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Permian-Triassic Sequences in Meishan and Hushan, Lower

Yangtze
Guide to the Pre-Symposium Field Excursion of the

International Symposium on the Triassic Chronostratigraphy
and Biotic Recovery (23-25 May 2005, Chaohu, China)

Zhao Laishi
State Key Laboratory of Geo-Processes and Mineral Resources, China University of Geosciences, Wuhan 430074,

China; lszhao@cug.edu.cn

Introduction
This field excursion is designed to provide participants
an opportunity to visit some different Permian- Triassic
sequences on the Lower Yangtze block, southeast China.
Two localities, Meishan in Changxing and Hushan in
Nanjing, will be closely examined during this excursion
(Fig. 1).

During the Permian-Triassic transition the Lower Yangtze
sea had a clear paleogeographical differentiation and it
became deeper from south to north. The Permian-Trias-
sic sequence from the Changhsingian to the Lower Trias-
sic at Meishan was formed on a relatively shallow car-
bonate platform while the strata at Hushan show an envi-
ronment of shallow basin or deeper shelf. Chaohu is also
on the Lower Yangtze block, but it was even in a deeper

part than Hushan during the Permian-Triassic transition
and the sequence will be visited during the mid-Sympo-
sium field excursion. Therefore, the pre-Symposium and
mid-Symposium field excursions cover all the Permian-
Triassic sequences of various facies in the Lower Yangtze
region.

During the excursion we will have a stop at the Nanjing
Institute of Geology and Paleontology in Nanjing to visit
the paleontological museum and colleagues at the insti-
tute.

Figure 1. Location map of the field excursion
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Meishan in Changxing County, Zhejiang
Province
Meishan is situated in the Changxing County, Zhejiang
Province, about 20 km to the county town. Changxing is
in the northwestern Zhejiang Province, bordered with the
Jiangsu and Anhui provinces. The exact location of
Meishan Section D is 31°4¢55²N and 119°42’¢22.9²E.
This section is well protected and freely accessible to sci-
entific researchers by railway from Hangzhou or by ex-
pressway from Shanghai, Nanjing and Hangzhou (within
2-3 hours’ drive). A branch railway and highway connect
Changxing with Meishan and Xinhuai, the nearest village
to Meishan Section D. The stratigraphical succession is
well exposed and not very structurally disturbed. The
Meishan quarries were excavated to use the limestone of
the Changxing Formation for construction, thus provid-
ing several PTB sections named from A to E and Z from
west to east, and Section D is in the middle of the quar-
ried outcrops.

At Meishan, the following spots will be visited: (1) GSSP
for the base of the Changhsingian; (2) standard sequence
of the Changhsingian Stage; (3) GSSP of the Permian-
Triassic boundary; and (4) Lower Triassic sequence.

Spot 1: GSSP candidate for the base of the
Changhsingian

The GSSP for the base of the Changhsingian Stage has
been proposed at Meishan Section D and the proposal
has been voted through the boundary working group, SPS
and ICS and is waiting for the final ratification of the
IUGS (Jin et al., 2005). The proposed boundary is at the
FAD of conodont Clarkina wangi (defined by the high
fused wall-like carina) within the lineage from Clarkina
longicuspidata to Clarkina wangi, at a point of 88 cm
above the base of the Changxing Limestone in the lower
part of Bed 4 (base of 4a-2) at Meishan Section D (Fig.
2), just above the flooding surface of the second
parasequence in the Changxing Limestone. Secondary
markers for correlation include a magnetic reversal from
normal to reverse within the C. wangi Zone as well as
changes in fusulinid and ammonoid faunas. There are no
major stable isotopic excursions coinciding with the
boundary, but the Lower Changhsingian is generally en-
riched with respect to δ13C values compared with the
Upper Wuchiapingian (Fig. 3).

Description of the Wuchiapingian-Changhsingian bound-
ary succession at Meishan Section D:

Changxing Formation (Limestone)
Bed 5 (depth, 211-370 cm). Dark grey thin- to medium-
bedded bioclastic micritic limestone with siliceous
bandings, with normal graded beddings and small sandy
wavy beddings. Non-fusulinid foraminifers (330-370 cm):
Glomospira sp.; (290-330 cm): Frondicularia ovata,

Figure 2. Proposed GSSP for the base of the Changhsingian at Meishan Section D
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Damgarita sp., Nodosaria krotovi (250-290 cm):
Geinitzina uralica, Globivalvulina distensa, Nodosaria
longissima, Damgarita sp., Pseudonodosarlina sp.; (210-
250 cm): Damgarita sp., Frondicularia sp., Geinitzina
splandli; fish (210–370 cm): Palaeomiscoidei gen. et sp.
indet., Sinohelicoprion changxingensis, Sinoplatysomus
meishanensis; ostracods (210-370 cm): Bairdiacypris
fornicata, Bairdia wrodeloformis, Basslerella firma,
Eumiraculum changxingensis, Petasobairdia bicornuta,
Silenmites sockakwaformis; conodonts (215-230 cm):
Clarkina wangi.

Bed 4b (depth, 158-211 cm). Grey thin- to medium-bed-
ded bioclastic micritic limestone, intercalating light grey
thin-bedded calcareous mud rock in the upper part, with
slightly wavy beddings. Non-fusulinid foraminifers (158-
211 cm): Geinitzina splandli., Pseudoglandulina conicula;
fusulinids (158-211 cm): Palaeofusulina minima; fish
(158-211 cm): Amblypteridae?, Coelacanthidae gen. et
sp. indet., Palaeoniscoidei gen. et sp. indet.,

Sinohelicoprion changxingensis, Sinoptatysomus
meishanensis; ostracods (158–211 cm): Basslerella obesa,
Petasobairdia bicornuta; conodonts (185-205 cm):
Clarkina orientalis, C. wangi; (174-180 cm): Clarkina
orientalis, C. wangi; (160-167 cm): Clarkina orientalis,
C. longicuspidata transitional to C. wangi, C. wangi.

Bed 4a (depth, 80.5-158 cm). Grey thick-bedded
bioclastic micritic limestone. Fusulinids (85-125 cm):
Palaeofusulina minima, Reichelina changhsingensis; non-
fusulinid foraminifers (125-158 cm): Frondicularia pal-
mate, Geinitzina splandli, Globivalvulina sp., Nodosaria
longissma; (85-125 cm): Nodosaria delicate, Damgarita
sp.; brachiopods (85-158 cm): Cathaysia chonetoides, C.
parvalia; conodonts (141-157 cm): Clarkina
longicuspidata transitional to C. wangi, C. wangi; (107-
130 cm): C. longicuspidata, C. longicuspidata transitional
to C. wangi, C. wangi; (88-107 cm): Clarkina
longicuspidata.

Bed 3 (depth, 56-80.5 cm). Greyish yellow illite-mont-

Figure 3. Integrated stratigraphic sequences around the Wuchiapingian-Changhsingian boundary in Meishan and
the distribution of various fossil groups, carbon isotopes, geochronologic ages, and magnetic reversals. Note that
the lithologic succession is subdivided into both beds and units. The beds are based on historical usage and are
depicted to allow comparison with the literature. It is recognized that these beds are actually bedsets or parasequences
except in the case of the ash beds, which represent true beds. The units are based on distinctive lithologic changes
that reflect interpreted changes in depositional environment.
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morillonite clay, U-Pb age: 257 Ma (Mundil et al., 2001).
(56-82 cm) Greyish black silty and calcareous mud rock
intercalating argillaceous mud rock, with horizontal bed-
ding. Conodonts (70-80 cm): Clarkina longicuspidata,
C. longicuspidata transitional to C. wangi; (56-70 cm):
Clarkina longicuspidata.

Bed 2 (depth, 0-56 cm). Dark grey thick-bedded silt-bear-
ing micritic limestone. Non-fusulinid foraminifers (0-55

cm): Collaniella sp., Eacristellaria sp., Geinitzina
postcarbonica, Pseudoglandulina conica; conodonts (47-
56 cm): Clarkina longicuspidata; (32-47 cm): Clarkina
longicuspidata, C. orientalis; (20-30 cm): Clarkina
longicuspidata; (0-20 cm): Clarkina longicuspidata, C.
orientalis.
----------------------conformity---------------------------------

Figure 4. Stratigraphic occurrence of fossils around the Wuchiapingian-Changhsingian interval at Meishan Section C
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Longtan Formation
Bed 1 (depth of upper part, 0 to -30 cm). Dark dolomitized
calcirudite with fragments of limestone, siltstone and phos-
phate. Nonfusulinid foraminifers (0 to -30 cm): Geinitzina
uralica, Hemigardius sp., brachiopods (0 to -30 cm):
Orbiculoidea sp., Cathaysia chonetoides, Paryphella
gouwaensis, Spinomarginifera sp.; conodonts (-4 to -12
cm): Clarkina longicuspidata. (depth of lower part, -30
to -70 cm). Dark medium-bedded calcareous siltstone with
horizontal bedding surfaces. Conodonts (-30 to -40 cm):
Clarkina longicuspidata.

In addition, conodont samples from Meishan Section C
have been extensively collected. Meishan section C is a
new exposure about 300 metres from Section D that has
been studied by Yue Wang and others in which the upper
Longtan Formation was excavated (Fig. 4). The value of
Section C is that it exposes more of the upper Longtan
Formation and that it clearly shows the transitional na-
ture of deposition across the Longtan/Changxing forma-
tional boundary. This removes one objection to the pro-
posed stratotype that not enough of the underlying beds
were present even though it doesn’t have any bearing on
the definition, which occurs higher in the lower part of
the Changxing Limestone.

Spot 2: Changxing Limestone at Meishan
Section D
Since both GSSPs of the top and base of the Changhsingian
Stage are very probably at Meishan Section D, the
Changxing Limestone at the section becomes the unit
stratotype of the Changhsingian Stage (Fig. 5).

The Changxing Limestone is about 40 m thick, composed
of lower Baoqing Member and upper Meishan Member.
It has received considerable extensive studies since it was
named by Grabau in 1931 (Fig. 6).

Spot 3: GSSP of the Permian-Triassic
boundary at Meishan Section D
Numerous studies have been performed at the Permian-
Triassic boundary of Meishan Section D and involved
nearly all aspects dealing with the stratigraphical bound-
ary and related Paleozoic-Mesozoic transitional events.
Literatures are vast and we will not iterate here but present
only a figure to show the boundary sequence at the sec-
tion (Fig. 7).

Spot 4: Lower Triassic sequence at Meishan
Section D
The Lower Triassic of Meishan is composed of three
lithostratigraphical formations in an ascending order:
Yinkeng Formation, Helongshan Formation and
Nanlinghu Formation. However, the Nanlinghu Forma-
tion has only its basal part preserved while the most is
eroded in the area. The Meishan quarries exposed only
the Yinkeng Formation and the base of the Helongshan
Formation and the other part of the Lower Triassic is dis-
tributed on the hill slope. At Meishan the Yinkeng For-
mation is composed mainly of alternations of thin-bed-
ded limestone and mudstone (or shale), which show a
marked multiple scales of cycles, corresponding with the
Milankovitch periodicity (Tong, 1997) (Fig. 8). The
Helongshan and Nanlinghu Formation are mostly lime-
stone. The Induan-Olenekian boundary marked by con-
odont Neospathodus waageni is located at about 280 m
above the Permian-Triassic boundary in the upper part of
the Helongshan Formation at Meishan Section D (Tong
and Yang, 1998).

Figure 5. Picture showing the unit stratotype for the Changxing Limestone prior to construction of the Geopark
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Figure 6. Changhsingian stratigraphical sequence at Meishan Section D
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Figure 7. Permian-Triassic boundary sequence at Meishan Section D
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Hushan in Nanjing City, Jiangsu Province
Hushan is situated in the eastern suburb of the Nanjing
City, Jiangsu Province, about 250 km to Meishan and 130
km to Chaohu (Fig. 1). The area belongs to the north limb
of the Tangshan-Lunshan anticlinorium, which split into
the Kongshan-Tianwangshan anticline and the Kongshan
syncline. From Late Devonian to Early Triassic time, strata
are recognized from the Kongshan-Hushan area as for
Upper Devonian Wutung Formation and the Lower Car-
boniferous Kinling Formation, Kaolishan Formation,
Hochou Formation and Laohudong Formation; the Up-
per Carboniferous Huanglung Formation and Carbonif-

erous-Permian Chuanshan Formation; the Lower-Middle
Permian Chihsia Formation and Kuhfeng Formation; the
Upper Permian to Lower Triassic units which include
Longtan Formation, Talung Formation, Xiaqinglong
(Lower Qinglong) Formation and Shangqinglong) Upper
Qinglong Formation. The Lower Triassic at Hushan is well
developed, yielding rich fossils and relatively complete
biostratigraphical sequence. It is one of the classic Lower
Triassic sequences in South China and received consider-
able studies. The studies involve the lithostratigraphy,
biostratigraphy, carbon and oxygen isotopic stratigraphy,
and sedimentology. Special attention has been paid to the
strata from the Permian-Triassic boundary to the lower

Figure 8. High-frequent cycles and sequence stratigraphy of the Yinkeng Formation at Meishan Section D
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part of the Olenekian.

The visited Lower Triassic section is situated on the side
of a quarry railway of the China Cement Plant, 25 km
away from Nanjing City. A 4 km highway connects it with
the Nanjing–Shanghai Expressway. It is the upward ex-
tension of the Carboniferous–Permian Kongshan section,
including the Changhsingian Dalong Formation and Lower
Triassic Xiaqinglong (Lower Qinglong) Formation and
part of Shangqinglong (Upper Qinglong) Formation. The
Dalong Formation was uncovered in a trend while the
Lower Triassic is exposed in an abandoned quarry. How-
ever, the trend for the Dalong Formation had been filled
and leveled up and the strata may not be seen on outcrop
now. But the sequence of the Dalong Formation as well
as its contact with the overlying Lower Triassic is quite
similar to that in Chaohu we will visit during the sympo-
sium.

Dalong Formation
The Dalong Formation at the Hushan Section consists of
cherty mudrocks with intercalated beds of cherty beds,
micritic limestone and silty mudrock. It is the synchro-
nous but heteropic deposits of the Changxing Limestone
at the Meishan Section.

A large number of fossils are found at the section. Cepha-
lopods, bivalves and brachiopods are common in the
mudrocks, while conodonts are easily obtained in the lime-
stones and the cherty limestone contains abundant radi-
olarians.

Cephalopods are mainly composed of Pseudotirolites,
Pseudogastrioceras, Pleuronodoceras, Hunanoceras, etc.

The main bivalves are Hunanopecten spp.

Conodonts include Neogondolella subcarinata Zone and
N. changxingensis Zone, which respectively correspond
to the two conodont zones in the Changxing Formation at
the Meishan Section.

Radiolarians found here comprise 8 species of 6 genera
in Spumellina, such as Copicyntrra akikawaensis,
Copicyntroides asteriformis, Tormentun delicatum,
Entactinosphaera? echinata, Quiqueremis robusta, etc.

Permian and Triassic Boundary
The Permian-Triassic boundary sequence at the Hushan
Section is described as follows:

Xiaqinglong (Lower Qinglong) Formation
19. Interbeds of brownish yellow medium-bedded argilla-
ceous limestone and greyish blue thin-bedded mudrock,
containing bivalves: Pseudoclaraia wangi, Claraia cf.
stachei; ammonoids: Ophiceras sp., Lytophiceras sp.; and
gastropods: (?)Polygyrina sp...........................not ended

18. Greyish blue thin-bedded mudrock intercalated with
marls, yielding bivalves: Pseudoclaraia wangi, Claraia
cf. stachei, Cl. sp.; ammonoids: Ophiceras sp.,

Lytophiceras sp.; brachiopods: Lingula sp.; and gastro-
pods: (?)Polygyrina sp.........................................1.71 m

17. Yellowish blue mudrock, containing ammonoids:
Ophiceras sp..........................................................0.95 m

16. Yellowish blue mudrocks intercalating thin-bedded
brownish yellow dolomitic and argillaceous limestones,
containing ammonoid Ophiceras sp., Lytophiceras
sp..........................................................................0.64 m

15. Greyish yellow dolomitic and argillaceous lime-
stone.....................................................................0.22 m
------------------------ conformity------------------------------

Dalong Formation
14. Greyish blue mudrocks, yielding brachiopods:
Fusichonetes sp., Paryphella sulcatifera, Paracrurithy-
ris pigmaea ...........................................0.06-0.08 m

13. Greyish yellow clay ........................................0.04 m

12. Dark grey and black siliceous mudrocks, yielding
cephalopods: Pseudotirolites sp., Hunanoceras sp.,
Qinglongites sp., Pseudogastrioceras sp.; bivalves:
Hunanopecten exilis, H. qujingensis.................not ended

Bed 13 of the section corresponds to the “Boundary Clay”,
but it is not so well-developed and typical as that at the
Meishan Section. No fossils are found so far in the dolo-
mitic and argillaceous limestone of Bed 15. According to
the comparison of the lithologic characters of its overly-
ing and underlying strata and the contained fossils, Bed
15 is considered corresponding to the lowest Triassic I.
parva limestone of the Meishan Section. If so, the Per-
mian-Triassic boundary should be in the middle of Bed
15.

Xiaqinglong Formation (Lower Qinglong
Formation)
The Xiaqinglong Formation at this section mainly con-
sists of mudrock and limestone. The relative ratios of the
two types of rocks regularly change through the forma-
tion. In the lower part the greyish blue and yellowish blue
mudrock is the principal rock type, with the intercalated
beds of thin-bedded limestone and marl. Limestone in-
creases upwards and its beds become thicker, with the
decrease of mudrock. In the upper part the main rocks are
the medium-bedded bluish grey limestone, intercalating
thin-bedded yellowish grey marl and mudrock. The pur-
plish red nodular limestone is the marker bed of the be-
ginning of Shangqinglong (Upper Qinglong) Formation
(Fig. 9).

This formation is about 175 m thick and composed of
numerous rhythmic beds of mudrock (and calcareous
mudrock) and limestone (or marl), which are combined
regularly into a series of cycles of mudrock to limestone.
The cycles in the lower part of the formation are mostly
mudrock, and every cycle begins with mudrock, gener-
ally intercalating few thin beds of argillaceous limestone,



127

Albertiana 33

and ends with interbeds of mudrock and limestone or with
thin-bedded limestone intercalating mudrock (Fig. 10a).
However, the cycles of the upper part in the formation are
mainly composed of limestone, each beginning with
mudrock, which is commonly thin, or with marl and end-
ing with medium- to thick-bedded micritic limestone (Fig.
10b). The cycles are usually 0.5 m thick in the lower part
but generally over 2m in the upper part. These cycles may
correspond to the Milankovitch cyclicity.

The major fossils found in the formation of this section
are ammonoids and bivalves in the mudrocks and con-
odonts in the limestones.

Ammonoids: In the lower part Ophiceras and Lytophiceras
are easily seen; and Koninckites and Flemingites occur in
the middle.

Bivalves: Pseudoclaraia wangi, Claraia cf. stachei and
Cl. griesbachi are rich in the lower part; Claraia aurita
and Cl. concentrica come later in the middle part; and
Posidonia circularis and Guichiella angulata are mainly
found in the upper part of the formation.

Conodonts: So far they are only found in the upper part
of Xiaqinglong Formation and the lower part of

Shangqinglong Formation at this section, including
Neospathodus waageni, N. dieneri, N. homeri, N. spathi,
Ellisonia sp., etc.

Induan-Olenekian Boundary
Tong et al. (2003) proposed the West Pingdingshan Sec-
tion in Chaohu, Anhui Province as a GSSP candidate for
the Induan-Olenekian boundary stratotype and the first
appearance datum (FAD) of conodont Neospathodus
waageni as the preferred index to define the boundary.
This datum lies 26 cm below the FAD of the ammonoids
Flemingites and Euflemingites, and is located slightly prior
to the top of the second Triassic normal magnetozone,
and the peak of the first Triassic positive excursion of
carbon isotope δ13C.

During the Early Triassic Hushan was on the same car-
bonate ramp as Chaohu and a correlative Induan-
Olenekian boundary sequence defined by conodont
Neospathodus waageni and ammonoid Flemingites can
be well identified at the Hushan Section, which is about
45 m above the Permian-Triassic boundary (Fig. 9).

Figure 9. Lower Triassic stratigraphical sequence of the Hushan Section
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Figure 10. Lithological cycles in the Xiaqinglong Formation at the Hushan Section
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1. Location and traffic
Chaohu is located in the southeastern China. It is a mid-
size city of Anhui Province with a population of about
840 000. The city town is on the lakeside of Chaohu Lake
and the visited Lower Triassic sequences are in the sub-
urb of the city, 5-6 km from the center of the town. Chaohu
has a good traffic to connect with some big cities by rail-
way and freeway, within one hundred kilometers to the
Hefei City, capital of Anhui Province, and to the Nanjing
City, capital of Jiangsu Province, and about 180 km to
the northwest of the Meishan Section, where the GSSP of
the Permian-Triassic boundary is located.

Geologically, Chaohu was situated in the northern mar-
gin of the Lower Yangtze block (Fig. 1). During the Early
Triassic it was on a deep part of the Lower Yangtze car-
bonate ramp in the low-latitude eastern Tethys archipelago
(Yin et al., 1999; Tong and Yin, 2001).

2. General geology
In the stratigraphical provincialism Chaohu belongs to the
Lower Yangtze Stratigraphical Province. The
stratigraphical sequence is preserved from the Upper
Sinian (Ediacaran) to Middle Triassic except for the Lower
and Middle Devonian though evident parallel
unconformities exist between the Silurian and Devonian
and between Lower and Upper Carboniferous. Since the
area was on a stable platform (Lower Yangtze Block), the
total sequence is not very thick, less than 3 000 meters. In
lithology the strata from the Upper Sinian to Middle Or-
dovician and from Carboniferous to Middle Triassic are
mainly composed of carbonate rocks while the Silurian
and Upper Devonian are predominated by clastic rocks.
All the strata were folded synchronously during the
Indosinian Movement (Late Triassic). Since the Middle
Triassic the marine sedimentation had ended and the area
received terrestrial sediments or is eroded.

The Triassic of Chaohu is exposed mainly in Mt.

Figure 1. Induan paleogeography of the Lower Yangtze region and location of Chaohu
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Majiashan and Mt. Pingdingshan north to the Chaohu Lake
and the Yingping-Qingshuitang area south to the Chaohu
Lake and it usually forms the cores of synclines. The best-
studied Lower Triassic sections are in the north of the
Chaohu Lake (Fig. 2). The Majiashan - Pingdingshan
Syncline is a synclinorium with an axis in NE 30°. The
syncline becomes broader southwards from Mt.
Pingdingshan to Mt. Majiashan. The youngest rock in the
core is the Middle Triassic, which exists only in the south-
ern part of the syncline. The limbs are composed of the
strata from the Lower Triassic to Lower Silurian with dif-
ferent modes of occurrence. The strata in both limbs in-
cline westward in the southern part of the syncline and
the dip angle of the west limb is over 68° while the angle
of the east limb is 50-60°. The limbs are of a normal oc-
currence in the northern part of the syncline. Thus in the
studied Triassic sections the complete sequence from the
Upper Permian to Middle Triassic occurs only in Mt.
Majiashan, the southern part of the syncline, but the Up-
per Permian-Lower Olenekian sequence is also very ex-
cellent in Mt. Pingdingshan.

3. Triassic lithostratigraphical sequence
In lithostratigraphy the Triassic of Chaohu is composed
of four formations in an ascending order: Yinkeng For-
mation, Helongshan Formation, Nanlinghu Formation and
Dongmaanshan Formation, among which the former three
mainly belong to the Lower Triassic while the latter one
is the Middle Triassic but the most upper part of the
Dongmaanshan Formation was eroded in the area (Fig.
3). The underlying uppermost Permian unit is the Dalong
Formation, which consists of thin-bedded cherty beds and
cherty mudstone. The Dalong Formation is the same age
with the Changxing Formation but formed in a different
facies.

The Triassic of Chaohu was formed in a deeper part of
the Lower Yangtze carbonate ramp and composed of car-
bonate rocks and some fine-grained mudstone and shale.
The Yinkeng and Helongshan Formations are mostly
interbeds of limestone and mudstone or shale, which form
multiple scales of cycles. The condensed and close-spaced
thin-bedded alternations of limestone and mudstone usu-

Figure 2. Location map of Chaohu and geological map of Mt. Pingdingshan-Mt. Majiashan
D3-Upper Devonian, C1-Lower Carboniferous, C2-Upper Carboniferous, P1-Lower Permian, P2-Middle Permian, P3l-
Upper Permian Longtan Formation, P3d-Upper Permian Dalong Formation, T1y-Lower Triassic Yinkeng Formation,
T1h-Lower Triassic Helongshan Formation, T1n

1, T1n
2, T1n

3-Lower, Middle, Upper Member of Lower Triassic Nanlinghu
Formation, T2d-Middle Triassic Dongmaanshan Formation, Q-Quaternary; A1+A2-South Majiashan Section, B-West
Pingdingshan Section, C-North Pingdingshan Section
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ally constitute a specific “nodular limestone”. The
Nanlinghu Formation is mainly composed of thick-bed-
ded limestone or nodular limestone and intercalated thin-
bedded limestone or shale.

