58 0.39 1.87  0.21 205 0.46
Al203 1429 1435 1461 1759 1462 1311 1646 13.38 16.73 13.72 17.15 14.68
Fe203 1.55 1.20 051 11.91 297 085 1029 414 1052 243 1219 412
(FeO) n.d. n.d. nd. 1072 267 077 926 373 947 219 10.97 3.7
MnO 0.05 003 004 019 0.06 0.01 0.17 0.07 0.16 0.04 0.21 0.08
MgO 0.31 025 0.09 303 039 0.09 1.71 0.68 257 0.33 3.29 1.17
Ca0O 1.53 1.38  0.71 8.86 212 149 675 274 757 207 8.28 355
Naz20 365 360 387 275 281 226 255 310 292 3.78 278 248
K20 3.57 392 437 1.01 456 5.30 194 3.64 143  4.50 1.55 437
P20s 0.10 0.09 0.21 045 013 003 038 010 0.41 0.06 0.31 0.07
S <0.01 <0.01 <0.01 0.04 <0.01 <0.01 0.02 0.02 0.02 <0.01 0.04 0.01
H20+* 05 035 055 077 075 029 0.70 1.1 0.71 0.39 0.62 0.16
H20" -0.39 015 0.08 -0.02 n.d. nd. -0.01 -0.01 -0.01 n.d. 0.52 0.46
CO2 0.09 004 o0.01 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.06 0.02
Sum 99.94 99.91 99.92 99.72 100.02 99.85 99.73 99.75 99.97 99.78 100.91 100.1
Rb ppm 118 120 164 25 131 101 49 70 39 150 42 112
Cs n.d. n.d. nd. <15 7.7 1.9 1.7 4.2 1.4 7.6 2.3 9.8
Sr 234 219 65 374 185 109 346 227 399 198 357 246
Ba 689 592 105 352 570 203 720 750 510 760 341 820
Zr 89 71 21 233 113 57 231 142 250 115 171 89
Hf 3.2 3.2 1.8 6.5 5.3 4 7 55 7.9 4.8 4 4.7
Nb 1.7 10 9.7 15.2 9.8 2.5 17.4 8.5 17.2 11 15.2 8.6
Ta n.d. n.d. nd. <28 3.7 2 4 1.8 <34 24 <32 1.9
Y 17 16 9 44 25 9 43 18 41 12 40 46
La 18 16 3 19 16 3 21 24 14 24 18.0 8.0
Ce 41 34 6 51 37 11 53 53 47 52 54 24
\Y 2 <3 <1 145 14 <2 108 30 132 8 109 43
Cr 21 28 25 <1 2 1 <1 5 <1 2 40 9
Co n.d. n.d. n.d. 23 9 4 25 7 28 4 17 12
Ni 1 1 1 <1 <1 <1 <1 <1 <1 <1 2 <1
Cu <04 <04 <03 9 <04 <03 8 <04 25 <04 18 <04
Zn 54 41 22 126 50 13 124 57 122 36 125 55
Pb 26 26 20 6 26 33 8 18 6 36 7 26
Ga 18 18 202 221 17.1 133 219 15.9 21 18.4 213 15.6
Ge n.d. n.d. n.d. 1.4 1.6 1.4 1.4 0.9 1.7 1.5 1.6 1.6
As <05 <05 02 <04 <05 <05 <04 03 <04 <06 04 <05
Se n.d. nd. <02 <0.2 02 <01 0.1 0.5 <02 0.2 <02 <01
Mo <02 <02 <0.2 1.8 0.3 <02 2.1 0.5 1.6 1 1.5 0.3
w n.d. n.d. nd. <18 <11 1.7 <17 16 <17 1.1 <18 0.7
Sn 1.4 11 1.5 0.5 2 0.6 0.8 1.3 0.5 3.3 <04 25
Cd <0.2 <02 0.2 02 <02 0.2 0.3 0.6 0.7 0.2 0.3 0.3
Tl 1.3 1.4 1.3 <06 1.6 1.3 0.8 1.8 <06 1.3 <0.6 0.8
Th 7 51 <05 52 1.7 24 4.7 121 2.1 11 1.5 7.2
