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GHAPTER 1

INTRODICTION

The chromite depoéits afe associated with ulbtramafic and
mafic igneous rockse They occur in two different tectonic environ-
ments, giviﬁg rise to two different types of chromite depositse
The one which is associated with alpine type ultramafic bodies
is calléd as the "podiform deposits" (Thayer, 1964). The other
type is associateé with large layeréd igneous c0mpiexes~and is
called as "stratiform deposits" (Jackson, 1961 and Thayer, 1964).
Tn sddition to their different host rock association podiform and

, _ ‘
str;%iform depbsitS'differ in theéir textures aﬁd éeodhemisfry, The
podiform deposits are dharactgrised‘by nodular, cﬁmulus and.pull;
apart textures which indicate that active tectonic forces were
involved during their formatioﬁo The stratiform chromite associated
with layered igneous intrusioﬁs appear to have been injected into
'compérativel§ stable tectonic environment under plutonic conditions.
The stratiform chromite deppsitf are'characterised by mesh pattern
formed by minutevchromite crystéls packed around olivine or bronzite
grains in the disseminated ores The stratiform chromite deposits
are nearly always associated with pyroxene, unlike thé podiform
chromite deposits which are generally associagted with olivine
(Thayer, 1969)e They differ in their mode éf occurrence as welld
'Sfratiform éhfomites occur as extensive layers, traceable for

several tens of kilometers and .they have a regular stratizraphic

position within the ultramafic part of the layered sequences. The



podiform deposits however, vary greatly in their form and sizee
They are generally lensoid, tabular ang pod shapeds They are much

less persistent as COmpared to the stratiform type. These deposits:

differ also in their chemical composition. The stratiform type
generally have a regular varistion in its chemistry laterally as
well as verticallye The podiform chromites show no .regular variation

in their chemical compositione

Chromi tes afe not only important because of their Cr content,
but are also believéd to be.very good Qoncentrator fo: platinum
groﬁp elements (Naldrett & Cabri, 1976; drocket ete ales, 1976;
Cougins & Verﬁgak, 1976 and'Razip & Xhomenko, 1969)..- Although- in

3

India many important chromite deposité~are known, no information
is available on their platinum group elements concentration, except
a passing mention of platinoids in Sukinda Chromites by Dasgupta

(1959) «

\

Chromite deposits of Sukinda were chogen for the present
study. This is because of the fact that Sukinda chromites are the
largest of the several Indian occurrences where chromite mining
has been going on for the last several years particularly for exporf
purposes. Further, these deposits have been studied in some detail
for their geology and geochemistry by Banerjee (1961-72), Mitra
(1958-76) and Chakraborty & Baidya (1978). In the present study,
én attemét Was.made to look at the geochémistry of Sukinda chromite

not only to understand their geochemical nature and therefore their



origin in the liéﬁt éf recént studie§~but'also to determine the
levels of concentration of,plgtinum.grOup elementse. On the basis

of available vchemical data it is suggested that chromites of

Sukinda are of alpine type origin, although it is not very clear
whether Sukinda ultramafic complex is an ophoilite complex. Bmission
spectrography and_aﬁOmic_absérption spectrophotometric studies of

the pure cthmite samples dindicated that the level of platinum

group elements concentration mqst be lower than 1 ppme. A more
careful and detailed study needs to.be carried ouf,to determine if
platinum group éleﬁents are present in any ecdnomié concentration

in the chromite deposits of Sukinda.

S



CHARTER 2

' PREVIOUS STUDIES ON CHROMITE ORE DEPOSITS

' Chromi te (Fe0r204) is the only ore mineral of chromium,

which occurs in abundancée Crocoite, (PbCrO4), another ore mingral '
containing chfomium, is far' too rare as an ore minersl. Chronite
occurs as an accessory mineral or as differentiated, maésive ore

: R N
bodies in nany ultramafic and mafic igneous rockse It is a member
of spinel group of minerals. These minerals occur as simple
octqggdra, sometimes combined withirhOmbdodecahedra of trapezohedrae

Their structure is based on cubic close packing of oxygen atoms,

with two kinds of interstices:

(i) Octahedral - surrounded by six oxygen atoms and
(ii) Tetrahedral ~ surrounded by four oxygen atoms.
The general formula for the spinel group of mineral is AB O

Iv VI IV 24
("4 "B 0.

4

WYhere A représents divalent cation like ~Mg2 ,

re?*, 2a®*, m®t, co®*, w2

. , +
B represents trivalent cation like ~A13 ’

Fe3+, Cr3+, Mn3+.

Pure chromite has the chemical formula (FeCr204);

Chromium is a very useful and important metal. The
outstanding use of chromium is in the production of zlloys, especially
those of iron, nickel and cobalt. It possesses the property of

imparting to iron and steel a high degree of hardness and tenacitye



S0 in the recent years, it has become one of the most important
industrial minerale. The iron and “¢chromium alloy (Ferrochrome) is
. commonly used, for this purpose. The low grade chromite is uged'

very extensively as a refractory material for furnace linings.

Other salts, artificially prepared, are used as pigments,.and in

various industries as chromium-plating, dyeing, tanning, photography etcs'

Chromite deposits are classified into two major categories

based on their mode of occurrence and associations:

1e : Podiform type: These are associated with alpine type

ultrémafic bodiese

2e. Stratiform type: These are associated with the layered

igneous complexes.

The podiform chromite deposits: The term podiform deposit was

first igtro@uced by Thaygr, t0 describe the class of deposits within
peridotite Of_the ophiolite asSem?lage (Thayer, 1364). They oceur

as autoliths in the tectonite peridotites According to Dickey (1975),
their distribution is not predictable except for a vague fendency

to lie near the transition zone belo;i} the cumulates. Tyj)ically

these deposits are surrounded by @unite halos beyond which the
couytfy_rock is harszburgite (Oliving + OrthOPyroxene)or léss commonly
dunite itselff hMos? of these deposits are tabular lenses or ipregular
pencils:or combinations of both these basic“fo?ms. ~The ore body
varies*irregularly from place to place within %ndividual deposits and

some times the shapes and forms even defy description. Well-banded

schlieren plates of disseminated chromite is very common in %he



\

tabular depositse. Soﬁe authors call the pencil-form deposits
as injection pipes. There appears to be no relationship between

the form of the ore body and its grade. Massive chromites ores

have generally negligible amount of silicate minerals whereas in

the disseminated ore the silicate minerals dominate over the

chromite. Generally the disseminated ore grades into normal peri-

TN

dotite with chromite schlieren. The most common matrix minerals in

the podiform chromites, are olivine and serpentine after olivines
According to Dic#ey, the surrouqding count;y rocks are not as varied
inisilicate matrices as the pgdiform chromites are ( pickey, 1975)@
Thayer (1946 & 69) has repoyted extraordinary podiform chromites | )
%n Cuba tha? hav? a troctolité mat;ix, and i@ another gnusual deposit
iﬁ celebrgtipn Mine, O%egon;the.matrix cgnsists of clin0p¥roxenes
In Dubostica,_iugos;aYia,'Pamig found pqdiform chronmi tes With
amphibole matr;x'(Pamic, 1970)3 Ac?brgingwto Thayér (1969), the
podiform chromites can be readily distinguished from stratiform
chromites, by the presence of nodularrtexture. Further he reported
that all t%e nodular ore are ﬁot massive, but some are nodular
copcentration of loose chromite grains,wwhereas §ome are orbicular
wiﬁh cores or concegtric zones gf cthmite and silicates (usually
'olizine and serpentine after Qlivine). The nodules seldom exceed \
a diameter. of three centimeters, regardless oflthe ovérall chromite
concentration in fhé rock. Dickey (1975) observed no major>changes

in Mg, Al, Cr or Fe concentration from the core to the edge of the

chromite nodules, -except for rims of Fe-rich chromite that form in



serpentinized gpecimens. chording to ?haye€ (196%)1 t@g

podifoim dep@sits éhow*banding or_layefing witﬁ‘oliviné’in all
proportions and lineation is as commoh’as iaye?ing and“in places
may be more importgnt énd also cagSes banding inwchromite 5fes.

The éhromite occuring in the penc?l—shaped deposits are dominated
‘by lineation‘as coﬁpared-to layering. Moét of the chromé%e grainse.
In both‘massive and disseminaté@ ores, of podifgrﬁ deposits are
anhedral, but the accessory chromite in peridotite are someti@es
euhdral . )The massive ore ha#ing irregulgf gréin boaﬁdaries with
inter%ocking grains vary often iﬁ the grain sizes in podiform
chromiteé, §harply defined_layers of coarée massi%e chpomite may
alte?nate with barren dunite“br,_leén, disseminatédvore; The tabular
or lineate échlieren ore bodies are at mos?‘about Oe8 Kme long. The
lenses or pods of all shapes are measured in tens or huﬁdre@s of
meters and may range”toismall irfegular blobs. The boundaries of
these de?osits vary in chapgcter from place to place. It may be

well defined or diffused, most of them are marked by smallirregularities,

fraying out of high-grade into low-grade ore and some have sagtellitic
stringers in the wall rocks. The contacts are generally better
defined along the sides or edges than fhe'ends which may be rounded

or terminated abruptly in different deposits.

Hature of rocks associated with podiform chromite deposits:

The podiform chromite deposits are associated with alpine
type intrusions which are.believed to be portions of ophiolite

complexes, emplaced in the solid state during subduction of lithépheric

%?'x



plates. These ophioliﬁgs thgmsélves are interprete@yas po:tioﬁs

of the oceanic .crust and upper mantle.. They are characteriged by

2 baéal-zone of metamorphig texturgd pﬁr;dqtite.oﬁerlain by_g
sequence of cumulates rangiqg_from_periéotite to gabbroz a sequence
of p;llow.lavas_aﬁd associated feeder dikeé, and .a cépping'of )
decpssea, sediment (Naldrett & Cabri, 1976). The bulk composition
of the_intru§iqn ié péridot%tee' The chromi te gré.deposigs are
associatgd with dunite,‘peridofite and p?ridoti?e;gabbro comglgxo
Genefa;}& the ch;omite ore bodies occur in groups in the dun%tic

partg of perid9tite masses or along the shear,zoqes. Acc?rding to
Tha&er (1367)5 the ﬁltramaf%tes_andvgabbro~t6gether constitute more
than 90 per pent of thg alping type of béd%es. _Furthe?g the ultra-
mafites_fpr most gart are dunites and olivine-;ich peridgtites or
serpenfinized equivalents, whereas the pfroxenites genérally
constitute less than ? per cent of t@e‘total.‘ The alpine type bodies
are charaéter%zéd by irregulgfities in forﬁs, interngl structures,

and distributio? of rccks ?hich is generally erratic. The rocks
show. no change in compesition toﬁ§rds_the contacts except for highex
degree o{_serpentinization in perido#ites. The gabbroic rocks are
fine graiged and massive near the qontacts. T@e noritic border,facies
are conspicuously absent. The glpine—type.peridotites never show

any contact metamorphic effectsaqp th§ surrounding rocks or even
inclusions, which éuggés? cold intrusion. According to Le;ch (1953)
and Smith (1958) the alpine type.bodies have very.sharply defined

layerings, but are much-less persistent than the stratiform complexes.

