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　　Abstract　　Restudy on morphology of Oryctocephalus indicus(Reed , 1910), based on specimens f rom Guizhou , China and Neva-

da USA , suggest s that the subspecies regarded previously as Oryctocephalus ind icus ind icus(Reed , 1910), O.in dicus latus Zhao et

Yuan 2002 , and O.ind icus kobayashi Sai to , 1934 , are synonymous , and Oryctocepha lus amer icanus Sundberg et McCollum , 2003 is

a similar form of O.indicus.Oryctocepha lus in dicus is rediagnosed as having a glabella that is subconical in out line and tapering forward

slight ly ;a thorax that comprises 12 segments , and a sm all pygidium that bears 2—3 axial rings with a terminal piece and a postaxial ridge.

Oryctocepha lus indicus is w idely dist ributed in eastern Guizhou and ranges through a great intervalof Kaili Format ion.Its f irst appearance
is almost ident ical wi th these even ts of t rilobite ext inct ion-recovery occurring at the end of the Early Cambrian , the alternation of acri tach

assemblages , the change of t race elements(REE)and stable isotopes(carbon)at the Wuliu-Zengjiaya sect ion.As one of the key form s for

defining the t raditional Low er - Middle Cam brian boundary (the base of Cambrian Series 3 and Stage 5 in the new Cambrian chronst rati-
graphic standard), O .ind icus has received detailed study and has more advantages than other species such as Ovatoryctocara granu lata

Tchernysheva , 1962 or Arthricocephalus chauveaui Bergeron , 1899.
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　　Since both Chinese
[ 1]

and American Palaeontolo-
gists[ 2] proposed separately to mark the beginning of

the M iddle Cambrian based on the fi rst appearance

datum (FAD) of Oryctocephalus indicus
[ 3] in the

same year , the suggestion has been considered seri-
ously and adopted frequently[ 4—18] .The International

Subcommission on Cambrian Strat ig raphy(ISCS)has
o rganized the Working Group , chai red by L.B.Mc-
Collum , to select candidate sections that bear poten-
tial to become a GSSP for the t raditional Low er-Mid-
dle Cambrian boundary (i.e.the base of Cambrian

Series 3 and Stage 5 in the new Cambrian chronst rati-
g raphic standard).During the 4th International

Cambrian Symposium held in Nanjing recently , a de-
cision on further investigation of bo th the evolution of

o ryctocephalids based on the material from Guizhou ,
China , and on the co rrelation betw een the Chinese

and Siberian sections that contain oryctocephalids w as

made by ISCS.Following the decision , the autho rs

w orked once again on the O.indicus-bearing sections

in eastern Guizhou.It turned out that the FAD of

O .indicus occurs at 52.80 m above the base of the

Kaili Formation at the Wuliu-Zengjiayan sec-
tion[ 8 , 11] , 31.33 m at the M iaobanpo section , 101.9
m at Nangao section , and 32.5 m at the Pingzhai sec-

m tion[ 8] .Of them , the Wuliu-Zeng jiay an section is re-
garded as a candidate st ratotype section for the O.
indicus level.Although the FAD of Arthrico-
cephalus chauveaui o r Ovatoryctocara granulata has

been proposed as the key species for a global Cambri-
an stage boundary[ 19 ,20] , the proposal has received

less supports.However , a number of colleagues pre-
ferred to adopt the FAD of Oryctocephalus indicus in

defining the base of t raditional M iddle Cambrian Se-
ries or the base of both the Taijiangian S tage and the

Wulingian Series in South China[ 8 ,15 , 17 ,21—28] .This
paper aim s to clarify the concept and st rat ig raphic

range of the species Oryctocephalus indicus.

1　The key features of Oryctocephalus indicus

(Reed , 1910)

Diagnosis provided by Jell and Hughes
[ 29]
,

Sundberg and McCollum[ 2] , and Yuan et al.[ 8] are



more or less dif ferent , involving the cranidial and py-
gidial characters of Oryctocephalus indcus (Fig.1
(a), (c), (e)—(f), (h)—(j)).Abundant speci-
mens of the species f rom the Kaili Fo rmation of

Guizhou indicate that the glabella of the species is in

fact varied f rom subconical to subcylindrical in shape ,
but tapered slightly forw ard[ 29 , 30] , and the pygidium

is micropygous w ith tw o or three axial rings , a termi-
nal piece , and two or three pairs of marginal spines

that are directed posterio rly
[ 2 ,8]

.

