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ABSTRACT

Our profileobservation at a trenchnear theChelungpu fault
rupture in the Mingjian ar ea, central Taiwan, confirms the
existence of at least one buried old fault tracethat was probably
due to a previous coseismic displacement. The paleoseismic
analysis reveals clear evidence of recurrence timing of the
Chelungpu fault occurring younger than 200 yr BP by 4C dating.
Based on thehistorical earthquakerecord, AD 1792and AD 1848
earthquakes were the two markedly damaging ear thquakes
striking central Taiwan. We suggest that one of the strong
earthquakes may have caused the above-mentioned paleoseismic
rupture.
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INTRODUCTION

Repeated coseismic displacementsalong afault commonly display clear morphological
expressions. Particularly, thrust faultsmake apparently vertical offsets at bothsidesof thefault
zone, such asthe Chi-Chi earthquake ruptures (Chen et al., 2000a). In centrd Taiwan, the
Chdungpufaultwas documentedto bean activemounta n-frontthrus fault boundingtheWestern
Foothills and Taichung piggyback basin (Chen et al., 2000b). Several terraces were
conspicuoudy preserved onthehanging wall of the Chelungpu fault. Here, stream terraceson
the frontal foothills are also well exposed adjacent to the recent fault rupture. Wes of the
foothillsonthefootwall of theChelungpu fault, however, terracesare not found inthe subsided
Taichung basn(Chenetal., 2000a). Based onthefidd invedigation and **C datingfor terraces,
the Chi-Chi earthquake rupturesfrequently followed the preexisting Holoceneterrace scarps
that have dready been recognized asaHolocenefault scarp by 1*Cdating (Chen etal.,20014a).
Uplifted Holoceneterracesareimportant indicators of activetectonics, and itspresence can be
interpreted asa geomorphic expressionof active faulting (Pantosti etal., 1996). Therefore, the
Quaternary fold-and-thrust beltsalong the Chelungpu faultin centrd Taiwan isoneof the best
areasfor neotectonic studies. In this gsudy, we areto discuss paleoseismicity of the Chelungpu
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fault with the help of careful observation along atrenched profile. Peosa smic information
combining with thetrench and geomorphic observations suggestthe pa eoseismic occurrence
of the Chelungpu fault.

Thesedisplacementshave soon beenleveled or modified by recongruction engineering
and severe surface erodon and deposition especially by heavy rain. In one of the engineering
projects, we, fortunately, found a trench nearly perpendicular to the rupture, where another
rupturetraceishidden paralld with thepresentrupture. Thisprofileistherefore deemedimportant
for the assesament of the paleosai smity of the Chelungpu fault.