Y3



In thevaverage glpine—type peridoti%es, Olivine.predominatesi
over'pyr0xe§es in the ratio of about 4:1 (Leech, 1953) and the only
" accessory miyer§l is chroéiteo"Accoréingmtozgess (1955), the )
lig0:FeO ratio in the alpine type bodies is higher than the strati-
fbrm'complexes,'and the ofthopyr0xene,cbntains guch less Caog The
alpine peridotites may grade into gabérQ 5r norit? ?hrough either
6f the fcw; internediste facies, troctolite and oliv:}ne—ga‘?_brq or
pyroxeniteé CThayer, 1960).i The ﬁexturg genefally is gneissic agd
contrasts markedly with the settled textures of thé truely stratiform
roéks. Dunite commonly exh%ﬁité éataclastic texture (?urner; 1947) «
The plag{oclaég in mapy alpiﬁeftype gabbroic rocks typically has
mutual boundaries against”tﬁe mgficwminerais aﬁd their'tabulgr form~
is not well develbgeé. The grain size ﬁay ra;ge from ﬁery fine grained
to coaréely éegmafitic with 10 to 15 Emt lo?g‘crystals of pyroxenee.
Thayer (1970),‘bas§d‘qn the late magmatiq hiéﬁoryvof peridotite,
grabbo and peridotite-gabbro complex, classified the ultramafic
complexes into threé‘ﬁypes,»%he éuthigenic,”a%logengc and po}ygenic._
The rocks which ﬁgve moved_away f;oﬁ the original sites of differentia-
tiog and crysta%lisatiqn as a rheid cfystaliine aggregéfes are allo-
genics The alpine peridotite gabbro complexes which contain
podiform chromite are the best ekgﬁples for this class. Hany
geologigts believe ?hat these peridotitesAoriginated in the mantle
and thgir métamorphic textures gnd'strucﬁural features are related to
mechanism of oceanffloor spreading. ‘Some petrologists suggest

-

emplacement of alpine gabbro peridotite complexes ‘partly as fluid



magma and partly as erystal mush’(Meeres, 1969 & Smith, 1958) «

As to the mode of origin of the alpineetypemultramafites, the
following are the views expressed: The alpine—t&pe ultramafitesh
are altered upper mantle rocks, expOSeélat the surface.by an uplift
of oceanic crust (Hess, 1960; ?ue?to Rico,“Serpentines); fractional
crystallisation from a basic liquid (challis, 1965; the_NeY %ealand,

ultramafites); slices of the upper mantle, brought by diapiric fise

(Green, 1964; Lizard area, Cornwall); or originally layered intrusion

that had been deformed and metamorphosed during an orogeny (Bowek et

ale, 1964; Ultramafic masses in the Lewisian of Scotland).

The Stratiform type of Chromite Deposits:

The term "stratiform chr?mite" was given by Jackson ({96f)
and Thayer (1964) forvthe chromite deposits, eccuyring.in large
layered ultramafic and mafic in?rusions‘as ?he stillﬁater complex in
Montwane, and Bushveld COmplex in South Africa. Tﬁe great layered
intrusions and thelr cons»1tuent layered chromlultes, all appear to
have been 1n3ectea into comparatlvely stable teCuonlc env1ronment.
Except for the massive ore, where #he grains coaleSCe, the strati—
form chromites otherwise forms mingte euhedralgcxystals everywheree.
In the disseminated ores the chromites crystals are packed eround
olivine or bronzite grains,‘giving rise to mes? petterﬁ, whieh is
the c@aracteristic"texture of stratiform deposifea Pseudomorphic

bronzite, after olivine, is present and the original pattern is

preserved. The massive ore is characterised by even grains, euhedral



and unbroken crystals énd usually 10 to- 20 per cent of inter-
stitial gangue. in individual layer or sequenéesbof chrgmite %ayers
the mést massive parts commonly are loéated'at;the stratigraphic
base of the layer or group of layers an@ the~hig@er Part§ are
;haracterized by the presence of dissemipated oress Unlike the
podiform chrgmites, the strgtifo:m chrOmiie deéosits are almost /
always associated with pyfoxenese guschke (1940) repor?ed_%hatmi?
Bushveld complex, much ?f the chromite actuaily occurs in brongzititee
The chromites and_the silicatevlayers aré very_pefsistent, may be _
fraceq for thousands of meters, and_tﬁéy adﬂere rigorousl& to gertain
position in the ultramafic sequence. The chrom{te ores oceur in
relativel& thin iaYgrs which are cohéentrated with chrOm%tes, and.
these laygrs according to Irvine (1967),'are due tb gravitationalm
aqcumulétion of early formed crystalse The chrogite§ may be preci-
pitated over a congiderable part of the crystal;isation histo£y and
they show compositional variation resulting from fractional crystal-

lizatione.

Nature of the associated rocks with stratiform chromite deposits:

Wilson (1956) defined layered intrusions as plutonic bodies
"with regulgr, more or less saucer or funnel shap?d masses which have
well defiped floors and were not rgﬁOVed bYMGEOSiODo They are
cha?acteristically layered and their-cOmPOSitioﬁs ranging from peri-
dotite at the base to gabbro or graﬁite at the top (Hall, 1932,

Peoples, 1933). They have chilled margins which indi¢atg the



composition of the original magna. These chilled margins are
surrounded by a zone of high teméeraéure-meta?orphic focksn i 3
(Howland, 1954). The layering isvdﬁe to in situ differentiation.
The "mean" composition of an& iarge indi#idual layéredvintrusi?n

is gabbroic, although the chrgmites are generally'associated with
'ultramafic layefs. Th? ¢ontaining~étratiform masé§s~as‘§ whole are
mafic and not uitramafic. The variation in comgosition is very ]
systegatic and”in'plQCes they s@owvgygliq repetitions The_uitfaméfiC'
zone in thé s’tillwater complex is divided jinto a 1ox§rez§ peridotite
member ?nd an upper brongzi tite me@b?r. écpording to qacksgn (1961&63),_
the peridofitg member may be subdiv;d?d;into 15 "cyclic units" whrich
are characferizedvby layers>of poikiliticvharzburgi#e, granula?
harzburgité a?d bronz@tité arr§n§e§ %n ﬁhat sucqession. ?he disse~-
minated ch{Omit? 6re in therpoik%litif hargburgite occur in layered

the chromite concentrations

concentrations in 13 of the cyelic units and
commonly have the same posétion inmeach éyc%ic unit. Jackson (1960)
reported that the ultréméfiq zoﬁe”i? the stillwater cbmplex has 65

per cent_pyroxene,"2§ per cent oliviné and 10 per cent plagioclase,
whereas.tée uitramafic part of the Bushveld complex contains even

;ess olivine (Cameron and Emerson, 1959) . Ac?ording tq Cgmeron (1963),.
in the Bushveld complex, the orthopyrozenite is the principal rock

type assqciated ?ith the lower chromite seams, the anorthosite and
anorthositic norite predﬁminate hear the upper ones, however, all

three of these rock types occur in alternatg layérs through most of

the seqtions, and they are locally accompanied by minor amounts of



peridotite; troctolite and nOrite. Thus %n the }ayered c0mp%e%es

the chromi te deposits are sqmet;me§ assdcigfed with_énorthositic
focks; iﬁ édditQOn to.the ultramafic rocks{ According'to the classi;
fication by ?hayer (1970), the léyeyed ultramafic roc%s come updér

the authigenic.tyée; The ére d?pos%ts are conéeéfratioﬁ of.phases
formgd by simpltg;eous crystallizaﬁ;og and settligg of'qrystals bf
liquids f;om fluid magma; Qoncenﬁraﬁion'Qf éu%ph;de minerals seems
les§ consisten? stratigréphica;ly than ogiae m%neral;, but they follow

& differentiation trend from nickel and iron rich at the bottom, to

iron and copper rich at the top of the layered body (Liebenberg, 1960) .

GEOCHEIT STRY OF CHROMITES .

'ihe cthmian spinei is é? egrly magmatic mineral in most
of ;ts occurrences aﬁdlwh?re it‘%s‘late, it is éqpposedlyvan "e%rly
cryftallised mineral® as'itsktypiéa} host rockg inclqde the dunites,
per;do?iteg apd orthOpy¢oxenites which are characteiistically early
magmatic differentiatess The chfomg spinels may»chanée their compo-
sition, if‘they are‘noﬁ completely isqlated {rOm the rest of the magma.
They may undergo reactiqn becausewof its peritectic relationship with
the melt5 Thus, according toWIrvine €1967),_the compositional
variation shown by spinel solid solution depends on the nature of
peritectic relation, the stage and the way it is imposed, between the
chromite and the existing melt or magmae. Accgrding fto Loney ete ale
(1971) and Trvine (1965 & 67) the bulk composition of the nagna and

coexisting silicate phase as well as conditions of formation controi



the spinel composititone -Hoﬁev?f, Malp%s and Strgngy(1975) found

that spinelé from the Gander Rive?_dunites are diffgfe?t f?o? th?se
of the Bay of fs%ands cumilus dgnites, alﬁhough there is similgrity
.in bulk composition ?f thg mﬁg?avand qoexiéting phasese. Likewise,
they noted that despite significant diff erences ig»forsterite content
of olivine from the harzbgrgite'(E991—9§) and dunite (§9§5—87) of - Fo

the Bay of Idands, there is no correlative difference in the

>

Mg/(Mg +vFe2t) ratio in %hé'spinelé from_tgeSe rockse Sg it appears
that differing pressure~temperature con@itions of ﬁo;mation“must be>

the main controlling factors for ?h? spinel cbmp0sitional differencese.
The differénce in chemigal composition of chrome,qre may be due t9 the
differences‘iﬁ the parfigl.p?eSSure of oxygén during the crystall%zation
of magma._ When crystallisation #akes place under low §02, the oxi-
dation of givalgnt to trivalegt-iron yould be suppressed.s The entry

of ferric iron into the chrgmite~laftice Would_tend to be low under

low p02, and.high chrome spinel would Qnystallise (0sborn, 1?59)»_~

According to Thayer (1946), the following hypothetical relationship

between the chromite and the associated silicates exists

The si}ica content of the magns ?heoretically should not haye“any
vsignificant effect on the compo§itiop of the thomite, as silicon
does not substitute for aﬁy catidns in the‘gpinel_struc%ure} and the
silica combines readily to fomm s%licates like Olivine and pyroxenes
which are the ass?c%aﬁedmpgases withvchromite. The absence of

corundum and aluminian silicates from fresh peridotites suggests that

- under normal magmatic conditions even free quartz might not react
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with chrome spinel and in places chromites remained apparently

unaffected evén though the original gangue has been completely

- p ,ACA}‘ Cg,{,'rﬂ-;
N r;d(f X///{)G/Cu
“ P ?“O;I'VCM'((

silicified as is séen in the Suki?da éomplex where‘the.associated:
rocks have been silicified eit?ngively a§d»the chromi te ores are
‘ unaffécted, Generally the addition of silicé to-a mixtgre of

- chromite and olivine would resultmmerg}y in the conVersi?n o§ )
- olivine ﬁo orthopy?0xene. In a limefrichmenvironment,“likewise, if
sufficient‘silica is pyeSgnt té c0mbine vith 2ll the lime to form
anqrthite, ;im;ted&variation i? sil%ca will only ch%nge the ensta?ite—
oliviné'ratio iecey the ehé%afite Will become more in excessive silicae
Ifithe pressure-%emperatyrewconditigng favour the formation of

cthme diOpside; the‘Variéﬁion_of silica would obviously affect the
qngOSitiOn of chrqmitef Tﬁe,coﬁpbsition of the chroﬁite in a

given peridotite mass might be expected to reflect the overall

composition qf_the magma ig several wéyse First o? §ll, the ratig )
of Mg0O to EeO in chromit? is‘related,tq the composition of the oliYiﬁe
and egsfafite, S0 that high i?on chromite should accompany bronzitic
saxonites aﬁd the high—magnesia,chro%ite should be in forsteritic
dugites.' The ratio of FeO to Fe203 is a function of the state of

. oxidation of the i?on in magma. Since the chromites cons?i?ute a

very small proportion of t?e_whole magma and as ogly negl%giple §mounts
of FeZO3 are taken into oliviné and enstatite, slight varia?ion ig

"the ferric iron content of the magma should be greatly magnified in

4he ratio of {the iron oxides in the chromites. If chromites were



fbrmed in a highly oxidized magﬁesi%n envir?nment,vit should be

‘rlch in Fe O3 in the form of magnesium ferri%e (MgFe O Yo However,
as most chrOmltes are. COHSlSuently low 1n Fe O,, it 1s believed to
have been formed in a les§ oxidi zing env1ronment. Thayer (1960 & 70)
and Irvine (1967) ha&é“pointed ogt that'chromitgs f;om"alpine and
stratiforn complexes differvchemiCally in ceftain signifié§nt
respectss The alpine thOmite depogits geﬁerglly sho? a wi@er raﬂgé
of Cr:Al and ligiBO ratioswand have adlower or more»uniform iron
oxidation (FeOz?eZOE) ratio. _Acébrding to Greenbaum (1977),1t§e
CriAl ratio frOm'TroodosthrOmite ranges from 1;?4 to 9.75.— Dickey
suggested that the chromites from Dddiform depasits aré typically
more magnesian nan thosewfrom stratlform 1nuruS1ons (chkej,\1975)
.The Fe2+'hg rablo for 1nd1v1dual podiform depos1ts are almOSuv‘
cons#ant, unlike the stratiform chromites where the‘ratio varies
considerably. For example tge chromi tes from‘stratiform Stillwater
complex range'in Fe2+:Mg ratio fyom 0667 to 1459, Whgreas the podiform
chromites from Haggard and New Mine at CanyonhMountain vary BetWeen
0640 and 0.45._ The podiform chrOmites show bimodal character,
concentratlng into h1 h—Cr and hlgh-Al groups (Thayer, 1970). The
exact reason for this bimodality hkas not been well understood. Many
of the Guban chromites have high-Al content and most of them are )
associgted‘with trpctolite rather than peridotite,‘thereby suggesting

that the high Al-content reflects the high-Al content of troctolite.

