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ABSTRACT

In an area in East Manbhum, defined by longitudes 86° 30-86° 49’ E., and latitudes
23° 25"-23° 35" N., a group of rocks of Archean age consists of migmatites, leptynites, granulites,
granite gneisses including aplite, and & porphyritic grenite.

When unaffected by granitization, the metamorphic rocks contain mineral ascemblages
characteristic of granulite facies: (1) sillimanite-almandine-potash feldspar-(graphite), (2) dicp-
side-calcite-plagioclase, (3) hypersthene-diopside-plagioclase. The last assemblage resembles in
many respects Holland’s basic charnockites from South India. The group shows unequivecal
relationships with norite dike-rocks on one hand, and calc-magnesisn paragneiszes cn the other.
They have obviously been derived by metamorphic ccnvergence at high grade metemorphism
from both the noritic dike-rocks and the sediments. During the transformaticn of norite to
granulite, hypsrsthene and diopside have developed at the expense of enstatitic hypersthene
(bronzite) and bytownite resulting in the prcduction of more acid plagioclasc. The assemblage
is isofacial with ealc-dicpside granulite (pro rarie).

Subsequent to this metamorphism, granitization altered the above assemblages successively
through the sillimanite-almandine and ccrdierite-anthophyllite subfacies cf the amphibelite
facies. Transition to the sillimanite-almandine subfacies is marked by the preduction of biotite
at the expense of almandine, horublende at the expense of hypersthene ard diopside, and in
the calc-migaesian assemblage by the production of grossularite and zoisite. Transition to the
cordierite-anthophyllite subfacies is marked by replacement of pyvroxene and amphibole by
biotite with concomitant acidification of the plagioclase, formation of tremolite in the cale-
magnesian assemblage, and replacement of ilmenite by sphene. With complete biotization of
the pyroxenes and the amphiboles, and introduction of quartz and potash feldspars in the mcdes
the assemblages merge with those of the granites. At times the conversion on to granites has
taken place directly from the granulite facies assemblages.

The granite gneiss which is often migmatitic varies in composition from alaskite and kali-
alagkite to granodiorite or diorite, It can be traced along the strike from the paragneisces,
and boundaries between rock types are recognized with difficulty. Homogenization toward the
composition of a granite is accompanied by slight volume change, by partial or complete removal
of some of the material which subsequently appears as numerous small veins within the rock.
Homogenization has not been ideally achieved in all cases and hybrid composite gneisses have
been produced as well as some extremely acid or basic granites. The granite gneiss retains all
the structures of the metamorphic rocks including quartz grain orientation. This autochthonous
granitization is closely followed by the intrusion of the porphyritic granite which algo shows
evidences of metagomatism.

INTRODUCTION

The area covers some 200 square miles of the north-eastern part of Manbhum
district, Bihar, India, and lies within longitudes 86° 30°'—86° 49’ E. and latitudes
23° 25'-23° 35’ N. The country forms a monotonous rolling plain varying in
height from 600 to 700 feet above sea level. Toward the east, ncar Raghunathpur
and near Bero groups of peaks rise above the flat country of the porphyritic granite.
The3pa3ragneisses constitute low east-west-trending ranges within latitudes 23° 34’
to 23° 30",

) Th.e Archean rocks occur in the following stratigraphic sequence in order of
increasing age:

Porphyritic granite.

Granite gneiss, aplite, leptynite, migmatites.
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Norite, pyroxene granulite, amphibolite.
Calc.silicate granulite (some pyroxene granulite) and

Parag;lglsses para-amphibolite.
schists Sillimanite-almandine gneisses, quartz-schists, quartzites,

banded magnetite-quartzite, chert.

The area was first mapped by Ball (1881) who classified the rocks of the Manbhum
and Singhbhum districts as ‘metamorphics’ and ‘submetamorphics’. His map
shows the porphyritic granite as a continuous, lenticular band. He was not convinced
of its igneous origin though he recognized that it possibly had a different mode of
origin from the associated granite gneiss.

GEOLOGIC SETTING

The paragneisses and schists of the area may be separated into two stratigraphic
groups. The lower member is mainly pelitic in composition and is occasionally
interbanded with thin horizons of cale-silicate granulites and related amphibolites.
Sillimanite-almandine gneiss is the dominant rock in this group, and there are all
types of compositional variations from schistose quartzites to pure sillimanite
gneisses. Lenses and bands of magnetite-quartzite are found within quartz schists
and occur intermittently over a large area. In the upper group of the paragneisses,
para-ampliibolite is the dominant rock type. Several bands of cale-silicate granu-
lites of varving thicknesses are intimately intercalated, at some places in paper-thin
bands (Sen, 1952; Sen and Raychaudhuri, 1952). Alternation and lateral gradation
of onc type into the other is seen even in hand-specimens. The major portion of
the outcrops of this group lie north of the map-area and south of Ramchandrapur
hill.

Olivine metanorite and norite occur as unaltered cores of comparatively thicker
cdikes and sills, most of which have been metamorphosed into pyroxene granulites
and amphibolites. Some pyroxene (hypersthene-diopside) granulites occur in
intimate association with, or show lateral gradation into, the purer cale-silicate
(diopside-caleite) granulites (Sen, 1953a). Norites and their metamorphic variants
occur as dikes and sills in the paragneisses and also as inclusions in the granite
oneisses. A dike of considerable length runs for niiles across the paragneisses, the
granite gueiss, and the porphyritie granite close to Bero (Text-fig. 3). It cuts
across the structure trends of the gneissose rocks and lies athwart the generalized
trend of flow lavers of the porphyritic granite. But within the porphyritic granite
it exhibits intense feldspathization and migmatization, especially along the borders.
The dike rock has often been shattered and the fragments twisted. Along the
contact the rock assumes the character of a normal porphyritic granite from which
it is distinguished with difficulty.

