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1.2 Geology and Mineralization
;0
����	
��� ���'�.
&� �0
�!'�� �

�� ���������
� $�0
� ���������
*� �0��� �����.
.� �'.
�� ��
���������
"�������� ��.� '�=� ��� �
.���� "��.
� �
�����%0��� ��&
�
��� ����&�� +��0� �0
�  ���������
� ��.�
��
�������������&���
����
�%�
�
.�����
������9�����')��6
�'�����)��%%��B����
')������
�
�&�$�*��9�
��'
�K���������
�&
.��
����)�����&��9��
��&)'6�������"
��,&����
&�'���9��0�&��0������6
����0
�
��&����
&��9��
�������%�=��0����0
����	
�����
���9��0
� ���������
��=0��0�=�&��.
���9�
.���.����"
�
.��0���"0�
��"�
����&��6
)&���.����9���
.��0���"0�&��&
L�
���.��''��"��;0
��6��'��'
���"�
����.������.����
&�
.������������0
�&���=
&�8����0=
&��&������"�'��
��
��&����.�&
���.��)�����0=
&����.�����0����
��
.�
9
����
&��0����������0
�%�&�������9��
"����'�9��'�&�%���''
'���.?���%
�%
�.���'�������0
�

��0��/%'�9����

;0
�  ���������
� 0�&�&� &�"��9������ �������� $�
%���
.� �&� 
��:C*�� ��������� $�
%���
.� �&� ;�:�*� ��.�
&���.����$��*���.��&����%�&
.�%�
.�������')��9�.�'����
����'���
���.����
���
��=��0�'
&&
���0'����
��



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
���
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

�����
��%0'�"�%��
��%)���0'��
��&
�%
����
��9'�����
��&�'9�.
&���.�L����K��
��������&��������
.�%������')�
=��0��� �0
����
��'�%)���0'��
����.� ���
�
���0�
'
�
��� $�!!*����
��'�K������ �&� �
%���
.� ����������&�
�V&���&��
��%���&��
��&)��0)&��
���.�����K��
��
�������0�&��

���0
������
'
�
����9����
�
&��9����0
�
����
��� &��.)�� ���� �
�
��� .
6
'�%�
��&� &���
� �0
� 
�6
��
�� ����� ;
�0����'� �
%���� =��0��� �0
�
�
��''��"���'� �
&�=���� ��.����
&� �0
� %��
����'� ��� �
��6
�� ;�:�� ��.� ���:�� �&� %���� �9� �0
� %��%�&
.�
%���
&&�9'�=&0

���<�����
����&���8"���"�����%����K
���.�9���0
���
&���0�&������%�'���&��"
��������&
.�
��� �0
� =���� ���%'
�
.� ��� .��
� ���� ���&�.
�&� �0
&
� 
'
�
��&� ��� 0�6
� %��
����'� 9��� 
��������

B�����������.��0
�
9��
���
�.�&��&&
.�����0
�;
�0����'��
%�������.����'�.
.�����0
����
��'��
&����
�
!&�����
��

1.3 Status of Exploration, Development and Operations
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1.4 Mineral Processing and Metallurgical Testing  

1.4.1 Mineral Processing and Metallurgical Testing
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1.4.2 Hydrometallurgy and Metallurgical Testing
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1.4.3 Pyrometallurgy and Metallurgical Testing
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1.5 Mineral Resource Estimate  
���
��'��
&����
&�0�6
��

��
&�����
.�������9�����)�=��0�"
�
��'')����
%�
.� ���.����#�&�����
��9�
�����"�$ #�*�!&����������9����
��'��
&����
���.����
��'��
&
�6
&�+
&���������
&�"��.
'��
&����.�
��
��
%���
.���������.���
�=��0��0
� #��1
9������������.��.&�>��������
��'��
&����
&���.����
��'�
�
&
�6
&����)�����������

;0
�.��''0�'
�.�����&
��&
.�����0
�
&����������&��9�0�"0�L��'��)���.�0�&��

����.
%
�.
��')�6
��9�
.�
�)� ����� ,� �0�

8.��
�&����'� "
�'�"��� ��.
'� =�&� ���&�����
.� �&��"� ,�,
M� 4
�%9��"Q� �����"�
��9�=��
� $4
�%9��"Q*�� ��.
'��"� =�&� ��&
.� ��� '�""
.� "
�'�")� ��� �0
� .��''��"� .�����&
�� �&��"� ��
�������������9�"
�'�"���'�������'&���.���������"��.
�&0
''&��;0
�"��.
�
&���������=�&����9��
.������
0��.� ����.��)� �9� �0�

� "��.
� &0
''� .�����&� .
9��
.� ��� ���O�� ���O� ��.� ��CO� �������� %
���B�.
�
$
��:CO*��=��0��0
�
&����������&��"���')��0
����%�&��
.�&��%'
&�9�����0
�&��
�.��������

1
6
'�%�
��&�����0
��
��''��"���'��
&�=������.����
.��0
�%��
����'�����
��6
��;�:����.������&
.������
�
6�&
.� 9'�=&0

��� ����0
��� �0
� ��%��)� ���%'
�
.� �� �
8�&&�)� %��"�����9� 0�&������'� %�'%&��=0��0�



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
���
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

=
�
� ���� ���'�.
.� ��� �0
� ���"���'� ����?����� �
8�&&�)� %��"���&��;0
� �%.��
.� .�����&
� 0�&� �

��
%��6�.
.� ��� ���� =0�� ���%'
�
.� �� �
6�
=� �9� �0
� .�����&
� ��.� �0
� 2,?2 � ��9��������� 9��� �0
�
�..������'�
'
�
��&� ���
�&��
� �0
��� ���'�&���� ��� �0
�
&���������%���
&&��!B�
���'� '��������)� �0
��&�
&0�=
.� �� ���&� �
�=

�� �(�� ��.� ,��'��&� '���������
&�� =��0� ,��'��&� �
������"� 0�"0
�� 6�'�
&� 9���

��:C�� ;0
� &'�"0�� 0�"0� ���&� ���9���&� �0
� &'�"0�� �6
�� �
%�����"� ���
.� ��� �0
� ������
� &����&&���&� �9�
&���.��.� �
9
�
��
� ���
���'&� $���&*�� =0��0� ���� 
&�����
&� ��� �
� ��� �0
� ��.
�� �9� ���O� ��� ���O�
$��&
.�����0
����&*��;0
����&�����0
�
B�
���'�.�%'����
&��
%������&'�"0������
�&
�����0
����&����F�DO��
���� ���&�.
�&� �0
� '
6
'� �9� ���&� ��� �
� =��0��� ���
%���'
� '
6
'&� 9��� �&
� ��� �0
� ����
��� ���
��'�
�
&����
���������
.�&��
�"�%&�9���;�:����.����&��''��
�����=��0����0
�.�����&
��;0
�"�%&�����0
�
.�����&
���
����
&�'���9��0
�����
����
8�&&�)�%��"�����
��"�'����
.����%�'%����
���'���''
��
.�.����"�
�0
� ����� �
���')&�&� %��"����� +�&
.� ��� 
&���'�&0
.� �
'�����&0�%&� ��.� &����&����'� ���')&�&�� ���� �&�
���9�����'
�����&
��0
��
6�&
.�.�����&
�9����0
�����
������
��'��
&����
�!&����������

���
��'� �
&����
&� ���'�K
.� �''� �0
� �&&�)� ��9��������� 9���� 0�&������'� .��''��"� ��.� �0
� 
�� ��%� �����
.��''��"�%��"������
���0�.�&����
&�=
�
�.
�
����
.�9����.��
������'�6����"���&���'��'��
.��&��"��0
�
��%%
.� ��.� ���%�&��
.� &��%'
&�� ,� �
&�
.� &
���0� 
''�%&
� 
&��������� �
�0�.� ���&�&���"� �9� �0�

�
%�&&
&�=�&��&
.��;0
�&
���0�
''�%&
�0�&��

�������
.�������0
������.�%���.�&����
����
���������9��0
�
.
%�&�����

;0
� "��.
� 
&��������� $
��:CO�� ;�:�O�� ��@%%�*� ���'�K
.� ��� :�.����)� ���"��"� $:�*� �'"����0��
&�%%���
.��)�C���&��%'
����%�&��
&�9����''� �0
����
��'�K
.�����&��=��0�#�6
�&
�1�&����
�<
�"0���"�
$#1<*� ��� �� %�=
�� �9� ��� ��.� �� �
��
&�� �
�"0���� 
&�����
� ���%'
�
.� �&� ���&&� �0
��&�� �
���0�
.�&����
&�=
�
�.
�
����
.�9����.��
������'�6����"���&���'��'��
.��&��"��0
���%%
.���.����%�&��
.�
&��%'
&�� ,� �
&�
.� &
���0� 
''�%&
� 
&��������� �
�0�.� ���&�&���"� �9� �0�

� %�&&
&� =�&� �&
.�� ;0
�
&
���0�
''�%&
�0�&��

�������
.� ������0
������.�%���.�&����
����
���������9� �0
�.
%�&����1
�&��)�0�&�
�

���&&�"�
.���&
.�����
���.
�&��)�%
����	���"
�'�"���'������9����.
�&��)�.
�
����������6�'�
&�
���
��.����"��0
������
&���������%��"������&��"����������������9�=
�"0��������?=
�"0�����=��
�����.�
6�'��
��������')&�&���
&����
&���
��
%���
.��&�
��:C��;�:����.����$%%�*��

1
�&��)�0�&��

��
&�����
.���&
.����.
�&��)�.
�
����������6�'�
&����
��.����"��0
�������
&����
�

&���������%��"������&��"� �� ������������ �9�=
�"0�� ������?=
�"0�� ���=��
��� ��.�6�'��
��������')&�&��
+�&
.������&����&����'��
6�
=��9��0
�.
�&��)��
�&��
�
��&���.��0
��&&�)��
&�'�&�9�����0
�=0�'
������
���')&�&�� =0��0� ���'�.��"��
�:�O���.�;�:�O�� �� "
�
��'� ��
�.� �9� 0�"0
�� .
�&��)�=��0� 0�"0
�� "��.
�
=�&� �.
���9�
.� ��.� �0
�
9��
� ���:�.����)� ���"
.� 
&�����
� �9� .
�&��)� =�&� �0�&
�� �&� �0
� %�
9
��
.�
�%������

���� 0�&� 6�'�.��
.� �0
� ���
��'� �
&����
� !&�����
&� �&��"� �� ����
�� �9� .�99
�
��� 6�'�.������
�
�0��L�
&��

�� #�&%
�������9��'����"��.
&����%'�����.�&
��������.����%���&���=��0�.��''0�'
�"��.
&U�
��  ��%�����6
�&����&����'�&��.)�6&�����%�&��
�.������.��'�
�����6
�
&����������
�0�.&U���.�
�� �
������'����
�%�
��������9��0
��
����'������.�&��%'
�"��.
&�$&=��0�%'��&*��

#���0
��%�������9�������0
����
��'��
&����
�!&�����
��
%���
.�0
�
����&����
�&����'
��
%�
&
��������
�9� �0
� "'���'� 
��:C� "��.
&� ��.� �0
� '�������� �9� 0�"0
�� "��.
� K��
&�� =0��0� %��6�.
� �� �
�&����'
�
��.
�"����.������"����"
������0
����	
����



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
�C�
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

;0
����
��'� �
&����
&� ��
� �'�&&�9�
.� ��.
�� �0
� ���
"���
&� �9� #�.����
.� ��.� #�9
��
.� �����.��"� ���
 #��"��.
'��
&��1�
������'�����9�.
�&
�.��''��"�$����0
���.
���9��C���B��C��*������
�&��
.����
��'�
�
&����
&�0�6
��

���&&�"�
.�����0�&�&��"
���

 '�&&�9�������� �9� �0
� �
&����
&� �
9'
��� �0
� �
'���6
� ���9�.
��
� �9� �0
� "��.
� 
&�����
&�� ;0�&�
�'�&&�9�������� �&���&
.���� &
6
��'� 9�����&� ���'�.��"�&��%'
�&%����"� �
'���6
� ��� "
�'�"���'� ��.�"
�8
&����&����'���&
�6�����&��
"��.��"��0
����������)��9����
��'�K�������.����6
��9��������������"���'�&����
&��
&%
��9���"��6��)�.
�
���������&���������)��9�.��''���''���'�������&���������)��9��0
���%�"��%0���&��9��
��
L��'��)��9��0
��&&�)�.�������.����)���0
��9�����&���

���� �0
� #�.����
.� �
&����
� �'�&&�9��������� �� &�'�.� &0�%
� =�&� ���&�����
.� �����.� �0
� ���
� �9� �0
�
.
%�&��� =0
�
���&�� .��''0�'
&� ��
� &%��
.��%%��B����
')� A�� ��� D�����%����� ��.� �'���&� 0�6
��

��

&�����
.�=��0������������9��=�����
0�'
&��

;0
����
��'��
&����
&�0�6
��

�����9��
.����
&�����
.��'���&�=��0����0
� ���������
�� #����.
�� ���
.
�
����
� �0
� L�������
&��9����
���'� �99
���"� X�
�&����'
� %��&%
��&� 9���
��������
B��������T��)����
��.
�"����.������"��
�0�.������0�&�.
9��
.������.
�"����.������"����8�99�"��.
�$ �(*���&
.����
�
��'� %�����"�� �&&��
.� ��&�&� ��.� �
��''��"���'� �
��6
��
&��  �&�&� ��.� �
��6
��
&� ��
� ��&
.� ���
�
��0������&��.�
&����%'
�
.�9���&���'���%��	
��&����.��%%'���������9�%�&&��'
� '���'�6��������&��;0
�
�'���&����6
��0
������"� �(�9���������"���&������"����"
�&�=��0���� �&�'��
.��'���&��0���=��'.��
�
��'��
')� ���=������� �0
���&���9� .
6
'�%�
����,''����
���'�=��0��� �0
� "
�'�"���'�=��
9���
&����6
���
 �(� �9� ���O� 
��:C� 0�&� �

�� ���&�.
�
.� ��� 0�6
� �
�&����'
� %��&%
��&� �9� �
��"� ���
.� 6���
��.
�"����.��
�0�.&��

;0
����
��'��
&����
�9����0
����	
����&�&������K
.����;��'
���C����=��0���&�����)��9��0
�&
�&���6��)�
�9��0
������"
���.�"��.
���� �(�&0�=�����;��'
���C����

Table 1.5.1: SRK Mineral Resource Statement for Elk Creek, Effective Date April 28, 2015
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Table 1.5.2: Grade Tonnage Showing Sensitivity of the Mineral Resource to CoG
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1.6 Recovery Methods
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1.7 Underground Mining
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Table 1.7.1: Mine Plan Resource Classification (1)

Category Tonnes
(kt)

Nb2O5
(%)

TiO2
(%)

Sc
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Table 1.7.2: Annual Mining Schedule

Year Mineralized Tonnes
(kt)

Nb2O5
(%)

TiO2
(%)

Sc
(ppm)

Waste Tonnes
(kt) Backfill (m3) 

���A� 8� 8� 8� 8� AA�D� 8�
���D� ����C� ��CD� ����� CA��C� �DF��� 8�
���F� �FA��� ��DA� ��FC� A��C�� D���� �����D��
����� �FA�D� ��F�� ��DF� DC��A� ����C� �F���F��
����� �F��A� ��F�� ��D�� A����� ��F��� ��F��AF�
����� �FC��� ��F�� ����� CD���� ����� ����C�C�
����� �FA�A� ��D�� ��F�� AD��C� �D��� ����FFD�
����� �F���� ��D�� ��D�� A���F� ���A� �F��F���
����� �FA��� ��F�� ��FC� D����� D��� �A��F�F�
���C� �FA�D� ��F�� ��AF� D����� ��A� �D��F���
���A� �FA��� ��D�� ��F�� D����� ��F� �D��D���
���D� �FA��� ��D�� ��DD� DF��C� ���F� ��C�CC��
���F� �FC��� ��D�� ��DD� F��CD� ����� ��C�D�A�
����� �FA�D� ��D�� ��DF� DA���� �F�D� �����D��
����� �FA�A� ��D�� ��DD� DA���� ������ ����AD��
����� �FA��� ��D�� ��F�� D���D� �D��� ����FF��
����� �F���� ��D�� ��F�� DC���� ���� �AD�ACF�
����� �FC�A� ��F�� ����� A��CA� ��A� �����AF�
����� �FC�A� ��FD� ����� D����� 8� �DC�D���
���C� �FC��� ��F�� ����� DF���� C��� ������D�
���A� �FC��� ��F�� ����� AD���� ���� ��D�CA��
���D� �FC��� ��F�� ����� AA�D�� ���� ��������
���F� �FC�F� ��F�� ����� DF�FF� ���� ��C�����
����� �FC�D� ��F�� ��FC� D���C� 8� �C������
����� �FC�A� ��F�� ����� A���C� ��F� ������A�
����� �FC�D� ��F�� ��D�� D���A� C�A� �FC���F�
����� �FC�D� ��F�� ��FC� D��D�� 8� �D������
����� �FC�F� ��F�� ��F�� DC�AA� ���� ��������
����� �F���� ��D�� ��DF� F��D�� ��C� �D���DF�
���C� �FC�A� ��F�� ���F� DA���� 8� �����F��
���A� �FC�D� ��F�� ��FA� DF��C� 8� �����DC�
���D� �FC�C� ��F�� ��FF� DF�F�� 8� �CD�����
���F� �FC�C� ��F�� ����� F����� 8� �C������
����� C����� ��AF� ��C�� D��F�� 8� ��D�D���
Total 31,085.5 0.80 2.84 73.33 1,134.5 9,773,835
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1.9 Environmental Studies and Permitting

1.9.1 Required Permits
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1.9.2 Engineering Design Criteria
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1.9.3 Environmental Studies
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1.9.4 Health and Safety
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1.9.5 Reclamation and Closure
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1.9.6 Community Relations and Social Responsibilities
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1.9.7 International Standards and Guidelines
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1.10 Preliminary Economic Assessment Results
Capital Cost Estimates
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Table 1.10.1: Capital Cost Summary

Description Initial
(US$000’s)

Sustaining
(US$000’s)

LoM
(US$000’s)
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Total Capital $978,742 $407,995 $1,386,738
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Operating Cost Estimates
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Table 1.10.2: Operating Cost Summary

Description US$/t-
Processed

US$/kg-
Nb

LoM
(US$000’s)
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����
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Total $196.86 $39.28 $6,119,511
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Table 1.10.1.2: Economic Analysis (US$000’s)
Description Value Units
Market Prices
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1.10.2 Conclusions and Recommendations
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Mining and Reserves
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Capital, Operating Costs, and Economic Analysis
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2 Introduction
2.1 Terms of Reference and Purpose of the Report
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2.2 Qualifications of Consultants
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2.3 Details of Inspection
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Table 2.3.1: Site Visit Participants
Personnel Company Expertise Date(s) of Visit
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4 Property Description and Location
4.1 Property Location
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Figure 4.1.1: Project Location Map
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4.2 Property Description
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4.3 Mineral Titles
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Figure 4.3.1: Land Tenure Map  
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Table 4.3.1: Active Lease Agreements Covering the Project

