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Various features, chemical, mincralogic and geometric, individually or
severally, help to serve as unfailing criteria in recognizing and distinguishing
magmatic and replaced granites. Several structural characters are cited as
typical of one or the other. It is possible to get unequivocalstructural evi-
dence in support of replacement origin and equally unequivocal evidence for
an intrusive emplacement. These evidences include structures of various
scales, and change in the mineral fabric along the wall that may be induced
by the forceful intrusion of the granite. Internal structures in the granite,
if geometrically independent of the alignments in the country rocks, point
to the same effect. Concordance of the internal structures with those of the
country rocks, however, does not prove the antithesis. Just the nature of
the internal structures hardly gives conclusive evidence as to their primary
origin. Most of the features ascribed to viscous flow could be produced in
solid flow during metamorphism. These structures are to be ascribed to a
primary origin only when taken in conjunction with their relation with the
country rocks, Several types of quartz grain fabric in granitic rocks have
been described. The claim that a particular type of grain fabric is typical of
magmatic granites or of replaced granites is untenable. The fabric cannot
be used as a fingerprint to distinguish the two types of granite. As in the
major structures, in microfabric also comparative study of the granite and
the country rocks may help to prove structural independence or otherwise
of the former. Similarity in fabric, however, need not necessarily point
to replacement origin, the fabric could be impressed later.

INTRODUCTION

There has been, since the last several years, a persistent search among
petrologists for a set of more or less unequivocal criteria, mineralogical,
chemical and structural that would help recognize a magmatic granite from
one of replacement origin. It is needless to add that most of the petrologists
working on granites today believe in the efficacy of both the proposed modes
in producing rocks of granitic composition. The difference of opinion lies
in assigning a dominant role to one or the other of these processes, and in
deciding for an individual occurrence as to which particular mode of origin it
is to be assigned. It would obviously have made the task of all concerned
comparatively easy if a group of infallible criteria were available that could
be applied fingerprint-wise in recognizing the ultimate mode of origin of
individual occurrences of granites. Several such criteria have been proposed
from time to time (cf. Goodspeed, in Gillully 1948; Grout, in Gillully 1948;
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and others). It is endeavoured in the present paper to review critically the
reliability of the so-called structural criteria for a magmatic or a transformed
granite, and also to assess the contribution of structural evidences towards
solution of the granite problem.

It may be worth while at the outset to point out that there are two possible
approaches in the structural study of the granite problem. Thus it may be
endeavoured first to accumulate statistically all data regarding structural
characteristics of the granites of different modes of origin, and then if the data
so permit to formulate a set of criteria that might prove typical of each kind.
Or each occurrence’ may be individually studied attempting a comparative
estimate of the structural characters of the granite and the associated country
rocks, and of the mutual structural relations. An attempt has been made
in the following discussion to critically examine the criteria derived by the
first approach and to see how far the evidences gathered by the second help
in solving the problem of emplacement and origin of granite bodies. In the
following discussion megascopic! structures and mineral fabric have been
considered under separate heads for convenience.

MEGASCOPIC STRUCTURES
Individual Structures

Internal structures of granites (primary structures).—Internal structures
of granites have been studied statistically and in intensive detail by Hans
- Cloos and his students and associates over a period of several decades (Balk
1937; Cloos, E. 1937a; Cloos, H. 1922, 1925, etc.). When studied in conjunc-
tion with the structures of the country rocks they give an integrated picture
of the pattern of the responsible movements. The point at issue, however,
is the reliability of recognition of the structural elements in the granite as
primary implying their formation in the magmatic stage prior to complete
consolidation. These structural elements include planar parallelism of the
constituent minerals giving a planar banding, foliation (or flow layers, Balk
1937, p. 15), a linear parallelism of minerals, lineation (or flow lines, Balk 1937,
p. 10), and several sets of primary joints. Are there features in these structures
that characterize them as primary and reflect unmistakably their origin in
viscous flow 2 Balk gives a few criteria (1937, p. 151) that are said to be
characteristic either of primary or of secondary foliation. Many of these,
however, fail to satisfy closer scrutiny. Thus the contention that primary
foliation is ‘due to subparallel arrangement of layers of different composition,
or to parallel orientation of . . . platy minerals’ does not necessarily distinguish
it from secondary foliation as implied, since the feature is in no way typical
of the former. Moreover the contrasting character offered as distinctive of

1 Includes all structural elements megascopically visible, and hence the ‘minor structures’
of Highland Geologists, and embraces macro-, meso- and micro-structures of Weiss (1959).
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‘secondary gneiss’, that of micaceous minerals determining a schistosity which
cuts across an original mineral layering, applies only to schistosity superposed
on an earlier bedding or schistosity at an angle. Bedding schistosity and
transposition schistosity completely absorbing original structures are very
common in medium to high grade metamorphic terrains. Metamorphism
at high grades with near-perfect differentiation is capable of producing similar
mineral banding; the banding might also be remnant of original sedimentary
layering accentuated by differentiation.

