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Abstract—An orthochlorite (sheridanite) was heated to 610°C to dehydroxylate the hydroxide sheet and
to oxidize ferrous iron. The heated sample was shaken for 20 min in a mixed solution of 0-2 N HC} and
0-2 N NaCl to dissolve the dehydroxylated hydroxide sheet. X-ray diffraction, thermal, infrared absorption
and chemical analyses showed that the resulting product was similar to Kenya vermiculite. The procedure
shows promise for the individual determination of the composition of the hydroxide sheet and of the mica
layer in the chlorite structure. The experiments indicate that the hydroxide sheet in orthochlorites must
be structurally disturbed before it can be selectively removed. In nature, structural disorganization of the
hydroxide sheet of chlorite by dehydroxylation and oxidation of ferrous iron might occur during meta-
morphic processes, and chlorite to vermiculite transformation could take place during subsequent acid
weathering. In pedogenic weathering conditions it is likely that oxidation of ferrous iron plays a major
role in initiation of the structural disorder required for the selective removal of the hydroxide sheet in

the weathering of chlorite to vermiculite.

INTRODUCTION

Although evidence for the weathering of chlorite to
vermiculite in nature has been reported (Bradley and
Weaver, 1956; Brown and Jackson, 1956; Gjems, 1960;
Ross and Mortland, 1966) such evidence is less conclu-
sive and less well supported by experimental weather-
ing studies than the evidence for the natural weather-
ing of mica to vermiculite. Caillere et al. (1952)
observed that ‘swelling chlorites’ could easily be
changed to montmorillonites by acid treatment but
that the corresponding transformation with true chlor-
ites was very difficult to achieve. Ross (1969) also found
no evidence for a preferential dissolution of the hyd-
roxide sheet in true chlorites by acid treatment and
showed that the octahedral and tetrahedral sheets in
the chlorite structure were attacked at equal rates.
More recently, Makumbi and Herbillon (1972) using a
variety of treatments on an iron-rich chlorite found
that only the treatments with sodium dithionite or
sodium sulfite soln resulted in the formation of a chlor-
ite—vermiculite regularly interstratified mineral. They
emphasized the importance in the transformation of
chiorite of the irreversible oxidation of iron and its
subsequent removal.

From the literature cited thus far, it seems that the
hydroxide sheet in a true chlorite must be structurally
disturbed before it can be preferentially removed and
expansion can occur. If this is true, structural disor-
ganization due to dehydroxylation of the hydroxide
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sheet and to oxidation of ferrous iron in a true chlorite
followed by acid treatment might result in selective
removal of the hydroxide sheet with attendant struc-
tural expansion. This investigation was designed to
examine this supposition by comparing the initial
chlorite with the products obtained after a partial
dehydroxylation and acid-washing procedure.

EXPERIMENTAL

The 02-2um fraction of an orthochlorite from
Brewster, New York was used. This chlorite was ana-
lyzed previously and classified as sheridanite (Ross,
1969). The X-ray powder pattern indicated that this
sheridanite has the ITb polytype structure according to
the definition of Brown and Bailey (1963).

Previous work (Ross, 1968) showed that the hydrox-
ide sheet of this chlorite dehydroxylates between 550
and 600°C and the remaining octahedral sheet
between 810 and 870°C. Hence a 200 mg sample was
heated to 610°C, a temperature which marked the
maximum wt loss due to dehydroxylation of the hyd-

‘roxide sheet. The heating was done at 5°C/min with

a TGA apparatus which consisted of an analytical
balance and a Fisher Balance Assembly mounted over
a cylindrical furnace containing a suspended Pt dish
with the sample. Thirty mg of the heated material were
transferred to a 100 ml polyethylene centrifuge tube
which contained 50 m! of a mixed 0-2 N HCl and 0-2 N
NaClsolution. The contents were shaken for 20minand
then centrifuged. The sample was centrifuged once



206

more with 50 ml 0-2 N NaCl. To be certain of complete
Na saturation, the material was then shaken overnight
in 50m! 0-5N NaCl. The sample was subsequently
washed with H,O until free of chloride and then
freeze-dried.

