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The aim of the paper is to solve many confused problems of the Cambrian chronostratigraphic subdivision in
Shandong and determine the bottom boundaries of the Cambrian local stages. By analyzing domestic and for-
eign researches on the Cambrian, the delimitations of Shandong Cambrian stages are contrasted with the globe
and South China’s update Cambrian chronostratigraphic subdivisions based on the trilobite fossils. The main
problems of the Cambrian chronostratigraphic subdivision in Shandong are discussed by the biostratigraphic
methods. Finaly, the research shows that the subdivisions of the Canglangpuian, Longwangmiaoan, Mao-
zhuangian, Hsuchuangian, and Fengshanian stages in Shandong cannot be correlated with the subdivisions of
the International Stratigraphic Chart. The lower boundary of the Zhangxian stage in Shandong corresponds to
that of the global Drumian stage, the bottom boundary of the Gushanian stage is in agreement with that of the
Guzhangian stage within the globe, and the lower boundary of the Furongian series of the globeisdlightly lower
as compared with that of the Changshanian stage in Shandong. The layer of the lapetognathus conodont first
appeared at the Cambrian—Ordovician boundary.

Keywords: correlation, Cambrian, chronostratigraphic, subdivisions, trilobite, Shandong, thel nter national

Stratigraphic Chart, South China.

INTRODUCTION

The Cambrian system in Shandong has continuous
outcrops and it is most completely investigated. The re-
searches on the Cambrian subdivision have become con-
siderably increased since B.Willis and E.Blackwelder
worked out it [12]. The Cambrian subdivisions in Shan-
dong are summarized in table 1.

1. GLOBAL AND SOUTH CHINA CAMBRIAN
CHRONOSTRATIGRAPHIC SUBDIVISION SCHEMES

The 2013 edition of the International Stratigraphic
Chart officially published a four-series ten-stage divi-
sion plan for the global Cambrian chronostratigraphy.
Jiangshanian “Golden Spike” of the global Cambrian
was established in China [7] following Paibian [8] and
Guzhangian (Fig. 1). The South China slope belt is one
of the places with the most devel oped Cambrian system
and the most complete and finest biostratigraphic se-
quences in the world. Furthermore, the South China
biostratigraphic sequence was incorporated in an offi-
cia correlation table of the global Cambrian by the In-
ternational Cambrian subcommission and called as the
China standard by the International Stratigraphic Com-
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mission along with the Cambrian chronostratigraphic
system of South China [6]. The correlation of the lat-
est Cambrian chronostratigraphic subdivision schemes
between the globe and southern slope facies is shown
in Table 2.

2. CAMBRIAN DISTRIBUTION IN SHANDONG

Cambrian chronostratigraphy in Shandong is divid-
ed into eight stages (Table 2).

The Cambrian system is widely developed in the
Western Shandong block, where conformable contacts
between various formations, continuous deposition un-
der the Ordovician, and standard Middle-Upper Cam-
brian cross sections are observed. The late Canglangpu
deposits of the Early Cambrian age are not found in the
Jinan-Tengzhou and Zibo-Xintai stratigraphic minor re-
gions. Linyi-Weifang stratalie in a parallel unconformity
between Wushan Formation of the Canglangpu age and
Tumen Group of the Upper Proterozoic erathem [10].

In Eastern Shandong, only Precambrian deposits are
devel oped.

North China plain strata are covered by the deposits
of the Quaternary system without Cambrian outcrops.
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Duibian A Section

Fig. 1. Above: View of Dadoushan Hill with sections of Duibian A and Duibian B; below: Close-up view of the Duibian B
section with the globe stratotype point marked by a "golden spike" (modified from [6]).

