Geomorphology of Taiwan

Yoshiro ToMmiTA

I. Introduction

About two-thirds of the area of Taiwan is occupied by high rugged mountainous
districts. The highest peak, Yushan rises 3,997 m above sea level. The peaks around
this mountain in the same chain are more than 3,000 m above sea level and form a
great barrier (Fig. 1).

In contrast to these high peaks, an abyssal submarine trough 5,000 m deep lies
within a distance of several tens of km off the east coast of the island. It has been
said that the ruggedness of the topography of Taiwan is believed to be unequalled
in any part of the earth’s crust. The island belongs to a young orogenic zone which
was formed in the Tertiary along the Circum-Pacific geosyncline, and the rugged
topography and the complicated geologic structures are due to severe crustal
movements, as folding, thrusting and faulting. This complicated structure is
reflected in the relief of the land, and very rugged topographic expressions can be
found in many places throughout the island. Such a rugged topography is thought
to have resulted from the rejuvenation of down-cutting of rivers accompanying the
recent uplift. The down-cutting of river bottoms has become more and more
intensified and the mountains have become higher and higher, so that the fluvial
erosion topography accompanying the land uplift represent practically all the types
of topographic expression. Moreover, each topographic form is preserved very
clearly so that for any one who wishes to study geomorphology, Taiwan is thought
to be the best for field work.

The fluvial erosion topography accompanying the land uplift can be classified
into “old” and ‘““young.” It remains to be decided whether the old and young
topographies were formed during continuous uplift or whether the two are divided
by a period of pause. In some cases, consideration must be given to other influenc-
ing factors in the activity of river cutting during the time of land uplift. The dif-
ferences of hardness of rocks also must be considered. It is not always an easy matter
to explain the order of development of the topographic groups which have been
formed up to the present even though each retains its characteristic form. Besides
uplifted topographic types, in various places some land forms remain which had
existed before the land was uplifted. These topographic forms, combined with the
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Fig. 1. Relief Map of Taiwan.
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development of the submarine topography in the nearby Sea of Taiwan, are to be
taken into account for a startling episode in the history of physiographic develop-
ment.

Herein, I intend to discuss the geomorphology on the bases of data furnished by
the actual land forms in their limited sense. In a broad sense the geology should be
considered before the topography, and the original topography should be discussed
by tracing past geologic time, starting with the deposition of formations and their
later denudation. These discussions, however, belong to the sphere of historical
geology rather than the sphere of physiography so that in their place I intend to
discuss the very recent history of physiographic development in a rather narrow
sense.

II. Kinds of Fluvial Erosion Topography and their Correlation

Among various fluvial erosion topographic groups, one of the most noticeable
features in lowland districts is the steep slopes. But as mountainous areas consist
mostly of slopes, the noticeable feature is, conversely, flat surfaces or gentle slopes.
If the study is pursued along the line of how and in what order these surfaces and
gentle slopes were developed, and if the study is linked with other developments of
topographic forms, then the sequence of topographic development of the whole
mountain zone can be elucidated. The flat surfaces and gentle slopes are particu-
larly important, because these land forms are not only prominent in the mountain
topography, but at the same time they serve to correlate one form with another.

In the mountain zone of Taiwan, the flat and gently sloping surfaces that are
situated in the lower position consist of river terraces or alluvial fans, but those
located in high places consist of mountain spurs and shoulder-shaped plane sur-
faces or ledges developed on the mountain spurs, or gently sloping surfaces as are
developed on the mountain sides. At the same time, a flat plane on the crest of a
high mountain is thought to be a remnant of a flat-topped peak. The mechanics
of the formation of flat and gently sloping surfaces are varied, but confusion must
be avoided at the time of correlation so that first the classifications of land forms
must be made clear in each case (Towmrrta, 1939, 1941).

