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Abstract To further understand the roles of carbonate

and silicate rocks in regulating the atmosphere/soil CO2

level, the flux of CO2 consumed by the chemical weath-

ering of silicate and carbonate rocks was determined from

the elemental change in soil profiles. Results showed that

the chemical weathering of carbonate rocks mainly

occurred at the rock-regolith interface, and that the further

weathering of the residua soil on the carbonate rocks was

similar to that of the granite profile. Chemical weathering

of the silicate rocks occurred through the whole profiles.

Therefore, CO2 consumed per volume by the silicate

profiles [Msr (CO2)] and the residues on carbonate rocks

[Mcr (CO2)] were calculated based on the elemental

weathering gradients. CO2 consumed by carbonate pro-

tolith [Mcp(CO2)] was calculated from the elemental

change at the rock-regolith interface. The Msr (CO2) were

about tens to thousands orders of magnitude greater than

Mcr (CO2). Even so, this demonstrated that the residues on

carbonate rocks could be a sink of CO2 on long-term

scales. The Mcp (CO2) was about four times larger than Msr

(CO2), which demonstrated that carbonate rocks played a

more important role in regulating the CO2 level than the

silicate rocks did during the pedogenic process of the

profiles.

Keywords Carbonate rocks � Silicate rocks � CO2

consumption � Soil profiles

1 Introduction

Chemical weathering of silicate and carbonate rocks is an

important source of control on the regulation of the level of

atmospheric CO2, and thereby exerts control on global climate

variations (Hartmann et al. 2009; Moosdorf et al. 2011; Mo-

quet et al. 2011). To improve our understanding of that con-

trol, many studies about carbonate and silicate weathering

have been carried out (Nesbitt and Young 1982; Suchet and

Probst 1995; Macpherson et al. 2008; Li et al. 2010; Heckman

and Rasmussen 2011; Moosdorf et al. 2011; Zeng et al. 2012).

Silicate weathering studies are conducted through relatively

input–output calculations, from changes in solute composi-

tions in pore water or ground water, or from the elemental

differences between protolith and the weathered regolith

(Kenoyer and Bowser 1992; White et al. 1996; Murphy et al.

1998; White 2002; White et al. 2005b). Chemical weathering

of silicate minerals has been proposed to be a sink of atmo-

spheric CO2 on the geological time scale (Ridgwell and Zeebe

2005). Carbonate minerals are more reactive and soluble than

silicate minerals and thus regulate the geochemistry of surface

waters (Horton et al. 1999; White et al. 2005a). Therefore,

most studies about carbonate weathering are confined in the

study of HCO3
- ions in the surface water in carbonate wa-

tershed (Macpherson et al. 2008; Li et al. 2010; Zeng et al.

2012). Few approaches have been taken on the soil profiles

developed on carbonate rocks. Chemical weathering of car-

bonate minerals has been proposed to consume atmospheric

CO2 on a relatively short-term scale but not produce a net

carbon sink on a long-term scale, because the CO2 consumed

by carbonate minerals would get back to the atmosphere due to
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the formation of marine carbonate sediments (Berner et al.

1983; Berner 1991, 1997; Goudie and Viles 2012). Our pre-

vious work demonstrated that the weathering of carbonate

rocks includes the weathering of carbonate minerals and the

insoluble residues (Ji et al. 2004a, b). The weathering process

of the residue soils, which is similar to the weathering of non-

carbonate rocks, may produce a net carbon sink. This con-

tradicted the previous belief that carbonate rocks did not

produce a carbon sink on a long-term scale. This paper pre-

sents a systematic methodology for calculating CO2 -con-

sumption by the weathering of carbonate and silicate rocks

based on elemental changes in soil profiles, in order to further

understand the roles of carbonate and silicate rocks in

regulating atmospheric CO2.

