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INTRODUCTION

Large deposits of vanadium-bearing titaniferous magnetite ores occur in the
norite-anorthosite suite of rocks in Singhbhum and Mayurbhanj Districts of
Bihar and Orissa, and these have been investigated by a number of earlier workers.
The work of Dunn and Dey (1937) was the pioneering in this field in India and this
was followed by Chatterjee (1945), Roy (1954, 1955 and 1956) and Bagchi (1955).
Titaniferous magnetite ores of similar type, with or without vanadium, have also been
reported and investigated in detail in other parts of the globe and the striking feature
about these ores is that they occur in more or less the same type of parent rocks,
viz. basic to ultrabasic rock types like gabbro-anorthosite, norite-anorthosite, ete.
The mineragraphy and microstructure of these ores are also virtually the same in
most of the areas with local variations. But in spite of the enormous amount of
data accumulated so far, the origin of these titaniferous magnetite ores in the basic
rocks ig still a matter of controversy. Theories of early magmatic, late magmatic,
metasomatic and other modes of origin have often been put forward and, with an
eye to all these well discussed theories, the author will try to ascertain, in this paper,
the probable mode of origin of the Mayurbhanj ores, based on the findings of his own
investigations.

TaEe DISTRIBUTION OF THE ORE BoObDIES IN THE FIELD

In the area under consideration to the south-south-east of Gorumahisani Pahar,
Mayurbhanj District, Orissa, India, there is fairly a big patch of gabbro-anortho-
site suite of rocks, intruded into the older metamorphics of the Iron Ore series.
This gabbro-anorthosite suite may again be subdivided into two groups, the gabbro
rocks and the norite-anorthosite series in which the first is the earlier and the
second is the later variant. The ore bodies in all cases occur in the norite-anortho-
site series of rocks and are concentrated to the west and west-north-west of
Kumbardubi (22° 17" N: 88° 19’ E), north and north-east of Betjharan (22° 16’ N:
86° 23’ 30" E) and north of Amdabera (22° 12’ N: 86° 19’ 30" E). A peculiar feature
is that the ore bearing regions occur at the margin of the gabbro-anorthosite intru-
sive body, near the contact with the older country rock. Veins of ores have also
transgressed the older country rocks west of Kumhardubi and north of Betjharan.
Veins or small dykes of ores have also cut across coarse grained norites to the west
of Tandipani. In all the major occurrences, the ore bodies mainly oceur in the
coarse grained norites as dykes and veins and also as concentration in lumps in the
parent rocks. Another peculiar but consistent feature noted in the field is the
remarkable association of the ore bodies with dykes and undefined masses of
granulitic norite, the special features of which will be discussed later in the paper.
The granulitic norite has been found associated with the Betjharan deposit where it
forms thin dykes in the coarse grained norites. It is also associated with the ore
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bearing regions of Kumhardubi and Amdabera where it occurs as dykes and unde-
fined masses respectively. Near the ore bodies the coarse grained norites are some-
times charged with the ore minerals but such phenomenon is not universally true.

PETROGRAPHY OF THE PARENT ROOKS AND CRYSTALLIZATION
oF THE ORE MINERALS

The vanadium-bearing titaniferous magnetite ores are related to the norite-
anorthosite series of rocks of the area, and it is therefore desirable that a sammary of
the petrographic characters of the parent rocks should at first be given, which
will, in turn, trace the evolution of the iron and titanium oxide minerals in them.

The norite-anorthosite series of rocks is characterized by different types which
merge into one another with increase or decrease of different mineral constituents.
The different petrographic types of this series of rocks have been named following
the nomenclature set up by Buddington (1939) on the basis of percentage of dark
minerals present, and this classification is given below :—

Rock Types Percentage of Mafic Minerals
Anorthosite .. . .. 0-109%
Mottled Anorthosite . .. .. .o 10-2249,
Anorthositic Norite .. .. .. .. 223-35%,
Norite . .. .. .. 35-659%
Mafic Norite .. .. .. .. 65-77%

In view of the similarity in the mineralogical composition of these different
rock types and in view of the fact that all these types belong to the same igneous
suite, it is desirable that they should be congidered as a whole in the discussions on
the general petrography and mineralogy.

The mineral assemblage in this group of rocks is as follows:—Plagioclase,
pyroxene, amphibole, biotile, chlorite, apatite, quartz, magnetite, ilmenite and
other secondary alteration products like zoisite-epidote, sericite, etc.

