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INrnonuctroN

The mineral called chromite is a member of the spinellid group
of minerals which crystallize in the isometric system. The spinel-
lids have the general formula R"O . R"'rOa. Chromite, however,
is seldom found as a pure double oxide. Replacement of FeO
by MgO and CrzOg by either or both AlzOs and FezO3 gives rise
to varietal types and chibf among tilese are chrompicotite, chrom*
hercynite, magnesiochromite (mitchellite), picotite and chrom-
iferous spinels. The mineral called chromite can seldom be ex-
pressed by a definite formula. It is usually a mixture of the vari-
etal types cited. There is a strong probability that the spinellids,
magnetite, magnesioferrite and others enter into its chemical
makeup.

The spinellids have been classified by various investigators
and it is not necessary to go into the details of subdivision of the
group. There are four major sub-groups: the aluminates, chro-
mates, manganates and ferrates, represented by spinel, chromite,
jacobsite and magnetite, respectively

The physical properties of chromite are, briefly stated: lustrous
to pitchy black color, fine grained granular to crystallized octa-
hedra, rarely truncated. by the cube or beveled by the rhombic
dodecahedron;  M.W. 223.84;  S.G.  4.32-4.57;  M.V.  50.3;n:2.O7
to 2.16; fusibil i ty 2180"C.

Sruoy oF THE PusLrsHBo ANelysps
More than 150 published analyses of supposed chromite have

been collected in order to ascertain the formula of the mineral.
Various lines of attack might be followed to gain this goal. Among
these are:

r An abstract of a portion of a dissertation submitted to the Board of university
Studies of the Johns Hopkins university in conformity with the requirements for
the degree of Doctor of Philosophy.
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(1) Study of ratios between the bivalent and trivalent oxides.

(2) Study of methods in which the various oxides are combined in the mineral.

(3) Deduction of formula lrom individual analyses.
(4) Calculation of ratios that exist between the various oxides listed in the

analyses.

Rerros

It has been suggested that the spinellids are double oxides and

they may be represented by the general formula set forth above.

A study of analyses indicates that the ratio of 1: 1 between bivalent

and trivalent oxides is not the general rule in the species chromite.

No analysis of chromite shows the presence of zinc, and since

chromite is considered to be an isomorphous mineral closely related

to other spinellids, the absence of zinc eliminates relationship to

zinciferous spinels.
An effort is first made to correlate ratios of the bivalent to

trivalent oxides. This leads to the following result:

Ratio of R2"'O3 to R"O
(molal amounts)

Lo\Yest ratio

"subnormal" (Iess than 1:0.90)

"Normal"  (between 1:0.90and 1:1.00)

"Abnormal" (greater than 1:1.00)

Highest ratio

All the analyses termed "subnormal" and "normal" fall below

the average of the entire number of analyses' namely, 1:1.13.
'Ihe average ratio of the subnormal and normal groups is 1:0.934.

The terms used in the above tabulation will be used throughout

this discussion in the sense designated.
A comparison between the relative percentages of true spinels

and chromite that fall within the three normality ranges is shown

below.

Rerros
Lowest Subnormal Normal Abnormal Highest Average

S p i n e l  l : 0 . 6 4  l : O . 7 O 7  1 : 0 . 9 8 0  t : l . 2 3  l : 1 . 4 7  I i O ' 9 7
( r2 .6%)  (76 .7%)  ( r0 .7%)

C h r o m i t e  1 : 0 . 5 3  t : O . 7 7 4  1 : 0 . 9 9 8  1 : 1 . 3 4  1 : 3 ' 6 9  1 : 1  1 3
(rs.2%) (38.3%) (46.3%)

Note: average ratio of groups is given; per cent indicates total number of

analyses represented that falls within group.

