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ABSTRACT2

During the early Middle Devonian in South China, an extensive carbonate

platform was broken up through extension to create a complex pattern of

platforms, and interplatform basins. In Givetian and Frasnian carbonate

successions, ®ve depositional facies, including peritidal, restricted shallow

subtidal, semi-restricted subtidal, intermediate subtidal and deep subtidal

facies, and 18 lithofacies units are recognized from measured sections on three

isolated platforms. These deposits are arranged into metre-scale, upward-

shallowing peritidal and subtidal cycles. Nine third-order sequences are

identi®ed from changes in cycle stacking patterns, vertical facies changes and

the stratigraphic distribution of subaerial exposure indicators. These sequences

mostly consist of a lower transgressive part and an upper regressive part.

Transgressive packages are dominated by thicker-than-average subtidal cycles,

and regressive packages by thinner-than-average peritidal cycles. Sequence

boundaries are transitional zones composed of stacked, high-frequency,

thinner-than-average cycles with upward-increasing intensity of subaerial

exposure, rather than individual, laterally traceable surfaces. These sequences

can be further grouped into catch-up and keep-up sequence sets from the long-

term (second-order) changes in accommodation and vertical facies changes.

Catch-up sequences are characterized by relatively thick cycle packages with a

high percentage of intermediate to shallow subtidal facies, and even deep

subtidal facies locally within some individual sequences, recording long-term

accommodation gain. Keep-up sequences are characterized by relatively

thin cycle packages with a high percentage of peritidal facies within

sequences, recording long-term accommodation loss. Correlation of long-term

accommodation changes expressed by Fischer plots reveals that during the late

Givetian to early Frasnian increased accommodation loss on platforms

coincided with increased accommodation gain in interplatform basins. This

suggests that movement on faults resulted in the relative uplift of platforms and

subsidence of interplatform basins. In the early Frasnian, extensive siliceous

deposits in most interplatform basins and megabreccias at basin margins

correspond to exposure disconformities on platforms.

Keywords Cyclostratigraphy, Frasnian, Givetian, high-frequency cyclicity,

isolated platforms, platform carbonate correlation, South China.
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INTRODUCTION

Metre-scale, upward-shallowing cycles (or para-
sequences) are the basic building units of thick
shallow-water carbonate successions throughout
the Phanerozoic and are commonly organized
into relatively large-scale depositional sequences.
Thick shallow-water carbonate successions are
characterized by a hierarchy of stratigraphic
cyclicity (e.g. Goldhammer et al., 1990, 1993;
Elrick & Read, 1991; Osleger & Read, 1991;
MontanÄez & Read, 1992; MontanÄez & Osleger,
1993; Elrick, 1995; Balog et al., 1997; Strasser &
HillgaÈrtner, 1998).

Many studies have documented Devonian plat-
form carbonate cycles and sequences from around
the world (e.g. Read, 1973; Wong & Oldershaw,
1980; Goodwin & Anderson, 1985; Dorobek, 1991;
McLean & Mountjoy, 1994; Elrick, 1995, 1996;
Yang et al., 1995; Garland et al., 1996; Lamaskin
& Elrick, 1997). Sequence development and the
history of relative sea-level change in the Devo-
nian strata of South China have been documented
(Chen & Chen, 1994a,b; 1995; Shen et al., 1994;
Du et al., 1996; Gong et al., 1997), but detailed
studies of the high-frequency cyclicity of platform
carbonates have not been carried out. There is
still much dif®culty in correlating the platform
strata because of insuf®cient biostratigraphic
control.

This paper aims to: (1) describe and interpret
depositional environments of upper Middle and
Upper Devonian carbonates across different plat-
forms in Guangxi and Hunan provinces, South
China; (2) demonstrate different cycle types and
their possible links to eustatic sea-level changes;
(3) illustrate the cycle stacking patterns of indi-
vidual stratigraphic sections, and integrate these
with sedimentological, stratigraphical and diagen-
etic features to identify and correlate depositional
sequences across the study area; and (4) document
the interaction between tectonics and eustasy,
and determine their control on cycle and sequence
development, and platform evolution.

PALAEOGEOGRAPHY AND
STRATIGRAPHY

As a result of the `Guangxi' (Caledonian) Orogeny
at the end of the Silurian, marine waters receded
from much of the Yangtze Plate. In South China,
the sea only persisted from Silurian into Devo-
nian times in southern Guangxi along a narrow
belt named the Qinfang Trough (Wu et al., 1987;

Zhong et al., 1992). The greatly enlarged land-
masses formed by the orogeny created a complex
topography, which exerted a fundamental in¯u-
ence on the subsequent Devonian depositional
systems, in conjunction with the reactivation of
basement fault zones.

From the beginning of the Devonian, marine
waters gradually transgressed from the southwest
to the northeast, reaching their farthest extent in
the Frasnian. In the early Givetian, the carbonate
depositional area expanded considerably, and
clastics retrograded to a very narrow area close
to the uplands. From late Givetian to early
Frasnian times, the carbonate platforms under-
went intense fragmentation, and two major sets of
interplatform basin were formed, intersecting in
central Guangxi (Fig. 1). The interplatform basins
in western Guangxi were dominantly oriented
NW±SE, and show a grid-like pattern (Chen &
Zeng, 1990; Zhang & Zheng, 1990; Zeng et al.,
1992, 1995; Liu et al., 1993; Liu, 1998). By
contrast, those in eastern Guangxi and Hunan
mainly striked in a NNE±SSW direction, and
show some features of a strike-slip system (Shen
et al., 1987; Jiang, 1990; Zeng et al., 1992; Liu
et al., 1993; Liu, 1998). The formation of this
Devonian platform-basin system in South China
was probably related to a transform fault extend-
ing into the continental margin during the open-
ing of Palaeo-Tethys (Chen & Zeng, 1990; Zeng
et al., 1992, 1995; Liu et al., 1993; Liu, 1998).

This study will focus on the platform carbon-
ates of Givetian and Frasnian age; namely the
Mintang and Rongxian (in part) formations in the
Litang area of south-central Guangxi, the Tangji-
awan (locally with Mintang), Guilin and Dongcun
(in part) formations in the Guilin area, and the
Qiziqiao Formation in central Hunan (Fig. 2).
These formations are conformable on lower Mid-
dle Devonian carbonates in south-central Guangxi
and terrigenous clastics in northern Guangxi and
Hunan Provinces, and are overlain by Fammenian
carbonates. On the basis of biostratigraphy, these
formations approximately correspond to the
Givetian and Frasnian (Tan et al., 1987; Wu et al.,
1987; Zhong et al., 1992; BGMR of Hunan, 1997);
the correlation between the formations is given in
Fig. 2.

