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ABSTRACT

Having been discussed for more than 90 years, the origin of
the Taipei Basin remains fraught with uncertainties and
controversies. Herewe integr ate available tectonic and geologic
infor mation to explor e a mechanism for itsorigin and to establish
a chronicle for its evolution. We also compare our results with
previous hypotheses and point out pending problems for future
studies.

The Taipel Basin is floored with deformed Tertiary strata
and filled with flat-lying Quater nary alluvio-lacustrine sediments.
Because the basement rocks aresimilar to the deformed Tertiary
strata of the neighboring mountain ranges, the Basin area must
have been likewise raised during the Pliocene-Pleistocene
orogeny. The orogeny, caused by collision between the Luzon
Arc and the China continent, was terminated in late Quater nary
time as a result of flipping of subduction polarity beneath
northeaster n Taiwan. Afterwar dsthe mountainranges have been
collapsing in response to post-orogenic extension, andthe frontal
part subsided as the half-graben Taipei Basin.

Prior to the collision, the Taipei Basin area was located in
the outer China continental shelf, with depositional environments
alternating from coastal to shallow marine. This part of the
continental shelf was deformed asa mountain belt, which was
thrust upon theL inkou ar ea along the Hsingchuang Fault at about
2 Ma. Around 0.8 Ma, the collison ter minated and the mountain
rangebegan to collapse. The Hangchuang Fault wastransfor med
intothe Shangjiao Fault, and the hangingwall did down to become
a depression. Asthe depr ession began to accumulate sediment
at 0.4 Ma, the Taipei Basin was ger minated. Since then the Basin
has been expanding with continued subsidence and sedimentation
and eventually attained its present dimension.

Throughout its depositional history, the Taipei Basin has
been occupied by alluvial fans, fluvial plains, and estuaries which
have waxed and waned with the fluctuating sea level. At 0.2 Ma,
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the Basin was dammed up by alahar derived from the Tatun
volcanoes and turned into a deep freshwater lake. At 30 Ka, the
Tahan River was diverted into the Basin and br ought in a large
amount of gravelly sediment to build up basin-wide alluvial fans.
In early Holocene time, the Basin was inundated by marine
incursion and tur ned into a brackish-water bay, which was then
filled up to its present configur ation.

K ey wor ds:. tectonis, sedimentation, Quater nary, Taipei Basin, Taiwan

INTRODUCTION

Asoneof themos prominent geomorphic features in Taiwan, the Taipei Basin haslong
beenafocus of atentionin both natural and socid sciences. Nearly triangular in shape (Figs. 1
and 2), the Basin isbordered with the Western Foothillsto the south and east (Pl. 1A), the
Tatun volcanoes to the north (Pl. 1B), and the Linkou Tableland to the west (FI. 1C). It is
occupied by thefloodplain of the Tanshui River, which hasbeen deve opedintothelargest and
foremostimportant metropolisof Taiwan, indudingthecapitd city Taipei (. 1A).
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Figure 1. Geomorphicfeaturesof the Taipei Basinanditsvicinity.Colorshading imageof Digitd Terrain
Model. Geology and symbolsshownin Figure 2.
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Figure 2. Geological setting of the Taipei Basin. Note that both Hsingchuang and Chinshan Faultsare
overprinted by extensional structures and arift basin underliesthe Tatun volcanics. Top map
modified from Ho (1986); Section A-A'fromChu et al. (1998).
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Plate 1. Geol ogical environment of the Ta pei Basin.

A. Taipei Basin, Western Foothills, and Hsuehshan Range. (view to the south from Tatunshan)

B. Tatun volcanic area. Thevolcanic cone in the centeris Shamaoshan. (view to southeast from
Tatunshan)

C. Taipei Basin, Shangjiao Fault, and Linkou Tableland. Note the segmented pattern of the Shangjiao
Fault; detailsshown in Figure11. (view to south from Tatunshan)

D. Deformed Tetiary strata and overlying Taun vol canicsat Kua zekeng. The recumbent fold at |ower
right is composed of the Oligocene Wuchihshan Formation. Height of the scarp is about 50 m.
(Location shown in Figure 2)

E. Chihshingshan, the highest volcanoin the Tatunshan area (1120 m). The fault scarp pertainsto the
West Chihshingshang Fault (Chen and Wu, 1971), one of the normd faults alongthe Chinshan Fault
(Chu et al., 1998). Note fumaroleson the flank. (view to east from Tatunshan; location shown in
Figure?2)

F. Thelaeritictopsoil and Quaternary gravel of theLinkouTableland. (Figureat thelower |eftfor scale;
location shown in Figure 2)



Teng et al.: Origin of Taipei Basin 119

To geologigsand geographers theorigin of theTaipei Basin has been asubject matter of
interest and conjecture. Deguchi (1912) wasthefirst to speculate that the Basn formed by the
collapse of the subsurface vacancy leftby the Tatun volcanic eruptions. Makiyama (1933)
interpreted the Basin to be adrained lakethat was dammed up by thepyrodastic depositsat
Kuandu. Tan (1939) proposed that the Taipei Basinformed by thedownfall of hangingwall
along the Shangjiao Fault. Wang Leeet al (1978) maintained that the Basin wasa mountainous
terrain that wasfirst thrust upon the Linkou Tableland and then slid down into adepression. Lu
et al. (1994) related the development of the Taipei Basin to the continuing bending of the
crescent Taiwan mountain bdt. Lee et al. (1999) interpreted the Taipei Basin as adivergent
faultwedgeformed by thesinistral displacement along the Hsingchuang Fault.

