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Climatic Processes-Hydrologic Cycle+Biogeochemical Cycles
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38% MgO
==/ 5-8% MgO
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2
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B “FEESRERMEMKLE” BHFR « BRE Elderfield, 2010
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Hawkesworth et al., 2017
[ | [ | I [ | [ I

Volume of continental crust (%)

Present-day surface
age distribution

| 3 D
0 0.5 1.0 1.5 20 25 3.0 35 4.0 45
Age (Ga)
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Mg silicates
Ca carbonates

- —> Andesite via weathering
on, 1983; Albarede, 1998; Lee et al., 2008)

ZEB

From Rudnick’s slides
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1
Isotope Atomic mass  Natural abundance
(m/u) (atom %)
0.8 Mg 23.9850423 (8) 78.99 (4)
’ Mg 249858374 (8) 10.00 (1)
%pMg  25.9825937 (8) 11.01(3)
Q
Q
= 0.6
(4]
©
| =
= |
L 0.4
<
0.2
0

24|\/|g 25|V|g 26Mg

FES 2> MNABES
REZEX (>8%) > BAMWREMEXSE
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C1: Ca (12N HCI)

C2: Na, Al, Fe (IN HNO,)
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&
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& 5T
e MgO=5wt.%
* Bt, Hbl, Px

* MgO =8 wt.%
 Px, Ol

g

* MgO=38wt.%
 Ol, Px

KB
* B F (~1290 ppm)
* F7 (< 10 ppm)

45 W RV F 4k

Hbii%
(>99.9%)

B “FEESRERMEMKLE” BHFR « BRE

bt 5%
(0.064%)

==
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(0.031%)

7K ]
(<0.001%)




Wik £ 24k AR RIS 4L AR

*g { Seawater m
Fresh water

Vegetation :1

]%}‘% » meeeeeeeeeeeeeeessssn s | Carbonate - %E E
Upper continental crust

Deep continental crust

|

Marine
sediment|

Altered oceanic basalt

Continental basalt
— | Abyssal peridotite
Cratonic eclogite
g — oIB
MORB
Mantle xenolith
Moon

Achondrite
Teng, 2017 Chondrite

ik ERBIEERMVRAEMREFHARE (62Mg=-5.5 ~+1.8)
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\ \ Atmospheric deposition

Canopy interception

Parent rock Bedrock weathering, ion exchange

Viers et al (2014)

EER 3h-JKA8 ZAE R

F R IER- IR E{ER

2 KAISi;,0y + 2(H" + HCO;)

potassium
feldspar

l

[T 4

Hzo — A1251205(OH)_}

carbonic acid water

clay mineral

Mid-Ocean
Ridge

Mid-Ocean Ridge Flank

cold seawater
enters the permeable
crust

OCEAN

SEDIMENTS

seal the crust from the oceans

i/ UPPER
. OCEAN

: ' 4/ CRUST
CaCO; veins precipitate
from the fluid as it evolves

A fluid is heated and
reacts with the
crust as it circulates

Coggon & Teagle, 2011

+ 2K' + 2HCO, + 4Si0,
potassium bicarbonate silica
lon lon ion

l

KR4 K

DR "ERGERERMEMKRHE” SHFR -

in solution
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MUALEIE I

Constraining relationships between environmental
“<| conditions, weathering rates and released isotopes
in different catchments

Erosion, W

Mineral
movement
through the
engine

Weathering Engine

Weathering
advance, w

corestone
(unweathered rock)

Establishing the contributions of disso
and particulate riverine fluxes to ocean
chemistry

Brantley et al., 2007
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Teng et al., 2010
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6*Mg (%)
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Wimpenny et al., 2014

& Soilsand saprolites

# Shales and sedimentary composites

S9N SO0

°
e @
¢
¢ * l 4
* o
L2
¢ L
®
& & & 9 &
o g B
g o5 > ¥ B

UCC0.22 + 0.10%a
[Li et al. 2010

Aw. rivers -1.09 + 0.05%.
[Tipper et al. 2006)
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¥ ot

2 KAISi;0y + 2(H" + HCO;™) + H,0 —— ALSL,O5(OH), + 2K° + 2HCO, + 4SiO,

potassium carbonic acid water clay mineral potassium bicarbonate silica
feldspar ion ion ion

l l in solution

JREW B NCRIE Y5

KA 3 72

Ji S, 2018

FZE "ERGERERMRMRLE 2HFRK » BERE



&g (%e)

0.0

0.1 1

-0,2 1

=0.3

-0.4 1

0.5 1

=0.6

=0.7 1

=08

B s

Wimpenny et al., 2010

HARZ R ETA

pH ~3

Forsterite 5*Mg -0.26%.