3. CORRELATION OF CHRONOSTRATIGRAPHIC
BOUNDARIESOF THE CAMBRIAN SUBDIVISIONSIN
SHANDONG

Most of the Cambrian stages in Shandong are till
poorly defined with undefined time significance, poor
contrast and di sadvantageous competition to international
standard stages. Besides, some stages hames were direct-
ly converted from some Cambrian formations. Therefore,
the Cambrian chronostratigraphic boundary division in
Shandong should be studied more comprehensively. Al-
though the Shandong Cambrian system differs from the
global and South China concerning their lithostratigraphy
and biostratigraphy, it can be compared with them by
the biostratigraphic method based on the trilobite fossils
biozones. Biostratigraphic classification uses the consis-
tency of the fossils contained in the formations for es-
tablishing biostratigraphic units. The corresponding rela-
tionships between the Shandong, global and South China
chronostratigraphic boundaries are shown in table 2.

(1) Terreneuvian Series

Luxi exists in obvious lack of strata at the bottom
of the Cambrian system, without Meishucunian and
Jinningian stages relative to South China. So Luxi misses
the deposits of the Terreneuvian series.

(2) Canglangpuian stage

There have been few researches on the boundary of
the Canglangpuian stage in Shandong since Baoxiang-Niu

[5] determined the bottom of the Canglangpuian stage to
be the Megapalaeolenus trilobite fossil zone. However,
by now there isno clear division of it. The deposits of the
Canglangpuian stage in Shandong are limited in distribu-
tion and occur only inthe Linyi-Weifang stratawhere fos-
sils are not very rich and difficult to be collected. More-
over, this zone is not correlated with the international
fossils, so it isdifficult to identify the bottom boundary of
this stage by biozones. The boundary of the global stage
3isnot only unproven but the level of its drawing is not
yet chosen. So the lower boundary of the Canglangpuian
stage cannot be correlated with the lower boundary of the
3-rd stage of the International Stratigraphic Chart.

| sotope age determination and magnetic stratigraph-
ic correlation methods must be the important research
tools for determination of the bottom boundary of the
Canglangpuian stage in Shandong.

(3) Longwangmiaoan Stage

The trilobite Redlichia chinensis was defined as
the bottom trilobite fossil zone of the Longwangmiaoan
stage by Niu B.X. [5]. Zhang W. et al. [19] found Redli-
chia fossils, among which R. chinensis Walcott was
the most common in the 10th layer of the Mantou For-
mation in Shandong Boshan (44 m from Precambrian).
The 9-th layer of this section is yellow and yellow-green
gray shale, and the bottom of the Longwangmiaoan
stage is generally marked by yellow-green calcareous
shale. Therefore, the first appearance of Redlichia chin-
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ensis trilobite fossil zone can be regarded as the bottom
boundary of this stage.

But at present the boundary of the globd stage 4 is not
only undefined but the level of its drawing is not yet chosen.
Asfor now, there are two suggestions concerning this bound-
ary: the first appearance of trilobites Olendllus or Redlichia.
Therefore, the correlation between the Longwangmiaoan
stage and the 4-th stage of the International Stratigraphic
Chart can be changed depending upon the level a which the
lower boundary of the globa stage 4 will be defined.

(4) Maozhuangian Stage

The bottom boundary of the Maozhuangian stage
also marks the boundary between the middlie and lower
Cambrian. The Maozhuangian stage of Shandong is char-
acterized by the disappearance of Redlichia and the mass
propagation of Oryctocephalus indicus [17] thus indicat-
ing that the bottom boundary of this stage corresponds to
the first appearance of Oryctocephalusindicus.

In South China, it isonly 0.85 m from the layer where
Oryctocephalus indicus FAD molecules firstly appeared to
the lower Cambrian layer where Redlichia became extinct,
which means that localities of the Oryctocephalus indicus
first appearance and Redlichia extinction are thought to
be basically the same place. The trilobite Oryctocepha-
lus indicus was considered as the boundary between the
Wulingian and Qianjiangian series and also the bottom
boundary of the Taijiangian stage of South China.