Fig.1.　Oryctocephalus ind icus(Reed , 1910)and Oryctocephalus american us Sundberg et McCollum , 2003 from Kai li Formation of

Guizhou Province , China and the Emig rant Formation of Nevada , American.(a)—(k), Oryctocepha lus in dicus (Reed , 1910).(a)
Cranidium , USNM4108034;(b)C ranidium , P4-2-120 , f ormerly as O .ind icus indicus in Yuan et al., 2002 , pl.20 , fig.5.(c)Crani-

dium , USNM4108055;(d)Cranidium , GTB-17-1-121 , f ormerly as O.indicus latus in Yuan et al., 2002 , pl.20 , fig.4;(e)Cranidi-
um , specimen USNM 4108019;(f)Incomplete thorax and pygidium , specimen 52;(g)Dorsal exoskeleton , GTBM-9-5-3131 , formerly

as holotype of O.indicus latu in Yuan et al., 2002 , pl.21 , fig.1;(h)Dorsal exoskeleton , GTBM-9-4.(i)Dorsal exoskeleton , GT BM-

16-40;(j)Dorsal exoskeleton , GTBM-9-4-1300.(k)—(l)Oryctocephalus americanus Sundberg et McCollum , 2003.(k)Cranidium ,
USNM410808;(l)Pygidium , USNM41080103.S cale bars in(a)—(f), (k)—(l)equal 1 mm , and the other scale bars in(h)—(j)e-

qual 5 mm.

2　Emendation of three subspecies of Orycto-
cephalus indicus (Reed , 1910)

Yuan et al.have divided Oryctocephalus indicus

into three subspecies:Oryctocephalus indicus indicus

(Fig.1(b))
[ 8]
, O.indicus latus (Fig.1(d),

(f))
[ 8]
, and O .indicus kobayashi

[ 2 ,31]
based mainly

on their different numbers of marginal spines on the
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pygidium , slightly dif ferent out lines of the glabella ,
and w idth of fixigena.However , close scrutiny and

reexamination on most specimens reveal that these

differences between 3 subspecies are very tiny and

prove to be of int raspecif ic variance only on the one

hand , and are commonly caused by deformation under

shale preservation on the other hand.It is therefore

considered to be unnecessary to divide Oryctocephalus

indicus into subspecies.

3 　Comparison with Oryctocephalus ameri-
canus Sundberg et McCollum , 2003

Based on the specimens f rom the Emigrant For-
mation in the Split M ountains and Goldfield Hills ,
Nevada , USA , Sundberg and M cCollum erected a

new species , Oryctocephalus americanus (Fig.1

(k)—(l))[ 5] .This species is mainly characterized by

having the quadrate cranidium , the parallel-sided
g labella w ith laterally rest ricted S2 —S4 , the moder-
ately wide fixigenae , the twelve-segmented thorax ,
and the small pygidium with tw o axial ring s and a

terminal piece.Except for the minor difference in the

g labellar shape , the mo re strongly isolated S2 —S4 ,
the cranidial features of Oryctocephalus americanus

are similar to those of Oryctocephalus indicus.A
close comparison of the mo rphological variation be-
tween specimens from Guizhou and Nevada reveals

that the g labellar out line in both species is similar.
Some speciemens f rom Nevada[ 5] bear subconical

g labella.This type of glabella is also commonly seen

in Chinese material
[ 8]
.

4　Occurrence of Oryctocephalus indicus in

the eastern Guizhou

The Kaili Formation is well developed in eastern

Guizhou , South China.Oryctocephalus indicus com-
monly occurs in the Kaili Fo rmation.Besides the

Balang section in Taijiang (now Jianhe)County , the
Yanying section and the Nangao section in Danzhai

County , O .indicus was also recorded from the

Zhusha sect ion , Zhenyuan County , about 60 km east

aw ay from the Balang section , Taijiang (now Jianhe)
County[ 8 , 10 ,11 , 32] .At the four sections mentioned

above , the thickness of the Kaili Fm.varies f rom 214

m to 326.2 m , and the st ratig raphic interv al of O .
indicus ranges f rom 64.8 m to 87.59 m[ 8] .The O .
indicus-bearing strata in eastern Guizhou is about 20

times thicker than that in the western United

S tates[ 28] .Apparently , this suggests that both the

Kaili Formation and the Emigrant Formation of

Nevada w ere formed at quite different depositional

rates.

