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SCHWEIZ. MINERAL. PETROGR. MITT. 70, 223-235, 1990

Quartz textures in dioritic rocks of hybrid origin

by Frangois Bussy'? and Stephen Ayrion!

Abstract

Quartz in diorites and tonalites characteristically occurs in three textural forms:

a) Interstitial to feldspars (and other minerals). This is the dominant relationship, and poses the problem of
the crystallization sequence involving these two minerals. Fractional crystallization does not allow the production
of a residual liquid of SiO, composition. Some feldspars must therefore have crystallized with the quartz — in what
proportions and with what composition must be determined — which means that this sort of geometry, i.e. the
interstitial occurrence of a mineral against the crystal faces of another, does not mean that they are not involved,
at least partially, in a cotectic relationship.

A remarkable, seldom described, and unexplained texture is the relatively common occurrence of "ophitic"
quartz, where round or sub-hexagonal domains of interstitial quartz incorporate laths of plagioclase {and other
minerals). This feature occurs in situations where magmas of contrasting composition coexisted and most probably
mixed, for instance in mafic microgranular enclaves incorporated in granitic rocks (Mont-Blanc granite, Fully ana-
tectic granodiorite, Western Alps; M. Capanne granite, Italy). Mixing has, according to this view, led to intermedi-
ate compositions with the establishment of thermal equilibration between the still-crystallizing mafic enclaves and
acidic host. The last stages of crystallization were completed at a low rate of nucleation, allowing the development
of large poikilitic quartz crystals enclosing laths of plagioclase, the marginal zones of which are coeval with the
quartz.

b) Quartz also occurs as "ocelli", very commonly in tonalitic enclaves (within granitoids) or in larger masses.
Although these have been considered to be early, high pressure precipitates, there is again very good evidence for
magma mixing, and for the incorporation of quariz xenocrysts from a crystallizing acidic magma into a more mafic
liquid. These quartz crystals are invariably rounded, even embayed, and are either rimmed with ferromagnesian
minerals (biotite and/or hornblende), or not. The nature of the ferromagnesian minerals, as well as the presence
and the width of the rim depend, to a large extent, on the characteristics of the host material at time of incorpora-
tion.The rim may protect the quartz from further corrosion, but in any case some silicic liquid must be available
and these mini-magmas could also crystallize in the form of interstitial quartz. The previous texture may be com-
bined with this one to form interstitial patches of quartz spreading out from the quartz ocelli. In these occurrences,
it can be clearly seen that the ocelli have an outer rim in optical continuity with the central part, but distinguish-
able from the latter mainly through the presence of abundant long apatite needles. Both ocelli and "ophitic"
quartz exist in certain basalts, lamprophyres and appinites as well.

¢) Quartz, as well as feldspars, may also form interstitial patches directly projecting from host granitoid into
mafic dioritic enclave. This suggests that granitic liquid was capable of penetrating the enclave to some degree,
which may be partly enhanced by the development of a porous texture in the crystallizing enclave, due to some
10% reduction in volume.

In conclusion, a number of features concerning the texture of quartz in diorites and tonalites are related to sit-
uations in which the mixing of magmas very likely occurred. The intermediate compositions may in fact be at least
partly due to the mixing of two liquids of contrasting composition.

Keywords: quartz, ocelli, ophitic texture, diorites, hybrids.

1. Introduction enclaves in granitoids, lamprophyres and appi-

' nites commonly contain quartz in one form
Quartz plays an essential role in many rocks of or another. Certain textures appear in contexts
dioritic composition. Tonalites, microgranular involving the mingling and mixing of magmas,
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i.e. hybridization. In this respect, the argument
will be extended to basalts with quartz "drops”,
most probably xenocrysts.

Here, we discuss a very common feature, the
famous quartz "ocelli" and also quartz as an
interstitial phase. In the latter instance, oiko-
crysts of quartz, in a quasi-ophitic arrangement,
enclose feldspar laths and other minerals. This
very particular, although quite widespread tex-
ture is conspicuous in the microgranular en-
claves of many granitoids. Another texture in-
volves the development of interstitial quartz at
the contact between granitoid and microgranular
enclave. These textures are not mutually exclu-
sive. On the contrary, they often coexist, and,
again, this always seems to occur when mafic and
felsic rocks are intimately associated with good
evidence, otherwise, of magmatic exchange.

2. The quartz ocelli

The characteristics of the quartz ocelli will be
considered in their various environments, i.e. ba-
sic to intermediate plutonic, hypabyssal or vol-
canic rocks, followed by the question of their ori-
gin itself.

2.1. DESCRIPTION
2.1.1. Plutonic context

Quartz ocelli in plutonic rocks systematically ex-
hibit the same textural profile, whatever the oc-
currence. Variations are a function of the mine-
ralogy and grain-size of the host rock. Typically,
they are rounded, ellipsoidal or spherical, a few
millimetres in diameter, generally formed of a
single quartz grain (core) rimmed by a millimet-
ric corona of ferromagnesian minerals (rim).