DEPOSITIONAL FACIES

Five major outcrops were examined on three
isolated platforms in Hunan and Guangxi Prov-
inces: Ma'anshan (MA) and Xizhaikou (XZ) on
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the Guibei-Xiangzhong (GX) platform; Tangjia-
wan (TJ) and Fuhe (FH) on the Guilin (GL)
platform; Litang (LT) on the Guizhong-Litang
(GZL) platform (see Fig. 1 for location). Continu-
ous measured sections were obtained for each
outcrop. Eighteen lithofacies types were identi-
®ed in the Givetian and Frasnian, and these are
arranged into ®ve major depositional facies. In
order of increasing relative water depth they are:
peritidal, restricted-shallow subtidal, semi-
restricted subtidal, intermediate subtidal, and
deep subtidal/basinal facies (Table 1). In the
platform carbonate successions, high-frequency
metre-scale, upward-shallowing peritidal and
subtidal cycles (fourth- to ®fth-order parase-
quences) can be identi®ed by the vertical facies
arrangements. These small-scale cycles can be
further arranged into larger-scale depositional
sequences (tens to hundreds of metres thick).

Fig. 2. Lithostratigraphic units of the Middle and
Upper Devonian platform carbonate successions in
Guangxi and Hunan Provinces. LC, Lower Carbonifer-
ous. Stipple indicates terrigenous clastic formations
below the studied interval.

Fig. 1. Palaeogeographic setting of
South China in the Frasnian. The
area was characterized by a complex
pattern of platforms and interplat-
form basins created by intense syn-
sedimentary block-faulting in
approximately NNE±SSW and
NW±SE directions. Localities: MA,
Ma'anshan; XZ, Xizhaikou; TJ,
Tangjiawan; FH, Fuhe; LT, Litang.
Platforms: GX, Guibei-Xiangzhong
Platform; GL, Guilin Platform; GZL,
Guizhong-Litang Platform.
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These depositional sequences were recognized
and correlated by cycle stacking patterns, and
vertical facies trends combined with subaerial
exposure features traceable across the different
platforms.

Peritidal facies

Peritidal facies include planar laminite, wavy
laminite, fenestral limestone and minor pedogenic
and meteoric-altered units (Table 1). Planar lami-
nites and wavy laminites (Fig. 3A) form caps to
peritidal cycles and thin transgressive bases to
some peritidal cycles. Within the fenestral lime-
stones, four fenestral types occur: laminoid, irreg-
ular, tubular and spherical. Irregular (or tubular)
fenestral limestones commonly grade into lami-
noid ones, constituting upward-shallowing cycles.

Pedogenic/meteoric-altered units form the caps
of cycles with host substrates either of peritidal or
shallow subtidal facies. Karstic processes appear
to have dominated over pedogenic processes, and
common features include in situ breccias (rubble)
(Fig. 4A and B), dissolution cracks and ®lls, and
terra-rossa-type soils (Fig. 4C and D), with rare
laminated crusts.

In situ breccias can reach 40 cm in thickness
and are light pink-grey to dark brown in colour;
their transition to the substrate is gradual, similar
to the regolith illustrated by Szuczewski et al.

(1996; ®g. 3C and D). The breccias consist of cm-
sized clasts of host rock either of peritidal facies,
such as laminite and lime mudstone (peritidal
pond deposit), or shallow subtidal facies such as
Amphipora ¯oatstone/wackestone. Their matrix
is a greenish to red dolomitic clay. Densely
packed clasts are generally irregular to subroun-
ded in shape, with ®tted ferruginous rims in some
cases (Fig. 4B). Vadose cements are common. The
brecciation is probably related to periodic wetting
and drying during subaerial exposure.

Dissolution depressions and pipes, anastomo-
sing cracks and veins (Fig. 4C and D), and neptu-
nian dykes are found at subaerial exposure
horizons. Dissolution residues of siltstone occur
within the dissolution depressions, and dissolu-
tion pipes below are ®lled with coarse blocky
calcite. Anastomosing cracks in brecciation zones
are ®lled with granular ferroan calcite or dolo-
mite, with some geopetal texture. Alveolar septal
texture is observed locally along the cracks and
possibly related to microbial activity around root
systems. Some cracks are downward tapering,
and range in width up to tens of centimetres and
in depth up to 1á5 m. They are ®lled with subtidal
deposits of the overlying units, locally with
brownish to purple terra-rossa claystone at the
bottom.

Clayey palaeosols form the top section of
subaerial exposure-affected horizons (Fig. 4D).

Fig. 3. Common facies and cycle types in the study area. (A) Peritidal cycle. Mottled, bioturbated mudstone/wa-
ckestone is covered by undulatory microbial laminite. See the network of irregular burrows in the lower part. The
cycle boundary is indicated by an arrow. Hammer for scale (37 cm long). Guilin Formation, Tangjiawan, Guilin. (B)
Subtidal cycle. Thin- to medium-bedded skeletal wackestone/mudstone at the base changes into stromatoporoid
¯oatstone/wackestone upwards; bulbous and columnar stromatoporoids are in their growth position. The black line
marks the cycle top. Hammer for scale (37 cm long). Qiziqiao Formation, Xizhaikou, Shaoyang County, Hunan.
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They are generally 5±20 cm thick, grey to yellow-
ish green in colour, and illite dominated. Rare
root moulds have been observed. In some cases,
calcareous nodules occur within the claystone.
Such clay soils are documented in Cretaceous
and Triassic peritidal cycles and re¯ect a relat-
ively humid climate during emergence (Decon-
inck & Strasser, 1987; Strasser, 1988; Balog et al.,
1997).

Rare laminated pedogenic crusts form the caps
to fenestral limestones. They are light grey to pink
in colour and 2 cm to 10 cm in thickness, and
consist of ®ne laminae composed of micrite with
coated grains and peloids, along which greenish
clayey bands are distributed.