The treated samples were digested with HF and
HCIO, for elemental analysis. Aluminum, Fe, Ca, Mg,
Na and K were determined by atomic-absorption
spectrophotometry. Silicon was determined by the
molybdosilicic acid method after fusion of the sample
with Na,CO; (Jackson, 1958). Ferrous iron of the
altered chlorite was determined by the method of
Reichen and Fahey (1962).

X-ray diffraction analysis on basally and randomly
oriented samples was done with a Philips dif-
fractometer using Fe-filtered Co radiation. Basally
oriented specimens were obtained by dispersing 20 mg
of the sample in 1 ml H,O and pipetting this suspen-
sion on a 3-5 x 2:5cm glass slide. Randomly oriented
specimens were prepared by packing freeze-dried
material in a depression on a glass slide.

Differential thermal analysis (DTA) curves were
obtained over a temperature range of 25-1000°C at a
heating rate of 10°C/min using a R.L. Stone DTA
apparatus. The samples were diluted 50:50 with alu-
mina. Thermogravimetric analysis (TGA) was done at
a heating rate of 5°C/min with an instrument de-
scribed above. A differential thermogravimetric
analysis (DTGA) curve for one of the samples was
plotted manually.

Infrared absorption curves were obtained with a
Beckman ir. 12 grating spectrophotometer with the
samples dispersed in KBr disks at a concentration of
1 mg sample per 400 mg KBr.

RESULTS

Figures 1{A) and (B) show the small decrease in basal
spacings and the drastic change in intensities of the
basal reflections which occur upon dehydroxylation of
the hydroxide sheet (see also Brindley, 1961). The
heated sample after acid treatment and Na saturation,
labelled vermiculitized chlorite (Fig. 1D), has a basal
spacing of 149 A at 100 per cent r.h. and shows an inte-
gral series of basal reflections (see Table 1). The
observed dyo, spacing is almost identical to those of
the Na-forms of vermiculites reported by Walker
(1961). The non-basal reflections also agreed with the

Fig. 1. X-ray diffraction patterns of original chlorite (A);

chlorite after heating to 610°Cand run at 09 r.h. (B), at 1005,

r.h. (C); vermiculitized chlorite run at 100% r.h. (D) and at

0% r.h.(E). The upper patterns in (B and D) are the lower pat-

terns 10 times amplified. Indicated spacings in angstrom
units.
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Table 1. X-ray diffraction data obtained for the Na-saturated, vermiculitized
chiorite sample at room temperature and 100 per cent r.h.

n d(A) 'ld(A) = dooy I |F1* b Feact
1 14-89 14-89 1000 169 +181
2 7-45 14-90 15 31 + 13
3 496 14-88 24 52 — 48
4 3723 14-89 26 69 + 99
5 2-980 1490 86 153 +153
6 2-480 14-88 ~1 19 + 21
7 2:127 14-89 39 142 — 61
8 1-860 14-88 6 65 — 61
9 1-656 1490 ~1 36 + 26
10 1-490 1490 12 115 + 91
mean dg;, = 1489 + 001 (A)

* Intensities corrected for absorption effect.
+ F-values are based on chemical formula per O,,(OH), anionic unit.

