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Assttecr
In some granites and syenites of Hong Kong plagioclase and perthite are often overgrown coaxially by fine-grained albite where in contact with perthite. The albite always
forms rims on plagioclase. where two K-feldspars are in contact, each may be covered by
a row of albite grains if their interface is anhedrai; or one of them may be mantled by a rim
if it is euhedral to its neighbor, which generally lacks any overgrowth. The difierences are
explained in terms of the structural and growth characteristics of the substrate surfaces
involved.
Evidence suggests that this intergranular albite has crystallized from a residual magmatic liquid and has grown into adjacent K-feldspar by replacement, rather than by
unmixing from the K-feldspar. It is most likely genetically related to a late albitic plagioclase that replaces the K-feldspar. Most of the perthitic albite is probably also of replacement origin.

INrnooucrroN
The literature contains many referencesto the occurrencein granites
and other plutonic salic rocks of fine-grained albite along the boundary
between K-feldspar and K-feldspar or between K-feldspar and more
calcic plagioclase.The K-feldspar involved is usually perthitic. In most
casesdescribed, the albite occurs as rims on the borders of plagioclase
against K-feldspar. Some perthite-quartz granites showing fine-grained
albite between perthite grains have also been reported. But there are
only a very few examples in which this kind of intergranular albite is
found at both these types of grain contact in the same rock. The purpose
of the present paper is to describe such an occurrence in some of the
granites and associatedsyenitesof Hong Kong. The paper, based on a
petrographic study of about fifty thin sections, will describe in more
detail the albite at the K-feldspar interface, for it displays some features
hitherto unreported. The origin of the albite will be discussed.
Grlrnnal

PrrnocnlPrrv

The granite specimens used for this study were obtained from Kowloon Hills and the
nearby Chakwoling kaolin mine on the north side of Hong Kong Harbor. The syenite
specimens examined also came from chakwoling, where the rock forms small, irregular
segregation massesin the granite.
The granite is a reddish to light gray, medium to coarse grained rock and consists of
23.0-45.0 K-feldspar, 17.6-38.3 plagioclase, and 30.4-43.0 percent quartz with subordinate
biotite up to 6.3 percent. Accessory minerals include fluorite, zircon, allanite, sericite, and
epidote.
K-feldspar, the dominant mineral, forms large grains up to 15 mm in size. It is mostly
microcline, but many grains are devoid of grid twinning. All the K-feldspar is microperthi-
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tic. The albite phase of the perthite occurs mainly as iarge.veins and patches and occasionally as fine films and stringers, and is highly variatrle in distribution in a given section.
Plagioclase plates up to 8 mm in length are of two generations. The early plagioclase
is normally zoned with a composition ranging from Anrs irL the core to Anr in the margin as
determined from extinction angles. It is often deeply emt,ayed by surrounding K-feldspar
and commonly develops an albite rim at the contacts (Fig. 1). The rims will be described
in some detail later. Sericitization is moderate to weak. The plagioclase of late crystallization has a composition in the albite range and is unzoned. It varies considerably in amount
in different specimens and is about one third to one halJ as abundant as the early plagioclase. Many grains are heavily sericitized, especially in the crystal core, whereas others
show weak or little alteration. This albitic plagioclase is commonly found as oriented
plates around orwithin K-feldspar (Fig. 2), but may invade it irregularly. It replaces Kfeldspar extensively and to various degrees. The reaction is usually crystallographically
controlled, resulting in a variety of replacement textures; (Fig. 2). In such cases, the replacing plagioclase joins up the perthitic lamellae withirn the K-feldspar and is crystallographically continuous with them, suggesting that the two tlpes of albite may be
genetically related.
Quartz is generally interstitial to feldspar and commonly penetrates and embays it
(Figs. la, 2a, 2b, 3d). Some sections show micrographic intergrowths of quartz and Kfeldspar or albite. Biotite also occurs interstitially and in,vades feldspar (Figs. 1b, 1c). It
may be partly altered to chlorite with epidote and iron ore, or to sericite.
The syenite, a white and coarse-textured rock, is madr: up essentially of microperthitic
K-feldspar and plagioclase, which vary in amount from ,12.5-66.5 and 31.1-55.6 percent,
respectively. The feldspars are of the same types as thosr: found in the associated granite
and show similar grain-boundary relations, but the pJtagioclaseis predominantly the
unzoned, albitic variety, and textures indicative of the rtplacement of K-feldspar by this
mineral are even more strongly deveioped (Figs. 2c, 2d, and 4d). Quartz is usually absent,
but occurs in minor amounts up to 3.5 percent in some specimens. Little biotite is present.
White mica, chiefly in the form of sericite, is abundant and, besides replacing plagioclase,
exists in small cavities with one or more of such minerals as fluorite, quartz, zircon, allanite,
and kaoiinite, evidently representing the efiect of late-stag;eactivity.
INrBncnaNuLAR

