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The Cambrian — Triassic Conodont
faunas in Yunnan, China

—correlative biostratigraphy and the study of

palaeobiogeographic province of conodont

Dong Zhi — Zhong Wang Wei
(Regional Geological Survey, Yunnan Institute of Geological Survey, Yuxi 653100)

This works is the systematic and comprehensive summing — up of the conodont
fauna of 7 geological ages from Cambrian to Triassic and biostratigraphy, which were
collected from more than 200 stratigraphic sections and at many points of conodont in
1:200000; 1:50000 and 1:250000 regional geological surveying work from 1975 to
2003 in Yunnan province. The section name, measurer$ unit and identifiers of cono-
dont are shown in the table 1 —1 and the sections are described in chapter 7. Be-
cause of the limitation of the space, only a few representative sections are introduced
in this works. The other ones can be read in the correlative reports of regional geolog-
ical surveying. Then, this works is introduced in short separately in three aspects as
follows.

I. The study on the biostratigraphy and boundary of conodont ( and cono-
dont succession )

1. Setting the basic biostratigraphic framework of conodont from Cambrian to Triassic in Yun-
nan. 135 conodont zones (and subzones) or assemblage zones — - the smallest chronostratigraph-
ic units under stage have been discovered, identified and set up, which are correlatable with the
same period strata in China and abroad until the manuscript of this book is completed 3. Of
them, there are 5 in Cambrian; 15 in Ordovician; 43 in Silurian - Devonian; 41 in Carboniferous
—Permian; 31 in Triassic (the meaning, composition and correlatability in China and abroad of
every zone are described in chapter 3 ~6 and shown in the appendant tables of them).

2. According to the rule of International Union of Geological Sciences ( International Com-
mission on Stratigraphy) , the stratigraphic boundaries, such as P/C; C2/Cl; C12/ Cil; D3/
D2; D2/D1; D/S, must be divided mainly by conodont. Therefore, we have collected densely
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conodont samples at the most advantageous places and discussed them in this book.

3. And the 315 conodont gen. and sp. with important stratigraphic values are described in
this book, which can be easily used and referred by the production units.

4. For the geological periods of some important and typical lithostratigraphic units with wide
area, broad distribution and under debate in the past time, we re — define and discuss about them
with conodont in this works, The most important ones are as follow;

a. a large area in Baoshan Massif of west Yunnan has been regarded as the area without up-
per Permian and lower Triassic strata for a long time. Nevertheless, by the sampling and study on
the conodonts of different facies region in section 33 ~37, we discover that there are not only low-
er Triassic Olenekian sediments but also Indian stage ones, which have the complete series of co-
nodont in this area. Therefore the Baoshan Massif is not an area without lower Triassic strata.
However, the late Permian conodont has not been discovered in this area until now, which may be
due to the influence of the Lancang Movement.

b. There are two lithostratigraphic units famous in China and abroad, Dingjiazhai Formation
and Woniusi Formation. The lower part of the former one has been regarded as the Gondwana facies
strata with cold water fauna and glacier sediments by many researchers. However, because the up-
per member of Dingjiazhai Formation and the strata over it has been considered to be the Triticites
zone of late Carboniferous Maping Group and the lower member of Dingjiazhai Formation has been
regarded as the sediment from Bashkirian to Gzhelianana of Carboniferous for a long time, it is very
difficult in the correlation of them with the Gondwana facies strata. In 1980s, We discovered two
conodonts with very special form in the limestone interbed of Woniusi Formation Basalt in the Wo-
niusi section, Baoshan, which have been identified by US professor M. Ritter. They are regarded
as Rabeignathus n. sp. of early Permian. At that time, because the sampling was not systematic,
few conodonts were collected and they are species nova as well as many fusulinids of late Carbonif-
erous were discovered in the same horizon, which is very different from the age of conodont, the re-
sult of these conodonts has not been used. Later, WANG Xiang ~ dong et al (2000) discovered
Sweetognathus bucaramangus, Mesogondolella cf. bisseri, etc. identified by them in Dongshanpo
section, Baoshan. Nearly at the same time, we discovered the early Permian conodonts Ho-
meoiranognathus rexroadianus, Rabeignathus eobucarancangus, R. ritterianus, Sweetognathus SP.
A, S. inornatus when we identified the samples collected from the limestone of the upper member
of Dingjiazhai Formation in the Tizipo section, Yongde of 1:50000 Yongde sheet. Then, in our re —
definition, the age of Woniusi Formation is from early Permian late Artinskian to middle Permian
earliest Kungurian and that of the upper member of Dingjiazhai Formation is from early Permian late
Sakmarian to early Artinskian. The research results of latter conodonts are consistent with the con-
clusion of WANG Xiang - dong, et al (2000) for the same horizon in different areas. The discovery
of conodonts in Woniusi Formation provides the important evidence for the earliest departure age of
Baoshan Massif from the marginal Gondwana. The vertical distribution of conodont in the section