Yinkeng Formation: It is mostly composed of alterna-
tions of mudrock (shale) and thin-bedded limestone, in-
tercalated by some medium-bedded limestone in the low-

est and upper parts and sometimes by some thin beds of
marlstone or nodular limestone in the middle and upper
parts. The mudrock and limestone usually appear in a se-
ries of multiple mudrock-limestone cycles, but the for-
mation is relatively dominated by argillaceous component.
The Yinkeng Formation is well exposed at Mt.
Pingdingshan, but it is also observable at some quarries
in Mt. Majiashan. The formation is about 75 m thick and

Figure 3. Integrated Lower Triassic sequence of Chaohu, Anhui Province (From Tong et al., 2005b)
UP-Upper Permian, CX-Changhsingian, DL-Dalong Formation, DMAS-Dongmaanshan Formation; N-normal polarity
zone, R-reversal polarity zone
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contains rich ammonoid, bivalve and conodont fossils.

Helongshan Formation: It is chiefly composed of the
rhythmic alternations of thin-bedded mudrock and lime-
stone except for two thick beds of limestone at the base
which mark the beginning of the formation. The forma-
tion is relatively thin, only about 20 m thick, and exposed
well at all the sections in Chaohu. It is relatively domi-
nated by an argillaceous component and the rocks are thin-
bedded and the thin limestone beds sometimes become
lenticular or nodular, thus forming nodular limestones.
The fossils are quite rich in this formation, including am-
monoids, bivalves, conodonts and bony fishes.

Nanlinghu Formation: It consists mainly of thick-bed-
ded limestone and nodular limestone, interbedded with
medium- to thin-bedded limestone and very thin mudrocks.
The cyclic bedding is formed by regular sequence of vari-
ous thicknesses of the limestone beds or by the alterna-
tion of limestone and mudrock. This formation is much
thicker, about 150 m, than the two lower formations and
it is entirely exposed only at the South Majiashan Sec-
tion. Three members are recognized. The Lower Member
is about 44 m thick at the South Majiashan Section and
composed of the cycles of medium- to thick-bedded lime-
stone and relatively thin beds of greenish gray mudstone.
The Middle Member, about 47 m thick, includes two parts
where the lower part consists of interbeds of purplish
brown medium- to thick-bedded nodular limestone and
relatively thin beds of dark gray mudstone while the up-
per is of interbeds of dark gray thick-bedded limestone or
limestone with argillaceous bands and black mudstone.
The Upper Member consists of cyclic beds of grayish
thick-bedded limestone and very thin mudrocks. The for-
mation is clearly dominated by limestone with some in-
tercalated beds of fine-grained breccia limestone in the
lower part formed by distal storm or turbidite, and some
dolomitic beds at the top partly formed due to the closure
and evaporation in the basin. The Nanlinghu Formation
was obviously formed at a much higher depositional rate
but it still contains rich fossils, though not as many as in
the two lower formations. It includes ammonoids,
bivalves, conodonts, as well as some bony fishes and rep-

tiles.

Dongmaanshan Formation: It is not fully preserved in
Chaohu and its preserved thickness is about 100 m. It is
composed mainly of evaporites such as dolomite, dolo-
mitic limestone and evaporite-solution breccias; its base
is observed in Mt. Majiashan, esp. at the South Majiashan
Section.
4. North Pingdingshan Section
At this section observed are the strata from the Upper
Permian Longtan Formation to the Lower Member of the
Nanlinghu Formation though the coal-measure of the
Longtan Formation and the lower part of the Dalong For-
mation are not fully outcropped. The sequence from the
Permian-Triassic boundary to the lower Olenekian (Fig.
4) has been studied since 1990’s, mainly covering the bio-
stratigraphy and carbon isotope stratigraphy. The section
ends at the core of the syncline and the youngest strata
are the early Olenekian Nanlinghu Formation (Lower
Member).

Most recent studies on the Permian-Triassic boundary in
the area are at this section and the boundary sequence is
as follows (Fig. 5):

Yinkeng Formation
14 Yellowish green or yellow thin-bedded calcareous
mudstone. Conodonts: Neogondolella planata, N. sp.;
Ammonoids: Prionolobus cf. paralibita; Bivalves:
Claraia concentrica, C. sp. ......................................2.20m

13 Interbeds of nodular limestone and medium- to thin-
bedded calcareous mudstone. Conodonts: Hindeodus
typicalis, H. sp., Neogondolella planata, N. sp.; Am-
monoids: Lytophiceras cf. chamnda, L. sp., Prionolobus
sp.; Bivalve: Claraia hunanica, C.
griesbachi......................................................................2.10m

12 From bottom to top: gray medium- or thick-bedded
argillaceous limestone – yellowish green thin-bedded cal-
careous mudstone – yellow marl – yellowish green thin-
bedded calcareous mudstone. Conodonts: Hindeodus
typicalis, H. sp.; Ammonoids: Lytophiceras sp.; Bivalves:

Figure 4. Lower Triassic profile of the North Pingdingshan Section
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Claraia hunanica, C. griesbachi...........................0.88m

11 Yellow claystone and yellowish green calcareous mud-
stone intercalated by medium-bedded marlstone. Con-
odonts: Hindeodus typicalis, H. sp.; Ammonoids:
Ophiceras demissum, O. sp...................................0.90m

10 Yellowish green thin-bedded calcareous mudstone,
intercalated by medium-bedded marlstone.............0.20m

9 Gray medium-bedded marlstone. Conodonts:
Hindeodius sp........................................................0.20m

8 Yellowish green thin-bedded calcareous mudstone. Con-
odonts: Hindeodus typicalis, H. sp........................0.09m

7 Grayish medium- to thick-bedded argillaceous lime-
stone. Conodonts: Hindeodus sp., Neogondolella planata,
N. carinata, N. sp..................................................0.14m

6 Yellowish green thin-bedded calcareous mudstone. Con-
odonts: Hindeodus sp. ..........................................0.14m

5 Grey or yellowish brown (weathered) medium-bedded
argillaceous limestone. Conodonts: Hindeodus typicalis,
H. sp......................................................................0.18m

4 Grayish brown or yellow claystone.....................0.02m

3 Grayish green thin-bedded calcareous mudstone. Con-
odonts: Neogondolella changxingensis, Hindeodus
typicalis, H. sp. .....................................................0.11m

2 Yellowish orange claystone.................................0.02m

Conformity

Dalong Formation
1 Grayish black thin-bedded cherty mudstone with rich
small-sized brachiopods. Ammonoids: Pleuronodoceras
attenuatum, Sinoceltites sp.

Conodont Hindeodus parvus has not found at the section
yet, but the Permian-Triassic boundary is believed in the
middle of Bed 5, which is a medium bed of argillaceous
limestone, according to the correlation to the boundary
sequence (“Permian-Triassic boundary set”) at Meishan
Section D (Peng et al., 2001). The study of carbon iso-
topes indicates that the δ13C values are very negative in
the Permian-Triassic boundary and lowermost Triassic
strata at the North Pingdingshan Section (Tong et al.,
2002). All the samples from the boundary strata, includ-
ing those from Bed 5 and the topmost Dalong Formation,
show a positive magnetic polarity (Tong et al., 2005b).

5. West Pingdingshan Section
At this section outcropped are the strata from the Gufeng
Formation (Middle Permian) to the Middle Member of
the Nanlinghu Formation though the continuous sequence
is from the upper part of the Longtan Formation (Upper
Permian) to the Lower Member of the Nanlinghu Forma-
tion. The Lower Triassic sequence (Fig. 6) is well cor-
relative with the North Pingdingshan Section but better
studied. The study at this section involves the biostratig-
raphy, carbon isotope stratigraphy, magnetostratigraphy,
cyclostratigraphy, and the major part of the integrated
Lower Triassic sequence of Chaohu is based upon the stud-
ies at this section (Fig. 3).

There are at least two aspects noticeable and attractive at
this section. One is the lithological rhythm and the other
is the Induan-Olenekian boundary sequence, which is pro-
posed as the candidate GSSP of the boundary (Tong et
al., 2003, 2004).

The lower Triassic at the section shows a persistent rhyth-
mic repetition of couplets composed of ~50 cm mudstone
and ~10 cm limestone beds (Fig. 7a). It is impossible not
to notice the rhythmic bedding, and the consistency of
bed thicknesses is characteristic of orbital forcing. The

Figure 5. Permian-Triassic boundary at the North Pingdingshan Section and its correlation with that at Meishan
Section D

Figure 6. Lower Triassic profile of the West Pingdingshan Section

 

111-10 1 2 13 14 16 17 18 19 20 21 2 2 2 3 2 4 25 26 2 7 28 2 9 30 3 1 32 33 3 4 35 36 37 40 42 44 45 51 5 4 5 5 56 57 58 59

156°

Yinkeng FormationDalong
Formation

Helongshan 
Formation

Nanlinghu
Formation

50 10 m



134

Albertiana 33

rhythmic lithologic variations are captured nicely in the
magnetic susceptibility record (Cramer, personal comm.)
and organic carbon isotopes (see the abstracts for this
symposium). Assuming that the ~m-scale lithologic rhythm
is the result of precessional forcing, systematic variations
in the strength of the mudstone/limestone contrast and in
the relative thicknesses of the mudstone versus limestone
beds most likely reflect modulation by eccentricity. Both
the short and long eccentricity components should be evi-
dent, as well as m.y.-scale eccentricity components. There
is also a cyclicity in the carbon isotope record that may
be consistent with eccentricity (Tong et al., 2005a).

The Induan-Olenekian boundary defined by ammonoid
Flemingites-Euflemingites Zone and conodont
Neospathodus waageni is around Bed 24/Bed 25 bound-
ary at the section (Fig. 7). Bed 24 is subdivided into 22
subbeds and Bed 25 is into 33 subbeds. The boundary
between ammonoids Gyronites-Prionolobus Zone and
Flemingites-Euflemingites Zone is at the base of Subbed
24-21, while the base of conodont Neospathodus waageni
Zone is at the base of Subbed 24-16. In the Neospathodus
waageni group three forms (subspecies or even species)
can be well recognized at least in Chaohu (Zhao et al.,
2004) and they are herein named N. waageni n.subsp.A,
N. waageni n.subsp.B and N. waageni waageni. The three

forms occur at the section in an ascending order. The FAD
of N. waageni n.subsp.A is in Subbed 24-16, 26 cm be-
low the FAD of ammonoid Flemingites; the FAD of N.
waageni n.subsp.B is in Subbed 24-20, 3 cm below the
ammonoid boundary; and the FAD of N. waageni waageni
is in Subbed 25-10, 48 cm above the ammonoid bound-
ary.

In addition, the Smithian-Spathian boundary can be well
observed at this section if it is defined by conodont
Neospathodus homeri or N. n. sp. M, which can be corre-
lated with ammonoid Columbites-Tirolites Zone. At the
West Pingdingshan Section the FAD of N. homeri is in
Bed 56, about 5 m above the base of the Nanlinghu For-
mation, while the FAD of N. n. sp. M is in Bed 52, about
1.5 m below the lithostratigraphical boundary (Fig. 8a).
No typical Spathian ammonoids have been collected at
this section but they co-occur at the South Majiashan Sec-
tion.

6. South Majiashan Section
This is the classic Majiashan Section and a lot of works
had been done at this section in early years (see Tong et
al., 2001a, b for summary). Since the Permian-Triassic
boundary and the lowermost Triassic dominated by

Figure 7. Induan-Olenekian boundary at the West Pingdingshan Section

Figure 8. Smithian-Spathian boundary at the West Pingdingshan Section (a) and South Majiashan Section (b)
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mudrocks have been heavily covered, studies are mainly
in the middle and upper parts at the section recent years.
The visited section includes a newly quarried profile,
which covers the uppermost Yinkeng Formation,
Helongshan Formation and lower Nanlinghu Formation,
and some abandoned quarries, which outcrop the most
part of the Nanlinghu Formation till the base of the
Dongmaanshan Formation (Fig. 9).

The outcropped Yinkeng Formation is about 20 m at the
section; the Helongshan Formation is 20 m; and the
Nanlinghu Formation composed mainly of limestone is
much thicker, about 186 m. The Smithian-Spathian bound-
ary observed at this section (Fig. 8b) is very similar to
that at the West Pingdingshan Section. It is noticeable that
a black shale bed just below the boundary contains rich
lenticular limestone concretions, in which fish fossils are
usually found. A same “fish bed” exists at the West
Pingdingshan Section, too.

Another well-known marine vertebrate assemblage is also
found at this section, that is Chaohusaurus sp. (Young
and Dong, 1972; Chen, 1985; Motani and You, 1998),
which is one of the oldest ichthyosaurs. These marine rep-
tiles are yielded in the upper part of the Nanlinghu For-
mation.

The Olenekian-Anisian boundary is placed at the base of
the Dongmaanshan Formation in the area according to a
regional correlation (Li and Ding, 1981). However, no
typical Anisian fossils have been observed in Chaohu by
now though the uppermost Lower Triassic conodont
Neospathodus anhuinensis  Zone and ammonoid
Subcolumbites Zone occur early in the Middle Member
of the Nanlinghu Formation, which is about 100 m below
the top of the Nanlinghu Formation (Fig. 3).

7. Biostratigraphy
The Lower Triassic of Chaohu contains rich ammonoids,
conodonts and bivalves throughout the Lower Triassic,
which constitute complete biostratigraphical sequences.
Marine vertebrates such as bony fishes and ichthyosaurs
as well as trace fossils are rich at some horizons. In bios-

tratigraphy Chaohu is one of few areas with both continu-
ous Lower Triassic conodont and ammonoid sequences.

Though ammonoids are very common in many horizons
of the Lower Triassic, most fossils are unfortunately pre-
served in mould without suture lines recognizable, thus
an exact specific identification is generally difficult. So
the ammonoid biostratigraphy is usually defined at a ge-
neric level (Guo and Xu, 1980; Tong et al., 2004; Tong
and Zakharov, 2004). Six ammonoid zones can be well
defined (Fig. 3) and correlated throughout South China
(Tong and Yin, 2002).

Conodonts have been retrieved from most horizons of the
Lower Triassic in Chaohu but most fossils, esp. Pa ele-
ment, are from limestones and they are relatively rare in
mudrocks. However, conodonts from the upper part of
the Lower Triassic are much less than the lower part though
they occur through all the sections. Eight conodont zones
can be well defined in the Lower Triassic of Chaohu (Fig.
3), most of which are global conodont zones proposed by
Sweet et al. (1971) except for the lower Spathian
Neospathodus n. sp. M Zone and upper Spathian N.
anhuinensis Zone established based upon the data from
Chaohu. The first conodont Hindeodus typicalis Zone
across the Permian-Triassic boundary is used here as no
Hindeodus parvus is found in the boundary strata yet.

Bivalves are very common in the strata, esp. forming
“shelly beds” in some mudrocks. They are also preserved
in mould and mostly compressed thin-shelled scallops.
Four bivalve zones can be recognized (Fig. 3), among
which the lower two zones are correlative throughout
South China while the upper two are more or less restricted
in the Lower Yangtze region.

8. Carbon isotope excursion
All three Lower Triassic sections have been continuously
sampled for carbonate carbon isotopes study. All the
curves show a very good correlation (Fig. 10). The δ13C
excursion through the Lower Triassic expresses a very
close relation to the ecological evolution in the aftermath
of the end-Permian mass extinction and environmental

Figure 9. Lower Triassic profile of the South Majiashan Section
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catastrophe. As at most Permian-Triassic boundary sec-
tions, a big negative anomaly occurs during the Permian-
Triassic transition. During the Induan the δ13C increased
steadily with only some small-scale fluctuations in the
middle time. This might correspond to a primary recov-
ery of the ecosystems predominated by some opportunis-
tic organisms (or disasters). The positive shift arrives in a
highest value around the Induan-Olenekian boundary but
the values are just a little higher than zero. Then a big
dropping happened in the early Smithian and the nega-
tive anomaly occurs in the middle Smithian. This might
indicate an extra ecological event, which extended and
even enlarged the Permian-Triassic crisis. Following this
event occurred the rapid recovery and the d13C excursion
shifts positively and firmly. The d13C values arrive high
in the early Spathian and keep for a certain time. The
gentle decrease in Chaohu during the late Spathian might
be resulted from the local tectonic setting with a regres-
sion in the region due to the collision between the Lower
Yangtze and North China blocks in the Middle and Late
Triassic.

9. Magnetostratigraphy
213 plugs for paleomagnetic polarity have been sampled
and measured, covering the whole Lower Triassic from
the topmost of the Dalong Formation to the base of the
Dongmaanshan Formation. The sample interval is gener-
ally about 1 m in the lower part and 2 m in the Nanlinghu
Formation. However, the samples are taken only in the
rocks of certain hardness, so the interval is not constant
and the resolution might not be high enough to recognize
all the polarity changes. The topmost of the Dalong For-
mation and the lowermost of the Yinkeng Formation were
sampled at the North Pingdingshan Section and the most
Yinkeng Formation was sampled at the West Pingdingshan
Section while the whole South Majiashan Section from
the upper Yinkeng Formation to the base of the
Dongmaanshan Formation was drilled.

The Permian-Triassic boundary belongs to a normal po-
larity interval. It is followed by R-N-R and the suggested
Induan-Olenekian boundary is situated close to the top of
the second normal polarity interval. The 288 m Lower
Triassic sequence is thus composed of five normal inter-

Figure 10. Lower Triassic carbon and oxygen isotopes in Chaohu and the correlation
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vals separated by reversed ones, but the uppermost one is
not well defined in chronostratigraphy as the very long
and apparently continuous section in the upper Nanlinghu
Formation and the Dongmaanshan Formation does not
have the marine biostratigraphical evidence to demonstrate
the presence of the Anisian sediments (Figs. 3, 11). The
observed inclination of the magnetic vector in the vicin-
ity of the Permian-Triassic boundary corresponds to a
paleolatitude of around 30°N.
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Introduction
This field excursion is designed to provide the partici-
pants to examine some Permian-Triassic boundary (PTB)
sections from marine neritic facies to terrestrial facies.
One neritic clastic PTB section, different from the neritic
carbonate facies such as the Meishan section, and two
terrestrial Permian-Triassic boundary (TPTB) sections will
be observed. A previously suggested section in a paralic
facies may not be visited in this excursion owing to a bad
traffic condition and the limited duration of the excursion
(Fig. 1).

General Geology
The western Guizhou (and eastern Yunnan area) was situ-
ated in the southwestern part of the Upper Yangtze Block
but close to the Kan-Dian Old-land. The sediments from
the Middle Proterozoic to the Quaternary were accumu-
lated in the area. The Middle and Late Proterozoic were
dominated by marine terrigenous clastic rocks,
interbedded with volcano-clastic and carbonate rocks,
while the strata from the Paleozoic to Upper Triassic were
mainly composed of marine carbonate rocks, occasion-
ally interbedded with clastic beds. The area has been oc-
cupied by terrestrial sediments since the late Triassic.

During the Permian-Triassic transition, the area differen-

Figure 1. Location map of the field excursion and PTB sections 1-Laibin section, 2-Zhejue section, 3-Chahe section,
4-Zhongzai section, 5-Jiaozishan section; Sections 1, 2 and 3- terrestrial facies, Section 4-neritic clastic faceis,
Section 5-nertic carbonate facies. Sections 3 and 4 will be examined in this field excursion.
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tiated in geography from marine in the east to terrestrial
in the west via a paralic facies (Fig. 2). A series of the
Permian-Triassic boundary (PTB) sections from the ma-
rine to terrestrial facies can be well observed and investi-
gated in the area.

Description of Excursion Stops
Though we may not be able to visit all the sites listed
below during this field excursion, a full list of sites is
provided here in the eventuality that sufficient time is
available or that excursion participants may wish to visit
some sites at a later date. These sites also provide ad-
equate options to study the various aspects related to the
PTB. The order of the stops described below may not
necessarily be the same as that visited during the excur-
sion, which will very much depend on weather and other
natural conditions.

Stop 1: Zhongzai Section in Liuzhi, Guizhou
Province ¾ neritic clastic PTB section
This stop is designed to allow participants to examine a
PTB sequence in neritic clastic facies, which are differ-
ent from the PTB sequence in carbonate facies, such as
the Meishan Section — the Global Stratotype Section and
Point (GSSP) of the PTB.

The Zhongzai Section is located at the north part of the
Zhongzai village (or Heilaga village), Langdai, Liuzhi
County, Guizhou Province. It is exposed by a highway
from Langdai to Zhongzai. The Upper Permian and Lower
Triassic outcrop well and the Permian-Triassic boundary
sequence is very clear. Fossils are abundant and the Per-
mian-Triassic sequence is divided into the Longtan For-
mation and Yelang Formation.

The Permian-Triassic boundary sequence at the section
is as follows:

Yelang Formation
11. Grayish green thin-bedded argillaceous-bearing silt-
stone......................................................................0.70 m

10. Grayish green thin-bedded shale.....................0.14 m

9. Brown (weathering color) thin-bedded arenaceous lime-
stone with abundant fossils. Containing bivalves: Claraia
wangi, C. wangi minior; gastropods: Polygyrina depressa;
ostracods: Hollinella tingi, Langdaia suboblonga; bra-
chiopods: Crurithyris cf. speciosa, Orbiculoidea elegans
 ...............................................................................0.06 m

8. Yellow thin-bedded montmorillonite claystone...0.03m

7. Yellow (weathering color) medium- to thin-bedded
arenaceous limestone with abundant fossils, and some gray
lenticular limestone beds. Containing bivalves: Pteria
ussurica variabilis; brachiopods: Waagenites sp.; ostra-
cods: Hollinella tingi, Langdaia suboblonga.........0.22 m

6. Yellowish white thin-bedded montmorillonite

claystone................................................................0.05 m

conformity

Longtan Formation
5. Gray thin-bedded argillaceous limestone. Containing
brachiopods: Lingula sp.......................................0.20 m

4. Yellowish green and grayish green thin-bedded calcar-
eous-bearing siltstone and silty mudstone, interbedded
with thin-bedded limestone in the upper part. Upper part
containing cephalopods: Pseudotirolites sp., Lopingoceras
lopingense; bivalves: Pernopecten guizhouensis, P. cf.
piriformis, Streblochondria? sp.; gastropods: Bellerophon
sp.; brachiopods: Haydenella kiangsiensis, Orthotetina
frechi, Spinomarginifera alphea, Waagenites barusiensis;
ostracods: Fabalicypris parva, Healdia subcircinantis,
Hollinella capacilacuna, Knoxiella langdaiensis, K.

Figure 2. Lithofacies and paleogeography in the western
Guizhou and eastern Yunnan during the Permian-Trias-
sic transition time
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xinhuaensis ........................................8.93 m

3. Grayish green thick-bedded fine sandstone. Middle part
containing bivalves: Tambanella subquadrata; bra-
chiopods: Orthotetina sp......................................9.15 m

2. Green and grayish green thin-bedded calcareous silt-
stone and silty mudstone. Top part containing bivalves:
Ensipteria intermedia, Leptodesma (Leiopteria)
guizhouensis, Palaeolima cf. dieneri, Streblochondria
zhongyingensis, Tambanella oblique, Towapteria
equicosta, T. minima.............................................6.53 m

1. Gray thick-bedded limestone, interbedded with yellow-
ish green and grayish green thin-bedded marl. Contain-
ing foraminifers: Palaeofusulina fusiformis, P.
guizhouensis, P. typicalis, Colaniella sp., Monogenerina
sp..........................................................................3.60 m

Stop 2: Chahe Section in Weining, Guizhou
Province ¾ Terrestrial PTB section
This stop is designed to allow participants to examine a
terrestrial Permian-Triassic boundary (TPTB) sequence.
At this section, a claystone bed at the Permian-Triassic
eventostratigraphical boundary was found, in which many
zircons are selected. These zircons may provide us excel-
lent materials to date the TPTB, plant fossils are abun-
dant in the Upper Permian.

