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Ultrabasic Rocks in the Eastern Part of the
Chugoku Zone, Japan®

By

Sacuro Ici** & Kikvo ABg***

Introduction

In the eastern part of the Chugoku zone, Japan, many ultrabasic rock masses
with various dimensions are intruded into Paleozoic formations and their metamor-
phosed equivalents. Although these rocks were summarized in a paper by “the
Research Group of Peridotite Intrusion” (1967), they have not been described in
detail. Generally they occur as the rather large masses in the non-metamorphic
or slightly metamorphic terrains, and as rather small masses in the higher grade
metamorphic in Tari district ; and they are remarkably serpentinized, and have a
little or no relicts of original minerals such as olivine and pyroxene. The purpose
of this study is, then, to discuss whether there are differences between these ultra-
basic rocks, based chiefly on their chemical characteristics, or not.

This study has been done as one of the investigation subjects by “the
Research Group of Peridotite Intrusion”. The expense of this study was partly
defrayed by the UMP (Upper Mantle Project) of the Science Council of Japan.
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Geologic Setting and Petrography

Distribution of the ultrabasic rocks in the eastern part of the Chugoku zone,
“Inner Zone of Southwest Japan”, is shown in Figure 1. The representative ultra-
basic rock masses in the region are those from Sekinomiya, Wakasa, Katsuyama,
Atetsu and Tari districts, as given in Figure 1, and most of them penetrate the
non-metamorphosed or slightly metamorphosed Paleozoic sediments, formed by
the Sangun regional metamorphism. However, the ultrabasic rocks in the northern
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Fig. 1  Distribution of ultrabasic rocks in the eastern part of the Chugoku zone,
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Ultrabasic Rocks in the Eastern Part of the Chugoku Zone, Japan (Ic1 & ABE)

part of Tari district occur as small masses in albite-spotted schists and phyllitic
rocks ; on the other hand, those in the southern part as large masses in non-meta-
morphosed Paleozoic sediments. The geologic map of this district is given in
Figure 2.

According to Research Group of Peridotite Intrusion (1967), the main types
of the ultrabasic rocks in the Sangun metamorphic belt, the metamorphic parts of
the Chugoku. zone, are harzburgite and dunite. In this region described here, the
rocks have nearly completely altered into serpentinite with chromitic spinel.
However, judging from roughly estimated modal compositions of the relict-minerals
such. as olivine, orthopyroxene and clinopyroxene, the rock species of the original
peridotite are likewise dunite and harzburgite, being accompanied by a small
amount of pyroxenite, lherzolite and wehrlite in some cases. The associated dikes
are gabbro and microdiorite.

The ultrabasic rocks occurring as small masses in the northern part of Tari
district have wholly been serpentinized without any relicts of the original peridotite,

excluding chromian spinels, and are not associated with any gabbroic rocks.

The Sekinomiya mass, the largest in the Chugoku zone, is intruded into the
Sangun metamorphic rocks of glaucophanitic facies derived from the Paleozoic
sediments (Ikeee and IaI1, unpublished), and is covered by Tertiary volcanics and
sediments. The mass is mainly composed of serpentinized dunite and harzburgite,
in which chromite deposits are sporadically found.

Several masses of Wakasa ultrabasic rocks occur separately in the metamor-
phic rocks of epidote amphibolite facies and are covered by Tertiary volcanics
(Miyakawa, 1961 ; Tottori-ken, 1966 ; Yamapa, Sakamoro and Uemura, unpub-
lished). In a certain mass, monomineralic vein of altered clinopyroxene, optical
properties of which are not able to be determined, with 2~5 cm in width, is found.
Some of serpentinites have been altered into colourless amphibole-bearing rocks
formed probably by thermal effect of intrusion of granitic rocks not yet exposed
around the serpentinite masses.

