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ABSTRACT

Chromite deposits occur within the ultrabasic rocks of Jojohatu in the district of Singhbhum,
Bihar. The ultrabasic igneous rocks occur in two separate patches and are laccolithie intrusions
within the Dharwarian slates, phyllites and quartzites., The ultrabasic rocks show variation
from dunite to enstatitite. They are altered to & great extent, and show evidences of internal
structural disturbance. Chromite occurs as thin segregated tabular veins of varying length.
In this paper, an attempt has been made to trace the mode of origin of the ore bodies, The
petrography of the parent rocks has been given in brief. Petrographic studies indicate that the
major portion of the ores have formed during the later stages of magmatic ecrystallization,
Mineragraphic studies of the ore minerals have been done in fair detail.

From a consideration of the field relations, petrographic and mineragraphic studies, and the
textural relationships of the ore minersls, the author finally concludes that the main bulk of
chromite ores have been formed by a process of ‘Late magmatic residual liquid segregation’
as advocated by A. M. Bateman.

A comparative study of several chromite deposits of Eastern India has been given at the
end of the paper.

INTRODUCTION

The ultrabasic rocks around Jojohatu (22° 31’ : 85° 38') in the Singhbhum
district of Bihar, India, contain chromite ore deposits of great economic importance.
The geological work in this area may be said to have started with the discovery of
the chromite deposits by R. Saubolle at the beginning of this century, L. L. Fermor
(1919) expressed the idea that the chromite ores are early magmatic segregation.
C. Mahadevan (1929), working mainly on the various rock types of the area, also
supported Fermor, regarding the origin of the ores. Among the later workers in
this area, B. S. Bhaduria (1939) discussed critically the origin of the ores and
considered them to have formed just preceding or during the period of
serpentinization.

PETROGRAPHY OF THE PARENT ROCKS

The ultrabasic rocks occur as laccolithic intrusion within the phyllites of the
Iron Ore Series and are found in two separate patches forming two prominent hills,
namely Ramla-Kimsi Buru and Roro Buru. The ultrabasic rocks show variation
from dunite to enstatitite in their petrographic character. Olivine, enstatite,
chromite together with the secondary minerals like tale, serpentine, bastite,
chlorite, etc. constitute the mineralogical composition of the rocks. At present the
ultrabasic rocks are represented by their altered produgts, olivine and enstatite
occurring only as relicts (Fig. 1). In correspondence with the different grades of
alteration the rocks now encountered are (1) Serpentine-schists, (2) Serpentine-tale
rocks, with relict enstatite, (3) Talc-actinolite-serpentine rocks. and (4) Enstatite
rock with bastite, tale, antigorite, etc.
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The following varieties of serpentine were encountered in the present area:—

(1) Antigorite—Colourless non-pleochroic ; low refractive index; show aggre-
gates of fibrolamellar structure; birefringence about -007: straight
extinction; length slow; biaxial negative. They are secondary after
olivine and have completely altered the dunite to serpentine. The
rocks made up entirely of antigorite represent the complete transition
stage of dunite.

(2) Bastite—They usually occur as aggregates of very minute fibres around
the enstatite crystals and also along cleavages and fracture planes.
They are pseudomorphous after enstatite and easily distinguished
from other serpentine minerals by their parallel fibrous growth around
enstatite. In some specimens they are found to replace cnstatite
completely.

(3) Chrysotile—Colourless non-pleochroic; high relief; showing cleavage
cracks; occur generally as small veins crossing antigorite and bastite
at places. The small fibres being arranged perpendicular to the wall
rocks (cross fibre) of the veins, parallel extinction; biaxial, positive
elongation. In the field, some veins of chrysotile range in width from
half-inch to one inch. From their mode of occurrence, they seem to
represent a later hydrothermal product.

(4) Tale—Colourless non-pleochroic ; low refractive index shows higher order
pink and green interference colours with birefringence akout -050;
straight extinction; biaxial negative.

After the formation of the chromite, the hydrothermal solution altered the
original parent rock and forms the early serpentines. They are at places seen to
run along the two borders of the chromite bands. A final phase of serpentinization
again altered and replaced the already altered rock. This stage of hydrothermal
action was very intense and probably post-dated the structural disturbance which
affected the ore bodies, They are often found to occupy the fault planes. The
cross-fibre chrysotile is of this stage (Fig. 2). They are even seen to cut across
several chromite layers.

Under the microscope three distinct types of chromite crystals are observed.