Much also is made of pegmatite and aplite dikes that ‘arise out of
granites . . .” and cut across the foliation of the granites; the dikes may also
have foliation of their own parallel to the dike walls. The foliation within
the dike, geometrically unrelated to the foliation in the granite, is evidently
impressed during the emplacement of the dike and is in that respect primary.
It is argued that these pegmatites and aplites, as they merge into the body
of the granite, emanate out of it and hence represent the last remnant liquid
from the granite. The foliation, as it is cut across by such pegmatites and
aplites, had obviously formed prior to their ‘emplacement’ and hence prior
to complete consolidation of the granite. The conclusion is logically sound
but the premise on which it stands is not necessarily correct. The aplites or
pegmatites might represent material remobilized at a later date and forced
into the available opening of the joint planes.

The features, among others, that appear to support the origin of the
structures in viscous flow are (1) the often-cited wrapping of foliations around
‘xenoliths’ and (2) haphazard fold geometry universally accepted as typical
of flowage.! Wrapping of foliations around phenocrysts and around more
competent lenses is not rare in metamorphic rocks, especially where solid
flow plays more or less a dominant role in producing the foliation. In a
country of transformed granite this feature could have been inherited un-
disturbed from the original metamorphosed suit. The feature none the less
is indicative of flow, either viscous or pseudoviscous. Rotation of the
‘xenoliths’ or lenses, and all associated features characteristic of viscous
flow are to be expected also in extreme solid flow.2 But for the most
commonly granitized metasediments the condition required for the extent
of solid flow to produce these structures are not particularly common. The
features may also be produced in course of transformation, especially through
the intervention of liquids; only very slight movement could produce these
characters. Though these structures are characteristic of flow, and if viscous
flow per se is thought to have been effective, there is nothing in them to indicate
that the flowage was necessarily magmatic.

1 Includes extreme solid fiow.
2 Which might, for example, give rise to disoriented tectonic inclusions.
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Characteristic flowage folds, as found in salt plugs, would similarly
indicate either viscous or pseudoviscous flow. In ‘intrusive’ plugs of rocks
like granites, especially fine-grained partly glassy rocks like felsites, intricate
flowage folds would point to a consistency not very much different from that
of a magma. An aphanitic, glass-bearing, felsitic rock cuts across the gneisses
near Ascutney, Vermont (Balk 1937, p. 51). The rock shows flow layers
with typical flowage folds (Fig. 1) and linearly arranged spherulites. Balk

Fi1c. 1. Felsite dike traversing hornblende gneiss, north-
west of Ascutney Mountain, Vermont (from Balk 1937,
Fig. 17, p. 51).

describes and sketches a granite dike with somewhat similar foliation parallel
to its wall cutting across a country of granite gneiss (1937, p. 47). These
features indicate truly viscous flow. There,are, however, no valid objections,
except on thermodynamic grounds, to ascribe the flow to a thorough remobili-
zation of the rock. The rock in the particular instance of the felsite dike,
for example, has to be remobilized and converted into a predominantly liquid
body to which the term ‘magma’ may safely be applied. If such an origin
is accepted, it seems intellectually more satisfying to appeal to a straight
forward magma (however derived) than to take recourse to the roundabout
explanation offered above.
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Subvertical lineations that splay out at the top and domes of ‘flow lines’
and ‘flow layers’ suggest intrusive emplacement, and according to Balk the
former especially is difficult to explain except as due to forceful intrusion of

- magma.

Pattern of primary structures.—Domes and arches of flow layers and flow
lines, as Balk maintains, indicate intrusive emplacement. Just the pattern
of the internal structures does not of itself supply sufficient proof for movement
through considerable distance or for forceful intrusion, though Balk (1937)is of
opinion that some patterns of internal structures cannot be interpreted in any
other way, and that study of the wall rocks does not always reveal forceful
displacement.