Plagioclase is the most common mineral making up more than 90% of the
anorthosites and it dwindles in the norites through the intermediate stages. It
varies in composition in the anorthosites from Ang; to Angg and in the norites
from Angg to Angg. In the granulitic norites the composition of the plagioclase
is round about Ang;. The feldspars ocour as idiomorphic plates and laths as
also subhedral tabular grains. Glomeroporphyritic aggregates of coarse laths are
common, Perfectly euhedral simple twinned laths are sometimes included ophi-
tically within the pyroxenes in the norites. The twin lamellae are very well defined
and run uniformly through the entire length of plates and laths. But instances are
not also rare where bending and breaking of such lamellae are observed, though any
evidence of serious disturbance is absent.

The feldspars are replaced and corroded by titaniferous magnetite and guartz.
They are also altered to a more or less degree at places into amphiboles, chlorite,
zoisite-epidote, sericite, etc. Chemical shattering of feldspar grains is evident in a
number of cases.

Pyrozenes are the next important mineral in this group of rocks. They are
abundantly present in the norites and gradually dwindle into insignificance in the
‘anorthosites. It occurs as large tabular and subhedral grains in the norites,
sometimes occupying the interstices of the feldspars exhibiting triangular to poly-
genal outline. In most cases, however, the pyrozenes are found to include or
envelop well formed laths or plates of feldspar exhibiting ophitic texture (Pl IX,
Fig. 1). ’

- Both elino- and orthopyroxenes are present. The latter easily dommates over
the former. Large plates of orthopyroxenes (En-,g to Eng,) are seen set against the
feldspars. They have a dmtmct pleochroism in shades of green, pmk and brown.
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Fri;. 1. Large euhedral plates of plagioclase enclosed in pyroxenes in coarse grained norite.
- 81},

Fig. 2. Granulitic norite.  Note the shape of the pyroxene and the nature of iron ore. X 30.

Fr. 3. Granulitie norite charged with magnetite in the interstices of the feldspars. <80,
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¥ig. 1. Cubes and rhombs of early nmwgmatic iron ore enclosed in the pyroxenes of coarse
grained norite, x40,

¥ic, 2. Titaniferous magnetite, as a late crystailized mineral replacing and embaying early
erystallized feldspar. x40.

Fic. 3. Titaniferous magnetite, crystallizing iute, exhibiting reaction rim of hornblende at its
contact with the feldspar. % 40.
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They have characteristic low birefringence with very high negative optic axial angle
(2V,—~92°—95°4-2°), These orthopyroxenes contain schiller inclusions of iron ore
which give them a bronzy lustre and grains containing such inclusions exhibit
stronger pleochroism.

In addition to the pyroxenes described just now, the anorthosite-norite rocks
are characterized by the presence of lamellar pyroxenes of Bushveld type. In
these pyroxenes two major types of intergrowths are encountered: (i) Lamellae of
clinopyroxene have been found in intergrowth with bronzite and (ii) bronzite lamel-
lae in clinopyroxene host. Such lamellar pyroxene has been deseribed from this
area for the first time by Chatterjee (1945).

Amphiboles are mostly present as uralites and alteration products of pyroxenes
and feldspars. In certain specimens alteration of the pyroxenes is widespread
accompanied by formation of amphibole, while in others the progress of alteration
is not so widespread. The pyroxenes are generally uralitized along their cleavage
planes and grain boundaries. The amphiboles formed as alteration products are
mostly hornblende with sporadic occurrences of bunches of actionolite. The secon-
dary hornblende is generally accompanied by released oxides of iron and titanium,
but these secondary oxide minerals are not found on a large scale. The amphibole
also occurs as reaction rim round magnetite at its contact with the feldspars.

Chlorite occurs only as an alteration product of the pyroxene, amphibole
and feldspar. It exhibits the following pleochroic scheme: X—bluish green, Y—pale
bluish green, Z—colourless. The birefringence is lower than in the amphiboles
(N,—N_ = 00095 average). The mineral is uniaxial positive. This chlorite falls,
ag its optical characters suggest, in the amesite-prochlorite-clinochlore boundary
of Winchell’s curve of chlorite group.