1 : 0 . 5 3
t : 0 . 7 7 4
I :0. 998
1 :1 .340
1 : 3 . 6 9
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Ratios between the total bivalent and trivalent oxides reported
in mineral analyses depend entirely on two features. Firsi: It is

tracted on the following basis: Serpentine-_2H2O.3MgO.2SiOu;
Enstatite-MgO.SiOzi Magnesite-MgO. COr; Uvarovlite_3CaO
' CrzOa. 3SiOzi I lmenite-FeO. TiOz; and Rutile-TiOz.

Titanium minerals are nearry restricted to those chromites
which occur in chromiferous magnetites or in the chromiferous
serpentines that carry rutile. rn some of the analyses no oxides
other than those really essential to the spinellid have been re_
ported and such analyses allow no correction.

Muruar RppracnuBNr ol Oxrlns
Another classification, purely chemical in nature, is suggested

and is to be used in connection with the ratio classification, The
various analyses of chromite are grouped according to their con_
tained oxides and comparisons between such g.ouf,i.rg, are thus
afforded. The collected analyses fall into the following chemical
groups:

Type I. FeO.CrzOs
" IIa. FeO.Al2O3 .CrrO3

" IIb. FeO.FerOa.CrzOs
'  I Ic .  FeO.FezOs.AI:Og.Crsog.
"  nI .  FeO.MgO.Cr:Oa. .  .
" IIIa. FeO.MgO .Al:Os .CrsOs.

No.ofanal. /1oftotal
3  2 . 0

1 2  8 . 0
I  0 . 6
0  0 .0
2  1 . 2

96  & .o
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' IIIb. FeO'MgO'FegOa'CrsOs. 0 0'0
,, IIIc. FeO.MgO.Fesor.Abo3.crzo3 31 20.6
u IIId. Feo.MgO .Mn:Or.Fe:Oa .Alzos.crsos. . .5 3.3

" IV. MgO 'Alzoa 'Crzos. '. . . 1 0'6

The most prominent types are IIa, IIIa and IIIc' The discussion

will be baied chiefly on ttt"t" types and the nomenclature cited

above will be used with that adopted for the ratios'

RBrnten SPncrBs

Many of the analyses of so-called chromites contain varying

amounts of ferrous iron and magnesia' Varietal types arise because

of such replacements. The common varietal species of chromite

are:

Chrompicotite
Magnochromite
Mitchellite (a)

Alzoa cr:oa Feo MgO Sp' Gr'

12 .13  56 .54  18 .01  14 .08  4 '  l l s

2g .s2  40 .78  15 .30  14 .00  4 '02

2 s . 2 8  3 9 . 9 5  1 3 . 1 9  1 7 . 3 r

Mircheltte (b) 7 .82 57.80 18.18 r l  '62

chromhercynit e 27.12 38.& 27 .O0 5'33 4'415 (c)

Picoti te 56.00 8'00 24'90 10'30 4'08

(a) from Corundum Hill, N. C.; (b) from Price Creek, N' C'; (c) contains 0'6116

F ezOa, l1o7o MnO, 0'2816 SiO z, and l.25Vo IJzO'

The formulas are next calculated on the basis of magnesia replacing

ferrous iron, and alumina replacing chromic oxide"

(42 Fe '58Ms)O ' (24 Al'76Cr)zOs
Chrompicot i te 7:1.77

Magnochromite 1: 1 '01

Mitchel l i te (a)  1:1.12

Mitchellite (b) I:1 .24

Chromhercynite 1 :0 .98
picot i te 1:1.00

( 3 8 ' 6 2 "
( 3 0 '  7 0 "
( 4 7 "  5 3 "
( 7 4 ' 2 6 "
(58  "  42 "

(52" 48 "
( 5 2 '  4 8  "
( l 7 u  8 3  u

( 5 1 "  4 9 "
( 9 2 "  8  u

(Note:-Formula computed on basis of 100 R "O '100 R"'zOa) '

