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The gabbro rocks, some of which are described in this paper, are found in parts of southern Dhalbhum
and the Mayurbhanj State. They are the source of titaniferous and vanadiferous magnetite. The largest
outerop of these rocks, with a large number of varieties, is found in an ares of about 20 square miles, south
east of the Gorumahisani Pahar. The rocks range from norites to anorthosites with a granulitic variety
whiclr grades into these and also cuts them as dykes. Associated with these here and there are such ultra-
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basic types as peridotites and pyroxenites. Results of a detailed petrographical study are indicated in this
paper with their bearing on the differentiation of the rocks, the origin of the associated magnetite deposits,
and the end-stage alterations of the rocks. Among the ferromagnesians is a pyroxene of the Bushveld type
which has not been recorded from any of the orthopyroxene-bearing rocks of Indis. Magnetite is of two
generations: an earlier and a more important later which was ascribed to the late stage alteration of the
ferromagnesian minerals by previous workers. The latter is now shown; by field and microscopic evidence,
to be a primary magmatic mineral which has replaced some of the earlier formed minerals such as pyroxene
and felspar. The granophyric texture of the adjoining granites is shown to be secondary due to crushing
and recrystallisation while the presence of primary myrmekite in the gabbro has been indicated. The
suggestion is made that there are basic and ultrabasic rocks, of various types and of various degrees of meta-
morphism, in this part of S8inghbhum and Mayurbhanj, which may belong to several periods of intrusion and
that those characterised by the striped pyroxene of the Bushveld type form one suite. These may even be
younger than the granites with a secondary cataclastic structure as the Bushveld pyroxene is not found in
recrystallised rocks except those formed at very high temperatures.

INTRODUCTION.

The chief interest of the rocks described in this paper lies in the titaniferous and vanadi-
ferous magnetite deposits associated with them. The presence of vanadium in similar mag-
netite deposite of Dhalbhum, about 14 miles north of the area studied, was first detected
by Ray and Sarkar (Ray, 1932, p. 212; Sarkar, 1937, p. 122). The mineragraphy of the
ores, their genesis and mode of occurrence, were studied by Dunn and Dey (1937, p. 31;
1937, p. 215). 1In a more recent publication (Dunn and Dey, 1942, pp. 375-381) these authors
have discussed the petrographical characters of the leading rock types. The occurrence of the
interesting rock anorthosite along with other varieties of gabbro led the author of this note
to undertake an intensive study of these rocks in 1938. In course of this work new light was
obtained on the genesis of the magnetite deposits, and certain types of rocks, not previously
recorded from this area, were also found. Originally undertaken with a grant of money kindly
made by Dr. Norman L. Bowen, towards the cost of the author’s previous work on the anor-
thosites, the work was carried on with the Premchand Roychand Studentship awarded by
the Calcutta University. The author wishes to record 'with gratitude his indebtedness to His
Highness the Maharaja of Mayurbhanj and other officers of the State without whose generous
help the field work on which this paper is based could not have been carried out.

ResvLTs oF PrEVIOUS WORK.

It will be helpful to bear in mind the results of the previous work done in this part of
Mayurbhanj, in order to form an estimate of the new results obtained by a more intensive study
- of a small area. A summarised account of the previous work is therefore given below:—

1. ¢In Mayurbhanj State a most interesting series of granites, granophyres and basic igneous rocks was
examined. The basic igneous rocks include metamorphosed dolerites, gabbros, ultrabasic igneous rocks,
and pegmatitic gabbros. These latter are of particular importance as they are the source of certain
magnetite deposits. The granophyres are a variety of granite, but Dr. Dunn is able to demonstrate that
the granophyric texture is of hydrothermal origin and was imparted to the rocks before consolidation was
complete. Pegmatitic gabbros, into which the granophyres intrude, have also a secondary granophyric
structure imparted in places along the boundary of the granophyre. The alteration also includes albitisation ;
and with this fact Dr. Dunn correlates a second, namely that the granophyric rocks are rich in soda.’
{Dunn, 1935, p. 88.)

2. In this valuable paper the authors, besides giving a brief petrographical description of the rocks and
mineragraphic description of the ore minerals, discuss the genesis of the latter and their paragenesis. The
phyllites, mica schists and quartzites between Kumhardubi and Kotwar Pahar are intruded successively by
gabbro, diorite, granite and granophyre, and dolerite, which are frequently sheared and metamorphosed.
‘The gabbro, although usually fairly uniform over wide areas, occasionally shows rapid variations in composi-
tion, sometimes to small patches of coarse anorthosite composed essentially of felspars with very little ferro-
magnesian material and sometimes to considerable areas of ultrabasic rocks, picrite and peridotite, which,
except for rare instances, are completely altered to serpentine.’

According to the same authors, the gabbro consists essentially of plagioclase and augite, with frequent
ophitic and pegmatitic structures. The plagioclase is usually saussuritised. There is a later generation
of albite with some quartz. The amount of quartz increases with the decrease of ferromagnesian minerals
50 that the small patches of anorthosite are really quartz-anorthosite. Augite, largely diallage and frequently
titaniferous, is uralitised, chloritised, or serpentinised. Magnetite and augite may show reaction rims of
deuteric hornblende and occasionally of biotite against felspar. Primary hornblende is common in the acid
verieties. In the anorthosite the felspar is crowded with alteration products. ‘The ultrabasic varieties
consist principally of augite with a little felspar and occasionally enstatite and olivine.” The secondary
minerals are magnetite, ilmenite and apatite, and are common in the basic and ultrabasic types. The iron-
ore crystallised in two generations. The ultrabasic rocks are widely altered, & product of which is epidote,
whilst some of the iron-ore is secondary to augite, hornblende and olivine. Although the majority of the
changes are deuteric, some of them, such as albitisation, secondary granophyric structure near the contact
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of the granophyre, are due to the granite magma which later intruded these rocks. Inclusions of these basic
rocks in the granophyre have been altered to granophyric diorite.

..... The iron-ores of the second generation were the last important minerals to soparate out and are
always accompanied by considerable changes in the rocks such as serpentinisation, uralitisation, and chlori-
tisation of felspars, etc. It is not always easy to distinguish between the introduced iron-ore and that which
separated directly from pyroxene and olivine during serpentinisation. ‘Where iron-ore has replaced the greater
part of the rock, there serpentinisation is usually more complete, and sometimes the whole rock may alter to
serpentine.” The residual magmatic liquids ‘were in close contact with the rock minerals, able to react with
them, bresk down the earlier formed pyroxenes and olivines to form the more stable minerals hornblende,
biotite, chlorite and serpentine.” . . . ‘It is believed that this alteration of the titaniferous pyroxenes and
olivine was quite capable of supplying all the iron and perhaps titanium, which then separated out as titano-
magnetite.” In accordance with the reaction principle part of the iron and magnesia from the early crys-
tallised olivine and perhaps enstatite and augite would be resorbed but probably magnesia showed a much
greater tendency to go back into the melt at this stage, and the analysis of all the rocks, except those high
in olivine and enstatite, show an abnormally low MgO content.

The final liquids with their higher H,O content and specific heat became much more active in their capacity
for replacement by the process of base exchange. MgO was an important radicle in these reactions and took
the place of FeO giving rise to serpentine. As a result of this process the residual liquids became concentrated
in iron and titanium oxides. Where scattered in the pores of the rock these residual liquids gave rise to the
second generation of the interstitial grains of iron-ore found almost throughout these rocks, but, where condi -
tions were favourable for the accumulation of large quantities of these liquids, as within the more ultrabasic
rocks, these would form veins along fractures and joints, perhaps aided by filter-press action, and would
penetrate even the adjoining schists. This Fe-Ti rich liquid approached a melt in physical characteristics.

The low MgO content of particularly the less basic varieties and the high FeO content of the gabbro may
be due also to the high iron content of the original basic magma. A suggestion is also offered that ‘some
absorption of the sedimentary iron-ores may he expected’. (Dunn and Dey, 1937.)

3. In this paper petrographical description of the rocks similar to that in the above paper is given.
(Dunn, 1937.)

4. This is & very important and comprehensive contribution to the geology and petrology of Eastern
Singhbhum. According to the authors ‘a large area of basic to ultrabasic igneous rocks with phyllites
associated here and there, and almost isolated in the granite’, extends south from Manpur over the Dhalbhum
border into Mayurbhanj. ‘These rocks vary from fine-grained epidiorites through coarse gabbroitic rocks to
types which may be almost described as pegmatitic.’” There are gradations in respect of composition, grain
size, and the degree of metamorphism from relatively unaltered types such as found near Kumhardubi to
highly metamorphosed hornblende-schists which extend out into the granite along Dhalbhum and Saraikela
borders, north-east of Baghmuri. Veins of the coarse gabbro penetrate the fine-grained rocks. At one
place (north of Madansila) a vein of coarse porphyritic gabbro, here metamorphosed to a coarse epidiorite-
schist, is intruded along the cleavage of a fine hornblende-schist which has been silicified along the walls
of the vein. The authors make the important observation: ‘Although there is no alternative to the
assumption that they all form part of the one suite of igneous rocks, successive intrusions were appsarently
distributed over a long period of time, and metamorphism was in progress during intrusion of the later
coarser types. The coarser types are commonly intruded by granite veins in this vicinity.’

In addition to the petrographical characters already noted in the earlier publications of these authors,
the following points are noteworthy : the main constituents of the gabbro are plagioclase felspar varying from
anorthite to andesine, and normally ophitic augite. The felspars are in some instances idiomorphic. Augite
generally shows some uralitisation, but with increase of metamorphism becomes completely altered to fine
blue green hornblende, and, in some places, to fine deep blue and green chlorite and fine reddish brown
biotite. The coarsely crystalline hornblende with deep grass green and yellow pleochroism is primary. In
the more acid varieties this is usually present to the exclusion of augite. It alters in places around the edges
to fine reddish yellow biotite. A dark greenish yellow biotite is & further deuteric development from horn-
blende. With diminution in the amount of ferromagnesians the rock becomes an anorthosite in which
coarse quartz and felspar, both interstitial and idiomorphic, are abundant. The felspar is characteristically
crowded with alteration products. The most ultrabasic varieties around Charai Pahar consisting largely of
augite and & little felspar, with some enstatite and olivine have been altered almost completely, the augite to
serpentine, chlorite, fine tremolite, talc and & little hornblende, and the felspars to saussurite and chlorite.
These changes immediately preceded complete crystallisation. ‘Alterations of the rock minerals to uralite,
chlorite, saussurite, tremolite, serpentine and talc may be an effect of late magmatic solutions or of solutions
given off by the granite magma which later intruded these rocks.” High temperature solutions have been
responsible for the formation of a reddish yellow biotite which is common to both the gabbro and the grano-
phyre and replaces other minerals in each.

With regard to the origin of the iron-ore the authors quote from their earlier account published in the
Transactions of the Mining and Geological Institute of India already referred to.

The authors note that in these rocks there can be no clear-cut distinction between normal magmatic
reactions, deuteric reactions, and reactions during the outward movement of the final magmatic liquid. The
‘development of iron-ore and later deuteric minerals has been simply a further extension of the reaction
series ; as far as the bulk mass of the magma is concerned they are primary in an equal sense with the earlier
products of magmatic reaction’. Some of the secondary minerals are the result of regional metamorphism.
With increase in metamorphism the rock merges into a typical sheared epidiorite. The authors note ‘that
much of the coarse-grained gabbro was intruded into a part of the area which has practically escaped meta-
morphism, permitting a clear diagnosis of the original nature of the rock’ (p. 379), but they recognise the
probability ‘that, on the whole, these coarse gabbros represent a somewhat later period of intrusion’ (p. 382).

The authors have found evidence of albitisation in the gabbro in the vicinity of the granophyre. ‘The
border between the gabbro and the granophyre is commonly indefinite, whereas the border between the gabbro
and more normal coarse granite is almost invariably sharply defined.” They describe at length the gradation
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south and west of Chhatramandal. ‘Even from a distance from the border of this outcrop, & secondary
granophyric structure is seen here and there to have commenced development in the felspars attacking them
from the edge inwards in the vicinity of interstitial quartz. The intergrowth is of course of a myrmekitic
nature.” . . . . Within the border zone of the basic mass the amount of myrmekite increases to a maximum,
extending as lobate areas into the plagioclase.” . . . ‘With diminution of ferromagnesians the rock becomes
indistinguishable from some of the more normal granophyres.” (Dunn and Dey, 1942.)

A map in the scale of 2 miles to 1 inch accompanies the above Memoirs ; but as the result
of the author’s mapping does not agree with this map in many places, a new map has been
appended to this paper. The above Memoirs was published after the work undertaken by the
author was completed. Hence there has been a little overlapping, but in view of the fuller
treatment attempted in this paper it is presented practically in the form in which it was originally
drawn up, except occasional references to the last-mentioned Memoirs and to new work done
clsewhere.

AREA, BOUNDARIES AND PHYsicAL FEATURES.

The area studied lies within the Mayurbhanj State, east of the Gorumahisani State forest,
between latitudes 22° 20’ N, and 22° 10’ N., and between longitudes 86°18' E. and 86°24’E, The
topographical features are shown in the Survey of India sheets Nos. 73 J/7 and J/8. The
area is hemmed in by hills clothed with dense forest except in the south where it opens on the
plains which extend southwards up to the Simlipal Range. There are two streams which rise
in the hills made up of granite and granophyre, lying in the northern part of the area, and
flow southwards joining the Huka Khal which flows westward to the Bankbai, a tributary of
the Kharkai. Between these two streams lies the Marhaikocha hill along whose flanks good
exposures of gabbro rocks are found. Another stream, Katra, flows eastwards north of the
granite and granophyre hills and lies entirely within the area of granitic rocks. Both the
granite and the gabbro weather into huge rounded boulders due to exfoliation and the character-
istic hill forms are very similar. Exposed weathered surfaces of gabbro and anorthosite
rocks look like a gneiss as in the stream near Dalki. The gabbro rocks occur either as large
boulders, along the slopes of hills, and hummocky masses, or, as bare rocky patches. Dykes
of Newer Dolerite cut through all the rocks and form characteristic ridges of rounded boulders.
The forests on the hills, the patches of cultivated lands in the valleys, and the mantle of soil,
cover the rock outcrops and make a study of the boundaries of the different types difficult.