The core is often subdivided into sub-grains,
even if the rock has not undergone any apparent
deformation; this subdivision is related to a web
of criss-crossing curviplanar fractures, reminis-
cent of the fracture pattern in thermally shocked
crystals (Fig. 4). The microfractures are generally
filled with carbonate and/or alkali feldspar, occa-
sionally zeolites (BARRIERE, 1977). In a given oc-
currence, there is a tendency towards an average
size which is close to that of the quartz grains in
the host granitoid, where the ocelli are incorpo-
rated into enclaves or in associated dioritic-
gabbroic masses (cf. Figs 1 + 2). While the ocelli
have an overall rounded shape, rectangular or
hexagonal subhedral forms also occur (Bussy,
1989) and embayments are common. CLOCCHI-
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ATTI (1975) stressed the difficulty in distinguish-
ing embayments due to the corrosion of quartz
crystals from open, skeletal growth forms. The
constantly smooth edges of the subhedral crystals
of the ocelli strongly support resorption, in vari-
able degrees, of initially euhedral crystals.

The cores of the ocelli contain some inclu-
sions, distinct from the filling of embayments
which may, depending on the orientation of the
section, appear to be within the quartz. In the oc-
elli of the microgranular enclaves of the M. Ca-
panne granite (Elba Island, Italy, Bussy, 1989),
the included minerals are biotites, zircons and
apatites, whose habits are different from those of
the crystals in the matrix, but identical, on the
other hand, to those of the crystals within the
host granite. Fluid inclusions are always present,
and often very abundant. They constitute align-
ments or dense, planar swarms of hundreds of in-
dividual inclusions. BARRIERE (1977) mentions
analyses suggesting low temperature crystalliza-
tion or recrystallization, with H,O and CO, im-
miscibility.

The ferromagnesian rim of the ocelli 1s their
most striking characteristic. The mineral compo-
sition generally recalls that of the host rock (Figs
3 + 5); it therefore contains pyroxene and/or am-
phibole and/or biotite depending on whether the
rock is a gabbro, a diorite, a tonalite or even a
granodiorite (e.g. BARRIERE, 1977). A notable
exception is mentioned by Sato (1975) in a vol-
canic context, with development of Ca-rich cli-
nopyroxene coronas in orthopyroxene-bearing
andesites. Some K-feldspar is generally associat-
ed with these ferromagnesian minerals; it may
form an independent zone between the quartz
core and the rim (BARRIERE, op. cit.) or poikilit-
ic areas within the corona or outside it (e.g.
Bussy, 1989). The pyroxene and amphibole crys-
tals in the innermost part of the corona are often
in radial disposition with euhedral shapes, but
tangential arrangements are common. In a given
rock, rimmed ocelli may coexist with rimless
ones. This situation is particularly notable in mi-
crogranular enclaves, where the rimless ocelli
frequently exhibit a zonal structure: a central
inclusion-poor or inclusion-free zone is rimmed
by a zone, in optical continuity with the latter,
filled with inclusions, long apatite needles being
conspicuous. Towards the matrix, these inclu-
sions (all the matrix minerals are represented)
become progressively more abundant, and there
is a progressive transition to the latter, in which
quartz is interstitial and poikilitic. The quartz oc-
elli are thus seen to extend into the matrix. The
contact between the two zones is virtually invis-
ible, but the first appearance of the apatite gives
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an idea of its geometry, irregular and curvipla-
nar, exceptionally subhedral.

As mentioned in the introduction, the occur-
rence of ocelli in the plutonic context is systemat-
ically related to situations in which acid and basic
rocks coexist, with indications of more or less
pronounced mixing and/or mingling. The main
evidence is the abundance in granitoids of mafic
microgranular enclaves, sometimes attaining the
dimension of a small stock (see the numerous ar-
ticles on the subject, e.g. VERNON, 1983, REID et
al., 1983: Frost and MAHOOD, 1987; BARBARIN,
1988: Bussy, 1989; Zorri et al., 1989) and the
presence within the enclaves of large corroded
crystals, whose nature, size and composition are
identical to those of the crystals in the host gran-
ite, and which must be considered to be xeno-
crysts derived from the granitoid. mechanically
incorporated and partially dissolved in the hotter
magma of the enclaves. The best demonstration
of this process is given by the large, corroded
alkali-feldspar megacrysts, sometimes rimmed
with plagioclase in a rapakivi association (e.g.
HisArD, 1981; VERNON, 1986), within gabbroic
or tonalitic rocks whose matrix shows no sign of
this mineral (Fig. 1).

