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Simultaneous crystalliz aionof feldspar intergrowths from the melt: a discussion
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Lofgren and Gooley (1977) have presented a
thought-provoking case for simultaneous growth of
"perthite-l ike" intergrowths from the melt. However,
some of the discussion needs clarif ication, particu-
larly in regard to the thermal location of the runs
with respect to the ternary feldspar solvus, and the
zoning arguments used to refute exsolution.

Initial conditions

It should be made clear that all runs were held at
1000'C for 24 hours before the cooling experiments.
Duplicate 24-hour runs at that temperature revealed
only homogeneous glass (* vapor) when quenched.
Therefore we have no doubt that all the feldspars
observed nucleated and grew during the cooling ex-
periments.

Solvus position

The question at hand is whether these intergrowths
formed by exsolution from a metastable homoge-
neous feldspar, or forrned by simultaneous growth
from the melt. The simultaneous growth hypothesis is
favored by the probabil ity that all or nearly all of
these runs were held within the ternary feldspar
solvus, rather than above it as implied by the dis-
cussion on p. 222-223 of the paper. The Ab-Or
solvus as discussed by Lofgren and Gooley has no
relevance here. The effect of An in their ternary feld-
spar starting materials is to increase the consolute
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temperature drastically. Unfortunately, we have no

complete T-P-X maps of the ternary solvus. The
single point determined for a natural mesoperthite by
Morse (1969) at 0.5 kbar is not in close accord with

the more comprehensive synthetic studies at 0.5 and

1.0 kbar by Seck (1971). Nevertheless, we can calcu-

late useful if approximate estimates of temperature.
Assuming a value for  dT"/dP of  l5"C/kbar ,  we can

deduce solvus l imb temperatures at 5 kbar ranging
from about 920'C for composition F-l (the only
value below 1000"C) to more than 1200'C for com-
position F-l l. The estimated l imb for F-l l ies above

the HrO-excess l iquidus temperature found by Yoder

et al. (1957), and above the inferred nucleation tem-
perature of 800-850'C for capsule 510 (p. 221 of

Lofgren and Gooley). The other solvus l imbs mani-

festly l ie above the 1000"C starting point (in the

liquid field) of the cooling experiments. Inasmuch as

the solvus position remains roughly fixed under the
approximately isobaric conditions of the runs, and is

cut by the solidus for hydrous melts, there can be

litt le doubt that the main nucleation events took
place within the stable solvus. This does not exclude

the possibil i ty, of course, that single-phase plagio-

clase cores nucleated metastably before sanidine over-
growth began, but it does assure us that the two-

feldspar intergrowths were formed under conditions
where two feldspars were stable.

In view of this analysis, the rejection of cotectic

crystall ization on p. 223 ff of the paper is incorrect.

The textures themselves abundantly prove that the

second phase nucleated, and this could not happen
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unless the l iquid had reached (and probably over-
reached) the sanidine field boundary or its metastable
extension at least locally. Whether the "bulk l iquid"
(p.225) is at or near the field boundary is immaterial
because it is the local boundary-layer l iquid that
counts.

Further argument for simultaneous growth

One line of evidence for simultaneous growth was
inadequately emphasized in the original paper. In
many of the experimentally grown crystals (Fig. 2, p.
220; Fig. 3, p. 221) the sanidine overgrowths have
areas of lamellar intergrowth and areas free of lamel-
lar intergrowth. It is most l ikely that the sanidine
sectors (Fig. 2, p. 220) free of intergrowths grew at
the same time as the sectors defined by the lamellar
intergrowths. The sanidine in both sectors has the
same composition (Fig. I lb, p. 226),yet in the lamel-
lar intergrowth sector there are about equal propor-
tions of Anru-,uOrru plagioclase and Orro-uoAfl2_a Silf l-
idine. For the intergrowth to have formed by
exsolution, the original composition of the unex-
solved feldspar would have had to have been signifi-
cantly different from the hypersolvus feldspar in the
adjacent sectors. Furthermore, this hypersolvus com-
position would have to have exsolved a sanidine of
the same composi t ion,  and normal ly  zoned in the
same manner, as the sanidine in the intergrowth-free
sector. Sector zoning has been observed in feldspar,
but compositional differences between the sectors
sufficient to produce the intergrowths would have to
be more dramatic than has been reported. Even if the
sector zoning argument were adequate to explain the
above case, it would not explain the relationship be-
tween the intergrowth-free area and the areas defined
by lamellar intergrowths in zone 3 of the crystal
shown in F igure 3 (p.221) ,  where the same spat ia l -
distribution, composition argument outl ined above
can be applied.