Magnetite and Ilmenite are present in fairly good amount in all these rocks.
Lamellae of ilmenite are oriented in three directions to the maximum in pyroxene
and chlorite base. In thin polished section also ilmenite has been found oriented in
three directions in magnetite. The ilmenite is leucoxenized at places. These
iron and titanium oxide minerals occur both as primary and secondary products.
Among the primary magnetite-ilmenite two distinct generations are observed.
The earlier generation, following Rosenbusch’s order, is very minor and is charac-
terized by rhombs and cubes enveloped in bigger and later grains of pyroxene
(PL. X, Fig. 1). It is the later generation of magnetite-ilmenite that has a wide-
spread occurrence and these have been proved to be the most important. This
later generation of magnetite-ilmenite followed both the feldspars and the pyroxene
in their crystallization history. They have replaced both the pyroxenes and felds-
pars and in the latter case have replaced them along the grain boundaries and
embayed them (Pl. X, Fig. 2). In almost all the cases, the junction of magnetites
and feldspars is characterized by a reaction rim of biotite and hornblende (PL X,
Fig. 3). The deposition of these magnetites does not belong to the hydrothermal or
deuteric stage (Chatterjee, 1945). They, by their reaction with the feldspar, have
given rise to the deuteric biotite.

Quartz is almost universally present in all these rock types in variable amount.
They occur as triangular to polygonal grains in the interstices of the feldspars.
In some cases they also replace and embay the feldspars. From the mode of oceur- .
rence it is quite evident that it is the last mineral to crystallize. :

Zoisite-epidote, sericite, efc., occur as alteration products of feldspars.

TEXTURAL INTERPRETATION AND SEQUENCE OF CRYSTALLIZATION
OF THE MINERALS

The textural relationships in the different rock types of this norite-anorthosite
group will now be taken up, which will again determine the sequence of crystalliza-
tion of the different minerals,
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In the anorthosites a typical glomeroporphyritic texture is noted where the
margins of the idiomorphic feldspar tablets, plates and laths are straight and devoid
of any marginal protoclastic granulation. In the more noritic types and norites
proper, the pyroxenes often enclose the feldspar laths and tablets (P1. IX, Fig. 1) and
also occupy the interstices of feldspar as triangular and polygonal grains. The perfect
idiomorphism of the feldspars, compared with lack of idiomorphism of the pyroxenes,
may point to two possible conditions:——(i) The feldspars have a greater crystalliza-
tion force and tendency towards idiomorphism. (ii) Feldspar began to crystallize
earlier than the pyroxene and probably completed their growth before the pyroxenes
were fully crystallized. In the above case the latter condition is more probable.
Krokstrom (1933) also inferred from his study of Breven Dolerites that the plagioclase
represents an earlier phase of erystallization and pyroxenes, formed later, enclosed
them to produce the ophitic texture.

Among the pyroxenes it is not possible to adjudge whether the striped or the
unstriped pyroxenes crystallized first. As regards the iron and titanium oxide
ores, the first generation crystallized earliest with the apatites, while the more
important second generation crystallized later than both plagioclase and pyroxene.
Due to the action of these second generation ores on feldspar, a rim of biotite
or hornblende is almost invariably present at the contact of the ore and the feldspar.
These reaction products are therefore later than the ores. Quartz is probably the
last primary mineral to crystallize in the interstices of the feldspars.

The secondary alteration products like amphibole, biotite, chlorite, zoisite-
epidote, sericite, etc., can likewise be placed with relation to the primary minerals
they replace. . The sequence of formation of the different minerals in this group of
rocks, based on textural and physico-chemical relationships, is given below :—

Time

Plagioclase
Pyroxene —_—
Hornblende — —_——
Actinolite —
Ti.-Magnetite — ——
Quartz —
Chlorite —
Apatite —
Zoisite-epidote
Sericite
Hematite
Leucoxene
Biotite

T

Primary Secondary

- From all available evidences it seems that the anorthosites originated as an
early differentiate from magmatic sources. Though recent trend of secondary deri-
vation of anorthosites through metamorphism of impure calcic sediments, or anortho-
sitisation (Barth, 1952; Ramberg, 1952) has now gained some ground it does not
seem to be applieable in this case. The following observations are being cited to
support the magmatic origin of these anorthosites:—

(1) The anorthosites do not show any gneissic banding.

(2) There is no association of cale-gneiss or any mixed rock in the vicinity
of the anorthosites,
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(8) The outline of the plagioclase is idiomorphic with undisturbed grain
boundary.

(4) Presence of striped pyroxene.

