A=

w4,

Allshan's Landecaps Baauty






ZAEmER

CLANGEAeE JeX N 4






Contents

A Word from the Director 007
1. Introduction 009
2. Location, Area and Climate 013

3. Geological Background

(1) Formation of the Island of Taiwan and its Mountains 021
(2) Geological Strata and Rock Types 023
(3) Observing Rock Types and Structures 029
4. Mountains, Waterfalls, and Rock Formations
(1) Mountains and River Systems 033
(2) Fluvial Landforms 041
(3) Weathering and Mass-movement Landforms 047
(4) Relationships between scenic sites 053
5. A Guide to Scenic Sites 057
(1) South-North Corridor System 061
(2) Northwestern Corridor System 085
(3) Tai-18 Highway System 105
(4) Tsou Tribe Cultural System 123
6. Advice for Tourists 133
Appendices 140

1. Key to Scenic Sites by Name
2. Key to Scenic Sites by Type

Translator's note: In Chinese, the word "shan" means mountain. It is retained here as an integral
part of place names and names of mountains, following the Chinese pronunciation(e.g.,"Alishan"
rather than "Mt. Ali"). Notes explaining or translating other Chinese terms also appear elsewhere
in the text.



1010011(] Y SN M AT

006

A

1 FANEEEANS I BRESESESETE &
f .,ﬂ BHEEENESAE  BRESECETARI_-TS
il ARTE » ENEREAVESTSMZEE - M
ELEESRELRHN A B8 - BERNK
= EEETILE RS RGN BREERSSRSENSE -
EEASENME—LEZIRYER  fi] - RIE  EETARE
B EERE  BERG  RUATES  BEELERYE . REEE
BAERNTE  ELEUFIESEELHN 21 [REEEEEE
1) RE—CENSBETRBE—BNGZINEE BT EREEN
FRSER tR SRS - BB T BRI E A -
AFMEBHYHRLRREASERMIY  MESEER - LEAS
H s BSOS ERS R AN RS S X - RIEEDEIE 6 - e
RIFE BB B NRSTNEY - PREASFMOBET » ABEE
5 LR AR B R RVEN S 2 R

RBEEC BRI RFX R EBREEER
P = —E
EE EEN




A Word from the Director

It is my good fortune to work in the Alishan National Scenic Area
office, managing over 40,000 hectares of land. The scenic Area ranges
from a few meters above sea level to more than 2000 meters in elevation,
with scenes of natural beauty and cultural interest known the world over.
In addition to forests, sunrises and sunsets, cloud-shrouded valleys, and
a famous narrow-gauge railway, even greater variety can be found in its
mountains, valleys, waterfalls, and bamboo groves, and in addition, the

culture of the aboriginal Tsou people.

As | walk in the scenic area and wonder at its sights—such as the
Swallow CIiff, the Ancient Debris Flows site, the Titanic Rock, Guanyin
Waterfall, and the Chashan Wall—1I find questions coming to mind: "What
formed these unique features?" "Why do they appear at this particular
place?" | know many visitors have the same kind of curiosity, and their
requests over the years have prompted us to provide more in-depth tours
and to produce this guidebook.

This guidebook describes the topography and geology of the Alishan
National Scenic Area in an easy-to-read style, with photographs and
accompanying text. It will help you to "read the landscape”, and even
those already familiar with the area will be able to find something new.
We hope this guidebook will help make your time in Alishan one of your

most memorable travel experiences.
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1. Introduction

The Alishan National Scenic Area has a rich variety of tourism
assets, with its natural scenery of mountains and river valleys, aboriginal
cultures, and newly developed recreational activities. Alishan has always
been famous among the Taiwanese for its sunrise, which they describe
as "a feast for the eyes: sunrise among deep blue mountains, green
rivers, and a majestic sea of clouds." Development of quality tour servic-
es, particularly oriented towards theme tours, began with the establish-
ment of the Alishan National Scenic Area Office in July of 2001, along
with publication of informative leaflets and guidebooks to further enhance

the Alishan tour experience.
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Few people need a guide to appreciate nature's beauty, but curiosity
always sparks questions: "Why?" "What is that?" "What made it this
way?" These questions can only be answered by a look at Alishan's geol-
ogy and topography—they are the fundamental building blocks of the

area's natural beauty and can tell us its story.

This illustrated and easily-to-read guidebook introduces the land-
forms and geological structures underlying the natural scenery of the
Alishan region. First, we outline its location and transportation systems,
followed by a description of its landforms, geological structures and relat-
ed scenic spots, which are grouped in four main six main tourist systems
to allow visitors to seek out their own points of special interest. Those
already familiar with the area can turn directly to the descriptions of these
points, or look at chapters 2-5 to learn more about how geological fea-
tures relate to the region as a whole, with accompanying technical terms

and concepts explained in simple language.