U <05 <05 1.3 0.9 4 1.7 0.6 1.3 1.4 4.4 1 3
A/CNK 1.13 1.13 1.18  0.81 1.01 1.08 089 095 083 0.96 0.81 0.96
NK/A 0.69 0.71 076 032 065 072 038 068 038 0.81 0.37 0.60
Fe203/MgO 500 480 567 393 762 922 602 6.09 410 742 3.7 3.53
Ga*10000/A 24 24 2.6 24 2.2 1.9 2.5 22 24 2.5 2.3 2.0
Rb/Sr 0.5 0.6 2.5 0.1 0.7 0.9 0.1 0.3 0.1 0.8 0.1 0.5
SrlY 13.8 13.7 7.2 8.5 7.4 121 8.0 12.6 9.7 16.5 8.9 53
Zr-T(°C) 747 729 645 750 761 710 778 766 769 745 727 726
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Appendix: Continued.

Chemical compositions of Ryoke granitoids (Ishihara and Chappell)

Asuke zone
37 38 39 40 41 42 43 44 45 46 47 48

66T167 RG22 RG23 RG24 RG25 65T74 65T75 SJ10 SJ11 66T131 66T130 65T71
SiO2wt. % 72.72 5993 5753 59.19 5792 6536 6658 64.68 7216 66.68 70.99 69.72
TiO2 0.28 1.14 1.22 0.87 1.20 0.70 0.58 0.65 0.33 0.35 0.40 0.36
Al203 13.36 1570 15.53 16.01 1568 15.09 1557 16.54 14.30 15.24 13.73 14.73
Fe203 2.61 8.44 9.00 7.35 7.83 5.78 4,94 5.29 2.49 3.58 3.35 3.15
(FeO) 2.35 7.60 8.10 6.62 7.05 5.20 4.45 n.d. n.d. 3.22 3.02 2.84
MnO 0.05 0.15 0.16 0.14 0.14 0.10 0.07 0.08 0.04 0.08 0.06 0.05
MgO 0.75 1.83 235 1.98 2.33 1.70 1.15 1.31 0.59 0.85 0.84 0.80
CaO 2.76 6.39 6.38 6.87 6.86 4.70 442 4.77 3.18 3.87 2.99 3.88
Naz20 2.22 2.52 3.66 3.67 3.30 2.82 3.44 3.57 3.19 4.83 2.89 3.17
K20 4.84 2.71 2.78 242 2.50 2.79 2.36 2.33 2.95 3.89 4.09 3.06
P20s 0.04 0.24 0.24 0.19 0.26 0.13 0.13 0.15 0.08 0.14 0.08 0.08
S <0.01 0.01 0.02 0.03 0.02 0.01 0.01 <0.01 0.01 0.01 0.02 0.02
H20+ 0.08 0.73 0.89 1.05 1.75 0.61 0.66 0.73 0.36 0.23 0.31 0.60
H20" 0.24 nd. -0.01 -0.01 -0.01 n.d. 0.32 0.16 0.18 nd. -0.01 0.24
CO2 0.01 n.d. n.d. n.d. n.d. n.d. 0.03 0.01 0.13 n.d. n.d. 0.09
Sum 99.967 99.78 99.75 99.76 99.78 99.80 100.26 100.27 99.98 99.74 99.73 99.95
Rb ppm 100 124 135 105 126 105 80 82 76 84 102 83
Cs 9.8 4.0 3.2 6.1 5.0 54 5.1 n.d. n.d. 54 6.5 7
Sr 236 262 235 284 264 265 282 311 277 285 221 285
Ba 1060 530 434 640 650 640 680 770 1050 465 1090 1150
Zr 68 125 140 119 147 137 186 190 167 107 110 187
Hf 3.3 4.9 5.4 2.6 2.4 51 5.3 4.9 6.2 2.5 4.1 4.3
Nb 4.9 10.6 11 12.3 10.9 10.5 11.5 12.7 6.4 10.8 7.8 6.3
Ta 2.2 4 3.4 27 <24 2.6 2.6 n.d. nd. <20 <19 1.6