Dickey and Yoder noted strong influence of bulk Cr:Al ratio on



spinel composition, in a simple synthetic system (Dickey % Yoder?~
1972)% Diékey further reported -that the strat%form chromit?s which
" follow a trend of ng-'. variation, appear to bridge the gap in the
podiform chromite datg (Dickey,,1975). inemof<ﬁhe explanations for

- the bimodal CrsiAl ratib may lig in the'@istingtion between cuqulus'
chromite‘gLow Cr:Al) and chromite that is residual after partial |
fusion‘(high Cr:Al ratio). These two types of chromi te deposits can
be-easily dist;hguished on the basis ofv_TiO2 concentratiqne The
podiform chromites generally contéin_ 0;3 wt“per cent‘TiO2, and the
stratiform chromites ggneral}y contain more Ti-O2 tha? the above
values The stratiform chromites have a relatively high contegt 9f
fefrou§ iron (PeOsRO average about 50-55 mo} per cent) and this is
the principal cause of lowNCr:Ee ratios{ which averagés abOut 1.5:1

(Thayer, 1960). Although in some stratiform chromites the Cr nmay

203
exceed 50 wi per cent, in most of these dgpdsits_it ranges between

38 and 45 wt ver cent. Although the Cr content in podiform

L3

deposits is generally high, it has a large spread between 16 and

17

65 wt per cents The CriFe ratio in unaltered podiform chromites range

from 2:1 to 35:1, but in some cases it exceeds even 4f1. The mole
per cent, Feld ih.RO rangesvbetween 25 and 50 and it averages around

35 mol. per cent.

Crocket et. ale (1976) determined the concentration of P,
Pdy Ir and Au in the Herensky Reef of the Bushveld Complex to study
the relative importance of spinels, sulfides and platinoid minerals

as carriers of platinum group elements. For this, théy attempted to

1

-



compare the platlnum group element concentratlon in the sulfide

and splnel separates w1th their whole host rocke The»hlghest
values they got frpm a"égn (approximately one-eighth inch) band

" of chrome spiﬁel witﬁ prohéﬁ@ced hydrous alteration of primary
’sil'icat'es. - in Table (2~1) 'bj them the Pt and éd are the only '
platinum grsup elements which gppeaf to have been strongly con -
centrated in spinel and composite grain (Table .2-1). If we do not
include the sample 10 of Crocket et. al. (1976) then Pt is the
qnly'ginefal-which iswshowing comparatively strong concentratioh
in spinels anq COmPOSité grains as ¢ompared %o the wholenhost.
‘récks,.otherwise tﬁe.plaéénum group element§ values obtained for
spinel and composite grain samples differ 1little from the correé~
ponding whble host rbck valueSe Accordlng to Naldrett and Cabri
(1976), frOm thelr studles of dlfferent types of ultramaflc rock
bodies and %heir as;ociated_ore deposits, the chromite concentra-
t;ons agd samp%es rich in disseminated chromite are‘genera}ly
higher in platinum group elements,v?ariicu;arly Pt and their data
indicate that the Pt/(P? + Pd) ratio may be dis?inctly hi@her in
chrOmite deposits than in the rocks as a whole in ﬁhe alp%ne type
ultr;mafié beits. Further they reported_that as with alpine
complexes, chromite-rich rocks and'chromite concegtrations and_
segregations from Alaskan-type complex are much riche? in platinum
group elemenfs than the chromite poor rocks, and as with the rock

themselves they may have a lower Pt/(Pt + Pd) ratio than chromite

deposits in alpine complexes. Regarding the stratiform complexes,

.



TABLE (2-1) (in ppm)

Pt P4 PaT Ir  Au
Spinel & coﬁpbsite grain 965 33-1 1.9 0,081 1427
Whole rock | | | 402 3,2 0,98 0,075 0:82
S?inel/ﬂhole rock 203 962 1.9 1o 16

*Pd1~ Excluding values of sample 10 of Crocket ete. ale (1976).

Table (2—1)— Aversge platinum group elements content of spinel
" " -and composite separate (50% chrome=-spinel & 50%
silicates) compared to the whole host rock values.

_ After Crocket ete ale (1976).
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the concentration of platinum group elements is highly variab}é.
| Cousins and.Vefmaak (1976), reported that the Pt/(Pt + Pd) ratio
increasés_upwards in the Bushveid complex, south Africa. Table (2;2),
giveﬁ bj Na;drett and Cabri (1976)'f§: platinum gpoup elements con-
centration in the;alpine comélexes,'gives us an.idea that fhe chrome
spinels are fery important carrier or concentrator of platinum group
elements. The average Va%ue of platinum group elements concentration
in the duniﬁé and peridotit?‘rocks i§'very low as compgred to the

chrome spinels associated with them in the Ural mountains.

it %s not vgry c%ear w?ether this asfoqiation”of glatinum group
elementg wi?h chrome spinels islgue t9 lattice substitutio? or to con-
cent;at;on %n §ulfide»pr»other_igclusions o?‘presence of'digcrete
platinqid within the spinels or }f they occurma%oﬁg the grainwboun-
daries. Crocket et. al. (1976) are of the opinidn that the high Pt
and Pg contents'and the s?rong variability of Pt and Pd are p?obébly
due toroccmr{ence of piatinum géoup élements-as Qiscrete platinoid
phases. Razin and Khomenko (1969) are of the opinion that_it ig due
to ionic exchange béc?useathegchrOme spinel has ionic bonding with
a normal cation distribution in the structure and therefore it is
poséible thét the chemically similar.metals enter the chromg spinel
lattice isomorphously. Table (2-3) indicates that the platinum
groupue}ements prefefentially can rep}gce Cr, V, Ti“and Al. If we
take into consideration the ionic radii and ionization potential
of different elements (Table 2—4), the Qr3+ x»rhiéh h:%ve Octz?hedral
cooraination and also V3+ are the most probable cations which can be

replaced by the.tetravalent platinum group elements by_means of

heterovalent replacemente.



TABLE (2-2) (in ppb)

"Dunite & Peridotite
average, urals . 0462
Chromite separates &

segregations: Massive . 750
chromite in dunite

'Chromite disseminated
in dunite :

199

61

Pa

18

3900

24

561

610

34

Ir Pt
5¢T T3
430 38000

443

Table (2-2)- Platinum group elements cohcentration in alpine

complexes, after Waldrett & Cabri (1976).




. TABLE (2-3)

1

Elements Hg al ¢ Vv Cr  Mn  Fe Co Ni Ru Rh  Pd Os  Ir Pt

Ionic or o _ :
AtOmiC o 1060 10428 10477 1.401 104—53 1070 1@63 1062 1@60 10410. 1 0364 1.38 1 045 1@'35 10137
Radius A '

]
TABLE (2-3) - IONIC' OR ATOMIC RADIUS IN 4 OF DIFFERENT ELEMENTS BY RAZIN &
KHOMENKO (1969) AFTER LEBEDOV (1967).
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TABLE (2-4)

Cation ' iénic o Coordination Ionization

: .radii A No' potential
we®*  o0aT4 4 7842
a’t 0,57 6 119,96
py 0464 6 _A 99.8
r* Cosr 6 4840
et 064 s o (51)
m? 0,91 S  33.69
re-t - 0,80 6 . 50064
cott o8 . 4 33449
w2t 0474 6 36416
un>t 0.70 4 (53)
Feot 0.67 4 (56)
RuTY 0.62 6 (63)
T 0.75 6 (46)
rntY 0.65 6 (67)
pa?* 0.80 4 (33)
patt 10,64 6 (66)

A+ 0.65 6 - (54)
Ir3+ '  v 6 (39)
S 0,65 6 | (57)
P2t 0480 4 | (29)
pgtt

0.64 6 (55)

oo

Table (2-4)~ Ionic. Ra&ll & Ionization potentials of
different elements by Razin & Khomenko (1969),
after Grigoryev (1966)%*.

*¥NOTE: Estimated ionization potentials in parenthesis,



" according to Razin et. al. (1965) only a part of the

‘platinum metal form independent platinum minerals or platinoids,

while a substantial fraction of their total content occur in the
essential and accessory minerals of ultramafic rocks in the form
of "nonmineral admixture". hey introduced this term "nonmineral

admi xture? to collectively indicate occurrence of the platinum
_ T " - |

group eleéenﬁs ig‘the'forﬁ of adsorbed iong and of is0mmrp§ou§ and |
oﬁhgf admixture ieeey in otper formsvthan independeht piatinoidsw J
Ragin and.Xhomenko suggested that the plétinumégroup metals occur
in theogarly aqd lgte m§gmatic ?hr;me apinels and therefore the pareht
magma was platinum—beafing (Razin and thmerko, 1969). The chrome
spinel was the>ear%y magmatic¢ phase to act as a;concentrator for
the~traces of platinum metals that are present in the magma.

Ra;in ets ale (1965) repor‘l;ed that n}orphologically simi lar chrome-
spinels‘separated from dunite, showing the same degree of epigenetic
alterations but occurmin different parts of the mass%f hgve different
concentration of platinum group elements, the value is higher on the
periphery and lower at the cgntre. 30 as a rule in any intrusion

the peripheral magma solidifies first gnd the core part solidifies
laste Thus the periphgry represents highér temperatire of grystalli-
zation and is comparatively better representative'of the origihal
magma than the core., It appears that the first crystéllising chrome
spinel took most of the platinum group elements present in the magma

and therefore we get higher values at the margin.
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In view of the fact thabt the chromites associated with
ultramafic rocgs of different origin‘constitufe the best concen-
trator of'platinum group_elements, it was prbposed to study the _
cﬁroqite deposits of Sukindg ultrémaf%c compleg (Bagerjee, 1972) with

particular reference 1o their geochemistry and platinum group

elements concentration at least in a qualitative sense.



CHAPTER 3

THE SUKiNDA CHRbMIEEROUS ULTRAMAFIC COMPLEX

The Sukinda ulbramafic complex is located o the
nortﬁ—west of Sukinda Khas néar the*trijunction of Cuttack,
Dﬁenkanal and Keonjhar districts.of Orissa, between Saruabil
and Kalarangi {2190' — 2165' North latitude and 85945% ~ 85050"
1ongitude) as ého;nﬁin thé gublished.GeOIOgical Ma; o} Sukiéda“
area attached (Fige 3=1). It occupies a narrow, westerly -
sloping vallgy.which is'bounded to the north, east and squth by
steep hills towering upto 690 meters above the average valley
levels |
The roéks of iron QOre Series in the Sukinda region were

intrudedvby.chrdﬁite bearing ultramafites during the Eastemn

Ghat CycleVOrogeny, between 2800 -~ 3000 m.y (Sarkar, 1968);
According to Banerjee (1972) the ultramafites are about 1700
meters thick and consiéts‘of an early chrome-rich suite and a later
chrome-~poor suitee The earlier suife is now represented by talce
schists, serpentine and partly by completely silificied talc-—
tremolite rocks with tabular to lenticular chromite deposits.

The later suite was emplaced along the centrai part of the chrome~
rich ultramafites. These ére coagrse, pale apple~gzreen ortho-~
pyroxene, which are also marginally.altered into a talc~tremolite~
serpentine aggregate. The complex has been folded into a westerly

to south-westerly plunging, asymmetric, canoe-shaped syncline.
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The southern limb is exposed discontinuously and the hinge

area is exposed by mining activities, but the northern limb is
almost covered by hard pans of laterite and irregular spreads of
conglomeratic wash. The llghagiri and Daiteri hill ranges
consisting of Cherty quarizite, surrounds the valley on its
southern, northern and eastern parts. This quartzite was intruded -
by the chrome-rich ultramafic suite, neér the northern base of

the Mahagiri range at its Westefn ende The chrome poor orthopyro-
xenite is free from any post-magmatic brecciation and silicifica-.
tion except that it has marginal alterations Chatterjee and
Banerjee (1964) have given the stratigraphic disposition of the
various rock units of this area with the oldest rock at the

bottom of the Coloumn (Table 3-1).