Chrompicotite and magnochromite have approximately the

same am;unt of bivalents, although the ratio of alumina to chromic

oxide varies. This suggests that magnochromite is nearer the

aluminates than the chromates. There is little difference between

magnochromite and the Corundum Hill mitchellite (a)' The

,rur-ieti"r, magnochromite, mitchellite and chrombercynite are

closely relatedlo the aluminates. Chrompicotite and mitchellite (b)
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carry the most chromic oxide but there does not appear to be
enough difference chemically to warrant the name mitchellite.
Approximately 30/6 of the collected analyses show as much or
more chromic oxide as the type chrompicotite. This mineral
species has 12.13/6 alumina, ind 3a/e ii tt 

" 
analyses studied

carry more than IU/e alumina. Of these, only 12/6 show more
than 55/6 chromic oxide. Less than 30/6 of the so-calred chromites
analyzed are richer in chromic oxide than chrompicotite. These
four predominating chromic-spinels have only four oxide variants
and accordingly fall within type IIIa.

Magnochromite is listed with 4O.Ig/6 chromic oxide and 29.gTa
alumina. Four of the collected analyses show more than 25/e
alumina and none of these contain more than 45/6 chromic oxide.

Chromhercynite is reported as showing 3g.S3To chromic oxide
and 27.12/6 alumina. These percentages overlap those cited for
magnochromite. Picotite, more strongly hercynitic than chromitic,
carries only 8/e chromic oxide and 56/6 alumina. None of the
analyses studied carry as much alumina and only 2 have less than
10/6 chromic oxide.

If the limits of alumina are set at 15/6 and 2S/e only 37 chromite
analyses fall within the range, and g of these analyses show be_
tween 45 and 55/e chromic oxide. Aluririna less than 10/6 is
encountered in 68 a;nalyses. Most of the chemical analyses of
chromite are really representative of chrompicotite or closelv
re lated to i t .

A Sruov or. Cnpurcer, Types

Type IIa.

This is the closest approximation to the pure chromite molecule.
Eight analyses of norrnal ratios are considered. The formula for
the group is :  100FeO.(23A1 .77Cr)zOa.  The range in rat ios of
the oxides are: alumina to chromic oxide-from 1:1.4 to l:22;
alumina to ferrous iron-from l:2.4 to 1:20; chromic oxide to
ferrous iron-from 1:0.9 to 1:1.7. The limits of the oxides and
their relative abundance is shown in figures 1 and 1a. The acid
radicle in IIa corresponds to chrompicotite, (See Fig. 5) with
Feo slightly hig"her than normal. rt is believed that ferric iron
was not determined in these analyses.
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(r203 fr0

Ftnct'vr oF Toret A un t usts

Frc.  la.

Type IIb.

One analysis of this type is included and is expressed by the
formula 100FeO . 15 FezOs .85 CrzOr. No deductions are made
from this analysis.

Type III.
Two analyses fall in this type and because of the wide variation

in their formula both are listed:
(41Fe.59Mg)O .  100CrzOs and (98Fe.  2Mg)O .  100CrOa

Type IIIa
The same as type III with alumina added. This is the largest

group in the study and includes 64/e of all the analyses. This
type is compared with the varietal types cited earlier. Subnormal
ratios occur in tS/p of the analyses, 27/6 are normal and 58/p
are abnormal. The normal group will be discussed in full.

The average formula of the 25 normal analyses is: (64Fe .
36Mg)O . (28A1. 72Cr)zOs. The acid radicle is nearer chrompicotite
but the base is closely related to chromhercynite (See Fig. 5).
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The abnormal group of this type includes more than 33/s of.

the collected analyses. There is a range in ratios of trivalent to

bivalent  ox ides f rom 1:1.10 to.  l :1 .94,  wi th suchanalysesrather

uniformly distributed throughout the range. The ratio of alumina

to chromic oxide varies slightly despite the great range in the

group ratio. The alumina to ferrous iron ratio remains practically

the same. There is little difference in the ratios between chromic

oxide and ferrous iron. It appears that the high group ratios are
-due 

to magnesia. The ratio of the latter to alumina is 2.3: 1 in the

lowest abnormal analysis and 4:1 in the highest.
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The average percentage composition of
type, based on normality are:

AbOs CrzO, FeO
Subnormalgroup 15.7 SZ.8 lg,4
NORtrIAL GROUP rs.7 54.9 2s.3
Abnormalgroup 10.4 SS.2 2Z.s
Average of type 11 . 9 S4.4 2t .8

the divisions of this

'MeO Ratios
7 . r  r . 0 . 7 7
7 . 1  l : 1 . 0 2

1 1 . 8  l : 1 . 3 7
1 1 . 6  1 : 1 . 8

Alumina decreases more rapidly than chromic oxide. This increase
in ratio is apparently expressed by an increase in magnesia. When
total trivalents are higher than total bivalents alumina is usually
higher with respect to chromic oxide than when conditions are
reversed. The ratio between ferrous iron and magnesia shows the
latter increasing in amount as the sum of the bivalents becomes
greater than the sum of the trivalents. This indicated. effect of
magnesia is suggestive of undetermined ferric iron. Figures 2 and
2a show the limits of the various oxides and their relative dis-
tribution.

EO /4q0

PtRctut or -Forat 
Anttysrs

Frc.2a.

Type IIIc.
This is the second largest group of analyses and includes 15

normal ratios. The average formula of these analysesis: (3ZFer, "
67Mg)O .(7Fe"' .3341 .60Cr)sOa. The outstanding featurehere
indicated is that magnesia is higher than ferrou-s iron. The
type is more closely related to magnochromite than to any other.
Alumina increases with respect to ferrous iron but decreases with
respect to chromic and magnesia oxides. The ratio of ferric to
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ferrous iron, compared with the subnormal group, has doubled,

If the abnormal group of this type is compared with the abnormal

group of IIIa it is noted that the proportion of alumina to chromic

oxide remains about the same. The introduction of ferric iron

has not visibly afiected this ratio. A comparison of figure 3 with

figure 2 shows the peak of alumlna has moved upward' The ratio

of alumina to ferrous iron is not greatly changed but magnesia

has gained tully 20/6 with respect to alumina of type IIIa' The

ratioi of chromic oxide to ferrous iron and magnesia remain much

as they were in type IIIa. The entire 31 analyses of this type

give an average formula of (43Fe ' 57Mg)O ' (SFe ' 29Al '62Ct)zOr

4/z0t 4ot /Yn'0t fto ZnO /Y/ao

8o

Frc.3.
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Frc. 3a.

Suulre:rrox or TvpB IIfc.
l. By analyses

AleOr CrzOr FerOs FeO MgO
Subnormalgroup 14.0 49.2 lZ.4 lS.2 g.z
NORMAL GROUP 17.7 47 .r 6.0 r4.4 14.8
Abnormal group 11 .4 52 . S 1 .8 22 . S lt .2
Average of type 17 .2 49 .O 66.3 15 .8 l l  .7

2. By formula
Subnormalgroup (48Fe . 52Mg)O . (14Fe . 25A1 . 51Cr)zOa
NORMAL GROUP (37Fe, 67Mg)O . (7Fe.33Al .  60Cr)rOa
Abnormal Group (52Fe. a8Mg)O. (4Fe .23A1. 73Cr)zOe

The outstanding relations shown in Type IIfc are: magnesia
continually increases toward the extremes bf abnormal ratios.
The mineral called chromite moves toward magnesiochromite as
abnormal ratios are reached.

Type IIId
Four of the 151 analyses show this combination. No effort is

made to correlate results. The analyses follow:

No.
149
150
151
t52
153

AI2O3
9.40

17.00
t7  .23
0.48

r0.23

Cr2O3 FegOs Mn2O3
5 5 . 4 0  1 . 7 8  1 . 1 0
3 7 . 3 I  3 . 8 0  t . r z
3 7 . 0 3  0 . 7 L  r . 1 6
3 r . 2 0  2 7  . 7 2  4 . 1 8
43.76  1 .95

FeO MgO
16.s9 12.72
35.12  3 .08
23.95  9 .94
14.79 t0 .92
21.27  15 .25
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SuuulrroN or Oxrnp Rer-nrronsnrps

In figure 4 the frequency of percentages of oxides is plotted

for all analyses considered. The bulk of the analyses show

chromic oxide well above 4}/prbut alumina is massed aroundlD/e'

Ferrous iron extends over a considerable range although magnesia

is somewhat restricted and is most abundant between 8 and' l2/p'

&ot EO n 4

PERttnt or Tlottt A NALlsEs

Fig.4.

