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ABSTRACT

Pr ominent facieschanges among lower Oligocene sandy/coaly
strata in Taiwan lead to ambiguousr ecognition of fluvial deposits
and problematic reconstr uction of paleoenvironments. With
respect to this, those strata with fluvial facies reported in
Kuohsing ar e reexamined.

These particular strata and overlying muddy/fossilifer ous
strata are found deposited in " fluvial plain, estuarine shor eline
and shelf" environments. The fluvial plain isoccupied by middle/
lower reachesof alow-sinuosity sandy bedload river system. The
estuarine shor eling, an estuar y-barrier system r eplacing thefluvial
plain, isdominated by wave influences. The shelf, an open-marine
offshor einundating the estuar ine shorelineg, is influenced by storm
waves. Six facies associations ar e identified, namely the fluvial
channel gravelly sandstones, natural levee inter beds, floodplain
laminated inter beds, estuary inter beds, barrier sandstones, and
offshor e inter bedded mudstones.

The fluvial-estuarine-shelf succession studied displays a
transgr essive sequence mar ked by two marine-flooding surfaces,
which represent the onsets of slow and then rapid sealevel rises.
It reveals a mor e complete geohistory of continental margin
inundation in Taiwan during late Paleogene than the other
compar able successions, most of which only record later drastic
changes from coastal to shelf environments. It also provides
crucial cluesto reconstruct the late Oligocene paleoshor eline with
detailed sedimentary processes, which clearly showsan eastward
protrusion of prograding fluvial-deltaic system ar ound K uohsing.
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Lower Oligocene sandy/coaly strataare widely recordedinthe Taiwan mountain belts,
despite somestratigraphic debates (Fgure 1-A; e.g. Ichimura, 1938; Tan, 1944, 1971; Kanno
and Chung, 1973, 1975; Chen,1977; Yen and Chiu, 1983; Chou, 1988; Huang andL e, 1992).
They are principdly interpreted ascoastal depositsin theearliest geological and petrograpghic
surveys(e.g. lchimura, 1938; Hisazumi, 1939). Nevertheless, terrestrid deposits areshortly
proposed in centra Taiwan in thelater paleontological surveyswith discoveriesof fresh-water
mollusk Corbicula baronensis (Tan,1944, 1971; Kanno and Chung, 1975). Terredrial/coastal
depositionisthencommonly adopted infurther later studies whichcompromisingly followbaoth
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the petrograpghicand pa eontological viewpoints (e.g. Tanand Y ouh, 1978; Chou, 1988).
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Figure 1. Schematic Eo-Oligocene paleoshorelineinTaiwan (A) (compiled from Tan and Youh, 1978; Sun,
1982; Wu, 1986; HuangandHuang, 1987; Chou,1988; Tengetal.,1988; Teng etal.,1991; Liu, 1992
Ke, 1992; Tai et al., 1994). Loaction map of the measured Eo-Oligocene strata i n Kuohsing (B)
(modified fromLoetal.,1992).
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Thiscompound interpretation, however, ischallenged by increasingly detailed facies
investigationsin recentyears, because theterredrial depositsare rarely recognized andthe
occurrences of C. baronensisarefound associated with the coastal deposits (e.g. Wu, 1986;
Huang and Huang,1987; Tengetal., 1988; Teng etal., 1991; Huang and Lee, 1992; Liu, 1992;
Ke, 1992; Ta etal.,1994). It is dso confusing that thefluvial deposits, only identifiedin two
locdities, appear problematic owing to insufficient stratigraphic and facies constraints. For
example, the sandy/coaly stratain Kuohsng, being exclusively attributedto fluvial depostion
(Wu, 1986), require much refined faciesdeineations because the brackish-water molluskslike
Ostrea 9. and Cerithidae 9. related to coastal deposition occur inthe upper part (Tan, 1944,
1971; Kannoand Chung, 1975). Theothersin theM e chi Sandgoneappear evenmoreambiguous
infaciesdescription and geological age controls (Huang and Lee, 1992).

