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Abstract—The arguments of Vidal et al. (2010) against the incorporation of H3O
+ rather than of H2O in

the interlayer position of illite are disputable. Stoichiometric arguments do indeed suggest that the excess
water in the Silver Hill illite is in the form of H3O

+. No reason exists to assume less water content in the
IMt-2 sample than in those determined by Hower and Mowatt (1966) and confirmed by the
thermogravimetric analyses of Nieto et al. (2010). The comparison between element contents calculated
from end-members and those from the structural formula in figure 1 of Vidal et al. (2010) is not an
experimental result, but rather a trivial mathematical artifact. The fact that thermodynamic models, based
on the incorporation of interlayer H2O in illite, may provide reasonable estimates neither proves nor
disproves the presence of H3O

+; this is because thermodynamics is a non-atomistic, macroscopic approach.
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INTRODUCTION

Following the paper by Nieto et al. (2010), support-

ing the presence of hydronium ions, H3O
+, in the crystal

structure of illite, Vidal et al. (2010) argued that the

excess water had to be in the form of H2O rather than

H3O
+. Still convinced of the validity of the previous

conclusions, the main points that justified the original

interpretation of the data are re-presented here with

respect to the comments made by Vidal et al. (2010).

THE ARGUMENTS

The H content of IMt-2 illite

One of the basic items of data for the conclusion by

Nieto et al. (2010) about the nature of water in the illite

structure was the thermogravimetric (TG) analysis.

Correctly, Vidal et al. (2010) argue that TG cannot

differentiate between H2O and H3O
+; TG does, however,

give an accurate measure of the water content, which is

essential for the assessment of the H content in the

sample and the consequent adjustment of the structural

formula. However, Vidal et al. (2010) begin their

argument by questioning the water content, as taken

from the original value suggested by Hower and Mowatt

(1966). Vidal et al. attribute all the excess over 100% of

the total in the analysis by Hower and Mowatt (1966) to

errors in the water content (which is not a logical

assumption) and consequently use a reduced water

content to justify the use of a reduced H content in

their calculation of the formula of illite.

Taking into account the importance of an accurate

measure of the water content, Nieto et al. (2010) carried

out careful TG analysis, coupled with quadrupole mass

spectrometry to detect the volatiles released. The aims of

such an analysis were: (1) to check the original data by

Hower and Mowatt (1966); (2) to ascertain that the

weight loss corresponds almost exclusively to water; and

(3) to distribute the overall water release among

different structural positions, taking into account the

different release temperature.

For point 1, agreement between the original data of

Hower and Mowatt (1966), 6.4%, and those determined

by Nieto et al. (2010), 6.86 wt.%, was good. Therefore,

there is no reason to use an artificially reduced water

content of 5.88% (as proposed by Vidal et al., 2010) to

calculate the H content. For point 2, the quadrupole mass

spectrometer detected 18 and 17 as the most important

mass/charge ratios, with smaller signals (approximately

two orders of magnitude lower) at 44. Therefore, the

weight loss was interpreted to be largely due to water-

related species. Finally, for point 3, the TG curve

showed two maximal emissions at 263ºC and

556�658ºC, corresponding to ~1.5 and 5.4 wt.%,

respectively. The first peak was interpreted as being

due to water loss from the interlayer, giving 0.85 H

atoms per formula unit (a.p.f.u.), and the second peak, to

layer dehydroxylation (2.00 H a.p.f.u.).

Provided that its measurement is sufficiently accu-

rate, the H content can be used in the calculation of a

formula with the same confidence as the other chemical

elements. Such accuracy depends on (1) the quality of

the analytical data and (2) the purity of the sample
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analyzed. For point 1, the similarity of the data of Hower

and Mowatt (1966) and those of Nieto et al. (2010),

obtained by different techniques, argues strongly in

favor of the data quality. In addition, analysis by

quadrupole mass spectrometry guarantees that the loss

determined by the two methods is due to water. For point

2, the only significant contamination detected in sample

IMt-2 by X-ray diffraction, transmission electron micro-

scopy, and in previous research was from quartz. An

admixed anhydrous phase would, in any case, produce a

water content in the overall sample which is less than the

actual water content of pure illite. The Hower and

Mowatt (1966) and Nieto et al. (2010) water data

represent a minimum value for pure illite. The real value

cannot be less, however, as is assumed by Vidal et al.