The granite gneiss crops out over a large area which extends bevond the arca
mapped. It is possibly continuous with Dunn’s Chotanagpur granite of Singhbhum
(Dunn, 1929, 1942; Dunn and Dey, 1942). The granite gneiss shows an imperceptible
lateral gradation into amphibolites and argillaceous paragneisses that often makes
delimitation of boundarics difficult. North of Talsankra (Text-fig. 3), the lithologic
boundary sweeps round and cuts across the structural alignments so that Wl}en
followed along the strike the paragneisses are seen to grade into granite gneiss.
There are occasional lenses of granite gneiss and migmatite within the sedimentary
metamorphic rocks. The proportiou of these lenses gradually increases as one
proceeds towards the granite gneiss. The argillaceous paragneisses pass inconspi-
cuously into migmatites, ultramigmatites and finally into granite gneiss with a
gradual decrease in the proportion of sillimanite and a corresponding increase in
potash feldspar. From the amphibolite group the transition commences with
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banded migmatites often ptygmatically folded. The contrast of the dark amphi.
bolitic and the white granitic bands are at first quite sharp, but it gradually becomes-
more and more diffuse (Pl. IT, fig. 1) until the dark bands remain as very faintly
grey ghosts completely converted to the composition of a granite. The final product
differs from the adjacent white bands only in its biotite content.

The metamorphic rocks and the granite gneiss belong to the same structure
unit and dip steeply to moderately in a general northerly direction. The dip varies
from 30° to almost 90°, the value more commonly lying within a range of 50° to
60°. 'The structural pattern is that of steep isoclinal folds with horizontal to low
plunging axes. Toward the north, and north of the map area, the folds are more
open, flattening out into low dipping domes and basins arranged en echelon (Sen,
1956). Often a fold axis, as any other structural element, could be traced conti-
nuously from the metasediments into the granite gneiss. Both in the granite gneiss
and in the metasediments the foliation, lineation, joints, and the mineral fabric form
a common pattern (Sen, op. cit.). As these rocks approach the porphyritic granite
the fabric (mineral and megascopic) shows a set of changes, simultaneously in both
the rock groups, until finally it is almost wholly reconstituted near the wall.

The porphyritic granite occurs in the form of an intrusive lens 27 miles long
and is on an average 3 miles wide. In addition there are several small bands and
lenses. Innumerable included mafic rocks have been granitized through varying
degrees into rocks which merge imperceptibly into the porphyritic granite. Thus
from an almost unaffected norite or metanorite, or its metamorphic variant, there
are all possible gradations toward the composition of a granite. In such granites,
close to the mafic inclusions, there are veinlets of epidote or even of biotite and
hornblende at most a few inches thick, that follow the joint planes or cut across
the flow layers of the granite in sinuous trends.

A large number of pegmatites occur within the paragneisses, especially close
to the granite contact. Some of these may be more than 5 ft. wide. Some thick
pegmatites, following the foliation planes of schists, cause intense puckering along
the walls (Text-fig. 1). Along thin contact zones sillimanite is almost wholly con-
verted to flakes of muscovite.

TExT-FI1G. 1.

Fig. 1. Pegmatite in sillimanite gneiss following schistose planes for greater part of its length,

!)ut discordant locally. At one end it causes intense puckering in the gneiss in
immediate contact.
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PETROLOGY OF PARAGNEISSES
Pelitic-Psammitic group

The group ranges in composition from quartzites to sillimanite-almandine
gneisses. The banded quartz-magnetite rocks with occasional griinerite resemble
similar rocks from Singhbhum described by Dunn (1929, 1942),

The quartz schists may have accessory sillimanite in small needles, occasionally
enclosed in quartz. Other accessories include muscovite, zircon, apatite, and
almandine. The texture is Xenomorphic equigranular (granulitic). The quartz-
magnetite rocks contain almandine, some apatite and a little zircon. Griinerite
(ZAc = 10°; X = Y = colourless, Z = light yellow) is present in a few specimens.
In one locality a quartz-griinerite-almandine rock with accessory apatite grades
along the strike into a calc-silicate granulite. Quartz-magnetite rocks are seen
more commonly to grade into a dark heavy amphibolite composed almost entirely
of hornblende.

In the sillimanite gneisses, quartz and almandine are the chief constituents
in addition to sillimanite. Almandine occasionally exceeds the combined volume of
the other minerals. Graphite, a common accessory, oeccurs in disseminated specks
or is occasionally segregated into streaks and lenses parallel to the foliation.

Sillimanite oceurs as stout prisms or thin fibres, bundles of needles sweep around
garnet porphyroblasts or oceur in sheafs along fractures in the garnet (Text-fig. 2,
fig. 1). The bundles often simulate fluxion structure. Unoriented needles are at times
enclosed in quartz and garnet.  The porphyroblasts of almandine show innumerable
inclusions of quartz. The mineral is often altered to iron oxides. Sometimes the
entire crystal may be thus altered yvet retaining the original outline. Three garnet
porphyroblasts from three specimens were handpicked, crushed, and centrifuged in
bromoform to eliminate the quartz inclusions. Their analyses follow. Only one of
these rocks (analysis I11I) contained biotite as an accessory.

TaBLE |

Chemical analyses of garnet porphyroblasts

1 e 111

810y .. 35-42 35-87 36-08
AL O, L2032 20-36 20-21
FegOgy .. trace trace trace
FeO .. 42-52 42-46 42-50
MgO .. 0-9] 0-81 trace
Other constituents n.d. n.d. n.d.
Analyst .. 8. Sen

Biotite is not common. It is found only in specimens veined by pegmati‘tcs.
In the assemblages transitional to granites it appears at the cxpense of almandine,
at first along fractures or around margins, finally replacing entire .cryst,als. Micro-
cline, forming at the expense of sillimanite, similarly inereases with the degre‘c of
migmatization. A series of rocks from the western end of tl_m exposed paragueisses
show all gradations from a sillimanite gneiss to a kalialaskite composed mainly of
quartz and microcline with minor biotite and sillimanite (see lnqdes, Table 2). T}}e
sillimanite schists and gneisses closely resemble the khondalites Pf South India
except for an almost complete absence of plagioclase (Sen, 1953b). Chemvllcal
analyses of two specimens from Manbhum and of two type khondalites from Ceylon
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and Kalahandi, India, are given in columns 1 to 4 of Table 3. The two Manbhum
analyses are in no way representative of all the variants of the group as it shows a
wide range of mineralogical compositions.

Following are the typical mineral assemblages:

Sillimanite-almandine-quartz-microcline-(accessory biotite).

Sillimanite-biotite-quartz-microcline-(almandine).

Biotite-quartz-microcline-(sillimanite—sometimes also muscovite).

Quartz-microcline-almandine-sillimanite-(with varying amounts of
muscovite).

Quartz-magnetite-almandine-(griinerite).