NOMENCLATURE.

The gabbro rocks belong to several varieties which frequently occupy considerable areas
and grade imperceptibly into one another. The rocks range from almost pure plagioclase
anorthosite to ultrabasic melanocratic gabbros, and hence it will be convenient if the descriptive
names used in this paper are properly defined at the outset. The following descriptive rock
names are used to denote the types briefly described against each:—

Anorthosite and Quartz-Anorthosite.—Rocks rich in plagioclase with, sometimes, a little
interstitial quartz, and a small quantity of ferromagnesian minerals which do not exceed 59,
of the total quantity of minerals present in the rock.

Mottled Anorthosite.—Anorthosite rocks in which the ferromagnesian minerals form irregular
clusters, The name was originally used by Hall (1932, p. 331) in connection with the anor-
thosite rocks of the Bushveld Complex.

Anorthositic Norite—This name was originally used by Wagner (1924, p. 63) to designate
‘a rock with a distinct preponderance of plagioclase over pyroxene’ in connection with the
rocks of the Bushveld Complex.

Norite.—This is a type of gabbro consisting essentially of plagioclase and rhombic pyroxene,
usually hypersthene.

Granulitic Norite.—These are fine-grained and dark-coloured norite rocks characterised
by a granulitic texture.

F1ELD RELATIONS.

The different types of rocks found in the area studied fall into four groups; namely, the
country rocks, the gabbro rocks with their different varieties and associated ultrabasic rocks,
the granitic rocks, and the Newer Dolerites. The country rocks, into which the gabbro rocks
are intruded, consist mostly of different types of quartzites, greywackes, and epidiorites, all
belonging to the Iron-Ore Series. The gabbro rocks include the following types:—

(1) Quartz-anorthosite, anorthosite, and magnetite-bearing anorthosite.
(2) Mottled anorthosite.
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3) Anorthositic norite.
4) Norite.
5) Granulitic norite.
6) Grey felspar-bearing gabbro.
7) Pyroxene rich gabbro.
(8) Olivine norite.
The ultrabasic rocks, which are not very common, consist of such types as picrite, lherzolite
aud pyroxenite. They grade imperceptibly into the gabbro, excepting
the pyroxenite which occurs as a dyke.

The granulitic norite is & uniformly fine-grained rock which both grades into the anor-
thosite and cuts it and the country rocks in the manner of a dyke. Soda-granite and grano-
phyre occur along the northern boundary of the main gabbro outcrop. Rocks of the Iron-
Ore Series form the Gorumahisani and other hills on the western and also the hills on the
southern side. These hills are intruded by the different igneous rocks of the area. Farther
to the south, along the Rairangpur-Baripada road, there is an extensive area of the Singhbhum
granite with dykes of Newer Dolerite. The gabbro rocks occur as isolated patches within
the rocks of the Iron-Ore Series towards the south-east beyond the limit of the area mapped.
They have also been reported from cther parts of Mayurbhanj. ‘

The area of the gabbro rocks described in this paper is easily accessible by an unmetalled
road leading from the Rairangpur-Baripada road to Sarugara (22° 15’ 30”; 86° 23" 15”) by way
of Luhasila (22° 14’ 30”; 86° 19’ 30”).  There is a belt of hills and ranges lying to the north
of the outcrop of the gabbro rocks made up almost cntirely of soda-granite and granophyres.
To the north of this belt is a cart road leading from Gorumahisani to Charaipahar (22° 18" 30"
86° 23’ 30") at a distance of 12 miles. This hilly belt is very densely forested and the thick
vegetation and soil mantle make it impossible to follow a boundary even if a junction between
two different types of rocksis found. There are several paths across the hills which were followed
in order to find out the boundary between the granite and the gabbro. The foot-path from
Charaipahar to Sarugara passes entirely through granite country.

The hills to the west and south-west of Luhasila consist of hornblende gneiss with well-
marked foliated structure made more pronounced by small stringers of quartz. The horn-
blende gneiss is cut by dykes of Newer Doleritc. The hillock situated just to the west of
Luhasila (Bostom Huri) is composed of different types of quartzites with a small outcrop of
granite. Coarse-grained gabbro rocks, which grade into finer grained doleritic type, crop out
on the north-north-west slope. These are intrusive into the quartzites. Gabbro rocks are
also found in the valley lying to the north-west of the hill, with small pockets of lens-shaped
and irregular blocks of magnetite. The Betjharan hill (22° 15" 15”; 86° 19') is made up of a
whitish felspathic quartzite with intrusive gabbro and magnetite deposits. _

A more basic variety of gabbro is found near the base of the Betjharan hill which appears
to be an olivine norite. It may be incidentally noted that olivine-bearing types are very rare

Olivine norite in this area. The country rocks near about Bet]haran are intruded

) by dykes of slightly foliated granulitic norite which, but for its pe:cuhar
greasy lustre, is practically indistinguisbable from epidiorites. The hills north of Betjharan
consist of a whiiish variety of arkose quartzite. These quartzites break into slabs easily along
Planes of division which may mark original bedding planes as the rocks are not sheare d. West
of Kakuriruma (22° 15’ 30”; 86° 19’ 15”) a peculiar dark quartzite (greywacke), resembling a
basic igneous rock, oceurs just below the arkose conglomerate. Smoke-coloured banded quart-
zites are found in the Balarampur Pahar to the west.

North of Kakuriruma gabbro rocks occur as huge rounded blocks on the eastern flank of the
quartzite hill. These are coarse-grained rocks with large plates of labradorite, C_h&ra(.‘tf‘?lsed
by its shining lustre on cleavage plates and fine parallel twin striaticns,
stumpy prisms of pyroxene, and a little magnetite. Although the
constituents are intermingled with one another, the larger felspar laths appear to be partly
enclosed by the pyroxene. Farther north, towards Barakakuriruma, the coarse gabbro passes
into a uniformly fine-grained and granulitic norite. The rock resembles the typical norites
described from Southern India. The passage from coarse-grained
gabbro to fine-grained gabbro can be seen even in a hand specimen.
Megascopic evidence of late-stage alterations is conspicuously seen in the alteration of the
granulitic norite, south-south-west of Barakakuriruma, where large platy patches of biotite
have formed at the expense of pyroxene.

4
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(
(
(
(

Ultrabasic rocks.

Gabbro.

Granulitic norite.
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The next outcrop towards the north is that of a white anorthosite characterised by coarse
plagioclase and a small quantity of pyroxene together with a little interstitial quartz. This
passes into & rusty-looking anorthosite in which the ferromagnesian
minerals form large clusters which give the rock a mottled appearance.
The rocks are stained by the decomposition of the iron-ores and the chloritisation of the py-
roxenes. The white variety of anorthosite is largely kaolinised but the felspars of the darker
varieties are more resistant. A very interesting feature of these rocks is that the felspars do
not show any parallelism. The anorthosite rocks continue up to Marhaikocha (22° 16’ 16”;
86° 16’ 30"). Between Barakakuriruma and Marhaikocha there is a massive outcrop of anor-
thosite consisting of almost pure plagioclase with occasional dark fine-grained patches having
ophitic texture, which impart a mottled appearance to hand specimens containing the dark
patches. The rocks are weathered by exfoliation into huge rounded boulders. The felspars
have no directional arrangement as has been noted above and form a closely compacted mass.

South of Marhaikocha the anorthosite is cut by a dyke of medium-grained dark greenish
black pyroxenite which is itself cut by a dyke of granulitic norite. The pyroxenite dyke
runs south-south-east to north-north-west and the norite runs south-
east to north-west. Dykes of Newer Dolerite are fairly abundant
and they follow different directions.

The Marhaikocha hill is made of typical pegmatitic gabbro characterised by ophitic texture.
Similar coarse-grained gabbro continues northwards. A porphyritic variety consisting of large

Gabbro white felspars enclosed by dark fine-grained patches is found a short

) distance to the south-south-east of Kumhardubi (22° 17°; 86° 19’).

Its relation with the uniformly coarse-grained variety could not be found owing to the thick

cover of soil and vegetation. The white anorthosite again appears south of Kumhardubi as a

small local differentiated phase of the gabbro with an appreciable amount of interstitial quartz.
Bands of dark granulitic norite are occasionally found in the gabbro.

There is a small hillock consisting of the pegmatitic gabbro cut by a dyke of dolerite running

north to south, north-west of Kumhardubi. The rock is rich in magnetite and is consequently

Grey felspar-bearing heavy and the felspars have a greenish stain owing to chloritisation.

gabbro. The gabbros have a dark-grey colour on account of the grey colour

of the felspars. A little quartz can also be seen. A little north of

the above the gabbros become very dark-coloured and also heavier than the normal type.

These constitute the type known as grey felspar-bearing gabbro with which is associated the

magnetite deposits of Kumhardubi. Here the ground is charged heavily with boulders and
debris of magnetite.

There is a foot-path leading from Kumhardubi to Gorumahisani Pahar. Along the road
the outcrop of the gabbro rocks is followed by epidiorite and then granite. Here there is a
dyke of the dark granulitic norite striking east-south-east and west-north-west. The country
rock of this dyke is completely obscured by soil and vegetation but in the neighbourhood granite
was feund. In the nullah (stream) lying to the north of Barabil (22° 18"; 86° 18') there is
another outcrop of the Singhbhum granite intruded by dykes of both coarse-grained and fine-
grained basaltic Newer Dolerite. The hills lying between this nullah (stream) and the valley
of the headstream of the Jaran, which flows round the southern side of the Gorumahisani
Pahar, are made up of a light-coloured gabbro in which the felspars are mostly altered. This
gabbro is different from the pegmatitic gabbro. Towards Kotupith (22° 18’; 86° 17’ 307)
the rocks are epidioritic. =

On the eastern flank of the Balarampur Pahar and its north-eastern extension, there are
exposures of the granulitic norite associated with pegmatitic gabbro characterised by very
large milk white felspars, pyroxene, and quartz. The granulitic rock is traversed by a system
of cross joints and there is a rough parallelism of the constituents. This is followed by an
outcrop of the dark gabbro (Type No. 6). The hills here are made up of granulitic norite. The
top of the main hill consists of a more basic gabbro very rich in pyroxene and amphibole. Very i
coarse-grained pegmatitic gabbro is found farther on in which the white felspars are more than |
an inch long. The femic minerals form large clots. Quartz is present in large blebs.

South-south-west of Khejuri Pahar, another small pocket of magnetite was found. The
gabbro rocks here show an appreciable amount of magnetite grains as one of the constituents.

North of the pond shown in the topographical map and marked ‘A’ |
Maiﬁzt:g;gﬁzfing in the geological map accompanying this paper, the gabbro rocks
pass into the felspathic phase. The rocks are anorthositic with |

Anorthosite.

Pyroxenite.

4B
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fine-grained basic segregations. The basic segregations appear to be mostly magnetite under
the microscope and the rocks afford clear proof of the formation of magnetite. The rocks
are in a remarkably fresh condition and do not show any effects of late-stage alterations.

Different varieties of gabbro were met with, cut by thick dykes of dolerite, between
Khejuri (22° 16"; 86° 20’ 30”) and Merudihi (22° 16’; 86° 21’). The gabbro near Kaduani is
of medium grain and has roughly equal proportion of the salic and the femic constituents.

In the eastern part of the area surveyed there is a continuous outcrop of white and dark
anorthosites in the region lying between Dalki (22° 15’; 86° 21’) and San Bantha (22° 16’ 30" ;
86° 21’ 30”). The weathered surface of the outerops has a striking similarity with granite-
gneiss and the rocks have joints without, however, any directional structure. Pure plagioclase
rocks are common, but there is a sudden passage to the dark granulitic norite in the same
mass. Along the stream passing near the Dalki village, there are beautiful exposures of anor-
thosite which weathers by exfoliation like granite. The rocks are quite fresh. There are
large hummocky masses of the fine-grained dark granulitic norite north of the road near the
stream (Huka Khal). These are underlain by coarse anorthositic gabbro which also occurs
within a massive dome of the fine-grained norite. The latter passes into coarse-grained gabbro
or norite in the same horizon and coarse bands are found in hand specimens of fine-grained
norite. There are stringers and veins of fine-grained norite in coarse-
grained anorthosite suggesting intermingling of the two rock types.
The junction is usually sharp but may also be gradual (Plate V1, Fig. 1). Insome places the
granulitic norite may be more coarse-grained but there is no transition rock in most places.
The granulitic rock has been found as dykes in several localities both inside and outside the
gabbro mass. They may be easily mistaken for Newer Dolerite but the peculiar resinous lustre
and the uniform fine grain, which are also characteristic of the norites of Southern India
described by Holland, mark them out as different from dolerite.

