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I. Preface

I have been requested by the editors of Geology and Mineral Resources of the Far
East to summarize as briefly as possible, contributions to the field of geology in
Taiwan until about the period of the rehabilitation of Japanese after the war. A
number of geologists and geological engineers had worked in Taiwan from about
1895 until about 1945, when almost all the staffs of Government offices including
University faculties, and those engaged in business sailed back home. However, a
few Japanese professors remained in Taiwan to cooperate in various ways with the
new faculty members of the National University. I and my wife remained, and I
worked in the Department of Geology of the Faculty of Science until the latter
part of 1949, working with the teaching faculty members, post-graduates and
students, a few former students alumnai of mine, several graduates of Taihoku
Imperial University, beside some newly appointed professors. Moreover, it hap-
pened that a few old friends were on the administrative staff of Taiwan National
University.

The more than four and a half years as an honorary member of the National
University was really a pleasant and fortunate aspect of my life. I was even able
to do some scientific work either with the cooperation colleagues or by myself.

Our home life during our sojourn, of more than twenty years, was happy, but
the last few years were especially impressive. We are thankful for the memorable
association of friends and many others.

As mentioned at the outset, the editors wish to describe the extent of Japanese
contributions toward geological enterprises in Taiwan. It seems more plausible,
however, to describe how Japanese geologists and geological engineers laid founda-
tion stones for modern earth science.

The edifice has been under construction for some time; we have to pay attention
to it with great expectance.

What I have summed up may not include anything novel, however, I do not
apologize to anyone because all these things have been put into an old wine skin.
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II. General Geology and Topography

A. INTRODUCTION

It may be said that a Japanese scheme for systematic research on the geology of
Taiwan came for the first time only around 1895-96. Until then records show that
only a few European mining engineers had rather casually visited mineral localities
here and there. Geological activities by Japanese in Taiwan were unexpectedly
handicapped, however, because of the unaccustomed natural conditions, physio-
graphical, climatological, and so forth, on the one hand, and of unstable civil
conditions on the other.” Notwithstanding, many geologists devoted varying
periods of time to exploring various parts of the island from time to time, chiefly in
accordance with the research plan for East Asia of the Imperial Geological Survey,®
the Tokyo Geographical Society and Tokyo Imperial University. In 1925 there
was a Mining Section at the Bureau of Industry of the Government General of
Taiwan with a geologist and a mining engineer forming the faculty. Then, in
1928, the Taihoku Imperial University was established, and included an Institute
of Geology in the Faculty of Science and Agriculture (a few years later it was
divided into the faculties of Science and Agriculture). Meanwhile the Mining
Section was expanded somewhat and the number of geologists and mineralogists
was increased from time to time to finally form the Geological Survey of Taiwan.
Thus, this group and the University Geology Institute approached to each other
in order to collaborate in every possible way on the geological sciences and
techniques in Taiwan. ,

However, the famed 1:50,000 scale topographical maps of Japan published
those days by the General Staff did not include all of those of Taiwan, particularly
of mountain terrain, as they were delayed in preparation. As a result, the field
work was carried out first in the hilly zones and flat lying plains regions, where
coal and oil fields had been found buried; the exploitation of some metallic veins
also seemed urgent. For this reason the field work was not carried out in regular
order.®

Geologists during this period were engaged in various fields of the science. They
worked hard during the war years though they had little luck in preparing reports
or papers some of which contained significant data, or, much less luck in publish-
ing them. Neither could most of them take materials with them when they were
repatriated after the war. A number of unfinished manuscripts, photographs,
charts, etc. were given up for lost. For this General Outline, many of those who
were engaged for some time in geological work in Taiwan were asked by the
Committee for written accounts of their respective observations and experiences,
however, due to preoccupation with possible personal affairs and other activities
not as many contributions as expected were received.

