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Introduction

The writer published the following two views concerning basaltic magma in
1932. (1) There are two types of basaltic magma: basaltic parental magma of the
alkaline rock series and a basaltic parental magma of calcalkaline rock series. (2)
Of these two types, the first is considered primordial or original magma. This is
juvenile magma, while the second is a secondary magma produced under the
cffect of sialic substances which constitute xenoliths of sedimentary origin and the
walls of reservoirs in the circum-Pacific tectonic zone (Tomrta, 1932).

After having advocated the above hypothesis, the writer has been striving for
years to verify and express it distinctly. Meanwhile, foreign geologists who enter-
tain the same view have increased in number (RirtmanN, 1936; BarTH, 1939;
WALKER and POLDERVAART, 1949; MacpoNALD, 1949). However, this view is still
hypothetical and is not conclusive enough to be supported by many geologists, and
there are a number of geologists who oppose the hypothesis. Nevertheless, in the
writer’s opinion, this is an important petrographic and geologic problem which
must be solved. The importance of the problem should not be denied on the ground
that it cannot be solved at present. We should make a concerted effort toward its
satisfactory solution.

At present, the writer is at a disadvantage, because he lost in the war specimens
collected in Eastern Asia, their sections, field-books, unclassified materials, un-
published geologic maps, field photographs, and sketches. It has been absolutely
impossible for the writer to carry out the research he had planned.

The writer is very dissatisfied, feeling that he is obliged to write the present
paper under such circumstances. Nevertheless, it may not be useless to prepare a
paper on the basis of knowledge which he still retains in his mind. It is hoped that
this paper may be of help to future investigators.

The present paper consists of the following three parts: (I) volcanic geology,
(IT) rock-forming minerals, and (III) petrogenesis. In Part I, Cenozoic volcanic
activities in North China, Manchuria, the circum-Japan Sea region, and the inner
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zone of southwestern Japan are correlated, and their volcanological characteristics
are discussed. In Part II, the natural history of rock-forming minerals of the Cen-
ozoic alkaline petrographic province of Eastern Asia is described. In Part III, the
classification of the evolution types of olivine-basaltic magma is attempted, and the
mode of magmatic differentiation is made clear. In addition, a mechanism of for-
mation of special rocks is discussed.

The writer’s thanks are due to Prof. Tateiwa for his assistance on the detailed
geology of Korea.

1. History of Research and Problems

According to Dr. Kotd, the petrographic province of Eastern Asia (1915), or the
Eastern Asiatic petrographic province (1916) is the region where Cenozoic basalts
are distributed in Eastern Asia. Basalt distribution centers around Korea, Man-
churia and Mongolia, and extends to Siberia and the coastal districts of South-
eastern China. KoT0 thinks that the southern margin of this petrogaphic province
reaches the inner zone of Japan and he plotted the southern boundary on a map.

On the other hand, since 1905, with the progress of geologic surveys in Cheju-do
and Ulling-do in Korea and in Matsushima, Kakarajima and the Oki Islands in
Japan, it has been discovered that alkaline volcanic rocks are distributed on these
islands. All these rocks belong to the Cenozoic. Hereupon, a doubt arose as to
whether the region bordering on the Sea of Japan including southwestern Japan
and the Korean peninsula was to be included in the alkaline petrographic province.
This was around 1910.

In those days A. HARKER’s (1896, 1909) view of the Atlantic suite and the
Pacific suite was dominant. Immediately after his publication of a map showing
the distribution of the suites the alkaline petrographic province came to be ques-
tioned in Japan. Therefore, it was extremely important to describe in detail and
publish the lithologic character of the alkaline rocks discovered in the petrographic
province in question. The achievements of Dr. Kozu (1911, 1912, 1913; Kozu
and SETo, 1926) who singlehandedly carried out the research on these rocks are
really meritorious. A report on the feldspathoid volcanic rocks from Ulliing-do
presented by Dr. Tsusor (1920), further confirmed the peculiarities of the petro-
graphic province in question. The localities which had been known up to that
time were mostly insignificant volcanic islands, and the quantity of alkaline
volcanic rocks was very small. As to their origin, most geologists seemed to believe
that DaLy’s theory (1910, 1918) was applicable, that is, alkaline rocks are produced
in small quantities as a heteropic facies of differentiation of basaltic magma.