2 Materials and methods

2.1 Site description

The study of soil profiles consisted of four profiles devel-

oped on carbonate rocks and two profiles developed on

silicate rocks. The carbonate profiles are located in the

Guizhou Province, including those at Puchang of Suiyang

County (PC), Xinpu town in Zunyi (XP), Pingba County

(PB) and Hezhang County (HZB). One silicate profile is at

Hezhang County (HZX) and the other is at Gunbei village

(GB) in Rongshui County, which is in the northern Guangxi

Province bordering the Guizhou Province (Fig. 1). The

sampling sites are all in hilly areas. The climate of the study

area was during the transition zone between the East Asian

and the South Asian monsoons. As the elevation increased

from the east to the west, the temperature and precipitation

decreased. The six profiles were selected because they were

distributed from the east to the west (Fig. 1) and were de-

veloped on different kinds of rocks (Table 1), based on

which the effects of climate and underlying materials on

weathering has been discussed. Detailed geographical and

climate information of each site is tabulated in Table 1.

2.2 Sampling and analyzing methods

The soil profiles were obtained by digging from the bottom

to the top and were classified by soil color, texture, major

element content, and soil horizon characteristics (Table 1).

The profiles can be divided into three horizons: the soil

horizon (A-horizon, top for farming layer), the regolith

horizon (B-horizon, weathered layer) and the weathering

bedrock horizon (C horizon), which can be then subdivided

into the flour layer (C1-horizon), the cracked rock layer

(C2-horizon) and the parent rock layer (C3-horizon). The

‘‘regolith’’ mentioned below refers to both the B and A

Fig. 1 Location of study sites in Guizhou and Guangxi Province. Red pentagram indicates the locations where the soil profiles were sampled.

Red dots indicate the main cities
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horizons unless otherwise specified. Not all the profiles

consist of all the horizons (Table 2). Parent rock samples

that were too deep to dig were collected from cores nearby.

The soils were collected using a hand hammer and a small

shovel, and were sampled at different intervals, depending

on profile depth and soil properties. When a distinct change

appeared in the soil color or texture, they were not sampled

at intervals, but the soil with the different characteristics

were removed. A soil sample of 5 cm in vertical width was

randomly collected from each horizon. A geological map

of the Guizhou Province and Guangxi Province was used to

identify the parent material in the field. Each parent rock

sample was identified by its texture, structure, shape and

color, from at least three rock fragments.

Soil samples were dried in the oven at 45 �C for 2 days,

with parts of each being ground to pass a sieve (mesh 200)

for further analysis. The bulk density of the regolith sam-

ples was determined with the cutting-ring method, referring

to the GB/T 50123-1999 . The bulk density of the rock was

determined with the paraffin method (GB/T 50123-1999).

The major oxides of the rock and regolith samples were

analyzed by X-ray fluorescence spectrography (XRF) by

using the Philips PW2404 X-ray fluorescence spectrometer

and referring to the GB/T 14506.14-2010 and GB/T

14506.28-2010. The trace and rare earth element concen-

trations were measured using Inductively Coupled Plasma

Mass Spectroscopy (HR-ICP-MS) (Element I, Finnigan

MAT Company). The mineral composition of the carbon-

ate rocks was analyzed using X-ray diffraction (XRD). The

mineral composition of the silicate rocks was calculated

according to the CIPW norm mineral calculation method

based on major oxides.

3 Results

The vertical distributions of major oxides, trace elements,

chemical index of alteration (CIA) (Nesbitt and Young 1982)

and the loss on ignition (LOI) are listed in Table 2. The CIA

is used to estimate the weathering intensity of the regolith.

An obvious increase occurs at the interface between the C

horizon and B horizon for each site (Table 2). The LOI is

extremely high for parent carbonate rocks, reflecting a high

carbonate content. High LOI in the regolith samples may

reflect the influence of high water-bearing phases (mainly

clay minerals) and organic matter (Ji et al. 2004a).

An Al2O3–CaO* ? Na2O–K2O (A–CN–K) ternary dia-

gram was drawn based on the major oxides content (where

CaO* represents Ca in the silicate fraction) (Fig. 2). In the

A–CN–K ternary diagram, there are two weathering trends,

one parallel to the A–CN side (weathering trend 1), and the

other parallel to the A–K side (weathering trend 2) (Fig. 2).