STRATIGRAPHY

This section islocated near Mingjian town onthe northriverbank of the Choshui River
(Fig. 1). A north-trending trace of the earthquake rupturecuts acrossthe Mingjian and the
Choshui River. TheChi-Chi earthquake caused vertical digplacementranging from0.6 mto 3
m adjacent to Mingjian (CGS, 1999; Chen et al., 2000a; Chiang et al., 2000). The rupture
acrossthe Chi-Chi railroad and river embankment adjacent to this section shows particularly
obvioussurfacedeformation. Attherailroad, field measurement showsavertical displacement
about3 mand horizontd shortening about5.5 m, and dip direction wasoriented N80°W showing
purethrusting relaed with therupture (Fg. 2), whileat thenorth Choshui River embankment,
we obtained the oriented slip direction of N90°W, 1.5 m vertical and 1.9 m horizontal
digplacements (Fig. 3; Chen etal., 2000a).
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Figure 1. Geomorphic and earthquakerupturemapof the Mingjian region. L ocationsof other
figuresarealso shown.
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Figure2. The earthquakerupture across the Chi-Chi railroad inthe Mingjian , theeastern side
showsa ground uplift of about 3m.
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Figure 3. Atthislocaionon the northembankment d ong theChoshui River, theroad obvioudy
shows ahorizontal offset of 1.9 mcaused by |eft-lateral thrug faulting.
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This section was excavated acrossthefault scarp for adistance of 80 min the northeast
trend. Here, thefault cutsthrough a succession of Holocenefluvid depositsthat can bedivided
intofour units coarsegravels, sand, brownfinesandy clay, and backfill sedimentsin theascending
order (Fig. 4). The stratigraphically lowest deposits exposed in this profile consist of
unconsolidated coarse-gravel and boulder beds of at least 3-5 mthickness, which represent
major channe deposits of the Choshui River. Clasts range from 5-20 cm in diameter and are
wdl-rounded, well-sorted and clas-supported, and arecomposed of quartzite obviously derived
from the Central Range. Preserved thicknessof the overlying sand horizonisabout 1.5m and
wdl sorted. Thishorizon isinterpreted asfluvid depositsin aflood plain as commonly seenin
the current Choshui River. *C datingof charcod obtained fromthe sand horizon hasyid ded an
ageof  200yrBP (sample MJ200704-4), thusconfirming its Holocene age. Thethird unit,
brownsilt day horizonexhibits mottl ed feature, high organi c contentsand prismati ¢ il structure,
suggeding a il layer developed onthe uppermos overbank deposits, wherea pottery bowl
and porcelain flakes arediscovered. The depositional age of the clay horizon should not be too
far from that of the sand horizon, because the earliestimmigrants reportedly cameto livein
Mingjian aboutAD 1860 (Lee, 1832).
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Figure4. The s=dimentary :quenceisdivided into graved, sand,clay andbadkfill horizonsin theascending
order. The Chi-Chi earthquake rupture and a buri ed pal eosei smic rupture are identified from this
profile according to therelationship between fault and strata. *4C age obtained fromthe sand horizon
isyoungerthan 200yr BP.

CHI-CHI EARTHQUAKE RUPTURE

Based onthe surface measurements, the Chi-Chi earthquake rupture produced a broad
warping onthe upthrown block of a fronta fault scarp with 1-3 m vertical displacement adjacent
to this profile. The excavation shows that the gravel depodts have an about 2.5 m vertical
displacement by an east-dipping reverse fault. The fault plane near the surface strikes
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approximately north-south and dips40°to theeast (Fg. 5). Thereversefault exhibitsdevel opment
of afault-bendfold inthehanging wal nearthetop of thefault. Therupture cutsthrough fluvial
and backfill deposits and reachesthesurface. Thedisplacement, however, during the Chi-Chi
earthquakeis incongstentin the clay and backfill horizonswhere only 1 m displacementin
terms of bedding-plane offsetiscommonly observed. Much of thenear-surface deformation
becomes ductile deformation asthe rupture propagated through unconsolidated deposits.
Commonly, the displacementin clay and backfill horizonswith referenceto bedding may not
representcompleteoffsetduringtherupturing. Actudly, thetwo horizonsareobvioudy thickening
and tiltingon the hanging wall by folding andfaulting deformations.

Figure5. Thegravel horizon thrust onto thesand and clay horizons and thegravel bed dragged
by the Chi-Chi earthquake ruptureformingan anticlinein the hanging wall.

PALEOSEISMIC FAULT

Fuvial depodtsat the site areaffected by apaleoseiamic fault withaverticd offset of 1
m referring tothe sand horizon. The stratigraphically lowest graved horizon isalso didocated
about 1 m height and formsawest-facing scarp on top of thesand horizon (Fgs. 4 and 6). The
sand horizon near the rupturewas eroded, and the clay horizon covers thesand and gravel
horizons. Theclay horizonisnotruptured nor displaced. Therefore, apaleosa smic fault must
haveoccurred before depositionof the younger clayey overbank deposits,and wesugged the
top of the sand horizon formed afree surfacerepresenting an obviousfault scarp of about 1 m
height during the pa eoseismic event. Thickness of the clay horizon on the downthrownside of
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thefaultisabout 1.9 mwhilethat of the upthrown sideabout 0.8 m. Attitude of the paeoseismic
ruptureis unclear, becausetherupture cutting througha gravel bed isvery difficult to identify.
Inaddition, based on ourtrenching studies, thick-bedded sedimentsfrequently control the near
surfacedeformation, so that the truefault planemay not bestill observable dong apreexisting
fault zone (Chen et al., 2001b). The Chi-Chi rupture formed on the hanging wall of the
paleosa smicruptureabout 45 m apart from it. A fault commonly bifurcates upward if it cuts
through thick-bedded sediments Thereforethe bifurcated faulting often formed an unobvious
gentlefault scarp.
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Figure6. A paleoseismicruptureforming afault scarp digplacesthegravel and sand horizons
overlain by theclay horizon.

