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Cambrian Stratigraphy &R 4CHT &

Traditional “lower”, “middle”, and “upper” division
Trilobite-based biostratigraphy mainly
International Subcommission on Cambrian
Stratigraphy - 4 series (2%) and 10 stages ([&)
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BoundarY Horizons (GSSPs)
or Provisional Stratigraphic Tie Points

Ordo-
vician

Lower Tremadocian
Stage 10

Jiangshanian

FAD of lapetognathus fluctivagus (GSSP)

FAD of Lotagnostus americanus

Paibi AD of Agnostotes orientalis (GSSP)
al Iar.1 AD of Glyptagnostus reticulatus (GSSP)
Guzhangian . .
sy /D Of Lejopyge laevigata (GSSP)
FAD of Ptychagnostus atavus (GSSP)

FAD of Oryctocephalus indicus /
Ovatoryctocara granulata

?FAD of Olenellus, Redlichia, Judomia,
or Bergeroniellus

Series 3

Cambrian

?FAD of trilobites

?FAD of Watsonella crosbyi or
Aldanella attleborensis

: FAD of Trichophycus pedum (GSSP)
Ediacaran =Treptichnus pedum

~494 Ma
~497 Ma
~500.5 Ma

Peng et al., 2012



North China SPICE & Its Implications

SPICE: Steptoean Positive Carbon Isotope Event

an JBURNHAL §F PALAEONTOLO0T AND STRATIGHAPHY Available online at Elsevier Masson France
ScienceDirect EM|consulte
www.sciencedirect.com www.em-consulte.com

The North China Steptoean positive carbon isotope
excursion and its global correlation with the base of the
Original article

Paibian Stage (early Furongian Series), Cambrian _ -
© ( ) & ), C The North China Steptoean Positive Carbon Isotope Event: @ vt
New insights towards understanding a global phenomenon”

TIN-WAI NG, JIN-LIANG YUAN AND JIH-PAI LIN
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North China SPICE Correlation

galee

Gushan
(Shandong)

i +‘ [ SN
F[+ ==y
—— =
= el = = A ‘% EE .
2L 25 28Eeg Huangyangshan Shuanggqiao
o wE ERl=z5=zg8 {Shandong} {Hebe”
= =
= =
= 3
% g
-g c -g . Changshania?! —»
c = .E (W} L'.h(rngsﬁf.!irﬂb
i %
oh
S ﬁ, o | | Lid
i (o= = .G'\
uj_ M g | = U
£ £ L] —
SIY(2| Oa
Yl
™M = A—— Damesellid
3 o E
TIalc|2
(=2} c
i % .g g_ am
j | . L
oL | @ Vg ! : . ;
=S|I 51E|s &
U
g 2 <
U -2 1 06”(: 1

Zhangxia
(Shandong)

Chanmgshania

Chuangia

=0m

61C

Ng et al. 2014 Geobios



s
T
==
—
<>
>
-
reryn

i

=
8
=
*]
5
#3]
=
8
C_\
.©
o
c
O| c
=
L o
‘©
a
o
2|5
a2
cC | m
o
E%
MLD
]

NORTH CHINA
(Shandong)
Huangyangshan
This Study

Global SPICE Correlation
2 EKSPICEES (437

SOUTH CHINA LAURENTIA KAZAKHSTAN SIBERIA AUSTRALIA SCANDINAVIA AUSTRALIA
Saltzman et al., 2000 Saltzman et al., 1998 Saltzman et al., 2000 Kouchinsky et al., Saltzman et al., Ahlberg et al., Saltzman et al.,
Peng et al., 2004b Saltzman et al., 2000 Peng et al., 2004b 2008 2011 2009 2011
Peng et al,, 2004b
Parabolina
irvingella W,‘,]g{:ﬂ Irvingella Kujandaspis Irvingella siir:rfosa Irvingella
100
Om
100
Olenus &
Agnoustus
FAD Amorphella-Yurakia om om |1 obesus om
. —»,
G. reticulatus %
A ; T ; 7 ] 3 B T B T 1
100 1 o 1 éle 3 4 5C 5”C0lg
Agnostus
pisiformis
A . ) ) L i am 0 N ]
I — om §¥Corg
6'3C we 0 1 z ) E] B s
8% &1C Organlc carbon