Weathering trend 1 represents the process of leaching CaT
a
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and Na and accumulating Al, weathering trend 2 represents

the process of leaching K and accumulating Al. For the

carbonate profiles (PC, HZB, XP, PB), most samples of the

regolith can’t be notably distinguished and almost flock to-

gether close to the area between where the illite lies and the

A end. The PC, PB and HZB first experience weathering

trend 1 and then trend 2. In weathering trend 1, the Ca and

Na are almost completely leached from the C horizon to the

B horizon. Weathering trend 2 is not very apparent, the

samples of PC are close to the area where the illite lies, and

those of PB and HZB tend to approach to the A end. The XP

profile experiences the weathering trend 2 from the C3

horizon to the C2 horizon, and then experiences the

weathering trend 1 to the joint A–K. The samples of XP lie

in the area between where the illite lies and the A end. For

the silicate profiles, the GB site first experiences the

weathering trend 1 from the C3 horizon to the C2 horizon,

and then experiences a clearly distinguishable weathering

trend 2. The samples distribute uniformly close along the A–

K side, and occupy the area where the illite and muscovite

lies. The HZX profile only experiences weathering trend 1,

and the samples distribute closely along the A–CN side,

which demonstrate a wide range of weathering intensity,

from unweathered to slightly weathered, to intensely

weathered and finally, near the composition of pure alumi-

nosilicate minerals.

The mineral composition is purer for carbonate rocks

than for silicate rocks (Table 3). The difference is caused

by different analyzing methods and the natural properties

of the rock itself. The carbonate rocks are composed of

Fig. 2 Ternary diagram of molecular proportions Al2O3–CaO* ?

Na2O–K2O. Plotted are estimates of all samples of each site in this

study, including unweathered bedrocks, weathered rocks, regolith and

soil. Also plotted is the idealized mineral compositions. Dotted line

represent the weathering trend (weatheing trend 1 and 2). Shown at the

left side is the CIA scale. Kln kaolinite, Gbs gibbsite, Ill illite, Ms

muscovite, Bt biotite, Kfs K-feldspar, Pl plagioclase, Sme smectite
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nearly pure calcite or dolomite. The mineral composition

of silicate rocks is complex. For HZX (basalt), its main

minerals include feldspar, pyroxene and iron oxides. The

parent rock at the GB site (granite) is composed mainly by

quartz, albite and orthoclase (Table 3).

4 Discussion

4.1 Weathering process of carbonate and silicate rocks

As shown in the A–CN–K diagram (Fig. 2), the weathering

process of carbonate profiles (PC, HZB, XP, PB) can be di-

vided into two stages. The weathering reaction mainly happens

at the first stage in the C horizon (including C1, C2 and C3),

with the almost completely leaching of Ca and Na and the

accumulation of Al. The second stage is the further weathering

of insoluble residua, which is similar to the weathering of the

GB profile, with the leaching of K and accumulation of Al. At

the silicate profiles (HZX and GB), weathering happens more

gradually throughout the whole profile, than at the carbonate

profiles. The difference comes from the different protolith

compositions. The main minerals in carbonate rocks are calcite

or dolomite (Table 3). The high solubility of calcite and

dolomite allow them to be easily leached out at the initial stage,

especially in a climate with high precipitation (Table 1). The

main minerals in silicate rocks in this study are quartz, feldspar

and pyroxene; their weathering resistances are stronger than

calcite and dolomite’s, so, weathering reactions take place

more gradually along the whole profiles.