Since the roof of an intrusive almost in all cases is lost by erosion,
as Noble (1952) points out, absence of any direct evidence does not
logically exclude the possibility of forceful injection. An intrusion, if it does
not come up just by silent stoping-—and the details of the internal structures
do perhaps help in appraisal of the role of stoping—should leave some tangible
and recognizable effects on the wall rocks immediately in contact. If the
intrusion is forceful, the effect might be manifest over a considerable distance
(Balk 1937; Sen 1956). The most spectacular effect of doming is on the
immediate contact where a series of marginal thrusts develop to accommodate
the accumulating volume of the granitic material. The roof may be bent
and domed up or pierced through in the process. Much of the evidences may
be lost by erosion, but some remnants of almost catastrophic effect on the
wall may still be there to supply unambiguous support for forceful emplace-
ment.

One of the characters of ‘primary’ foliation cited as a criterion is its
broad parallelism with the wall. The foliation is always parallel to the
boundary wall and remains so even when the trend of the wall changes; it
never cuts across the boundary into the wall rocks. The disposition of the
boundary wall thus controls the spatial disposition of the foliation in the
granite. This establishes structural independence of the granite. But the
relation will be evident only where the granite boundary runs athwart the
structural alignments of the country rocks, or in some concordant lenticular
bodies only near the tapering ends of the lenses where the granite boundary
is locally discordant (Fig. 2a).! Just as discordance of lithologic boundaries
does not prove a structural discordance, so also concordance does not disprove
intrusive emplacement. In the first case the lithologic boundaries may lie
athwart the structural alignments of the country rocks while the structures are
continuous in both the granite as well as the country rocks (Fig. 2d). The
feature admits of two possible interpretations—either that the structure, the

1 Tapering ends of lenses need not necessarily show discordant relatignship of the intrusives,
as the lens may push the country rock foliation apart which could swerve round it.
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latest event, was impressed later than the emplacement of the granite which
might or might not have been discordant with the country to start with, or
that the granite was produced by granitization in situ retaining the original
trends of the country rocks. In the second case of concordant bodies the
structural evidences for intrusion have to be sought for in the wall rocks.

Fia. 2. Different types of structural relation of plutonic massifs
with country rocks.

Geometric relation with, and structural effects on, the wall rocks

An intrusive, concordant or discordant, is likely to leave some sort of
influence in the shape of effects recognized easily or with difficulty on the
wall rocks. Oftentimes the effects may not be megascopically perceptible
but there may be sufficient influence on the micro-structures, the appreciation
of which requires comparatively more painstaking and time-consuming
analysis. The megascopic effects are enumerated in this section. '

A commonly advocated criterion is the belief that sharp contacts of granites
with the country rocks indicate intrusive relation and conversely gradational
contact is characteristic of transformed granites (Grout, in Gillully 1948).
The boundary wall of an intrusion is a mechanical plane of contact separating
it from the country rocks; there is no comparable feature in a transformed
granite. But a sharp contact may be with lithologic resistors to granitization
such as a limestone, which, however, as Grout points out, are comparatively
rare. Or the contact may be a mechanical plane, a fault which may not be
evident just from the dip and strike relations of the foliation and which may
have formed simultaneously with or later than the granitization. Similarly
an intrusive granite with profuse hyperfusibles may ‘granitize’ the country

4
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rocks to such an extent as almost effectively to conceal or obliterate the plane
of contact. Such exceptions may be rare, but their existence robs much
from the infallibility of the criteria.

Minor small-extent thrusts caused by pushing aside of the wall rocks
that characterize domes are, as mentioned before, good criteria not only for
intrusion but also for a somewhat forceful emplacement. If the intrusion is
accomplished by pushing aside of a major volume of the country rocks whose
space the intrusive now occupies, the effect should be manifest in a considerable
compression of the rocks. None of the available evidences, it would seem,
point to the required squeezing of the wall rocks, especially in the case of larger
massifs. This ‘formidable’ room problem used to be a favourite weapon of
the transformists against the magmatists in general, and against any suggestion
of forceful intrusion. Noble (1952) attempts to overcome partially the
difficulty with the suggestion that the total volume of the country rocks dis-
placed need not have been as great as the volume of the intrusive would
suggest, for much of what are described as ‘roof pendants’ and inclusions
might prove to be parting screens of schists, ‘. . . analogous to . .. (those)
which separate the intrusive units of multiple dikes ...’ And on this analogy
he makes the suggestion that many large intrusives of batholythic dimensions
such as the Sierra Nevada Pluton (Cloos, E. 1931, 1933, 1937a; Mayo 1944)
may prove to be composite of several separate intrusions. Though a part
of the total volume of schists to be displaced is thus reduced, the room problem,
especially in intrusives of larger volumes, is far from solved. The intrusive
may pierce through the roof carrying the material to the top, and the room
problem then would not seem as formidable. The roof may later be lost by
erosion. But none of the explanations are logically satisfactory as none of
them are sufficiently objective. All that these suggestions help realize is
that the ‘. . . tacit assumption’ of emplacement by silent stoping is equally
unsatisfactory. Unless the schist partings are proved to be so, unless some
definite evidence is forthcoming in support of catastrophic impact of the
intrusive, and conversely also, unless objectively perceptible evidences are
available in support of stoping, none of the two modes of intrusion can be
taken as proven. It is the contention of the present author that the more
important evidences, important by way of being unequivocal, are to be found
and have to be sought for in the wall rocks. Yet, with maximum deformation
conceivable on the wall rocks, it is well nigh impossible to reconcile the
observed or logically inferred volume change with the very large volume of
material to be displaced by batholythic intrusions. But whether the room
problem is unambiguously solved or not, it is certainly possible to get absoluiely
convincing evidences in support of intrusive emplacement.!