Restricted shallow subtidal facies

Restricted shallow subtidal facies include: (1)
stromatolite boundstone; (2) peloidal grainstone/
packstone; (3) oolitic grainstone; (4) Amphipora

¯oatstone/packstone; (5) bioturbated mudstone/
wackestone; and (6) fossil-poor mudstone/wacke-
stone (Table 1). Stromatolite boundstones are
commonly present below, or intercalated with
microbial laminites. They are commonly nucle-
ated on scoured surfaces and intraclasts. Peloidal
grainstones/packstones form the lower or middle
parts of peritidal cycles, and commonly grade
upwards into fenestral limestones or microbial
laminites. The rare oolitic grainstones are located
in the lower or middle part of peritidal cycles,
and generally grade into fenestral limestones or
microbial laminites. The common Amphipora
¯oatstones/packstones form the lower or middle
parts of peritidal cycles or the cap to subtidal
cycles. They are characterized by mono-speci®c
spaghetti-like Amphipora stromatoporoids. Bio-
turbated mudstones/wackestones (middle of
Fig. 3A) form the lower or middle part of both
peritidal cycles and subtidal cycles. Fossil-poor
mudstones form the lower parts of peritidal

Fig. 4. (A) Brecciation during subaerial exposure. Note the cinder-like rubble coated with purple dolomitic argil-
laceous seams. The original rock is Amphipora wackestone/mudstone, which is also reddened. Pen is 14 cm long.
Guilin Formation. Tangjiawan, Guilin. (B) Polished slab from (A). Subangular to subrounded, red to purplish, in situ
clasts are coated with brownish, ferruginous crust. Black pebbles are also present (black arrow). Cavities are ®lled by
blocky calcite with minor pendant calcite cements (white arrow). Matrix is dolomitic argillaceous mudstone. Scale
bar is 1 cm long. (C) Funnel-shaped dissolution pit with insoluble residue (dolomitic siltstone). The light-coloured
walls (arrowed) with numerous dissolution veins beneath, are the result of leaching during subaerial exposure.
Pencil is 13á5 cm long. Rongxian Formation, Litang, Guangxi. (D) An exposure pro®le showing the transition from
unaltered host rock to a brecciated zone with anastomosing veins and cavities, via an argillaceous brecciated zone,
and ®nally to the dark greenish dolomitic siltstone/silty shale. The veins and cavities are ®lled with granular
dolomite spar. The pencil is 14 cm long. Rongxian Formation, Litang, Guangxi.
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cycles or caps to subtidal cycles. Similar subtidal
facies have been described by Dorobek (1991),
Elrick (1995, 1996), Garland et al. (1996) and
Lamaskin & Elrick (1997).

Semi-restricted subtidal facies

This less common facies association includes:
ostracod packstone/grainstone, gastropod wacke-
stone/packstone and `tentaculitid' wackestone/
packstone (Table 1). The `tentaculitid' wacke-
stones/packstones form the base of subtidal
cycles (Fig. 5D), and are characterized by tenta-
culitid-like shells (25±50% of the bioclasts) with

a relatively thick wall, suggesting a nekto-benthic
lifestyle.

Intermediate subtidal facies

Intermediate subtidal facies include: stroma-
toporoid (dolo-) boundstone and skeletal wacke-
stone/mudstone (Table 1). Stromatoporoid (dolo-)
boundstones form the lower or middle parts of
subtidal cycles and peritidal cycles. Two sublit-
hofacies: stromatoporoid ¯oatstone/rudstone and
platy/tabular stromatoporoid ¯oatstone/baf¯e-
stone can be recognized (Table 1), with the latter
generally grading into the former. Skeletal

Fig. 5. Common cycle types in the study area. (A, B) Peritidal cycles; (C, D) shallow subtidal cycles; and (E) deep
subtidal cycles. Bounding surfaces of cycles are marked by short lines on the right sides of logs. A, Litang; B±D,
Tangjiawan; E, Ma'anshan. M, mudstone; W, wackestone; P, packstone; G, grainstone; F, ¯oatstone; B, baf¯estone;
BI, bindstone.
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wackestones/mudstones form the base or middle
parts of some subtidal cycles.

Deep subtidal facies

Deep subtidal facies include nodular skeletal
wackestone/packstone and tentaculitid mud-
stone/wackestone intercalated with argillite
(Table 1). Nodular skeletal wackestones/mud-
stones are normally present at the base or in the
lower part of subtidal cycles. Tentaculitid mud-
stones/wackestones intercalated with argillites
form cycles several metres thick, displaying
upward-increasing bed thickness.

CARBONATE PLATFORM
DEPOSITIONAL MODEL

The Devonian platforms in South China are
mostly isolated carbonate platforms, with rare
clastic in¯uxes trapped within interplatform
basins (e.g. Shen et al., 1987; Wu et al., 1987;
Zhong et al., 1992). The topography of the isolated
platforms was variable, but generally with a sharp
transition from platform to basin, particularly
those in western Guangxi. Platforms like GX, GL
and GZL from east-central Guangxi to Hunan
were generally elongate in shape and arranged
roughly in a NNE±SSW direction (Fig. 1), follow-
ing the orientation of the major fault zones. These
platforms commonly exhibited an asymmetrical
pro®le with a sharp transition from platform to
basin on the western margin, but a relatively
gentle slope on the eastern margin (Tan et al.,
1987; Wu et al., 1987; Zhong et al., 1992). Reef or
shoal complexes were commonly developed on
western or southern margins, possibly related to

the SW-trending wind direction (Shen et al.,
1987, 1994; Shen & Yu, 1996; Shen & Zhang,
1997). The eastern, leeward margin was generally
a distally steepened ramp with progradation
towards the interplatform basin (Fig. 6). This
depositional con®guration is different from the
Devonian in the Great Basin region of the USA
(a ramp system) (Dorobek, 1991; Elrick, 1995,
1996; LaMaskin & Elrick, 1997), but similar to that
in western Canada and Europe (Burchette, 1981;
Walls, 1983; Wendte, 1992).

Facies analysis from three isolated platforms
(GX, GL and GZL) has revealed that extensive
organic buildups with minor peritidal facies were
deposited in the lower Givetian, corresponding to
the the Tangjiawan Formation. Peritidal facies
were widely distributed from late Givetian to
earliest Frasnian time, but then decreased in
volume until the end of the Frasnian. There are
relatively large volumes of subtidal facies at
localities MA and XZ, and physiographically
these two localities were located close to the
eastern margin of the GX platform, particularly
the MA section. At TJ, the special `tentaculitid'
wackestone/packstone lithofacies is interpreted
as a deposit of a semi-restricted deep subtidal
environment. At FH, carbonate platform facies are
intercalated with thin, deep subtidal units in the
Givetian, but rapidly pass up into basinal sili-
ceous and pelagic carbonate facies in the Fras-
nian. At LT, the dominant peritidal facies in the
Frasnian are the shallowest of the measured
sections.