Inthe east part of the profile, ontop of the grave horizon a scarp morphology wasnoted
intheupthrown block of the Chi-Chi rupture, which showsa vertical separaion of 2.5m. An
organic shale lensincluding lot of driftwoodswas deposited at thefoot of a scarp of eroded
sand and clay horizons, which creates adepression retaining water under thescarp. Although
itispossble that afault has ruptured these sedimentary horizons, but thereis no evidenceby
observation of their structurd and gratigraphic relaions. Hence, we cannot ascertain whether
or not thescarp is afault-generated.

DISCUSSIONS AND CONCLUSIONS

Based ongeologic characterigics, wedivided the Chi-Chi earthquake master ruptureinto
three segments, the Shihkang, Tsaotun and Chushansegments dong theShihkang, Chelungpu



Chen et al.: Paleoseismic Sudy of the Chelungpu Fault in the Mingjian Area357

and Tgjianshan faults, respectively (Chen etal., 2000a). The excavated sectionisacrossthe
southernmog Chelungpufault. Therefore, the conclusionof this research isin connection with
occurrenceof the Chelungpu fault.

Presently, weare still unableto strictly constrain recurrence of the paleoseismic event by
usng **Cdating. Certainly, weneed much moredetail ed trenching and dating studiesto achieve
theaim. However, thehistorica seismicrecord may behelpful in suggesting aprobableage
corregpondingto thepal eoseismic rupturein theexcavated section. The historical dataof seismic
eventsin Tawan only cover the past four hundred years. Based on thehistoricd earthquake
record, itwasdocumentedthat AD 1792and A D 1848 powerful earthquakessruck the Ta chung,
Changhua, Nantou and partsof Chalyi counties(Hsehand Tsai, 1985), and their radiusof fet
area was greater than 300 km. A seismic modeling of the two earthquakes estimated their
magnitudeto beabout 7.1 (Tsai, 1986). In addition, the pa eoseismic rupture in the excavated
section hasa vertical displacement of morethan 1 m which iscompatible in magnitude (about
M7) with the Chi-Chi earthquakeruptureintheadjacent area. Therefore, we sugges that one
of theabove earthquakes producedthe paleoseismic rupture observed in theexcavated section,
because weare not able to find any other larger earthquakes occurring withinthe central
Taiwansince 200yeas.

Studiesof thefold-and-thrust beltsin central Taiwan have shown thatthe Chelungpu fault
was formed at the beginning of middle Pleistocene, about 0.7-0.5 Ma (Chen et al., 2000b,
2001c). Seigmicreflection profileindicates that thelate Hiocene Chinshui Shaleisoverthrust
ontothe recent fluvial deposits along the Chelungpu fault with the vertica displacement of
about 5000m (Chang, 1971; Chiu, 1971, Suppe, 1981). Then,wecanroughly estimatethelong-
termvertical offset of each larger earthquake based on the abovedaaassuming therecurrence
timing isapproximately 200 years. The vertical offset produced by each surface-faulting
earthquake is obtained to be about 1.5-2 m since middle Pleistocene. The evaluation is
approximately the same order with the observation on the paleoseismic and the Chi-Chi
earthquakeruptures. Therefore, therecurrencetiming of about 200 years by *Cdating seems
tobe reasonable.
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