ALBTTE

One of the most striking textural features of the rocks is the strong
development of intergranular albite at the K-feldspar interface and the
boundary between K-feldspar and the early, more calcic plagioclase.It
can be found at many of the two types of grain contacts in all thin sections examined.
Al,biteBetweenK-feldspar and.Early Plagiocl,ase.Intergranular albite at
contacts with early plagioclaseis found mainly in the granite, which contains more of this variety of plagioclase than the syenite. The albite
generally forms a sharply defined, continuous rrim around the plagioclase
and projects into the adjacent K-feldspar (FiS. 1); but in a few cases,it
occurs as a row of oriented discrete grains. The rims range in width from
Iessthan 0.1 to about 0.3 mm; even the rir.non a given plagioclaseusually
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Frc. 1. (a): Albite rim on early plagioclase adjacent to perthitic K-feldspar (K). (b) and
(c) : Its relation to intergranular albite along K-feldspar interface. P, late albitic plagioclase:
Q, quartz; B, biotite. Granite. Crossed polars.
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Frc. 2. Late albitic plagioclase (P) replacing K-feldspar (K) and its relations to intergranular albite (I) at K-feldspar interface and to perthitic lamellae. O, early plagioclase;
Q, quartz. Granite (a, b) and syenite (c, d). Crossed polars.

varies in width along the length of the border, but it tends to be uniform
if the border is geometric in outline. The rirn albite invariably has the
crystallographic and optical orientation of the core plagioclaseanci continues the twin lamellae if the core is twinned, but it showsno fixed orien-
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Frc. 3. Double row of albite grains along anhedral K-feldspar interface. Albite warts
in granite (a) and syenite (b); albite laths in granite (c, d).Q, quartz. Crossed polars.

tation relative to the neighboring K-feldspar. It is free of sericite; and
whereas the rim albite in the granite is nearly always myrmekitic, that
in the syenite is usually non-myrmekitic. The writer concurs with Ramberg (1962) and HalI (1966) that such rims are overgrowths on plagioclase
and have grown into the associatedK-feldspar by replacement.
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Ftc. 4. (a) Albite warts on one side of anhedral K-feldspar interface and albite laths on
the opposite side. Granite. (b) and (c): Albite rim on euhedral K-feldspar surfaces. Syenite.
(d): A double row of albite warts at the anhedral border of K-feldspar and an albite rim
along its euhedral border. P, late albitic plagioclase. Svenite. AII crossed polars.