Ng et al. 2014 Geobios



45°

40°

35°

25°

20°F

70°

80°

90°

\\\l
D
. CHINA
\_\\
\\\
R
LEGEND
O Localities

North China Craton

250 500

km

750

L

Sea

S,
by South China
-

445°

357

425°

H20°

90°

Ng et al. 2014 Geobios



Peak 613C and Difference A&13C

Normal SPICE:
Peak 613C ~+4 t0 +5 %o

AS13C ~4 %o
Section Peak 83C value | Initial 83C value Difference A8'3C
(1) (I1) (I-11)
Shuanggiao (SQ) +3.22 %o +0.87 %0 2.35 %o
Huangyangshan (HYS) +4.144 %o +2.413 %o 1.731 %o
Gushan (GS) +2.226 %o +0.416 %o 1.81 %o
Zhangxia (ZX) +1.58 %o -0.2 %o 1.78 %o

Ng et al. 2014 Geobios



Possible Reasons

Regional changes in ocean environment (Holmden et al. 1998;
Panchuk et al. 2006; Young et al. 2005)

Aquafacies variations (Holmden et al. 1998; Young et al. 2005; Young et
al. 2008)

Oxidation of organic matter (Hayes et al. 1999; Young et al. 2008;
Saltzman et al. 2011)

Isolation of water masses (Patterson & Walter, 1994)

More restricted and higher salinity due to sea-level fluctuations
(Sial et al., 2013)

Diagenesis (Ralisback et al, 2003)
Volcanic activities (Shen et al. 2012)

Weathering of siliciclastic or carbonitic rocks, change in organic
carbon burial rate (Kump and Arthur, 1999)

Ng et al. 2014 Geobios



Implications

More sampling horizons for both fossil and isotope data (<
0.5 m) in condensed sections

More intensive study on the taxonomy of
biostratigraphically important taxa (mostly trilobites)

More sections from a broader geographic context would be
useful to discuss any intracontinental variations

Different kinds of isotope data for more in-depth discussion
on the environmental changes in North China

Ng et al. 2014 Geobios



Enrolment in Trilobite

Enrolment — protective behavior

Enrolment of Cambrian trilobites
not well studied

New middle Cambrian enrolled
trilobite from Shandong Province,
North China

<O

Yuan, J.-L., J. Esteve, and T. -W. Ng (2014) Articulation, interlocking devices and
enrolment in Monkaspis daulis (Walcott, 1905) from Guzhangian, middle Cambrian of
Shandong Province, North China. Lethaia, 47, 405-417.
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Monkaspis daulis (Walcott, 1905)

Yuan et al. 2014 Lethaia
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micropygous isopygous macropygous

http://www.trilobites.info/pygyterms.htm



Articulation structures

articulating half-ring

fulcral process axial process

------ articulating
half-ring

fulcral

fulcral __,, :
socket

process

T e

/4 posterior flange N

fulcral socket axial socket

http://www.trilobites.info/thorax.htm



Articulation structures

o ' R 2 A F R e S e
Burlingia jagoi Whittington, 1994
Ebbestad & Budd 2002, text-fig. 3A




Interlocking Devices

Phacopid trilobite

Terrace lines

vincular furrow

vincular notches
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Bergstrom, 1973, fig. 8



[ Double* = Spiral**

Ordovician Discoidal* = Unrolled**

Silurian

| ] Spheroidal* = Sphaeroidal /
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heroidalZ Spital - — -
1 I Inverted spiral**

T [ Spheroidal / Inverted
n=19 MNone n total = 112

Esteve et al., 2011
Geology
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Conclusions

First enrolled trilobite documented from Kushan
Formation (Guzhangian, Cambrian Series 3) of
North China

Articulation structures very well developed

Interlocking devices poorly developed, except terrace
lines and novel structure “posterior arch” to  reduce
shear

Absence of genal spines (inhibited sinking into
substrate) enabled the use of enrolment procedure
to excavate in sediment for shelter

Yuan et al. 2014 Lethaia



New discoveries on Cambrian
pelmatozoan echinoderm
ossicles from North China

Tin-Wai Ng? ®, Joseph P. Botting® ¢, Jin-Liang Yuan?, and Jih-Pai Lin% "

aNanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences, Nanjing
210008, China

bDepartment of Earth Sciences, National Taiwan Normal University, Taipei 11677, Taiwan
‘Chatsworth, Spa Road, Llandrindod Wells LD1 5EY, UK

dState Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and
Palaeontology, Chinese Academy of Sciences, Nanjing 210008, China

Ng et al. (In review) Palaeoworld
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“Furongian (late
Cambrian)
echinoderms are
extremely rare in the
fossil record and only

from the Paibian
Stage worldwide.”

