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Twentv years ago E. S. Simpsonr presented in graphic form the rela-
tions between MgAl2Oa and FeCrzOa. He considered that continuous
variations are possible in all parts of the system. Since that time many
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more analyses have been made and it seems possible to present the facts
in a diagram essentially like that of Simpson, but on a somewhat different
basis. It is also possible now to add lines expressing approximately the

t A graphic method for the comparison of minerals with four variable components form-
ing two isomorphous pairs: Min. Mag. 19,99 (1920).
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THE SPINEL GROUP

variations in specific gravity which result from variations in composition.

The continuity of the system seems to be beyond reasonable doubt in

spite of the fact that certain areas still lack known examples.

Simpson gave names to certain portions of the system. His names are

used in Fig. 1, except that he assigned the name picotite to the area be-

tween ceylonite and hercynite and alloted no names2 to the squares ad-

joining these and spinel and hercynite. Since picotite is used by Lacroix

for a member of this system characterized by MgAhOr, FeAlzOr and

FeCr2Oa, it seems better to assign it to some such position as shown in

Fig. 1. Then perhaps the name pleonaste may be used for the area which

simpson assigned. to picotite, although as a gem stone pleonaste doubtless

contains less FeO than required by this area.
The diagram gives information as to the composition indicated by any

point in a very simple way. Any outside line represents a binary series

and, being divided into one hundred parts, the divisions represent (mo-

lecular) percentages of the two end-members. Thus, 22 represents 26/6

FeAlzOa and 7 4/e MgAhOa. Inside the square, any point represents per-

centages of Fe and Mg in the vertical direction and percentages of Cr

and Al in the horizontal direction. For example, 5 represents 38/6Fe and

62/6Mg, and also represents 707o Ll and 30/6 Cr. Therefore 5 represents

38/pFe(A1,Cr)zOr, and 62/sMg(Al,Cr)zOr. Of this 38/e Fe(PJ,Cr)2Oa,

70/p (or 26.6/sol the whole) is FeAlzOr and 30/6 @r ll.+/e) is MgAlzOr'

And of the 62/s Mg(Al,Cr)rOa,70/o @r a3.a/) is MgAhor and 30/6

(or l8.6Vd is MgCrzOa.
Of course the diagram assumes the absence of any other constituents

than those which are shown. This assumption is frequently untrue, but

in many cases is a very close approximation. Probably the commonest

additional constituent is FeFezOr, but spinel can apparently take only

about 15 per cent of this into its structure. Accordingly, magnetite and

spinel can probably form simultaneously from a magma' whereas chrom-

i te and spinel  cannot .
By a study of spinel gem stones from Ceylon, Anderson and Paynes

proved that ZnAlsOa is miscible with MgAlzOa, at Ieast to 35 per cent.

Analyses of gahnite show that FeAlzOa is miscible with it at least to 30

per cent, and it seems probable that ZnAlzOa is miscible in all proportions

with both MgAlrOr and FeAlrOe.a Such a system is shown in Fig. 2 with

Iines to indicate the refractive index for all proportions. The binary series,

MgAlzOe to ZnAlzOr is shown in Fig. 3.

2 Except "magnochromite," which seems undesirable to the writer.
3 Mi.n. Mag.,24,547 (1937).
a Brauns, R.: Cent. Mineral.,1927 4r 265.
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Artificial spinel of gem quality has been made with varying amounts

of excess AlzOg (in crystal solution) up to 60 per cent. The limit seems

to be about 68 per cent.6 The relations between this variation in composi-

tion and the density and refractive index are shown in Fig. 4.

Many analyses point to the conclusion that FeFerOr in spinel can be-

come FesOa without destruction of the crystal structure, just as it can

in magnetite. Accordingly, both AlzOs and FezOg can exist in the spinel

crystal structure, though neither is possible in unlimited amount. Fur-

thermore, this fact makes it reasonable to assume such changes of 2FeO

to Fe2Os, or FezOa to 2FeO as may be necessary to compute the spinel

molecules from the analyses, and this assumption has been made in the

computations.
Since the ferrites do not intercrystallize freely with the aluminates and

chromates of the spinel group, they can be arranged on triangular dia-

grams, as shown in Fig. 5. All four end-members have been made arti-

ficially and it seems very probable that they can intercrystallize in all

proportions at least in the two ternary systems which are shown, aI-

though this has not yet been demonstrated. Unfortunately the refractive

indices are not well known in this system and no attempt is made to show

them.
Of course, it should be remembered in using these diagrams that the

natural minerals usually contain still other constituents (notably TiO)

and therefore the specific gravity may vary from that shown by the

diagram.

u Hiigg, G., and Sdderholm, G.: Zeils. physik. Chem., B, 29t 88 (1935).
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RrlnruncBs loR FrcuRE I

1-15. Same as Simpson's analyses (Min. Mag , 19,99, 1920) except 10 and 12.

10. Chrornhercynite, Madagascar, A. Lacroix: BulI. Soc. Fr. Min.,43r 69 (1920).

12 "Chromeisenstein," Serbia, E. Harbich: Tsch. Min. Pel. Mit.,40' 191 (1930).

16. Chromite, Mt. Rums, Albania, F. Rodolico: Per. Min. Roma,2,5 (1931).

17. Chromite, Togoland. H. Arsandaux: Bull,. Soc. Fr. Min,48,70 (1925).

18. Chromite, Moravia. J. Kokta: Min. Abst.,6, 155 (1935).

19. "Picotite," Finkenberg, Germany. R. Brauns: Mineral. Nieilerr. Vul'kangeb., 168

(re22).
20. Spinel, Vesuvius. Zambonini and Carobbi: Min. Abst.,4, 521 (1931).
21. Spinel, Trentino. C. Gottfried: Mi.n. Abst.,4, 192 (1929).
22. "Ferropicotite," Haute-Loire. A. Lacroix: MineroJ. France,41 306 (1910).
23. Pleonaste, Lapland. A. Gavelin: Bull. Geol,. Inst. Upsala, f5,289 (1916).
24. Spinel, Mull. H. H. Thomas: Q. Jour. GeoI. Soc. Lonl'0n,78,229 (1922).17 others cal-

culated but not included.

