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°  The Coastal Range

Deformed northern Luzon Arc
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The Coastal Range o
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The Coastal Range

Type Section in the northern Coastal Range
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Teng (1987)

"Paliwan Fm.

Predominantly well-bedded and fairly-graded conglomerate
beds (Suilien Conglomerate) with minor associated shale
and flysch beds. s

Pebbles and clasts mainly metasandstone and slate, subordi-
nately serpentinite, gabbro, diabase, tuff, andesite, sand-
“NBYE siliciclastic

max. thickness>800 m

(Middle Pliocene—Lower

Disconformity?

Fanshuliao Fm.

Bioclastic volcanogenic flysch of turbidite origin. Slump
structures very abundant. Exotic slide blocks and pebbly
mudstone beds also common.

max. thickness>1200 m

(
Upper Miocene—Lower Pliocene)

More volcaniclastic

«— Slightly intertonguing contact

Tuluanshan Fm.

Andesitic to basaltic mainly
and tuff breccia beds intercalated.

Thin lenti i ic I
Limestone) often cap the volcanics.

tuff

beds (Kangkou

max. thickness>1000 m

(M iddle Miocene)

Teng (1980)
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Takangkuo Formation?

The Coastal Range

Type Section in the southern Coastal Range
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Differences of Fanshuliao Formation from
south to north:

« Color: gray in south, brown in north

» Definition of formation boundary: base
of pebbly mudstone in south, sharply
contact (disconformity?) in north.

« Age: ~3.5-2 Ma in south, ~4-3 Ma in north

Lai & Teng (2016) Wang and Chen (1993)
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The Coastal Range I

Deformed northern Luzon Arc [] wichi Metange
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The Coastal Range

Deformed northern Luzon Arc
Forearc (Collisional) Basin Teng 1988; Dorsey (1988); Chen (2009)
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The Coastal Range

Deformed northern Luzon Arc
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°  The Coastal Range

Deformed northern Luzon Arc
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11 Th e CO aStaI Ran g e More similar to foreland basins

Deformed northern Luzon Arc LU lsliel Lo
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Turbldltes In the Coastal Range

Before the concept of turbldlte was establlshed in 1 9603

~

N “Pebbly mud beds with slumping features.” (Hsu, 1954)

.A? | “Glacial pebbles bearing beds.” (Wang, 1956)
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" Turbidites in the Coastal Range |5 ...

First report: Wang & Chen (1966) %Licm Mélange
T —— — Paliwan Fm.

) E . b ——— B

a . o = i Tananac Complex
— ‘ e / Fold

#.r"’. Fault

il
(1

1
-

i

N

|
|
|

Deep-sea
flysch
deposits —

Overturned
sandy turbidite
block within ;
Lichi Mélange — | &

° Modified from
Wang and Chen (1993)




" Turbidites in the Coastal Range

Orogen-derived deposits: Paliwan / Fanshuliao Fm.

» Dominated by coarse-grain to fine-grain turbidites.
» Associated with pebbly sandstone or mudstone beds, which
deposited by the debris flow (or slurry flows).

RO SRR Modified from
Teng (1982) = Wang and Chen (1993)

N . =

|:| Alluvium

|:| Quaternary Conglomerates

[ ] Lichi Mclange
J Paliwan Fm.

. Tananao Complex

/ Fold

#.r"’. Fault

N

122'E




“Turbidites in the Coastal Range

Orogen-derived deposits(?): Lichi Mélange
* Turbidites and olistostrome features.

Arc-derived deposits: Tulaunshan Fm. (& paliwan Fm.)

« Subaquaeous gravity flow (probably transformed from
subaerial epiclastic/pyroclastic flow) deposits.
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" Turbidites in the Coastal Range

Orogen-derived gravity flow Arc-derived gravity flow

deposits:

Paliwan / Fanshuliao Fm.
Lichi Mélange

deposits:

Tulaunshan Fm.
Embedded in Paliwan Fm.

