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Influence of Chemical Weathering on Dissolved Silica Concentration in Riverwater

Naotatsu SHIKAZONO !

Abstract
0 0O Chemical weathering of silicate minerals in rocks controls the dissolved silica
concentration of riverwater. This means that the dissolution rate of silicate minerals is an
important factor for dissolved silica concentration. In addition to the dissolution rate, runoff
O A f0is also an important factor controlling riverwater chemistry. Therefore, the relationship
of the dissolved silica concentration, runoff, and dissolution rate of silicate minerall feldspar[
were theoretically derived on the basis of a dissolution kinetics-fluid flow coupling model. This
theoretical consideration indicates that the parameter, @ hkJ A/M[ in which @ : porosity, h:
thickness of reservoir of groundwater, k : dissolution rate constant, together with A f, affects
the dissolved silica concentration. If A f'is low compared to ¢ hkJl A/M[] the concentratiori] CO
is equal to the equilibrium concentration. If A fis high, C negatively correlates with A f. This
theoretical curve showing the relationship between the dissolved silica concentration and
runoff is consistent with the dissolved silica concentration and runoff data of a major global

riverwater.

Key words[] chemical weatheringl] riverwater chemistry] water-rock interaction runoff
g u-0bbooooooa

gooobooboooboobobobooobobonDo
gbobobooooogoo

I0o0oood

gbobooboobobobooooooboobo
gbooboooooboobooooobooboobbo
gooboboobooboboooboboobobo
gbooobogoboobobobobooobobobobo
goobooobobooboobobobobobo
gbooooobooboooobogoboboobobo
gboobooobobooooboboboobobo

gbooooooboobobooooboooo
gbobooooboooobogoboobobobo
gooobooboooboboooobobonbo
gbobobobooo-0boboboooooo
goboobooboobobooboboboobooooo
goboooooobobobooobooboboo
gbo-boboooboooobobobobooooo

"oo0o0o0o0ooo0oooooooooooo

U[Department of Applied Chemistry[] Earth's Environmental Geochemistry[] Faculty of Science and Technology

— [ —



goooboooboboboooboooboonoog
gboo-b0oooobobobobooooooboboo
oooboooooboobooobobooooono
gooobobooobobobooooboonog
gbooboobooboboobobooboobo
oboooooooboobooboboobonbo
gobobobbooo-oboboboobooog
gbooooooobooobobooboobooo
gboboboooooboobobobobooooo
ooooboobooobobuoboboobooonoog
gbobooooboobogooo
oboooooooooboobooobooooboo
obobobobo-obobboboboooog
gbooooboboobobooboobooboo
obooooooobobobobooboobooono
gooboo

nmooooooooooooooooo
goboboboobooogog

OGibbsO 19700 000 000000OOOODOO
00000000000 NddNa+CalD OO QOO
gdoodoobooooooooooouooboao
ooooboooboooobooboos3oooono
gooooooooooobooooboooooa
oMo moomooooO
goooobooooooooogooooooa
dobooooooooooooooooooa
00000000000 O0Davis, 19640
Walling, 19800 Peters, 198400 Meybeck, 19860
Stallard and Edmond, 198T1Bluth and Kump,
1941 0000000000000 DO0oOooOa
goomoobooboboboboooooooooa
goodmoooooboooobooooooooooa
ogooao

gooooobbbboooooooobobooooa
gooooooooooooooooooooa
0 0O Cawley et al., 19690 Jackson and Keller,
19700Likens et al., 1987, 1997111 O [1J Likens
et al., 1987 Holland, 1978111 [IJ Drever, 19880
gdoboboooooooooooooooooo
gooboooooooooooobobouoooa

gbobobooobobooooobobouobobo
gboobooooboobooboobooboboobobo
gbooboboooboboboobobobbo
gbobooobooboobooboobooboobo
gboboooooboboooobooboobooobo
gboboooboobooboooobobooobo
gbooboboooboobuoooobobooobo
ooo

0 Gaillardet et al.0019990 000000000
0000000000000 00ONaOOODO
gbobooooooobobooobooboobo
O000000000o0ooOoooOouooooosSio.
0 1000 0K O 600 000000 NalCallHCOs"O
SrO00000000MOoOoOoOooOooOooDoOm
go0o0oOoOoOoOoOoOosiooooooooooo
gboobobooboboooboboboobuobo
OSi000oooooooooooooo
gboobooooboboooboboobobooDbo
O00Orunoff0 00000000 OOODOOO
gbobobooobooboobobobobmooban
gbobooobooboboooobobooobo
gboboooooboobuooooboooobo
gbooboooooobooboboooboobooobobo
gbobooboooboobooooboobooobo
goooooooouooobobo