Y 29 26 25 19 31 40 29 31 13 20 26 17
La 6.0 21 33 7 17 30 26 33 38 21 21 35
Ce 20 44 72 17 42 67 60 72 80 48 50 73
\Y 26 110 100 78 109 70 45 37 17 145 33 34
Cr 10 31 21 4 3 17 32 30 30 263 30 3
Co 9 17 19 14 16 13 8 n.d. n.d. 20 9 8
Ni <1 <1 <1 <1 <1 <1 3 <1 1 40 3 <1
Cu <04 5 2 2 7 3 4 5 <04 14 5 8
Zn 35 95 108 87 95 72 66 75 40 69 49 52
Pb 26 9 10 10 9 15 11 11 14 10 16 17
Ga 12 18.8 18.7 19.6 20.5 18.4 20.4 22.1 16.1 17.6 15.1 17
Ge 1.2 1.2 1.3 1.6 14 1.8 1.2 n.d. n.d. 1.5 1 1.3
As <05 <04 <04 <04 <04 <04 06 <04 <04 0.3 04 1.1
Se 0.2 <041 04 <01 <01 <01 0.1 <02 04 <02 <0.1 0.2
Mo 0.3 1.1 1.5 1.5 1.1 1.4 1.4 1.4 0.2 2 1.2 0.9
w 0.7 <14 <15 <14 <15 <13 <12 nd nd <10 <11 <11
Sn 2.3 0.8 0.8 0.8 0.5 1.9 0.6 0.4 0.9 1.7 1.0 1.5
Cd 0.4 0.4 04 <02 <02 <02 <02 0.2 0.5 0.4 0.4 <0.2
TI 0.8 1.4 2 0.8 0.7 0.8 0.6 0.4 1.7 <07 0.6 0.5
Th 5.8 57 10.5 1 4.3 11.6 7.4 8.3 13.6 8.7 6.7 13.1
U 1.9 0.9 1 1.3 0.5 0.6 0.7 1.3 0.6 1.3 1.7 1.6
A/CNK 0.96 0.84 0.75 0.76 0.76 0.93 0.96 0.97 1.01 0.79 0.94 0.95
NK/A 0.67 0.45 0.58 0.54 0.52 0.51 0.53 0.51 0.59 0.80 0.67 0.58
Fe203/ MgO 3.48 4.62 3.83 3.70 3.35 3.40 4.31 4.04 4.22 4.21 3.98 3.94
Ga*10000/A 1.7 2.3 2.3 2.3 2.5 2.3 2.5 2.5 2.1 2.2 2.1 2.2
Rb/Sr 0.4 0.5 0.6 0.4 0.5 0.4 0.3 0.3 0.3 0.3 0.5 0.3
SrlY 8.1 10.1 9.4 14.9 8.5 6.6 9.7 10.0 21.3 14.3 8.5 16.8
Zr-1(°C) 710 724 712 701 718 753 782 781 785 710 743 785
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Toyota -Akechi zone

49 50 51 52 53 54 55 56 57 58 59 60

65T72 SJ08 SJ09 66T114 66T120 FJK 66T117 66T128 66T118 66T129 66T127 55T126
SiO2wt.% 73.81 69.33 69.19 7573 76.71 6547 68.02 64.79 66.66 68.26 69.54 70.87
TiO2 0.17 029 0.31 008 010 039 028 060 059 026 035 024
Al203 13.35 16.04 1586 1239 1249 1811 16.89 1567 1473 1691 1521 15.26
Fe203 190 270 3.00 1.18 144 337 273 514 503 233 3.04 233
(FeO) 1.71 n.d. n.d. 1.06 1.30 n.d. 246 463 453 210 274 210
MnO 004 004 005 002 006 005 004 010 0.09 0.04 0.05 0.03
MgO 027 042 048 014 019 060 0.51 1.92 1.80 045 0.81 0.34
CaO 215 384 382 149 077 537 4.61 5.21 452 466 400 3.32
Naz0 239 339 342 278 340 378 352 313 277 317 310 3.84
K20 519 312 3.04 475 472 208 275 250 306 287 325 298