In Katsuyama district, the serpentinite masses with medium sizes, derived
mainly from dunite and harzburgite, are isolated each other and are intruded into
the low grade metamorohic rocks (Mrrsuno and Omori, 1963). Serpentinite from
Hokubo-cho contains not only olivine and orthopyroxene but also clinopyroxene as
relict-minerals of original peridotite, presumably lherzolite, and is accompanied
with altered clinopyroxenite ; that is exceptional in the Chugoku zone.

The serpentinite masses in Atetsu district penetrate the non-metamorphosed
Paleozoic sediments, and are injected by dikes of gabbroic rocks. The original
peridotites are also probably dunite and harzburgite.

In Tari district, as mentioned above, there are two types of the serpentinite
masses, namely small one in the northern part and large one in the southern part.
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Table 1

Mineral associations of serpentinites analyzed chemically, from the eastern Chugoku zone,
Numbers, 1—11 correspond to specimen numbers in Table 2.

Relict-
. mineral| ~. - Ortho- Clino- . Serpentine; Other (secondary) Other rock-facies
No. Locality \ Olivine (Fo%) pyroxene| pyroxene Spinel mineral minerals and associated rocks
Original rock
. (Chromite) P, B,V | Chlorite Talc—carbonate rock
1 Harzburgite | X (92) X Brown (m.s.) | (magnetite) Tremolite-bearing serpentinite
-—SEkiN§FomiyAbr-—rn—rn— f oo --—4———— ——— e
. (Chromite) Chlorite Quartz diorite dike. 1are
2 Dunite X 92) () P, V(B)| (Magnetite) Quartz albitite ’
Brown Carbonate, talc
. . V,P,B Dunite
3 Harzburgite | X oDl (X) Yellowish brown (m.s.) | Chlorite Clinopyroxenite vein
-— WAKASA |—-Vnennnon-- ---——+—«-—"-——+——————— |
(Hornfels of) Tremolitic amphipole | Gneissic :
4 Peridotite X (86) () ? ? (Magnetite) Chlorite| hornblende gabbro | dike ?
Brown Chlorite (Harzburgite)
5 [KATSUYAMA| Lherzolite X (90) X X v II'V ish b P, B,V | Carbonate Dunite
cliowisn brown (Magnetite) Clinopyroxenite
. Yel, brown P,V Talc
6 ATETSU Dunite X (95) (black—rim) (m.s. & d)| (Magnetite)
. Yel. brown P,V, B | (Magnetite) Diallage gabbro .
7 Harzburgite X 02| (X) (black-rim) (m.s,) | Carbonate Diorite-gabbro dike
Harzburgite
. Yel, brown P,V Talc .
8 (Dunite) (x) (black—rim) (m.s.) | (Magnetite) (I:,?erzohtc .
mopyroxenite
TARIL (1) ) Amphibole~bearing peridotite
Red-brown P,V Chlorite Amphibole rock ~
. Dunite X, C(7) (%) (Magnetite) Microdiorieeath
(black-rim) (m.s.) | (Anthophyllitic Lo cionue gabbro y -
amphibole) Riablilt?{gce gabbro dike
10 Eﬁlacklﬁfg? vV, P Chlorite
—— TARI (1) (Peridotite) Carbonate
Red-brown tit
1 (black—rim) P,V (Magnetite)
X! Illustrates existence only P: Prismatic (m.s.)! Mesh structure
C: Cleavable olivine B: Bastitic d: Decussate structure
Fo% : Determined by X-ray powder method (after Yoder & Sahama, 1957) V: Vein
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Ultrabasic Rocks in the Eastern Part of the Chugoku Zone, Japan (Ici & ABE)

The masses in the southern part are composed of serpentinites derived from
dunite and harzburgite, rarely from pyroxenite, judging from their relict minerals.
Some of the masses, however, are of anthophyllite- or tremolitic colourless amphi-
bole-bearing serpentinite altered by the thermal effects of the late Mesozoic
granitic intrusions. Chromite deposits are also found in the large masses and are
now worked at the well-known chrome-mines of Japan, such as the Hirose and
Wakamatsu mines.