Consequently, the stratain Kuohsing becomethemod crucid to examinethe existence of
late Oligocene fluvial deposition, and thefluvial-coadal faciesvariationsin these comparable
strata in Tawan (Figure 1-B). To deal with these issues, this study first reinvestigates the
outcropsalong thePeikangchi Rivervalley inKuohdng todiscriminatethefacies characterigics
of fluvial and coastal deposition. The overlying muddy/fossiliferous neritic strata are also
documented tomuch completdy display thevertical faciesvariations. Thefaciessuccession of
thestratastudied isfurther compared with the previous results of the other comparablestrata
to demonstrate the lateral facies variations. Thepreliminary outcomes show that the sandy/
cody strata in Kuohsing are deposited in a fluvio-estuarineenvironment with the overlying
neritic stratadeposited ina shelf. This overall transgressve sequenceseparated by two marine-
flooding surfecesrevealsinteresting findingsregarding the rising sealevel. The comparison
with theother successionsprovides newfindingsinthelaeral facieschangesand paleoshordine
configuration.

GEOLOGICAL BACKGROUNDS

Theupper Paleogene drataexpose in the axial area of aN-Santicline, i.e. the Hsianan
Anticline, inthe Peikangchi River valley near Kuohsing (Figure 1-B; Chiu, 1972,1975; Lo &
al., 1999). Thewegern flank with continuousoutcrops is the main target of thisstudy.

Therock strata aredivided into the Paileng and Shuichangliu Formations inascending
order, dominated by the sandy/coaly strata and the muddy/fossiliferous strata, respectively
(Hgure 2, Hayasakaetal., 1939; Hoand Tan, 1960; Chiu, 1972; Loetal., 1999). Lithological
distinction isextremely obviousin theoutcrops with sandstonesand conglomeratesconcentrated
inthe Paleng, and mudstonesand interbedsin the Shuichangliu. Thesuccession measuredin
the western flank iscomposed of 300 meters of the Paileng Formation fromtheanticlineaxis,
and 100 metersof the overlying Shuichangliu Formation. A deepening-upward trend in facies
and adecreasing-upward trend in grains ze and sand/mudratio are significantinthe succession
(Fig.2).

The Paileng Formationisgenerally low infossil content, except somepalm fragments and
mollusksarerecorded in thenearby areas, likefresh-/brackish-water Corbiculabaronenss,
Taiwancorbicula chiuwongi, Ostrea sp. Cerithidae sp. and marine-water Troropicolpus
sakitoenss (Hgure 3-A; Hayasaka et al., 1939; Tan, 1944, 1971; Kanno and Chung, 1975).
The Shuichangliu Formation israther abundant in marine fossils, including nannofossils,
foraminifers, echinodermsand mollusks(Hayasakaetal., 1939; Tan, 1944, 1971; Chang, 1963;
Kanno andChung, 1973;Huang and Ting, 1979; Chi, 1979;Huang, 1986). The biogratigraphy
based on micropd aeontol ogy showsthatthe Shuichangliu Formation measuredin thesuccession
is early Oligocene inage withthe delineation of P19-20 and NP23-24 biozones (Figure 2;
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HuangandTing, 1979; Chi, 1979; Huang, 1986). Therefore, the underlying Paileng Formation
ismostlikely lates Eocene(?)to earliest Oligocenein age.
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Figure 2. Stratigraphic and Facies columns of themeasured |ower Oligocene strata. Biostratigraphy of
nannofosd| and planktic foraminifer based onHuangand Ting (1979), Chi (1979) and Huang (1986).
Bioturbationindex &ter Dott and Bourgeois(1982). M: mud, S;: silt, S: fine sand, Sy,: medium sand,

S coasrsesand, G: gravel.
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Figure 3. (A) Gastropodsin the sandstone | ayers of the Floodplain association. (B) Erosion-based,
fining-upward sequence (horizontal triangle) of conglomerates, sandstones and interbeds from the
Fluvial Channel to Natural Levee associations. (C) Grain-supported, gravelly conglomerate with
nomal -grading planar stratificationsintheFl uvial Channel association. (D) M egawave stratifications
in the Fluvial Channel association. (E) Folded foreset of atrough cross bed inthe Fluvial Channel
associaion. (F) Normal-grading, planar stratificationsin theFluvial Channd gravelly sandstone.
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FACIESASSOCIATIONS

According to thefacies characterigicsobservedinthisinvedigation, therock succession
measured isevidently deposited in "Huvial Plain, Estuarine Shordine and Shdf" environments
(Hg.4). The lower 250m are composed of thefluvid plain strata with threefaciesassociations
includingthefluvid channd, natural leveeand floodplan (Figures1-B, 2). Themiddle70mare
composed of theeguarine shoreline dratawith 2 faciesassociationsof theeguary and barrier.
Theupper 80m arecomposed of the shelf drataof the offshore faciesassociation.
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Figure4. Schematicdepositional model and faci esassociationsof thel ower Oligocenestratameasuredin
Kuohsing.