and the division of conodont zone are shown in Fig . 2 —15.
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c. There are a suite of Palaeozoic strata on the east coast of Erhai lake of Dali and the area of
Binchuan, Xiangyun, which are widely distributed. They can extend northward to the area of Lu-
gu lake and southward to the area of Jinping. They were regarded as the Silurian strata and called
the Wase Group before 1960s. It was middle Silurian according to the definition before 1970s.
The 1:200000 and 1:50000 regional geology surveying began in this area from 1980s. Because the
conodont and tentaculitid have been systematically collected under our coordination in this area,
their revised ages are from early Silurian to early Carboniferous. And the Icriodus woschmidti of
Silurian bottom boundary was discovered and 10 conodont zones are identified ascensionally, ie, 1
zoﬁe in lower Silurian, 2 zones in middle Silurian, 3 zones in upper Silurian, 4 zones in Devoni-
an. The middle — upper Devonian strata are a suite of siliceous sediments. Their age can be iden-
tified by conodont but the conodont zone has not been set now.

d. The Triassic Falang Formation is distributed very widely in the east area. Its geological
age has been considered to be middle Triassic. In the later systematic study of conodont samples,
not only the complete middle Triassic but also the late Triassic Carnian stage conodont succession
is discovered.

Besides these typical examples mentioned above, there are many other strata redefined with
conodonts.

II. The discussion about the biogeographic area division, the relationship between co-
nodont and Tethys, and the palaeogeographic position of the plate and massif in this area.

1. In the process of this systematic sum — up work, based on the map of Cambrian - Triassic
palaeoplate in the “The Geography of Fossil Organism in China” by YIN Hong - fu, et al
(1988) , other relative information of palaeoplate by writers in China and abroad ( cf. references)
and the recent palacomagnetic information of a few plate — massifs in Yunnan, we have adjusted
the position of main plates and massifs in Yunnan (fig2 -2 ~fig2 -8). We plot our conodont
information on the map of palaeoplate (with thin black dots) and find an interesting phenomenon
ie, the most conodonts of Silurian — Triassic are distributed closely in the Tethys realm, which is
the palaeobiogeographic realm of YIN Hong — fu, et al (1988) mentioned above (the area out-
lined with line of dashes in fig from 2 —4 ~2 —8). In other words, conodonts are distributed
mainly in the area with the palaeolatitude ranged from 0° ~30°between the south of equator and
the north of equator, which is more or less consistent with the present tropical and subtropical
zones of China.

As we know, the meanings of Tethys consist of two aspects in palaeobiogeography and tectonics.
Briefly, the palaeobiogeographic meanings of Tethys are as follows: (1) It means an ocean extended
nearly east — westward in tropical — subtropical zones between Laurasia and Gondwana; @ It has the
fauna and sedimentary facies of tropical and subtropical Tethys type. According to the study, the vari-
ous tropical and subtropical abysmal marine facies fauna and sediment formed in the continental mar-
gin and ocean of Tethys can be generally regarded as belonging to the “Tethys” type.

The above — mentioned Tethys realm of Silurian to Triassic palaeobiogeographic area series
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in the world divided by YIN Hong - fu, et al may derive from these meanings. Because the realm
division of order one in the global palaeobiogeographic area series is controlled by the climatic
zone, and Tethys realm reflects the tropical and subtropical climate, perhaps their division is rea-
sonable. It further shows that the conodont fauna were mainly developed in Tethys from Silurian to
Triassic (at least after Devonian). In other words, the conodont fauna were mainly distributed in
the Tethys ocean and on its coast or in the ocean connected with Tethys in that time. A small part
of them was distributed in the temperate zone and high - latitude area in the outer margin. It also
shows that the conodont fauna are mostly controlled by the palaeolatitude and most of them belong
to the type of Tethys.