A. FruviaL TERRACES

The topographic surface that is the most typical as well as the most common
feature is the fluvial or river terrace. Moreover, the fluvial terraces often occur as
several step-like forms at one place and their formational sequence is shown
clearly, and is important study material for the standardized classification of
topographic forms.

The fluvial terraces observable in Taiwan can be classified broadly into two
types on the basis of topographic forms, namely “higher and lower terraces.” The
classification of these two types of terrace surfaces is based first on the relative
height from the river bottom; second, by the grade of dissection of the terrace
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surfaces is based first on the relative height-from the river bottom; second, by the
grade of dissection of the terrace surface, third, by the kinds of rock and soil which
compose the terrace surfaces. First, as to the relative height, the kind of terrace
can be determined roughly if one draws a longitudinal section of each river bottom
then projects it to the terrace (see Fig. 2). However, the relative height formulated
by this method occasionally may be almost worthless for correlation. The first
reason for this may be due to the knickpoint (Wendepunkt). The second reason is
more common: a narrow canyon is often dammed by a landslide, and a lake is
formed in which material is deposited. If this lacustrine deposit subsequently
became land the terraces may have been formed by the progressive dissective
activity of rivers on this older lacustrine deposit.

Fig. 2. Hypothetical Longitudinal Profile of a River Bottom.
K Knickpoint H Hard rocks a,b,c Terraces

As the knickpoint can be drawn on the longitudinal profile, it indicates the
steep slope at a certain point on the river bottom. That indicates (1) a lowering of
the base level of the river or, conversely, uplift of the land; or (2) an increase of
flow in the river, the increase being due to an increase in precipitation because of
climatic change or enlargement of the drainage area by capture or by joining of
tributaries; (3) the existence of rocks that have a higher resistance against erosion.
These varying factors play independently or in combination.

In Fig. 2-A, the location of the knickpoint is determined only by the seocnd
uplift so the point moves gradually upstream and the portion below the knickpoint
forms two step terraces, ““a and b,” representing a part of the river bottom before
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uplift B was started. Then the position of the knickpoint was determined by the
presence of hard rock formation. But the appearance of a and b terraces formed
by the second uplift is the same as in A. In each case, the uplift, or in other words,
the lowering of the river base level, is achieved, so that upstream from the knick-
point a nondissective equilibrium drainage channel is created. In C, equilibrium
is not achieved in the upper drainage channel, so cutting of the river bottom con-
tinues, as is often visible in Taiwan. In this case terrace surface a below the knick-
point K;, as is shown in Fig. 2, originally formed the balanced drainage channel
with the new low terrace plane c¢ upstream from K,. Therefore, this plane is
considered as the same land surface. But on the basis of the time of formation of the
land surface, terrace plane c was recently formed by advancement toward the
upper stream channel through further down-cutting, crossing over the knickpoints
K., after the formation of terrace planes a and b. A good example of this type of
terrace is observable in the terraces on the bank of the Roné River (Fig. 3).
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Fig. 3. Profile of the Roné River with Terraces and Fans.
A Convergence of knickpoint B Divergence of knickpoint

The relation between the times of formation of the young and old terrace levels
on the one hand, and the differences in height of plane on the other may not be
conformable in some cases. For example, in case the graded river channel as has
been attained before the uplift of the terrace plane a at K, in Fig. 2—-A, the river
floor farther upstream must be looked upon as the same topographic plane. If,
however, the river did not maintain a drainage channel at equilibrium, the down-
cutting activity in the river channel above the knickpoint might have continued
and the terrace forming process might have been continuous even after the uplift.
If the uplift movement affected the entire drainage area and the land showed an
increased tilting movement, the gradient increased throughout.the drainage area,
and the terrace-forming process was much activated by the simultaneous down-
cutting process of the river. As a result, the formation of terraces increased. The
age of terraces and the topographic positions have no relation, so that in the
terraces connected with river valleys, the degree of dissection and the topographic
position are considered as different problems. .
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Fig. 4. Hypothetical Longitudinal Profile of a River Bottom
Showing Convergent and Divergent Knickpoints.
H Hard rocks

The next case is that the knickpoint is located at a place where hard rock is
exposed. The knickpoints are formed at the two points a and b by two successive
elevations in case A, as shown in Fig. 4. The progressive dissective activity was
retarded by the presence of hard rocks, and the knickpoints a’ and b’ have been
combined into the knickpoints a’’ and b”". Or as indicated in B, only one knick-
point was formed by a single uplift, but it has diverged into two knickpoints where
hard rocks are exposed in two places just as if two upliftings had occurred.

