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Does organic acid adsorption affect alkali-feldspar dissolution
rates?
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Abstract

Consideration of alkali-feldspar dissolution rates 1 taken from the literature suggests that in the absence of organic
Ž 3 .n

q q3ligands and at far from equilibrium conditions they can be represented by r sk a ra , where r refers to the farq H Al q
from equilibrium dissolution rate, k designates a rate constant, a stands for the activity of the subscripted aqueous species,i

and n refers to a stoichiometric coefficient. Dissolution rates of these minerals have also been observed to increase
substantially with increasing aqueous organic acid concentration. To assess if this latter effect is the result of either the
change in aqueous aluminum activity due to aqueous aluminum–organic acid anion complex formation or organic acid anion
adsorption to the mineral surface, dissolution rates predicted using the above equation are compared to measured alkali
feldspar dissolution rates. A close correspondence between these predictions and the experimental data are found, providing
strong evidence that organic acid anion adsorption does not affect alkali-feldspar dissolution rates. q 1998 Elsevier Science
B.V. All rights reserved.
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1. Introduction

Organic acids are suspected to enhance feldspar
dissolution rates during both surface and diagenetic

) Corresponding author.
1 The term alkali-feldspar is used in the present study to denote

those feldspars that dissolve via aluminum deficient precursor
wcomplexes Oelkers, E.H., Schott, J., Devidal, J.L., 1994. The

effect of aluminum, pH, and chemical affinity on the rates of
aluminosilicate dissolution reactions. Geochim. Cosmochim. Acta,

Ž . x58 1994 2011–2024. , which includes feldspars in the system
NaAlSi O –KAlSi O , as well as plagioclases of compositions3 8 3 8

w;An or less Oelkers, E.H., Schott, J., 1995b. Experimental80

study of anorthite dissolution and the relative mechanism of
Ž .feldspar hydrolysis. Geochim. Cosmochim. Acta, 59: 1995

x5039–5053 .

¨ Ž .processes. Lundstrom and Ohman 1990 concluded¨
that the presence of organic acids increases feldspar
dissolution rates by a factor of 2–3 at the Earth

Ž .surface conditions; Drever and Vance 1994 sug-
gested the addition of 1 mM of oxalate to organic-free
solutions increases feldspar dissolution rates by a
factor of 1.5 at 258C. Dissolution rate enhancement
such as this may play a role in the atmospheric CO2

Žcontent and therefore climate Schwartzman and
Volk, 1989; Brady, 1991; Brady and Carroll, 1994;

.Berner, 1995; Gislason et al., 1996 . Feldspar disso-
lution rates are of particular interest in diagenesis
due to its link to secondary porosity formation in

Žsedimentary basins Heald and Larese, 1973; Parker,
. Ž .1974 . Surdam et al. 1984 proposed that the pres-

ence of organic acids in oil field reservoirs might be

0009-2541r98r$ - see front matter q 1998 Elsevier Science B.V. All rights reserved.
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an effective means to enhance feldspar dissolution
and aluminum mobility in these systems. This possi-

Ž .bility has been disputed by Giles et al. 1994 , who
found that neither petrographic evidence nor mass
balance calculations supported organic acid enhance-
ment of aluminum transport in sedimentary basins.
Moreover, aluminum release due to feldspar dissolu-
tion in sedimentary basins is intimately connected
with aluminum consumption by clay precipitation

Žreactions Bjørkum and Gjeldsvik, 1988; Bjørkum et
.al., 1993; Bjørlykke et al., 1995 . Nevertheless, be-

cause of the possible role of organic acids in surficial
weathering and diagenetic processes, exhaustive work

Ž .has been aimed at characterizing their effect on 1
Žaqueous aluminum speciation Fein, 1991a,b; Harri-

son and Thyne, 1992; Shock, 1993; Fein, 1994;
Benezeth et al., 1994; Palmer and Bell, 1994; Shock´ ´