In all measured sections, depositional facies are
characterized by micrite-rich deposits dominated
by wackestone/mudstone textures; wave and
current structures such as cross-bedding, ripples
and scours are rare; and only several layers of

Fig. 6. Depositional model of platforms in the study area. The platforms generally exhibit a sharp transition from
platform to basin on the western side over a very short distance, and a relatively gentle slope on the eastern side. Reef
and shoal complexes were commonly developed on the western margin, and biostromes on the eastern side. These
platforms can basically be thought of as eastward-dipping structures with distally steepened margins, which were
developed on tilt-fault blocks in an extensional tectonic regime.
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oolitic grainstone have been observed. This im-
plies that the depositional facies package was
deposited in a low-energy regime as a result of
either wave-dampening caused by the intercon-
nected basin system, or the effect of wave
reduction by the reefs and shoals on the western
sides of the platforms. Low-energy conditions
across platforms resulted in highly bioturbated,
homogenized subtidal deposits and tidal-¯at
mudstones.

HIGH-FREQUENCY CYCLICITY
OF METRE-SCALE,
UPWARD-SHALLOWING CYCLES

Types of metre-scale cycle

Peritidal facies through deep subtidal/basinal
facies (Table 1) are organized into metre-scale,
upward-shallowing cycles averaging 1á5±3á0 m
thick, lasting 20±100 kyr (Tables 2 and 3). Cycle
boundaries vary from abrupt to transitional.
Based on the intracycle facies arrangement and
features of bounding surfaces, two kinds of cycle
are recognized: peritidal cycles, capped by peri-
tidal facies, and subtidal cycles, capped by
shallow through intermediate subtidal facies.

The peritidal cycles are the most common
(Table 2).

Peritidal cycles

Peritidal cycles are characterized by upward-
shallowing successions (intermediate subtidal or
restricted subtidal to peritidal facies) capped by
peritidal facies (Figs 3A and 5A,B). Two subtypes
of peritidal cycle are recognized: regressive-prone
or asymmetrical cycles, and transgressive-prone
or symmetrical cycles. Regressive-prone or
asymmetrical cycles are regressive (upward-shal-
lowing) facies successions commencing with
intermediate subtidal, restricted subtidal or peri-
tidal facies, and are capped by peritidal facies
with an obvious facies `jump' across bounding
surfaces; that is, there is an abrupt deepening
above cycle boundaries (Fig. 3A).

Transgressive-prone or symmetrical cycles are
characterized by laminite bases followed by
normal regressive (upward-shallowing) succes-
sions with gradual facies changes across the
bounding surfaces (Fig. 5A). The basal transgres-
sive laminite is basically similar to the capping
laminite but with an increase in bioturbation,
lamina thickness and darkness of colour, and a

Table 2. Statistics of cycle distribution in measured sections, Hunan and Guangxi provinces.

Locality
Total
thickness (m)

Total cycle
number

Mean cycle
thickness (m)

Peritidal
cycles

Subtidal
cycles

Ma'anshan 694á50 250 2á78 144 (57á6%) 106 (42á4%)
Xizhaikou 399á85 207 1á93 113 (54á1%) 94 (45á9%)
Tangjiawan 530á72 271 1á96 195 (72.0%) 76 (28.0%)
Litang 410á87 249 1á65 218 (87á6%) 31 (12á4%)
Fuhe 130á28 76 1á71 39 (51.3%) 37 (48á7%)

Table 3. Estimation of cycle duration for the measured sections. Carbonate deposition at Ma'anshan and Xizhaikou
began approximately one conodont zone later in the Givetian (~0á5 Myr) and at Tangjiawan half a conodont zone later
(~0á25 Myr), compared with the southern part of Guangxi Province, where deposition started at the beginning of the
Givetian. The time-scale is based on the data of Odin et al. (1982), Palmer (1983), Harland et al. (1989) and Fordham
(1992) respectively.

Time-scale Ma'anshan Xizhaikou Tangjiawan Litang

Givetian 5, 6, 3á5, 4á8 Myr 128 106 >148 Cycle number
23á4±43á0 kyr 28á3±51á9 kyr 22á0±38á9 kyr Cycle duration

Frasnian 10, 7, 10á5, 8á7 Myr ~105 96 ~128 114 Cycle number
66á7±100 kyr 72á9±109á4 kyr 54á7±82á0 kyr 61á4±92á1 kyr Cycle duration
53á7±62á2 kyr 61á9±71á8 kyr 33á9±39á2 kyr Mean cycle

duration
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decrease in the degree of exposure. The laminae
have a wavy, undulatory appearance.

Subtidal cycles

Two varieties of subtidal cycle are recognized:
shallow subtidal cycles, characterized by upward-
shallowing successions composed of interme-
diate subtidal, restricted (or semi-restricted)
subtidal to shallow subtidal facies (Figs 3A, and
5C and D), and deep subtidal cycles, upward-
shallowing successions composed of deep to
intermediate subtidal facies (Fig. 5E).

Shallow subtidal cycles are incomplete cycles,
because the available accommodation space from
the sea¯oor to sea-level was not fully ®lled.
Their occurrence indicates that the accommoda-
tion increase was faster than sediment aggrada-
tion. They are present across platforms mainly
within overall transgressive deposits. These
cycles are basically upward-shallowing cycles
without obvious evidence of prolonged subaerial
exposure; only a tiny proportion exhibits fea-
tures of subaerial exposure (e.g. in situ breccias
and microkarst) at cycle tops in the lower part of
the Upper Member of the Guilin Formation at TJ,
Guilin. This situation more commonly occurred
in cycles composed of biostrome facies as a
result of their relatively high relief from the
sea¯oor, or as the result of a sharp fall in relative
sea-level. The thickest of all cycles, up to 15 m,
is of this type.

Deep subtidal cycles are rare, and are only
observed at the bottom of the Qizhiqiao Forma-
tion (or its equivalent) and at several horizons at
FH. They are characterized by micrite-rich
deposits with thin storm-generated layers and a
deep-water biota, such as tentaculitids, in the
lower parts of the cycles, representing low-energy
conditions below fair-weather wave base. They
are present mainly within overall transgressive
deposits along platform margin slopes or in
interplatform basins.