Option Agreement Name Code Hectares Acres
Original
Agreement
Sign Date

Original
Agreement
Expiry
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Agreement Expiry
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4.3.1 Nature and Extent of Issuer’s Interest
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4.4 Royalties, Agreements and Encumbrances
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4.5 Environmental Liabilities and Permitting

4.5.1 Environmental Liabilities
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4.5.2  Required Permits and Status
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4.6  Other Significant Factors and Risks
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5 Accessibility, Climate, Local Resources, 
Infrastructure and Physiography

5.1 Accessibility and Transportation to the Property
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Figure 5.1.1: Project Location Showing Main Access Routes
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5.2 Climate and Length of Operating Season
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Table 5.2.1: Summary of the Project Precipitation Data (4) (5) 

Station

Mean Monthly
Precipitation

Mean Monthly
Pan Evaporation

Mean Monthly
Lake Evaporation (5)

Annual
Evapotranspiration

Tecumseh
Station (1)

(mm)

Sabetha Lake
Station (2) 

(mm)

Sabetha Lake
Station (2)

(mm)
Rainwater Basin

Station (3)
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5.3 Sufficiency of Surface Rights
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5.4 Infrastructure Availability and Sources
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5.4.1 Potential Tailings Storage Areas
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5.4.2 Potential Waste Rock Disposal Areas
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5.4.3 Potential Processing Plant Sites
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5.5 Physiography
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6.2 Exploration History

6.2.1 USGS, 1964
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Figure 6.2.1.1: 1964 USGS Aeromagnetic Survey Area Showing Surveys 526A, 526B, and 530 
Respectively
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Figure 6.2.1.2: 1964 USGS Aeromagnetic Results (Merged 526A, 526B, and 530 Surveys)
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6.2.2 Discovery, 1970-1971
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Figure 6.2.2.1: Comparison of the 1970 Magnetic and Gravity Geophysical Surveys
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Figure 6.2.2.2: Cross-section A-A’ of the 1970 Gravity and Magnetic Geophysical Surveys
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6.2.3 Cominco American, 1974
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6.2.4 Molycorp, 1973-1986
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6.2.5 Geophysical Surveys
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6.2.6 Drilling
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6.2.7 Molycorp Data Verification, 1973-1986
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6.3 Historic Resource Estimates 

6.3.1 Molycorp Internal Estimates
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6.3.2 Tetra Tech Wardrop Estimate (April 2012)
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Table 6.3.2.1: Tetra Tech 2012 Indicated Mineral Resource Grade Tonnage Sensitivity for the 
Project

Cut-off Density Tonnes Nb2O5 Contained Metal
Nb2O5 (%) g/cm3 (000’s t) (%) (000’s kg)
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Table 6.3.2.2: Tetra Tech 2012 Inferred Mineral Resource Grade Tonnage Sensitivity for the 
Project

Cut-off Density Tonnes Nb2O5 Contained Metal
Nb2O5 (%) g/cm3 (000’s t) (%) (000’s kg)
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6.3.3 SRK Estimate (September 2014)
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Table 6.3.3.1: SRK Historical Mineral Resource Statement for the Project, Effective Date 
September 9, 2014

Classification Cut-off 
(Nb2O5%)

Tonnage Grade
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(000’s t) (000’s kg)
#�.����
.� ����� �F����� ��A�� �DD�����
#�9
��
.� ����� ����F��� ��CC� D���D���
�����
������������
�� ���
��'��
&����
&���
��������
��'��
&
�6
&���.�.������0�6
�.
���&����
.�
��������6����'��)��,''�9�"��
&���
�����.
.����

�
9'
����0
��
'���6
��������)��9��0
�
&�����
���.�0�6
��

���&
.����.
��6
�&������'&������'&���.�=
�"0�
.��6
��"
&�����0�
��'��'�����&���0
�
��')���6�'6
���.
"�

��9�����.��"���.����&
L�
��')������.��
������"����9�
������<0
�
��0
&
��������
����.�
&��������&�.
�� �0
������
����
���'��,''����%�&��
&�0�6
��

����%%
.�=0
�
��%%��%����
��;0
� ���
&&���� �&�
=0�'')��=�
.��)���.�
B%'���������&��%
���
.��)�
�� ��%�1
6
'�%�
��&�4�.��

�� ;0
��
%�����"�&���.��.��.�%�
.�9����0
��
%�����"��9��0
���!��&
&��0
��
�����'�")��.
9�������&���.�"��.
'��
&�"�6
������0
�
 ���.���� #�&�����
��9������"���
��''��")���.��
���'
���$ #�*�����.��.&�������
��'��
&����
&���.����
��'��
&
�6
&�
$��)���������*��&��
L���
.��)�
#���8�����

�� �����&&��
&��0
����	
����&���
���'
������6���
�)��9�/�.
�"����.������"��
�0�.&��#���0
���&
��
��9�.
9�����6
�%�����"�
9��� 
�� ��.� 
&���'�&0
.� ���
&� �9��
��''��"���'� �
��6
�)�� ���� 0�&� �
%���
.� �0
����
��'� �
&����
� ��� �� ���8�99� �9� ���O�

��:C��;0
� ��%��)I&�%�
6���&����
��'��
&����
�.��
.�,%��'������=�&���'��'��
.���������8�99��9����O�
��:C��

�� ���� ��%'
�
.���&��
���&%
����������0
�.
%�&����)��������������������������� !�"���#���������%%��%����
�X��.
%
�.
���
L��'�9�
.�%
�&��T��&��0�&��
����&�.
9��
.����
#���8�����

�

Table 6.3.3.2: Grade Tonnage Showing Sensitivity of the Project Mineral Resource 
(September 2014) To CoG

Classification Cut-off
(Nb2O5%)

Tonnage Grade
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Table 6.3.3.3: SRK Historical Mineral Resource Statement - Effective Date February 6, 2015

Classification Cut-off
(Nb2O5%)
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6.4 Historic Production
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7 Geological Setting and Mineralization
7.1 Regional Geology
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Figure 7.1.1: Regional Geology Map 
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Figure 7.1.2: Merged Aeromagnetic Anomaly Map of Nebraska, Kansas and Oklahoma States 
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7.3 Elk Creek Carbonatite
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Figure 7.3.1: Core Photographs Showing Microstructures
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Figure 7.3.2: Schematic of Drillhole Showing Typical Transition from Pennsylvanian 

