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Negative Feedbacks to maintain geological
carbon cycle

The imbalance resulting from accelerated CO,
consumption and a relatively stable CO, input from
volcanic degassing during the Cenozoic should have
depleted atmospheric CO, within a few million years.
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Therefore, a negative feedback mechanism must .
have stabilised the carbon cycle. Bener and Caldeira, 1997

1 Reduce organic carbon burial (Raymo and Ruddiman, 1992)

2 Enhance reversal weathering and CO, release (Raymo and Ruddiman, 1992)
3 Enhance metamorphism degassing (Bickle, 1996)

4 Enhance sulfide weathering and CO, release (Torres et al., 2014)

5 Reduce Temperature-regulated weathering (Kump and Arthur, 1997)

5.1 Ocean crust basalt (Coogan and Dosso, 2015)
5.2 Ocean island basalt (Li et al., 2013)

5.3 Continental arc (Lee et al., 2015)

5.4 Weatherability (Caves et al., 2016)

‘@ ® \ 5.5 Weathering in other regions (Kump and Arthur, 1997)




Working hypothesis

CO, consumption increase in tectonically active region (e.g.,
Himalayas, where erosion rate increases)

4

CO, decline reduced the degree of silicate
alternation in tectonically less active region
(where erosion rate is stable)

l

Decrease in silicate weathering flux and CO2 consumption
In tectonically less active region

4

Carbon cycle balanced!!
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Study region
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During the Paleogene,
the northern Tibetan
Plateau was a
tectonically less active
area;

The Asian summer
monsoon did not
reach this region until
the beginning of the
Neogene
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Clay mineral records in Qaidam Basin
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Clay mineral records in Xining Basin

N
e [ ] * %
O . - ° 20,
(K] \ ® g s we Yo " &t’#'
i F [} L] e e L] ¥l & o
_m W -\00&‘ oc&-o 9.0 23" ° oO-o ¢ oo Y % e
< 'Y
- «©
o ° o™
L Y ) L4 * @ <
o o P o~ £
Sagt L G Rem TNt S st [N E
. . e 7. ° N [}
b b L) o 4
. N
X o -
g
@0 .o O
M 3% e,
-2 % o * #1 ¢ .o e ° ol o
...m ! . . oo
5 gm0 engmge ¢ ¢ wsequ Bufe GV bumpe _
£° 8 =
7} . . o g® o »
s [72)
¢ o4 ..ooo.,. of iﬁ..&.,ooo i W
e, © © ' ® o | W [«}]
o o Y & . .'. . o® | ® o L _ ® =
It S SN 3
eee ¢ o E
— 0 [ ] o~ 7]
2 woee
— - | .
s e [ .
m <t *® W e
= L) ! ® |
3] | C
©Q .
X o SIS MMIID 00 WHEL OIH © S
L7 —_—
..,...:“%... .,.. [ ] %
Q,, -o % . ooooo o* ° * _®» ° Jmu\
-,o Mocfoo ooho o g.. D i * iy I S
3 ® W, e e &% °2°% N 5]
oo hd .s.’.,., m
[ s’ o
o ®e o
“ o %o 03. *
— > *.' b X1 e * ' [ ]
M @ q.ﬁol cr ._u..!_..o- * %-0. ¢ N e . .
P e ® ¢ ! o T e |
= ° o *on tlsens
= R LI
o=
o S <
L] ) ..' M H
e @ oon‘,.oot,. w lnoo& .o,oa © m.
%% * ¢ o 3 -
of o oegpe epe * % ® * o, : )
LT RO - P R . " r®x
see o0 @ . o E
o ) ™
= [72]
2 ' =
@ . |
m (3] [ ] l, o * e Y
“ L l,u,,_, * o - [ ] |
£ oo.,_.,._ t o oo ,, | e
o L L ST V7 Qe g e prIP P I Sp e m————
r~rrr~rrr+~1rr+~1 1 "1 17 17 17 17 *vT1 T
(=] (=3 (=] (=] (=3 (=] (= (=] [~ (= (=] (=] (=]
o wn [=] ) o n (=] n [=] 2] o I]
[1+] 'z} wn <r <t (o] ™ ™~ N - -
(w) ssauydiyL
M) o o o o o o
SE 2 2 2 8 8 e -
_.m kVn. ” TT 1 |
=%
8 |
o 1 <




Global cooling regulate silicate weathering
intensity in the northern Tibetan Plateau
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Conceptual model

L A Flat world In scenario (A), any increase in
Smcate/ .. Ef degassing flux will lead to an increase
+"’:E/*““e"”gf'“"‘__/*3’”fera‘“re in temperature and ultimately will be
e s oo T sk erosion balanced by nearly the same amount of
No monsoon increase in CO, uptake flux through
increases in the silicate weathering
intensity and thus in the silicate
weathering flux.

Flat continent

Rainfall

In scenario (B), given a constant
N + B Orogenic world ’
Silic:te/ + ‘Eface

. degassing flux, any increase in erosion in
g T muninrising | Orogenic belts will result in an overall
increase in the CO, uptake flux in
orogenic belts. This will be quasi
balanced by nearly the same amount of
decrease in CO, uptake flux in flat
tectonically inactive regions through
decreases in in the silicate weathering
intensity and the silicate weathering flux
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Model test
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Model test
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Pre-uplift:

Area of tectonically inactive region :
99.6%
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0.4%

Uniform erosion flux everywhere,
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Post-uplift:

Weathering flux drop in tectonically
inactive area would be balanced by
erosion-induced weathering flux
increase in tectonically active region

Result:
Erosion increase in tectonically
active region should be >100-fold



Modern observations
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