0.0

pH ~2 o]

0.2 1

Decrease in flow rate

Forsterite 5*Mg -0.26% .|-

o } }

=13 1

04 1

H¥g (%)

=15 1

{ [ -

=17 1

|
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[———1

=04

20
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Wimpenny et al., 2014 0%
s # Bulk
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13 F 7}<%7QE & Solution i Eulk
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. & Bulk
15} { % w 10l
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A% Mgclay-solution (0/ 00)

ol AR LA 2 W RAL R 208

=/\EFEIRFEER EL

3.0 : _ ——
: . R{:iﬁzm 4; Wimpenny et al., 2014) T
@ chrysotile o o
— (Wimpenny et al., 2010)
2 0 | O (?_ilublgill.tgﬂlét)
. 1 ﬁaor!:l:t: 2012) O
lite (kaol; Fi |
| (6)- FRPORe (o, sy Resas)
@ TOT days (This study)
@ TO+TOT clays (This study) | |
1.0 '
o ° ’
0.0 —@
® @) . Hydroxyl
- O
| ' @® Magnesium
Ryu et al., 2016 8
K. § TR TN P = o
' ' ' ' ' () Aluminium
0 50 100 150 200 250 300

T (°C)

kA YIRS, EABE MR RSB A mAiEE

FZE "ERGERERMRMRLE 2HFRK » BERE



Mg—O4% K 4% # 4£ Rl & 518

AESMgresidue-inilen (%o)

Q T T I 1 1
© | @ low[Mg] @%A 1
@ high [Mg] Q&“' River water |- . E
@ low [Mg] + [Na] s (n=332) '
™ | A rxnvessel / [

T i Silicate rock |- —I—

(n=319) Scenario 1
fluid <€——» clay
© Carbonate - .
cl:a B T rock (n=92) '
clay <—— fluid :
Seawater Scenario 2 i E
o O (n=42) i
d e °
Soil
O I 55D (n=133) .
g I I I Exchangeable | l E
I 3675.0 3677.5 3680.0 3682.5 (n=18) E
<4+— Mg,-OH stretch (cm™) ——» —~ = : 0 '
Weaker (longer) Stronger (shorter) . o

o bond Hindshaw et al., 2019  326Mg (%o)

F A VSRR Z 8] B Mg-OE FH X 58 B IR TE Mg R 2= 57 1B RV 75 (B FNAZ
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Ridgwell et al., 2003 AZMg_, ., (%o)
-6 -5 -4 -3 -2 -1 0 1

Immenhauser10

a0 A '
A initial shallow water abiogenic calcite | amm | : | Ltz
deposmonal area - - uifinim m Mo . ! Mavromatis13

................. QOO0 Saulnier12
weatheri hg : : Aam A : : benthic forams
: : . am, l l coraline algae

open ocean i shelves biogenic HMC | ‘ — : echinoids

! SHiH- ' ' deep sea corals
0 0 X | 0 sclerosponges
L OWD @D OO planktic forams
' + +++H+ ' ' bivalves
biogenic LMC ﬂ*‘*‘* X ><><I : brachiopods
: ' coccoliths
: Wang13a
L 2 | shallow corals

abiogenljc aragoﬁite
' ' JCp-1
: 0 o deep/temperate corals
biogenic aragonite
; g sclerosponges

CaCO,-rich 0 T

:ri- + 4 : bivalves
X X . : JCt-1
: ; : ; . X | scaphopod
lysocline : ! | — ! : calcite speleothem™

| ! ! : ‘. dolostone™
CaCO,-poor : : : ; : ! m |oceanic basalts*

deep sea CaCO, burial 6 5 _'4 3 2 1 0 1
APMY g, o (%0) Saenger & Wang., 2014
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Number of records