Sediments to Carbonatite Units
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7.3.1 Age Dating
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7.4 Carbonatite Lithological Units
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Table 7.4.1: Project Rock Types as Defined by Molycorp and Dahrouge (2011)
Name (Molycorp) Code Name (Dahrouge) Code
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7.5 Marine Sedimentary Rocks
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Table 7.5.1: Stratigraphy Overlying the Elk Creek Carbonatite  
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7.7 Mineralization
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7.7.1 Niobium Mineralization
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7.7.2 Additional Elements of Economic Interest
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7.7.3 Rare Earth Element Mineralization
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Table 7.7.3.1: List of Elements and Oxides Associated REE Mineralization
Element Element Acronym Compound Common Oxides
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9 Exploration
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9.1 Quantum, 2010-2011

9.1.1 Data Compilation, 2010-2011
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9.1.2 Quantum Re-sampling Program, 2010
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9.2 Quantum, 2011-2012

9.2.1 Airborne Gravity and Magnetic Geophysical Survey, 2011
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Figure 9.2.1.1: Airborne Total Magnetic Map
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Figure 9.2.1.2: Gravity Gradiometer Map

�

;0
�&��6
)� ��
��=�&��
��
�
.���� �0
����	
�����.���6
�
.��� ����'� ��
���9��%%��B����
')���������
$�%%��B����
')� ��� �)� ��� ��*� �����.� �0
� .
%�&���� ,� ����'� �9� ���DA� '��
� ���=
�
� 9'�=����'�"0�� '��
&�
=
�
� ���
��
.� ���?�F�S� �K����0� ��� �� ������'� '��
� &%����"� �9� ���� ��� ��6
� ��
� '��
&� =
�
� 9'�=���
���
��
.� ��� ���S?�D�S� �K����0�� &%��
.� ��DC�� �� �%����� ,''� 9'�"0�� '��
&� =
�
� 9'�=�� ��� �� ������'�
�'
�����
��9�������$��"��������*��

�



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
�CF�
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

9.3 Significant Results and Interpretation
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10 Drilling
10.1 Type and Extent
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Table 10.1.1: Summary of Drilling Database within the Geological Complex

Year Company Number of Holes Average Depth Sum Length
(m) (m)
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Figure 10.1.1: Drillhole Location Map of All Drilling vs. the Topographic Contour
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Table 10.1.2: Summary of Drilling Database within Elk Creek Deposit Area

Year Company Number of Holes Average Depth Sum Length
(m) (m)
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10.2 Molycorp, 1973-1986
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10.3 Quantum, 2011
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Table 10.3.1: Summary of 2011 Drill Program
Drillhole UTM Easting UTM Northing Elevation (m) Depth (m) Bearing (�) Dip (�)
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10.4 NioCorp 2014 Program
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Table 10.4.1: Summary of NioCorp 2014 Phase 1 Drill Program 

Drillhole UTM
Easting

UTM
Northing

Elevation
(m)

Depth
(m) Bearing Dip Comments
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Figure 10.4.1: Elk Creek Drillhole Location Map by Company
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10.5 Procedures (NioCorp 2014 Program)
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10.5.1 Collar Surveys
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10.5.2 Downhole Surveys
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10.6 Interpretation and Relevant Results
;0
� .��''��"� 0�&� �

�� ���.���
.� �)� �
%����'
� ����������&� �&��"� ��.�&��)� &���.��.� �
�0��L�
&� ��.�
%���
.��
&��;0�&�=����0�&����9���
.��0
�%�
&
��
��9���������������������.�&���.�������
��'�K������
0�&�
.� ��� .�'����
8����������
� ��.� '��%��%0)�
� ����&�� #�� "
�
��'�� �0
� 4��%��%0)�
� �&� ��������
.
%'
�
.�������������&��
�=

��4��%��%0)�
���.� ���������
���)��
�
����0
.��

;0
� 0�&������ .��''0�'
&� =��0��� �0
� .
%�&��� ��.� ���
��'� �
&����
� ��
�� =
�
� ���� ���.���
.� ��� ��
&)&�
������ "��.� ��.� .��''� &%����"� 6���
&� 9���� �C� ��� ��C� ��� ;0
� ��	��� .��''��"� .��
������ �&
.� �)�

�� ��%�0�&��

�� ��=��.&� �0
�����0
�&�� $��"��
����A��*��;=��&
�&��9�&��&&���0�'
&�=
�
�.��''
.� ���
�0
�&���0=
&�����&
%����
�.��''��"�'��
&�=��0����0
��
����'�%��������9��0
�.
%�&����������9�����0����0
�
�
�&����.��
������'����&�����0
�&
'
��
.�0�'
����
����������

;0
���	����)��9��0
�0�'
&�0�6
����'�������&� ����0
���.
���9�A�S����D�S��;0
��&
��9�&��&&���0�'
&�0�&�
���9���
.��0
�&���6
�����'������
��9��0
�&���0=
&����������$��"��
����A��*�



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
�AA�
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

�
�����
������������

Figure 10.6.1: Typical Cross-sections looking Northwest showing NioCorp Holes Drilled to the 
Northeast and Southwest, Confirming the Width of the Deposit
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11 Sample Preparation, Analysis and Security
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11.1 Molycorp, 1973-1986
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Table 11.1.1: Core Inventory of Drillholes within the Resource Area at the Mead Facility

Hole ID Core Box Intervals Depth Missing BoxesBox # From Box # To From (m) To (m)
! 8��� D� ��� ��D�A� ������ ��8�A�
! 8��,� �� �F�� ������ DA��A� ��
! 8��� ��� �FF� ����� D�D��� ��8����
! 8�C� ��� ���� ��C�F� F���D� ��8����
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11.2 Quantum Re-Sampling, 2010
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11.3 Quantum Drilling Program, 2011
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11.4 NioCorp Drilling Program, 2014
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11.4.1 Core Recovery
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11.4.2 Sample Preparation for Analysis
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Table 11.4.2.1: Summary of Major Rock Codes Used by Dahrouge Geologist
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Table 11.4.4.1: Detection Limits for Primary Laboratory (Actlabs)
XRF (%) Trace Elements ICP & ICP/MS (ppm)

Oxide Detection Limit Element Detection Limit Reported By Element Detection Limit Reported By

��:C� ������ ,"� ��C� # �?��� 
�� �� # �?���
;��:C� ������ ,&� C� # �?��� 
.� ���� # �?���

4F-F (%) +�� �� # �� 
�� ��� # �?���
Analysis Detection Limit +
� �� # �� ��� C� # �?���
�� ����� +�� ���� # �?��� ��� ���C� # �?���

Fusion ICP (%)  
� ���� # �?��� ��� �� # �?���
Oxide Detection Limit  �� �� # �?��� ��� ��C� # �?���
��:�� �����  �� ��� # �?��� ��� �� # ��
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11.5 Quality Assurance/Quality Control Procedures
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Table 11.5.1: Summary of Designed Level of Insertion of Quality Control Submissions
Sample Type Sample Sub-type Type Insertion Rate
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Table 11.5.2: Summary of Actual Submissions per Sample Type Within the 2014 Program
Sample Type Type Total Samples Insertion Rate
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Table 11.5.3: Summary of Actual Submissions per Sample Type within the 2014 Re-assay
Program

Sample Type Type Total Samples Insertion Rate
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11.5.2 Field Sample Collection, Identification, Labeling, Insertion of Field Controls
and Shipment
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11.5.3 Sample Preparation and Insertion of Pre-Selected and Quality Control 
Samples: Actlabs
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11.5.4 Results
Standards (SRMs)

;0
���������"���� ���'�.
.���A����&� ��&
��
.� ���,��'��&� ����0
&� �&� %���� �9� �0
� ������
� &��%'
�
&����&&���&��;0
����
���'�=�&�&����
.� 9����1�''��"
��3���
� '��������)� $(
����)*��,�&�����)��9�
�0
� .
9��
.� '����&� ��.� �
&�'�&� 9��� 
��:C� ��.� ;�:�� ��
� &0�=�� ��� ;��'
&� ���C����� ��.� ���C������
�
&%
���6
')�� ;0
� ���'
&� &0�=� �0
� �
��� �&&�)� "��.
&� 6&�� �0
� �&&�"�
.�� %'�&� �� &�����)� �9� �0
�
����
���9�&��%'
&��
����
.����&�.
��9��0
�=�����"���.����
%���'
�'����&���

Table 11.5.4.1: Summary of Nb2O5 Results of SRM’s Submitted to Actlabs

Standard
ID

Assigned
(%) Count

Mean
Assay

(%)
Standard
Deviation Range Minimum Maximum

Difference
From

Assigned
Grade

N outside
10%

N outside
5%
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Table 11.5.4.2: Summary of TiO2 Results of SRM’s Submitted to Actlabs

Standard
ID

Assigned
(%) Count

Mean
Assay

(%)
Standard
Deviation Range Minimum Maximum

Difference
From

Assigned
Grade

N outside
10%

N outside
5%
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Figure 11.5.4.1: Summary of SRM Control Charts for Nb2O5 Submitted to Actlabs (2014)
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Figure 11.5.4.2: Summary of CRM Control Charts for TiO2 Submitted to Actlabs (2014)
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Figure 11.5.4.3: Summary of CRM Control Charts for Sc (ppm) Submitted to SGS (2014)
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Figure 11.5.4.4: Summary of Blank Control Charts for Nb2O5 Submission to Actlabs (2014)
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Figure 11.5.4.5: Summary of Blank Control Charts for Nb2O5 Submission to Actlabs (2014)
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Figure 11.5.4.6: XY Scatter and QQ Plot Showing Comparison of Original vs. Field Duplicate 
Analysis Nb2O5

ASSAY Value Original Duplicate

Mean 0.50 0.51
Standard Error 0.02 0.02
Median 0.37 0.37
Mode 0.21 0.10
Standard Deviation 0.40 0.41
Sample Variance 0.16 0.17
Kurtosis 2.97 3.39
Skewness 1.48 1.52
Range 2.74 2.95
Minimum 0.01 0.01
Maximum 2.75 2.96
Sum 210.51 213.15
Count 419 419
Confidence Level(95. 0.04 0.04

% Difference Mean 1.26%

Percentile Original Duplicate
0.0% 0.01 0.01
5.0% 0.09 0.08
10.0% 0.12 0.11
15.0% 0.15 0.15
20.0% 0.17 0.17
25.0% 0.19 0.19
30.0% 0.22 0.23
35.0% 0.25 0.26
40.0% 0.30 0.29
45.0% 0.34 0.33
50.0% 0.37 0.37
55.0% 0.41 0.42
60.0% 0.48 0.48
65.0% 0.58 0.56
70.0% 0.65 0.65
75.0% 0.73 0.73
80.0% 0.80 0.83
85.0% 0.94 0.95
90.0% 1.06 1.07
95.0% 1.31 1.34
97.5% 1.42 1.47
99.0% 1.84 1.81

100.0% 2.75 2.96
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Figure 11.5.4.7: XY Scatter and QQ Plot Showing Comparison of Original vs. Field Duplicate 
Analysis TiO2
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ASSAY Value Original Duplicate

Mean 2.03 2.05
Standard Error 0.07 0.07
Median 1.87 1.88
Mode 1.64 1.65
Standard Deviation 1.34 1.37
Sample Variance 1.79 1.88
Kurtosis 0.41 0.94
Skewness 0.61 0.69
Range 8.10 8.99
Minimum 0.02 0.03
Maximum 8.12 9.02
Sum 849.55 857.91
Count 419.00 419.00
Confidence Level(95. 0.13 0.13

% Difference Mean 0.98%

Percentile Original Duplicate
0.0% 0.02 0.03
5.0% 0.11 0.11
10.0% 0.24 0.26
15.0% 0.55 0.55
20.0% 0.82 0.77
25.0% 1.02 0.98
30.0% 1.19 1.21
35.0% 1.40 1.40
40.0% 1.51 1.53
45.0% 1.67 1.70
50.0% 1.87 1.88
55.0% 2.13 2.09
60.0% 2.30 2.36
65.0% 2.47 2.56
70.0% 2.69 2.76
75.0% 2.90 2.91
80.0% 3.24 3.30
85.0% 3.50 3.52
90.0% 3.71 3.86
95.0% 4.25 4.35
97.5% 4.78 4.69
99.0% 5.50 5.51

100.0% 8.12 9.02
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Figure 11.5.4.8: XY Scatter and QQ Plot Showing Comparison of Original vs. Reject Duplicate 
(Riffle Split) Analysis Nb2O5

ASSAY Value Original Duplicate

Mean 0.55 0.55
Standard Error 0.03 0.03
Median 0.39 0.38
Mode 0.12 0.22
Standard Deviation 0.46 0.46
Sample Variance 0.21 0.21
Kurtosis 3.99 3.85
Skewness 1.59 1.59
Range 3.14 3.10
Minimum 0.03 0.03
Maximum 3.17 3.13
Sum 143.42 143.40
Count 260 260
Confidence Level(95. 0.06 0.06