«fﬁ

Fig.] Sample of typical Mont-Blanc granite in contact
with a microgranular, dioritic enclave. Quartz crystals
and feldspar megacrysts are concentrated near the
granite, some crystals actually straddling the contact.
Both species are identical to the quartz and feldspar
within the granite. Some of the quartz crystals are.
however, rimmed (the classic "ocelli"), the alkali feld-
spars are rounded and generally mantled with sodic
plagioclase (rapakivi texture), and the plagioclases are
often sieved ("patchy zoning"). Biotites as well are to
some extent derived directly from the granitic system
through mechanical mixing. Width of sample: 18 cm.
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In a given rock, the quartz ocelli are distribut-
ed in a more or less uniform manner, but tend to
be concentrated towards the granitic component,
as in Fig. 1, with certain crystals even straddling
the granite-mafic enclave contact. The ocelli are
clearly more abundant in rocks of intermediate
composition, but they appear in gabbros as well
as in granites. Fig. 2 shows a well-rimmed quartz
within an off-shoot of the Ploumanac'h granite

Fig. 2 Quartz ocelli in gabbro and granite, Plouma-
nac'h massif (Ste Anne), Brittany. This occurrence
shows that the ocelli are not to be found exclusively in
the mafic-intermediate rock-types, but also in grani-
toids. In the opinion of the authors, this suggests that
mechanical mixing may cause "to-and-fro' exchange".
which may partly explain complex zoning in the large
plagioclase feldspars.

Quartz ocellus in gabbro from the Ploumanac'h
massif (Ste Anne). Brittany. The ferromagnesian rim is
largely formed of euhedral pyroxene crystals in radial
disposition. Diameter of ocellus: 6 mm.

Fig. 3
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complex. This is not as rare as it might seem.
Close inspection of certain granites reveals the
existence of many rimmed quartz grains.

2.1.2. Volcanic context

Quartz ocelli in certain basalts and andesites, e.g.
from the British Tertiary Province (MCGREGOR,
1965), the Permian lavas of Exeter (TIDMARSH,
1932), or from the Tertiary Shikoku (Japan) vol-
canic Province (Sato, 1975), are virtually identi-

Fig. 4 Quartz ocellus in gabbro from the Plouma-
mac'h massif, with the typical fracture pattern probably
due to thermal shock. The microfractures are filled
with carbonate + feldspar, occasionally zeolites. Diam-
eter of ocellus: 5 mm. Crossed polars.

i , o
Fig. 5 Quartz ocellus with a hornblende-rich rim and
interstitial, "ophitic" quartz patches in Neuntelstein to-

nalite (Vosges). The ocellus is 2 mm across. Crossed
polars.
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cal to those of plutonic rocks. The same forms,
sizes, internal structures, fracture patterns and
ferromagnesian rims are present. Pyroxenes, gen-
erally augite, again form a radial pattern around
the quartz grains, sometimes with sanidine. A
notable difference is the common presence of
Na- and K-rich glass (Sato, op. cit.) within the
corona. Carbonate again appears, often with
some abundance in the rim.

2.1.3. Hypabyssal context

Lamprophyres, in the widest sense, also contain
ocelli absolutely identical with the ones de-
scribed above (Fig. 6). A particular feature is the
common abundance of carbonate in the rim. It is
worthy of note that it is the ocelli in micaceous
lamprophyres that prompted ROSENBUSCH
(1887) to introduce the term for the first time.

fig. 6

Quartz ocellus in lamprophyre (Noirmont,
Jersey, Channel Islands). Note the euhedral form of
the quartz crystal. Diameter: 1 mm.

2.2. ORIGIN OF THE QUARTZ OCELLI
2.2.1. Volcanic context

Most authors consider the quartz ocelli in basalts
to be xenocrysts (see HaTcH et al., 1952, p. 300,
for example). The main points for that view are:
a) the presence in these lavas of xenoliths of
granite, sandstone or quartzite, exhibiting all
stages of disintegration into independent crystals,
notably quartz, whose size decreases progressive-
ly with distance from the xenolith, until their dis-
appearance when completely dissolved (e.g. TiDp-
MARSH, op. cit.; SATO, op. cit.). TIDMARSH even
identified fibrous sillimanite in the core of an
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ocellus rimmed with pyroxene, indicating a xeno-
lithic, crustal origin for this quartz grain.

b) the presence of glass around the ocelli, sug-
gesting partial fusion due to thermal disequilibri-
um of quartz xenocrysts incorporated intc basal-
tic magma, rather than resorption of phenocrysts
through a drop in pressure. In this respect, the
fracture pattern commonly observed in the ocelli
could be the expression of differential expansion
due to thermal shock (TiDMARSH, op. cit.). The
ferromagnesian corona is thus interpreted as a
reaction zone due to the local coexistence of a si-
liceous liquid with the surrounding basalt (SaTo,
1975). Chemical diffusion and exchange occurs,
controlled by the two-liquid partitioning coeffi-
cients leading to uphill enrichment of Na and K
in the siliceous liquid (WaATson, 1982). The radi-
al orientation of the pyroxenes of the corona is
logical in this context, as their growth develops
normal to the diffusion front. The internal mar-
gin of the corona corresponds therefore to the
limit reached by centripetal fusion, just as Tid-
marsh had suggested (TIDMARSH, op. cit.).

