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Tectonic and Paleoseismological Significance of Holocene Marine Terraces
on the East Coast of Coastal Range, Taiwan

Masaru YAMAGUCHI Y and Yoko OTAEU

Abstract

0 0O The east coast of Coastal Range, Taiwan, is well known for the presence of multiple
Holocene marine terraces and their very rapid uplift] e.g. Liew et al., 199300 We extended the
study area from Hualien to Taitung over a ca. 150-km long coastline. We present some new
data on the ages and the heights of Holocene marine terraces and discuss their significance for
Holocene coastal tectonics.

0O O The Holocene marine terrace is subdivided into more than 10 steps at maximum. The
highest and oldest terrace, mostly underlain by transgressive deposits, represents the sea
level position at the culmination of Holocene sea-level rise and reaches to ca. 80 m above sea
level. Transgressive deposits are radiocarbon-dated at several sites, back to ca. 13000 yr BP.
The lower terraces are mostly erosional one, overlain by thin coral beds and indicate
successive lowering of relative sea-level during the late Holocene. Uplift rate of the coast is
very high, ranging from 5 m/ka to 15 m/ka.

O O Three tectonic subregions, A, B and C, are identified, based on the pattern of marine
terrace features and uplift rate. Subregion A, the northernmost area, is the Milun Upland,
which is separated from the main part of Coastal Range by the Hualien River. The Milun
Upland is a tilted block, bounded by the active Milun Fault at its western margin, and is
fringed by a series of narrow lower terraces. The Milun Fault is a northern extension of the
Taitung Longitudinal Valley Fault System and shows progressive deformation. Deformation of
the Milun Fault is concordant to that of the 1951 earthquake. Uplift rate here ranges 5-8
m/ka. Subregion B, middle part of the coastal area, has an uplift rate of 5 m/ka. Subregion C is
the southern most region, presents multiple terraces characterised by the highest uplift rate, 7-
15 m/ka. Extensive alluvial fans overlie most of the highest marine terrace. Multiple lower
terraces are also well preserved. The youngest terrace is dated at ca. 400 yr BP. No onshore
active fault is observed on terraces in the subregions B and C.

0O O The presence of many steps during the Holocene time implies that intermittent uplifts,
associated with large earthquakes at an interval of one thousand to several hundreds of years,
have repeatedly occurred in this coastal area, but with different times and amounts at each
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subregion. The uplift of subregion A certainly resulted from an onshore active faultd Milun
Faultdl Causative faults for the uplift of subregions B and C are not identified. Offshore
active faults, striking obliquely to the coastlinél Lallemand et al., 19990 appear to be causative
faults. Another unsolved problem is to understand when such a high uplift started in this
coastal area. This is difficult to determine at present, because no late or middle Pleistocene

marine terraces are found in the area.
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Tablel 10 Dating result of fossil samples.