Quartz-(almandine-sillimanite).

o=

oo

Cale-silicate granulites

The calc-granulites are white or pale green, more rarely greenish grey or greenish
black, gneissose rocks containing bands composed essentially of either calcite,
diopside, plagioclase, tremolite, zoisite, or scapolite. The calc-granulites commonly
have a fine- to coarse-grained granoblastic texture (P1. III, fig. 1). They occasionally
contain clots of diopside, tremolite, zoisite, or calcite, particularly when veined by
pegmatites, as in the exposures south of Ramchandrapur hill. Diopside and
tremolite may be recrystallized to extremely coarse grained clots, and feldspathization
gives rise to a peculiar coarse, patchy rock with clots of light and dark minerals.
Feldspathization of amphibolites has produced similar patchy rocks having clots of
hornblende, feldspar, and quartz.

A member of the diopside-hedenbergite series is found in all of the calc-silicate
rocks, The composition usually lies within a range of Dijy to Digg. Its colour
varies from a dark shade of green to almost colourless in pure diopside; the darker
coloured varieties are faintly pleochroic. Values of 2V, and Z/c measured on
U-stage, and of Ny are given below (Table 4).

TABLE 4
1 2 3 4 5 6 7
Ny (+0-003) 1723 1:722 1-712 1:710 1:701 1-711 1-681
ZAc (+0-2) 46-3° 44-3° 44-5° 44.0° 42.2° 43-3° 39-4°
2V: (+0:5) 60-7° 61-2° 61-2° 60°5° 60-2° 61-0° 59-7°

The mineral occurs in equigranular, xenoblastic grains, which are sometimes
segregated into bands alternating with similar bands of other minerals. It may
occur in intimate association with similar xenoblastic grains of garnet. Inclusions
of tremolite, sphene, and calcite are common. Garnet (grossularite) is generally
light pink in colour or colourless. A band of cale-silicate rock which occurs within the
granite gneiss (Lipanya, Text-fig. 3), shows a systematic mineralogical variation from
the centre outward, and along the strike from one end of the exposure to the other.
Thus a roughly elliptical enclosure could be defined, the outer in contact with the
granite gneiss garnetiferous, the inner free from garnet. Pyroxene also gets pro-
gressively hedenbergitic from the east end of the exposure to the west. The heden-
bergite granulite has accessory hornblende and gives place farther along the strike
to an amphibolite. The exact field relation is, however, obscured.

Pale green or colourless tremolite occurs occasionally as an accessory in subparallel
streaks or in a decussate fagshion. It rarely occurs with hornblende. But when the



SEN. Proc. Nat. Inst, Sci. India, Vol, 25, A, Plate I1.



Fio.

Fie,

Fra.

Frui. 4

T,

Fue

Proc. Nat. Inst. Sei. India, Vol, 23, A, Plate TH.

Cale-pranulite with diopside and gaenet, mediom grained, showing 1ypicat granobhestie
(xenomorphic granular) texture,  Crossed Nicols (0026,
Amphithaolite showing feldspacs poikiloblastcally ineluded 1o hosnbiende, Croseed Nicols
I i I I N

(o~ 25).
Coarse.pramed hypoersthence.diopside granulite, shightiv anphibolized, Crossed Nivols
(o 26),

Medium grained hypersthene.diop=ide granulite, hiotized,  Crossed Nicols (025},

Phenoeryst of microcline perthite in porphyritic granite, Porthite bhlehs armnged
along lines give a ribbed appearance,  Crassed Nicals (32 92),

Micracline phenocryst (¢mull portion vigible at the top). partinlly enclosing myrmekitio
intergrowth of quurty, und plagioclage,  Crossed Nicols (3032).
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two minerals do occur together the tremolite has a stronger colour than the tremolite
of the normal assemblage and it has a faint pleochroism.

Scapolite ranges in composition from Megq to Mezs (Ng between 1:5913:0-002 and
1-5814:0-002). The mineral occurs in considerable abundance in highly feldspathized
and granitized specimens and in those veined by pegmatites. It occurs as equi-
granular, xenoblastic aggregates, either intimately associated with, or completely
proxying for plagioclase in the assemhlage. Plagioclase (Angg—Angy) occurs as
xenoblastic grains, sometimes enclosing cores of calcite with frayed margins. Pla-
gioclase and calcite do not occur together in specimens that lie close to granites or
show evidence of granitization. Occasionally a comparatively more sodic plagioclase
(Angg) is surrounded by a rim of albite which has an indefinite outline. Microcline,
common in granitized specimens, occurs as xenoblastic grains or as thin rims around
diopside and tremolite. Zoisite, like tremolite, is not present in all the assemblages.
When it is an important constituent, it is associated with calcite, plagioclase and
scapolite. It may proxy completely for plagioclase, leaving remnants of the mineral
as unaltered halves or islets.

Important accessories are pistacite, allanite, quartz, sphene, ilmenite, pyrite,
magnetite, and graphite. Sphene, which is absent in typical granulites, occurs as
rims around ilmenite in some assemblages; in others shapeless grains of sphene are
an important accessory.

Typical mineral assemblages of the group are:

1. Diopside-plagioclase-calcite.

2. Diopside-calcite-plagioclase-scapolite.

3. Diopside-calcite-grossularite.

4. Diopside-plagioclase-grossularite.

5. Diopside-tremolite-plagioclase-(calcite-phlogopite)-sphene.

(Assemblages 3 and 4 may have zoisite and little or no sphene; assemblages
1 and 2 have ilmenite and no sphene or abundant sphene.)

Monomineralic rocks within the group are common and range in size from thin
bands in a gneiss to lenses or bands several feet long and several inches across.
There are irregular lenses of almost pure calcite marble, pure plagioclase rock com-
posed of more than 85 per cent plagioclase, and comparatively pure diopside or
diopside-tremolite rocks. The plagioclase rocks with xenoblastic equigranular
labradorite (Angg_go) and accessory diopside and/or hornblende arranged in roughly
parallel streaks are identical mineralogically and texturally to the anorthosites from
Raniganj described by Chatterji (Chatterji, 1936; Sen and Roy Chowdhury, 1951).