The Chahe section (E 103.8°; N26.7N°) is located be-
tween milestones of 31st km and 32nd km of the highway
from the Heishitou Town to Haila in Weining County (Fig.
1). The section includes the upper part of the Xuanwei
Formation (Beds 1-70, Upper Permian to lowest Trias-
sic), the whole Kayitou Formation (Beds 71-89, lowest
Triassic) and the lower part of the Dongchuan Formation
(Beds 90-93, Lower Triassic) (Fig. 3). The Permian-Tri-
assic boundary sequence is described as follows:

Dongchuan Formation
83. Gray (purplish when weathered) thick-bedded silt-
stone, interbedded with thin-bedded argillaceous siltstone,
bearing horizontal beddings and sandy lamina-
tions.....................................................................9.50 m

82. Gray thin-bedded fine sandstone and siltstone
interbedded with purplish thin-bedded argillaceous silt-
stone and silty mudstone, fine sandstone and siltstone
spheroidally weathered.........................................4.50 m

81. Purplish thin-bedded silty mudstone interbedded with
gray laminar-bedding siltstone, with mini-scale sandy
laminations and cross-beddings............................1.50 m

conformity

Kayitou Formation(Fm)
80. Light yellowish green thin-bedded siltstone with fine
sandstone lens......................................................140 cm

79. Greyish green thin- to medium-bedded siltstone and

fine sandstone.........................................................80 cm

78. Greyish green thin- to medium-bedded siltstone and
fine sandstone, yielding sporopollen: Gleicheniidites sp.,
Periplecotriletes sp., Aratrisporites sp., Protopinus sp.,
Protohaploxypinus samoiloichiae, P. sp., Limitisporites
sp., Pityosporites sp., Taeniaesporites sp., Cycadopites
sp.; fungi spores: Inapertisporites cf. rotundus,
Diporisporites communis, Lacrimasporonites sp....55 cm

77. Yellowish green to yellow thick-bedded siltstone,
finely striated, with a few fine sandstone lens, containing
estheriid: Palaeolimnadia xuanweiensis; sporopollen:
Calamospora cf. microrugosa l, Striatites sp.,
Multicellaesporites ramiform................................110 cm

76. Yellowish green to yellow thick-bedded, fine- to me-
dium-grained lithic arkose, fining upwards gradually into
fine sandstone........................................................80 cm

75. Light yellow thick-bedded siltstone, coarsening to fine
sandstone at bottom..............................................150 cm

74. Purplish thin-bedded siltstone, yielding fungi spore:
Diporicellaesporites sp..........................................30 cm

73. Yellow thick-bedded fine lithic arkose, with fine hori-
zontal striae which are more conspicuous on transe-
ction......................................................................65 cm

72. Yellow fine arkose intercalated by thin bands of
siltston, containing purple thin-bedded siltstone at
top.........................................................................75 cm

71. Yellow thick-bedded fine lithic arkose in the lower
part, gradually altering upward into intercalations of fine
bands of yellow siltstone and fine sandstone, containing
purple siltstone bands at top.................................185 cm

Conformity

Xuanwei Formation
70. Bluish grey to yellowish thin-bedded siltstone, yield-
ing sporopollen: Cyathidites sp., Cyclogranisporites sp.,
Limatulasporites sp., Lundbladispora sp., Lunzisporites
lunzensis, Converrucosis- porites sp., Triquitrites sp.,
Yunnanospora radiata, Periplecotriletes sp.,
Polypodiidites sp., Aratrisporites sp., Verrucosisporites
sp., Limitisporites sp., Minutosaccus potoniei,
Lueckisporites sp., Protohaploxypinus samoilovichiae, P.
perfectus, P. sp., Protopinus sp., Pityosporites? sp.,
Alisporites sp., Podocarpidites multesimus,
Taeniaesporites pellucidus, Cycadopites sp.,
Perinopollenites sp.; fungi spore: Inapertisporites
rotundus..................................................................50 cm

69. Lower part: bluish grey medium-bedded argillaceous
siltstone; upper part: yellowish grey medium-bedded fine
arkose, with bedding striation at millimeter interval. Large
quantity of carbonaceous clasts distributes along bedding
planes; more than half of the plane area is occupied by
black carbonaceous fragments of various sizes and irregu-
lar shapes. It contains plants: Gigantonoclea sp.,
Neuropteridium sp., Rajahia guizhouensis Zhang;
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sporopollens: Punctatisporites pistilus Ouyang,
Lophotriletes mictus, Pluricellaesporites sp.; fern spore:
Punctatisporites pistilus Ouyang; fungi spore:
Pluricellaesporites sp............................................70 cm

68c. Yellowish green claystone................................3 cm

68b. Black and dark brown claystone, yielding
sporopollens: Triquitrites sp., Alisporites sp.; fungi spores:
Inapertisporites rotundus, I. sp., Multicellaesporites sp.,
Reticulatasporites sp...............................................5 cm

68a. Yellowish green claystone with reddish brown and
yellow speckles. It yields fungi spores: Inapertisporites
rotundus, I. sp., Multicellaesporites sp....................5 cm

67b. Yellowish green silty mudstone with remarkable
sphaeroidal weathering. The lower 20cm (67b1-3) yields
sporopollens: Punctatisporites sp., Toroisporis sp. The
upper 60cm (67b4) yields no fossil.........................80 cm

67a. Lower part: bluish grey-yellowish green medium- to
thick-bedded silty mudstone; upper part: yellowish green
medium- to thick-bedded muddy siltstone with
sporopollen: Leiotriletes sp., Punctatisporites sp.,
Toroisporis infundibulus, Triquitrites stenosis, T. sp.,
Thymospora sp., Cyclogranisporites staplin, Kraeu-
selisporites sp., Aratrisporites sp., Laevigatosporites sp.,
Samoilovitchisaccites sinensis, Alisporites communis
Ouyang, Colpectopollis pseudostriatus,

Protohaploxypinus sp.; fungi spores: Inapertisporites sp.,
Multicellaesporites sp..............................................4 cm

66h. Bluish grey claystone.....................................15 cm

66g. Black claystone, yielding plant fragments and
sporopollen: Leiotriletes sp., Punctatisporites sp.; fungi
spores: Pluricellaesporites sp., Reticulatasporites sp.,
Inapertisporites sp.....................................................8 cm

66f. Grey silty claystone, yielding plant fragments and
sporopollens: Leiotriletes pulvinulus, L. concavus, L. sp.,
Gulisporites cochlearius, Punctatisporites sp.,
Apiculatisporites variocorneus, A. sp., Thymospora meso-
zoica, Yunnanospora radiata, Converrucosisporites
capitatus, C. confractus, C. mictus, Verrucosisporites sp.,
Protohaploxypinus sp., Alisporites sp., Platysaccus sp.,
Lueckeisporites virkkiae...........................................10 cm

66e. Light greenish yellow thin- to medium-bedded argilla-
ceous siltstone and silty mudstone, yielding plant frag-
ments.....................................................................30 cm

66d. Greyish green medium-bedded medium-coarse sand-
stone with black fragments and yellow claystone pebbles.
It yields sporopollen: Leiotriletes pulvinulus Ouyang,
Converrucosisporites sp., Striatopinites sp., Protohap-
loxypinus sp..........................................................22 cm

66c. Greyish green thin-medium bedded fine

Figure 3. Upper Permian to Lower Triassic stratigraphical column of the Chahe Section
ass. assemblage, F. fluvial, Fm. formation, L. lacustrine, Ls. lake shore, no. number, Pm. palynomorph assemblage,
Seq. sequence, Sl. shallow lake, Ss. sandstone, strat. stratigraphy,
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graywacke...............................................................40 cm

66b. Dark greyish green medium-bedded siltstone with
horizontal worm-tubes...........................................35 cm

66a. Dark greyish green thin-medium bedded silty mud-
stone intercalated by irregularly distributed and elliptical
light grey claystone, yielding plants: Lobatannularia sp.,
Fascipteris sp., Neuropteridium sp., Radicites sp.;
sporopollen: Leiotriletes pulvinulus, L. concavus, L. sp.,
Gulisporites cochlearius, Dictyophyllidites discretus, D.
intercrassus, D. sp., Calamospora pusilla,
Leschikisporites sp., Laevigatosporites lineolatus, L. sp.,
Polypodiidites fuyuanensis, P. reticuloides, P. sp.,
Punctatisporites sp., Apiculatisporites variocorneus, A.
sp., Thymospora mesozoica, Yunnanospora radiata,
Converrucosisporites capitatus, C. confractus, C. mictus,
Verrucosisporites sp., Convolutispora sp., Neoraistrickia?
spanis, Reticulatisporites sp., Dictyotriletes sp., Lopho-
triletes sp., Lycospora sp., Densosporites paranulatus,
Torispora securis, Lundbladispora sp., Aratrisporites sp.,
Protohaploxypinus sp., Umbilisaccites medius,
Striatopinites sp., Cycadopites eupunctatus, C. sp.,
Anticapipollis tornatilis, Gardenasporites meniscatus,
Vittatina cf. cincinata............................................30 cm

65. Greyish green medium-bedded argillaceous siltstone,
gradually altered into silty mudstone upwards, interca-
lated by black coal seams and purple argillaceous bands
at top, yielding sporopollen: Leiotriletes sp., Pun-
ctatisporites sp., Polypodiidites fuyuanensis, Thymospora
sp., Abietineaepollenites sp....................................30 cm

64. Yellowish green-yellow thick-bedded argillaceous silt-
stone, and grey-greyish yellow mudstone at top
 55 cm

63. Bluish grey-yellowish, medium-bedded argillaceous
siltstone, and dark grey-greyish green silty mudstone at
top, yielding plant: Gigantopteris cf. dictyophylloides;
sporopollen: Macrotorispora gigantea..................55 cm

62. Bluish grey—light muddy yellow, thick-bedded
argillaceous siltstone, and bluish grey-greyish white mud-
stone at top, yielding sporopollen: Punctatisporites sp.,
Cyclogranisporites sp. ..........................................50 cm

61. Bluish grey-yellowish, thick-bedded argillaceous silt-
stone, and bluish grey-greyish white mudstone at top,
yielding sporollens: Leiotriletes sp., Laevigatosporites
vulgaris, Protohaploxypinus sp...........................105 cm

60. Composed of four cycles in ascending order. (1): grey-
ish yellow-bluish grey, thick-bedded siltstone with black
carbonaceous fragments in the lower part and bluish grey
thin-bedded argillaceous siltstone with more carbonaceous
fragments in the upper; (2) greyish yellow thick-bedded
fine-grained lithic arkose with small scale wedge-shape
cross bedding in the lower part, and yellow-greyish white
silty mudstone in the upper; (3) yellow thick-bedded silt-
stone with plant fragments in the lower part, and grey
silty mudstone in the upper; and (4) bluish grey thin-bed-
ded siltstone in the lower part and grey silty mudstonein

the upper. Yielding plants: Compsopteris sp.,
Gigantonoclea sp., Pecopteris sp.; sporopollen:
Leiotriletes sp., Gulisporites cochlearius, Dictyo-
phyllidites mortoni, D. sp., Densosporites playfordii,
Punctatisporites latilus, P. sp., Cyclogranisporites cf. con-
gestus, Acanthotriletes microspinosus, Apiculatisporis
variocorneus, A. sp., Apicalatasporites nanus, Verruco-
sisporites sp., Converrucosisporites sp., Torispora sp.,
Thymospora cf. mesozoica, T. sp., Yunnanospora radi-
ata, Cycadopites sp., Lueckisporites sp., Ephedripites sp.,
Cordaitina uralensis, Alisporites sp.....................190 cm

59. Composed of two cycles. Lower cycle: bluish grey-
yellow thick-bedded fine-grained arkose in the lower part,
andbluish grey-yellow thick-bedded siltstone in the up-
per with rich plant fragments; and Upper cycle: dark green
thin-bedded fine-grained lithic sandstone with large quan-
tity of black carbonaceous fragments of irregular shapes
and various sizes, and greyish yellow thin-bedded mud-
stone in the upper.................................................135 cm

58. Greyish yellow thick-bedded fine-grained arkose, and
greyish yellow thin-bedded argillaceous siltstone at top,
with fine horizontal bedding, containing plant:
Compsopteris contracta.........................................40 cm

57. Composed of two similar cycles. Lower part: greyish
yellow medium- to thick-bedded fine- to medium- grain-
ed arkose; upper part, bluish grey thin-bedded siltstone,
yielding sporopollen: Tuberculatosporites impistus,
Polypodiidites sp.................................................255 cm

56. Bluish grey to greyish yellow medium- to thick-bed-
ded siltstone, yielding plant: Stigmaria sp., fungi spores:
Inapertisporites rotundus, Pluricellaesporites sp....270 cm

Biostratigraphy of fossil plants
33 species of 19 genera of fossil plants have been discov-
ered at the Chahe Section, distributed in 19 beds from
Bed 1 to Bed 69, all belonging to upper Xuanwei Forma-
tion. Percentage of different groups is shown in Table 1.
It is noteworthy from Table 1 that plant diversity and its
stratigraphic distribution of both Chahe and nearby (ca.
20km SE) Zhejue Sections (Fig.1) are almost the same,
which implies that the plant diversity and distribution at
the Chahe Section may be somewhat representative of the
P-T interval in this area. Main elements are Annularia
shirakii, Cladophlebis permica, C. fuyuanensis,
Compsopteris contracta. Lobatannularia multifolia, L.
heianensis, Lepidodendron lepidophloides,
Gigantonoclea guizhouensis, Gigantopteris dictyophyl-
loides, G. nicotianaefolia, G. guizhouensis,
Neuropteridium coreanicum, Pecopteris guizhouensis,
Rajahia guizhouensis. They are attributed to the South
China Subregion of the Late Cathaysian Flora, which is a
typical Late Permian littoral swamp flora under humid
tropical weather, similar to recent tropical forest (Li et
Wu, 1994; Li, 1995).

Stratigraphical distribution of the plant fossils of both
Chahe and Zhejue Sections shows a tripartite pattern
(Fig.3). In ascending order, the first assemblage (Beds 1-
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Table 1. Fossil distribution in the Permian-Triassic boundary strata at the Chahe Section 

Age Fm Bed no. Plant fossil, Sporopollen, Fungi 

81 Sporo-pollen: Bactrosporites sp., Lacrimasporonites sp. 

78 

Sporo-pollen: Gleicheniidites sp., Periplecotriletes sp., Aratrisporites sp., Protopinus sp., Protohaploxypinus 

samoilovichii, Limitisporites sp., Pityosporites sp., Taeniaesporites sp., Cycadopites sp. 

Fungi: Inapertisporites cf. rotundus, Diporisporites communis, Lacrimasporonites sp. 

77 Sporo-pollen: Calamospora cf. microrugosa, Striatites sp. Fungi: Multicellaesporites ramiform 

K
ay

it
o

u
 

74 Fungi: Diporicellaesporites sp. 

70 

Sporo-pollen: Cyathidites sp., Cyclogranisporites sp., Limatulasporites sp., Lundbladispora sp., Lunzisporites 

lunzensis, Converrucosisporites sp., Triquitrites sp., Yunnanospora radiata, Periplecotriletes sp., Polypodiidi-

tes sp., Aratrisporites sp., Verrucosisporites sp., Limitisporites sp., Minutosaccus potoniei Mädler, Luecki-

sporites sp., Protohaploxypinus samoilovichiae, P. perfectus, P. sp., Protopinus sp., Pityosporites?sp., Ali-

sporites sp., Podocarpidites multesimus, Taeniaesporites pellucidus, Cycadopites sp., Perinopollenites sp. 

Fungi: Inapertisporites rotundus 

69 
Plant fossil: Gigantonoclea sp., Neuropteridium sp., Rajahia guizhouensis Sporo-pollen: Punctatisporites 

pistilus Lophotriletes mictus Fungi: Pluricellaesporites sp. 

68b Fungi: Inapertisporites rotundus, I. sp., Multicellaesporites sp., Reticulatasporites sp. 

T
ri

as
si

c 

68a Fungi: Inapertisporites rotundus, I. sp., Multicellaesporites sp. 

67b1-3 Sporo-pollen: Punctatisporites sp., Toroisporis sp.  

67a 

Sporo-pollen: Leiotriletes sp., Toroisporis infundibulus, Punctatisporites sp., Triquitrites stenosis T. sp., 

Thymospora sp., Aratrisporites sp., Cyclogranisporites stapling, Kraeuselisporites sp., Laevigatosporites sp., 

Samoilovitchisaccites sinensis, Alisporites communis, Colpectopollis pseudostriatus, Protohaploxypinus sp. 

Fungi: Inapertisporites sp., Multicellaesporites sp. 

66g 
Sporo-pollen: Leiotriletes sp., Punctatisporites sp. Fungi: Pluricellaesporites sp., Reticulatasporites sp., 

Inapertisporites sp 

66f 

Sporo-pollen: Leiotriletes pulvinulus, L. concavus, Gulisporites cochlearius, Punctatisporites sp., Apiculati-

sporites variocorneus, Thymospora mesozoica, Yunnanospora radiata, Converrucosisporites capitatus, C. 

confractus,, C. mictus, Verrucosisporites sp., Protohaploxypinus sp., Alisporites sp., Platysaccus sp., Lueckei-

sporites virkkiae, 

66d Sporo-pollen: Leiotriletes pulvinulus, Converrucosisporites sp., Striatopinites sp., Protohaploxypinus sp. 

66a 

Plant fossil: Lobatannularia sp. Fascipteris sp. Neuropteridium sp. Radicites sp. 

Sporo-pollen: Leiotriletes pulvinulus, L. concavus, Gulisporites cochlearius, Dictyophyllidites discretus, D. 

intercrassus, Calamospora pusilla, Leschikisporites sp., Laevigatosporites lineolatus, Polypodiidites fuyuan-

ensis, P. reticuloides, Punctatisporites sp., Apiculatisporites variocorneus, Thymospora mesozoica, Yunnanos-

pora radiata, Converrucosisporites capitatus, C. confractus, C. mictus, Verrucosisporites sp., Convolutispora

sp., Neoraistrickia? spanis,Reticulatisporites sp., Dictyotriletes sp., Lophotriletes sp., Lycospora sp., Densos-

porites paranulatus, Torispora securis, Lundbladispora sp., Aratrisporites sp., Protohaploxypinus sp., 

Umbilisaccites medius, Striatopinites sp., Cycadopites eupunctatus, Anticapipollis tornatilis, Gardenasporites 

meniscatus, Vittatina cf. cincinata 

65 
Sporo-pollen: Leiotriletes sp., Punctatisporites sp., Polypodiidites fuyuanensis, Thymospora sp., Abietineae-

pollenites sp. 

63 Plant fossil: Gigantopteris dictyophylloides, Macrotorispora gigantea 

62 Sporo-pollen: Punctatisporites sp., Cyclogranisporites sp. 

61 Sporo-pollen: Leiotriletes sp., Laevigatosporites vulgaris Protohaploxypinus sp. 

60 

Plant fossil: Compsopteris sp., Gigantonoclea sp., Pecopteris sp. 

Sporo-pollen: Leiotriletes sp., Gulisporites cochlearius Dictyophyllidites mortoni, Densosporites playfordii, 

Punctatisporites latilus, Cyclogranisporites cf. congestus, Acanthotriletes microspinosus Apiculatisporis 

variocorneus, Apicalatasporites nanus, Verrucosisporites sp., Converrucosisporites sp., Torispora sp., 

Thymospora cf. mesozoica, Yunnanospora radiata, Cycadopites sp., Lueckisporites sp., Ephedripites sp., 

Cordaitina uralensis, Alisporites sp. 

P
er

m
ia

n
 

X
u

an
w

ei
  

58-57 Plant fossil: Compsopteris contracta Sporo-pollen: Tuberculatosporites impistus, Polypodiidites sp. 

 

 38 of Chahe, Beds 1-23 of Zhejue) yields the most diver-
sified flora (28 species at Chahe; 21 species at Zhejue),
dominated by filices and pteridosperms. Lycopsids and
sphenopsids played considerable role. In the second as-
semblage (Beds 39-69 of Chahe; Beds 24-49 of Zhejue)
the dominants were the same but floral diversity decreased
(11 species at Chahe; 20 species at Zhejue) and sphenop-
sids almost disappeared. It is notable that in both sec-
tions, the upper part of first assemblage and the lower
part of second assemblage constituted an interval with
least diversity while lycopsids played considerable role.
Li (1995) subdivided the Late Cathaysian (Late Permian)

Flora of South China into an early (Longtanian =
Wuchiapingian) Gigantopteris nicotianaefolia-
Lobatannularia multifolia-Schizoneura manchuriensis
Assemblage and a late (Changhsingian) Gigantonoclea
guizhouensis-Ullmannia cf. bronnii-Annularia
pingloensis Assemblage. Locally in the Wumongshan re-
gion of western Guizhou where the Chahe and Zhejue
Sections are located, the late (Changhsingian) plant as-
semblage was named the Ullmannia bronii-Gigantopteris
dictyophylloides Assemblage (Bureau of Geol. Min. Res.
Guizhou Prov., 1987). Fossil plants at Chahe and Zhejue
belong to this late assemblage, which differs from the early
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one by remarkably decreased diversity. G. dictyophylloides
is quite abundant at these two sections, while U. bronnii
usually appears at more littoral sections. Noteworthy is
that the members of this flora appear up to Bed 69 at
Chahe, above the presumed PTB (Bed 67b3).

In the third assemblage (Beds 70-93 of Chahe; Beds 50-
56 of Zhejue), the Cathaysian Flora has already become
extinct. No identifiable plant remains have been discov-
ered at Chahe. However at Zhejue, in Bed 56 of the lower
Kayitou Fm have been revealed Compsopteris cf.
contracta, Gigantonoclea sp., Pecopteris sp., Cordaites
principalis and Taeniopteris sp. In Yunnan-Guizhou re-
gion, relicts of Gigantopteris flora have been reported to
survive onto earliest Triassic (Nanjing Institute of Geol-
ogy and Paleontology, 1980), which is reconfirmed by
our work as well. Occurrence of these relicts of the
Cathaysian Flora in Kayitou Fm indicates that, unlike most
marine biota, relicts of paleophytes could survive into
Mesozoic.

Biostratigraphy of palynomorphs
Of the total 93 beds of Chahe section, 55 beds yield
palynomorphs. 5 assemblage zones of palynomorphs have
been subdivided in ascending order (Fig. 3), of which the
described Beds 58-78 contain three (Table1). They are
indicated as follows:

The 1st Assemblage Zone (Beds 1-34):
Cyclogranisporites-Thymospora-Punctatisporites Assem-
blage Zone (abbreviated).

The 2nd Assemblage Zone (Beds 35-43): Assemblage
zone of abundant fungi spores (abbreviated).

The 3rd Assemblage Zone (Beds 44-67b3): Leiotriletes-
Triquitrites- Laevigatosporites Assemblage Zone.

The 4th Zone with scanty palynomorphs (Beds 67b4-69):
characterized by low plants as shown by molecular fossil
analysis.

The 5th Assemblage Zone (Beds70-81): Lundbladispora-
Limatusporites-Taeniaesporites Assemblage Zone.

In brief comparison with the megaphyte sequence, the 1st
palynomorph assemblage corresponds to the 1st plant as-
semblage, the 2nd or fungi spore assemblage corresponds
to the less diversified interval characterized by lycopsids,
the 3rd palynomorph assemblage corresponds to the 2nd
plant assemblage, the short-lived 4th palynomorph assem-
blage has no reflection in plant, and the 5th one corre-
sponds to the 3rd plant assemblage.

Although the fungi-flourishing 2nd Assemblage Zone
implies somewhat peculiar environment, the three lower
zones below Bed 67b3 together denote a Late Permian
age with index fossil Lueckisporites. Assemblage Zones
1 and 3 have much in common and represent normal and
abundant plant community. The late Permian spore-domi-
nated assemblage extends up to Bed 67a and 67b3 and
then disappear. Like the 1st zone, the 3rd zone is domi-
nated by spores of filices and pteridosperms (>70%), with

gymnosperm pollens ca. 10% and fungi spores <10%.
Such taxonomic proportion is identical with correspond-
ing fossil plant assemblages and both denote paleophytic
rather that mesophytic aspect.

In the 4th zone at Chahe (Beds 67b4-69), both sporopollen
and fungi spores are only sparsely discovered. However
at the nearby Zhejue section, the same interval (boundary
beds of Beds 47-50) contains abundant fungi spores, ac-
counting for more than 90% of the total palynomorph
grains discovered therein, and thus comprises a fungi-
dominated assemblage zone (Peng et al., 2003). Main
fungi spores at Zhejue are Reduviasporonites
(Tympanicysta), Inapertisporites, Dicellaesporites,
Multicellaesporites and Staphlosporonites. This corre-
sponds to the PTB fungi spike discovered throughout the
world and represents the PTB (Eshet et al., 1995), although
at Meishan fungi distributed much wider in stratigraphic
column and did not show such a spike (Ouyang and Utting,
1990). Research on molecular fossils accords with
palynomorph results. Beds 67-69 at Chahe are character-
ized by the dominance of low-carbon-numbered alkanes
(<C21) against high-carbon- numbered alkanes (>C22),
higher C21-24/C21-33 alkanes ratio and strengthened vibra-
tion of STN/HP ratio (Xie Shucheng, pers. comm.). Low-
carbon-numbered alkanes mainly derive from low plants
such as fungi and algae. Higher C21-24/C21-33 ratio may re-
flect existence of submerged macrophytes or bryophytes
(Xie et al., 2001). ATN mainly relate to eucaryotes while
hopanes (HP) mainly relate to prokaryotes, so vibration
of STN/HP ratio implies alternation between eucaryotes-
prevailing and prokaryotes-prevailing environments.
Hence, molecular record of the 4th Assemblage Zone of
Chahe tells the abundance of procarya, low plants and
probably bryophytes instead of higher plants.

The Assemblage Zone 5 (Beds 70-81) displays disparate
pattern of palynomorphs from Assemblage Zones 1 and
3. Contents of its gymnosperm pollens exceeds those of
fern spores and becomes the dominate elements, and Early
Triassic index fossils Aratrisporites (Bed 78),
Lundbladispora and Taeniaesporites (Beds 70 and 78)
appear, which indicate that this zone belongs to Early
Triassic and can be correlated with synchronous assem-
blage in Junggar Basin (Ouyang and Norris, 1999).

According to palynomorphs, the PTB should be located
between Assemblages 3 and 5, i.e., at the level of Assem-
blage 4. Similar palynomorph assemblages have been
described in Fuyuan County of the adjacent Yunnan Prov-
ince (Ouyang, 1986). Together they comprise a flora typi-
cal of the P/T interval of Sichuan-Yunnan Oldland.
Palynomorphs of the Chahe Section are also correlatable
with those from the P/T transitional beds of the Junggar
Basin, Xinjiang (Ouyang and Norris, 1999). An alterna-
tive boundary could be the base of Bed 71, i.e. the bound-
ary between Kayitou and Xuanwei Fms. This was the tra-
ditional P/T boundary and the Gigantopteris flora ex-
tended up to Bed 69. However this alternative does not
accord with the palynomorph zonation, isotope age and
PTBST character stated above.
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Boundary Clay Beds
Analysis of clay minerals (Fig. 4): Eight claystone beds
at the Chahe Section have been investigated (Zhang et
al., 2004). They are Beds 21, 21, 30, 63, 66f, 68a and
68c. Results are listed in Table 2.