Rnlnnrncrs loR FrcuRE 2

1. Hercynite, Ronsberg. B. Quadrat: Ann. Ch. Pharm.,55, 357 (1845) (:8 of Fig. l).
2. Hercynite, Hazlavy. J. Splichal: Min. Abst.,3, 353 (1925).
3. Spinel, Mull. H. H. Thomas: Q. Jour. Geol'. Soc. Lond.on, 78, 229 (1922) (:24 o1

Fig. 1).
4. Spinel, Virginia. T. L. Watson: Econ. Geology, f8, 53 (1923).
5. Pleonaste, Lapland. A. Gavelin: Bull. Geol. Inst. Upsala, 15,289 (1916) (:23 of

Fig. 1).
6. Spinel,Korea.Z.Harada: four.Fac.Sci.Eohkoi.d,o(Jnia.,Geol.Ser.3,22l(1936).
7. "Ferropicotite," Haute Loire. A. Lacroix: Mineral. Franae, r 306 (1910) (:22 of.

Fig. 1).
8. Spinel, Trentino. C. Gottfried: Mi.n. Abst.,4, 192 (1929) (:21 of Fig. 1).
9. Spinel, Vesuvius. Zambonini and Carobbi: Min. Abst.,4t 52 (1931) (:20 of Fig. 1).

10 .  Gahnosp ine l ,Cey lon ,B.W.AndersonandC.J .Payne:Min .Mag. ,24 ,547(1937) .
11. Gahnite, Finland. P. Eskola: Geol. Fiir. Fdrh. Stockhol,m,36, 25 (1914).
12. Gahnite, W. Australia. E. S. Simpson' J. Roy. Soc.W. Australia,23,17 (1936).
13. Gahnite, W. Australia. E. S. Simpson: J. Roy. Soc.W. Australia, f6' 25 (1930).
14. Gahnite, Altyn-Taou, URSS. A. F. Sosedko: Min. Abst.,6,305 (1936).
15. Gahnite, Sweden. P. Geyer: Ars. Soer. Geol,. Und..,l,1916.
16. "Zinc spinel," Carroll Co., Md. E. V. Shannon: Am. Mineral.,Srl4l (1923)
17. Gahnite, Ore Knob, N. C. C. S. Ross: U. S. GeoI. Sun. P. Paper,l79 (1939'
18. Gahnite, Madagascar. A. Lacroix: Mineral. Mad.agascar, l, 327 (1922).
19. Gahnite, India. Christie and Coulson: Rec. Geol. Suru. India,6f' 315 (1928)'
20. Gahnite, W. Australia. E. S. Simpson: L Roy. Soc.W. Australio,lTr 137 (1931).

RrrrnnNcns lon Frcunr 5

1. Magnesioferrite, Vesuvius. C. F. Rammelsberg: Min. Chem., 133 (1875).
2. Jacobsite, Jacobsberg. K. Johannson: Zeits. Kri.st.,68,87 (1928).
3. Jacobsite, Jacobsberg. A. Damour: C. R.,69,168 (1869).
4. Jacobsite, Bulgaria, F. Kovar: Zeits. Kryst.,36,202 (1902).
5. Magnetite, New Zealand. A. H. Chester: Min. Mag.,8, 123 (1889).
6. Magnetite, Quebec. B. J. Harrington: Min. Mag., l4r 373 (1907).
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7. Jacobsite, Langban. G. Lindstrom: N. Johrb. Min.,208 (lB7B).
8. Magnetite, Salzburg. E. Dittler and H. Hueber Ann. Nat. Mus. Wien,4q BS Og32).
9. Magnetite, near Rome. F. Zambonini: Zei.ts. Kryst.,32, 535 (1902).

10. Magnetite, Carolina. G. P. Tschernik : Zeits. Kryst..,50, 68_(1gf l).
11, 12. Mn-Magnetite, Wester Silfberg. M. Weibull: Tsch. Min. pet. Mit.,Z, 109 (1936).
13. Magnetite, Siegen. C. F. Rammelsberg: Min. Chem., 132 (1875).
14. Jacobsite, Glak?irn, Sweden. L. J. Igelstrdm: N. Jahrb. Min.,1,260 (1890).
15. Jacobsite, Nordrnark. L. J. Igelstriim: l.oc. cil.
16. Franklinite, Sterling Hill, N. J. G. Seyms: Am. Jour. Sci., 12,210 (1876).
17. Franklinite, Taylor Mine. G. C. Stone: Sch. Mines Quart.,8,l48 (lSS7).
18. Franklinite, Sterling Hill. G. C. Stone:l,oc. cil.
19. Frankiinite, Taylor Mine. G. C. Stone: loc. cit.
20. Franklinite, Sterling Hill. G. C. Stone:loc. cit.
21. Franklinite, Hamburgh Mine. C. Palache: Arn. Jour. 9ci.,29, 177 (1910).
22. Franklinite, Mine Hill. G. Se1'rns: Am. Jour. Sci.,12,2l0 (1876).

Many other analyses are given in Trans. Sc,i. Res. Insl. Econ. Minera.l, Fas. 85 by S. A.
Vakhromeev, J. A.Zilrnin, K. E. Kozhevnikov, A. N. Laskov and G. M. Mazaev: Chromite
Deposits in the Urals, Moscow, 1936.