(5) Presence of beautiful schiller inclusions in hypersthene.

(6) Trend of crystallization accords the reaction series.

{7) Presence of norite, anorthositic norite, mottled anorthosite, etec., represent
a differentiated series.

The lack of protoclastic granulation at the margin of the feldspars signify the
anorthosites were differentiated in sttu.

The next differentiates after anorthosite gradually show more and more formation
of pyroxene and through the intermediate stages of mottled anorthosite and anortho-
sitic norite, the norites were derived. The granulitic norites have the same mineral
assemblage as the coarse grained norites, the only difference being in the textural
pattern. The pyroxenes are rounded and their aggregate exhibits a chained worm-
like appearance (PL. IX, Figs. 2 and 3). The feldspars do not show any rounded corner ;
they are occasionally lath shaped, with complex twinning and cloudiness indicating
no recrystallization. From all these evidences, these rocks seem to have formed
from the same magma which gave rise to the coarse grained norites. These norites
do not show any character attributable to regional metamorphism.

Chatterjee (1945), discussing the granulitic texture of these norites, suggested
that the pyroxenes were rounded by rolling in process of crystallization in a moving
magma. But it sounds improbable that such rolling should not affect the feldspars
which have subhedral to euhedral shape. The suggestion for an origin due to
recrystallization has also been discarded. The present author, following Holland
(1897) and Buddington (1939), suggests that such texture may form due to chilling
when the molten magma intruded into the coarse grained norites. The feldspars,
due to a better crystallization force, nearly attained euhedral habit, whereas pyro-
xene did not get sufficient time to grow fully. The drops of iron ore in the interstices
of the feldspar also indicate such an origin. It is, therefore, presumed that when the
granulitic norite intruded into the coarse grained norite-anorthosite rock, the
pyroxenes and feldspars crystallized rapidly. By the time the crystallization is
completed the host rock was heated by the heat dissipated from the intrusive and
the cooling of the intrusive at the later stages was slow enough to permit the exsolu-
tion of the lamellae within the striped pyroxenes.

MINERAGRAPHY AND TEXTURAL RELATIONSHIPS OF THE ORE MINERALS

The mineragraphy and textural relationships of the ore minerals have been dis-
cussed by the author in his earlier publications (1954, 1955 and 1956). It is, however,
necessary to give a gist here in order to keep continuity in the furnishing of the data.

The ore minerals identified under reflected light are as follows:—Magnetite,
ilmenite, hematite, rutile, ulvéspinel, maghemite, goethite, chalcopyrite and pyrite
and some occasional streaks of lepidocrosite. Among the textural relationships
exhibited by these minerals only the primary textures are important in their
bearing on the origin of the ore bodies. The primary textures include the different
types of intergrowths in which more than one primary mineral took part. The
primary intergrowths are of three types: (i) Crystallographic intergrowth, (ii) Graphic
intergrowth, and (iii) Mottled intergrowth. Of these, the last two occur in a
minor scale where only two particular minerals, viz. magnetite and ilmenite, take
part. The crystallographic intergrowth, on the other hand, is more important and
four different sets of such intergrowths have been encountered :

(i) Widmanstatten intergrowth of magnetite and ilmenite where ilmenite
lamellae have been oriented in the octahedral plane of the magnetite (P1. XI, Fig. 1).

(ii) Magnetite-ulvospinel intergrowth in which ulvéspinel is oriented in the (100)
direction of magnetite. .
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(iii) lmenite-hematite intergrowth in which exsolution needles of hematite
are oriented in the (0001) direction of the ilmenite.

(iv) Tlmenite-ulvispinel intergrowth in which ulvéspinel needles are oriented in
the basal plane of ilmenite (P1. X1, Fig. 2).

The temperature of formation of these intergrowths was determined by thermal
experiment carried out by the author (1955) and the results are given below :—

(i) Tlmenite lamellae exsolved in the octahedral plane of the magnetite at a
temperature lying between 750° and 800°C.

(ii) Ulvéspinel lamellae exsolved in the (100) plane of magnetite at a tem-
perature lying somewhere between 850° and 900°C.

(iii) Ulvospinel lamellae exsolved in the basal plane of the ilmenite at a tem-
perature between 850° and 900°C.

(iv) Hematite needles exsolved in the (0001) direction of ilmenite at a tem-
perature between 550° and 600°C.