data published by Walker (1961). In particular, the in-
tensities of the reflections at 2-66 and 209 A were as
strong as those at 2:60 and 2:05A, respectively,
whereas in the original chlorite the intensities of the
former set of reflections were much weaker than the
latter. At O per cent r.h. (Fig. 1E) the first order basal
reflectionoccursat 10-1 A, except for a small peak at 14:0
A which indicates a small amount of unaltered chlorite.
The 101 A reflection is somewhat asymmetrical, and
higher orders are broadened which also indicates the
presence of hydrated vermiculite and chlorite layers.
Since the material was well dispersed on a glass
slide, a nearly perfect orientation was assumed. The
observed structure factors (Fl,,,) in Table 1 were
evaluated from the experimental intensities using the

angular factor for a single crystal after correction for
the absorption effect due to the thin specimen. The ver-
miculitized chlorite was Na-saturated, and therefore
the intensity distribution was not quite the same as
that of Mg—vermiculite (Mathieson, 1958) as indicated
by the rather large value of 0-32 for the R factor
(Z1Fops — Featcl/ZIF obs)- As shown in Table 2, the
chemical formula of the vermiculitized chlorite is
almost the same as that of the Mg-vermiculite from
Kenya, except for its interlayer components. Therefore,
structure factors for the basal reflections were calcu-
lated by assuming that the silicate layer of the Na-form
was basically the same as that of the Mg-form except
that only the interlayer configuration (interspace and
cationic species) was modified. This reduced the R fac-

Table 2. Chemical analysis and calculated formulas of chlorite, vermiculitized chlorite and
Kenya vermiculite

As %, of ignited wr

Vermiculitized Kenya
Chlorite chlorite vermiculite
Si0, 3127 43-36 4371
TiO, 011 nd. 101
MnO, 000 000 005
Al,O4 2418 19-88 1674
Fe, 0, 0-67 6-69 848
FeO 569 0-05 1-48
MgO 37-84 27-34 30-04
CaO 0-03 n.d. 028
Na,O 016 408 nd.
K,O 0-03 nd. 0-00
99-98 101-40 101-79
C.E.C. m-equiv 100 g ! air dry wt — 110 130

Chlorite (Ross, 1969)

(Aly. g0 Fedda Fed 3o Mgy 12) (Siy 6 Aly35) O (OH)g

Vermiculitized chlorite

(Aly.5; Feg3; Mg, 57) (Siz 74 Aly.26) Ogo (OH), [Nag. 5]+ *°

Kenya vermiculite (Brydon and Turner, 1972)

(Fe3o FeglogTio.os Mgy .54)(Siy 06 Alypa) Oy (OH), [Cag.o, Mgg.5]" 00
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tor to 0-22. The observed deviations are, therefore, con-
sidered to be largely due to the interlayer arrangement.
Due to the limited precision of the data, no further
structural refinement was attempted.

The DTA curves of sheridanite (Figs. 2A and B) show
the disappearance of the first dehydroxylation endoth-
erm at 622°C after previously heating the chlorite to
610°C. However, a small endotherm is still present at
487°C. This suggests that the previous dehydroxyla-
tion of the hydroxide sheet may not have been com-
plete. It is also possible that some rehydroxylation may
have occurred, despite careful preventative measures.
The endotherms at 96 and 127°C in the curve for the
vermiculitized chlorite (Fig. 2C) indicate the presence of
adsorbed and interlayer H,O, respectively.

The TGA data in Fig. 3 agree with the DTA data in
Fig. 2. The TGA curves show that the main wt loss due
to dehydroxylation of the hydroxide sheet in the ori-
ginalchlorite(Fig. 3A) has shifted down to a large weight
loss due to loss of interlayer water in the vermiculitized
chlorite (Fig. 3B). This curve, obtained from a sample
injtially at 30 per cent r.h. shows a total H,O loss at
165 per cent. Because X-ray, thermal and chemical evi-
dence indicated that the sample contained about 10 per
centchlorite, 1-3 per cent of the weight loss was allocated
to chlorite OH and 3-9 per cent to vermiculite OH. The
remaining weight loss of 11-3 per cent was attributed
to adsorbed plus interlayer H,O. The first small peak
in the DTGA curve (Fig. 3C) indicates a rapid weight
loss of 2:4 per cent between 25 and 60°C which is consi-
dered to be adsorbed H,O. Hence 89 per cent remains
for interlayer H,O, which is equal to 2-4 molecules of
H, O for the formula unit of the vermiculitized chlorite
shown in Table 2. This amount corresponds to one in-
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Fig. 2. DTA curves of original chlorite (A); chlorite after
heating to 610°C (B); vermiculitized chiorite (C).
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Fig. 3. TGA curves of original chlorite (A); vermiculitized
chlorite initially at 30 per cent r.h. (B); DTGA curves of
vermiculitized chlorite (C).