Anorthosite rocks continue in the region farther north, with occasional local variations.
In the southern part of the hill east of Dalki a coarse-grained gabbro is found in which the
dark and the white minerals, mostly altered, are in roughly equal proportions. These rocks
are very heavy due to their greater percentage of femic minerals including magnetite. But
curiously the rock also contains an appreciable quantity of quartz. Local foliation is also
found. Dolerite dykes are common having generally a north to south trend. In the stream
valley south of Bantha, dark pegmatitic gabbro appears again. The euhedral felspars are
enclosed by well-developed amphibole and chlorite. This passes into a pyroxene rich gabbro
in which the pyroxenes are mostly uralitised. This is followed by
another outcrop of the white anorthosite. The anorthosite is coarse-
grained with large felspar laths which reflect light from the cleavage surfaces marked by fine
twin striations. Here again the ferromagnesians form clusters with ophitic relation to the
felspars which give the rocks their characteristic mottled appearance.

The Dalki range which runs northwards up to the road to Sarugara, south of Bantha,
consists of anorthositic gabbro or norite. The rocks are all coarse-grained and show remarkably
rapid variation in mineral composition. They range from leucocratic largely felspathic types
to melanocratic pyroxenic types. The dark varieties, as is natural, have a higher specific
gravity. Their constituents have a linear parallelism, while the constituents of the former
are mixed up giving rise to more or less white rock with dark spots. The linear arrangement

Anorthositic norite  ZPPE4TS to be a primary flow structure. It is not a characteristic
and Norite. feature and shows wide variation. The felspars of the dark varieties
i have a characteristic greasy lustre. Grey felspar-bearing gabbros are
found in the south-eastern part of the Dalki range, north-west of Nuagaon (22° 147; 86° 20’ 15”).
The rocks in this area show wide variation in composition and pass into coarse-grained dark and
heavy hypersthenic type near the eastern part of Nuagaon. Norites, with unaltered felspars, are
found west of Nuagaon and in the southern part of the Dalki range north of Manikpur. Here
the gabbro alters to a phyllitic rock and the dolerite into greenish types. A band of
agnetite is found in the gabbro, just on the foot-path leading to Manikpur. East of Paunsia
(22° 14 15" ; 86° 21’ 30”") hornblende rich types appear. South of Paunsia there is a mass of
granulitic norite.

Large rounded and rectangular blocks of the anorthosite facies occur again south-west of
Baruakocha (22° 16'; 86° 23’) very near the boundary of the gabbro and the granite. These
Wweather into large blocks separated by well-marked diaclasis following joint planes.

Granulitic norite.

Mottled anorthosite.
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Near Nuagaon an inclusion of a uniformly fine-grained compact volcanic rock was found
within the gabbro. This is different from the dark parallel veins of a basaltic rock which ramify
in the gabbro near Merudihi (22° 16’ 20”; 86° 21’). The inclusion
c;ﬂﬁ“‘j‘;‘c’l‘: ionf gaal‘;g:-o indicates that the intrusion was sufficiently near the surface to have
stoped off a pre-existing lava flow and it gives some idea of the original

magmsa which enclosed it, and this magma was gabbroic (noritic) in composition.

It has already been stated that soda-granite and granophyre extend throughout the northern
part of the area beyond the outerop of the gabbro. The rocks vary in the degree of metamor-
phism from granites which hardly show any effect of metamorphism in hand specimens, to
gneissic, and very fine-grained compact and hard mylonitic varieties. The latter are found
along certain zones or belts, as for instance, between Gorumahisani and Chhatramandal (22°19';
86° 19’ 30"), and again midway between Chhatramandal and Saranda (22° 16'; 86° 23" 30").

. The granite has a light pink colour owing to the presence of pink
Gra:l‘:g, %;%ﬁf{e%nelss felspars. It weathers into characteristic hummocky masses and
’ steep tors. The spur south of the cart road, east of Gorumahisani
and north of Betjharan (22° 16"; 86° 23’ 30"), consists of a compact fine-grained light pinkish
roeck with greenish tinge and with an incipient fine parallelism. The more gneissic varieties
have a strike of west-north-west to east-south-east. They form rugged projetiing masses of
tors across the road. The mylonitised varieties have a well-developed system cf joints and
easily break into smali slabs. The slabs have polished and smooth shining faces with a soapy
feel as is found in some schists and phyllites. The above characteristics are the result of
cataclastic metamorphism. The rocks are intruded by thick veins of quartz and large boulders
of quartz are abundantly found on the surface. West of Chhatramandal specimens of gneiss
with quartz veins, some of which carry beautiful crystals, show that the quartz veins are
younger.

The mylonites of the second zone within the hills between Chhatramandal and Saranda
have a grey colour and dull lustre owing to their fine texture. The rocks are so fine-grained
that excepting a few round or irregular grains of quartz no other mineral can be distingunished.
They are more compact and hard than the ordinary granites and hence project out as steep
rugged blocks. They have a sub-parallel structure and break into small slabs.

South of Arjunpani (22° 17'; 86° 21') there is another interesting outerop of mylonite.
Here an extremely fine-grained mylomte with steel grey colour is cut by coarse granite. The
junction is quite sharp and reminds one of ‘hartschiefer’ which have a compact felsitic 1exture
and are due to the recrystallisation of mylonites.

West of Chhatramandal there is an outcrop of dark granite which is very much cut up by
planes of shear. Outcrop of the coarse gabbro is found a little Lo the south of this. The dark
variety of granite is again found between Chhatramandal and Bhimkhanda (22° 18’ 30"; 86° 21")
forming a low dome-shaped outcrop along the stream in the midst of the ordinary granite of
this area. This dark variety of granite is so unlike a granite megascopically, that, but for its
gradation into normal type, it would be difficult to identify it.

From Charaipahar (22° 18’ 30”; 86° 23’ 30”) the foot-path to Saranda and Sarugara across
the Kanapath range passes through granite country. The hills consist almost entirely of medium
to coarse-grained pink soda-granite which weathers into large rounded masses by exfoliation
aided by joints. South-west of Sarugara one suddenly comes upon the outcrop of the main
gabbro mass.

The contact between the gabbro mass and the soda-granite and granophyre in the north
and north-west is not exposed anywhere. The region of the contact is very hilly and of dense
forest cover, and hence a close examination of the contact zone from Kaduani to Mcrudihi via
Arjunpani failed to bring out any decisive contact from which the age relation of the two rocks
may be determined. The gabbro near Kaduani belongs to the grey felspar-bearing type. On
the western side of the Merudihi-Arjunpani foot-path large blocks of anorthosite gabbro are
found near the base of a hill made of granophyre, but as the contact is not exposed it is difficul
to come to any conclusion about the relationship of the two rocks. Granite rocks are found
on the north-eastern side of the gabbro outcrop of San Bantha (22° 16'; 86° 16’). Outcrops
of the two rocks are again found within a few feet of each other, south of Baruakocha
(22° 15° 40"; 86° 22’ 15") in the stream flowing on the north-east side of the Dalki range.
The joint pla.nes of the two rocks do not run in the same direction. No dyke or inclusion of
the one has been found in the other.
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Near Arjunpani the altered varieties of gabbro rocks show variations from dark amphi-
bolitic type to coarse-grained felspathic type. The felspars have been widely epidotised. Veins
of quartz occur near the epidotised portions. They appear more to have been formed during
epidotisation than owing to injections from the adjoining granite mass. There is also the possi-
bility of later injections of quartz veins. The granite here has also undergone epidotisation in
places. The gabbros near Arjunpani show fine-grained basic segregations which look like inclu-
sions but reveal their true nature in thin sections.

The Dhenki Pahar in the southern part of the gabbro area consists of several types of quart-
zites such as pyroxene quartzite, banded haematite quartzite, grunerite quartzite, intruded
by dykes of Newer Dolerite and different types of gabbro. Large boulders of magnetite are
found on the surface near Amdabera (22° 13’; 86° 19" 30"). It seems the magnetite deposit
was intruded into the country rocks as at Betjharan. Fine-grained granulitic gabbro is found
near by. Dark-coloured gabbro rocks of the type noted near San
Bantha occur just south of Amdabera. These form the massive
dome-shaped peaks of Dhenki Pahar. Stringers of quartz are noted at one place. A small
deposit of magnetite was found south of Jamda. The hill slope is strewn over with magnetite
boulders. The associated gabbro rocks are felspathic but highly saussuritised. Near the base
is found serpentinised gabbro (olivine norite).

Country rocks.

PETROLOGICAL NOTES.

1. Quartz-anorthosite, anorthosite, and magnetite-bearing anorthosite.

These are massive coarse-grained rocks resembling crystalline limestone in appearance with
a bright lustre on fresh surfaces due to the reflection of light from the cleavage faces of felspars
with fine twin striations. The felspars attain usually a length of half an inch but a length of
more than one inch is also found. They are crowded together to form a compact rock. Under
the microscope the rocks show large well-developed plates and smaller euhedral grains of felspar
without the least sign of marginal protoclastic granulation. Where contact between individual
grains is idiomorphic the boundaries are markedly clear, but, even when the contact is irregular,
no marginal granulation is observed. Albite twinning is well-developed and is almost universal,
while Pericline twinning is also present in some grains. The only sign of stress is the uneven
nature of some of the twin lamellae and their slight bending (Plate VI, Fig. 2). Numerous deter-
minations of the symmetrical extinction angles, and in some cases, extinction angleson | PM
from Albite-Carlsbad twinning and 010 cleavage plates indicate that the plagioclase is a basic
labradorite and does not vary much in composition in the different rocks, varying from anor-
thosite to norite. The maximum symmetrical extinction angle varies between 34° and 39°
which indicates a composition with 65 to 709, An. This is confirmed by the determination
of the optic axial angle by the Emmons Six Circle Federov Stage. The value of 2V varies
between 74° and 84°, higher values near about 80° being more common. The average refractive
index is about 1-56 which also shows that the felspar is a basic labradorite. The felspars are
generally free from schiller inclusions.

In the quartz-anorthosites discrete grains of quartz fill up the interstices between the
felspar laths. In quartz rich varieties microcline with its characteristic spindle-shaped twinning
and quadrille structure enclosing plagioclase was noted in two sections, in one of which the
microcline also shows antiperthitic texture. Vermicular quartz, resembling ‘quartz de
corrosion’ in plagioclase, was also seen in some. The manner of occurrence of the quartz and
the alkali felspar show that they were the last minerals to crystallise. Antiperthite and alkali
felspar, although rare, may be found in anorthosites and have an important bearing on their
genesis. The dark minerals of the anorthosite such as pyroxene, biotite, hornblende, chlorite,
ete., are of the same type as in the norites where they are better developed and hence they will
be treated in connection with the description of those rocks. Among these dark minerals
magnetite is present in-almost all the rocks and in some specimens, though rare, it is the only
dark mineral present. The magnetite has reaction rims of biotite against felspar, and when
altered passes into microplakite (micaceous haematite). It not only fills up the interstices
between the felspars enclosing them poikilitically but encroaches upon their margins and eats
into them. The felspars are partially and sometimes wholly replaced by the magnetite.
Figures 3 and 4 of Plate VI show how the magnetite surrounds the felspars and has swamped
them, showing various stages of replacement. Figure 5 of Plate VIshows the formation of ‘carries’
~—a name suggested by Lindgren for embayments alternating with cusps in the relation between
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the host mineral and the guest mineral (Bastin, etec., 1931, p. 602). Sometimes the magnetite
completely replaces the felspars. The felspars alter frequently to epidote, chlorite, ete.
Apatite is a common accessory. :

The specific gravity of the magnetite-bearing anorthosite is about 3 whereas that of ordinary
anorthosite varies from 2-65 to 2-66.

2. Mottled Anorthosite.

These rocks are coarse-grained with clusters of dark minerals intermixed with white
minerals which impart a mottled appearance to the rocks. Sometimes the dark minerals are
uniformly distributed giving rise to a spotted rock. The felspar laths are enclosed sub-
ophitically by pyroxene and magnetite. The grain size of the femic minerals forming the dark
patches is smaller than in the other rocks, but the felspars have the same average size and
composition. The pyrozenes occur as small grains with triangular, wedge-shaped and polygonal
outlines filling up the interstices between the interlocking plagioclase crystals. They have an
elongated appearance due, perhaps, to the nature of the interstices which run along the lengths
of the felspar laths. The pyroxenes have the same characters as the pyroxenes of the norites.
Marginal amphibolisation is seen in some and patches of biotite are found along with hornblende

within the pyroxenes. The specific gravity of 2:76 is slightly higher than that of the anor-
thosite.

3. Anorthositic Norite.

In these rocks the amount of the dark minerals is usually greater than that found in the
anorthosites, and the rocks mark the transition from the anorthosite to the coarse-grained
norite. The felspars are finely schillerised and show no signs of protoclastic granulation. The
only signs of strain are the imperfect nature and a slight bending of the twin lamellae in some
sections. The extinction angle of euhedral sections measured from the 010 edge gave an angle
of 39° which indicates the presence of nearly 709, An.

Bronzite occurs in large plates as also in smaller grains filling up the spaces between the
interlacing felspar grains thus giving rise to a sub-ophitic texture. Large felspar laths are also
enclosed by pyroxenes. The pyroxenes have the same characters as were noted in the norites.
Hmenite grains occur as inclusions in the pyroxenes and the amphiboles derived from them.
Ilmenite alters to microplakite. Hornblende is secondary as seen by the marginal uralitisation
of the pyroxenes. Biotite occurs as small patches. Apatite is rather abundant. It is enclosed
by the plagioclase and the pyroxene. It occurs even as large laths enclosed by the pyroxene.
Quartz is the last mineral to crystallise filling up the available space. The felspars have altered
to chlorite, sericite, zoisite, ete. The rocks have a specific gravity of 2:80.