Cyclicity of metre-scale, upward-shallowing
cycles

It is dif®cult to determine cycle duration from
thick platform carbonate successions as a result of
a lack of accurate radiometric age data and the
`missed beat effect' (cf. Goldhammer et al., 1990).
Here only an approximate estimation of cycle
duration (Table 3) can be made with the given
time-scale of the Givetian and Frasnian (Odin
et al., 1982; Palmer, 1983; Harland et al., 1989;

Fordham, 1992). It would appear that cycles in
the Givetian are in the range 20±52 kyr, whereas
those in the Frasnian were longer, in the range
50±110 kyr. If the deposits in the Givetian and
Frasnian are taken as a whole, the cycle duration
is in the range 30±72 kyr (the bottom row of
Table 3). If `missed beats' (subaerial exposure and
deep subtidal missed beats) are taken into
account, the cycle durations would be shorter
than these estimated values. As with most metre-
scale carbonate cycles, these Devonian ones are
within the Milankovitch band, corresponding to
fourth-and ®fth-order cycles (cf. Goldhammer
et al., 1993).

The origin of metre-scale, carbonate cycles is
still a controversial topic, provoking much debate
(e.g. Drummond & Wilkinson, 1993a4,5 ,4,5 b; Wilkinson
et al., 1996, 1997). Three mechanisms are com-
monly cited to explain the repetition: (1) autocy-
clic generation (e.g. Pratt & James, 1986; Cloyd
et al., 1990; Satterley, 1996), (2) episodic subsi-
dence (e.g. Cisne, 1986; Hardie et al., 1991), and
(3) high-frequency, glacio-eustatic ¯uctuations in
sea-level (e.g. Goodwin & Anderson, 1985; Gold-
hammer et al., 1990, 1993; Balog et al., 1997;
Strasser & HillgaÈrtner, 1998).

Although all three mechanisms cited above are
possible driving forces for cycle formation, the
glacio-eustatic model does best explain the fea-
tures of these Devonian cycles. Exposure-capped
peritidal cycles are interpreted as the result of
high-frequency sea-level fall below the platform
surface for one or several sea-level ¯uctuations
(subaerial exposure `missed beats'; Goldhammer
et al., 1990; Elrick, 1995). Subtidal cycles, correl-
ative with updip peritidal cycles, re¯ect the
increased accommodation space downdip created
by high-frequency sea-level rise and differential
subsidence, without complete ®lling of the space
before the ensuing sea-level rise. Symmetrical
cycles with transgressive laminite bases are more
probably related to symmetrical and low ampli-
tude sea-level oscillations, allowing a degree of
keep-up in the early transgressive part of a new
cycle, and favouring the deposition of transgres-
sive laminites (cf. Koerschner & Read, 1989).
Glacio-eustasy is also indirectly supported by the
evidence of continental glaciation in the Late
Devonian (Caputo & Crowell, 1985). However,
widespread exposure horizons in the lower
Frasnian platform strata are more probably tec-
tonically controlled as suggested by the presence
of nearly synchronous siliceous rocks in basins
and megabreccias at basin margins (discussed
later).
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CYCLE STACKING PATTERNS
AND DEPOSITIONAL SEQUENCES

In structurally isolated and deformed shallow-
water carbonate outcrops with high-frequency
cycles, it is dif®cult to use the traditional
sequence stratigraphic approach to determine
the depositional sequences in view of the lack
of recognizable seismic-scale stratal geometries.
However, one-dimensional stratal data, including
vertical cycle stacking patterns and systematic
facies changes, can be used.

Cycle stacking patterns and accommodation
change

The vertical stacking patterns of metre-scale,
upward-shallowing cycles are mostly controlled
by long-term changes in accommodation space;
therefore they bridge the gap from individual
cycles to the larger-scale depositional sequences,
and permit the identi®cation of sequences and
their component systems tracts (e.g. Goldhammer
et al., 1990, 1993; Osleger & Read, 1991; Elrick,
1995).

Fischer plots are useful graphical tools to
illustrate vertical stacking patterns and long-term
changes in accommodation space (Fischer, 1964;
Read & Goldhammer, 1988; Sadler et al., 1993),
particularly for peritidal cycle packages. There is,
however, some dispute over the usefulness of
this method to identify long-term changes of
accommodation space (Drummond & Wilkinson,
1993a,b). Basically, the cycle thickness is a re¯ec-
tion of changes in accommodation space, but the
relationship is complicated by many factors such
as quasi-periodicity of cycles, variable sedimen-
tation rates, incomplete shallowing to sea-level,
non-linear subsidence rates, and missed beats.
However, if extra information is included, the
above negative effects can be mitigated. Fischer
plots are conventionally drawn by cumulative
departure from mean cycle thickness against cycle
number (no less than 50) (e.g. Sadler et al., 1993).
In this way, thick cycle packages will positively
deviate from the mean cycle thickness, and form
the rising limbs of the plots, re¯ecting a long-term
increase in accommodation space; whereas thin
cycle packages will negatively deviate from the
average cycle thickness, and form the falling
limbs, re¯ecting a long-term decrease in accom-
modation space (Figs 7 and 8). In a more objective
way, Fischer plots can be constructed with cumu-
lative departure from mean cycle thickness
against cycle thickness (e.g. Fig. 9); however, the

long-term trend in this modi®ed Fischer plot
shows little difference from the conventional plot,
just with a more gentle rising limb and a steeper
falling limb. Precautions still need to be kept in
mind when applying Fischer plots to the inter-
pretation of subtidal cycles, although there are
cases where such plots have been used success-
fully to predict long-term changes in accommo-
dation space for subtidal cycles (e.g. Osleger,
1991; Osleger & Read, 1991). For deep subtidal
cycles, the opposite trend may occur in the
Fischer plot (i.e. the lower part of Figs 7 and 8),
if the sedimentation rate is low and the water
depth is too deep for the sediments to record the
accommodation created by high-frequency, low-
amplitude sea-level ¯uctuations (deep subtidal
missed beats). Because this kind of cycle only
comprises a small part of the succession and
peritidal cycles dominate (Table 2), the effect of
this `subtidal cycle syndrome' is minimal. Even at
section FH, where facies are dominated by deep-
water packages with numerous `subtidal missed
beats', the trend of accommodation changes
(below the Liujiang Formation), although not the
true re¯ection, can still be displayed with the
Fischer plot (Fig. 9). Moreover, the capping facies
of most subtidal cycles is a very shallow-water
facies (i.e. Amphipora wackestone/packstone), so
that the cumulative lost information with a
Fischer plot is not signi®cant, especially in view
of the intercalation with peritidal cycles.

