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abSTRacT

Compounds with a spinel-type structure include mineral species with the general formula AB2ĳ4, 
ZKHUH�ĳ�FDQ�EH�22–, S2–, or Se2–. Space group symmetry is Fd3m, even if lower symmetries are re-
SRUWHG�RZLQJ�WR�WKH�RII�FHQWHU�GLVSODFHPHQW�RI�PHWDO�LRQV��,Q�R[LGH�VSLQHOV��ĳ� �22–), A and B cations 
FDQ�EH�GLYDOHQW�DQG�WULYDOHQW��³����VSLQHOV´��RU��PRUH�UDUHO\��WHWUDYDOHQW�DQG�GLYDOHQW��³����VSLQHOV´���
)URP�D�FKHPLFDO�SRLQW�RI�YLHZ��R[LGH�VSLQHOV�EHORQJ�WR�WKH�FKHPLFDO�FODVVHV�RI�R[LGHV��JHUPDQDWHV��
DQG�VLOLFDWHV��8S�WR�QRZ�����PLQHUDO�VSHFLHV�KDYH�EHHQ�DSSURYHG��DKUHQVLWH��EUXQRJHLHULWH��FKURPLWH��
FRFKURPLWH��FRXOVRQLWH��FXSURVSLQHO��¿OLSVWDGLWH�� IUDQNOLQLWH��JDKQLWH��JDOD[LWH��KHUF\QLWH�� MDFREVLWH��
magnesiochromite, magnesiocoulsonite, magnesioferrite, magnetite, manganochromite, qandilite, 
ULQJZRRGLWH��VSLQHO��WUHYRULWH���OYRVSLQHO��YXRUHODLQHQLWH��DQG�]LQFRFKURPLWH��6XOIRVSLQHOV��ĳ� �62–) 
DQG�VHOHQRVSLQHOV��ĳ� �6H2–) are isostructural with oxide spinels. Twenty-one different mineral species 
KDYH�EHHQ�DSSURYHG�VR�IDU��RI�WKHP��WKUHH�DUH�VHOHQRVSLQHOV��ERUQKDUGWLWH��WU�VWHGWLWH��DQG�W\UUHOOLWH���
ZKHUHDV� ��� DUH� VXOIRVSLQHOV�� FDGPRLQGLWH�� FDUUROOLWH�� FXSURLULGVLWH�� FXSURNDOLQLQLWH�� FXSURUKRGVLWH��
GDXEUpHOLWH�� IHUURUKRGVLWH�� ÀHWFKHULWH�� ÀRUHQVRYLWH�� JUHLJLWH�� LQGLWH�� NDOLQLQLWH�� OLQQDHLWH��PDODQLWH��
SRO\G\PLWH��VLHJHQLWH��YLRODULWH��DQG�[LQJ]KRQJLWH��7KH�NQRZQ�PLQHUDO�VSHFLHV�ZLWK�VSLQHO�W\SH�VWUXF-
WXUH�DUH�EULHÀ\�UHYLHZHG��LQGLFDWLQJ�IRU�HDFK�RI�WKHP�WKH�W\SH�ORFDOLW\��WKH�RULJLQ�RI�WKH�QDPH��DQG�D�
IHZ�PRUH�PLVFHOODQHRXV�GDWD��7KLV�UHYLHZ�DLPV�DW�JLYLQJ�WKH�VWDWH�RI�WKH�DUW�DERXW�WKH�FXUUHQWO\�YDOLG�
mineral species, considering the outstanding importance that these compounds cover in a wide range 
RI�VFLHQWL¿F�GLVFLSOLQHV�
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inTRoducTion