terlayer of H,O (Walker, 1956) and agrees with the
doo, spacing of 12-5 A at 30 per cent r.h.

The elemental compositions and structural formulas
of the original chlorite, the vermiculitized chlorite and
Kenya vermiculite are compared in Table 2. Analysis
for Fe?* showed that practically all the ferrous iron
was oxidized by the heating procedure. The acid wash-
ing removed 41, 32 and 48 per cent of the number of
moles (based on ignited wt) of Al, Fe and Mg, respect-
ively, initially present in the chlorite. This represents
approx. 28 octahedral atoms out of the theoretical
number of 3 which should have been removed if the
complete hydroxide layer had been selectively dis-
solved. If it is assumed that 10 per cent chlorite is still
present in the vermiculitized chlorite sample and if this is
excluded in the calculation of the formula for the ver-
miculitized chlorite. the formula is

(Alg. 36 Feé-gl Mg, 46) (Siz. g2 Ay 15) O (OH),
[Na,, 55]+O' 5,

This formula is further modified if the calculation is
based on an anion charge of 22 + « per half-unit cell
where « is the number of H” ions lost due to oxidation
of Fe** to Fe*' in the mica layer (Rimsaite, 1970).
This formula is

(Alg.; Fe3.§2 MEg5.45)(Siz.56 Alj.14) O1o.32 (OH)y.68
[Nag.s61*°%.

Because the estimated amount of chlorite was small, as
was the original ferrous iron content, the changes in
the above formulas as compared with the formula in
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Fig. 4. LR. curves of original chlorite {A); chlorite after heating to 610°C (B); vermiculitized chlorite (C);
Kenya vermiculite (D).

Table 2 are relatively small. The deficiency of hydroxyl
according to the last formula suggests that the vermicu-
litized chlorite may have a strong affinity for K and
other monovalent cations of similar size. The formulas
for the original chiorite and the vermiculitized chlorite
show that the Si to Al ratio of the tetrahedral sheet of
the latter is higher. This increase.is probably not real,
however, and may be the result of an unavoidable acid
attack on the mica layer in the chlorite structure dur-
ing acid treatment. The attacked part would remain as
an amorphous silica residue (Ross, 1969) and give rise
to an apparent increase in the tetrahedral Si to Al ratio
for the vermiculitized chlorite. The formulas for the
vermiculitized chlorite are comparable to the formula
of Kenya vermiculite.

The ir. absorption curves in Fig. 4 illustrate the
major changes in absorption which occurred after
dehydroxylation and vermiculitization of the chlorite.
The band at 385 cm™ ! in the chlorite spectrum has vir-
tually disappeared in the spectra for the heated and for
the vermiculitized chlorite (Figs. 4B and C). This disap-
pearance suggests that this band is due to absorption
by components of the hydroxide sheet. The absorption
at 665cm™' for Si-O vibration is also markedly

reduced in these spectra. The distinctive OH absorp-
tion maxima at 3430 and 3580cm~! in the chlorite
spectrum have lost their distinctness and have broad-
ened to a band at 3500cm™! due to absorption by
OH and adsorbed water in the spectrum for the heated
chlorite (Fig. 4B) and to a band at 3400 cm™! due to
absorption by OH and interlayer water in the spec-
trum for the vermiculitized chlorite (Fig. 4C). The spec-
trum for the vermiculitized chlorite is practically iden-
tical to the spectrum of Kenya vermiculite (Fig. 4C
and D).

