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Abstract—Orthopyroxene (Engs) weathers initially by vacancy diffusion, and through this process hydra-
tion occurs and a sequence of biopyriboles develops, culminating in a talc-like layer silicate whose structure
joins coherently to the orthopyroxene structure. Oxidation of Fe?* to Fe3* colors the altering pyroxene
yellow. The ‘talc’ does not remain in structural coherence with the pyroxene after it has exceeded a few
tens of nanometers in size; it is replaced by a mixture of talc and smectite. In some areas the mixture has
an epitactic relation to the pyroxene, but commonly it fills faceted solution holes without crystallographic
relation to the parent structure. Continued weathering extends the yellow zone at the periphery of the
orthopyroxene, and the alteration product increases in smectite and decreases in ‘talc.’ During this stage
of the reaction, MgO and SiO, are released to form colorless true talc around the altering pyroxene. Even-
tually, the yellow alteration may become a smectite pseudomorph after orthopyroxene or it may be changed
entirely to a mixture of vein talc and iron oxides. The complete conversion of orthopyroxene to talc plus
oxides thus takes place through three sequential mineral reactions without the development of a noncrys-

talline phase.
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INTRODUCTION

During the weathering of rock, a chemical fraction-
ation occurs. Certain elements are released by the min-
erals to solution, where they are available for use by
plants, or are reprecipitated in the weathering profile,
or transported elsewhere. The remaining elements are
regrouped in situ to form various soil minerals. Bulk
mineralogical and chemical studies have established
the relative mobilities of various elements and the re-
lationship between climate and weathering, but they
have revealed little of the mechanism of rock-mineral
breakdown or soil-mineral formation.

Berner and Holdren (1977) and Berner et al. (1980)
using scanning electron microscopy showed that min-
eral solution during weathering proceeds along crys-
tallographic directions, producing etch pits whose lo-
cations are inferred to be controlled by the positions of
defects in the weathering crystal. New minerals are as-
sumed to form by precipitation on the surface of the
altering mineral (Keller, 1978). Idlefonse (1978) by
X-ray diffraction and electron probe analyses found
that hypersthene and amphiboles altered to a yellow
mixture of nontronite, talc, and iron oxides in the lower
parts of the weathering profile where the rock structure
was preserved. In the upper part, where the rock tex-
ture was modified, smectite and vermiculite dominate.
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From optical microscopy and X-ray diffraction anal-
yses Basham (1974) described the progressive replace-
ment of hypersthene by trioctahedral vermiculite dur-
ing the weathering of a gabbro. The layer silicate
occurred as yellow-brown pseudomorphs, biaxial (-),
2V = 10° oriented with its ‘c’-axis normal to the ‘c’-
axis of the pyroxene. Basham (1974, p. 197) concluded
that a “‘close structural control of the development of
vermiculite is exerted by the host lattice.”’

Using transmission electron microscopy, Eggleton
(1975) and Eggleton and Buseck (1980) showed that the
first stage of mineral weathering occurs essentially in
the solid state and coincides with the formation of new
minerals inside the altering crystal. Veblen and Buseck
(1980) demonstrated that the metamorphic hydration of
anthophyllite to talc proceeds via a series of interme-
diate biopyriboles of different chain width, all in to-
potactic relation to each other. The key to this process
is the structural similarity of the ‘I-beam’ chains in the
biopyriboles. Coalescence of chains may build up 2:1
layer silicates with minimal disruption of the structure.
Veblen and Buseck’s work and the description of the
weathering of hedenbergite to nontronite (Eggleton,
1975) provide an essential background to the present
study.

Nakajima and Ribbe (1980), in an electron micro-
scope examination of pyroxene alteration, found that
augite hydrated to amphibole and wider chain biopyr-
iboles. Lamellae of orthoenstatite included in augite
appeared to be more extensively altered, forming a
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14.5-A clay mineral and complex biopyriboles. As had
been reported in the earlier studies, the layer silicate
developed with (001) parallel to (100) of the pyroxene/
amphibole.