P20s5 0.04 0.09 0.10 <0.01 0.02 0.11 0.04 0.11 0.10 0.05 0.05 0.05
S 0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.01 0.01 0.01 0.01 0.02 0.01
H20+ 044 047 044 087 -004 053 033 066 047 068 036 0.26
H20" n.d. 0.15 029 0.42 n.d. 0.13 n.d. 0.38 n.d. 0.22 -0.01 0.40
CO2 n.d. 003 0.15 o0.01 n.d. 0.08 n.d. 0.02 n.d. 0.04 n.d. 0.01
Sum 99.76  99.91 100.15 99.87 99.86 100.07 99.72 100.22 99.81 99.94 99.76 99.95
Rb ppm 111 70 74 115 137 70 75 97 101 76 101 69
Cs 7.2 n.d. n.d. 4.8 5.9 n.d. 7.1 8.8 7.1 8.3 5.1 6.1
Sr 187 337 324 145 114 377 366 241 226 348 261 240
Ba 970 1550 1300 790 660 841 1350 270 455 1240 830 1040
Zr 101 194 208 82 97 223 152 109 77 197 121 213
Hf 21 5.3 5 4.1 4.7 6.6 3.8 3.2 2.6 4.9 2.8 52
Nb 54 6 7.3 3.9 6.8 9.6 6.6 7.1 7.2 6 6.4 7.4
Ta <16 n.d. n.d. 1.8 24 n.d. 2.6 24 3 1 <17 1.3
Y 10 18 22 16 21 23 19 22 20 16 20 17
La 26 44 46 29 25 65 56 23 10 34 32 20
Ce 52 84 94 50 54 122 109 41 21 67 66 47
V 10 14 13 3 8 13 23 63 60 20 28 15
Cr 45 28 21 3 29 25 99 11 60 2 39 1
Co 5 n.d. n.d. <3 <4 n.d. 6 14 10 9 7 6
Ni 6 1 1 1 4 1 12 4 7 <1 4 <1
Cu 1 <04 04 <04 <04 3 1 2 1 <04 2 1
Zn 27 44 47 24 36 53 43 62 57 38 51 37
Pb 19 14 14 22 23 13 16 20 19 15 27 17
Ga 13.7 17.8 17.8 12.6 13.7 216 19.1 17 15.7 18.4 15.8 18.6
Ge 1.2 n.d. n.d. 1.2 1.4 n.d. 1 1.5 1.5 1 1.3 1.2
As 0.5 0.4 03 <04 <05 05 <04 11 <04 1.7 0.3 0.8
Se <01 0.2 n.d. 02 <01 n.d. 02 <01 <01 <01 <01 <041
Mo 1.5 1.7 1.2 <02 3.8 2.1 23 0.7 1.3 0.3 1.9 0.4
w 0.7 nd nd 1.2 0.9 n.d. 09 <12 <12 0.6 0.6 1.8
Sn 1.2 0.8 0.7 1.3 1.2 1 1.7 3.2 23 1.5 3.2 11
Cd <0.2 0.3 02 <02 <02 <02 <02 03 <02 <02 <02 <02
T 0.5 0.7 0.8 1.0 1.2 0.9 0.9 0.8 0.9 0.8 1.0 0.6
Th 9.7 11.4 12.8 11.2 13.3 16.6 15.4 12.5 4 12.2 14.2 6.1
U 1.0 1.9 1.1 1.5 2.8 0.9 0.6 2.7 2.1 1.6 1.7 11
A/CNK 0.99 1.01 1.00 1.00 1.03 099 099 090 0.92 1.01 0.96 0.98
NK/A 072 05 05 078 08 047 052 050 053 049 057 0.63
Fe203s/MgO 712 643 625 818 757 562 540 268 280 517 375 6.93
Ga*10000/A 1.9 2.1 21 1.9 21 23 21 2.1 2.0 2.1 2.0 23
Rb/Sr 0.6 0.2 0.2 0.8 1.2 0.2 0.2 0.4 0.5 0.2 0.4 0.3
SrlY 18.7 18.7 14.7 9.1 54 16.4 19.3 11.0 113 218 13.1 141
Zr-1(°C) 745 793 798 732 749 795 766 729 707 791 749 800
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Appendix: Continued.