(a) In some altered dunites and pyroxenites, small euhedral crystals of chromite
are seen embedded in serpentine and talc, which are pseudomorph after olivine and
pyroxene. Some of these euhedral crystals show corroded borders and fractures
along which serpentine minerals are found. The small euhedral chromite crystals
occur singly, The grains of this type are found only in minor quantity.

(b) In many and particularly in the altered dunites, and serpentines, anhedral
chromite grains are found. This type of anhedral grains predominates in most of
the sections and is generally found as aggregates. They are less fractured, and
are seen to enclose early silicates which are now found to be completely altered
¢(Fig. 3). Grains of this type occur in abundance in the rocks.

(c) In the altered pyroxenites, minute anhedral grains of chromite are seen
within the chrysotile veins which cut the altered rock. The chromite sometimes
form thin veins (Fig. 1). Chromite of this form occur in very minor quantity.

Fractures are common in the first variety of chromite crystals. They are not
so common in the aggregated anhedral grains, and are practically completely absent
in the chromite grains found along with the serpentine.

The first mentioned, (a) type of the ehromite grains corresponds with early
magmatic stage and the type (c) corresponds with the hydrothermal stage. Both
are found in minor quantity. The main bulk of the chromite ore has been formed
between the early magmatic and hydrothermal stage and corresponds with the

(b) type.
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Fi1c. b, Micro-photo of altered enstatitite rock. showing relict enstatite grains and fine. thin
veins of hydrothermal-stage chromite (black veins)., X 75 (crossed nicols).

Fi1e. 2. A specimen of pure gerpentine.

Fie. 3. Micro-photo of a thin section of altered ultrabasic rock, showing late-magmatic chromite
(black) embaying early formed silicates which are represented here by their altered
products (antigorite). X 73 (crossed nicols),
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Fi1c. 4. A specimen of ultrabasic rock showing chromite band (black). White veins of chrysotile
variety of serpentine is seen along the contact-line. '

Fia, 6. Micro-photo of a polished section of chromite ore. Chromite (greyish) grains are seen
here to be replaced by veins of magnetite (bright white). Black gangue minerals are
seen along with magnetite. x50,
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Structural setting of the ore bodies in the parent rocks

Chromite ore bodies are confined mainly to the dunites and pyroxenites. A
peculiarity has been observed in the occurrences of the chromite ore bedies, that they
are always concentrated to the margin of the ultrabasic bodies (Map 1). Ore bodies
show high dip, varying from 45° to about 85°. This inclined nature of the ore
bodies is probably the outcome of the structural disturbance during the later period.

Chromite mainly occurs as bands of varying thickness. There is regular banding
of alternate chromite and silicates which are now altered (Fig. 4). The bands
range in width from 4 inches to about 6 inches, and only a few are about 8 inches
thick, and in length they are from 10 feet to hundreds of feet (some bands are 150 ft.).

SCALE :-I
17=15 ft approx,
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Fre. 5. A plan view of the bifurcated winze, driven out from the main adit at Roro Buru mine.
The intermediate gaps between the ore bodies are occupied by serpentine. The

probable fault lines (F-F’) have been interpreted from the occurrence of serpentine and
the nature of the ore blocks. The western end of the ore body is under work.
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Most of the chromite form ‘stratiform’ ore bodies. The contact between the chromite
bands and the host rock is well defined and sharp. No apophyses or tongues of
chromite were found in the host rock from the chromite layers. The well crystalline
nature of the bands indicates slow cooling. There are, of course, few sack-forms or
pockety ore bodies.

In most cases the regularity of the chromite bands is disturbed by later faulting
and minor shearing. These faults are definitely post-mineralization and have
served excellent channelway for later hydrothermal solutions. Both dip-slip and
strike-slip faults are present. Closely placed fault planes have displaced one of
the ore bodies, at S.E. part of Roro Buru, into small isolated inclined blocks; the
intervening portions are now seen to be occupied by serpentine (Fig. 5).

MINERAGRAPHY AND TEXTURE

The mineralogical composition and the textural relationship of the ore minerals
have been studied in order to supplement effectively the other investigations leading
to a proper understanding of the genesis of the ores. The chromite ores were studied
in polished sections in the reflected light under the ore microscope, and the following
results were obtained.

Along with chromite, goethite and magnetite were also detected.