Zamora 2012
Britain

U. Cambrian



Tomasz K. Baumiller & Charles G. Messing (2007)
STALKED CRINOID LOCOMOTION, AND ITS ECOLOGICAL AND
EVOLUTIONARY IMPLICATIONS

http://palaeo-electronica.org/2007_1/crinoid/index.html

Location: Grand Bahama Island
Depth: 420 m
Speed: ~10-30 mm sec?

Q

http://palaeo-electronica.org/2007_1/crinoid/fig3.htm
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Conclusions

First record of echinoderms from late Cambrian  North China
Only disarticulated ossicles

Interesting features: holomeric columnals with crenulated
articulating

Our ossicles resemble later groups such as crinoids or
rhombiferans

But absence of distinctive plates and structure

May belong to a currently unknown derived  lineage of
“eocrinoids”



Preliminary Cladistic Analysis of Upper
Cambrian Trilobite Families Crepicephalidae
and Tricrepicephalidae

The phylogenetic relationship between the marjumiodean
trilobites Families Crepicephalidae (Crepicephalus, Coosella,
Coosina, Coosia) and Tricrepicephalidae (Meteoraspis and
Tricrepicephalus) has long been discussed (e.g. Palmer, 1955;
Pratt, 1992)

The monophyly of these genera is always in question and their
relationship is still highly debatable (e.g. Poulsen, 1927;
Kobayashi, 1935; Lochman and Duncan, 1944; Palmer, 1955;
Pratt, 1992; Westrop, 1992)

There was no cladistic attempt to tackle this problem

Ng, unpublished data
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Geologic Background

Late Cambrian 514 Ma

24,
§o" Africa.  Pan-Alfrican Mts, e

Angiert Lindmass @ % ! : £ —
Madern Landmess L’;}

Subduetion Zene [trisngles paint in the
direction of subduetion) U

i

England
and Wales
New England
and Nova Seotia

Sew Floor Spreading Ridge

http://www.scotese.com/newpagel2.htm



i

4 .l"k.h.-'m-:.'l{':.l _f"
Ly -

5

Califormia

Image POOE DigitalGlobe
Image © 52008 TerraMetries
2 (x2008 Europailiechnologies

Paointer \-‘EH 4924, 895N 14'EG"§&.1"9‘" ;r“k'inre.;n'un | [ | T0O0%




'
Pointer 37°54'34.55"

Anderson Canyonh «_

o -

114°34'00.78" Welev 2367 m Streaming |[||[]/]/[/100% Eye alt

Anderson Canyon, Highland

Range, Nevada

Highland Peak Formation

Meter

Anderson Canyon, Highland Range, Nevada

AN 7

s2ae ShD SBRERNNRE NSNBEBEEBEE BBBBESSo0w

b

T
Sholhis
o

~gin
woodn el

iyt

(e w

t

cins biwd wkesiokhion
wn g

]

o

LEGEND
LITHOFACIES

Lime mudstone (dolomitic)

rbeds of lime musd and
Bioturbated wackestone
Bioclastic and oolitic grainstone:
Bioclastic and oncalitic grainstone

C fal build-up

Terrigenous siltstone
SYMBOLS

Bioclasts

Dolites

Oncolites

Intraclasts

Flat pebble conglomerates
Cross stratifications/ripples

Burrows

Ng, unpublished data




Photographing trilobite specimens

1. Mechanical preparation

specimens!!



3. Whitening specimen




4. Photography 5. Photo processing




Trilobite Specimens

Over 1 metric ton bulk samples
Over 11,000 sclerites
Over 7,400 individuals

Ng, unpublished data
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Data Matrix

36 taxa (including outgroup)
Outgroup Modocia dubia
54 characters

28 coded on the cranidium
7 coded on the librigena

18 coded on the pygidium
29 binary characters

25 multistate characters

Outgroup character states all setto 0

Ng, unpublished data
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Analysis

Tree Analysis Using New Technology (TNT), v. 1.1 (Goloboff et
al., 2003)

Collapsing rule set to none

Traditional search with starting trees — Wagner trees with 1,000
random seeds and 1,000 repls.