Either sphene or ilmenite is the common accessory in the amphibolites associated
with the calc-silicate rocks. In the Pahargora amphibolites hornblende becomes
increasingly lighter in colour with proximity to the cale-granulites. The changes in
pleochroic colours are as follows:

In amphibolites with accessory In the purer
diopside, from contact with cale- amphibolites
granulites '
X = light greenish yellow green
Y = light brownish green dark brownish green
Z == green . dark green

The value of 2V, lies between 83° and 86° (3:0-5), and ZAc¢ is about 24°. In some of
these amphibolites, occurring as inclusions within the porphyritic granite, the horn-
blende contains a large amount of poikiloblastic feldspar (Pl III, fig. 2) giving it a
typical feathery appearance.
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PETROLOGY OF NORITES AND PYROXENE GRANULITES

Metanorite and olivine metanorite

Metanorites and olivine metanorites occur as unreconstituted relics near the
centres of dikes and sills which have been largely metamorphosed into pyroxene
granulites. The metanorites are dark greyish black in colour and are usually coarse
grained, xenomorphic granular.

Olivine is usually subrounded and only slightly altered along fractures to anti-
gorite, chrysotile, and peninite. It is forsteritic in composition with 2V, = 82-7°-
85-5° (£0-5°); MgO: FeO ratio being roughly 67: 33 (Winchell, 1933, p. 191). The
pyroxene is enstatitic hypersthene (bronzite), with 2V, ranging from 78° to 80° in
different specimens (in all cases +0-5°), and Z parallel to ¢. The mineral shows
weak pleochroism and has characteristic brown schiller inclusions which impart a
deeper shade of brown colour to some portions. The approximate MgO: FeQ ratio
is 66 : 34 (Winchell, 1933, p. 218). The plagioclase is labradorite or bytownitic
labradorite. Sometimes both olivine (if present) and pyroxene have thin rims of
light coloured hornblende (uralite), which also occurs along cleavages and fractures of
these minerals. Some rocks show biotite forming at the expense of the pyroxene
and the amphibole.

When plagioclase occurs near to large crystals of pyroxene, it contains teardrop
inclusions of pyroxene. Most of these included pieces have been converted to
diopside (ZAc = 39°) and a strongly pleochroic hypersthene similar to the hypersthene
of the pyroxene granulites described below (Text-fig. 2, fig. 2).

Pyroxene granulites and related assemblages

The rocks are dark coloured, medium to fine grained and xenomorphic granular
in texture (Pl. ITL, figs. 3 and 4). They range in composition from pure pyroxene
granulite to amphibolite or to dioritic and granodioritic assemblages that grade into
normal looking granites. The suite is in many respects similar to the charnockites
of South India (Sen, 19532 ; Ghosh, 1941 ; Rama Rao, 1945).

TABLE 5

Plagioclase in pyroxene granulite group

Specimen no. (numbers in Approximate composition of pla-
parentheses indicate assemblages) |2V +0-2| Ny+40-002 gioclase, from study of twins
(page 125) by 5-axes method

5 (1) 87-5° 1-566 Angg

98 (1) 83-5° 1-564 Ang,
241 (2) 78-2° 1-562 Ang,
24la (2) 80-2° 1-564 Ang,y
200 (3) 76-3° 1-563 Ang,
225 (4) 78-0° 1-557 Anyg

(The values of 2V represent average of several settings on each grain, and
average of a number of grains, usually 6 to 10 in each slide. Values for each assem-
blage are average of 3 to 5 slides, i.e. a total of 30 to 50 individuals).

Xenomorphic hypersthene is distinctly different from the enstatitic hypersthene
of the metanorites as it is fresh and devoid of schiller inclusions. It is strongly
pleochroic in deep shades with X = pink, Y = yellowish pink, and Z = green.
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Fig. 1. Camera lucida drawing of a sillimanite-almandine gneiss.
sweeping around garnet porphyroblasts.

Note bundles of sillimanite

Fig. 2. Camera lucida drawing of olivine metanorite near Baishkuli-Hariharpur.

Fig. 3. Camera lucida drawing of a portion of potash feldspar phenocryst showing oriented
perthite blebs arranged along growth surfaces of the crystal (X 150).

Fig. 4.

Tracing from a photomicrograph of a Leptynite (‘granulite’) showing elongated, flattened
quartz alternating with granulose assemblage of quartz feldspar (x 30).

2V, ranges from 52°-53-5° (£0-5°), and Ny = 1-7314£0-003. The possible com-
position is Fsgg with a MgQ: FeO ratio roughly equal to 35 : 65 (Winchell, 1933,
p. 218). Diopside, similar in form, and having a similar green tinge as the hyper-
sthene, has 2V, = 59°40'5, and Ny = 1-6734£0-003. Plagioclase shows a gradual
change in composition in the different assemblages and in the transitional migmatitic
rocks. Slight albitization from Ang, to Angg_g; accompanies the formation of
diopside and hyperstliene from bronzite and feldspar. Albitization follows amphi.
bolization of the pyroxenes, the composition changing from Angg g4 to Ang. In
the biotite-rich rocks the plagioclase is comparatively more sodic (Table 5).
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Apatite is characteristically abundant in the migmatites and occurs in shapeless
blebs often of considerable size. Ilmenite is the usual ore mineral in the granulites.
In granitized specimens it gradually gives place to sphene which first appears as
thin rims around ilmenite. Magnetite and pyrite may also be present.

Some typical mineral assemblages are:

1. Hypersthene-diopside-plagioclase.

2. Hypersthene-diopside-plagioclase-(accessory hornblende).
3. Hypersthene-diopside-hornblende-plagioclase.

4. Hornblende-plagioclase-(accessory hypersthene-diopside).
5. Hornblende-plagioclase-quartz.

(Biotite and microcline may appear in any one of the above assemblages, though
they are more common in assemblages 3, 4 and 5. Transition through dioritic-
granodioritic compositions to granite may follow from any of the above assemblages,
though once again they are derived more commonly from assemblages 3, 4 and 5.)

PETROLOGY OF GRANITE GNEISS AND MIGMATITES

There are wide structural, textural, and mineralogical variations. Following
types of granites could be recognized:

1. Granular rocks in which faint banding is made megascopically visible by
arrangement of the dark minerals (chiefly biotite).

2. Coarse-grained granites and leucogranites with granitoid texture.

3. Well banded medium-grained rocks with variable proportions of dark
minerals, and often showing very good lineation.

4. Leptynites (granulites) often garnetiferous (Text-fig. 2, fig. 4).

5. Aplites and microgranites, gneissose, rarely xenomorphic equigranular, yet
showing a faint banding.

6. Almost schistose granite and mylonite occurring along the walls of the
porphyritic granite.

7. Banded composite gneisses sometimes showing ptygmatic folds.

Mineralogically the rocks may be described as kalialaskites, alaskites, kali-
granites, granites, granodiorites, and diorites. Epidote-rich granite, unakite, is
found in small patches throughout the exposure, especially close to mafic rocks.