For my part, I stayed in Taiwan for four and a half years after the War as a
professor of the National Taiwan University. I was able, more or less, to avail
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myself of information collected at random and edit a rather non-professional essay
entitled “An Outline of the Geology and Geography of Taiwan’ (1943).# This
was written at the request of a certain Chinese professor who came from mainland
China after the War. Up to this time Tawan Tigaku Kizi (Geological News of
Taiwan) was published occasionally by the former University Geological Institute.
I had access to a few other publications issued by associates. Most of the material
for this General Outline compiled in Tokyo a few years after my return home in
1949 was taken from these sources. Although this material was far from being
satifactory for the purpose mentioned it was supplemented with my personal
experiences in Taiwan. Reports on the areas of mineral resources have not been
covered and will be done by others who are more knowledgeable about the subject.

As the history of geological exploration in Taiwan by the Japanese is not as so
long as that of the Chinese mainland, and at the same time as the size of the area
concerned was rather limited, not to speak of limits in planning, the results of
studies are neither conspicuous, nor much to boast about. When geologists started
their activities earnest around 1915, geology from the scientific had also of begun
to seriously consider careful observations of the faces of nature. Therefore, if we
record everything, there will be a vast amount of material including hitherto
unfamiliar phenomena, because of unfamiliarity with territorial conditions. With
regard to exogenetic processes we had to pay heed especially to weathering, river
erosion and transportation, sedimentation, landslips, and thermal springs (ground
water).” Concerning endogenetic processes, seismic activities are important in
Taiwan, there having been severe and often destructive earthquakes every four
or five years.®® In the field of paleontology, beside numerous molluscan fossils
of different ages, there are unexpectedly frequent mammalian remains chiefly from
Pleistocene formations; foraminifers, brachiopods, and echinoderms are of signi-
ficance, especially for biogeography, and as materials for studying the problems
of “actuo-paleontology’’ and also the ‘“‘actuo-geology.”

A comment on III is necessary here. III is based largely on an article by
Havasaka, LiN and YeN entitled “An outline and some problems of the Strati-
graphy of Taiwan.”’® Some changes were in contents, however, to take into con-
sideration papers by the late K. Tan on the Eocene and Paleogene faunas,” a note
by YEN on the younger Paleozoic fossils®> and a report by Lin on a Jurassic faunule
discovered deep beneath the coal- and oil-bearing Neogene formation by Lin.?
These papers and the theories derived from them have provided remarkable ad-
ditions to our knowledge of stratigraphy, historical geology, structural and
economic geology of Taiwan.

B. PnyvsicAL GEOGRAPHY

A conspicuous continental shelf embraces the southeastern part of the east coast
of China. On its margin the mountainous island Taiwan rises abruptly above the
level of the sea. The Formosa strait or channel which is barely 100 m deep is
located between the continent and the island. The Pescadores islands are located



SUMMARY OF GEOLOGICAL OBSERVATIONS 325

and consist of more than 70 large and small islets and rocks, that are considered
as dissected remnants of an extended basalt mesa. The real continental margin of
this part of eastern Asia coincides with the eastern border of the island of Taiwan
which very abruptly descends to the abyss of the western Pacific.

Excluding the Pescadores and several other dependent islands like Ka-sho-to;
Ko-to-sho and smaller islets, the main island of Taiwan has a somewhat fusiform
outline in plan with the longitudinal axis extending roughly north-south.
Strictly speaking, however, this longitudinal axis forms an arc with its convexity
facing westward: the northernmost part trends almost north-northeast to east and
the southern major part extends almost due south on slightly by south-east.

As has been recognized by geographers and geologists, the insular festoon of
eastern Asia is composed of several arcuate islands like the Kuriles, north-east and
south-west Japan, and the Ryukyu arcs. All of these arcs face the Pacific with
their convex sides. This was pointed out a long time ago, for instance, by V. Ricut-
HOFEN,'® as a characteristics feature of the geomorphology of eastern Asia. The
northern extremity of Taiwan turns toward the east, and points to the western
end of the Ryukyu island arc. The geological relation between these two arcs must
be an interesting but very perplexing problem. As is well known, V. RICHTHOFEN
also propounded a theory long ago, but the modern theories in structural and
morphological geology may not conform to it.

Be that as it may, the maritime mountain range of southern China, the Hsien-
Hsha-Ling, appears to assume an arcuate trend with its concavity facing eastward:
it is as if a concentric curve is drawn by Taiwan, though it may be merely
coincidental.

