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DEPOSITIONAL ENVIRONMENTS OF
STRATA IN TAIWAN

T. P. Yen!

INTRODUCTION

The purpose of this paper is to discuss depositional environments of the
strata in Taiwan, and only the general features of them will be taken
into consideration. Small, local depositional environments and detailed
variation of environments will not be touched here. Because the Neogene
and Quaternary strata of Taiwan have extensively been studied and many
stratigraphic data and geologic maps are available, the depositional environ-
ments of these strata will be more easily inferred than those of the Paleo-
gene and older strata. The weight of this study, therefore will be put on
the Paleogene and older strata.

Generally speaking, the older the ages of strata, the strata are more
limited in their exposures. Therefore, depositional features of strata like
depositional environments and processes are also much more difficult to
study. Moreover, data of strata are generally different in quantity and
quality from area to area, and from younger to older stirata. Keeping
these two points in mind, we are going to discuss depositional environments

of the Taiwan strata.

STUDY ON DEPOSITIONAL ENVIRONMENTS

The classification of depositional environments seems to have several
ways. Some of them are as follows:
(1) Classification is based only on depositional environments,
(9) Classification is based on both depositional environments and processes.
(3) Classification is based on movements of plate which yield depositional

environments.

The classification based only on depositional environments is as follows:
(4} Mega-environments

(a) Continental platform

b) Geosyncline

{¢) Oceanic floor
B) Regional environments

1. Department of Geophysics, National Central University
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{a) Land

alluvial plain, lake, desert, glacier
ib) Land and Sea
shore-beach, delta

fe} Sea
shallow sea (continental shelf) 0-200 m deep
bathyal sea (continental slope) 200-2000 m
abyssal sea (ocean floor) 2000 m and more

The classification based on movements of plates is as follows:

{a) divergence

rift, trough, basin, ocean
[b) convergence
trench. trough, back arc basin
{c) strike-slip fault
basin
(d} intraplate
continental platform, ocean floor.

Depositional environments are usually interpreted or discussed based
mainly on lithic and stratigraphic features of strata. These features are
direct data and can be used for interpretation of both depositional environ-
ments and processes. The lithic and stratigraphic features of strata may
include the following items:

(1} Distribution of strata (geologic map, well log, geophysical data).
{2) Rock types and lithofacies change.

(3] Thickness and variation of thickness.

(4} Stratification type (alternation type, monolithic type, etc.)

(5] Sequence (coarsening or fining sequence, cyclic sequence).

(6] Sedimentary structure.

{7} Fossils and biofacies change.

(8) attitude of strata (original, primary, secondary).

(9) Source area of sediments and its geology.

1) Formation, transportation and deposition of sediment materials.

Except for data of strata, other geologic data like magmatism, meta-
morphism, tectonism, etc., geochemical data and geophysical data also will
provide valuable informations to study of dpositional environments.

STRATA OF TAIWAN

Many studies on the strata of Taiwan have been carried on since early,
and abundant reports and publication are available. Besides, not a few
geologic sheet maps and several geologlc maps of the whole Taiwan have
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been published. The general features of depositional environments of the
Taiwan strata, therefore, can be inferred to some extent based on these
available publications. However, if we want to study depositional environ-
ments more detailedly, we will find that the available existing data are
still not enough to do such studies. This trouble will occur often in study-
ing the Paleogene and older strata.

Here we will briefly review only some lithic characters of the Taiwan
strata. The detailed description of the strata can be referred to many

published papers.
Late Paleozoic with/without early Mesozoic

it1] Central Rage (Nanao zone)
The rock types include sandstone-shale with basic volcanics and lime-

stone, limestone with basic volcanics, sandstone and shale, arkose-sandstone,
and sandstone-shale with basic volcanics. The total thickness is ca. 6000m.
(2] Southwest Taiwan (underground, Chiali zone)

The known rocks include limestone and chert. The thickness is more
than 800m.

Early to middle Mesozoic

The middle Mesozoic shale beds with sandstone were found several
places in the Tananao Schist terrain, but the metamorphic grade of the
shales seems to be lower than the Tananao Schist. The modes of occur-
rence and rock characters of the Mesozoic rocks have yet been studied in
detail and systematically, but some suggest that the rocks form melange
with the Tananao Schist. The intimate occurrence of the Mesozoic rocks
with the Paleozoic rocks should be studied from the standpoints of pale-
ontology, metamorphism and tectonism.

At presnt, the relations in mode of occurrence between the Paleozoic
and Mesozoic strata will be inferred as follows:

(1} Cover type: Mesozoic strata cover Paleozoic ones.
{2) Mixed type: Paleozoic strata were emplaced into Mesozoic ones by
deposition (as slumping, sliding, etc.)
{3) Tectonic type: Paleozoic strata were emplaced on/under Mesozoic ones
tectonically, or Mesozoic strata were emplaced on/under
Paleczoic ones tectonically.
(4] Combined type: Combination of two or three types.

