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Intfroduction

Terrestrial weathering can be (approximately equally) divided into carbonate (CaCO,) and calcium-silicate ('CaSiO,’) weathering:

(1) 2CO,., +H,0+ CaSiO, » Ca* +2HCO, + SiO,

(2) CO,q *+ H,O + CaCO, — Ca” +2HCO,

Ultimately, the (alkalinity: Ca®) weathering products must be removed through carbonate precipitation and burial in marine sediments:
(3) Ca” + 2HCO, — CO,,, *+H,0 + CaCO,

It can be seen that in (2) + (3), that the CO, removed (from the atmosphere) during weathering, is returned upon carbonate
precipitation (and burial). In (1) + (3) (silicate weathering) CO, is permanently removed to the geological reservoir. This CO, must be
balanced by mantle (/volcanic) out-gassing on the very long term.

Furthermore, the rate of silicate weathering should scale with climate.
Hence a ca. 100 kyr time-scale silicate weathering feedback is formed:

2(aq)

= _
o) 2500 -
Qo -

~ 2000T
O :
O 1500F
O -
_GC) 1000 g
Q -
6 500+
£ -
< 0=

» Time (Ma)

11 of 00100000



Intfroduction

CANADA NAMIBIA AUSTRALIA

- -5 0] 5 10 m ) 0 5 10 i ) 0 5
%0 | & 0 PEEEr e
k5 : : : > ] : : © I : :
g . : : g : ' : g “ i : 5
2w : : : T ® : : ] g @ ; : :
@ ' ! : 8 : ; : g - : -
Hayhook ' ' s 2 i m » ' ' '
T 1 1 1 h : 1 :
Ravens- ' ! ' Keilberg 10 ! ! ' 10 | ' |
throat i I i i ! [ Nuccaleena l [ [
\'\\,\ '\ = 1< - — - = N < _ <
| /‘ICE BROOK GLACIATION ~ | |* /GHAUB GLAOIAJ’ION/ L[| 7 ELATINA GLACIATION, | 1/ |
+ subaerial exposure surface
cap limestone rhythmite
cap limestone (cementstone)
cap dolostone
aeolian sandstone
intertidal microbialaminite
cross-bedded grainstone
terrigenous sandstone
columnar stromatolite
wavy-laminated micrite
flat-laminated micrite
shale, siltstone From: Hoffman and Schrag [2002]

2500+

2000 7

15007

1000+

Atmospheric CO, (ppm)

> Time (MQ)

100 of 00100000




Intfroduction

» Time (Ma)
101 of 00100000




Intfroduction

» Time (Ma)
110 of 00100000




Background - the Paleocene-Eocene Thermal Maximum
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Background - the Paleocene-Eocene Thermal Maximum
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Background — ‘Traditional’ (§°C) carbon interpretation
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Background — ‘Traditional’ (§°C) carbon interpretation
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Background - ‘non-fraditional’ carbon interpretation
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Background - ‘non-fraditional’ carbon interpretation
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Background - ‘non-fraditional’ carbon interpretation
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Background - ‘non-fraditional’ carbon interpretation
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Modelling methodology

/ \ 1. Calculate model-data ‘error’:
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Modelling methodology
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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
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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

Atm. pCO, (ppm)

sSur. pH (pH(sws))

4000+
3000:
2000:
1000:

34
- 32

- 30

- 28

7.8

T T T T+ T T T 126

7.6

7.4+

7.2

Greenhouse-enhanced rates
of silicate rock weathering:
2C0O,,, + H,0 + CaSiO,
— Ca”™ + 2HCO, + SiO,,,
results in removal of CO,

and transfer to the geologic
reservoir.

SST (°C)

sur. §"°C, ¢ (%o)

813(:emissions ((yoo)

11010 of 00100000



%
©
O
C
®
T
Q
C
®
O
Q
O
o
O
O
>
(V0]
®)
=
O
=
%
<

v suolssiwe

(0% D,,9

uoneniesaid
uoq.Jed oiuebio

11011 of 00100000



&
©
O
C
O
I
O
C
O
0)
O
O
0)
O
O
—
D)
V]
@)
=
——
O
£
V]
Vp)
<

(°%)

SuoISSIWD

I8

Aﬁw\swv_l_ﬁ_v _I_Q ‘NS

150

Time since PETM onset (ka)

11100 of 00100000



(6 exs) (063)
SUOISSIWS dAlBINWNY

O

7.2

&
©
O
C
O
L
O
C
O
0)
O
O
0)
O
O
—
D)
V]
@)
=
——
O
£
V]
Vp)
<

Aﬁw\swv_l_ﬁ_v _I_Q ‘NS

11101 of 00100000

Time since PETM onset (ka)

-50



&
©
O
C
O
I
O
C
O
0)
O
O
0)
O
O
—
D)
V]
@)
=
——
O
£
V]
Vp)
<

(°%)

SuoISSIWD

I8

Aﬁw\swv_l_ﬁ_v _I_Q ‘NS

Time since PETM onset (ka)

11110 of 00100000



Conclusions - silicate weathering vs. C,, buridl

3.0

PETM warming and ocean
acidification was likely primarily
driven by mantle carbon input
(~10,000 PgC) at rates no more than
ca. 5% of modern fossil fuel
emissions.
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cooling.
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