Fluvial Channel

Description: The assodiation iscomposed of sandstones and conglomeratesin erosion-
based, fining-upward successonsof 5~15 metersthick (Figures3-B, 5). The sandstonesare
mediumto coarseingrainsize. The conglomeratesaregra n-supported, subangul arto subrounded,
andfineto mediumin gravel Sze (Figure 3-C). Sedimentary sructuresinclude trough cross
beds, planar stratifications, mega-wave stratifications and some planar cross beds (Fgure 3-
D). Thecrossbeds 20~40cm thick individually, usually formlateral-discontinuous, compound
bed setsup to meters thick. Theforesets are usually normal-graded, folded and climbing-
stacked (Figures3-E, F). Soft def ormationsare common, likeload castsand 4 umping structures.
The upper partsof thefining-upward successons are often associated with some rootlets, tiny
tube-like tracesand red beds (Figure 6-A).

Inter pretation: The compound cross bedsand fining-upward successionsareindicative
of shifting tractionflows(Massari, 1983). The mega-wavestratifications are formed almost
instantly during deposition of strong eddy currents (Cotter and Graham, 1991). The folded
foresetsareoriginated from thesemi-dewatered foresetsdragged by succeedingflows(Hendry
and Stauffer, 1977; Roe and Hermansen, 1993). These sedimentary structures and soft
deformations reflect abundantsediment supply in rapid deposition. Theconglomeratesare the
winnowing-out depasits of sheet-liketraction flows, which areusudly aggregated in channel
floor as grave shoals or bars(Arche, 1983; Seel and Thompson, 1983). The rootlets and red
beds are indicdive of vegetation and weathering processes, which take place soon after the
abandonedchannelsarefilled.
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Figure 5. Idealized facies
associations of the
Lower Oligocene
strata in Kuohsing.
Bioturbation index
after Droser and
Bottjer (1988). See
legendin Figure2.

Thus, the association represents the sediment fills of abandoned fluvial channels, which
are deposited by powerful traction flows with abundant coarse-grained bed loads (Fig. 4).
These channdsare usually migrating laterally and floored by sandy/gravelly shoalsdueto rapid

depostion.

Natural Levee

Description: Theassociaion iscomposed of sand/mud interbedswiththin conglomerates
of gravel or mud chip (Fg. 5). Fining-upward successionsare common (Hgure 6-B). Rant
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fragments, cal careous andferruginous concretionsare plentif ul. Sof tdef ormationsand subaerid -
exposed featuresare of tenencountered, like dimbing laminations, slumping sructures, ball and
pillow, rootlets and paleosol s (Fg. 6-C). Sedimentary structuresinclude normal-graded planar
stratifications, flaser laminationsand some mega-wav e stratifications.

Figure 6. (A) Red bed (vertica arrow) and tiny traces (horizonta arrow) in the upper Fluvial Channel association.
(B) Fining-upward sequence (horizonta triangle) of stratified to laminated interbeds in the Natural Levee
associ aion. (C) Bal-and-pillow structure (arrow) in the stratified interbeds of the Natura L evee associ ation.
(D) Planar laminations in the Floodplain mudstone. (E) Bioturbated laminated interbeds rich in sulfurous
materials and trace fossils of Skolithos isp.; notethe traces filled with coar se quartz sands (arrow). (F) A 1.
5-meter-thick cod bed overlain by aplanar bedded quartz sandstone and a coay mudstone with ferrous
concretion (arrow).
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Inter pretation: The concretions, rootlets and paleosolsreflect adepositional site with
insignificant perturbation, low water tableand vegetation (Bown andKrause, 1987; Besly and
Callinson, 1991; Krause and Adan, 1993). Thesandstone layers and sedimentary sructures,
however, indicatesomeinstant deposition of intermittent flood currents.