A comparison of figures 1a and 2a shows interesting facts' When

magnesia replaces ferrous iron, in part, the majority of analyses

show less alumina, the peak of the latter being in the neighborhood

of lO/6. Chromic oxide reaches its high point when magnesia is

not present. (This is not shown in figure 2). It is natural that

the peak of ferrous iron should drop as magnesia increases. Ferric

iron is in all probability replacing chromic oxide and not alumina'

This indicates that these analyses are more closely related to the

ferrate spinellid than to the aluminate variety. It is inferred

from a study of the graphs that magnesioferrite enters into those

chromites that contain ferric iron in substantial amounts'

Figure 5 shows a graph representing varietal species superim-

posed on figures l, 2, and 3, illustrating variations in oxides'

A study of this figure gives the following results:

1. Alumina is highest in type IIfa, although all types show the

same lower limits.
2. High values of chromic oxide occur in types IIa and IIIa'

In the former there is no magnesia.
3. High and low values of ferric iron are not restricted to any

particular type.
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The analyses as a whole show that some correlative value may be
attached to the replacement of iron by magnesia and chromic
oxide by alumina and ferric iron. Application of sueh values to
individual analyses fails. As a rule, however, when ferric iron is
present, mag.nesia will dominate ferrous iron. When ferric iron
replaces a trivalent element, chromic oxide is more affected. From
these facts it follows that magnesioferrite must enter the com-
position of chromites.

In figure 5 where the averages of the four prevailing chemical
types of chromite are plotted against the analysis of the original
varietal type another comparison is afforded. Some of the deduced
facts are:

1. No type average approaches the high chromic oxide of the
theoretical chromite, although in type Ifa ferrous iron is higher
than in the pure chromite molecule. Ferric iron must have been
present in those analyses.

2. There is considerable variation in average oxide content of
the so-called chromites.

3. The majority of all chromite analyses recorded are closely re-
lated to the varietal types, magnesiochromite, chromhercynite and
chrompicotite.

(a) Type fIIa corresponds closely to chrompicotite acid radicle
and picotite-chromhercynite base.

(b) Type IIa is related to chrompicotite acid radicle and to a
chromite base.

(c) Type IIIc bears a closer relation to the alumina of chrom-
picotite and chromic oxide of magnesiochromite when the acid
radicle is considered, but to a magnesiochromite base.

Therefore, the majority of chromites are considered as inter-
mediate members between chrompicotite and magnesiochromite.

Mrrqnner, Awar.vsrs oF CHRoMTTE

To ascertain the mineral analysis of chromite it is necessary
to record some previously deduced values.

Normal ratios only are given. These are expressed in molar
amounts.

AlOa CrzOa FezOa FeO
109 390 none 505
none 439 75 486
none 422 none 238
135 359 none 324

Mgo
none
none
ul
178

Type IIa
Type IIb
Type III
Type IIIa
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Picotite
Magnochromite
Chromhercynite
Chrompicotite
Tlpe IIIc

none
none
none
none
none

214
312
129
320
320

Two methods of computing mineral analyses from the above
may be followed:

(1) Regard all FeO or Cr2Os as entering the molecule chromite.
Excess of either is then dislributedinproportion among the remain_
ing oxides.

(2) Distribute all bivalents on a proportionate basis to the tri-
valents.