. Ž .and Koretsky, 1995 and 2 feldspar dissolution
Žrates Mast and Drever, 1987; Bevan and Savage,

1989; Gestsdottir and Manning, 1992; Hwang and´
Longo, 1992; Manning et al., 1992; Hajash, 1993;
Welch and Ullman, 1993; Oxburgh et al., 1994;

.Blake and Walter, 1996; Stillings et al., 1996 . The
results of these studies indicate that at mildly acidic
to neutral conditions aqueous aluminum–organic acid
anion complex formation can substantially enhance
feldspar solubility, and, in general, the presence of
aqueous organic acids increases constant pH feldspar
dissolution rates.

The goal of the present communication is to
characterize the elementary mechanisms responsible
for enhanced feldspar dissolution rates in the pres-
ence of organic acids. The addition of organic acids
to aluminum bearing aqueous solutions provokes
aluminum–organic acid anion complex formation at
mildly acidic to neutral conditions. One of the conse-
quences of this complex formation is to decrease the
fraction of aqueous aluminum present as Alq3. As
several recent studies have noted that the dissolution
rates of numerous aluminosilicate minerals increase

q3 Žwith decreasing aqueous Al activity Devidal et
al., 1992; Gautier et al., 1994; Oelkers et al., 1994;
Oelkers and Schott, 1994, 1995a; Schott and Oelk-

.ers, 1995; Oelkers, 1996; Devidal et al., 1997 ,
aqueous aluminum–organic acid anion complex for-
mation will likely increase the dissolution rates of
these minerals. The degree to which this single effect
accounts for the observed enhancement of alkali-

feldspar dissolution rates in response to the presence
of organic acids can be used to evaluate the role of
other possible processes, such as anion surface ad-
sorption, on alkali-feldspar dissolution mechanisms.
The purpose of this paper is to compute the effect of
aqueous aluminum–organic acid anion complex for-
mation on alkali feldspar dissolution rates stemming
from changes in aqueous Alq3 activity, compare
computed results with experimental data available in
the literature, and to use this comparison to evaluate
the possible role of organic acid anion adsorption on
these rates.

2. Theoretical background

The variation of mineral dissolution rates with
solution composition and chemical affinity generally
consists of two contributions: the forward dissolution

Ž .rate of the mineral r and the effect of the reverseq
Ž .reaction r , which in this case is the reprecipita-y

tion of the dissolving mineral. Thus, the overall
Ž .dissolution rate r can be expressed as

ry
rsr yr sr 1y 1Ž .q y q ž /rq

Taking account of transition state theory, Aagaard
Ž . Ž .and Helgeson 1977, 1982 and Lasaga 1981

Ž .demonstrated that the second term in Eq. 1 , which
accounts for the effects of inverse reaction, can be
expressed as

ry
1y s 1yexp yArs RT 2Ž . Ž .Ž .ž /rq

where R corresponds to the gas constant, T refers to
absolute temperature, s stands for the average stoi-

Ž . Žchiometric number of Temkin 1963 Boudart, 1976;
.Aagaard and Helgeson, 1982 , and A signifies the

chemical affinity of the overall reaction which is
given by

K
AsRT ln 3Ž .ž /Q

where K and Q designate the equilibrium constant
and the activity quotient of the overall dissolution

Ž .reaction. The form of Eq. 2 is such that at far from
Ž .equilibrium conditions, when A4s RT , r rry q
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tends to zero and the overall rate, r, is equal to the
forward dissolution rate r .q

The variation of forward dissolution rates with
solution composition can be deduced from the disso-
lution mechanism. The dissolution of any aluminosil-
icate mineral is a complex process consisting of a
series of elementary reactions. The result of each
elementary reaction is to form an unique species at
or near the mineral surface. The slowest of the
elementary reactions is considered to be rate limit-
ing. The species formed by the elementary reactions
prior to the rate limiting elementary reaction are
assumed to be in mutual equilibrium. The final
species formed in the series of elementary reactions
before the rate limiting elementary reaction is called
the precursor complex, which is assumed to react
irreversibly to form products. The forward dissolu-
tion rate is assumed to be the product of the precur-