In order to alleviate the shortcomings and
increase the reliability of a single Fischer plot
in predicting changes in accommodation space,
other evidence such as vertical facies changes
and stratigraphic distribution of subaerial expo-
sure indicators have been integrated for the
present study. Histograms of percentage of peri-
tidal facies per cycle have been constructed, and
compared with the Fischer plots drawn from
measured sections (MA, XZ, TJ and LT). Major
subaerial exposure horizons and deep subtidal
facies indicators, such as black shale or nodular
limestone, are also labelled on the Fischer plots
(Figs 7 and 8). This approach integrates the
Fischer plot of individual sections with the data
of vertical facies changes to provide more exact
information for long-term changes in accommo-
dation space.

Sequence identi®cation and correlation
in platform carbonates

Sequence boundaries are the keys to determine
third-order depositional sequences. Detailed
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outcrop study revealed that sequence boundaries
are generally gradational over metres to tens of
metres. These transitional boundaries are
conformable stratigraphic zones composed of
stacked, high-frequency and thinner-than-average
cycles with upward-increasing intensity of sub-
aerial exposure, rather than discrete, laterally
traceable surfaces de®ning the sequences (e.g.
Goldhammer et al., 1990, 1993; Elrick & Read,
1991; Elrick, 1995). These stacked exposure-
capped cyclic successions represent platforms
affected by multiple episodes of subaerial expo-
sure formed by high-frequency (fourth- to ®fth-
order) sea-level ¯uctuations superimposed on
long-term (third-order) sea-level lowstands, rather
than a single, long-lasting exposure event.
Therefore, the sequence boundary zones should
lie roughly halfway down to the lowest points on
the falling-limb sections of Fischer plots, repre-
senting the maximum rate of accommodation
loss. However, a more exact location of the
sequence boundaries is largely dependent on

the evidence from vertical facies changes, i.e.
the shallowest facies association with a relatively
high percentage of peritidal facies and obvious
subaerial exposure indicators; these sequence
boudaries are labelled in Figs 7 and 8.

Individual sequences are generally 15±90 m
thick, and consist of 15±50, metre-scale, upward-
shallowing cycles. The number of cycles is less
within the sequences of section FH, where more
deeper-water subtidal facies predominate (Fig. 9),
and there may have been numerous subtidal
missed beats. Internally the sequences are basic-
ally composed of a transgressive lower part and a
regressive upper part (Figs 7 and 8). The trans-
gressive deposits consist of thicker-than-average,
upward-thickening cycles dominated by subtidal
facies, and the regressive deposits consist of
thinner-than-average, upward-thinning cycles
dominated by peritidal facies. The transition
between transgressive and regressive packages is
gradational, so the maximum ¯ooding surface of
each sequence is tentatively placed at the mid-

Fig. 7. Fischer plots of high-frequency metre-scale carbonate cycles combined with histograms showing percentage
of peritidal facies per cycle in the Qiziqiao Formation (Givetian to Frasnian) at Ma'anshan and Xizhaikou. Major
subaerial exposure features are labelled on the Fischer plots. The gaps within the curves are areas of no exposure in
the ®eld. Sequence boundary identi®cation is mainly based on the cycle stacking patterns (on descending limbs of
the plot), vertical facies variations (i.e. where high percentages of peritidal facies occur) combined with exposure
indicators. Sequence boundaries (SB) are generally transitional zones.
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point of the thickest cycle in the vertical succes-
sion.

It is necessary to note that the bottom of the
Tangjiawan Formation in the Guilin area roughly
corresponds to the base of varcus conodont zone
(Shen & Yu, 1996); and the Qiziqiao Formation in
central Hunan was deposited later (approximate-
ly half a conodont zone). Stringocephalus (no
later than hermanni-cristatus Zone, Shen & Yu,
1996) disappears in the third sequence above the
clastics in the Guilin area, but in the second in
central Hunan, so there is one sequence less at
MA and XZ. The top boundary of the Qiziqiao
Formation in central Hunan approximately cor-
responds to the base of the middle triangularis
Zone or a little higher (Ji, 1991). A transitional
unit named the Laojiangchong Member (BGMR of
Hunan, 1997) exists between the Changlongjie
Formation and the underlying platform carbon-
ates (top of the Frasnian), in which two small-
scale sequences have been recognized (Muchez
et al., 1996; Bai et al., 1997). These two sequences
are also recognized in the lower part of the
Dongcun Formation at TJ and Wuzhishan Forma-

tion at FH. At MA and XZ, two small-scale
sequences are recognized in the uppermost part
of the Qiziqiao Formation (one less at XZ due to
incomplete measurement of the section, Fig. 7);
their base therefore corresponds to the upper
boundary of the Frasnian. At LT, the Rongxian
Formation is overlain by slope deposits of early
Carboniferous age (with the coral Pseudouralinia
sp.). The Frasnian±Famennian boundary is
placed at the top of the sequence below the
second gap (Fig. 8) through comparison with
Famennian sequences elsewhere (e.g. Johnson
et al., 1985; Chen & Chen, 1994a; Du et al.,
1996). Moreover, the brachiopod Cyrtospirifer,
an index fossil of the Upper Devonian, occurs in
the seventh sequence at TJ, and the sixth at MA
and XZ, or a little lower. Futhermore, the Fras-
nian±Famennian event with its dramatic biotic
and sedimentological changes, is also used to
de®ne the top boundary of the Frasnian.

From Givetian through Frasnian strata, nine
sequences and sequence boundary zones can be
recognized. However, at the MA and XZ sections
there is one sequence less, attributable to the later

Fig. 8. Fischer plots of high-frequency carbonate cycles and facies distribution (histograms showing percentage of
peritidal facies per cycle) of Givetian and Frasnian strata from the Tangjiawan (including Tangjiawan, Guilin and
lower Dongcun formations) and Litang sections. Gaps on the plot are covered stratigraphic intervals in the ®eld. The
Litang section is dominated by the shallowest, peritidal deposits in these measured sections, and the Frasnian±
Famennian boundary is at cycle 124. Sequence boundaries are marked with SB.
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start of deposition in the early Givetian. The
correlation of these sequences is given in Fig. 10,
based on internal facies organization, progressive
facies change and the biostratigraphic framework.

Sequence 1 is the ®rst carbonate sequence
overlying clastic strata and is only developed in
Guilin and farther south, because the Devonian
marine transgression started from the southern
area of Guangxi, and gradually extended north-
ward. The internal succession is dominated by

subtidal cycles (including many dolomitized
biostromes of stromatoporoid boundstone/rud-
stone) with minor peritidal cycles above.