Alumina is in excess in type rra and in chromhercynite when the
first method is used, likewise ferric iron is in excess in IIb, and
magnesia in III, IIfa, fflc, in picotite and chrompicotite. Ferrous
iron is in excess only in picotite.

magnesra.
The study of either method shows that the mineral called chro-

mite is not a simple mineral expressible by a definite formula.
There is no relationship between the ratios of the bivalent or
trivalent oxides in one specimen of chromite owing to the lack of
uniformity of mixing of the spinellid molecules to form the mineral.

types plotted with spinel and chromite show a transitionar series-
spinel-magnesiochromite-chromhercynite-chrompicotite-chromite.
Chromite, as a mineral, represents varying proportions of these
species and none of the latter may be represenled by a definite
chemical formula.

The study of the analyses indicates the probable presence of a
pure magnesium chromite to which the name magnochromite

290
190
365
227
r87

457 43
260 237
257 2M
108 340
163 293
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might be given to difierentiate it from the chromite sub-species,

magnesiochromite.

Spinel, hercynite, supposedly pure chromite and magnochromite

are the end members of a four component diagram and within

the limits of this diagram all non-ferric chromite will fall. When

ferric iron is present, magnesioferrite'must be added to the serieS.

ColqcrusroNs

I. Chemi'call'y

1. Chromite as a pure FeO'CrgOa occurs only in meteorites'

2. There is a wide variation in the amounts of oxides that enter

into both the acidand base of 'the mineral called chromite'

3. Practically all chromites analyzed show one or more oxides

in excess. This excess may be caused by:

(a) Improper separation of chromite from gangue'

(b) Incomplete analYsis.
(c) Solid solution of oxides within the chromiferous

spinellid.
TL Mi,neralogi.cally

4. Various members of the spinellid group are isomorphous

with each other, but all the members cannot be arranged

in a definite isomorPhous series.

(a) According to Rettger's law one of the proofs of iso-

morphism between related species is that the physical

properties of such mixtures are continuous functions

of Percentage comPosition.

The spinellids, taken as a group, do not show such a relation-

ship when chromic oxide, alumina, ferric iron, ferrous iron, or

total iron are plotted with index of refraction, specific gravity,

etc .
(b) Chromite does not contain zinc and cannot be a true

variant of a series which contains gahnite'

(c) The following isomorphous series are indicated within

the spinellid group:

I. SpineI-Magnochromite-Chromite.
II. Magnetite-Kreittonite-Dysluite-Gahnite.

III. Spinel-Magnesioferrite-Magnetite.
IV. Gahnite-Spinel-Franklinite'
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(d) The atomic volumes of the oxides of the spinellids are:
a l u m i n a .  . . 9 . 9 8  z i n c o x i d e  .  . . . g . 5 0

.  chromic ox ide .  .  .  7 .  S0 manganous oxide.  .  .T .10
manganicoxide . .2 .40 ferrousoxide.  .  .  .  .  .  .6 .g0
f e r r i c o x i d e . . . . . . 7 . 1 0  m a g n e s i a .  . . . . . 6 . 7 0

On the basis of exchange of acid radicles the series would be
aluminates-chromates-manganates-ferrates. Dividing such a
series by the bases there would be:

(1) aluminates : gahnite-manganspinel_hercynite_spinel.
(2) chromates: chromite-magnochromite.

5. The spinellids, which have always been regarded as an
isomorphous series, have variants that are predominantly
manganiferous and zinciferous. The chemical analyses of the
mineral called chromite do not harmonize chromite with
these two types of spinellids.

6. Finally the mineral calred chromite is not a definite minerar
and cannot be regarded as a member of a definite isomor_
phous series, although the three, four, five or six spinellids
which make up chromite are interrelated.

IIL Opti.cally
7. The chemical composition of the mineral cailed chromite is

roughly indicated by the coror of the mineral in thin section.
Low chromic oxide content as in picotite, is characte fized by
a yellowish brown translucency, and high chromic oxidl
content by a deep cherry red to cofiee brown color.

8. Anastomosing black, opaque lines traverse translucen
chromite grains and indicate either: (1) the presence of a
foreign substance which may be present as a solid solution
in the mineral, or (2) iron oxid.e deposited as a cement
along narrow or incipient fractures.