A phenocrystalline origin for the ocelli in cer-
tain lavas has been proposed in situations where
contamination and/or mixing with an acid com-
ponent is not visible in the outcrop. Thus, NiI-
CHOLLS et al. (1971) postulate early crystalliza-
tion of quartz at depth and at high pressure (> 20
kb) on the basis of thermodynamic calculations
in order to explain the presence of quartz in tho-
leiitic basalts related to island arcs in an oceanic
environment. Experimental evidence, however,
does not seem to allow fractionation of early
quartz, at or near the liquidus, in systems with
less than ca 65% SiO, (cf. HuanG and WYLLIE,
1986). Also, garnet should appear at or near the
liquidus in a wide spectrum of SiO, %, and gar-
net is very rare indeed in the rocks which contain
the quartz ocelli. Moreover, subduction situa-
tions, even in the oceanic realm, do not exclude
the presence of a volcanic component with phen-
ocrystic quartz (e.g. calc-alkaline quartz-
andesites, dacites), which could contaminate tho-
leiitic basalts. To the best of our knowledge, oc-
elli never occur in purely oceanic basalts with
which no acid rocks are associated.

2.2.2. Plutonic context

Here, genetic interpretations are more varied
(see review in BARRIERE, 1977):

a) hybridization of basic rocks through meta-
somatism related to the proximity of granites.
Blastic growth of quartz ocelli seems improbable,
as their cores are not poikilitic and lack inclu-
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sions of minerals seen in the matrix, in particular
acicular apatite. Considering the poikilitic nature
of the quartz in the matrix, developed during the
magmatic stage (see chapter 3), it is difficult to
imagine how fluids (?) could subsequently dis-
solve, eliminate and possibly recrystallize consid-
erable parts of the matrix to form pools of quartz
without including relics. On top of that, in certain
basic rocks, particularly the microgranular en-
claves, the matrix exhibits a flow texture, with
deflection around the ocelli demonstrating that
the latter were already present in the magmatic
stage.

b) hydrothermal pseudomorphic replacement
of early minerals by quartz; this mechanism is just
as improbable as the preceding one. Apart from
the fact that there are no clearly established ex-
amples of pseudomorphic development of pure
quartz, it is difficult to visualize what the original
mineral could be. The hexagonal shape of certain
ocelli speaks for direct crystallization.

c¢) cavity filling; a point often made in favour
of this hypothesis is the radial disposition and the
euhedral habit of the ferromagnesian minerals of
the corona at the contact with the quartz core of
the ocelli, which could indeed suggest early, free,
centripetal growth, followed by late infilling of
the cavity by pure quartz. While this mechanism
does occur in certain specific situations, notably
in very fluid-rich alkaline environments, where
the cavities are incompletely filled (PLATEVET,
oral comm., 1988), it cannot be extrapolated to
the general case. A number of observations go
against it, as, once again, the shape of the ocelli:
how to explain hexagonal or rectangular cav-
ities? Also, why are the ocelli in rocks with flui-
dal texture not elongated like the bubbles in lava
flows? Preliminary cathodoluminescence analy-
ses by RAMSEYER (University of Bern) have
moreover revealed in certain ocelli a zonal struc-
ture characteristic of centrifugal growth of a
phenocryst rather than the centripetal filling of a
cavity (Fig. 7). Finally, the radial growth of the
ferromagnesian minerals is perfectly explained
within the frame of crystallization controlled by
chemical diffusion in the siliceous liquid envelop-
ing the partially fused quartz grains.

d) Immiscibility, it is possible that unmixing of
a silicate liquid could form the minerals that rim
the ocelli on one hand, and the quartz core on
the other. While this mechanism is conceivable
for ocelli with a well developed corona, it does
not explain the formation of rimless ocelli, as
mechanisms involving immiscibility do not lead
to the development of a purely siliceous liquid
(e.g. PuirrorTs, 1976, 1982 and oral comm.,
1985).
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Fig. 7 Cathodoluminescence picture of a quartz xeno-
cryst (5-6 mm across) from a microgranular, dioritic
enclave in the Mont-Blanc granite. Euhedral zones sug-
gest growth in a high-temperature magmatic environ-
ment. The exact nature of the zoning is not yet known.
Analysis by Karl Ramseyer, University of Bern.

e) Pre-existing crystals of quartz; the review
presented above and the textural observations in
paragraph 2.1. strongly indicate that the ocelli of
plutonic rocks are pre-existing crystals variably
resorbed/fused in a magma with which they were
in disequilibrium. Given the fact that these ocelli
systematically appear in contexts of magma mix-
ing, a conclusion based on independent evidence,
we consider that they represent xenocrysts me-
chanically introduced into basic magmas and de-
rived in general, but not exclusively, from the as-
sociated acid magmas. This hypothesis is the one
that best integrates all the preceding observa-
tions. The virtual identity in texture between oc-
elli in plutonites and in volcanites, where their
xenocrystic nature is firmly established, points to
a single, common post-incorporation evolution in
both settings. This evolution may be summarized
as follows: mixing between a mafic magma and
an acid liquid in which quartz phenocrysts and
other mineral species of "granitic" character are
suspended leads to their incorporation in the re-
sulting hybrid melt, which is hotter and less
evolved than the liquid from which they are de-
rived. Thermal disequilibrium is the conse-
quence, leading to fracturation and partial disso-
lution. The siliceous liquid thus formed does not
mix easily with the surrounding magma. A pro-
cess of selective interdiffusion ensues allowing
preferential crystallization of ferromagnesian
minerals and K-feldspar. With decrease in tem-
perature, the system reaches the stability field of
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quartz which crystallizes preferentially in crystal-
lographic continuity with pre-existing ocelli, trap-
ping an increasing number of crystals of the ma-
trix, as the latter crystallizes.