Sequence 2 is recognized from Guangxi up to
Hunan. Transgressive deposits are characterized
by thick subtidal cycles with many biostromes,
particularly in the upper part, and are also
strongly dolomitized. Some deep subtidal cycles
are observed in the lower part of the sequences at
localities MA and XZ, and show a falling pattern

Fig. 9. Stratigraphic column from
Givetian to lower Frasnian strata at
Fuhe (with fossil assemblage data
for the age de®nition). The right
saw-like curve is a modi®ed Fischer
plot drawn with the cumulative de-
parture from mean cycle thickness
against cycle thickness, in order to
®t to the stratigraphic log. Episodic
deepening interrupted by microbial
laminite intervals in the Mintang
Formation (Givetian) are followed
by a rapid deepening at the base of
the Liujiang Formation (latest Give-
tian to early Frasnian), recording a
long-term accelerating accommoda-
tion gain at this time. The Fischer
plot does not correlate very well
with the accommodation changes
recorded on the platform, especially
from the upper part of the Mintang
Formation (just above the covered
interval), as a result of the effect of
deeper-water sedimentation and
`subtidal missed beats', when water
depth was too deep to respond to
small-scale, high-frequency sea-
level changes. Sh, shale; M, mud-
stone; W, wackestone; P, packstone;
G, grainstone.
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on the Fischer plots; this is the result of the low
sedimentation rate and/or compacted clay-rich
horizons within the cycles. Sequences 1 and 2
were deposited at a time of rapidly increasing
accommodation space.

Sequences 3±7 record a long-term change from
a slow to a rapid decrease in the amount of
accommodation space available. Sequences 3±5
contain relatively high numbers of peritidal
cycles; subtidal cycles are concentrated within
the lower transgressive parts, and generally are
highly dolomitized. Prolonged exposure is only
recorded towards the top of Sequence 5 in the
shallowest succession at LT (Figs 5A and 8).
Sequence 6 is the thinnest of the sequences in
each section, ranging from 15 to 30 m in thick-
ness, indicating the smallest amount of accom-
modation space. Exposure events represented by
pedogenic and palaeokarstic horizons are ob-

served towards the top of this sequence in almost
all localities (Figs 7, 8 and 10). These exposure
events occur locally at the top of subtidal cycles,
indicating that their formation was abrupt and
prolonged. These long-lasting periods of exposure
and lack of accommodation space prevented
further deposition on the platforms, and resulted
in the absence of a regressive, upper part to
Sequence 6. Sequence 7 is transitional and shows
an increase in the volume of subtidal facies and in
the thickness of the sequence, indicating a
decrease in the rate of accommodation loss.
However, the signi®cant loss of accommodation
space at the end of Sequence 6 still had an
obvious impact on the deposition of this
sequence; the exposure events observed locally
in the middle part of this sequence indicate that
there was abrupt exposure or insuf®cient accom-
modation space across the platforms (Fig. 10). By

Fig. 10. Correlation of Fischer plots between outcrops from three isolated carbonate platforms in Hunan and Guangxi
provinces. Nine sequences (third-order) were identi®ed in Givetian and Frasnian strata, of which the lower ®ve
sequences (Sequence 1±5) are Givetian, and the upper four sequences (Sequence 6±9) are Frasnian. There is a long-
term reduction in accommodation space from Sequence 3±6 in the platform successions, but an opposite trend is
observed in the interplatform basin successions, as at Fuhe. The trend in the Fischer plot from Sequence 6 at Fuhe is
not a true re¯ection of accommodation change, but is a result of deeper-water sedimentation and the ``subtidal
missed beats'' effect; deep-water facies are indicated below the dashed line. The thicker line between Sequence 6 and
7 is the most obvious boundary with widespread subaerial exposure. See Figs 7 and 8 for legend.
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contrast, at FH, evidence for sporadic and gradual
deepening is recorded in Sequences 3 through 5,
and sudden deepening is recorded in Sequence 6,
with the deepest water facies occurring in the
lower part of Sequence 7 (Fig. 9).

Sequences 8 and 9 record a long-lasting, rapid
increase in accommodation space with relatively
thick cycles. The volume of subtidal facies
increases and peritidal facies decreases through
the sequences. Even the peritidal facies packages
show an increasing degree of deepening as
indicated by more fenestral limestones than
laminites, particularly in Sequence 9. The top of
Sequence 9 roughly corresponds to the boundary
between the Frasnian and Famennian, which
occurs in the Qiziqiao, Dongcun and Rongxian
formations.

Sequence stacking patterns

The sequences identi®ed from cycle stacking
patterns and vertical facies changes can be
roughly grouped into two categories: catch-up
sequences and keep-up sequences (Fig. 10).

Catch-up sequences (Sequences 1±2 and 8±9)
are characterized by packages of relatively thick
cycles with a high percentage of intermediate to
shallow subtidal facies, and even deep subtidal
facies locally within individual cycles. These
form the ascending wave trains on the Fischer
plots and indicate a long-term (second-order)
increase in accommodation space. These
sequences are dominated by subtidal cycles,
particularly in the lower transgressive part of
the sequences, and minor peritidal cycles occur
in the more regressive, upper part. These features
indicate that sedimentation rates on platforms
were slower than the accommodation gains cre-
ated by the combined effects of ®fth- through
third-order relative sea-level changes, enhanced
by the second-order, long-term relative sea-level
rise.

Keep-up sequences (Sequences 3±6) are char-
acterized by relatively thin cycle packages with a
high percentage of peritidal facies within indi-
vidual cycles. These form the descending limbs
on the Fischer plots and indicate a long-term
(second-order) accommodation decrease. At lo-
calities MA and XZ, there are no obvious rising
limbs even in the transgressive deposits within
these sequences. Subtidal cycles are only found
in the transgressive deposits, and exposure-
capped peritidal cycles become more common
towards the top of the sequences. Furthermore, in
Sequence 6 the upper part of the regressive

deposits are mostly absent because of the stacked,
prolonged subaerial exposure events towards the
top. These characteristics indicate that the sedi-
mentation rate on the platform generally kept
pace with accommodation gain created by the
combined effects of ®fth- through third-order
relative sea-level changes, attenuated by a
second-order, long-term relative sea-level fall.
The combined effects caused a maximum rate of
accommodation loss on the platforms at the end
of Sequence 6. Sequence 7 is transitional (i.e.
deposited during a period of long-term stillstand)
with characteristics of both keep-up and catch-up
platform sequences.

Within interplatform basinal successions (e.g.
Wu et al., 1987; Jin, 1990), such as at locality FH
(Fig. 9), a widespread deepening process was
started from Sequence 6, with the deepest water
represented by pelagic, hemipelagic and siliceous
facies in the lower part of Sequence 7, after which
the water depth became shallow.

