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ABSTRACT

Statistical studies of quartz orientation in the granitic rocks and the associated meta-
morphites of Eastern Singhbhum and MayurbhanJ and also of Ontario, Canada, indicate that
the following characteristic features are produced in the quartz fabric as a result of the granitiza-
tion of a metamorpRite:—

1. The original orientation pattern of the metamorphite tends to be retained, although
the degree of preferred orientation is reduced appreciably, so as to become statisti-
cally not significant in most cases.

2. A tendency towards development of a peripheral ab girdle, in addition to the usual
B girdle, is evident in many cases.

Available evidences suggest that the ab girdle of quartz in the granitized rocks is a result
of mimetic crystallization of the introduced quartz controlled by the foliation planes and that
such girdles are more likely to develop (i) in rocks where the replacement processes were largely
post-tectonic and (ii) when the metamorphite, prior to replacement, had prominent partmgs
along the foliation planes.

Presence of ab girdle, along with a poor preferred orientation of quartz, might find limited
use as one of the many criteria for the replacement origin of granitic rocks.

INTRODUCTION

The controversy on magmatic vs. replacement origin of granitic rocks has
been one of the most important topics of petrology for the last two decades. Quite
a number of field and petrographic criteria have been formulated for distinguishing
between granitic rocks of magmatic and replacement origin respectively (cf. Grout,
1948; Goodspeed, 1948; Wahlstrom, 1950; Pichamuthu, 1951). However, not
much attention has been paid to the possibility of using the fabric of the constituent
minerals as clues to the origin of these rocks. Although Korn (1933), Marsoschek
(1933), Sander (1950), Cloos (1954), Den Tex (1956), Sen (1956) and a few others
have studied the fabric of granitic rocks, such studies have been much less extensive
than those of the metamorphites.

In the course of detailed field and laboratory work on the genesis of granitic
rocks in parts of Eastern Singhbhum and Mayurbhanj and also in Ontario, Canada,
the present author (Saha, 1954, 1955, 1957, 1959) studied the fabric patterns of
quartz and biotite in those rocks. The prime interest of these studies was to see
if some suitable petrofabric criteria for the magmatic or replacement origin of the
granitic rocks could be found. The present paper describes some significant results
of these studies. As the biotite fabric did not yield anything significant, only the
quartz fabric is considered here. Since the mechanism of the orientation processes
of quartz in rocks is not yet clearly understood, no attempt is made here to account
for the development of the fabric, except in an empirical manner and a ‘finger-print’
approach (Fairbairn, 1949, pp. 191.192) is used throughout.
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QUARTZ FABRIC OF SOME GRANITIC RoCES FROM ONTARIO

Quartz and biotite fabrics of several samples from the Hastings and Peterborough
counties of Ontario were studied. These include:—

(a) samples of foliated biotite granite and biotite-hornblende granite, consti-
tuting the Chandos Lake and Wallaston plutons (representative
diagrams: Text-fig. 1, ﬁgs 1-2);

(b) samples of biotite paragneiss close to the borders of these plutons (repre-
sentative diagram: Text-fig. 1, fig. 3);

(¢) samples of biotite-hornblende gram‘te-gneiSS, occurring as roof-pendants
in the Wollaston pluton and which, on field and petrographic evidences,
have been considered to be the result of influx of potash- and silica-
rich solutions into biotite-hornblende paragneiss (representative
diagrams: Text-fig. 1, figs. 4-5).

Independence of the altitudes of foliation and lineation in the plutons with
respect to those in the country rocks, clear evidences of fluid flow in the plutons,
regular radial variations of composition of the rocks in the pluton and other evi-
dences indicate that the biotite-hornblende granites are of intrusive magmatic
origin (Saha, 1957). The typical quartz orientation diagrams (Text-fig. 1, figs. 1-2)
of these rocks show the following features:—

1. Presence of a more or less complete peripheral girdle about the megascopic
lineation, which, on field evidences, is considered to be parallel to
the direction of magma movement (i.e. a). Apparently, there is no
systematic distribution of the maxima relative to the fabric axes.

2. Presence of a small-circle girdle at 25°-30° from the lineation. This
girdle consists of a series of four or five maxima rather than a zonal
scatter of points as in a normal girdle; prominence of this girdle is
apparently correlated with the relative prominence of the lineation.