In the basic rock suite at Ploumanac'h,
BARRIERE (1977) observed that ocelli are rare —
with a poorly developed corona — in the dioritic
members relative to the gabbroic ones. It is
tempting to explain this feature as being due to
insufficient armouring of the quartz, contrary to
the ocelli in the gabbros. This might suggest that
depending on the rate at which the gabbroic
magma solidifies, ocelli may survive or not. At
low levels of the crust, or if the temperature is
maintained through successive injections of mag-
mas, the quartz may have more time to be com-
pletely fused and redistributed. and with other
xenocrystic species (K-feldspar, biotite, . . .) suc-
cumbing to a similar destiny, a more or less ho-
mogeneous dioritic hybrid liquid could conse-
quently form.

Certain basic ocelli-bearing rocks apparently
contain no other xenocrystic mineral species. In
reality, patchy zoned feldspars, interpreted as
partially dissolved xenocrysts (Bussy, 1989b),
are always present. As for K-feldspar and biotite,
they may have been absent from the acid magma
at time of mixing, or they may have been more
efficiently dissolved than the quartz, as it is to be
observed in granitic xenoliths undergoing disin-
tegration in basic surroundings (e.g. in the micro-
monzodioritic dikes cutting the Mont-Blanc
granite, Western Alps).

There remain a number of points to be clari-
fied, amongst which are the presence of carbo-
nates and zeolites, filling cracks and sometimes
occurring in the centre of the ocelli. Rather than
considering that the whole (quartz, feldspar, car-
bonates, zeolites, etc. . . .) constitutes a cavity fill-
ing, it may be that the process has evolved nor-
mally, well below solidus conditions, and that
carbonates and zeolites have followed the frac-
ture pattern to the centre of the grain, where
intersection of these fractures may provide a
somewhat larger space. The origin of the carbo-
nate is enigmatic, and the presence of CO, inclu-
sions (at least in the ocelli analysed from Plou-
manac'h) intriguing. Could the former be pro-
duced from the latter due to decrepitation at
time of immersion of the quartz into the hotter
medium? Another possible explanation may be
that, not only do Na, K and H,O diffuse prefe-
rentially in the siliceous melt surrounding the oc-
elli undergoing partial fusion (SaTo, 1975), but
also CO,. It would therefore be concentrated at
an early stage around the ocelli and enhance the
formation of carbonate.
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2.2.3. Hypabyssal context

The "xenocryst” hypothesis may be extended to
the ocelli in hypabyssal rocks, notably lampro-
phyres, given the textural similarities between
them and the ocelli in both plutonic and volcanic
rocks, and also the fact that many lamprophyres
are equally related to situations in which acid
and basic rocks coexist. The abundance of carbo-
nate around the ocelli of the lamprophyres would
simply express the high fluid content and the par-
ticular richness in CO, of these magmas.

3. The ophitic quartz texture

In certain ocelli-bearing rocks, the quartz of the
matrix forms irregular poikilitic patches, either
rounded or elongate, discontinuous, whose size is
clearly larger than that of the other matrix min-
erals, which they contain in the form of numer-
ous inclusions (Figs 8 + 9). The concentration of
the latter is often such that only optical continu-
ity indicates that a number of apparently inde-
pendent quartz domains actually belong to a sin-
gle quartz grain. The term "ophitic quartz tex-
ture”, or simply "ophitic quartz”, will be applied
to this particular development of quartz in the
matrix, as it greatly resembles pyroxene oiko-
crysts in ophitic dolerites. This texture is mainly
observed in the dark microgranular enclaves of
granitoids, but other occurrences have been men-
tioned, for instance in the basalts with quartz oc-
elli from the British Tertiary Province, and in
light-coloured acid enclaves in granites from the
same region {EMELEus, 1970, and oral comm.,
1987). WieBe (oral comm., 1990) mentions
"ophitic quartz" in layered cumulate dioritic
rocks, and in some fine-grained anorthosites in
the Nain complex. In basalts, the presence of
poikilitic quartz is related to that of the ocelli. In
fact, the texture is often developed around the
ocelli themselves, from which the poikilitic
quartz extends. The source of the interstitial
quartz is doubtless to be found in the partial or
total fusion of the ocelli and possibly in the pres-
ence of a quartz-normative liquid, introduced
with the quartz xenocrysts. The poikilitic quartz
pools in the acid enclaves contain mainly inclu-
sions of euhedral alkali feldspars, occasionally in
radial disposition. EMELEUs (1970) considers
these enclaves to be fragments of pre-existing
rocks which reacted with their environment, but
the precise mechanism involved is not de-
scribed.