Banerjee (1972) from his detailed studies of the area,
has reported that the country rocks for the chromiferous ultramafites
include contrasted types of metamorphic associations. HNorth of
the latitude 21°00' the country rocks include green-schist facies
quartzite and thé uitramafites occur as concordant emplacéments
or as disjointed pendants, floating in biotite-zranites. In contrast,

south of latitude 20°56', the ultramafites are distributed sporadi-

” —

cally within a granulite facies assemblage and are very small in
sizes« Banerjee has also reported that the granulite facies rocks
immediately south of latitude 20°56' mark the northern fringe of

liahanadi Valley Charnockite-Khondalite association in this area,

4
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TABLE (3-1)

Alluvium and gravel ferruginous, Chromiferous & nickelferous laterite

e s0ses0sseesssbtece vt Unconformity ®eess s BseBEs RN EILRIRGEOERISTESS

Syn-and post orogenic g Dolorite dykes and sills

Granitic Complex

Q Chrome-poor pyrozxenite and gabbros .. - ~

Barly orogenic g éﬁ?ﬂﬁf and hydrothermally altered ultramafites

Iron ore stage e Quartzites, banded heamsgtite quartzite,
metasediments &

X epidiorite etc
metavolcanics g ¢

Table (3-1) - Stratigraphic succession of Sukinda Ultramafic
Complex, after Chatterjee & Banerjee (1964).



and the green schist facies rocks north of latitude 21°00!

are the southern out-post of the iron~ore series of Biéarrand
Orissae. Thus, the ultramafic cluster of Sukinda Complex is
located near the contact between two different stratigraphic—
tectonic provinces (Banerjee, 1972). Mitra (1974) has observed
that the quartzites at the northern foothills of lMahagiri are
affected by shearings giving rise to cataclastic texture. The
chrémite grains were also deformed by the shearing movement and
this cgused cleavages in the chromite grains. These textural
features appear t0 have been developed during the upward movement
from depths where they crystallised (Nitra, 1974). PFurther, there
is no evidence of contact metamorphism in the countary rocics
therehy suggesting that the intrusion was probably a "cold intrusion”

in oo0lid state.

HMineralogy of the ultramafic rocks and their hydrothermal

derivativess:

The exposed rocks of ultranafic clan are divisible into

two categories as follows:

Pirst phase ultramafites: Petrographic studies have shown that

chromite is the only primary mineral preserved in this suite
(Banerjee, 1972)+ Different individual members of this rock suite
are composed of an aggregate of hydrothermal minerals. Following

are the rock types in this suite.



Serpentinite: This rock was found to occur sparsely in the

lower and central portion of the area. It is a green, soft and

fine grained rock with chrysotile, antigorite and montmorilio—_ﬁgpa:fwérff
nite as major minerals. Chromite is the predominant accessory

ore minéral. Hagnetite, haematite and goethite also are present

as ill-defined grains or as dust like particles.

Tremolitaésschists It is very rare and is found in small patches

(three meters in 1ength). It is a palc olive green, schistose
rock with relict layering defined by chromite rich layer. The
constituent minerals are tremolite, plagioclase, antigorite-
lizardite, sphene and fine-grained, dispersely arranged chromite,

in layers within the rock.

Talc~schist and serpentine-talc—schist: These are also rare rocks,

pale apple green to milky white in colour. They are soft=schistose

rock, composed of talc, antigorite and chromite mineralse.

Chlorite—schists These are very common, pale green to dark

brownish green, schistose rock« They have minerals like clino~
chlore, penninite and chromite which occurs as accessory mineral

having irregular outlines. Some goethite is also present.

In addition to the silicate assemblages, the major consti-
tuent rocks of first phase ultranafites are the limonitised and
silicified rocks which are the end products of complete hydro-

thermal dissolution of the ultrarafic silicates.
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Second phase ultramafite-the orthopyroxenites: They are very

well expose& as a tabular mass frém near the TISCO Grade I quarry,
north~eastwards upto Sukerangi village. They are very coarse
grained, grey to pale green pyroxenite, the marginal facies of
which is fine grained and better exposed along the southern
flank. In thin section the pyroxenites seem t0 be made up of:
Enstatite — 95 to 98% bf the total constituents.
Chromites — 2 t0 4.7% of the total constituents.
These rocks are free from silicification and limotization unlike

the first phase ultramafitese.

Chromite deposits of Sukinda areas The bulk production, at

present, comes from Saruabil Chromite Hines (SCE), Tata Iron &
Steel Co. (TISCO) lease-holds and from Xalarangi-Kaliapani and
Kathpal area of Orissa Iining Corporation (OIC). Banerjee (1972)
has subdivided the chromite deposits of Sukinda into four kinds

based on their geographical distribution.

(1) Kandracadia area (OIC lease-hold): This area lies to the
west and south-west of TISCO lease-hold, covered superficially by
hard lateritic soile. These are massive to friable chromite
deposits exposed in six quarries of ONC, arransed more or less on
the north-south trend. The ore bodies range in size from as

small as a man's head t0 100 x 5 to T meters (Banerjee, 1972).



(ii) Bhimatanagar area (TISCO lease-hold): The chromite

deposits, in this area occur in three distinct sub-parallel
stratigraphic levels. The ultranafic stratigraphy in this
sector yohngs northwards. The ore body in the lowest southern-
most level, lying close to the ultramafic-quartzite contact, are
known in this field as grey ores. They are in the form of lenses
and discontinuous sheets of grey, hard, massive and nediun
grained chromite. The upper two are bearing levels, exposed

to its north, are known as the Brown ore bands. They are essen-
tially brown to mauve, fairly soft and porous chromite-iron
6xide aggregates, occuring as discontinuous sheets and lenses

in sub-parallel levels. 7The overall trend of these ore bodies

is N65°E, and dipping almost vertically.

(iii) Sukeran~i-Saruabil-Kunardsh area (Partly SCH and partly

OMC lease-holds): The chronmite deposits in this area are exposed
in a numbexr of levels, close to one another. The most prominent
ore level is defined by the sickle shaped tabular grey and brown
ore bodicse The northern arm of this sickle shaped ore level
dips at 38° to 44° towards south, vhile the southern arm dips

T70¢ to 83¢ tOWardé north-west, giving rise to a synformal

structure. Iuch of this ore level is composed of coarse, friable

grey chronites.



(iv) The Gurjang-Kuiposi area (OﬁC lease-hold): Here the

chromite deposits are lenticular bodies, hidden beneath a mantle
of laterite and soile. The ore is brown coloured, soft and
porous. The lenticular chromi te ore bodies have an overall east-

west trend with a dip of gbout 40° towards south.

o

Based on the modes of occurrence, Banerjee (1972) nhas

clasgsified the Sukinda chromite ores as follows:

1e llassive ore: They are slmost pure chromite ore, without any

primary or hydrothermal silicates in their matrixe The aggregate

is hard and lumpye.

2. Friable ore: They are also monominerallic chromite bodies,
without any interstitial sangue nineral. They crumble to a fine
granular mass wvhen vressed between fingers even with a mild

pressure.

%+ Banded ore: They are rare ore types, showing alternate bands

of chromite~rich and silicate rich layers.

4, Spotted ore: The silicate minerals in these ores occur as

oval or rounded spots within the chromite. Locally, the friable

ore bodies are also spotted in nature.

The two types of chromite deposits namely the grey ore and
brown ore, show conspicuous differences, in mineralogy, hardness

and mode of occurrence as shown in Tahle (3-%) after Iitra (1974).

D



- 3L
35
TABLE (3-2)
Properties Brown ore gzone Grey ore zone
Colour Browun Steel grey

Physical constitution

Crystallinity

Common associates and
matrix minerals

Host environment

Proximity to mafic and
marginal intrusives

Euhedralism
Specific gravity

Chemical composition of
the chromite separatess

Constituents:
5102 %4

Cr20 %

W

S

A120 7

11g0

W

Fel
Cal
TlO2 %
zoning

R

Cell=sigze

Reflectence

Soft and friable

Coarse crystalline
(Maximum size 4 mm)

Chlorite (Kammererite),

Hard and compact

FPine to medium

Serpentine, talc

guartz, uvarovite, hydro- rarely with olivine
uvarovite (and never with and/or enstatite and

any primary mineral or
serpentine and rarely
with talc)

High glumina rocks
(Shale, chlorite-schist
etCo)

Far

>50%
3-4 - 4 [ ] 5

0.57 - 1.14

5T¢34 ~ 62.74

i

11.09 - 13.03
1197 - 14.3

12.51 = 15,59
OQO1 hand 0003
0019 had 0033

Cr & Fe increase and
fall in Mg, Al in con-
tact with Kammererite

Mean Value 8,23 1
Hean Value 13,694

rarely with chlorite
or anthophylliite

High magnesia rocks
(Serpentine talc-
schist etc.5

Nearer

< 50%
4.5 - 501

0408 = 045

54473 =~ 59.74

i

12.61 14495

11438 = 15.47

H

12420 - 15,95
0.02 - 0412
0002 hd 1030

Increase in Fe only in
contact with serpentine

Mean Value 830 ‘k
Hean Value 13,198

Table (3w2) - Comparison of characters of chromites from two
ore zone, after MHitra (1974).



Mineralogy of chromite ore and the associate gangue minerals

The chromite is the only primary mineral and all the
gangue minerals are products of hydrothermal alteration. The
grey and brown ore have contrasting association of gangie

ninerals.
Grey Ore: Thgs ore has the following mineralogy:

1. Chromite: They are steel grey to black in colour. The
graiﬁs have well developed octahedral and dodecshedral faces
even in the friable ore bodiese In poliéhed sections the ore is
made up of idiomorphic to hypidiomorphic, greyish brown chromite,

extendively cut by fracture surfacese.

2. Uvarovite: Bright green, fine grained minerals, occupying
the non-penetrative surfaces within the grey ore bodiese Under
nicroscope they occur as an aggregate without any developed
crystal faces. They are associated with only massive grey ore

and are absent both in the friable and the brown ores.

5o Chromium chlorite: This mineral is lavender coloured, flaky,

fine to coarse grained. It is colourless in thin sectione They o
oceur as fracture fillings in the chromitite seams, of both
massive and friable ores. According to Banerjee (1972), the N

Cr203 content of a purified chromium chlorite is about 1.82%.
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4, lagnetite & Haematite: In polished sections, micro-

veins of magnetite and haematite, varying in thickmess from
hair-thin flake to irregular pools traverse the chrqmite

crystals, along the fracture surfaces, in bot@ massive and ~
frigble ores. HNagnetite being greyish browm in reflected light,
are isotropic, embays into chromite and is devqid of any crystal

faces. Haematite is more abundant than magnetite and appears

bright white in reflected light.

5. Silica: The chromite ore bodies are frequently traversed

by veinlets of opaline to c;ystalline and vuggy quartz. Locally,
they engulf triangular to polygonal fragments of chromite. In
some of the joint infillings within the massive ore bodies, a
central core of vuggy quartz is lined on either sides by films

of uvarovite and chromium chlorite. This suggests siligification
varovire

post-dated all other gangue minerals.

Brown ores The brown ore bodies are composed of the following

minerals?

1e Chromites: They have the same optical properties as the grey
chromi te ore. They have more than two sets of fracture planes.
Crystals are hypidiomorphic to xenomorphic with feebly to

strongly resorbed margins, at places assuming cuneiform outlines.

2. Haepatite: They are in form of veinlets, and apvear bright

wiite and anisotropic under reflected light. They are intimately



associated with geothite and they are dominant in the lower

brown ore levels.

3. Goethites They are anisotropic under reflected light and
they occur as veinlets and pools of variable dimensions, they
embody both chromite and haematite, sometimes they show collo-
form banding.

4. Kgolinef This is soft, white and earthy in hand specimense.
They are in form of veinlets across chromite-iron oxide aggregate
or as mottled mauvewand-white goethite-kaolinite aggregate,

veining the brown ore bodies.

5¢ Ovgline and crystalline silicg: This is common as thin

ribs and anastomosing network, cutting across all other minerals.

Chemistry of chromite ores from Sukindas

Sukinda ultramafic complex, being the largest chromiferous
field in India, and on account of wide diversity in their minera-
logical, structural and petrographic characters, this area has
been studiedyin detail by many workers earligr, including Banerjee
(1961~72)y Mitra (1958-76), Chakraborty & Baidya (1978). These
studies help us in terms of understanding the nature of parental
magma and the physico-chemical conditions prevailed during its
crysta}lisation. The above two factors are particularly umseful

to decipher the origin of the chromite deposits. Some of the
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published chemical analysis are included in Tables (5~3 to
3—10) for convenience, and the present discussion (Chapter 5)

has been based on all these published data.