These arguments strengthen the case for simultane-
ous growth. Taken together with the subsolvus na-
ture of the cooling experiments, they seem to us quite
persuasive. The boundary layer-supersaturation
mechanism suggested in the original paper appears to
be an adequate hypothesis for the observed textures.
Despite this, the case against exsolution is not as
strong as suggested in the original paper, as we now
show.

Zoning and exsolution

One argument by Lofgren and Gooley (p. 223) was
based on zoning. It was argued that since the alkali-

ion distributions have not been equil ibrated by diffu-
sion during the runs, one should not expect ex-
solution, said to involve the stronger Al-O and Si-O
bonds. This l ine of argument is weak, because the
structures observed are to a close approximation al-
kali feldspars in which Na,K migration wil l dominate
the exsolution process, requiring l itt le tetrahedral
Al,Si rearrangement. This might seem to strengthen
the argument that zoning precludes exsolution, but
cation exchange and exsolution are very different
phenomena, driven by very different potentials. If
one considers hypersolvus G-X diagrams, for ex-
ample, one can conclude that a single feldspar com-
posi t ion,  homogeneous in Na/K,  might  be only
slightly minimized relative to a mechanical mixture of
two different zone compositions. Local equil ibrium
would also lessen the tendency for diffusive alkali
exchange. By contrast, the G-X diagram for temper-
atures well within a solvus would suggest that a mix-
ture of nodal compositions would be strongly mini-
mized in G relative to a homogeneous single phase.
The tendency to decompose or exsolve may, at least
conceptually, be far stronger than the tendency for
cation exchange; behold the double G-X curvature in
the former case as compared to the single curvature
in the latter case. See Yund (1975) for a discussion of
the barriers (or lack of them) relevant to exsolution.

Another argument against exsolution was based on
lamellae compositions, but these are in any case far
from "equil ibrium" compositions in the experimental
runs. If the lamellae grew by spinodal decomposition,
they would be expected to have compositions closer
together than the equil ibrium compositions. If they
arose by nucleation and growth, one would expect
the "equi l ibr ium" (b inodal)  composi t ion,  but  what  is
that? In this case it is actually the spectrum of compo-
sitions produced by sliding or stepping down the
solvus;  the lamel lae themselves should be (and may
really be) zoned, and the individualcomposition dis-
tribution in a single lamella should bear some resem-
blance to a fractional crystall ization product. In ei-
ther spinodal decomposition or nucleation and
growth, the expected lamellae compositions for these
experiments are surely closer together than the equi-
l ibrium compositions for a given single-step temper-
ature within the range of the run.

One may therefore conclude that neither the pres-
ence of zoning gradients nor the compositions of
lamellae preclude an origin of the intergrowths by
exsolution. Further, it is diff icult to see how lamellae
composition could be used to differentiate simultane-
ous growth from exsolution in natural rocks. That
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would best be done by evaluating the overall textural
evidence for strong supersaturation, and by observa-
tion of such compositional disparit ies in adjacent
areas as cited in the section above.

Conclusions

In summary, simultaneous growth appears a rea-
sonable hypothesis, strengthened by the subsolvus
location of the runs and by marked disparit ies in bulk
composition (but not sanidine composition) between
adjacent sectors or zones. Exsolution is not precluded
by the existence of zoning gradients or by the compo-
sitions of lamellae, as far as we know. Epitaxial
growth of lamellae from a supersaturated melt is a
process energetically and conceptually indistinct
from metastable nucleation of a single phase followed
quickly by exsolution. Given the positive evidence for
simultaneous growth, the role of exsolution is in any
event minor, and perhaps moot.

The first author owes the second a deep apology
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for not reading a preprint carefully more than ayear
ago, when these problems could have been aired be-
fore publication.
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