Several authors have mentioned poikilitic
quartz in dark microgranular enclaves (e.g.

229

PaBsT, 1928; DIpIER, 1964)., While VERNON
(1983) considers it as doubtless magmatic, most
have related it to a process of secondary silicifi-
cation of the enclaves due to the host granitic
magma, notably through infiltration of felsic lig-
uid {(NockoLps, 1939; Otto, 1974). Views are
therefore varied, but there has been no attempt
to explain the fundamental mechanism leading to
this particular texture. We propose here a new
interpretation based on the study of the micro-
granular enclaves of the M. Capanne granite,
which takes into account the specific relationship
between this texture and the enclaves, and more
generally, situations of magma mingling and mix-
ing.

3.1. DESCRIPTION

The texture of the matrix of the microgranular
enclaves of the M. Capanne granite varies with
their modal composition (Fig. 10). To tonalitic,
granodioritic and granodioritic-granitic composi-
tions correspond respectively doleritic (s.l.),
ophitic quartz and microgranular textures. The

“quartz content (relative to the sum quartz + feld-

spar) of the ophitic enclaves is equal to or slightly
lower than that of the other textural types. This
ophitic texture cannot therefore be due to prefe-
rential silicification of the enclaves in which it
forms.

Typically, an enclave with ophitic quartz con-
tains, apart from xenocrysts derived from the
granite: (a) plagioclase (about 50% vol.), always
in stubby euhedral laths, less than 1 mm in
length, locally in mutual contact, with albite and/
or Carlsbad twinning, strongly zoned with com-
positions ranging from Ang, (core) to An,
(edge); (b) brown-red biotite (15-20%) in small
euhedral flakes from 0.1 to 0.3 mm; (c) irregular
poikilitic quartz patches (17-25%) reaching 4 to
6 mm, with inclusions that are neither oriented
nor in zonal disposition; (d) alkali feldspars
(10-20%), either in small (up to 1 mm) indepen-
dent interstitial anhedral crystals with rare inclu-
sions, or in patches up to 1-2 mm, rounded, ir-
regular and poikilitic like the quartz; (e) numer-
ous accessory minerals, mainly long, hollow nee-
dles of apatite.

In enclaves where both quartz and K-feldspar
are poikilitic, biotite and plagioclase, which form
the frame of the matrix, are distributed in an ho-
mogeneous and isotropic manner, the interstitial
space being occupied by big irregular touching
oikocrysts of quartz and K-feldspar. In the more
common situation, only the quartz is poikilitic
but does not fill all the interstitial space of the
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matrix in a regular manner; the oikocrysts form
quartz patches in which the concentration of pla-
gioclase and biotite crystals is often lower than
that of the surrounding matrix. Outside the oiko-
crysts, the plagioclase laths are locally in contact
and form a doleritic texture, occasionally fluidal
near the margins of the enclave. With decrease in
the number of poikilitic quartz patches, one may
observe all the intermediate steps leading to a
purely doleritic texture in which quartz forms
interstitial grains. The plagioclase laths included
in the quartz oikocrysts are subhedral with more
or less irregular to finely cuspate edges (Fig. 12),
like their counterparts contained within the py-
roxene oikocrysts of ophitic dolerites. When they
are only partly included, they sometimes are
wedge-shaped with the point enclosed in the
quartz. In the common situation where ocelli are
present, poikilitic quartz preferentially develops
around them, just as in ocelli-bearing basalts (see
Figs 8 + 9, as well as Fig. 11 for comparison).

3.2. ORIGIN OF THE OPHITIC QUARTZ
TEXTURE

3.2.1. Constraints on genetic models

In the M. Capanne situation, any genetic inter-
pretation must take into account the following
observations and deductions. The development
of the ophitic quartz texture is: (1) specifically re-
lated to microgranular enclaves; (2) strictly limit-
ed to enclaves with subhedral laths of plagio-
clase: (3) a function of the chemical composition

Fig. 8

Development of poikilitic quartz around a
quartz ocellus in an enclave from the M. Capunn«, gran-

ite. Dimension of the quartz ocellus: ca 5 mm. Crossed

polars.
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of the enclave: (4) preferential around quartz oc-
elli. On the other hand, it is independent: (5) of
the shape and size of the enclave; (6) of its por-
phyrocryst content and of the nature of the lat-
ter; (7) of the position of the enclave in the gra-
nitic massif (enclaves with ophitic quartz texture
may even lic near to enclaves with different tex-
ture); (8) of the quartz content of the matrix of

