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OXYGEN ISOTOPE CHANGES DURING MICA ALTERATION 
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Abstract-Oxygen isotope analyses (1i0'8) of micas that were artificially depleted in K+ indicate little or 
no isotope exchange during the transformation. The oxidation of iron in K-depleted, iron-rich micas by 
H20 2 treatment resulted in 1.6 to 4.60/00 decrease in IiO'8 due to the fact that the equilibrium fractionation 
factor is less than the initial difference between the starting 1)0'8 of the fluid and micas. The oxygen isotope 
ratio of a saponite formed by the weathering of phlogopite showed a 9.7%0 increase in 1i0 '8 due to authigenic 
recrystallization. These results suggest that oxygen isotope ratios can be used to determine the nature of 
chemical transformation during the weathering of mica to vermiculite andlor smectite. 
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INTRODUCTION 

Oxygen and hydrogen isotope compositions of ocean 
sediments (Savin and Epstein, 1970) and Quaternary 
soils (Lawrence and Taylor, 1971) that consist largely 
of aut hi genic minerals are in isotopic equilibrium with 
the coexisting waters. According to Savin and Epstein 
(1970) detrital clays, however, show no major oxygen 
isotope exchange with the coexisting waters, but these 
authors were unable to make a definitive statement 
about hydrogen isotope exchange of detrital clays in 
sea water. Unweathered minerals in soil profiles de
veloped on igneous and sedimentary rocks also undergo 
no appreciable oxygen or hydrogen isotope exchange 
with meteoric water in the weathering environment 
(Lawrence and Taylor, 1972). Thus, 0 18/016 ratios may 
be used to distinguish authigenic minerals from detrital 
components because detrital minerals originating from 
igneous and metamorphic rocks have lower 0 18/016 

ratios than most minerals formed at low temperatures 
(Hoefs, 1980). The above statement, however, may not 
be applicable to assemblages found at high latitudes 
and high altitudes where meteoric waters are depleted 
in 0 18 (S. M. Savin, Case-Western Reserve University, 
Cleveland, Ohio, personal communication, 1984). 

Quaternary soils commonly contain appreciable 
quantities of detrital micas and their transformation 
products, as well as varying amounts of aut hi genic min
erals. Detrital micas transform to vermiculite and then 
to minerals ofthe smectite group (Jackson et al., 1952). 

These mineralogical changes result in the replacement 
ofK+ from micas by hydrated cations, with concurrent 
decrease in layer charge. The decrease in layer charge 
results from compositional changes such as the oxi
dation of iron, the ejection of structural cations such 
as Mg2+, Fe3+, and AP+ (Veith and Jackson, 1974), and 
the incorporation of Si in the layers (Sridhar and Jack
son, 1974). The clays formed from the alteration of 
micas swell in water (Sridhar et aI., 1972) and com
monly have aluminous and/or ferruginous coatings 
(Roth et al., 1969). Although the changes in chemical 
composition during the above transformations have 
been studied by many workers, the extent of isotope 
exchange between the aluminosilicate framework and 
the associated waters has received little or no study. 
The objective of the present study is to determine the 
extent of oxygen isotope exchange in various structural 
layers during the weathering of micas to expanding 
layer silicates, both in nature and in the laboratory. 

EXPERIMENTAL 

Materials 

Phlogopite and saponite were separated from the 
Hills Pondperidotite, Woodson County, Kansas. Here, 
phlogopite in the parent peridotite has weathered in 
part to saponite through a vermiculite intermediate 
(Jackson and Sridhar, 1974). Phlogopite of igneous or 
metamorphic origin from near Perth, Lanark County, 
Ontario, was obtained as large sheets from Ward's Nat-
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ural Science Establishment, Rochester , New York. Bio
tite from Bancroft, Ontario, Canada « 50 ,urn size, 
courtesy, A. D. Scott), biotite from an unknown locality 
(20-250 ,urn), and an iron-rich mica, lepidomelane (20-
250 ,urn) were also obtained as large sheets from Ward's 
Natural Science Establishment. Muscovite mica (5-
10 ,urn) from Norway was also used. 