Another point probably worthy of note regarding the physical geography of
Taiwan is its very simple shoreline. This may have been due, as a whole, to the
very recent relative upheaval of the island. Yet, it is discernible that the very steep,
precipitous cliff along the eastern coast is naturally much simpler than those on
the western, marshy shore with a broad watt in front. The total length of the
shoreline of the main island measures only about 1,144 km, while the total area
occupies 35,970 sq. km: in other words, the average length of shoreline per sq. km
is 0.032 km. On the other hand the Pescadores Islands have the total area of about
79 sq. km. at low tide, with the average length of shoreline per sq. km. being as
large as 1.45 km.

C. SaLiENT ToroGRrAPHICAL FEATURES

The topographical feature which seems most significant is the fact that a lofty
mountain system runs almost lengthwise through this small island; it is the Taiwan
Mountain System which is also important in the consideration of the geology.

The Taiwan Mountain System consists of several ranges, long and short, almost
parallel to each other. All these collectively form a high plateau-like topography
comprizing more than a dozen high peaks over 3,000 m. Of the parallel ranges the
one which may be called cardinal rises immediately south of the triangular plain
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of Giran and Rato, with an almost circular cove, called Suo in the southeast corner
of the plain; it is a part of Taihoku Prefecture. It extends south-westward for some
distance, and quite abruptly increases in altitude to culminate in the Nanko-tai-
zan (3,535 m). Here, the range turns south-south-west, and begins to show a tend-
ency toward realization of the commanding position of the Axial or the Backbone
Range; the latter, with some slight, irregular bends, extends southward, finally
reaching close to the southern end of the island. Among the prominent peaks that
follow toward south are the Chuo-Senzan (3,412 m), the Anto-Gunzan (3,087 m),
the Kan-zan (3,667 m), the Sho-Kuan-zan (3,254 m), the Pinan-Shuzan (3,305 m)
and the Daibu-san (3,262 m).

An apparently subsidiary range extends north-northeast from the Nanko-Tai-
Zan, and ends in the promontory of Samtiao Point in NE. Generally speaking,
deep gorges are carved between these ranges: their upper courses take almost the
trend of the ranges, turning to a more or less westerly direction in the middle
course, and finally, almost due west, down to the Japan Sea.

Due to this topography there are different landscapes that represent the very
young history of the formation of the island.

Some singular features of mountain passes, intermountain basins, large and
small, river terraces and the like, are formed.

Another subsidiary range extending southwestward carries the peaks of Tsugi-
taka-yama or Setsuzan (3,931 m), etc. This short range is called the Tsugitaka
Range. Between the Axial Range and the Tsugitaka Range, almost at the latitude
of Nanko-Daizan, in the former, and the Tsugitaka Peak of the latter there is a high
mountain pass, popularly known as the Pianan Saddle, dividing the very steep, and
deep gorges of the Daikokei, running about south-south-east, and the Dai-Dakusui-
kei, flowing almost north-northeast, and terminating in the delta of the Giran and
the Rato rivers formed by sediments carried down by these rivers. Thus, the
courses of these two rivers are nearly on a straight line; this most likely suggests the
existence of a sort of crustal disruption zone possibly on a grand scale. The southern
slope of the Saddle, that 1s, of the Daiko valley presents an unusual topographical
feature resembling a shallow lake basin filled with sediments of clays, and gravel
and the like; these lake deposits have been dissected by the headstream waters of
the Daiko-kei, exposing the profiles of the sediments. The northern Dakusui-kei
gorge, is roughly about 40 km from the mouth to the Pianan Saddle. South of the
Pianan Saddle, about 20 km southward, the Daikokei gorge turns westward and
across the midland zone, middle part of the island flows down into the sea as stated
above. The behavior of the courses of the rivers on the western slope of the Axial
Range is in general similar to that of the Daikokei. Most of the river valleys extend
lengthwise in their upper courses, parallel with the length of the island, turning
southwest or due west in their mid-lower, or lower courses.