Standard nonparametric bootstrapping with 5,000 replicates

Bremer support evaluated using PAUP* v. 4.0 (Swofford, 2004)
& TreeRot v. 2.1 (Sorenson, 1999)

Strict consensus tree constructed by Winclada, v. 1.00.08
(Nixon, 2002)

Ng, unpublished data
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Conclusions & Implications

First attempt at cladistic analysis of the genera Coosia, Coosella,
Coosina, Crepicephalus, Meteoraspis, and Tricrepicephalus

Robust result shows that Meteoraspis, and Tricrepicephalus are
sister taxa and both monophyletic

Coosella and Coosia are also monophyletic but with weak
character support

Coosina and Crepicephalus are paraphyletic(?)

Further investigation with broader taxon sampling is needed to
further test these preliminary results

Ng, unpublished data



Quantitative paleontological analyses and
iImplications of fossil assemblages of the Late
Neogene Kangkou Limestone, Coastal Range,
eastern Talwan

= E R FE LU E A oa AR E S
o AERRE I E = o

2 K& Tin-Wai Ng *P°
&0& T Louis Suh-yui Teng "

® Department of Earth Sciences, National Taiwan Normal University

o Department of Geosciences, National Taiwan University
° Nanjing Institute of Geology and Palaeontology, CAS (NIGPAS)

Ng & Teng (2014) Palaeoworld, 23, 69-89 dx.doi.org/10.1016/].palwor.2013.10.003
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Methods

PAleontological STatistics (PAST)

Cluster analysis

Non-metric Multi-dimensional Scaling (NMS)

Palaeontologia Electronica
http://palaeo-electronica.org

PAST: PALEONTOLOGICAL STATISTICS SOFTWARE PACKAGE FOR
EDUCATION AND DATA ANALYSIS

@yvind Hammer, David A.T. Harper, and Paul D. Ryan PALEONTOLOGICAL

DATA ANALYSIS
@yvind Hammer. Paleontological Museum, University of Oslo, Sars gate1, 0562 Oslo, Norway

David A. T. Harper. Geological Museum, @ster Voldgade 5-7, University of Copenhagen, DK-1350 Copen-
hagen K, Denmark

Paul D. Ryan. Department of Geology, National University of Ireland, Galway, Ireland

QYVIND HAMMERANDLDAVID HARPER

Ng & Teng 2014 Palaeoworld



Methods

Intel PC with Windows 7

Cluster analysis with “Paired group” (UPGMA,
Unweighted Pair Group Method with Arithmetic Mean)

Non-metric multi-dimensional scaling (NMS) with 3-
dimensions

Bray—Curtis similarity index

Ng & Teng 2014 Palaeoworld
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Fossil Assemblages

Fossil Coral BEAM BE EF PE A
assemblages

Water depth
(relative to FWWB) AU Below
Estimated water <50 <50-100
depth range (m)
Hard: C, A
Substrate Hard Loose: Debris
Biodiversity level H H-VH
Maior faunas C,A EA, Br A EA M,
J M, Br E, BF

Around - Around -
Below Below
Below Below
100-150
60-100 80-150 (200) <50-80
Loose Hard Indet. Hard
L-M M-H L-M M-H
BF, LF, EF, BF, EA, A, C,
Br, M M, Br 5 Bl Br, BF

Ng & Teng 2014 Palaeoworld



Axis 2
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Water Depth & Substrate
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Conclusions

New relative abundance fossil data for Tungho
Limestone

First quantitative analyses: cluster & NMS

Six fossil assemblages: PF, BF, EF, BEAM, C, & A
Paleoecological gradients: water depth & substrate
KK: wider water depth range

TH: only shallow deposits

KK (formal) — KK (north) + TH (south) (Huang &
Yuan, 1994)

Ng & Teng 2014 Palaeoworld



Ongoing & Potential Projects

Sulfur isotopes — SQ and HYS samples

Paleoecology on Cambrian North China Craton

More North China sections

Revisions on Cambrian Trilobites (US + China)
Cladistics Analysis

Paleobiogeography of North China Cambrian Trilobites
Paleoecology of Limestone Bodies of Taiwan

Bryozoans Fossils of Taiwan
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