Inview of thearguments posed by previousworkers, it appearsthat the hy pothesesof
Deguchi (1912) and Makiyama(1933) are highly speculativefor short of rigorous evidence.
Makiyamasdammed-lakehypothesis, though havinggained some support (e.g., Chen, 1953;
Chang, 1971), was refuted by Tan (1939) and later became discredited (e.g., Lin, 1957; Shi et
al., 1996; Wang Leeetal., 1978). Tan's (1939) tectonic-depression hypothesis that semmed
fromasolidgeologicd analysis hasbeen well received by later workers (e.g.,Chen, 1953; Lin,
1957; Wang Leeetal.,1978; Wu, 1987). Wang Lee et al. (1978) modified Tan'shypothesis
andillustrated the geological history of the Taipei Basin with a seriesof figures, which have
been regarded asanorminthepast 20 years (e.g., Wu, 1987; Shi etal., 1996). Luetal. (1994)
and Leeetal. (1999) soughtfor astructural interpretation for the Taipei Basin in the context of
regional tectonicsbut did not givea dear account of itsgeological history.

Inthepast 15 years, we have been engaged in varioustopicsof research on thetectonics
and geology of northern Taiwan and have participatedin the recent deep drilling projectsin the
Tape Basin (Chenand Teng, 1990; Chuetal., 1998; Lee and Wang, 1988; Fengetal., 1999;
Teng, 1996, 1997, 1998; Tengand Lee, 1996; Tengetal., 1992, 1999). Based on our working
experience, wefound that some of thecritical argumentsabout thegeologicd evolution of the
Tapei Basinaeyetto beresolved. Foringance, wastheBasnformedby normd displacement
along the Shangjiao Fault (Tan, 1939)?Or by wrench activitiesof the Hsingchuang Fault (Lee
etal., 1999)?Whenthealluvid gravel of the Linkou Tableland was deposited, wastheBasn
partof thealluvial plain as dluded to by Tan (1939)? Or wasitamountain rangethrus uponthe
Tableland (Wang Lee etal., 1978)? Hasthe Bagn ever been dammed as Makiyama (1933)
suggested? We dso found that anumber of issuescrucial to the originof the Taipei Basn have
not beenfully expounded. For example, how did themountainsandvolcanoesaroundthe Basin
form? How do they relate to each other? What are the mechanisms for faultingand basin
subsdence? I nan attempt to addressthe above questionsand improve our understanding of the
Taipei Basin, we integrated our research results with other information to establish a
comprehensivesynthesis Wefirst outline thetectonic and geologic background of the Taipei
Basin and expl ore a geodynamic mechanism for its formation. We then summarize the
gratigrgphi cal and sructurd datato constructachronologically congrained modd of itsevol ution.
At the end, we discussthe arguments posed by previousworkers and sortout the unsolved
problemsforfuturestudy.

REGIONAL BACKGROUND

From the geomorphology point of view, theTaipei Basinand its environscan be divided
into 4 parts: the Western Foothills to the south and east, the Tatun volcanicareato thenorth, the
Linkou Tableland to the west, and the Basin endlosed in the center (Figs. 1 and 2). TheWestern
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Foothillsand conterminousHsuehshan Rangeare comprised of northeast-trending ridges and
valleys with altitude increasing toward the southeast (F. 1A). These mountain ranges are
underlain with deformed Tertiary srata stacked in northwest-facing folds and thrust sheets
(Ho,1974,1983).

TheTatun volcanoes consist of more than 20 andesitic edifices of Pliocene-Pleistocene
age (PIs.1B and E; Chen and Wu, 1971; Song et al., 2000). The volcanoessit on top of a
sedimentary basement that crop out in the periphery of the Tatun area (P. 1D) and was
attested in the center by drilling (Chen and Wu, 1971). The top of the basement deepensfrom
the periphery toward thecenter, where ariftbasnisbelieved to underlie thevolcanics(section
A-A',Fig. 2; Chen, 1975; Songetal., 2000). TheChinshan Fault cuts acrossthe Tatun volcanic
areaand dividesthebasementinto two parts; the deformed Oligocene-Lower Miocenestrata
in the southeast and theless deformed Upper Miocene and Fliocene rocksin the northwest
(Ho, 1983; Yen etal., 1984). Despitethe obvious thrust off set in the basement rock, the Fault
doesnotproducea continuousrupture throughthe overlying volcanicsbut is associatedwith an
array of normal and strike-dipfaults (A. 1E; Chenand Wu, 1971; Chu etal., 1998; Huang &t
al.,1991).

The Linkou Tablelandisa heavily dissected terrace 220-250 mhigh (Fg. 1; A. 1E). Itis
capped with lateritic s0il and underlain by flat-lying Pliocene-Plastocene conglomerates,
sandstones, and mudgones (H. 1F). Its northern partisintruded and covered with andesitic to
basdtic rocksakinto the Tatun volcanics(Chen, 1989; Hwang and Lo,1986; Tienetal., 1995).
Itseagern edgeis alinear scarp affiliated with the Shangjiao Fault (Tan, 1939; Chen, 1953; Lin,
1957).

TheTaipei Basin isfloored with a deformed Tertiary basement and filled with flat-lying
Quaternary sediments(section B-B'in Figure 1). Thebasement rocks, asrevealedby boreholes
(M. 2A), arelithologically and gratigraphically similar to the folded and faulted strata of the
Western Foothills (Teng etal., 1999; Wang Lee etal., 1978; Wu, 1965). The Quaternary
basn-fill depostsconsist of interbedded alluvio-lacustrine gravel, sand, and mud, and some
volcaniclastics(Pls. 2B-F). Thedepth of thebasementincreasesfrom the basin margin toward
its northwest corner (Figs. 3 and 4), where it reaches a depth of 670 m (Chao-Hsa Chen,
persond communication). Thegeometric configuration of theTertiary basementand overlying
sedimentsshows that the Basin isa half-graben abutting against the Shangjiao Fault (Fig. 4).