According to Mitra (1976) the cumulus chromites are

~often subjected to ehemigal readjustment along the grain

boundary due to chgnges in the chemistry of the magma and inter-
stitiai liquid during the process of crystallisation and segre-
gation of the ore minerals. Generally it is reflected by the »

over growths of iron-rich members of chrOmite—magnetitethgematite—
limonite series. Further he suggests that wider variabil%ty and
distinctly different phases, than the normal crystallisation

phases, are possible because of hydrothermal metaSOmatism and
weathering of the chromite. Banerjee (1972) based on his anaglytical

data, has pointed out certain important features for the Sukinda

Chromites which are as follows:

The FeZOB:FeO ratio, which is an indicator of partial
pressure of oxygen in the magma, during the course of crystalli-
sation was varying vertically and horizontally, indicating that
there was high oxygen fugacity at the earliest stages of crysta-
llisation, when the lowest grey massive ore was crystallising and
the oxygen fugacity was decreasing with the progressive crysta-

llisation, as shown in Table (3-8).



TABLE (3-3)
Constituents 1 2 3 4 5 6 7 8
Cr203 55654 55424 24T 59454 61410 60460 61,02 62461
AlZO3 572 10455 8482 12443 11456 6481 12425 9.72
Fe0 7«07 10.88 11.48 124770 13705 13468 13245 1324
FeZO3 1417 3416 T+96 147 060 515 Nil 1410
g0 16.71 16.10 144,76 1396  13.66 12438 33428 1331
Si0 0,72 3484 174 0425 0410 Tr. Tre Ol
2 ) ./,/r'fmz'/:‘.vﬂ'.f

Ca0 nade Tre Tre - Nede Nede Nede Nedes

No. 1: TISCO Grade I.. Chromite ore body i Grey and massive ores.

No. 2: TISCO Grade III.Chromite ore body §

Noe 3¢ SCH Quarry No. 5b

Noe 43 SCHM Quarry No. 4

No. 5¢ Lower brown ore, SCM Quarry No. 6.

No. 63 Grey and Friable ore, Kuiposi ore body OMC.

Noe 7s Middle brown ore, TISCO areca.

Noe. 8¢ Upper brown ore TISCO area.

Table (3—3) ~ Chemical analysis of chromite separates from

different areas, after Banerjee (1972).
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TABLE ( 3-4)
. TISCO Grade I f  SCM Quarry No. 4 Kuiposi Ore

Constituents Lower { Upper 0 Lower { Upper Lower { Upper
A1203 512 8,98 11.11 11483 6e31 8,72
Fe 0z a5 5505 16426 14440 16,57 20436 17441
total Fe

MgO & 16471 15461 1245 12,09 12423 12438
Si02 0445 0.89 3621 3400 0.13 Tr.

Table (3-4) - Partial chemical analysis data showing vertical

variation in chromite chemistry, after Banerjee (1972).



TABLE (3-5)
Elenments 1 2 3 : 4 5 6
Cr 38422 36440 12 -3 31 -38 T <29 42 - 44.29
Fe - 11,02 9.31 11 - 18 13 =21 14 - 24 20461 - 24399
Cri:Fe 304— 3.8 1 - 2 1.4- b 3 003 - 1.2 108 - 2.1
No: 1s TISCO Grade I Quarry, grey massive Ore.
Noe 2: TISCO Grade III Quarry, grey massive ore.
Noe. 3: SCM Quarry 6, lower brown ore.
Noe 42 TISCO area, middle brown ore bodies (with TISCO
borehole pillars 8F, 39F & 47F).
No. 5: TISCO area upper brown ore bodies (TISCO borehole
pillars 31F, 2F, 4F).
No. 63 OMC area, Kuiposi friable ore (borehole sample) .

Table (3-5)

~ Partial analysis of grab samples of ores from
different tevels, after Banerjee (1972).
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TABLE ( 3-6)
Oxides 1 2 3 4 5 6 T 8
SiO2 0457 1.21 0.27 0«86 0.53 1e14 0.08 0425
Cr203 62.74 58486 5845 62313 57634 59.94 59774 54 .89
Ale3 11472 12,16 15,63 11.09 13.03 12.58 12,61 14,95
MgO 12404 11,97 11443 13.10 14433 12460 11.38 1547
FeO as 12,54  15.59 13.87 12457 14,73 13,50  15.95  12.20
total Pe _
Cal 0.01 0.02 0.01 0.02 0.03 0,03 0.02 Oe12
TiO2 0.21 0.19 0e33 0s23 0.02 0.21 0422 130
Noe 12 Brown ore from Quarry Noe. 4 of SC¥. Coarse euhedral chromite with
lattice matrix chlorite, limonite & geothite.
Hos 23 Brown ore from Quarry No. 5 of SCH-coarse euhedral chromite with
lattice matrix chlorite, limonite & geothite.
No. 3¢ Coarsest grain of chromite (1 cm. across) in the brown ore zone
near Sukerangi village, matrix composed of limonite & geothite
with chlorite.
Noe. 4t Contains highly decomposed and limonitised ore with isolated
small rounded grains of chromite, from SCHM Quarry No. 3B.
No. 58 Browm ore collected from a matrix of talc & silica.
No. 6; Brown ore collected from Quarry No. 6 of SCHM.
Nos. 73 Grey ore, collected from near Bhimtanagar village, associated
with serpentine.
No. 8: Grey ore collected from foothills of the Mahagiri in the south

of Marmabil, associated with spots of spheralitic autophyllite.

Table (3-6) ~ Geochemical analysis of Sukinda chromites,
after Mitra (1976).



TABLE (3=7)

Sample o« Q. 1 g Sample Noe Qe 2

Oxides X Sanple No. FA-Q. 4
810, 0452 0452 0490
a1,0, 10.88 12459 11.23
Cr,0 58495 57400 56 486
Fe 0 0 +05 0.08 0407
140, 0.28 0624 0428
Fe0 12435 12.88 11.82
Mg0 14450 13,76 14448
MnO 0e17 0417 0.16
NiO 0.11 0e13 0.09
Ca0 0467 9.23 0.88
(¥a 0 +K0) 0,23 0427 0419
H,0 (fr?e & 0.96 1.04 330
comblned)
Total 89.67 99 .91 100.26

Table (3~7) - Chemical composition of Kathpal chromites
of the Sukinda chromi tes belt, after

Chakraborty & Baidya (1978).



TABLE (3-8)

Ore levels g Fe203 A g FeZOB:FeO
Upper brown ore 1,10 ' 0.083
Upper friable ore (Kuiposi) 515 0379
Lower brown ore 0460 0.043
Lower friable ore (SCH) 1647 = 7496 04115 = 04693
Grey massive ore 3016 =14417 04290 = 2,00

Pable (3=8) = Variation of Fezoj% and Fe203:FeO ratio
' in the Sukinda chromites, after Banerjee (1972).



TABLE (3-9)

Ore levels

Mg0/Fe0

Upper brown ore
Middle brown ore
Upper friable ore
iower brown ore

Lower friable ore

Lowest grey & massive ore

1

1

0.905

1.04

110 - 1426

1448 ~ 2.36

Table (3-9) = Variation of MgO/Fe0 for .
different ore levels in Sukinda,
after Banerjee (1972).



TABLE (3-10)

: A1 O - 0 1.0 )%

Ore levels Cr203 A 275 g (Cr2 3 + A 5 B)ﬁ

Upper brown ore 6ed 72453

Middle brown ore 449 T3 27

Upper friable ore . 8.9 67441

Lower brown ore 53 T2.66

Lower friable ore 448 = 6,2 63659 =~ T1.91

Grey massive ore 502 = 947 61.26 - 65479
Table {3-10) = Table showing increase in (Cr203 + A1203)

of the total R203 for different ore levels,

after Banerjee (1972).



Te MgO/FeO ratio, which could be considered as an
index of progressive crystallisation;bshow a fairly steady trend
of variation from the lowgst to the_highest ore levels as shown
in Table (3=9). This variation is i# accordance with the theo-
retical exvectations of early chromite being richer in Mg0 than
the fractions crystallising later from the same melt. The
A1203 s Mg0 ratio, was found to show no syst§matic variation. The
CrZO3 and AlZO3 content of gangue-free chromite do not show any
apparent relationship, as reported elsewhere (Thayer, 1964). But
in Sukinda the (Cr293 + 41203) in chromites increases towards
stratigraphically higher levels, as shown in Tgble (3-10) .
The erraticity in Cr O3 : A1203 values, according to Banerjee (1972)
is reflection of varying FPe-oxidation con@itions during the crysta-
llisation of chromite, a reciprocal relation between Cr203 and
Ale3 is marked by agccommodation of varying quantity of FeZO3
in the total 3203 group.

To sum up, the chemical characteristics of the chromite ore

bodies, except for decreasing lig0sFe0 ratio towards upper strati-
AL ?7(74( 7(((/

graphic ore levels, (do not show either any unif ormity or any
progressive lateral or vertical variation which are characteristics
of stratiform complex. Mitra (1973) based on his studies on the

olivine separates, suggested alpine peridotite source, as no



fayalite-rich (Fe rich olivine) fractionates are present
in this area and the high forsterite content in early settled
olivines indicates an alpine peridotite source. Also Banerjee

(1972) from his detailed studies suggested alpine tyve orogeny

for the origin of Sukinda ultramafic complexe.



CHAPTER 4

The field work for the presenf study was carrieq out_
in July 1978 when ore samples were collected from working pits
andbother exposed chromite bandse The sample locations are
shown in the map (Fig. %=1). Care was taken inwsele?ting the
samples s0 that they represent the entire chromite field of

Sukinda. The localities from where the samples were taken are

given in Table (4-1).

The samples were first prepared for the chemical analysis.
As we were interested in getting p?re chromite grains for the
chemical aéélysis, mineral separgtion was carried out by elemina—~
ting other minerals associated with ﬁhe chromi te ore. The
separation was a very rigorous and time consuming taske it was
done as follows by different methods, at different stages, to get
the purity of the ore to the extent of :>95%, as indicated by

the'x-ray diffractograme.

Comminution or size reduction: The first step taken was

comminution. About 100 gms of representative samples were téken

and were crushed. They were sieved into four different sizes:

i) -60 + 72 mesh
ii) ~72 + 86 mesh
iii) ~86 + 100 mesh
iv) ~100 + 200 mesh.

The comminution was done to separate the interlocking

nminerals associated with chromite crystalse



TABLE (4-1)

Serial No. § Sample No. 3 Localities
01 05 Kalipani, Quarry No. 1
02 o7 Sukerangi Chromite Mine, Quarry No. ¥
03 08 TISCO Grade 3 Quarry
04 19 Kathpal, Quarry No. 4
05 22 Kathpal, Quarry No. G
06 23 Kathpal, Quarry No. B
o7 35 TISCO, G?ade 1 Quarxry
08 37 Kalarangi, Quarry Ho. P
09 %8 ' Kalarangi, Quarry Noe D
10 39 Kalarangi, Quarry No. B
11 44 Saruab;l Chromite Mines, Quarry No. 4
12 47 Saruabil Chromite llines, Quarry Fo. 1

Table (4-1) -

Sample locations for the present study
on Sukinda chromite belt.
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Hegvy liquids separation: It was based on the density

differences, in it the den§ity of'the used liquid is sgch"
that the wanted minerals either sink or float in the liquid
whilg the unwanted minerals behave in the reverse manner. The
possible associated minerals with the chromite oOre are given

in Table (4-2).

Taking into consideration, the specific gravity of the
chromite ore and the possible associated minerals, three heavy
liquids were used (Table 4-3), one after the other with

increasing densities.

After treating with the Clerici's solution the separated
ore was washed with hot water and acetone and was dried under

infra-red lamps.

Magnetic separation: The dried samples were further purified by

magnetic separation. For this, a hand magnet was used to get rid

of any magnetite associated with the ore samples.

Microscopic¢ separation: The final purification of the ore samples
was done by hand picking under a binocu%ar microscope so that the
fraction obtained was almost pure chromites Thg confirmation of
the purity, of the ore samples, was done by taking an x~ray
diffractograme Only chromite peaks were present in the diffracto-
gram (Table 4=-4). This confirmed the purity of the separated

ore to be >95%.



