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“Ordovician”?

You would literally never guess Source: [25]
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When was the End-Ordovician ME within geological history?
Where did it happen? What did the world look like?
WHho exactly was it that went extinct?

What were the “kill mechanisms”?

Why did the extinction event happen? (climate drivers)
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W h e n Source: [5]

420 N. M. Bergman and others—COPSE: A new model of biogeochemical cycling

6000 —

Cerling (1991)
Mora and others (1996)

Yapp and Poths (1992)
McElwain and Chaloner (1995)
Freeman and Hayes (1992)
Pearson and Palmer (2000)
Ekhart and others (1999)
..................... Berner (1998)
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time, MaBP *| would have used Foster et. al., except it doesn’t go back far enough

Copyright © 2024 University of Maryland. This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch. 6




When

‘Big Five’ Mass Extinctions in Earth’s History

Our World
in Data
A mass extinction is defined by the loss of at least 75% of species within a short period of time (geologically, this is around 2 million years).

Extinction rate 1. End Ordovician (444 Mya)

(families per million years) 86% species 3. End Permian (250 Mya)
20 [7| 57% genera | 959% species 5; End Crgtaceous (65 Mya)
27% families extinct 569% genera Zgﬁ ;:Zre]gre;
e . 0
’/ 57% families extinct 17% families extinct
15 ) 4. End Triassic (200 Mya)
2. Late Devonian (360 Mya) 80% species
75% species 47% genera
35% genera 23% families extinct
19% families extinct
10
Future near-term
extinction rates
are driven by human
5 actions today
P, ?
l‘ /.t
A,
Extinctions are a natural part of evolution, M N

but background rates are typically less than
5 families extinct per million years

0
Cambrian Ordovician M Devonian Carboniferous Permian Triassic Cretaceous Paleogene
500 450 400 3 300 250 200 150 100 50 0
Millions of years ago (Mya)
Sources: Barnosky et al. (2011); Howard Hughes Medical Institute; McCallum (2015). Vertebrate biodiversity losses point to a sixth mass extinction.
OurWorldinData.org - Research and data to make progress a t the world’s largest problems. { der CC-BY by the au {annah Ritchi

https://ourworldindata.org/mass-extinctions
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When was the End-Ordovician ME within geological history?
Where did it happen? What did the world look like?
WHho exactly was it that went extinct?

What were the “kill mechanisms”?

Why did the extinction event happen? (climate drivers)
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Source: [2]

450 Ma

Late Ordovician

m Cathay-Tasman

¢ Laurentian

O Baltic-Anglo-Welsh
L) Siberian

A Mediterranean

[Jtand “Sy— Subduction

[ shelf
[Jocean |—‘—| Spreading

#* Volcanics

Copyright © 2024 University of Maryland. This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch. 9




Source: [2]

Source: [3]

Where
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Source: http://www.scotese.com/eordclim.htm

440 million years ago
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Source: https://www.britannica.com/science/Ordovician-Period/

Where

® _ Hour Days
e Hotter
e Higher CO2
® dimmer sun 5
e “Largely Ice-Free” s /‘ %
e Highest Sea Levels d SN
seen by complex life | |Siermwe
e Low oxygen in water ||Eses || e
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Context: Carbonate-Silicate Cycle

Carbon Regulation

CO; and H;0 forms

carbonicacid
o ——

Silicate Weathering MG
2(CO, ) +3(H,0) + Casi0, = Ca++ 2(HCOZ) + H,SI0,

R

et
o, Cat*+2(HCO3 ) 2= CaCo, +CO, +H,0

outgassing : :
) : Shelf: major area of Mid-oceanridge
/' )

imestone deposition

AR s
T 5= >
Rising
magma  Accretionary wedge:
& sediments derived
from land/shelf
-

\. Oceanic plate (basalt)
Continental \
plate Some carbonate rocks

are preserved by overlying
sediments and subducted

Melting of
carbonate (c_>ck

Source: [24]
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Who

When was the End-Ordovician ME within geological history?
Where did it happen? What did the world look like?
Who exactly was it that went extinct?

What were the “kill mechanisms”?