The process of mineral weathering cannot be seen in
situ. The reactants and the weathering products can be
identified, but the process itself can only be inferred
after the synthesis of information from different exper-
iments. We have examined the weathering of ortho-
pyroxene at scales ranging from the unit cell to hand
specimen. Inevitably, many experiments have been
performed on material which cannot be described suc-
cinctly because it is a mixture of known minerals, un-
described phases, and voids. Furthermore, in attempt-
ing to characterize a process, transient phases assume
great importance, but do not deserve a formal mineral
name. Although it sometimes proves cumbersome, we
have described the weathering of orthopyroxene in
terms of the original mineral, and weathering products
(2:1 and 2:2 layer silicates), and ‘yellow material,’
which is essentially everything else. ‘Yellow material’
is a mixture of the three recognized minerals plus com-
plex intergrowths on the unit-cell scale of these min-
erals and other structures. It has no single composition
and no unique X-ray diffraction or other properties.

OBSERVATIONS
Sample

A mafic rock composed largely of orthopyroxene,
with minor clinopyroxene, amphibole, and spinel, is
exposed in aroad cut 20 km west of Waratah, northwest
Tasmania, where the highway crosses the Heazlewood
River. Weathering has reduced the outer surface of the
rock to a friable mass of bronze-yellow flaky particles,
some of which resemble bastite. Others are orange-yel-
low laths with striations parallel to their length, and
some are clear lemon-yellow tabular objects which look
like single crystals, but which prove to be layer silicates
with several different layer spacings. Samples of fresh
and weathered rock, as well as loose soil-like materials
from the face of the cutting, were collected for study.

Optical microscopy

Thin sections of weathered but still coherent rock
show a clear alteration sequence (Figure la—1d). The
pyroxene grains first develop a striated margin, which
extends inward until the whole grain has become yel-
low. The color progressively darkens, and many grains
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with yellow centers have brown rims. The striae, which
are ubiquitous during alteration, have widths below the
resolution of the light microscope. As alteration pro-
ceeds further, the rock becomes veined by clear talc
dotted with an opaque mineral (Figure 1d), and some
pyroxene grains become rimmed with actinolite. The
altered pyroxene grains split along the original (100)
plane, and the resulting folia shrink by 16% in the di-
rection normal to the parting surface and distort slightly
(Figure 1b). Sections cut parallel to the parting show
further striae parallel to the Z axis of the pyroxene.
These sections develop a ladder structure which in
more altered material coalesces with the vein talc (Fig-
ure 1c). The yellow ‘crystals’ and striated laths appear
to have been released by mechanical break-up of the
already altered orthopyroxenite.

Electron microscopy

Transmission electron microscope observations
were made on ion-beam-thinned material selected from
optical thin sections using a JEOL 200B and a JEOL
100CX microscope equipped with tilt/rotate or double
tilt side-entry goniometers.

Sections of partly altered orthopyroxene cut normal
to [100] show that the initial alteration is to a 9-A layer
silicate, structurally coherent with the parent pyrox-
ene. Such a topotactic reaction was proposed for the
weathering of hedenbergite (Eggleton, 1975) and de-
scribed by Veblen and Buseck (1980) for the hydration
of anthophyllite. In this process, (001) of the pyroxene
becomes (100) of the layer silicate, (100) becomes (001)
of the layer silicate, and (010) retains those indices.
Essentially, the I-beam chains of the pyroxene (parallel
to Z) recombine following a relative shift of b/4 parallel
to [010] to form infinite sheets parallel to the original
(100) plane (Figures 2—4). The enlargement reveals col-
umns of vacancies, or channels, parallel to [001] of the
orthopyroxene where strips of various chain widths ter-
minate. Veblen and Buseck envisage such channels as
avenues for ‘‘high speed’’ diffusion. Growth of ‘talc’
from the strip of 3-chain structure as at A (Figure 5) can
be achieved by exchanging the vacancy for the adjacent
3-chain strip of I-beams. This growth mechanism re-
quires no coordination change for the tetrahedral or
octahedral cations, no noncrystalline intermediate
phase, and minimum bond-breaking. Thus, the pyrox-
ene transforms entirely in the solid state, by releasing
Mg and incorporating H, according to the reactions:

Figure 1.

