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ABSTRACT

Nisnite, ideally Ni3Sn, was found during a re-examination of heazlewoodite crystals in rodingite samples from the Jeffrey 
mine, Asbestos, Quebec. It occurs as bronze-colored metallic, striated, blocky and square to rectangular tabular crystals of up 
to 100 ������ ����	
����	
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associated with nisnite are chromite, diopside, grossular, heazlewoodite and shandite. The mineral is cubic, P4/m32/m, with 
���	�"���������	���B���������������������"	������	�C�a 3.7349(6) Å, V 52.10(3) Å3, Z = 1, Dcalc = 9.41 g/cm3��F
���#�����
����	�����B#������	
������"	�����"�����������������������	��"��	������#��G��<*�>>��H��$+��*������;>�+<��	�?�����G��
<;�&$��H��$��++�������++�&$��	�?��"�����������	��G�&�;>Sn1.02 on the basis of 4 apfu��F
���	�"	���
���������B����	�����R 
���������+�++>?����	
�����������%+����K����!�"	������F
���	�"	�����������	��"��	������&�"������	���H���	����'�&�G�8�����
�&�"������	���G���	����'>�G������$�H�8��L�����	
��	
������	
�	�"�G�3Sn phases known, nisnite corresponds to the ccp structure 
that has been synthesized at high pressure and high temperature.

Keywords: new mineral species, Ni3Sn, nisnite, rodingite, ophiolite, polymorph, synthetic compound, Jeffrey mine, Asbestos, 
Quebec.
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INTRODUCTION

L�� ��#��	���	���� ��� ���� ��� ��� 'Z|8� ��� ��"��
minerals associated with crystals of heazlewoodite 
(Ni3S28�����	
��R��������������L����	����Z���H��"���
��@��X�	���'�����	����"��	����H
��	���F����
������"
-
���������	�8��W����"���������� ���� 	�� 	
�����"�#���
of many minerals new to the locality and a natural 
occurrence of Ni3H���X��
	����"���������
����������	��
���� 	
��|�#}	
� "����"	�������� "�������� ���������
�	�
��
������B"�	����'���	���++�8��~�#������������	�-
mately associated with heazlewoodite were submitted 
�������	�B"�	�������]���������"	�����	�	
�����������
@������ ��� G�	���� F
��� ���� ��	������� 	�� ���
�
����	��� v�2Ni3S2�� �������	��� v�'�|8���� ���� 	
��-
�
��	�	���G�'�|82, new for the Jeffrey mine, and two 
are unknowns, one hereby described as nisnite. Nisnite 
is the third new species described from the locality after 
���	����	�� '��"�� �� ��������� �;>�8� ���� j������	��
'��"��������������;>$8�

The Jeffrey mine, once the largest producer of 
"
���	���� �����	��� ��� 	
�� ������ ���� ��#������� ��� ��
��j�������	���������	�	
�	���������	���"��	���������
����	
����	���>++��	��&++���[	������	�����������	��	�
ophiolitic belt in southern Quebec that formed early 
��� 	
�� ��K���"�� ��� ������"� �#��	�� 	
�	� "��	��� 	
��
L�����"
����@���	����������'��"��������������;*;8��
The locality is particularly well known to collectors for 
�	�����"	�"�������"���������������������#���#����	���
which occur in rodingites.

Nisnite is named after its main constituents, nickel 
(Ni) and tin (Sn). The mineral and its name were 
����#������	
����������������G���@�������G����-
"��	�������������B"�	��� '�G@G�8��[@L�'&++;�+>%8��
F�������"�������������#����	�	
�����������@������
���G�	�����	
�"�	��������������@G@��>=+;*������
	
��G�	����|��	���@�������Z����������@�&+�+��&��

OCCURRENCE

Nisnite is a rare mineral at the Jeffrey mine, which 
���� "��B���� ��� �� ���������	���� ��� 
����������	��
���"������ ���� 	
�� ��������� @������ ��� G�	���
�������"����"	������
�"
�����������	�������#�������
nisnite crystals. It occurs as intricate, boxwork-like clus-
ters, <1 mm in diameter, composed of crystals oriented 
at 90° to one another. All heazlewoodite specimens 
�	����������������������	�������������#�����������-
ciated with green grossular, diopside and chromite. In 
addition to the Ni-bearing minerals already mentioned, 
awaruite, cubanite, maucherite, nickeline and taenite 
also occur in rodingite dikes.