Rather than a piecemeal approach, this guidebook presents an
overview that should help the visitor "read the landscape" and find some-
thing new in both familiar vistas and those experienced for the first time.
We hope this guidebook will help
visitors acquire both a new under-
standing of the beauty of this area
and an accompanying desire to help
in its preservation, so as to further
enhance the quality of management
in the scenic area and enjoyment of

the leisure experience there.
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2. Location, Area and Climate

The Alishan National Scenic Area is set among the hills and mid-alti-
tude mountains of eastern Chiayi County. Bisected by the Tropic of
Cancer, the area comprises about 41520 hectares, much larger than the
original Alishan Forest Recreation Area. Topographically the area lies in
the north-central section of the Alishan Mountains and is the origin of the
headwaters of the Jhuoshuei, Bajhang and Cengwun Rivers.

Administratively, the area spans the Alishan, Meishan, Jhuci, and
Fanlyu townships, including all the villages in Alishan Township and some

of those in the latter three.
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1 BBBRE « MERE Mingyue Cave, Liousing Cliff
2 +/\#&/Z/A Eighteen Luohan Caves

3 BIEELLI&STRE Alishan River Terraces

4 M,EBIBM Jhajigu Waterfall

5 FREKUHEE The Laiji Wall

6 R7Ki#fh Tianshuei Waterfall

7 R¥5—5&E The Primeval Caves

8 THffc=/AE Debris Flow Memorial Park
9 THEAEME Debris-flow Fan

10 BELAMEH Ancient Debris Flow

11 REEARM Shihpangu Waterfall

12 BB KEEE Shihpangu Wall

13 XREBM Tianyungu Waterfall

14 IREERTA Jiaolong Waterfall

15 j@/XAsE Huagang Sueilian Cave

16 =B EE7\ Shihmenggu Potholes

17 G248 Shihmenggu Waterfall

18 {llAYE Supernatural Potholes

19 BT Wuanping Rock

20 HE5&i%1 Twin Waterfalls

21 5LLIEA Meishan Canyon

22 ¥TE7EE New Caoling Lake

23 B2= ~ EE %1 Longgong and Lueiyin Waterfalls
24 EXUEEE Nantien Cliff

25 Tf{lIFRFR® ShihsianNiaoniao Waterfall

26 EIZ®10 Guanyin Waterfalls

27 EEBT Yuntan Waterfall

28 F< = Swallow Cliff

29 YRYE)E Bat Caves

30 BOFR;ALIPES Chukou Amphitheater Terrace
31 \E2B A Bajhang River Incised Meander
32 15 A0 Lover's Waterfall

33 %1l Elephant Mountain

34 {lIFiBA Sianjing Waterfall

35 \E£H1ERsM Bajhang River Fan Terraces
36 BE® Phoenix Waterfalls

37 }EWBSLORE Guangha Sandstone-shale Alternations
38 JHK&tE LA Jhuoshuei River Bridge Debris Flow
39 #2% 1M Luonyu Waterfall

40 IBifAE&aDinghu Rock

41 K#ELL Datashan

42 PHIRE Two Sisters Pools

43 B2 Ei5IA Cengwun River Valley

44 ZIFEE Chashan Wall

45 TSR Mysterious Valley Waterfall

46 B.AE Bairen Cave

47 AIRIIRHTIRT Lalakasih Waterfalls

48 S Lijia Waterfall

49 TRFEE;)EE—R First Formosa Spring

50 LLIBRSE Scar
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Being situated in mostly hilly and mountainous terrain, roadways pro-

viding access to the Alishan National Scenic Area tend to follow natural
waterways and divides while offering the traveler many beautiful vistas.
The natural layout of the terrain means that routes between scenic sites
must frequently cross mountains and river valleys. Despite the physical
impediments, a convenient network of county and township roads and
feeder routes has grown up, its main artery being Tai 18 Highway (the
Alishan Highway), the primary route through which visitors enter the sce-
nic area. The only real obstacles to transportation are the landslides
which sometimes block roads during typhoon seasons, though traffic usu-
ally resumes quickly after they are cleared away or alternate routes are
found. Visitors are advised to check traffic conditions with the Alishan
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National Scenic Area office or at
their lodgings in order to make

appropriate arrangements.

