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SUMMARY

I. Title

Differential weathering of minerals by freeze-concentration in ice

II. Purpose and Necessity of R&D

- Simulate frost weathering in the lab without the physical action of glacial
abrasion.

- Use dissolved element concentration and lithium isotopic ratio data to understand
chemical weathering.

III. Contents and Extent of R&D

- Carried out parallel sets of rock/mineral dissolution experiments at —20°C and at
room temperature.

- Obtained geochemical data (dissolved element concentrations, lithium isotope
ratios) to understand incongruent weathering.

IV. R&D Results

- In granite dissolution experiments, ice and water phases did not differ
significantly in their major element composition.

- In biotite dissolution experiments, after 18 days there were significant changes
suggesting dissolution of sulfide minerals and precipitation of secondary phases
or amorphous silica. Further work is needed.

- In granite dissolution experiment, lithium isotope fractionation was observed.
Further work is needed

V. Application Plans of R&D Results

- Following additional analyses, the results will be presented at international
conferences and published.

- The results will be used for education at undergraduate and graduate level.
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Si 94258 FAeE FAEHFEY T3 AEE AESAY. dubdos Si/Ke
Hl go] FE&45 12 At d3Eo] dolo] Ads] FH3 FitEs s v
So] &= Aola, Si/KY HEo] =S5 Yol&o] Zol¥ kaolinite, gibbsite
27HA Fer d@Eva A7Es ¢ Qo sere] 4-63 ume A A o &
oA v g BAGle] BT &F 49 wEUF vfg 9wk weba v w2 Si/K
v, & I4AQ0 F3tE A At Stk TR FE A oo Zof Yo

5
&S B3, Ao Sist Ko %7t o =9kt

160

Biotite (25°C)
Biotite (-20C)
Granite (1:100, 25 C)
Granite (1:100, 20 C)
Granite (4:100, 25 C)
Granite (4:100, 20 C)

120

80

Si (uM)

40

0
40 80 120 160 200 240

Figure 8 & 14 U ZF %9 ),

£ A4 Y A5 E o] &3t F3 ALE AAS= 3kstd 31 A #E(chemical

weathering index: CIA = chemical index of alteration, CIW = chemical index of

weathering) & AlAFstd o, 372 A 23 d5 dd &2 fons A
O~

o7} Mol BT Az 2AANA FAk o] &5 ARME wolA BT,

=
L
ok
ot

1g:100ml 1g: 100 mil 4g: 100 ml
Water lce Water Ice Water lce

Cla 482 48.1 485 48.5 63.6 63.6

Ciw 68.9 68.9 69.4 69.4 70.5 704
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Na-K-Si ternary diagram(Jacobson et al. 2002)o1 4 A} A4 kaolinite =

A
Ao A 2xd-Eo] beidellite®, SRAA 22FEQ] vermiculite®, S5 oA
kaolinite® F3}% = ¥HS-S wdste] AESAT. 4T A8 A 45 527
a2 WS §lojA b8 A Sle] sy olx] LT SR A7
A AmEo] dAXAMY =9+=d NaK:Si = 1775 S TAo= 45 @3—8—
SR A vermiculiteZ F 3t E Fd, & 2482 S&EAA kaolinite7hA] &
i ZFo| EXIHFig. 9). 7] A% AFFA] o] kaolinite =+ beidellite® % 3}
St Aoz HRT o] SRRV wgeteE B4 (e, 2 mE A= g2 F
g} BES-o] dojds A Algt