The diagrams of quartz optic axes of the biotite paragneisses of this region
typically show two intersecting girdles (B A B’ tectonites). In the diagram of
Text-fig. 1, fig. 3, which is typical of these paragneisses, one of the girdles is peri-
pheral to the megdscopic b lineation, while the other one makes a small angle with
the be plane; the attitudes of the two girdle axes correspond to those of the regional
cross-fold axes.

The quartz orientation diagrams of the granitized paragneiss (Text-fig. 1, figs. 4-

5) differ significantly from those of the granite and the paragneiss in two important
aspects:—

1. Weak preferred orientation in the granitized paragneiss; applying the
r-test (after Chayes, 1949) on the point diagrams, the preferred orienta-
tion is found to be not significant at the 5 per cent level of probability.

2. The diagrams of the granitized paragneiss show weak peripheral ab
girdles, in addition to the weak ac girdles.

QUARTZ FABRIC OF THE GRANITIC ROOKS OF EASTERN SINGHBHUM
AND MAYURBHANJ

The quartz orientations of several samples of leuco-granite, granodiorite, quartz
diorite and the associated micaceous quartzite and phyllite of the region between
Kudada (22° 42’ : 86° 12’) and Bahalda Rd. (22° 26’ : 86° 16’) have been studied.
The low-grade metamorphics of this area represent B A B’ tectonites (Saha, 1959),
but the effects of the earlier folding are not generally observed in the fabric diagrams

{Text-fig. 2, fig. 1). A girdle around the later-formed lineation (b') appears to be
characteristic. '
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TexT-¥16, 1. Quartz orientation diagrams of some granitic rocks of Ontario,
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Field and petrographic evidences suggest that the leuco-granite was produced
as a result of metasomatic alteration of the argillites, while the diorite and grano-
diorite are due to progressive granitization of actinolite schist and epidiorite (Saha,
1954, 1955, 1959). The diorite, granodiorite and leuco-granite show generally two
generations of quartz: the earlier quartz was recrystallized or was introduced (along
with various sodification and silicification processes) syntectonically; subsequently
there was a period of shearing and a late generation of quartz along with some
microcline or albite followed the shear movements. While the distinction between
the grains of quartz belonging to the two generations is often difficult, the earlier
quartz in general is relatively coarse and shows pronounced strain shadows and
fracturing, while the late quartz is finer-grained, unstrained and associated with
clear albite or microcline. Aggregates of late quartz often cut across the coarser
grains of the first generation quartz and other minerals.

. The quartz optic axes in the quartz diorite (Text-fig. 2, fig. 2) show a very weak
preferred orientation, and imperfect ab girdle and a rudimentary girdle about the
visible lineation. Applying the r-test (Chayes, 1949), the preferred orientations
are found to be not significant even at the 10 per cent level of probability. Quartz
in the diorites belong mostly to the last generation.

The unselected quartz diagram for a sample of leuco-granite (168/53) is also
similar (Text-fig. 2, fig. 3). It shows a rudimentary ac girdle around the well-
developed b lineation and an imperfect ab girdle. As in the diorites the preferred
orientation is nof significant statistically. However, a diagram of 100 axes of only
those quartz grains which show undulose extinction (i.e. chiefly first generation quartz)
indicates a statistically significant preferred orientation (Text-fig. 2, fig. 4). This
diagram shows an imperfect ac girdle with maximum on @, but the fact of particular
interest is that the ab girdle is absent in this diagram, suggesting that the later
generation of quartz is responsible for the ab girdle in the diagram of unselected grains
(Text-fig. 2, fig. 3).

The unselected quartz orientation diagram of a sample of granodiorite with
pronounced lineation (b’) shows a well-developed a’c girdle with a maximum near a'
(Text-fig. 2, fig. 5). An imperfect ab girdle is also present. In addition to the pro-
nounced linear arrangement of amphibole, there is a less pronounced lineation due
to elongation of quartz, the latter being a little oblique (10°-12°) to the former,
Although in Text-fig. 2, fig. 5, the maximum would appear to lie a little off ¢’ (as
defined with respect to the amphibole lineation), it actually lies on o', when the
fabric axes are defined with respect to the quartz lineation.