Sample preparation 

Phlogopite flakes (> 500 ,urn) were isolated from the 
Kansas peridotite by wet sieving and hand picking and 
then washed with water to remove the adhering fine 
particles. The saponite «0.2 ,urn) was separated from 
the peridotite by dispersing the sample in water and 
centrifuging the dispersion. The clay-size fraction was 
treated with pH 5 N NaOAc, H20 2, and citrate-bicar
bonate-dithionate to remove calcite, organic matter, 
and free iron oxides, respectively (Jackson, 1956), as 
described below. The purity of this material was tested 
by X-ray powder diffraction (XRD) and quantitative 
mineralogical analysis (Jackson and Sridhar, 1974). 
Samples ofphlogopite (Ontario), biotite (Ward's), lep
idomelane, and muscovite (Norway) were wet ground 
in a blender and the respective size fractions obtained 
by sedimentation and centrifugation (Jackson, 1956). 
Biotite (Bancroft) was ground dry and screened into 
different size fractions. 

Deferration. Saponite and the iron-rich biotite micas 
were treated to remove iron oxide and oxyhydroxide 
coatings (i.e., deferration) using sodium dithionate 
(Na2S20.) as a reducing agent, sodium bicarbonate as 
a buffer, and sodium citrate as a chelating or com
plexing agent for ferrous and ferric iron (Jackson, 1956). 
After the treatment, the samples were washed free of 
all salts. 

NaOAc and H 20 2 treatments. To eliminate carbonates 
and organic matter in the <0.2-,umfraction ofsaponite, 
the sample was washed with 1 N NaOAc at pH 5 and 
digested in 30% H20 2 • The Kansas phlogopite (> 500 
,urn) and the various mica samples were not treated 
this way because carbonates and organic matter were 
not apparent in these samples under the light micro
scope. 

K-depletion of micas. To simulate natural vermiculi
tization, the various micas were treated with sodium 
tetraphenylboron (NaTPB) in 1 N NaC1 solution (Scott 
and Smith, 1966). This process lowers the K+ activity 
in the suspending liquid by the precipitation of potas
sium tetraphenyl boron. Muscovite mica was heated 
to 550°C prior to the NaTPB treatment to enhance the 
K-depletion process (Scott et aI., 1972). Heating mus
covite at 550°C should not affect its isotope exchange 
properties because this temperature is well below its 
dehydroxylation temperature (Jackson, 1956). The 
NaTPB treatment results in a Na+-saturated vermic-

ulite with H20 in the interlayers. The NaTPB treat
ment was carried out to determine the extent of isotope 
exchange with water which entered the interlayers. The 
artificial K+-depletion process also resulted in the par
tial oxidation of iron in iron-rich micas (Sridhar and 
Jackson, 1974). 

Fe2+ -oxidation treatment. The iron-rich micas, biotites 
and lepidomelane, after K + -depletion, were digested 
with 30% H 20 2 at -90°C for 6 hr to oxidize most of 
the structural Fe2+ present (Jacks on, 1956). The exact 
amount of iron oxidized by the H 20 2 treatment, how
ever, was not determined. 

Oxygen isotope determination. Oxygen from the micas 
and their weathering products was extracted by react
ing 10 to 20 mg of solid with BrF5 at 550°C in nickel 
reaction vessels for 12-14 hr (Clayton and Mayeda, 
1963). The evolved O2 was then converted to CO2 for 
mass spectrometric analysis by combustion with 
graphite (Taylor and Epstein, 1962). Analyses of CO2 
for oxygen isotopes were made using an isotope-ratio 
mass spectrometer. The isotopic data are reported as 
00 18 values in per mil (0/00), where 0018 is defined as: 

0018 = [ 0
18
/0

16 
sample _ 1] x 1000 

0 18/016 standard ' 

with Standard Mean Ocean Water (SMOW) (Craig, 
1961) as a reference. 