OHolland0 19780 0 00 00CO0O0OODOCOO
gbobooobooboboooobobooobo
00000000000 1AOBMOOOOSIO
Ca0OO-0D0O0OOOOCOOOOOOOOOO
gboobobooobobooobobobobbo
gboboooboobooboobobobooobo
ooobooooooooobobooobD 1ooboo
gboooooooooboboboooooono
O00D0O0000OWallingD 1980000000
gbobooooobobooboboobooboobo
gbooo-oo0obooboboboooboobooDbo
gooooooob-oobobboooobboo
obooooooobobo
gboobooooooobobooobobobbo
gbooooooboboboobobouobbo
ubobobooboooboboobobobbo

— [ —



1000 - T T T T T T T 1000 \ ] T
— j Rio Grande ~
€ 100F E 100 — ° —
g 00 - 3 5-_ ColoradoO ODon \
S i i3 ODnepr
2 r B .§ Yukon Dwrg oﬁfﬁ:‘e
g @ T — — Mackenzie O er- Mississippi
§ i Ri 8 d Nile ] < ~— Danube _©
8 L io Grande o Parana o § — St. Lawrence|
s Colorado Word Ur:guav § oNile ] Columbia
S ° Mississippi o ® Amazon . 'World O Fraser
2 o ColumbiaQ® St. Léawrence % 10— I 0 Congo -
F o Congo Orinacg  © .
- Yukon o : ngerOl Amazon
r Rhine B PechoraO °
i o Niger © Fraser —Orinocog,_|
B Parana
r 0 Danube
Mackenzie
1 aooa ol Loy ey 1 | QUruguav
0.1 1 10 100 0.1 1 10 100

Runoff Af (ecm)

Runoff Af (cm)

000 A0 00000000000 00O0000000O0U0Holland, 197800
BOOOOOODOOOOODOOOOOOOOOOODOHolland, 197811

Fig. 10 A0 The relationship between dissolved silica concentration in some major rivers and

runoffl] Holland, 19780

BO The relationship between calcium concentration in some major rivers and runoff

0 Holland, 197801
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Fig. 20 A0 Relationship between H.SiO. concentration and runoff obtained on the basis of a rock-water

reaction kinetics-fluid flow model.

A O Solubility of Call Na feldspar( low A f region[] ¢ hkl A/M[T] 10 7*°0 high A f region(] Pco. O
10 **atm, B 0 Solubility of calcedonyl low A f region(] ¢ hkl A/MJ 10 '**0 high A f region[] @ O
Solubility of quartz( low A f regionl] @ hkl A/MJ 107*°0 high A f region[l

BO Relationship between Ca* concentration and runoff obtained on the basis of a rock-water reaction

kinetics-fluid flow model.

A 0 Solubility of Call Na feldspar( low A f region[], @ hkl A/MTJ 10 0 high A f region[] Pco. O

10**atm.

O00OO0ONa-OOOK-OOOCa-00000O00OO
0000000000000 000000N4dICa
01D1iobo0oboobobOoobooooooooo
goodooooooo
0 NaosCaosAl 55150 0 O [0 1.5H°0 11/2H.0 -
0.5Na’0 0.5Ca*"0 3/4A1,Si.0: OHOD O O
0000 HSIO,
Jo0oooooooOoooon " HSsio.O0Ooooo
odoooobooooov7oobooooooo
00000000000kO10°"ONadOCald 101
OooboDoOoo20 000000000
Sverdrupd 19900 0 00 0000C0OOOO 20

A0BUOCUOOOOOODODODODODOODOOBOBO
COOD0AfOODOOCdNa-OOOODOOODOO
ddddooooooooooooo
00000 120000400GCMO OO0
Jooo0oOo00o0o0oooooboooooooao
0 ORamanathan et al., 19831Williamson et al.,
19871

00 2A0000000 Ssi0ooOooooooo
goooobbooooobobbooooooa
ooAfOOOODOOOOOSiDOOOOOOO
ogooo0oOo00ooooobOo0oooooooao
gobooboboooooooooobobouooooa

— [ —



1000

T TTTIT

| T
/ 8
S

Mackenzie Danube<Q Rio Grande

Duin2 S e

Nileo Mississippi
. St. Lawrence
Niger O World®,Columbia

100

T T TTTTT

Parana, Fraser Ce/c/-’e

Pechora
| OrinocoO O@Amazogongo

HCOj concentration (ppm)

1 ol Lol IR
1 10 100 1000
Ca?* concentration (ppm)

000000000 HCO,"O0DO0O Ca®0000n
0 Holland, 197811

Fig. 30 The relationship between bicarbonate and
calcium concentration in some major
river and runoffl] Holland, 19781
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