From Table 2 the following conclusions can be drawn:

1. Only Beds 66f and 68a, c yield zircon and ˜-quartz,
which are typical volcanogenic minerals especially in the
PTB strata of South China. But they are not found in the
other clay beds.

2. As in other PTB sections of South China, the
volcanogenic clay beds, notably Beds 66f and 68a, c, are
mainly composed of mixed layers of illite and montmo-
rillonite.

Besides, among these beds Beds 66f, 68a and 68c show
peculiar oxide and trace element contents: for Bed 66f
highest TFe2O3, SiO2, Cr, and lowest Al2O3, Zr; for Beds
68a and 68c highest K2O, MgO, MnO and lowest TiO2,
Cr, Co (Zhang et al., 2004). Geochemical anomalies were
also detected in the boundary clay beds of Meishan (Chai
et al., 1992).

The similarity of PTB clay bed composition and origin
between Chahe and Meishan, as well as other sections in
South China, provides a convincing evidence for accu-
rately locating the PTB level at the Chahe Section.

Carbon isotope (δδδδδ13Corg)
The δ13Corg curve around the Permian-Triassic interval of
Chahe section is shown on the right column of Fig. 3. The
samples were collected at 10 cm interval, but densified to
2-5 cm interval at the boundary—Bed 67. Analysis was
made by the MAT-251 Mass Spectrometer at the Isotope
Laboratory of China University of Geosciences. Analysis
precision of the MAT-251 MS: σ ±0.03‰; sample prepa-
ration precision: σ ±0.1‰; standard error of the sample
analysis: σ ±0.1‰. Unlike in marine sequences, the re-
sult does not show a general decrease of δ13Corg value near
the boundary. Rather the whole curve is relatively smooth
with minor oscillations around -25‰. There are four small

(2-3‰) negative excursions in Bed 67 and 68 (upper clay
bed), but the strong excursions happen at the two ends of
the curve (Beds 61 and 71).

Previous researches in terrestrial PTB sequences of
Gondwana show large multiple negative excursions of
δ13Corg separated by sharp positive excursions and distrib-
uted in a thickness of 20 m or more (de Wit et al., 2002).
On the other hand, a δ13Ccarb curve in Karoo Basin shows
a single negative excursion down to near -16‰ (McLeod
et al., 2000). The Chahe curve is dissimilar with either of
them. However there is the possibility that the curve length
(thickness) may be not long enough to display these spikes.
Its mean value around -25‰, like that of the Gondwanan
sequences, is within the range of modern C3 plants. Any-
way, no single δ13C excursion occurs at the PTB of Chahe.
We agree with de Wit et al. (2002) that we should caution
against models of the P/T extinction based on singular
event (Jin et al., 2000; Becker et al., 2001).

Isotope Dating
Samples of zircon were collected from the two PTBST
volcanogenic clay beds (Beds 66 and 68) of Chahe, but
only two samples, from Bed 68a (GWC68-xia) and 68c
(GWC68-shang) respectively, can be dated. The 5 zircon
grains from 68a were all light yellow transparent
automorphic crystals, 2 short columnar, 1 long columnar
and 2 finely elongated columnar; the 4 zircon grains from
68c were also light yellow transparent automorphic, 1
short columnar and 2 finely elongated columnar, while
the 4th grain obtained a deviated age and was not taken
into account. They are all formed under magmatic crys-
tallization (Zhang et al., 2004).

Pb/U isotope dating of the zircons were measured by Dr.
Li Huiming at the Tianjin Institute of Geology and Min-
eral Resources, using a VG534 TIMS (Thermo-Ioniza-
tion Mass Spectrometer). Chemical and ID (Isotope Di-
lution TIMS) procedures are conventional. Data process-
ing and chart plotting were made with software ISOPLOT
of the Berkeley Geochronological Center. Results of both
samples (except the 4th one of 68c) fall within the 206Pb/
238U-207Pb/235U Concordia, which mean that enclosed sys-
tem sustained since the formation of zircons without Pb

Table 2. Clay mineral and their contents in the clay beds of the Chahe Section 

Bed Sample no. Clay mineral and their contents 

(ill., illite; mont., montmorillonite) 
Zircon and -

quartz 

68c GWC-68c Mixed ill./mont.(85%) + mont.(10%) + chlorite 5%  no 

68a GWC-68a Mixed ill./mont. 70% + mont. 25% + chlorite (5%) yes 

66f GWC-66f Mixed ill./mont. 70% + mont. 25% + chlorite 5%  yes 

63 GWC-63 chlorite 100%  no 

30 GWC-30 kaolinite 80% + chlorite 20%  no 

28 GWC-28 kaolinite 60% + chlorite 40%  no 

22 GWC-22 kaolinite 55% + chlorite 45%  no 

21 GWC-21 kaolinite 55% + chlorite 45%  no 
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loss or gain. The results were convincing. Five zircon
grains of Bed 68a yield an Pb/U isochron age of 252.6±2.8
Ma, while three zircon grains of Bed 68c yield an Pb/U
isochron age of 247.5±2.8 Ma. The average age for Bed
68 is 250.0±2.8 Ma. This age accords with the upper
claybed (Bed 28) age of Meishan and the eruption age of
Tunguss Basalt, and is so far the most accurate age ob-
tained from terrestrial PTB.

Conclusions
1. The PTBST, characteristic of the GSSP section of
Meishan and widespread in marine PTB sequences of
South China, is also recognized at Chahe (Beds 66f—
68c). As in the marine sequences, this PTBST is a tripar-
tite set, lithologically consisting of an underlying (Bed
66f) and an overlying (Bed 68c) volcanogenic clay bed
and a sandwiched bed (Bed 67). At the terrestrial Chahe
section this sandwiched Bed 67 is siltstone instead of lime-
stone at Meishan (Bed 27). The gradual replacement from
limestone (Anshun, central Guizhou) to sandy limestone
(Zhongzai, littoral facies in centro-western Guizhou) and
finally to terrestrial siltstone at Chahe has been traced.
This event boundary is also confirmed by isotope age,
sedimentary, floral and molecular fossil changes. Thus in
comparison, Bed 67 of Chahe corresponds to Bed 27 of
Meishan, and the terrestrial PTB should lie somewhere
within Bed 67b. Accurately speaking, the PTB should be
above Bed 67b3, the LAD of Permian palynomorph zone
III, and below Bed 68a, c, the upper volcanogenic claybed.
The interval is less than 80cm, which is so far the highest
accuracy in terrestrial PTB. The boundary is tentatively
set at the base of Bed 67b4. Age of the PTB should be
between 247 and 253 ma, averaged as 250 Ma.

2. Biostratigraphic research confirms the above statement.

Plant fossils show high diversity and abundance below
the PTBST, and both abruptly decrease above the PTBST.
Relicts of Gigantopteris flora survived up to Bed 69 and
then became wholly extinct. Sporopollens are dominated
by fern spores of Permian nature below the PTBST, and
replaced by gymnosperm pollens of Triassic nature above
the PTBST. At Chahe the PTBST itself bears rare fern
and fungi spores, but at the nearby Zhejue Section, the
same PTBST is characterized by the abundance of fungi
spores, which constitutes the special 4th zone inserted
between the underlying spore and overlying pollen zones,
corresponding to the fungi spike widespread over the
world.

3. Based on X-ray diffraction analysis, electronic scan-
ning analysis and X-fluorescent spectrometer analysis, it
has been proved that the boundary clay beds (66f and
68a,c) are composed of mixed illite-montmorillonite lay-
ers analogous with the boundary clay beds at Meishan,
and that they contains typical volcanogenic minerals such
as bipyramid γ-quartz and zircon just as at Meishan.
Sphaerules has been reported at PTB of the nearby Zhejue
section (Wang and Yin, 2001b).

4. The Changhsingian-Lower Triassic sequence of Chahe
accords with those at Meishan and in whole Yangtze,
which means that the whole South China experienced same
sea level change during that interval. Different from
Xingjiang and South Africa, the facies sequence of Chahe
Section at Permian-Triassic transition (Beds 56-80) deep-
ened and fined upward. This warns us that shallowing
and coarsening upward is not a generalized case at Per-
mian-Triassic transition.
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Figure 4 Volcanogenic minerals of the boundary claybeds
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Tectonic setting of south China

The Nanpanjiang basin has the longest marine history
of any basin in China, having been the site of marine
sedimentation during most of the Late Proterozoic
through Late Triassic (Enos, 1995). During the Permian
and Triassic the Nanpanjiang basin formed a deep-
marine embayment in the southern margin of the south
China block (fig.1).

The south China block includes the Yangtze craton and
south China fold system (fig. 1). Most authors have con-
sidered the south China block a single continental plate
that stabilized in the Proterozoic or Early Paleozoic
(Huang, 1978; Lin et al., 1985; Yang et al., 1986; Chen et
al. 1991; Gilder et al., 1995; Metcalfe, 1996; Li, 1998;
Tan et al., 2000). In contrast Hsu et al. (1988, 1990) pro-
posed that the south China fold system is a separate tec-
tonic block, the Huanan terrane that united with the
Yangtze craton during the Late Triassic Indosinian orog-
eny.  This hypothesis has received a great deal of criti-
cism (Gupta, 1989; Rodgers, 1989; Rowley et al., 1989;

Abstract - The Nanpanjiang basin occurs in the southern margin of the south China plate. Marine sedimentation
dominated from the Late Proterozoic to the Late Triassic when siliciclastic turbidites filled the basin and sedimenta-
tion regionally shifted to fluvial deposition. Permian and Triassic carbonate strata record a long history of platform
evolution and include diverse architectures and evolutionary histories that reflect the impact of local depositional
environments, rates of  siliciclastic flux and accelerating tectonic subsidence as the basin experienced tectonic con-
vergence and foreland basin development in the Triassic.

The Triassic margin of the Yangtze platform that rims the basin extends in a sigmoidal SW/NE trend from Yunnan
through Guizhou.  Several isolated platforms, including the Great Bank of Guizhou and the Chongzuo-Pingguo
platform, occur within the basin in southern Guizhou and Guangxi.  The basin expanded in the Late Permian during
a regional transgression. The Yangtze platform and isolated platforms evolved from low-angle ramps with oolite
margins in the Early Triassic to steepening Tubiphytes reef margins in the Middle Triassic (Anisian). Basin-wide shift
from ramp to steepening-margins was stimulated by the evolution of Tubiphytes and other organisms that stabilized
platform margins.  The western Yangtze platform (Guanling and Zhenfeng) and the northernmost isolated platform
(the Great Bank of Guizhou) aggraded in the Anisian and developed high-relief escarpments during the Ladinian. At
the same time the eastern sector of the Yangtze platform (Guiyang) evolved from an erosionally collapsed margin to
a progradational margin that advanced basinward at least 600 m over basin filling clastics. The western Yangtze
platform was drowned and buried by turbidites in the Late Triassic (Carnian) whereas shallow-water carbonate sedi-
mentation continued until burial by siliciclastics in the eastern sector.  The isolated platforms exhibit a north to south
pattern of greater longevity in the north, step-backed margins and pinnacle development in the south, and earlier
drowning and burial by siliciclastics in the south.  These differences resulted from faster subsidence rates in the
southern part of the basin caused by tectonic convergence along the southern margin of the south China plate.

The Great Bank of Guizhou has the longest history of the isolated carbonate platforms in the basin. A faulted syncline
exposes a continuous two-dimensional cross section through the platform interior and margins, thus facilitating a
detailed assessment of its architecture and depositional history. Conformable Permian-Triassic boundary sections,
and thick, continuously exposed sections through the Early to Middle Triassic biotic recovery interval make this
platform an ideal area for evaluating the marine environments and biotic conditions that operated during the end-
Permian extinction and its aftermath.

Figures 11-18 are found in the guide for field excursion 2
p. 167-184 this volume
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Tan et al., 2000) and would imply that a suture runs
through the northern part of the Nanpanjiang basin (fig.
1). The stratigraphic similarities among carbonate plat-
forms developed across the basin as well as similarities in
subsidence histories (Koenig et al., 2001) support the in-
terpretation of a south China block that has been unified
since the Early Paleozoic and argue against Triassic su-
turing of the south China fold system.

The south China block is bordered on the north by the
Qingling-Dabie orogenic belt, a suture between the north
and south China blocks (fig. 1; Metcalf, 1996; among
many others). To the northwest it is bounded by the
Songpan-Ganzi fold system interpreted to be a remnant
oceanic basin filled with Triassic flysch during suturing
of the south and north China blocks (Ingersoll et al., 2003).
The south China block is bordered on the south and south-
west by the Ailaoshan and Songma/Songda faults which
have been interpreted as suture zones bounding the Siamo-
Sibumasu and Indochina plates respectively (fig. 1;
Klimetz, 1983; Zhang et al., 1984; Wang, 1988; Metcalf,
1996).

Plate reconstructions indicate that the south China block
rifted from the northeast margin of Gondwanaland prob-

ably adjacent to Australia during the Devonian (Metcalf,
1996), drifted northward across the Eastern Tethys, cross-
ing the equator during the Permian to approximately 120

N latitude by the beginning of the Middle Triassic, and
eventually docked with the north China plate along the
Qinling suture during the Late Triassic (Klimetz, 1983;
Sengör, 1987; Enkin et al., 1992; Van-der-Voo, 1993,
Enos, 1995; Li, 1998; Paul Montgomery, 2002, unpub-
lished paleomagnetic results from southern Guizhou).
Controversy regarding whether the north and south China
blocks docked instead during the Early Paleozoic (cf.
Mattauer et al., 1985; Zhang et al., 1997) seems to have
been reconciled with a tectonic model that includes ear-
lier docking of a terrane along the northern Qinling fol-
lowed by Late Triassic docking of south China along the
southern Qinling (cf. Sun and Li, 1998 and Meng and
Zhang, 1999).

The Siamo-Sibumasu and Indochina blocks converged
upon and collided with the southern margin of the south
China block sometime during the Late Paleozoic or Tri-
assic (Klimetz, 1983; Zhang et al., 1984; Wang, 1988;
Fan and Zhang, 1994; Metcalf, 1996, 2002).  There has
been controversy as to the timing of suturing of Indochina
and the Siamo-Sibumasu blocks to south China and as to

110
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Figure 1: Tectonic map illustrating cratonic blocks (plates) of south China, interpreted suture zones and extent of the
Nanpanjiang basin and Yangtze platform. South China block includes Yangtze craton and south China fold belt.
Modified from Sun Shu et al., 1989. Inset, upper right illustrates global plate reconstruction and position of south
China block (SC) in Early Permian. Modified from Metcalfe, 1996.
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whether the Songma/Songda fault zone represents a su-
ture (Findlay and Trinh, 1997). Most authors have inter-
preted suturing and collision along the Ailaoshan and or
Songma/Songda zones during the Triassic Indosinian
orogeny (Klimetz, 1983; Zhang et al., 1984; Wang, 1988;
Sengör et al., 1987; Fan and Zhang, 1994; Carter et al.,
2001). Others have interpreted Paleozoic docking of
Indochina and south China (Hutchinson, 1989; Metcalf,
1996, 2002; Findlay and Trinh, 1997).  The Ailaoshan
and Songma/Songda zones are exceedingly complex.
They may include a history of docking of smaller Late
Paleozoic terranes (cf. Metcalfe, 2002), as well as having
been involved in Triassic convergent tectonism and meta-
morphism (cf. Lepvrier et al., 1997; Lacassin et al., 1998);
finally they were overprinted by extensive Cretaceous-
Tertiary shearing and metamorphism associated with In-
dia-Asia collision (cf. Tapponier et al., 1990; Lepvrier et
al., 1997). Although Indosinian convergence and arc de-
velopment along the Songma/Songda in the south remains
controversial, several observations in the Triassic record
support this interpretation:  1) The patterns of greater lon-
gevity of carbonate platforms in the northern part of the
basin (e.g. Permian-Carnian of the Great Bank of Guizhou)
and shorter history, earlier drowning and stepback of plat-
forms in the southern part of the basin (fig.  2-5), 2) ear-
lier onset of accelerating subsidence and greater subsid-
ence rates in the southern part of the basin (fig. 6; Koenig
et al., 2001) and 3) thickening felsic volcanics in the south-
ern part of the basin (Newkirk et al., 2002).

The Nanpanjiang basin is embayed by the Yangtze plat-
form, a vast platform of primarily shallow-marine depo-
sition that stretches across much of the south China block
(fig. 1) (Wang, 1985; Yang et al., 1986; Liu and Xu, 1994;
Enos, 1995; Xu Qiang, et al., 1996; Xu Xiaosong, et al.,
1996). During the long history of marine sedimentation
from Proterozoic to Late Triassic, the Yangtze platform-
Nanpanjiang basin system of Guizhou and Guangxi un-
derwent several important phases of tectonic reorganiza-
tion.

The south China block (Yangtze Craton) stabilized as a
cratonic block during the Neoproterozoic Yangtze orog-
eny, which was followed by stable cratonic sedimenta-
tion during the end of the Proterozoic (Sinian) and Early
Paleozoic (fig. 6; Huang, 1978; Ren et al., 1987; Metcalf,
1996).  In Guizhou and Guangxi the Proterozoic base-
ment is unconformably overlain by Neoproterozoic (Early
Sinian) glacial and glacial-marine deposits followed in
the Late Sinian and Cambrian by shallow and deep ma-
rine clastics marking transgression and initiation of pas-
sive margin development (Guangxi Bureau, 1985;
Guizhou Bureau, 1987). Early Paleozoic facies are domi-
nated by mature clastics and shallow-marine carbonates,
indicating the development of a vast and longstanding
passive continental margin (fig. 6; Wang, 1985).

The region became tectonically active during the Early
Devonian Guangxi orogeny, resulting in development of
a basinwide unconformity and the regional absence of
basal Devonian sediments (fig. 6; Guangxi Bureau, 1985;

Guizhou Bureau, 1987; Xie et al., 1984). The
unconformity bevels strata down to the Cambrian in south-
ern Guangxi (unpublished regional stratigraphic data;
Geological Survey of Guangxi). Regional tectonic syn-
theses have inferred extensional block faulting associated
with the Devonian orogeny. The Guangxi orogeny has
been widely attributed to a phase of extensional deforma-
tion impacting the region (Guangxi Bureau, 1985;
Guizhou Bureau, 1987; Xie et al., 1984; Huang, 1978;
Qing et al. 1991; Xu Xiaosong, et al., 1996). Plate recon-
structions indicate the Early Devonian deformation and
uplift probably resulted from the rifting of the south China
block from Gondwanna (cf. Metcalf, 1996).

Passive-margin conditions resumed in the Late Paleozoic
with widespread development of shallow-marine carbon-
ate sedimentation in the Yangtze platform in Guizhou and
around the eastern periphery of the Nanpanjiang basin in
Guangxi (Wang, 1985; Enos, 1995; Xu Xiaosong, et al.,
1996). Regional paleogeographic reconstructions have
indicated the existence of isolated carbonate platforms
developed within the basin in Guangxi during the Devo-
nian (Xie et al., 1984; Wang 1985; Xu Xiaosong, et al.,
1996).

Several authors have speculated that horst blocks formed
in the Devonian set up the structural grain for the nucle-
ation of isolated carbonate platforms that developed in
Guizhou and Guangxi (cf. Xie et al., 1984; Qing et al.,
1991). Regional mapping demonstrates that the margin
of at least one of the isolated Triassic platforms, the
Chongzuo platform in the southern part of the basin, was
controlled by a fault and that another, the Great Bank of
Guizhou in the northern part of the basin, nucleated on
antecedent topography inherited from an Upper Permian
reef margin rather than a fault block (fig. 2, 3; Lehrmann
et al., 1998).

The Lower-Upper Permian transition is marked by a pe-
riod of renewed tectonic activity with extensional faults,
eruption of the Emeishan Basalt along the western mar-
gin of the basin, and development of a disconformity that
extends across the entire basin (Guangxi Bureau, 1985;
Guizhou Bureau, 1987). This period of activity is com-
monly referred to as the “Dongwu movement” in the
Chinese literature (fig. 6; Dai et al., 1978; Zhang, 1984;
Guizhou Bureau, 1987; Huang and Chen, 1987). The most
dramatic expression of this tectonism is vast outpourings
of Emeishan Basalt. Eruption of the Emeishan flood ba-
salt was apparently centered in southern Sichuan and east-
ern Yunnan, where maximum reported thicknesses exceed
2 km (Luo et al., 1990; Chung and Jahn, 1995).  Emeishan
tectonism has been variously interpreted to have resulted
from rifting, back arc spreading, or development of a
mantle plume (Yang et al., 1986; Guizhou Bureau, 1987;
Qing et al., 1991; Luo et al., 1990; Xu Xiaosong, et al.,
1996; Thompson et al., 2001; Song et al., 2004). The
Emeishan basalt thins eastward and extends into western
Guizhou where it has a maximum thickness of 500 m.
The basalt thins and pinches out to the southeast and is
found only within the westernmost part of the Nanpanjiang
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basin, suggesting that the Dongwu movement may have
had its greatest impact in the western part of the basin.

From the Late Permian through Middle Triassic the
Yangtze platform was the site of a thick and expansive
succession of shallow-marine carbonates with intermit-
tent siliciclastic flux onto the platform from the west and
with a variety of reef, ramp and collapsed type platform
margins (Enos, 1995, Enos et al., 1997, 1998). Isolated
carbonate platforms developed within the basin during
the Triassic (fig. 3; Lehrmann et al., 1998). Deep-marine
sedimentation in the Early Triassic basin was dominated
by relatively thin “starved” pelagic carbonate and shale
of the Luolou Formation (fig. 3) indicating relatively quiet
tectonic conditions.

Conditions changed dramatically during the Middle and
Late Triassic Indosinian orogeny. During the Middle and
Late Triassic the basin rapidly subsided and was eventu-
ally filled with siliciclastic turbidites (fig. 4, 5, 6). Car-
bonate platforms were progressively drowned and buried
with siliciclastics from the beginning of the Middle Tri-
assic Anisian (in southern basin) to the beginning of the

Late Triassic (northern basin) (fig. 3, 4, 5). Marine tur-
bidites changed upward to fluvial clastics marking the end
of marine sedimentation in the Late Triassic (fig. 7). The
Indosinian orogeny marks the termination of marine con-
ditions across the south China block. Although the
Indosinian orogeny is an important turning point in the
evolution of the Nanpanjiang basin, the specific tectonic
cause is still unclear.

During the Triassic, the Nanpanjiang basin has been vari-
ously interpreted as a back arc or foreland basin with an
arc developed in southern Guangxi or within a southerly
continent (He, 1986; Xia et al., 1993), as a back arc ex-
tensional basin (Hou and Huang, 1984), as a foreland basin
developed along the eastern side of collision zone along
the Ailaoshan suture (Qing et al., 1991), and as a flysch
nappe thrust over a suture zone from the Huanan block
onto the Yangtze craton (Hsu et al., 1990).  The Middle
Triassic history adequately classifies the Nanpanjiang
basin as a foreland basin as a perisutural basin developed
on continental lithosphere associated with compressional
tectonics (Allen et al., 1986), as south China was involved
in convergence and collision potentially along its north-

Figure 2: Upper Permian lithofacies and interpreted paleogeography of the Nanpanjiang basin and Yangtze platform
in Guizhou, Guangxi, and Yunnan. Compiled from regional geologic maps of the Yunnan Bureau of Geology, 1984;
Guangxi Bureau of Geology, 1985, and Guizhou Bureau of Geology, 1987. Maps have been modified and updated
with results from our regional mapping. Data control (colored facies polygons) is the distribution of surface exposure
of various facies (Formations) indicated in the legend.
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ern, western and southern sides.

Enos et al. (1998) noted that the facies succession formed
during Late Triassic termination of the Yangtze platform
in southern Guizhou forms a classic flysch to mollasse
sequence typical of a foreland basin (fig. 7).  However,
the directions of the source areas and the timing of
siliciclastic flux are complex and poorly understood. The
flysch in southern Guizhou (Bianyang Formation) seems
to have been derived from the east based on paleocurrents
(Sun et al., 1989; Chaikin, 2004). The sandstone petrol-
ogy and heavy mineral suite are consistent with deriva-
tion from the Jiangnan massif (fig. 5; Chaikin, 2004). The
rapid rate of supply (Carnian, adjacent to the Great Bank
of Guizhou) is surprising, however, and indicates uplift
and rejuvenation. Siliciclastics in the southern part of the
basin must have arrived earlier as evidenced by the Anisian
and Ladinian burial of isolated carbonate platforms in
Guangxi (fig. 3, 4, 5).  On the other hand, the mollasse
(Bannan, Houbachong and Erqiao Formations; fig. 7) in
Guizhou thins and fines rapidly eastward and more slowly
northward (Enos et al., 1998). A source to the west, likely
the Khamdian massif, is indicated (fig. 5).

Permian-Triassic stratigraphy and
depositional setting of the Yangtze platform
and Nanpanjiang basin
Permian and Triassic stratigraphy of the Yangtze
platform in Guizhou

The Yangtze Platform of south China formed a stable pa-
leogeographic element from late Proterozoic to the end
of Middle Triassic.  Mature sedimentary facies, in par-
ticular shallow-water carbonates, accumulated during
much of this time. The Yangtze Platform bordered or sur-
rounded several persistent massifs (“oldlands”), notably
the Jiangnan massif in southeast Guizhou and adjacent
provinces and the Khamdian massif in eastern Yunnan
(fig. 2). The southern margin of the platform was embayed
by the Nanpanjiang Basin that extended into central
Guizhou (fig. 2).  Persistent deep-water deposits sur-
rounded various isolated carbonate platforms within the
basin.