Seemingly complex and segmented, thegeology of the Tapei Basin and its surrounding
area can be better elucidated with reference to regiond tectonics. Asshown in Figure 5, the
Basinislocated inthe northern tip of the Tawan Mountain belt, which wasformed by collision
between the Luzon arc and the China continent in the past 10 m.y. (Ho, 1986; Teng, 1990).
Thecollision deformed the sedimentary sequences of the China continental margin intothe
folded and faulted Tertiary strataof the Western Foothillsand Hsuehshan Range. Judging by
the distribution of thesedeformed Tertiary strata (Hg. 2), themountain belt should have been
larger than theextant mountain ranges and included the entireregion east of the Chinshan and
Hsingchuang Faults (Ho, 1982). This endorsesWang Lee e a's (1978) view that the Taipel
Basin areawaspart of arigng mountain belt, which wasthrust upon the Linkou areaalong the
Hsngchuang Fault.

Toexplainthatthe deformed Tertiary basement is buried beneath the Taipei Basin (Hg.
4), itisnecessay to notethat the northeastern Taiwan orogen, (the area east of WEPin Figure
5) including the Taipei Basn, hasevolved beyond thecollisonal stageand isintheprocessof
collapsing (Teng, 1996). This part of the mountain belt went through thecollision in Fliocene
and early Heistocene imebut has left the collision zone after thesubduction polarity flippedin
late Quaternary time (Suppe, 1984; Teng, 1996). Presently thispart is subjected to extenson
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associaed with the southeast-facing Ryukyu Arc system, in contrast with therest of Taiwan,
whichisundergoing compression exerted by the northwes-facing Luzon Arc system (Fgs. 5
and 6). Beforethe subduction polarity switched, the Taipei Basn area wasprobably ahilly
terrain like the frontal part of therising orogen in south-central Taiwan (A-A' of Figure6). As
soon asthepolarity flipped, the collisonwasterminated, and the Ryukyu arc magmatism was
initiated. Themountain belt collapsed inregponseto extension, and itsfrontal part subsided as
theTaipe Basin (B-B' of Hgure®6).

Plae2. Corephotosofthe Tertiay basementand Quaternary sediments, Tai pei Basin. (Boreholelocations
shown in Figure 3; stratigraphy in Figure 9)
A.Deformed Tertiary basement. Notethe inclined sandstone/shal e interbeds.
B.Coarse-grained cobbles of thealluvial fan facies.
C.Interlayering pebbles and sands of thefluvial plain facies.
D.Interlayering muds and fine-grained sandsof the estuarine facies.
E.Laminated mud of the lacustrinefacies.
F.Volcanic brecciaof |ahar.
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Figure5. Tectonic framework. WEP separatesthe Taiwan areainto the Luzon Arc systemin

the southwest and the Ryukyu Arc system inthenortheast. The Taipei Basinislocatedin
thecollapsing orogen of northeastern Taiwan andisaffiliatedwith theRyukyu Arc. Modified
from Teng and Lee (1996); sectionsA-A'and B-B' shown in Figure6. Contoursinkm.
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Figure 6. Geodynamic configuration. Upper pand showsthat theTaipei Basin sitsonthefrontal
part of the collgpsing orogen witharc magmatism inthe north. Bef orethesubduction pol arity
flipped, the orogen underlying the Basin was part of therisng orogen similar to that of the
active collison zone shown in the lower panel. EP. Eurasian plate; PSP: Philippine Sea
plate. Modified from Teng and Lee (1996); locationsshownin Figure5.

STRATIGRAPHIC RECORDS

The techonic history outlined above can be traced back to the early Tertiary asrecorded
inthe Oligocene-Miocene strata underlying the Taipe Basin (Fig. 7). These strata, composed
of coastal to shallow-marine sandsones and mudstones with minor coal seams (Chou, 1973,
1980;Ho,1986; Yu and Teng, 1996; Tai etal., 1994), were the sedimentary cover of the pre-
callisiond Chinacontinental margin (Teng, 1992). Intercalatedinthesesiliciclasticdeposts are
sporadic basdtic volcanics produced by magmatism associated with the gretched continental
lithogphere (Chen,1990; Chungetal., 1995).
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Figure7. Tectono-stratigraphic record. Summari zed from publicaionslisted inthetext.