Many scientists have more or less discussed about the palaeobiogeographic area series of this
area. But nobody has a systematic study in connection with the conodont. The cosmopolitan spe-
cies of conodont widely distributed in two or more biogeographic areas are abundant, which can be
applied especially to the area series division of order one and two. Therefore, based on the pres-
ent information, focused on the conodont and combined with other fauna, this works provides
some additional viewpoints and discussions about the Cambrian - Triassic palaeobiogeographic are-
a series in the study area, focused on the division units of order 1 (realm) and order 2 ( region).

Because there is a close relationship between Tethys and conodont fauna, we emphatically
discuss about two problems of the conodont fauna related to Tethys

a. We believe that the conodont fauna are distributed in the Tethys ocean area of ocean - is-
land alternation and their migration and interchange each other take place in the planktonic eco-
logical area.

As is shown on the palaeoplate map of the world in various times, Tethys has an ocean — is-
land appearance formed by wide or narrow, large or small land block and basin. This Tethys
ancient ocean environment of alternative ocean and island is very suitable for the growth and de-
velopment of conodont, which certainly shows different ecological environment and biofacies, ie,
the planktonic facies ecological area between land blocks, the shallow water benthonic facies eco-
logical area on the carbonate platform of land block and the transitional type ecological area be-
tween them. According to the study, there is conodont belonging to not only the shallow water
platform type but also the deep water basin type. The conodont of natural planktonic type is gener-
ally distributed on the neritic carbonate platform, whereas the planktonic conodont is in the plank-
tonic ecological area. We have discovered that many Cambrian — Triassic conodonts in this area
can be correlated not only between various oldlands of Cathysian but also to the conodont of some
periods in North America, Europe and Australia. These conodonts that can be distantly correlated
are mainly zoned members below stage, ie, so — called the cosmopolitan or open sea type mem-
bers by some researchers (shown as the table in chapter 2 ~6).

It shows that there is a Tethys channel for the migration and interchange of conodont each
other. And we think that their interchange is occurred in the planktonic ecological area and con-

trolled strictly by the palaeolatitude.
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. The palaeogeographic location of several main plates and massifs of Yunnan from
Cambrian to Triassic

The most practical value of the study on the geographic distribution of the fossil (including
conodont) in various geological periods, ie, the palaeobiogeographic area system, is to identify
the location of the palaeoplate in combination with the palaeomagnetic and palaeoclimatic studies,
which can provide the strong evidences for the palaeogeographic reconstruction. Especially, Yun-
nan is an important composition of the Tethys orogenic zone. And it is the conjunction area of the
Yunnan part of Yangzi plate belonging to the South China plate, Zhongdian massif, Lanping — Si-
mao massif, Lancang massif and the west Baoshan massif, Tengchong massif. Moreover, the rela-
tionship between several massifs, plate in Yunnan and Gondwana continent, especially Australia,
is very close in the geological period. Therefore, it is very important and significant to know the
relationship between these continental blocks. .

According to the recent palaecomagnetic, palaeoclimatic information of the plate and massif,
the conodont distribution in these continental blocks mentioned above and its similarity or differ-
ence, this works focuses on the discussion about the palaeogeographic location from Cambrian to
Triassic of the South China plate, Baoshan massif and their relationship with Gondwana in detail
(cf. Fig2-2~2-8, Fig2-13~2-16, Tab2 -A~2~-B, Tab2 -1 ~2 -8). The main
viewpoints are as follows.

1. The North China, South China and Gondwana were located in south hemisphere in Pre-
cambrian and early Cambrian and in conjunction with each other. The evidences are their similar
palaeolatitude and similar basement. South China rapidly floated southwards in middle Cambrian
and reached the equator zone of south latitude 10°in middle Ordovician. Australia also floated
southwards in middle Cambrian. And its west part entered the tropical area of south hemisphere in
Ordovician. It is consistent with the palaeoclimate, biogeographical distribution and the conclu-
sion of YIN Hong —fu, et al (1988), ie, there was an axis of clockwise rotation in Siberia ~ Aus-
tralia in Cambrian — Ordovician, Siberia migrated northwards and Australia floated southwards.
There was the correlated rotation in North China and South China. This situation shows that South
China and Australia began to float southwards and rotate clockwise in middle Cambrian.