Despite being located along
the Tropic of Cancer in south-
western Taiwan, the mountainous
terrain and the barrier ridge to the
east create a cool and comfortable
climate in the Alishan National Scenic
Area. Along with the degree of forestation and
the altitude—ranging from several score to 2000+ meters—temperatures
vary from tropical to temperate and even frigid. Measurements from the
Alishan weather station give clues to its pleasant climate: Alishan's sum-
mertime July average of 14.3°C is much lower than the 28.4°C on the
plains (taken at Jiayi), while its wintertime average of 5.8°C remains high-
er than the average of -1.5°C in the high mountains (at Yushan, or "Jade
Mountain"). Bringing some warm winter clothing is advisable, though, as
temperatures can vary significantly on a daily basis and from morning to

evening.

The mountain ranges of the Alishan area screen it from the northeast
monsoons that move south in wintertime, and limit the amount of rainfall.
Temperatures and atmospheric convection currents reach a high during
the summer, making it the peak season for rain, especially the copious
rainfall that accompanies the landfall of typhoons. Dry winters and rainy
summers, with a total of 172 days of rain per year, add up to a yearly
average rainfall of nearly 3900mm.
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3. The Story of the Land

The Alishan National Scenic Area is set among the low to mid-alti-
tude mountains in the southwest of the island. To its east is Taiwan's
highest mountain range, the Jade Mountains, while to its west are the
hills of Douliou and Chiayi. Most of the exposed strata within the Scenic
Area are sedimentary rocks, primarily sandstone and sandstone-shale
alternation. Since stratum characteristics are important in defining a
region's landscape, this chapter provides a brief overview of the geologi-
cal background, strata, and structure of the area, as well as offering some

elementary guidelines for observing exposed geological strata.

(1) Formation of the Island of Taiwan and its Mountains

The island of Taiwan is young relative to the Earth's 4.6 billion-year
history. Research shows that as the Eurasian Plate and Philippine Sea
Plate continued to push against each other for millions of years, they
formed a narrow but towering land mass—Taiwan island—in East Asia.
Among the five major mountain ranges on the island, the Coastal Range
is located on the Philippine Sea Plate while the other mountain ranges sit
atop the Eurasian Plate. The East Longnitudinal Valley (Huatung Zonggu)
is the connecting line between the two plates. Scientists believe that
since the tectonic stress originated from the southeast, the mountains on
the east side of the island were raised progressively from east to west.
The first to form were the Central Mountains, followed by the Syue

Mountains and the Jade Mountains, and finally the Alishan Mountains.
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Tectonic Plate and Their Distribution in East Asia
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The Earth's surface is made up of many tectonic plates. Tectonic
movements produce various geological phenomena at the intersection of
these plates. The islands in the west Pacific Ocean, including those
along the coasts of East Asia and Southeast Asia, are products of tec-
tonic activity by the Eurasian Plate, the Pacific Ocean Plate, the
Philippine Sea Plate, and the Australian-Indian Plate.
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(2) Rock Types and Geological Strata

The exposed geological strata of the Alishan Mountains are com-
posed mostly of sedimentary rocks, which, unlike those of the Jade
Mountains, have not undergone metamorphosis. When the Central
Mountains, Jade Mountains, and Syue Mountains had already been
formed by uptrusts during the island's formation, the area of Alishan
Mountains remained a body of water, where gravel and sand from neigh-
boring areas continued to accumulate. Hence, the Alishan strata are rela-

tively young.

During formation of the Alishan Mountains, the strata were deformed
although tectonic movements did not result in metamorphosis. And, as
the Alishan Mountains gradually emerged from the sea, they underwent
weathering, collapse, and erosion. As a result, the accumulations of the
lower strata sometimes show up on the surface. The exposed strata in
the Alishan scenic area are sedimentary rocks from the late Tertiary
Miocene period up to the Pleistocene period. Based on their geological

age, the exposed strata are as follows:

@ The Nangang Formation (Nk, sandstone, sandstone-shale alter-

nation; miocene)

@ The Nanjhuang Formation (Nc, sandstone, sandstone-shale alter-

nation) and its corresponding strata of the Miocene period.

@ The Gueijhulin Formation (Kcl, sandstone-shale alternation) and
its corresponding strata of the Miocene to Pliocene periods; This
formation can be classified from the bottom up into the

Guandaoshan Sandstone, Shihlioufenye Shale, and Yutengping
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Sandstone.

@ The Jinshuei Shale Fomration (Cs, shale, sandstone-shale alter-
nation) of the Pliocene period.

@ The Jhuolan Formation of the Pleistocene Period (Cl, sandstone
interbedded with some shale)

@ The Toukeshan Formation (Tks, Huoyanshan facies — conglom-
erate rock stratum; Siangshan facies —sandstone-shale alterna-
tion interbedded with some conglomerate rocks) and its corre-
sponding strata.