4. Norites and Gabbros.

The rocks included under the term ‘norite’ are very coarse-grained and hence have been
described as pegmatitic gabbros by previous workers, but, as orthorhombic pyroxene is one
of the essential constituents, they are described as norite in this
Deﬁ’;}g{’;&“goﬁ.ﬁgg‘a °f paper. These differ from the ngrites described by Holland from
Southern India (1897) in not having a granulitic texture. Rocks
similar to these South Indian norites have been designated in this paper as dark-coloured
granulitic norite. The name ‘norite’ as originally proposed by Esmark, and modified by
Rosenbusch, does not envisage a granulitic texture and has been used for coarse-grained
orthopyroxene bearing gabbros of the Bushveld Complex by Wagner and Hall.
With the increase in the percentage of the ferromagnesjan minerals, the anorthosites pass
into the gabbros. There is also a concomitant increase in the specific gravity. For example,
. the specific gravity of the nearly pure plagioclase rock is 2-66 and of
Passagtz ;2%22;?05““ those with 5 to 109, ferromagnesizfns is %-8%, while that of the gabbros
varies from 291 to 3-00. The average specific gravity is about 2-94.
The felspars of the gabbros have the peculiar greasy lustre which is associated with the
anorthosites and the charnockites found in other areas. The greasy lustre is due, probably,
to the schiller inclusions. With further increase of the ferromagnesians the gabbros pass into
the pyroxene rich gabbros, which stand midway between pyroxenites and gabbros.
_ In the southern part of the Dalki range, as has been described already, the rocks show a
linear parallelism of the constituents. The felspar laths, in these rocks, are of large size (about
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}” long in many hand specimens), with their large axes parallel giving rise to a linear parallelism
with alternating lines of pyroxenes. The sharp unbroken outlines
are marked by films of chlorite which also anastomoses into the
plagioclase. Magnetite grains occur as inclusions in the pyroxenes. The larger grains have
the same mode of occurrence as pyroxenes and felspars. A thin film of chlorite may separate
magnetite from plagioclase. The pyroxenes fill up the interstices between the felspar grains
and sometimes a felspar lath may have pyroxenes on either side which, by their simultaneous
extinction, appear to be parts of the same individual.

The plagioclase felspsrs have shining lustre on 001 cleavage plates which are characterised
by 010 twin striations. Under the microscope the large felspar crystals appear to occur in
juxtaposition without the least sign of marginal protoclastic granula-
tion. They are full of schillers. In fact, the dark colour of the felspars
of the grey-felspar gabbro is partly due to the presence of these inclusions and partly to their
saussuritisation. There are two sets of these inclusions which occur both as thin rods and needles
and as dots. The needle-like inclusions are generally parallel to the 010 and 001 cleavages.
_Smaller inclusions such as round dots and thick patches and streaks occur at angles of 45° with
the previous set and also irregularly. The schillers consist of ilmenite and titaniferous magnetite.
Though the felspars are mostly twinned, several untwinned felspars are found in almost all the
slides. Twinning on Albite law is common, but both Albite and Pericline twinning are found.
The twin lamellae are well developed, and the bands have generally uniform width and extend
along the entire length of the section. In some sections, however, the twin lamellae are bent
and have uneven thickness and in some the twin lamellae are partially developed and in some
they are bent. The extinction is generally uniform.

The maximum extinction angle in sections showing equal symmetrical extinction angles
of alternate twin lamellae varies from 36° to 39° which indicates a plagioclase with 689, An,
while the average optic axial angle is 76°. Thus the felspars have the same characters as in
the anorthosites. In altered specimens, the felspars are converted to a saussuritised aggregate
in which penninite, muscovite and zoisite are distinguished.

The ferromagnesian minerals found in these norites are hypersthene, bronzite, enstatite,
augite, hornblende, biotite, magnetite, ilmenite, apatite, and alteration products.

Both hypersthene and bronzite occur as large plates with irregular euhedral outlines set
against the felspars. 8mall triangular and polygonal grains of these minerals occupy the
available interstices, large and small, between the felspars giving
rise to a sub-ophitic texture. Sometimes true ophitic texture is also
found. The ophitic texture in basalts has been considered as the
result of simultaneous crystallisation of the two minerals (Bowen, 1928, p. 68). The juxta-
position of the two minerals in almost all the sections of these rocks
shows that there was some coincidence of the periods of crystallisation
of the two minerals. But the perfect idiomorphic outlines of the
felspars, as compared to the general absence of idiomorphism in the pyroxenes, indicate
either a greater crystallisation force and tendency towards idiomorphism of the felspars or
‘the continuance of the crystallisation of the outer rims of the plagioclase after the pyroxene
has completed its growth, which obscures the relations between the two’ (Alling, 1936, p. 161).
But in some sections the felspars are so completely enclosed by single pieces of pyroxene having
uniform extinction that it is difficult to consider the texture as due to simultaneous crystallisa-
tion of the two. (Plate VI, Fig. 8.) It seems more likely that the felspars not only began to
separate early, but some of them completed their growth before the crystallisation of the
pyroxene was completed. The accumulation of the early separated felspars might have given
rise to the anorthosite facies. From his study of the Breven dolerite dyke Krokstrom has
inferred ‘that the crystallisation of the plagioclase was distinctly earlier than that of the
pyroxenes’ and that the ophitic texture ‘must be due to a late crystallisation of the pyroxenes’
(Krokstrom, 1933, pp. 201 and 202).

The pyroxenes are beautifully schillerised and the schillers consist of dots and rods of
ilmenite. The orthopyroxenes of these rocks are very interesting. Most of them are character-
ised by a lamellar structure which consists of a series of fine lines
resembling the partings of diallage. Closer examination indicated
that some of them consist of & lamellar intergrowth of & rhombic and monoclinic pyroxene.
Although such lamellar intergrowth is well known, still they have often been incorrectly
identified, and explained as due to polysynthetic twinning, or, as diallagic partings.

General characters.

Felspars.

Orthorhombic
pyroxenes.

Origin of the Ophitic
texture.

Lamellar pyroxene.
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The following criteria serve to identify the real nature of the lamellar structure:—
(1) The lamellae are of different colours—the hypersthene lamellae
N"};‘;‘;ﬁ’;;he show the faint but characteristic pleochroism while the diopsidic

’ or augitic lamellae are generally colourless,

(2) The monoclinic lamellae are amphibolised along their lengths in certain sections in
which the rhombic lamellac are not amphibolised. (3) The hypersthene or bronzite lamellae
have higher refringence. (4) The hypersthene or bronzite lamellae have birefringence different
from that of the monoclinic. This is well seen in sections where the rhombic mineral gives
low double refraction of grey while the other set of lamellae have bright colours.

In some sections the rhombic pyroxenes do not show pleochroism and appear to be enstatite
from their low order grey and yellowish interference colours. Although generally the lamellae
are parallel to each other, an individual lamella may be of unequal
thickness along its length and the lamellae may be discontinuous
and give the appearance of films in some. Sometimes the films form irregular blebs and
drops. Parting is present in some, parallel to 010, and in these the traces of inter-
growth are at right angles to the direction of parting. Bchiller rods and patches are_
parallel to the planes of parting and follow the alternate bronzite or hypersthene lamellae.
Figure 6 of Plate VI shows clearly the nature of this intergrowth. The
bronzite lamellae are thicker and have a fibrous texture, the fibres
running along directions inclined to the direction of the lamellae and are discontinued in the
diopside lamellae.

There are wide variations in the thickness of the lamellae and hypersthenic pleochroism
is not always shown by one of the sets. The lamellar structure, in sections where it consists of
a series of fine lines, may be taken for twinning. Structures resembling the herring bone type
of twinning has been noted. The twin lamellae of plagioclase may appear as fine lineations
in ordinary polarised light but reveal their true nature under crossed nicols. The different
behaviour of the two sets under crossed nicols shows whether they are
due to twinning or intergrowth in the case of these pyroxenes. In
fact, where the polysynthetic twinning is seen under crossed nicols,
the twin lamellae may not be at all discernible in ordinary light and their longer directions are
not parallel to those of the intergrowth lamellae. (Plate VI, Fig.7.) The intergrowth lamellae of
rhombic pyroxene are parallel to the optic axial plane.

Pyroxene of this intergrowth type was first described by Henderson (1898), from the

norites of the Bushveld Complex, and later confirmed by Wagner

Lamellar pyroxene and Hall (1932, p. 303). Since the true nature of this pyroxene in
first noted by Hender- the gabbro rocks of Mayurbhanj was recognised by the author, Hess
son. and Phillips (1938, 1940) have contributed papers on the optical
and chemical properties of these pyroxenes. According tothem,

the orthopyroxeneq of the Bushveld type are not polysynthetlcallv twinned monoclinic
pyroxenes, but are truly orthorhombic’. According to Wagner (1924,
p. 41), ‘The bronzite generally holds minute inclusions of diopsidic
pyroxene exhibiting bright polarisation tints’. Hall noted that the monoclinic pyroxenes,
Hall both augite and diallage, are sometimes found intergrown with

: bronzite. (Hall, 1932, p. 303.) Eckermann (1938, p. 255) is of the
opinion that the so-called diallage cleavages are simply sub-microscopical intergrowths

Eckermann. along 100 or 001.

According to Hess and Phillips, the lamellae are parallel to 010,

whereas the usnal twinning plane is 100. These pyroxenes contain about 2:25%, CaO which
o appears as diopsidic lamellae in slowly cooled plutonic rocks and very

thgisisg;i!fli‘z :Xgéh&s t(t):a high temperature rocks such as the hornfelses along the floors of the
Bushveld type of py- Stillwater Complex and the Duluth gabbro. In voleanic rocks and
roxene. recrystallised metamorphic rocks, the orthopyroxenes, except with
rare exceptions, are without lamellae. In the former the absence of

the lamellae is due to rapid cooling which prevents exsolution of the diopsidic material to
form the lamellae, and, in the latter, ‘the metamorphic recrystallisation, during which the
hypersthene was formed, took place at a temperature below the level at which the diopside
is appreciably soluble in hypersthene’ (Hess and Phillips, 1940, p. 282). It is for this reason
that the orthopyroxenes of the pyroxene granulites of Saxony and the recrystallised rocks
of the Adirondacks do not show the development of the lamellae, and perhaps this is why

Enstatite lamelilae.

Bronzite lamellae.

Difference with
twinning.

Wagner.
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orthopyroxene with lamellae has not been found in the Charnockites of India. The presence
of the Bushveld type of pyroxene in these gabbro rocks, which do not show any sign of
dynamic metamorphism, except late-stage mineral alterations, is indicative of their younger age
compared to the other hypersthene-bearing rocks of India such as the Charnockites.

Although Hess and Phillips have clarified the nature of this intergrowth and indicated its

petrological applications, Vogt explained its formation as early as 1905

Vogt’s observation.  (Vogt, 1924) as similar to the origin of the perthitic lamellae in
microcline.

The orthorhombic member of this striped pyroxene often shows faint pleochroism and is
not always hypersthene, and both bronzite and enstatite are common. As the lamellae are
parallel to the optic axial plane, the optic axial angle could not be determined from the striped
sections. However, as there are many grains of hypersthene without lamellae, some of these
were used for the determination of 2V. The angles obtained were generally very high varying
from 80° to 88° although lesser angles such as 72° have been found. Angles below 50° have
also been found in specimens occurring with the lamellar pyroxene. The average refractive
index (B8) of the lamellar pyroxene is 1-721.

The best development of hypersthene is found in the rocks of the southern side of the

Dalki range, north of Manikpur, in which large pieces of the mineral show deep pink pleochroism.

The gabbro rocks of Dhenki Pahar also show hypersthene, although

Inclined extinction of Wwith slight pleochroism from light green to light pink. Both straight

hypersthene. Johann- and inclined extinction have been found measured from the cleavage

sen’s explanation. traces. Various explanations have been given for the inclined extinc-

tion of rhombic pyroxene, but the explanation given by Johannsen

(1937, p. 212) appears to be the most plausible one, namely, that seetions which cut all the three
crystallographic axes will show inclined extinction from the cleavage traces.

The change from pyroxene to hornblende is clearly seen in its different stages, beginning
from the alteration along the lamellae and the subsequent extension of the amphibole over the
entire section. The hornblende has the following pleochroism:—

X-—pale brownish or vellowish green,
Y—greenish brown,
Z—dark-green or deep brownish green.

The formation of hornblende is accompanied by the segregation of iron-ore grains from the
schillerised pyroxene. The secondary hornblende embraces the two sets of lamellae of the
original pyroxene but the presence of the different sets can be made out under crossed nicols
in the hornblend= by the difference in the brightness of the polarisation tints of the two sets.

Biotite is of two different types, one primary, and the other, a result of reaction between
magnetite and felspar. The former has a pleochroism varying from yellow to opaque and the
latter from light brown to deep brown. Both amphibole, particularly
dal:";rrx;g)tli';)lll;l:tf do. ang the brownish variety, and biotite occur in close association with
biotite. magnetite which suggests that the ore has supplied the iron, and the
felspar, the silica, alumina, and the alkali necessary for the formation
of the amphibole and the biotite. Biotite forms a rim, although not continuous, round the
edge of the magnetite along its junction with the felspar. According to Sederholm (1916,
p. 4), the formation of biotite at the junction of plagioclase and ore is an ‘autometamorphic’
phenomenon ‘because it has obviously originated in the continuation of the same processes
that created the rock itself, or “antopneumatolytic’ if gases have acted as mineralisers’. The
formation of biotite in these rocks is only one of many other mineral alterations which took
place towards the close of the crystallisation period.