However, the discovery of an enormous amount of alkaline rocks (trachyte or
rhyolite) in the Kilchu—Myodngch’6n district, Hamgydngpukto, Korea, (Yama-
NARI, 1925) not only confirmed the circum-Japan Sea alkaline petrographic prov-
ince but also furnished us with important problems on petrogenesis: (1) Alkaline
effusive rocks from the circum-Japan Sea alkaline petrographic province may
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possibly have been derived from basaltic magma as a result of crystallization dif-
ferentiation, that is, as a result of crystallization differentiation of basaltic magma.
Alkali-trachytes and alkali-rhyolites may have been produced, and on the other
hand, feldspathoid effusive rocks such as nepheline-bearing and leucite-bearing
rocks and limburgite may have also been produced. (2) The above mentioned
basaltic magma may be essentially different from basaltic magma (represented by
miharaite) which is considered the parental magma of andesites of the Japanese
type. Though both are called basaltic magma, when examined in detail there may
be at least two kinds of basaltic magma, one of the alkaline rock series and the
other calc-alkaline rock series. (3) The difference in the period of activity between
the basaltic magma of the alkaline rock series and the basaltic magma of the calc-
alkaline rock series may have been caused by different geologic environments
(geotectonics and crustal movements) or other factors.

In order to try to solve these problems, it was necessary (1) to confirm whether
the explanation of genesis based on crystallization differentiation of the alkaline
effusive rocks from the circum-Japan Sea alkaline petrographic province is proper or
not; and (2) to clarify whether the basalts from KoTd’s Eastern Asiatic petrograph-
ic province are different from those of the Japanese type, and to attempt geologic
comparison between the petrographic province in question and the petrographic
province of Japan.

Intending to solve these problems, the writer began to study Dogo in the Oki
Islands. In his first report (1922-1932) he disclosed the following points: (1)
through the evolution of feldspar, olivine, alkali-augite, and alkali-hornblende,
volcanic rocks such as alkali-trachyte and alkali-rhyolite were doubtless derived
from olivine-basaltic magma through crystallization differentiation; (2) two-
pyroxene andesites found in the same place as alkaline rocks differ from alkaline
rocks in age of effusion—effused prior to alkaline rocks—and in their parental
magma; (3) the parental magma of andesites of the Japanese type is siliceous
basaltic magma, as the parental magma of the alkaline volcanic rock series is
olivine-basaltic magma and the parental magma of the calc-alkaline volcanic rock
series is siliceous basaltic magma; (4) the parental magma of all volcanic rocks has
the nature of basalt belonging to the alkaline rock series. The parental magma of
the calc-alkaline series was produced as a result of parental magma being contam-
inated by xenoliths of sedimentary origin (alumina and quartz); (5) opportunities
of capturing xenolith are given by crustal movements; zones of orogenic folding are
subject to disturbance of the earth’s crust; therefore, the parental magma of the
calc-alkaline rock series is likely to form; (6) basalts which represents Kotd’s petro-
graphic province of Eastern Asia belong to the same series as basalts of the circum-
Japan Sea alkaline petrographic province. Consequently, the petrographic prov-
ince of Eastern Asia may be called the Cenozoic alkaline petrographic province
of Eastern Asia. In other words, the circum-Japan Sea alkaline petrographic prov-
ince is included in the Cenozoic alkaline petrographic province of Eastern Asia
and is a region where centers of magmatic differentiation are densely concentrated.
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In spite of these conclusions, many problems remain unsolved. Further geologic
and chemical studies will be required to explain the genesis of geologic phenomena
such as (4) and (5) mentioned above. The problem of the true nature of magma
cannot be clarified unless it is pursued not only from the viewpoint of mineral con-
stitution but also chemically and quantitatively. The results of the writer’s system-
atic study in these lines were published in a series (1935, 1936A; Tomrta and
Sakal, 1938). Alkaline rocks from various places in the circum-Japan Sea alkaline
petrographic province have been reported, though fragmentally, by other geol-
ogists.