—

Optical micrographs (plane polarized light) of the alteration of pyroxene to talc. (a) Initial development of a yellow

rim around orthopyroxene crystals and the development of vein talc between grains. (b) [001] orthopyroxene section, heavily
altered to yellow material. Shrinkage by about 16% is shown by the separation of the original orthopyroxene (100) parting. (c)
[100] orthopyroxene section, altered to yellow material. Note the development of ladder structure with the ‘rungs’ of the ladders
merging with the vein talc. (d) [100] orthopyroxene section, with further growth of vein talc and formation of magnetite in the

talc.
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Figure 2. Orthopyroxene (opx) rimmed by a biopyribole
complex (bpb) grading into 9-A layer silicate.

MggSigO,4 + 2H" — Mg,;Sig0,(OH), + Mg?*

orthopyroxene amphibole
Mg, SigO,, + 2H — MggSig0.(OH), + Mgt
amphibole talc

This is an idealized reaction; the actual minerals con-
tain iron, and the pathway is more complex because of
the oxidation of iron and because talc does not contain
ferric iron in its octahedral sheet.

The second stage of alteration is the recrystallization
of the initial 9-A layer silicate into a mixture of 7-, 9-,
and 14-A layers (Figures 6-10). This process involves
a volume decrease, as voids, wrinkles and split layers
appear. The continuity with the pyroxene lattice is lost
although it is common for the second-stage layer sili-
cate to crystallize with (001) paraliel to the (010) of py-
roxene, as revealed by electron diffraction patterns.
Eventually the pyroxene is consumed and replaced by
a mixture of 9-A and 14-A layer silicates which make
up ‘yellow material.” Qualitative analysis by scanning
electron microscopy with an energy dispersive analyt-
ical system shows that the ‘ladder’ structures (Figure
1c) which correspond to the second stage of alteration
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Figure 3. Layer silicate (9-A) in crystallographic continuity
with a complex series of biopyriboles.

(e.g., see Figure 9) have the highest iron content in the
yellow material.

In the third stage of alteration, the yellow material is
converted to a mixture of talc and iron oxides. Although
we have not examined this process in detail in the elec-
tron microscope, we infer that the Mg flushed in the
initial hydration of pyroxene diffused into the region
surrounding the altering crystals where it exchanged
with Fe?* in the ‘yellow material’ to form talc. The tex-
ture of vein talc shows considerable separation of the
layers where diffusion would be comparatively rapid
(Figure 11).

X-ray diffraction

Cell dimensions of the orthopyroxene, determined
by least-squares regression from 19 reflections mea-
sured by Guinier photography with a Si internal stan-
dard are a = 18.27, b = 8.846, ¢ = 5.197 A. The al-
teration product gave single crystal and powder
diffraction patterns of a mixture of talc and smectite and
orthopyroxene. The clear yellow plates show no py-
roxene reflections, and the layer silicate reflections
show disorder parallel to Z*, and are broadened in the
hk0 plane. The talc 00¢ reflections were recorded to
¢ = 8; only the first order was detected for the smec-
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Figure 4. Layer silicate (9-A) and biopyribole alteration
of orthopyroxene. The enlarged inset shows two channels
formed at the termination of 3-chain ‘zippers.’

tite. No evidence was found for interstratification of the
two-layer silicates at the unit-cell scale from the X-ray
diffraction data. Diffractometry of the loose crystals
and pseudomorphs (Table 2) showed the presence of
talc and a smectite, and a small amount of chlorite as
revealed by a weak residual 14-A reflection after heat-
ing beyond 300°C, and by a shoulder on the 17-A peak
of the glycolated sample. The X-ray diffraction results
confirm the electron imaging that the alteration is a
mixture of expanded and unexpanded 2:1 layers. The
b cell dimension of the vein talc and of lowest 2V yellow
‘crystals’ were estimated from d(060) measured from
114.6-mm Debye-Scherrer photographs with Si as an
internal standard.