% Difference Mean -0.01%

Percentile Original Duplicate
0.0% 0.03 0.03
5.0% 0.09 0.09
10.0% 0.12 0.12
15.0% 0.15 0.15
20.0% 0.18 0.18
25.0% 0.21 0.21
30.0% 0.24 0.24
35.0% 0.27 0.27
40.0% 0.31 0.31
45.0% 0.36 0.36
50.0% 0.39 0.38
55.0% 0.44 0.44
60.0% 0.53 0.53
65.0% 0.62 0.62
70.0% 0.72 0.73
75.0% 0.81 0.80
80.0% 0.89 0.90
85.0% 1.05 1.03
90.0% 1.16 1.16
95.0% 1.44 1.42
97.5% 1.69 1.71
99.0% 1.79 1.82

100.0% 3.17 3.13
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Figure 11.5.4.9: XY Scatter and QQ Plot Showing Comparison of Original vs. Reject Duplicate 
(Riffle Split) Analysis TiO2
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ASSAY Value Original Duplicate

Mean 2.13 2.13
Standard Error 0.09 0.09
Median 1.87 1.86
Mode 0.94 1.44
Standard Deviation 1.47 1.49
Sample Variance 2.18 2.21
Kurtosis 0.18 0.27
Skewness 0.65 0.69
Range 7.25 7.23
Minimum 0.03 0.03
Maximum 7.28 7.26
Sum 552.69 554.18
Count 260.00 260.00
Confidence Level(95. 0.18 0.18

% Difference Mean 0.27%

Percentile Original Duplicate
0.0% 0.03 0.03
5.0% 0.11 0.11
10.0% 0.20 0.20
15.0% 0.49 0.50
20.0% 0.71 0.72
25.0% 0.95 0.97
30.0% 1.21 1.22
35.0% 1.35 1.34
40.0% 1.57 1.58
45.0% 1.74 1.72
50.0% 1.87 1.86
55.0% 2.18 2.18
60.0% 2.48 2.45
65.0% 2.63 2.62
70.0% 2.88 2.85
75.0% 3.16 3.11
80.0% 3.36 3.35
85.0% 3.61 3.70
90.0% 4.02 3.98
95.0% 4.63 4.65
97.5% 5.44 5.67
99.0% 6.11 6.23

100.0% 7.28 7.26
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Figure 11.5.4.10: XY Scatter and QQ Plot Showing Comparison of Original vs. Pulp Duplicate 
Analysis Nb2O5
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ASSAY Value Original Duplicate

Mean 0.59 0.59
Standard Error 0.02 0.02
Median 0.46 0.45
Mode 0.17 0.21
Standard Deviation 0.46 0.46
Sample Variance 0.22 0.22
Kurtosis 2.86 2.82
Skewness 1.38 1.39
Range 3.14 3.09
Minimum 0.03 0.03
Maximum 3.17 3.13
Sum 276.32 275.19
Count 468 468
Confidence Level(95. 0.04 0.04

% Difference Mean -0.41%

Percentile Original Duplicate
0.0% 0.03 0.03
5.0% 0.09 0.09
10.0% 0.13 0.12
15.0% 0.16 0.16
20.0% 0.20 0.20
25.0% 0.22 0.22
30.0% 0.26 0.26
35.0% 0.29 0.29
40.0% 0.35 0.35
45.0% 0.40 0.40
50.0% 0.46 0.45
55.0% 0.51 0.51
60.0% 0.60 0.59
65.0% 0.68 0.68
70.0% 0.78 0.77
75.0% 0.86 0.85
80.0% 0.95 0.96
85.0% 1.10 1.08
90.0% 1.24 1.22
95.0% 1.44 1.44
97.5% 1.65 1.67
99.0% 1.84 1.85

100.0% 3.17 3.13
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Figure 11.5.4.11: XY Scatter and QQ Plot Showing Comparison of Original vs. Pulp Duplicate 
Analysis TiO2
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ASSAY Value Original Duplicate

Mean 2.26 2.26
Standard Error 0.07 0.07
Median 2.10 2.13
Mode 0.94 0.53
Standard Deviation 1.47 1.49
Sample Variance 2.18 2.23
Kurtosis 0.46 0.76
Skewness 0.65 0.72
Range 8.39 9.06
Minimum 0.03 0.03
Maximum 8.42 9.09
Sum 1056.03 1059.36
Count 468.00 468.00
Confidence Level(95. 0.13 0.14

% Difference Mean 0.32%

Percentile Original Duplicate
0.0% 0.03 0.03
5.0% 0.14 0.15
10.0% 0.34 0.32
15.0% 0.66 0.70
20.0% 0.90 0.87
25.0% 1.14 1.16
30.0% 1.32 1.31
35.0% 1.54 1.55
40.0% 1.69 1.69
45.0% 1.88 1.87
50.0% 2.10 2.13
55.0% 2.40 2.40
60.0% 2.57 2.57
65.0% 2.77 2.76
70.0% 2.97 2.96
75.0% 3.21 3.15
80.0% 3.46 3.49
85.0% 3.77 3.80
90.0% 4.26 4.28
95.0% 4.64 4.81
97.5% 5.42 5.59
99.0% 6.58 6.46

100.0% 8.42 9.09
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11.5.5 Check Analysis SGS vs. Actlabs
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Figure 11.5.5.1: Summary of SRM Nb2O5 Assays Submitted to SGS During Check Analysis 
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Figure 11.5.5.2: Summary of SRM TiO2 Assays Submitted to SGS during Check Analysis 
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Figure 11.5.5.3: XY Scatter and QQ Plot Showing Comparison of Original vs. Umpire 
Laboratory Analysis Nb2O5

ASSAY Value Original Duplicate

Mean 0.59 0.53
Standard Error 0.02 0.02
Median 0.45 0.43
Mode 0.17 0.20
Standard Deviation 0.46 0.41
Sample Variance 0.22 0.17
Kurtosis 2.99 2.68
Skewness 1.41 1.35
Range 3.14 2.71
Minimum 0.03 0.03
Maximum 3.17 2.74
Sum 270.55 246.94
Count 462 462
Confidence Level(95. 0.04 0.04

% Difference Mean -8.73%

Percentile Original Duplicate
0.0% 0.03 0.03
5.0% 0.09 0.09
10.0% 0.12 0.12
15.0% 0.16 0.15
20.0% 0.20 0.19
25.0% 0.22 0.21
30.0% 0.25 0.24
35.0% 0.29 0.27
40.0% 0.34 0.32
45.0% 0.39 0.36
50.0% 0.45 0.43
55.0% 0.51 0.48
60.0% 0.59 0.54
65.0% 0.68 0.61
70.0% 0.75 0.69
75.0% 0.85 0.77
80.0% 0.95 0.87
85.0% 1.09 0.99
90.0% 1.23 1.10
95.0% 1.44 1.28
97.5% 1.66 1.47
99.0% 1.85 1.68