The Pliocene-Pleistocenestrata of the Linkou Tableland, though not involved in the
deformation, preserve an important sedimentary record of the orogenic history in northern
Tawan. Thesestratacan be divided into two coeval rock units the gravel-dominated Linkou
Formationin the east and a sand-and-mud-rich Tananwan Formationinthewed (Hs. 3A-D).
According to Chen and Teng (1990), theL inkou-Tananwan Sratawereaccumulated in afan-
ddtasystemlyinginfront of amountain rangethat occupied thepresent Tape Basn area(Fig.
8). Thepresence of the mountain rangeissupported by thelack of Hiocene-Lower Pleistocene
depositsin the Tapei Basin and Western Foothills (Fig. 7). The sediment of the Linkou fan-
ddtawas derived from the Western Foothillsand Hsuehshan Range and wasbrought in by the
ancient Hsintien (Ichikawa, 1929; Wang Lee, 1969) and Kedung Rivers(Hanai, 1930; Tien &
al., 1995). Since the fan-delta was fed by a point source (Fig. 8), the ancient Keelung and
Hsintien Rivers must have merged as the Padeo-Tanshui River before leaving the mountains
(Chouand Teng, 1999).
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Plate 3. Outcrop expoaures of Linkou-Tanawan fan-delta deposits and the Kueishan strata.
A.Gravels of the fan apex fecies, the Linkou Formation. Note the horizontal bedding (Bd)
and pebbleimbrication(Im). (Location shown in Figure 8)
B. Thick gravel and Interlayering sand of the upper fen facies, Linkou Formation. Cliff
height isabout 80 m. (Location shownin Fgure 8)
C. Gravel and cross-bedded sand of the middl e fan facies, Linkou Formation. (Location
shown in Figure 8)
D. Interlayering sand and mud of the lower fan facies, Tananwan Formation. Note the
thin-bedded pebble (Pb)in theupper section. (Location shownin Figure 8)
E. Kueishan strataand Hsingchuang Fault. The nearly vertical Kueishan strata (KC) are
deformed in aduplex and thrug upon theflat-bedded Linkou Gravel (LG). TheKueishan
strata consist of interlayering sandstones and mudstonesin the upper deck and of pebble
conglomeratesin the lower deck. The thrust marksthe surface trace of the Hsingchuang
Fault. (Location shownin Figure 11)
F. Deformed Kueishan strata. Note the nearly vertical bedding,intense fracturing, and
displacement alongminor thrusts. (Location shownin FHgure 11)
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Though remaining mostly flat, part of theLinkou-Tananwan strataistilted by igneous
intrusionsin the Kuanyinshanarea north of the Tableland, whereunderlying marineshales are
exposed (Chen, 1989; Ho, 1969). Thesetilted strata, collectively termed the Kuanyinshan
Formation by Makiyama(1935), form acoarsening-upward succession ranging from marine
shales, sandstone/shale interbedsto conglomerates. Thiscoarsening-upward succession is
equivdenttothefordand basn depostsof central and southern Taiwan that record the uplift
higory of thecollisond orogen (Teng, 1987). Thoughnot fully exposed, thebase of K uanyinshan
is, at least, as old as 3 Ma according to magnetostratigraphic analyss (Lee etal., 1995). The
youngest age of Kuanyinshan can beinferred from theLinkou-Tanawan strata, which are
equivalent to themiddleand upper part of the K uanyinshan Formation (Ho, 1969; Chen, 1989).
Tseng etal. (1992) interpreted the top of Tananwan to be0.7 Maor younger onthe basisof
paynostratigrgphicanayss Pdeomagneticdataof Leeand Chou (1995), however, demonstrate
that the red soil atop the Tananwan pertainsto the Matuyamaepoch, which should not be
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younger than 0.7 Ma. Thedigparity can be resolved if the ageof red soil isset at about 0.8 Ma,
which is consigent with the age of the overlying Kuanyinshan volcanicsdated 0.2 t0 0.6 Ma
(Juangand Chen, 1989; Tien etal., 1995). Hencethe orogenic uplift inthe Taipe Basin area,
asimplied by theforeland deposition of theLinkou Tabldand, wasinitiated at about 3 Maand
terminated at around 0.8 Ma (Fig. 7). Thisisgenerally contemporaneouswith the morphogenic
phaseof thecollisond orogeny inferred fromother linesof evidence (Teng, 1990). Nevertheess
mountain building in this area probably did not reach its climax until around 2 Mawhenthe
Linkou grave beganto accumulate.

Emplacement of andesitic volcanicsin the Tatun area marksthe onset of Ryukyu arc
magmatiam and theflippingof subduction polarity (Teng etal., 1992). Fission-track and K-Ar
and datesindicate that the agesof the Tatun volcanicsrange from 0.8 to 0.2 Ma, with afew
between 1.3-2.8 Ma(Juang and Chen, 1989; Song etal., 2000; Tsao, 1994; Wang and Chen,
1990). Owingto theintrinsic andytical uncertainties and thelack of gratigraphic check, the
avalable dates are not entirely self-consistent and need to beinterpreted with caution (Tsao,
1994). Egecially those of 1.3-2.8 Ma, which are inferred as volcanisms produced in the late
stageof thecollisonal orogeny (Songetal., 2000; Teng etal., 1992), arereportedfrom isolated
siteswhere the reliability of sampling and reproducibility of experimental data require further
scrutiny. However,those 0.8-0.2 Madatesarewidespread and reliable, and aredearly indicative
of pog-orogenic magmatiams (Teng etal., 1992).

The onset of sedimentationinthe Taipei Basin impliesthat the basement had lowered to
near sea level so that sedimentscould fill in. Thetime of the onset, however, ishard to ascertain,
becausethebase of the basin depasitsis not well dated. Borehole data show that the thickest
as well as the oldest sediment is buried in the northwestern part of theBasin, where adeep
boreholeWG-1 hasbeen drilled (site D, Fig. 3). Chenetal. (1995) obtained an Ar-Ar ageof 0.
4 Mafroma volcaniclastic layerin thelower pat of WG-1, which, however, contradicts with
Wei et al.'s (1998) thermoluminescence age of 0.2 Ma for the sediment beneath (Fig. 9).
Since Chen etal.'sdate was obtained from detrital homblende grains, it probably reflectsthe
ageof its source rather than theage of deposition. Inthe neighboring LZ-1 borehole (siteE,
Fig. 3), acorrelativevocaniclastic layer wasdated 0.2 Mawith K-Ar radiometry (Tsao, 1997),
whichiscongstent with the resultsof thermoluminescenceanalyss. Nevertheless the dateO.
2 Madoes not truly reflect the oldest age of the sediment, becausetheborehole did not reach
the basement. Accepting the thicknessesimation of Wang etal. (1995) and extrapolating the
subsidencerateof theupper sediment column, Wei etal (1998) postulated that the bottom of
WG-1 should not beolder than0.3Ma. However, recentdrilling at WG-1 demondrated that
the sadiment thicknessis670 m (Chen, C. H., persond communication), muchthicker than the
450 m proposed by Wang etal. (1995). Hencethe age of the basa sediment may well beas old
as0.4 Ma following We etal.'s (1998) way of extrapolation.