The next mineral to consider after the pyroxene is magnetite. The magnetite is titani-
ferous as may be seen easily by etching with HCl and by its association with leucoxene in
some sections. Besides magnetite, ilmenite also occurs in three sets of trigonal lamellae in a
base of leucoxene or chlorite. The ilmenite may be highly ferriferous. Magnetite is an invari-
able constituent. It has'the same relation to felspar as pyroxene, that is to say, it is of later

deposition and, as in the magnetite-bearing anorthosite, it encroaches

rol;eplacement of PY- yupon the margins of the felspars. Moreover, in these rocks, it has
ene and felspar by . ..~ .. :

magnetite. indiscriminately replaced both pyroxene and felspar. Figure 10 of

Plate VI shows a metacryst of magnetite with inclusions of felspars

Secondary hornblende,
its pleochroism.
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which have escaped complete replacement. Magnetite has reaction rims of biotite, as
noted before, and chlorite. Sometimes it has altered to haematite
Magnetite later than long the margins. The formation of biotite at the expense of
:’e‘l‘:pe:';_ng:‘:h;’ggz’égﬁf magnetite shows that magnetite is of earlier deposition. From the
dary biotite. similarity of its mode of occurrence to that of the ophitic pyroxene,
as also the replacement of the latter, it seems clear that it followed

felspar and pyroxene in the order of crystallisation.

A little interstitial quartz is present in almost all the specimens irrespective of whether
they are anorthosite or gabbro. In gabbros it is perceptible even in many hand specimens.
It fills up the small interstices available between the closely compacted crystal mesh and thus
appears to be primary and crystallised from the small quantity of residual silicious liquor which
permeated the entire mass of the crystal aggregates. Myrmekite was found in specimens from
the north-north-west slope of Bostom Huri (hill near Luhasila) and Dhenki Pahar. Vermicular
quartz is seen in some and antiperthitic texture in others. Microcline, though rare, is also
seen, The development of myrmekite and the presence of microcline and antiperthite, due
either to replacement or exsolution, point to the silicious and alkalic nature of the residual
ichors. Apatite is present in appreciable amount in large prismatic and basal sections with
perfect idiomorphic contours. It is enclosed by all the other minerals and is therefore one
of the earliest minerals to crystallise.

Occasionally the gabbro rocks become very coarse-grained as in Tuar Pahar, and between
Dalki and Bantha. In some the felspars are sometimes more than one inch long. The rocks
present a contrast between the milk white felspars (due to kaolinisation) and the greenish
patches of amphibole and chlorite. Quartz appears in hand specimens.
The alteration products of felspars are epidote, zoisite, clino-zoisite,
sericite, and calcite in some, which occur in patches, besides secondary albite. The unaltered
felspars have a maximum extinction angle of 36°. The short pyroxene prisms have a lamellar
structure and are altered to hornblende and chlorite. Hornblende also passes into chlorite.
Besides magnetite, ilmenite in a base of haematite and associated with pleonaste and perovskite
is also found. Magnetite has grown round ilmenite lamellae and has altered to leucoxene. It
has inclusion of apatite. Serpentine and chlorite are seen at the contact between the magnetite
and the felspar, and the chlorite anastomoses into the felspars and extends along their twin
lamellae. Quartz is more common in the felspathic specimens. The specific gravity of 297
is higher than that of the anorthosites owing to the preponderance of pyroxene.

Some of the sections show interesting examples of mineral alterations which belong to the
class of deuteric and hydrothermal effects. According to Sederholm, who proposed the term

Deuteric versus deuteric, “minerals should be designated as deuteric only when replace-
Hydrothermal. ment of definite primary minerals belonging to the same magmatic
cycle has occurred’ and the term ‘refers to the time of the change and
not to the process’ (Sederholm, 1929, p. 870). Therefore, the conversion of pyroxene to horn-
blende and biotite, and the formation of biotite by the reaction between felspar and magnetite,
belong to the deuteric stage and the formation of chlorite indicates the initiation of the- hydro-
thermal stage. Butler has suggested an extension of Bowen’s reaction series to include the
minerals formed during the deuteric and hydrothermal stages (Butler,
1932, p. 6). According to Butler, the deuteric stage commences with
the formation of chlorites and the hydrothermal stage from the precipitation of quartz
and the replacement of orthoclase or microcline by albite. In some of these rocks biotite
has replaced pyroxene in the manner of amphibole. Inclusions of magnetite in biotite indicate
that the magnetite has also contributed to the formation of biotite as has been shown before.
The colour of biotite becomes darker with increase of iron as in annite-siderophyllite series.
The pleochroism varies from pale yellow to dark brown. Reference has already been made to
the development of large plates of biotite in the gabbro rocks near Kakuriruma.

The nature of the secondary hornblende has already been described, but there is another
variety in the altered rocks whose pleochroism is pale brown to deep brown. The brown
hornblende occurs near magnetite. Besides these, the pyroxenes have widely altered to
clinochlore and to fibrous and acicular actinolite with light green to deep green pleochroism
and strong birefringence. These minerals, particularly the chlorite, have penetrated the
felspars and have anastomosed within them. Certain sections of these rocks show the replace-

merlllt of]'1 pyroxene by magnetite. Large plates of magnetite show partings at right angles to
each other.

Alteration products.

Butler’s suggestion.
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The gabbro rocks near Arjunpani, in the neighbourhood of the granophyre outcrop, show
extensive epidotisation. The epidotised specimens are more rich in quartz which occupies
large triangular spaces. Much of this quartz was evidently released during epidotisation of
the felspars.  Epidotisation, however, is not restricted to the rocks
found here; and as all stages of the complete alteration of plagioclase
to epidote are in different sections, it seems that the epidotisation
is not due to the influence of the granophyre which has also undergone epidotisation to some
extent, nor is it due to metamorphic migration. Other alteration products are allanite, zoisite,
chlorite, sericite, and calcite. Chlorite is pleochroic from pale yellow to green.

A cursory field examination gives the impression that the rocks are highly altered but
fresh and massive rocks are far more common. The altered rocks have greenish patches in a
white base, the green colour being due to chloritisation and amphibolisation. In the Dhenki
Pahar, north of Amdabera, the rocks are so much altered as to consist of kaolinised felspar
and fibrous amphibole in hand specimens. Under the microscope the felspars appear to be
completely saussuritised with the development of epidote, clinochlore, zoisite, ete. The py-
roxenes have altered to both chlarite and amphibole. Irregular and sub-parallel strings of iron-
ore are found in the chlorite. These probably represent the schiller inclusions of the original
pyroxene. Brownish serpentine is also seen. The magnetite grains have altered to a brown
micaceous product.

The formation of these secondary minerals in rocks which show hardly any sign of regional
metamorphism is no doubt due to the action of hydrothermal solutions which followed the
deuteric stage when hornblende, biotite, myrmekite, etc., were formed. These changes are of

the nature of final consolidation phenomena described by Colony
End stage mineral (Colony, 1923, pp. 169-178). These changes are so widespread and
fﬁf’;ﬁ;ﬁszeﬂ‘:f ds‘:)ed;? are found so far away from the outcrop of the soda-granite that it
granite. is unlikely that they are due to the influence of solutions or emanations
from the soda-granite. Moreover, the soda-granite and the granophyre-

bearing gneisses do not themselves show end stage alterations to this extent.

The deposition of magnetite does not belong to the deuteric or the hydrothermal stage,
as it has, by its reaction with felspar, given rise to deuteric biotite and has itself undergone

. hydrothermal alteration to microplakite, haematite, and the titani-
denagnetite dl‘_‘(ft‘ltl‘éf_f ferous variety to leucoxene. It appears to have followed the crys-
mal. y tallisation of felspar and pyroxene, and has corroded and replaced

these minerals both partially and completely to some extent.

Epidotisation not due
to the granophyre,

5.  Granulitic Norite.

These rocks have a typical xenomorphic granular texture with occasional large minerals
in certain sections. They have the same minerals as are found in the coarse-grained norites
with similar characters. The chief constituents are plagioclase, rhombic and monoclinic
pyroxenes, a little magnetite and ilmenite, and apatite. The plagioclase and pyroxene grainsg
are equidimensional with clear outlines, and the same sub-ophitic texture is discernible as in
the norites, but the felspar grains are generally anhedral. They are mostly twinned, but
strain shadows, undulose extinction, and bent and incomplete twin lamellae are also seen.
Most of the pyroxenes show the pink pleochroism of hypersthene. The extinction is inclined
in many but straight extinction parallel to the prismatic cleavage is also noted. Sections
showing the prism edges occur in the triangular spaces between felspar laths. The pyroxenes
are generally schillerised, the schillers being arranged as rods, dots, and patches parallel to the
direction of cleavage and also at right angles to them. In some rocks both the plagioclase
and the pyroxenes are charged with innumerable grains of magnetite. Intergrowth of rhombic
and monoclinic pyroxenes is also found. Figure 9 of Plate VI shows the schiller structure and
the intergrowth structure of the pyroxene. Some rocks have enstatite and augite besides
hypersthene. Enstatite is distinguished by lower birefringence and generally straight
extinction. Both euhedral and anhedral sections of augite are found. These have higher
birefringence and extinction angles. Some have both the sets of prismatic cleavages. The
different, species are closely associated with each other. The rocks in which these different
pyroxenes are well seen belong to a dyke found near Betjharan. L

Some of the pyroxenes are altered to amphibole, and others to antigorite and penninite.
The more amphibolised types are locally foliated. The formation of chlorite is apcompamed
by the segregation of the magnetite inclusions. Apatite is present as inclusion in both the
pyroxenes and the felspars. The specific gravity of the rocks is about 3-32.
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It has already been mentioned, under field relations, that these rocks occur both as
indefinite masses and as dykes and thin irregular veins and stringers. The dykes are found
both within the gabbro area and also outside it intruded into the country rocks. It is
agsociated with both the felspathic type of gabbro and the noritic gabbro. The junction of
the stringers and veins may be very sharp so that the rocks separate easily a.long the plane
of junction, or, the two rocks may grade imperceptibly into each other.  The specimen to the
right in Flgure 1 of Platé VI shows the sharp junction between the anorthosite and a stringer of
granulitic norite in the anorthosite of the Dalki stream valley. Microsections taken from
the junction show its sharp nature. (Plate VII, Fig. 5.) The felspars of the norite have
strain shadows, bent and incomplete twin lamellae and undulose extinction. In the anorthosite
portion the felspars have large dimensions with perfect 1d10morph1c outlines, lying one against
the other. There is no marginal granulation. A few small grains of rhombic pyroxenes
are seen.

Nothing definite can be said about the origin of the finely granulitic texture. The granulitic
texture in similar rocks has been explained as due to rapid chilling by Buddington following
Holland (Buddington, 1939, p. 326). But the variation in the degree
of granulation, in specimens from different localities, the gradation
of the fine-grained granulitic type to the coarse-grained norites, and the
mode of occurrence of this rock both as definite intrusive bodies, both within and outside the
gabbro as at Amdabera and Tandipani, and as basic schilerens, indicate that it formed a magma
type capable of separate intrusive effort. The granulitic texture may find a more appropriate
explanation in that which was suggested by Judd, when he first used the word (Judd, 1886),
as ‘due to crystallisation of a moving magma in which the grains as they formed were rolled
around and prevented from interlocking freely’. The very fine-grained texture of the norite
west of Nnagaon with the coarse texture of the associated hypersthene gabbro (norite) supports
this view. This movement might have taken place during the emplacement of the granulitic
phase. The absence of marginal granulation of the felspars of the anorthositic portion of the
same specimen which passes on to granulitic norite lends support to this view. The granulitic
phase mixed up with the anorthositic differentiate by magmatic movement, and the sharp
contact was developed in the manner of auto-intrusion owing to deformative movements in the
plastic mass. Such a mode of origin, following Daly, has been suggested by the writer for
similar granulitic gabbros associated with the anorthosites of Bengal and Buddington has
applied Daly’s mechanism to similar metagabbros of the Adirondacks (Buddington, 1939,
p. 220). The rocks are, however, not more basic than the average gabbro. Plutonic meta-
morphism for the dyke rocks, and differential stress during movement for the schileren,
appear as reasonable explanations,

Origin of the
granulitic texture.

6. Grey felspar-bearing gabbro.

The felspars of these rocks have a greyish appearance due to the saussuritisation of the
felspars and the greater degree of their schillerisation. They have also a higher specific gravity
than the other gabbro rocks. The magnetite deposits of Kumhardubi are associated with this
type of rock. They are also found locally here and there within the anorthosite and gabbro
mass as in the Dalki range and near Kaduani. In these rocks the order of crystallisation could
be eagily followed even by the megascopic examination of fresh hand specimens, particularly
on polished surfaces, which brings out clearly the ophitic texture and shows that the magnetite
has the same mode of occurrence as pyroxene.

A section from a rock of this type found north-north-west of Kumhardubi village shows
clearly the formation of magnetite by the replacement of pyroxene. Magnetite grains occur
along the lamellae of the pyroxenes and sometimes completely replace
them. Figure 6 of Plate VII shows in the centre a replaced pyroxene
and another pyroxene near the margin which appears to be heavily
charged with magnetite grains. Another section from a similar rock found between
Luhasila and Khejuri shows large poikilitic plates of magnetite which enclose rounded
blebs of pyroxene and felspar, and extending along their boundaries suggest
secondary enlargement. In the first section the replaced pyroxene is fringed by a zone of
tremolite and biotite. The pyroxene in contact with another crystal of magnetite is altered
to hornblende and biotite. Chlorite is also seen forming & rim round the magnetite against

Replacement of
pyroxene by magnetite.
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the felspar. It extends into the felspar as anastomosing veins and canals. The development
. . of the secondary minerals, hornblende and biotite, at the expense of
th:,llflagr(lie(:lllttiric e;zi_‘r‘:f magnetite shows that the magnetite is of earlier formation than the
blende and biotite. deuteric stage when these secondary minerals were formed. The
saussuritisation of the felspars and the formation of chlorite belong

to the hydrothermal stage. The specific gravity of this rock is 3.

