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Abstract

Abstract

1. Motivation

The purpose of this project is a complementary investigation for the main geological
structures existing in the Yushan Park. Their origins and geomorphologic evolutions
are the base for planning of explanatory data. Besides enjoying the scenery, those data
are expected to help visitors have rough knowledge on rocks, geological structures
and characteristics on geomorphology. Also it upgrades the touring quality of the park
and helps to achieve the goal for environmental education.

2. Methodology

The investigation was preceded along the trail from Tataka entrance to the Main Peak,
Batongguan and Dongpu. The main tasks includes (1) ingoing investigation and
discussion on major geological and geomorphologic phenomena; (2) developments of
the 3-D explanatory film and materials on geology associate with the developed
orthophotos and fly-through films; (3) plans for the field explanatory materials and
stations along the trail. Before field investigation, the literature should be collected,
which includes geological and geomorphologic maps, aerial photos, literature about
geological hazards of the desired zone

3. Results

There are ten field geological explanatory stations planned along the trail. The
contents of explanatory data relates not only to describing rock category and
geological structure but also depicting possible evolutional process of geomorphology.
There are two planned routes for 3-D fly-through films. The first one is from Tataka
entrance to the Main Peak. The second one is from Dopngpu to Batongguan and the
Main Peak. Combining the field station and 3-D film, the visitors are able to obtain

the integral guiding information, especially in the geological aspect.
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4. Suggestion

This project also investigated the collapses and potential landslide zones along the
Jade Mountain Peaks hiking trail and the Batongguan-Dongpu trail. The failure
mechanisms are discussed, also possible solutions are proposed as references for the
remedy actions from the authority. For the Jade Mountain Peaks hiking trail, only
during the first 500 meters, there is a growing serious collapse due to the fault that
might affect the trail’s function. For the Batongguan-Dongpu trail, there are three

major collapse zones.
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4. JEENF R

Topographically, the mountains Yushan and Alishan are separated by the
Salishinchi and the Nantzeshinchi valleys which run from north to south.
Geologically, there are two geological zones divided by the Chenyulanchi fault. Both
the valleys of the Salishinchi and the Nantzeshinchi develop along the Chenyulanchi
fault. The Ta-Ta-Chia saddle is right at the ridge line of the divide between the two
valleys. It is also where the Chenyulanchi fault passes.

The strata on the west and east sides of the Ta-Ta-Chia saddle are the western
foothill sedimentary rocks and slightly metamorphosed rocks of the Xue-San Ridge,
respectively. Figure 3-1 is the top view of the saddle area. It shows that the
Chenyulanchi fault passes through the saddle. The strata of the Lulin Mountain on the
west side of the saddle is the Nanchang Formation. The strata on the east side of the
saddle is slate of the Shihpachunchi Formation. Figure 3-2 was taken from the
southwest side of the saddle. The outcrops exhibit alternating sandstone and shale of
the Nanchang Formation. The rocks are fractured due to faulting. Figure 3-3 shows
the outcrop of the slate of the Shihpachunchi Formation. The rock mass is highly
fractured due to faulting and tensional jointing of unloading as well as weathering.

Extensive collapsed slope is a consequence of the fractured slates.
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4. RN F R

The outcrop here is composed of alternating metamorphosed sandstone and slate
of the Tachien Sandstone Formation. Based on the shell fossil, it is inferred that the
sedimentary age of the rocks belongs to the Eocene/Oligocene Epoch (between 56 to
25 million years ago) and the environment during sedimentation was an open and

shallow ocean. The rock bedding here is nearly horizontal. Ripple sedimentary
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structures ( Figure 3-4 )and lebensspurens ( figure 3-5 )could be observed. Water flow
drove fine sands and left ripple marks in the sediment. Ocean creatures’ activities also
leave some trace fossils on rock.

Besides, outcrop of the adjacent layered metamorphic rocks (Figure 3.6) shows
horizontal bedding. The metamorphosed sandstone is very hard and since its major
composition is quartz, it does not form cleavage easily. Nevertheless, it sometimes
does show a few fracture cleavages. The orientation of the fracture cleavages of

metamorphic sandstone is close to that of the slates.
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4. fREP FE

Kano Tadao (1932) first recognized alpine glacial landforms and relicts in the
high mountains of Taiwan. Since then, most researchers have disagreed with his
view. However, starting from the last decade, several researchers have reported that
some features of glacial landform and relicts have been preserved in the high
mountains of Taiwan. The most convincing pieces of evidence for the glacial
landform are cirque, corrie, u-shaped valley, striation, and aréte, horn, lateral and
terminal moraines. Figure 3-7 was taken at “white-wood timberland” which is located

on the crest line between Main Peak and the Round peak of Yushan. The area displays
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a disintegrated cirque which probably was once much larger during the ice age.
After the end of ice age, headward erosion of upstream Nantzeshinchi prevailed; as a
result, most parts of the entire glacier cirque have been eroded, only a part of the

glacier cirque beneath the Round peak still remains.
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4. fREP FEEF