5　Conclusions

Revised diagnosis of Oryctocephalus indicus is

helpful to studying its taxonomy and st rat ig raphic

correlation in the w orld.Furthermore , the restudy of

O .indicus w ill enhance its advantage as a key

species for def ining a g lobal stage and series boundary

that correlates w ith the tradit ional Low er-Middle

Cambrian boundary. In the Kaili area , eastern

Guizhou , O .indicus is of common occurrence , wide
dist ribution , and complete st ratigraphic range.The
fi rst appearance datum of O.indicus is consistent

w ith the events of the mass ex tinction-recovery occur-
rence in the tradi tionally terminal Early Cambri-
an[ 8 ,9 ,11 , 21 ,32] .Moreover , the turnover points of al-
ternation of acritach assemblages , trace elements

(REE), and stable isotopes(carbon)[ 13—18 ,33] are al-
so consistent w ith the FAD of O .indicus in the

Wuliu-Zengjiay a section , Balang village , TaiJiang

(now Jianhe) County and the Pingzhai section ,
Danzhai County.As one of the key fo rms fo r defining

the base of the Global Cambrian Series 3 and Stage 5 ,
O .indicus received detailed study and has consider-
able advantages against other species such as Ovato-
ryctocara granulata Tchernysheva , 1962 o r Arthric-
ocephalus chauveaui Bergeron , 1899.

6　Systematic palaeontology

Here , except for the prefix USNM deposi ted in

the National Museum of Natural History of the Unit-
ed States , all o ther described specimens are deposited

in the Palaeontological Museum of the Guizhou Uni-
versity , Guiyang , China(GU).Specimen having the

prefix GTB is in the collection f rom Wuliuzenjiay an

section of the t raditional Lower-Middle Cambrian

Kaili Formation at Balang village , Taijiang (now
Jianhe)County , Guizhou Province;specimens having
the prefix GTBM are in the collection from Miaoban-
po sect ion of Kaili Formation 1.2 km aw ay from

no rth Balang village;specimens having prefix P are

the collect ion f rom Pingzhai sect ion of the Kaili For-
mation at Pingzhai village , Taijiang (now Jianhe)
County , Guizhou Province , China , and specimens

having prefix USNM are in the collection the Emi-
grant Formation in the Spli t M ountain , Nevada.
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Genus Oryctocephalus Walcott , 1886

Type species:Oryctocephalus primus Walcot t , 1886

Oryctocephalus indicus (Reed , 1910)

Fig.1((a)—(j))

1910　Zacanthoides indicus Reed , p.9;pl.1.fig.15.

1910　Oryctocephalus cf.O.reynoldsi Reed , p.12 , pl.
1 , fig s.22—24.

1934 　 Oryctocephalus orientalis Saito , (in par t),
p.230—231 , pl.25 , fig.21.

1934　Oryctocephalus kobayashi Saito , p.231—232 , pl.
25 , figs.23—25.

1940 　 Oryctocephalina reticulata Lermontova ,
Лермонтова, стр..137 , таб., 42 , фи..3.[ 34] .

1944 　 Oryctocephalus indicus (Reed , 1910 ),
Kobayashi , p.33[ 35] .

1951　Oryctocephalus sp., 1 , Rasetti , p.193 , pl.9 ,
fig.24

[ 36]
.