The Early Permian deposits on the platform in southern
Guizhou were dominated by fossiliferous limestone with
minor dolostone (the upper part of Maping Formation and
lower Houziguan Formation; table 1). The Lower Per-
mian platform-interior strata are capped by a regional
subaerial exposure surface. The Nanpanjiang basin was
broad, although rather shallow, but in southern Guizhou
it was confined to a narrow gulf (Liu and Xu, 1994). The
Early Permian deposits in the basin were dark-gray to
black thin-bedded limestone, chert and mudstone, inter-
calated with debris-flow breccia (Nandan Formation; 300
– 500 m thick, table 1). Within in a very limited area of
the platform in western Guizhou, at the transition belt
between platform and basin, argillaceous limestone, sand-
stone, mudstone (Longyin Formation) and black shale
(Baomoshan Formation; table 1) were conformably de-
posited over the top of the shallow-water limestone

(Maping Formation; table 2).

The Middle Permian deposits in the basin were claystone
and marl with subordinate limestone and shale (Sidazhai
Formation; 350-650 m thick table 1, fig. 7). The initial
Middle Permian deposits on the platform were well dif-
ferentiated.  Argillaceous sandstone and claystone with
some coal flanked the Khamdian massif in the west
(Liangshan Formation; table 1). Shale layers with bra-
chiopods record marine incursions. Eastward, in south-
ern Guizhou, the shore zone produced cleaner sandstone
and siltstone that interfinger with coal, shale, marl and
fossiliferous marine limestone, and finally graded into
limestone. Later on, cherty, nodular lime mudstone (Qixia
Formation; table 1) and fossiliferous limestone, locally
cherty (Maokou Formation; table 1) dominated across the
entire platform. The carbonate content and energy in-
creased seaward to produce pure bioclastic limestone and
Tubiphytes-sponge boundstone at the platform margin
(Houziguan Formation, table 1, fig. 7).  The Jiangnan
massif was submerged essentially throughout the Permian,
as witnessed by scattered outcrops of marine limestone
across the massif, a lack of facies differentiation, and over-
stepping of older formations by Permian deposits around
the massif (Guizhou Bureau, 1987; Liu and Xu, 1994;
Enos, 1995). Deposition was interrupted in mid-Permian
by a great outpouring of tholeiitic lava, the Emeishan
Basalt, that extended across the Yangtze Platform from
the Khamdian area (table 1, fig. 7).

Facies distributions and migrations in the Late Permian
were similar to those of the Middle Permian.  The
Nanpanjiang Basin in Guizhou became even narrower,
presumably because of gradual progradation of the plat-
form rimmed by reefs and bioclastics (fig. 2).  Basinal
deposits are claystone and bedded chert that enclose car-
bonate breccias and bioclastic limestones, probably tur-
bidites (Shaiwa Formation, table 1, figs. 2, 7). Cherty,
bioclastic limestone with sponge and coral reefs at the
platform margin pass into cherty, micritic and argillaceous
limestones, calcareous siltstones and claystones in the
platform interior (Wujiaping and Changxing Formations,
respectively; table 1, figs. 2, 7).  These interfinger toward
the Khamdian massif with claystone and coal and finally
with alluvial sandstone (Longtan, Wangjiazhai and
Xuanwei Formations; table 1, figs. 2, 7). Terrestrial depo-
sition persisted in the Khamdian massif throughout the
Late Permian, indicating less extensive flooding than in
the Middle Permian.  Eventually the carbonate platform
was covered by chert and spiculitic mudrock, a deepen-
ing phase that marked the permanent drowning of large
areas of the Yangtze platform (Dalong Formation, table
1, figs. 2, 7).

Deposition continued uninterrupted into the Early Trias-
sic in most areas.  The drowning event toward the end of
the Permian (Dalong Formation; table 1, fig. 2) resulted
in a reconfiguration of the platform margin to a sigmoidal
SW/NE trend involving more than 100 km of retreat of
the eastern margin in southern Guizhou (Luodian,
Guiyang; fig. 3).  Following initial deposition of bivalve-



154

Albertiana 33
T

A
B

L
E

 1
. 

 S
T

R
A

T
IG

R
A

P
H

IC
 U

N
IT

S
 A

N
D

 D
E

P
O

S
T

IO
N

A
L

 E
N

V
IR

O
N

M
E

N
T

S
 O

F
 T

H
E

 P
E

R
M

IA
N

 S
Y

S
T

E
M

 S
O

U
T

H
W

E
S

T
E

R
N

 G
U

IZ
H

O
U

 

 

 
 

 
  

 
S

T
A

G
E

*
T

E
R

R
E

S
T

R
IA

L
P

A
R

A
L

IC
P

L
A

T
F

O
R

M
 I

N
T

E
R

IO
R

P
L

A
T

F
O

R
M

M
A

R
G

IN
 

B
A

S
IN

 

C
H

A
N

G
X

IN
G

 
X

U
A

N
W

E
I 

F
M

. 

A
ll

u
v
ia

l 
&

 l
ac

u
st

ri
n
e 

sa
n
d
st

o
n
e,

 s
h
al

e 
&

 c
o

al
 

W
A

N
G

JI
A

Z
H

A
I 

F
M

. 

In
te

rf
in

g
er

in
g

 m
ar

in
e 

&
 

co
n
ti

n
en

ta
l 

si
li

ci
cl

as
ti

cs
 

D
A

L
O

N
G

 F
M

. 

D
ar

k
, 

sp
ic

u
li

ti
c 

m
u
d
ro

ck
 &

 c
h
er

t 
 

M
o

d
er

at
el

y
 d

ee
p

 w
at

er
 

S
H

A
IW

A
 F

M
. 

an
d
  

 L
IN

G
H

A
O

 F
M

 

S
h

al
e,

 t
h

in
 

si
lt

st
o
n
e,

 

 
 

&
 c

o
al

 
C

H
A

N
G

X
IN

G
 F

M
. 

B
io

cl
as

ti
c 

li
m

es
to

n
e,

  

lo
ca

ll
y
 c

h
er

ty
 

W
U

JI
A

P
IN

G
 F

M
. 

C
h
er

ty
 b

io
cl

as
ti

c 

li
m

es
to

n
e,

 c
o
ra

l/
 s

p
o
n
g
e 

re
ef

s 

li
m

e 
m

u
d

st
o

n
e 

&
 

b
re

cc
ia

 

U
p
p

er
  

P
er

m
ia

n
 

L
E

P
IN

G
 

 

 
 

 
 

 
L

O
N

G
T

A
N

F
M

.

In
te

rb
ed

d
ed

 c
o
n
ti

n
en

ta
l 

sa
n

d
st

o
n

e,
 m

u
d

ro
ck

, 
co

al
 &

 

m
ar

in
e 

li
m

es
to

n
e 

W
U

JI
A

P
IN

G
 F

M
. 

C
h

er
ty

 l
im

es
to

n
e,

 l
o

ca
l 

co
ra

l/
sp

o
n

g
e 

re
ef

s,
 s

o
m

e 

sh
al

e,
 c

o
al

 

 
 

 
 

E
M

E
IS

H
A

N
 B

A
S

A
L

T
  
 T

h
o
le

ii
ti

c 
b
as

al
t 

&
 t

u
ff

, 
to

 8
0
0
 m

 t
h
ic

k
 

M
A

O
K

O
U

 

N
o
 r

ec
o

rd
 

M
A

O
K

O
U

 F
M

. 

F
o
ss

il
if

er
o
u
s,

 m
ic

ri
ti

c 
&

 

d
o

lo
m

it
ic

 l
im

es
to

n
e 

Q
IX

IA
 

N
o

 r
ec

o
rd

 
Q

IX
IA

 F
M

. 

F
o
ss

il
if

er
o
u
s,

 m
ic

ri
ti

c 

ch
er

ty
 l

im
es

to
n
e 

 

M
id

d
le

 

P
er

m
ia

n
 

 
 

 
L

IA
N

G
S

H
A

N
F

M
.

A
rg

il
la

ce
o

u
s 

sa
n

d
st

o
n

e,
 

cl
ay

st
o

n
e,

 c
o

al
, 

&
 s

h
al

e 

w
it

h
 b

ra
ch

io
p
o
d
s 

  

H
U

A
G

O
A

N
G

 F
M

. 

Q
u
ar

tz
 a

re
n
it

e,
 s

il
ts

to
n
e,

 s
h
al

e,
 

b
io

cl
as

ti
c 

li
m

es
to

n
e,

 m
ar

l 
&

 c
o

al
 

S
A

Z
H

I 
F

M
 

A
rg

il
la

ce
o

u
s 

&
 b

io
cl

as
ti

c 

li
m

es
to

n
es

, 
si

lt
y
 c

la
y
st

o
n
e 

&
 s

h
al

e 

S
ID

A
Z

H
A

I 
F

M
. 

C
h

er
ty

 l
im

e 
 

m
u

d
st

o
n

e 
&

 

sh
al

e.
 

 

B
A

O
M

O
S

H
A

N
 F

M
 

L
O

N
G

Y
IN

 
N

o
 r

ec
o

rd
 

L
O

N
G

Y
IN

 F
M

 

L
o

w
er

 P
er

m
ia

n

H
O

U
Z

IG
U

A
N

 F
M

. 

B
io

cl
as

ti
c 

p
ac

k
st

o
n
e 

sp
o
n
g
e 

b
o
u
n
d
st

o
n
e 

B
io

cl
as

ti
c 

p
ac

k
st

o
n
e 

T
u
b
ip

h
yt

es
 b

o
u

n
d

st
o

n
e 

C
ar

b
o

n
if

er
o

u
s 

M
A

P
IN

G
 

M
A

P
IN

G
 F

M
 

W
E

IN
IN

G
 F

M
 

N
A

N
D

A
N

 F
M

 

  
A

D
A

P
TE

D
 F

R
O

M
 G

U
IZ

H
O

U
 B

U
R

E
A

U
 (1

98
7)

, E
N

O
S

 (1
99

5)
.

* 
D

es
ig

na
tio

n 
of

 P
er

m
ia

n 
st

ag
e 

na
m

es
 in

 C
hi

na
 is

 s
til

l i
n 

flu
x 

(c
f. 

E
no

s,
 1

99
5;

 In
te

rn
at

io
na

l U
ni

on
 o

f G
eo

lo
gi

ca
l S

ci
en

ce
s,

 2
00

0)
.  

G
ui

zh
ou

 s
ta

ge
 n

am
es

 a
re

 u
se

d 
he

re
.

C
ha

ng
xi

ng
 (

C
ha

ng
sh

in
gi

an
) 

an
d 

W
uj

ia
pi

ng
 (

W
uc

hi
ap

in
ia

n)
 a

re
 r

ec
og

ni
ze

d 
as

 s
em

ifo
rm

al
 s

ta
ge

s 
by

 IU
G

S
 (

20
00

), 
al

th
ou

gh
 th

e 
fo

rm
at

io
ns

 o
n 

w
hi

ch
 th

ey
 a

re
 b

as
ed

 a
re

co
ns

id
er

ed
 p

ar
tia

lly
 ti

m
e 

eq
ui

va
le

nt
 in

 G
ui

zh
ou

 (G
ui

zh
ou

 B
ur

ea
u,

 1
98

7,
 p

. 2
71

).



155

Albertiana 33

bearing mudrock, a carbonate ramp developed in the
Induan across the flat top of the Permian platform.  Distal
ramp deposits are thin, commonly laminated, beds of dark-
gray lime mudstone with ammonoids and thin-shelled
bivalves (Luolou Formation; table 2, fig. 3, 7).  Inter-
spersed carbonate breccias reflect intrabasinal slumps and
debris flows from shallower environments to the north-
west. Thin-bedded lime mudstones with prominent bur-
rowed horizons formed on the mid-ramp (Daye Forma-
tion; table 2, fig. 3, 7).  Updip, three to five thick inter-
vals of oolite are interspersed within mudrock and lime
mudstone (Yelang Formation; table 2, fig. 3).  Mudrock
and sandstone predominate westward toward the
Khamdian massif.  Basinal deposits in the Olenekian are
alternating lime mudstone and terrigenous mudrock to-
taling only 100 m thick (upper Luolou Formation; table
2, fig. 3, 7).  Peritidal carbonate cycles capped by tepee
structures mark the platform margin (Anshun Formation;
table 2, fig. 3).  Subtidal lime mudstone in the platform
interior indicates a lagoon behind a raised rim
(Yongingzhen Formation; table 2, fig. 3).  The lagoon
became very restricted toward the end of the Olenekian
with the deposition of evaporites, represented by exten-
sive solution-collapse breccias.

The Early-Middle Triassic boundary in Guizhou is de-
marcated by a widespread acid tuff layer, dated at 247

Ma (Martin et al., 2001).  Anisian deposits in the
Nanpanjiang basin are predominately siliciclastic
mudrocks, only 250 m thick in central Guizhou, but more
than 1000 m thick to the southwest (Xinyuan and Zuman
Formations; table 2, fig. 4, 7). Platform-interior deposits
are subtidal lime mudstones with sparse but widespread
molds of gypsum crystals and rosettes.  Peritidal cycles
are confined to near the platform margin (Guanling For-
mation; table 2, fig. 4).  Numerous thin shale interbeds
that give a ledged appearance to outcrops were probably
derived from the east, where red mudrock and sandstone
signal the emergence of the Jiangnan massif.   The first
well-developed reefs of the Triassic formed a narrow, el-
evated rim on the platform. Tubiphytes, Plexoramea, ar-
borescent corals, and sponges formed a framework with
copious encrustation by other problematic fossils and ce-
ments (Poduan Formation; table 2, fig. 4, 7).  Episodic
collapse of the reef margin produced an apron of bioclasts
and debris at the basin margin that includes reef blocks
up to 100 m long (Qingyan Formation; table 2, fig. 4;
Enos et al., 1997).  The total absence of reef facies, ex-
cept in the transported blocks, along most of the 175-km-
long debris apron in the northeast (Guiyang area, fig. 4)
suggests a uniform retreat of at least 3 to 7 km, the aver-
age width of the reef belt elsewhere.

The platform margin apparently grew higher and steeper
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in the Ladinian, although sands of bioclasts and grapestone
formed the margin, whereas reefs were confined to small
patches (Longtou Formation; table 2, fig. 5, 7).  Peritidal
cycles capped by tepee structures are ubiquitous and ex-
tend far into the platform interior, indicating a flat top to
the platform.  This package, around 1000 m thick, of lime-
stone at the margin and dolostone in the interior forms
the most prominent ridges in the landscape of southwest-
ern Guizhou (Longtou and Yangliujing Formations; table
2, fig. 5).  The Ladinian platform margin prograded at
least 600 m over Anisian basinal deposits south of Guiyang
(Xinyuan Formation, table 2, fig. 7), but backstepped and
aggraded in the Zhenfeng area (fig. 5).  The basin was
eventually filled with flysch deposits, hemipelagic
mudrock and fine-grained turbidite sandstones about 2000
m thick (Bianyang Formation; table 2, fig. 5, 7).  Filling
may have accompanied platform aggradation, but the de-
tailed conodont record at the north slope of the Great Bank
of Guizhou indicates that the basin was starved until early
Carnian and then filled with extreme rapidity (Lehrmann,
1993; Lehrmann et al., 1998, 2002), an end-member ex-
ample of reciprocal sedimentation.

Shallow-water carbonate deposition continued on the
Yangtze platform into the Carnian in the Guiyang area.
Some shale and sandstone are interspersed with peritidal
limestone about 100 m thick (Gaicha Formation; table 2).

Later the balance shifts strongly to sandstone and shale
with shallow-water biota (Sanqiao Formation; table 2).
In contrast, Carnian deposition in the Zhenfeng and
Guanling areas begins with nodular-bedded, ammonoid-
bearing, dark-gray lime mudstone that records abrupt
drowning of the Yangtze platform (Zhuganpo Formation;
table 2; Enos et al., 1998).   Carbonate deposition soon
ceased, resulting in a condensed sequence characterized
by black shale and marl with concentrations of manga-
nese, iron and organic carbon (Wayao Formation; table
2).  The Wayao Formation is gaining fame for its spec-
tacular crinoid and marine reptile lagerstätte developed
in the Guanling area (fig., 5; Yin et al., 2000). Accommo-
dation space created during drowning was subsequently
filled by up to 800 m of turbiditic sandstone and mudrock
and 465 m of shallow-shelf sandstone during the Carnian
(Laishike and Banan Formations; table 2).  Thinning- and
fining-upward cycles of conglomerate and cross-bedded
sandstone of the Norian are interpreted as braided-stream
deposits with interspersed paralic coals and mudrocks
bearing fresh-water, brackish, or marine fossils
(Huobachong Formation; table 2, fig. 7).  Still coarser
grained deposits of the Rhaetian indicate rejuvenation of
braided streams to form a clastic wedge that thins and
fines rapidly to the east and slowly to the north as it spread
across a surface that beveled platform deposits as old as
Anisian (Erqiao Formation; table 2, fig. 7).  Thus, the
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long and impressive history of the Yangtze carbonate plat-
form ended in the Carnian throughout Guizhou.
Isolated carbonate platforms of the Nanpanjiang basin
in Guizhou and Guangxi

During the Triassic several isolated platforms developed
within the Nanpanjiang basin including the Great Bank
of Guizhou in southern Guizhou Province, and the Debao,
Jinxi, Heshan and Chongzuo-Pingguo platforms in south-
ern Guangxi (fig. 3). Each of the platforms is delineated
from regional mapping of the distribution of shallow-
marine carbonate platform facies and deep-water basinal
carbonate and clastic facies. The Great Bank of Guizhou
nucleated on antecedent topography inherited from the
Late Permian Yangtze platform margin (fig. 2, 3). The
isolated platforms in southern Guangxi may represent
continued accumulation of shallow-marine carbonate sedi-
ments atop older isolated platforms that existed already
in the Late Permian, although regional mapping in
Guangxi does not differentiate facies sufficiently to de-
lineate platform distribution (fig. 2). The southern mar-
gin of the Chongzuo-Pingguo platform was controlled by
a regional fault for much of its length (fig. 2, 3). The north
wall of the fault was elevated in the Late Permian.

Regional maps delineate the Great Bank of Guizhou to
be composed of shallow-marine carbonate platform fa-

cies of the Lower Triassic Daye and Anshun Formations,
and the Middle Triassic Poduan and Longtou Formations
surrounded by basinal facies of the Lower Triassic Luolou
Formation and the Middle Triassic Xinyuan and Bianyang
Formations (fig. 3, 4, 5, 7). Like the Yangtze platform,
the Great Bank of Guizhou evolved from a ramp (or low
relief bank) profile in the Early Triassic through a pro-
gressively steepening reef-rimmed profile in the Middle
Triassic and was terminated and buried with clastics in
the Late Triassic Carnian (fig. 7). Details of the lithofacies
and depositional environments of the Great Bank of
Guizhou are provided in the following section.

The Debao, Jinxi, Heshan and Chongzuo-Pingguo plat-
forms in Guangxi are delineated in regional geological
maps as shallow-marine carbonate facies of the Majiaoling
and Beisi Formations surrounded by basinal carbonates
and clastics of the Luolou and Nanhong Formations re-
spectively (fig. 3). The Majiaoling Formation consists of
thin-bedded and burrowed lime mudstone with thin lenses
of oolite. The Beisi Formation, in contrast, contains a
number of thick beds of oolite grainstone, and contains
restricted molluscan biota, supratidal fabrics and dolostone
in its upper part. In the Chongzuo-Pingguo platform the
Majiaoling and Beisi Formations are 140 m and 750 m
thick respectively. Oolite intervals in the Beisi Formation
at Chongzuo are typically cross-bedded and occur in mas-
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sive ridge forming units up to 50 m thick (Pei Donghong,
unpublished data). The Luolou Formation consists of dark-
gray to black, ammonoid bearing, thin-bedded and lami-
nated lime mudstone with shale interbeds. Some inter-
vals contain bedding parallel burrows and the unit con-
tains debris-flow breccias adjacent to carbonate-platform
margins. The Nanhong Formation occurs south of the
Chongzuo-Pingguo platform and consists of ammonoid
bearing sandstone, shale and siliciclastic mudstone.

During the Early Anisian much of the area of the south-
erly isolated carbonate platforms was terminated
(drowned) during a deepening event and the platforms
were subsequently overlain by siliciclastic turbidites of
the Banna and Baifeng Formations (fig. 4). Just prior to
carbonate platform drowning and shift to basin-clastics a
thick pile of felsic pyroclastic volcanics and lava flows
were deposited on top of the southern part of the
Chongzuo-Pingguo platform (Guangxi Bureau, 1985).
Although the volcanism effectively buried the platform,
shallow-marine carbonate sedimentation resumed briefly
following the cessation of volcanic activity. Deepening
then resulted in a shift to pelagic carbonates and
siliciclastics as the platform drowned in the Early Anisian.
The northern part of the Pingguo-Chongzuo platform
(Pingguo area) as well as the Heshan platform to the east
also suffered drowning in the Early Anisian (fig. 3-4;
Kessel and Gross, 2002).  During the regional drowning

of shallow-marine carbonate sedimentation in southern
Guangxi, small areas of carbonate sedimentation accu-
mulated to produce Anisian pinnacle platforms within the
Pingguo area (fig. 4). The pinnacle platforms are repre-
sented by the Guohua Formation and are composed of
peritidal dolomite and limestone containing Tubiphytes
reefs. The pinnacle platforms accumulated 1700 m of shal-
low-marine carbonate in the Anisian prior to termination
and burial with siliciclastic turbidites in the Ladinian (fig.
4, 5). The overall pattern of earlier termination, greater
thickness of shallow-marine carbonate, step-back and pin-
nacle development in southern Guangxi in contrast to later
termination in the Great Bank of Guizhou in the northern
Nanpanjiang basin (fig. 3, 4, 5) is interpreted  to be con-
trolled by higher rates of tectonic subsidence in the south-
ern basin (fig. 6).

Stratigraphy and depositional history of the
Great Bank of Guizhou.
The Great Bank of Guizhou (GBG) is an isolated Triassic
carbonate platform, extending approximately 70 km east-
west and 20 km north-south in southern Guizhou Prov-
ince (fig. 3, 8). The stark contrast in topography between
the rugged, high-relief karst terrain of the carbonate plat-
form and the lower stream-eroded siliciclastic turbidites
in the basin spectacularly reveals the abrupt platform
margins as one approaches the area on the ground (e.g.
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see stops 1-3) and outlines the GBG in satellite images
(fig. 8).

Much of the GBG is nearly undeformed except for a NNW-
trending asymmetric, faulted syncline that splits the plat-
form perpendicular to its long dimension (Bianyang syn-
cline; fig. 8, 9). The east limb of the syncline exposes a
continuous cross section through the interior and margins
of the platform and contains a complete record of the ini-
tiation of the GBG as an isolated platform in the Late
Permian, progressive steepening of the platform from low-
relief bank stage in the Early Triassic, aggrading reef-
rimmed stage in the Anisian, high-relief escarpment de-
velopment in the Ladinian, and finally drowning and burial
by turbidites in the Carnian termination stage (fig. 10).
The following provides a summary of the evolution of
the GBG interpreted from mapping of the architecture and
facies in the Bianyang syncline (Lehrmann, 1993).

Our field stops will provide an overview of the Bianyang
syncline, the abrupt Ladinian margins of the GBG and
the Carnian termination sequence in the axis of the syn-
cline (stops 1-3; fig. 9). On the eastern limb of the syn-
cline we will examine the Permian-Triassic boundary and
the Lower Triassic platform interior succession at Dajiang
and Rungbao sections (stops 4A, 4B; fig. 9), the Lower-

Middle Triassic basin-margin facies on the northern mar-
gin of the GBG at Guandao section (stop 5-A, 6B; fig. 9)
and the Middle Triassic Tubiphytes reef complex on the
northern margin (stop 6A; fig. 9).
Late Permian to earliest Triassic: Initiation stage

The GBG was initiated in the latest Permian and earliest
Triassic, during expansion of the Nanpanjiang basin, as a
local area of shallow-marine carbonate accumulation (fig.
2, 3). Expansion of the basin drowned much of the shal-
low-marine carbonates in the eastern Yangtze platform
north of the GBG beneath black, siliceous lutite of the
Dalong Formation (fig. 2, 9). The siliceous lutite con-
tains pelagic fossils such as radiolarians and ammonoids.
The combination of the black color, pelagic fossils and
bioturbation suggests a dysaerobic environment.

In the latest Permian, north of Luodian in the Bangeng-
Bianyang area, shallow-marine skeletal grainstone-
packstone and patch reefs of sponge boundstone formed
the initial accumulation of the GBG (fig. 9, 10A). These
shallow-marine strata extend across the base of the plat-
form and across its adjacent basin margins. The strata
extend horizontally into the basin with no indication of
Permian faults or uplift, indicating that the GBG did not
nucleate on a tectonic structure (fig. 9, 10A). The plat-
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Figure 7: Schematic stratigraphic column illustrating the Permian and Triassic Formations of the Yangtze platform
and GBG in southern Guizhou.
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form nucleated on depositional topography near the mar-
gin of the former Yangtze platform (fig. 2, 3)

Upper Permian skeletal grainstone-packstone in the inte-
rior of the GBG (at the base of Dawen, Dajiang, Heping
and Rungbao sections; fig. 10A, 11) contains diverse nor-
mal-marine fossils, which are extensively fragmented. The
diverse fauna, fragmented fossils and grainstone texture
indicate an open marine, shallow-subtidal environment
occasionally winnowed by wave action. Sponge
boundstones at the margins also contain diverse open-
marine faunas (fig. 10A), but, in contrast, have muddy
fabrics suggesting somewhat deeper, subtidal environ-
ments below normal wave-base. The sponge boundstone
passes basinward into the siliceous lutite of the Dalong
Formation (fig. 9, 10A).