But at present, the lower boundary of the 5-th stage
of the International Stratigraphic Chart is not only un-
confirmed but the level of its drawing is still not under-
stood. Its inferred sections are Wuliu-Zengjiayan (east-

ern Guizhou, China) and Split Mountain (Nevada, USA).
As for now, its correlation event is trilobite, potentially
FAD of Oryctocephalus indicus. As aresult, the lower
boundary of the Maozhuangian stage of Shandong cannot
be correlated with the undefined lower boundary of the
5-th stage of International Stratigraphic Chart and the
lower boundary of the Taijiangian stage of South China.
(5) Hsuchuangian Stage

Lu Y.H. et a. [4] found Ruichengella triangularis
and Hsuchuangia hsuchuangensis trilobite fossils in the
20th layer and in the 18th layer of the Mantou formation
section in Changging, Shandon, respectively. The 19th
layer isonly 0.5 m thick, without a mixing event of these
two trilobites. Hence, these trilobites cannot constitute a
limited interval of mixed distribution and are identified
as Hsuchuangia-Ruichengella trilobite assemblage zone
[4]. This zone is considered as the bottom zone of the
Hsuchuangian stage in Changqing, Shandong.

(6) Zhangxian Stage

Zhang W. et al.(2003) defined the Crepicephali-
na zone as the bottom zone of the Zhangxian stage. The
genus Crepicephalina firstly appeared in the 5th layer of
the stratotype section of the Zhangxian stage, which is
30 m higher than the bottom boundary of this stage, so
the bottom boundary of this stage cannot be determined
to alocate at which part of this genus range zone. Jin-
liang—Yuan et a. [16] renamed the Zhangxian stage asthe
Changgingian stage and considered the first appearance of
Inouyella peiens s asthe bottom boundary of Changgingian
stage in Shandong. The first occurrence of Ptychagnostus
punctuosus trilobita fossils is regarded to be the bottom
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boundary of the Drumian stage by the globe and that of
the Wangcunian stage by South China. The Inouyella
peiensis Peishania convexa zone of the Zhangxian stage
in Shandong corresponds to the Ptychagnostus atavus
zone of the slope facies in South China. So the bottom
boundary of the Zhangxian stage in Shandong isin line
with that of the Drumian stage in the globe.
(7) Gushanian Stage

Currently, there exist severa divisions of the bottom
boundary of the Gushanian stage in Shandong, but none
of them has standard fossils in wild sections for deter-
mining the bottom. Zhu Z.L. et a. [20] classified the
appearance of Damesellid class trilobite as the beginning
of the Gushanian stage. Du S.X. et d. [2] considered the
first appearance of Damesella paronai the bottom of the
Gushanian stage and the top of the Zhangxian stage. L at-
er on, Yuan JL. et a. [16] renamed the Gushanian stage
as the Jinanian stage and proposed the first appearance
of Damesella paronai to be the bottom boundary of the
Jinanian stage. Yang X.F. [14] considered the boundary
between the Cyclolorenzella rotundate and Cyclolorenzella
acalle zones as the boundary between the Gushanian and
Zhangxian stages. At the same time, he found Parablack-
welderia at the bottom of the Gushanian formation which
was in Panchegou sections of Laiwu-Xintai strata in
Shandong. He assumed that Parablackwelderia was anew
genus, not the junior synonym of Blackwelderia. There-
fore he considered the Gushanian stage's bottom boundary
should be drawn higher than the Gushanian formation.

The first appearance of Lejopyge laevigata is
regarded as the bottom boundary of the Guzhangian stage
by the globe and South China. Yuan J.L. [15] compared
trilobites of the Zhangxian stage in Shandong with those
from the transition zone of South China, and cameto con-
clusion that the Lejopyge laevigata zone corresponds to
the interior of Liopeishania, namely the bottom of Yabeia
R.Z. and Yabeia R.Z. appeared at the top of the Zhangxian
stage in Shandong. So the authors believe that the bottom
of international Guzhangian stage is consistent with the
upper part of the Zhangxian stage in Shandong and the
bottom of the Gushanian stage is related to the interior of
the international Guzhangian stage.