Now, let us turn to the eastern Asiatic continent. Alkaline rocks from the continent
reported up to about 1933 were as follows: Nepheline basalt (Koro, 1912) from
Ying-e-men, Ch’ing-yiian-hsien, Feng-t’ien Province; olivine gray pseudo-basalt
and limburgite (Lacroix, 1928, 1919) from Manchuria, Jeho, Mongolia, and Shan-
tung; and barkevikite and monchiquite (Ocura, 1933) from Feng-t’ien and Kuan-
tung Provinces. However, the writer predicted that still more alkaline rock local-
ities would be discovered (1935, p. 298). A new locality at that time was where a
leucitic rock had been found in Wu-ta-lien-ch’ih volcano. After that, surveys were
made of the volcanoes in Manchuria, and it was found that the basalts in Man-
churia belong to the alkaline rock series. In addition, leucite basalt was reported
from Erh-k’o-shan in Lung-chiang Province (Ocura and Marsumoro, 1939) and
Ch’i-hsing-shan (OcurA, SawaTarI and Muravama, 1939) extending from Feng-
t’ien Province to South Hsing-an Province. Quite recently HarumoTo (1949A)
disclosed that the basalts in Hsi-hsia-hsien, Shan-tung Province, are all nepheline
basalt.

Moreover, in southwestern Japan, Harumoro (1949B) discovered that melilite
basalt occurs in the vicinity of Nagahama, Shimane Prefecture (famous as a
locality of nepheline basalt).

With the progress of the studies described above many rock types were dis-
covered. At present, in the Cenozoic alkaline petrographic province, a variety of
petrographic types ranging from acidic dike rocks such as paisanite and groru-
dite to the so-called typical alkaline volcanic rocks such as leucite basalt, nepheline
basalt and melilite occurs. But it must be emphasized that the problems of the
petrographic province do not differ at all from those which the writer considered
at the time he set about to study the province. (1) Many rock types were produced
by differentiation of the olivine-basaltic parental magma. What is the process of
differentiation ? (2) What is the geologic age of magmatic activity in the Cenozoic
alkaline petrographic province of Eastern Asia and how has the activity changed ?
(3) Of what type was the magmatic activity in the Cenozoic calc-alkaline petro-
graphic province of Japan which occurred at the same time as the activity in
Eastern Asia? (4) What is the genetic relation between olivine-basaltic magma,
which the writer assumes to be one of the parental magmas of igneous rocks, and
siliceous basaltic magma of the Japanese type (the writer’s Mihara magma), which
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the writer provisionally considers to have been produced secondarily from olivine-
basaltic magma (mostly by assimilating “‘sial”” substance) ?

2. Outline of Volcanic Geology

The Cenozoic alkaline petrographic province of Eastern Asia is very extensive.
In order to comprehend its extent, its geographic distribution will be described,
without regard to geologic age. The castern margin of the province is the marginal
part (or the continental shelf) of the castern Asiatic continent. In northeastern and
central Japan, the margin of the province seems to barely touch the coastal dis-
tricts of the Japan Sea (in Hokkaidd and Sakhalin). In the Chogoku district (Oka-
yama, Hiroshima, Yamaguchi, Tottori and Shimane Prefectures) and northern
Kyfishii, the margin penetrates deep into the Japanese islands and reaches the
so-called Median Tectonic Line. Islands on the continental shelf include the
following: the Oki Islands, Takeshima, Ulling-do, and small islands belonging
to the San’in district in the Japan Sea; Ikishima, Kakarajima, Matsushima,
and Madarashima on both sides of the Iki Strait; Goto and Cheju-do west of
the above islands; the southern islands, in the region extending from the northern
end of Taiwan to P’eng-hu-Tao; farther south, the region including the northern
part of Hainan Island and the Lei-chou Peninsula; and Wei-chou Island (Yacr,
1949)Y situated west of the above region. The northern half of the Korean penin-
sula exhibits the characteristics of the alkaline petrographic province. The Soviet
Maritime Province is also considered to belong to the alkaline petrographic prov-
ince. It is beyond question that North and South Manchuria, the Mongolian
plateau, and Jcho belong to the same province. This petrographic province ex-
tends probably as far as Siberia and is contiguous with the area of the arctic basalt
described by Worrr (1914).