Ž P.sor complex P concentration and its destruction
Žrate to form reaction products Wieland et al., 1988;

.Stumm and Wieland, 1990 . This concept is consis-
tent with

P� P4r sk P 4Ž .q P

where k P refers to a rate constant consistent withP
P � P4the P precursor complex and P stands for the

precursor complex concentration. The precursor
complex concentration can be determined quantita-
tively from the law of mass action for the overall
reaction forming this complex from the original min-
eral. The identity of the precursor complex and it
forming reactions are generally deduced from a com-
bination of surface titration measurements and min-
eral dissolution rates obtained as a function of aque-
ous composition at far from equilibrium conditions.

The dissolution of alkali feldspars in the system
Na O–K O–Al O –SiO –H O–HCl involves a2 2 2 3 2 2

Ž .three step process consisting of 1 the relatively
rapid exchange of hydrogen and alkali ions near the

Ž .mineral surface, 2 an exchange reaction between
three hydrogen atoms in solution with one aluminum
atom in the mineral structure resulting in the break-
ing of Al–O bonds, coupled with the formation of

Ž .rate controlling Si rich precursor complexes, and 3
the hydrolysis of Si–O bonds releasing the precursor

Žcomplexes into solution Oelkers and Schott, 1992;
Oelkers et al., 1994; Gautier et al., 1994; Oelkers

.and Schott, 1995a,b; Gout et al., 1997 . Within this

mechanism, the reaction forming the rate controlling
precursor complex is given by

3n HqnAl-snAlq3 qP Ø 5Ž . Ž .
where Al- represents an aluminum atom at the
surface of alkali-feldspar, P Ø designates the silica
rich precursor complex, and n refers to a stoichio-
metric coefficient. Taking account of the law of mass
action for this exchange reaction and the fact that
there are a limited number of total possible exchange
sites on the aluminosilicate surface, an equation de-
scribing the dissolution rates of minerals that follow

Žthis mechanism can be expressed as Oelkers et al.,
.1994; Oelkers, 1996

n3
qaHž /q3aAl

r sk 6Ž .nq q 3
qaHP1qK� 05 ž /q3aAl

where K P designates the equilibrium constant for5
Ž .reaction 5 and k denotes a rate constant. Similarq

rate expressions were obtained by Sverdrup and
Ž .Warfvinge 1993, 1995 and Chou and Wollast

Ž .1985 for alkali-feldspar dissolution based on the
formation of neutral aluminum-depleted precursor
complexes. Taking account of experimental data at

Ž .1508C on albite Oelkers et al., 1994 and K-feldspar
Ž .Gautier et al., 1994 , and that obtained at 258C for

Ž . Ž .albite Chou and Wollast, 1985 , Oelkers et al. 1994
proposed that ns1r3 at all temperatures. In con-
trast, consideration of data they obtained at tempera-

Ž .tures from 5 to 908C, Chen and Brantley 1997
argued that the effect of aluminum on alkali-feldspar
dissolution rates decreases with decreasing tempera-
ture, and no effect of aluminum on alkali feldspar
dissolution rates should be measurable at tempera-
tures of less than 508C. A survey of experimental

Ž .data at 258C reveals conflicting results see below .
Ž .Eq. 6 reduces to

n3
qaH

r sk 7Ž .q q ž /q3aAl

when the surface contains relatively few precursor
a3

qHP nŽ Ž . .complexes K <1 . The simplified forward5
q3aAl

Ž Ž ..rate equation Eq. 7 has been demonstrated to
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describe the variation of alkali feldspar rates at alu-
y7 Žminum concentrations as low as 10 M Gautier et