Compounds with spinel-type structure occupy an outstanding 
SRVLWLRQ�QRW�RQO\�LQ�JHRORJ\��EXW�DOVR�LQ�PDQ\�EUDQFKHV�RI�VFL-
ence, and their crystal structures represent one of the archetype 
VWUXFWXUHV�EDVHG�RQ�D�FXELF�FORVH�SDFNLQJ�RI�DQLRQV��2ZLQJ�WR�
its quite simple structure type, spinel was one of the very first 
PLQHUDOV�ZKRVH�VWUXFWXUH�KDV�EHHQ�GHWHUPLQHG�DIWHU�WKH�GLVFRYHU\�
RI� WKH�;�UD\�GLIIUDFWLRQ�E\� FU\VWDOV� �1LVKLNDZD�������%UDJJ�
�������,QGHHG��LQ�WKH�LGHDO�VWUXFWXUH�WRSRORJ\�RI�VSLQHO��WKH�RQO\�
YDULDEOHV� WR�EH� UHILQHG�DUH� WKH�XQLW�FHOO�SDUDPHWHU�a, a single 
positional parameter for the anion, the displacement parameters 
for the three independent sites, and the cation site occupancies. 
Despite this apparent simplicity, several detailed crystal-chemical 
studies were carried out on spinels (and on their synthetic ana-
logs), pointing out some interesting crystal-chemical features 
related to cation disordering with important consequences on 
their thermo-chemical and physical properties. As an example, 
the mechanism of incorporation of the cations within the struc-
tures, their partitioning as a function of temperature and pressure 
FRQGLWLRQV�� WKH� WKHUPDO� H[SDQVLRQ� DQG� WKH� FRPSUHVVLELOLW\� RI�
WKH�VSLQHO�VWUXFWXUH�PD\�EH�RI�LQWHUHVW�IRU�PRGHOLQJ�WKH�(DUWK¶V�

mantle. In fact, a silicate phase with spinel structure represents 
the result of the transformation of olivine under high-pressure 
FRQGLWLRQV�W\SLFDO�RI�WKH�WUDQVLWLRQ�]RQH��EHWZHHQ�����DQG�����NP�
deep, and this high-pressure polymorph (L-Mg26L24��DOVR�NQRZQ�
DV�WKH�PLQHUDO�ULQJZRRGLWH��LV�FRQVLGHUHG�RQH�RI�WKH�PDMRU�SKDVHV�
LQ�WKH�(DUWK¶V�PDQWOH��H�J���)URVW��������%HVLGHV�WKHLU�HQRUPRXV�
petrological importance, spinels are used as geothermometers, 
JHREDURPHWHUV�� DQG�JHRVSHHGRPHWHUV�� DQG� WKH\�FDQ� UHSUHVHQW�
important guides to the mining exploration (e.g., Heimann et al. 
�������6RPH�VSLQHOV�DUH�RUH�PLQHUDOV��H�J���PDJQHWLWH�IRU�LURQ��
YLRODULWH�IRU�QLFNHO��DQG�RWKHUV�FDQ�EH�XVHG�DV�JHPVWRQHV��7KH�
ZHOO�NQRZQ�³EDODV�5XE\´�LV�DFWXDOO\�D�UHG�FRORUHG�YDULHW\�RI�
VSLQHO��XVHG�VLQFH�ORQJ�WLPH��VRPH�RI�WKH�PRVW�IDPRXV�JHPVWRQHV�
DUH�LQGHHG�VSLQHOV��H�J���WKH�%ODFN�3ULQFH¶V�5XE\�DQG�WKH�7LPXU�
UXE\�LQ�WKH�%ULWLVK�&URZQ�-HZHOV��6SLQHOV�DUH�DFWLYHO\�VWXGLHG�E\�
VROLG�VWDWH�VFLHQWLVWV��IRU�WKHLU�HOHFWULF�DQG�PDJQHWLF�SURSHUWLHV��LW�
is noteworthy that one of the most common spinels, magnetite, is 
OLNHO\�WR�EH�UHODWHG�ZLWK�WKH�GLVFRYHU\�RI�PDJQHWLVP��DV�UHSRUWHG�
E\�WKH�5RPDQ�QDWXUDOLVW�3OLQ\�WKH�(OGHU����±���$'���)LQDOO\��
spinels could form attractive mineral specimens, with octahedral, 
FXEH�RFWDKHGUDO��DQG�FXELF�FU\VWDOV��VRXJKW�E\�PLQHUDO�FROOHFWRUV�
and mineralogical museums (Fig. 1).

0LQHUDO� SKDVHV� KDYLQJ� D� VSLQHO�W\SH� VWUXFWXUH� EHORQJ� WR�
the chemical groups of oxides and sulfides, and more rarely to 
selenides, silicates, and germanates. In this paper, we present 
VHOHFWHG�EDVLF�GDWD�RQ�WKH����NQRZQ�R[LGH�VSLQHOV�DQG��IRU�VDNH�RI�
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