In the Japanese Islands, there is a volcanic zone lying along the island arc (a)
and another volcanic zone crossing the island arc (b). Arc ais divided into the outer
volcanic zone and the inner volcanic zone. Petrographically, the outer volcanic
zone generally belongs to the pyroxene andesite series and the inner volcanic zone
to the hornblende andesite series (sometimes accompanied by biotite). Arc b is
represented by the Fuji and Norikura volcanic zones. In these volcanic zones, the
pyroxene andesite series occurs near the Pacific and the hornblende andesite series
near the Japan Sea —the side relatively near the continent. The volcanic zones,
which parallel each other and extend north and south, constitute a volcanic zone
on the west Pacific side in the circum-Pacific andesite zone.?

However, an olivine-basaltic region—in other words, the Cenozoic alkaline
petrographic province encompasses a great area closer to the continent than the

1 In Tung-ching Bay; 21°N, 109°E.
2) The relation between an active volcanic zone and a deep-focus earthquake plane (thrust
plane) is very important, but is not discussed in this paper.
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inner volcanic zone, which is represented by the above-mentioned hornblende
andesite series.

In southeastern Asia also, this distribution is remarkable. There is an outer
pyroxene andesite zone and an inner hornblende andesite zone in the andesite
zone in Java and Sumatra. Indochina and Borneo, which correspond to a more
continental part as compared with the Java—Sumatra arc, belong to a region
where olivine basalt—alkaline volcanic rocks—occur. Lacroix (1933) compared
the Cenozoic basalts from Indochina with those from Manchuria, Jeho, Mongolia,
and Shantung.

As mentioned in the beginning of this chapter, the above description was made
without regard to geologic changes. The present condition, however, is the result
of innumerable changes which occurred from the beginning of the Tertiary to the
present. The changes of the petrographic province which took place in the inner
zone of southwestern Japan are particularly noteworthy. It is no exaggeration to
say that it is impossible to discuss the problem of parental magma without knowing
of such changes.

As mentioned above, the Cenozoic alkaline petrographic province of Eastern
Asia occupies a very extensive region, the greater part of which has been a conti-
nent since the Mesozoic; the Tertiary formation is lacking in many cases. It was
found that the circum-Japan Sea alkaline petrographic province (one of the sub-
petrographic provinces of the Cenozoic alkaline petrographic province of Eastern
Asia) is the most suitable region for the study of geologic disturbances. However,
the changes throughout the Cenozoic cannot be revealed just on the basis of the
data of'this sub-petrographic province. In order to fully clarify the mode of changes,
comparative study is necessary, and the significance of each region must be clari-
fied.

Table | shows a tentative correlation of cach typical region. This table is not
conclusive but is published for reference and also as a foundation on which studies
in this line can be made easier in the future.

Any one who examines this table will notice many interesting facts about
volcanic geology and petrogenesis in the petrographic province in question. For
convenience’ sake, the volcanological history is divided into seven periods, and the
principal characteristics of each period will be described, in the sequence of older
to younger.

(1) The first period of volcanic activity (Paleogene to earliest Miocene)

Volcanic activity in the Paleogene has not been clarified at all except in the
vicinity of Fu-shun in South Manchuria, the Mongolian plateau, and the vicinity
of Fan-chih in Shan-hsi Province. These three areas are characterized by basaltic
activity.