. Ž .al., 1994 , suggesting that the denominator in Eq. 6
can be ignored for the interpretation of most experi-
mental alkali-feldspar steady-state dissolution rate
data. Note that experimental work reported by Still-

Ž .ings and Brantley 1995 suggests that the exchange
reaction between hydrogen and alkali ions may also
affect the overall concentration of the aluminum
depleted precursor complex. This potential effect is

Ž .neglected in the present analysis because 1 insuffi-
cient experimental data are available to completely
characterize its role on feldspar dissolution rates, and
Ž .2 aqueous alkali metal–organic complexes are rela-

Žtively weak e.g., Fein, 1994; Shock and Koretsky,
.1995; Fournier et al., 1998 so that these complexes

will not appreciably affect dissolution rates com-
puted with the aluminum depleted precursor complex
model described above.

Ž .The logarithmic analog of Eq. 7 is given by

a3
qH

log r s log k qn log 8Ž .q q ž /q3aAl

Ž .According to Eq. 8 , the logarithms of constant
temperature alkali-feldspar dissolution rates should

Ž 3 .q q3plot as a single a linear function of log a raH Al

with a slope of n. Plots of this kind are used below
to evaluate the mechanism of feldspar dissolution
rate enhancement by organic acids. If the logarithms
of alkali feldspar dissolution rates measured in both
organic acid-free and organic acid bearing aqueous

Ž 3 .q q3solutions plot as a single function of log a ra ,H Al

the only effect of the presence of aqueous organic
compounds stems from their complexation with
aqueous aluminum. If the logarithms of dissolution
rates obtained in organic acid bearing solutions plot
above the linear relationship indicated by the rates
measured in organic acid-free solutions, additional
rate enhancement is indicated. Whereas, if the loga-
rithms of dissolution rates obtained in organic acid
bearing solutions plot below the linear relationship
indicated by the rates measured in the absence of
organic acids, additional rate inhibition is indicated.
Such additional enhancement or inhibition of alkali
feldspar dissolution rates could be a consequence of
organic acid adsorption on the mineral surface.

3. Computational results and discussion

The degree to which feldspar dissolution rates in
organic acid-free solutions available in the literature
are consistent with the dissolution mechanism de-
scribed above can be evaluated with the aid of Fig.
1. This figure illustrates as a function of log
Ž 3 . Ž .q q3a ra a the logarithms of albite forwardH Al

dissolution rates reported by Knauss and Wolery
Ž . Ž .1986 at 708C as a function of pH and b the

Fig. 1. Logarithms of experimentally measured forward dissolu-
Ž 3 . Ž .q q3tion rates as a function of log a ra : a albite at 708C andH Al

Ž . Ž 3 .q q3b K-feldspar at 1508C. Values of a ra in diagram aH Al

were generated from gibbsite saturation indexes reported by
Ž .Knauss and Wolery 1986 . The symbols represent rate data

reported in the indicated references, whereas the linear curves
Ž .correspond to the variation of these rates according to Eqs. 7 and

Ž .8 , and ns0.33, see text.
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Ž 3 . Ž . Ž . Ž .q q3Fig. 2. Logarithms of experimentally measured forward dissolution rates at 258C as a function of log a ra : a bytownite An56 , bH Al
Ž . Ž . Ž . Ž . Ž .labradorite An76 , c labradorite An76 , and d andesine An47 . The filled squares, triangles, and circles correspond to data obtained in

organic acid-free, acetic acid bearing, and oxalic acid bearing solutions, respectively; the linear curve corresponds to a fit of these data to
Ž .Eq. 8 . In the few instances where aqueous aluminum concentration was not reported, stoichiometric dissolution was assumed. The pH of

these experiments ranged from 3 to 10. According to thermodynamic calculations performed using parameters reported by Pokrovskii and
Ž . Ž 3 .q q3Helgeson 1995 , reacting solutions are in equilibrium with gibbsite, boehmite, and diaspore when log a ra sy7.76, y7.56, andH Al