RESULTS AND DISCUSSION 

The oxygen isotope ratios of various micas and their 
transformation products are presented in Table 1. Sim
ple exchange ofinterlayer K+ by Na+ in the artificially 
weathered phlogopite and muscovite caused no sig
nificant change in the oxygen isotope composition. In 
two iron-rich micas (Bancroft biotite and Ward's lep
idomelane), the 0018 value decreased significantly after 
K+-depletion. This decrease in iron-rich micas may 
have been related to the partial iron oxidation that took 
place (Table 1) during K+-depletion as found by Sri
dhar and Jackson (1974). The effect of iron oxidation 
on the oxygen isotope (0018) ratio was investigated 
further by treating the samples with H20 2 (Table 1). 
Oxidation of structural iron should have increased with 
the H 20 2 treatment, but the exact amount was not 
determined. The H20 2 treatment resulted in a large 
0018 decrease in iron-rich micas. This decrease in 0018 

accompanying Fe2+ oxidation by H 20 2 treatment may 
reflect oxygen isotopic exchange between the clay and 
the interlayer water which was introduced during K+
depletion; however, there is no clear cut correlation 
between the Fe2+ contents of these micas (as reported 
by Sridhar and J ackson, 1974) and the decrease in 00 18 

by Fe2+ oxidation. The distilled water used in the K-de
pletion experiments had a 0018 value of-8 to -120/00. 
The oxidation of iron results in the ejection of Fe3+ 
and/or Mg2+ cations from octahedral sites in order to 
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balance the charge (Veith and Jackson, 1974). Deu
teration experiments have suggested that the hydroxyls 
become exchangeable even at room temperature (un
published results). The extent of exchange of hydroxy Is 
with interlayer water is not known. A substantial hy
droxyl exchange with the low 0 18 water might have led 
to a lower 0018 value after oxidation. 

A second explanation for the lower 00 18 value after 
K-depletion is related to the hydrolysis of iron ejected 
from the octahedral sites. The ejected iron could have 
hydrolyzed with the interlayer water, resulting in low 
00 18 phases in the interlayer positions and hence an 
overall lower 00 18 value for the depleted mica. In an 
equilibrium system, this decrease in 0018 for the mica 
transformation product results only if the equilibrium 
fractionation factor is less than the initial difference 
between the starting 0018 of the fluid and solid. The 
fact that the iron-rich micas were originally rich in 0 18 

suggests some low-temperature interaction prior to 
treatment. Because the starting micas were already en
riched in 0 18

, some depletion took place during the 
K+-replacement. If these micas were originally deplet
ed in 0 18 (as expected for an igneous or metamorphic 
source), significant enrichment could have resulted. The 
effect of H20 2 treatment on the 0018 of K-depleted, 
iron-poor phlogopite and muscovite needs to be in
vestigated before the effect of iron oxidation on 00 18 

can be confirmed. 
The lack of oxygen isotope exchange during the sim

ple mineral transformation involving Na+ and water 
exchange with K+ for the iron-poor micas, phlogopite, 
and muscovite suggests that the oxygen isotope ratio 
can be an indicator of partial authigenic recrystalli
zation, i.e., breakdown of framework metal-oxygen 
bonds leading to the removal and incorporation of cat
ions in transformation products. Authigenic recrystal
lization by the removal of tetrahedral Fe and Al and 
the incorporation of Si has been proposed (Sridhar and 
Jackson, 1974) as the mechanism for the decrease in 
layer charge in the natural transformation ofphlogopite 
to saponite. If the layer-charge decrease during this 
natural transformation was indeed caused by the re
moval and incorporation of structural ions with the 
breakdown of framework metal-oxygen bonds, this 
transformation might have led to oxygen isotope ex
change. To test this possibility, the oxygen isotope ra
tios of phlogopite and its natural weathering product, 
saponite, were determined (Table I). Phlogopite from 
Kansas has a 00 18 value of 6.70/00 which indicates its 
high-temperature (igneous) origin. On the other hand, 
the saponite transformation product of this phlogopite 
has a significantly higher 0018 value of 16.40/00. This 
drastic increase (9.70/00) of 0018 in saponite compared 
to the parent phlogopite indicates extensive oxygen 
isotope exchange during weathering. Because this 
phlogopite contains little iron and because no deuteric 
alteration appears to have taken place, the change in 

Table 1. Oxygen isotope abundance of micas and their trans
formation products. 