The mineral association and petrography of the representative ultrabasic
rocks analyzed chemically are summarized in Table 1.

Petrochemistry

Eleven specimens of the serpentinized ultrabasic rocks are selected from the
representative masses mentioned above, for chemical analysis.

The results are shown in Table 2. Calculated MgO : FeO + Fe,O, x 0.9
ratios varying from 3.9 to 6.9 are also given in it. Two specimens of Nos. 4 and
5 are of amphibole-bearing metamorphosed peridotite and of serpentinized lherzo-

Table 2 Chemical compositions of serpentinites from the eastern

Chugoku zone, Analyst : Kikuo ABE
1 2 3 4 5 6 7 8 9 10 11

SiO, 39.59| 37.80| 33.83 44.31] 39.21| 37.56| 39.32| 35.65] 35.62 39.22 41.45
TiO, 0.05 0.06] 0.07/ 0.09 0.10/ 0.05 0.05 0.05 0.05 0.07] 0.07
AlLO, 1.64] 1.11] 0.43] 1.62] 1.34/ 0.81 1.00] 1.26] 0.83] 1.13] 1.55
Fe,O, 4.73| 5.53| 8.49] 3.36| 6.24 5.14] 4.43 7.31] 6.68 7.53] 4.92
FeO 2.81 1.81f 1.60| 5.53 3.02 1.77 1.58 1.07| 1..02] 1.62| 3.21
MnO o.100 0.11} 0.21] 0.30] 0.22 0.19, 0.18 0.11] 0.12 0.14] 0.09

MgO 38.15| 38.57| 40.21] 83.49| 35.71 39.75 38.51) 38.32) 41.93] 35.15 36.02

CaO 0.74] 0.49] 0.04] 5.69] 3.30] 0.04 0.04 0.02| 0.02] 0.03 0.06
Na,O 0.13] 0.46] 0.12 0.21] 0.30 0.20] 0.28/ 0.06] 0.01] 0.05 0.02
K,0 0.01) 0.03 0.01] 0.02 0.02 0.01] 0.02 0.05 0.04 0.04 0.05
P,0O; 0.01} 0.01| o0.01] 0.01] 0.01 01l 0.01] o0.01

H,O(+) 10.39) 11.93| 13.19| 4.49) 8.99] 12.59| 12.95 13.41| 11.38| 11.54| 11.44
H,O(—) 0.90 0.85] 0.93] 0.23 0.74 0.92 0.90 1.63 1.78] 2.41] 0.62
Cr,O, 0.33 0.39] 0.28/ 0.15 0.36 0.33 0.29| 0.61] 0.19] 0.95 0.50
C <0.01] 0.02 <0.01] 0.01 <0.01] <0.01} <0.01

Co, 0.31] 0.88 0.43] 0.01] 0.41] 0.48 0.32

Total 99.89| 100.05| 99.90| 99.52| 99.97| 99.85| 99.88| 99.56| 99.67| 99.88| 100.00

Mgo

FeOFe,0, X0.9 5.40| 5.68 4.33 3.92] 4.13) 6.21) 6.91] 5.00 5.96] 4.18 4.71

1. Sekinomiya-cho, Yabu-gun, Hyogo Prefecture (U67-8) 9. Nichinan-cho, Hino-gun, Tottori Prefecture
2. Sekinomiya-cho, Yabu-gun, Hyogo Prefecture (U57-3) (Hiro-12)

3. Wakasa-cho, Yazu-gun, Tottori Prefecture (UC-37) 10. Nichinan-cho, Hino-gun, Tottori Prefecture
4. Wakasa-cho, Yazu-gun, Tottori Prefecture (UC-35) (T60-168)--- In phyllite

5. Hokubo-cho, Jobo-gun, Okayama Prefecture (Y¥63-114) 11. Nichinan-cho, Hino-gun, Tottori Prefecture
6. Niimi-cho, Atetsu-gun, Okayama Prefecture (U65-9) (T60-100)--- In spotted schist

7. Shingo-cho, Atetsu-gun, Okayama Prefecture (U66-2)

8. Nichinan-cho, Hino-gun, Tottori Prefecture (T60-69)
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Table 3 Minor elements (ppm) in serpentinites from Tari
district by means of JACO Ebert 3.4 m Stigmatic
grating spectrograph (second order).