Late Mesozoic

The known localities of the possible late Mesozoic strata are still few.
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Some are known on the surface and some from underground.
(1} Cantral Range (Pihou, Tafun, Litao formations)

The rocks include conglomerate-sandstone-shale-limestone (lower part,
ca 1500m thick) and sandstone-shale (upper part, ca 1400m thick).
i2) Hsuehshan Range (Chungling, Sihtsun formations)

The rocks are shale with sandstone. Part of the rocks could belong to
Mesozoic rocks.
i3} Peikang (underground)

The rocks are arkose, wacke and shale with fossils of mollusca and
Belemnite (Aptian-Albian).
(4) Penghu (underground)

Arkose, sandstone, siltstone, and porphyrite are the main rock types.
(5) Pakuashan (underground)

The rocks are sandstone and wacke.

Early to middle Eocene

The Eocene strata seem to cover the whole Taiwan, and their rock
facies can be divided as follows:
Hsuehshan Range facies: conglomerate-sandstone-shale; ca 700m-thick
Yushan facies: shale and sandstone with porphyrite, basalt; ca600m +thick.
Central Range facies: shale with sandstone, limestone, basalt; ca¥500m--
thick.

Table 1. Lithic character

Nortiern Taiwzn Southern Taiwan
Slate helt Schist Last | Wem Slate | Schist | East
West belt | . '
| Asuehshun | Central I belt belt H b1.IL belt | belt | belt
_L_ Paleaz. - | ss-sh-ls | " ssdzan | i as-gh-lg |
. : Lv-av | Cunders by |
. ' 4 dy,
Mo | . - - St A SN R 7Y
M. Mesoz. : L ossosh ! | i | ss-sh (m)
! |
B I wily r! | sh-as
L. Mesoz, |
I
e —— | . . wlutn e Eﬂ”
| seoalh cume shonsobv !_ sh-ts-1a- i,
T M. par i | I by-por
Kueene ! . }
plute ! pluts |
p—— - [ s - ¢oplutn = == . | il rL
L. Diige. s5-5h | sh 5 : an]o te | sh-site- | sh-ss | agglo-ls- | (m)
Mivcene | -and I bw | and
S | | cr
sh-gs-cong | sh-silt sh-ss-cong)
Pliscene Ia !lmlo -ls-agglo
i | -and
S ——— - e d o ns TW
sd cl-ge sd cl-ge i edeergr sd-cl-gr sd-cl-gr sd-c]-gr sd-cl-gr | sh-cl-gr | sd-cl-gr
Quuternary | -1s 1w | I
! |

NA: Nanao unconformity; TP: Taiping unconformity; PL: Puli unconformity; CR: Coastal
Range unconformity.

TW: Taiwan unconformity; pluto: plutonism; m: regional metamorphism; ss: sandstone;
sh: shale; por: porphyrite; undergr: underound; cong: conglomerate; bv: basic vol-
canic rock; and: andesite; cl: clay; gr: gravel; silt: siltstone; and: andesite rock,
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West Taiwan (underground): conglomerate-sandstone-shale.
Toward east, the rock facies of the Eocene strata vary from Hsueshan
Range faciest hrough Yushan facies to Central Range facies.

Table 2. Depositional environments

Northera 1u | Seuthern Taiwan
R — U — i e -
; | Slate belt Sehist Fast | West | Slale Sehist East
' West bt - I
| Hsuehsh belt helt i belt bele | Belt belt
3 o shall | shall biby | shall-bthy
! bthy ! (geosynell | (geasynel)
E. Mesoz.? | i {geosyncl) | ungergs |
—r—m = -m — I e i ] iz et e == | NA
M. Mesoz | | ! | oshan? || shall ? I
] ! i
- ! H |—__ |
shall L ghall- ! shall-bthy shall-bthy | |
L. Mesor. | (undergr) | Bhy { i | |
. shall shall | hall-bihy | ! ;h.n-hu‘y| i
£ -M | dala Gelta tdelta ) ! |
Eecene 1 . 1 ‘ b |
RN N W - e = i N ——— || P
L Olige. | shall | shall bthy | bthy | bety bihy | bthy
Micene (shelf) {shelfy {trough) | submarine || slope | slape submarine]
dellay | | volcanaes | |volunu=9
I R S oo — e T e - e €10
| i |
Rall ! | shatl-bthy | bhy-shail | shall-bthy
Pliccene | {=helld ] 1 1 ! trough=- slope L trough—
| i i | delea 1 | (delia
- . e i | i it | PR S - SR N —— .i.____,.._ ™
! Tand ! land(emts) lznd(mts) tand{mts) I land{mts- | tand Innd(mks)l land{mts) | land {mts-
Qunternury| (pls | ply {nl} | ply
| | |

shall: shallow; bthy: bathyal; geosyncl: geosyncline; undergr: underground;

mts: mountains; pl: plain; L: late; E: early; Paleoz: Paleozoic; Mesoz.: Mesozoic.