@ The lateritic gravel strata (Qlt); the sedimentary layer (Qte); and

the most recent alluvia (Qa)
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As a whole, the Nanjhuang (Nc) Formation is the most extensive of
the surface layers, while Guandaoshan Sandstone is known for its thick-

ness, being highly resistant to erosion and often forming ridgelines.
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These strata were formed in shallow marine and terrestrial environments.
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Rocks and Sedimentary Rocks
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Rock is the major component of the Earth's crust. There are many types
of rocks, which are composed of one or several kinds of minerals. Based on
the means of their formation, rocks can be classified as igneous, sedimentary,
or metamorphic, all of which can be found on Taiwan. In essence, sedimentary
rocks are formed when pieces of rocks or minerals sink into a sea, lake, or
river and are pressed and bonded together, or perhaps as the result of biologi-
cal processes or the accumulation of the remains of living creatures. The most
common mineral formations are clay, quartz, and calcite.
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In Taiwan, the most common sedimentary rocks are conglomerates,
sandstone, shale (or mudstone), and limestone. The limestone found on the
island is primarily composed of dead coral and algae. The other three types of
sedimentary rocks are formed from sediments of different sizes. These are
also common in the Alishan National Scenic Area.
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Strata and Naming of the Strata
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The principal characteristic of sedimentary rock is bedding or strati-
fication. The layers in the rock look like they can be separated or splited
open. Layers range in thickness from 0.1 cm to tens of meters. A bed-
ding plane separates the layers. During sedimentary rock formation, the
first sediments are deposited at the bottom and are relatively older. The
higher the layer, the more recent is its formation.
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Even during the same geological period, different areas will vary in
terms of the types of sediments and their deposition, while within a sin-
gle region, there can be changes in sediments and their deposition dur-
ing different geological periods. If all the sediments in an area in a given
period are sand, there will be sandstone formation. If the first sediments
are sand, followed later by finer materials, a sandstone-shale alternation
will be formed.
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For convenience, different strata are given names, which generally
refer to the places where the strata are most completely preserved or
are most typical of the given type. For instance, the name of the exten-
sive Nanjhuang Formation in the scenic area is taken from Nanjhuang,
in Miaoli.
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For this reason, mollusca fossils are
often found in the sandstone, shale,
and calcareous sandstone layers,
and are especially abundant in the
Nanjhuang Formation. Plant fossils
can also be found in the sandstone-
shale alternations on the eastern

flank of Fencihu.

The major folds in the Alishan
scenic area include (from north to
south, and west to east): the Caoling anticline, the Dakeng syncline, and
the Fencihu anticline. The major faults include the Chukou (Dajianshan)

fault and the Jhuci fault.

(8) Observing Rock Types and Structures

Although there is abundant vegetation within the Alishan scenic
area, there are ofen outcroppings of rock strata along riverbanks,
precipices, or roads. These can be used for initial observation of rock
types and structures or sedimentation. The most common rocks in the
scenic area are sandstone, shale or mudstone, and conglomerates.
Sandstone, formed from sand, is often rough to the touch. Shale or mud-
stone, on the other hand, is formed from very fine particles and does not
have a similarly grainy feel. As for conglomerate, it is formed by gravel
larger than 0.2 cm, and has the coarsest grain. Rocks of this type can be
greyish to black in color. But rock surfaces found on outdoor slopes are
often no longer "fresh" due to the effects of weathering, and often do not

show their true color.

As explained earlier, the most remarkable characteristic of sedimen-
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Unless disturbed, most sedimentary formations are horizontal. When
external forces are involved, there may be inclination, curving, breaking, and
even splitting. If the rock stratum is subject to pressur the resulting inclined or
wave-like curvature is called a fold. Folds may protrude upward or extend
downward. An upward protrusion is called an anticline, while a downward
extension is a syncline. If a rock stratum breaks due to deformation, with no
relative motion between the strata along the break, it is called a joint. Breaks
usually do not occur singly; often they develop in groups of parallel joints. If
there is a break in a rock stratum and distinct movement occurs along the
break, it becomes a fault. Faults may be classified as normal faults, reverse
faults, and strike-slip faults based on the type of motion along the fault. The
word "fault" should not be confused with "scarp" or "cliff"!
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tary formations is their bedding (or stratification). This may be due to tem-
porary discontinuities in deposition, changes in the source of sediments,
changes in mineral composition, or changes in the flow speed of water
carrying the sediments. If the sandy sediments of an area later change to
very fine mud or clay, it will result in a sandstone-shale alternation. The

layers are thinner where the changes in sediment particle size were more

frequent.