Long-term changes in cycle stacking patterns
and tectonic implications

Long-term changes in cycle stacking patterns and
accommodation in these Devonian platform car-
bonates are well illustrated with the Fischer plots
(Figs 7, 8 and 10). Although there are some
differences, comparison of Fischer plots con-
structed from sections located on different
platforms reveals a similar pattern (Fig. 10),
suggesting similar, long-term trends in accommo-
dation change. In these platform successions, a
rapid increase in accommodation space during
the early Givetian (Sequences 1±2) was followed
by a gradual to rapid decrease in accommodation
space from the middle to late Givetian (Sequences
3±5), reaching a maximum rate of accommodation
loss in the early Frasnian (the top of Sequence 6).
Afterwards, the accommodation space change
was uniform or increased slightly (Sequence 7);
this was followed by a rapid increase until the
end of the Frasnian (Sequences 8±9). In detail,
small differences in accommodation change are
present between individual platforms, as can be
seen from the Fischer plots of localities MA and
XZ (both on platform GX) when compared with
localities TJ (on platform GL) and LT (on platform
GZL) (Fig. 10). These re¯ect small variations in
the subsidence rate of the three platforms.

One signi®cant phenomenon in Sequence 6
and 7 is that the rapid loss in accommodation
space on the platforms coincided with a rapid
gain in accommodation in the interplatform
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basins. The sharp deepening event in the basin
indicated by siliceous deposits (bedded cherts
and siliceous shales) and coarse debrites at the
basin margins, corresponds to the major subaerial
exposure horizon between the two sequences on
the platforms (Fig. 10). This opposing trend in
accommodation change between platforms and
basins is well demonstrated at the FH section
(Fig. 9), a pro®le recording the transition from
platform to the interplatform basin, on the eastern
side of the Guilin platform.

This contrast between platforms and basins was
the result of the extensional tectonic movements

noted earlier, whereby rapid deepening and
increase in accommodation space in basins, was
accompanied by relative uplift of platforms,
resulting in a large loss of accommodation there
and so shallowing and subaerial exposure
(Fig. 11). During the fault movements, a jerky
subsidence of the basins (hanging walls) triggered
slope failure, and led to the deposition of debrites
and slumps, followed by deep-water pelagic
deposition in the basin. The exposure discon-
formity zones on the platforms (at the top of
Sequence 6) therefore roughly correspond to the
sudden deepening event indicated by the debrites

Fig. 11. Schematic diagram showing the tectonic controls on platform and interplatform basin deposition and de-
velopment in an extensional regime. The rapid subsidence of interplatform basins controlled by faults would be
accompanied by the relative uplift of platforms, resulting in an accommodation gain in the basins, but an accom-
modation loss on the platforms. The condensed exposure disconformity zones on platforms therefore correspond to
sharp deepening in the basins. The arrows mark the relative movement direction of blocks. Wd0, initial water depth
before fault movement; Wd1, water depth after fault movement.

Fig. 12. Comparisons of accommodation changes on platforms and in basins in the study area with the eustatic
sea-level curve constructed by Johnson et al. (1985), for Givetian through Frasnian strata. Numbers (1±9) are the
depositional sequences documented in this paper. Note the opposite trend in accommodation changes, and the
coincidence of maximum rate of accommodation loss with accommodation gain in Sequence 6 (shadowed bar)
between platforms and basins. Note the broadly opposite and similar trend, respectively, for platform and basins, in
accommodation changes, compared with Johnson et al.'s eustatic sea-level curve.
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and related siliceous deposits in the basins. This
opposite pattern in accommodation change is
most probably related to the tectonic activity at
the time.

The long-term changes in accommodation dis-
cerned from cycle stacking patterns from different
platforms in South China do not show a good
correlation to the pattern of eustatic sea-level
change in Euramerica postulated by Johnson
et al. (1985). In fact, an opposite trend in accom-
modation changes is mostly seen (Fig. 12). This
suggests that local tectonics was a major factor in
platform generation and evolution in South
China, as seen in the opposing pattern of accom-
modation changes between platforms and basins
in Sequences 6 and 7.

CONCLUSIONS

1 From the Middle Devonian, a complex pattern
of platforms and interplatform basins was well
established in South China. Five depositional
facies including peritidal, restricted shallow sub-
tidal, semi-restricted subtidal, intermediate sub-
tidal, and deep subtidal facies, and 18 lithofacies
units are recognized from measured sections
located on three isolated platforms in Givetian
and Frasnian successions. These deposits are
arranged into metre-scale, upward-shallowing
cycles grouped into peritidal and subtidal cycles,
which have an average cycle period between »22±
110 kyr. This periodicity roughly falls within the
time-scale of Milankovitch rhythms, although the
mechanism of cycle formation is still uncertain.
2 Nine third-order depositional sequences are
identi®ed, based on changes in cycle stacking
patterns, vertical facies changes, and the strati-
graphic distribution of subaerial exposure indi-
cators. The internal components of sequences are
mainly composed of lower transgressive and
upper regressive parts. Transgressive packages
are dominated by thicker-than-average subtidal
cycles, whereas regressive parts are dominated by
thinner-than-average peritidal cycles. Sequence
boundaries are generally conformable, transitional
zones composed of stacked, high-frequency, and
thinner-than-average cycles with upward-increas-
ing intensity of subaerial exposure, rather than
discrete, laterally traceable surfaces.
3 The identi®ed sequences can be further
grouped into catch-up and keep-up sequence sets
from the long-term (second-order) trend in
accommodation space revealed by Fischer plots.
Catch-up sequences (Sequences 1±2, 8±9) are

characterized by packages of relatively thick
cycles with a high percentage of intermediate to
shallow subtidal facies, and even deep subtidal
facies locally within individual cycles, recording
increased rates of long-term accommodation gain.
Keep-up sequences (Sequences 3±6) are charac-
terized by packages of relatively thin cycles with
a high percentage of peritidal facies within
individual cycles, recording increased rates of
long-term accommodation loss. This long-term
sequence stacking pattern is tectonically con-
trolled.
4 The long-term increasing accommodation loss
on platforms from late Givetian to early Frasnian
times coincided with increasing accommodation
gain in interplatform basins. This implies that,
under an extensional regime, the deepening in
interplatform basins induced by increasing sub-
sidence can be associated with the relative uplift
of platforms, resulting in accommodation loss
and shallowing there. The deep-water packages
in basins (i.e. between Sequence 6 and 7) there-
fore roughly correspond to the stacked exposure
disconformities on the platforms.
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