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Landsliding is an important surface process in landscape evolutloﬁg conto he

ﬁ%']///

erosion and sediment supply in river systems in active orogenic belts. A series of river
terraces is situated near the confluence of the Luyeh River and Peinan River in Taitung
Luyeh area and is neighbored by a landform showing an enormous landslide event
(Luanshan landslide). Although there have been separate studies on the two landforms in
the past, there has not been a detailed analysis on whether the change in river topography
is related to the occurrence of the landslide, or vice versa. The purpose of this study is
thus to understand the evolutionary history of the river system in Luyeh area and delineate
the effects of surface processes on river evolution with the analysis of topography,
stratigraphic relationship, and the ages of the Luanshan landslide and its surrounding river
terraces.

Real-time kinematic GPS and laser rangefinder were used in the field to measure the
elevation of the contact between the landslide deposits and the bedrock strath. Then,
topographic analysis was conducted with a digital elevation model to obtain the ancient
land surface before the occurrence of the landslide. The results indicated that the Peinan
River, a paleo-channel, might have been flowing down several hundred meters to the east
of the current channel where the landslide event occurred at two thousand years ago. This
paleo-channel was buried by landslide deposits when the landslide took place. Therefore,
the Peinan River moved back to the current position and incised to the formation of an
epigenetic gorge. Based on the previous and the current studies, the paleo-channel of the
Peinan River was not the original location of the river. Longtian terrace, an enormous
alluvial fan with a large amount of sediments was developed by the Luyeh River, which

might have pushed the Peinan River channel to migrate about 300 to 700 meters eastward

v
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and then flowed onto the hanging-wall block of the Longitudinal Valley fiult” The westérn

§
slope of the Coastal Range became rising at a sharp angle because o e ward
L] 4;? L]
g
migration and lateral erosion, which might have triggered the @an angra ‘sli%é?b
; RS

According to the epigenetic gorge found in this study, the long-term be@imis@n@f\\ate
might be overestimated if the height of the strath terrace was used to calculate the incision
rate. A long-term incision rate of the Peinan River at the Luanshan landslide could be
estimated at 14-19.6 mm/yr by calculating the elevation difference of the paleo-channel
observed in this study and the current river channel. This can provide a basis for
estimating the incision rate of Peinan River in Luanshan area. In summary, fluvial
processes and landslides have interacted with each other to form the current landscapes

in the Luyeh area.

Keywords: Alluvial fan, Fluvial processes, Landslides, Luyeh area, Peinan River
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2% 5 Terrace ] —7¢ ¥ ¢t Shyuetal. (2008 )~ 345 Terrace 4 (& L £ % £ (2003)
2350 G )FFG P T EES B ER AR TSR 2 SR P B i oo
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2FEE AT NE R ERHEE L (1992) Hik i LaRlF - 310 2 F T
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2-2 MARET T EFTHERE Y= 0
% 3 1 LETRE . =58 )
) ) ; = 7 T AL ¥
LL = I
u . =R . Conventional Calibration 1age ] b &) 1"7 ’é ’]% “ %
age (BP) (Cal BP) (m) P ()
20010917-2  2533745.661 265342.833 1170+80 930-1270 18 Charcoal Shyu etﬁl., 2008
2 LS101 2533096 265300 2690+30 2750-2850 56 Charcoal hA o AW A
LS-01 2310+80 2120-2700 Charcoal
3 LS-02 2532602.666 266084.83 2250+70 2010-2400 101 Charcoal Shyu et al., 2008
LS-03 850+60 670-910 Charcoal
LS-1 2250+40 Plant frag. BT bx 2 JrF A > 2007
4 2531764.67 265368.833 2150-2350 43 .
Beta-229309 2250440 Plant frag. Hsieh et al., 2017
Beta-279793 2430440 2350-2700 Plant frag. )
5 2530860 265900 86 Hsieh et al., 2017
Beta-279794 2560+40 2490-2760 Wood
6 BN-02B 2533942.661 259267.86 3130+30 3250-3450 74 Charcoal Shyu et al., 2008
7 20090829  2532446.667 262152.847 4950+30 5600-5730 10 Fresh water snail i AW £

!'Calibrated using the CALIB 8.1.0 (Stuiver and Reimer, 1993) with IntCal20 calibration curve (Reimer et al., 2020) ©
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4k