Visitors to Alishan can readily observe that most strata in the scenic
area are inclined and not horizontal. Many giant rock walls in the scenic
areas are mountain slopes that developed along the lines of the rock stra-
ta. Those in Laiji, Shihpangu, and
Chashan are of this type. Often times,

joint cuts can be seen on the rock
surface when the outcrops are
observed up close. These are evi-
dence that the strata in the scenic
area were subjected to external
disturbance. Inclined strata are
usually parts of larger folds (the
major structure explained in the
previous chapter). Because they
are larger in size, they usually can-
not be seen in entiretly at a
glance. Professional guides are
probably needed to help under-
stand these structures in the field.
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Most of the scenic area is part of the Alishan Mountains. The area
ranges in elevation from about 500 to 2500*m, and is characterized by
precipitous drops and deep valleys. Along with its exposed strata, the
scenic area also possesses graceful mountains, remote river valleys,
steep cliffs, flying waterfalls, extraordinary rock formations, and rare fos-
sils. In addition to an overview of the main parts of within the scenic area,
its mountains and bodies of water, this chapter also explains the major

fluvial,weathering, mass-movement landforms.

The Alishan Mountains stretch for approximately 135 kilometers from
their northern border on the southern bank of the Jhuoshuei River to
Kaohsiung County's Fangshan on the south. The mountains descend in
elevation from east to west. The Lulincianshan area has several peaks
over 2800 meters, the highest of the Alishan Mountains. The
Wusungkengshan and Pengjishan ridges are both over 2000 meters high.
West of this line, there are several ranges running in the northeast-south-
west direction. Here the height of the ridges begins to drop; the moun-
tains to the extreme west are approximately 1000m in height. The typical
tourist route through the scenic area allows easy observation of Datashan

(2663meters), the highest mountain along the route.

The major ridges usually also form the main divides. Taking the

Jhushan and Shihdatianwangshan ridgeline as boundary, the area to the
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Taiwan is an island of high mountains. Its mountainous regions are com-
posed of several ranges parallel to the island's axis and concentrated toward
its eastern side. According to conventions established by Professor Lin Chao-
Chi, the Central Mountains (Backbone Ridge are the longest and also form the
island's major divide. The Syue Mountains and Jade Mountains (the Yushan
Block) are located west of the Central Mountains and separated from them by
the Jhuoshuei River. The three ranges have undergone different degrees of
metamorphosis. Many of their peaks are higher than 3000 meters; they are the
chief ridges of the island. The strata in mountainous areas west of the Syue
Mountains and Jade Mountains have not undergone metamorphosis. They are
generally referred to broadly as the Alishan Mountains, or, using the Jhuoshuei
River as boundary, can be more narrowly defined as the Jiali and Alishan
Mountains. The Jiali Mountains have less than 30 peaks above 1000 meters,
and even fewer over 2000 meters. The Alishan Mountains have higher peaks
than the Jiali range. The Alishan area familiar to the general public is made up
of the higher central and northern portions of the range. The highest peak
among the Coastal Ridge on Taiwan’ s eastern side is Mt. Singang at 1682
meters.
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north is the Cingshuei river basin; with the Dadongshan and
Toudongshan ridgeline as boundary, the area to its south is the Cengwun
River basin. The area between these two river basins is made up primari-
ly of the Bajhang River basin, and to a lesser extent, the headlands of the

Beigang and Pujhih Rivers.

@ Cingshuei River is the third largest tributary of the Jhuoshuei
River, originating from the northwestern foot of the Alishan
Mountains. Upstream, the Shihgupan River and Alishan River
converge near Shehouping and flow westward for approximately
8km. The river then converges with the Shengmaoshu River,
which comes from the south, at Shuangsizuei. The river then
turns sharply northward and leaves the Alishan National Scenic

e

~

==

8T Z|IKIIEE]
Taiwan relief map

(

NEER A - EE

SUOIIBULIO,] YOOy pue ‘S[[eJ el

035



036

A - LI—BEEEAERBITENBRME - BREZRIUIEACIKE
(2663 xR)&S °
FEUBEDERFENDIKE » ZEMW ~ BRAXEL—HRIIZER
F o DULABENGEAIE » MAUAKELWL ~ SERI—RIUERT - YUBERENX
BRI o RIELL A BN FEEN\ELRRE - M/NEDILER ~ AN
ZRIEAE °
@ EKREEHENEME =AM » BIFEMRIIEARRIFEILE - 2 -
BRAEEERNM R L RITHAZE 5% - AfEITH8AE
TERERTERIRERARE - ZBMEBRAIIT - HiRER T IR
UBRKXERE » REETILLEAENKR -