1962　Oryctocephalus reticulates(Lermontova , 1940),
Чернышева , стр.20—22 , таб., II , фи..3 , 5 , 8[ 37] .

1967 　 Oryctocephalus indicus (Reed , 1910 ),
Kobayashi , p.487 , tex t-figs.7 , 11a—b[ 38] .

1971 　 Oryctocephalus reticulatus (Lermontova),
Чернышева, стр.l.39 , таб., 13 , фи..10[ 39] .

1974　Oryctocephalus incurvus Lu et Chien , Lu et al.,
p.101 , pl.39 , fig.8[ 40] .

1980 　Oryctocephalus cf.O. incurvus Lu et Chien ,
Zhang et al., p.270 , pl.96 , figs.13—15.

1983　Oryctocephalops incurvus (Lu et Chien , 1974),
Lu & Qian , p.26 , pl.3 , figs.6—7.

1983　Oryctocephalops tongrenensis Lu et Qian , p.27 ,
pl.3 , figs.4—5[ 41] .

1997 　 Oryctocephalus indicus (Reed , 1910), Jell &
Hughes , p.34—35 , pl.5 , figs.16—19 , tex t-figs.7A—C.

1997　Oryctocephalus indicus (Reed , 1910), Yuan et

al., p.496 , pl.4 , figs.1—6.

1997　Oryctocephalus tongrenensis(Lu et Chien), Yuan
et al., p.496 , pl.4 , figs.8—9.

1997　Oryctocephalus indicus(Reed , 1910), Sundberg
&McCollum , p.1073—1077 , fig s.9-1—9-8 , 9-10.

1999　Oryctocephalus indicus (Reed , 1910), Zhao et

al., pl.4 , fig.4[ 42] .

1999　Oryctocephalus indicus (Reed , 1910), Yuan et

al., p.25 , pl.1 , fig.6[ 43] .

1999　Oryctocephalus indicus(Reed , 1910)Sundberg et

al., pl.1 , fig.3.

2001b　Oryctocephalus indicus (Reed , 1910), Zhao et

al., pl.1 , figs.2—3.

2001c　Oryctocephalus indicus(Reed , 1910), Zhao et

al., pl.6 , fig.1.

2002 　 Oryctocephalus indicus indicus (Reed , 1910),
Yuan et al., p.101 , pl.17 , figs.1—9;pl.18 , fig s.1—8;
pl.19 , figs.1—4;pl.20 , figs.4—9;pl.21 , fig.7;pl.
22 , fig.5;pl.23 , figs.1—4;pl.29 , figs.6—7.

2002　Oryctocephalus indicus latus Zhao et Yuan , Yuan
et al., p.101—102 , pl.20 , figs.2—3;pl.21 , fig s.1—3 ,
5 , 6;pl.22 , fig s.2 , 7 , 8;pl.28 , figs.9 , 10.

2002 　Oryctocephalus orientalis Saito , 1934 , Yuan et

al., p.103 , pl.22 , figs.3 , 4 , 6.

2003　Oryctocephalus indicus (Reed , 1910), Sundberg
&McCo llum , p.960—962 , pl.8 , figs.9 , 12—13.

Holotype:Incomplete exoskeleton (pygidium
plus partial thorax), GSI 9774

[ 3 ,29]
from horizon 2 of

the Spiti area , India.

Additional material:165 exoskeletons and 297

cranidia.

Revised diagnosis:Cranidium quadrate to sub-
quadrate;g labella subcylindrical to subconical , slight-
ly tapering forw ard , w ith 4 pairs of pit-like lateral

furrow s of w hich 1 to 3 t ransglabellar furrow s , S4
pit-like , faint , near axial furrows;fix igena w ide to

moderately w ide (0.63 —1.20 of gllabellar width);
palpebral lobe medium in length;librigena narrow

w ith long genal spine;12 thoracic segments w ith

long , diagonal-directed marginal spine;small pygidi-
um with 2 —3 axial rings , and 2—3 pairs of pleural

spines.　　