The correlation of the terrace planes formed by the above-mentioned processes
is very complicated and is difficult to explain plausibly. However, it is not always
complicated nor strange, and its explanation may not be difficult. But precaution
must be exercised in order to evade the major fallacies incurred by a simple judge-
ment based on the relative height in the topographical map and the degree of river
dissection.

In order to determine, on the basis of a profile of the river bed, how far the
present river bed is from the profile of equilibrium, and where the point of change
in gradient is located, as well as to compute the amount of uplift and the relative
height of the terraces from the past equilibrium channel, an equilibrium curve
should be drawn for each river (in its state of equilibrium). In the computation, it

is considered very convenient to use the logarithmic curve formula proposed by
J. F. N. Green (1936).

y=a—k log (p—x)

p=Length of river channel

a=Height of headwaters

x=Distance of a given location of river floor from the mouth of river

y=Height of river bed at location x

k=Constant (see Fig. 5)

The surface of the fluvial terrace is regarded as a base plane of a river bed as

compared to the topographic plane. All the river terraces, however, do not always
represent the basal plane of drainage channel of equilibrium so that it is necessary
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Fig. 5. Profile of Water Courses of Tansui River and the Approximate
Logarithmic Curve.

to study what kind of river terraces one is dealing with. In order to select a suitable
terrace plane for study, it is necessary to have some appropriate classification.

Bruno DieTricH (1911) proposed to broadly classify terraces into “‘durchlaufend
Terrasse” and “Lokal terrasse.” The former are arranged continuously along the
drainage channel, and its terrace plane is considered to indicate the “‘ruhe phase™
of the previous river bed. The latter is only of local distribution so he contended
that it has only a secondary significance in geomorphology.

De la Motue (1915) divided the terraces into ‘‘terrasses de régulieres ou du
principales” (principal terraces), “‘terrasses de secondaires” (secondary terraces),
and ““fausses terrasses’ (false terraces). The first two conform with the classification
proposed by DieTrICH, but the third, “fausses térrasses”, are those formed by the
retrogressive dissection of the main river on a portion of the alluvial plain or fan
(deposited by a tributary) at the point of corfluence of the tributary with the main
river bed. These terrace planes do not indicate a part of the main river bed. E.
Cuaput (1924) called the terraces developed on both the Seine and Garonne
Rivers “terrasses polygeniques.”” These indicate a series of equilibrium phases (due
to a series of uplifts), but in this case show a continuous sloping terrace plane
resulting from several phases of equilibrium completed after a series of uplift
movements. They correspond to the so-called slip-off slope (formed by incised
meanders). This type of terrace is also the same as that of the “amphitheatre
terrasses” proposed by H. MILLER.

J. Hanson-Lowe (1938) has proposed the following new classification:

Principal erosion terrace
Significant terraces
Principal aggradational terrace

) .o Secondary, or meander terrace
Relatively insignificant

terrace .
False terrace (slip-off slope terrace)
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I propose the following classification which is based on the idea that the terrace
surface indicates a topographical plane formed at the base level of the river as a
standard.

Standard terTaces......... oo, {Perfect[ { Standard depositional terrace

Partial [ | Standard erosional terrace
Meander terrace

Subordinate or Supple- Shp_oﬂ Slope terrace

mentary terraces ............... Fan terrace

False terrace
Polygenic terrace

A terrace used in topographic correlation must be, at least, a standard (key)
terrace. Of course, it is rather rare to find a terrace that can be traced completely
along the major part of a river channel of equilibrium. Thus, in most cases we have
to select certain standardized terraces of a partial nature.