@ N\ELERWFRMAELIKFERAIERLBLL - =RAUSIAE » AL
EENBIRANESEE - R S5k - tDEIFEER - STRARD X
B RS BMmEEENSEFEETR -

@ BEBFRIOBURC B » ERA1B8AE - BIRAERIZ
EIOKELLRYIER - EMETERE - KERR -

FAEZFTRNEEARESAERLEBX : LSRHZAREZERENY
0I5 AR » AEMRIE - B2RBMHR  BRER—MRATT) I DREFE -
—BEBIETEAN - BIZKAIIREEH - BECK » BEREEFEER
BIKHRIEEY - BRRIBINIERS TW - RESRWE » LR fAB
FARETEBBEM1000II AR @ BREIBUESFNE -

AEBIENZRARD - TEEM - FE - IFRERMAVREFEHE -
RIFEEATEREZRIEFASORRRG - TSI D RS EREMAE
EURBUKERFIIR  BRME » SIECEEEIKEM L/YT



nes At © FE

SUOIIBULIO,] YOOy pue ‘S[[eJ el

Area. It ultimately converges with the Jhuoshuei River at Jhushan.

@ The main stream of the Bajhang River, approximately 81 km long,
originates from Fencihushan on the western side of Alishan
Mountains. The mid and upper stream areas of the river lie within
the scenic area. The upstream flow traverses a steep channel
with many channels and much downcutting. As a result, pools,
deep valleys, waterfalls, and cliffs can be observed everywhere in

the area.
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Alishan area river basins
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Most tourists enter the scenic area in tourist buses or their own vehicles. It is
easy to lose one's way among intricately winding roads in the mountain areas,
but such problems can be avoided by using a good map and by carefully noting
the twists and turns along the way.

Most road construction follows river valleys in mountainous areas. Due to
the sharp downcutting by the river in many of these valleys, roads have to wind
their way up to the areas where the rivers are narrower or shallower in the river
headlands before bridges can be built across them. To reach other river valleys,
roads usually cross the ridges at low mountain passes (or saddles). Shihjhuo
and Longmei, for instance, are passes connecting the Bajhang and Cengwun
river basins, and north of Fencihu, County Road 169 connects to the Cingshuei
river basin from the Bajhang River.

The Alishan Highway was constructed from Chukou east along the Bajhang
River channel. It passes the divide ridge (Eryanpingshan — Longtoupingshan —
Shihjhuoshan) at Longmei and enters the Cengwun River basin. The highway
offers an outstanding view as it runs along the crest line. County Highway 159A
mainly runs along the main channel of the Bajhang River. From Meishan, tourists
can take County Highway 169A to the scenic area. The area west of Taiping is
the headlands of the Sandie River. Beyond Taiping, the Cingshuei River begins.
The beautiful scenery around Rueili, Rueifong, Taihe, and Fongshan is all part of
this drainage system. Some tourists enter the scenic area taking County Road
129 near the Cengwun Reservoir, and along that route can observe the scenic
sites in the Cengwun River valley.
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Major rivers and road system in Alishan area
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@ The Cengwun River, approximately 138km long, originates from
Wansueishan in the Alishan Mountains. Only the portion upstream
from the Cengwun Reservoir belongs to the scenic area, and
forms a longitudinal valley with steep slopes and a rushing cur-

rent.

A common characteristic of rivers in the scenic area is huge changes
in flow volume. During the dry season, rivers may be nearly dry and flow
sluggishly at less than 10 CMS (cubic meters per second). During the wet
season, flow volumes are generally stable, though water levels can rise
rapidly when there is heavy rain upstream. During summer, tourists love
to have fun in the cool rivers, but should take note of whether there has
been rain in the mountain areas. During typhoons and heavy rains, there
may be flash floods with maximum flow volumes reaching over 1000
CMS. Care should be taken in outdoor activities in nearby areas during

these times.

There are many rivers, valleys, canyons, cliffs, and waterfalls in the
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Every area has its own geomorphic characteristics. What then are the
essential elements determining the morphology and the transformations of the
land surface? In essence, they are the characteristics of the rocks or sedi-
ments in the geological formation, the external geomorphic forces acting on
them, and the length of time the landforms undergo development. Sometimes,
the morphology itself will also affect subsequent development.
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The strength of the rock, the arrangement of the strata, and the morpho-
logical characteristics (such as steepness) will determine a landform's resist-
ance to external forces. The balance between the landform's resistance and
the external forces will determine whether the landform undergoes any
change. The forces affecting a landform can come from within the Earth or
above it. The former can include volcanic action or earthquakes, while the lat-
ter might be weathering or slope failure. Likewise, rivers, seas, winds, and gla-
ciers can also affect the landform.
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Scenic Area. Based on the direction in which river channels and mountains
run, river valleys can be divided into longitudinal valleys and transverse val-
leys. When a river runs parallel with the mountains, it is called a longitudinal
valley; the Cengwun River found upstream of Cengwun Reservoir is one
example. When a river runs directly or almost directly across the direction of
the mountains, it is called a transverse valley, such as the portion of the
Cingshuei River that passes through the Scenic Area. Because rock strata
often run in the same direction as the mountain ranges, a river cutting across
the mountains and strata
does not lead to develop-
ment of well-formed val-
leys, and a canyon may

result.