4.2 Elemental mobility

The weathering intensity can be described by comparing

the element concentrations of the regolith to those of the

original protolith
Cjw

Cjp

� �
. This ratio is affected by the gains

Fig. 3 Elemental mobilities at each profiles. sj is the mass transfer coefficient from Eq. (1)
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and losses of other components and the compaction or

dilation of the regolith. Solving such a problem requires

comparing the ratio of the mobile component, j, to the ratio

of an additional inert component, i.

sj ¼
Cjw � Cip

Cjp � Ciw

� 1 ð1Þ

sj is the mass transfer coefficient (Brimhall and Dietrich,

1987). The value of sj = 0 denotes no mobility, sj = -1

indicates complete leaching out and sj [ 0 denotes external

additions. Refractory elements such as Zr, Ti and Nb are

commonly used as conservative components, Ci, in Eq. (1)

(Brimhall et al. 1991; Merritts et al. 1991; White et al.

1998; Riebe et al. 2001). In this study, we use Ti as the

inert component. The original protolith component is that

of the sample in the C horizon for each site.

For carbonate rocks (PC, HZB, XP, PB), the main

minerals are calcite and dolomite (Table 3); the weath-

ering intensity of calcite is reflected in the mobility of Ca

and the weathering intensity of dolomite is reflected in

mobility of Ca and Mg. For silicate rocks, the minerals

are more complex: the weathering intensity of plagioclase

is reflected in the mobility of Na, Ca and Sr and the

weathering intensity of K-feldspar is reflected in the

mobility of K, Rb and Ba. Al, Fe and Mg concentrations

reflect the weathering of smectite and the formation of

secondary kaolinite, gibbsite and Fe oxides (White et al.

2008).

Fig. 4 Relationships between Al2O3 and TiO2, Al2O3 and Fe2O3 in soil profiles
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As shown in Fig. 3, in the profiles developed on carbonate

rocks (PC, HZB, XP, PB), the Mg, Ca, Na and Sr are totally

lost in the B and A horizons. The Sr can replace Ca and, when

contained in calcite, the similar sj depth distribution of Mg,

Ca and Sr demonstrates carbonate and dolomite weathering.

The Na mobility has a similar depth change as that of Mg, Ca

and Sr because of its mobile character in carbonate weath-

ering. The higher sj of Na that appears at the C2 horizon of

the PC profile demonstrates the slower weathering rate of the

albite composed in the bedrock (Table 3). The higher sj of

Mg, Ca, Na and Sr in the C horizon of the XP and PB than

that of the PC and HZB is caused by the slower dissolution

rate of dolomite compared to the dissolution rate of calcite.

At the profiles developed on the silicate rocks, the weath-

ering process of basalt (HZX) is different from that of granite

(GB). At HZX, the element mobility barely changes at the C2

horizon, with the largest variation happening at the C2-B

(rock-regolith) interface. The Mg, Ca, Na and Sr are greatly

depleted at the interface and are then almost unchanged in the

B and A horizon, reflecting the weathering of the feldspar and

pyroxene that mainly occurred at the C2-B interface. At the

GB site, Ca and Na are almost completely lost, reflecting the

intense weathering of albite and anorthite. The Al, Fe and Mg

mobility change synchronously, reflecting the weathering of

muscovite and illite. The gradually decreasing sj of K and Ba

reflects the weathering of K-feldspar. The decreased mobility

of K, Ba and Rb relative to Na and Ca reflect the slower

weathering of K-feldspar relative to plagioclase (Nesbitt and

Young, 1984; White et al. 2001).

At both the carbonate and silicate profiles, the Al and Fe

mobility change synchronously, reflecting their similar

geochemistry behavior in the study profiles. Except for the

GB profile, Fe and Al accumulation is accompanied by the

loss of mobile elements. The fact that Fe is not accumulated

relative to protolith in the GB profile may result from the

lack of clay in the environment, which is in favor of the

formation of iron oxides in comparison to other profiles. The

less clay in the GB is reflected in the lower LOI (Table 2).

The extremely high amount of precipitation at the GB site

(Table 1) may also contribute to the leaching of the Fe.