During the earliest Triassic the GBG maintained a similar
morphology despite the end-Permian mass extinction (fig.
10A). The end-Permian extinction is recorded across a
conformable Permian-Triassic boundary at Dawen,
Dajiang, Heping and Rungbao sections, which is marked
by an abrupt shift in marine biota, but with no indication
of a significant hiatus or an overall change in depositional
environments (fig. 11). In the earliest Triassic,
calcimicrobial framestone was deposited across the plat-
form interior and the basin-margin shifted to the deposi-
tion of marine shale containing the bivalve Claraia at
Guandao section (fig. 9, 10A, 13). PTB sections will be
examined at Dajiang, Rungbao and Guandao sections:
stops 4A, 4B, 5.

Early Triassic: Low-relief bank stage

After deposition of calcimicrobial framestone in the ear-
liest Triassic, relative rise in sea-level caused the margins
of the GBG to step back ~700 m as the GBG developed a
low-relief bank profile with a shallow subtidal to peritidal

interior, oolite-grainstone margins and basin-margin flanks
composed of pelagic lime mudstone, debris-flow breccia
and turbidite grainstone-packstone (fig. 9, 10B). Deep-
ening and step back of the margins, at the beginning of
the low-relief bank stage, are supported by the fact that
the pelagic, debris-flow and turbidite facies overlie the
former platform-margins of the initiation stage (fig. 10B).
The basin-margin strata of the low-relief bank stage dip
gently (~1.50) away from the platform, which is interpreted
to have developed 50 to 100 m of relief based on differ-
ences in thickness of platform and basin-margin strata.

On the platform interior, the calcimicrobial framestone is
overlain conformably by thin-bedded lime mudstone fol-
lowed by dolo-oolite grainstone, oolitic cryptalgal-
laminite and peritidal cyclic-limestone (fig. 9, 10B). The
lime mudstone is light gray, thin bedded and contains a
depauperate fauna of small bivalves and gastropods (fig.
11) suggesting restricted conditions in the interior at the
beginning of the low-relief bank stage.

The lime mudstone is overlain by cross-bedded dolo-oo-
lite grainstone (fig. 9, 10B). The shift to oolite deposition
indicates that high-energy shoal environments spread
across the platform interior.  Overlying the dolo-oolite is
oolitic, cryptalgal-laminite which consists of alternating
cryptalgal laminae (horizontal stromatolite layers) and
ooid packstone layers (fig. 10B). The oolitic cryptalgal-
laminite contains fenestral pores, meniscus cements and
leached-ooid fabrics indicating subaerial exposure in a
supratidal environment.

During the later part of the low-relief bank stage, oolite
shoals continued on the margins while a peritidal cyclic-
limestone facies was deposited on the platform interior
(fig. 10B).  The peritidal cyclic-limestone is made up of
meter-scale cycles with skeletal packstone, oolitic
packstone or calcimicrobial framestone bases and caps of
laminated “ribbon-rock” mudstone to packstone (fig. 12).

Figure 8: Landsat image of the Great  Bank of Guizhou. The Bianyang syncline dissects the platform from Bianyang
to Bangeng. Geological map of the east limb of the Bianyang syncline is shown in figure 9.
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Figure 9: Geological map of the eastern limb of the Bianyang syncline (from Lehrmann, 1993). Location of map area
is the eastern limb of the syncline shown in figure 8. Stops for the field excursion and stratigraphic sections discussed
in the text are shown.
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Dajiang section contains more than 60 such cycles.  The
peritidal cyclic-limestone is interpreted to have formed
as shallowing-upward cycles in open-marine to restricted,
subtidal and intertidal environments.  We will have an
opportunity to examine each of the Lower Triassic plat-
form interior facies (thin bedded lime mudstone, dolo-
oolite grainstone, oolitic cryptalgal-laminite and peritidal
cyclic-limestone) as we hike through the Lower Triassic
platform interior succession at Dajiang Section – stop 4A.

Middle Triassic Anisian-Early Ladinian:  Aggrading
reef-rimmed stage

During the Middle Triassic (Anisian-Early Ladinian) ag-
grading reef-rimmed stage, Tubiphytes boundstones de-
veloped at the platform margin and cyclic tidal-flats
formed on the platform interior (fig. 9, 10C). Basin-mar-
gin deposition began with pelagic lime-mudstone, debris-
flow breccia and turbidite grainstone-packstone and later
shifted to mud-free talus breccia as the platform progres-
sively steepened (fig. 9, 10C). At the beginning of the
reef-rimmed stage the platform expanded in width as the
platform margin prograded over the basin-margin strata
of the low-relief bank stage (fig. 9). Later the platform
aggraded and prograded slightly (fig. 9). The platform-
interior, peritidal cyclic dolomite is composed of meter-
scale, shallowing-upward cycles with burrowed mollus-
can-peloidal packstone and domal stomatolite bases and
fenestral-laminite caps (fig. 10C). The unit is pervasively
dolomitized and is locally coarsely crystalline, obliterat-
ing depositional fabrics.

The Tubiphytes boundstone forms extensive, unbedded
deposits at the platform margin.  The boundstone was
found at all localities of the platform margin indicating
that it forms a continuous rim, up to 1.5 km wide, around
the GBG. The boundstone is composed of branching
Tubiphytes frameworks with isopachous and botryoidal
marine cements. The Tubiphytes frameworks are rein-
forced by micrite crusts, Bacinella and cement. In some
areas marine cement makes up the majority of the volume
of the boundstone. Locally the boundstone contains sub-
sidiary frameworks of phaceloid scleractinian corals and
sphinctozoan sponges. The Tubiphytes boundstone is in-
terpreted to represent shallow-marine environments along
a reef-rimmed margin. We will examine the Tubiphytes
reef complex in a traverse through the northern platform
margin (stop 6A; fig. 9).

Adjacent to the Tubiphytes reef complex, the basin-mar-
gin slope succession is exposed at Guandao section (fig.
9, 13-14). Basin-margin sedimentation consisted of pe-
lagic shale and hemipelagic lime mudstone to wackestone
with thin-shelled bivalves, allodapic carbonate turbidites
and debris flows containing debris shed from the plat-
form (polymict breccia).  Lower Guandao section will be
examined at stop 5; conodont biostratigraphy,
magnetostratigraphy and radioisotope ages of volcanic ash
layers provide a geochronology for the GBG.
Allochthonous material shed from the platform also pro-
vides a “sampling” of sediment transported from the plat-

form margin. At the Olenekian-Anisian boundary there is
an abrupt shift from allodapic units dominated by oolite
clasts to Tubiphytes boundstone clasts signaling the onset
of Tubiphytes reef development in the uppermost Spathian
and Early Anisian (fig. 10B, C, 17).

Preserved architecture allows evaluation of depositional
slope and relief. During the early part of the aggrading
reef-rimmed stage (Anisian), basin-margin strata had
slopes of approximately 50 and were composed of pelagic
lime-mudstone with interbeds of muddy, debris-flow brec-
cia and carbonate turbidite grainstone-packstone at
Guandao section.  During the later part (Early Ladinian)
the platform developed up to 400 m of relief, the basin-
margin progressively steepened up to 300 and slope sedi-
mentation shifted to mud-free breccias and lithoclastic
grainstones interpreted as avalanche deposits (fig. 9, 10C).

Ladinian: High-relief escarpment stage

During the later part of the Middle Triassic (Ladinian)
the basin margins starved and the GBG accumulated ver-
tically forming an erosional escarpment-margin with up
to 1700 m of relief (fig. 9, 10D). The escarpment inter-
pretation implies that the GBG developed a tremendous
amount of relief during the Ladinian and was subsequently
overlain by a thick succession of siliciclastic turbidites
(fig. 10E). We will view the escarpment margin at stops 1
and 3.  The high-relief escarpment interpretation is sup-
ported by four lines of evidence:  1) the contact between
the platform carbonates and the siliciclastic turbidites is
extremely sharp (fig. 9, 15), 2) the platform strata contain
no siliciclastic interbeds, 3) the siliciclastic turbidites
flanking the margin lack carbonate beds or carbonate de-
bris except for a few small wedges of breccia immedi-
ately adjacent to the escarpment (extending <200 m from
margin; fig. 9) and 4) the siliciclastic turbidites in the ba-
sin are younger than the platform carbonates as determined
by conodont biostratigraphy (Lehrmann 1993). In other
words the GBG grew to over 1700 m high and was
bounded by an erosional escarpment. The siliciclastic tur-
bidites in the basin were deposited after the platform was
terminated, and thus onlap the escarpment (fig. 9, 10E).

Platform-margin strata exposed along the escarpment are
skeletal-peloid packstone and grainstone with local
boundstone (fig. 9). The facies is thick bedded with beds
extending from the platform interior to the edge of the
escarpment. The facies contains a mixture of peloids,
bivalves, gastropods, dasycladacean algae and miliolid
forams most likely from restricted, platform interior en-
vironments and fragmented Tubiphytes, Bacinella, corals
and echinoderms most likely representing open-marine
environments along the platform margin. A few
scleractinian bioherms are interbedded with the packstones
and grainstones.  This facies is interpreted to have been
deposited as a mosaic of wave-winnowed shoals, local
patch reefs and low-energy restricted areas between shoals
and patch reefs. The facies could also represent such a
mosaic of environments deposited in a back-reef setting,
if reefs formerly occurred along the margin, but were sub-
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sequently been stripped away by erosion.

The possibility that a reef rim existed along the escarp-
ment, and was later removed by erosion, is suggested by
diverse boundstone lithologies found in breccias at the
base of the escarpment at the top of Guandao section (fig.
9). These breccias will be examined at the top of Guandao
section (optional stop 6B). Boundstone clasts within the
breccias have a biota with a greater diversity than the patch
reefs interbedded in the platform margin. The boundstone
clasts contain scleractinian corals, Tubiphytes,
sphinctozoan sponges, bryozoans, Ladinella porata,
solenoporacean algae and inozoan sponges.

At the beginning of the high-relief escarpment stage, the
platform developed an atoll-like profile with an interior
lagoon composed of molluscan-oncolite packstone-
wackestone that is bounded outboard by peritidal cyclic-
limestone (fig. 9, 10D). The unit is composed of exten-
sively burrowed skeletal-peloidal wackestone with
bivalves, gastropods and dasycladacean algae, punctuated
by oncolite packstone beds. The unit also contains rare
domal stromatolites. This facies is interpreted to have been
deposited in a restricted subtidal lagoon with water depths
ranging from shallow-subtidal to occasionally intertidal.

Later, a flat-topped profile was restored as tidal flats spread
across the former lagoon, depositing peritidal cyclic-lime-
stone across the platform interior (fig. 10D).  On the south-
ern interior of the platform, the unit contains a thick inter-
val disrupted by tepee structures (fig. 10D). The tepees
disrupt an interval 300 m thick restricted to the southern
bank-top, suggesting that they formed along a crest of
islands.

Near the end of the high-relief escarpment stage, deepen-
ing resulted in a shift to subtidal conditions across the
platform interior. This deepening is represented by a shift
from peritidal cyclic limestone to skeletal-peloidal
packstone (fig. 10D). The skeletal-peloidal packstone is
an extensively burrowed facies with bivalves, gastropods
and calcareous algae. The unit lacks any evidence of
peritidal facies such as fenestral laminites. The biota in-
dicates restricted, quiet, subtidal environments.

Late Triassic Carnian: Termination (drowning)

At the beginning of the Late Triassic (Carnian) the GBG
was terminated as water depths increased over the plat-
form top and the platform was buried by a thick pile of
siliciclastic turbidites and marine shales (fig. 7, 10D). The
platform was terminated by drowning as indicated by an
upward shift from shallow-subtidal carbonates to deep-
marine, nodular-bedded carbonates with deep-water con-
odont biofacies (fig. 16). We will view the termination
horizon from the distance at stop 2.

Record of end-Permian extinction and
Early-Middle Triassic recovery
The GBG contains one of the most continuous and ex-
panded known records of the end-Permian mass extinc-

tion and the subsequent Early and Middle Triassic recov-
ery interval.  In particular, the exposure of a two-dimen-
sional cross section from platform-interior to platform-
margin and basin-margin environments provides the op-
portunity to separate the effects of local environment from
those of regional to global biotic recovery (fig. 8, 9).
Although extracting macrofossils from the platform lime-
stones for genus- and species-level identification is hin-
dered by the small size of the fossils and their preserva-
tion in clean limestones, analyses of thin sections and
polished slabs provide the opportunity to track broad
changes in faunal composition and abundance that comple-
ment more detailed taxonomic studies in areas where en-
vironmental and stratigraphic controls are not as well de-
veloped.  Decreases in fossil abundance and size are
readily apparent in the field across the Permian-Triassic
boundary in both platform and basin settings, as is the
shift from a fauna dominated by crinoids, sponges and
brachiopods to one dominated by mollusks.  Faunal re-
covery occurs on the GBG through the Spathian and
Middle Triassic, consistent with the timing of diversity
and size increase observed elsewhere in the marine record
(e.g., Schubert and Bottjer, 1995; Payne et al., 2004;
Payne, in press).

End-Permian mass extinction

The end-Permian extinction horizon is distinct and well
exposed in the platform interior sections at Dawen,
Heping, Rungbao and Dajiang (fig. 9, 10).  We will have
the opportunity to examine the extinction horizon in de-
tail at the Dajiang section (stop 4A) and another opportu-
nity at Rungbao (stop 4B).  Upper Permian (Changxingian)
strata at Dajiang consist of fossiliferous packstones and
grainstones containing a diverse fauna of sphinctozoan
and inozoan sponges, crinoids, echinoids, brachiopods,
bivalves, gastropods, diverse foraminifera (including
fusulinids), Tubiphytes and dasycladacean algae (fig. 11).
Many of these fossil grains are visible to the naked eye on
weathered surfaces or with the aid of a hand lens.  In par-
ticular, it is easy to find large and abundant crinoid os-
sicles and inozoan sponges.

The extinction horizon consists of a sharp but irregular
surface upon which the calcimicrobial framestone devel-
oped.  The surface is stylolitized in many locations, but
analysis in thin section demonstrates that the boundary
between diverse Upper Permian packstones and the
calcimicrobial framestone is conformable where it is not
stylolitized and lacks evidence of subaerial diagenesis.
The calcimicrobial framestone contains a low-diversity
fauna of ostracods, gastropods and bivalves that occur
within the micrite matrix filling many of the voids in the
microbialite (fig. 11).  Small gastropods (< 1 cm) can of-
ten be identified in the field within hand samples of the
microbialite.  Immediately overlying the 15 meters of
calcimicrobial framestone at Dajiang are several packstone
beds containing abundant small (<1 mm) gastropods and
bivalves with subordinate articulate brachiopods and rare
echinoid spines (fig. 11).  Many of these grains form the
nuclei of small oncoids.  Above this fossiliferous inter-
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val, fossil abundance decreases and remains low (<< 1%)
through several tens of meters of lime mudstone (fig. 11).

The most salient features to note at the Dajiang section
are: 1) the thickness (>40 m) and diversity of Upper Per-
mian packstone and grainstone, 2) the dominance of the
Late Permian fauna by taxa with low metabolic rates and
heavy calcification (e.g., sponges, brachiopods, crinoids)
and 3) the small size of Early Triassic fossils and the domi-
nance of mollusks.

Early-Middle Triassic recovery:

The abundance, diversity and size of fossil grains on the
GBG did not change significantly from the Griesbachian
through the Smithian.  The low abundance and low diver-
sity of fossil grains in all environments, from the plat-
form interior through the platform margin and into the
basin margin, suggest that the pattern reflects more than
merely local environmental controls on fossil abundance
and diversity.  The first evidence of biotic recovery lo-
cally is an increase in the abundance and diversity of fos-
sils in Spathian basin-margin strata (fig. 13).  We will
have an opportunity to observe the increase in fossil abun-
dance from the Smithian through the Anisian at the

Guandao section during stop 5.  Fossil abundance in-
creased gradually through the Spathian, primarily due to
an increase in the abundance of crinoid grains.  This in-
crease does not appear to result solely from increasingly
effective transport of grains from the platform margin at
this time because older Lower Triassic turbidites contain
micritic grains of similar sizes but do not contain abun-
dant crinoid ossicles.  Anisian packstones and grainstones
on the basin margin contain similarly abundant, but larger,
crinoid ossicles as well as abundant Tubiphytes grains,
gastropods, brachiopods, bivalves and rare ammonoids
(fig. 13, 14).  The first occurrence of Tubiphytes grains in
the uppermost five meters of the Spathian indicates that
the platform-margin reef complex was initiated by this
time (fig.10C, 13).  Growth of the reef complex from the
latest Early Triassic and earliest Middle Triassic makes it
significantly older than preserved Anisian reefs in the
Dolomites and suggests that it was among the first plat-
form-margin reefs to form after the end-Permian mass
extinction.  Large, framework-building metazoans are
absent from the Anisian reef complex, however, which
was constructed primarily by Tubiphytes, a problematic
micritic tube that appears, at least locally, to reflect micritic
cementation around a siphonous alga.  Scleractinian cor-
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als are first found in breccias on the basin margin in the
Ladinian, but they are only large and abundant in the last
breccia units prior to platform drowning.  Thus, the basin
margin turbidite and breccia record suggests that increase
in diversity and abundance of large, reef-building organ-
isms occurred gradually, beginning in the Anisian and
continuing through the Carnian.  Although the abundance
and taxonomic composition of fossil grains did not change
dramatically between the Early and Middle Triassic in
the platform interior, the much larger size of Middle Tri-
assic gastropods (up to 15 cm) and echinoids (spines up
to 5 cm) provide clear evidence of biotic recovery.  We
will have an opportunity to investigate the reef in situ and
elements of the reef preserved with basin margin breccia
tongues during stop 6 and stop 6B.

Analysis of carbon isotopes demonstrates a pronounced
negative excursion at the Permian-Triassic boundary sec-
tion at Dajiang (fig. 11, 19) and continued instability of
the carbon cycle throughout the Early Triassic (fig. 18).
Stabilization of the carbon cycle occurred in the Middle
Triassic coincident with biotic recovery (Payne et al.,
2004; fig. 18). The carbon isotope data and their inter-
pretation are further discussed in the guide descriptions
of stops 4A and 5.
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Introduction
The stratigraphic framework and Permian-Triassic depo-
sitional history of the Great Bank of Guizhou are pre-
sented in a preceding paper in this volume titled: Permian
and Triassic depositional history of the Yangtze platform
and Great Bank of Guizhou in the Nanpanjiang basin of
Guizhou and Guangxi, south China. To avoid duplica-
tion, all figures referenced in this guide are found in the
preceding paper (see pages 147-166, this volume).  The
following stop descriptions provide additional detailed in-
formation on the Permian-Triassic stratigraphy and record
of the end-Permian extinction and biotic recovery in the
Great Bank of Guizhou (GBG). The GBG is dissected by
a NNW trending syncline (Bianyang syncline; fig. 8). The
steeply dipping strata on the eastern limb of the syncline
provide a two dimensional cross section through the plat-
form permitting reconstruction of the depositional history
and providing access to our field stops (fig. 9, 10).

Stops of the Excursion:

Stop-1 Overview Nanpanjiang basin and
southern margin of Great Bank of Guizhou
(southeast of Bangeng)
During the field excursion we will stay in the town of
Luodian 10 km south of the Great Bank of Guizhou (fig.
8). Luodian is situated on an ENE trending anticline;
Devonian, Carboniferous and Permian marine strata are
exposed along its axis. As we drive northward we will
cross Paleozoic strata on the anticline and then enter Tri-
assic basinal strata. Most of the drive will be through
Upper Triassic (Carnian) siliciclastic turbidites of the
Bianyang Formation (fig. 5, 7). In satellite images the
siliciclastic turbidites are distinguished from the platform
by the sharp contrast in rounded stream-eroded topogra-
phy of the siliciclastics versus the tower karst developed
in the carbonate of the GBG (fig. 8).

The Bianyang Formation, exposed along much of the road
between Luodian and Bangeng, is a typical flysch deposit

(Chaikin, 2004).  It has the sedimentologic attributes of
great thickness (1000-3000 m), alternation of thin, ma-
trix-rich clastic beds with hemipelagic background de-
posits, and abundant sole marks on the clastic beds.  The
spectrum of sedimentary structures (flute casts, groove
casts, prod marks, load casts, climbing ripples, mud dia-
pirs, dish structures, piping structures and flame struc-
tures) are diagnostic of turbidity-current deposition. The
abundance and exquisite detail of the fluid-escape struc-
tures may reflect unusually rapid deposition, consistent
with Lehrmann’s corollary of extremely rapid filling of
the Nanpanjiang basin surrounding the Great Bank of
Guizhou in the Early Carnian, rather than Ladinian as
generally assumed (Lehrmann, 1993; Lehrmann et al.,
1998).

The lower part of the Bianyang Formation (300-400 m)
is characteristically dominated by sandstone with many
thick, amalgamated beds, well exposed along the field
trip route.  The upper part, thicker than 1100 m, is domi-
nated by mudstone. The sandstones are consistently very
fine sand. They are matrix rich, with the average matrix
content between 9% and 18%, depending on how much
of the abundant calcite is calcitized matrix.  The average
QFL ratio is 74/10.5/16.  Lithic components are claystone,
siltstone, metasiltstone and metaquartzite; igneous rock
fragments are rare.

Paleocurrents within the Bianyang Formation in southern
Guizhou are generally directed from east to west (Hou
and Huang, 1984; Sun et al., 1989; Chaikin, 2004), with
apparent local interaction with the carbonate platforms
(Chaikin, 2004).  Measurement of 57 paleocurrent vec-
tors from the Luodian section gave a dominant mode of
317°, a southerly secondary mode (185°) and a mode of
265° from ripple marks.  The mean of 79 lineations, mostly
groove casts, is 325°, consistent with the vector mode.
An obvious eastern source terrain would be the Jiangnan
massif, which was largely exposed during Ladinian and
Carnian times (fig. 5; Liu and Xu, 1994, p.158).  It possi-
bly merged with the Yunkai massif to the south to form
the entire eastern border of the Nanpanjiang basin. Much
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of the rock currently exposed in the Jiangnan massif con-
sists of low-grade, siliciclastic metasedimentary rocks.
Volcanoclastics, glacial-marine deposits and granitic in-
trusions are also well represented (Guizhou Bureau, 1987).
The fine-grained quartz, siltstone clasts and feldspar could
derive from such a source area.  This vast terrain could
have readily provided the voluminous deposits of the
Bianyang Formation without necessitating extensive or
rapid uplift.  In order to deliver the sediment to the basin
rapidly enough to fill it, however, whether during the en-
tire Ladinian or only a part of the Carnian seems to re-
quire storing large quantities of fine-grained, unconsoli-
dated sediment in large, mature drainage basins to be rap-
idly flushed out with rejuvenation. The upper part of the
Bianyang Formation, well over half the total volume, con-
sists of mudrock and siltstone, with virtually no sandstone.
Thus, the source area ceased to deliver sand, but must
then have supplied mud at a prodigious rate.

As we approach the GBG a large plateau of tower karst
will be visible to the north. At stop 1, approximately 1 km
south of the GBG (fig. 9) we will overview the siliciclastic
turbidites of the Bianyang Formation and the southern
margin of the GBG.  The carbonate strata visible from the
distance are primarily Ladinian in age. The abrupt
Ladinian margins of the GBG are interpreted to have
formed as an aggradational and erosional escarpment that
developed approximately 1700 m of syndepositional re-
lief above the adjacent basin margin and then was onlapped
by the siliciclastic turbidites of the Bianyang Formation
(fig. 9, 10D).  Although the abrupt escarpment of the GBG
is visible on the southern margin, the stratigraphic rela-
tionships are best demonstrated along the northern mar-
gin south of Bianyang (seen at stop 3, fig. 8, 9). As the
road approaches the base of the escarpment, east of the
town of Bangeng, tongues and isolated pods of carbonate
breccia are visible enclosed within the Upper Triassic
siliciclastic strata of the Bianyang Formation (fig. 9).
These breccias occur at the base of the Ladinian escarp-
ment and are equivalent to the Carnian breccias
interbedded with the Bianyang Formation exposed at the
top of Guandao section at stop 6B (see below). The brec-
cias contain a diverse reef fauna of Tubiphytes,
scleractinian corals, sphinctozoan and inozoan sponges
and solenoporacean algae and are interpreted to have been
eroded from Ladinian patch reefs or a fringing reef de-
veloped along the high-relief escarpment (fig. 10D). When
we reach the town of Bangeng the road turns north and
enters Ladinian platform-interior strata along the axis of
the Bianyang syncline (fig. 8, 9).