Specimens with heazlewoodite were obtained in 
�;**� ���� ���� ��� 	
�� |�#}	
� "����"	���� ��	��� 	
���
���������	���� ��� "����"	���� ��	
� �� ��j�"	� ��� 	
��
���������� ��� 	
�� R������ ����� '|�#}	
� �� H��	����
&++>��&++;8��F
�����"��������������������"����"	���

by miners and sold to mineral dealers, so the exact 
��#����"����	
���	
������������	�������

PHYSICAL AND OPTICAL PROPERTIES

���	������������	�� ���
��
��� �!�"	�#������������
color, metallic, striated, blocky and square to rectan-
gular, tabular and up to 100 �m in size where blocky 
'~����8��H	��	�������������#�������"����������"	���
microscopy (Fig. 2) on {100} and are parallel to the 
direction of elongation of the crystal. The hardness 
could not be measured owing to the minute size of 
	
�� "��	����� ��	� 	
�����������#��� 	�������		����G��
"���#���� �� ��"	��� ���� ����#��� ��� 	
�� "��	�����
F
����������������	
��"��	�����������#��	����������	��
measurement, but the calculated density, based on the 
structure determination, is 9.41g/cm3.

The mineral is opaque with a metallic luster, and 
��� ������"������ ��� �!�"	��� ���
	�� ��!�"	��"�� ��	��
�#�� 	
�� ����� $++� 	�� *++� ��� ���� ��	������ ��� ���
������ �� ������L���	��� ��"��"�����L� ���	��� H	�"-
	���� 'Z��
��8������	����������������� 	�� ��#��� 	
��
specimen and standard prior to measurement with a 
R�@�F����� ������ ���� ���"	���	��� @��������	��
������������������	�#��	�����������F����	������������
��#�����
� [��	����	�� ����� ���	���� �	� ��	�#���� ���
+�>&%��������$++�	��*++���������������	
����"�����
described by Stanley et al.�'&++&8��F
���!�"	��"����	��
����"����#��������������	��������	������F������������&��
����"	�#����

CHEMICAL COMPOSITION

The chemical composition of nisnite was deter-
��������������RX�Z�*%%����"	�����"����������������
�""����	����#��	�������&+������������"���	����&+��L�
and a focused beam (~ 2 ��8����������	
������������
standards: SnL�: cassiterite, NiK�: pentlandite. The 
following elements were sought but not detected: S, 
L���F��� ��� @��� ~��� ���� ���� ����L���L��� H�� ���� v���
Analytical results for two grains of nisnite are presented 

TABLE 1.  REFLECTANCE DATA FOR NISNITE, MEASURED IN AIR

____________________________________________________________

ë R avg ë R avg

nm % nm %

____________________________________________________________

400 39.0 560 50.4

420 40.2 580 52.3

440 41.4 589 53.2

460 42.6 600 54.4

470 43.2 620 56.3

480 43.9 640 58.1

500 45.3 650 59.0

520 46.8 660 59.8

540 48.5 680 61.4

546 49.1 700 63.0

____________________________________________________________

The standard wavelengths (COM) are shown in bold.
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in Table 3. The slightly low results for the grain labeled 
�@G����	
������	�������������	������������������-
ished surface. The ideal formula for nisnite requires 
<;�*%��	�?�G������$+�&*��	�?�H��

L�� ��	����#�� ���"
� ��� ��������� ����	�	�	����
������	���
����������	��	��
�#�����"
���"���#�������	��
and to be essentially pure Ni3Sn. The chemical analyses 
done on nisnite helped distinguish the specimen from 
	
������������"������ '��3Au), which has a similar 
]���������"	������		��� �������� ���	������ "���������
to be a potential match.

X-RAY CRYSTALLOGRAPHY AND  
CRYSTAL-STRUCTURE DETERMINATION

F
��]���������������"	������		�������"����"	���
��	
��������L]H��>����"�#����"������"	���	��
�K������� ��	
� �� &�� |��H	�� ���� ��	�"	�� ����	���
��	
� �� �L��H� ���	���� ��K�1 radiation, at 40 kV 
and 40 mA and a sample-to-detector distance of 12 
cm. The instrument was calibrated according to a 
�	�	��	�"��� ��"����� '����� &++;8��L� "���� �B�����	�
from measured powder-diffraction data was done by 
indexing the diffraction maxima by comparison with 
the calculated powder-pattern of synthetic Ni3H��'[�H��
��+<%<%8��F
��]���������"	������	�� ��� ��	
������	��
and its synthetic analog are presented in Table 4.