Rivers flow across

strata of varying hardness

as they pass through

transverse valleys. When

they cut through soft rocks, the riverbed is mostly smooth and even; when
they pass over harder rock, waterfalls and rapids are formed. The results of
the different degrees of erosion are quite evident. Furthermore, when the
land moves upward, the river cuts down faster. Since the flow volumes of a
river and its tributaries differ, the effects of erosion also differ, often times
resulting in huge differences in height between the main channel and its trib-
utaries. Waterfalls, such as the Leiyin waterfalls (Scenic Site 23), often form
in such locations. These are the primary reasons why there are waterfalls
aplenty in the Scenic Area or on the island.
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The river is an essential force in shaping the land. Most river valleys on the
land surface are the result of long periods of fluvial erosion. When a river flows,
in particular during heavy rains and floods, it carries eroded materials or rem-
nants of collapsed mountains downstream. These materials begin to accumu-
late when the stream no longer has the force to move them.

Water erosion, most evident in upstream areas, produces river valleys
(called canyons when they are narrower and deeper), waterfalls, and potholes.
Deposition is more evident in the mid- and downstream areas, where the flow
slows down, flow volume decreases, or the channel widens. The accumulation
of sediments produces alluvial fans, floodplains, deltas, and sand bars.

River channels often curve, whether in mountain areas or plains; these
curves are called meanders. If a stream can move freely within its channel, it is
called free meander, which is often found in the plains downstream. Incised
meanders, on the other hand, are deep, curving channels that seem to cut
through the mountain in the mid- and upstream portion of the channel. Taiwan's
rising crust facilitates the development of river and fan terraces. If the riverbed
along the convex bank of a meander is raised, the semi-circular formation is
called an amphitheater terrace. If an alluvial fan is raised, it is called fan terrace.
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Rivers flow especially rapidly in the upstream areas, carrying loose
stones that carve out the riverbed and form elliptical or rounded holes in
hard rock that are called potholes. These small landforms are often found
in clusters, and two neighboring potholes may also be connected when
the wall separating them has been eroded away. This can result in inter-
esting shapes, such as those found in the Shihmong Valley and the

Sianrenjyue (Scenic Sites 16, 18).

The Scenic Area is
situated mostly in the
headwater areas of rivers.
The valley floors in these

upstream areas are usual-

ly narrower, and river ter-

races are not well devel-

oped, though tributaries

may form fan terraces.

Since flat areas such as fan terraces are rare in mountainous areas, they
have mostly been developed for settlements or farming. One worthy of
note is the alluvial fan terrace of the Bajhang River that formed below
Chukou. There, the Bajhang River flows out of Chukou and forms a large
alluvial fan (Scenic Site 35) descending from east to west. Since the river
later continued to downcut, the land forming the fan terrace is relatively
higher.

Among the external forces that shape land surfaces, including mass
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Rock on land surfaces disintegrates or decomposes in a process called
weathering, due to exposure to air (especially its oxygen and moisture) and
water, as well as the activities of living organisms. Generally, weathering is
classified as either physical or chemical. Physical weathering refers to the
splitting and disintegration of rock, while chemical weathering refers to the
weakening of rock structure due to changes in composition. Typically, high
temperatures and very humid environments facilitate various types of chemical
weathering, whereas low temperatures, a dry environment, or exposed cliffs in
mountain areas contribute to physical weathering.
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movement and erosion, weather-
ing is unique because it is both
gradual and ubiquitous. When
rocks are exposed to air or water,
they gradually disintegrate,
loosen up, or weaken. Different

rocks, however, exhibit very dif-
ferent weathering effects, and the
products of weathering are like-
wise easily eroded and carried away by other forces. Since many of the
rock walls in the Scenic Area are hard, weathering is limited, and the
small amounts of weathering products are easily carried away by flowing
water. For this reason, the surface of rock walls here are generally clean

and smooth and free of accumulations of loose rock.

If the strata of a particular area are composed of rocks with different
degrees of resistance to weathering, a phenomenon known as differential
weathering will leave the harder rock protruding and softer rock indented
after a long period of weathering. The famous Swallow Cliffs and Bat
Caves in the Scenic Area are products of differential weathering. If an
area experiences weathering and water erosion at the same time, and
the effects of the latter are more pronounced, it can be called differential
erosion. One example of this is the many waterfalls in the Scenic Area
which flow over thin interbedded layers of sandstone and shale, resulting

in an uneven rock wall.