(2010).

In conclusion, the H content present in the interlayer

of IMt-2 illite is, at least, 0.85 atoms (or molecules) per

formula unit (a.p.f.u.), and this might represent 0.43

a.p.f.u. of neutral water (too many with respect to the

vacant sites) or 0.28 of H3O
+ (matching nicely the

amount of vacant sites).

ORIGINAL DATA AND POSSIBLE ARTIFACTS

A second argument presented by Vidal et al. (2010)

in favor of the speciation of the H present as neutral

water in the interlayer of IMt-2 illite is based on the

comparison between element contents calculated from

the proportions of end-members and those from the

structural formula (their figure 1). When they consider

all the end-members assumed for the normalization of

the formula to calculate the Si proportion, the result is a

straight line (filled symbols in their figure 1). This is not

an experimental result; it is, rather, a trivial mathema-

tical fact (or circular argument), as the end-members are

first calculated from the formula and, afterward, the

elements again from the end-members, using in both

cases the same theoretical assumptions.

The reason why this relationship does not exist in the

case of incorporation of H3O
+ (open symbols) is that

XPrl, XPrlH, and XBt are implicitly assumed in the

normalization of the formula based on 22 negative

charges, but not for the calculation of Si content from

the end-members. In addition, the formulae presented by

Vidal et al. (2010) in their ‘Case 2: interlayer vacancies

filled by H3O
+’ are clearly different from those

originally published in table 1 of Nieto et al. (2010)

even though Vidal et al. (2010) refer to such data in the

title of their table 1 (‘‘...calculated from the AEM/TEM

analyses of Nieto et al., 2010’’). We ignore the reason

for such a difference, as the direct results of an AEM/

TEM analysis are atomic proportions (as neatly for-

mulated by Cliff and Lorimer, 1975) and the Nieto et al.

(2010) data in their table 1 are normalized to 22 negative

charges. Any other kind of computation, e.g. previous

oxide percent calculation and recalculation of the

formula, lacks any physical meaning and produces only

fictitious mathematical artifacts.

Hydronium-bearing minerals and pH conditions

The possible presence of the hydronium ion in illite

had previously been suggested by Brown and Norrish

(1952). It was further supported by White and Burns

(1963) on the basis of the d001 value and a unique

infrared absorption band at ~3470 cm�1. Many other

hydronium-bearing minerals are known, such as the

zeolite fluoroapophyllite (Ishida and Kimata, 2007),

hydronium-jarosite (e.g. Frost et al., 2006), or H3O
+-

exchanged pharmacosiderite (Mills et al., 2010). These

minerals form under quite a range of conditions, not

characterized by unrealistically low pH-values.

For illite, even allowing for pH conditions close to 4,

the pH would not be very different from that occurring in

many soils all over the world, often characterized by the

presence of illite.

Furthermore, while considering the pH conditions,

some consideration should also be given to the intrinsic

basicity of the mineral. If the illite structure favors the

presence of hydronium (as we believe), that mineral

might behave like a buffer capable of fixing the

hydronium produced by reactions occurring in sedimen-

tary environments, such as that occurring in a soil

solution or in a soil-water suspension. Here, Al and Fe

occur as amphoteric hydroxides that react with water to

release H3O
+ (Stumm and Morgan, 1996), according to

the equation:

Al(H2O)6
3+ + H2O = Al(H2O)5OH

2++ H3O
+

Estimated temperatures

The final argument by Vidal et al. (2010) in favor of

the neutral-water character of the H present in the

interlayer of the IMt-2 sample is based on the use of the

thermobarometric model of Dubacq et al. (2010) to

calculate the temperature of formation of the IMt-2

sample using the data from Nieto et al. (2010).