Thus, the associationrepresentsthe depositsin naturd leveesaong fluvial channds(Fig.
4). Inflood seasons, overbank currents frequently rip upprevious dluvium andpave sheet-like
sandy or gravelly depostsin the proximal riverbanks. Asthe currents drain, muddy deposts
soon precipitate over the coarse-graned deposits. Out of flood seasons, vegetation growson
these deposits and causespedogensis aswater table islower.

Floodplain

Description: The assocdiationis composed of massve mudstonesand some sand/mud
interbeds (Fig. 5). Itisrich in plant fragments, calcareousand ferruginousconcretions. Coal
seams, horizontal tube-like traces and gastropods are occasondly encountered (Figure 3-A).
Carbonaceous mudstoneinterval sarecommon. Sedimentary structuresare rareand dominated
by planar laminations (Figure 6-D). Soft deformations and subaerial-exposed features are
recorded, likeclimbing laminations ball andpillow, rootletsand paleosols.

Inter pretation: Thesmplelithology, concretions, carbonaceous materialsand cod seams
reflect a quiescence depositional site with low bioactivities, stagnant water circulation and
frequentwater-tablefluctuations(Felding, 1984; Haszeldine, 1984). The sedimentary sructures
and softdeformationsareindi cativeof occas ond abundant sediment supply andinstantdeposition
of low-energy currents.

Thus, theassociation representsthedigal riverbank depositsin afloodplain surrounding
fluvial channds(Fig. 4). Thick muddy depositscover mostof this low-lying areawith abundant
carbonaceousmaerialsin smdl lakes, pondsor marshes wherewater tableis usudly high. In
flood seasons, thin-ayer coarse-grained deposits paveover the areaswhereoverbank currents
reach. The lakes, pondsand marshes near the fluvial channel are moreeasily drained or filled
up by sediments, which makesthedeposits much eadly influenced by pedogenss. Those far
from fluvial channels, receiving small amountsof silisiclastic deposits, tend to be enrichedin
carbonaceous materialsand becomemires for peat formation.

Egduary

Description: The association is composed of sand/mud interbeds and carbonaceous
mudstones with some coal seams (Fg. 5). Thin sandstones and mud-chip conglomeraesare
common. Ferruginousconcretions, plant fragments and tracefosslsfilled with quartzgrains
are frequently encountered (Figures 6-E, F). Theichnofabricsinclude Ophiomorphaisp.,
Skolithosisp. and Planolitesig.. Sedimentary structuresincludeplanar stratifications, flaser
and wavy laminations with some planar crossbedsand HCS. The sandsone bedsare associated
with climbing laminations, dumpingandball-and-pill ow Sructures Theinterbedsarecharacterized
by sulfurousmaterials, ball & pillow, rootlets and paleosols(Figures 6-E, 7-A).

Inter pretation: Theinterbeds, coal seams, concretions and carbonaceous materiasreflect
arelatively quiescence depostional stewith stagnantwater circulation. Abundant sulfurous
materids and trace fossils are indicative of marinewater intrusion. The planar stratifications,
wavy laminations and HCS suggest fair weather waveand sormwave activities. The flaser
laminationswith climbing features suggest rapid deposition of fluvid, tidal or wave-induced
currents.
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Figure 7. (A) A root structure penetrating asandstone layer of the Estuary association. (B) Herringbone
planar crossbed in the Barrier association. (C) Trace fossil sof Scoliciaisp. (arrow) of Cruziana
ichnofacieson asandstone tope of the Offshore association. (D) Tracefossi|s of Palaeodictyonisp.
(incircle) of Nereitesichnofacieson a siltstone tope of the Offshore association. (E) Hori zontal
tracesfilled with glauconitic pelletsin the Offshore mudstone. (F) Sandstone layerswith singular
(upperthinlayer) oramalgamated (ower thick layer) hummocky crossstratification of the Offshore
association.
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Thus, theassociation represents thedepasits in an esuary under combined influencesof
fluvid and marine processes(Fig. 4). The lagoon-likeareareceives plentiful mud-dominated
sediments from fluvial channdsand inletsof storm washover or tidd currents, whichin turn
createexcellentwater circulaion beneficial for theintensebi oactivities. As sedimentfill sgradually
shrink the estuary, vegetation growsover theexposed areasand causes pedogensis.