In the gabbro near Kaduani ilmenite forms a graticule of three sets of trigonal lamellae
in a chlorite base. The pyroxene is amphibolised and the felspar altered to epidote, zoisite,
ete.

Another fresh specimen of the same group of rocks which may be described as anorthositic
gabbro shows clearly the presence of vermicular quartz-felspar intergrowth (Plate VII, Fig. 2).
A similar intergrowth was described by Osann from a Canadian hypersthene-biotite gabbro
(Sederholm, 1916, p. 76, Fig. 6). This myrmekite, which is an intergrowth between plagioclase
and vermicular quartz and oceurs along the margins of the plagioclase plates in a granulitic
zone, is perhaps a recrystallisation product. Dunn considers the micropegmatite in these
gabbros as secondary and imparted to the gabbro in places along its boundary with the grano-

. phyre (Dunn, 1935 and Dunn and Dey, 1942). The micropegmatite
Myrmekite in gabbro ¢ *tyo granophyres is an intergrowth between quartz and potash
and micropegmatite in . . . .
granophyre. felspar whereas myrmekite is an intergrowth between quartz and
plagioclase. Moreover, the presence of myrmekite in the gabbro near
Betjharan, Kumhardubi, and other places far away from the contact with the granophyre to-
gether with the fact that the micropegmatite of the granophyre appears to be of secondary
origin, does not lend support to this view. The rather uncommon myrmekite or micropeg-
matite in these rocks is probably a primary crystallisation product and the rocks also had an
excess of silica which appears as quartz in many specimens. The formation of late-stage grano-
phyric patches in quartz-dolerites and dolerites from which the olivine had separated early
1s well known. 1In a similar way the residual liquid of a gabbro may be enriched in silica, as
in the Skaergaard intrusion of Greenland, so well described by Wager and Deer (1939, p. 308),
particularly in rocks rich in magnetite where the iron is not much used up with silica in the
formation of pyroxene and olivine.

In some sections the rhombic pyroxene is without the lamellar structure. The optic
axial angle varies between 72° and 76°. The pyroxenes are commonly altered to hornblende
with yellow to greenish blue pleochroism. The hornblende in its turn alters to chlorite and
epidote. The lamellar intergrowth between diopside and bronzite is clearly seen in some sections.
This is also altered to chlorite. The felspars, as usual, show no signs of marginal granulation,
and the only strain effects are the bending of the twin lamellae and their uneven thickness with
undulose extinction. A little quartz is invariably present and may also be seen in hand speci-
mens. The specific gravity of the samples comparatively free from magnetite is 2'88, and that
of a saussuritised specimen from the Dalki range was found to be 3:04.

South-south-east of Kumhardubi a peculiar gabbro was found in the hand specimens of
which large felspar aggregates are surrounded by dark fine-grained patches in which small
felspar laths are discernible. Under the microscope the large saussuritised felspars appear

.. cmbedded in a matrix consisting of saussuritised felspar laths sur-
Porp}g’ gg;:itteexture rounded by micropegmatite patches. The pyroxenes of the dark
’ portions are altered to chlorite, and epidote is abundant. Ilméhite
is altered to leucoxene and needles of apatite also occur.

This type of porphyritic texture may be due to the early growth of the felspars and the sub-
sequent local rapid chilling of the rest liquid. If the crystallisation of the felspars were not
accompanied by their settling, the liquid portion would remain in contact with the early formed
crystals and rapid cooling might cause it to be fine-grained. Mention may be made, in this
connection, of the effusive phase of anorthosite recently described by Eckermann (1938, p. 277),
and named by him Kenningite after the island where it was found.

7. Pyroxene rich gabbro.

These are melanocratic or dark-coloured gabbro rocks which form the massive exfoliating
domes of Dhenki Pahar which rise to near about 2,000 feet from the adjoining valley. They
are best developed on its northern side facing Jamda. This type is also found locally near
San Bantha and south of Kaduani. In hand specimens the rocks have a dark black colour
with white specks of felspars. Under the microscope they show a large amount of ferromag-
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nesian minerals and a larger proportion of magnetite which has replaced the pyroxeme and
the plagioclase. Partial encroachment of the latter by the magnetite is well seen. The py-
roxenes show clear hypersthene pleochroism. The plagioclase are highly schillerised. Am-
phibole and biotite are secondary products. Haematite is secondary after magnetite. The
texture, in some sections, is that of a doleritic gabbro. The other minerals are basal sections
of apatite, quartz, and myrmekite (micropegmatite ?).

The black fine-grained rock which juts across the stream below, just before the confluence
of the two streams near Nuagaon, shows both enstatite and hypersthene, besides graphic
intergrowth of quartz and felspar. Pyroxene has altered to biotite.

The variation from the anorthosite to this dark rock within & short distance in different
parts of the same mass is very striking.

8. Olivine Norite.

All the variants of the gabbro rocks such as norite, olivine norite and anorthosite have
some common minerals with similar properties, and the distinct types are due to the presence
or absence of certain minerals. The olivine norite type is quite indistinguishable in hand speci-
mens from gabbro and its presence can only be inferred from the serpentinised rocks. The
Betjharan specimen is quite fresh and in it the olivine is distinguished by its higher relief and
higher polarisation colour than the pyroxene, as also, more clearly, by its characteristic altera-
tion products. It is altered to serpentine with mesh structure together with the separation
of magnetite which is deposited along the cracks. In Plate VII, Figure 4, the olivine is bordered
by a narrow rim of chlorite against felspar. The magnetite near the olivine is also surrounded
by a similar rim of chlorite. In more altered rocks the olivine is replaced entirely by fibrous
chrysotile and magnetite or limonite. Another curious product is an isotropic mineral resembling
allanite. The specific gravity of the unaltered specimen is 2:79.

9. Pyroxenite.

This rock is medium-grained and is dark black in colour.” It consists entirely of pyroxene
altered to fibrous needles and patches of antigorite. Innumerable inclusions of magnetite
are present as clusters and schillers. The specific gravity of the rock is 3.

Reference may be made, in this connection, to the basic segregations in the gabbro near
Arjunpani and to the amphibolite type. The former is highly altered to aggregates of zoisite,

epidote and allanite in acicular prisms. The enclosing gabbro is
Basiig s‘;%‘:l%aﬂon also altered. It shows epidote, chlorite with pale yellow to green
8 ) pleochroism, brown hornblende near magnetite, and apatite.

Inclusion of volcanic rock.

The junction between the included rock and the enclosing gabbro is irregular but no
effect of one upon the other is seen under the microscope. The voleanic rock has a dull brown
colour with laths of felspar and pyroxene with a granophyric patch. The groundmass is full
of microlites in a brown glassy base.

The junction between the dark fine-grained veins and the gabbro, in specimens where
the, veins are continuous and are due to injection of basic rock, such as from Newer Dolerite
magma, shows that the volcanic rock has a dense black base with few microlites which is the
result of rapid chilling of a thin mass.

The other igneous rocks of the area are Newer Dolerite dyke rocks, gabbro from south-
east of Gorumahisani Pahar, granite and granophyre bearing gneiss. The Newer Dolerite

. dykes vary much in grain size. Near Barabil a fine-grained basic

Newer Dolerite. dyke cuts through the granite. In this the pyroxenes and felspars
are thoroughly altered. Original ophitic texture and laths of felspar can be distinguished in
a finer grained base. Interstitial glass can be detected. In the coarse.grained types the
pyroxenes are altered to chlorite and the felspars, though altered to chlorite, epidote, zoisite,
ete., preserve polysynthetic and Carlsbad twinning. Iron-ore is abundant. Secondary quartz
vein and epidote are found. A little interstitial quartz is present. Magnetite and zircon are
accessories. The texture is sub-ophitic. In some the laths of felspar and the pyroxenes are
set in a finer grained groundmass which has a small quantity of glass. The pyroxene is ensta-
tite.augite and alters to chlorite. Ilmenite, and its alteration product leucoxene, are present.
Patches of micropegmatite are seen. Needles of apatite are scattered.
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The gabbro rocks south-east of Gorumahisani Pahar near Barabil is light-coloured and
quite unlike the gabbro rocks described in this paper. The felspars are all decomposed but
ophitic texture is clear. The pyroxenes are altered to uralite, chlorite,

Gabbro without : : . . : X
and epidote. They are sometimes twinned. Micropegmatite is
?;;feh,:: td type of PY- 450 present. From the absence of the typical Bushveld type of

pyroxene and the general physical and microscopic appearance, this
gabbro appears to be of a different type, and as it is associated with epidiorite it may be also
of a different age.

GRANITES AND GRANOPHYRIC GRANITE-GNEISSES.

These rocks form the hills of the Kanapat State forest to the north of the gabbro area.
The rocks have a dull pinkish colour and are well jointed. Three sets of vertical joints are
seen, the two major ones of which are at right angles. The geheral directions of these joints
remain more or less the same over wide areas. Dark-coloured basic granite is found extensively
in the stream descending down the hills across the path from Kaduani to Arjunpani. It also
forms a low dome in the stream between Chhatramandal and Bhimkhanda.

The granites vary from coarse-grained rocks with typical granite texture to highly sheared
and crushed types which can hardly be identified as granite owing to the thorough pulverisa-
tion of the constituents by which the rock has been reduced to a compact dark-coloured mass
with the obliteration of all traces of the original texture. Only a few rounded grains of quartz
can be made out in hand specimens. The lustre also becomes greasy along with the change
in colour. There are various gradations between these two extreme types but on the whole
the normal type is more common. The sheared gneissic type and the mylonitised type (or
cataclasite, as no parallel structure is seen in many specimens) form conspicuous rugged zones
owing to their superior resistance to weathering. The larger blocks stand out as prominent
tors aided by joints. The compact rock easily breaks into smaller roughly rectangular slabs
along minor joint planes. The strike of the sheared and crushed zones is south-south-east
to west-north-west and is more or less constant. Near Arjunpani the junction between the
steel-grey mylonite and the coarse granite is so clear as to suggest intrusive contact, but the
junction probably separates the zone of greater crushing as micro-sections of samples showing
the junctions appear to show.

Sections of granites from different places representative of the different types in the northern
area show that the typical granite consists of large quartz and felspar grains with more or less
crushing in different specimens. The two constituents are practically in equal proportions.
The quartz grains show strain polarisation in some sections but both quartz and felspar have
suffered marginal granulation. The felspars are mostly microcline and microcline film perthite.
Albitisation of microcline is clearly seen in small patches. In the sheared and crushed speci-
mens large anhedral quartz grains with strain shadows are set in a crushed quartz-felspar
mosaic giving rise to mortar structure. Quartz also forms irregular blebs and strings with
cuneiform outlines in the felspars. A grain of microcline, when in extinction, will show a
number of round drops of quartz giving rise to seive texture. These quartz drops and blebs
also extinguish simultaneously. When the blebs are small and elongated or bent, they form
vermicular intergrowth or diablastic intergrowth of quartz and felspar. As the felspars have
been mostly replaced by quartz, porphyroclasts of quartz seem to exceed those of felspar. There
are quartz and felspar grains of varying sizes. ~The porphyroclasts of quartz, and sometimes
of felspars, with tattered edges, are seen in a base of fine diablastic quartz and felspar. The
quartz porphyroclasts are of larger size than those of felspar. The thoroughly pulverised
type has a uniformly fine seive texture which passes into a vermicular intergrowth of quartz
and felspar. In the gneissic varieties there is a parallel arrangement of the felspar and quartz
granules. There are flow lines—the direction being clearly marked by the orientation of a
brown micaceous mineral, and, at one place, these enclose a round ‘augen’ or ‘eye’. The flow
lines or streaks are of quartz and felspar which have been granulated finely. Sometimes a
spherulitic arrangement of quartz and felspar is also seen. Near about Chhatramandal rocks
which are partially crushed and therefore show different degrees of crushing and granulation
in the same slide are common. One such rock shows large porphyroclasts of quartz with
undulose extinction, oligoclase, incipient intergrowth of quartz and felspar, and some granulated
zones. Another rock shows an excellent development of graphic intergrowth with evidence
of crushing in other parts of the same slide (Plate VII, Fig. 3). The felspars are full of blebs of
quartz; porphyroclasts of quartz are therefore more clear. These show undulose extinction.
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A little plagioclase is also present. There is plenty of felspar, but quartz apparently appears
more in quantity as the felspars have inclusions of quartz.

The dark-coloured sheared granite west of Chhatramandal shows another type of effect
of stress. The thin section shows triangular, roughly rectangular, and polygonal grains of
quartz, felspar, and plagioclase set in a groundmass stained green by an altered mineral
with small granules of the large minerals. This is evidently the result of cataclasis. According
to Harker ‘By losing their prominent angles, the crystals acquire shapes less vulnerable to
attack, while the angular fragments flaked off are very liable to further comminution’ (Harker,
1939, p. 165).

The dark minerals of the granophyric granites are aegyrine, with dark grass green to pale
green pleochroism, magnetite with a rim of epidote, zircon, and apatite.