1 If the proved intrusive is of batholythic dimensions, the guestion of the exact mechanism
of intrusion has to be kept open.

4B
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There are evidences of marked effect on wall rocks in penetrative inter-
planar slips along the existing prominent S planes. The sense of the involved
tectonic transport is controlled by the direction of intrusion. The effect can
often be appreciated megascopically, and in some instances the deformation
is intensive enough to produce mylonites along zones spatially related to the
wall of the granite (Sen 1956). Various other recognizable effects are also
to be expected and have been described. Sometimes intensification of struc-
tures noticed near walls are ascribed to a later deformation, the granite pluton
having acted as a ‘buttress’. If the features are to be accepted as results of
the intrusion, they have to be demonstrated as being simultaneous with the
event. Among the various structures are minor folds of small wavelengths
which may be superposed athwart to or coincident with the regional trend.
In the latter case it may be difficult, or it may even be impossible to recognize
their genetic connection with the emplacement of the granite. Since these
are the latest induced structures! they are likely to leave some effects on the
minerals to make it possible to date the event in relation to the major regional
structure and the coming of the granite. If no sure proof for comparative
dating of all the events are available, the evidence of the superposed structures
remains ambiguous. If these small-scale structures are superposed at angles
with existing trends, it may become comparatively easy to recognize them,
and to correlate them with the intrusion of the granite, especially if their
distribution shows a statistical correlation with the distance from the wall of
the granite. The same arguments apply to the other features like planar
structures, cleavages (foliations), joints, and faults. Superposed foliations,
when geometrically distinet, are recognizable with greater ease. Their time
relation with the minerals, with the previous regional deformation and with
the granite, is likely to be available provided no later deformation disturbs
the relation. These structures may also show correlatable distribution with
respect to the distance from the granite wall. Sen (1949, 1956) made an
attempt to study in some detail structures of the wall rocks of the porphyritic
granite in Kast Manbhum, India, and carried out a statistical distribution
study of joints at different distances from the wall. Close to the wall and
surrounding it in all directions a set of closely spaced subvertical joints develop
_which have the characters of uneven tension gaps. Besides these there is an
intersecting system of oblique shear joints. The frequency of distribution
of both the joint systems decreases away from the wall, the ‘tension’ joints
dying out at a more rapid rate. It is difficult or impossible to explain the
spatial distribution and orientation of the joints around the granite on any
deformation plan postdating the granite.

1 Unless there be an even later structure that postdates all events including the emplacement
of the granite.
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Microscoric STRUCTURES (MINERAL FABRIC)

Characteristic (?) quartz fabric of transformed and magmatic granites

For obvious reasons, metamorphic rocks demanding a fuller attention of
the workers on mineral fabric, very little work on the line has been done on
granites. Among the published accounts are those by Korn (1933), Marsoschek
(1933), Sander (1950), E. Cloos (1947, 1954), Den Tex (1956), Sen (1956),
Saha (1959a, b), and Okamura (1960).