4.3 Determining the sink of CO2 based on elemental

weathering gradients in regolith

In studies on CO2 consumption by chemical weathering, one

method is to use the solid-state elemental changes between

protolith and regolith. However, the allochthonous compo-

nents carried by wind or water present a limit for the appli-

cation of the mass balance approach when calculating CO2

consumption (Schellmann 1989; Maynard 1992). It’s impor-

tant to determine whether the allochthonous components have

affected the component in the profile. The elements Al, Ti and

Fe are the less mobile elements, and there is a positive

correlation between Al2O3 and TiO2, as well as Al2O3 and

Fe2O3 (Fig. 4), reflecting the characteristics of the in situ

weathering (Young and Nesbitt, 1998). The synchronous sj

changes of the element groups (Al–Fe, Al–Fe–Mg and

Mg–Ca–Na––Sr) discussed in Sect. 4.2 also demonstrate the

in situ weathering of the study profiles. The in situ weathering

of the carbonate profiles in the Guizhou province is also

demonstrated in detail in other papers (Ji et al. 2004a, b; Feng

et al. 2009). So, mass changes can be calculated directly from

the differences between elemental compositions in the initial

protolith and the weathered regolith.

In the simplest scenario for steady-state weathering, a

mobile element, which is not incorporated into secondary

precipitates, linearly decreases with decreasing depth from

an initial concentration C0 at depth z1 to a concentration Cw

at a shallower depth z0 (Fig. 5) (White, 2002). The ele-

mental concentrations are commonly reported as mol kg-1.

In order to make direct comparisons of element mobility

due to weathering, element change Dm (mol m-3) is de-

fined in terms of a unit volume (White, 2002) such that

Dm ¼ 1000 qw Cw � C0ð Þ ð2Þ

where qw is the regolith bulk density (g cm-3), C0

(mol kg-1) is the initial elemental concentration shown in

Fig. 5, which is assumed to be that of the protolith, and Cw

(mol kg-1) is the elemental concentration at the weathered

regolith. Under closed system conditions, the difference in

concentrations, C0 – Cw, reflects the total mass change

occurring over the entire time of pedogenesis. The con-

centration Cw can’t be determined directly from the

Fig. 5 Schematic showing the distributions of a mobile element in a

weathering regolith. Cw defines the weathered concentration at

shallow depth z0, and C0 is the initial protolith concentration at

depth z1. The weathering gradients bs describe the slope of the linear

gradients
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measured elemental concentration C, because C is also

affected by the gains and losses of the other components

and the compaction or dilation of the regolith. The element

Ti is chosen as the inert component again. The normalized

weathering concentration Cw, is obtained from the mea-

sured concentration C by the relationship

Cw ¼ C0

I0

Iw

� �
ð3Þ

where I0 (mol kg-1) is the concentration of the inert ele-

ment in the protolith and Iw is the concentration in the

weathered regolith (White, 2002). The slope of the gradient

in Fig. 5 is defined as bs (m kg mol-1). Therefore,

Cw-C0 = Dz/bs. Substituting this relationship into Eq. (2)

results in the expression

Dm ¼ 1000qw

Dz

bs

� �
ð4Þ

As discussed in Sect. 4.2, the Mg, Ca, Na, K is the main

mobile element in most minerals of the carbonate and

silicate rocks, and their concentration change will reflect

the chemical weathering intensity, thus reflecting the draw-

down of atmospheric CO2. In this study, we ignore the role

of organic acid and sulfuric acid that may take part in the

chemical weathering, and regard the CO2 as the only acid

source that participates in the weathering reaction.

The weathering reaction that happened at the carbonate

profiles at the initial stage were mainly the leaching of calcite

and dolomite demonstrated in the following equations:

CaCO3 þ CO2 þ H2O ! Ca2þ þ 2HCO�3 ð5Þ

CaMg CO3ð Þ2þ 2CO2 þ 2H2O

! Ca2þ þ Mg2þ þ 4HCO�3 ð6Þ

The further weathering reactions of the residues on carbonate

rocks are mainly the reactions of non-carbonate minerals.