Density

Particles collected from the weathered surface were
gently disaggregated, washed, and sieved to 72 x 100
mesh. The least dense grains from this fraction have a
density of 2.20 g/cm?® as measured by pycnometry ap-
plied to the heavy liquid in which the bulk of the grains
remained suspended. These grains are mostly yellow-

Diagram showing the I-beam structure of part of

Figure 5.
the region shown in Figure 4.
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Figure 6. 9-A and 14-A layer silicates forming from ortho-
pyroxene.

orange, and the fraction contains many clear yellow
plates, such as were used in the above single-crystal
studies, as well as more cloudy and semiopaque ma-
terial.

Chemistry

The various weathering products were analyzed by
an energy dispersive electron microprobe. The ortho-
pyroxene, its yellow alteration product, and clear talc,
were analyzed in polished section. The difficulty of ob-
taining a good polish on yellow material and vein talc
in the presence of pyroxene, reduced the X-ray count
rate and may have lead to low totals. Because the an-
alytical total is the only guide to water content, the
quoted H,O for the thin-section analyses must be re-
garded as uncertain. Selected yellow ‘crystals’ collect-
ed from the soil were also analyzed by electron probe.
These ‘crystals’ have very smooth (001) surfaces, and
their analytical totals are more reliable. As a check,
single cleavage flakes were analyzed of coarsely crys-
talline pure talc from Mt. Windarra, Western Australia,
for which a full chemical analysis was available. The
analytical total by electron probe differed from 100%
by exactly the analyzed water content.

Ferrous iron in the weathering products was deter-
mined by titration with K,Cr,0O, following digestion in
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Growth of layer silicates following initial topotactic
development of 9-A layers in solution holes. 7-A, 9-A, and 14-

sequences can be seen in the bent layers.

Eggleton and Boland

Figure 8.
orthopyroxene.
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Table 1. Analyses of orthopyroxene and alteration products.!
1 2 3 4 s 6 7 8

SiO, 55.78 53.93 57.35 53.94 46.58 49.03 59.84 0.00
AL O, 1.32 5.23 1.01 1.24 2.29 3.50 0.36 0.20
Cr,0, 0.31 0.35 0.23 0.29 0.64 0.61 0.07 1.75
FeO 11.17 8.97 31.55
Fe,0, 8.22 11.35 18.54 22.30 3.80 65.80
MnO 0.18 0.23
MgO 30.35 26.40 26.13 23.19 20.29 16.28 29.17 —
CaO 0.97 4.90 0.59 0.68 0.36 0.40 0.00 —
Total 100.08 100.01 93.55 90.71 88.70 92.12 93.24 99.30
Si 3.89 3.92 3.89 3.78 3.69 3.99
Al 0.11 0.08 0.11 0.22 0.31 0.01
Cr 0.02 0.01 0.02 0.04 0.04 0.00
Fe?t 0.40
Fed* 0.25 0.42 0.62 1.13 1.26 0.19
Mg 3.18 2.68 2.51 2.45 1.83 2.90
Ca 0.07 0.04 0.05 0.03 0.03 0.00
H,O — 1.48 2.25 3.06 1.98 1.50

1. Average of 7 orthopyroxene grains (Fe as FeQ), structural formula to +24.

2. Exsolution lamella in orthopyroxene (Fe as FeO).

3. Average of 10 grains of yellow material in thin section (7.8 < Fe,0, < 11.2).

4. Average of 6 grains of yellow material in thin section (11.2 < Fe,O; < 12.2).

5. Average of 4 grains of yellow material in thin section (16.9 < Fe,0, < 19.3).

6. Average of 4 yellow ‘crystals’ (Fe as Fe,0;). Empirical structural formula.

7. Average of 5 grains of vein talc (Fe as Fe,0;).

8. Magnetite in talc (FeO/Fe,0; calculated to conform to magnetite) (+0.5TiO,).

1
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Figure 9. 14-A layer silicate grown in a presumed solution
channel in orthopyroxene. The ‘ladders’ of Figure 1c have a
similar microstructure.