(1) Chromite—Takes good polish. The colour is pale-grey, the reflectance is
low, even lower than magnetite. The mineral is completely isotropic.
Most of the grains are euhedral and bordered by serpentine, though
some grains are subhedral. The individual grains are coarse with clear
grain boundaries. In most cases the grain boundaries are seen to be
corroded by late solutions. There are fractures in the chromite
grains, along which the magnetite has replaced the grains (Fig. 6).
Some fractures are also filled up by serpentine. Etch test—It is
negative to all standard reagents.

(2) Goethite—Does not take a good polish. The power of reflectance is very
low, even lower than chromite. The colour is grey with a faint blue
tint. Reflectance pleochroism is more distinct in oil. Strongly
anisotropic, giving bluish and yellowish bireflectance colours. The
bireflectance colours are marked by strong reddish brown internal
reflections. The mineral is present in less amount. The characteristic
colloform structure of goethite is very beautifully seen in some speci-
mens. Some grains are very coarse. It is generally found as isolated
grains, along chromite grain boundaries along with the gangue minerals
and sometimes within the chromite grains even. Its relation with
chromite and magnetite is not very clear, but from the mode of
occurrence it seems to be a secondary mineral. Etch tests—SnCl,
(Sat)+ HCl—Stains yellow brown after 3 to 4 minutes. It is negative
to other standard reagents.

(3) Magnetite—The colour is brownish grey with a faint yellow tint. Power
of reflectance is low, but higher than chromite and goethite. The
mineral is isotropic. Magnetite mainly occurs as veins along chromite
grain boundaries and also along fractures within chromite grains, It
is also found to occur within the gangue which is chiefly serpentine.
Magnetite is dominant in some specimens and occurs in minute quantity
in others. Etch tests:

Negative to—KCN; FeCly; KOH; HgCl,.
Positive to—HCl—darkens.

Aqua Regia—Same as HCL.

SnCl, (Sat)+HCl—develops grain boundaries.
Cone. HCl (hot)—blackens rapidly.
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Euhedral grains of chromite are found to be replaced by magnetite along grain
boundaries and also along the fractures and cracks developed within the grains.
The chromite grains occurring along the contact of serpentine are mostly affected
by magnetite and serpentine. Innumerable large and small fractures are developed
within the chromite grains which have been filled up by magnetite, while grains far
away from the serpentine band are little affected. In these grains the magnetite
is found as thin stringers along fine fractures. They are mainly found along grain
boundaries.

The replacement nature of the magnetite and the earlier crystallization of
chromite are very clear. Magnetite veins show ‘caries texture’ against chromite and
throw anastomosing veins into it.

Thus the probable paragenesis as indicated in the ore is:—

Chromite ————

Magnetite —————
Serpentine ——
Goethite ——

MopE oF Origix OoF THE ORE BoDIES

From the evidences collected from microscopic and mineragraphic studies,
along with the field evidences about the nature and mode of occurrence of
chromite in the ultrabasic rocks, a fair idea about the probable mode of origin of the
ore bodies can be made.

The following evidences are collected both from the field and laboratory work.
On scrutinizing them carefully it seems most probable that the echromite deposits
of this area have been formed by segregation in the later stages of magmatic crystal-
lization. Evidences 1, 3 and 5 clearly point to their segregated nature.

(1) Chromite occurs as typical stratiform ore bodies with minor occurrences
of sack-form type.
2) The ore bodies arc always found along the border of the ultrabasic rock.
3) Presence of regular alternate banding of chromite and silicate minerals.

.

(2)
(3)
(4) Chromite bands are inclined at high dip (45°-85°).
{5)

-

5) The contact plane between the chromite bands and the host rock is
sharp and well defined.

(6) Megascopic evidence of the presence of fine cooling contraction cracks
along the border of the chromite bands.

(7) Post-mineralization faults have distorted many of the chromite bands.

(8) At many places, the chromite bands have been crossed by many serpentine
bands, showing that the chromite is earlier than the hydrothermal

stage.

{9} Under the microscope, the chromite grains are subhedral to anhedral
and less fractured also.