ﬁ%']///

L R i b @z
@ .
Site Longitude Latitude Elevation Cahbr@
(TWD97) (TWD97) (m) Elevation (nll%)
1 265078.21 2533142.84 134.8252 106.3082 0.0219
2 265082.98 2532967.37 132.7145 104.1975 0.0174
3 265082.99 2532967.34 132.7112 104.1942 0.0164
4 265156.24 2532913.66 131.7501 103.2331 0.0319
5 265133.65 2532651.53 128.4925 99.9755 0.0391
6 26515491 2532525.65 127.2640 98.7470 0.0283
7 265152.28 2532443.64 127.0256 98.5086 0.0344
8 265136.20 2532253.18 126.4818 97.9648 0.0232
9 265180.66 2531859.01 125.1917 96.6747 0.0199
10 265207.33 2531671.26 123.2137 94.6967 0.0282
11 265310.88 2531507.18 119.8018 91.2848 0.0227
12 265444.05 2531361.62 119.3164 90.7994 0.0265
13 265533.78 2531198.95 117.8640 89.3470 0.0153
14 265533.22 2531198.86 111.5639 89.3470 0.0271
15 265542.72 2531118.26 112.9695 88.1213 0.0353
16 265571.36 2530914.60 115.4014 87.9129 0.0627
17 265681.85 2530651.62 112.4826 90.8317 0.026
18 265696.24 2530285.62 112.6910 88.3998 0.0289
19 265669.21 2530180.32 113.9167 86.9942 0.0314
B—B’2]& :
. Longitude Latitude Elevation Calibrate
Site . 3DCQ
(TWD97) (TWD97) (m) Elevation (m)
1 265287.88 2533145.11 137.4628 103.2331 0.2515
2 265181.05 2532856.40 133.6017 103.4171 0.0152
3 265192.27 2532828.05 135.6963 105.5117 0.063
4 265250.05 2532827.19 140.5173 110.3327 0.8506
5 265282.72 2532804.95 139.4318 109.2472 0.9023
6 265288.01 2532773.86 143.0027 112.8181 0.0589
7 265367.22 2532676.57 148.2911 118.1065 0.2308
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i

265396.22 2532694.74 | 147.958 117734 = 10,8954
265417.19 2532693.50 | 148.7551 1185705 57265
10 | 265429.94 2532692.00 | 1522111 122.0265| | =+0.6965 |
11| 26544828 2532686.14 | 150.7510 12075664 | 24 0102987
12 | 26556538 2532693.58 | 156.6944 126.%%@"‘ 0241
13 | 265565.64 253269345 | 1563798 1261952 | 19963
14 | 265627.05 2532727.70 | 161.2408 1310562 | 0.6634
15 | 265645.23 253273244 | 161.862 131.6774 | 0.1443
16 | 26565085 2532708.88 | 1622229 1320383 | 0.7369
17 | 26566445 2532682.09 | 165.0533 1348687 | 0.5346
18 | 265681.88 2532670.86 | 1653127 135.1281 | 0.0301
19 | 265696.59 2532670.64 | 165.8168 135.6322 | 0.0403
20 | 265705.80 253267349 | 1663190 136.1344 | 0.0426
21 | 265722.14 2532684.03 | 166.8911 136.7065 | 0.0288
22 | 265752.05 2532696.21 | 167.9056 137.7210 | 0.0305
23 | 265774.10 2532683.31 | 169.6186 139.4340 | 0.0801
24 | 265786.28 253267526 | 171.9604 1417758 | 0.0197
25 | 265797.57 2532673.68 | 173.4226 1432380 | 0.0351
26 | 265819.62 2532664.55 | 1753008 1451162 | 0.0236
27 | 265857.41 2532667.08 | 178.9438 1487592 | 0.0539
28 | 265874.74 2532663.03 | 181.7984 1516138 | 0.0233
29 | 265875.54 2532663.97 | 181.7984 1516138 | 0.0284
30 | 265902.98 2532646.06 | 1874511 1572665 | 0.0278
31| 26591492 2532640.77 | 187.6064 157.4218 | 0.6838
32 | 265926.65 253261095 | 189.2951 159.1105 | 0.0256
33 | 265966.97 2532559.23 | 193.2985 163.1139 | 0.0402
34 | 26600293 253251378 | 1983674 168.1828 | 0.7941
35 | 26600281 253251436 | 196.8782 166.6936 | 0.0278
36 | 26603357 2532511.32 | 199.6284 169.4438 | 0.6144
C—C2la

Site Longitude (TWD97) Latitude (TWD97) Elevation (m)

I 265440.35 253134534 89.34

2 265478.20 2531350.46 95.69

3 265502.69 2531351.27 99.24

4 265520.55 2531358.04 100.89
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5 265521.71 2531364.26 X 0234 &
6 265539.01 2531370.10 & 9 @
7 265551.98 2531373.52 .| assal| )|
8 265569.26 2531383.33 7 N [11dso[| §
9 265586.33 2531379.00 &@‘113.84 I8
10 265605.45 2531390.32 1160