Most of the authors report in their inirusive granites peripheral ac girdles,
a type of tectonitic fabric which has been described, in a few cases, also from
the adjoining schistose country rocks (Marsoschek 1933; Sen 1956). Korn
found in the intrusive granite of Vorspessert district, Germany, a prominent
ac girdle with subsidiary be and ab girdles. E. Cloos (1947) describes two
quartz grain fabric diagrams of the Ellicott City granite, Maryland, U.S,,
one from the centre of the pluton, the other from the contact. The former
shows an irregular fabric with several axes maxima, one at the pole of the
" foliation, some near the lineation and a few near the periphery. The lineation
is an axis of partial rotation or oscillation of an incomplete biotite girdle. The
contact specimen shows a comparatively well-formed quartz axes girdle around
a rather strong lineation (Fig. 3A (i), (ii), (iii)). Quartz fabric of the Kosciusko
pluton tonalite, Australia, described by Den Tex (1956) shows ‘an incomplete
cleft girdle’ close to ab, in an ac plane-gsection cut normal to the lineation
L (Fig. 3A (iv)). There are two maxima in this incomplete girdle 70° from
L. Sen (1956) obtained in the intrusive porphyritic granite from Manbhum,
India, several types of girdle diagrams in the quartz fabric (Fig. 3B (vii), (viii)).
There is a prominent peripheral ac girdle around a good b lineation, a small-
circle girdle around the same & axis, an incomplete small-circle girdle around
¢ (i.e. a small-circle ab girdle), and a tendency for partial peripheral girdle
around a. Saha finds in his intrusive ‘magmatic’ granite from Ontario a
peripheral bc girdle about a megascopic lineation correlated with a, and a
small-circle girdle about the same axis (Fig. 3E (xvii)). As opposed to these
generally observed girdle patterns, E. Cloos (1954) describes in a granodiorite
from Bear Island, Maryland, a point maxima diagram with the maximum on
¢, with a faint girdle parallel with the girdle in the wall rocks (Fig. 3E (xviii)).
The muscovite fabric of the granodiorite shows a similar incomplete girdle,
whereas the muscovite and biotite of schists plotted normal to a strong lineation
(crenulations on a fracture cleavage) show a complete peripheral girdle.
Maxima within the girdle lie on the poles of the bedding.

Younger intrusive granodiorite in the Royoke gnmeiss and granodiorite
complex (Okamura 1960) shows an isotropic quartz fabric in sharp contrast
to the metasediments and the granitized granodiorite (Fig. 3G (xxv)).

There are even fewer works on mineral fabric of migmatites and granites
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of undoubted transformation origin (Sen 1949, 1952, 1956; Den Tex 1956;
Kizaki 1956; Saha 19592, b and Okamura 1960). The regional quartz
fabric of metasediments obtained from four specimens of granulites and

(ii)

(i) 125 biotite grains in granite near centre of pluton, Maryland (E. Cloos 1947); (ii) 125 quartz grains in

granite, locality same as in (i) (E. Cloos 1947),

()

Fia. 3A,

schists of Manbhum (Sen 1952, 1956) show well-defined peripheral ac girdles,
and in a few, ac A bc diagonal girdles, There are no prominent mazima.
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Weak concentrations occur near maxima I, II and V (Fig. 3C (ix), (x)). The
quartz fabric .of the migmatites and the granite gneiss are strikingly similar
to the fabric of the metasediments. The three specimens of migmatite and

(iv)

(iii)

(iii) 300 quartz grains 30 cm inside granite at contact, locality same as in (i) (E. Cloos 1947);

(iv) 300 quartz grains in quartz phyllite, Mt. Kosciusko (Den Tex 1956).

Fia. 34,

granite gneiss studied show peripheral ac girdles with maxima close to I,
II and V (Fig. 3C (xi), (xii)). The migmatites, ultramigmatites and granite
gneiss contain characteristic ‘flattened’ granuwlitic quartz that are seen to
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replace earlier assemblages (Sen 1952, 1956). Selective diagram of this late,
introduced, post-tectonic quartz is hardly different (Fig. 3D (xiii)) from the non-
selective quartz axes diagram. The fabric is thus almost strictly homogeneous.

(vi)

(v) 300 quartz grains in dark inclusions in granodiorite, Mt. Stillwell (Den Tex 1956);

(vi) 300 quartz grains in quartz diorite, Mt, Guthrie (Den Tex 1956).

Fia. 3B.

The post-tectonic metagsomatism, of which the late quartz is a result, thus
mimetically retains the original tectonitic orientation of the metasediments,
and in all gradations of rocks from metasediments through migmatites and
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ultramigmatites to granite gneisses, both the generations of quartz, the
tectonitic and the later replacing, show almost identical quartz ¢, axes
orientation.

N 44w

(viii) quartz fabric of porphyritic granite, Manbhum (Sen 1956).