{10) Chromite is seen to embay and penetrate the early silicates in the rocks

which have been altered to serpentine by later hydrothermal solutions,

~ The author recognized the following sequence in the formation of the chromi-
ferous rocks of this area:

In the early stages of crystallization, olivine with & minor amount of chromite
crystallized to form dunites and peridotites. In the later stages the crystallization
of the pyroxene gradually enriched the residual liquid in chromium and iron. This
heavler_ residual liquid rich in chromium slowly trickled down into the lower portions
of the igneous mass, through the interstices of a mesh work of touching crystals of
already crystallized olivine, enstatite and other silicates. This residual liquid had,
however, a good amount of silicates in them. Further enrichment of the metal
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oxide was caused by slow solidification of the residual liguid with lowering of tem-
perature, The crystalline nature of the chromite bands and the presence of coarse
crystals support the slow solidification idea. Most probably a greater part of the
dissolved silicates also was eliminated during this slow cooling. This residual
liquid enriched in chromite collected somewhere in the middle portion of igneous
mass and formed well-defined bands. The period was followed by hydrothermal
actions. "The hydrothermal solutions mainly altered the rocks to a hydrated mag-
nesian silicate (serpentine). These hydrothermal solutions made their way through
the well-defined planes at the contact of the chromite bands with the host rock.
The openings along these planes were developed as a result of the solidification of the
chromite bands. Cracks developed by concentration of the chromite solution as a
result of solidification are also present within the grains.

Then a structural disturbance deformed and even sheared and crushed the
ultrabasic rocks along with the chromite layer. This structural disturbance faulted
and displaced the ore bands to some extent. The drawn out or highly inclined
nature of the ore bands is due to this structural disturbance.

There is clear evidence of post-tectonic hydrothermal action. It may originate
from the ultrabasic body itself or may be derived from meteoric water or from other
extraneous sources. The huge amount of serpentine looking somewhat fresh is of
this stage. A little portion of the chromite was dissolved into the solution and
redeposited.
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Comparative study of the three known chromile occurreiices in the eastern parts of India

Chromite deposits of Sitam-
pundi Complex, Salem, Madras,
(Subramaniam, 1956)

Chromite deposits of
Naushahi, Keonjhar, Orissa.
(Chakravarty, 1958)

Chromite deposits of Jojohatu,
Singhbhum, Bihar,

I. Mode of Occurrence. 1. Mode of Occurrence. 1. Mode of Occurrence.

(@) Chromite occurs as strati- [ (a) The anorthosites carry | (¢) Chromite occurs as lenses
form ore bodies. The in- conformable layers of and veins, following the
dividual bands range in chromitite  extending shear  planes  within
width from 4 inches to several miles along the dunites and peridotites.
about 6 inches and range strike and ranging in Ore bodies occur as
in length from 10 ft. to thickness from & few steeply inclined veins
150 ft. Ore bodies dip inches to more than 10 and extend up to a

maximurm length of 1,000
ft. and the width varies
from. 30 ft. to 50 ft. The
complete alignment of
the ore bodies with the
shear zones indicates a
structural control of
mineralization.

ft. Chromite occurs in
varying quantities in
the steeply dipping
layers of chromitite in
the anorthosite.

steeply and are found
along the border of the
ultrabasic rock.

(b) Chromite ore bodies are
found mainly in the
dunites and enstatites.

(b) Chromitite composed of
poikilitic pargasite or
anthophyllite or both
with scattered chromite
grains, corundum pres-
ent at contact with
anorthosite.

(b) Stringer-like layouts from
the veins are often found
to cut across the shear
planes. Ore  bodies
always have sharply
defined margins against
the altered ultrabasic
rocks.
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Comparative study of the three known chromite occurrences in the eastern parts of India—contd,

Chromite deposits of Jojohatu,
Singhbhum, Bihar,

Chromite deposits of Sitam-
pundi Complex, Salem, Madras.
(Subramaniam, 1956)

Chromite deposits of
Naushahi, Keonjhar, Orissa.
(Chakravarty, 1958)

(c) The contact plane between
the chromite bands and
the host 1ock is sharp and
well defined.

II. Mineragraphic Study.

(a) Polished sections show the
presence of euhedral
grains of chromite. Along
with chromite, magnetite
and goethite were also

detected.
(b) Magnetite veins are seen to
replace chromite along

grain boundaries and also
along fractures.

II. Mineragraphic Study.

(a) Polished sections show
subhedral and anhedral
crystals of rutile in the
chromite both in and
outside the chromite
grains.

(b) There is also presence of
fine plates of exsolved
rutile within chromite
grains,

II. Mineragraphic Study.

(a) The minerals identified in
the polished section of
the chromite ores are
chromite, ilmenite, go-
ethite and pyrite.

(b) Goethite and pyrite occur
always associated with
gangue minerals replacing
chromite.

(c) Intergrowth of ilmenite in
the octahedral direction
of chromite was observed.

(d) A crystallographic inter-
growth between hematite
and ilmenite was encoun-
tered. Both the above
intergrowths have formed
due to exsolution.

I1I. Origin.

Evidences supporting the late
magmatic crystallization
of the ore body.