Isotopic 
composition 

00" (0/00) 
Sample SMOW 

Micas and artificially weathered micas 
Phlogopite, Ontario 16.7 
Phlogopite, Ontario, K + -depleted 17.2 
Muscovite, Norway 11.3 
Muscovite, Norway, K+-depleted 

after heating to 550°C 11.42 
Biotite, Bancroft, Ontario3 11. J2 
Biotite, Bancroft, Ontario, 

K + -depleted 10.2 
Biotite, Bancroft, Ontario, 

K + -depleted and Fe oxidized 
with H 20 2 9.5 

Biotite, Ward's Natural Science 
Establishment3 12.0 

Biotite, Ward's Natural Science 
Establishment, K + -depleted 11.8 

Biotite, Ward's Natural Science 
Establishment, K + -depleted 
and Fe oxidized with H20 2 7.7 

Lepidomelane, Ward's Natural 
Science Establishment3 11.5 

Lepidomelane, Ward's Natural 
Science Establishment 10.1 

Lepidomelane, Ward's Natural 
Science Establishment,' 
K + -depleted and Fe oxidized 
with H 20 2 6.9 

Phlogopite and its natural weathering product 
Phlogopite, Woodson County, 

Kansas 
Saponite formed from phlogopite, 

Woodson County, Kansas4 

6.72 

16.42 

Fe2+ 
oxidized, 
mmole! 

lOOg 

NA' 
NA' 
NA' 

NA' 
NA' 

31 

ND' 

NA' 

17 

ND' 

NA' 

56 

ND' 

NA' 

NA' 

, NA = not applicable; ND = not determined; the values 
for Fe2+ oxidation were taken from Sridhar and Jackson (1974). 

2 Average of duplicates. 
3 Treated with citrate-bicarbonate-dithionate. 
4 Treated with H20 2, pH 5 N NaOAc and citrate-bicarbon

ate-dithionate. 

0018 from ph10gopite to saponite could be due to oxy
gen isotope exchange resulting from the breakdown of 
framework metal-oxygen bonds. Thus, these oxygen 
isotope data support the Sridhar and Jackson's (1974) 
~ .. ypothesis of authigenic recrystallization by the re
h.oval of tetrahedral FeH (and AP+) and incorporation 
of Si4+ during the transformation of ph10gopite to sa
ponite. The chemical process of phlogopite transfor
mation to saponite with the accompanying oxygen iso
topic change can be summarized as follows: 

Phlogopite + Si4+ 

Oxygen isotope exchange 
, I Saponite + Fe3+(AP+) + K+ 

The removal of Fe3+ or AP+ and the incorporation 
of Si in the tetrahedral sheets of this mica led to a 
breakdown in framework metal-oxygen bonds, and this 
breakdown facilitated oxygen isotopic exchange. 
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CONCLUSIONS 

Little or no oxygen isotope exchange occurred in 
vermiculite by artificial K+-depletion. The oxidation 
of iron in Fe-rich micas by H 20 2 treatment led to a 
decrease in the 00 18 value probably due to oxygen iso
tope exchange with the water introduced into the in
terlayers and/or by forming low-018 oxide phases by 
the hydrolysis of ejected iron in the interlayers. This 
depletion of 00 18 in mica transformation products was 
likely due to the fact that the equilibrium fractionation 
factor was less than the initial difference between the 
starting 0018 of the fluid and mica. Authigenic recrys
tallization during the mineral transformation of ph log
opite to saponite was supported by an increase in the 
00 18 ratio. 

ACKNOWLEDGMENTS 

We thank J. R. Lawrence for some of the oxygen 
isotope analyses. D. R. Cole was funded by the Divi
sion of Engineering, Mathematical and Geosciences, 
Office of Basic Energy Sciences, U.S. Department of 
Energy under contract W-7405-Eng-26 with the Union 
Carbide Corporation. The manuscript has benefitted 
from the critical reviews ofS. M. Savin, F. A. Mump
ton, and E. V. Eslinger. 

REFERENCES 

Clayton, R. N. and Mayeda, T. K. (1963) The use of bromine 
pentafiuoride in the extraction of oxygen from oxides and 
silicates for isotopic analysis: Geochim. Cosmochim. Acta 
27,43-52. 