(8) Changshanian Stage

Both Niu B.X. [5] and Du S.X. et al. [2] inter-
preted Chuangia the bottom trilobite fossil zone of the
Changshanian stage. Zhang W. (2003) suggested the
Prochuangia-Paracoosia assemblage zone to be the bot-
tom trilobite fossil zone of the Changshanian stage. The
division of Changshanian stage in Shandong should be
the subject of further research.

The bottom boundary of the international Furongian
series, which is also of the Paibian stage, is delimited

in the interior of Huagiao formation in Huayuan Paibi
section that is 369.03 m away from the formation bottom.
The Chuangia member appeared in the Glyptagnostus re-
ticulatus zone of this section and can be compared with
Chuangia zone of Western Shandong block. Therefore
the bottom boundary of the international Furongian stage
is dlightly lower than that of the Changshanian stage in
North China.

Lithostratigraphic columns of the Gushanian and
Changshanian stages in Zhangxia-Gushan are shown in
Fig. 3.

(9) Fengshanian Stage

By now there are few researches on the Fengshanian
stage in Shandong. Since Niu B.X. [5] determined Tsina-
nia-Ptychaspos trilobite zone as the bottom trilobite fossil
zone of the Fengshanian stage, this program has been used
by most of the researcherstill now. Fossilsin wild sections
arethe basisfor ddimiting the boundary of the Fengshanian
stage, and isotope age determination and magnetic strati-
graphic correlation are also important methods.

(10) Division of the Cambrian—Ordovician
boundary

The division of the Cambrian—Ordovician bound-
ary is widely debated. Zhang H.D. et al. [18] proposed
that the Cambrian—Ordovician boundary in Qingzhou
was located between the Cordylodus proavus zone and
the Utahconus bei madaoensis-Moncostadus sevierensi-
su zone. Wu G.C. et al. [13] firstly reported Cordylodus
lindstromi-lapetognathus zone in Yaowangshan sections
of Qingzhou and considered the bottom of this zone asthe
Cambrian-Ordovician boundary. Du S.X. et a. [2] found
Cordylodus lindstromi conodont fossils in the Cambri-
an standard sections of the Zhangxia-Gushan strata and
treated the first appearance of Cordylodus lindstromi as
the Cambrian-Ordovician boundary.

From the above, both Cordylodus lindstromi cono-
donts and lapetognathus trilobites appeared at the bottom
of the Ordovician system. Both Globe and South China
regarded the first appearance of lapetognathus fluctivagus
as the bottom boundary of the Cambrian system. lapetog-
nathus fluctivagus conodonts belong to the |apetognathus
genus. So the first appearance of lapetognathus is the
bottom boundary of the Cambrian—Ordovician boundary
in Shandong. This division isin good agreement with the
international stratotype and rock stratigraphy.

(1) The researches on the fossils found in wild
sections of the Canglangpuian, Longwangmiaoan,

4. CONCLUSIONS

Maozhuangian, Hsuchuangian, and Fengshanian
stages in Shandong are limited in distribution and hence
some fossils zones cannot be correlated with the glob-
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Fig. 3. Lithostratigraphic column of the Gushanian and Changshanian stages in Zhangxia-Gushan (modified from [2]).

al system. Therefore it is difficult to delimit the bottom
boundaries of these five stages by fossils.

At present, the boundaries between the 2-nd, 3-rd,
4-th, 5-th, and 10-th stages of the global system still remain
unproven and the level of their drawing is not yet estab-
lished. Therefore, the correlation between these five stages
of Shandong and those of the International Stratigraphic
Chart can be changed depending on the level a which the
lower boundaries of the global stageswill be defined.

The future researches on the isotope age determina-
tion and magnetic stratigraphic correlation methods will
be focused on determining the bottom boundary of these
stages in Shandong and making good chronostratigraphic
comparison.