Mountain passes somewhat similar to the Pianan Saddle are not unfamiliar in
Taiwan. The Tahtaka Saddle (2,250 m), and the Hattsu-kan (2,800 m), east of
Arisan, are examples; the former is situated between Niitaka (3,950 m) and the
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Arisan ranges, and the latter is in the west of the Niitaka. The valleys to the north
and south of both passes run almost west-east, each coinciding with the geological
structures observed in these region.

The loftiest peak Niitaka-yama, i.e. Yu-shan, consisting in reality of several
peaks of varying heights arranged more or less in a north-south direction. This
group is situated to the west of the Axial or Backbone Range beyond the Hattsukan
mountain pass. Its southern extention rather abruptly lowers down to the plains
of Heito and Takao.

A distant view the Niitaka range gives the physiography of a plateau, con-
forming to the general appearance of the whole island in a silhouette, so to say,
this seems to be significant in consideration of the geology and geohistory of
Taiwan.

The Arisan range is located to the west of the Niitaka-yama beyond the Tahtaka
Saddle and extends in a north-south direction. The range is only 1,000 to 2,000 m
high as a whole, the Arisan itself forming its loftiest peak.

Thus far an outline of the topographical features of the mountainous region has
been presented. Some distance to the west beyond the Arisan is a zone of hilly
lands several hundred meters in average height, more or less sposmodically de-
veloped in a roughly north-south direction. To the north this is traced in part on
the north-west slope of Tsugitaka-yama. While the mountainous region is built
up, chiefly of the Paleogene slaty sediments, this hilly zone is occupied by the
Neogene and the younger formations as far as is known on the surface. Further
westwards is a flat lowland of Diluvial and Aluvial deposits. The slaty Paleogene
formations yield relatively numerous fossils though not many of them are ex-
cellently preserved; there are molluscs, echinoids and the so-called higher forami-
nifers among the invertebrates, and some fragmentary remains of terrestrial plant
leaves. The Neogene formations are much more richly fossiliferous, especially in
certain localities. Beside the Invertebrates, as for instance, foraminifers, molluscs,
echinoids, bryozoans, brachiopods and a few insects, several vertebrate jaws,
teeth and bones of mammals and a few reptils also have been discovered in several
localities. These fossils have been studied by several paleontologists, most of whom
have published their works; among these fossils a major part belongs to the
Pleistocene.

Taking all these fossils into consideration, as well as the observations on the
sediments, it is evident that all the Cenozoic sediments and the fossils therein
indicate a shallow sea environment during the Tertiary and Quaternary ages; the
present-day physical environment is very similar and looks as if represents the last
phase of the Geosynclinal stage.

The last zone of West Taiwan is occupied by the Alluvial plain which con-
tinues to the flat Wattenmeer or the shoal sea. This muddy flat in the middle of
Taiwan is several kilometers wide, and there are examples of several paddy rice
fields made in the historical ages from such shoal flats, around Tainan and north-
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ward. This is considered to have been due, at least in part, to the constant uprising
of the island as a whole, which might have been active even during fairly recent
historical period.

Turning to the eastern side of the island, the very steep and ruggedly precipitous
cliff hanging down into the deep, blue Pacific are immediately noticeable. The
Axial Range, as seen in plan, divides the island into two unequal halves, the
eastern half being about half as wide as the western. Consequently, there are
longer rivers with much more water in western Taiwan than in eastern Taiwan.
The great rivers of western Taiwan, most of which carve deep gorges, accompany
graceful river terraces in the upper and middle courses, and spred into wide agri-
cultural grounds of the coast in the middle or lower course. The valleys on the
steep slope of the Axial Range on the eastern side are naturally much shorter, and
the water, mostly flowing deep in the bottom of the gorges is characterized by
magnificent incised meanders.

The development and distribution of the Alluvial plains are commanded by the
topographical characteristics sketched above. The most extensively of such plains
is the Heito-Takao; the western coastal part continues northward with the Tainan
coastal plain. Farther northward, beyond Tainan, there are a few, less conspicuous
but not discontinuous coastal plains of West Taiwan.