Ž 3 .q q3y7.16, respectively; data that plot at lower log a ra are supersaturated with respect to these minerals. This observation mayH Al

account for the increased scatter apparent in the left side of these diagrams.

logarithms of K-feldspar forward dissolution rates
Ž .reported by Gautier et al. 1994 at 1508C and pH 9

as a function of aqueous aluminum and silica con-
centration. 2 Values of the aqueous activity quotient

2 Ž .Although Gautier et al. 1994 reported K-feldspar dissolution
rates at chemical affinities as low as 4.7 kcalrmol, only rates for
which A)14 kcalrmol are depicted in Fig. 1b because at close
to equilibrium conditions, r is significantly greater than theq

Ž Ž . Ž ..measured overall rate see Eqs. 1 and 2 .

were calculated from reported solution compositions
Ž .using the EQ3 computer code Wolery, 1983 to-

gether with dissociation constants for aluminum hy-
droxide species taken from Pokrovskii and Helgeson
Ž .1995 . The linear curve in these figures have a slope
of 0.33, which is consistent with that proposed by

Ž .Oelkers et al. 1994 . The close correspondence be-
tween the symbols and these linear curves support
strongly the mechanism outlined above for feldspar
dissolution in organic acid-free aqueous solutions.
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Table 1
Equilibrium constants used to compute the stability of aqueous metal–organic acid anion complexes at 258C in the present study

Reaction log K Ref.
0 q y Ž .H C O sH qHC O y1.252 Martell and Smith 19772 2 4 2 4

y q 2y Ž .HC O sH qC O y4.266 Martell and Smith 19772 4 2 4
0 q y Ž .CH COOH sH qCH COO y4.5 Archer and Monk 19643 3

q q3 2y ¨ Ž .AlC O sAl qC O y6 Sjoberg and Ohman 1985¨2 4 2 4
y q3 2yŽ . Ž .Al C O sAl q2C O y11 Kharaka et al. 19882 4 2 2 4

q2 q3 yŽ . Ž .Al CH COO sAl qCH COO y2.8 Palmer and Bell 19943 3
q q3 yŽ . Ž .Al CH COO sAl q2CH COO y4.6 Palmer and Bell 19943 2 3
q q2 yŽ . Ž .Ca CH COO sCa qCH COO y1.1 Archer and Monk 19643 3

y q 2y Ž .NaC O sNa qC O y1.0 Kharaka et al. 19882 4 2 4
0 q yŽ . Ž .Na CH COO sNa qCH COO 0.4 Archer and Monk 19643 3

The degree to which the observed alkali-feldspar
dissolution rate enhancement in the presence of or-
ganic acids can be accounted for by the aluminum-
depleted precursor mechanism described above can
be assessed by an evaluation of the experimental

Ž .data reported by Welch and Ullman 1993 and
Ž .Stillings et al. 1996 . These experimental studies are

considered because they report feldspar steady state
Ž . Ž .dissolution rates 1 over a wide range of pH, 2 in

both organic acid-free, and oxalic and acetic acid
Ž .bearing solutions, and 3 provide the aqueous alu-

minum concentrations of the reacting fluids. Loga-
rithms of rates reported in these studies are depicted

Ž 3 .q q3as a function of log a ra in Fig. 2. Values ofH Al

this aqueous activity quotient were calculated from
reported solution compositions using the EQ3 com-

Ž .puter code Wolery, 1983 together with dissociation
constants for aluminum hydroxide species taken from

Ž .Pokrovskii and Helgeson 1995 and those for possi-
ble organo-metallic complexes given in Table 1. It
can be seen in Fig. 2 that the logarithm of feldspar
dissolution rates measured in organic acid-free solu-

Ž .tions as indicated by the solid circles plot as a
Ž 3 .q q3linear function of log a ra and that the sym-H Al

bols representing the logarithm of rates measured in
the presence of oxalic and acetic acid fall on the
same linear curves. The linear curves in Fig. 2a and
b have a slope of 0.33 which is consistent with that