(vii)

(vii) Quartz fabric of porphyritic granite close to Raghunathpur dome in Manbhum (Sen 1956);

Fia. 3B.

Den Tex (1956) found the quartz and mica fabrics of country rocks and
of granitized xenoliths of argillite (Fig. 3A (iv) and 3B (v)) in the Kosciusko
pluton to be remarkably similar. According to him the fabric of the granitized
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3

rocks only shows ‘... a loss of density ...’ He offers more or less a similar
explanation as Sen’s; the recrystallization and neocrystallization attendant
on metasomatism have not been able to obliterate the original fabric of the

(ix) 200 quartz axes in sillimanite gneiss, Manbhum (Sen 1949, 1956); (x) 80 quartz axes in quartz
sillimanite schist (Sen 1956).

F1a. 3C.

country rock, except that the dimensional orientation of quartz disappears
in the xenolith.

Saha finds in Ontario that while the paragneisses of the region show two
intersecting girdles in the quartz axes diagrams, the granitized paragneisses
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show weak preferred orientation with peripheral ab and ac girdles (Fig. 3D
(xv), (xvi)). Inthe granite-diorite complex from Singhbhum, Saha finds mostly

(xii)

granite (Sen 1956).

(xi)

(xi) 100 quartz axes in an ultramigmatite (Sen 1956); (xii) 200 quartz axes in leptynitic

Fia, 3C.

weak quartz grain orientation with ‘rudimentary’ ec and ab girdles (Fig. 3E
(xix)). The rocks show two generations of quartz, and selective diagrams
indicate that while the strained quartz (with undulose extinction) give an
imperfect ac girdle with maxima I, the non-selective diagram with the later
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quartz and the strained quartz give a weak ab girdle besides the ac girdle
(Figs. 3E (xx) and 3F (xxi)).

(xiv)

(=iii)

(xiii) 80 quartz axes, selective diagram of flat granulitic quartz in leptynitic granite (Sen 1958) ; (xiv) quartz

fabric of & mylonitized granite gneiss, 100 yd from porphyritic granite contact (Sen 1949, 1956).

Fi1¢. 3D.

From the Southern Hidaka Metamorphic Zone, Japan, Kizaki describes
quartz, mica and feldspar fabric of metasediments, cordierite migmatites and
granite migmatites (Fig. 3F (xxii), (xxiii), (zxiv)). Except for the granite
migmatites all rocks show ac girdles with maxima near maxima II, IV and VI.
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Some specimens show a small-circle ac girdle, which, following Fairbairn, the
author explains as a residual orientation. The granitic migmatite, oddly
enough, shows an inclined girdle, a ‘b A b’ girdle’. It is not quite clear as to

1-2-3},

(xvi)

Contours

paragneiss, Ontario (Saha 1959a).’

(xv)
(xv) Quartz fabric of granitized paragneiss, Ontario (Saha 1959a); (xvi) quartz fabric of granitized

Fie. 8D.

which process the author ascribes the difference in fabric; if it is due to a later
movement in the granite migmatite, the body becomes, strictly speaking,
para-autochthonous and hence should be regarded as an intrusive.
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Okamura (1960) reports, in contrast with the previous workers, an increase
in concentration and also higher symmetry of quartz axes fabric as a result

(xviii)
(E. Cloos 1954)

(xvii)

(xvii) Quartz fabric of magmatic granite (Saha 1939a); (xviii) 200 quartz axes in granodiorite, Bear Island

Fi1ac. 3E.

of granitization. Siliceous banded gneiss shows weak concentration (Fig. 3G
(xxvi)) with maximum near IV, triclinic with reference to foliation andlineation.
Granitized varieties show stronger concentration, incomplete thick ac girdle,
roughly monoclinic symmetry. Granitized variety of pelitic gneiss also has



260 SAURINDRANATH SEN

similar fabrie (Fig. 3G (xxvii)). Migmatitic granodiorite shows similar strong
concentration, a¢ girdle, b lineation (max. IT and IV) and has orthorhombic
symmetry (Fig. 3G (xxviii)).

- 72

-1-3-5
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strained quartz in leucogranite, Singhbhum (Saha 19598).

(xix)

(xix) Quartz fabric of leucogranite, Singhbhum (Saha 1939b) ; (xx) selective quartz fabric,

Fic. 3E.