Barrier

Description: Theassociationiscomposed of gravelly sandstonesin fining-upward intervas
with basal erosion surfaces andload casts (Fig. 5). Although the sandstonesare in various
grainsizes, most of them arequartzites showing fairly maturelithology. Trace fossilsarerare
and dominaedby Ophiomor phaisp.. Sedimentary sructureswel-developed,including planar
stratifications, crossbeds and herringbone crossbeds (Figure 7-B).

Inter pretation: Thewell-developed gructuresand maturelithology reflect adepositional
site with intense wave activities (Clifton etal., 1971; Greenwood and Mittler, 1985). The
herringbone crossbedsare indicative of multi-directiond currentsin time-velocity asymmetry
(Visser,1980; deMowbray andVisser, 1984). Thedominationof Ophiomorphaip. isindicaive
of ahigh-energy depositional sitswith ex cellentwater circulation. Thefining-upward successons
with basal conglomeraesand erosion surfacesareattributed to the sediment fills of tidal inlets.

Thus, the association represents the deposits in a barrier island (Hg. 4). These sandy
depositsform aseries of beach-shoreface shoalsand barsfringing the seaward parts of the
eduaries They aredominated by fair-weaher-waveactivitiesanddivided by tidal inlets through
whichtidd currentsflood into and ebb out of theestuaries.

Offshore

Description: The asociationis composed of mudgones massive sandsonesand dratified
interbeds (Fig. 5). Intervals rich in glauconitic pellets and shell fragments are common.
Bioturbationisusually intensewith ichnofabrics like Zoophycusisp., Chondritesisp., Scolicia
isp. Palaeodictyon isp., Planolitesisp., Skolithosisp., Teichichnusisp., Thalassinoidesisp.
and Ophiomorpha isp. (Figures 7-C, D). Sometracesare filled with glauconitic pellets (Figure
7-E). Sedimentary gructuresindude HCS, planar stratificationsandwavy laminations (Figure
7-F).

Inter pretation: The sedimentary structures areevidently related to stormwave activities.
The intense bioturbationsuggeds that waveactivitiesare superseded by vigorous bioactivities
between gorms. Theglauconitic intervalsand in-situ glauconitic pelletsare indicative of slow
and quiescence depostion. Sometracesareindicativeof outer shelf tosubabyssal environments,
like Zoophycusisp., Chondritesisp., Scoliciaisp. and Palaeodictyon isp..

Thus, the association represents the deposits in an offshorewith occasional storm-wave
influencesand slow sediment supply (Fig. 4).

LOWER OLIGOCENE FLUVIAL SYSTEM

Thefluvial succession inthe sectioniscomposed of three coarsening-upward, 60~100m
thick sequences, each of which displaysan upward facieschangefrom thefloodplain, natural
leveetofluvial Channel (Fgures2, 5). These sequences demonstrate agradual progradation of
thefluvial channd toward the naturd levee and floodplan, which might be related tolateral
migrations of channd belts, or baselevel fdls(Fig. 4).
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Inthese sequences, it is obvious that the floodplain in thefluvial plain mainly receives
muddy deposits (Hgure 5; Appendix). Only little proportion of coarse-grained depostsis
accumulatedin thislow-lying areaaround thenaturd levee whereasthemgority isconcentrated
inthefluvial channd. Meanwhile, the conglomerates and gravely sandstonesform point bar
sequenceswith well-devel oped sedimentary structuresof traction flows. Therefore, it gopears

that the fluvial plain isdominated by the middle-lower reachesof ariver system with Snuous
channel hdte(Fmired:-Cnllinean 109R)

ol [T T A
+ T "'-_ - - LT LL'::l" o ﬂ.=“ 'i-lll.‘l'
I = s o
= ; - :- -- | -
g ¥ I
iy I =
Y T i =¥
1 &
.'-l. A !
Thdy al
1 .!
e B
B o e e
L B
m o .
ol
N ] (=N
Bl
B rm*
| _-.I- g | LI
1 ] .'. L --. n .-l
L |E},_'_-' " R A
- e =
Ll i) n
" — 4 - =u
b e — d e
| .
.
= i
o reg . &
:l'h-h'- . .-I ol
I, Sk
}-l .l
7 v

