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1. Introduction



Why study chemical weathering?

>15% mass of original juvenile crust lost

due to continental weathering and erosion
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Why study chemical weathering?
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Why lithium?

FirstView

Association between naturally occurring lithium in drinking water and suicide
rates: systematic review and meta-analysis of ecological studies
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Lithium pioneer: Lui-Hueng Chan
(1939-2007)

Geochimica et Cosmochimica Acta Vol. 82, pp. 17111717 0016-7037/88/$3.00 + .00
Copyright © 1988 Pergamon Press ple, Printed in US.A.

Variation of lithium isotope composition in the marine environment: A preliminary report

LuUl-HEUNG CHAN
Department of Geology and Geophysics, Louisiana State University, Baton Rouge, LA 70803 U.S.A.

and

JOHN M. EDMOND
Department of Earth, Atmospheric and Planetary Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139 U.S.A.

(Received September 2, 1987; accepted in revised form March 22, 1988)

Abstract—The Li isotopic compositions of ocean waters, lake waters, hydrothermal solutions, altered and unaltered
basalts have been determined using the technique of thermal ionization mass spectrometry of lithium tetraborate.
Seawater appears to be homogeneous in Li isotopic composition. The mean 4°Li value is —32.3 + 0.5%, relative to
an isotopic standard. Three lakes studied (Lake Tanganyika, Caspian Sea and Dead Sea) yield #Li similar to the
seawater isotopic composition. A fresh basalt glass from 21°N, East Pacific Rise displays a 6°Li value of —4.7%. A
hydrothermal solution from a 21°N vent field has 6°Li of —10%, indicating incomplete extraction of Li from the
igneous minerals or partial retention in secondary phases. The alteration margin of a basalt from the Mid-Atlantic
Ridge has 6°Li of —8.4%.. The isotope data of submarine basalts suggest preferential removal of *Li from seawater into
alteration minerals during low temperature weathering, The 3°Li values of two hydrothermal solutions from Guaymas
Basin were found to be —5% and —10%.. The results can be interpreted as the net effect of Li addition from basalt
and sediments and incorporation in hydrothermal precipitates as the hydrothermal fluids interact with basin sediments.

The observed enrichment of "Li in seawater relative to submarine hydrothermal solutions, its principal Li input, is
tentatively attributed to isotopic fractionation associated with low temperature alteration of seafloor basalt and incor-
poration in authigenic sediments. It appears that the Li isotope system may have characteristics that can resolve the
mass balance of Li in the ocean.



Potassium pioneers:

Contents lists available at ScienceDirect
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High-precision analysis of potassium isotopes by HR-MC-ICPMS
Yan Hu™", Xin-Yang Chen”, Ying-Kui Xu™P, Fang-Zhen Teng™"
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Why Li and K?

A

I
7Li
92%

Abundance

Radioactive

[

K

—

el[ncompatible — enriched in continental crust

*Soluble in fluid and can be incorporated/sorbed to clay

Monovalent (not affected by redox)

eEnriched in silicates, poor in carbonates

K — important nutrient, Li — NOT a nutrient




How do Li isotopes fractionate?

STRUCTURE OF A KAOLINITE LAYER Heavy Isoto pe
R High bonding energy site
Low coordination number

Bigeleisen and Mayer (1947)

Tetrahedra,
CN=4

Octahedral,
CN=6

MODIFIED FROM GRIM (1962)

heavy isotope (’Li) in tetrahedral sites of water

light isotope (6Li) in octahedral sites of secondary minerals

Huh et al., 1998; Liu et al., 2013; 2015; Pistiner and Henderson, 2003; PvS et al., 2006;
2009; Rudnick et al., 2004; Teng et al., 2004; Williams and Hervig, 2005; Vigier et al.,
2008; Wimpenny et al., 2015




How do K isotopes fractionate?
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heavy isotope (4'K) in water
light isotope (3°K) in secondary minerals
Chen et al., 2020; S. Li et al., 2019; Teng et al., 2020, Zeng et al., 2019