Ak £ Yy B B K BR 3 e R ML & 45 B &

25

mbogeriolMC - Saenger & Wang., 2014 Mg-O bond length
m biogenic HMC
20l mbiogenic aragonite | Oh et al., 1973, Althoff, 1977, Finch and
:iﬂe;"R";ter Allison, 2007
Mg-O Bond length Coordination
I R | IR 1 Mineral (Angstrom) number
Dolomite 2.08 6
0 1] R B
Magnesite 2.105 6
Calcite 2.09-2.13 6
Aragonite 2.08 9

55 50 -45 40 35 -30 25 20 -15 10 05 0 From Wang Zhengrong’s slides

R HRRA < EHEY < Bnf < XA
iz =08 ¥IVg-0%E . iR EREMRI =
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T(°C)

227 181 144 111 84 60 39 21 5 Mavromatis et al., 2013
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~ 151 =20 [ s
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n ] 3
o 25 "é
25 T S 25% =
<] ©
- mo
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: \ =
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-4.5 4 © Saulnier et al. (2012) o’fg»\ S ﬁl
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| O Pearce et al. (2013) VN
55 ] + Wang etal (2013) aragomte “\ 35 1 . ] A 1 ) 1 . 1
20 22 24 26 28 30 32 34 35 38 R 8.0 i 2 '7_'? A8
1000/T (°K) Saenger & Wang., 2014 Log rp (mOI m S )
:E N | \|-|-| \
N26/22Mg BRI AR /) IUEIRZEFRIR A 262 Mg _ ., RE )N
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Yoshimura et al., 2011

[l : high-Mg caicte, [ : low-Mg calcite, [JJJj: aragonite

Seawater (-0.82%-

S5 RA ’ e

|
A lergsponges
rmatfypic Coral (This stugiy)

i Dol?stonT

ve drip waigr

6 5 4 3 2 1 0 1
5%*Mg (%0, DSM3)

2 3

B*Mcaco,- oiion

Wombacher et al., 2011
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S e SEL A
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B P—
L
high-Mg calcites and spelecthems
=012 L3 T.;-|::| - 2786 #1070
spofges. oo, sfibathens)
R
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active

LLL\; pumping
C passive
p diffusion

N
- secretion

organic matrix as substrate
for accumulation and

continued growth of unit Weiner & Dove, 2003
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Yo i By XS

Neoproterozoic
snowball events

5 & iR A

Palaeoproterozoic
snowball events

Metazoa ff—
Eukarya <
Bacteria <
pO, > 0.2 bar pO, > 0.03 bar pO, <0.002 bar
| - - : . .
5 4 3 Proterozoic glacial gap
Plant : N
Human
banded iron formations
[ | I [N | L
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Hoffman and Schrag, 2002 Age (x10? years before present)

o It FRH SERTRAMEREZ T SR S5 SR IR KRR ERIK IS
o SREDNRUEVIRRRNF T E KIS (720-580 Ma)&5IAKE
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Post-ca =1 0___+10
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B veyreaer | —FF :
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[ ] "somewhat reliable” carbonate | L
m— uiriform distibution sequence |5ty E““‘*ﬁ-ﬁ
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—
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| | - -.. _‘l
\ Faceted dropstone-Peru

Tube struclunssg Seafloor fans Y Tepee-like structures ey, Rollup structures g

Hoffman & Schrag, 2002; Lorentz and Corsetti, 2007; Hoffman & Li, 2009
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“Hard Snowball Earth” 484t

Paul Hoffman

Hard Snowball Earth

AT R R B Se 2k —— AL “SRKibEK”
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Hoffman and Schrag, 2002
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Ye et al., 2015
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Allen & Etienne, 2008
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“Soft Snowball Earth” {B4%,

--110
Surface temperature (°C)  Hyde et al. (2000)
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“Soft Snowball” 54k R AL4E A

Cenozoic-style scenario

Global mean temperature (C)

000'008
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seawater glacially-deepened continental shelf
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ice sheet _§ i
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Igneous rock

Weathered
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Hydroshpere

Carbonate

4 FML & 7 35 F A 5 RACAE A

I 1
Peridotite & basalt (n=282) I 110

1 1
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T 1
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Huang et al., 2016
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MNarth China A
N Platform 635 Ma
@ Shanghai
Fi [ [ .. N L -
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Nanning @ :

®
Inner sheif N
(carbonate) Hongkeng| g==>=~ %

| £~ ]
Shelf margin (carbonate)

- Shelf lagoon (carbonate/shale) 1]
300 km
- Basin (mudstone)

Li et al,, 2013
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