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Upper Pleistocene to Holocene sequence stratigraphy of a sea-connected inland
collapse basin: The Taipei Basin, Taiwan

Pin-Ju Su*, Andrew T. Lin?, Jyr-Ching Hu?
'National Taiwan University/Central Geological Survey, Taiwan, su.pinju@gmail.com

National Central University, Taiwan
3National Taiwan University, Taiwan

Taipei Basin is a fault-bounded half-graben located in the northern Taiwan orogenic belt and
developed since ~400 ka ago due to tectonic collapse after the orogeny. Up to 140 meter-thick
sediments have been accumulated for the past 50 ka. This upper Pleistocene to Holocene fluvial
to estuarine sediment package reflects the competing effects of fault-controlled tectonic
subsidence, variations of eustatic sea levels and sediment supply. We apply facies analysis and
radiocarbon dating on cores retrieved from tens of boreholes in the basin. Published data on
foraminifera is also used to better characterize paleo-environments. With these data, we are
able to establish a robust sequence stratigraphic framework for the studied succession. Our
results indicate that thick lowstand systems tract (LST) of mostly fluvial conglomerates,
spanning the age of 45-22 ka deposited during lowstand of eustatic sea levels are well
preserved. The overlying transgressive systems tract (TST) (around 30-8 ka in age) are of
meandering and estuary origins with anomalously thick sediments near the basin-bounding
fault, indicating high rates of basin subsidence due to normal faulting. The facies patterns of TST
are similar with open-coast estuaries though the Taipei Basin is an inland basin where the
estuary, characterized by low tidal and wave activities, was connected with the seawater by a
~10 km long tidal channel, the paleo-Tamsui River. The maximum marine flooding occurred
around 8 ka, around 2 ka earlier than the earliest highstand of eustatic sea level, which is of 6
ka. The rate of sediment supply has subsequently outpaced the rate of tectonic subsidence
since ~8 ka, resulting in the filling up of the estuarine collapse basin to become fluvial settings
with a network of tidal channels to form the highstand systems tract (HST). Local unconformities
near the base of HST are found in the areas away from the basin-bounding fault, interpreted to
result from tectonic tilting of the downthrown block. This study provides an example for facies
and sequence stratigraphic development for a sea-connected and active inland collapse basin,
yielding insights on the competing effects on sedimentation between rates of fault-controlled
basin subsidence, eustatic sea-level changes and sediment supply.

Abstract Book of 31 |AS Meeting of Sedimentology, 22-25 June, 2015, Krakéw, Poland www.ing.uj.edu.pl/ims2015
508
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Upper Pleistocene to Holocene Sequence Stratigraphy of a Sea-Connected

Introduction

Taipei Basin is a fault-bounded half-graben located in the
northern Taiwan orogenic belt, the boundary of Eurasian plate
and Philippine Sea plate. The Eurasian plate subducts under
Philippine Sea plate around central and southern Taiwan, but
lies over Philippine Sea plate under Ryukyu arc. The normal
fault, Sanchiao Fault, elongating NNE-SSW along the western
margin of Taipei Basin caused the northwestward-dipped
substrate.

Fluvial to lacustrine sediments accumulated in the basin
since 400 ka. In early Holocene, the basin transformed into an
inland estuary. Up to 140 meter-thick sediments deposited in
past 43 kyr are studied because of the rapid accumulating rate
and well preservation.

Six of thirty-three evenly distributed and continuous cored
boreholes carried out by Central Geological Survey of Taiwan
are chosen to display the facies and sequence stratigraphy.
Previous foraminifera identification and dating results are also
included.

2 ™ o ot sy |

A Locations of study area, analyzed boreholes and the displayed profile.

Facies Associations and
Sequence Stratigraphy

Seven facies associations of studied Upper Pleistocene to
Holocene succession were identified and grouped into fluvial
and estuarine depositional systems, which are alluvial fan,
braided river, meandering river, floodplain, tidal flat, bayhead
delta and central basin. Sequence stratigraphic key surfaces
were recognized according to the difference of lithology,
paleo-water depth, and stacking patterns.