The quartz orientation of a few samples of the soda granites from north of
Kudada (22° 42 : 86° 12’) was also studied. The preferred orientation in most of
them (Text-fig. 2, fig. 6, is a typical diagram) was found to be statistically significant.
In addition to a fairly well-developed girdle about the down-dip mineral- and
striation-lineation, the diagrams show distinct spread of a number of axes along
the ab plane. In one sample, where a prominent shear plane intersects the mineral
foliation at about 20°, the cross-girdle coincides better with this shear plane rather
than with the mineral foliation. It is of interest to note in this connection that,
within recent years, the soda granites along the main thrust zone of Singhbhum
have been considered as products of syntectonic granitization in situ of the mica
schists of the Chaibasa stage (Roy, 1954; Banerji, 1957).

DIsCUSSION
A. Fabric of magmatic granites

The findings of the present author on the quartz fabric of the magmatic granites
from the Chandos Lake and Wollaston plutons, Ontario, are in approximate con-
formity with those of other workers on the fabric of ‘magmatic’ granites. Thus
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TEXT-¥1G. 2. Quartz orientation diagrams of some granitic rocks of eastern Singhbhum and
Mayurbhanj. C
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L. Korn (1933) found dominant ac girdles of quartz axes, with subsidiary bc and
ab girdles, in the intrusive granites of Vorspessert district, Germany. Marsoschek
(1933) found that the quartz in the apparently undeformed granite of Mauthausen,
Austria, shows the same type of broad ac girdles as that in the schistose rocks of
the area. Den Tex (1956) found that the mica of a sample of quartz diorite of the
Koscuisko pluton in New South Wales (Australia) shows a strong and complete
peripheral girdle about the lineation, while the quartz shows an incomplete cleft
girdle about L, with double principal maxima at about 70° from L. In the quartz
fabrics of the porphyritic granite of Manbhum, Sen (1956) found a prominent
peripheral ac girdle about the b linéation, a small-circle girdle about the same b
axis, a partial small-circle girdle about ¢ and a tendency for partial peripheral
girdle about a. As an explanation of the complex girdle patterns, Sen suggests
complicated rotations in a viscous magma.

It would appear from the above that girdle patterns of quartz about the different
fabric axes are characteristics of the magmatic granites. On the other hand, E.
Cloos (1954) has described an S-tectonitic fabric pattern of quartz (maximum on ¢)
in the marginal samples of an intrusive body of granodiorite in Bear Island, Mary-
land.

Summarizing, the following are the chief characters of the quartz fabric of
magmatic granites :—

1. The grain-lattice orientation of magmatic granites is generally similar
to that of the girdle-tectonites, as is common in regionally meta-
morphosed rocks. This, according to Sander (1950, pp. 307-310),
is due to the fact that during the later stages of consolidation of the
magma, the forces that cause flowage in the magma also deform and
rotate the already crystallized materials in the same way as the
tectonic deformation of solid rocks would.

2. In addition to the prominent peripheral girdle about the visible lineation,
several subsidiary small-circle girdles are also found.

3. Distribution of the maxima relative to the fabric axes is generally non-
systematic,

B. Fabric of granitized rocks

The present author’s work on the quartz fabrics of the granitized paragneiss
of Ontario as well as of the leuco-granite, granodiorite, diorite and soda granite of
Eastern Singhbhum and Mayurbhanj suggests that the following features are
produced in the quartz fabric, as a result of the granitization (involving introduction
and recrystallization of quartz) of a metamorphite:—

1. While the original orientation pattern of the metamorphite is retained
in all cases, the degree of preferred orientation is reduced appreciably
in the granitized rocks. In fact the preferred orientation in most
cases is 8o poor as to be considered not significant statistically, according
to the r-test of Chayes (1949).

2. A tendency towards development of peripheral ab girdle is evident.

3. Where two generations of quartz occur, as in the Singhbhum region,
the tendency to form ab girdle is more evident with the later, post-
kinematic generation of quartz, while the earlier synkinematic quartz
retains more or less faithfully the original metamorphic fabric, Ex-
ception to this is the quartz in the soda granites of Singhbhum, where
a tendency of development of ab girdle or a girdle along the shear

 plane is evident, although the quartz here is apparently of synkinematic
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In view of the fact that the preferred orientation in most cases is so poor as
to become statistically nof significant, it might be contended that the fabric of
these granitized rocks is really isotropic, and therefore the ab girdles or other girdles
as might be found in them are merely fortuitous. It is important to remember,
however, that a statistically non-significant preferred orientation does not mean
that the parent fabric of the rocks is necessarily isotropic (Chayes, 1949, p. 325).
All that the statistical tests indicate is that the probability of the ‘null hypothesis’
being true is sufficiently high as to be not negligible. In the present case, it is
probable that the processes of recrystallization during the metasomatic introduction
of alkaline and siliceous fluids into these rocks have caused superimposition of a
new fabric on the original metamorphic fabric, so that the net result is to show
such a weak preferred orientation. ]