The Tape Basin sedimentsinclude avariety of depostional faciesranging fromalluvial
fan (M. 2B), fluvia plain (Pls 2Cand D), lake (Fl. 2F), to eduary (Peng et al., 1999; Teng &
al., 2000). Thesediment fecies exhibit aprominent lateral changefrom alluvial fan-dominated
in the south and east to fluvial and estuarine-dominated in the north andwest (Fig. 4). The
abundance of aluvid fan depositsin the southeastern part of the Basn demondrates that the
Hantien andK eelung Rivers have beenthe major sediment sourcethroughout the depostional
history (section P-Q, Fg. 4). In thesouthwestern corner, however, dluvial fan depositsare
rareexceptintheJngmei Formation (section X-Y of Hgure4), indicatingthat the Tahan River
did notcontribute much sediment until Jngmei was accumulated.



Teng et al.: Origin of Taipel Basin 129

Rl - — — e -
» = - = -'r- e o |
= L » = LI 1 -
-, — — - -
gy -
i '-hl. i = mrem— — T
L]
_—
] - =
- e —
R = - =" ) e
1 mom Py el T
A wl® & | i e, s —
§ R
e ' A -
[}
L --- | L3 — —
= " ]
o £
o -lI t ™
!
i g F
‘I -m 3 -l. -
T Ll
-
— - B - -
L} = — - - L} - - LA B
— L} - - .
— -
- - - - o — — w — -
- -m - -
Eectmd wid [ Tl EEy b
R B P

Figure 9. Borehole stratigraphy and depositional events. Location and symbolsof boreholes shown in
Figure4.Modified from Teng et al. (1998); Radiocarbon datesfrom Liu et al. (1994); K- Ardaesfrom
Chen etal. (1995) and Tsao (1997); Thermoluminescence datesfromWei et al. (1998)

The Taipel Basn sediment also exhibitsdiginct vertical facies variations, especially in the
central and northwesternpart (Fig. 4), reflecting environmenta changescaused by fluctuating
sealevel (Teng et al., 2000). Within the varying facies of basin deposits, three persistent
sediment unitsstand out conspicuously (Fig.9). One isthe lacugrine deposit of the upper
Banchiao Formation found in most part of the Basin, except near the south and eastmargins
(Fg.4). Itistheonly sedimentlayer characterized by well-developed fine lamination (P. 2E),
which usudly formsin deep anoxiclakes of humidtropical areas Inthenorthwestern corner of
theBagn, the laminated mud s directly underlain with avolcaniclastic bed (. 2F), whichis
lithologically amilar tothelahar deposits exposed in the nearby Tatun volcanoes (Chenetal .,
1995; Song and Lo, 1997; Tsao, 1997). Theintimate association of thelacustrinemud and the
lahar strongly suggedsthat they aregeneticdly related and, thus, indicative of adammed-lake
event(Teng etal., 1999). Thisevent took place at around 0.2 Mawhen thelahar blocked the
effluence of the Tanshui River and the Basin wasinundated as a deep freshwater lake(Teng,
1998).
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The second distinctiveunit isthealluvid fan gravel of the Jingmei Formation that covers
the entire Basin (Figs 4 and 9). Thislayer reflectsan unusual period of basin-widealluvid fan
depostion, which wasprevioudy restricted tothe southeastern part. | nthe southwestern corner
where the Tahan River enters theBasin (Fg. 3), the Jingmei gravel isthe only alluvid fan
deposit preserved (section X-Y of Figure 4). The influx of alluvial fan gravels into the
southwestern corer of the Basinisobviously atributed to the Tahan River, which did not flow
into the Basin until being diverted at about 30ka (Chen etal., 1990; Chenand Liu, 1991). It
appearsbelieved that the large amount of coarse-grained sediments brought in by the Tahan
River hadresulted in construction of compasitealluvial fansover the entire Basin (Teng, 1997).

Anather distinctive unitisthe estuarinedeposit of the middle Sungshan Formation (P1.
2D), whichcontainsabundant marineto brackish-water mollusks and foraminifers(Tan, 1938;
Huang, 1962). Itswide coverage (Figs. 4 and9) indicatesthat the Basn wasdeeply invaded by
marine tranggression and became a brackish-water bay in early Holocenetime (Lin, 1957;
Huang,1962).