In Fu-shun and Fan-chih the basaltic lava flows are intercalated by black shale
beds, which yield fossil plants. The fossils had been considered (particularly by
Chinese geologists) Oligocene, but, according to Expd (1931), they belong to
Upper Eocene. The basalt from Fu-shun is called kokuhangan (black porphyry) by
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some Japanese geologists, but it is unnecessary to use such a special name. From
this basalt, Dr. Sucr (1940) discovered a plagioclase, the optic axis of which is
abnormally small, and he explained that the optical abnormality is caused by
twinning. Plagioclase-like feldspar with a similar optical abnormality is frequently
found in the groundmass of basalts effused after the last period of Miocene in the
Cenozoic alkaline petrographic province of Eastern Asia. The writer (1931A) has
called it “potash andesine.” As is evident from the name, the writer attributed the
optical abnormality to molecules of potash feldspar which are more abundant than
in common plagioclase (ncutral feldspar). Potash andesine is a metastable feldspar,
and it was thought that such a metastable type was produced because a homogene-
ous crystal could not be formed as it was too rich in potash feldspar to crystallize as
plagioclase. Even now the writer has not given up this idea. MAcDONALD (1942)
discovered in basalt from Hawaii a feldspar which closely resembles the writer’s
potash andesine in optical property and mode of occurrence (it seems to be the
anemousite inferred by BartH, 1930) ; thus supporting the writer’s view concern-
ing the cause of optical abnormality, MacDONALD named it “potash-oligoclase.”
In short, potash andesine and potash-oligoclase are quite different from the ab-
normal feldspar which was described by Dr. Sucr. Basalt that contains these
minerals in its ground mass is rich in potassium (sometimes it is associated with
anorthoclase, but not always) and belongs to a very basaltic type. This is a charac-
teristic of basalts of the Cenozoic alkaline petrographic province. This is note-
worthy not only for rescarchers of these rocks but also, taking into consideration
that it is present in basalt of the Inner Pacific Ocean, for those studying the evolu-
tion of feldspar.

Basalt of the Mongolian plateau is one of the so-called plateau basalts. The
basalt forms lava flows several hundred meters thick, consisting of many lava
sheets. These thickly accumulated lava flows may not have been effused in the
same age. Actually, north of Ta-t’ung, there are volcanic cones similar to the Ta-
t'ung volcano group (Late Pleistocene). It is beyond doubt that the basaltic
lava flows effused from the volcanoes of this age overlic the Paleogene lava
flows. However, the Pleistocene lavas are not very abundant, so it is not a great
mistake to consider most of the basaltic lava flows in the Mongolian plateau
Paleogene.

The basaltic lava flow found in the vicinity of Fan-chih in Shanhsi Province is
composed of many sheets and is intercalated by black shale, which yields fossil
plants. The genera and species of the fossil plants are the same as those from Fu-
shun. Therefore, Chinese geologists consider them the same age.

The chemical composition of the basalt from the Mongolian plateau is quoted
from Lacroix’s report (1928, p. 48) and is shown in Table 2. In this table’s notes
the petrographic name adopted by Lacroix is shown. However, it is more reason-
able to call it analcite olivine-basalt than ‘basanitoid.”® Mongolian basalt is

3) A basalt which is chemically basanite but does not contain nepheline (i.e. a basalt in which
ne is calculated in the norm but is not contained in mode) is called basanitoid by Lacroix. His
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generally rich not only in analcite but also in other zeolites. In parts of the lava
flows, the lava is highly porous or amygdaloidal. In such a rock type abundant
zeolite is macroscopically noticeable and sometimes well-formed crystals of natro-
lite are found. Some rock types have fine veins of zeolite. Even in a rock type in
which zeolite cannot be easily detected with the naked eye, zeolite filling the inter-
stices is usually discernable under a microscope.? If we re-examine Table 2 with
this knowledge, we shall notice that in the rock type which contains more than the
norm amount of ne, the amount of H,O associated with Na,O increases. By this
fact it is understood that norm ze is attributable to analcite and natrolite. The pres-
ence of a fair amount of analcite basalt in the basalts of the first period of volcanic
activity described in this chapter is not limited to the Mongolian plateau basalt
but is found universally throughout the entire petrographic province. Since this
fact is significant volcanologically, it is especially noteworthy. Examples will be
cited below.