The greater abundance of the micropegmatite in the more crushed rocks, the beautiful
seive texture surrounding uncrushed quartz grains with irregular denticulated margins, and the
presence of different stages of crushing and admixture leading to the micropegmatite inter-
growth together with the absence of strain effects in most of the quartz grains, show that the
micropegmatite is a secondary texture due to recrystallisation which accompanied the crushing
and mortarisation of these rocks (Figure 1 of Plate VII). Dunn reached a similar conclusion
with regard to the origin of the micropegmatite in the Arkasanigranophyre and deprecated
the application of the term ‘granophyre’ to a secondary metamorphic structure (Dunn, 1929,
pp. 105 and 102). But later on Dunn abandoned this view (Dunn and Dey, 1942, p. 418) as
‘further examination of the specimens has convinced him that the Arkasani granophyre is a
true granophyre’ and that ‘its structure is primary in the sense that it is magmatic’. He
thinks, however, that severe pressure has ‘been undoubtedly responsible for the formation
also of some secondary diablastic intergrowth’ in the Arkasani and Chakradharpur granite
masses. According to Dunn and Dey, myrmekitic intergrowth is seen in the mylonised granite
of the thrust zone ‘but it is not now possible to judge whether this was a primary granophyric

, . structure or due to granulation and recrystallisation’ (p. 413). In
thD“".n 's view about the tongues of mylonised granite in the thrust zone of Seraikela and
e origin of the micro- Dhalbh ioinal hvric struct has di to th
pegmatite. albhum, original granophyric structure has, according to these

authors, been obliterated by complete crushing. It appears therefore
that secondary granophyric structure may have developed in zones of stress, and although Dunn
and Dey have not recorded any evidence of stress in the region under study and consider the
granophyric structure of these rocks as primary, the field and microscopic evidence of stress
and resulting crushing and recrystallisation of the rocks have led the author of this paper to
adhere to Dunn’s previous view.

A thin section of the junction between the coarse granite and the dark mylonite shows
clearly the cataclastic origin of the micropegmatite. The large quartz and felspar (microcline)

Evidence for  the in the coarser portion show different stages of crushing. Large relic
cataclastic origin of porphyroclasts qf quartz with tattered edges are surrqunded by
the micropegmatite. microcline with innumerable quartz blebs and drops. With greater

pulverisation this passes into vermicular intergrowth of the two
minerals. The other minerals are a light greenish pyroxene which is much broken up and
shredded out, magnetite in small cukic crystals and irregular grains, and a brown micaceous
mineral which is associated with the magnetite in many of the other sections and fills up cracks
in felspars in this section.

Thus there is much evidence to show that the granophyric texture of these rocks is secon-
dary and due to crushing and recrystallisation. The wide variation from fine mortar texture
to unbroken relics in the same section cannot be due to the effect of percolating solutions as
in that case the solutions could not have left out the relics.

The explanation given by McMahon in 1900 for the origin of the granophyric texture in
the Gilgit granite of the Himalayas may be applied to these rocks. According to this author,
‘when the process of resolution set in, and the liquid quartz began to eat its way into the crystals,
the felspars yielded almost simultaneously at many separated points of weakness, and the
invading molecules of silica were influenced in the direction which they took by the planes of
solution and of cleavage within the crystal. The result was that, when the process of resolu-
tion was arrested in its initial stage, the corroding quartz assumed those graphic shapes so
commonly seen in granophyre’ (McMahon, 1900, pp. 366-367).

The dark variety of granite has also undergone crushing and granulation. A few porphyro-
clasts of microcline and quartz are seen. Besides the above the rocks show an acid plagioclase
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as also albitisation of the microcline. The albite patches are marked out in plane polarised
light by a higher refractive index. The rocks owe their dark colour to the pulverisation of all
the constituents and the dissemination of pyroxene granules which are drawn out in parallel
streaks. But these streaks run in different directions or even at right angles, Many have
become amphibolised or otherwise decomposed. Cores of an unaltered deep grass-green
pleochroic mineral suggest aegyrine. In the specimen from Chhatramandal there are dark
patches of a brownish material (micaceous haematite) derived from the alteration of iron-ore and
the ferromagnesian minerals, besides opaque patches of leucoxene. Epidote is also present as
also a green isotropic mineral (pleonaste ?).  These rocks have higher specific gravity than that
of the other granites which is 2'58.

The granite near Baruakocha is more basic. It shows a large amount of acid plagioclase,
perthites, and intergrowth of microcline and plagioclase. One plagioclase grain is rimmed
with a band of lower refractive index. Hornblende with a pleochroism varying from brownish
green to deep grass-green is also found. Several grains of zircon, epidote and magnetite, all
with their characteristic crystal outlines, are found. These rocks do not show much crushing,
but crushed rocks are found towards the north within a short distance.

The albitisation of the felspars in the different types of granite might have taken place
during recrystallisation but the presence of aegyrine and perthites shows that the rocks are
sodic.

CounTrY RoOCKS.

The older metamorphics forming the Iron-Ore Series are found in the Dhenki Pahar,
Balarampur Pahar, and the hills round Betjharan. These consist cf different types of quartzite,
epidiorite and hornblende gneiss. The fine-grained hornblende gneiss near Luhasila shows
alternate bands of quartz and felspar in sections. The latter is thoroughly cloudy. Amphi-
boles embedded in the cloudy patches are altered to chlorite. Magnetite is altered to haematite
with rods of ilmenite. Quartz is clear without strain effects. The white felspathic quartzite of
Betjharan consists of grains of quartz charged with magnetite dust but without strain shadows.
Radiating needles and bundles of sillimanite are common. The felspathic portion is altered
to kaolin, sericite, muscovite, epidote, etc. The specific gravity is 2:70.

The peculiar dark quartzite simulating igneous rock found near Kakuriruma consists of
radiating and spherulitic aggregates of actinolite having a circular pleochroism from pale greeu
to green. Quartz grains are bounded by chlorite patches. Saussurite patches mark the
presence of felspars. These are stained by haematite. Iron-ore is abundant. Epidote grains
are common. Grains of zircon are abundant. They are associated with the spherulites and
are also included in magnetite. Its specific gravity is 2-86. '

The purer varieties of quartzite, such as those near Amdabera and Balarampur Pahar,
consist of equigranular aggregates of clear quartz grains without any strain effeets and with
a small quantity of muscovite.

The western end of Dhenki Pahar near Kalajari consists of hornblende gneiss, pyroxene
quartzite, etc., intruded by a dyke of dolerite nearer the road to Baripada. The gneiss appears
under the microscope to be a chloritised rock with epidote. The entire range in this part consists
of quartzites with subordinate phyllite with a north-north-east to south-south-west strike.
Green-coloured quartzites are common and owe their green colour to the dissemination of
grunerite. These also contain epidote and garnet.

Bluish black quartzite and banded haematite quartzite are found near Banka.

CHEMICAL CHARACTERS.

A specimen of anorthosite from the Dalki valley was analysed and the result is tabulated
below together with the analysis of an anorthosite from east of Bara Bantha published by
Dunn and Dey (1937, p. 123) for comparison.

Anorthosite from Anorthosite from
Dalki valley. east of Bara Bantha.
80y .. .. 5664 .. .. 5430
Al,Og .. .. 2513 e . 23’33
F6203 P .. 079 .o .. I
FeO .o .. 1:76 - .. .. 1-19
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Anorthosite from Anorthosite from
Dalki valley. east of Bara Bantha.

CaO .. .. 959 .. .. 1078
MgO .. .. trace .. .. 0-21
Na,0 .. .. 462 .. .. 58T
K0 .. .. 066 .. .. 080
TiOy .. ..  trace .. ..  trace
P05 .. .. 0-32 .. .. 076
H,0+ .. .. 049 .. .. 131
H,0— .. .. 0-33 .. .. 0-08
MnO .. .. nd. .. .. 003

100°32 100-07

. The normative composition of the former indicates a plagioclase with 559, An, while that
of the latter 42%, An. The lowest amount of An in labradorite must be 509, The low nor-
mative An content is due to the deficiency in alumina which is also the case, to some extent,
with the first analysis.

The chemical composition of the gabbro found near Kakuriruma is given below :—

$i0, . . . .. 5166
Alg()s . N .. .. 1532
Fe203 .. .. .. . 118
FeO .. .. .. .. 992
MO .. .. .. .. 586
CaO .. .. .. .. 11-76
Nﬂgo . . .. - 2:58
K,0 . . . 013
TiO, . . » . 056
P05 . - . 002
MnO .. .. .. 052
H,0 . - . 055

10006

A comparison of the analysis with the analyses made by Roy and Mahadeo Ram (Dunn
and Dey, 1937, p. 123) shows that the rock has a higher MgO content, excepting the altered
gabbro analysed by Mahadeo Ram. The normative plagioclase has an An content of about
57-5%,. This gabbro shows the Bushveld type of pyroxene under the microscope, and it is
interesting to note that the norm shows 22:99%, diopside and 21-249%, hypersthene.

Another specimen of gabbro showing well-developed plates of the striped pyroxene collected
from the hills north-west of Kumhardubi has the following composition:—

SigO .. .. .. .. 4926
Al;Oq . .. .. .. 14-61
Fe203 .. .. . .. 4'68
FeO .. .. .. .. 1192
CaO .. .. .. .. 9-60
MgO .. .. . .. 4-28
Na,O .. .. .. .. 292
KgO .. .. .. .. 0-39
TiO, - .. - .. 1-12
MnO .. - .. .. 0-57
H20+ . . .. . 0'88
H,0-— .. .. .. .. 0-09

100-32

. The norm shows 51%, An. The percentage of hypersthene is 17-65 and that of diopside
is 18-14. The striped pyroxenes of this rock were separated by means of bromoform and
58
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electromagnet and also Sonstadt solution, and, finally, by hand picking the fine grains of
felspars were separated from the residue. On analysis the following result was obtained :—

Si0, .. .. . .. 4810
Al,04 .. .. .. .. 954
F6203 . . L . 1-17
FeOQ .. .. .. .. 21473
CaO .. .. .. .. 9-04
TiO, . . N .. 088
H20+ . .. . : . 2'15
H,0— . . .. .. 013

100-08

On calculation, the norm gives 36-37%, hypersthene and 37-929%, diopside. The high
alumina percentage shows that the pyroxene is aluminous, although a little amphibolisation
will partly account for it.

The MgO : FeO ratio of the rock works out to be 1':54 and that of the pyroxene 1:88. Hence
the ratio is higher in the mineral and hence the magnetite deposits associated with these rocks
is due to the elimination of iron at a later stage of crystallisation (Fenner, 1929, pp. 225-253).

The granulitic norite from the neighbourhood of Dalki valley gave the following result:—

Si02 .. . I . 51'62
A1203 . e . .. 19‘23
F6203 - . - .. 2:35
FeO .. . -, .. 8-06
CaO .. .. . .. 973
MO . .. I .. 485
Na,0 - . i 332
K,0 I » . 022
P205 . . . .. 0'046
TiO, .. .. . .. trace
H20+ .o . . . 0'14:
Hgo— .. . e . .. 0'15
99-716

The plagioclase has 579, An and the amount of hypersthene (20-32) is double that of
diopside (9-21) which is due to the presence of rhombic pyroxene without lamellae in large
amount.

All the analyses show more or less normative quartz, the highest amount being found in
the anorthosite which is 7-69,.

DIFFERENTIATION OF THE ROCKS.

There has been a long controversy regarding the origin of anorthosite and such extreme
views as the formation of the rock from a liquid melt (Loewinson-Lessing) as against crystal
accumulation, and, in the latter case, accumulation by gravitative sinking of crystals (Bowen,
Vogt) as against rising (Winchell, Goldschmidt, Grout, Beskow, Buddington, Eckermann) are
held even after the considerable amount of field and laboratory work that has been done and the
problem has been attacked from various directions. The detailed examination of a minor
anorthositic facies of the Mayurbhanj gabbro may throw some light on the problem. The
most striking feature of the Mayurbhanj exposure is the absence of marginal protoclastic
granulation of the felspars. The protoclastic texture of the felspars in anorthosites is a widely
prevalent character and is believed to be due to late magmatic shear caused by movement
of the accumulated crystals, but is not universal. It is entirely absent in the massive
coarse-grained rocks of Ekersund, Minnesota, Transvaal and Nordingré-R6dé region. In
the Mayurbhanj rocks the few signs of stress such as bent twin lamellae are confined to a
few crystals of some slides and the rocks do not seem to have suffered any late magmatic or
post-magmatic shear. The absence of either platy or linear parallelism of the felspars
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indicates the absence of flow movements in the magma. The passage of almost pure
plagioclase rocks to the different types of gabbro described in this paper, through many
transitional rocks, shows that the anorthosite is one of the facies of the differentiation of a
gabbroic magma. The abrupt but imperceptible gradation of one type to another was observed
by Hall (1932, p. 331) in the stratiform sheets of norites and anorthosite in the Bushveld.

All the major anorthosite masses of the world are associated with granite or syenite. In
the case of the Mayurbhanj gabhbro no such acid differentiate has been found within the gabbro
of proved derivative origin from the former except stringers and veins of quartz. Examples of
small intrusives in which the acid phase did not develop are common. The basic and
ultrabasic rocks of the Montscha tundra follow two distinct lines of descent, namely, an’
early set of anorthosite and gabbro-pyroxenite and a later pyroxenite-peridotite complex
(Kupletsky, 1935).

The invariable presence of quartz in almost all the gabbro types is another noteworthy
feature and there is the possibility of assimilation of quartz-rich country rocks (Hall, 1932,
p- 303). Evidence of assimilation has heen observed, and Dunn suggests some absorption of
the sedimentary iron-ores as a possible explanation of the richness of the rocks in ircn.

The mode of formation of the felspar rich facies is difficult to explain. This might have
been brought about by the accumulation of relatively pure masses of felspar crystals by the
sinking of the ferromagnesian minerals. The felspars do not seem to have undergone gravita-
tive settling and subsequent emplacement as a mass of accumulated crystals. The early
separation of felspars, indicated by the ophitic texture of the gabbros where the texture is not
due to simultaneous crystallisation of plagioclase and pyroxene but the early separation of the
former, might have led to the concentration of early formed felspars in certain parts of the same
igneous body with the consequent migration of the femic constituents to the adjacent parts.
It is not possible to estimate the effects of factors such as convection currents, presence of
volatiles, differential cooling, etc.