The cliff is formed by precipitous metamorphosed sandstones from the Tachien
Sandstone. The rock is mainly composed of slate interlaced with thin to thick layers
of metamorphic sandstones. It originated from layered sedimentary rock and later was
subjected to regional metamorphism and tectonic compression resulting in folds and
fractures. Along the two wings of the fold, rock layering is steep. Once the slope toe

was eroded by the action of river incision, the rock layer above the toe would slip
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down along the bedding plane, resulting in exposure of large cliff face. The Giant
CIliff here is a typical example (Figure 3-9).

There are some ripple marks and sedimentary structures exposed on the bedding
plane of the cliff (see Figure 3-10). Based on the marine fossils found in these rocks,
the rock formation must have been formed offshore of shallow ocean about 40
million years ago. The Plio-Pleistocene Taiwan orogeny is responsible for the uplift

to the present elevation of more than 3000 meters.
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The ridge face here shows a syncline and an anticline structure (Figure 3-11).

This region was subjected to strong deformation with folding and faulting. As

observed in Figure 3-12, the anticline structure has been displaced, apparently
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forming two anticlinal structures. The slip surfaces are filled with quartz veins. These
quartz veins are resistant to weathering and therefore protrude on the cliff surface.
From the above geological phenomena, it can be realized that the deeply buried
Tachien Sandstone has been subjected to deformation with folding and faulting as a
result of the collision between the Philippine Sea Plate and Eurasia plate since five
million years ago. The elevated temperature and pressure would induce metamorphic
reaction. The rock became very hard and compact with the formation of cleavages and
quartz veins. The development of cleavages has been caused by the recrystallization
and alignment of the platy or prismatic minerals along the plane perpendicular to the
major principal stress. Figure 3-13 shows a syncline found on the South Cross Island
Highway. The cleavages are roughly parallel to the axial plane of the fold. The Yushan
Mountain stands tall due to stacking of the folded and faulted strata. The consequence
is that Da-Chen sandstone was elevated to a few thousands meters above sea level.
However, the rock formation has also been subjected to erosion continuously during

the uplifting process.
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4. fREP F

Along the trail to the Main Peak of the Yushan Mountain, we can often see
sedimentary structures and trace fossils in the rock. As most trace fossils were
deposited in the marine environment, it could imply that the high mountains we see
today were actually beneath the sea long time ago. Figure 3-14 was taken near the
Main Peak. It shows the strata are horizontal with intercalation of metamorphic
sandstone and slate.

According to age of the fossils, the rock formation near the Main Peak was
deposited in a marine environment during Eocene/Oligocene epoch (between 56-25
my). At the time of deposition, the basin was sinking continuously; the sediment
accumulated sand or clay up to ten thousands meters of thickness. The long duration
of compaction, compression and heating leads to the conversion of unconsolidated
sediments into hard rocks through lithification.  During the period of the
Plio-Pleistocene Taiwan orogeny (between 5 million years ago and Present), the crust
underwent deformation and metamorphophism due to folding and faulting,
increased heating and high pressure. The sand or clay became durable metamorphic
sandstone and slate, respectively. The development of the slate cleavage is mainly
due to the growth of the mineral and re-crystallization. Figure 3-15 displays clear
horizontal bedding but later developed cleavages have over printed the bedding planes
and become the main discontinuity. Figure 3-16 shows a blurred horizontal bedding

plane, where development of cleavage has almost erased its depositional origin.
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From air-photos, the head stream area of the Laononchi displays curved and
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trellis drainage pattern. They are usually gentle slopes and round hills, and specially
valley plains like the Patungkuan grass plane. These phenomena imply that the
Yushan region was once a peneplain. In time, it was subjected to crustal activities,
during which topographic surfaces were elevated and then again incised by stream

action. Therefore, these old topographic surfaces have been rejuvenated.
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4. JRER G EER

The Tungpu area belongs to the mid- to up- stream region of the Chenyulanchi
and the down cutting power is larger than the side erosion power. Therefore, limited
and small size river terraces are only developed at the confluence of the Chenyulanchi
and the Salishinchi (Figure 2-4 and 3-19). The high level river terraces are the most
developed terraces along both sides of the river and they are elevated approximately
100 meter above the river bed. The Kaikaoheng terrace located to the right bank of the
river is the most pronounced one. There are two to three levels of lower terraces with