Craig, H. (1961) Standard for reporting concentrations of 
deuterium and oxygen 18 in natural waters: Science 133, 
1833-1834. 

Hoefs, J. (1980) Stable Isotope Geochemistry: 2nd ed., 
Springer-Verlag, Berlin, 208 pp. 

Jackson, M. L. (1956) Soil Chemical Analysis-Advanced 
Course: 5th printing, 1969, published by the author, De
partment of Soil Science, University of Wisconsin, Madi
son, Wisconsin, 894 pp. 

Jackson, M. L., Hseung, Y., Corey, R. B., Evans, E. J., and 
Vanden Heuvel, R. C. (1952) Weathering sequence of 

clay-size minerals in soils and sediments: 11. Chemical 
weathering of layer silicates: Soil Sci. Soc. Amer. Proc. 16, 
3-6. 

Jackson, M. L. and Sridhar, K. (1974) Scanning electron 
microscopic and X-ray diffraction study of natural weath
ering of phlogopite through vermiculite to saponite: Soil 
Sci. Soc. A mer. Proc. 38, 843-847. 

Lawrence, J. R. and Taylor, M. P., JT. (1971) Deuterium 
and oxygen-I8 correlation: clay minerals and hydroxides 
in Quaternary soils compared to meteoric waters: Geochim. 
Cosmochim. Acta 35, 993-1003. 

Lawrence, J. R. and Taylor, M. P., Jr. (1972) Hydrogen and 
oxygen isotope systematics in weathering profiles: Geochim. 
Cosmochim. Acta 36, 1377-1393. 

Roth, C. B., Jackson, M. L., and Syers, J. K. (1969) Defer
ration effect on structural ferrous-ferric iron ratio and CEC 
ofvermiculites and soils: Clays & Clay Minerals 17, 253-
264. 

Savin, S. M. and Epstein, S. (1970) The oxygen and hydro
gen isotope geochemistry of ocean sediments and shales: 
Geochim. Cosmochim. Acta 34, 43-63. 

Scott, A. D., Ismail, F. T., and Locatis, R. R. (1972) Changes 
in interlayer potassium exchangeability induced by heating 
micas: in Proc. Int. Clay Con!. Madrid. 1972. 2, J. M. 
Serratosa, ed., Division De Ciencias C.S.I.C., Madrid, 467-
479. 

Scott, A. D. and Smith, S. J. (1966) Susceptibility of inter
layer potassium in micas to exchange with sodium: in Clays 
and Clay Minerals. Proc. 14th Natl. Con!. Berkeley. Cal
ifornia, 1966, S. W. Bailey, ed., PergamonPress, New York, 
69-81. 

Sridhar, K. and Jackson, M. L. (1974) Layer charge decrease 
by tetrahedral cation removal and silicon incorporation 
during natural weathering of phlogopite to saponite: Soil 
Sci. Soc. Amer. Proc. 38, 847-850. 

Sridhar, K., Jackson, M. L., and Syers, J. K. (1972) Cation 
and layer charge effects on blister-like osmotic swelling of 
micaceous vermiculite: Amer. Mineral. 57, 1832-1848. 

Taylor, H. P., Jr. and Epstein, S. (1962) The relationship 
between 0'8/0'6 ratios in coexisting minerals of igneous 
and metamorphic rocks. Geol. Soc. A mer. Bull. 73,461-
480. 

Veith, J. A. and Jackson, M. L. (1974) Iron oxidation and 
reduction effects on structural hydroxyl and layer charge in 
aqueous suspension of micaceous vermiculites: Clays & 
Clay Minerals 22, 345-353. 