Si
Biotite (25°C) 0 1
Biotite (-20°C)
Granite (1:100, 25 °C)
Granite (1:100, -20 °C)
Granite (4:100, 25 °C)
Granite (4:100, -20 °C) 0.2 0.8
Plagioclase —
Biotite — Kaolinite
Kaolinite
0.4 0.6
Plagioclase —
Na-Beidelite
‘Water' sample (~435h) Plagioclase —
Ca-Beidelite
0.6 0.4
0.8 0.2
‘Ice’ sample (~435h)
0
K gt~ 5 0.4 0.6 0.8 1 Na
Figure 9 Na-K-Si ternary diagram. Z} end-member2] $] %]
+ Jacobson et al. (2002)E FZ 3t}
gt F3} BAF AY & JoEe FE XA
XRD &4 A3 s T3 BEAF AF Fole x7] P AlEd vlE A
(anorthite, CaAl;SisOs; microcline, KAISisOg) 9} &5 F-(muscovite, biotite) 7} 7+4~3}51
a1, 53] albite®} muscovite”} FEEAA HZAsHe]) ol FEo] FIEHASS AAIS

ArHFig. 10, 11). 22y &3 d5 Aol wE Fon|gh Aol HolA] &drh
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Qtz, My, Bt = — it granite
M 4gaym 1g 100m Watr
My, Bt Bt, Mc 463, 1g: 100l lce
1 l lm ab — 483y, 49: 100, Water
3 1 — 463 ym,4g: 100, lce
L)
2
w
c
g
=
T J ! y I
0 1 2 e i % B

24heta (deg)

Figure 10 3}7%¢t &3t A Ad 5 H
T A Aol e XRD 4 A My
. muscovite, Bt : biotite, Mc : microcline,
Ab : albite, Qtz : quartz

mAnorthite @Muscovite
mBiotite = Microcline
m Albite

100%

80%

60%

40%

20%

Figure 11 Whole Powder
Pattern  Fitting A3

(quartz—normalized).

_19_



Al 2 A 2E e v 24 HAY
Lovdzne 9F wel

F3t BAF A 4 A AR E3E HFY s vE 467 HH
HA Folz ZAH ARvEIHIE ol &ttt FAIA FEW AAle dAAT
(Ch01 et al, 2013)& a3t th Bio-RadAle] 08 cm 27, 4 cm Zol¢] ZEZ=
A& Poly-Prep AZvtE18]y] Zedo] Bio-RadAh AG®50W X8 200 - 400 mesh

ﬂJ

OOEO]%JJ- TAE 1.8 ml A AT} 7“3401] 015 M E4HASPAFe] PC-HF) 10 mlE &
d H} SdFuEs AAFAL, 6 M FGAHJKCARS] ICP-100) 30 mlE § Al A
a3 YEES Adsfuslon, U}X]‘l,"f-li 182 MQ-cm HO 5 mlE &8 S
3] A1 g o,

g 59 %] 100 ng7F € A% o] ARE FH|st] oF 70ToA &wE FSUAAA
o A7) Fe FoEo] 05 mle] & H(eluent, 1:4 (v/v) 6 M HibhHehg)
S Yol 9Ads gA AL DA ASPAFY] FC-HNO;, WS- Slgma Aldrich

g 5 mlE Z¥ conditioningS 3 F, &1
3 F712 05 mle §¥AE o EHF
Atk o] EAA &Y AAFES AlFst=d, Abddd gt Zl calibrationol] €]
3t 2lF2 6-16 mlol A SEHERE Hx 6 mle FsHA 23 Wtk 82 7o
A 2R 455 02 m/min olstE BEF7] 9l &S 2 ml¥ wEA ¥ATH
gFo] g% 10 mle &9 70ColA FHAZIa, 5 mle 2% HNOzol =9
MC-ICP-MS #4]e] o] &gt}

L

2. MC-ICP-MS &4

g FH9A v B = Aedicsta gsr7d FUIEAAEAE e MC-ICP- MS
(Multi Collector-Inductively Coupled Plasma-Mass Spectrometer)S AF&3t}. %
Hl&= Nu Plasma 3°] Cetac Aridus II ©&w3 #HXx7F Fzgo] itk
MC-ICP-MS®] 2149l A" L 3233} 2t

e 571719 MC-ICP-MS A= thekst Yaof tist 248 Adsta 9=
o, T2 U A" A ﬂg AEoz v gdo= dHolgrt BaAd A7)
Wolx FE3] AH3AZ T BEAS PP G F FHEL BAES 93 7))