Chemical compositions of Ryoke granitoids (Ishihara and Chappell)

Sanagesan - Obara zone

61 62 63 64 65 66 67 68 69 70 71 72

66T125 66T105 66T121 66T109 66T153 65T67 65T66 65T9765T65 65T99 65T62 66T123
SiO2wt.% 71.56 68.18 7485 78.34 73.73 7472 7740 67.65 68.57 6948 7560 74.62
TiO2 0.32 0.27 0.19 0.05 0.10 0.16 0.06 0.49 0.46 0.44 0.14 0.10
Al203 14.26 15.46 1268 11.69 14.10 13.25 12.07 1494 1457 1451 1273 13.63
Fe203 2.69 2.73 2.12 0.77 1.53 2.05 1.25 412 4.08 3.95 1.60 1.21
(FeO) 242 2.46 1.91 0.69 1.38 1.85 1.13 3.71 3.67 3.56 1.44 1.09
MnO 0.04 0.07 0.08 0.03 0.06 0.04 0.03 0.08 0.09 0.09 0.02 0.02
MgO 0.41 0.66 0.41 0.13 0.21 0.27 0.11 1.28 1.41 1.03 0.18 0.15
CaO 3.63 2.37 1.35 1.00 1.64 1.55 1.18 3.89 3.88 3.52 1.62 1.06
Naz20 3.29 3.16 3.32 2.93 3.90 3.03 2.47 3.07 2.88 2.26 2.79 3.51
K20 2.96 5.95 4.61 4.40 4.39 4.58 4.91 341 3.18 3.76 4.72 5.41
P20s5 0.06 0.05 0.04 <0.01 <0.01 0.02 <0.01 0.09 0.09 0.07 <0.01 <0.01
S 0.02 0.02 0.01 0.01 0.01 0.01 <0.01 0.01 0.01 0.01 0.01 <0.01
H20+ 0.49 0.48 0.18 0.27 0.17 0.36 0.34 0.67 0.62 0.93 0.37 0.33
H20" -0.01 0.36 n.d. 0.26 n.d. n.d. n.d. 0.38 n.d. n.d. n.d. n.d.
CO2 n.d. 0.23 n.d. 0.01 n.d. n.d. n.d. 0.06 n.d. n.d. n.d. n.d.