JRIIED - 1"

Appendix. Detail ed Facies columns of themeasured |ower Oligocene strata See legend inFigure 2.
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Itisdsosignificant in these sequences that most of the fluvid channd and naturd levee
associations are amalgamated to form channd-levee complexes (Fgure2; Appendix). The
feature suggests that the main belts of these fluviad channelsarepotentially broad enoughto
accommodateall these gravelly/sandy bed loads(Fig. 4). Within theseparticular channd belts,
theindividual channel in the beltsiseverchangingin directionand usually flooredby migrating
gravdly shoals or bars, becausethe abandoned point-bar channel fillsarestacked upward with
compound crossbedsand gravel beds(Fig. 5). Thesechannel fills arecharacterized by wel-
deveoped featuresof rapid deposition, which intum indicatesthat thetraction-flow cgpabilities
reduce considerably betweenfloodswithout sgnificant redigtribution of the settled sediments.

Consequently by integrating these features, thefluvid sysem can bespecified as"middle/
lower reachesof asandy bedload, low-sinuosity riversysgem" associated withfluctuating water
levelsand tables(Fig. 4). Modern analoguesarereferredto the Platte River and the Calamus
River, Nebraska, U.S.(Smith, 1970, 1971; Blodgettand Sanley, 1980; Bridgeetal., 1986), the
South Saskatchewan River, Canada (Cantand Walker, 1978), andthe Squamish River, British
Columbia(Brierley, 1989,1991).

LOWER OLIGOCENE ESTUARINE SHORELINE SYSTEM

The total thicknessof the esuarine stratain the section studied isabout 70~90m, because
the lower 20 metersfrom 230t0250m iscovered by dense vegetation without diginguishable
outcrops(A ppendix). These covered Srataarefine-grained mostlikely, andtentatively interpreted
asthe estuary facies (Fig. 2).

Neverthel ess, these coadal draaareindicatorsof adeepening andwestward environment
shiftfromthefluvid plaintoesuarineshoreline (Figures2,4). Under thecircumstances, depostion
is likely to retrograde and lead to a much gentle and graded stream profile in the areato
compensate therising baselevel. Fluvial processes decrease as marine processesbegin to
influence thislow-lying fluvio-estuarineplain. Atypica quiescent estuary isresulted and garts
accumulating thick pilesof muddy deposits (Fgures4,5; Dalrympleetal., 1992). River floods,
storm washover currentsand pring tides make thin laminated or sheet-likelayers of sandy
depogtsavailable.

Further deepening and westward shift to the seaward part of the coastal environment
takes place as sedevel keepsrising (Figures 2, 4). It resultsin the fluvial processes totally
superseded by marine processes, which is dominated by fair weather waves with some tidal
currents. Mostly deposited are coarse-grained depodtsalong theshoreline due totheintense
waveinfluences whichis evidenced by the maturelithology and wdl-devel oped sedimentary
structures in the barrier facies association (Fig. 5). Hence, atypical barrier environment is
formed inthe shoreface areasand garts accumulating thick piles of sandy/gravelly depodts
(Reinson, 1992; Reading and Collinson, 1996).

In terms of the coastal facies succession, the estuarine system can be specified asa
"wave-influencedbarrier-esuary”" shoreline(Fig.4). Althoughthese sedimentary environments
arerather diginguishableingeomorphology, neverthdessthe formation and preservationof the
barrier faciesis affected by several important factors It heavily depends on the depositional
and erosional processes of fair weather waves, and indirectly on thecritical balance between
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sediment supply andrateof sedevd rise(Bdkngp and Kraft, 1981; Swiftand Modow, 1982;
Gdloway, 1986). Since the barrier facies association iswedl recognized in the section gudied
(Hg. 2),itinturn indicatesthat the sediment supply in thisshorelineissufficient to badance the
rateof sealevel rise (Fig. 4).

FLUVIAL-ESTUARINE-SHELF SEQUENCE

Interms of thefacies associations, the succession changes fromthe fluvial, estuarineto
shelf deposits, which digplay satranggressiveseguence andverifiesthesimil ar variaionsreported
in mollusk faunas(Kanno and Chung, 1975). Furthermore, two marine-flooding surfaces are
recognized by the deepening-upwardfacies andreveal thevariations of sealevel rise inthe
wholesequence.