Den Tex, from his own work, and Saha, in reviewing the previous work
and from his own, have made attempts to assign fabric characteristics to
magmatic and transformed granites. Save a few exceptions, granites of
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undoubted metasomatic origin show an almost complete retention of pre-
granitization tectonitic orientation of the metasediments from which these
were derived. In some cases there is a loss of concentration in the resulting

(xxii}

, same specimen as in (xx) (Saha 1959b); -

» South Hidaka Metamorphic Zone (Kizaki 1956).

(xxi)

(xxi) Non-selective quartz fabric leucogranite

(xxii) quartz fabric of metasediment

=
o
t
-
r
N
+
]
(2]
G
3
]
2
[=
o
o

Fi1a. 3F.

migmatitic fabric, though the pattern remains more or less identical (but cf.
Okamura 1960). The result is in no way out of expectation, as accepted also
by implication by previous workers while arguing in favour of intrusive
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origin of their granites (cf. Cloos, E. 1954). In rocks studied by Saha there
is a common tendency to form ab girdles in the transformed granites. This
led him to propose that ab girdle diagram of quartz axes could serve as a

A-2-3-%

)
(xxiv)

(xxiii) Quartz fabric, cordierite migmatite (Kizaki 1956); (xxiv) quartz fabric, granite

migmatite ({Kizaki 1956).

1-3-4-6

(xxiii)

Fic. 3F.

criterion for replacement origin. According to Saha such fabric would be
characteristic of post-tectonic replacement, though the explanation offered
for the growth of such a fabric by replacement is not particularly satisfactory.
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It seems comparatively easier to conceive formation of ab girdles in open gap
fillings or vein fillings or only along certain planes under conditions that the
author suggests, namely, presence of prominentjpartings along foliation planes

(xxvi)

banded gneiss (Okamura 1960).

(xxVv)
(xxv) Quartz fabrie, younger intrusive granite (Okamura 1960); (xxvi) quartz fabrie, siliceous

Fia. 3G.

which control the introduction of the quartz. The more pertinent point,
however, is whether this pattern (i.e. an ab girdle) is found only in transformed
granites so that it could be used as an unfailing criterion. Peripheral girdles
]
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on ab have been described from undoubted intrusive granites by previous
authors (Korn, Den Tex, op. cit.). The pattern cannot certainly then be
regarded as typical of any one variety. Similar argument applies to any
and all quartz fabric patterns described. As in many transformed granites
the previous tectonitic fabric is retained, and as the original tectonites could
show any of the varied types of quartz axes patterns known to occur in meta-
morphic rocks, it seems futile to attempt sifting of different types of fabric
as typical of a specific mode of origin of a granite. This is particularly so as
almost equally varied types of quartz axes patterns have been found in truly
intrusive granites. A single fabric pattern cannot serve as a fingerprint
criterion. There is no such thing as a ‘magmatic fabric’ or ‘migmatite fabric’.
When the two types of granites occur together in an area, they may show a
considerable difference in their fabric patterns, in the symmetry of the fabrie,
or in the geographic orientation of the fabric elements (¢f. Den Tex, Saha,
Sen, and Okamura, op. cit.). This does not necessarily imply that they are
always expected to do so. If the intrusive granite happens to be magmatic,
the physical picture of the flow, which will be mainly viscous, will be different
from the solid flow in deformation of the metasediments. KEven in such
cases the geometries of transport, magmatic and tectonic, may be similar or
almost identical, for example, in concordant intrusions; and that might result
in identical quartz grain orientation. Quartz- and biotite-fabric of some
varieties of Stockholm granites and their wall rocks, studied by Loberg (1959),
have identical features which, according to the author, indicate simultaneous
deformation of the rocks. The similarity in fabric, however, admits of other
explanations. The quartz fabric shows a peripheral ac girdle (cleft or whole)
with commonly a double maxima symmetrical about S planes and suggesting
control of h01 slip planes. In one area the fabric of both granite and wall
rocks lacks ‘any orientation possible to interpret’. Biotite fabrie, with a
peripheral girdle and double maxima, suggests control of a set of two ho1l
planes intersecting at a vertical b. In intrusives with dominant solid phase,
emplacement takes place by solid flow in extreme cases, where, with coincident
geometry, there is every reason for the fabric characters to be identical.