F4ol+= 20 ppb FEE 3AE g F T8N (Sigma-AldrichAHe] Li standard for
ICP, 1000 mg/L Li in 2% nitric acid, TraceCERT)S o] &3t} o] L= A5 g
F s fAketh {2 ZE AlEe A7I7F 200 mV/ppb X7 HEE 7]V
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2715 HAA Y. FdS 78s & 20 ppb L-SVEC(IAEA, LixCO3) £83} Li
REgods 25t A selstgdnl. Abolaleldl] 2% HNOso. 2 &% uhehgt
o] FFE A 0.1% olatE "old w7A] A Heth ARE B4 e x5
S AZ dFHE B3 Azt wE 7] = wsE BAGA
(Standard-Sample Bracketing)
E3 Y5 2994 B0 A3 LU 257719 MC-ICP-MSe] AlE
Parameter Setting

o Plasma type o . Dryplasma
i RE power 1300 W
o Faraday cup H8('Li), L5CLY)
____________________ Li concentration | 20 ppb (dissolved in 2% HNOj)

Measurements 1 block 20 cycles

Wash time

Li 59194 v ~dt= §N(L-SVEC)S °F 20 ppbE 143t #Ag0S uf Li
signal intensity+= ¢ 44 V, 5994 vl& -0.01+0.08% (20, n=9)9] #<S AATH
(dry plasma, 20 cycles, 1 block, integration time 5 sec). oA Li LA H]
+ L-SVECe| tjste] 31.0£0.1% (20, Millot et al., 2004) H%E<9] #=S Z2te A=
dH A e, A BT §AA NASS-7S A2 * oF 20 ppb=E 343t &

APE W AZA7IE oF 5V, 994 Hl= L-SVEC tigte] 31.4+0.7% (20,

n=3)9] #S AT LI NASS-7o tial] T3 vk S o] Lig] AAg
7F 2 HAS Aolgr #AdEd 4 vk

3. ZHEY Y FE(yield) HEE

Zdo] =" AR #ES 100% 3)435kA Fod gEI T2 HAwfo] vre 9
2ol A o] BHHAA ol AA doyrz £& HAEE g & H
2EE Li 3T89E ol&3td ZHEYE WPt MC-ICP-MSE o] &3t &
Lo 994 HE FAAUHFig. 12). &L 98-104%A 1 §Lie 03 + 0.2% =
AegA I o] HIAE Z7]d H|8] 7|4 % AL}
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Column Yield = Li, m SLi

106%
104%

102%

100%
98%
96% II

94%
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9

8 "Li

Sample 1  Sample 2  Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9

}
]
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B
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Figure 12 FEH2E 27 )se £4& &3 & F4A, (o) g

9% F990 v v

NN
o
ol
k2
ofd
e
b
>
>
i1t
oo
ofy

S7er F5 A AWU63 ym 11100 mDAlA Fe RS HE FHUs WS
BAYS u Qe B HY mE SUge Fagel va we gl UkehFig.
13). AT o] A A AAY S AF FADL U W o= S gol
oo gwHoE §¥ @Fe Liol agx ol 243 Ee ‘Lio] AgHoE $E
oo deld g, 277 Arle SAT AFHe ofRudn 2+ Aok @F



992 viek BF = Abolel Fald FuAwAst gl
% oyt A Age 4% A% A8 @ 599
Ligtel wim sh7ere] Warmch vholA 54 Pme] Az ¥
Aoz selo] A gsie}
27 L
Average granite &7Li = +1.7 %o
1 © Yinitial
@ final
o ©
(]
® ¢
(]

O final

I I |
0 0.2 04 0.6 0.8 1

1/Li (M)

Figure 13 34 463 ym 1 g @ 100 ml
T3t AL A Az gtk FEF 94
29t T 4 Ay}
* 1 FsE AR A A d 27]A
-3 erel Hargk 8'Li (+1.7 %) (Teng
et al.,, 2009)

D 3okl M9 (Teng et al, 2009)
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