Table 3. Depositionsl environments (summary)

hge NW Taiwan | SW Taiwan|Central Range| E Taiwan Ma
Late Paleozaic Geosyrcline (whele Taiwan)
+Eerly Mesozoic (shallow-bathyal)
Kegional metamorphism (Chiali zone) | 240
{Nanao zone)| 16D
LAND N&
Early to middle Local basins (shallow) 7
Mesozoic ?
Late Mesozoic Local basins {shallow)
- TP
Early to middle Deltaic deposits (whole Taiwan)
Eocene (from W to E, shallow to bathyal)
p— LAND PL
. Basin on Basin on Volcanic
Late Oligocene shelf slope 3::;3‘ or arc
]
Miocene LAND sione L LAND—| CR
P . Deltaic dep,
: Basin on Basin on !
Pliocene sheif shelf-slope :1;: volcanic
LAND W
Quaternary Alluviem, terrace deposit, dzltaic deposit,
corals, laterite, etc,

NA : Nanao; TP : Taiping; PL : Puli; CR: Coastal Range;

TW : Taiwan

{movement/unconformity).
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Late Oligocene to Miocene

The strata of this age are known in the Hsueshan Range (ON fm) and
in the Central Range (NO fm).
ON fm: Shale with sandstone; late Oligocene strata with/without Miocene
strata; ca. 700m thick.
NO fm: Shale with sandstone; Miocene strata with/without Oligocene
strata; ca 1000m thick.

Miocene to Pliocene

The Miocene to Pliocene strata are distributed in west zone and east
zone, but the lithic characters are very different between the two zones.
West zone: In the Miocene strata, some are missing, showing an uncon-

formity.
northern part: sandstone-shale alternation with basalts, coal seam, early
Miocene to Pliccene, ca. 6000m thick.
southern part: shale with siltstone, late Miocene to Pliocene, ca. 3000m
thick.

East zone: Between the lower and upper parts, there is an unconformity.
lower part: andesitic agglomerate, Miocene or/and older, ca 1500m thick.
upper part: shale-sandstone-conglomerate, Pliocene to pleistocene, ca

3000m thick.

Quaternary

Most of Taiwan became land. The Quaternary rocks are represented
by sandstone-shale-conglomerate (Cholan Fm, Toukoshan Fm) and sand-clay-

gravel-lateritic soil-coral (Alluvium and Diluvium). The total thickness

will attain 3000m or more.

DEPOSITIONAL ENVIRONMENTS

Late Paleozoic with/without early Mesozoic

Taiwan might have been situated in a part of long and large geosyncline
(or trough) developing along the margin of the late Paleozoic Asia continent.
The strata may be divided into two zones, namely the Chiali zone in con-
tinental side and the Nanao zone in ocean side. The rocks of the Nanao
zone show eugeosynclinal lithic characters. The Chiali zone seems to be
buried under western Taiwan and its rocks are still not clear. After
deposition of the strata, a regional metamorphism started to take place,
immediately in the Chiali zone and some later in the Nanao zone (Jahn,
1991, personal communication).
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Early to middle Mesozoic

Few middle Mesozoic rocks including dinoflagellata have been reported
to occur in the Tananao Schist terrain, but the metamorphic grade of the
rocks seems to be lower than the Tananao Schist. The Mesozoic strata in
the Tananao Schist terrain have yet been studied in detail and systemati-
cally, so the depositional environments of the Mesozoic strata are at present
difficult to infer.

During Mesozoic, east Asia and west margin of the Pacific Ocean (or
Kula plate?) have been subjected to several significant crustal movements
as the Indochina movement, Yenshan movement, etc, so the depositional
environments also have been subjected to many changes.

Late Mesozoic

The late Mesozoic strata generally cover the Tananao Schist and their
metamorphic grade is lower than the Tananao Schist. The strata seem
to be deposited in shallow basins. After deposition there took place a
crustal movement (Taiping movement).

Early to middle Eocene

The Eocene strata cover the whole Taiwan widely and form a large-
scale delta. Toward east lithic facies become fining. After deposition of
the strata a crustal movement took place (Puli movement).

Late Oligocene to Pliocene

During late Oligocene the strata are distributed widely, but depositional
environments are different from area to area. The strata in NW Taiwan
were deposited on continental shelf; those in SW Taiwan on continental
shelf and slope; those in NW slope of the Central Range in trough; and
those in SW and SE parts of the Central Range in continental slope
and submarine canyons. In west Taiwan some of the Miocene strata are
missing, showing an unconformity. The Coastal Range consists of volcanic
arc islands covered unconformably by Pliocene to Pleistocene sandstone-
shale-conglomerate beds, some of them show deltaic features.

Quaternary

In Quaternary most of Taiwan became land, so the sediments show
marine, marine-land and land facies. They form diluvium, alluvium, coast-
beach deposit, etc. Northern Taiwan occupies the Western end of the
Ryukyu arc system. The Coastal Range forms part of volcanic arc island
chains developing in western margin of the Philippine Sea. The Central
Range extends southward to Mindoro-Palawan arc system. Southwest
Taiwan is connected with continental shelf and slope of the South China
Sea, namely occupies the northeast part of rifted South China Sea.
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