HF. A density fraction <2.3 g/cm?, composed of yellow
crystals, some bastite-like pseudomorphs, and about
3% nonmagnetic iron oxides has an FeO content of
0.3%. The density fraction 2.3-2.5 g/cm? contains 1.1%
FeO. Thus, the iron in yellow material is ferric, and
accordingly the electron probe analyses for Fe have
been reported as Fe,0;.

Table 1 lists average analyses of the orthopyroxene
and its weathering products. These data show a de-

Table 2. X-ray diffraction data for orthopyroxene, talc, and
smectite alteration product.

a(A) b (A) deooy) (A)

Orthopyroxene 18.27 8.846 5.197
Talc 9.175 9.4
Smectite 25°C 9.20 14.7
110°C 14.5
200°C 143
300°C 14.1
400°C 9.3
500°C 9.3
ethylene glycol 17.0
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tling is an artifact from ion-thinning.

crease in divalent cations and an increase in trivalent
cations with weathering, trends that have been com-
monly recorded (Loughnan, 1969). Figures 11 and 12
show the distribution of octahedral cations and Al
among the phases analyzed. Ideal talc or smectite
should have a total octahedral charge no greater than
+6; if the yellow material is composed only of these
two phases, the data points of Figure 11 would fall close
to the line from 3 Mg to 2 Fe?*. The scatter of analyses
to the right of this line indicates the presence of 1:1 or
2:2 layers and relict pyroxene in some of the yellow
material.

There is a roughly linear relation between the ana-
lytical total and 2V for the yellow ‘crystals,” and de-
creasing 2V is interpreted as reflecting increasing smec-
tite component. ‘Crystals’ of lowest 2V have the lowest
density, and by using this density and the measured cell
parameters to calculate the structural formula for yel-
low ‘crystals’, the structural formula for the smectite
can be approximated. The high octahedral cation total
of 3.13 is consistent with the X-ray diffraction obser-
vation that yellow ‘crystals’ contain some unexpanded
2:2 layers (chlorite).

The empirical structural formula (Table 1, column 6),
determined from the chemical analysis, density, and
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Figure 11. Vein talc, with only a few remaining expanded
layers.

cell volume of the yellow crystals showed that all of the
Al is in tetrahedral coordination. Accordingly, the
structural formula of the less-altered yellow material
was calculated on the basis of 4 (Si + Al). However,
because the electron microscopy showed that yellow
material is a mixture of 9-A and 14-A layer silicates with
minor 7-A layers, the structural formulae do not rep-
resent a single mineral. The average analyses in col-
umns 3-5 of Table 1, which were grouped for averaging
on the basis of similar Fe content, all show a cation
charge in excess of 22, indicating the presence of 1:1 or
2:2 layers or residual orthopyroxene. Nonetheless, all
analyses of yellow material show a tetrahedral to oc-
tahedral cation ratio close to 4:3, consistent with the
conclusion from the electron microscopy that yellow
material forms from, and is part of, the initial 9-A layer
silicate that developed topotaxially from the orthopy-
roxene.

The formula for the vein talc (Table 1, column 7) is
calculated on the basis of 4 (Si + Al), and is close to
ideal talc formula. The iron in the talc analyses may
indicate the presence of residual smectite or finely di-
vided magnetite. Analyses indicate that the grains in the
vein talc are an Al-Cr-magnetite, but the grains are too
small for an accurate analysis.
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Figure 12. Relation between Mg and Fe for all analyses, cal-

culated to 4 (Si + Al). (Mg + Fe) > 3, indicating some 1:1 or
2:2 layers with the 2:1 layer silicate, or some residual ortho-
pyroxene. + = talc; X = orthopyroxene; * = ‘crystals.’