DISCUSSION

The evidence from X-ray diffraction, thermal, and
chemical analysis indicates that the hydroxide sheet of
the chlorite was largely removed by the procedure used
and that the resulting product was similar to Kenya
vermiculite. The somewhat higher Si to Al ratio of the
tetrahedral sheet of the vermiculitized sample as com-
pared with that of the original chlorite suggests that
the acid treatment may have caused some acid attack
on the mica layer in the chlorite structure. Further ex-
perimental modifications are necessary to obtain com-
plete removal of the hydroxide sheet without signifi-
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cant acid attack on the mica layer. Thus it is possible
that the composition of the hydroxide sheet and of the
mica layer in the chlorite structure may be individually
determined.

Previous studies on the dissolution of chlorites by
acid in the laboratory failed to give evidence for the
preferential removal of the hydroxide sheet from true
chlorites (Caillére ¢t al., 1952; Ross, 1969). Apparently,
selective removal is successful only after the structure
of this sheet has been disturbed. This disturbance may
be induced by dehydroxylation and by oxidation of
ferrous iron (see also Bain, 1972; Makumbi and Her-
billon, 1972).

These experiments suggest the natural conditions in
which chlorite may be changed to vermiculite. Tem-
peratures sufficiently high for oxidation of ferrous iron
and for dehydroxylation of the hydroxide sheet of
chlorites could occur during metamorphic processes,
and chlorite to vermiculite transformation could then
take place during subsequent acid weathering. In
pedogenic weathering, it is likely that irreversible oxi-
dation of ferrous iron in the hydroxide sheet of chlor-
ites plays a major role in the selective dissolution of
this sheet. An example of this weathering process may
be the formation of vermiculitic soils on chlorite meta-
basalt in the Middletown Valley of Maryland.* As yet,
there is no unequivocal evidence for chlorite to vermi-
culite transformation in ‘true’ Podzols (Brydon et al.,
1968). It is probable that orthochlorites or their vermi-
culitized products are not stable in the highly acid
weathering conditions prevailing in these soils.
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Résumé—Une orthochlorite (sheridanite) a été chauffée 4 610°C pour deshydroxyler la couche hydroxyde
et oxyder le fer ferreux. L’échantillon chauffé a été agité pendant 20 mn dans une solution mixte de HCI
0,2 N et NaCl 0,2 N afin de dissoudre la couche hydroxyde deshydroxyliée. La diffraction X, les analyses
thermiques, spectrométriques infrarouge et chimiques montrent que le produit résultant est semblable a
la vermiculite du Kenya. La technique utilisée semble prometteuse pour déterminer spécifiquement la com-
position de la couche hydroxyde et la structure du feuillet mica dans la chlorite. Les expériences indiquent
que la couche hydroxyde des orthochlorites doit acquérir une structure désordonnée avant de pouvoir
étre extraite sélectivement. Dans la nature, la dSorganisation de la structure de la couche hydroxyde de
la chlorite, par deshydroxylation et oxydation du fer ferreux, pourrait se passer pendant les phénomeénes
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métamorphiques, et la transformation de la chlorite en vermiculite pourrait se faire pendant l'altération
acide ultérieure. Dans des conditions d’altération pédologiques, il est probable que 'oxydation du fer fer-
reux joue un role prépondérant dans l'initiation du désordre structural requis pour I'extraction sélective
de la couche hydroxyde lors de I'altération de la chlorite en vermiculite.