Modified from
Wang and Chen (1993)
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Paliwan/Fanshuliao Fm.

The Paliwan Fm. can be divided into
three divisions in accordance with the
fan morphological settings. (Teng, 1982)
Fanshuliao Fm. originally constituted
the lower fan of an Asian deep-sea fan
system. (Chen, 1988)
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" Submarine fans/canyon system T

Well exposed example of coarse gravelly and sandy || tichi Matange
turbidites of a deep-sea submarine canyon and base- ] Patian Fm.
of-slope submarine fan complex in the Hsiukuluan-
chi section. (Dorsey & Lundberg, 1988)
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“Submarine fans/canyon system

Two fan system well exposed in northern Coastal Range:
Chimei Fan, Shuilien-Chichi Fan (Teng, 1982; Chen,1988)
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" Submarine fans/canyon system

2 fan system well exposed in northern Coastal Range:
Chimei Fan, Shuilien-Chichi Fan (Teng, 1982; Chen,1988)
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“Submarine fans/canyon system

Modern analogue:
Building active deep see fans today in the Huatong basin
immediately east of the mouth of the Hsiukuluan-chi.
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“ Other proposed depositional systems

Shallow-Marine Tempestite Ramp Facies & Wave-
Reworked Braid-Delta Front Facies (Dorsey &
Lundberg,1988; Lin, 2011)

Dorsey & Lundberg (1988)

However...
* Deep water benthic foraminifera:

Oridorsalis umbonatus, Cibicidoides spp., etc.
(Huang et al., 1995; Chien, 2003 Chang,1967; 1968; 1969)

 Bathyal-abyssal ichnofacies:
Nereites and Zoophycos groups (Chen, 1988)
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24 -
Other proposed depositional systems
Submarine channel-levee system in the southern

Coastal Range (Chen, 2011, Bachelor Thesis)

Lai et al. (2017) in review
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“ Other proposed depositional systems Modern analogue

Submarine channel-levee system in the southern In Taitung Trough
Coastal Range (Chen, 2011, Bachelor Thesis) v In the south
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24°00" = .

Lai et al. (2017) in review
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B &
Orogen-derived
gravity flow deposits

Lichi Mélange

An olistostrome origin Mélange
which went through sedimentary
and/or structural mixing.
The Lichi Melange consists
principally of laminated to chaotic
scaly mudstone, coarser clastic
layers of flysch-like (turbiditic)
sandstone, lenses of conglomerate
and ubiquitous pebbly detritus and
blocks of ophiolitic material.

Ernst (1977)
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Different explanation of
the origin of Lichi Mélange:

1. Subduction Complex (Big, 1971; Karig, 1973; Hsu, 1988)
2. Olistostrome (wang, 1976; Ernst, 1977; Ho, 1977; Liou et al., 1977;
Page & Suppe, 1981; Barrier & Muller, 1984)

3. Collision Complex (Chang et al., 2000, 2001; Huang et al., 2008)

9 Intra-oceanic subduction
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Olistostromal features in Lichi Melange:

and Ophiolitic Rocks

Page & Suppe (1981)
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Typical slump structures in the
Lichi Mélange (Barrier & Muller, 19

Olistostromal features in Lichi Melange:

Such mega-slumped structures are also abundant in
nearby Fanshuliao / Paliwan Fm.

Slump structures in the
Paliwan Fm. (Chen, 2011) |

.........