REACTION

The chemical and structural characterization of each
reaction product is essential to a full description of the
reaction itself. Chemical formulae for the many bio-
pyriboles that develop during the early stage of alter-
ation are impossible to obtain. However, an estimate
may be made of the first major product to form, namely,
the 2:1 layer silicate that develops in continuity with the
pyroxene. From the chemical data discussed above,
this material should have (Si + Al) = 4, minimal inter-
layer material (d(001) remains at 9 A), and a minimum
of octahedral cations, because to remain in structural
coherence it must have a b parameter the same as that
of the pyroxene (8.85 A). It must also retain all the
original iron of the pyroxene in oxidized form. The con-
ditions suggest a composition of Cag os(Fe®*; 55Crg 0eMgy)
(Si; goAly 11)010(OH), which on formation from ortho-
pyroxene would require the release of 1.18 MgO, with
no change in volume. The domains of this layer silicate
are nowhere large enough to be the only phase ‘seen’
by the electron microprobe; analyses of such material
must include less-altered areas as well as original or-
thopyroxene. The few data points in Figure 12 scattered
at constant Fe toward the pyroxene position may be of
such mixtures.

The second stage of alteration is marked by the de-
velopment of mixtures of 2:1- and 2:2-layer silicates
with minor 1:1 layers, accompanied by a decrease in


https://doi.org/10.1346/CCMN.1982.0300102

Vol. 30, No. 1, 1982

+ tale
x opx
* ‘crystals’

0.5

*

#* x

. ..‘.. .os::o.
oo L £ pedd¥

0.0

Al

1.0 1.5

Fe+Cr

Figure 13. Relation between Al and (Fe + Cr) for all anal-
yses.

volume of 16%, determined in thin section by measur-
ing the proportion of gap space in crystals such as
shown in Figure 1b. For topotactic transformation of
pyroxene to smectite, 1.5 pyroxene becomes one layer
of smectite (1.5 x d(100) ~ 14 A). In this example the
transformation is not fully topotactic, and allowing for
a 16% volume loss the equation becomes 1.74 pyrox-
ene — 1 smectite, with the release of SiO, and MgO.
Comparison of the structural formulae of 1.74 ortho-
pyroxene and the most altered material in thin section
(analysis 5) shows that all of the Fe, Al, and Cr remain
in the yellow material, whereas about equal proportions
of MgO and SiQ, are lost, presumably to form the vein
talc.

The third stage of alteration is the conversion of yel-
low material to talc and, as described in the electron
microscopy section, involves the exchange of Mg and
Fe** in the octahedral layers of the 9- and 14-A layer
silicates in the yellow material. From the microstruc-
tures, it appears that this final reaction takes place with
little volume change implying a reaction: 1 smectite +
MgO + Si0O, — 1.5 talc + Fe,O,.

The reaction sequence may be written as follows,
using the structural formulae from Table 1. Column 1
provides a formula for orthopyroxene (opx), column 5
for the smectite/chlorite yellow material (smc), and col-
umn 7 for talc. The structural formula for the first-found
layer silicate is deduced above.

(1) 1.74 orthopyroxene + 0.350, + 1.74 H,0 — 1.74
layer silicate + 2.05 MgO + 0.03 CaO

(2) 1.74 1ayer silicate + 0.4 H,O — 1.0 smectite/chlo-
rite + 1.03 MgO + 0.06 CaO + 2.96 SiO,

(3) 1.0smectite/chlorite + 1.9MgO + 2.198i0,— 1.5
talc + 0.45 spinel + 0.64 H,O + 0.18 O,

These three reactions summarize as: orthopyroxene +
0.2 0, + 0.86 H,O — 0.86 talc + 0.26 spinel, with the
release of 0.68 MgO, 0.07 Ca0O, and 0.45 SiO,
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DISCUSSION

The complete transformation of enstatite to talc
through a three-stage reaction is not the fate of all of
the orthopyroxene. Some yellow material is released
from the rock by mechanical disintegration and there-
after loses its magnesium, becoming the yellow ‘crys-
tals’ of smectite/chlorite. The nature of the layer silicate
that forms at this stage probably depends on the par-
ticular weathering environment. Only the steep, re-
cently weathered, road cut was sampled, where the sur-
face material would dry out quickly. Idlefonse et al.
(1979) reported large crystals of vermiculite with opti-
cal properties similar to those of the ‘yellow material,”
but containing more aluminum, in the weathering pro-
file of a gabbro. Because the gabbro has no phyllosili-
cate minerals from which vermiculite could have
formed, they concluded that the mineral crystallized
from ‘‘elements put into solution.”” Qur observations
suggest that vermiculite could have formed by the to-
potactic transformation of pyroxene or amphibole from
the gabbro, as Basham (1974) found.