The lower surface, locatedat 230m in the succession, ischaracterized by the changefrom
thefluvidto estuarine deposits (Fg. 2). Theoverlyingesuarine succession up to 70~90mthick
clearly suggedsthat thisparticular barrier/estuary system must have sugained for aperiod of
timeunder the balance between the sealevel rise and sediment supply (Belkngp and Kraft,
1981; Swiftand Modow, 1982; Gall oway, 1986). Duringthisduration, some sed eve fluctuations
or lateral environment shifts still take place, which isindicated by the stacked barrier and
eduary deposits Sinceindividual barrier or estuary asociaionis diginguishabl e thepreservation
of these coastal deposits appears rather complete during these sealevel fluctuations or
environment shifts It, in turn, suggests thatthesefluctuationsor shiftsarerdatively minor and
only associated with insignificanttransgressive erosion, sincethe erosonisoften ableto cause
total degtruction of the coastal depasits (Swift, 1968; Reinson, 1992; Ddrympleetal., 1992).

The upper surface, located a 325m, ischaracterized by the change fromthe etuarineto
shelf deposits(Fig. 2). Theoffshorefaciesdirectly overlies the estuary facieswith anintensdy
bioturbated coarse sandstones of 1mthick. The sandgoneischaracterized by relictHCSand
low-angleplanar stratifications, which are indicative of stormwave deposition inthe offshore
environment. Ontheother hand, itscoarse-grained lithology refl ects stormwashover deposition
inthe estuary environment. Thelack of intervening barrierfaciesmightbe dueto nonedeposition
during the sealevel rise, or none preservation after the sed evel rise. Regardlessin ether cases,
this particular sealevel riseislikely rapid enough to overwhdm sediment supply andresultin
nonedeposition, or to causei ntensetransgress ve erosion andresultin nonepreservation (Be knap
and Kraft,1981; Swift and Modow, 1982; Galloway, 1986).

Thus, it gopearsthattheinitid sealevel rise, at thefirst marine-flooding surface, not only
resultsin thefluvio-esuarine succession, buta so issuperimposed by minor sed evel fluctuations
or laterd environment shifts. Thefollowing sed evel rise, atthe sscond marine-flooding surface,
causes the coastal areainundated as an open shelf, but also ceases the eastbound fluvial
progradation to thewes of Kuohang during Oligoceneand the rest of Cenozoic.

The later dragticand rapid transgressonisalso recorded by early Oligoceneenvironment
deepening in many other areasin northern Taiwan, such asWulai, Paleng, Pinglin and North
Coast(Teng etal., 1991). In Wula, similar coagal inundation is displayed by theabrupt facies
deepening from the barrier-lagoon to the offshore trangtioninthe upper Szeleng Sandstone
(Teng etal., 1988). In North Coast, environment deepening isdigplayed by the abruptfacies



Yu et al.: Lower Oligocene Fluvio-Estuarine Facies 61

deepening from the shorefaceto the offshore, a the boundary between the Szeleng Sandstone
and Kankou Formation in Lungtung, and in thelower Wuchihshan Formationin Wanli (Tai et
al., 1994). Theseconcomitant transgressive eventsare comparable to the Kuohsing event with
asimilar age range in lower NP23 or lower N19~20 biozones.Thus, it appears that the
transgressionistectonically controlled and related to thelate Paleogene rifting activitiesin the
SE China continental margin (Tang etal., 1991).

PALEOSHORELINE IMPLICATIONS

Thesandy/cody strata studied are the only recognized with fluvial deposts among the
upperPd eogenedrata,a though comprising consderably minor proportion of thewholef ormation,
over4,000metersthick (Ichimura, 1938; Chen, 1977; Chou, 1988). Thus, thecomparison between
these sandy/coaly strataisable to provideinsightsinto thelateral facieschanges aswdl asthe
pdeoshordines.