Fig. 9 Quartz ocellus in enclave from the Mont-Blanc
granite. Note the development of poikilitic quartz with-
in the matrix, in optical continuity with the central
quartz grain. Diameter: ca 4 mm. Crossed polars.
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Fig. 10 Modal analyses of the M. Capanne granite
and its microgranular enclaves in the QAP STRECKEI-
sen diagram (1974). Symbols: microgranular enclaves
with doleritic (= circles), microgranular (= squares),
and ophitic quartz (= triangles) texture; star and area
limited by broken line = average and granite ficld ac-
cording to WaLDECK (1977).
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the enclave up to a point (< 25% ); there is often
less quartz in the ophitic enclaves than in en-
claves with doleritic texture. (9) Where quartz oi-
kocrysts are in a domain of the matrix with flui-

o 4 Y 5 4
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Fig. 11 Quartz phenocryst in a microgranite from the
Aiguilles Rouges massif, Evionnaz, Valais (Switzer-
land). The rounded form is considered to be due to
magmatic resorption, as euhedral shapes exist (inclu-
sions within feldspar phenocrysts). This may be due ei-
ther to pressure decrease or temperature increase (or a
combination of both). The released silica forms a fuzzy
rim around the phenocryst, and in optical continuity
with the latter. The same feature is seen around certain
rimless quartz ocelli (see Figs 9 + 10). There too, any
available liquid silica crystallizes on the surface of the
quartz grain. Diameter of phenocryst: 1 mm. Crossed
polars.

Fig. 12

Interstitial quartz in Neuntelstein tonalite
(Vosges). Note the cuspate feldspar/quartz contact,
possibly due to cotectic crystallization. Field of view: ca
5 mm. Crossed polars.

(R
(%)

dal texture, the surrounding crystals are deflect-
ed (Fig. 13) while the included crystals are un-
oriented. (10) Where plagioclase and biotite
show a general equant development in the ma-
trix, they are not deflected near the contacts with
quartz oikocrysts. (11) Very fine and fragile apa-
tite needles straddle the contacts between poiki-
litic quartz and its plagioclase inclusions or
between poikilitic quartz and any crystal of the
surrounding matrix, without being broken.

Fig. 13 Texture of microgranular enclave from the M.
Capanne granite (Elba Island, Italy). The matrix has a
fluidal texture deflected by a quartz oikocryst. Crossed
polars. Diameter of quartz oikocryst: 2 mm. Crossed
polars.

Taken as a whole, these observations are in-
compatible with a metasomatic origin of the
quartz oikocrysts through blastic growth in a sol-
id medium. Apart from the difficulty in visualiz-
ing what material the quartz might have re-
placed, as its inclusions are subhedral and with-
out trace of corrosion, this hypothesis is inca-
pable of explaining observations (2), (3) and (9).
Moreover, there is no reason why quartz forming
metasomatically in a regular plagioclase network
should contain inclusions clearly more spaced
out than the surrounding laths, as is often ob-
served. Against a "force of crystallization" separ-
ating the plagioclase crystals, one can oppose ob-
servations (10) and especially (11), which indi-
cates that the oikocrysts exerted no constraint on
their inclusions during their growth.

An origin through secondary coalescence of
independent, interstitial quartz grains catalysed
by the circulation of fluids emanating from the
granite encounters the same objections (2), (3)
and (9). Also, it would necessitate abnormal lo-
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cal concentrations of primary quartz grains -
which have never been observed - corresponding
to the inclusion-poor poikilocrysts; finally, no
outline defined by minute impurities is visible in
the oikocrysts.

Consequently, only crystallization in a mag-
matic environment (s. 1.) can be considered. Ob-
servation (9) is critical in this respect; it demon-
strates that the quartz oikocrysts are earlier than
the development of the fluidal texture, formed
while the enclave was still liquid, or at least plas-
tic.

3.2.2. Origin in the magmatic context

The poikilitic development of crystals in the
magmatic context, in particular in intercumulate
disposition, is conceivably the result, according
to WAGER et al. (1960), of the coalescence in situ
and growth of a multitude of nuclei dispersed in
the interstitial liquid. In reality, it is probable
that a high rate of nucleation will produce, for
quartz, a large number of small independent
grains (SwaNsoN, 1977), and that the small num-
ber of oikocrysts is due to a very low rate of nu-
cleation with a high growth rate (Swanson, op.
¢iL.);

These particular conditions may be fulfilled in
the case of microgranular enclaves, during for-
mation through dispersion of a relatively mafic,
hot hybrid liquid with few suspended crystals, in
a colder granitic mass. Indeed, these mafic blobs
are submitted to a rapid decrease in temperature
with undercooling, leading to a high rate of nu-
cleation of plagioclase and biotite. A large num-
ber of small crystals will grow simultaneously in
the whole mass of the enclave, which will soon
reach the temperature of the host granitic melt.
In certain favourable circumstances, this equilib-
rium temperature of the system will be very near
that at which quartz precipitates in these en-
claves. Consequently, quartz will not be affected
by undercooling in the latter, and will nucleate at
a slow rate. If, moreover, quartz ocelli or small
grains of quartz have been introduced mechani-
cally, through mixing with the granitic magma,
they may act as nuclei for the rapid growth of
quartz, as soon as its crystallization temperature
is reached, but this growth will be irregular and
poikilitic as the enclave is already filled with nu-
merous crystals of plagioclase and biotite. The ir-
regular contact of the plagioclase crystals within
the quartz oikocrysts and the wedge-shaped form
of some of them are interpreted as the result of
cotectic quartz-plagioclase crystallization, which
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will continue to the solidus of the enclave,
around 700 °C according to BuscH and Otro
(1980).