The chief constituents quartz, microcline, and plagioclase (An;; to Angg) occur
in varying proportions. Garnet is common and occurs in addition to one or more
of the following: biotite, apatite, sphene, zircon, magnetite, ilmenite, hornblende,
and hypersthene. Sillimanite is noticed in the heavy separate of some of the other-
wise normal granite gneiss. Approximate modes of some of the varieties are included

in Table 2.
PETROLOGY OF THE PORPHYRITIC GRANITE

The porphyritic granite is distinctly banded by alternating layers of auto-
morphic feldspar phenocrysts and quartz-plagioclase-microcline-biotite with ac-
cessories.

Quartz is associated with the other minerals in the fine grained assemblage and
is also found as bigger ribbon-shaped grains arranged parallel to the foliation. There
are innumerable minute inclusions imparting a dusty appearance to the quartz
under low power objective. The lenticular and ribbon-shaped quartz encloses
partially or completely assemblages of oligoclase-quartz-biotite-accessories. In
gome slides, quartz is found as thin veins surrounded by similar thin veins of micro-
cline and penetrating into the finer assemblage. Along the contact the elongated
quartz ribbons form symplektitic intergrowths with plagioclase.
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Phenocrysts of automorphic potash feldspar are microcline, microcline-microper-
thite, and orthoclase (%, only a few crystals, 2V, = 65°4-, no cleavage to verify
monoclinic character). Carlsbad twinning is often visible. In specimens from
near the wall the phenocrysts are granulated along the margin and are surrounded
by thick or thin bands of finely ground microcline. Granulated microcline, together
with ground quartz occasionally form embayments within the phenocrysts. Size,
shape and nature of distribution of perthite blebs vary even in different phenocrysts
of the same specimen. The blebs are sometimes clustered together toward the
centre or along the margins of individual phenocrysts, without any orientation.
More often they are arranged in parallel streaks cutting across the prominent cleavage
plane (001) at high angles, thus roughly parallel toc. (001). When they are lincarly
arranged at small angles to one of the twin composition planes, they often give
rise to a peculiar ribbed appearance (PL. I1I, fig. 5). In a few cases the blebs are
arranged along growth surfaces of B (101), c. (001), and a (100) in a common orien-
tation (Text-fig. 2, fig. 3). In one instance a simply twinned phenocryst of potash
feldspar includes a large crystal of plagioclase at the centre. The plagioclase is
twinned on the Carlsbad-Albite law and its composition plane coincides with the
composition plane of the enclosing potash feldspar. The plagioclase is surrounded
by broken pieces which gradually merge into perthite blebs. Two halves of the
plagioclase show identical optic orientation with the surrounding broken pieces and
perthite blebs in the two halves of the phenocryst. In one slide, u potash feldspar
phenocryst partially includes a plagioclase which has been granulated to successively
smaller pieces which finally appear as perthite blebs. The phenocrysts sometimes
enclose quartz-feldspar intergrowths (PI. IT1, fig. 6). Thc potash feldspar contains
up to 3-42 per cent of NagO. The range in twelve analysced phenocrysts is 1-14
to 3-42 per cent. The value of 2F ranges from 69-6° to 87-7° (£0-2).

Plagioclase ranges in composition from Anss to An.g as indicated by Ny which
ranges from 1-543 to 1:54840-002. The value of 2V, lies within 81-5-85-1 (4 0-2).
Wart-like intergrowths of quartz, oligoclase, and potash feldspar or of quartz and
potash feldspar contain dispersed grains of calcite. Biotite occurs as small erystals
dispersed within the quartz plagioclase assemblage and more rarely as large, fresh
crystals. There are all degrees of alteration to chlorite. Hornblende is present in
minute amount except in the more mafic varieties and is almost always surrounded
by a cluster of biotite in the normal granite asscmblage. In the granodioritic
assemblages the hornblende shows a diablastic intergrowth with plagioclase. The
mineral is very often altered to biotite along cleavages. Hornblende predominates
among dark minerals in the dioritic and hybrid rocks, which sometimes contain
minor amounts of fine-grained hypersthene. The plagioclase of the mafic granite,
even when it is free of hypersthene, is typically antiperthitic. The potash feldspar
in such rocks is seen to fill the inter-grain spaces, has no sharp outline, and occurs
as tongues within a granulose quartz-plagioclase assemblage. Shapeless apatite
is a very abundant accessory. Magnetite occurs either as granules, as dendrites
along cleavages in biotite and hornblende, or as large plates with clusters of biotite.
Sphene occurs alone or as rims around ilmenite.

Some hybrid dioritic varieties show a characteristic banding; individual bands
consist of elongated hornblende and biotite alternating with xenomorphic microcline,
quartz, and plagioclase. Hornblende and biotite constitute more than 30 per cent
of the mode.

MzeTAMORPHIC TRENDS AND ORIGIN OF GRANITES

The mineral assemblages and the rock association resecmble the charnockite-
khondalite association of South India (Holland, 1900 ; Rama Rao, 1945). There is
a range in composition in the mafic suite from hypersthene-diopside-granulite
(resembling basic charnockites) to hypersthene-bearing granites (charnockites
sensu stricto). The rocks have a persistent xenomorphic granular texture, besides
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such features as occasional blue-grey colour of feldspar, a similar colour of quartz
in the quartz-bearing varieties, myrmekitic intergrowths between quartz and
plagioclase in the intermediate and acid types, and presence of antiperthite in the
intermediate types. They occur associated with aplite, leptynite (granulite), and
norite, and paragneisses and schists resembling the khondalites (Sen, 1953a, 19535,
1954; ¢f. Rama Rao, 1945).

Pyroxene granulite group

Rocks with characteristic assemblages of basic charnockites, hypersthene-
diopside-plagioclase have been derived on the one hand from the norite group which
is found as unreconstituted cores of large dikes and sills, and on the other from
calc-magnesian rocks with which they are intimately associated.

