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aBstract

Tetrataenite is an equiatomic and highly ordered, non-cubic Fe-Ni alloy mineral that forms in me-
teorites from the distortion of fcc taenite due to extremely slow cooling. The mineral has drawn much 
DWWHQWLRQ�RI�WKH�VFLHQWL¿F�FRPPXQLW\�EHFDXVH�RI�LWV�VXSHUE�PDJQHWLF�SURSHUWLHV��ZKLFK�PD\�PDNH�WKH�
phase an alternative to the REE-based permanent magnets. Barring only a few passing mentions, the 
PLQHUDO�KDV�QHYHU�EHHQ�GHVFULEHG�IURP�DQ\�WHUUHVWULDO�URFN��+HUH�ZH�UHSRUW�WKH�FKDUDFWHULVWLFV�RI�WHU-
restrial tetrataenite from an ophiolite-hosted Ni-bearing magnetite body from the Indo-Myanmar ranges, 
northeast India. Although the mineral assemblage surrounding it is very similar to that found in the 
meteorites, the postulated cooling regimes cannot be similar. The mineral is formed as a consequence 
of hydrothermal alteration of ferromagnesian minerals of the olivine and pyroxene groups. Iron and 
QLFNHO�ZHUH�UHOHDVHG�IURP�WKH�VLOLFDWHV�DQG�SUHFLSLWDWHG�LQ�WKH�IRUP�RI�)H�1L�DOOR\�DW�ORZ�WHPSHUDWXUH�
LQ�H[WUHPHO\�UHGXFLQJ�FRQGLWLRQV�ZLWK�D�ODFN�RI�VXOIXU��2XU�¿QGLQJV�VXJJHVW�D�ORZ�WHPSHUDWXUH�K\GUR-
thermal origin of tetrataenite warrants a re-examination of the Fe-Ni phase diagram at low temperatures 
DQG�SXWV�D�TXHVWLRQ�PDUN�RQ�WKH�DJH�ROG�FRQFHSW�RI�WHWUDWDHQLWH�IRUPDWLRQ�DV�GXH�VROHO\�WR�H[WUHPHO\�
slow cooling of fcc taenite in meteorites. It also opens up a new vista for adoption of a hydrothermal 
route to synthesize this rare material.
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introduction

Metallic Fe-Ni alloy is ubiquitous in meteorites although its 
PRGDO�DEXQGDQFH�LV�OHVV�WKDQ���YRO���+HLNHQ�HW�DO���������7KH�
)H�1L�DOOR\�PLQHUDOV�FRPPRQO\�IRXQG�LQ�PHWHRULWHV�DUH�NDPD-
cite and taenite. Kamacite is characterized by a relatively low 
1L�FRQWHQW�����ZW���DQG�D�ERG\�FHQWHUHG�FXELF��EFF��VWUXFWXUH�
(the D�SKDVH���7DHQLWH�FRQWDLQV�XS�WR�DERXW����ZW��1L�DQG�KDV�
D�IDFH�FHQWHUHG�FXELF��IFF��VWUXFWXUH��WKH�J�SKDVH���,Q�WHUUHVWULDO�
URFNV��PHWDOOLF�)H�1L� LV� UDUH�DQG� IRXQG�RQO\� LQ� VHUSHQWLQL]HG�
SHULGRWLWHV��.ULVKQDUDR�������)URVW�������DQG�YROFDQLF�URFNV�WKDW�
KDYH�DVVLPLODWHG�FDUERQDFHRXV�PDWHULDO��ERWK�DUH�HQYLURQPHQWV�
in which there is substantial reducing potential due to the pres-
ence of H2�DQG�&��*RRGULFK�DQG�%LUG��������7KH�FRPSRVLWLRQV�
RI� WKHVH� DOOR\�PLQHUDOV� LQ� WHUUHVWULDO� URFNV� DUH�SUHGRPLQDQWO\�
restricted to the awaruite group (Ni2Fe to Ni3)H��ZLWK�YDULDEOH�)H�
Ni ratios where Ni concentrations sometimes reach up to 75 wt% 
�6WDSOHV��������7HWUDWDHQLWH��DQ�HTXLDWRPLF�DQG�KLJKO\�RUGHUHG�
Fe-Ni alloy mineral that generally forms from the distortion 
of fcc taenite, has been established as a distinct mineral phase 
LQ�VRPH�PHWHRULWHV��$OEHUWVHQ�HW�DO������D������E��&ODUNH�DQG�
6FRWW��������:LWK�a51 wt% Ni, it presents a tetragonal structure 
(superstructure L10�OLNH�&X$X���VSDFH�JURXS�P��mmm��a = 2.533 
and c� �������c��$OEHUWVHQ�HW�DO������D���7DJDL�HW�DO����������������
however, argued that tetrataenite is only metrically tetragonal 
and its structure has monoclinic symmetry. The mineral is found 
mainly in extremely slowly cooled meteorites (cooling rate of 
a few degrees per million years for the temperature interval of 

700–350 q&��:RRG�������*ROGVWHLQ� DQG�6KRUW� ������� DQG� LV�
formed when meteorites cool slowly below 320 qC, which is 
WKH�RUGHU�GLVRUGHU� WUDQVLWLRQ� WHPSHUDWXUH� �=KDQJ�HW�DO���������
The cooling below 320 qC could be even slower and is impor-
tant for the ordering of Ni and Fe in the atomic structure. Since 
below this temperature the auto-diffusion in the Fe–Ni system 
is insignificant on laboratory timescales, tetrataenite cannot be 
produced artificially by simple annealing of compositionally 
equivalent taenite phase with a disordered structure. Therefore, 
significant amounts of tetrataenite are found only in meteor-
itic samples that have suffered a slow and very long cooling 
SURFHVV��6FRU]HOOL��������$OWKRXJK�WKLV�XOWUD�UDUH�)H�1L�SKDVH�
can be produced in a small scale synthetically by neutron- or 
HOHFWURQ�LUUDGLDWLRQ�RI�)H�1L�DOOR\V�DW�WHPSHUDWXUHV�EHORZ�����.�
�3DXOHYH�HW�DO��������*URV�DQG�3DXOHYH�������&KDPEHURG�HW�DO��
�������RU�E\�K\GURJHQ�UHGXFWLRQ�RI�QDQRPHWULF�1L)H22� (Lima 
HW�DO��������� LWV� ODUJH�VFDOH�SURGXFWLRQ�KDV�QRW�EHHQ�DFKLHYHG�
DV�RI�QRZ��7R�WKH�EHVW�RI�RXU�NQRZOHGJH�� WR�GDWH�� WHWUDWDHQLWH�
KDV� QHYHU� EHHQ� GHVFULEHG� IURP� WHUUHVWULDO� URFNV� EDUULQJ� RQO\�
D� IHZ�PHQWLRQV� �7RPLQDJD� DQG�.OHLQ� ������5DMDE]DGHK� DQG�
0RRVDULQDVDE��������,Q�WKLV�QRWH�ZH�UHSRUW�WKH�LGHQWLILFDWLRQ�RI�
tetrataenite in an ophiolite-hosted, Ni-bearing magnetite body 
from the Indo-Myanmar ranges of northeast India and discuss 
its characteristics, mode of occurrence, chemistry, and genesis, 
as well as the possible technological consequences of its occur-
rence in such an environment.

Methods oF investigation
Five samples from the magnetite body were investigated using a Leica optical 

petrological microscope. Quantitative microchemical compositions of the mineral 
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