The Yongdong alkaline basalts in the Kilchu—Myongch’6n district, Hamg-
yong-pukto, Korea—These basalts form a thick layer of lava flows. Though their
relation to the overlying P’yongnyuk-tong beds is an erosional unconformity, the
longer lava flow, 1,000 m thick, extends over 50 km and disappears where cut by a
fault. The other flow is also cut by a fault or sinks into the ground. Its extent is
therefore unknown, but judging from the above figures, it may be thought a huge
lava sheet. Several places in this lava flow are agglomeratic; hence it is known that
there were many effusion centers. It was probably a large volcano of the Hawaiian
type in the earliest stage of the Miocene. A rock type (effusive rock type in the rel-
atively early period) in this basaltic lava flow is analcite basalt (Tomrra, 1933B),
and samples containing macroscopic well-formed crystals of analcite can be col-
lected in some localities. However, as a matter of course, the Yongdong alkaline
basalt is not entirely composed of analcite basalt. Generally speaking, it is olivine-
trachybasalt having many olivine phenocrysts; chemically speaking, one of its
characteristics is that it is rich in potassium. Its chemical composition is shown in
Table 3.

The Oil basalts associated with the Oil beds in the Yongil area are also olivine
basalt, but their lithologic character has not been ascertained. Though both are
altered, the original Shimonagu basalt developed on the west coast of D6go in the
Oki Islands and the Higashiyama basalt on the south side of Lake Shinji are in-
ferred to be undoubtedly olivine-basalt from the presence of pseudomorphs. In the

calculation of ne is based on the fact that the ground mass is rich in ne or that the Carnegie mole-
cule is contained in plagioclase (that is, anemousite). The writer does not agree with his opinion
on anemousite. (Tomrta, 1933A, P. 26).

4 Besides zeolite, chalcedony is found in the pores of these rocks. With respect to zeolite, there
is the following literature: Matsuzawa, 1., 1940, On the natrolite from the vicinity of Shen-wei-
t’ai, Inner Mongolia: Bull. Orient. Archaeol., Ser. B, v. 2, ‘Mongolian Plateau’, P. 29-31.

It is said that the basalts in this region are accompanied by trachyandesite and trachyte.
(Matsuzawa, 1., and Iwao, S., A geological study of several rocks developed in the Mongolian
Plateau, ibid., p. 1-28.)
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Shimonagu basalt there are large and small pores, which are filled with zeolites and
green carth; the zeolites, analcite, natrolite, and chabazite are distinguishable
(Tomrra, 1926, 1931B).

The basalt which has suffered thermal metamorphism by the Takayama gabbro
in Yamaguchi Prefecture is considered to be of the same age, that is, of the first
period of volcanic activity. A geologist who studied this thermal-metamorphosed
basalt supposed that this basalt was the same age as the Takayama gabbro (No-
Jima, 1941). However, as a problem on an extensive geologic phenomenon such as
volcanic activity, it may be reasonable to choose a correlation common to an ex-
tensive region.

It is thought that there was a time lag between the active period of the Mongolian
platecau and that of the regions cast of it. That is, Mongolian basalt was effused in
the early Oligocene (or in the beginning of Locene), but the effusion occurred in
the end of the earliest period of Miocene in the Yongil area in South Korea and in
the San’in district, Japan. In the Kilchu-—Myongch’on area, the active period
was between the above two activities, that is, in the beginning of the earliest Mio-
cene (or beginning in the end of the Oligocenc).

It is very interesting that in Japan the activity in the carliest Miocene is repre-
sented by the calc-alkaline rocks (pyroxene andesites and rhyolites), while there
was no activity of those rocks in the region extending from the Kilchu—Myong-
ch’on district to the continent. The only exception is the Yongil arca which belongs
to the petrographic province of the Japanese type. This remarkable contrast did
not appear in the Tertiary but had existed from the Cretaceous (though the extent
of the petrographic province was somewhat different).