In the norite suite hypersthene and diopside are simultaneously derived, in the
same grade of metamorphism, by reaction of enstatitic hypersthene (bronzite) with
plagioclase. The plagioclase is acidified in the process. The reaction noticed in the
relict assemblages shows a conversion of pale, faintly pleochroic bronzite and plagio-
clase (Anyp) to a strongly pleochroic, more ferriferous hypersthene (c. Fsgg).
diopside, and a more sodic plagioclase (Angs). In the reaction some Si0p and Al,O4
are sct free. The AlyOg possibly enters the composition of the hypersthene (cf.
Groves, 1935). The reaction is as follows:

Bronzite 4 plagioclase — hypersthene 4 plagioclase + diopside +Si0p 4 Aly Oy
(Fsyg) (Anyg) (Fsg3) (Ang,) (Digy)

It may be mentioned in this connection that while discussing the trends in
mineralogical changes in the charnockites of Bastar, India, P. K. Ghosh (1941)
suggests that hypersthene was derived from diopside of the calc-granulite assemblage
and that there was a second generation of diopside from this hypersthene to yield a
basic charnockitic assemblage. In the present area both minerals, diopside and
hypersthene, have been derived simultaneously in the same grade of metamorphism.
In cases where the hypersthene-diopside granulite is associated with cale-diopside
granulite, there is no evidence that one assemblage was derived from the other. The
calc-magnesian rocks show a wide compositional variation, and the hypersthene-
diopside granulite has evidently been derived from portions with a large (FeMg): Ca
ratio, simultaneously with the formation of diopside-calcite granulite from the
comparatively pure calc-magnesian portions. The basic charnockite assemblage and
the diopside-calcite granulite (pro parte) are isofacial.

Hornblende is invariably secondary after diopside and hypersthene. Production
of amphibolite shows a demonstrable relation with granitization; hornblende increases
in proportion in progressively granitized rocks. The amphibolization may have
been aided by introduced water, albitization of feldspars suggests that this was
followed by introduetion of Na, and release of Ca and Al which combined with the
pyroxenes to produce hornblende. With further albitization of plagioclase at a
later stage hornblende takes a blue tinge paraliel to Z (sometimes also Y); Na pre-
sumably enters directly into the composition. Such hornblende show a large
percentage of Fe(FeyOg = 7-24 per cent, FeQ = 1218 per cent) and Na(Nap0 =4-12
per cent). With complete conversion to hornblende the assemblage changes over
to that of the sillimanite-almandine subfacies of the amphibolite facies. More
characteristically the mineral assemblage is transitional, with pyroxenes persisting
in varying proportions.

In direct contact with granite and pegmatite veins, pyroxenes and amphiboles
are completely converted to biotite yielding a biotite schist. Conversion of pyroxene
granulite successively to amphibolized rocks, aniphibolite and biotite schist is
noticed at the contact with a 12" wide granite vein. The conversion from granulite
to schist takes place within a few feet. In the rocks where biotite equals or exceeds

4
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the other dark minerals, microcline also makes its appearance, and the assemblage
thus produced shows a transition to the cordierite-anthophyllite subfacies of the
amphibolite facies (Eskola, 1939; Turner, 1948). The conversion to biotite and
addition of microcline in the mode indicates introduction of K and (OH). The
trend in the successive mineralogical changes may be summarized thus:

Bronzite
| «<~——Plagioclase
¥
Hypersthene 4 Diopside
«~——1(0OH)
¥
Hornblende
+——Na, (OH)
¥
Blue-green hornblende

Biotite
Calc-silicate granulites

The assemblage diopside-plagioclase is stable over a wide range, and its facies
relation could only be determined with reference to the other group of paragneisses
occurring in close association (Eskola, 1920; Turner, 1948). The appearance of
garnet, which shows a correlatable relation to the proximity of the granites, changes
the assemblage to that of the amphibolite facies. Assemblages diopside-grossu-
larite-plagioclase and diopside-calcite-grossularite are stable in the two subfacies of
the amphibolite facies to which the rocks of the other groups belong. In the
silica-deficient rocks the transition to the cordierite anthophyllite subfacies is marked
by the appearance of tremolite, especially close to granites and granitized rocks.
Phlogopite is an important constituent of these rocks.

Two important accessory minerels that aid in the recognition of the facies are
zoisite and sphene. The appearance of zoisite in rocks associated with members of
the sillimanite-almandine subfacies is assumed to indicate the entrance of the assem-
blage into this subfacies. Simultaneously sphene begins to appear as thin rims
around ilmenite, while in the cordierite-anthophyllite subfacies it completely replaces
ilmenite.

Ampbibolites associated with these rocks show intimate interbanding or gra-
dation and represent marly portions of calc-magnesian sediments. The nature of
the banding has obviously been accentuated by metamorphic differentiation.

Pelitic-psammitic group

The characteristic mineral association, isofacial with hypersthene-diopside
granulite, is the typical khondalitic assemblage of sillimanite-almandine-quartz,
with occasional graphite (Sen, 1953b).

Simultaneously with the appearance of hornblende in the mafic suite, biotite
appears in these rocks at the expense of almandine. The transformation is due to
infusion of alkalies as there is a concomitant increase in the proportion of microcline
in the modes of the biotized rocks. In contact with pegmatites or granite veins,
sillimanite is partially or wholly converted to muscovite. Such conversion releases
some alumina (¢f. Turner, 1948, p. 117), which may enter into the composition of

4B



ROCES AND ORIGIN OF GRANITES OF EAST MANBHUM, INDIA 133

the biotites. More probably it leaves the system to be fixed in the adjoining silli-
manite gneisses. A part of the excess alumina of the argillaceous paragneisses
surrounding the slightly granitized portions has presumably been thus derived.

Origin of granites

The frequently migmatitic granite gneiss shows lateral gradations with all the
members of the metamorphic group, especially the sillimanite gneisses. They
retain all structural details, such as foliation, lineation and quartz grain orientation,
typical of the paragneisses (Sen, 1956). The granite gneisses including the hybrid
migmatitic variants show an extreme diversity of mineralogical compositions,
especially in the content and proportion of dark minerals. Though the field evidence
is unequivocal, this characteristic inhomogeneity also provides strong support for a
metasomatic origin.

In the khondalitic sillimanite gneisses, Ca is almost totally absent (chemical
analyses, Table 3). Itappearsalmost suddenly in the granite gneisses and migmatites
connected with these rocks. The appearance of Ca in the ultramigmatites and
granite may be explained if, following Eskola, the granitization of the suite is attri-
buted to a late granite liquid (Eskola, 1950), as such a liquid will contain a little
Ca and also Fe. In recording her objection to such a suggestion, Doris Reynolds
asked (see Eskola, 1950, discussions) how one could explain the removal of Ca, Fe,
and Mg if the granitization is ascribed to a late magmatic granite. In the present
case the objection is not very serious as the granitization actually adds Ca, and there
is only a slight removal of Fe and Mg which were originally in minor amounts in the
sediments.