Numbers, 8—11 correspond to those in Table 2.

Analyst : Kiyoshi Takahashi

No. 8 9 10 11
B 35 50 60 20
Ba <25 <25 <25 <25
Co 45 60 70 65
Cr 1200 4000 6000 3500
Cu 30 40 90 100
Ga 8 12 12 18
Mn 900 800 1100 700
Ni 800 1800 2300 2500
Sc 35 50 60 45
Sr <25 <25 <25 <25
\4 <10 15 <10 20

lite respectively, and both of these rocks have different mineralogical characteris-
tics from other rocks. Two specimens of last numbers, 10 and 11, are of wholly
serpentinized rocks with small dimensions from the northern part of Tari district,
and they were added for comparison with the rocks of large masses.

Chemical analyses of minor elements of ultrabasic rocks only from Tari
district are performed by means of JACO Ebert 3.4 m Stigmatic grating spectro-
graph (Second order), and the results are shown in Table 3.
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Fig. 3 Diagram showing Mg : 3 Fe ratios (molecular ratio), recalculated from
chemical analyses of serpentinites (after Hess, 1938), Specimen numbers

correspond to those in Table 2,
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Recalculated Mg : X Fe (molecular ratio) are shown in Figure 3. They are
all over 7.0. This fact indicates that these ultrabasic rocks belong to the alpine
types (ultramafic magma series) after Hess (1938).

The relations between MgO : total FeO ratio (wt. %) and various oxides
are shown in Figure 4. Values of most oxides, excepting those of MgO, decrease
or are kept constant with increasing of MgO : total FeO ratio. The tendency
which values of some oxides are kept constant, does not precisely correspond with
anyone of rock-series, such as lherzolite, wehrlite, etc., of the mafic and ultra-
mafic nodules in basaltic rocks of Hawaii, given by Kuno (1968). It may be of
the reason that the ultrabasic rocks described in this paper belong to series of
harzburgite and dunite type (Research Group of Peridotite Intrusion, 1967), not
yet found in these nodules.
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Fig. 4 Variation diagram representing the relations between MgO/total FeO ratio and
various oxides. Open circles indicate serpentinites in the spotted schist and
phyllite from the northern part of Tari district ; solid circles, from other districts.
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Fig. 5 Relation between MgO/total FeO ratio and forsterite molecular proportion.
Numbers for open circles, 1—9, correspond to those in Tables 1 and 2.
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Figure 5 represents the relations between MgO :  total FeO ratio and Fo-
molecular proportion of olivine, determined by X-ray powder method after
Yoper and Sanama (1957), from olivine relict-bearing serpentinites, as already
given in Table 1. Of these olivines determined here, the “cleavable olivines”
(Kuropa and SmiMoDA, 1967) are not contained.

It is very difficult to interpret the meaning of the interrelation between
variations of the minor elements plotted against MgO : total FeO ratio, as shown
in Figure 6.

50008 (\

1000

Mg0o
T esoron

Fig., 6 Relation between MgO/total FeO ratio and minor elements,
Specimen numbers, 8 —11 correspond to those in Table 3.

MgO — 2 (FeO+Fe,O5) — 5 CaO diagram, as given in “Ultrabasic rocks in
Japan” (1967), is shown in Figure 7. Excepting special cases of Nos. 4 and 5, the
points calculated from Table 2, are plotted in the same fields of “Sangun-Maizuru”,
as given in the paper (Figure 3).