MopEx oF OricIN oF THE ORE BobpIEs

From the field and laboratory investigations of the vanadium-bearing titani-
ferous magnetite ores and the associated anorthosite-norite rocks, conclusive
evidences are easily available which enable us to trace the mode of origin of the ore
bodies. The different probable modes of formation may first be discussed before
arriving at any final conclusion.

In case the ores were originated by early magmatic segregations definite abund-
ance of early idiomorphic magnetite-ilmenite would have been noticed in the anor-
thosites and the norites. But, on the contrary, we have ores crystallizing after feld-
spars and pyroxenes much more in abundance in the rocks. The temperature of
formation of hematite-ilmenite intergrowth (550°-600°C.) is also not in support of
an early magmatic origin. In the field also, where the ore bodies occur as dykes in
the norite-anorthosites, it is not possible to conclude that they were early mag-
matic in origin.

If the formation of the ores belonged in the hydrothermal stage, alteration of
the wall rock would have been very evident and the temperature of formation of the
ore bodies would, also, have been less than 500°C. But little or no alteration of wall
rock has been noticed and the temperature of formation of the ore bodies must
have been higher than that allowed in the hydrothermal stage (viz. temperature of
formation of the crystallographic intergrowths in the ore minerals).

The theory put forward by Dunn and Dey (1937) is, that the ore bodies are
secondary products due to the release of iron and titanium by uralitization of the
pyroxenes and alteration of the olivine, which have been effected by the residual
solutions by a process of base exchange. But as both field and laboratory investi-
gations indicate, the alteration of such minerals in the rocks is not very widespread
and the formation of such large deposits of Kumhardubi and Betjharan by such a
secondary process is beyond all quantitative speculation. Moreover, the crys-
tallographic intergrowths of the ore minerals, formed at fairly high temperatures,
cannot be accounted for by the process envisaged by Dunn and Dey (1937). The
ore minerals are definitely not deuteric products, rather they give rise to deuteric
hornblende and biotite by their action on the feldspars.

Any theory suggesting lateral secretion for the formation of these ore bodies
also seems improbable because of the temperature of formation, lack of metamorphic
effect in the present rock, etc. Pressure factor may be suggested by some to have
compensated the low temperature, characteristic of lateral secretion process, -in
forming the exsolution intergrowths, but the ore bodies being mainly situated in the
weak zones at the contact of the intrusive anorthosite-norite body and the country
rock, such extensive pressure can never be expected.

‘All the evidences collected so far, from all investigations, overwhelmmgly point
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¥iG. 1. Crystallographic intergrowth of magnetite and ilmenite.  llmenite lamellae are
oriented parallel to (111) in magnetite. il iromersion. 2 1,200,

Fic. 2. Exsolution lamellaz of ulvdspinel in the (0001) planc i ilmenite. il immersion.
w1800,
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out to a late magmatic origin of these titaniferous magnetite deposits. Such
evidences of late magmatic origin of ores of this type have been found by a number
of workers, viz. Osborne (1928), in connection with the Adirondack ores, Nebel
(1919) with the ore minerals of Duluth gabbro, Hjelmquist (1949) with the tita-
nomagnetite deposits of Taberg, Sweden, Bailsley (1943) with the magnetite-ilmenite
deposits of Lake Sanford, etc. Last, but not the least, Bateman (1951) put forward
a thesis in which he suggested a ‘Late Gravitative Liquid Accumulation’ or a ‘Resi-
dual Liquid Injection’ process to be operative in most cases of oxide ore deposits,
particularly of iron and titanium.

Once the late magmatic nature of these ore deposits is established it is now to
determine the most plausible process that gave rise to these deposits; whether this
is a case of ‘Late Gravitative Liquid Accumulation’ or ‘Residual Liquid Injection’
(Bateman, 1951) or a Filter Pressing Process (Osborne, 1928).

In view of the presence of ore bodies as dykes in both the country rocks and the
norite-anorthosite body, in the latter case the feldspars are slightly strained and
bent, the author prefers to support ‘ Residual Liquid Injection’ as the probable pro-
cess of the formation of these ores.

One point of ambiguity, as regards the late magmatic nature of the ores,
remains. The minerals present in the ore bodies, viz. ulvdspinel, ilmenite and
magnetite, have all very high melting points. The high values of temperature
of formation of different primary intergrowths of the ore minerals are not expected
in a late magmatic phase, when the temperature of the magma should come down
appreciably. But, from the reaction rims round the magnetite-ilmenite at their
junction with feldspars, indicate the presence of volatiles and mineralizers which
it seems played a very important réle in keeping such refractory oxides molten for
an appreciably long period. Once those volatiles and fluxes are gone after solidi-
fication of the ores, a very high temperature is required to melt all these minerals.