In the migmatites and granites associated with the norites and the cale-silicate
rocks, disseminated granules or aggregated streaks or veins of epidote occur in large
proportions. Unakite is also commonly associated with granitized mafic rocks.
Formed by albitization of plagioclase and breaking up of pyroxenes and amphiboles
in the process of granitization, they represent ‘materials of the basic front’ entrapped
in joints and other available planar interspaces.

In silica-rich rocks the excess silica often forms quartz veins which are at times
ptygmatically folded. Ptygmatic folds are common in the composite gneisses
associated with mafic intrusives and calc-silicate rocks. The major trends of the
ptygmatic folds are controlled by foliation and joints, though the folds often cut
across these structures and swing around in fantastic shapes. Shapes of these
folds are in part determined by volume adjustments accompanying metasomatism.

The trend of granitization is manifest at first as a gradual ‘retrogression’ of the
original metamorphic assemblages and is then followed by a transition through mig-
matites and ultramigmatites to granites. The accompanying mineral changes,
enumerated earlier, indicate a progressive addition of NaKSi (also Ca in the argil-
laceous group), with a concomitant loss in FeMgCaAl (also Si in quartz-rich rqcks
which, however, prove extremely refractory to the change). From the chemical
analyses of a granite gneiss and a sillimanite gneiss which show lateral
gradation in the field (Table 3, columns 2 and 5) the cation content of the standard
cell was calculated after the manner of Barth (1948, pp. 50-60). The two analyses
indicate an increase in SiNaKCa and decrease in FeMgAl as shown in Table 6. )

Inclusions of mafic rocks within the porphyritic granite and the granite gneiss
show progressive mineralogical changes toward the composition of a granite. Thus
thick dikes or sills included within the granite show transition from a ‘relic’ almost
unreconstituted metanorite at the centre to the following rocks outward: (1) pyroxene
granulites, (2) pyroxene granulites amphibolized in varying giegrqes to pyroxene-
amphibolite and amphibolite, and (3) migmatites and granites 1Qent1cal to the
surrounding porphyritic granite. Sometimes the pyroxene granulites have been
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TABLE 6

Cation content in standard cell of a sillimanite.almandine gnetss and a granite gnetss

Sillimanite-almandine gneiss

Granite gneiss

L. | ..
cation 9% cation Te?ltandard cation 9% ! cation 1§e?randard
| P
Si .. 64-64 5777 L7058 64-48
Al .. 25-09 22-42 - 15-01 10-89
Fe+++ i 0-55 0-49 ‘ 0-26 0-23
Feo++ ! 1-26 1-12 079 0-72
Mg : 1:63 1-45 0-37 0-33
Ca o —— - 1-22 1-14
Na L 0-46 0-41 351 3-20
K . 636 | 569 818 7-4%
Associated O 174-03 172-28
anions (OH) 503 2-64

Cations added and removed v transition to grandte :

Increase Decrease
Sio.. 67 Al 11-33
Ca .. 1-14 Fe+++ 0:26
Na .. 279 Fe++ 0:50
K .. 178 Mg .. 112

12-42 13-41

directly granitized to hypersthene granites. Feldspathization also follows amphi-
bolization producing dioritic, granodioritic, and granitic assemblages. Even normal
varieties of porphyritic granite show evidence of introduction of material. Syste-
matic replacement of early minerals by albitic plagioclase, quartz, and microcline
is noticed in all specimens of the porphyritic granite as well as in the hybrid rocks
associated with mafic rocks. In many thin sections of the porphyritic granite
sinuous veins of microcline are seen to penetrate the granulose plagioclase-biotite-
hornblende assemblage. Gradual replacement of plagioclase by potash feldspar is
seen in a series of thin sections illustrating a transition from the noritic suite to the
granite. After the plagioclase is first partially or completely entrapped by potash
feldspar it is gradually granulated and finally incorporated into the potash feldspar
as perthitic blebs. Apatite appears in granules of considerable size with albitization
of plagioclase and biotization of pyroxene and amphibhole.

The above observations suggest that the porphyritic granite has arisen through
replacemeny of the pre-existing minerals. Successive mineralogical changes can be
easily traced in the metanorites included within the porphyritic granite. The
cation content of the standard cell has been calculated and compared for three
analyses (Table 3, columns 8, 9, and 10) of rocks representing stages in the granitization
of the metanorites (Table 7).

The evidences for metasomatic origin of the granite gneiss are unequivocal.
The continuance without change in direction of major and minor structures from
the metamorphic rocks to the granite gneiss points to the fact that the granitization
was effected in situ. The mineralogical and textural features of the porphyritic
granite also indicate a replacement origin, but its structural relation with the country
rocks point to an intrusive emplacement that had almost catastrophic effects on the
sarrounding wall rocks (Sen, 1956). The internal structures of the granite indicate
that it was extremely viscous during intrusion and that it probably contained consi-
derable amount of crystallized material. It is difficult to be sure about the exact
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TABLE 7

Cation content in standard cell of three rocks showing transition from pyrozene
granulite (o granite

1 |
Pyroxene granulite . Amphibolized granulite | Granite
1 ' . . : i N . i . .
! . o/ | cation in L o/ ! cation in [ cation in
cation % | standard cell | 41108 %o " standard cel] | “4Hon % : standard cell
S [ o i (. i
| | | | |
Si .. 5060 50-28 ©62-80 58-37 65-77 60-75
Ti N _— — 011 | 0-10
Al Lo 2277 22:62 : 19-16 18:23 17356 | 16-21
Fe+++ ~.2 S g.05 9.0 0-88 0-81
Fors } 533 329 325 302 { 156 Lad
Mg co 6:76 6-73 2:27 211 ‘ 1-42 1-31
Ca e 7-33 7-29 ; 2:67 2-49 1-89 1-75
Na S 193 4:90 J 5-39 5-01 5-66 523
K Lo 226 225 399 | 371 : 517 478
| R /
Associated O 161-02 169-50 169-68
anions (OH) 2:-65 358