Sum 99.71 99.97 99.83 99.88 99.84 100.03 99.82 100.15 99.8 100.04 99.78 100.04
Rb ppm 87 196 147 164 204 141 143 127 121 136 132 199
Cs 6.4 10.4 4.8 3.9 6.7 5.7 4.9 86 7.6 8.1 6.8 5.3
Sr 265 184 82 72 90 104 107 209 203 191 145 71
Ba 1220 1020 422 423 254 560 560 440 398 444 920 510
Zr 182 112 58 63 69 103 73 113 93 95 136 92
Hf 4.5 4.8 2.3 4.3 3.6 3.4 3.9 4.0 4.7 5.1 5 3.9
Nb 9.7 7.0 3.5 4.0 8 8.2 55 78 74 71 7 71
Ta 1.9 20 <14 3.7 26 <15 1.6 25 28 4.3 2.8 1.9
Y 25 32 17 25 37 15 21 31 29 26 22 34
La 48 15 16 8 17 34 22 25 25 23 52 34
Ce 93 37 28 26 33 75 47 54 51 48 98 68
\Y 3 32 5 2 6 10 <2 47 50 50 6 5
Cr 36 5 40 5 28 25 26 8 30 52 8 44
Co 8 11 4 4 7 <4 3 12 13 7 4 3
Ni 4 <1 3 <1 1 1 3 <1 2 5 2 3
Cu 3 <04 <03 <04 <04 <04 <04 <04 1 1 1 <04
Zn 47 46 24 19 31 42 28 54 54 53 32 26
Pb 16 31 25 30 31 25 24 23 24 28 23 24
Ga 17.1 15.8 11.6 12.1 16.1 14.4 13 16.1 15.8 14.5 14.9 16.9
Ge 1.2 1.6 1.3 1.3 1.7 1.1 1 1.5 14 1.8 1.4 1.5
As 1.2 <05 <05 <05 <05 <05 <05 06 <05 <05 08 <05
Se <0.1 0.2 0.1 0.1 0.2 <01 0.2 <041 0.3 0.3 <0.1 0.2
Mo 1.5 0.5 06 <02 <0.2 0.6 0.8 14 0.9 0.8 0.5 04
w <1.0 0.9 1.4 1.5 0.8 2.2 1.2 08 <11 <1.2 1.4 1.4
Sn 1.9 3.2 1.3 1.7 3.4 2 1.5 3.8 47 4.2 1.8 0.9
Cd 0.3 0.2 0.4 0.8 <0.2 0.3 <02 <02 <0.2 02 <02 <02
TI 0.7 1.2 0.8 14 1.4 0.7 1.1 08 1.0 1.1 1.1 1.3
Th 9.2 11.2 9.2 20.1 18.2 14.6 13.9 16.1 14.9 13.5 15.8 13.2
U 1.3 2.9 2.9 2.6 7.7 2.7 2.1 3.7 <05 1.7 1.9 2.1
A/CNK 1.19 0.97 0.98 1.03 1.00 1.04 1.05 0.95 0.96 1.02 1.01 1.01
NK/A 0.60 0.75 0.82 0.82 0.79 0.75 0.78 0.59 0.56 0.54 0.76 0.85
Fe203/MgO  6.58 4.13 5.19 5.75 7.23 7.65 11.31 3.21 2.90 3.82 8.76 8.29
Ga*10000/A 2.3 1.9 1.7 2.0 2.2 2.1 2.0 20 20 1.9 2.2 2.3
Rb/Sr 0.3 1.1 1.8 2.3 2.3 1.4 1.3 06 0.6 0.7 0.9 2.8
Sr/Y 10.6 5.8 4.8 2.9 2.4 6.9 5.1 6.7 7.0 7.3 6.6 2.1
Zr-1(°C) 784 743 703 716 714 752 729 741 729 739 773 738
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Seto zone
73 74 75 76 77 78 79 80 81

65T84 65T94 65792 65T90 65T89 65796 66T70 65T86 66T145
SiO2wt. % 7433 73.75 7471 7576 7522 7496 75.87 76.20 75.56
TiO2 0.20 0.18 0.18 0.1 0.16 0.14 0.09 0.10 0.09