Condition of Serpentinite Emplacement

A triangular diagram representing the relations between enstatite, talc, ser-
pentine and olivine in the system MgO — SiO, — H,O is shown in Figure 8.
Ultrabasic rocks analyses from this region, recalculated to molecular percent, are
plotted on the diagram. Most of the points plotted are concentrated around the
site of the ideal serpentine, excepting special case of No. 4, We cannot see the
difference, in this diagram, between serpentines of large masses in slightly or
non-metamorphosed rocks and those of small masses in the higher grade metamor-
phic rocks.
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2(FeQ1Fe;03)
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5Ca0 MgO

Fig. 7 MgO—2(FeO+Fe,O,) — 5 CaO diagram on serpentinites, after Research
Group of Peridotite Intrusion (1967). Specimen numbers for plotted
points, 1—11 correspond to those in Table 2,

H20

BRUCITE
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Fig. 8 Triangular diagram representing the relation between enstatite, talc,
serpentine and olivine in the system MgO—SiO,—H;O from
chemical compositions of serpentinized ultrabasic rocks,
Specimen numbers for plotted points, 1—12 corrrespond to those in Table 2,

According to Mivasuiro (1966), serpentinite in non-glaucophanitic metamor-
phic terrains tends to be higher in the FeO : Fe;O, ratio than those in glaucophanitic
metamorphic terrains ; and the latter in turn tends to be higher in the same ratio
than those in non-metamorphic terrains, Figure 9 is the same diagram as given in
MivASHIRO’S paper, representing the relation of FeO and Fe;O, contents (wt.
%) of serpentinites from this region, The plotted points are disseminated on the
field, drawed by present authors, which roughly coincide with those of rocks from
glaucophanitic or non-metamorphic terrains after MivasuRo, around or under
magnetite line, denoting Fe;O,.
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Fig, 10 X-ray powder chart of serpentine mineral of serpentinite (T60-100) in

spotted schist from Tari district (20CuKea),

Peaks marked with open circles fairly consistent with the characteristic
(bkl) reflections on antigorite from Kochi city, after Hayashi’s unpub-
lished research (by kindly personal communication) based on Whitta-
ker and Zussman (1956 & 1958).
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Besides, according to Coreman (1966), who studied the New Zealand ultra-
mafic rocks, X-ray studies of serpentine minerals reveal that ortho- and clinochry-
sotile predominate in the highly sheared serpentinites and lizardite is more common
to the massive serpentinites ; antigorite is the stable serpentine polymorph in the
regionally metamorphosed serpentinites within Alpine schist or in restricted areas
of high stress in the Great Ultramafic Belts. Havasur (1968) also states that
lizardite serpentinite is formed under the condition of higher oxygen pressure
than antigorite serpentinite, namely when FeO: Fe,O; ratio is lower, lizardite
serpentine crystallizes ; when FeO : Fe,O, ratio is higher, antigorite serpentine.

Only one specimen of serpentine mineral of serpentinite(T60~—100) in spotted
schist from Tari district has been prepared for experiment of X-ray diffraction.
The X-ray diffractogram is shown in Figure 10. And the serpentine mineral is
identified as antigorite. This fact suggests that serpentinite in the spotted schist
might have emplaced during regional metamorphism and have been formed under
the condition which oxygen pressure was not so higher.

Congclusion

Most of the serpentinized ultrabasic rocks from the eastern part of the
Chugoku zone may originally be dunite and harzburgite, judging from their relict
minerals. However, it is very regrettable that the differences between the small
mass in higher grade metamorphosed rocks and the larger one in low grade or
non-metamorphosed Paleozoic sediments are not able to be pointed out, petrologi-
cally or mineralogically, and also petrochemically, because of their strong serpentini-
zation.

The research on the condition of serpentinite emplacement and serpentinization,

based on oxygen pressure or serpentine polymorph, has not been done enough.-----.
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