Unfortunately, as the real temperature of formation of

sample IMt-2 is unknown, this argument also suffers

from circular reasoning. In such conditions, the results

presented in figure 2 of Vidal et al. (2010) may be

considered to be ‘‘reasonable estimates of equilibrium

conditions’’ as the authors claim, but can hardly be said

to demonstrate the structural nature of the H present in

the interlayer of the sample. A range of temperatures

from 160 to 260ºC (for the majority of the analyses)

could be considered to be ‘‘reasonable’’ or not for an

immature illite consisting of a highly defective structure,

a significant amount of 1M polytype, and a domain size

for the illite packets of <10 layers.

Nieto et al. (2010) did not question the validity of the

thermodynamic models previously published by Vidal

and co-workers nor, in particular, by Dubacq et al.

(2010). This group of geothermobarometric approaches
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can be considered to be unique and innovative in the

determination of thermodynamic conditions in low-

temperature pelites. The fact that thermodynamic

models may provide reasonable estimates, based on

incorporation of interlayer H2O in illite, neither proves

nor disproves the presence of H3O
+; because thermo-

dynamics derives its predictive strength from its macro-

scopic nature, namely from the fact that thermodynamic

formulations do not depend on the assumed state of

matter. However, consideration of the possible nature of

the water in the illite structure as H3O
+ might constitute

an adequate complement for the models.

CONCLUSION

In agreement with Dubacq et al. (2010) and Vidal et

al. (2010), the presence of some kind of water species

filling the interlayer spaces of illite to complete

occupancy near to 1 a.p.f.u. is necessary. We are still

convinced of the validity of the interpretation presented

by Nieto et al. (2010) in terms of the presence of H3O
+.

We also appreciate the stimulating debate, convinced

that more research is needed to clarify this fundamental

point. In particular, we look forward to further, direct

determinations capable of producing better arguments in

favor (as we feel) or against (as we do not!) the

incorporation of H3O
+ rather than H2O in the interlayer

position of illite.

REFERENCES

Brown, G. and Norrish, K. (1952) Hydrous micas.
Mineralogical Magazine, 29, 929�932.

Cliff, G. and Lorimer, G.W. (1975) The quantitative analysis
of thin specimens. Journal of Microscopy, 103, 203�207.

Dubacq, B., Vidal, O., and De Andrade, V. (2010) Dehydration
of dioctahedral aluminous phyllosilicates: thermodynamic
modelling and implications for thermobarometric estimates.
Contributions to Mineralogy and Petrology, 159, 159�174.

Frost, R. Wills, R., Kloprogge, J., and Martens, W. (2006)
Thermal decomposition of hydronium jarosite. Journal of

Thermal Analysis and Calorimetry, 83, 213�218.
Hower, J. and Mowatt, T.C. (1966) The mineralogy of illites

and mixed-layer i l l i te/montmoril lonites. American

Mineralogist, 51, 825�854.
Hishida, N. and Kimata, M. (2007) Hydronium ion in Al-

bearing fluorapophyllite. Acta Crystallographica, A63,
s272.

Mills, S.J., Hager, S.L., Leverett, P., Williams, P.A., and
Raudsepp, M. (2010) The structure of H3O

+-exchanged
pharmacosiderite. Mineralogical Magazine, 74, 487�492.

Nieto, F., Mellini, M., and Abad, I. (2010) The role of H3O
+ in

the crystal structure of illite. Clays and Clay Minerals, 58,
238�246.

Stumm, W. and Morgan, J.J. (1996) Aquatic Chemistry,

Chemical Equilibria, and Rates in Natural Waters, 3rd

edition. John Wiley & Sons, Inc., New York.
Vidal, O., Dubacq, B., and Lanari, P. (2010) Comment on ‘‘The

role of H3O
+ in the crystal structure of illite’’ by F. Nieto,

M. Melini, and I. Abad. Clays and Clay Minerals, 58,
238�246. Clays and Clay Minerals, 58, 717�720.

White, J.L. and Burns, A.F. (1963) Infrared spectra of
hydronium ion in micaceous minerals. Science, 141,
800�801.

(Received 23 September 2010; revised 27 October 2010;

Ms. 462b; A.E. J.W. Stucki)

Vol. 58, No. 5, 2010 H3O
+ in illite 723

https://doi.org/10.1346/CCMN.2010.0580511 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.2010.0580511