The main chemical weathering reactions that happened

at the silicate profiles based on their main minerals are

mainly the weathering of albite, anorthite, orthoclase and

pyroxene as follows

2NaAlSi3O8ðAlbiteÞ þ 2CO2 þ 11H2O

! 2Naþ þ 2HCO�3 þ 4H4SiO4 þ Al2Si2O5 ð7Þ

(Suchet and Probst 1995)

CaAl2Si2O8 Anorthiteð Þ þ 2CO2 þ 3H2O

! Al2Si2O5 þ Ca2þ þ 2HCO�3 ð8Þ

(Garrels and Mackenzie 1971)

3KAlSi3O8 Orthoclaseð Þ þ 2CO2 þ 14H2O

! 2Kþ þ 2HCO�3 þ 6H4SiO4 þ KAl3Si3O10 ð9Þ

(Huh 2003)

Ca0:8Mg0:8Fe IIð Þ0:2Fe IIIð Þ0:1Al0:3Si1:8O6ðPyroxeneÞ
þ 5:15H2O þ 3:2CO2 ! 0:3FeOOH

þ 0:15Al2Si2O5 þ 1:5H4SiO4 þ 0:8Ca2þ þ 0:8Mg2þ

þ 0:1H2 þ 3:2HCO�3 ð10Þ

(Sak et al. 2004)

From Eq. (5) to (10), it can be seen that no matter what

chemical reaction happened, for carbonate minerals, two

mole of base cation charge consume 1 mol of CO2. For

non-carbonate minerals, one mole of base cation charge

consumes 1 mol of CO2. The CO2 captured per volume M

(CO2) (mol cm-1) by carbonate and non-carbonate mineral

weathering is defined as

M CO2ð Þcarbonate¼ Dm Cað Þ þ Dm Mgð Þ ð11Þ

M CO2ð Þnon�carbonate ¼ 2Dm Cað Þ þ 2Dm Mgð Þ þ Dm Nað Þ
þ Dm Kð Þ ð12Þ

There is a certain deviation in the calculation of M (CO2)

based on the elemental change, because CO2 isn’t the only

acid source that participates in the weathering reaction.

Also, not all elements that reacted with CO2 in the profiles

are included. Nevertheless, the results can be used to

Fig. 6 Normalized concentrations of Ca (Cw) plotted as a function of depth in regolith. The lines are the linear regression fits describing the

weathering gradients bs
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compare the different capabilities of capturing CO2 between

the carbonate and silicate profiles in the study area.

4.3.1 Calculation of CO2 captured per volume of regolith

Mregolith (CO2)

The normalized weathering concentration, Cw, of Ca, Na,

K, and Mg are plotted as functions of depth in Figs. 6, 7, 8,

and 9 respectively. The points plotted for PC, XP, PB and

HZB are confined in the B and A horizons. The HZX and

GB are confined in C2, B and A horizons. The linear re-

gression equations and the correlation coefficient (R2)

drawn from Figs. 6, 7, 8, and 9 are tabulated in Table 4. At

the PB site, the Ca increases slightly in the shallower soils

(Fig. 6), which results in negative gradients (Table 4).

Such an increase may be attributed to the upward biologic

Fig. 7 Normalized concentrations of Na (Cw) plotted as a function of depth in regolith. The lines are the linear regression fits describing the

weathering gradients bs

Fig. 8 Normalized concentrations of K (Cw) plotted as a function of depth in regolith. The lines are the linear regression fits describing the

weathering gradients bs

Fig. 9 Normalized concentrations of Mg (Cw) plotted as a function of depth in regolith. The lines are the linear regression fits describing the

weathering gradients bs
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pumping via plant roots and the subsequent recycling in the

shallow soils (White et al. 2009; White 2014). Because the

Cw of Ca in the PB regolith is relatively small in com-

parison to those in the other sites (Fig. 6), it is acceptable to

not use the Ca concentration in the calculation of M (CO2).