Why did the extinction event happen? (climate drivers)
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Who: * ’

Great Ordovician
Biodiversity Event

Content Warning:
Horrifying Mollusks
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Source: [6]
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Source: [11]

od, we found you infthelparks
throwinggrocks at ~ Clam: =

Ny
A

\

‘\
Why should they be happy#

Source: [6]
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Source: [7]

Tentacles

Cephalic
shield

Mouth

Collar

Anus

Source: [9] Pair of arms
Tubarium with

fusellar structures
Stolon/Stalk
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Who: Graptolites

Source: [8]

For Sale: £1 25 — £295
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Who: Pentremites

Source: [12]

“Rolls Royce
of Brachiopods”
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“Pentremites godoni, a blastoid from
the Lower Carboniferous of lllinois.”

Source: [13]

Who: Pentremites; Blastoids

Stem <

“Generalized diagram of blastoid
morphology with regions of interest
labeled. Modified from Beaver
(1967)”

Source: [14]
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https://en.wikipedia.org/wiki/Pentremites
https://journals.ku.edu/digitaltreatise/article/view/5636

Source: [15]
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Who: Isophorus Cincinnatiensis

Source: [15]
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Source: [16]
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Who: Flexicalymene Meeki

“Benthic
Roomba”
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Who: Ampyx; Trilobites; Isotelus Rex

Source: [18] Source: [19]
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Who: Eurypterids

OPISTHOSOMA

[ 1
METASOMA MESOSOMA PROSOMA

Epimera
Telson Tergi Carapace
ergites Median ocelli

~" Compound eye

Blatfiisse

Sternites

Pretelson

Postabdomen

Source: [21]

Preabdomen  #

Source: (21
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Who: Cephalopods

Source: [22]
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When was the End-Ordovician ME within geological history?
Where did it happen? What did the world look like?
WHho exactly was it that went extinct?

What were the “kill mechanisms”?

Why did the extinction event happen? (climate drivers)
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v

June 13, 2013

a

-

July 3, 2013

Gamma-ray Burst GRB 130603B
Hubble Space Telescope = ACS/WFC3

NASA and ESA STScl-PRC13-29a

Source: [22]
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What/Why: Gamma Ray Burst (no)

e Everything would have died:
O

O

vet, that’s not what happened
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What/Why: Carbonate-Silicate Cycle

Carbon Regulation

CO; and H;0 forms

carbonicacid
o ——

Silicate Weathering MG
2(CO, ) +3(H,0) + Casi0, = Ca++ 2(HCOZ) + H,SI0,

R

et
o, Cat*+2(HCO3 ) 2= CaCo, +CO, +H,0

outgassing : :
) : Shelf: major area of Mid-oceanridge
/' )

imestone deposition

AR s
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Rising
magma  Accretionary wedge:
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from land/shelf
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are preserved by overlying
sediments and subducted

Melting of
carbonate (c_>ck

Source: [24]
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What/Why: Volcanism

Source: [2]
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How do we know? (Strontium Isotope Ratios

Source: [28]
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What: Two-Phase Extinction

Source: [2 o 450 Ma
[ ] PP‘NTHAlﬂssiw Late Ordovician
--------------- 7en " Katian

1. Habitat Loss
(__-_ Ma)

2. Starvation
(__ - Ma)
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86% Extinction o e
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What: Temperature Rebound

Why might temperature rebound?

e Glacial ice covers silicate rocks; reduced
weathering s o7

e \/olcanic activity restarts source 7

® Biological CO2 removal slows (extinction)
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Key Points

OrdovicianEra: _ - Ma
Most land in southern hemisphere
Life confined to ocean, largely shallow seas

“Great Ordovician Biodiversity Event” -

o  Structure of continents may have facilitated speciation, like the Galapagos
o Number of species tripled - most of which went extinct and we are not related to
Sun Dimmer, CO2 Higher due to Volcanism
New silicate rocks formed, enabling weathering
o  Balance between weathering and CO2 emission from volcanism
® Balance upset by cessation of volcanic activity - less CO2; glaciation; sea level rise;
starvation; habitat loss; Ocean temp decreases 5 deg C
o Overturning circulation starts, oxygenates ocean, kills phytoplankton, food source
gone
e 85% of species die out
e Volcanic activity restarts; CO2 returns, temperatures rise

Copyright © 2024 University of Maryland. This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitchsf)'9
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