STRUCTURAL EVIDENCE

Fromthe above tectono-dratigraphic analysis, it isclean that the Taipei Basin isalate
Quaternary half-grabenaffiliated withthe ShangjiaoNormal Fault (Fg.4). However,asmarked
in previous geological maps (e.g., Ho, 1983, 1986; Huang, 1981), the Taipei Basin and its
surrounding areaischaracterized by northeag-trending fol dsand thrustsparalld tothe sructural
grain of the collisonal orogen. Some of themajor thrugtfaults, like Hangchuang, Kangjiao, and
Taipeli, either cutacrossthe Basin or run through the margin (Fig. 10). These contractional
structures areformed by the northwest-directed tectonic stress of the collisional orogeny
(Angdieretal., 1986, 1990; Ho, 1974, 1982).
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Prominent asthey are, whether thefold-and-thrug structures are activeis questionable.
Taking the Taipel Fault for example, Wu (1978) and Hsu and Chang (1979) regarded it active
onthe basis of itslinearity and diginctfault scarps However, Ho (1974, 1983) and Wang etal.
(1999), observed that the Fault is covered with upper Quaternary sediments of the Taipei
Basin, inwhich no stratigraphic offset canbediscerned. Other thrust faults such asChinshan,
Kangjiao, Hantien, and Chuchih, dl fail to demonstrate convincing evidence of Quaernary
contraction (Chen andWu, 1971; Ho, 1974, 1983; Huang, 1996; Huang etal., 1991,1994). On
the other hand, late-stagenormal and strike-dip faults are omnipresent, cutting across thefold-
and-thrust structures (Huang et al., 1994; Leeet al., 1994; Lee and Wang, 1988;Lu etal.,
1994). Although Lu etal. (1994) ascribed dl the contractional, transcurrent, and extensional
structuresto asingle episodeof deformation associated with oblique collison, earthquakefocal
mechanismsshow that the areaisdominated by extension with little sign of contraction (Lee
and Wang, 1988; Yeh etal., 1991). All thesefeaturesindicate that the contractiond gructures
have been deactivated and superimposed by transcurrent and extensional structures(Lee and
Wang, 1988; Teng and Lee, 1996).

From the tectonics point of view (Figs. 5 and 6), the change of structural style from
contractional toextensional is not surprising. Asaforementioned, the northeasern Taiwan area
was first subjected to collison in Hioceneand early Aestocenetime andthenincorporated into
theRyukyu subduction zonein the late Quaternary. During the transition from collision to
subduction, the regional dressfield haschanged from compressional through transcurrentto
extensonal (Leeand Wang, 1988; Tengand Lee, 1996). Under thiscircumstance, itisalmost
inevitable to have the contractional structuresformed by early compression overprinted by
later transcurrent and extensional features. Some of theearly thrust faultsmay even have been
reactivated into grike-dip or normd faults. Thiskind of structural inversion has already been
observed inthe foundered orogen off northeastern Tawan, where aseries of Pliocenethrust
faults havebeen transformed into Quaternary normal and strike-slip faults(Hsao etal., 1998).

In the onshore area, structural inverson islessobviousbut still perceivable. Themost
prominent example isthetransformation of the Hangchuang Thrust Fault into the Shangjiao
Normad Fault alongthewegerm margin of theTape Basn (Figs 10 and11). The Hsingchuang
Faultisthewesternmost thrust fault in northern Taiwan aswell asthefrontal thrust fault of the
collisiond orogen (Chiu, 1968; Ho, 1982, 1983;| chikawa, 1931). Itischaracterized by as gnificant
stratigraphic offset observable in the Shantzechiao area southwest of the Taipei Basinandin
the Kueatzekeng areato the northwest (Fig. 11; Chiu, 1968; Tan, 1943). Between Shantzechiao
and Kuetzekeng, comparable gratigraphic offset hasal o been attested by drilling (Wu, 1965),
butthelocation of the Fault remainsconjectural (Chang, 1971; Chiu, 1968; Ho, 1969, 1983;
Tan, 1943). Our invedigationsshow that the tip of the Fault may run through the eastern slope
of the Linkou Tableland, where blocksof the tilted Miocene-Hiocene strata arelocated (Fs.
3EandF; Fig. 11). Inthepad, these deformed drata were thought to underlie the Heisocene
LinkouFormation (Chiu, 1968; Ho,1969; Lin, 1963; Tan, 1929). However, & somenew exposures
wefoundthat these strataalso overliethe Linkou gravesalong athrug contect (Fl. 3E). In the
Shantzechiao area, similar Miocene-Hiocenerocksarefound associaed withthe Hsingchuang
Faultand havebeen termed the Kueishan Formation (Tan, 1929) or Lingting Formation (Chiu,
1968). Though Chiu (1968) puttheHs ngchuang Faultontop ofthe K ue shanrock sand desi gnated
aLingting Faultbelow, wesuspect that the Lingting Fault mergeswith the Hsingchuang Fault
inthesubsurface and isthefrontal branch of the Hangchuang Fault. Hence the surface trace
of theHsngchuang Fault, if defined as the westernmost thrust fault, should bedemarcated by
the western edge of the Kueishan Formation and linked with the thrustfault on the eastern
slope of the Linkou Tableland. The fact that the Kueishan rocks are both thrustupon and
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overlan by the Linkou Gravel impliesthat the Hangchuang Fault was activewhen thelower

Linkni1 Grarel wasdennaited hi it later hecameinartive
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Figure 11. Hsingchuang and Shangjiao Faults. Notethat thefault dip dataat Shulinand Taishanindicate
an early compression followed by extension, whereasthose of Kuandu and Wugu show only lateral
shear and extend on. Geol ogical map modified fromHu and M ao (1996), andLin(1981); fault slip from
Chu (1993) and Lee and Wang (1988); shallow seismic survey from (A) Wang and Lee (1997), (B).
Hsieh etal, (1992) and (C) Sinotech (1997)



Teng et al.: Origin of Taipel Basin 133

After the Hangchuang Fault was deactivated, the hangingwal of the Fault, originally
higher thantheLinkouTabldand (Fig. 8), mugt have did down alongthe Shangjiao Fault so as
to be buried deepin the Taipei Basin (Fig. 4). The Shangjiao Fault haslong been inferredto
follow the western edgeof the Taipei Basin (Chen, 1953; Tan, 1939; Wu, 1965), and that has
been subgantiated by recent seismic surveys and drillings(Hsieh et al., 1992; Lee, C. T.,
unpublished data; Wangand Lee, 1997), albeitwith amore segmented configuration (Hg. 11).
Theclose association of the Hsingchuang and Shangjiao Faultssuggests that Shangjiao was
transformed from Hsingchuang with part of the fault surfacereactivated (Tan, 1939; Wang
Lee etal.,1978; Wu, 1965). The change of stress field that accompanied theHsingchuang-
Shangjiao trandormation is supported by thefault slip analysisin theneighboring area(Fg. 11,
Chu,1993).