Figure 14a illustrates the case of a magma of
granodioritic composition with 3 weight-% H,O
at 2 kb, similar to that of the enclaves with ophit-
ic texture in the M. Capanne granite. Clearly, if
the temperature of the granitic component —
which is the equilibrium temperature of the
system — was about 700° to 720 °C at time of min-
gling (independently estimated), quartz was
hardly affected by the undercooling of the mag-
ma of the enclaves.

The specific conditions leading to the devel-
opment of ophitic quartz texture depend on the
combination of several factors, namely initial
composition, temperature, pressure and fluid
content of the two coexisting magmas. At M. Ca-
panne, the absence of poikilitic quartz in the ton-
alitic enclaves with doleritic texture and granitic
enclaves with microgranular texture is mainly re-
lated to the chemistry of these rocks. According
to WHITNEY (1975), the temperature at which
quartz appears in a tonalitic liquid at 2 kb and
3-4% H,O is above 800 °C (Fig. 14b) (at these
water contents, the temperature of crystallization
of quartz is virtually independent of the presence
or the absence of biotite, which allows use of the
diagram in Fig. 14b, as a reasonable approxima-
tion). The enclaves will be rapidly equilibrated at
about 720 °C, which means that strong under-
cooling and a high rate of nucleation will lead to
numerous small interstitial grains. At the other
end of the spectrum, the enclaves of granitic
composition crystallize rapidly with formation of
the classic microgranular texture of hypabyssal
acid rocks. In other words, there is a "composi-
tional window" in which the ophitic quartz tex-
ture may develop.

The proposed model takes all the mentioned
constraints into account and very specifically the
relationship between this texture and the en-
claves. We consider that it may be extended to
enclaves from other granitic massifs in which the
texture appears on fulfillment of the condition
that the equilibrium temperature between gran-
ite and enclaves is near that of the precipitation
of quartz in the magma of the enclaves.

In certain microgranular enclaves of the M.
Capanne and Mont-Blanc granites, sphene and
occasionally ilmenite exhibit a poikilitic develop-
ment similar to that of quartz, but on a smaller
scale. It is possible that conditions of crystalliza-
tion similar to those in which the ophitic quartz
appears existed for these minerals, as well as for
the poikilitic alkali feldspar described at the be-
ginning of this section.
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4. Quartz textures at granite-enclave contacts

A third kind of texture involving quartz in inter-
mediate compositions, although akin to the
ophitic type, may indicate yet another mecha-
nism in a situation of hybridization. Specifically,
the contact between a granitoid and its micro-
granular enclaves often exhibits an arca of inter-
stitial ophitic quartz in the latter, in optical conti-
nuity with a quartz grain within the granitoid.
The impression is that of a liquid (feldspar shows
the same relationship) partly crystallizing in the
granitic domain, and partly within the enclave.
The entire field occupied by quartz in optical
continuity has much the same dimension and
form as the quartz grains, moreover often subhe-
dral, in the granitoid (Fig. 15).

A possible explanation may be that liquid
from the granitic system has been able to pene-
trate the enclave undergoing (rapid) crystalliza-
tion. The volume of the mafic blob must be re-
duced, in the course of solidification, by some

Fig. 15 Contact enclave-Mont-Blanc granite. Note the
development of interstitial quartz in the enclave ma-
trix, in optical continuity with quartz in the granite.
Feldspar areas are also shared by enclave and host
granite. Field of view: ca 8 mm. Crossed polars.
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10%, and the enclave must therefore become
spongy or porous. Liquid from the host granitic
system would penetrate, and indeed would prob-
ably be sucked into the lower-pressure enclave
system. Such a process of filtration has been dis-
cussed in some detail by PETERSEN (1987) who
has drawn attention to the mechanism of "solid-
ification contraction”, and to its potential impor-
tance in magmatic differentiation.

5. Conclusions

Quartz ocelli and ophitic quartz in tonalites, mi-
crogranular enclaves, lamprophyres and appi-
nites and even in quartz basalts, are different ex-
pressions of mixing mechanisms involving basic
and acid crystallizing systems. The quartz ocelli
are shown to be xenocrysts introduced mechani-
cally into the more basic environment from the
acid system. The remarkable development of
quartz cikocrysts, very much like the ophitic py-
roxenes of dolerites, is apparently related to a
specific composition which may be attained
through hybridization (not excluding other pos-
sible mechanisms). In this compositional "win-
dow", quartz has a much lower rate of nucleation
relative to the other mineral species, and there-
fore forms large, often subhedral domains en-
closing feldspar laths and ferromagnesian crys-
tals. In these circumstances, quartz may grow on
whatever ocelli happen to be present. Some of
the interstitial quartz, however, especially in the
rim-zone of the ocelli, may be derived from the
ocelli themselves, whose outline clearly attests
marginal fusion/corrosion.
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