Global Li and K cycle

Riverine input Fresh basalt
Li; = ~10Bmol/yr, 6"Li =23%o O’Li = +4%o
K, = ~1.5Tmol/yr, $4'K =~-0.38%0? Seawater 5K =-0.5%
4 ] O’Li = +31%o
041K = +0.14%o
b4
Reverse weathering

Subduction reflux Li; = ~29Bmol/yr, 8’Li =15%o

Li; = ~6Bmol/yr, 57Li =15%o _ o
Kr=?2, 541K = 2 K;=~2.0Tmollyr, 34'K = ?

Hydrothermal input
Li; = ~13Bmol/yr, 6’Li =8%o
K= ~1.5Tmol/yr, 34K = ?




2. Chemical weathering in modern

environments




Weathering process

Precipitation
Regolith

Parent Rock



Why study regolith?
Regolith provide accumulated knowledge during weathering.

Mature regolith

Parent Parent Parent
Material Material Material
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Hawaii Islands




Previous work on Li in Hawaiian regolith
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Regolith
Li isotopes 1. 2"d mineral formation
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Regolith

Li isotopes 2
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Regolith

Li isotopes 3. Biological control
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Hawaii Li summary
— Climate/Weathering intensity
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Regolith

K isotopes
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Teng et al. 2020, GCA
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Regolith i

K isotopes'

Shallow regolith
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Strong climate (pH) control

10

@ Humid regolith (BE)

1) Arid regolith (POl ‘

) e T
I

4

H

Heavy §*1K

Light 541K

0" K (%o)

1.0 -08 -0.6 -0.4 -02 0.0 0.2

Li et al. in review



Adsorption experiment evidence
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K isotope fractionation mechanisms
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Blologlcal control
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Regolith Summary

* Regolith Li and K isotope signals reflects an
interplay of 2"9 mineral formation, eolian addition,
and biological controls.

* Li and K isotope fractionations during weathering
highly depend on climate conditions.



Weathering process

Precipitation
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Why study (river) water?

Water provides instantaneous knowledge during weathering.



Water — World rivers

Why is &’Li in rivers so variable?
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Huh et al., 1998, EPSL



What controls d’Li in rivers?

0
{1 Orinoco River Parguaza
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O’Li as a weathering intensity tracer?
— Small streams

40
S7Li < 87Li. ® Summer
groundwaters rivers 0 Win ter
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Liu et al., 2015, EPSL



What controls &’Li in rivers?
— Large rivers

Reaction/Weathering — limited
Low weathering intensity
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O’Li as a weathering intensity tracer?

— Large rivers
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O’Li as a weathering intensity tracer?
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Summary:
What controls &’Li in rivers?

Reaction/Weathering — limited
Low WI — Low 6’Li, high [Li]
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I
§\ %‘\ \

\ VN /
I".\\ / \‘\

o)

TransportlErosio — limited
High WI — High 67Lli, low [Li]



041K as a weathering intensity tracer?
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S. Lietal., 2019, PNAS
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Water — World rivers

Why is 8*'K in rivers so variable?
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3. Weathering and global ocean

cycle in Earth’'s history




Why does seawater have high &’Li?

Riverine

O’Li= 23

Hydrothermal
O’Li= 8

[Li]
Seawater

o’Li= 31

67Lisw - 67LiS|NK = ~16

“Reverse Weathering”
(Basalt alteration & authigenic clay formation)

Chan et al., 1992 EPSL



O’Li in forams: proxy for silicate weathering?