Subordinate terraces developed along the river channel of equilibrium may be
correlated with those mentioned above by using the curve of equilibrium as an
accessory medium. The meander terraces often retain the value of partial standard
terraces. In the slip-off slope terrace, each surface is more or less flat, as is observ-
able along the middle portion of the Tansui River. In the vicinity of the entrance
of the Kappan-san Canyon or Rahau, each surface appears roughly level so it can
be said to have the quality of a partial standard terrace as long as it is bounded
clearly by a terrace scarp (see Fig. 6).

A fan terrace is formed by the interaction of a tributary with the depositional
processes of the main river. Its surface extends downstream along the main river
bank from the point of confluence, so that it looks extraordinarily prolonged. It
might be said that the fan had been converted into a terrace.
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Fig. 6. Keikodai Terraces Opposite Kappanzan
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A fan may even become an accessory to a standard terrace formed at the point
of confluence of each tributary, as is the case of the upper part of the Girandakusui
River. Herein is a very good example that the relative height of each terrace does
not always indicate relative age. In Takkiri River on the east coast of Taiwan,
there is a terrace called Burowan terrace on which an aborigine village of the same
name is situated. The Burowan terrace is situated on the southern foot of Sangetsu-
kyd (bridge) at the bottom of the famous Taroko canyon near Batakan. The
terrace is situated 400 m above sea level and the present river bed stands at about
200 m, thus, the relative height is 200 m. On the basis of relative height, it belongs
to the highest terrace group in Taiwan. Thus, it definitely can be called a higher
terrace. However, when we glance over the terrace surface, there is practically no
residual weathered soil; it is composed wholly of those gravels constituting the
flood plain near the present river bottom. Moreover, the terrace surface is divided
into two horizons by a well-defined terrace slope 5 m high. When one climbs over
the slope, it crumbles easily and does not show any difference in composition from
the slope formed in the terrace near the present river bottom. The terrace gravel is
composed of roughly uniform pieces of crystalline schist and sub-angular flat slate
smaller than a human fist. Below the Burowan terrace there is a narrow terrace
having a relative height of only 20 m. The gravel composing this terrace is lime-
stone (crystalline) and the gravels are cemented with matrix so that the terrace
looks somewhat old.

Thus, in the observations based on the depositional nature, there is an incon-
sistency in that the higher terrace has a much younger aspect in comparison with
the lower terrace. In this case, my interpretation is that a landslide occurred some
place in the lower part of the canyon below the Burowan terrace and the river was
dammed and formed a lake. As the bottom accumulation proceeded, redissection
commenced and the majority of the dry lake surface eroded away. Only a small
part remains as the present Burowan terrace.

The formation of terraces due to damming of the streams by landslides are
common phenomena, especially in places where rejuvenation of erosion is very
active and deep canyons are formed. It is not difficult to conceive that such slides
or dislocations very frequently occur on both the river banks as dissection advances.
The best example of this is [lake] Sorei-tan or Seisui-tan which was formed by a
landslide on the right bank in the upper stream of Seisui River, a tributary of the
Dakusui River, as the result of a strong earthquake which occurred in December
1941. This dammed lake had an area of 6.6 sq. km, so that it was wider than the
Jitsugetsu-tan (4.4 sq. km) the largest intermontane lake in the island. Such a lake
was called a ‘‘seismogenetic lake”” by Havasaka (1947), and when this natural
lake formed by a landslide is stabilized, the water can be utilized for generation of
electricity. Under the Japanese regime, a survey was made to determine whether it
would stand permanently or not. In May 18, 1951, this natural dam was destroyed
by an enormous increase of water brought by heavy and long rains. This cata-
strophe resulted in 150 deaths. Great property damage was inflicted by the