(Received 7 November 1983; accepted 10 August 1984; Ms. 
1307) 

PelIOMe-l1.30TonHbIH aHaJIH3 KHCJIOpo,n;a (oO'S) B 06pa:3IJ;ax CJIIO,n;bI, co,n;eplKaHHe K+ B KOTOPbIX 6bIJIO 
HCKYCTBeHHO YMeHbmeHO, YKa3bIBaIOT Ha He3Ha'lHTeJIbHbIH HJIH HYJIeBOH H30TonHbIH 06MeH BO BpeMH npe
BpaIIJ:eHIHI. Pe3YJIbTaTOM OKHCJIeHHH lKeJIe3a B K-06e,n;HeHHbIX, 060raIIJ:eHHblX lKeJIe30M CJIIO,n;ax, npH no
MOIIJ:H 06pa6oTKH nepeKHcblO 6bIJIO YMeHbmeHHe 00'8 Ha 1,6 ,n;o 4,60/00. 3TO 6bIJIO BbI3BaHO TeM, 'ITO 
BeJIH'IHHa paBHOBeCHoro K03$4JHIJ;HeHTa pa3,n;eJIeHHH 6bIJIa MeHbIIIIe, 'IeM pa3HHIJ;a Ha'laJIbHbIX 3Ha'leHHH 
/l018 ,n;JIH Te'lH H CJIIO,n;. OTHoIIIeHHe H30TonOB KHCJIopo,n;a ,n;JIH canOHHTa, 06Pa30BaHHOrO nyreM BbIBeTpH
BaHHH ct)JIOrOnHTa nOKa3aJIO 9,70/00 yaeJIH'IeHHe 3Ha'leHHH /l0 '8, BbI3BaHHoe aYToreHHoH peKpHCTaJIJIH3aIJ;HeH. 
3TH pe3YJIbTaTbI YKa3bIBaJOT Ha TO, 'ITO oTHOIIIeHHH H30TonOB KHCJIOpo,n;a MOryT 6bITb HCnOJIb30BaHbI ,n;JIH 
onpe,n;e,n;eHHH npHpo,n;bI XHMH'IeCKOrO rrpeBpameHHH BO BpeMH BbIBeTpHBaHHH CJIIO,n;bI H <pOpMHpoBaHHH 
BepMHKYJIHTa H/HJIH CMeKTHTa. [E.G.) 
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Resiimee-Sauerstoffisotopen-Analysen (/i0 18) von Glimmem, denen K+ kiinstlich entzogen wurde, zeigen 
geringen oder gar keinen Isotopenaustausch wiihrend der Umwandlung. Die Oxidation von Eisen in K+
verarmten, Eisen-reichen Glimmem durch HzOz-Behandlung flihrte zu einer Abnahme von 1,6 bis 4,60/00 
bei /i018, aufgrund der Tatsache, daB der Gleichgewichtsfraktionierungsfaktor kleiner ist als der urspriin
gliche Unterschied zwischen dem Ausgangswert /i018 der Fliissigkeit und dem der Glimmer. Das Sauer
stoffisotopenverhiiltnis eines Saponits, der durch Verwitterung von Phlogopit gebildet wurde, zeigte eine 
Zunahme von 9,70/00 des /i018_Wertes aufgrund autigener Rekristallisation. Diese Ergebnisse deuten darauf 
hin, daB die Sauerstoffisotopenverhiiltnisse dazu verwendet werden konnen, die Art der chemischen 
Umwandlung wiihrend der Verwitterung von Glimmer zu Vermiculit und/oder Smektit zu bestimmen. 
[U.W.] 

Resume-Des analyses d'isotope oxygene (/i018) de micas dont on a artificiellement retire K+ ont indique 
peu ou pas d'echange d'isotopes pendant la transformation. L'oxidation du fer dans des micas riches en 
fer, prives de K par traitement H 20 a resulte en une diminution d'I,6 a 4,6%0 de /i018 a cause du fait que 
le facteur de fractionation d'equilibre est plus petit que la difIerence initiale entre le /i018 de depart du 
fiuide et des micas. La proportion d'isotope oxygene d'une saponite formee par l'alteration d'une phlo
gopite a montre une augmentation de 9,70/00 de /i018 a cause de la recristallisation authigenique. Ces 
resultats suggerent que les proportions d'isotope oxygene peuvent etre utilisees pour determiner la nature 
de la transformation chimique pendant l'alteration du mica en vermiculite et/ou en smectite. [D.J.] 

https://doi.org/10.1346/CCMN.1985.0330307 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1985.0330307