As with megascopic structures, comparative studies of microstructures
might help in evaluating possible intrusive relation. A striking difference
in fabric from the prevalent fabric of the country rocks proves its structural
independence, though the converse ts not true. Even if it may not be possible
megascopically to appreciate the structural effects on the wall, the fabric
might give indications convincing enough of the influence of the intrusion on
the fabric of the wall, as demonstrated by Sen (1949, 1956). The regional
girdle pattern of the country rocks has been ground first to an almost isotropic
scatter, and then closer to the wall, with intemse single plane slip, all

the quartz axes have been gathered to an almost perfect point maxima
5B
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geometrically related to the transport inferred from the megascopic structures
(Fig. 3D (xiv)). In this particular instance, as mentioned before, the mega-
scopic structures also point to the same effect.
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Structural evidences of granitization

There is no single element of structure that can be characteristic of either
magmatic or transformed granites, but this is not to deny that it is possible
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to obtain quite unambiguous structural support for transformation origin of
granites. A dispassionate analysis of a few of the often-cited evidences
claimed as being unassailably in support of transformists reveal that they admit
of other interpretations also. Inclusions in granites with structure trends
identical to the trends in country rocks are often cited as evidences for
granitization; the ‘ inclusions’ are thought of as undisturbed remnants of
metasediments most of which have been granitized in situ. As Noble (1952,
p. 54) points out, these inclusions may as well prove to be parting screens, the
granite body being a sort of multiple intrusion.

The most unambiguous and direct evidence for granitization that has often
been described from various regions is 4 lateral gradation of metasediments
through migmatites into granites. The gradation may be almost imper-
ceptible and may occur in a regional extent (cf. papers in Gillully 1949; Sen
1956) to brand a large volume of granite as of transformation origin. On the
two following lines of evidences a granite has to be assigned to granitization
in situ: (1) lithologic boundaries demarcating the granite cutting across the
structural alignments and (2) in presence of this structural feature, the
minerals of the granite, especially the alkali feldspars and quartz, proving to
be post-tectonic. The feature has been described in another language by most
of the authors supporting granitization, namely, a continuation of all the
structures undisturbed from the metasediments into the granite. This would
definitely prove granitization in situ, provided also that the granite minerals
postdate the structures or are partly synkinematic. Thus a sure proof should
come from a study of the time relation of deformation responsible for the
structures and the granite minerals. Synkinematic granitization poses a
little problem; all the later structures will have been impressed simultaneously
with the granitization, and the granite should show some effects of deformation.
Unless there are enough and readable evidences of paratectonic crystallization
of the more important granite minerals, it may have features similar to an
earlier granite that has been deformed later.

CONCLUSIONS

A review of the proposed criteria and of the important evidences appealed
to in support of the favoured hypotheses reveals that it is possible, quite often,
to get enough structural evidence to prove transformation origin for granite
bodies, and under favourable circumstances to get equally unquestionable
support for intrusive emplacement of some granites. Intrusive emplacement,
it has to be emphasized, does not prove a magmatic origin. However, to some
authors the two seem to be synonymous, while to others (Den Tex 1956) any
interpretation of intrusive bodies other than as of magmatic origin seems to
be far-fetched and unwarranted. Yet undoubted intrusives that no one
would dare claim as igneous and that were emplaced essentially in the solid
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state are certainly not rare. Dikes and intrusives of clay or sand are instances;
domes of salt, at times showing effects of forceful intrusion on the wall with
attendant characteristic features described before, involve dominantly solid
flow in the salt plug.

The mantled gneiss domes of Eskola (1949), which have ‘superincumbent
mantle of sedimentary layer parallel to the dome contents’ and which are
found in many orogenic zones, do not have intrusive contacts with metasedi-
ments of the wall rocks. The gneissose granite is often migmatized and
veined, and sometimes converted into a ‘potash-rich-ideal-granite’. Rarely
also ‘massive granites break through the dome’, or along dome contacts
re-mobilized granite vein into metasediments, thus showing discordance and
intrusive contacts of varying dimensions. Normally, however, there is no
major intrusive relation, the presence of a parallel mantle of metasediments
being characteristic. Though the doming suggests undoubted differential
movement, the sedimentary mantle, as well as the gneissose granite have
obviously been pushed up together. This later push may be ascribed to an
intrusion of a later granite magma, as Eskola would have it.

In summary the main thesis of the present paper is this: an appraisal of
the individual structural elements or their patterns shows that there is nothing
in them that would point to magmatic or replacement origin. A few cases
suggest considerable flow which need not necessarily be viscous, not to say
of being purely magmatic. Nomne of the structural elements like foliation,
lineation, or joints have anything particularly characteristic to enable branding
them definitely as ‘magmatic’ or ‘migmatitic’. Doming, or various other
relations with the country rock, points either to a transformation origin or to
an intrusive emplacement indicating various degrees of differential movement.
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