Themod significant consistency inthefacies comparisonisthe estuarine stratastudied
andthe other coastd strata, because they areall indicative of depostionin shorelines under
distinguishable waveinfluences(e.g. Huang and Huang, 1987; Teng etal., 1988; Teng etal.,
1991; Huangand Lee, 1992; Liu, 1992; Ke, 1992; Tai etal., 1994). Yet discrepancies emerge
duetothe exigenceof thefluvial grata studiedin Kuohsing, which results intheremarkable
differencesfromthe fine-grained coastd deposits especidly. For example, the barrier strata
are usually associaed with thelagoon depositswithout fluvial influencesin many other areas,
including thePaileng Formationin Paileng(Liu, 1992), the Szeleng Formation in Wulai, Szeleng
and Paileng (Teng etal., 1988; Teng etal., 1991; Ke, 1992). Furthermore, thelack of fluvial
influencesisasoobserved inother similar barrier-lagoon Neogenestratainthe Western Foothills
and bear corresponding discrepancies, likethe lower Miocene Mushan Formation and upper
Miocene Sanfuchi Sandgone (Yu and Teng, 1995; Yue and Teng, 2000).

Conceming the fluvial stratastudied, thefacieschanges become even drastic and appear
deepening toward the north, south and east (Figure 1-A). To the north, the sandy/coaly strata
of thePalleng Formation in Paileng are deepening infecies, likethebarrier, lagoon, foreshore
and shoreface deposits (Figure 1-A; Liu, 1992). Further down tothe NNE in Szeleng and
Wulai, they are also deepening infacies and intercadated by themuddy/fosdliferous offshore
strata (Teng et al., 1988; Ke, 1992). Tothe southand ead, they are both composed of the
wave-influenced paralicdepostsandintercalated by muddy ffossiliferousneritic depostsin the
Tachian Sandstonein Shuili and thePaileng Formation near Puli, (Huangand Huang, 1987; Tan
and Y ouh, 1978). The Shuili Tachian Sandstone and the Puli Paileng Formation havebeen
suspected atributed to deltaic progradation, albeit detailed faciescharacteristics remain to be
investigated to verify the fluvial influencesand corresponding river sysems. In such case, it
seemsthat theeastbound fluvial system in Kuohsing islikely related tothe corresponding river
system of the deltaic deposition.

By integrating thesefacieschanges the paleoshorelines, based on previousstudies (Tan
and Y ouh, 1978; Chou, 1988), is preliminarily redrawnin Hgure 1-A with improvementson
sedimentary processes and environments. It is obviousthat the paleoshordines, smoothly
extending from northeastern to southwestern Taiwan, are composed of aseries of wave-
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influenced environments. However, the smoothnessis interrupted with protrusion to theeast of
Kuohsing dueto thefluvial and related deltaic deposition. Thisfeature isvery unique inthe
Tertiary sedimentationin Taiwan, and worthy of further investigations.

CONCLUSION

The sadimentary nature of thelower Oligocene sandy/coaly dratainKuohdang isdarified
by the facies reinvestigation of this study. The strata are deposited in a fluvio-estuarine
environment, and overlain by the shelf muddy/ffossiliferous strata. Thefluvial depositsare
accumulated inthemiddle-lower reaches of alow-sinuosity, sandy bedload river sygem, with
threedepostiond sites of thefluvial channel, naturd leveeandfloodplan. Theoverlyingegduarine
depositsare accumulated in thewave-influenced, estuarine shordine with two depositional
sites of barrier andeduary. The shelf depositsare accumulaedin thewave-influenced offshore.

Thefluvid-estuarine-shelf succession, diglayingatransgress vesequence, ischaracterized
by two marine-flooding surfaces, which represent the onsets of two stages of sealevel rise.
The lower surfacebetween thefluvial and estuarine strataisindicative of aslow-risng sealevd,
which ssems tobein balancewith thesediment influx and leadsto limitedmarineintrusion into
the previousfluvial plain. The upper surface between the estuarineand shdf strataisindicative
of amgorand rapid sealevd risewhich overwhelmsthesediment influx, and islikely related to
the tectonicrifinginthe SE China continental margin.

The paeoshorelinesaremostly composed of a series of wave-influenced environments,
based on the comparison between the fluvio-estuarine strata studied and the other upper
Paleogene drata. Itis also significant that the eastbound fluvial depositsseem reated to an
eagward protrusion in thewave-influenced NE-SW paleoshoreline, and responsible for the
ddtaic deposition inthe south and southwed.
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