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What is the marine ecosystem?
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P/Tr mass extinction

Episode 1 P/Tr mass extinction

Changhsingian Griesbachian
PERMIAN TRIASSIC




qistic facies

P ISR A

Permian-Triassic interval
~252 Ma

; Panthalassa

- ™
20819 Crmmerla

26
N,

30)
:IETY
bonate

. mm -

[] area boundary
[1] oolite location
Il deep ocean

- [ 1and
- Ahallow- i
et al. (208 om "




105°
I

Nanpanjiang {
[ Basin
|

Guangxi N

A
Ammr
o
v’lﬂ Platform ramp vietnam
gﬁ Carbonate plaform
Uplift 0  50km

1odeng).

Debao platform

KL
/ RIS

anpanjiang Basin

Pingguo platform

X anigUIif Nanning

IS r—T1T 1
S [ T [/ Chongzuo platform

—26°1

—24°1

7] N
wlw| -|c
OIZ|Elo|<
Nlwju|o |'E
T I'_TT": =L micritic
] B R |
i3 imestone
5| £
2
3 Eey == calcareous
= = =
) = mudstone
=|c slo | [T |
alegl 3| E=18 i
2lel |s - thrombolite [§
=
(=4 P 3
=2 c )
FE El s | stromatolite
- w9 :
ul gl 2
5| & bioclastic
= s limestone
£l 8 %
3|8 stro.=stromatolite §
=l e
= £
=
E;—
2
%
3 /5
c © e
S8 5 -
o .
El2] |3 s
@ | @ i =
a|< @ 7}
o | 3
eo|S|E|S
|l
S i
i (o) -1 -
% T
L
I




Intensity




| T Calcareous spher01ds t







.‘
Jialingjiang Fm.

hk:‘“ & e Ty,

Dienerian
stromatolites







R
g N

< BN i ; - 07 | HFW | WD |Mag|Det| HV |Spot

HEW | WD | Mag Det] HV |Spot ( 110:41:00 AM|0.17 mm|11.3 mm|800x| ETD|20.0 kV| 3.5
8:12 AM|0.14 mm|11.6 mm | 1000x| ETD|20.0 kV| 3.5 | : : o s
s

i

o RN ’ e 3 e e
7 HFW WD Mag |Det| H Spot
O 13 AM|0.11 mm|11.2 mm|1200x|ETD|20.0 kV| 3.5




Wrinkle
structure







Living bacterial mat




% .—v—-‘b‘.ﬂimfs
e

A RS S ey
-

SEM images

thin section images




SEM images




Possible Early Triassic animal-biomat
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Microbial mats

(Mid-late Anisian)

Luoping county, Yunnan Province




Modern biomat, Shark bay —




qistic facies

P ISR A

Permian-Triassic interval
~252 Ma

; Panthalassa

- ™
20819 Crmmerla

26
N,

30)
:IETY
bonate

. mm -

[] area boundary
[1] oolite location
Il deep ocean

- [ 1and
- Ahallow- i
et al. (208 om "




Late Smithian Spathian

Giant ooids: biogenicity
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Vermicular limestone

Very common in the Lower Triassic (occupying 50-
60% of entire succession)
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Biotic distributions during P-Tr transition in Nanpanjiang, SW China
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Post-extinction ecosystem rebuilding
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Chen et al. (2011)




Trace-making BEgE=—=
faunal recover

South China

Number of ichnogenera

[3S]

G
late Smithian Spathian
244—
o~
g 22+
é 201+
5 181 - -
ISR - Burrow size variations
% 14—
CARD) . .
5 Maximum diameter
N 10—
z 81
g 6 — Mean diameter
= -
5 4
2

(=]

Griesbachian-early Smithian | late Smithian | early Spathian| late Spathian

[=]

e =

20
30 |
401
50
60 [~
70 = B Maximum penetration depth

Tiering level

Mean penetration depth

Penetration depth (mm)

80




Post-extinction ecosystem rebuilding
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Marine community

End-Permian




Biodiversity, community structural changes and other ecologic

assessment through Early-Middle Triassic
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Post-extinction ecosystem rebuilding
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Predatory evidence
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Predatory drillnoles
Permian




Mid-late Anisian drillholes & parasitic marks

Qingyan Formation, Guizhou, South China




End-Permian mass extinction
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Post-extinction ecosystem rebuilding

Gri.-Dien Smithian
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New discovery of exceptionally preserved
fossils from Early-Middle Triassic

na (Zhang et al. 2008)
Newly obtained SHRIMP date: 241.8 = 1.5 Ma (Chen et al. in prep.)
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Ecosystem trophic
structure and

functional groups

1 Microbes 2 Gastropods 3 Bivalves

4 Crustaceans 5 Fishes 6 Belemnoids
7 Carnivorous fishes 8 Saurichthys 9 Placodonts
10 Saurichthys 11 Large carnivorous fishes

12 Ichthyosaurs 13 Protosaurs
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natare URE GEOSCIENCE pol: 101038/NGEO1475

geoscience REVIEW ARTICLE

PUBLISHED ONLINE: 27 MAY 2012 | DOI: 10.1038/NGEOQ1475

Biodivarsity changes

The timing and pattern of biotic recovery
following the end-Permian mass extinction

Zhong-Qiang Chen' and Michael J. Benton®*

Bioturbation |evel

) Coriodonts

p — )5} 0700

The aftermath of the great end-Permian period mass extinction 252 Myr ago shows how life can recover from the loss of
>90% species globally. The crisis was triggered by a number of physical environmental shocks (global warming, acid rain,
ocean acidification and ocean anoxia), and some of these were repeated over the next 5-6 Myr. Ammonoids and some other
groups diversified rapidly, within 1-3 Myr, but extinctions continued through the Early Triassic period. Triassic ecosystems
were rebuilt stepwise from low to high trophic levels through the Early to Middle Triassic, and a stable, complex ecosystem
did not re-emerge until the beginning of the Middle Triassic. 8-9 Myr after the crisis. A positive aspect of the recovery was
the emergence of entirely new groups, such as marine reptiles and decapod crustaceans, as well as new tetrapods on land,
including — eventually — dinosaurs. The stepwise recovery of life in the Triassic could have been delayed either by biotic drivers
(complex multispecies interactions) or physical perturbations, or a combination of both. This is an example of the wider debate
about the relative roles of intrinsic and extrinsic drivers of large-scale evolution.

'State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, '

REVIEW ARTICLE NATURE GEOSCIENCE oor 101028/ NGEOW47S
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IGCPS5 72: Restoration of marine ecosystems
following the Permian-Triassic mass extinction
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