Albite at K-fel,dsparInterfaces.The intergranular albite along these contacts is in many respectssimilar to the albite rims on plagioclase,and the
two often lie side by side or blend together where found around a common
grain of K-feldspar (Figs. 1b, 1c). That this albite is also an oriented overgrowth is indicated by the following facts: (a) it surrounds one of two
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adjacent K-feldspars along their interface and protrudes into the other,
(b) it is in crystallographic and optical agreement with the*core crystal,
but shows no regular orientation with respect to the crystal that encloses
it, and (c) the cleavagesare continuous through the albite and the Kfeldspar core; and the albite twin lamellae in the two feldspars, if developed, are in parallel orientation. Clearly, the K-feldspar core served as
a substrate from the surface of which the albite grew by replacing the
adjacent crystal. Commonly, each of two neighboring K-feldspars is
overgrown by albite. Like the albite rims on plagioclase,the albite overgrowths range in size up to 0.4 mm and show no sericitization. They are
also generally myrmekitic if found in the granite, but are rarely so if
found in the syenite. Similar textures have been described by Ramberg
(1962) and Carstens(1967).
This albite varies in form with the configuration and orientation of the
interface, or rather the substrate surface,upon which it has grown. Its
various morphological developments observed may be classifiedinto two
main types as follows.
(1) Discrete grains. This type is characteristically found on anhedral
K-feldspar surfaces. It may consist of a row of wart-like albite grains
without polysynthetic twinning if the core K-feldspar displays no crosshatching and contains untwinned perthitic lamellae. The irregularlooking warts on a given K-feldspar are of different sizes and lie discontinuously along the interface with their relatively flat sides molded
upon the substrate and their convex sidesprojecting into the neighboring
K-feldspar. The warts have a single orientation and extinguish together
with the perthitic atbite within the substrate. Where two untwinned,
anhedral K-feldspars meet, they are usually each overgrown by a row of
a l b i t e w a r t s a l o n g t h e i r i n t e r f a c e( F i g s . 2 b , 3 a , 3 b , 4 d ) . T h e t w o c o n tiguous rows of grains have different orientations and tend to be arranged
alternately along the irregular interface in an interlocking fashion. But
they often overlap each other becauseof their different shapesand sizes,
so that some grains of one row may be in direct contact with their core
while others may be partially or completely separated from it by the
grains of the opposite row. Nevertheless, the grains on one side of the
interface and their core on the,other side, even not physically connected,
always maintain their parallel orientation. When several anhedral Kfeldspar crystals come in contact, each may be covered by overgrowths
with a common orientation on more than one border and at the same
time may enclosedifferently oriented albite grains grown separately on
s o m eo r a l l o f i t s n e i g h b o r s( F i g . 3 b ) .
If the core K-feldspar exhibits grill twinning, its albite overgrowth
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typically takes on the form of a row of lath-shaped grains elongated along
the c-axis;and if its neighbor is also cross-twinned,it is usually mantled
by a similar type of overgrowth (Figs.3c,3d). The laths of each row are
crystallographically and optically parallel to each other, but are oblique
to those of the opposite row. They show albite twinning with the twin
Iamellaeparallel to those of the perthitic albite within the core crystal.
Many casescan be found in which a twinned and a contiguous untwinned anhedral K-feldspar crystal are each surrounded by a row of
albite grains along their boundary. As would be expected, the overgrowth on the first crystal is lath-shapedwith twinning whereasthe overgrowth on the secondone is wart-shapedand untwinned (Figs. lc,4a).
(2) Rims. Sometimes the borders of K-feldr;par against its neighbor
are low-rndex crystal faces such as (010), (11tD, (001), (101), or a combination of sbme of them. The albite grown on these euhedral surfaces
generally assumesthe form of a more or less continuous rim with the
a p p e a r a n c eo f a r e g u l a r z o n e ( F i g s . 2 c , 2 d , 4 b , 4 c ) . T h i s t y p e o f i n t e r granular albite is not as common as the granular type and is found mainly