Ž .suggested by Oelkers et al. 1994 . In contrast, the
linear curves consistent with the data in Fig. 2c and d
have slopes of 0.2 and 0.15, respectively. One possi-
ble reason for the lower slopes in the latter two plots
is that some of these experimental data were ob-
tained from experiments performed in solutions that

were supersaturated with respect to secondary phases.
For example, if the data shown in Fig. 2d obtained in
solutions that were supersaturated with respect to
diaspore were removed from the regression calcula-
tions, one obtains a slope of greater than 0.2.

The extent to which the scatter apparent in Fig. 2
is due to the effect of organic acid concentration can
be assessed with the aid of Fig. 3. According to Eq.
Ž .8 , if the variation of r with solution compositionq
stems only from the aluminum depleted precursor
complex mechanism described above, log r yq

Ž 3 .q q3Fig. 3. log r y0.15 log a ra depicted as a function of theq H Al

reactive fluid oxalic acid concentration. The symbols correspond
Ž .to data reported by Stillings et al. 1996 and the line represents

the average value of these data. The circles, squares, triangles, and
diamonds correspond to data obtained at pHs;3, ;4, ;5,
and ;7, respectively; open and filled symbols represent data
obtained in solutions supersaturated and undersaturated with re-

Ž .spect to diaspore see text .
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Ž 3 .q q3n log a ra should be constant. This term isH Al

plotted as a function of the oxalic acid concentration
of the reactive fluids investigated by Stillings et al.
Ž .1996 in Fig. 3. Only the data of Stillings et al.
Ž .1996 are considered in this figure because this is
the only study that provides feldspar dissolution rates
at a variety of different organic acid concentrations
and at fixed pH. It can be seen in this figure that
although there is scatter of up to 0.5 log units around
the average, no systematic variation in the symbols
are apparent with oxalic acid concentration. It should
be emphasized that the scatter in the data obtained in
solutions that were supersaturated with respect to
aluminum bearing solids is significantly greater than
that obtained in undersaturated solutions.

The plots illustrated in Figs. 2 and 3 indicate that
the logarithms of alkali-feldspar forward dissolution
rates can be described as a single linear function of

Ž 3 .q q3log a ra in both the presence and absence ofH Al

organic acids. This observation strongly supports the
concept that enhanced alkali-feldspar dissolution in
the presence of aqueous organic acids stems directly
from the aluminum deficient precursor complex
mechanism described above. The adsorption of or-
ganic acid anions to this surface, if it indeed occurs,
has a negligible affect on alkali-feldspar dissolution
rates. This conclusion is in contrast with models

Ž .proposed by Amrhein and Suarez 1988 and Still-
Ž .ings et al. 1996 , who suggest that this dissolution

rate enhancement is a consequence of organic acid
anion adsorption to aluminum surface sites. These

Ž .models are based on: a the observation that the
tendency of metal–organic anion surface complex

Ž .formation on simple oxides e.g., Al O , and Fe O2 3 2 3

is correlated with the tendency to form the corre-
sponding aqueous metal–organic anion complex
ŽIkeda et al., 1982; Schindler and Stumm, 1987;

. Ž .Stumm and Furrer, 1987 and b the observation by
Ž .Furrer and Stumm 1986 of a marked enhancement

of d-Al O dissolution rates in the presence of aque-2 3

ous oxalate, malonate, and salicylate anions. This
latter effect was attributed by the authors to the
formation of bidentate bonds at the solid–liquid in-
terface that polarize adjoining Al–O bonds, thereby
facilitating metal detachment. Such a mechanism is
not likely to operate for alkali feldspar dissolution,
however, as this mineral develops Al-depleted sur-
face regions in solution as shown by surface analysis

ŽCasey et al., 1989; Casey and Bunker, 1990; Hell-
mann et al., 1990; Oelkers and Schott, 1992; Gout et