Inaddition totheHs ngchuang-Shangjiao couplet, sructurd inversioncanalso beobserved
atthe Chinshan Fault of the Tatun area(Fig. 2). The Fault first produced a significant thrust
offsetin the Tertiary basement beforeit was covered by the volcanics, and then transformed
into azoneof drike-slip and normal faults (Chu etal., 1998). During thetransformation, the
Tertiary basement may have collgpsedinto arift basin (section A-A'inFigure?2).

EVOLUTIONARY HISTORY

Summarizing thetectonic and geologic information(Fg. 7), itisclear that theTape Basn
andits surrounding areawas part of the Chinacontinental shelf that had been subsidingand
accumulating sedimentsthroughout Oligocene-Miocenetime. Thedepodtiond environments
of this region shifted between coastd to offshore but mostly sayedin theshallow sea (Fig.
12A).

Asthe collisional orogeny commenced inlate Pliocene time, the continental shelf was
tectonized intomountain ranges, and itssedimentary cover deformed intoimbricated folds and
thrust sheets. At about 2 Ma,the collision orogeny reachedthe climax and pushedthe mountain
ranges to thrust over the Linkou and northwest Tatunshan areas along the Chinshan and
Hsngchuang Faults(Fig. 12B). The Paleo-Tanshui River drained throughtherisng mountan
rangesand lad downtheLinkoufan-ddtainfront.

When the subduction polarity flipped beneath northeastern Taiwanin late Quaterary
time, the callisional orogeny ceased, andthe Tatun vol canismcommenced. The mountainranges
of the Tatun areacollapsedinto a rift basin as the Chinshan Fault was reactivated into strike-
slip and normal faults. Atabout 0.8 Ma, deposition of the Linkou fan-delta ceased (Fg. 12C),
implying that the Paleo-Tanshui River nolonger supplied sediment. What happened tothe
Pdeo-Tanshui River remains unknown. We suspect thatit wasdiverted northward into the rift
badsn of theTatun area, astheway the Tahan River was|ater capturedinto the Taipe Bagn.

From 0.8 Mato 0.4 Ma, volcanism thrivedin the Tatun and Kuanyinshan areaand built up
pilesof andesitic cones The Hsingchuang Thrust Fault in the Taipel areawasreactivated into
the Shangjiao Normd Fault, and thedeserted Linkou fan-deltaon the footwall waselevaed
into atableland (Fig. 12D). Themountain rangeson the hangingwall subsided asadepression,
which became asediment-receiving basin at about 0.4 Ma.

From 0.4Mato the present, the basin haskept expanding assubs denceand sedimentation
continued. The basn has been covered with lluvid fans, fluvial plains, and estuaries, which
havewaxed and wanedwith thefluctuatingsealevel. Ataround 0.2Ma, the basinwas inundated
asalakewhen alahar derived from the Tatun volcanoesblocked the effluence of the Tanshui
River (Fig. 12E). Whenthe Tahan River was diverted into the Basin at about 30K a, theBasn
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waschoked with gravely sedimentand covered with composite dluvid fans(Fig. 12F).In
early Holocenetime, the basn wasinvaded by marinetransgresson and tumed intoabrackish-
water bay, which accrued to its maximum at around 6 Ka (Fig. 12G). Continued alluvial

sedimentation eventually filled up the bay andachieved the present configurationof the Taipel
Badn(Fg. 12H).
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Figure12. Evolutionary model.
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Figure 12.Evolutionary model . (continued)
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DISCUSS ONS

Upon completing the synthesis, we found that our interpretationsare to various extent
consistent with thoseproposed by previousworkers, but with sgnificant disparities. We agree
with Makiyama (1933) that the Basin was once dammed into a lakebut do not accept his
inference that thelakewas manifested withthe estuarine sediments of the Holocene Sungshan
Formation. We endorseTan (1939), Lin (1957), and Huang (1962) thatthe Basin hasnot been
iolated from the seasincetheearly Holocene and maintain that the dammed |ake was formed
inmiddle Festocenetimeasindicated by the laminated mud of the Banchiao Formation (Figs.
9 and 12E). We concur with Tan (1939) that the Taipe Basin isassociated with the down-
sliding hangingwall of the Shangjiao Fault but disagree on hisinterpretation that the Linkou
Gravel iscorrelaable with the subsurface gravelsof the Taipei Basin. We believe that the
subsurface gravels of Tapei are younger than the Linkou gravel (Fig. 7) and support Wang
Lee et al's (1978) view that theTaipei Basin was amountainousterrain when the Linkou
Gravel wasdeposited (Fig. 8). However, wedo not think that theLinkou gravel wasa coastal
deposit asproposed by Wang Lee (1969) and Wang Lee etal (1978), but interpret itasafan-
delta (Fig. 8). We disapproveof Lu etal's(1994) inference that the Taipei Basin wasformed
by syn-orogenic extension, instead we deemit a post-orogenic product (Fig. 6).