2. The South China plate began to detach northwards in late Ordovician. And it was located
in the palaeoequator zone of south hemisphere until middle Carboniferous. It entered the north
hemisphere in late Carboniferous and reached 27. 5°N. . The conodont belongs to the fauna of
European — American type.

3. The Lanping ~ Simao massif floated northwards and close followed the Yangzi continent
from early Silurian to Jurassic. And it was combined with the Yangzi continent in late Triassic.

4. The Baoshan massif floated southwards from early Ordovician to the early — middle Artin-
skian of early Permian and was very close related to the West Australia. It turned to detachment
northwards and counterclockwise when the tholeiite of Woniusi Formation erupted in late Artinski-

an. And it was in combination with South China plate from late Triassic to Jurassic. The late
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Cambrian, early Ordovician, late Silurian. and Devonian conodont fauna of this massif are similar
to those in the northwest part of Australia. The early Carboniferous conodont fauna are with Euro-
pean — American tint. The early Permian conodont is similar to those of US, Colombia and Iran.
The early Triassic conodont is similar to those of Pakistan and Mount Qomolangma. And the mid-
dle - late Triassic conodont is with strong European — American tint. This massif is without a part
of conodont zone of late Devonian Famennian stage, which shows the influence of the rise of the
sea level in the world. And it is without all of the late Carboniferous conodont zones and the relat-
ed strata, which shows the Baoshan massif was affected by the Namurian rising at that time. The
late Permian conodont has not been discovered in this massif yet. It seems that it is resulted from
the influence of Lancang Movement.

5. We believe that the drift sedimentation of Dingjiazhai Formation in Baoshan massif took
place in the early — middle Sakmarian stage of early Permian, which corresponds to the palaeolati-
tude 24. 7° ~26. 5°S. . If it is converted to the palaeolatitude of “normal” geological period ac-
cording to Tab 2 — B, ie, take the Woniusi Formation as an united standard, it must be 34° ~5°
S (mainly take the average value) , which correspond to the “subtropical — warm temperate zone”
in the normal geological period. Normally, there must not be the glacial sediment laterally far ex-
tended in these palaeolatitude and climate zone. However, we do not exclude such a possibility,
ie, the glacial sediment of Baoshan massif was formed by the influence of the early Permian Sak-
marian glacial center on Gondwana, which means that it was formed by the influence of the cold
wave in the summit period of the glacier. It is not impossible. For example, Kunming of Yunnan
Province, which is praised as a spring city of “no severity of winter and no intense heat of sum-
mer” , can become a white field with snow 1 ~2 m thick sometimes when the strong cold wave
comes from north. The influence and time of a modern cold wave can not be very long. However,
in the geological period, the Permian glacial period is one of the strongest glacial period. Accord-
ing to the information of L. A. Ferres, “many parts of the world were covered b}; glacier for a-
bout 80 ma in late Palaeozoic, which is far longer than that in early Palaeozoic.” If it is true,
then the period of cold wave in Sakmarian glacial period was not only 8 ~ 10 years, ie, the ice
and snow period maybe very long. It is self — evident that the influence of it on the environment
can be imagined. Under such a long period of so cold climatic condition, the ice mountain and ice
cover can be formed because of the influence of the special strong cold wave. However, the scale
of it may be far inferior to that of the ice origin area.