. Žal., 1997 and titrations Schott, 1990, Oelkers et al.,
.1995 . As organic acid anions exhibit only weak

aqueous and surface complexation with silica
ŽPokrovski, 1996; Poulson et al., 1997; Pokrovski

.and Schott, 1998 , organic acid cations cannot ad-
sorb on the silica-richrAl-depleted surface of dis-
solving alkali-feldspars. 3

Forward albite dissolution rates in the system
HCl–NaCl–Al O –SiO –organic acid–H O com-2 3 2 2

Ž .puted using Eq. 7 and ns1r3 together with the
results of solute speciation calculations performed
using the EQ3 computer program are illustrated in
Fig. 4. All calculations were performed assuming a
10y2 M NaCl solution and 10y6 M total dissolved
Al; pH is controlled by adding the appropriate quan-
tities of HCl or NaOH. The curves in Fig. 4a illus-
trate computed forward albite dissolution rates with
and without added oxalic acid. The computed results
indicate that oxalic acid affects forward albite disso-
lution rates only over the pH range 2–7; at higher or
lower pH aqueous aluminum oxalate complexing is
negligible. The maximum effect of oxalic acid is
predicted to occur at a pH of 4–5, where the addition
of 10y3 M oxalic acid is predicted to raise forward
albite dissolution rate at a constant total aqueous
aluminum concentration by close to two orders of
magnitude. As can be seen in Fig. 4b, the effect of
acetic acid on forward albite dissolution rates is also
limited to mildly acidic conditions, but this effect is
far lower than the corresponding effect of oxalic
acid. The maximum increase in the forward albite
dissolution rate for the addition of 10y2 M acetic
acid and a total aqueous aluminum concentration of
10y6 M is only a factor of two at pHs5.2. These
computed results are closely consistent with the ex-

Ž .perimental results of Welch and Ullman 1993 —see
Ž .also Oelkers and Schott 1995a . It should addition-

ally be noted that aqueous aluminum–organic anion
complexing will affect the chemical affinity of the
overall dissolution reaction, which itself will affect
overall alkali-feldspar dissolution rates at near to

3 This conclusion is in agreement with recently performed, but
Žyet to be published surface titration experiments Brady, personal

.communication .
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Fig. 4. Predicted albite forward dissolution rates in a 10y2 M
NaCl solution containing 10y6 M total dissolved Al as a function

Ž .of pH, generated using Eq. 7 and ns0.33 together with the
results of solute speciation calculations performed using the EQ3
computer code and thermodynamic parameters given in Table 1.
The dashed curves correspond to results computed for organic

Ž . Ž .acid-free solutions, whereas the solid curves in a and b repre-
sent results for oxalic acid bearing and acetic acid bearing solu-
tions, respectively. The numbers on the curves correspond to the
organic acid concentrations in molrkg. Although some of these
solutions are supersaturated with respect to some aluminum bear-
ing minerals at near neutral pH they are included in this figure
because they are representative of conditions considered during
laboratory experiments.

equilibrium conditions. This later effect may domi-
Ž .nate in some natural systems Drever et al., 1996 .

4. Conclusions

The analysis and comparisons presented above
indicate that the observed enhancement of constant

pH alkali-feldspar forward dissolution rates by the
presence of aqueous organic acids can be accurately
described using the aluminum deficient precursor
complex dissolution mechanism. As this mechanism
considers only the effect of precursor complex con-
centration on alkali-feldspar surfaces to compute
rates, this observation suggests strongly that organic
acid anion surface adsorption, if it does occur, has a
negligible effect on alkali feldspar dissolution rates.
Owing to the success of the aluminum deficient
precursor complex dissolution mechanism to the de-
scription of alkali-feldspar dissolution rates in both
organic acid-present and organic acid-free aqueous
solutions it seems likely that this mechanism may be
used for the accurate prediction of rates in a wide
variety of solution compositions present in natural
systems.
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