The Na didn’t show any linear fit to the data at the PC site

(Table 4). To clarify the reason for this, the surface soil

was analyzed by XRD, and the semiquantitative calculation

of the mineral composition shows that the surface soil of

the PC was composed of albite (2.82 %), hornblende

(1.16 %), quartz (88.35 %), smectite (1.85 %), illite

(2.83 %), kaolinite(1.87 %) and iron oxides (1.12 %). Al-

bite and hornblende are primary minerals. Albite appeared

in the bedrock of the PC (Table 4). Even so, the presence

of it at the surface is likely from the allochthonous mate-

rials, as albite is easily weathered at deep depths. Horn-

blende is not present in the bedrock, demonstrating the

deposition of the allochthonous materials. Except for albite

and hornblende, the others are secondary minerals, which

are usually found in the weathering residues of carbonate

rocks (Ji et al. 2004a, b). Primary minerals that are not

present in the bedrock also appeared at the surface of the

PB [albite (0.52 %) and hornblende (1.30 %)] and HZB

sites [albite (1.31 %)]. This may explain the lower linear

correlation coefficient for Na at the PC, PB and HZB sites.

The Cw of Na in carbonate regolith is small (about

0–0.002 mol kg-1) (Fig. 7), and it is about ten orders of

magnitudes smaller than that of Ca, K and Mg. Therefore,

the effect of the allochthonous materials is neglected and

the Na concentrations of the PC, PB and HZB were not

included in the calculation of M (CO2). The bs in Eq. (4) is

the slope of the linear regression equations and the qw is the

average value of the bulk density of each horizon

(Table 5). The Mregolith (CO2) was calculated according to

Eq. (12).

The results show that the Mregolith (CO2) of the silicate

regolith Msr (CO2) is tens to thousands orders of magni-

tude greater than that of the carbonate regolith Mcr (CO2)

(Table 5). This occurs because the elements are greatly

leached in the C horizon of the carbonate profiles and the

elements that remain in the carbonate regolith are sig-

nificantly less than that in the silicate regolith. Though the

amount of CO2 consumed by the insoluble residuals on

carbonate rocks is small, it can’t be denied that the che-

mical weathering of them may produce a net sink of CO2 in

the long-term scale.

For the carbonate profiles, the Mcr (CO2) is in the order of

PC � XP [ PB & HZB. The average CIA value of the

carbonate regolith is PC (86), XP (89), PB (94), HZB (93),

demonstrating a weathering intensity order of

PB & HZB [ XP [ PC, which is in the reverse when

compared with the order of Mcr (CO2). This is also related to

the two-stage weathering process of the carbonate rocks;T
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higher weathering intensity resulted in less elements left in

the carbonate regolith, so the weathering of the regolith

would consume less CO2. The PC profile belongs to the

cambisols in soil classification and weaker development of

the profile lead more elements in the regolith. Therefore, the

Mcr (CO2) of PC is much larger than the other three carbonate

profiles. For the silicate profiles, the HZX (CIA = 92) con-

sumes more CO2 than the GB (CIA = 84), demonstrating

that the profile with the higher weathering intensity con-

sumes more CO2. This is consistent with the weathering

process of silicate.

Usually, warmer and wetter climates yield higher weath-

ering intensity (White 2002; White and Blum 1995), thus

possibly leading to a higher carbon sink. The studied profiles

were distributed from the west to the east (Fig. 1), with

relatively warmer and wetter climates in the east. From

Table 1, it can be seen that the mean annual temperature is

GB [ PB [ PC [ XP [ HZB = HZX and the mean annual

precipitation is GB [ PB [ PC = XP [ HZB = HZX,

based on the Mregolith (CO2) of each site. It seems that there is

no correlation between the climate and the Mregolith (CO2).

However, we cannot conclude that the climate doesn’t show

any impact on the carbon sink in the study area, because the

climatic signals are obscured by the lithologic difference and

the pedogenic time.