30 to 40 meters of elevation from the stream bed. The Kaikaoheng terrace could be
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correlated to the terraces of the down-stream area of the Wangshiang, the Chiumei,
and the Lola. These terraces are rather broad and it may be inferred that there is a
relatively stable period in the Chenyulanchi and the stream channel is broadened on
both sides and forms meandered river channels. Later on, the continuing action of

tectonic uplifting and stream cutting have resulted in the present topography.
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4. jEp F E e

The Chenyulanchi valley is mainly developed along the fault trace of Chenyulan
fault between the Tungpu and the Shuili segment. After prolonged erosion and river
down cutting, the present Chenyulan valley is formed at the western side of the
Chenyulan fault because the fault dips towards east. The present fault trace is located
at the turn of the eastern back ridge of the Kaikaoheng terrace.

As viewed from the mountain path towards the stream beds, one can observe the
landslide area related to the shear zone of the Chenyulanchi fault.

The Father and Son cliff exhibit an active landslide site with rock toppling. Quite
often, it happened on steep slopes with major discontinuities of cleavage planes, joint
planes, and bedding planes. Rock toppling could be triggered by stream down cutting

of the slope toe as well as slippage along the planes of major discontinuities.
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4. FEENFERR

The strata forming the steep cliffs are composed of hard and durable Tachien
Sandstones of the Eo-Oligocene time. The incision power of the main stream is much
greater than that of the second order or third order streams as a result of much larger
discharge of the former, so that the rapids and waterfalls (Figure 3-23) of approximate
100 meters are often formed at the river confluence. The Yunlung waterfall and the

Yulu waterfall are good examples.

45



2B FIL LR N -
/r’ﬁ»i"q i“'?‘r/ﬁ A\*%Kﬁ;;’bf"} ?’aﬁJ—ﬁ_‘iw]

(“-)  fEEELl: < MR i

1. %2 R

AETLBEAGOT N M T 70K T LR DR R LM LT 2 s
SE RO MRORARTE R R LR AE

2. HE PN ARk

AERBRE L AR RS TR AR NE I LA H R R

AW EAF I 0 WP Rt Ak g LER Y RRTE Y ) .

HMLT St FRR R E AN AR B RS ] B
THERNRETR AR i E R A KT fF oAk FlEFasaf o L R
3 BRORAZER R FIFAAR > AL RER
Fivn 2 g @B #A G T FIRAZ RS A &P NFFLATGHE P
Flek s g BRI G 2 4 & @ BRITFRFZRT G oo g A B 2 BT F A
= F AATH (isoclinal fold) o ~ # g v (LY 3-24) 7 5 LE LF#p %
Frow (Rmid d ) »ﬁtﬁf A o FRAAERL PG TR T IR ATH
ARG T RN G R AR TR ARR R RERRY OV S TR
e %7 -
4 fREP G E R
The huge landslide cliff below the Tioukuan Mountain is composed of slate with
subordinate thin to thick beds of meta-sandstone of the upper member of the Tachien
Sandstone. These strata have accumulated to great thickness, attaining 10,000 meters
as a result of continuous down wrapping of the sedimentary basin. The deeply buried
sediments were subjected to a compressional and elevated temperature environment.
Therefore, besides deformed strata with folds and faults, at the same time,

development of cleavages caused by recrystallized and alignment of platy or prismatic
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minerals goes on as well. On the cliff face, tight folds with nearly horizontal axial
plane of recumbent folds are well exhibited. The behavior of the hard and rigid rock

can be likened to that of a bar of maltose candy twisted around.
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The Patungkuan area belongs to the the Laononchi headstream. The adjacent
region displays trellis drainage pattern. On both sides of the stream, relicts of old
topographic surfaces and rounded and curved hills are often preserved. In the broad
and flat grassland of the Patungkuan area, the up-stream of these old stream channels

points towards the Kimmantung CIiff. It is obvious that the up-stream of the
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Chenyulanchi is also the up-stream of the ancient Laononchi. Due to recent tectonic
uplift and the more rapid up-stream erosion, the headwaters of the Laononchi were
captured by the Chenyulanchi, so that the increased up-stream area would supply
larger quantities of water to the Chenyulanchi. Consequently, rapid stream incision
causes development of the gorge valley of the Chenyulanchi. The Kimantung Cliff
with the exposure of the grayish slate of the Chiayoung Formation is also expanding

due to rapid headwater erosion (Figures 3-25 and 3-26).
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