«— Slump structures in the
Fanshuliao Fm.
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Olistostromal features in Lichi Melange

Similar submarine debris flow deposits (pebbly
mudstone) in Lichi Mélange and Fanshulaio/

Paliwan Fm.
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Olistostromal features in Lichi Melange:

Hypothesis

Steep sandy-muddy slope to basin plain facies association (Dorsey & Lundberg, 1988)
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Modern analogue:

Lateral changing from western chaotic
olistostromal deposits to eastern flysch
beds (turbidites?) in the Taitung Trough.
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Olistostromal features in Lichi Melange:

Hypothesis
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Arc-derived
gravity flow deposit

e

Tuluanshan Fm.

sea level

rhodolith,coral foraminifera and detritus limestone;
cross,parallel lamination,in-situ coral encrusting

®
2
<
&
=
=
=
=7
-]
—

epiclastic conglomerate,sandstone
cast-supported structure

E
£
8,

epiclastic conglomerate,sandstone
cross,parallel lamination,matrix-supported structures

rhythmic turbidite,slumping bed

pyroclastic breccia
matrix-supported structure

distal apron facies

sheet,pillow and breccia lava,entusive rock
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proximal apron facies

distal apron facies

sea level

Submarine volcano apron facies
In Tuluanshan Fm.

Beishi epiclastic flow deposits:
Lateral changing from eastern conglomerate to
western rhythmic turbidites and slumping beds.

volatile fragmentation depth ;

L‘ = rhodolith,coral, foraminifera and detritus limestone;
77 cross,parallel lamination,in-situ coral encrusting

epiclastic conglomerate,sandstone
cast-supported structure

epiclastic conglomerate,sandstone
eross,parallel lamination,matrix-supported structures

rhythmie turbidite slumping bed

pyroclastic breccia
matrix-supported structure

sheet, pillow and breccia lava,entusive rock

Chen (1997)
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Submarine volcano apron facies

in Tuluanshan Fm.
Shlhtlplng ignimbrites:

It carries a whole spectrum of pyroclastic rocks.

 Many depositional structures such as cross laminations,
parallel laminations, normal and reverse graded beddings,
impacted sag blocks, plastic deformations and erosion
surface. Song & Lo (1988)
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- gravity flow deposits

/‘J'c:. R NS R R L ) 18,0 sk e o AN

Embedded in Paliwan Fm.

Bearing biotite phenocrysts. (Chen, 1992;
Yang et al., 1995)
Tuffaceous gravity flow deposits. (Lai &

S Teng, 2016; Lai et al., 2017 in review)
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Tuffaceous turbidites
embedded in Paliwan Fm.

= 15 tuff layers

Ny =
N could be

-7 used as event

= marker beds in

Paliwan Formation.

Lai et al. (2017) in review
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% Tuffaceous turbidites
embedded in Paliwan Fm.

These tuffs probably generated from pyroclastic flow
which transformed into subaqueous gravity flows.

psandstone
g,
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Tuffaceous turbidites
embedded in Paliwan Fm.

Lateral changing:

Thickness: thicker in the east
Grain size: coarser in the east
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0 Tuffaceous turbidites

embedded in Paliwan Fm.

These tuffs were widely considered

as eruptional products from Lutao

island in the south-eastward.

« Similar depositional age of biotite-
contained andesite & tuffs.

Yang et al. (1995) i

However...

« Largest thickness and grain size in the east.

» Paleocurrent directions radiate from the east (Lai et al., 2017, in review)
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Summary

Turbidites in the Deformed Retrowedge Foredeep Basin, Coastal Range of Eastern Taiwan

Orogen-derived

gravity flow d

» Deep-sea fans/canyon system
(partial channel-levee system?)

Lichi Mélange

.+ Consist olistostrome-slump beds-

¢ debrites (pebbly mudstone) assn.
* Overprinted by late quaternary

east-vergent thrust system then

transform into collisional complex.

graviy flow deposits

A
Paliwan/Fanshuliao Fm. W&
» Coarse-grain to fine-grain turbidites

Embedded in Paliwan Fm.

Arc-derived

Tuluanshan Fm. &

Gravity flow deposits derived from = =
epiclastic or pyroclastic flow. G

Tuff generated by pyroclastic flow
which transformed into subaqueous |
gravity flows.

Originated from eastern offshore
source, probably not Lutao.