4.3.2 Calculation of CO2 captured per volume

of carbonate protolith Mcp (CO2)

The elemental change between the protolith and the re-

golith in the silicate profiles is small and the weathering

penetrates from the soil horizon to the protolith gradually,

so the elemental change calculated based on weathering

gradients can reflect the change of the whole silicate pro-

file. However, as discussed in Sects. 4.1 and 4.2, the

weathering of the carbonate protolith happened mainly at

the rock-regolith interface, with the almost complete loss

of Ca and Mg by the reactions of Eq. (5) and Eq. (6). To

determine the element change at the interface, the C0, Cw,

and qw in Eq. (4) are regarded as the elemental concen-

tration of the protolith, and the elemental concentration of

the bottom layer of the regolith and the bulk density of the

protolith respectively. The CO2 captured per volume of

carbonate rock Mcp (CO2) is calculated according to

Eq. (11). Based on this principle, the calculated Mcp (CO2)

are about four times larger than Msr (CO2) (Table 6). The

results demonstrate that during the entire time of soil de-

velopment, the carbonate rocks play a more important role

than the silicate rocks in regulating the level of CO2.

5 Conclusions

This work compared the weathering process of carbonate

and silicate rocks and determined the CO2 captured during

this process. Due to the extremely high dissolution rates of

calcite and dolomite, the weathering of the carbonate rocks

mainly occurred at the rock-regolith interface, with leach-

ing of most mobile element. The further weathering of the

insoluble residues on the carbonate rocks is similar to that

of granite profile (GB). The silicate weathering, especially

the weathering of granite, proceeded more gradually than

the carbonate weathering. Therefore, the mass change

Table 5 The elemental change (Dm) of Ca, Na, K and Mg and the CO2 captured per volume of regolith Mregolith (CO2)

Sampling sites qw (g cm-1) Dz (m) DmCa

(mol m-3)

DmNa

(mol m-3)

DmK

(mol m-3)

DmMg

(mol m-3)

M (CO2)

(mol m-3)

PC 1.37 2 6.59 – 34.43 47.14 141.89

XP 1.55 1.3 2.28 0.22 5.53 10.85 32.00

PB 1.36 1.8 – – 2.96 2.88 8.72

HZB 1.4 2.2 1.57 – 1.38 1.58 7.68

HZX 1.48 4.25 3,706.54 828.18 193.84 1,694.50 11,824.10

GB 1.56 1.9 7.65 25.29 488.63 49.74 628.69

Table 6 The elemental change (Dm) of Ca and Mg in carbonate rocks and the CO2 captured per volume of carbonate protolith Mcp (CO2)

Sampling

sites

qw

(g cm-1)

C0Ca

(mol kg-1)

CwCa

(mol kg-1)

DmCa

(mol m-3)

C0Mg

(mol kg-1)

CwMg

(mol kg-1)

DmMg

(mol m-3)

M (CO2)

(mol m-3)

PC 2.69 8.3,791 0.0,058 22,524.3 0.1,833 0.0345 400.3 22,924.6

XP 2.72 5.3620 0.0021 14,578.9 5.2965 0.0106 14,377.5 28,956.4

PB 2.78 5.6598 0.0004 15,733.1 5.0285 0.0059 13,962.9 29,696.1

HZB 2.62 9.6505 0.0016 25,280.1 0.5234 0.0015 1,367.5 26,647.6
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occurred at the regolith of the carbonate profiles and the

silicate profiles are calculated based on the weathering

gradients. The mass change that occurred at the rock-re-

golith interface of the carbonate profiles was calculated by

the elemental differences between the protolith and the

bottom regolith layer. The CO2 consumed by silicate pro-

files are tens to thousands orders of magnitude greater than

that by carbonate regolith. Even so, it demonstrates that the

carbonate regolith can be a sink of CO2 on the long-term

scale. The CO2 consumed by carbonate rocks are about

four times larger than that by silicate profiles, implying that

carbonate rocks play a more important role than silicate

rocks in regulating the level of CO2 during the pedogenic

process of the profiles.
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