Description:elongately elliptical , small , mi-
cropygous 7 —12 mm long.Exoskeleton;cranidium
w ide , subtrapezoidal , slightly arched forw ard anteri-
orly;g labella subcylindrical to subconical in outline ,
gent ly convex , rounded anteriorly , w ith four pairs of

pit-like glabellar furrow s , of w hich S4 near the axial

furrow , S1 connected by shallow transverse furrow s ,
S2 or S2 and S3 sometimes connected by shallow

transverse furrow , S1—S3 sometimes connected shal-
low longitudinal furrow ;Occipital ring slightly nar-
row ing laterally;anterior border furrow distinct;
preg labellar field absent;anterior border narrow ,
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gently convex , slightly arched fo rw ard;f ixigena

medium to wide (63—120% of glabellar width);
palpebral lobe narrow , about 0.4 of glabellar length;
eye ridge st rong , slightly inclined from anterior end

of palpebral lobe to axial furrow opposite S4;posteri-
or border furrow distinct;anterio r branch of facial su-
ture slightly divergent f rom anterior end of palpebral

lobe , then curving inw ard , posterior branch directed

backw ards;Librigena narrow (exs.), genal spine

long , reaching at a level of fourth tho racic segment;
12 tho racic segments w ith long pleural spines;small

pygidium with 2 —3 axial rings , a terminal piece , a
postaxial ridge , and 2—3 pairs of marginal spines di-
rected posteriorly.

Occurrence:The Middle Cambrian;western U-
nited States , South China , eastern India o r Hi-
malayan area , North Korea , and Siberia[ 35] .

Acknowledgements　　The autho rs would like to thank

Chen Zhouqing from the Nanjing Institute of Geology and

Palaeontology , Chinese Academy of Sciences for taking the pho-
tog raphs of fossils , Dr.F rederick A.Sundberg from Show Low

High School , Arizona, for pro viding the photographs of speci-
mens collected from the Emig rant Formation in the Split Moun-
tains , Nevada , USA.

References

1 Yuan J.L., Zhao Y.L., Wang Z.Z.et al.A preliminary study

on Low er-Middle Cambrian boundary and trilobite fauna at Balang ,

Taijiang , Guizhou , South China.Acta Palaeontologica Sinica (in
Chinese), 1997 , 36(4):494—524.

2 Sundberg F.A.and McCollum L.B.Oryctocephalids(Corynex-
ochida:T rilobita)of the Lower-Middle Camb rian boundary internal

f rom California and Nevada.Journal of Paleontology , 1997 , 71

(6):1065—1090.

3 Reed F.R.C.T he Cambrian fossils of S pi ti.Memoirs of the Geo-

logical Su rvey of India , Palaeontologia Indica , 1910 , 15(7):1—
70.

4 Sundberg F.A., Yuan J.L., McCollum L.B.et al.Correlation

of Low er-Middle Camb rian boundary of S outh China and w estern

United States of America.Acta Palaeontologica Sinica , 1999 , 38

(Sup):102—107.

5 Sundberg F.A.and McCollum L.B.Early and Middle Cambrian

t rilobites from the ou ter-shelf deposits of Nevada and California ,

USA.Palaeontology , 2003 , (5)46:945—986.

6 Yuan J.L., Zhao Y.L.and Li Y.Biost ratigraphy of Orycto-

cephalid t ri lobites.Acta Palaeontologica Sinica , 2001a , 40(Sup.):
143—156.

7 Yuan J.L., Zhao Y.L.and Li Y.Notes on the classi fication and

phylogeny of Oryctocephalids (Trilobites:Arth ropoda).Acta

Palaeontologica Sinica , 2001b , 40(Sup.):214—226.

8 Yuan J.L., Zhao Y.L., Li Y.et al.T rilobi te Fauna of the Kaili

Formation(Uppermost Low er Cambrian- Low er Middle Cambrian)
f rom Southeastern Guizhou , S outh China(in Chinese).Shanghai:

Shanghai S cience and Technology Press , 2002.

9 Zhao Y.L., Yuan J.L., Zhu L.J.et al.An Advance in the re-

search of the Lower-Middle Cambrian boundary in South China and

its prospects.Journal of St ratig raphy(in Chinese), 2001a , 25

(Sup.):383—390.

10 Zhao Y.L., Yu M.Y., Yuan J.L.et al.Cambrian strat igraphy

at Balang , Guizhou Province , China:Candidate section for a global

unnamed series and St ratotype sect ion for the Tai jiangian stage.
Palaeoworld , 2001b , 13:189—208.

11 Zhao Y.L., Yuan J.L., McCollum L.B.et al.A potential

GSSP for the Lower and Middle Cambrian boundary near Balang

Village , Taijiang County , Guizhou Province , China.Acta Paleon-
tologica Sinica , 2001c , 40(Sup.):130—142.