in the syenite, in which K-feldspar more commonly exists as subhedral or
euhedral crystals than in the granite. The rirns closely follow the geometric outlines of the core crystals, but their borders with neighboring
K-feldspar may be straight or irregular. They may or may not develop
twinning, depending upon whether or not thLesubstrate K-feldspar is
twinned.
When a K-feldspar has a nearly geometric border with its neighbor,
its overgrowth also tends to be rim-like. Such growths may be made up of
a single wart-shapedgrain or a row of closely spaced,oriented laths of
a l b i t e ( F i g s .2 a , 4 d ) .
Strikingly, when a K-feldspar is mantled by a rim on its euhedral
border, its anhedral neighbor generally exhibits no or little overgrowth
(Figs. 2a, 4b,4c,4d). This is in sharp contrast to the granular type of
intergranular albite, which usually consists c,f two rows of grains opposite each other acrossan irregular interface.
Interpretation of Form Development The variation in form of the intergranular albite between K-feldspars may be explained in terms of the
structural and growth characteristicsof the substratesurfaceson which it
has grown, for its growth can be considereda continuation of growth of
these surfaces. Obviously, an anhedral border is not a structurally
uniform surface but one consisting of various types of faces, probably
mainly those of high indices,with lattice imper:fections.
It is conceivable
that as such a surfacegrew by adding on albite, depositionwould take
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place independently at many points at different rates and probably not
by layer formation but rather in an indiscriminate manner due to the
predominanceof rapidly growing high-index faces (Bunn and Emmett,
1949, p. 128). Further, the growing faces would have the difficulty of
spreading laterally becauseof the structural and energy differencesbetween neighboring sites of nucleation; and unstable faces would eventually be eliminated in favor of the stable ones. The results of such an irregular growth would be expected to be an assemblageof separategrains
of various sizesand heights scattered over the substrate surface, as is observed. The wart- and lath-Iike developments of the grains are evidently
the result of growth along difierent crystallographic directions.
By contrast, growth of euhedral facesshould occur at uniform rate with
added layers spreading and piling up across the surfaces. Thus, there
would be produced a regular rim. The reason for the absenceor poor
development of overgrowth on an anhedral K-feldspar adjacent to a rimcovered euhedral K-feldspar may be that less energy is required for the
albite to form as a rim on low-energy habit faces than as irregular grains
on high-energy anhedral surfaces.
Unlike the intergranular albite between adjacent K-feldspars, the
albite grown on early plagioclase almost always assumesthe form of a
continuous rim regardlessof the configuration of the plagioclasesurfaces.
Undoubtedly, its growth must also have been controlled by the surface
structure of the substrates, for it tends to have a more regular width on
euhedral surfacesthan on anhedral ones (Figs. 1a, 1c). Its consistent
lim-like development indicates that the surfaces of plagioclase are
structurally and energetically more suitable for albite nucleation and
growth than those of K-feldspar.
Intermineral Relations.Remarkably, the intergranular albite is restricted
to the above-mentioned two types of grain boundary, although it is not
found at all thesecontacts. But it is conspicuouslyabsent at the boundary
between K-feldspar and the late albitic plagioclaseor qtartz' The absence
of intergranular albite a"t quartz contacts has also been noticed by
Tuttle (1952), Rogers (1961), Ramberg (1962),and others in rocks they
examined.
However, the intergranular albite at the two types of grain boundary is
commonly found in contact with quartz or the late plagioclase' Where
quartz is involved in such cases,it protrudesinto the intergranular albite
as well as its substrate (Figs. la,2b,3d). Not uncommonly, it forms
tongues or rods extending into the albite along the interface. It is
evidently a late mineral, thus explaining the absence of intergranular
albite at its contacts with K-feldspar. But it should be pointed out that
not all quartz is of. late formationl some of it may have started to crys-