Persistence of similar B and ab girdles in the partial diagrams of individual thin
sections of the granitized paragneisses has been noted. This would indicate that the
parent quartz fabric is not isotropic. However, in order to dispel all doubts on
this point, the quartz fabric of three mutually perpendicular sections (ac, bc and ab)
of a lineated leuco-granite (107/58) from Matku (22° 41’ : 86° 15’) was studied. The
sample shows & well-marked mineral lineation. Quartz in this rock, as in the other -
granitic rocks of this area, belongs to two generations, the earlier quartz being
relatively coarse grained with pronounced strain effects, while the later quartz
is in smaller grains, often associated or intergrown with microcline. In each of
the three thin sections, the orientations of 200 c-axes of quartz belonging to both
the generations were measured. The data for the bc and ab sections were rotated
to the plane of ab and the results are shown in Text-fig. 3, figs. 1-3. Although the
r-test indicates that the preferred orientations in all the three cases are not significant
statistically at the 5 per cent level of probability, the three diagrams are remarkably
similar as regards the correspondence of the girdles and the maxima, suggesting
(i) that the fabric is homogeneous, (ii) that the present fabric is anisotropic and
(iti) that the Schnitteffekt (Jones, 1959) is absent. In all the three diagrams,
rudimentary ab, ac (cleft) and be girdles are seen. The composite diagrams of 370
late quartz and 230 early quartz (compiled from the data of the three sections)
bring out clearly the difference between the orientations of the two generations of
quartz (Text-fig. 3, figs. 4-5). It will be noticed that the ab girdles in the unselected
quartz diagrams of the rock are almost entirely due to the late quartz, while the
earlier quartz accounts for the other two girdles. It is of interest to note that the
preferred orientation of the late quartz (Fig. 5) is highly significant statistically
(r = 40-323; P.o; = 0:26, P.; = 0-20), while the first generation quartz (Fig. 4) is
not so (r = +0-133; P.;, = 0-26, P.y5 = 0-20).

Previous work on the fabric of granitic rocks of undoubted replacement origin
is extremely meagre. The present author is aware of the investigations of only -
three workers on the subject, viz. S. Sen (1956), E. Den Tex (1956) and E. H. T.
Whitten (1957). Sen (1956) studied the quartz fabrics of a few samples of mig-
matite and granite-gneiss in East Manbhum. According to Sen, these rocks contain
two generations of quartz—the later granulitic quartz being the product of post-
tectonic metasomatic recrystallization. The quartz orientation diagrams of these
rocks are generally similar to those of the metasediments (granulite facies), although
the degree of preferred orientation in the former is generally lower than in the
latter. There is however no tendency of development of an ab girdle. According
to Sen, the granulitic post-tectonic quartz mimetically retained the original tectonic

orientation. _ .
‘ Den Tex (1956) found that the quartz and mica fabrics of a granitized argillite
xenolith in Koscuisko pluton, New South Wales, are remarkably similar to the corres-
_ponding patterns of the country rock, although the- girdles ‘have suffered some
loss of density’. According to Tex,*....... granifization in sifu has been attended
by widespread recrystallization and neomineralization—but their combined effects
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TExT-FIe. 3. Quartz orientation diagrams of a sample of leuco-granite (107/58) from Matku,
Singhbhum, .
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have not succeeded in obliterating the essential features of the fabric, With the
exception of the dimensional orientation of the quartz grains, which has, largely,
though not completely, disappeared in the xenolith’ (p. 15). No distinct ab girdle
is however discernible in the fabric of the granitized xenolith.

E. H. T. Whitten (1957) found “belteroporic’ fabric superimposed on the mag--
matic fabric of Gola granite in Donegal Co., Eire, but gave no details of it.

It would appear then that while no previous worker has described ab girdles
of quartz c-axes in granitized rocks, there is a general lowering of the degree of
preferred orientation during the replacement processes. Two factors appear to
determine whether or not ab girdles will be found in granites of replacement
origin:— :

(i) Formation of ab girdles is apparently facilitated if the metamorphite,
prior to replacement, had prominent partings along the foliation
planes. In such cases, the process of crystallization of the introduced
quartz through mimetic control of the foliation planes, rather than a
uniform retention of the original fabric, is likely to be dominant.