Kurzreferat --Ein Orthochlorit (Sheridanit) wurde auf 610°C erhitzt. um die Hydroxidschicht zu dehyd-
roxylieren und zweiwertiges Eisen zu oxidieren. Die erhitze Probe wurde fiir 20 Minuten in einer Misch-
16sung von 0,2 N HCI und 0,2 N NaCl geschiittelt, um die dehydroxylierte Hydroxidschicht aufzulosen.
Rontgenbeugungs-, Thermoanalyse, Infrarotsorption und chemische Analysen zeigten, daB das entstehende
Produkt dem Kenya-Vermiculit Zhnelt. Das Verfahren erweist sich als vielversprechend fiir die indivi-
duelle Bestimmung der Zusammensetzung der Hydroxidschicht und der Glimmerschicht in der Chlorit-
struktur. Die Versuche zeigen, daf} die Hydroxidschicht in Orthochloriten in ihrer Struktur gestort werden
mubB, bevor sie selektiv entfernt werden kann. In der Natur mag eine strukturelle Auflosung der Hydrox-
idschicht von Chlorit durch Dehydroxylation und Oxidation zweiwertigen Eisens wihrend metamorpher
Prozesse erfolgen, und eine Umwandlung von Chlorit in Vermiculit konnte wihrend einer spéteren sauren
Verwitterung stattfinden. Unter pedogenen Verwitterungsbedingungen spielt wahrscheinlich die Oxi-
dation von zweiwertigem Eisen bei der Auslosung von Strukturstorungen, die die Voraussetzung einer
selektiven Entfernung der Hydroxidschicht bei der Verwitterung von Chlorit zu Vermiculit sind, eine
grofere Rolle.

Pe3siome — OpToxnopur (muepumaHuT) Harpend o 610°C ons  merHApOKCHITHPOBAHHA THIPO-
OKMCHOTO MMOKpPOBA M [JiSi OKUCIEHMA ABYBAJIEHTHOIO Xelne3a. [as pacTBOpEHMA AETHIPOKCHIMPO-
BAaHHOTO MOKpOBA HAarperhiit o6pasell BCTPAXHBATH B TeueHHe 20 MMHYT B CMELIAHHOM DACTBODE
0,2 N HCI n 0,2 N NaCl. Pentrenorpaduyeckoe u TepmManshoe uccaenosanus, MK-ciekrp morsio-
LIEHUS W XUMHYECKMH aHaM3 IOKa3ajd, YTO Pe3yJIbTHPYIOMIMM MPOAYKT NOOOGEH KEHHEBCKOMY
BEPMHUKYJIATY. OTa NpoLeaypa MOXET OKa3aThCA MPUTOAHON ANIA HHOMBUAYAILHOTO ONpeHeIeHHs
COCTaBa TMAPOOKMCHOTO MOKPOBA M CNOA CNIOABI B CTPYKTYpe XJIopHTa. I10 omeiTaM BHAHO, YTO
CTPYKTYPY THAPOOKHCHOTO TIOKPOBA B OPTOXJOPHTE HEOOXOAMMO Pa3pyLIHTh OO €r0 CENEKTHBHOTO
ynanenus. B npupone, CTpyKTypHas A€30praHu3aiis IOKPOBa XJIOPUTA MOCPEACTBOM AErHAPOKCHITH-
pOBaHHs ¥ OKHCJIEHHE NBYBAJIEHTHOTO XeJ€3a MOIYT NPOHCXOOHTH BO BpeMs METaMOP(HYECKHX
MPOLIECCOB, a NMEPEXOi XJIODHTA B BEPMUKYIHT MOXET COBEPUIHTHCS BO BPeMsi BLIBETPHBAHHA B
pe3yibTaTe OKUC/eHHs. [Ipy HeqoIOraiyeckoM BEIBETPHBAHHH, BECEMa BO3MOXHO OKHCIICHHE XKele3a
WIpaeT INIaBHYIO POJib B CO3OaHUM CTPYKTYPHOTO Gecropsnka, TpeOyIOUerocs ajis u36upaTesibHOro
yOaJIeHUs THIPOOKHCHOrO MOKPOBa B IIPOLIECCE MEPEX0AA XIIOPHTA B BEPMHUKYJIIHT.
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