TABLE (4-2)
Minerals : g Specific gravity
Serpentine 2,6
Olivine (Forsteritic) : %62
Svhene Se54
Uvarovite ‘ - 3643
Chlorite 265 - 2.94
Hagnetite-Haematite : 5618
Chromite 45 = 448"

Table (4—2) — Possible minerals associated
with the chromite samples of
Sukinda chromite belt.



TABLE (4~-3)

Heavy liquids g Densities (in gn/nl at 20°¢)
Bromoform 2.89

MeThylene iodide

(de-iodomethene) 3e325

Clerici's solution 4428

Table (4=3) - The three heavy liquids.used to

separate the pure chromite.



TABLE (4-4)

Gt
Lt

Sample 44/ =72 } Sample 44/ ~86 d values for chromites from
d values § d values ASTH cards.mbss
0 § 4-0759 8 340873

4.7663 4.8176 4.83 4682
3.0153 249284 2495 2495
244926 245060 2451 2452
243800 263779 2408 240
2.0741 2.0696 1.91 2,07
1.6879 1.8954 1.71 1.69
145963 1.6924 1.61 160
14576 145963 1.49 1446
1.4000 1.4596 1.33 1440
12624 13992 1.28 143
141946 142653 1.21 1.26
1.1575 12483 117 1420
"1.1060 141946 1.12 1.16
1.0771 1.120 1.08 1.11
0.95634 10771 1.05 1.10
0492529 1.0347 04965 1.04

- 049555 0.933 0.979

0494908 04873 04960

049255 : 0.854 0,931

0,9085 _ 04873

0.9060 0.850

08780 0815

0.86758 04805

Table (4=4) ~ d Values for the chromite peaks in sample 44
(originally ground to =72 and -86 mesh) as
shown by the x=ray diffractogram, and d values
for chromites from ASTM card numbers 4-0759
and 3-0873.
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Chemical analysis: The chromite samples were analysed

chemically as follows:

Determination of chromium in the chromite ore samples:

The. powdered chromite ore (=100 mesh) which is highly
refractory was taken in a nickel crucible and was brought into
solution by fusion with excess of sodium peroxide with the

following reaction:

2Fe(Cr02) + T Na —_— 2 NaFeO2 + 4 Nazcro + 2 NaZO.

222 4
Then upon leaching the melt with water, the sodium chromate

got dissolved and the iron was precipitated as ferric hydroxide.

il

Na Fed, + 2 H,0 = NaOH + Fe (OH)3

2

2 NaZO + 2 HZO

The excess of peroxide was decomposed by boiling the alkaline

4 lNaOH

solut%on. The precipitate was filtered off after diluting the
sojution and the filtrate was acidified with HCl. A known volume
of excess fer:ous ammonium sulphate solution (50 ml of O.1 N-
ferrous ammonium su}phate) was added, and the excess of ferrous

salt was titrated with standard dichromate solution:

Dowm o+ o
2 CrO4 +2H fmm—— Cr207 + H20
2 - 3
CrZO7 + 6 FeoF + 14 8" -_-_— 2 crt 46 Fe’t + 7 H0.
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Procedurg: 0e5 gm of sample powder was taken in a nickel
crucibley, 4 gm of sodium peroxide was added to it and was mixed
thoroughly by means of a thin glass rode This thin glass rod was
later stirred in 1 gm sodium peroxide, to remove any ore powder
adﬁering to the rode This was also transferred {to the crucible.
The crucible was covered by the nickel 1lid and was heaﬁed-over

2 small flame, for ten minutes to get the mass quite liquid, it
was heated fo: another ten minutes at a dull red heats It was
kept for cooling and a solid crust was formed. 4 gms of sodium
peroxide was again added and the nmixture was fused at cherry-red
heat for ten minutes. The crucible was kept for cooling and then
was placed in a 1000 ml beaker containing a little distilled
water. The beaker was covered by a glass cover and a little warm
water was added to the crucible and a violent action in the crucible
was observed. The set up was left overnight for complete disso-
lution of the fused mass. The crucible was removed after washing
it thoroughly, collecting the washing in the same beaker. The
liquid was boild for 30 minutes, keeping the beaker covered, to
decompose the excess sodium peroxide. 250 ml of boiling water
was added to0 the boiling solution, and the precipitate was allowed
to settle. Thi§ was filtered through millipore filter paper and
the residue was washed thoroughly with boiling water, until it
was free from chromate (indicated by colourless distilled water

passing through the filter paper). The residue was checked for



complete solubility in concentrated HCl and no black gfitty
particles remained, indicating complete decomposition. The
filterate was evaporated to about 200 ml, then was cooled and

9 N-sulphuric acid was added to make it acidic. It was cooled
and transfered to a 250 ml measuring flgsk, and made upto the
mark with distilled watere. It”was shaken very well and 50 ml

of this solution was removed with a pipette to a 250 ml beaker.
50 rl of 0.1 H~-ferrous ammonium sulphate solution, 5 ml of syrup
phosphoric acid and Oe4 ml of ;odium diphenylamine sulphonate
indicator were added and was diluted to 200 ml. This solution
was titrated with standard Oe1 H-potassium di?hromate until the
green colour changed to violet=blues. Three titrations were done
for egch sample, and the mean value was taken. ?he ferrous
ammonium sulphate solution was'standardised_by titration with
the 041 N-potassium dichromate and sodium diphenylamine sulpho-
nate was used as indicator. The volume of ?he ferrous solution
was calculated, which was oxidised by the dichromate originating
from the chromite and from this the percentage of chromium in the

original ore was calculated.

1 ol ¥-Pe2t = 1 ml H-K, Cr.0., = 0.025%4 gr Cr.0

5 Cr,0, 05 = 0.01734 gr Cre

From this chromium value of Cr. O, percentage was calculated for

2°3
each sample (Table 4—5).

-~
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Determination of Mg0, Fel & A1205 in chromite ore samples:

The chromite ore was made into solution by H2304 and
HClO4 and chromium was removed by volatilization of CrOZClZ.
The SiO2 was separated and all insoluble oxides were recovered

from it. After a double RZOB separation, iron was separated with
sodium hydroxide and aluminium with 5% oxine solution and 40%
ammonium acetate solution to get il (09H60N)3, from this Al0,

in the samples were calculated.

Procedure: 1 gm of sample powder was taken idto a 250 ml beaker
and 50 ml of H,S0, (1:4), 5 gn of (Nﬂ4)2 S0, and 20 ml of HC1 0,
were added to ite The beaker was covered by a watch glass and

was heated gently till fumes of HCl0, started evolving freely and

4
the chromium was oxidized to chromic acide The watch~glass was
removed. With continuous heating, chromium was volatilized as
CIQZCI2 by adding small portion Qf NaCl. The Cr02Cl2 gave dense
brownish very pungent fumes and it continued till all.the chromium
was volatilized. It was cooled to some extent and 75 ml of water
was added and the solution was boiled for 10 minutes. It was
filtered on 11 con filter.paper containing a little paper pulp and
the filirate was caught in a 500 ml beakers This was washed
thoroughly with hot water. The paper was ignited in g plat;num

crucible at a dull red heat till the carbon had burnt off completely.

It was cooled and 5 ml of HF, 2 ml of HNO3 and 0.5 ml of H2804 (1;1)



was added. The solution was evaporated to dryness to volati-
lize the silica and other insoluble oxidess The residue was

fused with 1.5 gn of NaZSzO7 and after cooling, it was dissolved

in 25 ml of hot HC1 (1:9) and was added to the filtrate by washing

the platinum crucible, after filtering it.

FZO3 separation: 5 g of NH4Cl was added and the solution was

heated just to boiling. A very faint excess of diluted NH,OH (1:2)
was added and it was heated again to boiling for 1 minute and 30
seconds. The precipitate was allowed to settle, it was filtered
on 11 cm peper containing a little paper pulp, and was wgshed 10
times with hot NE,C1 solution (20 gm/liter neutralized with HH4OH).
The paper and“precipitate was returned to the original beaker and
was treated wi?h 50 m1l of HC1 (1:4). It was heated to boi}ing

and was then diluted to 100 ml swith hot water, and it was preci-
pitated again with NH4OH, again filtered it and washed thoroughly
with MH Cl solutions The two filtrates were combined for the

4
determination of magnesium oxide.

Mgl determination: The filtrate was acidified with HCI1 and then

was evaporated to a volume approxzimately 250 ml, it was cooled to
15°C. SO nl of diammonium phosphate solution (100 gm/liter) vas

ad&ed to it and NH4OH was added slowly with vigorous stirring till
the solution was ammonical and a crystalline precipitate appeared.

An excess of 25 ml of NH40H was added and the liquid was stirred



thoroughly and finally was cooled to room temperature. It
was allowed to stand overnight. It was filtered on an 11 cm
filter paper containing a little paper pulp and was washed

thoroughly by decantation with cold NH,OH (2:98). 25 ml of

4
HCL (1:1) was poured through the filter, and was collected in

the original beaker containing the bulk of precipitate. The

filter paper was washed thoroughly with hot HC1l (5:9). It was
diluted to a volume of 150 ml with cold water and was cooled to

room temperatures 3 ml of diammonium phosphate solution was

added and at room temperature, NH40H was added slowly and crystalline'
precipitate ?ppeared againe It was filtered and then was washed
thoroughly w%th cold HE QH (2:98) and th?n twice with“a cold

4

I~IH4NO.5 solution (50 em/liter). The precipitate ahd filter paper

was ignited in a weighed platinum crucible at a dull red heat
t1il1ll the carbon had burnt and finally %o constant weight (approx.
%0 minutes), then was kept in the desiccator for 30 minutes and

vas then weighed as MgZP O~ + Ca3 (P04)2 + MnPZO The Mg0%

277
(rable 4-5) was calculated as followss

7‘

Mg0% = A x 043622
B

Weight of g

»*
£ 07

Weight of ore samplese.

where A

I

B

*Assuming the amount of Ca(PO + Mn, P, O. was negligible.

4)2 27277



Determination of total Iron in the form ©f FeO:

The NH,OH precipitate in the filter paper was returned

4
to the original beaker by dissolving the precipitate with HCL

and was thoroughly washed by HC1 (1:2). ‘Iron was precipitated

by NaOH saturated solution and the precipitate was allowed to
settle down. It was filtered and wgshed thorough%y? the filterate
beipg r?served for A1205 determingtion. The precipitate was
again_dissolved by HCl and was washed thoroughly Ca?c§ing the
solut%on into a 500 ml ?eaker. it was heated to boiling and

then iron was reduced with SnCl2 solution (50 gm/liter of HCL),

2 drops in excess was addeds It was cooled t0 £ 20°C, 10 ml of

saturated HgCl, solution was added and was sitirred well. It was

2
then allowed to stand for_2 minutes, then diluted to 200 ml with
cold water, 5 ml of H,P0,, and 10 ml of H,S0, (1:1)« A few drops
of sodium diphanylamine sulphonate indicator was added and was
titrated with O.1--NK20r207 to a purple emd point. FeO percentages
(Total Iron) for each samples were calculated as:

FeO% = A x 04007185 =x 100
B

where A = ml of O.1-N KZCrZO7

B = Weight of samples in gms.
Separate FeO and Fe203 concegtrations in the ore samplesvwere
recalculated from the total iron (as FeQ calculated earlier), on
?he basis of spinel stoichiometry, ie.ee, on the basis of 32 oxygen
in thg structure. The FeO and Fe203 percentages for the samples

are given in Table (4-=5).
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A1203 determination: Few drops of methyl red indicator was

added to the filtrate from NaOH and this was neutralized with

HC1 (4:1) %o the colour change of methyl red indicator and then

4 ml excess of HC1 (1:1) was addede. The“volume was brought to
about 200 ml, & ml of 50% hydroxyl ammonium ;hloride solution and
3 ml of 1% O-phenanthroline solution in 1:1 acetic acid was added,
to make complex of any residual fron. 20 nl of 5% oxine solution
in dilute acetic acid (1:8) followed by 4Q ml of 40% ammoniuﬁ
acetate solution was added slowly with stirring. It was heated
tb T09C for iO minutes and t%en coo}ed for BQ minutes, the preci~-
pitat; was collected on a weighed sintered with wa?er. It was
dried at 135°C to complete dryness, then was kept in é desicator
for 30 minutes and weighed as Al(CgH6ON)3. The Aleé% (Table 4-5)

was calculated from it as follows:

Al(c9H60N)3 = a gms

or 27(108 + 6 + 16 + 14)3 = a gn or 459 = a gns
and 102

= ¢222 / *,* Al 05 =54 + 48 = 102

459 2

.', 1 gm samples contéin a gm Al(09H60H)3
e o agn Al(C9H60H)3 has a x 222 gn A1203,
% = a X «+222 x 100.