nature of metasomatism by which transformation occurred in each case. The fluid
responsible for granitization in both the cases might have been (1) a primary or a
secondary granite magma, (2) water-rich alkali silicate liquid obtained at a late
stage from a granite magma (¢f. Bowen, 1947; Turner, 1948), or (3) a non-magmatic
liquid ‘emanation’ of the proponents of ‘wet granitization’. It has also been claimed
that ionic diffusion in the solid state may ultimately bring about a partial liquefaction
of the metasomatized body and impart to it sufficient mobility to allow its emplace-
ment as an intrusive similar to emplacement of a salt dome (Diapir granite of
Weggmann, Ramberg, 1952, p. 242). There is no available evidence, chemical,
mincralogical, and textural, that points unequivocally to the nature of the fluid
responsible for the granitization and for fluidization of the porphyritic granite. The
mineralogy as well as the textural relation of the homogenized and partially homo-
genized end products would be identical no matter by which process the granitizing
fluid is derived. There is very little to choose between the three suggested modes
of derivation; the choice seems to rest more on the prejudices of an individual for
one suggestion or the other, rather than on any evidence, chemical, petrographic,
or structural.

CONCLUSIONS

The evidences pointing to a metasomatic origin of the granite gneiss could be
summarized as follows: (1) The granite gneiss shows all the structures to the minutest
details that are found in the associated metamorphic rocks. This might mean
either that the granitization was post-kinematic and autochthonous, thus retaining
the structural details of the metamorphic rocks at whose expense it was formed,
or that all the structures formed subsequent to the emplacement of the granite.
The first alternative is favoured for reasons that follow. (2) Most important of the
field evidences in support of a metasomatic origin for the granite gneiss, cited earlier,
is the almost imperceptible gradation that is noticed between the metamorphic
rocks and the granite gneiss, one grading strikewise into the other, sometimes across
lithologic boundaries. Such gradations are noticeable also petrographically from
one or other of the metamorphic rocks through varying intermediate assemblages
to an almost completely homogenized granite. (3) There is no evidence in regional
large- and small-scale structures to indicate more than one period of deformation..
If regional deformation post-dated emplacement of the granite gneiss, it should
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show some evidence of deformation, especially post-crystalline deformation in all
its minerals including feldspar and quartz, two of the last forming minerals in a
granite. Detailed study of microtectonics and mineral fabric has not revealed any
evidence of such post-crystalline deformation (Sen, 1956), except in the case of a
local influence due to intrusion of the porphyritic granite. (4) The granite gneiss
shows almost as great a variation in the proportion and content of dark minerals
as the varieties of rocks it is found associated with, The wide range in mineralogical
composition giving assemblages of leucogranites, alaskites, to diorites, in spite of a
considerable approach to homogeneity, is one of the strongest evidences in support
of its metasomatic origin. 'The suggestion has a negative support in Korzhinsky’s
assertion (see Eskola, 1950) that ... granite with a constant ratio between its
minerals could not be produced by metasomatism of rocks of variable composition . . .
the monotonous composition of granites could hardly be explained other than as an
eutectic one’. Though the favoured conclusion is not an obvious logical antithesis
to Korzhinsky’s contention, granite bodies as pointed out by Holmes (discussion
of Korzhinsky’s paper, see Eskola, 1950) nonetheless are characteristically hetero-
geneous, whereas igneous rocks even of considerable volume do not show significant
variation. (5) Textural evidence of replacement of early minerals in the intermediate
rocks and in the ultramigmatites has already been cited.

Evidences pointing to an intrusive emplacement of the porphyritic granite were
adduced in an earlier paper (Sen, 1956), the more pertinent among these evidences
are: (1) Discordant boundary cutting structural alignments of associated rocks,
especially where the granite body tapers gradually toward the east (Pl 1I). (2)
Structural independence of the granite body with an independent pattern of lineation,
foliation, joints, and mineral fabric, though on the whole there is a rough control
by the regional structures especially where it is conformable. (3) Mylonization
and inter-planar slips in the wall rocks. (4) Systematic jointing of the wall rocks
showing a correlatable distribution with the distance from the granite body. (5)
Completely reconstituted mineral fabric of the rocks close to the wall. The petrologic
evidences that indicate a possible metasomatic origin could be summarized thus:
(1) The normal type of the porphyritic granite with no visible inclusion of metamor-
phic rocks in proximity shows textures indicating replacement origin of most of its
minerals, egpecially quartz, K-feldspar, and sodic plagioclase. The textures and the
mineral changes in ‘relic’ are identical to changes noticed in the pyroxene granulite-
granite sequence of the inclusions. (2) The diversity in proportion of constituent
minerals giving assemblages ranging from mafic diorites to granites. (3) Minera-
logically and in hand specimens the porphyritic granite is identical to products of
granitization of mafic rocks that lie miles away from the porphyritic granite body.

The difference in time between the granitization of the country rocks and the
emplacement of the porphyritic granite is a matter for conjecture. They are thought
to belong to the same metamorphic cycle for several reasons. The porphyritic
granite does not influence the mineralogy of the wall rocks; mineralogical changes
in the country rocks have no correlation with the proximity of the granite body.
Granitization of mafic rocks within the granite gneiss-migmatite country has
resulted in granites which are almost identical to the porphyritic granite except for
their undisturbed structural relation to the surrounding rocks. The porphyritic
granite appears to be the mobilized portion of country rocks in the same period of
granitization that resulted in the granite gneiss and migmatites ; the fluidized product
of the same process that has moved up as an intrusive.

The most important aspect of the petrogenetic history of the area in RBast
Manbhum is the effect simulating polymetamorphism in the metamorphic complex
accompanying granitization. All rocks including sediments and intrusive dikes
and sills were first metamorphosed at a high grade giving assemblages commonly
of the granulite facies resembling charnockites and khondalites of South India, and
also of the amphibolite facies. Culmination of the regional metamorphism is marked
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by a syn- to post-kinematic granitization. The granitization, mostly post-kinematic,
yielded assemblages transitional to the sillimanite-almandine- and the cordierite-
anthophyllite- subfacies of the amphibolite facies, and finally through migmatites
and ultramigmatites into granites. In the upper levels represented by present
surface, the granitization was wholly post-kinematic and the granite retained all the
structural details of the pre-existing metamorphic rocks. The same process produced
ultramigmatites in the compatatively deeper zones which when sufficiently fluidized
was emplaced as an intrusive core. The petrogenetic history has been summarized
in a table (page 137).
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