Locality Sample “C age #Th/U*age Intercepts of
Name Profile terrace  No. Material Elevation Oyr B PO Laboratory OyrBPO  “Cage
a. MSOmO No. Ocal. yr B PO
Milun Fig. 4, E-E' HT28 Coral 12 2450+ 110 GaK-14329 2633-2632
HT29 Coral 1310+ 080 GaK-14330 1228-1036
Shihtiping  Fig. 6B, F-F' O HT26 Coral 8.6 3070+ 390 GaK-14428 3661-2715
Shihtiping  Fig. 6B, F-F' O HT23 Coral 6.6 630+ 070 GaK-14426 573-434
Shihtiping  Fig. 6B, F-F' O HT24 Coral 0.5 1910+ 070 GaK-14427 1867-1664
Tanman Fig. 7B, H-H’ O HT21 Coral 45.1 HI1-40 9100+ 401
Shihyusan  Fig. 8, I-I' O HT19 Oyster 5.4 530+ 100 GaK-14425 501-317
Chengkung Fig. 10, K-K' O HT11 Coral 14.4 3560+ 100 GaK-11421 3911-3621
O HT13 Coral 11.7 4090+ 090 GakK-11422 4637-4344
O HT15 Coral 8.0 1140+ 080 GaK-11424 1054-842
O HT14 Coral 4.4 2170+ 080 GaK-11423 2179-1939
Tulanpi Fig. 11, L-L' HT10 Shell 7 11430+ 150 GaK-11420 13390-13347
Fukang Fig. 13, M-M" HT9 Coral 0.8-1.6 420+ 070 GaK-11419 429-259
Fig. 13, N-N' O HT2 Coral 15 2610+ 120 GaK-14415 2752-2442
O HT5 Coral 10.5 2030+ 080 GaK-14416 2016-1788
O HT6 Coral 3.8 1079+ 116 GaK-11417 998-769
O HT7 Coral 1.6 1250+ 080 GaK-11418 1157-962
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Fig.010 Outline of the studied area. Inset shows
tectonic setting of Taiwan (simplied from
Yu et al., 1997).
Lineaments in the Longitudinal Valley
represent active fault or possible active
fault estimated from aerphoto interpreta-
tion.
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Fig.020 Geomorphological map of

O the Milun Upland.
Contours are from 1/25000 topographic map.
Lines a-c are the locations of profiles across
active faults of Fig. 3 and those A-A' to E-E'
correspond to profiles across younger terraces of
Fig. 4. Note that the extensive terrace ML O is
truncated by two faults and fringed by narrow
lower terraces.
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Fig.030 Topographic profiles across Milun and
Mingi faults.
Note the southward decrease of both
scarp heights.
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Fig.040 Profiles across the northeastern margin of Milun Upland,
showing the presence of multiple younger terraces.
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site showing multiple former sea
level positions.

No datable samples were obtained.
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Fig.090 Geomorphic map at Sanhsientai site showing
multiple terraces, up to 9 steps.
Sand dunes mask the exact correlation of
terraces.
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Fig.0100 Topographic profiles at Sanhsientai
and its vicinity.
Nine terraces are distinguished. They
are mostly erosional in origin with
thin fossil corals. Ages of corals are
sometimes inconsistent with the order
of terraces.
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Fig.0110 Sketch along the sea cliff at Tulanpi.
Mudflow deposits exist within the ma-
rine deposits. Dates of marine shells
immediately above the bedrock indicate
a very high uplift rate at this site.
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Fig.0120 Holocene marine terraces up to 8 steps
are recognised at Fukang site.
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Fig.0130 Profiles at Fukang site.
M-M' shows the mudflow deposits overlying marine terrace deposits. The
youngest coral is found at this locality. N-N' shows six marine terraces, but

dates are inconsistent with terrace order.
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al.0 199301

Three tectonic subregionsd A, B, and COare proposed in this paper, mainly based on the heights of
the highest Holocene marine terracesd O mark[I] which may correspond to the culmination of sea
level rise. Heights of younger terraces shown in dots and correlation of dotted lines are by Liew et
ald 19930and horizontal arrows are new data obtained by this study. Open circles with dated] kal
are Holocene transgressive deposits. Vertical arrows indicate that the terrace, corresponding to
the transgression, is higher than the sample sites.

oooooobobooobobooboobooboog
gboooboobooboobobobooboobo
obobobo AbDBOCO 300OO0OO0ODOODOOO
0000000 Liewetald199100 00000
OO000O0O0OO0O0O0O0OOoOoOOao Liewetal.
19910 000b00o0oooboooooboooon
oooobooboobobuobobooobonoog
gboobobooobobobooboboobo
oboooobobooobooboboooboonoo
ooooboobooboboboboooboobog
gooobooooobooboobooBOCcODOO
oboooooboooboobobobooobonbo
gpoooboo