The next problem which is worthy of notice is that of the Miocene alkaline
rocks in the Fossa Magna zone in the central part of Japan. In the writer’s opinion,
the age of the famous teschenites in Takagusayama was the end of the first
period of volcanic activity; the volcanic activity represented by the Misaka
beds is older than the age of the above teschenites (during the earliest Miocene).
If this correlation is correct, the following petrographic province can be re-
cognized: the basaltic province that surrounds Japan and, through the present
San’in district and the Hokuriku district, extends to the Paciflic via the Fossa
Magna. In this petrographic province alkaline trachyte was produced under
favorable conditions. An example may be scen in Ryiisdozan north of Shizuoka
City (Magrvama, 1950). The differentiation tendency observable in this example
is not only the same as that of the above-mentioned Mongolian basalt but also as
that of the alkaline volcanics formed in the end of the Tertiary. Thus, part of the
features of the Cenozoic alkaline petrographic province of Fastern Asia had al-
ready appeared in the earliest Miocene.

(2) The second period of volcanic activity (Early and Middle Miocene)

This is actually a period of no alkaline volcanic activity. On the Chinese con-
tinent it was a long crosion period and in the last stage the Shanwang series (prob-
ably a lacustrine deposit, famous for abundant yield of fossil plants) was deposited.
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In Hamgyong-pukto, Korea, it was the period of deposition of the P’yongnyuk-
tong, the Hamjindong, and the Manhodong beds. Though there was some basaltic
activity in Hamgyong-pukto, it was inconsequential compared with the scale of
other magmatic activities apparent when the Cenozoic alkaline petrographic
province of Eastern Asia is viewed in the light of ages and regions.

In spite of such tranquil conditions on the continent, the petrographic province
of Japan experienced a period of prominent igneous activity; volcanic rocks were
formed and plutonic rocks were intruded.

The first activity in the petrographic province of Japan in this period is repre-
sented by rhyolites, and the effusion of the rhyolite was followed by the eruption of
two-pyroxene andesites. Prominent volcanic activities that occurred in this se-
quence were accompanied unquestionably by tuff and agglomerates, and tuffite
was formed in the areas of deposition; the rocks are distributed almost through-
out Japan (though their petrographic characters differ in different areas).

The first activity in this period was a disturbance which occurred in the Early
Miocene. From the end of the Early Miocene to the beginning of the Middle
Miocene there was a calm period of erosion and deposition which continued for
some time, and then volcanic activity again became prominent (about the middle
of the Middle Miocene). No rhyolite was erupted in this period, but in the Inland
Sea zone, peculiar biotite andesite and amphibole andesite was formed. Similar
rocks are found in the San’in district. Andesite of the same period is found in
Dago, but it is only two-pyroxene andesite. Exceptionally, in the south shore area
of Lake Shinji, no volcanic activity occurred. The Kimachi and the Fujina beds
were deposited. (It seems that a strait which may be called the Shinji Strait, was
formed during this period.)

A great episode in this period was the intrusion of the Tertiary plutonic rock
mass, examples of which are observable in various places in Japan. The Takayama
gabbro mass which has been well-known for a long time belongs to this period.
Aplite occurs on the northwestern side, cutting the mass. This fact suggests the
formation of acidic rocks during the same period. Actually, concerning the ex-
amples in the San’in district only, in Tamasakimura, northeast of Susa, dikes of
granite porphyry traverse the Miocene series and in Dozen, the Oki Islands, nord-
markite cuts the Miocene series. This Miocene series is thought to belong to the
Early or Middle Miocene.

The Tertiary plutonic rocks in the Fossa Magna zone and those in Tanzawa-
yama are probably of the same period. Moreover, in the granites of the outer zone,
granite, apparently of the same period, occurs.? The granite mass in the Chagoku
district is more questionable. This mass seems to be a fairly involved complex of
rock masses, and it is supposed that granites of this period may be contained in the
complex. It is expected that future study will solve the problem.

5) T. KosavasHI infers that the granite mass traversing the Cretaceous formation in Uwajima,

Shikoku (Takatsuki granite mass) intruded in the Miocene: Kosavasui, T., 1950, Regional
geology of Japan (Shikoku district) : Asakura Shéoten, Tokyo, p. 59.