Al203 13.00 13.23 1274 1245 1294 13.03 1280 1257 12.84
Fe20s3 2.05 1.89 2.04 1.45 1.64 1.62 1.20 1.35 1.20
(FeO) 1.85 1.70 1.84 1.31 1.48 1.46 1.08 1.22 1.08
MnO 0.05 0.06 0.08 0.07 0.05 0.05 0.06 0.05 0.05
MgO 0.39 0.39 0.41 0.22 0.30 0.35 0.20 0.25 0.23
CaO 1.89 1.57 1.31 0.79 1.37 1.41 1.09 1.10 1.21
Na20 2.70 3.47 3.43 3.68 2.98 3.09 3.17 3.08 3.40
K20 4.54 4.35 4.47 4.83 4.85 4,74 4.84 4.67 4.50
P20s 0.03 0.04 0.04 0.03 0.04 0.02 0.01 <0.01 <0.01
S 0.01 0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 0.02
H20+ 0.63 0.82 0.43 0.49 0.28 0.66 0.38 0.49 0.45
H20" n.d. 0.16 n.d. n.d. n.d. n.d. 0.24 n.d. 0.34
CO2 n.d. 0.05 n.d. n.d. n.d. n.d. 0.01 n.d. 0.04
Sum 99.82 99.96 99.84 99.86 99.83 100.06 99.96 99.85 99.91
Rb ppm 144 182 197 249 172 206 254 220 224
Cs 5.3 8.1 75 9.4 7.2 7.8 11.3 9.9 13.7
Sr 129 134 107 34 143 74 50 60 68
Ba 540 460 331 93 491 180 98 266 225
Zr 91 120 101 75 82 63 58 64 69
Hf 4 5.1 3.4 5.5 2.1 5.3 5.3 3.6 4.0
Nb 6.6 10.3 10 15.8 9 8.1 7.2 7.3 6.7
Ta 2.6 26 <15 3.8 1.2 3.5 3.3 4.8 2.7
Y 28 42 31 52 23 52 62 32 28
La 27 31 31 12 28 11 33 20 15
Ce 57 55 57 30 51 25 33 36 26
\Y 13 15 16 6 14 <2 4 6 2
Cr 28 3 14 95 38 11 25 31 2
Co 7 9 5 6 5 9 7 6 8
Ni 2 <1 1 3 3 3 3 5 1
Cu <04 <04 1 <04 1 1 <04 <04 1
Zn 35 39 43 29 31 35 29 30 28
Pb 22 30 29 40 26 41 44 33 33
Ga 14.2 14.8 141 15 13.8 14.2 13.6 12.9 13.4
Ge 1.7 1.5 15 2 15 1.7 1.7 1.8 2.1
As <04 <05 <05 <06 <05 <06 <06 <05 <05
Se 0.2 0.1 0.1 <01 <0.1 0.2 0.2 <01 0.1
Mo 0.6 0.2 0.3 0.5 1.9 0.5 0.5 06 <0.2
W <0.9 1.4 0.9 3.6 1.5 2.3 2.3 2.1 0.4
Sn 1.8 4.8 53 5.6 2.7 4.6 4.5 4.2 5.9
Cd <02 <02 <02 <02 <02 02 <0.2 0.3 <0.2
Tl 1 1.2 15 1.6 14 1.7 1.6 1.6 1.4
Th 12.9 22.6 19.5 27.6 17.9 18.3 20.4 23.6 15.8
U 1.1 2.8 3 7.1 3.8 2.7 6.8 5 7.2
A/CNK 1.02 1.00 0.99 0.97 1.02 1.02 1.03 1.04 1.01
NK/A 0.72 0.79 0.82 0.91 0.78 0.78 0.82 0.80 0.82
Fe203/ MgO  5.21 4.88 5.02 6.73 5.48 4.65 6.05 5.43 5.18
Ga*10000/A 2.1 2.1 2.1 2.3 2.0 2.1 2.0 1.9 2.0
Rb/Sr 1.1 1.4 1.8 7.3 1.2 2.8 5.1 3.7 3.3
SrlY 4.6 3.2 3.5 0.7 6.2 1.4 0.8 1.9 2.4
Zr-1(°C) 740 760 746 723 733 712 708 716 719
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