ogAOOOOoOgon
oboooobobobooboboooboobooog
ooooooboboooboboobobooboog
gbooooodobooboboobooboooo
oboooooooboobobobooboobooonoo
ooooooboboooboboobobooboog
O00O0COoOooooos0o8mkaddddd

oBO0bO0ooOooogong
0000000000000 S50 emMm/kad0 OO
gbooboooboobooboobooobobooobo
goboob3ocmiobooobooonbooo
O0000O0mobooOOoooDooOoOon 40mDOO
gboooobooobo3boo4b0000b000000
gbobobobooobolbgobobooobo
gbobobooboboobobooobobooobo
gooo

gchoboooooonog
O00O0OO0OO0OOoOOOO0OO0OO070 15M/kad O
gbobooooobooboobobooboobooobo
gbobooboobobobobooboboboobo
gboobooooboobooboobooooboobo
gbooooooboobobooboobooono
g3dooooooooooboobooon
gboobooobooobobooobobbooooboobo
gboooobooboooobooobooboooDbo
Ad0O0O0O0DOO0OOODOoOobOobDoobOobo
gboobooooboobooboobooboboobobo

IO —



oboboboooooboobooboboobooooo
gbooobooboobobooobobooboobo
obooooobobooobobooboobonoo
ooooboboooobboooboooobobo
gbooooboboobobooboobooboo
O00ooOoOoOoDoooooo, otaet al., 1996[M0
obooboBOCObOOobODOoOobDOoooOoog
gbooooboboobobooboobooboo
obooooobobooobobooboobono
000000000 oo0ogoooD 10kmOOO
gbooooboooboboboobobooboobo
obooooobobooobobooboobonoo
OO0O0OO000000 Chenetal.d199100 BO
gboooobobooboboobooboonoo
oboobooboboobooboboooboonoo
ooooboboooboooobobobooog
gbooboobobobooobobooboobo
oboooboooobooboooooboobooono
ooooobooobobobooboboooboobog
gooooBOcoObOoOOOOOOOOOO
gbooo,196e000000000000onoon
oooobooboobooboboobobooog
gooooooobooooogon, 2oc00tdboog
obooooboooboobobobobooboooog
goobooBOCcOODbOODbOOOODOODO
gboooboo
obobooobooboobooboboboobonbo
000000000000 0000Lallemand et
ald 199900 00000OOOOOOOODOODOO
obooobooooboboboobobooobobo
ooooooboboooboboobobooboog
gboboooboooboboboobobooboobo
obooooobooobooboobobooboonbo
ooooooboboooboboobobooboog
gbobooogooo
g3nooooooooooobon
goomobobobooboboooooooboo
gboooobooboobobobooboobo
oooboooooboobooboboobobo
obobobooooobob seboboonog
obobooooboooobogooboiobobOoO

gbobooobooboobooboobouobuobo
gbobooooobobooboboobooboobo
ooboobog, 1977, Ota, 19861 0 00O
gbobooboobooboooobobooobo
gbobooooboobooooboboboobo
gbooboooboobooboooooboobooobo
gbobooobooboboooobobooobo
gboboooobooboboobooobooboobo
gbobooooobooboobooboobobo
O0000050000000000 600
00000 noombooooooOooOoon
gboboooboobooooboooobooobo
gbobooobooboobooboobobooobo
bobooooobobooobobobooboobo
obooooooboboboobobobbo
gboooobobobobuoobobobobo
bobooooobobooobobobooboobo
gboobooooobooboooobobooobo
gooooooooobobobooboooonog
gbobooooboobooooboobooobooobo
go000oooooo*coooooooooo
gboooooooooboo

ivoooooooono

gi1iggoooobobobobooobouobouobo
OoooboooboobDOosombOoOooboOnO
Ism/ka000000O0O0OCODOOOOOOOO
gobooooooboboboboobooobuobo
gbooboooobooboobobooobooboobo
gboobooooooobooboobobon
g2000goobobooboobooobouobouonbo
gboboooobooboooobobooboobo
AOJO0O0OO0ODOOO0O0OO0DOOOODbObOOODbO
gbooboooBO cOUboboobooboobOoDbOo
gbooooooobobobobooobooobooong
g3poooooboobobooboooobooboonbo
gbobobooobobooooobobouobobo
bobooooobobooobobooboobooobo
gboobobooboobooooboobooobo
gboboooboobooboobgooboboobo
gbooooooobobdo