12 Guo Q.J., Zhao Y.L.and Yuan J.L.T he restudy of Redlichia

from the Low er part of the Kaili formation in Kaili area , Guizhou

Province.Acta Palaeontologica Sinica(in Chinese), 1999 , 38

(Sup.):157—164.

13 Guo Q.J., Yang W.D., Zhao Y.L.et al.Geochemical charac-
terist ics of the stratotype candidate boundary section of the Middle-

Low er Cam brian , Guizhou.Geochimica(in Chinese), 2001a , 30

(4):383—389.

14 Guo Q.J., Yang W.D., Zhao Y.L.et al.T he divi sion of M id-
dle-Lower Cambrian boundary , Danzhai , Guizhou.Journal of M in-

eralogy and Petrology(in Chinese), 2001b , 21(4):11—18.

15 Guo Q.J., S trauss H., Liu C.Q.et al.Carbon and oxygen iso-

topic composi tion of Low er to M iddle Cambrian sediment at Tai-

jiang , Guizhou Province , China.Geol.Mag., 2005 , 142(6):
723—733.

16 Yang R.D., Yin L.M.and Zhao Y.L.Acritarch assemblages

from the Early-Middle Cambrian Kaili Formation of East Guizhou

Province and biost rat igraphic implication.Acta Micropalaeon-
tologica Sinica(in Chinese), 2001 , 18(1):55—69.

17 Yang R.D., Zhu L.J.and Wang S.J.Negat ive Carbon isotopic

excursion on the Low er and Middle Cambrian of Kaili Formation ,

Taijiang Coun ty , Guizhou Province , China:Implict ions for mass

extinction and st ratigraphic division and correlation.Science in Chi-

na(Series D), 2003 , 46(9):872—881.

18 Yin L.M .and Yang R.D.Early-Middle Cambrian Acritarchs in

the Kaili Format ion f rom Taijiang County , Guizhou , C hina.Acta
Palaeontologica Sinica(in Chinese), 1999 , 38(Sup.):66—78.

19 Fletcher T.P.Arth ricocephaluus chau veaui Bergeron- a key

species for the correlation of a global Cambrian stage boundary.

Palaeoworld , 2001 , 13:257—260.

20 Fletcher T.P.Ovatoryctocara granulata:The Key to a global

Cambrian stage boundary and the correlat ion of the olenellid ,

redlichiid and paradoxidid realms.Palaeontology , 2003 , 70:73—
102.

21 Zhao Y.L., Yuan J.L., Zhu M.Y.et al.Progress and signifi-
cance in research on the early M iddle Cambrian Kaili Biota ,

Guizhou Province , China.Progress in Natural S cience , 2002 , 12
(9):649—654.

22 Zhao Y.L., Yuan J.L., Peng S.C.et al.Oryctocephalus ind i-
cus i s the best t rilobite FAD of the Middle Cambrian.In:IX Inter-

national conference of the Camb rian S tage Subdivision w orking

Group(Abst ract s w ith program).T aebaek , Korea , 2004 , 16—

21:32.

23 Peng S.C., Yuan J.L.andZhao Y.L.Tai jiangian Stage:a new

chronost ratigraphical unit for the t raditional lower Middle Camb rian

in S outh China.Journal of St ratigraphy (in Chinese), 2000 , 24

(1):53—54.

24 Peng S.C.Towards a new Global subdivi sion of the Cambrian sys-
tem.Journal of St ratigraphy (in Chinese), 2005 , 29(2):171—

177 , 204.

1181Prog ress in Natural Science　Vol.16 No.11　2006　www .tandf.co.uk/ journals



25 Peng S.C.and Babcock L.E.New ly proposed Global Chronos-

t atigraphic subdivision on Cambrian S ystem.Jou rnal of S trat igra-
phy(in Chinese), 2005 , 29(1):92—93 , 96.

26 Babcock L.E.and Peng S.C.C hanging Perspectives on Cambri-

an Ch ronostrat igraphy and Progress tow ard Subdivision of the C am-
brian S ystem.Geosciences Jou rnal , 2005 , 9(2):101—106.