The availability of the various elements released dur-
ing weathering is related to the mineralogical transfor-
mation sequence. Although we have not made trace-
element analyses the differences in the behavior of the
minor elements Mn and Cr point to the existence of
different pathways. The orthopyroxene contains 0.2%
MnQO and 0.3% Cr,0,. Yellow material has no MnO,
and as much as a threefold increase in Cr,O;. The spinel
contains even more chromium. Presumably Mn was
lost very early from the pyroxene and could not be ac-
commodated by the layer silicate structure, but re-
mained in solution to form dendritic coatings when the
water evaporated.

The ability of minerals to weather by topotactic
transformation in the solid state with no intervening
noncrystalline phase is of great significance to any stud-
ies of leaching and mineral solution. Laboratory ex-
periments of solution rates, abrasion pH, etc. assume
large volumes of water reacting with the mineral sur-
face. Doubtless this process occurs naturally whenever
it rains, and for as long as the rock and soil remain wet,
but the mineral in contact with water has already been
hydrated on the unit-cell scale long before that rain
shower. Indeed, liquid water may never wet anything
except the layer-silicate alteration products, leaving the
bulk of the weathering to be accomplished by water
vapor diffusing through the crystal.
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Pe3rome—Opronnpokcer (Engs) BhIBETpHBaeTCs1 CHavalla myTem audgy3un cBOGOTHBIX MECT U BO BpeMsl
3TOro nponecca IpOACXOUT rujpaTalis ¢ 06pa30BaHUEM MOCIIENOBATENBHBIX OHOMHPUOOIH, 3aKaHYH-
BalOMUXCA TaJbKO-MOAOGHLIM CNOUCTEIM CHAWKATOM, CTPYKTYpa KOTOPOro KOTEPEHTHO CBSA3bIBAaeTCs
€O CTpyKTYpoi#i oprompokceHa. OxucineHne Fe?" B Fe®* okpaummsaer B JKeNTbIH LBET H3MEHAIOLMACS
nupokceH. «Tajbk» HE OCTaeTCsA B CTPYKTYPHOM COIJIaCHH C IAPOKCEHOM, €CJIM €I0 pa3Mep NpeBblaeT
HECKOJIBKO JIECATKOB HAHOMETPOB; OH TOAMEHSETCS CMEChIO TaJIbKa CO CMEKTHTOM. B HEKOTOpBLIX
06JIacTAX 3Ta CMECh MMeeT SNHTAKTHYECKOE OTHOLIEHME K NMPOKCEHY, HO OObLIYHO OHa 3aNoJIHAeT B
pacTBOpe OTBEPCTHUS HeperylspHO# ¢topMbl Ge3 KpucTaLtorpaduyeckoil CBA3H ¢ MaTEPUHCKOH CTPYK-
TKpoH. [IpofoyKuTeNnbHOE BLIBETPHBAHAE YBEINYABACT JKEJATYIO 30HY Ha KpasX OpPTONMPOKCEHA, a H3-
MEHSIOIMACS NPOJYKT YBEJMYNBACTCSA B CMEKTHTE M YMEHBIIAETCHA B «Talibke». MgO u SiO, ocBoGoXx-
JAlOTCSL BO BpeMsl 9TOH CTafMH peakImuu, 4yToOnl 00pa3oBaTh GeCIBETHLIH HACTOSIMHE TaJlbK OKOJO
U3MeHsoEerocs mipokceHa. OKOHYATENLHO, MPOAYKT >KEJATOrO M3MEHEHHS] MOKET NpPEBpaTHTLCS B
NCeBAOMOpd CMEKTHTA IOCJIE OPTOIMMPOKCEHA, NGO MOXKET H3MEHUTHCS MOJIHOCTHIO B CMECHh TAllbKa H
OKMceH xenesa. [losiHas nepeMeHa OpTONHPOKCEHA B TalbK M OKHCH IPOMCXOJNT Yepes3 TpH MOCIe|oBa-
TENbHbIE MUHEPAJIOTHICCKUE peakuuu, 6e3 obpa3oBanus Hekpucramdeckoi dasznl. [E.C.]