(1) Typical stratiform  ore
bodies with sharp and well-
defined contact between
the ore bands and the host
rock.

(2) Regular alternate banding
of chromite and silicate
rock,

(3) Chromite bands crossed by
serpentine bands at places,
indicating the chromite to
be earlier than hydro.
thermal stage.

(4) Under the microscope the
chromite grains are sub-
hedral to euhedral and
less fractured also.

(5) Chromite is seen to embay
and penetrate the early
silicates which has been
altered to serpentine by
later hydrothermal solu-
tions. Along with the
late magmatic chromite,
both the early magmatic
and hydrothermal stage
chromite are also present
but in very minor quan-
tity and is of negligible

III. Origin.

(a) ‘The alternation of felsic
and mafic bands of
anorthosites and the
remarkable persistence
of chromitite bands
within them bear an
unmistakable similarity
to the Dwars River sec-
tion in the Bushveld
igneous complex,’

(b) ‘It is reasonable to assume
that the chromitite
bands formed during
crystallization of the
magma, with settling of
chromitite at different
levels, attributable to
local disturbances in
the magma chamber as
proposed by Hess
(1938).°

(c) ‘Bateman’s theory of late
gravitative liquid accu-
mulation doesnot, how-
ever, satisfactorily ex-
plain the formation of
bands of chromitite in
anorthosite.’

(d) The origin of the chromite
cannot be interpreted
from thin and polished
sections of chromitite as

ITI. Origin.

Chromite of three genera-
tions has been detected
in this area.

(1) Euhedral to subhedral
chromite grains which
occur included within
both olivine and enstatite
definitely crystallized
before the silicate.
This generation of chro-
mite can easily be as.
signed to early magmatic
periods although they
are of minor and negli-
gible importance so far
as the formation of the
ore bodies are concerned.

(2) The second generation
chromite which makes up
more than 98 per cent of
the ore deposits and also
occur in profusion within
dunites and peridotites

definitely crystallized
late, i.e. after all the
primary silicate min-
erals.

(3) Chromite of the third gene-
ration occurs along the
grain boundaries of the
silicates, along fractures
and cleavages of the




JOJOHATU, SINGHBHUM DISTRICT, BIHAR, INDIA 39

Comparative study of the three known chromite occurrences in the eastern parts of India—concld.

- . . Chromite deposits of Sitam- Chromite deposits of

C}uomlst?ngggﬁilf: ()Bfig;)iohatu, pundi Complex,.Salem, Madras, | Naushahi, Keonjhar, Orissa.

’ : (Subramaniam, 1956) (Chakravarty, 1958)
importance. The main all primary structures secondary minerals. It
bulk of the ore body has and textures have been forms less than 2 per cent
been formed in the late obliterated by meta- of the ore and is of hydro-
magmatic stages. morphism. Field evi- thermal origin.

(@) In the early stages of crys- dence indicates that | («) After the crystallization of
tallization, olivine with a chromite  crystallized olivine and enstatite, a
minor amount of chromite normally in regular crystal mesh was created
crystallized to form dunite chromititelayers within through which the hea-
and peridotite. In the the anorthosites towards vier residual liquid rich
later stages the crystalli- the botfom of the sheet. in chromium trickled
zation of the pyroxene The absence of trans- down. With the lower-
gradually enriched the gressiverelationship and ing of temperature the
residual liquid in chro- the absence of xenolithic pyroxene began to crys-
mium and iron. This anorthosite within the tallize as well as the
heavier residual liquid several chromitite layers remaining olivine leading
rich in chromium slowly examined in the field to the formation of coarse
trickled down into the show that the chro- grained enstatite and the
lower portions of the mitite in this case is not | ore was more and more
igneous mass, through the late magmatic, purified. When most of
interstices of & mesh work the coarse grained ens-
of touching crystals of tatite had crystallized
aJready crystallized sili- and the residual liquid
cates. Further enrich- was nearly cent per cent
ment of the metal oxide pure, there was some
was caused by slow solidi- pressure or release of
fication of the residual pressure underground, as
liquid with lowering of a result of which the ore
temperature. This resi- liquid was injected along
dual liquid enriched in the shear planes already
chromite collected some- present in the earlier
where in the middle formed dunites and peri-
portion of the igneous dotites. This process is
mass and formed well- thus a form of ‘residual
defined bands. Thus the liguid injection’ advo-
ore body has been formed cated by Bateman (1951).
by ‘segregation of late
magmatic residual liquid’.
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