1 265630.30 2531417.01 121.94

12 265638.95 2531426.53 124.79

13 265669.11 2531432.60 131.94

14 265680.66 2531441.77 136.59

15 265695.41 2531449.59 139.94

16 265704.18 2531457.87 141.89

17 265705.48 2531471.56 145.64

18 265725.16 2531477.83 148.19

19 265732.97 2531488.16 150.64

20 265741.13 2531480.42 152.09

21 265749.24 2531485.69 153.54

22 265736.51 2531501.60 153.69

23 265748.32 2531504.68 157.84

24 265742.86 2531504.96 154.54

D—D’2] 4

Site Longitude (TWD97) Latitude (TWD97) Elevation (m)

1 265568.01 2530920.26 87.91

2 265612.83 2530921.06 93.56

3 265628.25 2530918.95 101.21

4 265638.20 2530911.05 103.96

5 265692.31 2530889.16 112.61

6 265744.88 2530885.45 120.26

7 265744.60 2530883.32 119.51

8 265759.15 2530881.86 123.11

9 265790.40 2530854.31 130.76

10 265846.37 2530853.42 141.11

11 265888.54 2530875.38 150.06

12 265911.07 2530865.83 156.61

13 265933.65 2530861.60 166.66
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E—E'25 X- &

Site Longitude (TWD97) Latitude (TWD97) & Elevation«(m) \%
1 265723.59 2530294.78 N g0 &
2 26576440 2530289.97 @14 || Voo
3 265776.02 2530309.63 @ 95292 ©

4 265803.10 2530308.49 99.74

5 265819.62 2530310.60 104.19

6 265846.33 253029845 110.54

7 265872.02 2530301.05 117.69

8 265890.20 2530297.15 126.14

9 265901.55 2530291.89 132.99

10 265897.23 2530296.43 128.79
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Site Longitude (TWD97) Latitude (TWD97)
1 265593.40 2531509.7
2 265599.91 2531511.4
3 265611.05 2531516.8
4 265606.57 2531516.2
5 265616.68 2531528.1
6 265642.46 2531519.5
7 265627.84 2531523.9
8 265642.77 2531520.1
9 265725.84 2531475.8
10 265729.10 2531479.0
11 265730.74 2531481.4
12 265750.12 2531484.0
13 265750.39 2531484.7
14 265745.49 2531486.3
15 265745.59 2531486.8
16 265745.29 2531500.3
17 265889.11 2530271.0
18 265890.18 2530268.9
19 265893.35 2530267.4
20 265897.30 2530270.6
21 265896.97 2530331.5
22 265901.10 2530328.4
23 265907.21 2530334.4
24 265910.45 2530334.7
25 265916.04 2530335.7
26 265919.55 2530304.4
27 265776.63 2530965.8
28 265813.49 2530966.7
29 265818.98 2530962.4
30 265828.09 2530956.2
31 265842.68 2530931.0
32 265841.91 2530921.7
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33 265813.22 2530808.4 X T6726 &
34 265835.32 2530817.2 % 0.7 @
35 265841.66 2530826.8 sl A
36 26583134 2530942.8 N 1781 Y
37 265837.20 2530945.7 &@‘171.21 I8
38 265843.48 25309452 17081

39 265888.37 2530830.8 169.81

40 265918.47 2530892.7 169.91

41 265927.86 2530899.5 171.21

42 265882.99 2530834.6 169.91

43 265842.36 2530841.1 171.01

44 265716.75 2531021.3 162.16

45 265512.81 2531551.1 180.79

46 265406.45 2531683.3 175.28

47 265418.24 2531680.9 176.28

48 265486.84 2531640.6 181.28

49 265461.96 2531644.0 184.28

50 265385.48 2531736.2 163.69

51 265329.60 2531986.3 164.69

52 265328.61 2531990.4 163.69

53 265389.69 25318903 165.67

54 265382.53 2531850.2 165.13

55 265394.13 2531858.8 166.13

56 265302.96 2531979.6 169.13

57 265303.32 25319963 167.13

58 265305.18 2532012.6 166.13

59 265274.75 2532235.4 162.59

60 265262.38 25322455 155.96

61 265264.15 2532239.6 154.96

62 265264.77 2532230.3 155.96

63 265269.91 2532203.9 157.96

64 265203.12 2532793.7 153.50

65 265206.22 2532768.4 154.50

66 265212.76 2532708.6 154.50

67 265215.35 2532699.5 155.50

68 26522776 2532580.1 153.50

69 265231.87 25325683 155.50
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e
- 15550,

70 265240.97 2532534.0

71 265240.82 2532508.3 % a7 @
72 265247.15 2532476.7 . 5850 .
73 265253.30 25324424 7 W 15850 )
74 265275.59 2532380.6 i&a'é@léoﬂo‘ S’
75 265284.22 2532276.7 215900