The environmental characteristics that favor tectonic plate activity,

the disintegration of strata, rugged terrain, and weathering and erosion
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make mass movement (the collapse of mountain slopes) a very natural
phenomenon throughout Taiwan, and the Scenic Area is no exception.
People generally view mass movement as a destructive force, which on a
larger scale caves in mountains, collapses houses, and destroys roads,
and on a smaller scale, brings falling rocks that damage cars and injure
people. Very rarely do people view the resultant geological formations
from an appreciative perspective. Some of the mass movements seen in
the Scenic Area include large hillside depressions resulting from slope
collapse called the scars; the talus, piles of loose rocks accumulated
below a steep mountain slope; and large boulders that have fallen or are
rolling down the slopes (wittily referred to as "fly-bys"), such as the
Dinghu Rock. There is also a barrier lake, the Caoling Lake, which has
formed because a portion of the Cingshuei River (at the northern bound-
ary of the Scenic Area) is blocked by a massive landslide on the northern

slope of the river during the Chichi earthquake.

Debris flows usually occur along small river ravines. Since the flows
have a powerful erosive and propulsive force, they visibly slice into the
river channel and widen it, and often will form debris-flow fans at the
mouth of the river. Several scenic spots featuring debris flows in
Fongshan Village demonstrate nature's might. Tourists need not be overly
worried about debris flows, however, if they understand that most debris
flows are caused by heavy rains. Tourists can avoid danger by paying
attention to weather reports during typhoon season, inquiring at the
Scenic Area service center, or distancing themselves from rivers or

precipices during thunderstorms in summer afternoons.
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As emphasized at the beginning of this chapter, the appearance of
the landscape is produced by a combination of factors. Without weather-
ing, mass movement, and erosion, there would be no matter to transport
or accumulate, and how could valleys form without the weathering of
slopes, mass movement, or the downcutting of rivers in the mountain
areas upstream? Where would the soil,
sand, and gravel in the rivers come from?
How could there be alluvial fans and
deltas? In fact, a large portion of the sand
on beaches likewise comes from moun-

tain areas upstream.

All processes affecting landforms
occur simultaneously, but the combined
effect with other environmental factors
(such as the condition of a stratum) can
amplify certain results; for instance, differ-
ential weathering is evident in areas with
interbedded layers of hard and soft rock.
In addition, although potholes are usually
explained as product of abrasion in rivers,
the characteristic of rocks in the riverbed,
weathering effects, and the strength of
the river's flow are also important deter-

mining factors.

Many landforms are related; for
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Mass movement refers to the downward sliding of soil and rocks on or
near the land surface along mountain slope because of gravity. There are
many kinds of mass movement, including the rapid rockfall and debris flow, as
well as the very slow creep. Debris flow is a flowing mixture of loose matters
and water, such as mud, sand, and gravel (primarily gravel). Since it is com-
posed mostly of water, it flows at a faster rate and is formidable due to the
large rocks it carries. Debris flow stops only when the stream slows down at
the mouth of the valley or when river channel widens.
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In Taiwan, typhoons, heavy rains, and severe earthquakes are the natu-
ral forces that cause mass movement. Incidents of mass movement due to
improper excavation for house and road construction are also increasing in
number. But when subjected to similar external forces, mass movement readi-
ly occurs in some mountains but not in others, depending on the characteristic
of the particular mountain slope.
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instance, many precipices and waterfalls in the Scenic Area are closely
related. In addition to large rock wall formations in dip slopes, the Scenic
Area has even more precipices formed by continuous mass movements,
which are most frequently seen at the headlands of a river or the slopes
of a river valley. The rapid downcutting of the river produces large differ-
ences in elevation between the mountain area and the valley floor.
Erosion along the banks of a river makes valley walls unstable and vul-
nerable to collapse. The maintenance of steep slopes even as the valley
walls recede from the river is related to the characteristics of the local

strata.

Given the sedimentary rocks with interbedded hard and soft layers in
the Scenic Area, it is easy to maintain slopes when the slope of a stratum
is mild nearly horizontal, as well as in escarpments with a steep inclines,
or when the stratum includes thick
layers of sandstone with higher
resistance to erosion. These factors
contribute to the formation of
precipices, and rivers flowing
across such precipices often form
waterfalls. Because a large catch-
ment area is required to maintain a
year-round flow, channels above
precipices near high mountain
ridges only have flowing water dur-
ing heavy rains, when waterfalls are

sometimes temporarily created.
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