Does Precambrian carbonate §"°C
directly record fluctuations in the
oxidative state of the biosphere®e

* This is not relevant at all. | forget about it
* Too late — this was only new 15 years ago el 1]
y y 90. I be happy
* There are potentially important implication:s.
But only 3 people in the World are going to care.
* Maybe. keep going
* Yes. |
* Meh. : meh
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Carbonate §"C variability through time

what exactly does it (temporal changes in §°C) mean?
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Carbonate §"”C variability through time

what exactly does it (temporal changes in §°C) mean?
Re-partitioning of carbon between surficial reservoirs (cf. LGM)?
Injection (or removal) of isotopically light carbone

Change in C,, weathering and/or burial
(at fixed carbonate weathering / burial)e

Change in carbonate weathering and/or burial
(at fixed C__weathering / burial)¢

org

Carbonate diagenesis and loss of primary §"°C signal,
either marine sedimentary or subaerial.




Carbonate §"C variability through time B,

2

what exactly does it (temporal changes in §°C) mean?

ﬂfRe—por’ri’rioning of carbon between surficial reservoirs (cf. LGM)<¢

Lﬂ Injection (or removal) of isotopically light carbone

& Change in C,, weathering and/or burial
<# (at fixed carbonate weathering / burial)?

l

) Change in carbonate weathering and/or burial
3) (at fixed C_,, weathering / burial)?

org

5* Carbonate diagenesis and loss of primary §"°C signal,
FEH% either marine sedimentary or subaerial.
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Carbonate §"”C variability through time

what exactly does it (temporal changes in §°C) mean?

‘WRe—por’ri’rioning of carbon between surficial reservoirs (cf. LGM)<¢
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Carbonate 8"°C variability through time Bes
what exactly does it (temporal changes in §°C) mean?

‘WRe—por’ri’rioning of carbon beftween surficial reservoirs (cf. LGM)¢

Li Injection (or removal) of isotopically light carbone

Age relative to the PETM (Ma)
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Carbonate §"C variability through time -‘géi;_j

Zachos et al. [2010]
Lunt et al. [2011] Age relative to the PETM (Ma)
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Carbonate §"”C variability through time

Total carbon release (PgC)

T mantle CO, @ -6%o

Contours of carbon release vs.
source isotopic signature for a
global -4%. carbon isotopic
excursion. Contours differ
according to the initial mean
global §"°C.
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Carbonate §"”C variability through time
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Carbonate §"”C variability through time **ﬁ_
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Carbonate §"”C variability through time -‘5%;?

40 50 60 70 80

DOC (umol kg™")

In the Rothman ef al. [2003] model, the
RDOC reservoir is assumed to have
been at least 10 times the size of the
inorganic (ocean DIC + atmospheric
* UV creation/destruction pPCO,) reservoir. For a modern DIC +
5 surface pPCO2 reservoir of 39,000 PgC, this

< w“ea" mean 390,000 PgC of DOC - more than

SRDOC [14] | RDOC 500 fimes larger than modern).

creation l

(For a higher late Precambrian DIC reservaoirr,
the minimum DOC reservoir becomes 1.6x10°
PgC, equivalent to concentration of a little over
1000 mgC per L of seawater and becoming the
third most dominant dissolved species in the
ocean after ClI )

RDOC [630:PgC]




Carbonate §"C variability through time Bes

what exactly does it (temporal changes in §°C) mean?

'-'&’-“' Re-parfitioning of carbon between surficial reservoirs (cf. LGM)?

Li Injection (or removal) of isotopically light carbone

5 Change in C,, weathering and/or burial
<# (at fixed carbonate weathering / burial)?

g) Change in carbonate weathering and/or burial

(at fixed C,, weathering / burial) 2

\

g

)

One can write (Kump and Arthur [1999], Chem. Geol.):
FCorg/ (FCorg + FCaCO3) =

(613Cobs - 6:L?’Cinput) / (613CCaCO3 - 6:L?’Ccorg)




Carbonate §"C variability through time t

what exactly does it (temporal changes in §°C) mean?

. '-°°’f" Re-partitioning of carbon between surficial reservoirs (cf. LGM)?
Li Injection (or removal) of isotopically light carbone

& Change in C,, weathering and/or buridl
-

::-» (at fixed carbonate weathering / burial) ¢

Change in carbonate weathering and/or burial
&3 (at fixed C_,, weathering / burial)?

org

&, Carbonate diagenesis and loss of primary §”C signal,

7
FEH% cither marine sedimentary or subaerial.




A new paleo Pokémon appears — The pH control on carbonate §°C ‘ﬁ

what exactly does it (temporal changes in §°C) mean?

. '-"-’ Re-partitioning of carbon between surficial reservoirs (cf. LGM)?
Li Injection (or removal) of isotopically light carbone

(:e Change in C,_, weathering and/or burial
2% (at fixed carbonate weathering / burial)?2

) Change in carbonate weathering and/or burial
&3 (at fixed C_,, weathering / burial)?

org

3’;{% Carbonate diagenesis and loss of primary §"”C signal,
FEH% either marine sedimentary or subaerial.
® pH-driven re-partitioning of the where the isotopic composition

of the mean surficial reservoir is held
(and what carbonate samples)



A new paleo Pokémon appears — The pH control on carbonate §°C ‘ﬁ
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A new paleo Pokémon appears — The pH control on carbonate §°C
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AQueous (only) system behavior (of carbon partitioning between reservoirs)
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A new paleo Pokémon appears — The pH control on carbonate §°C ‘ﬁ)
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A new paleo Pokémon appears — The pH control on carbonate §°C %

AQueous (only) system behavior (of carbon partitioning between reservoirs)
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A new paleo Pokémon appears — The pH control on carbonate §°C %

Including partitioning of carbon to atmosphere
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Numerical modelling — Approach

Earth system model — carbon cycle (sedimentary) configuration
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Numerical modelling — Approach

realized (model) sediment record (model) environment
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Numerical modelling — Approach
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Numerical modelling — Results

atmospheric CO, (bar)
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Numerical modelling — Results

atmospheric CO, (bar)
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Deep-time inferences (aka ‘speculation’)

Neoproterozoic composite §'3C record
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Deep-fime inferences (aka ‘speculation’)

Neoproterozoic composite §'3C record
10 5 0 5 10
Y p——"
g, 42|
Wohoka "’i.‘w.! o> 0 @&

576
andmaly © | e l,

Prominent declines (and partial

' ) )
| 0% - 0 0
l” | JSad: recovery) in 8"”C prior to glacial
| | , inception.
|

Stlirtian Gldciation

| | m———rs This would be consistent with a pH
% | i ,;'-ﬁi increase. How?
760 + 1 | M "63‘."?: )

| | Vs Perhaps enhanced basalfic

¢ TR &, 5

I " T weathering and CO, drawdown

s }g' (from a state of low pH and high CO, @
.l;lr?rthern Namlqla .'.ga‘. . 2
.%égzz:&meﬁm%r """ g u"“".l.". _6 O/OO)??

i 5-% | Biter
U-Pp ages (Ma) { | stage’
"7 Tﬁ%'rnét'al'.,é(foﬁ)"l' """"""" ;'“‘ﬂ""

iy i

L -]

(l;l'gsrtr;it? Namit%ia e :o::: &

-10 =5) 0 5 10




Deep-time inferences (aka ‘speculation’)
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