A The facies model of Upper Pleistocene to Halocene Taipei Basin
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A Standard sediments column of studied succession.
Displayed foraminifera data is selected from the results.
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Interaction between Tectonic Subsidence& Eustatic Fluctuation

. Sequences Stratigraphic Patterns

The extremely thick and wedge shaped TST may be caused by: (1) the northwestward-dipped inherited topography befare
TST; (2) northwestern subsidence while TST depositing. The only presence of early TST sediments in northwestern region and
the onlap relationship of isochronous surfaces to TS both proved the influence of inherited topography. Westward-thicken TST
wedge shared the characteristics with fault-growth half-graben rift basins. Thick meandering sediments implied the ongoing
tectonic subsidence so that the thickness far exceeded its environmental depth. According to the location and known activities,
the boundary Sanchiao Fault may be the most likely cause of tectonic subsidence.

« Unconformities

The age difference on both sides of TS can reach 10 kvr, durlng 22~12 ka, hereabout south and southeastern basin. At north-
western basin, no such hiatus showed. Sedi lating during LGM in northwestern basin might be the result
of tectonic subsidence that created accommodation space.

Another unconformity appeared at the bottom of HST can only be found in southeastern basin. The abrupt change of
sedimentary environment from estuarine margins to braided rivers suggested decreasing accommodation space, Since Sanchiao
Fault is a listric fault, the hanging wall subsidence may accompany with block tilt and rotation. Thus the tectonic tilt, rotation
and subsequent truncation contributed the missing part of the succession.

s | | = Tectnic ssidance
—— Satimentaccummuason
eustate curee

- & w m w
e s

A Decompal (lon and backstripping of the

stratigrapl ell n* 1. The average rate of

tectonic sul slden:e|n43 ka is ~4.7 mm/yr.

Eustatic curve is quoted from Walebroke et ol. (2002) &

Zhong (2004) for before and after 9.5 ka respectively.

A Chronostratigraphic chart showed the
speculated gaps of sedimentaion

i Vil '
A Isopachs of thickness of system tracts and depth of TS

« Tectonic Subsidence and Eustatic Fluctuation

Base level changes and eustatic curves were i for di of the i ion b tectonic and
eustatic fluctuation. Backstripping was applied in order to quantify the rates of tectonic subsidence. Two tectonic subsidence
periods in 43 ka differentiated from ~12 ka have the rates of 4.3 and 6.3 mm/yr, respectively. The rapid tectonic subsidence
dominated sedimentation and overrode the effects of eustatic fluctuation, especially during early TST in fault-proximal area. In
fault-distal area, tectonic tilt and truncation i d onto the dation space, and the effects were also much greater
than eustatic changes. The ultra rapid rate of tectonic subsidence may caused by the distinct mechanism of Taipei Basin rather
than general rift basins, i.e., collapse triggered by reversing of subducted plate.

Summary

The facies patterns of fluvial to estuarine sediments are
similar with general estuaries since Taipei Basin is a sea-
connected inland basin. However, due to its characteristics
of collapse, the base level change of Upper Pleistocene to
Holocene Taipei Basin has strong tectonic components, as
indicating by unconformities, TST wedge, and the disparate
trend with eustasy. Extremely thick TST and continuous
deposition during LGM in fault-proximal area illustrate
tectonic subsidence driven by the boundary Sanchiao Fault.
In Earlv Holocene, The synergistic effects of tectonic

and level rising led the basin to an estuary.
While in late Holocene, tectonic tilt created a hiatus in fault-
distal area. Though the substrate of Taipei Basin
demonstrates a typical geometry of half-grabens, its history
of tectonic subsidence differs from general rift basins. This
study considering adds our understanding on the sequence
stratigraphy of collapse basins.

Sewoerce boundary

s Eustatic curve
s

Comparing among the base level at fault-
proximal area, fault-distal area, and known
eustatic curves.
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