(2) Thelayerswith Lejopyge laevigata of Guzhang-
ian stage of the globe and South China are observed

under Yabeia R.Z. appearing at the top of the Zhangx-
ian stage in Shandong, which suggests that the bottom
boundary of the Gushanian stage in Shandong corre-
sponds to the interior of the international Guzhangian
stage. The Chuangia member of North China appeared
at the interior of the Glyptagnostus reticulatus zone at
the bottom of the international Furongian series and can
be compared with the Chuangia zone of the Western
Shandong block, which shows that the bottom boundary
of the international Furongian series is located slightly
lower than that of the Changshanian Stage in Shandong.

(3) By the comparison between fossils of Shandong
and international standard fossils, we have conclud-
ed that the bottom boundary of the Zhangxian stage
in Shandong corresponds to that of the international
Drumian stage, the layer lapetognathus conodont
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first appeared at the stands for Cambrian—Ordovician
boundary in Shandong.

10.
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Pexomenoosana k newamu JI.U. [Tonexo

Munyw Iao, 1310 Yyanwveaii, Ilun Jluean

Koppeasinust xpoHocTpaTurpapuyeckux noapasaesienuii kemopus B Lllanbayne

Lenpro TaHHOM CTAaTBU SBISETCSA PELICHUE CIOXKHBIX MPOOIEM XPOHOCTPATUT PAPUIECKOTO JeJICHIS KeMOpus
B lllanpayHe U onpeneneHne HIKXHUX TPaHUL] KeMOPHUIICKIX MECTHBIX ApycoB. Ha ocHOBe aHanm3a otedect-
BEHHBIX U 3apyOeXKHBIX HCCIICIOBAHUN POBEIECHHE IPpaHuIl sipycoB keMOpus B LllanpayHe comocTaBiseTcs C
I00aTbHBIMH M MOIEPHU3MPOBAHHBIMU XPOHOCTpaTUTpaguuecKUMH HoapasneneHusmMu kemopus HOsxHOoTO
Kwuras, ocHOBaHHBIMU Ha MCKOMaeMbIX TpuinoouTax. OOCyKIar0TCsl OCHOBHBIE MPOOIEMBI XPOHOCTPATUTPa-
¢uueckoro nenenus B lllanpayHe ¢ moMoInpio Onoctparurpaguueckux MeToaoB. VccienoBanus MoKa3bIBaloT,
yto I{annannysaasckuid, JlyHBaHMsI0HBCKUIM, MaowKyaHbsHCKUN, XCydyaHSIHCKUI U O3HIIaHbAHBCKUN SPY ChI
[[TanbyHA HE KOPPETUPYIOTCS € MOApa3AeeHuIMA MexayHapoaHO# cTpaturpadruyeckon mkansl. HkHss
rpanuna YkancsHbekoro spyca lllanpayHa cooTBeTCTBYET JpyMHHCKOMY sIpycCy T100aTbHOM IIKAJIbI, HIDKHASA
rpanuna ['ylnaHbsHCKOTO sipyca COMIaCyeTcsl C HUKHeH rpaHuleil ['yuskaHbsSHCKOTO sipyca, a HUKHSS TpaHuLa
QDyXyHBSIHCKOTO sIpyca IT00abHOM IIKAJIBI pacTIoiaraeTcsi HECKOJIBKO HIDKE TPaHUIlbl YaHIIaHbsTHCKOTO Apyca
laupayHa. Cnoit ¢ koHOmOHTamH | apetognathus Briepssie mosiBUIICS Ha TpaHHile KeMOPHS U OPJIOBHKA.

Kniouesvie cnosa: xoppensiuusi, keMOpuii, XxpoHocrparurpapudeckuii, Tpuaooutsl, llansayn, Mexay-
HapoaHasi crpaturpaguyeckas mkaja, FOxusiii Kuraid.