Different elements concentrations (Table 4~6) in the chromite ore

samples were calculated from the values of different oxides

(Table 4=5), on the basis of spinel stoichiometrye.



TABLE (4-5)

Sample No. § Mg0% | PFeOd cr 0,% § a1.0.% | Fe 0.%) Total
J i 8 2’3 g A R

05 14434 9491 63409 11476 - 99.12
o7 16475 8434 59403 14,02 1.14  99.28
08 20425 2430 52462 15416 8447 98480
19 17493 5465 56492 12,05 656 99411
22 14.48 11,76 62450 11431 0416  100.21
23 16452 Te39 57409 9499 8e41  99.40
35 1713 Te5T 62,07 10471 5463 101411
37 17415 7487 63.85 10.46 2.61  101.74
38 15471 7.83 62473 1137 1.58  98.82
39 17.97 5¢48 - 61432 10.61 3014 98.52
44 16.31 8454 64461 8491 2,38 100475
47 17403 Te32 62408 9445 4496 100.84

Table (4=5) - Chemical analyses results for the present

study on Sukinda Chromife ore samples.



TABLE (4-6)

Sample Wo.} Hg

2+

g re?* § qotal or § ot g w’t g Feot | rotal of
g 0 Bi?alent d 8 Tfi?alent
) 0 § doms 0 ions
07 642536 147464 80000 11,5752 4.,0984  0,2392 15,9128
08 745216 0.4784 8.0000 1042632 4.4096  1.7664 16,4392
19 6.8000  1.2000 8,0000 11,3376 3.5748  1.3976  16.3136
22 5.4952 25048 8.0000 12,4568  3.3608 040336  15.8512
23 643952  1.6048 8,0000 11,6016 3.0624  1.8280 1644920
35 644096  1.5904 8.,0000 12,1976  3.1376  0.7616 16,0968
37 643629  1.6376 8.0000 12,4400  3.0384  0.5448  16.0232
38 5.9528  2.0472 840000 12,4048 3.3728  0.0920 15,8696
39 6.8304  1.1696 8.0000 12,2384 341592 046696 16,0672
44 641824  1.8176 8,0000 12.8608  2.6448  0.5056 16,0112
47 644464  1,5536  8.0000 1203416 2,8008  1.0544  16.1968

Table (4-6) - Concentration of different elements in the chromite

ore samples from Sukinda.
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Petrogravhy of chromite samples

The pqlished section of ore semples were studied under
reflected ligﬂt to observe the texture Qf the ore so that
chemistry of the ores can be discussed in terms of their textural
features. Also the microscopic study was done veryvcarefqlly
to see whether any platinoid minerals or any other inclusion is
present within chromite grains, as platinoid minerals geperally
occur as inclusion in chromite grains or between the grain
boundaries of thé chrome spinels (Crocket et. als, 1976)e The

description of different samples are as followss

Sample 053 )
Handspecimen: The ore is greyishw-brown. It iSMCOarse‘gra%ned
and some medium grained crystals are a%so associated with it.

The admixture of coarse apd medium grained chromites was oObserved

in small handspecimen indicating uniform heterogenety in grain

size. ,

Polished section (Fig. 4-1)s anrse grained ore with well-
developed cleavages or deformation planes. Very highly fractured.
No inclusion was seene It is a pure chromite ore. Crystal facés

not very well developed or they are-haying corroded grain boundaries.
The crystals are showing pull-apart texture, tyvically shown by
rodiform chromites because of tensional stress. Serpentine minerals
are filling the irreéularly developed fractures within chromite
grainse The grain boundaries are touching each other with no or

very little cementing materials.



Figs (4~1): Chromite grain showing well developed
cleavages. .Serpentine (black coloured)
filling up irregular fractures of pull-
epart texture (Reflected light Mag. x 100).

Fige (4-2): Chromite ore showing cumulus texture.
The bigger grains have well developed
faces and the smaller grains are rounded
or coroded with very small amount of

silicate matrix (Reflected light Mag. x 50).
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Sample O7:

Handspecimen: It is massive, very coarse grained hard ore,

blackish to brown in colour.

Polished section (Fig. 4-2): The ore is crystal%ine. ?he

polished section shows typical cumulus texture witg medium to

coarse grained chromite crystals settled in a matrix of silicate
minerals. The cozrse graiﬁed chromite crystals %ave well developed
faces, but the edges for both the comrse and medium grained crystals
are rounded or corroded. The crystal boundaries are separated

by small emount of matrix material.

Sample 083
Handspecimen: This ig hard, lumpy ore. Grey in coloure. It has

bands of green coloured minerals, probably serpentine.

Polished section (Fig. 4~3): Coarse grained ore with typigal

cumulus texture consisting of euhedral chromite crystals with good
amount of silicate matrixe Some of the chromite grains are very
coarse grained while most of them are medium to fine grained, with
less developed faces and more corroded edges, as compared to the
coarse grained chromite crystalse The chromite is showing bright
fringing zones or solutiong, probably developed due to differentiation

during the cyystallisation.

Sample 19:
Handspecimen: This is grey coloured ore from Kathpal area. It

is a fine grained and very hard oree.



Fige (4-3): Typical cumulus texture with good amount
of silicate matrix between the chromite
grains (Reflected light Mag. x 100).

Fig. (4-4): Chromite gréins showing pulleapart texture.
Fractures filled with silicates (dark
coloured) matrix (Reflected light Mage x 50).
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Polished section (Fige. 4-4): Medium to fine grained with
subhedral to euhedral grains of chrpmite. The ore exhibits

pull gpart texture. The chromiﬁe grains have exsolution lamellae
of a phase which has somewhat higher reflectivity. The cementing

material is present in large amount between the crystalse

Sample 223

Handspecimen: This is grey ore with medium to fine grained
chromite crystals. It is almost pure chromite ore with very little

admixture.

Polished section (Fig. 4~5)s Coarse to‘medium grained chromitesz
with well developed crystal fﬁces apd with lamellae which are bright
green in colour. Some cementing material is.present between the
chromite crystalse. The chromite grains, especially the bigger

ones show pull-apart ftexture.

Sample 23:

Handspeciment: This is a banded ore from Kathpal ultramafic bodye.
The banding is very distincte. The chromite is grey coloured and
the bands are of serpentine, which appears light greenish in

colocure

Polished section (Fig. 4-6)3 Banding and cumulate texture were
observed in this sample. The section shows chromite grains of two
different sizes - a larger, euhedral grains with well developed

crystalsfaces and a smaller rounded graine.



Fige (4~5): Larger crystals showing well developed
faces and irregular fractures filled
with silicates (dark coloured) matrix

(Reflected light Mage x 50).

Fige. (4~6): Chromite ore showing typical cumilus
textures The larger grains have well
developed faces and the smaller grains

are rounded (Reflected light Mage x 100).
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Handspecimen: This is grey coloured ore from TISCO grade 1
Ouarry. The chromite grains are of coarse to medium size. The

ore is well banded with serpentines

Polished section (Fig. 4~7): The ore is coarse grained with
grains having subjedrally developed facese. The grain bounda?ies
are marked by the_presence of small amounts of silicate matrixe
Some grains exhibit fractures. This is irregularly spotted ore

with serpentine and gpproaches the cumulus texture to some extent.

Sample 37:

fandspecimen: This is greyish ore from Kalarangi Quarry F. The

ore is coarse to0 medium grained, friable ore.

Polished section (Fig. 4-8): This is a massive, coarse grained

ores The chromite grains are in mutual contact without any silicate
matrixe Some small crystals are also present between the bigger
crystals. The crystals faces are irregular to rounded. Very

bright exsolution lamellae are present with developed faces within

the chromite grainse

Sample 78:
iandspecimen: This is a very fine grained brown, friable ore from

{alarangi Quarry No. D.

>0lished section (Fig. 4=9): The ore is fine grained with some

oigger grains which are surrounded by very small grains. Some of

N



Fige (4=7): Chromite ore with varying sizes of
chromite grains with small amount of
silicate matrix (Reflected light Mage x 50).

Fig. (4-8): Coarse grained massive chromite ore.
Chromite grains are in mutual contact
without any silicate matrix. Chromite
grains showing weakly developed irre-

gular fractures (Reflected light Mag. x 50).
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the grains show well developed faces with pull-apart
texture in the chromite grains. The chromite grains show
bright inclusions. 7% < .

Sample 39:

Handspecimen: This is fine to medium grained spotteldore. The
spotted appearance is due to the presence of serpentine clotse.

The chromite ore is grey in colour and is a hard ore.

Polished section (Fig. 4-10): This section shows the pull-apart
texture very clgarly. Almost the whole chromite ore is f?actured
and is filled with serpentine mineral. The silicate matrix is
very little in amounte. The grains_are shattered so badly that

the grain outline is difficult to fdentify, under the microscope.

Sample 44:
Handspecimen: This is coarse grained ore from Saruabil chromite

Iines. fThe ore is greyish in colour and is friable.

Polished section (Fige 4=11): Coarse grained ore with well
developed faces. The grain boundaries touching each other with
very little cement materials. The grains show well developed
cleavages. The chromite crystals have inclusions which show

irregular faces and are brighter than the chromite crystals.,

Sanple 47:
Handspecimen: The ore sample is brown coloured from Sarubil

chromite Mines. The ore is coarse grained and is very friable,

.““
e



Fig. (4-9): Chromite ore showing cumulus texture
with some well faceted grains showing
cleavages and irregular fractures
(Reflected light Mag. x 100).

Fige (4—10): Typical pull-apart texture shown by
chromite ore. Chromite graims showing
two sets of deformation planes
(Reflected light Mag. x 100).
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Polished section (Fig. 4-12): The section shows coarse and
subhiedral grains of chromite, which are in mutual contact. The

. /
chromite grains show some Tregular bright pands.

The relationship of the texture with the chromite chemistry
and the petrogenesis on the basis of the texture and chemistry

will be discussed in Chapter 5.

Y

Emission spectrographic analysis: The spectrographic analysis

of the samples were done at the Defence Metallurgical Research
Laboratory, Hyderabad, to study the platinum group elements

guaglitatively.

Princinles When certain metals are introduced as salts into the

Bunsen flame, characteristic colours are produced. This procedure
has long been used for detecting elements guglitatively. By
extending and amplifying the principles inherent in the qualitative
flame test, analytical applications of emission spéctrography have
been developed. 'Thus more powerful methods of excitation, such

as electric spart or electric arc, are used, and the spectira are
three_kinds of emission spectra: Continuous spectra, band spectra

and line speétra. The continuous spectra are emitted by incandescent
sclids, and sharply defined lines are absent. The band spectra
consists of groups of lines that come closer and closer together

as they approach a limit, the bands are formed, they are caused

by excited molecules. Line spectra consists of definite, usually



Fige (4~11): Very coarse grained oree. Chromite
grains showing well developed cleavages
(Reflected light Mage x 50).

Fig. (4-12): Massive ore with chromite grains
showing mutual contact (Reflected
light Mage x 50).
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ﬁidely and seemingly irregularly spaced lines« These are
characteristic of atoms or ions whiph have been excited and emit
their energy in the form of light of definite wave lengths. The
lines in the srectra froﬁ any element always occur in the same
position relative to each other. When sufficient amqunts of
several elements are present in the source of radiation each
enits its characteristic spectrum, this is.the basis for quali-

tative analysis by spectrochemical methods.

Procedure: The chromite samples were mixed with an equal
et N .

volune of graphite powder. This mixture was taken in g depression,
by a pointed counter electrode. For each samples 6 amp DC Arc

vas employed for 60 seconds. Later the lines recorded on the
spectrograph were compared with the standard photographs for the

gualitative detection of Pt, Pd, Os, Ir. After comparing these

lines, it appeared that, either these elements are below the

n:¢ &((r§$

detection limit or i?ey are not at all preseﬁﬁ)in the ore samples, okl

as no sensitive lines for these elements were recorded. Attempts
to detect platinum group elements usging atomic absorption spectro-

photometer at the same laboratory were not successful.



CHAPTER 5

DISCUSSION

In the present study, the discussion on the nature and
origin of chromite deposits of Sukinda is based on the published
information of the earlier studieé and on the present observations.
As mentioned before, the two kinds of chromiterdeposits were
distinguished on the basis of their: (1) associated host rocks,

(2) mode of occurrences, (3) texture and (4) on their geochemistry.