IO —



o400 0000ooboboboboobooog
gbooooboboobobooboobooboo
gboboboobooooboobo
Oos0000000%CcU00o0ooooooooa
OO0ooooooAMSO Thhuooooood
oboooobooboobobobooobobo
oooooobuobooobobooboobonboog
gboboboooobooobogooo

ooo
00000o0o0oo0o®*cooUoUooUoUoUoOo
ooooopoooooOoOoOoOoOoODOOODOOOThU
goooooooOoooooooooobooooooo
gooobomoooobooooooooooooboooo
obooooboooooooooooobooooooa
oboooobooooooooboooobooOooooo
booooooooobooboobOmooooooo
ooboooooooooooooooobooooooo
goooooOoooobOooobobDOo0ooboooDbOoo
Kerry SiehOOOOOOOOQOOOOOODOOOQCOO
obooooboooooooooooobooooooa
uoboooobooooboocoooooooooooboooo

oooo

Bard, E., Hamelin, B., Arnold, M. and Montaggioni,
L.0 199601 Deglacial sea-level record from Tahiti
corals and the timing of global meltwater
discharge. Narure, 382, 241-244.

Bonilla, W.BJ 19770 Summary of Quaternary fault-
ing and elevation changes in Taiwan. Memoir of
Geological Society of Chaina, 2, 43-55.

Chen, W-S., Huang, M-T. and Liu, T-S.01991[
Neotectonic significance of the Chimei Fault in
the Coastal Range, eastern Taiwan. Proc. Geol.
Soc. China, 34, 43-56.

0000000196 0000000 0nooo1000
1000000000000

Fairbanks, R.G.0 19891 A 17,000-year glacio-
eustatic sea level record: Influence of glacial
melting rates on the Younger Dryas event and
deep-ocean circulation. Nature, 342, 637-642.

oo0ool19oMsS 0000000000 OOODOO
00o0oooo0ooooOo0ooooooooooooo
oooo

Hsu, T.L.O 19541 On the geomorphic features and
the recent uplifting movement of the Coastal
Range, eastern Taiwan. Bull. of the Geoloical
Survey of Taiwan, 7, 9-18.

Hsu, Y.C., Chou, M.C., Hsu, Y.C., Lin, S.Y. and Lu,

S.C1 19730 National Taiwan University radiocar-
bon mesurements Il. Radiocarbon, 15, 345-349.
Konishi, K., Omura, A. and Kimura, T.0O 1968
1%'U-*Th dating of some late Quaternary coral
limestones from southern TaiwanO Formosall

Geol. Paleont. Southeast Asia, 5, 211-224.

Lallemand, S., Liu, C.H., Dominuez, S., Schnurle,
P., Malavielle, J. and the ACT Scientific Crew

019991 Trench-paralleel streching and folding of
forearc bassins and lateral migration of the
accretionary wedge in the southern Ryukyus: A
case of strain parttition casued by oblique
convergence. Tectonics, 18, 231-247.

Liew, P.M., Hsieh, M.L. and Lai, C.K.O 1990
Tectonic significance of Holocene marine terraces
in the Coastal Range, eastern Taiwan. Tectono-
physics, 183, 121-127.

Liew, P.M., Hsieh, M.L. and Lai, C.K.O 19911
Holocene coastal development in active are-
continent collision zone of eastern Taiwan.
Casgrove, J. and Jones, M. ed.: Neotectonics and
Resources. Belhaven Press, 75-84.