=ttt

+—t—t

+ + ——— 4
L Site 758  Site 926  Site 588 " Site 757 7 Sne 1263 sne 1267 . . .
! Site 1265 | ite 1262 Misra and Froelich, 2012 Science
324 B M7odern Seawater
T 8'Li 31.0%o % 0.5%o
.""
30 Ii+" i%
i +‘-} | Foraminifera
28 ‘ ‘ L
7, - - 0.7095
o Li
26 & :
Ty w 1 T
d'Li §:.:53 Ty A
o .l‘l.’l* | s pelfe g I A
(%) ¢ 4 A ] A -
24 % B! Rl ‘. L 0.7090
e ,;g}‘—'le | 3 i
s M . 87/86
22 ", ] Sr
. ‘l% | ]
El% = 0.7085
20 o )
% Boundary
1.0 % L 0.7080
', ! % oy
. * = L
0.8 .ﬁ' .
187/186 S
Os . .5 L 0.7075
0.6+ %5 g -
[ o‘ Wpm 15 16
0.4 4 : i; R
[ : . d De::can A
024 Columbia River | Ethiopian & » Himalayan Traps
- Flood Basalts |Yemen J"Eps Orogeny NAIP \
[ 4 s L ' l 1 1 s 1 l L L 1 2 l 2 1 1 2 l 1 1 1 L I_L b 4 L l 'l 1 s
0.0 -[ lPlio| Miocene Oligocene [ Eocene |Pa|eocene Maa
Neogene Paleogene K
T T T T T T T T T T e reTeTeTeT T 40 pm U P
0 10 20 30 40 50 60 70 100 g 0 pm
Age (Ma)



O’Li in forams: proxy for silicate weathering?
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O’Li of dissolved-Li in rivers (%)

Other Interpretations
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Other Interpretations
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An increase in riverine Li flux

Vigier and Godderis, 2015 Clim. Past



Other Interpretations

Simulated &7Li vs. residence time
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6’Li in forams as proxy for silicate
weathering in Cenozoic

Increased seawater &’Li is probably dominated
by increased riverine/weathering input (either
Li flux or &’Li).

Seawater &’Li can be influenced by changes in
other sinks like reverse weathering.



d’Li in marine carbonates as tracer of
silicate weathering in the past

Assumptions:

1. Li is entirely controlled by weathering of silicates
2. We can extract marine signal from bulk carbonates

Hypothesis:

Increased &’Li in seawater is dominated by increased
riverine input/weathering intensity (Li flux and/or &’Li).
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Case studies — OAE2
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Eruption of a large igneous
province led to high
atmospheric CO, and rapid
global warming, which
initiated OAE2. The warming
was accompanied by a roughly
accelerated weathering of
mafic silicate rocks.

Pogge von Strandmann et al.,
2013 Nat. Geo.
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Case studies — P-T boundary
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Extract marine signal from bulk
carbonate rocks is nontrivial!

“I suppose I'll be the one
to mention the elephant in the room.”



Marine carbonate = seawater.. Nature
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Marine carbonate = seawater?: Nature
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Diagenesis is not a dirty word!
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Marine carbonate = seawater?: Lab

Rock ChIpS SEM, Elemental mapping
CaCOs > 75% Micro-drilling »(_Powders (200 mg)

-y
--------------
-
-----
......
wane® ....

-
-
-
-
-
-
-
-
-

Trash «— :

-
.......
----------
- -~
-------
-----
-

5 ml (CaCOs < 85%) /10 ml (CaCOs > 85%) 0.3M acetic acid / 0.5 h

Centrifugatiorlw and filtration

ICP-MS <« Supernatant Residue
Cao et al., 2020 CG



Case studies — P-T boundary
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Case studies — P-T boundary
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4. Conclusions and outlook

1. Li and K isotopes may be good proxy for
continental silicate weathering

2. Li and K isotopes may have potential to
trace weathering/reverse weathering and
global ocean cycles in Earth’s history

3. Need to understand Li and K isotope
fractionation mechanisms in Earth’s surface
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PMS is always looking for motivated
students and scholars!

Email: xiaomliu@unc.edu

https://xiaomingliu-unc.wixsite.com/xiaomingliu-site
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