TABLE 2.  COLOR VALUES FOR NISNITE

____________________________________________________________

C illuminant A illuminant

____________________________________________________________

x 0.335 0.47

y 0.334 0.41

Y % 50.3 51.7

ëd nm 582 591

Pe % 11.4 16.6

____________________________________________________________

TABLE 3.  THE COMPOSITION OF NISNITE

____________________________________________________________

CMN Std. Dev. NHM Std. Dev.

(n = 5) (n = 3)

____________________________________________________________

Ni wt.% 57.88 0.227 59.24 0.150

Sn 40.17   0.415 41.00 0.063

Total 98.05 100.24

Ni apfu 2.98 2.98

Sn 1.02 1.02

Total 4.00 4.00

____________________________________________________________

The formula is calculated on the basis of 4 atoms per formula unit (apfu).

CMN: Canadian Museum of Nature; NHM: Natural History Museum.

FIG. ��� G����	�C�HX@�������������������������	��"��	�����
������	
���������	�
���	���
from platy to elongate and blocky.
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The single crystal of nisnite used for structure deter-
����	���������"�������������>+��m on a side. Intensity 
data for this small crystal were found to be quite strong 
owing to the high scattering power. Intensity data were 
"����"	��� ��� �� ������ ��	���	��� ����� P4 four-circle 
diffractometer operated at 50 kV, 40 mA, with graphite-
����"
���	���@�K������	����������$��LvX]�����
detector mounted at 6 cm distance from the crystal. 
Integrated intensities were collected up to 2� = 60°, 

using 30 s frame counts and a frame width of 0.2°. Data 
��	����	� 	�� 	
�� ��	����	����	�� "����"	���� ��� ��#��� ���
Table 5. The unit-cell parameters for the single crystal 
�����B����������*$$����������!�"	�����

Reduction of the intensity data, structure determi-
��	���� ���� �	�"	��� �B�����	� ���� ����� ��	
� 	
��
H|XZ]FZ� 'H
����"�� �;;+8� ��"����� ��� "����	��
programs. Data reduction included corrections for 
��"�������� �"������ ���� Z���	���������	���� ��"	����
L�� �����"��� �����	���� "��"	���� 'HL�L�H�� H
��-
��"�� �;;>8� ���� ���������F
�� �	�"	��� �B���� 	�� ���
�������� #����� ��� R�� +�++>��F
�� ������� Rint for the 
��	���	� '*%�� �!�"	����8���"������ ����+��&=�������

FIG.� &�� G����	�C� HX@� ������ ��� �������
��� "��	��� ��� �����	�� �
������ �	��	����� ������
{100}.

TABLE 4.  NISNITE: X-RAY POWDER-DIFFRACTION DATA

____________________________________________________________

I obs d obs I calc* d calc** d synth* h k l

____________________________________________________________

27 3.728 19 3.735 3.738 1 0 0

22 2.639 14 2.641 2.643 1 1 0

100 2.155 100 2.156 2.158 1 1 1

45 1.8667 44 1.8674 1.8690 2 0 0

10 1.6706 6 1.6703 1.6717 2 1 0

6 1.5245 4 1.5248 1.5260 2 1 1

25 1.3202 19 1.3205 1.3216 2 2 0

3 1.2457 3 1.2450 1.2460 3 0 0

2 1.1811 2 1.1811 1.1821 3 1 0

22 1.1266 18 1.1261 1.1271 3 1 1

____________________________________________________________

3

* calculated with ATOMS V6.0 using atom coordinates of synthetic Ni Sn

(Cannon 1984) from ICSD #105353.

** calculated from XRPD cell refinement with a = 3.7349(6) Å, V = 52.10(3)

Å , Z = 1, CuKá radiation. Values of d are expressed in Å.

3  

TABLE 5.  NISNITE: DATA COLLECTION

AND STRUCTURE REFINEMENT INFORMATION

____________________________________________________________

Space group (no. 221) P4/m 3̄ 2/m

Unit-cell parameter a (Å) 3.7344(7)

Unit-cell volume V (Å ) 52.08(3)

3

ì (mm ) 33

–1

Measured reflections   416

Unique reflections [all > 4ó(F)] 30

3

Ideal unit-cell contents  1[Ni Sn]

R (int F ) 0.020

 2

R (merging [I]) 0.014

Goodness of fit on F 1.43

2

1

R  index for observed data 0.008

2

wR  index for observed data 0.019

____________________________________________________________
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the absorption correction to 0.023 after the absorption 
"��"	������
�"
�����������B"��	�����#����	��#������
such a small crystal.

