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Background — ‘analogues’ for future global change<
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Background - ‘analogues’ for future global change?

9’0 ¢ 0108,

QD JADHEO

Atmospheric CO, (ppm)

0- | | | | | | |
I I s e e e I B B B B B B
CENOZOIC MESOZOIC PALEOZOIC
R+ Time (Ma)
0 100 200 300

Honisch et al. [2012]




Background - ‘analogues’ for future global change?
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Background — ‘analogues’ for future global change<
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Background — ‘analogues’ for future global change<
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Background — ‘analogues’ for future global change<
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Methods — interpreting carbbon isotopic excursions
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Methods — interpreting carbbon isotopic excursions
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Methods — interpreting carbon isotopic excursions
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Methods — interpreting carbon isotopic excursions
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Methods — interpreting carbbon isotopic excursions
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Methods — interpreting carbbon isotopic excursions

CO, (pprm)

380 7

370

360

350

340

330

320 -

310 -

300 -

290 -

280 -

; )l :

e

d"l
a8 !!!ll“.

mh,M|1 |

!ﬁ*HW'WMM1

i

ﬂ

A

--6.6

--6.8

--7.0

—=7.2

- 7.4

--7.6

--7.8

--8.0

—-8.2

- -8.4

~-8.6

»

time

>

5"C (%o)




Methods — interpreting carbon isotopic excursions
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Methods — interpreting carbbon isotopic excursions
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Methods — interpreting carbbon isotopic excursions
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Methods — interpreting carbbon isotopic excursions

nature
geoscience ARTICLES

PUBLISHED ONLINE: 5 JUNE 2011 | DOI: 10.1038/NGEO1179

20 40 60 80 100 120 140 160 Slow release of fossil carbon during the
Time from the onset of the CIE (kyr) .
Palaeocene-Eocene Thermal Maximum

fit to 8"

Tenth order polynomial

Ying Cui'*, Lee R. Kump', Andy J. Ridgwell?, Adam J. Charles?, Christopher K. Junium'f,
Aaron F. Diefendorf'", Katherine H. Freeman’', Nathan M. Urban'" and lan C. Harding®
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Figure 4 | Model results of the PETM carbon release rate and cumulative
amount of carbon added versus time from the onset of the CIE (535 mbs)
(age model is from ref. 2). a, °C, that we used to force GENIE. b, Model
results of the PETM carbon release rate. €, Model results of the cumulative
amount of carbon added. d, Model results of the PETM atmospheric pCO».
e, Model results of the PETM global average temperature (°C). The two
best-fit simulations are shown in b-e:(1) CH4 simulation (black solid line);
(2) Cyrg simulation (red dotted line). Both simulations are with
bioturbation on.
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Boron, isotopes, and paleo pH
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Assimilating surface ocean pH change (only)
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Assimilating surface ocean pH change (only)
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Assimilating surface ocean pH change (only)
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Assimilating surface ocean pH and §"°C

K sur. 5"°C,,c (%o)

3.0

201
1.01
0.01

o I I 3
k » time (kyr) j




Assimilating surface ocean pH and §"°C v
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Assimilating surface ocean pH and §"°C
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Assimilating surface ocean pH and §"°C
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Assimilating surface ocean pH and §"°C
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Assimilating surface ocean pH and §"°C
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Decoding the marine geological record
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Decoding the marine geological record
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Decoding the marine geological record
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Mean CaCO, age relative to reference level (kyr)
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Benthic 8" C (%o)

-0.2

1.4
1.2 —

1 —
0.8 -
0.6 —
0.4 —
0.2 -

< - -— - Observation

C22nH3

50000

40000 30000 20000

Time after onset (yr)

10000

0

Kirtland-Turner and Ridgwell [2013]



Decoding the marine geological record

Atm 8" C (%o)

Benthic 8"°C (%o)

-4.8

-6.4

-0.2

5 —

-5.2 —
-5.4 —
-5.6 —
-5.8 —

-6 —

-6.2 -

lteration #1

1.4

1.2 —

1 —
0.8 -
0.6 —
0.4 —
0.2 -

50000 40000 30000 20000 10000

Time after onset (yr)

0

assumed atm forcing

sediment response

Initial guess:
observed &"°C record

the atmospheric forcing

Kirtland-Turner and Ridgwell [2013]



Decoding the marine geological record e

-4.8 (@)
—~ 5 %
8 s2- S
5 -5.4 - E
© 5.6 — ©
Ué '5'2 B lteration #1 8
= e =
L 62 2 Step H#1

= (R . & Invert ‘guesstimated’

o atmospheric §"C record and

— (Vp) . .
£ = calculate sediment expression
o @
o o
O I=
< )
0 £
- D

'02 LIL! I LI I LI I LI I LILILEL I LI (D

50000 40000 K10[00]0] 20000 10000 0]

Time after onset (yr
(yr) Kirtland-Turner and Ridgwell [2013]



Decoding the marine geological record e

438

-5 —
5.2 —
5.4 —
5.6 —
5.8 —

Iteration #1
lteration #2

Atm 8" C (%o)

-6.2 —
-6.4

assumed atm forcing

Adjust atmospheric record:
Correct for distortion in time

Benthic 8"°C (%o)

sediment response

'0'2IIIIIIIIIIIIIIIIIIIIIIIIIII

50000 40000 30000 20000 10000 0

Time after onset (yr
(yr) Kirtland-Turner and Ridgwell [2013]



Decoding the marine geological record e

438

-5 —
5.2 —
5.4 —
5.6 —
5.8 —

Step #2:
Invert adjusted

atmospheric §"C record;
then adjust forcing magnitude;

lteration #1
lteration #2
lteration #3

Atm 8" C (%o)

-6.2 —
-6.4

assumed atm forcing

1.4

Step #3:
Invert the now twice-adjusted

atmospheric §"C record

1.2 < - -o- - Observation
0.8
0.6 -

0.4 lteration #1 \\, 4

0.2 — Iteration #2 A\
0 — Iteration #3 4

'0'2IIIIIIIIIIIIIIIIIIIIIIIIIII

50000 40000 30000 20000 10000 0

Benthic 8"°C (%o)
i
/
d
/
f
.
~
\
. 4
sediment response

Time after onset (yr
(yr) Kirtland-Turner and Ridgwell [2013]



Decoding the marine geological record

Recover rates of CO, emissions
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