ORIGIN OF THE MAGNETITE DEPOSITS.

The iron-ore of these rocks is of two generations. The earlier and minor one follows Rosen-
busch’s order, while the more important deposition took place much later in the sequence of
crystallisation. This was noted by Dunn and Dey, but they think that the ‘alteration of the
titaniferous pyroxenes and olivine was quite capable of supplying all the iron and perhaps the
titanium, which then separated out as titanomagnetite’. The breakdown of the previously
crystallised iron rich pyroxenes and olivine is due to the action of the residual solutions, the
MgO of which replaced the FeO of the femic minerals by base exchange. But the widespread
alteration of the associated rocks envisaged by the above process is not borne out by field
evidence in Mayurbhanj. From the description given in this paper it will be seen that, although
many of the rocks have undergone deuteric and hydrothermal alterations, the magnetite
deposits do not show any genetic relation with the altered rocks. Magnetite is an unfailing
constituent of almost all the rocks and the bulk of the rocks are unaltered. It forms a meso-
stasis in the magnetite-bearing anorthosite in which the femic minerals are conspicuously in-
significant. Moreover, quantitatively, the alteration of the pyroxenes and the olivine could
not supply all the iron. The alternative suggestion that the enrichment in iron is due to
assimilation of ferruginous country rocks is difficult to assess.

The magnetite of these rocks is due to the concentration of the excess iron which was not
required by the ferromagnesians, evidence in favour of which has been recorded in the preceding
pages. The sequence of crystallisation appears to have been iron-ore, apatite, felspar, pyroxene,
iron-ore, quartz.

The question arises as to whether this iron rich liquid became insoluble and separated
out as pure masses of iron-ore or is a magmatic differentiate. Bowen states that ‘FesOg as
such is very insoluble in alkali alumina silicates and also as the compound magnetite, though
to a less degree ’ (Bowen, 1937, p. 10, footnote). Bowen and Schairer have shown that although
absolute enrichment in iron silicate does not oceur but is relative to magnesian silicate, it is
not incompatible with high concentration of alkali-alumina silicates in residual liquids (Bowen
and Schairer, 1938, p. 407). Lindgren is of opinion that ‘in basic rocks much iron remains
in the residual magma and is separated at a late stage of the consolidation (Mineral Deposits,
4th edition, p. 770).

The high melting temperature of magnetite (1538°-1550°C.) raises another difficulty.
Opinions vary as to whether magnetite deposits are of pneumatolytic or hydrothermal origin.
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Zies has recorded the formation of several thousand pounds of nearly pure magnetite by de-
position from gases rising from a rhyolite in the valley of the Ten Thousand Smokes (from
Fenner, 1931, p. 548). Hall considered the magnetite of the Bushveld Complex to have existed
in a liquid state (Hall, 1932, p. 348). Alling thinks the magnetite of Adirondacks to be of
hydrothermal origin (Alling, 1939). Graton suggests the application of the term hydrothermal
to all deposits ranging from pyrometasomatic to telethermal (1940, p. 350) and shows that
the gaseous phase may form suddenly from the liquid phase by release of pressure (p. 357).

The order of crystallisation in the rocks under study in which the magnetite follows
felspar and pyroxene, the similarity of its mode of occurrence to that of pyroxene with respect
to felspars (sideronitic texture), and the formation of reaction products between magnetite
and felspars such as biotite, indicate that the magnetite is not of hydrothermal origin in the
usually accepted sense but is truly magmatic. Evidence of the replacement of pyroxene by
magnetite was found in 1938 in course of the preliminary study. In the basal phase of the
Duluth gabbro most of the magnetite is later than augite, olivine and felspar, and surrounds
and penetrates them in the manner of corrosion and partial replacement (Nebel, 1919, p. 371).
Recently Alling has brought forward conclusive evidence in support of the high temperature
metasomatic origin of the Adirondack magnetite deposits (Alling, 1939, p. 166).

The existence of isolated intrusive bodies of magnetite in the country rocks, as in Betjharan
and Amdabera, shows that the liquid magnetite was capable of forming separate intrusions.

The genesis suggested in this paper is similar to that proposed by Osborne (1928, pp. 919
and 921) in his study of the origin of certain titaniferous iron-ores, but Osborne is of the opinion
that the deposits are not segregations, i.e., have not formed by the concentration of early
formed minerals. But certain amount of segregation, if not of the minerals, at least of the
liquid magnetite must have taken place.l

The distribution of the magnetite rich facies in these rocks is similar to that described by
Miller (1931, pp. 331-344) in the anorthosite area of Los Angeles County, California.

Tae DHALBAUM OCCURRENCE.

The magnetite deposits of Dublabera and the associated gabbro and ultrabasic rocks were
examined with a view to determining the mode of origin of the deposit and the nature of the
associated rocks, The principal deposit is surrounded by a highly altered fine-grained dark
ultrabasic rock which shows much serpentinisation while the other deposits are associated with
hydrothermally altered gabbro. Thin veins of asbestos have been found running through
the dark heavy rock. Thin sections of the ultrabasic dark and heavy rocks show that the rocks
consist of schillerised pyroxene, chrysolite, and actinolite. The adjoining hills towards the
west and the south consist of typical holocrystalline gabbro and norite. Granite forms the
hills just beyond the outcrop of the gabbro near Kudarsahi. The gabbros are microscopically
identical with the Mayurbhanj gabbros. The constituent minerals are interstitial quartz,
plagioclase, pyroxene—both augite and the striped variety with hypersthene pleochroism in the
rhombic lamellae, amphibole mostly secondary after pyroxene, biotite—both brown and green,
irregular grains and plates of magnetite, zircon and apatite. The secondary minerals are
actinolite needles and chlorite after pyroxene, epidote, chlorite and calcite after felspars.
The altered pyroxenes (augite) are full of granules of magnetite separated during alteration.
Some of the biotite is formed by the reaction between magnetite and felspar. In one slide
the magnetite plates have rims of chlorite and amphibole with deep green to brownish green
pleochroism. Chlorite shows extension into felspars along cleavages.

The magnetite deposits are found both in the gabbros and in the ultrabasic rocks as has
heen noted before. A band of magnetite was found in the phyllites near Nagadi.

The granite shows large anhedral grains of quartz and felspar. The quartz has undulose
extinction and the felspars are mostly perthitic with a few plagioclase (oligoclase ?) grains.
The accessories are zircon and a little magnetite altered to brownish patches. Greenish patches
suggest altered amphibole. The rock does not show any cataclastic effect.

1 Since the above was written Bateman, in an article on ‘Magmas and Ores’ (Econ. Geol., 37, p. 1, 1942),
has given a classification of magmatic mineral deposits and processes in which he includes the Bushveld titano-
magnetite under the group ‘Residual liquid segregation’. On page 13 he states that ‘If, under certain
conditions, plagioclase and pyroxene crystallise first and iron oxides later, an adequate explanation is provided
not only for many common ore occurrences, but also for many complex ore associations, stratiform banding,
and conflicting opinions.’ ) ’
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RELATIVE AGE OF THE INTRUSIVES.

The intrusive sequence of the rocks of Singhbhum was first proposed by Fermor (Fermor,
1919, p. 22), according to whom the ultrabasic rocks are younger than the Iron-Ore Series but
older than the granite. Following Fermor, all workers, except Jones (1934), considered the
basic and ultrabasic rocks as of older age than the granite. It has been already stated that no
decisive intrusive contact or relation of the granite with the gabbro has been found. In suech
cases recourse may be had to the metamorphic history of the rocks as revealed by the study of
microscopic sections and field characters. Dunn and Dey (1942, p. 373) record the occurrence
of veins of granite in the gabbros of Dhalbhum near Sarjori and Jhubitola, They describe a
section in which a band of fine dolerite intruded along the jointing of the gabbro ‘stops at the
wall of the granite which was intruded along a fault’. The authors suggest two explanations,
namely, that, if the fine dolerite be pre-granite, it may be considered as a fine-grained variety
of the gabbro, or the Newer Dolerite magma was unable‘to penetrate the more compact granite’.
But there is a third possibility that this particular granite is even younger than Newer Dolerite.
It is at least not of the type of granophyric granite found near the immediate vicinity of the
gabbro in Mayurbhanj. It may also be noted that Krishnan has found some basic sills in
Bamra State which are ‘later than the granite and may possibly be of the same age as the
Newer Dolerite of Keonihar and South Singhbhum’ (Krishnan and Ghosh, 1941, p. 4). In his
‘Geology of India and Burma’ (1943, p. 117) Krishnan again states in connection with the
ultrabasic rocks that ‘A few exposures of similar rocks, found in the Bonai State, south-west
of Singhbhum, are probably post-granite in age.’

It may also be mentioned that Dann and Dey have recognised the possibility of a
younger age of these Mayurbhanj and Dhalbhum gabbros, although they do not go so far as to
say that these are later than the granite. Their observation that ‘these coarse gabbros re.
present a somewhat later period of intrasion’ is based on the recognition that these rocks are
least metamorphosed and that it is unlikely that ‘differences in degree of metamorphism are
entirely due to the effect of grain size’. However, according to them the soda-granite is not
only younger but it has also induced mineral alterations in the gabbro. The micropegmatite
of the gabbro was, according to these authors, introduced by the action of the granophyre
and the latter has incorporated masses of gabbro in places. But, as has been shown before,
micropegmatite has been noted in the gabbro far away from the granophyre contact. Moreover,
the granophyric texture of the granophyres near the Mayurbhanj gabbro has been shown to
be of secondary cataclastic orizin. The presence of the striped Bushveld type of pyroxene in
the gabbro rocks definitely indicates that they have not undergone any metamorphic recrystal-
lisation. Hess and Phillips have discussed the petrologic applications of the mode of origin
of the lamellar intergrowths which are absent in the orthopyroxenes of volcanic rocks and
metamorphic rocks, except those formed at very high temperatures such as the hornfelses
found along the floors of the Stillwater Complex and Duluth gabbro. At such high temperatures
the diopside is soluble in hypersthene. The lack of metamorphic characters, the primary
micropegmatite, and the absence of any intrusive granite mass within the gabbro, together
with the cataclastic metamorphism of the granite point to a younger age of the Mayurbhanj
gabbro.

CONCLUSION.

The main results of this study are the description of several types of rocks not previously
recorded from this area, identification of the orthopyroxene of the Bushveld type and its
bearing on the relative age of the intrusive, recognition of the magmatic origin of the magnetite
deposits and the metasomatic replacement of the earlier formed minerals to some extent, evidence
in support of the cataclastic origin of the micropegmatite in the granophyre and its primary
origin in the gabbro, and the observation of the xenolith of an acid volcanic rock. In course
of this study nearly 50 square miles of the country were surveyed intensively and nearly 170
thin sections were examined.

In conclusion the author wishes to acknowledge his indebtedness to Dr. W. D. West for
a critical reading of the paper and for several important suggestions and criticisms, and to
Dr. M. 8. Krishnan for many helpful suggestions during the progress of the work. To Dr. J. A.
Dunn and Dr. A. K. Dey he is particularly grateful for several criticisms and suggestions, and
although some of the conclusions reached by the author are at variance with those reached
by them, their criticisms stimulated further work and the acceptance of some of the points
has improved the paper. The author must take this opportunity to thank Mr. B. H. Jena,
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Geologist, Mayurbhanj State, for accompanying him during most of the field work; Mr. P.
Acharya, Archaeologist, Mayurbhanj State, Mr. S. Roy of the Geology Department, Presidency
College, Calcutta, Dr. S. K. Roy of Dhanbad, Prof. 8. Z. Ahsan of Patna College, and Mr. P. K.
Chatterjee of the Geological Survey of India for help in various ways.
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EXPLANATION OF PLATES.

Plate V1.

Fi16. 1.—~Rocks showing transition of norite to anorthosite in the left hand specimen and sharp junction
of the two in the right hand specimen.

Fie. 2.-—8ection of anorthosite showing eomplete absence of marginal granulation of the felspars.

Fi16. 3.—S8ection of anorthosite showing the partial replacement and swamping of the felspars by mag-
netite.

F16. 4.—Same as above, showing the loss of the idiomorphic outlines of the felspars by the encroachment
of magnetite.

F1a. 5.—8howing the formation of ‘carries’ by the magnetite replacing the felspars.

F16. 6.—Shows lamellar intergrowth of the Bushveld type of pyroxene,

F16. 7.—Shows twinning of the lamellar pyroxene under crossed nicols.

F1c. 8.—Shows the perfect idiomorphism of the felspar and its encirclement by ophitic augite.

F16. 9.—Section of granulitic norite.

F1e. 10.—Shows metacryst of magnetite with partially replaced felspars and pyroxenes inside.

Plate VII.

F16. 1.—Shows the development of graphic intergrowth of quartz and felspar in crushed granite.

F1a. 2.—S8hows myrmekite in gabbro.

F1c. 3.—Same as above with porphyroclasts of felspar (microcline) and quartz on the left, and micro-
pegmatite on the right.

F16. 4.—Section of olivine-norite showing alteration of olivine in the centre to serpentine with mesh
structure and separation of magnetite.

F1a. 5.—Section showing the junction of anorthosite and granulitic norite.

F16. 6.—Shows a replaced pyroxene, in the centre, with a reaction rim of chlorite. Another crystal of

pyroxene on the right shows infiltration of magnetite along the cleavages.

Plate VIII. Geological map of the area south-east of Gorumahisani Pahar.