In the final least-squares refinement, all atom 
����	��������� �B������	
������	���"�������"����	�
��"	����F
������
	�����"
���������#����������	������
to �2(F). The addition of an isotropic extinction-
"��"	����������	� ����#�� 	
�� �B�����	�� [�� 	
�� ���	�
�	���� ��� �B�����	�� 	
��� ���� ���"	��� ��������� ���
�+�%$������+�=����/Å3��F
��B��������	������"������	���
���� �����	���"� ������"����	������	��� ��� ��#���
���F�����=��F������ ���	���� 	
������#�������"��"���	���
structure-factors may be obtained from the Depository 
�����������
�����	������	
��@L��������	��_��"����	�
G����	���@$;�=<�`�

Description of the structure

There are three synthetic Ni3Sn phases: low-temper-
ature �-Ni3Sn, P63/mmc, is a hcp��	�"	���'Z�����	��#�
et al. 2002), high-temperature �-Ni3H������#��;�*�����
F4/m 3 2/m, is a fcc structure (Schubert et al. 1956), and 
high-pressure and high-temperature Ni3Sn, P4/m 3 2/m, 
a ccp� �	�"	�����������'�;>$8����	
������� 	
���
����
�	�;++��&++�������=<������G����	��"��������� 	����
ccp structure (Fig. 3). In such a structure, each atom is 
12-coordinated. The larger atom, Sn (radius 1.41 Å), is 
surrounded by 12 Ni atoms, and each Ni (radius 1.15 
Å) is surrounded by eight atoms of Ni and four atoms of 
Sn. All bond lengths are 2.6406(5) Å, which is slightly 
������	
���	
���������"�#����	������'&�<=�^8�

TABLE 6. NISNITE: COORDINATES AND ANISOTROPIC DISPLACEMENT

PARAMETERS OF ATOMS

___________________________________________________________________________________

11 22 33 23 13 12 eq

Site x y z U U U U U U U

___________________________________________________________________________________

Ni 0 ½ ½ 0.0098(3) 0.0089(2) 0.0089(2) 0 0 0 0.092(2)

Sn 0 0 0 0.0082(2) 0.0082(2) 0.0082(2) 0 0 0 0.008(2)

___________________________________________________________________________________

FIG. 3. The ccp�"��	����	�"	�����������	����	
������"��������j�"	����
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DISCUSSION

|����������	�� �""��� ��� ��	���	����� 
���	
�����
������� ��� "�#�	���� ��� ����� �������� "��	���� ��	�-
grown with diopside. The crystallization of nisnite 
occurred fairly late in the paragenesis. 

������	�#��#�������'i.e. for Z = 1) for the three 
synthetic Ni3Sn polytypes are: low-temperature, ambient 
pressure hcp�<��<>�̂ 3, high-temperature, ambient pres-
���� ';<+��8� fcc 53.46 Å3, and high-temperature and 
high-pressure ccp 52.23 Å3. The expansion of the cell 
#������'��%�=�?���"����8��	�������#�	���	�����	���
��� ����"	���� ������� '�;>$8� ��������� "��"��� 	
�	�

��� 
��
�������� �
���� 
��� �� ����� #������ 	
��� 	
��
hexagonal hcp, low-pressure form, and he tried at 
����	
�	���	���������	
�������#�	�����[	����	���	
�	�	
�-
modynamically, this is “unreasonable” as he stated, but 
he only considered the pressure effect and mentioned 
nothing about the fact that his phase was produced at a 
high temperature. It is in fact perfectly reasonable that 
	
�� 
��
�� 	�����	��� �#������ �� �	� ����	� ����B����
	
������"	����	
��������������	
������	����"����#������
is intermediate between the high- and low-temperature 
phases grown at ambient pressure conditions. Nisnite 

��� �� "���� #������ ��� <&�+>� ^3, close to, but slightly 
smaller than that of the synthetic analogue. The roding-
�	����	�R�����������
�#�������������	���	��
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at intermediate conditions of pressure and temperature 
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2007]. The presence of nisnite in this rock type infers 
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at least to the intermediate conditions stated and not 
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these polymorphs and the role played by hydrothermal 
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���	�����	��B��������G�3Sn.
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