We will now come to the precise process active in the formation of these late
magmatic titaniferous magnetite ores. From the microscopic investigation of the
anorthosites and norites, it has been found that the calcic plagioclases erystallized
first. After the crystallization of the calcic plagioclase with some pyroxene, a
crystal mesh was created through which the heavier residual liquid, rich in titanium
and iron oxide, trickled down (Bateman, 1951). This residual liquid had, however,
a good amount of silicates still in them. With lowering of temperature, the pyro-
xenes began to crystallize as well as the remaining feldspars leading to the formation
of coarse grained norites, and the ore was more and more ‘purified’. The process
was definitely slow, as the rocks were fairly coarse grained with euhedral and sub-
hedral minerals. When most of the coarse grained norites had crystallized, and the
residual liquid had only a limited amount of silicates left in it, there was some pres-
sure, either from the overlying rocks, or from unknown sources below, exerted over
the residual liquid. Thus the liquid containing mostly iron and titanium oxide and
some silicates were injected into the contact regions of the norite-anorthosite
intrusive and the country rocks as also within the norites themselves. The silicates
with some ore minerals formed dykes within the norite-anorthosite body and, as a
result of quick cooling, the pyroxenes could not develop into euhedral shape and were
rounded and granulitic in appearance. The granulitic nature of such pyroxenes
has been attributed to chilling by Holland (1897), Buddington (1939), etc. The
feldspars, however, due to greater crystallization force, crystallized in some places
into fairly well defined laths, though they also showed undulose extinetion and strain
effects. * The iron and titanium oxide ores formed granules in the interstices of the
silicates (cf. Bateman, 1951), The residual ‘ purified’ ore liquid was also injected into
the norites, as well as near the contact of the norite-anorthosite intrusive and the
country rock (west of Kumhardubi, north of Betjharan and south-east of Amda-
bera) and formed dykes and undefined masses. The process is thus a form of

* “‘Residual Liquid Injection’ advocated by Bateman (1951).



202 SUPRIYA ROY: ORIGIN OF THE VANADIUM-BEABRING

It seems that the residual liquid was injected into the norites when they were
solidified. Thus clear cut veins and dykes of both granulitic norite and the ore
have been traced without much of intermingling between the host and the guest.
Chatterjee (1945), accepting some form of injection of segregated liquid, followed
Osborne’s (1928) suggestion as regards the origin of the titaniferous magnetite ores
of this region. But the filter pressing process advocated by Osborne envisages
complete mushing of the early formed crystals due to the strain effected in pressing
the interstitial liquid out. The residual liquid segregation process, on the other hand,
does not require any such violent action and only straining and slight bending
of the crystals of the host rock (e.g. bending of the twin lamellae in the feldspars,
strain shadow, etc.) are all that result out of that process. In this case also, the
host rocks show slight effect of strain and that too is also mainly localized near the
spot of intrusion.
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SUMMARY

Large deposits of vanadium-bearing titaniferous magnetites occur as dykes and undefined
bodies in the norite-anorthosite rocks to the south-south-east of Gorumahisani Pahar, Mayur-
bhanj District, Orissa, India. In this paper an attempt has been made to trace the mode of origin
of these ore bodies. The nature of distribution of the ore bodies and their relation with the parent
rocks were discussed first. The petrography and textural relationships of the parent rocks were
discussed then which brought forth the interesting fact that the magnetite-ilmenites formed in
a widespread manner in the late magmatic stages. This late magmatic iron and titanium
oxide minerals actually replaced and embayed the early formed silicates like feldspar and pyro-
xene in & manner of corrosion. The earlier silicates of the parent rocks are very slightly dis-
turbed. The mineragraphy and the texture of the ore minerals were discussed then. The
temperature of formation of the different crystallographic intergrowths was noted and the value
varied in different cases from 900°-550°C.

Taking into consideration the various data available from field relationships, petrographic
studies, mineragraphic and textural relationships of the ore minerals, etc., the author finally con-
cludes that these vanadium-bearing titaniferous magnetites were originated by the process of
‘Residual Liquid Injection’ advocated by Bateman.
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