Inside this stretch of the West Taiwan shore plains is a series of narrow and low
hills of Neogene and Pleistocene deposits, arranged roughly longitudinally. Within
or inside this low series of hills are several basins equally arranged in an almost
north-south directions. The most conspicuous among them is the Taichu plains.
The Taihoku basin in the north is of structural origin surrounded by faults, and
it is evident that it was once filled with water, as is evidenced by remains of certain
fresh-water shells and debris of terrestrial plants.

In eastern Taiwan, the plains are still more limited in expanse. In the north
the Dakusui-kei delta plain where the Giran and Rato are found local towns are
conspicuous.

From the south-eastern corner of the Giran-Rato delta, that is from about the
small, almost circular cove of Suo, the coast extending south-southeast traverses
the trend of the Axial Range forming very steep, hanging cliffs until it reaches the
coastal plain of Karenko. Beside a few, small deltaic estuary plains along these
hanging cliffs, a plain appears around the town of Karenko which is a metropolis
of eastern Taiwan. As a matter of fact, the so-called Karenko coastal plain is
somewhat more complicated than it first appears to be, both in extension and also
in formation. It may be said that it was composed of several deltaic deposits com-
bined, the northernmost being the one formed at the mouth of the Takkiri-kei.
The plain is very narrow until we get to the Karenko, where it gets wider because
the debris seem to have been brought forth from at least more than one source. A
part came from the eastern slope of the Backbone Range, the other was transported
from a wide valley occupying the broad depressed zone of the Backbone Range
and from what is called the Taito Coastal Range; it is the so-called Taito Longi-
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tudinal Valley, about 130 km long, and about 10 kg wide. At about a little less
than a third of the length from north of this longitudinal valley a low but apparent
watershed is located. The waters of the three relatively rich rivers from the Axial
Range flow down into the longitudinal valley, and reach its eastern valley wall,
to turn to north toward Karenko. It is another source of supply of the deltaic
deposits of Karenko Plain. Thus, it is possible that the formation of the plains
around Karenko may have been complicated. The southern two-thirds of the
longitudinal valley is similar pattern to the northern one-third, and another low
watershed comparable with the first is located about 60 km south of it. The river
waters of this section of the longitudinal valley drain into the Pacific through the
Shukoran traversing the Taito Coastal Range, cut by the conspicuous loops of the
incised meanders. This and those of the eastern slope of the Axial Range suggest
a rather sudden upward movement of the island of the most recent date, because
the Neogene formation is contained in it. In the rest of the Longitudinal Valley
the waters flow southward, to Taito, and also close to the eastern coast of the Taito
Coastal Range. The bottom of the Longitudinal Valley is by no means flat, but of
different types of deposits are found here and there, these sediments being of
different thicknesses, forming river terraces here and there.

The maximum altitude of the Taito Coastal Range is 1,682 m, and the maxi-
mum width is not quite 20 km. It is composed of Tertiary sediments accompanying
some andesites, agglomerates and tuffs, as well as occasional exposures of ser-
pentinite.

The western side of the Taito Longitudinal Valley, namely, the steep western
slope of the Axial Range has been assumed to be a dislocation of a grand scale.
The topographical features seem to favour this idea. The famous steep cliff between
Suo and Karenko runs in a straight line against the western cliff of the Taito
Longitudinal Valley.'? Its eastern wall also is regarded by geologist as a disloca-
tion. Thus, the Taito Longitudinal Valley is most likely a depression formed by
faults, if not a graben.

In consequence of the asymmetry of topography, the water system also is
asymmetrical in various ways. The rivers in eastern Taiwan have their sources
everywhere in the backbone range. At certain top stream regions, the water flows
in the flattish and comparatively shallow extensive basins formed high up on the
mountain range: from there the collected waters flow down along cardinal streams
through a valley or valleys. A typical example is the plateau surface northwest of
Karenko. In certain cases, small marshes or swamps supply drinking water to
mountaineers.'?

In Taiwan lakes are not common. The most famous is the Jitsu-Getsu-Tan (Sun-
Moon-Lake after the Western style of appelation), which is located in the hills
about 190 m high. It is a rather shallow lake occupying almost the center of the
whole island, and the bottom is 720 m above sea level. In this region a zone of
dislocation seems to longitudinally run throughout, and a longitudinal series of
basins of different sizes, filled with water, were produced, possibly at more or less