INTERGRANULARALBITE

279

tallize earlier along with K-feldspar, as the two minerals sometimesoccur
in micrographic intergrowths. The contact re.lationshipof intergranular
albite to biotite is similar to its relationship to quartz (Figs. 1b, 1c).
The intermineral relations between intergranular albite and the late
albitic plagioclaseare more complicated. Where this plagioclaseoccurs as
oriented plates around K-feldspar or replacesit coaxially, it is found side
by side in parallel orientation with the intergranular albite grown on the
K-feldspar so that they appear to be continuous (Fig. 2). In other cases,
one of the two feldsparsmay cut acrossthe other; the boundariesbetween
them are sharp and straight (Figs. 4b, 4c). Similar relations exist between
the late plagioclase and the albite rims on zoned plagioclase, but such
occurrencesare rare. These relations strongly suggestthat the two types
of albite have formed simultaneously. rf the albitic plagioclase were of
earlier formation, there appears to be no obvic,usreasonwhy its contacts
with K-feldspar should not show albite rims.
Drscussrow oF ORTGTN
There have been several suggestedexplanations of the type of intergranular albite described here. Tuttle (1952) and Tuttle and Bowen
(1958) believe that the albite representsthe sodic phase originally held in
solid solution in the associated K-feldspar and later unmixed at its
grain boundaries,whereasthe perthitic lamellae in the K-feldspar are due
to unmixing within grains. This view, Iargely resting on the characteristic localizationof the albite, has been acceptedby Hutchinson (1956),
Ramberg (1962), Phillips (1964), Hall (1966), Carstens (1967), and
others. Rogers (196I), however, opposes such an explanation on the
grounds that the albite is not found at all grain contacts involving Kfeldspar, e.g. the contact with quartz, and that it is commonly myrmekitic in contrast to the non-myrmekitic nature of perthitic albite thought to
have formed by exsolution. He (p. 186) maintains: ,,. . . much of the
albite in granitic rocks has formed simply as a late-stage crystallization
product of a granitic melt" and ". . . roughly synchronously with the
K-feldspar." Other investigatorshave followed Colony (1923) and Alling
(1932) in attributing the albite to end-stage magmatic or deuteric
action. Still others (Deer, 1935; Schermerhorn,1956) explain the albite
rims on plagioclase as being due to replacement of the latter by Kfeldspar. It seemsthat the intergranular albite in rocks of different environments may be formed by different processesand a single mode of
origin may not be applicable to all occurrences.Ramberg (1962, p. 15)
also suggeststhat albite rims on plagioclase". . . may develop by various
mechanisms,depending upon unlike history of the rocks. . . .,,
Some of the features of the intergranular albite in the Hong Kong
rocks, particularly its consistent localization at the borders of perthitic
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K-feldspar and its close relationship to the albite lamellae in the Kfeldspar,appear to fit the theory of unmixing just referredto. There are,
however, significant facts which suggest the albite has formed by the
replacementof the associatedK-feldspar by a residual magmatic liquid
and not by unmixing.
(1) If the intergranular albite is to be regardedas the result of unmixing, it would necessitatepresupposing the associatedperthite originates
by the same process.The various types of perthite found in the rocks
can, of course,be interpreted in severalways (Gates,1953).As suggested
by their regular forms and systematic orientations, the minor film and
stringer perthites may be exsolution in origin. But the predominant vein
and patch perthites are best explained by replacement for the following
reasons:(a) the coarse,irregular veins and patchesof albite are typical of
the generally accepted replacement perthite (Anderson, 1928; AIIing'
1932; Gates,1953); (b) the albite fraction of the intergrowth varies
greatly and irregularly in distribution and size even in adjacent grains;
(c) difierent types of perthite occur side by side in the same thin section;
and (d) the lamellae often extend in crystallographic and optical continuity into the late albitic plagioclasethat replacesthe K-feldspar host.
This suggeststhat the intergranular albite is likewise a product of replacement and not of unmixing.
(2) The development of the intergranular albite is highly variable' Although the absenceof the texture at qttattz contacts, a point raised by
Rogers (1961) against the theory of unmixing, can be easily accounted
for in the present case because the albite formed before qtattz, the
theory still fails to explain the fact that the albite may be absent even at
the K-feldspar interface and the boundary between K-feldspar and early
plagioclase. Furthermore, the albite exists in various forms, may occur
