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Forming mechanisms and relation of Chi-Chi earthquake-induced uplift
reach of Taan river to Tungshih anticline

Hsu, Yu-Cheng

Abstract
The Chi-Chi earthquake was an My, 7.3 earthquake resulted in the Chelungpu

fault in central Taiwan in 1999. The Taan River valley crosses the Tungshih
anticline, which is located at the northern end of the Chelungpu fault rupture. The
river reach has been uplifted during the Chi-Chi earthquake. The coseismic
deform of the river profile is gently decrease in the west, a sharp decrease in the
east. The maximum vertical displacement of the river bed was 10 m. The vertical
displacements were 6.5 m on the eastern fold limb and 4 m on the western fold
limb. This coseismic uplift disturbed the dynamic equilibrium of the fluvial
system. Typhoons and river dredging accelerated the incision. After two decades
of rapid incision, the river bed became the Taan gorge. The cliffs of the gorge and
the Diaoshan Mountain, on the south riverbank, allow me to sketch the exposed
geological profile of the Tungshih anticline. According to the survey report of the
Chi-Chi earthquake surface rupture from Taiwan Central Geological Survey, there
was an obvious surface rupture on the eastern limb, but there was no obvious
surface rupture or flexure on the western limb.

Three mechanisms were proposed to explain the Chi-Chi earthquake-induced
uplift in this area: which is faulting, folding, and combination of both. The
analysis of the newly exposed outcrops of the Taan Gorge should allow me to
discriminate between these proposed models. I used UAV (unmanned aerial
vehicle) to construct the 3D point cloud model of the Taan gorge. And export the
aerial image and NE-SW profile of the Taan gorge and Diaoshan Hill cliff. I
combined field data and images from UAV to construct the regional lithology map.

Then, I built a geological profile across the Tungshih anticline integrating

il
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structural data based on field measurements and the UAV 3D point cloud, a deep
well log, and a seismic image profile. My result indicates that the Tungshih
anticline is an asymmetric detachment fold, and mainly resulting from the
mechanism of (conjugate) folding and the formation reach uplift were strongly
influenced by the existing structures and formed via mainly conjugate folding and
partly faulting under the loading of sudden slip along the detachment fault at a
depth around 1 km. The earthquake-induced uplift participated in the growth of
the Tungshih anticline.

Keywords: active anticline, Tungshih anticline, coseismic ground deformation,

active fault
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a. Faulting (pop-up structure) Dfeoshen Mt

(4% & Lee etal., 2002)

b.Folding (conjugate fold)
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C. Faulting & “Folding”
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Fig. 2. Three kinds of mechanisms for the coseismic reach uplift. (a) Faulting (Pop-up) (b)
Folding (conjugate fold) (¢) Faulting and folding
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Fig. 7. Damage of Pifeng bridge and Shigang reservoir after earthquake.
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Fig. 11. Profiles of uplift near Diaoshan Mountain in both side area of Taan river (Vertical
exaggeration = 13). Data of A-A’, C-C, D-D’, E-E’ profiles from Lee ef al. (2005). B-B’ profile
is adapted from Graveleau et al. (2010) with some modification on the shape of its left step

according to the escarpment in Fig Sa.
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Fig. 12. Work flow chart of UAV survey. (From #-ik /2 % > 2016)
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Fig. 13. Drones used in this study. (a)DJI Phantom 3 Professional (b)DJI Mavic pro (c)DJI

Mavic 2 pro
21



B 14 4% é‘%ﬂﬁ 4
Fig. 14. Ground control point painting
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Fig. 15. RTK survey and recording the coordinates of a ground control point.
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Fig. 16. Measuring bedding attitude and bed thickness.
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ii. BB (B diagrams)
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Fig. 17. Relationships of cylindrical fold surface and pole( 77 ). (a) Schematic diagram of

surfaces on the cylindrical fold and each relative pole( 77 ) (b) Distribution on stereographic

projection of pole( 7 ) (Ramsay and Huber, 1987)
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Fig. 18. Relationships of axial surface (AS) and crest surface (CS) in plunging cylindrical folds