6. As to the palaeogeographic position in Phanerobiolic of Gondwana continent, which has
very close relationship with the plate and massif in this area, different scholars have different
viewpoints. In “the Palaeolatitude Change of Australia in Phanerobiotic”, Embleon (1973)
thought that the late Proterozoic glacial activity was past from Cambrian. However, Australia is
still located in the high latitude area of the North Hemisphere. A 50° polar migration or plate
movement took place in middle Cambrian. Australia moved southwards to the middle latitude are-

a, still in the North Hemisphere, which is not contrary to many geological research results of mid-
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dle and upper Cambrian. In Ordovician, it still moved southwards. In early ~ middle Ordovician,
it was in the tropic area, which is very consistent with the geological characteristics used for the
climate indices. In Silurian and Devonian, Australia floated successively southwards, the most
part of this continent was still located in the South Hemisphere, however, Australia became a con-
tinent of the South Hemisphere then. From Cambrian to Devonian, Australia floated latitude about
80°and floated 55°again before the Carboniferous ending. At last, it reached the Antarctic region
owing to this successive floatation. The late Palaeozoic glacial activity of this area reached its sum-
mit in early Permian. However, there is nearly not any difference between the palaeolatitudes of
Permian and late Carboniferous. Till Mesozoic, the palacomagnetic information shows that the
Antarctic basically did not change for Australia, which was located in the high latitude area in that
period (Fig2 ~13).

The situation mentioned above shows Gondwana was located in the high latitude area of North
Hemisphere in early Cambrian, continuously floated southwards, and reached the Antarctic region
in the phase of Carboniferous. If Baoshan massif is put into the marginal Gondwana, then it began
the counterclockwise northward detachment and migration in the late Artinskian of early Permian.

Actually, the study and viewpoint of the palaeogeographic position of Australia oldland by
Embleon (1973) are basically consistent with those of this work and YIN Hong - fu, et al
(1988) (Fig2 -2 ~2 -8) and they are also consistent with our conodont distribution law in va-
rious plate and massif in these periods.

Finally, we express our very sincere and heartfelt thanks to many Chinese and abroad col-
leagues, experts and professors for their many helps and sending many precious, valuable infor-
mation in our nearly 30 years conodont study working and writing this book. The main abroad
friends to whom we express thanks are as follows: A. C. Lenz, A. D. Mccracken, Alan S.
Horowitz, Andrew Swift, Anita G. Harris, A. W. Potter, Carl B. Rexroad, Charles A. Sand-
berg, Claus — Dieter Clausen, C. R. Barnes, David Williams, Donald L. Eggert, George E.
Gehrels, Godfrey S. Nowlan, Hilary A. Plint, H. R. Lane, Jamie L. Butler, J. L. Garcia Al-
calde, J. Stephen Huebner, John Beard, Julie A. Dumoulin, Klaus Leuteritz, Lennart Jeppsson
Lewis M. Brown, Michael House, M. G. Bassett, M. Julivert, Nomnan M. Savage, Pnnlleter
H. Von Bitter, Robert B. Blodgett, Robert S. Nicoll, Rodney D. Norby, Roland Dreesen, S.
Garcia — Lopez, Vivian A. Bejebian, Willi Ziegler, W. John Varker, and Wyatt G. Gilbert.

Introduction of Author: the first author (writer), DONG Zhi — zhong, the senior engineer
majored in palaeobiological testing of Regional Geological Surveying Institute, Yunnan Bureau of
Geology and Mineral Resources, regular college course graduate, began to work in 1962, one of
the two batches of conodont micropaleontology in — service training persons in Beijing University in
the middle of 1970s, then engaged in the identification (study) of Cambrian ~ Triassic conodont
in Yunnan Regional Geological Surveying Institute until retirement and re — engaged now.

* some conodonts described in the chapter of the division and correlation of conodont zone

(series) have not been put into the plates. The reasons are as follows. a. The conodonts in the
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appendent plates of this book are mainly the zonation conodonts ( zone members) , some important
index fossils and other very significant composite type conodonts; b. A few zone fossils not includ-
ed in the plates are originated from some section information of conodont study by other units in
Yunnan, which have been substantiated in this book ; c. In our original plan, the number of ap-
pendent plate is 100. Because of the finance limitation of the project, some conodonts have not
been photoset.

Some conodonts not included in the plates mentioned above will be put into the future “The
Atlas of Cambrian ~ Triassic Conodonts in Yunnan”.

WANG Wei: the second author, a college graduate, the geological engineer of micropaleon-
tology undertaking the identification of micropalaeotological testing for nearly ten years with the
task of identifying and studying the conodonts collected from 1:50000 and 1:250000 regional geo-

logical surveying work in Yunnan province and the areas nearby.
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