Stop-2  Overview of Bianyang syncline and
termination sequence of the GBG.
Uppermost carbonates (Ladinian) followed
by drowning and shale deposition
(Carnian).  Roadside stop 1.5 km
north of Bangeng (fig. 9)
As we drive from the town of Bangeng northward to stop
2, we traverse Ladinian carbonate strata from platform-

margin facies near Bangeng to peritidal, cyclic, platform-
interior facies. The road crosses a zone of amalgamated
tepee structures south of stop 2 (fig. 9). At Bangeng sec-
tion, just west of the road, the tepee structures disrupt an
interval of platform carbonates 300 m thick and provide
abundant evidence of prolonged subaerial exposure (fig.
9). The tepee interval is interpreted to represent a zone of
emergent islands restricted to the southern banktop (fig.
10D).  Above the peritidal carbonate at Bangeng section
is an interval of subtidal molluscan packstone 200 m thick
followed by deepening-upward carbonate facies and a shift
to marine shale (fig. 9). The marine shale in the axis of
the syncline marks the termination of carbonate deposi-
tion on the GBG (fig. 9).

During the termination, the last carbonates to be depos-
ited on top of the platform were oolitic-skeletal grainstone
to packstone beds that grade upward to nodular-bedded,
skeletal-oncolitic lime wackestone (fig. 16). Deepening
is supported by a shift to diverse open-marine biota over
the bank top and the nodular-bedded facies at the very
top of the section. Included are Neogondolellid conodonts,
representing deep-marine biofacies (fig. 15). Deepening
conditions are inferred to have ended restricted shallow-
subtidal conditions, beginning with wave-agitated condi-
tions resulting in ooid grainstones which later pass up-
ward to quieter, deeper, open-marine conditions repre-
sented by the nodular-bedded, skeletal-oncolitic
wackestones (fig. 16).  Oncoids within the nodular-bed-
ded wackestone facies are encrusted by a consortium of
cyanobacteria, serpulid worms and bryozoans. They prob-
ably formed as algal nodules in relatively deep-water en-
vironments similar to algal nodules found in deep envi-
ronments adjacent to modern Carribean platforms (Reid
and Mcintyre, 1988). Similar algal nodules have also been
reported from 135 foot water depths in Florida (Enos and
Perkins, 1977).

Stop-3 Overview of the northern high-relief
escarpment of the GBG. Roadside south of
Bianyang (fig. 9, 15)
From stop 2 we continue to drive northward through
Carnian shale in the axis of the Bianyang syncline. Even-
tually the road emerges on the northern margin of the GBG
and winds its way northward and upward through
siliciclastic turbidites of the Bianyang Formation (fig. 9).
Stop 3, on a tall mountain in the Bianyang Formation,
provides an ideal vantage point to look southeast and ex-
amine the Ladinian high-relief escarpment from a distance.
At stop 3 we are approximately on structural strike (NNW-
SSE) with the Ladinian carbonate of the GBG escarp-
ment which dip 700 to the SW. The most conspicuous fea-
tures are the extremely thick and well-bedded Ladinian
carbonates of the platform and the extremely sharp con-
tact between the carbonates and basinal clastics in the
foreground. From this vantage point the first impression
is that the contact is a fault. However, a fault interpreta-
tion is ruled out because mapping demonstrates that there
is no offset of underlying or overlying strata (fig. 9, 15).
The sharp contact between the carbonates and clastics is
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interpreted to have formed as a high-relief aggradational
and erosional escarpment with 1700 m of syndepositional
relief developed as the platform aggraded in the Ladinian
(fig. 10D). After the platform was drowned during the
Early Carnian (see stop 2) the siliciclastic turbidites
onlapped the escarpment and buried the platform. The
escarpment interpretation is supported by conodont bios-
tratigraphy which demonstrates that the siliciclastic tur-
bidites at the top of Guandao section (fig. 9) are Carnian
and entirely younger than the uppermost platform carbon-
ates (which are Ladinian). Further support comes from
the lack of intertonguing of the carbonates and siliciclastics
except for small tongues of breccia at the base of the es-
carpment at the top of Guandao section (fig. 9).

Stop-4a Permian-Triassic boundary and
Lower Triassic platform-interior facies at
Dajiang

Permian-Triassic boundary at Dajiang section
(including a description from Heping section 1 km
south of Dajiang)

Lithofacies and stratigraphy- Continuous Permian-Tri-
assic boundary (PTB) successions are exposed in several
sections in the interior of the GBG on the east limb of the
Bianyang syncline (fig. 9). Stop 4A will examine the
boundary at Dajiang section. Optional stop 4B will ex-
amine the PTB at Rungbao section (fig. 9, 10).  From
base to top the overall facies succession of the PTB in the
GBG platform interior consists of: (1) cherty skeletal lime
packstone with diverse normal-marine fossils in the up-
permost Permian, overlain by a sharp contact with (2)
calcimicrobial framestone in the basal Griesbachian with
interbeds of (3) molluscan lime grainstone, followed by a
thin interval of (4) microgastropod packstone and finally
(5) platy, thin-bedded lime mudstone (fig. 11).

Upper Permian strata at Dajiang section are the Wujiaping
Formation and consist of thick, massive-bedded skeletal
lime packstone with chert nodules. Fossils in the upper
Wujiaping Formation include crinoids, brachiopods, bryo-
zoans, sphinctozoan sponges, rugose corals,
dasycladacean algae, fusulinids, other foraminifera and
Tubiphytes (fig. 11).  The upper meter of the Wujiaping
Formation at Dajiang and Heping sections is composed
of non-fusulinacean foraminifers and fragmented shell
material.  Palaeofusulina and the Changxingian foramini-
fers Colaniella and Nodosaria occur near the top of the
Wujiaping Formation at Heping section.  Skeletal
packstone of the Wujiaping Formation is interpreted to
represent a shallow-subtidal, open-marine platform envi-
ronment with relatively low to moderately high current
energy. The diverse normal-marine biota and presence of
green algae indicate shallow photic-zone conditions and
open-marine circulation. Mud-poor intervals with infil-
trated lime mud indicate winnowing by wave action. Ho-
mogenous, mud-rich packstone intervals may have been
thoroughly bioturbated.

The Wujiaping Formation is overlain by an 8 to16 m thick

interval of calcimicrobial framestone that has a distinc-
tive wavy, vaguely stromatolitic or thrombolitic appear-
ance in outcrop (fig. 11). The calcimicrobial framestone
is composed of irregular to dendritic black globular fos-
sils similar to Renalcis that surround an interconnected
network of irregular primary cavities filled with lime mud
and skeletal debris. The calcimicrobial framestone lacks
recognizable Permian macrofossils and overlies the
Wujiaping Formation across a sharp, planar contact, or
an undulating seam stylolite contact (fig. 11). The con-
tact and underlying strata contain no evidence of erosion
or subaerial diagenesis. At Heping section the
calcimicrobial framestone contains several interbeds of
molluscan lime grainstone (fig. 11); the Dajiang section
lacks the interbeds. The calcimicrobial framestone is over-
lain by a skeletal packstone interval a few meters thick
that is composed mostly of minute (< 2 mm) gastropods
(microgastropod packstone, fig. 11). It also contains
bivalves, inarticulate brachiopods, small articulate bra-
chiopods and rare echinoid spines. This interval is over-
lain by 60 m of monotonous, thin-bedded lime mudstone
of the Lower Triassic Daye Formation (Figs. 10B, 11).

The calcimicrobial framestone extends continuously
across the interior of the GBG (fig. 10A). Near the north-
ern margin of the GBG, it gradually thins and pinches out.
Near the  pinchout, the calcimicrobial framestone over-
lies a thin interval of siliceous lutites of the Upper Per-
mian Dalong Formation (fig. 10A). The Dalong Forma-
tion contains the Changxingian ammonoids
Rotodiscoceras, Pseudotirolites and Pleuronodoceras as
well as radiolarians (Guizhou Bureau of Geology and
Mineral Resources, 1987).

Conodont Biostratigraphy- Closely spaced samples from
the Heping section yielded abundant conodonts. The Up-
per Wujiaping Formation at Heping yielded only
Hindeodus typicallis (fig. 11) and lacked H. parvus. Al-
though diagnostic Late Permian conodonts were not re-
covered from this section, the presence of Palaeofusulina
and Colaniella indicate a Late Permian, Changxinian age.
Fragments of Neogondolella changxingensis were recov-
ered from the upper Wujiaping Formation at Dajiang and
Guandao sections (fig. 11). The lowermost sample from
the calcimicrobial framestone at Heping section was col-
lected 65 cm above the base of the unit and contains
Hindeodus parvus (fig.11).  Hindeodus parvus occurs up-
section through the calcimicrobial framestone and into
the lime mudstone of the Daye Formation (fig. 11). The
first occurrence of H. parvus is widely used to define the
base of the lowermost Triassic, Griesbachian stage (Paull
and Paull, 1994; Orchard et al., 1994; Yin et al., 1996).
Thus, the conformable biostratigraphic PTB is interpreted
to occur within the basal 65 cm of the calcimicrobial
framestone at Heping (fig. 11).  Isarcicella isarcica oc-
curs in the microgastropod packstone immediately over-
lying the calcimicrobial framestone. The consecutive ap-
pearances of H. parvus followed by I. isarcica thus place
the microbialite in the H. parvus zone (fig. 11).

Depositional environments- Calcimicrobial framestone
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location.
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of the Lower Triassic Griesbachian is interpreted to rep-
resent shallow-subtidal, open-marine environments simi-
lar to the environment of deposition of the underlying
Permian skeletal packstone.  The framework is composed
of equant to lunate, globular fossils with micrite walls
that form irregular, tufted, and dendritic aggregates sur-
rounding irregular internal cavities.  These structures are
interpreted as calcified, coccoid cyanobacteria similar or
identical to Renalcis (Lehrmann, 1999). The environment
of deposition is interpreted in the context of the
interbedded skeletal grainstone and metazoan fossils con-
tained within the framework. Cyanobacteria flourish in a
great variety of environments, including saline lagoons
(Playford and Cockbain, 1976), open-marine platforms
(Gebelein, 1976) and even in anaerobic or acidic envi-
ronments (Schopf, 1992). The calcimicrobial framestone
lacks sedimentary, biotic, or diagenetic evidence for hy-
persalinity or tidal-flat conditions. The occurrence of
interbedded molluscan grainstone with normal-marine
fauna indicates wave agitation and free exchange of sea-
water across the area during the deposition of the
calcimicrobial framestone. The occurrence of echinoderms
and articulate brachiopods within the framestone further
supports open-marine conditions.

Grainstone and packstone beds, composed mainly of frag-
mented bivalves, are intercalated with the calcimicrobial
framestone at Heping (fig. 11). The presence of articulate
brachiopods and echinoderms provides evidence for an
environment with normal-marine salinity.  The grainy tex-
ture and fragmented fossils indicate a shallow-marine
environment subject to wave action and possibly storm
events exchanging marine water across the platform inte-
rior. Shell fragments may be randomly oriented or aligned
parallel to bedding. Rarely, the packstone contains infil-
trated lime mud and peloids perched on shell fragments.
The low-diversity biota is interpreted to reflect the drop
in biodiversity in the immediate aftermath of the end-Per-
mian extinction rather than restricted marine circulation.
Grainstone beds within the calcimicrobial framestone are
broadly lenticular as they are discontinuous between sec-
tions. Grainstone interbeds are abundant in Dawen and
Heping sections but pinch out laterally and are absent in
the Dajiang section (fig. 10).  The lenticular geometry of
the grainstone beds and fact that the interlayers of
calcimicrobial framestone contain similar metazoan fos-
sils (bivalves, echinoderms, brachiopods, etc.) indicates
that these two facies were deposited in adjacent coeval,
shallow-subtidal environments.

Overlying the microbialite is microgastropod packstone
followed by thin-bedded lime mudstone of the Daye For-
mation (fig. 11).  The microgastropod  packstone is in
places composed almost entirely of minute gastropods 1-
2 mm in diameter. The muddy texture of this facies and
the absence of open-marine biota, except for a few small,
articulate brachiopods, suggest a change to a low-energy,
lagoonal environment with restricted circulation. The thin-
bedded lime mudstone of the Daye Formation overlies
the microgastropod packstone and contains a few scat-
tered bivalves and gastropods and contains extremely rare

thin beds of oolite packstone. The low-diversity fauna
suggests a shallow, restricted lagoonal environment. The
homogenous structure of the lime mudstone suggests ex-
tensive bioturbation, but the paucity of discrete burrows,
burrow mottling and bedding-plane traces is puzzling.

Carbon isotope and TOC data- Organic and carbonate
carbon isotopes were measured across the PTB in Heping
section approximately 1 km south of Dajiang (Krull et
al., 2004). Negative excursions across the Permian-Tri-
assic boundary in δ13Corg and δ13Ccarb occur immediately
above the PTB “event horizon”, marked by the onset of
the calcimicrobial framestone, and immediately below the
first occurrence of H. parvus (fig. 11). The carbon iso-
tope shifts are associated with a drop in average total or-
ganic carbon (TOC) and the depleted values in both δ13Corg
and δ13Ccarb together with low TOC content persist through-
out the Griesbachian H. parvus zone. These data docu-
ment a negative shift of δ13Corg, δ

13Ccarb, and TOC correla-
tive with the base of the Griesbachian H. parvus zone and
the onset of growth of calcimicrobial framestone follow-
ing the extinction. Correlation of the δ13C excursion with
the GSSP at Meishan shows that calcimicrobial
framestones and H. parvus zone (8 to 16 m thick) have
exceptionally high sediment accumulation rates relative
to the correlative zone at Meishan, which is only 18 cm
thick (beds 25-27c).

Lower Olenekian (Smithian) peritidal cyclic limestone
of the platform interior

General lithofacies and depositional environments-
Lower Triassic strata in the interior of the GBG are ap-
proximately 400 meters thick. They begin with
calcimicrobial framestone biostromes 8-16 m thick in the
Lower Griesbachian, 50 m of thin-bedded lime mudstone
in the Griesbachian and Dienerian, overlain by 100 m of
oolite dolo-grainstone and oolitic microbial laminites in
the Dienerian, 180 m of peritidal cyclic limestone in the
Lower Olenekian (Smithian) and finally massive peritidal
dolomite in the Upper Olenekian (Spathian; fig. 9, 10B).
The Olenekian-Anisian boundary in the platform interior
occurs within the massive peritidal dolomite. The age of
the peritidal cyclic limestone is constrained by the occur-
rence of the conodont Lonchodina nevadensis and by
correlation of carbon isotope profiles to the
biostratigraphically constrained Guandao section at the
basin margin (Payne et al, 2004; fig. 18).

The entire Lower Triassic platform-interior succession of
the GBG contains fabrics consistent with shallow subtidal
to peritidal conditions and lacks evidence of major deep-
ening events. Furthermore, the underlying Upper Permian
strata and overlying Middle Triassic strata represent open-
marine shallow-subtidal and restricted-marine, tidal flat
environments, respectively (Lehrmann et al., 1998). Reef
mounds of calcimicrobial framestone occur in the plat-
form-interior, peritidal cyclic limestone, but are absent
from the platform margin, suggesting that these features
formed only in relatively low-energy environments of the
platform interior. Thus, the facies succession and strati-
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graphic architecture of the platform constrain the
Olenekian cyclic limestone facies to a relatively low en-
ergy, restricted- to normal-marine, shallow subtidal and
peritidal environment.

Lithofacies and depositional cycles- The Olenekian
peritidal cyclic limestone extends across the interior of
the GBG (fig. 9, 10B). It is 145 m thick and contains 66
shallowing-upward parasequences in the Dajiang section
(fig. 12). Individual parasequences range from 0.2-7.4 m
in thickness. The parasequences are composed of five
shallow-subtidal to supratidal facies: skeletal packstone,
oolitic packstone and grainstone, calcimicrobial
biostromes and reef mounds, flaser-bedded and horizon-
tally burrowed ribbon rock, and microbial laminite. A typi-
cal parasequence has a skeletal packstone or oolite base
followed by calcimicrobial mounds, and capped by flaser-
bedded ribbon rock (fig. 12). Variations include
parasequences with calcimicrobial facies at the base, those
lacking calcimicrobial mounds, or those capped by a mi-
crobial laminite rather than ribbon rock.

Skeletal packstones are typically massive or contain hori-
zontally-oriented bivalve fragments with perched infil-
trated sediment. Skeletal grains include thin-shelled
bivalves, gastropods, ostracodes, foraminifers, minor echi-
noderm fragments and sparse lingulid brachiopods and
worm tubes. The skeletal packstone is interpreted to rep-
resent open to restricted, shallow-subtidal environments
with relatively low current energy. Most of the skeletal
grains probably represent restricted marine circulation;
the presence of echinoderms, however, suggests occa-
sional open-marine circulation. Abundance of mud indi-
cates low-energy conditions. The massive fabric suggests
bioturbation.

Oolitic packstone and grainstone beds, at the base or in
the middle of parasequences, are thin to medium bedded.
No lamination or cross-bedding was observed. Grainstone
is rare; much of the oolite is mud-poor packstone with
infiltrated internal sediment. Peloids, bivalve fragments
and imbricated flat-pebble conglomerates are locally abun-
dant. The oolitic packstone and grainstone represent
subtidal shoals. Grainstone fabrics and imbricated
interclasts indicate a current-swept shoal environment.
Infiltrated mud fabrics suggest shoal stabilization and shift
to lower energy conditions in the upper parts oolitic beds.

Biostromes and bioherms composed of calcimicrobial
framestone occur in the middle and base of parasequences
immediately below parasequence cap facies. Bioherms
include small domal mounds as well as inverted conical
mounds up to 1.5 m tall. Individual bioherms range from
10 cm to 1.5 m thick and have diameters of one to two
times their height. Bioherms within individual beds are
generally of similar size and have a lateral spacing of one
to several meters. Where they form syndepositional re-
lief, skeletal packstone interfingers with the lower mound
and flaser-bedded ribbon rock onlaps and overlaps the
upper mound.  The calcimicrobial framestone fabrics are
identical to those described from the basal Griesbachian
of Dajiang section.

Flaser-bedded ribbon rock most commonly caps the
shallowing-upward cycles.  It consists of laminated
interlayers of lime mudstone and flaser-bedded grainstone.
The ribbon appearance results from flaser bedding pro-
duced by the interlayering of grainstone lenses with con-
tinuous lime mudstone drapes. Grainstone lenses contain
ripple cross laminae and isolated starved ripple forms.
Scoured surfaces are commonly overlain by imbricated
intraclasts. Opposed current indicators suggest reversing
currents. Rare interlayers of lime mudstone and grainstone
contain tidal bundling (spring/neap packages) with pro-
gressive upward thinning of grainstone-mudstone cou-
plets. In some parasequence caps, near the top of Dajiang
section, the ribbon rock contains water-escape structures
- fissures that disrupt lamination into small antiformal
structures.  The ribbon rock represents muddy tidal flats
dominated by intertidal conditions. Reversing-current in-
dicators, scours, grainstone lenses and starved ripples
formed during flood and ebb tides. Lime mud drapes were
deposited from suspension during submergence and slack
tide. Minor burrowing occurred during submergence of
the tidal flat. Autoclastic brecciation and v-shaped cracks
associated with water-escape structures suggest these fea-
tures formed by desiccation during subaerial exposure of
the tidal flat. The dominance of hydrodynamic structures
indicates low intensity of bioturbation.  Microbial laminite
occurs in parasequence caps within the upper parts of
Dajiang section (fig. 12). A few of the layers contain evi-
dence for significant subaerial exposure such as prism
cracks, autoclastic breccia with reddened clasts and cal-
careous soil concretions. This facies represents rare
supratidal conditions and prolonged exposure of the tidal
flats.

The Lower Triassic platform-interior sequence of the Great
Bank of Guizhou is notable for its extremely low
biodiversity and predominance of unusual microbialite
precipitates and ribbon rock facies dominated by physi-
cal sedimentary structures. The low biodiversity corre-
sponds to a period of pronounced instability of the car-
bon cycle, suggesting that environmental perturbations
may have prevented rediversification of life during the
Early Triassic (Payne et al., 2004; fig. 18).  Notably, two
of the large negative carbon excursions coincide with the
onset of major packages of microbialite deposition in the
platform interior (fig. 18). These observations suggest that
microbialite genesis may be linked with environmental
disturbances also reflected in the carbon isotope record.

 Milankovitch cyclicity- Parasequence thickness and fa-
cies stacking patterns in the peritidal cyclic limestone dis-
play three orders of cyclicity, suggesting hierarchical strati-
graphic packaging (fig. 12). Yang and Lehrmann (2003)
performed spectral analysis on the strata in Dawen and
Dajiang sections (fig. 9) using the gamma analysis tech-
nique. Spectral analysis of the time series displayed mul-
tiple statistically significant spectral peaks, suggesting a
quasi-periodic nature of the record. Prominent short-ec-
centricity, short-obliquity, and long-precessional index
peaks, and minor long-eccentricity, long-obliquity, short-
precessional index, and constructional-tone peaks were
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parasequence type (“ideal cycle”) is
indicated on the lower right.
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calibrated on the gamma-corrected spectra. Thus,
Milankovitch climatic forcing probably greatly influenced
sedimentation. On the basis of the calibration, the subtidal
facies has sedimentation rates of 24.6 to 30.7 cm/ky and
the intertidal-supratidal facies has rates of 2.7 to 6.0 cm/
ky. The estimated duration of deposition of the interval in
the two sections is 1139 to 1423 ky, corresponding to a
stratigraphic completeness of 60 to 75%. The high level
of stratigraphic completeness was attributed to low am-
plitude sea level oscillation in a greenhouse climate of
the Early Triassic.

Stop- 4b Optional stop at Permian-Triassic
boundary at Rungbao section
The Permian-Triassic boundary succession at Rungbao
section is essentially identical to that described for Dajiang
section (see description in stop 4A and fig. 11).  The sec-
tion is, however, easily accessible from the road and con-
tains well-developed microbial fabrics and undulatory
bedding superficially resembling stomatolites, cherty
Upper Permian carbonates and a volcanic ash layer within
the uppermost Permian carbonate. Geochemistry and pe-
trography demonstrate that the claystone is indeed volca-
nic ash and has a rhyolitic composition (Newkirk et al.,
2002).

Stop-5 Lower-Middle Triassic (Olenekian-
Anisian) boundary section in basin-margin
facies at Guandao section
Guandao section occurs on the east limb of the Bianyang
syncline at the basin margin immediately north of the GBG
(fig. 8, 9). Several aspects make this one of the most im-
portant sections in the Nanpanjiang basin for
chronostratigraphy. The section: (1) is approximately 750
m thick and has continuous exposure of Upper Permian
through Upper Triassic (Carnian) strata, (2) is composed
primarily of deep-marine, pelagic, carbonate strata that
contain abundant conodonts, (3) apparently records con-
tinuous sedimentation without significant unconformities,
(4) preserves primary magnetic signature and several vol-
canic horizons, (5) occurs adjacent to a carbonate plat-
form with preserved paleobathymetry allowing physical
correlation between shallow-marine platform strata with
deep-marine strata at the basin margin and (6) is easily
accessible from the nearby town of Bianyang (figs. 9,  10,
15). Furthermore, although Guandao section has the dis-
advantage of lacking abundant ammonoid faunas, the sec-
tion should provide useful constraints on the global geo-
logic time scale as it contains a long, continuous record
of Triassic sedimentation in contrast to the numerous short
marine sections that have commonly been used in com-
posite for reconstructing Triassic chronostratigraphy.

Lithofacies and record of Triassic biotic recovery

Guandao section was measured in two overlapping seg-
ments: lower Guandao, which spans the Upper Permian
through the Middle Triassic Anisian (Pelsonian) (fig. 9,
13) and upper Guandao section, which spans the Lower

Triassic, Upper Olenekian (Spathian) through the Upper
Triassic Carnian (fig. 9, 15). The sections are offset and
correlated along an interval with volcanic ash horizons
that straddles the Lower-Middle Triassic (Olenekian-
Anisian) boundary (fig. 17).

Lower Guandao Section— The base of lower Guandao
section was measured in cherty skeletal packstone of the
Upper Permian Wujiaping Formation. The Wujiaping
Formation represents sedimentation prior to the initiation
of the GBG as an isolated platform and was deposited
near the southern margin of the Upper Permian Yangtze
platform (fig. 2, 3, 9). It contains a diverse assemblage of
shallow-marine benthic fossils including articulate bra-
chiopods, mollusks, echinoderms, bryozoans and fora-
minifers.

Overlying the Wujiaping Formation is the Upper Permian
Dalong Formation that represents the initial “drowning”
of a large area of the Yangtze platform north of the area
of the GBG (fig. 2, 13). The Dalong Formation adjacent
to the GBG is 10-15 m thick and is composed of deeply
weathered, dark brown to black, nodular-bedded siliceous
lutite (chert), cherty nodular-bedded lime mudstone and
shale. One of the “shaly” interbeds near the top of the
Dalong Formation at Guandao section may be a volcanic
ash.

The Dalong Formation contains radiolarians and the am-
monoids Rotodiscoceras, Pseudotirolites and
Pleurondoceras. The combination of dark color and pe-
lagic fauna with minor bioturbation and presence of small
articulate brachiopods suggests a dysaerobic environment.
The Dalong Formation reaches a maximum thickness of
78 m in southern Guizhou (Guizhou Bureau, 1987). Fur-
ther work is needed to determine the depositional envi-
ronments of the Dalong Formation and the conditions that
led to the termination and step back of a vast area of the
Yangtze platform in southern Guizhou (fig. 2). Two ob-
servations suggest that the “drowning” cannot be explained
simply as the result of eustatic sea level rise: 1) the Yangtze
platform was terminated in the eastern sector only (fig.
2), and 2) paleobathymetry adjacent to the Upper Per-
mian reef mound on the north margin of the GBG (fig. 9;
Lehrmann, 1993) suggests water depths of approximately
30 meters for Dalong Formation deposition.