Liew, P.M., Pirazzoli, P.A., Hsieh, M.L., Arnold, M.,
Barausseau, J.P., Fontungne, M. and Giresse, P.

019931 Holocene tectonic uplift deduced from
elevated shorelines, eastern Coastal Range of
Taiwan. Tectonophysics, 222, 55-68.

Lin, C.C.0O 196901 Holocene geology of Taiwan. Acta.
Geol. Taiwan, 13, 83-126.

OMO00D00000000000000020000 00
000000 02050000 1000000000
000000o0ooooooooooooo 1300

gopool1eeaMsS 00000000 DOOO0OOOOO
0o0#00000000000000000000
ooo

Ota, Y.019861 Marine terraces as reference
surfaces in late Quaternary tectonics studies:
Examples from the Pacific rims. Royal Soc. New
Zealand Bull., 24, 357-375.

Ota, Y. and Chappell, J.0 19961 Late Quaternary
coseismic uplift events on the Huon Peninsula,
Papua New Guinea, deduced from coral terrace
data. J. Geophys. Res., 101, 6071-6082.

Ota, Y. and Chappell, J.0 19991 Holocene sea-level
rise and coral reef growth on a tectonically rising
coast, Huon Peninsula, Papua New Guinea.
Quatern. Intern., 55, 51-59.

00000oo0o0oooi19770 0000000OOOOO
0000000oooooooooooooooog
47, 281-292.

Ota, Y., Berryman, K.R., Hull, A.G. and Miyauchi, T.
(019881 Age and height distribution of Holocene
transgressive deposits in eastern North Island,
New Zealand. Palaeogeography, Palaeoclimatolo-
gy, Palaeocology, 68, 135-151.

Ota, Y., Chappell, J., Kelley, R., Yonekura, N.,
Matsumoto, E., Nishimura, T. and Head, J.

IO —



[0 1993[1Holocene coral reef terraces and coseismic
uplift of Huon Peninsula, Papua New Guinea.
Quatern. Res., 40, 177-188.

Ota, Y., Pillans, B., Berryman, K., Fujimori, T,
Miyauchi, T. and Burger, G.00 19961 Pleistocene
coastal terraces at Kaikoura Peninsula and the
Marlborpugh coast, South Island, New Zealand.
New Zealand J. Geology and Geophysics, 39,
51-73.

Ota, Y., Chappell, J., Berryman, K.R. and Okamoto,
Y1 199701 Late Quaternary paleolandslides on the
coral terraces of Huon Peninsula, Papua New
Guinea. Geomorphology, 19, 55-76.

Peng, Z., Li, Y. and Wu, FO 1977 Tectonic uplift of
Taiwan Island since the early Holocene. Mem.
Geol. Soc. China, 2, 5-69.

Pirazzoli, P.A., Arnold, M., Giresse, P., Hsieh, M.L.
and Liew, P.M.00 19930 Marine deposits of late
glacial times exposed by tectonic uplift on the

east coast of Taiwan. Marine Geology, 110, 1-6.
Plafker, G. and Rubin, M 1978t Uplift history and
earthquakes as deduced from marine terraces on
Middleton Island, Alaska. U.S. Geological Survey
Open-File Report, 78-943, 687-721.
0000000000 oOo0ooOO0ooDoDoooooOoo
01983 000 0O0DOOOO0DOOOOODOOOOODO
ooooo, o9, 20-72.

00000 000000000019880 000000
00o0oooOoOooooOooooooo, 14, 1-50.
ooOo0oole9oMs 0000000 DOOOOOOOO

jo0o0oooo0oUoooooooooooo
oo00o19900 DOO0O0OoOoOoO0ooOoOooooOoo
ooooooOoooooooooo, 38, 178-179.
Yu, S.B., Chen, H.Y. and Kou, L.C.00 19971 Velocity
field of GPS stations in the Taiwan area.
Tectonophysics, 247, 41-59.

020010 90 26000020010 120 170000

IO —