27 Geyer G.T he base of a revised Middle C ambrian:are suitable con-
cepts for a series boundary in reach?Geosciences Journal , 2004 , 9

(2):81—99.
28 McCollum L.B.and Sundberg F.A.The use of Oryctocephalus

indicus as a “ Low er-Middle” Cambrian boundary GSSP:A status

report.Acta Micropalaeon tologica S inica , 2005 , 22(Sup.):113—
114.

29 Jell P.A.and Hughes N.C.Himalayan Cambrian T rilotbites.
Special Papers in Palaeontology , 1997 , 58:7—113.

30 Zhang W.T., Lu Y.H., Zhu Z.L.et al.Cambrian t rilobite

faunas of southw estern China.Palaeontologia Sinica , Series 159.

Beijing:S cience Press , 1980 , 16:1—497.

31 Sai to K.Older Cambrian T rilobi ta and Concostraca f rom north-
w estern Korea. Japanese Journal of Geology and Geography ,

1934 , 11(3—4):211—237.
32 Yang R.J., Zhao Y.L.and Nie K.S.Kai li Formation research

in the Bashuiya section in Jianhe County and in the Zhusha section

in Zhenyuan Coun ty.Journal of Guizhou University of Technology

(in Chinese), 2005 , 34(6):12—15.

33 Zhu L.J.and Zhao Y.L.Studies of Trace elements and REE

geochemist ry of sedimentary rocks in Middle-Low er Cambrian

boundary section of Taijiang , Guizhou.Acta Palaeontologica Sinica

(in Chinese), 1996 , 35(5):623—630.

34 Лермонтова, Е.В.Класстрилобиты.Атласруководящих

Форм ископаемых Фаун СССР, т. 1-Кем брий. М.,
Госгеолиздат, 1940 , 1:1—193.

35 Kobayashi T.On the eodiscids.Journal of the Faculity of S cience ,

Imperial Universi ty of Tokyo , Section 2 , 1944 , 7:1—74.
36 Rasett i F.S tratigraphy and faunas of the Middle Cambrian of the

Canadian Rocky Mountains.Smi thsonian Miscellaneous Collec-

tions , 1951 , 116(5):1—277.
37 Чернышева, Н .E.KембрийскиегрилобитысемействOrycto-

cepholidae.Tp.НИИГΑ, 1962 , 127(3):1—52.
38 Kobayashi T.The Cambro-Ordovician format ions and faunas of

South Korea , Part X St ratigraphy of the Chosen Group in Korea

and South Manchuria and it s relat ion to the Cambro-Ordovician for-

mations of other areas.Journal of the Faculty of S cience , Imperial

Universi ty of T okyo , Section 2 , 1967 , 16:381—535.
39 Чернышева, Н.Е.ΑмгинскийЯрусАлтае-СаянскойОЬласти.

Труды Сибирского Научно-Исследобательского Института
Геологии, ГеофизикииМинеральногоСырья(СНИИГГИМС),

ΜинистерстбаГеологиииОхраныНедрСССРВып, 1971 , 111:
1—267.

40 Lu Y.H., Zhang W.T., Qian Y.Y.et al.Cambrian t rilobites.

In Nanjing Insti tute of Geology and Palaeontology (ed.), Hand-
book of St ratig raphy and Palaeontology , Southw est China(in Chi-

nese).Beijing:Science Press , 1974:82—107.
41 Lu Y.H.and Qian Y.Y.Cambro-Ordovician t rilobites f rom east-

ern Guizhou.Palaeontologia Cathayana 1(in Chinese), 1983 , 1—

105.
42 Zhao Y.L., Yuan J.L., Zhu M.Y.et al.A progress report on

research on the Early M iddle Cambrian Kaili Biota , Guizhou ,
PRC.Acta Palaeon tologica Sinica(in Chinese), 1999 , 38(Sup.):

1—14.
43 Yuan J.L., Zhao Y.L.and Guo Q.J.On the Kaili Formation.

Acta Palaeontologica Sinica(in Chinese), 1999 , 38(Sup.):15—

27.

1182 www .tandf.co.uk/ journals　Progress in Natural Science　Vol.16 No.11　2006