The Permian-Triassic boundary occurs between the
Dalong Formation and the overlying shale containing the
bivalve Claraia (fig. 13). The shale is 18 m thick, deeply
weathered and has a brown-tan color and is laminated.
Overlying the Griesbachian shale, the Induan succession
is dominated by hemipelagic lime mudstone, allodapic
lime packstone and grainstone, submarine debris-flow
breccia beds and shale interbeds (fig. 13). These facies
correlate biostratigraphically with the Luolou Formation
that has been mapped regionally in the Nanpanjiang ba-
sin of southern Guizhou and Guangxi (fig. 3, 7).

The Induan lime mudstone is thin-bedded, dark gray to
black and commonly laminated, rarely it is burrowed. At
the base of debris-flow breccia beds lime mudstone is
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Figure 13: Upper Permian through Middle Triassic (Anisian) strata at lower Guandao section. Facies are from the
basin-margin slope succession on the northern margin of the GBG. See figures 9 and 10 for location. Dominant
carbonate grain types (ooids, intraclasts, and various skeletal grains) are indicated immediately right of the lithofacies
column. Conodont biostratigraphy and volcanic-ash horizons are also indicated. U-Pb dates of volcanic ash layers
are shown in fig. 17.
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commonly contorted by soft-sediment deformation into
wavy or overturned folds. Allodapic packstone and
grainstone beds are dominantly composed of oolite,
peloids and intraclasts of lime mud or oolite packstone.
Debris-flow breccias are matrix-rich and contain a mix of
oolite clasts derived from the platform margin and lime-
mudstone clasts derived from the slope. The Induan suc-
cession at Guandao section is notable for extremely low
skeletal content and dominance of non-skeletal grains
(ooids, intraclasts, peloids; fig. 13). Thin-section point
counts indicate skeletal abundance near zero (J. Payne,
unpublished data). Allodapic packstones and breccia clasts
contain a few bivalve fragments.

Facies types and depositional environments are similar in
the Olenekian strata: pelagic lime mudstone, allodapic
packstone and grainstone, debris-flow breccia beds and
shale. The Olenekian strata at Guandao section are
biostratigraphically correlated with the upper Luolou For-
mation in southern Guizhou (fig. 3, 13).  Near the base of
Olenekian succession are two dolomitized breccia inter-
vals, each greater than 10 m thick, that form a prominent
ridge in the landscape (fig. 9, 13). The strata overlying
the dolomitized breccia beds contain more conspicuous
fossils (bivalves, crinoids and Tubiphytes, indicating the
beginning of biotic recovery near the end of the Olenekian
(Upper Spathian; fig. 13). Thin-section point counts indi-
cate that abundance and diversity of skeletal grains in-
creased only in the Upper Olenekian (5% skeletal abun-
dance in the Upper Spathian) after remaining low through-
out the preceding Lower Triassic (J. Payne, unpublished
data). Thin sections reveal the presence of bivalves,
crinoids, cephalopods, foraminifera, brachiopods, ostra-
cods and Tubiphytes fragments. Volcanic-ash horizons
occur in the upper Olenekian and Anisian (fig. 13). Nota-
bly the pelagic lime mudstone and packstone beds near
the Olenekian and Anisian boundary at Guandao section
contain chert nodules. In southern Guizhou, chert nod-
ules are commonly found in Upper Permian carbonates
but are almost entirely absent from Triassic strata.  The
occurrence of chert nodules at this level may reflect ei-
ther increased abundance of biogenic silica from radiolar-
ians or siliceous sponges or mobilization of silica from
the volcanic ashes.

Upper Guandao section- Upper Guandao section was
measured in the valley and up the hillside approximately
200 meters north (basinward) of lower Guandao section.
The base of the section is in Upper Olenekian (Spathian)
strata containing volcanic-ash horizons (fig. 14). The vol-
canic units thicken and apparently amalgamate basinward
away from the platform (fig. 17). The section continues
up through the Anisian and Ladinian. It represents the
basin-margin slope succession deposited north of the
massive, aggrading Tubiphytes reef (fig. 9, 10).
Biostratigraphically the Anisian succession correlates with
the Xinyuan Formation of southern Guizhou (fig. 4, 7).
The siliciclastic turbidites of the Bianyang Formation at
the top of upper Guandao section (fig. 9, 10) are Carnian
in age whereas in other areas of Guizhou this unit is con-
sidered largely Ladinian (fig. 5).

The lithofacies consist of pelagic lime mudstone, allodapic
skeletal and intraclastic lime packstone or grainstone and
debris-flow breccia beds with clasts derived from the plat-
form-margin Tubiphytes reef. Skeletal abundance and di-
versity is greater in the Anisian-Ladinian succession than
in the uppermost Olenekian. Thin-section point counts
record 8 to 9% skeletal grains averaged over all litholo-
gies (J. Payne, unpublished data). Whereas the increase
in skeletal abundance from near zero to approximately
5% in the upper Olenekian reflects an increase in the abun-
dance of animal skeletal grains, the additional increase in
the Anisian and Ladinian records the additional input of
Tubiphytes grains at this time.  Thin-bedded lime mud-
stone and wackestone contains thin-shelled pelagic
bivalves, radiolarians, echinoderms and rarely am-
monoids. Skeletal packstone and grainstone and clasts
within breccias contain Tubiphytes fragments, crinoids,
echinoids, foraminifers, calcareous algae, mollusks, bra-
chiopods, ostracodes, calcisponge fragments and a few
sclearactinian corals. Notably, the skeletal abundance and
diversity remains relatively constant throughout the
Anisian and Ladinian succession (J. Payne, unpublished
data).

Conodont biostratigraphy – the Olenekian-Anisian
boundary

A total of 603 samples, each 3-5 kg., were collected from
lower and upper Guandao sections. Sample spacing ranged
from about 2 meters to 20 cm, with more closely spaced
samples near important boundaries such as the Olenekian-
Anisian boundary. Most of the samples contained abun-
dant conodonts, many with hundreds or thousands of ele-
ments. From the entire stratigraphic succession we have
identified 56 conodont species, enabling a substage zo-
nation of the Upper Permian through Carnian (ranges of
important species are shown in fig. 13, 14).

The Olenekian-Anisian boundary is especially well con-
strained by conodont biostratigraphy, providing a high-
resolution record of this critical interval of biotic recov-
ery (fig. 14).  The Olenekian-Anisian boundary is placed
at the first occurrence of Chiosella timorensis.  Cs.
timorensis has been recognized as a key index fossil for
definition of the boundary as it has a narrow stratigraphic
range and global distribution (Orchard, 1995; Orchard and
Tozer, 1997). Further, the International Commission on
Stratigraphy has reported agreement that the first occur-
rence of Cs. timorensis will define the O-A boundary in
the global stratotype to be designated at the Desli Caira
section in Dolobrogea, Romania (Ogg, 2004).  At Desli
Caira the first occurrence of Cs. timorensis closely corre-
sponds with the occurrence of biostratigraphically impor-
tant ammonoids Japonites, Paradanubites and
Paracrochordiceras (Gradinaru, 2001).

Additional constraints on placement of the Olenekian-
Anisian boundary at Guandao section include: the last
occurrences of Neospathodus abruptus and Ns. triangu-
laris (Orchard, 1995) well below the boundary, the oc-
currence of Ns. symmetricus and Ns. homeri below and
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Figure 14: Lower Triassic (Spathian) through Middle Triassic (Ladinian) strata at upper Guandao section. Facies are
from the basin-margin slope succession on the northern margin of the GBG. See figures 9 and 10 for location.
Lithology and grain type symbols are the same as those shown in figures 13. Conodont biostratigraphy and volcanic
ash horizons are indicated. U-Pb dates of volcanic ash layers are shown in fig. 17.

extending slightly above the boundary and the first oc-
currence of Gladiogondolella tethydis, Nicoraella
germanicus and Ni. kockeli above the boundary (fig. 14).

Volcanic ash layers- preliminary U-Pb dates

Several volcanic ash horizons straddle the boundary (fig.
17). Preliminary age dates are as follows. We emphasize
that these age dates are preliminary and should not be
cited as certain boundary ages until the data are suffi-
ciently refined. The lowest dated horizon occurs 4.5 m
above the O-A boundary in the lower Cs. timorensis

biozone and is age dated to be 247.8 MA. The highest
dated horizon occurs in the uppermost Cs. timorensis
biozone and is age dated at 246.5 MA. These preliminary
data indicate an age of > 247.8 MA (probably around
248MA) for the O-A boundary. Given that age dates for
the end-Permian extinction horizon from independent labs
appear to be converging near 252 MA (see Bowring et
al., 1998; Mundil et al., 2004), the duration of the Early
Triassic Epoch and the interval of delayed recovery was
approximately 4 million years.
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Magnetostratigraphy

Magnetostratigraphic data collected (total of 322 paleo-
magnetic samples from lower and upper Guandao sec-
tions) defined a series of ten normal and ten reversed
magnetozones in lower Guandao section that character-
ize a geomagnetic polarity record for the Lower Triassic
and basal Anisian. Detailed demagnetization experiments
have resulted in the isolation of a Lower Triassic paleo-
magnetic directional data. Magnetostratigraphic data from
Guandao were subjected to the reversal test and passed at
a grade ‘B’ level (Paul Montgomery, personal communi-
cation). Comparison with predicted Lower Triassic pa-
leomagnetic directions for the Guandao area show good
agreement (Enkin et al 1992; Van der Voo, 1993).  Based
on this evidence a primary paleomagnetic signal is inter-
preted.

Magnetic reversal stratigraphy from Guandao section cor-
relates with the reversal zonation of the O-A boundary in
western Tethyan sections (Muttoni et al., 2000). In both
areas normal polarity occurs in the Lower Spathian fol-
lowed by a predominantly reversed zone with a few thin
reversals in the upper half of the Spathian and straddling
the Olenekian-Anisian boundary (fig. 14). This is followed
by a zone of normal polarity in the Bithynian to Lower
Pelsonian (fig. 14).

Carbon-isotope record

Samples were collected for carbon-isotopic analyses from
the lower Guandao and upper Guandao sections with an
average spacing of approximately one meter where expo-
sure permitted.  The results provide a detailed and rela-
tively continuous record of large fluctuations in the glo-
bal carbon cycle that continued through the Early Trias-
sic and into the Middle Triassic before stabilization oc-
curred rapidly in the Anisian (fig. 18).  Unfortunately,
heavily weathered shales across the P-Tr boundary at the
Guandao section reduce the quality of the record near the
extinction event itself.  This part of the record is well
recorded in the platform-interior sections (fig. 18).  The
Smithian-Carnian record from the lower Guandao and
upper Guandao sections, on the other hand, is excellent.
In particular, two large cycles are apparent with positive
peaks near the Smithian-Spathian boundary and within
the base of the Anisian.  The Anisian peak is followed by
a trend to lighter values and subsequent stabilization at
values around 1.5‰.  From the Anisian through the
Carnian values do not vary by more than approximately
1‰.

Evidence is strong that the pattern of carbon-isotopic fluc-
tuations through the Early Triassic reflects global changes
in the carbon cycle.  The magnitude and timing of the
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181

Albertiana 33
Permian-Triassic boundary excursion is well known from
localities around the globe (e.g., Magaritz et al., 1988;
Baud et al., 1989).  The Smithian-Spathian and Early
Anisian positive peaks have been observed at other lo-
calities around the Tethys (e.g., Atudorei, 1999; Baud et
al., 1996), and the large positive excursion near the
Dienerian-Smithian boundary is found in the Dolomites
and elsewhere (Horacek, et al., 2001; J. Payne, unpub-
lished data; S. Richoz, pers. comm.).  Only the second
negative excursion in the platform interior, near the
Griesbachian-Dienerian boundary, has yet to be observed
within other marine carbonate sections.

The instability of the carbon cycle during the Early Trias-
sic is remarkable both for its magnitude and for its con-
trast with Middle Triassic stability.  The cause of Early
Triassic carbon-cycle instability is poorly understood.
Suggestions of a role for methane hydrate destabilization
at the end of the Permian (e.g., Krull et al., 2004; Krull
and Retallack 2000) could account for the negative ex-
cursion at the PTB, but cannot explain continuing car-
bon-cycle instability because the time scale involved in
repeated excursions is too short to allow replenishment
of the clathrate reservoir.  A more conventional explana-
tion of the repeated excursions, reflecting changing ra-
tios of carbon burial as organic matter versus carbonate
rocks, is challenged by the magnitude of the excursions.
Generating such large and rapid excursions requires an
extraordinarily high fraction of organic carbon burial (>0.5
vs. carbonate burial) given any reasonable isotopic frac-
tionation between organic and inorganic carbon.  If the
excursions do represent changes in the fraction of organic
burial, it will be essential to determine the conditions (such
as episodes of shallow-shelf anoxia) that were capable of
producing such elevated levels of organic carbon burial,
as well as the reasons why such conditions did not persist
beyond the Early Triassic.

Stop-6a Anisian-Ladinian platform-margin
Tubiphytes reef traverse. Rigorous traverse
on trail through karst terrain south of
Guandao (fig. 9)
Extensive Anisian and Ladinian reef complexes are pre-
served in the Nanpanjiang basin of Guizhou, Guangxi and
Yunnan of southern China.  Reefs occur on the edge of
the extensive Yangtze platform that fringed the basin and
along the margins of isolated platforms within the basin
(Poduan and Guohua Formations, fig. 4; see also Enos et
al., 1997; Lehrmann et al., 1998; Lehrmann et al., 2003).
These reef complexes add greatly to the geographic dis-
tribution of known Anisian reefs (see review in Flügel,
2002).  Furthermore, they are among the oldest Triassic
reefs in the world and, unlike many of their counterparts
in western Tethys, they are preserved in situ as limestone.
The Great Bank of Guizhou (GBG) contains the best-ex-
posed reef complex among the isolated platforms because
a faulted syncline provides a two-dimensional cross-sec-
tion of the platform, including the reef margin (fig. 9).
Exposure of a cross-section from the platform interior to
the basin margin allows the physical stratigraphic corre-

lation from the massive reef complex into the basin-mar-
gin clinoforms.  Occurrence patterns of reef-derived grains
within the basin-margin strata provide biostratigraphic
constraints on the timing of reef formation.

Lehrmann et al. (1998) recognized a Middle Triassic plat-
form-margin reef complex rimming the GBG that is ex-
posed in cross-section on the northern margin near the
town of Bianyang.  The reef complex south of Bianyang
extends approximately 1 km from the platform margin
toward the platform interior and is approximately 800 m
thick (fig. 9).  Physical tracing of basin-margin strata into
the platform margin indicates that the preserved reef com-
plex is primarily Anisian (Early Middle Triassic) in age
(Lehrmann et al., 1998).  Rare grains of a problematic
microfossil commonly identified as Tubiphytes first oc-
cur within basin-margin strata in the uppermost Spathian
(fig. 18), several meters below the first occurrence of the
conodont Cs. timorensis, the datum likely to define the
Early-Middle Triassic boundary in the GSSP section (Ogg,
2004).  Tubiphytes is characteristic of the reef-boundstone
facies on the GBG and is commonly found in Middle Tri-
assic reefs worldwide (Flügel, 2002).

Tubiphytes is a problematic fossil (cf. Senowbari-Daryan
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tions (see figures 9 and 10 for locations). Lithology and grain type symbols are the same as those shown in figures
13 and 14. Magnetic reversal stratigraphy (black is normal polarity) is shown at left of Lower Guandao section.
Conodont biostratigraphy and preliminary U-Pb age dates of volcanic ash layers are shown for both sections. We
emphasize that the U-Pb age dates are still preliminary and should not be cited as certain boundary ages until the
data is sufficiently refined. Further discussion of the biostratigraphy, geochronology, and magnetostratigraphy is
provided in the stop descriptions of the field guide in this volume.
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and Flügel, 1993) composed of micritic tubes that appears,
at least locally, to reflect micritic cementation around a
siphonous alga (J. Payne, unpublished data; Lehrmann,
1993).  Tubiphytes grains are common in basin-margin
strata from the Anisian into the Carnian (figs. 13, 14).
The abundance of Tubiphytes grains increases across the
Early-Middle Triassic boundary, suggesting a rapid in-
crease in the extent and/or rate of carbonate production
on the reef complex at this time.  Geological mapping
and correlation to the basin margin indicates that the top
of the preserved reef complex is Late Anisian or Early
Ladinian in age and that the Ladinian and Carnian plat-
form was rimmed by a high-relief escarpment (Lehrmann
et al., 1998).  The presence of abundant Tubiphytes grains
and blocks of Tubiphytes boundstone in Anisian through
basal Carnian strata on the basin-margin provide evidence
for the persistence of a reef or patch reefs also on the
high-relief escarpment margin into the Ladinian.  Appar-
ently the Ladinian reefs along the high-relief escarpment
were largely stripped away by erosion and their remnants
are largely preserved in clasts in breccias found at the
foot of the escarpment (fig. 9; see description for stop
6B).

Much of the volume of the reef complex is composed of
discontinuous units of Tubiphytes boundstone, Tubiphytes
grainstone and breccia cemented by large volumes of
isopachous marine cement.  Although sampling reveals
the spectrum of lithologies and alternation of boundstone
and grainstone can be detected in outcrop, the reef facies
is generally massive, without distinct bedding.

A variety of free-living organisms are also found within
the reef complex.  The reef-dwelling fauna includes
crinoids, gastropods, bivalves, ostracodes and brachio-
pods.  Among the reef dwellers, crinoid grains are the
most abundant, with subordinate bivalves and gastropods.
Benthic foraminifers and dasyclad algae are also present
in low abundance.  Fossils of free-living organisms gen-
erally occur within grainstones and are rare within
Tubiphytes boundstone, suggesting that much of the reef-
dwelling fauna lived near, but not within, the Tubiphytes
framework.

Several generations of marine cements contribute signifi-
cantly to the reef framework, often contributing the ma-
jority of the total rock volume.  Cements include: 1)
peloidal microcrystalline cement; 2) brownish fibrous
cement; 3) botryoidal cement; and 4) isopachous fibrous
marine cement.  What little void space remained within
the reef after marine cementation was occluded by equant
sparry calcite after burial.

We interpret the history of cementation of the Tubiphytes
reef complex as follows.  The earliest generation of car-
bonate precipitation occurred around a soft-bodied
siphonous alga to form the Tubiphtyes framework.  This
generation of cement must have formed during the life of
the alga, for the substrate for nucleation likely consisted
of mucopolysaccharides excreted by the living alga.  The
second generation of cement consisted of clotted micrite
surrounding the Tubiphytes framework.  It seems likely

that this micrite, like the micrite forming the tube of
Tubiphytes, reflects biotically mediated carbonate precipi-
tation in open contact with seawater.  The subsequent gen-
eration of brownish fibrous marine cement shows no evi-
dence for dissolution prior to precipitation and is found
surrounding Tubiphytes in grains transported to the basin
margin in turbidity currents.  These two pieces of evi-
dence indicate that even the brownish fibrous cement was
precipitated in open contact with seawater prior to any
significant burial.  Given the generally high depositional
rates, approximately 200 m/Ma in the reef complex, open
contact with seawater must have lasted on the order of
104 years.  Evidence for dissolution prior to the precipita-
tion of isopachous fibrous cements suggests possible ex-
posure or burial of the reef boundstone prior to this epi-
sode of cementation.  On the other hand, the deposition
of micrite between layers of isopachous cement in some
cavities suggests that, at least in some cases, the
isopachous cement was also precipitated in contact with
shallow-marine water.  Botryoidal cements appear to post-
date isopachous cements in several samples, but are gen-
erally interpreted as shallow-marine cements.  Finally, the
remaining voids were completely occluded by sparry cal-
cite after burial.

Despite the extent of the reef complex and the fact that
the reef aggraded to produce at least 400 m of relief above
the adjacent basin floor (fig. 9, 11C), there is little evi-
dence that the framework elements – primarily Tubiphytes
and marine cements – attained any significant local relief
above the seafloor.  In the field, local relief of less than
one meter was observed where hemispherical Tubiphytes
boundstones are in contact with grainstones.  Karst to-
pography and locally thick vegetation, however, preclude
the determination of detailed stratigraphic relationships
within the reef complex over distances greater than a few
tens of meters.

Stop-6b Optional stop examine the Anisian
through Carnian basin-margin succession at
upper Guandao section (fig. 9, 14)
Upper Guandao section- Upper Guandao section was
measured in the valley and up the hillside approximately
200 meters north (basinward) of lower Guandao section.
The base of the section was measured in Upper Olenekian
(Spathian) strata containing volcanic-ash horizons. The
section continues up through the Anisian and Ladinian
and represents the basin-margin slope succession depos-
ited north of the massive, aggrading Tubiphytes reef com-
plex (fig. 9, 10). The siliciclastic turbidites of the Bianyang
Formation at the top of upper Guandao section (fig. 9,
10) are Carnian in age.

Lithostratigraphically the Anisian-Ladinian strata in up-
per Guandao section can be subdivided into 3 major units
(fig. 14).  1) The Aegean-Lower Pelsonian succession
consists of thin-bedded, pelagic lime mudstone and
wackestone, containing thin-shelled bivalve debris;
allodapic skeletal packstone and grainstone, composed
primarily of fragmental Tubiphytes debris and crinoid
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Figure 18: Carbonate isotope data from Upper Permian through Upper Triassic (Carnian) of the GBG (from Payne et
al., 2004).  Dawen and Dajiang sections are from the platform interior and lower and upper Guandao sections are
from the basin margin (see figures 9 and 10 for section locations). Age correlations are based on conodont biostratig-
raphy from Guandao section and correlation of carbon isotope excursions.

ossicles; and thin, polymict debris-flow breccia beds (each
no more than a few meters thick). 2) The Upper Pelsonian-
Illyrian succession also contains pelagic lime mudstone,
allodapic skeletal packstone and grainstone and polymict,
debris-flow breccia, but in this interval breccia tongues
range from about 10 m to more than 50 m thick.   Soft-
sediment deformation of the beds underlying the breccia
tongues is spectacularly exposed near the path.  3) The
Ladinian through the Carnian succession is composed of
lithoclastic grainstone breccias and skeletal grainstone
composed of Tubiphytes boundstone clasts, fragmented
Tubiphytes debris, crinoid ossicles and other subordinate
skeletal grains (fig. 14). The three units are mapped in
figure 9. The upward change records progressive steep-
ening of the basin-margin slope (from 50 in the Early
Anisian to >300 with ~400 m of relief in the Early
Ladinian) as the platform-margin reef complex aggraded.
Steepening slopes yielded thicker debris-flow breccia units
and more abundant slumping of pelagic lime mudstones

in the Upper Pelsonian and Illyrian. Eventually slope depo-
sition shifted to lithoclastic grainstone in the Ladinian as
the slope reached the angle of repose and transport shifted
from subaqueous debris flow to subaqueous debris fall
and grain flow (fig. 10).

Grains in the allodapic packstone and grainstone beds of
upper Guandao section are dominantly derived from the
platform-margin reef complex and are dominated by
Tubiphytes fragments.  Skeletal grains are dominated by
crinoids, with subordinate bivalves, gastropods, echinoids
and brachiopods. Clasts in the breccias include lime mud-
stone, or packestone and grainstone derived from the slope
and Tubiphytes boundstone derived from the platform-
margin reef. No platform-interior lithologies are found in
the breccia clasts, indicating that allodapic sediment was
derived primarily from the margin and that no major sub-
aerial erosion events occurred to transport material eroded
from the platform interior. The lack of definitive expo-
sure fabrics in debris-flow breccia clasts suggests deliv-
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ery primarily by high-stand shedding.  Skeletal abundance
and diversity is greater in the Anisian-Ladinian succes-
sion than in the uppermost Olenekian. Thin-section point
counts record 8 to 9% skeletal grains averaged over all
lithologies (J. Payne, unpublished data). Skeletal
packstone and grainstone beds and breccia clasts contain
Tubiphytes fragments, crinoids, echinoids, foraminifers,
calcareous algae, mollusks, brachiopods, ostracodes,
calcisponge fragments and a few scleractinian corals.
Skeletal abundance and diversity remains relatively con-
stant throughout the Anisian-Ladinian succession (J.
Payne, unpublished data).

Breccia clasts derived from the platform margin provide
an indirect sampling of the platform-margin reef complex
through the Middle Triassic.  The broad evolution of the
platform-margin biota is apparent in the changing biotic
content of the breccia tongues.  The thick Anisian breccia
tongues contain only clasts of Tubiphytes boundstone
along with slope lithologies.  The large extent of the
Anisian reef, despite the lack of framework elements other
than cements and Tubiphytes, suggests controls beyond
the recovery and evolution of framework-building meta-
zoans in the re-establishment of platform-margin reefs in
the Middle Triassic.  A better understanding of the origin
of Tubiphytes and of the biological and geochemical con-
trols on early marine cementation of the Middle Triassic
platform margin should provide new insights into the re-
covery of reefs during the Middle Triassic.

In contrast, the Carnian breccia tongues (interbedded with
siliciclastic turbidites at the top of upper Guandao sec-
tion, fig. 9) contain reef blocks with a much greater biotic
diversity than the Tubiphytes reef complex. This reef
material, which was derived from patch reefs or narrow
fringing reefs along the high-relief Ladinian escarpment
(fig. 9, 10C), contains solitary and colonial scleractinian
corals, with colonies reaching 50 cm or more in diameter.
They also contain large calcareous solenoporacean red
algae and inozoan and sphinctozoan calcareous sponges
that are well preserved and easy to identify on weathered
surfaces. These blocks of Ladinian reef material demon-
strate significant local increase in metazoan diversity on
the GBG.
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