Withtheaboveissuesresolved, there somequestionspending. For instance, wearenot
sure if subsidence of the Tapei Basin is directly related with Tatun volcanism as Deguchi
(1912) speculated. In our model, thereis no obvious causality between Tatun volcanismand
Taipe Basin subsidence, although both resulted fromthe late Quaternary polarity reversal
(Figs. 5 and 6). Nevertheless, we cannot rule out the possibility that the Taipei Basin might
have spasmodically subsided inregponse to Tatun volcanisms asSong et al (2000) proposed
forthe rift basin of the Tatun area.

Wealso cannot dismisstherole of wrench tectonicsin the formation of Taipei Basinas
stressed by Lee et al. (1999). We acknowledge the notion that wrench tectonics may be
importantduring thetransition fromorogenic buildupto orogeniccollapse (Tengand Lee, 1996)
and realige the fact that the Shangjiao Fault isassociated with horizontal slip (Chu, 1993; Lee
and Wang, 1988). However we doubt that wrench tectonismwas ever significant, since no
obviousmarkersindicative of srike-slip offset can berecognized. We believe that strike-dip
faulting wastransient anddid not generatemuch displacement. TheTape Basnformed mainly
by normal faulting.

Wehave also noted that Wang Leeetal. (1978) proposed anumber of scattered faultsin
theBasn (Fg. 10) but are not able to evauate their validity because norelevantinformation
was published. So far, the boreholeinformationistoo sparseto confirm any intrabasinal faults
(eg.,P-Q of Figure4), except someinferred fromdrastic sratigraphic changes (e.g., X-Y of
Figure4). Whether the intrabas nd faultsexistand havehad any effectsover the basin subsdence
isanopen quegion. Nonethdess it seems thatthe Shangjiao Fault aloneiscapableof creating
the half-graben Taipei Basin (FHg. 4).

Themost dubious part of our model isthe northward diversion of the Paleo-Tanshui
River inferred from theabandonment of the Linkoufan-delta & around 0.8 Ma(Fig. 12C). We
believe the Linkou fan-ddta wasabruptly deserted becausethe upper fan gravel isdirectly
capped with the topsoil without any indication of progressivechannd shifts(H. 1F). The Paleo-
Tanshui River mugt have been rapidly diverted in order not tofeed sedimenttothefan-delta.
Since the River could not possibly flowto the high mountainsinthe east and south, it could only
be directed to the north into the rift basin of the Tatun area. Thisimplies that adeep river
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channd isburied inthe northwesterncorner of the Tai pei Basin and beneath the Tatun vol canics.
Sofar, no directevidencefor the buried channel is avalale. However, buried channelshave
been proposed tounderliethe Tatun volcanicsnorth of Tanshui based ongravity survey (Tzou
andYu, 1987; Yang etal., 1994), and boulders derived from the Central Range were found
embedded inthe Tatun volcanics(Tan, 1931; Wang and Chen, 1990). These seem to support
that the Paleo-Tanshui River did flow through the Tatun areaand part of its sediment was
captured by later vol caniceruptions. Thisissueremainsto beinvestigated. Theproposed buried
channd in the northwestern Tapei Basin and the Tatun area can be tested with futuredrilling.

Limited by the boreholeinformation (Fig. 9), thedepasitional history of the Taipei Basn
can only be deciphered rudimentarily with many importantissues remaining lessthan clear.
For ingance, the oldest sedimentsof the Taipei basin, which are crucial in timing theinitiation of
basin sedimentation, have not been properly dated. Thedammed-lake event, which caused a
catastrophicflooding intheBasin, needsto be substantiated with more stratigraphic data, and
thedimension and deve opment history of thelake remansto beascertained. The other two
events, the Jingmei alluvial fan and the mid-Sungshan estuary, also require further study to
reved their detaled higories With more data coming out of recent deepdrillings(e.g., Lin and
Chen, 2000), theseissues arelikely to bebetter understood in the near future.

CONCLUSIONS

TheTaipe Basinislocated at the northerntip of the Taiwan mountain belt, whichwas
formed by callision between the China continent and the Luzon Arc in Pliocene-Quaernary
time. Prior tothe callision, the Basin and its environswerepart of the subsiding continental
shelf, whichwas later deformed into amountain range around 2 Ma. At about 0.8 Ma, the
subductionpalarity flippedin northeastern Tawan so that the collis ond orogeny wasterminated
and themountain range beganto collapse. Ryuky u arc magmatism setin and produced massive
andesiticvolcanicsin the Tatun area The Hsingchuang Thrug Fault at the west front of the
mountain range wastransformed into the Shangjiao Normal Fault, and the mountain rangeon
thehangingwall slid downinto adepression. At about 0.4 Ma, sediment began to accumulatein
thedepresson, and the Taipei Basin germinated. Since then the Basin has kept expanding as
subsidence and sedimentation continued. Throughoutitsdepositional history, the Basinhas
been dominated by alluvid fans, fluvial plains and estuaries, which havewaxed and waned
with the fluctuating sealevd. Ataround 0.2 Ma, the Basin was dammed up asa deep fresh-
water lake by apyrodastic flow fromthe Tatunvolcanoes. Asthe Tahan River wasdiverted
into theBasin at 30 Ka, itbrought in a large amount of gravelly sedimentthat laid down huge
alluvial fans over theentireBasin. In early Holocenetime, the Basin wasinundated by marine
incursion and turmned into abrackish-water bay, which was eventually filled up to itspresent
configuration.
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