continuously or discontinuously along the boundaries, and is of variable
size. Finally, it may be associated with any type of perthite and no
correlation was detected between the development of the texture and the
degree or type of perthitization of the associated K-feldspar. Such an
irregular development of the albite cannot be adequately explained by
unmixing. But it would be expected if the albite was derived from interstitial liquids, for its formation under such conditions would be determined not only by the structural suitability of substrate surfaces,as
discussed above, but also by the amount of solutions available, which
would conceivably vary from place to place'
(3) In all cases,the albite forms an oriented overgrowth on K-feldspar
or on the early plagioclase and is crystallographically oblique to the
acijacent K-feldspar into which it has grown by replacement. Furthermore, it occurs only along the interface. These relations are believed to
preclud,ethe possibility that the albite has formed by unmixing from the
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associatedK-feldspar. If it had formed in that manner, it would probably, like the exsolvedphasesobservedin certain minerals and metals, to
form within the parent crystal a more or less uniform shell surrounding
coaxially a perthitic core. Ramberg (1962) noticed and discussedin detail
the kind of orientation relationship under consideration in the intergranular albite of charnockitic rocks from Brazrl, which he believed
to have unmixed from adjacent K-feldspar and have grown into it
through interdiffusion of Na and K ions and rearrangelnent of the
AlSiaOa-framework.With referenceto the albite at the K-feldspar interface, he (pp.22-23) agreesthat its growth into the differently oriented
K-feldspar rather than the one it parallels is "contrary to what one
perhaps would expect in view of the commonly occurring intergranular
precipitation in supersaturated alloys . . . ," but he interprets the situation to mean that ". . the growth of albite into microcline (or orthoclase) is energetically andf or kinetically much more favorable if the
two structures are not aligned than if they are as nearly parallel as their
unit cells permit." Although it is well known that alkali diffusion and
reorganization of the Al and Si in the alkali feldspars may occur with ease
at high temperatures and in the presenceof flux (Goldsmith, 1952), it is
difficult to envisage the possibility that such a process could be so
effective as to cause the albite phase in one of two adjacent K-feldspars
to be segregatedto the interface and then grow into the other producing
sharply defined crystals.
(a) It is significant that the intergranular albite and much of the late
albitic plagioclaseare similarly localized at the borders of the dominant
K-feldspar and both replace it. This strongly indicates that they are
genetically connected and have crystallized from the residual liquid
interstitially distributed in a crystal mush at the late stage of crystallization. The perthitic albite veins and patches in the K-feldspar which
are so closely related to them were probably derived from the same source.
The three types of albite may have formed at about the same time; but
the albitic plagioclaseapparently started crystallizing earlier, judging by
its much larger grain-size, better developed crystal form, and slightly
more calcic in composition. It is true that they show certain mineralogical
differences;f or example, the albitic plagioclaseis commonly sericitized in
contrast to the clean appearance of the other two and only the intergranular albite may display myrmekitic texture. These differencesmay
reflect changesin the character of the residual liquid'
The crystal mush containing the residual liquid must have consisted
essentially of K-feldspar and the zoned plagioclase,for they are the only
major minerals first formed in the rocks. Petrographic study shows that
the zoned plagioclaseis much less abundant, smaller in grain-size,and of
earlier formation than the K-feldspar so that it often occurs as single
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crystals surrounded by K-feldspar grains or as inclusions in them (Figs.
t,2a). These relations imply that in the original crystal mush there
should have been more K-feldspar interfaces in contact with the liquid
phase than the boundariesbetween K-feldspar and the zoned plagioclase,
and contacts between grains of the zoned plagioclase should have been
uncommon. This may explain why the integranular albite is typically
found at the first two types of grain contacts.
To summarize, alI available evidence suggeststhat the intergranular
albite has formed along with the late albitic plagioclaseand most of the
perthitic albite and that they represent the effect of the residual liquid
in the late stage of crystallization.
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