Resiimee—Orthopyroxen (Engs) verwittert am Anfang durch Leerstellendiffusion. Durch diesen Proze3
kommt es zur Hydratation, und es entwickelt sich eine Abfolge von Biopyribolen, die zu einem Talk-idhn-
lichen Schichtsilikat fiihrt, dessen Struktur mit der Orthopyroxenstruktur zusammenhéngt. Die Oxidation
von Fe?* zu Fe®* farbt den sich umwandelnden Pyroxen gelb. Der *‘Talk’’ verliert seine strukturelle Ahn-
lichkeit mit dem Pyroxen, wenn er iiber einige Zahner von Nanometern grof3 wird; er wird dann von einer
Mischung aus Talk und Smektit ersetzt. In manchen Bereichen hat diese Mischung eine epitaxische Be-
ziehung zum Pyroxen. In den meisten Fillen fiillt er jedoch facetierte Ldsungshohlriume ohne kristallo-
graphische Beziehung zur Pyroxenstruktur. Durch weitere Verwitterung dehnt sich die gelbe Zone bis zum
Rand des Pyroxens aus, und das Umwandlungsprodukt enthélt dann immer mehr Smektit und immer wen-
iger ““Talk.”” Wéhrend dieser Umwandlungsstadien werden MgO und SiO, frei und bilden farblosen echten
Talk um den ungewandelten Pyroxen. Gelegentlich fiihrt die gelbe Umwandlung zu einem Smektit pseu-
domorph nach Orthopyroxen. Der Pyroxen kann aber auch volistindig in eine Mischung von Gangtalk und
Eisenoxiden umgewandelt werden. Die vollstandige Umwandlung von Orthopyroxen in Talk und Oxide
verlauft somit liber drei aufeinanderfolgende Mineralreaktionen ohne die Bildung einer nichtkristallinen
Phase. [U.W.]

Résumé—L’orthopyroxéne (Engs) est initialement altérée par diffusion de vide, et par ce procédé
I’hydration se produit, et une séquence de biopyriboles se développe, culminant en un silicate a couches,
semblable au talc, dont Ja structure se joint de maniére cohérente a la structure orthopyroxéne. L’ oxidation
de Fe?* en Fe®** colore la pyroxéne altérante en jaune. Le ‘‘talc’ ne reste pas en cohérence structurale avec
la pyroxene apres que sa taille a excédé quelques dizaines de nanomeétres, il est remplacé par un mélange
de talc et de smectite. Dans certaines régions, le mélange a une relation épitactique avec la pyroxéne, mais
il remplit généralement des vides de solution & facettes sans relation cristallographique avec la structure
mere. L’altération continue étend la zone jaune jusqu’a la périphérie de I’orthopyroxéne, et le produit de
Paltération accroit son contenu en smectite, et décroit son contenu en “‘talc.”’ Pendant ce stage de la ré-
action, MgO et SiO, sont relachés pour former un talc incolore autour de la pyroxéne altérante. L’altération
jaune peut éventuellement devenir une smectite pseudomorphe apres 1‘orthopyroxéne, ou elle peut étre
entierement changée en un mélange de talc veineux et d’oxides de fer. La conversion compléte
d’orthopyroxéne en talc plus oxides se produit donc par trois réactions minérales en séquence sans le
développement d’une phase non-cristalline. [D.J.]
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