(a), and intersection in stereographic projection (b). (Ramsay and Huber 1987 )
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B 19 & & 2 # 6

Fig. 19. Demonstration of bedding measurement.
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Fig.20. Schematic diagram of intersect between bedding and level.
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Fig. 21. Taan gorge in Cholan. Shot in 2019, facing to SE.
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Fig. 22. Joints in medium and thick sandstone. (a) Orthogonal joints in medium sandstone in
southern reach (b) Joints in medium sandstone in Northern reach (c¢) Crack surfaces along joints

in ~2m thick sandstone in northern reach (d) Rose diagram of joints attitude collected from the

gorge
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Fig. 23. NW-SE fault in midstream of Taan gorge. Position shown in fig. 30.

VS: Vertical Separation.
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Bl 24 fAd Lol BE L TR
NRP R AL G REE e 4R 20 2
RSB BT TR 26 -

Fig. 24. Fault on Diaoshan Mountain cliff. Yellow sandstone layer is the index bed. The

approximate separation is around 20m. Facing to SW. Position shown in fig. 26.
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Fig. 24. Difference of bedding sequences on two sides of Chi-Chi earthquake rupture eastern

limb on Diaoshan Mountain cliff. Position shown in fig. 25.
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Fig. 26. Surface rupture of Chi-Chi earthquake (red dash line) and the inferred orientation of

faults on the cliff.

Bl 279 5T 52 P R B RRRAPGHE Y
Fig. 27. The position of Chi-Chi earthquake rupture on the downstream and upstream of Taan
gorge.
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Fig. 28. Where the bedding dip change on the southern bank and the northern bank.
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Bl 29 % 2 A A% A g e
Fig. 29. Outcrops of fold axis on the southern bank and the northern bank.
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Table. 1. The layer sequence and approximate layer thickness in Taan gorge region.

Unit & R K 5
RN F)# =2m =2m
BxdRhiFH Fj# =4, =4.9m
)4 =5.6m
F) 4+ =33m
F #=25m
ERFET IR o =2.4m =25.45m
7 £ =6.15m
Fj# =3.Tm
P &£ =1.8m
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Fig. 30. Lithologic map of the Taan gorge. Part of bedding attitudes are adapted from Huang et al. (2013). A-A’ indicates the orientation of the
geological profiles. The upper cross section is the projected profile for the exposure on the north bank; the lower cross section is the projected

profile for the exposure on the south bank.
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Fig. 31. Geological cross-sections of southern and northern banks of Taan gorge. Brown tone denotes alternation of sandstone and shale. Yellow

tone denotes lithologic units mainly composed of sandstone. Green tone denotes lithologic units mainly composed of mudstone.
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Fig. 32. Elevation of Diaoshen Mountain cliff and delineations of Tungshih anticline. The top figure is the ortho image made by point cloud. The
mid figure is the delineations of visible layers. The bottom figure is the extrapolation of visible layers, to show geometry of Tungshih anticline on

the Diaoshan Mountain. S: Separation. VS: Vertical Separation.
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Fig. 33. Bedding attitudes on Diaoshan Mountain cliff calculated from the UAV point cloud
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Fig. 34. p diagrams of fold axis. Left one is the fold axis calculated from river bed attitudes, right one is the fold axis calculate from cliff attitudes.
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Fig. 35. Overlapping projected profiles of the anticline. Dark lines denote cliff profile along the fold axis of cliff projected to river bank profile,
light gray lines denotes river bank profile along the fold axis of river bank project to cliff profile.
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a. Faulting (pop-up structure) —— FESHE
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Fig. 36. Three inferred models which all match the geologic setting. (a) Pop-up structure (b)
Conjugate kink fold (c¢) Faulting and passive folding model.
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Fig. 39 Configuration of Tungshih anticline and mechanism of Chi-Chi earthquake-induced ground deformation proposed by this study. Red dash-
dot line denotes the coseismic ground deformation of Taan river bed, gray solid line denotes delineations of seismic reflection lines. Seismic line

from Graveleau et al. (2010)
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