(1) Associated host rocks: The host rocks for the chromite deposits -
of Bukinda are typically weathered, extensively sil%cified”and
limonitised peridotites. The relict patches of silicate—rich
peridotites is almost negligible as compared to the silicified~
.limonitised massese No primary mineral excep? chromite is preserwed
in this suite of rocks. The original per%dotite has been meta -
norphosed to serpentinites, tremo}ite—schist, talc—schist, serpen-
tine~talc-schist and chlorite sqhist. In the middle of the

altered ultramafic rocks there is'a band of orthopyroxenite which
shows little alteration. It appears thgt this orthOpyroxenite is

a transitional rock between the peridotite of Sukinda area and
gabbroic rock of Bhuban-Godachap area, as has been sugrested by
Thayer (1960) that the alpine peridotite may grade into gabbro or
norites through either of the two intermediate facies,troctolite

and olivine~gabbro or pyroxenites The country rocks show effects

of shearing giving rise to cataclastic textures For example, the



Mahagiri quartzite shows cataclastic texture. Chromites in
some ores also show deformation cleavages (Figs. 4-1, 4-10 &
4-11). There is no record of any contact metamorphism on the
country rock (Mfitra, 1974). There is no clear di?feréntiation
pattern shown by the associated gltramafic rocks in terms of
their chemistrye. These observations suggest that the Sukinda

uliramafic complex was probably an alpine type.

(2) Mode of occurrence: The chroQite deposits of Sukinda occur
in the form of lenses of varying dimensions. For exanple within
the granulite tract, around Maulabhanj Parbat, the chromiferous
ultranafites are very small, about 5 to 20 meters in length.

Near Bhuasuni Parpat peak the ultramafic body is ovoidal in plan
and measures approximately 200 m x 60 m and in them there are

2 to 3 m long ;nd 1 to 2 meters wide layers of chromite (Banerjee,
1972) . 1In Spkinda Khas area the chromite deposits vary widely

in shape and pers;stance, from lenticular masses, measuring 20 me
The grey and massive ore bodies vary in size between 20 x 10 m to
640 x 20 m, the grey and friable bodies vary between 540 x 05

to 1 m to 1290 x 9 to 13 m, and the brown ore bodies measure from
80 x 10 m t0 930 z 32 n in plan (Banerjee, 1971). Thus the
reported mode of occurrence strongly suggests that the Sukinda
chromite deposits are similar to podiform chromite deposits which

generally occur as tabular or lensoidal bodies with varying sizes.

A
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(7) Textures; Sukinda chromite ezhibits two main types of
textures. These are typical cumulate texture (Figs{ 42, 4~3 &
4-6), where chromite crystals are settled in a matrixz of
silicates, and masgive or granular texture (Figse 4-1, 4-8,

410, 4-11 & 4-12). 4 third variety of texture is between the
massive and cumulate texture but with well developed crystal
faces (Figs. 4=4, 4-5, 4=T & 4=9). Ve get typical pull-apart
texture in the massive or granular ore as shown in Figures (4-10 &
4=1) and in the well crystallised samples (Figs. 4=9, 4-5 & 4-4).
In the cumulate texture we get both euhedral and rounded grains
with silicate minerals forming the matrixe In the ?assive ore
the samples are very coarse grained and the matr%x is very small
in amount‘between the crystal boundaries. Thus in the%r textural
characteristics also Sukinda chromite deposits are §imilar to
Podiform chromites which are typically associated with alpine-

type ultramafic bodies.

(4) Geochemistry: In order to understand the geochemical nature

of Sukinda chromites, the present chemical data as well as those
of Banerjee's (1972) are discussed here in the light of recent
developments in the geochemistry of chromite deposits. Figure
(5-1) shows that all the chromite analyses from Sukinda area are
restricted to the aluminimn chromite region of Steven's classifiw-

cation of the spinel group (Steven's, 1946)« Podiform chromites
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Fig. (5-1):

Variation of Cr O”, Al 0 and F9203 (in mol.

per cent of total R.O ) 1n chromite ore samples

2°3
from Sukinda. Black dots = Present study and

Orange dots = Banerjee's (1972) data.
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are generally believed to be zluminian chromites in terms

of their 3203 distribution, :whereas the stratiform chromite

plots in the region of aluminian chromite, ferrian chromite,

chromian spinel and ferrian spinel regions of the Steven's

»

spinel group classification diagram (Thayer, 1964). All the
samples are very poor in Fe203 (5 mol. % in total RZOB) around

78 mol. % of Cr,0, and 20 mol. % of A1203

Thayer reported that in podiform chromite deposits, CrZO3

content varies between 70 and 80 mol. %, Alzo3 between 15 and

of the_total R203.

25 mol. % and Fe203 between 5 and 8 mol. % of the total R203
( Thayer, 19§4). Chemical analyses reported by Banerjee (197?)

for the Sukinda chromite from different part_of the ultrgma?ic
complex have also been plotited in the same figure which indicates
the present data agree with'those‘of Banerjee's. Thus on the
basis of R203 distribution, it is suggested that the Sukinda
chromite deposit is an alpine type of chromite or a podiform

type of chromite deposit. The analyses are also plotted on the
CrzAltFe3+ diagram (Fig. 5-2), proposed by Dickey (1975). Suginda
chromites are again similar to podiform chromite associated with
alpine type ultramafics/opiolite complex reported by Dickey &
Greenbaum (Dickey, 1975;.Greenbaum, 1972 and 1977)e Figure (5=2)
also indicates that there appears to be an inverse relationship
between CroT and Feo'e The variation diagram Cr x 100/Cr + Al vs

o+
Mg x 100/Mg + Fe2 (Fig. 5-3) shows that the samples are very
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rich in Cr and Mg contents. The chromite from podiform

deposits are typically riqh in Mg content (Dickey, 1975). The
ratio of Mg:Fe2+ is relatively constant for al} the chromite
samples. This relatively constant'Mg:Fe2+ ratio are character-
isticrof alpine peridotite (Dickey,v1975, Malpas and Strong,
1975). However, the Mg:Fe2+ ratio is believed to be quite
variable in chrOm:;te deposits associa’ce;:ﬁrge layered intrusions
(Irvine & Findley, 1972, Dickey, 1975 and Thayer, 1974). 4§he
Cr:Al ratios of Sukinda chromite are also similar to podiform
chromite reporsed by Irvine (1967). Thus in all these aspects
discussed above Sukinda chromites resemble several podiform
chromites from different opiolite complexes like the Bay of Islands,
the Gander River Belt and Burlington Peninsular reported by

Malpas and Strong (Malpas and Strong, 1975).

The variation diagram for reot & 100/Cr + Al + Peot vs

2+
Mg x 100/Hg + Fe  , Fig. (5~4) shows that the samples are gene-

rally very low in Fe3+

contents These plots agree with values

of Limassol Forest Chromite, reported by Panayiotom (Panayiotou,
1978), which in turn is comparable to the podiform chromite of
Troodos -massif reported by Greenbaum (1977). The Sukinda chromi te
and Limassol Forest Chromite are slightly higher in F83+ x 100/Cr +

' +
Al + Fe3 ratio than the Troodos chromite valuese. This higher

+
value of Fe3 may be attributed either to high oxygen fugacity
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during the crystallisation of chromites or to the secondary

oxidation during serpentinisation. It is noted here that

o
Figure (5-4) indicates that the observed Mg values in the presentnjg}@“

study are higher than thosevreported by Banerjee (1972)- Also

there appears to be a positive relationship between Fe3+ and

Mg2+ contents of chromites of Sukindae This relationsghip can

be explained by the fact that with increaéing oxygen fugacity,

the amount of magnesio-ferrite (HgFe204) molecule in the spinel

group increases, as ppinted by Thayer, (1946) and Osborn (1959).

The fact that there exists a positive relationship between Fe3+

and Mg2+ in chromites is confirmed by Figure (5—5), wherehFe3+
shows a reciprocal relationship to Fe2+. From the variation

203 in total R203 vs MgO in total Ro, FPigure (5-6),
there is very clear reciprocal relationship betYeen the CrZO3

and MgO content and the Mg0 content increases with the increasing

diagram for Cr

FeZO3 in R203 (Fig. 5-7)e The CriFe ratio for all samples are
>» 4:1. This is in accordance with the ratio observed by
Thayer (1960) for alpine type chromite where, he suggested,

CriFe ratio to be not less than 2:1, but can exceed 4:1 ratio.
For stratiform deposits, however, this ratio averages between %5
and 1. The FeO:RO ratio is around 20 mol. % which is again
confirming with alpine type values whereas for the stratifom

chromite the FeO:RO ratio according to Thayer, averages to about
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50-55 mol. % (Thayer, 1960). There is no relationship

between the texture of the ore and its chemical composition in
terms of any of the oxides. This irregularity"in composition

is another characteristic feature of'the chromite ores of alpine
type association. The accessory chromites are associated with
serpentinites and other hydrothermally altered silicate rocks

and also with unaltered orthopyroxenite. All these accessory
chromites are very rich in Fe content. For example, Banerjee
observed that the composition of the accessory chromite is
(M€BOF67O) (Cr72A128) whereas i# the ore chromites from the same
host rock, the Fe2+ content varies only between 19 and 38. The
accessory chromite associated with orthopyroxzenite has the formula
composition of (Mg41Fe59) (Cr76A121Fe5) (Banerjee, 1972). It is
suggested here that the higher Fe2+>content of accessory chromite
is mainly due to subsolidus reequilibration of chromites with the
ferromagnesian silicates, which causes an increase in the Fez+
content of chromite without noticeable change in MNg:Fe ratios of
the silicates. It is_also possible, particularly in the accessory
chromite associated with orthopyroxenite that the higher iron
content could be due to later crystallisation of chromite from a
fractionated, Cr depleted magmae. Banerjee has reported a systematic
variation in }MgO:FeO ratio from the lowest to the highest ore
levels. The trend of variation is fairly steady, and ranges

between 148 to 2.36 at the lowest grey and massive ore and 1 at



the upper most brown ore leveis (Banerjee, 1972). Unfortunately
sample locations were not indicated in the previous study. But
no such systematic variation was secen invthe present study.
Variations in other oxides anq their ratios were not ?ound to be
regulare Thisff}ratic variation in chemical composition again

I

indicates the podiform nature of Sukinda chromites.

Thus all the four lines of evidences suggest that the
Sukinda ultramafic body and their associated chromite ore could

be of alpine type, rather than a stratifomm type.

It is interesting to discuss here the mechanism by which
the podiform chromites are forged, as suggested by Dickey (1975).
This requires the partial melting of the mantle lithosphere at
depth and the production of a tholeiitic melt and refractory
residuan (harzburgite). Bird and Isaacks, in their plate tectonics
theory, suggested partial melting of the mantle beneath ocean
ridges or rises along the boundaries between diverging plates
(Bird and Isaacks, 1972). 4s the lithospheric plates separates,
nantle material of peridotite composition rises from the astheno-
sphere to a level where anatexis (partial melting) produces a
silicate melt of tholeiitic composition and residual solids (harz-
burgite)s According to Kushiro, at depths of 15 to 25 km much of
the liquid is segregated into bgdies that are large enough to
fractionate and generate significant volumes of basaltic magna

(Kushiro, 1973). The tholeiitic magma may emerge as pillow lavas

P
ga



on the sea floor, may freeze as steeply dipping dikes in the

rift zone that feed the lavas or they may form pockets of magma
that fractionate between the sheeted dikes and the harzburgite.
As this separation continues, the unmel#ed, residual materials

is moved laterally off the zone of partial melting and magma
segregation. The effect of this lateral displacement i§ anglogous
to thg industrial process of "gone refining", where an impure
material is passed though a zone of partial melting. The consti-
tuents with low temperature of melting are retained and are
enriched, more refractory constituent passes beyond this zone.

So an exceedingly clean separation is achieved between the low

melting constituents and the residual solid. ' The magma pockets

may give rise t0 massive chromite concentration, and deposits with

fine cumulus texture are formed. Dickey suggested that these
deposits are long and narrow because they form along the plate
marginse These chromite-rich cumulates sink or descend, as podiform
autoliths, intp the residual tectonite peridotite because of their

higher densitye

Finally, the emission spectrographic and atomic absorption
spectrophotometric studies suggested that platinum group elements
could be present only below 1 pvpm ;evel in the chromite deposits
of Sukinda. A detailed investigation on this aspect has been

planned for the future.
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