76 265396.22 2532694.7 147.87

77 265396.22 2532694.7 152.77

78 265396.22 2532694.7 153.77

79 265396.22 2532694.7 147.97

80 266180.02 2532287.9 269.16
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Hiy
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%
Site Longitude (TWD97) Latitude (TWD97) @éééati?n ?g@;\\ Y
1 265428.80 2532517.0 147
2 265534.58 25323224 146
3 265640.35 2532106.6 145
4 26575035 2531920.5 144
5 265830.74 2531751.2 143
6 265860.36 2531565.1 142
7 265860.36 2531442.4 141
8 265826.51 2531340.8 140
9 265695.35 2531256.2 139
10 265564.19 2531167.4 138
1 265483.81 2531065.8 137
12 265509.19 2530837.4 136
13 265547.27 2530638.5 135
14 265585.35 2530465.0 134
15 265357.37 2532208.5 160
16 265462.87 2532073.5 159
17 265614.78 2531887.8 158
18 265716.06 2531685.2 157
19 265737.16 2531537.5 156
20 265661.20 2531381.4 155
21 265500.84 25313223 154
22 265395.35 2531280.1 153
23 265615.52 2532909.2 160
24 265632.10 2532795.2 159
25 265657.20 2532579.9 158
26 265703.40 2532364.6 157
27 265766.70 2532170.5 156
28 265876.42 2531980.6 155
29 265935.50 2531807.6 154
30 265986.14 2531634.6 153
31 265973.48 2531440.5 152
32 265931.28 2531313.9 151
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33 265863.76 2531187.3 X o &

34 265737.16 2531136.6 % 49 @
35 265656.98 2531077.6 A
36 265623.22 2530942.5 NS T Y
37 265644.32 2530790.6 &@146 ‘g\\v"
38 265694.96 2530664.0 g5

39 265775.14 2530516.3 144

40 265825.78 2530368.6 143

41 265677.66 2532906.6 170

42 265712.21 2532762.0 169.5

43 265735.17 2532581.6 169

44 265764.46 2532374.8 168.5

45 265803.44 2532184.9 168

46 265917.38 2531991.8 167.5

47 265974.35 2531817.8 167

48 266028.15 2531631.0 166.5

49 266009.16 2531438.0 166

50 265974.35 2531298.7 165.5

51 265901.55 2531169.0 165

52 265860.36 25310713 170

53 265881.51 2530978.2 170

54 265856.13 25307413 170

55 265919.59 2530614.4 170

56 265957.67 2530487.5 170

57 265978.82 2530360.5 170

58 265991.51 2530280.2 170

59 265614.96 2531706.0 170

60 265665.74 2531621.3 170

61 265682.66 2531536.7 170

62 265674.20 2531481.7 170

63 265610.73 2531439.4 170

64 265521.88 25314267 170

65 265534.58 2531773.7 170

66 265449.96 2531862.5 170

67 265779.97 2532893.6 180

68 265779.97 2532754.0 180

69 265796.89 2532576.3 180
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70 265818.05 2532381.6 X o &

71 265847.66 2532199.7 % 80 @
72 265953.44 2532009.3 b s 4
73 266046.52 2531835.9 A N A
74 266122.67 2531641.2 &@180 ‘g\\v"
75 266097.29 25314212 180 7

76 266025.36 2531277.4 180

77 265957.67 2531146.2 180

78 265944.97 2530998.1 180

79 265957.67 2530871.2 180

80 265936.51 2530735.8 180

81 265966.13 2530630.0 180

82 265999.98 2530520.0 180

83 265534.58 2531628.5 180

84 265653.04 2531510.1 180

85 265598.04 2531476.2 180

86 265479.58 2531476.2 180

87 265407.65 2531514.3 180

88 265598.04 2531586.2 180

89 265915.36 2532889.3 220

90 265928.05 2532690.5 220

91 26594921 2532474.7 220

92 265966.13 2532309.7 220

93 266004.21 2532153.2 220

94 266105.75 2531958.5 220

95 266232.68 2531780.8 220

96 266245.37 25316243 220

97 266215.75 2531391.6 220

98 266148.06 2531247.8 220

99 266076.13 2531125.1 220

100 266076.13 2530981.2 220

101 266059.21 2530828.9 220

102 266059.21 2530735.8 220

103 266080.36 2530604.7 220

104 266120.13 25328822 260

105 26610321 25325733 260

106 266141.29 2532281 .4 260
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107 266225.91 2532019.0
108 266192.06 2531105.2
109 266183.60 2530961.3
110 266162.44 2530783.6
111 266179.37 2530614.4
112 266187.83 2530424.0
113 266196.29 2530301.3
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