(ii) ab girdles are not likely in the case of synkinematic or pre-kinematic
replacements; in such cases the resulting fabric would reflect the
regional or local deformation plan and the ab girdle, even if it develops
initially, is liable to be obliterated by the continuing deformation.
In rocks with quartz of both synkinematic and post-kinematic genera-
tions, ab girdles are more likely to be shown by the later quartz, as
in the case of the leuco-granites of Singhbhum.

CONCLUSIONS

The present study of the quartz fabric of granitic rocks indicates that a number
of characteristics appear in the quartz fabric of granitized metamorphites:—

1. The original orientation pattern of the metamorphites tends to be re-
tained in all cases, although the degree of preferred orientation is
appreciably reduced in the granitized rocks. The preferred orienta-
tion in most cases is poor enough to become statistically non-significant,
according to the r-test of Chayes (1949).

2. A tendency towards development of a peripheral ab girdle is seen parti-
cularly where the replacement was mainly post-tectonic and the meta-
morphite had prominent partings along the foliation planes.

3. When more than one generation of metasomatic quartz are present,
the tendency of development of the ab girdle is greater with the later,
post-tectonic quartz.

In view of the fact that ab girdle of quartz is not normally found in the region-
ally metamorphosed rocks nor in the granites of magmatic origin, its presence
in granitic rocks, along with a poor degree of preferred orientation of quartz, might
be considered as a criterion for the replacement origin of these rocks. The only
serious limitation of the criterion is that this girdle would appear only under favour-
able circumstances. As in the case of other field and laboratory criteria for the
origin of granitic rocks, this criterion too has to be considered cumulatively with
other evidences in order to arrive at some conclusion on the origin of a particular
granite body.
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TexT-F16. 1. QUARTZ ORIENTATION DIAGRAMS OF SOME GRANITIC ROCES OF ONTARIO

F1e. 1. L 27—Biotite granite; 150 axes; Contours 1-2-3-49%, (maximum 6-5%).

F1e. 2. W 819—Biotite-hornblende granite; 150 axes; Contours 1-2-3-59%, (maximum 69%,).

F1e. 3. L 111A—Bijotite-hornblende paragneiss; 200 axes; Contours 1-2-3-49, (maximum 69%,).
F1a. 4. W 487—Biotite-hornblende granite-gneiss; 150 axes; Contours 1-2-39;, (maximum 49%).
F1e. 5. 'W 1164—Biotite-hornblende granite-gneiss; 150 axes; Contours 1.2-3-49, (maximum

4-59,).

TEXT-FIG. 2. QUARTZ ORIENTATION DisgeRaMS OF SoME GRANITIC ROCES OF EASTERN
SINGHBHUM AND MAYURBHANJ

31/53—Micaceous quartzite; 205 axes; Contours 1-2-3-4-59%, (maximum 79%).
195/53—Diorite; 107 axes; Contours 1-2-4%, (maximuam 4-59,).

168/53—Leuco-granite; 150 unselected axes; Contours 1-2-39%, (maximum 49%,).
168/53—Leuco-granite; 100 selected axes (only grains showing pronounced undulose
extinction); Contours 1-3-59% (maximum 5-5%).

20/51—Hornblende granodiorite; 200 unselected axes; Contours 1-2-4-69, (maximum
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79%).
44]58—Soda granite; 200 axzes; Contours 1-2-3-4% (méximum 5%).
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TEXT-F16. 3. QUARTZ ORIENTATION DIAGEAMS OF A SAMPLE oF LEUCO-GRANITE (107/58)

SN

FROM MATKU, SINGEBHUM

ac section; 200 unselected axes; Contours 1-2-3-49, (maximum 5:59).

Data of bc section rotated to ac plang; 200 unselected axes; Contours 1-2-3-49, (maxi-
mum 4-5%).

Data of ab section rotated to ac plane; 200 unselected axes; Contours 1-2-3-49, (maxi-
mum 4-595).

Composxte diagram of 230 first generation quartz plotted on the ac plane; Contours
1-2-3-49,, (maximum 4-59,).

Composite diagram of 370 late quartz plotted on the ac plane; Contours 1.2.3-49,
(maximum 59%).