100.0% 3.17 2.74
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Figure 11.5.5.4: XY Scatter and QQ Plot Showing Comparison of Original vs. Umpire 
Laboratory Analysis TiO2

ASSAY Value Original Duplicate

Mean 2.25 2.35
Standard Error 0.07 0.07
Median 2.10 2.17
Mode 0.09 1.78
Standard Deviation 1.48 1.57
Sample Variance 2.18 2.47
Kurtosis 0.47 0.76
Skewness 0.66 0.74
Range 8.39 9.38
Minimum 0.03 0.02
Maximum 8.42 9.40
Sum 1039.25 1087.41
Count 462 462
Confidence Level(95. 0.14 0.14

% Difference Mean 4.63%

Percentile Original Duplicate
0.0% 0.03 0.02
5.0% 0.14 0.15
10.0% 0.33 0.33
15.0% 0.66 0.69
20.0% 0.89 0.90
25.0% 1.13 1.16
30.0% 1.32 1.35
35.0% 1.53 1.59
40.0% 1.68 1.75
45.0% 1.87 1.93
50.0% 2.10 2.17
55.0% 2.39 2.46
60.0% 2.57 2.68
65.0% 2.77 2.84
70.0% 2.97 3.12
75.0% 3.21 3.35
80.0% 3.46 3.59
85.0% 3.77 3.90
90.0% 4.24 4.49
95.0% 4.63 5.03
97.5% 5.43 5.78
99.0% 6.59 6.81

100.0% 8.42 9.40
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Figure 11.5.5.5: XY Scatter and QQ Plot Showing Comparison of Original vs. Umpire 
Laboratory Analysis Sc
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11.6 Specific Gravity
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ASSAY Value Original Duplicate

Mean 61.25 61.56
Standard Error 1.64 1.67
Median 62.00 62.00
Mode 62.00 20.00
Standard Deviation 28.76 29.18
Sample Variance 827.19 851.67
Kurtosis 0.79 0.84
Skewness 0.50 0.49
Range 176.00 184.00
Minimum 8.00 8.00
Maximum 184.00 192.00
Sum 18805.00 18898.00
Count 307 307
Confidence Level(95. 3.23 3.28

% Difference Mean 0.49%

Percentile Original Duplicate
0.0% 8.00 8.00
5.0% 18.00 17.00
10.0% 22.00 21.60
15.0% 27.00 26.00
20.0% 33.20 33.00
25.0% 39.00 39.00
30.0% 45.80 46.00
35.0% 51.00 51.00
40.0% 55.00 56.40
45.0% 58.70 60.00
50.0% 62.00 62.00
55.0% 66.00 66.00
60.0% 69.00 69.00
65.0% 71.00 72.00
70.0% 74.00 76.00
75.0% 79.50 80.00
80.0% 84.00 84.80
85.0% 88.00 88.00
90.0% 97.00 97.80
95.0% 106.70 107.70
97.5% 119.00 117.05
99.0% 138.52 140.70

100.0% 184.00 192.00
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Figure 11.6.1: Comparison of Density Measurements Using Volumetrics vs. Water Immersion 
Methods
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11.7 Opinion on Adequacy
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SG_water_immersion Volumetric_Density

Mean 2.98 2.96
Standard Error 0.01 0.01
Median 2.98 2.96
Mode 2.97 2.69
Standard Deviation 0.24 0.26
Sample Variance 0.06 0.07
Kurtosis 2.36 1.83
Skewness -0.04 -0.02
Range 2.15 2.17
Minimum 2.05 2.02
Maximum 4.20 4.19
Sum 3651.48 3622.14
Count 1225 1225

y = 0.9846x + 0.0221
R² = 0.8458
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12 Data Verification
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12.1 Tetra Tech Data Verification, 2012
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Table 12.2.2.1: Summary of Difference between DGPS vs. Digitized Collar Locations

BHID Method XCOLLAR_
DIFF-GPS

YCOLLAR_
DIFF-GPS

XCOLLAR_
MAP

YCOLLAR_
MAP

X_
Difference (m)

Y_
Difference (m)

! 8��� 1#��8(��� D���A����� ���A�������� D���C����� ���A�������� 8��D� D���
! 8��� 1#��8(��� D����DF��� ���A����D�C� D����D���� ���A���CC��� 8��D� D�F�
! 8�C� 1#��8(��� D����C���� ���A����D�A� D�������C� ���A����C��� 8��D� D���
! 8�A� 1#��8(��� D����F���� ���A����F�C� D����FC��� ���A���CA��� 8���� D�F�
! 8��� 1#��8(��� D���CC��D� ���A�������� D���C�F��� ���A������F� 8��D� D���
! 8��� 1#��8(��� D��������� ���A���CC�C� D�����D��� ���A���A���� 8��A� D�D�
! 8��� 1#��8(��� D���C�D��� ���A������C� D���C����� ���A�������� 8��D� D���
! 8��� 1#��8(��� D�����C��� ���A���AF�A� D�������D� ���A���DA��� 8��D� D���
! 8��� 1#��8(��� D����A���� ���A�������� D����CD��� ���A���CD��� 8��D� D���
! 8�C� 1#��8(��� D�������F� ���A���A���� D��������� ���A���D���� 8��D� D���
! 8�A� 1#��8(��� D����DA��� ���A���DA��� D����D��D� ���A���F���� 8��D� D���
! 8�D� 1#��8(��� D����F���� ���A����C��� D����D��C� ���A�������� 8��D� D���
! 8�F� 1#��8(��� D�����C�A� ���A���A���� D��������� ���A���D���� 8��A� D�C�
! 8��� 1#��8(��� D����F���� ���A�������� D����DA��� ���A�������� 8��F� D���
! 8��� 1#��8(��� D����FD��� ���A���CF��� D����F���� ���A���AA�C� 8C��� F�C�
! 8��� 1#��8(��� D�����A�F� ���A������D� D��������� ���A����D�A� 8��D� D���
! 8��� 1#��8(��� D����FD�F� ���A������F� D����F���� ���A����F�A� 8��D� D���
! 8��� 1#��8(��� D����CD�A� ���A����D�D� D����C���� ���A����C�A� 8��D� D���
! 8��� 1#��8(��� D�F���F�F� ���A����D�F� D�F������� ���A����C�A� 8��D� D���
! 8�C� 1#��8(��� D��������� ���A���AC�D� D�������C� ���A���D��A� 8��D� D���
! 8�A� 1#��8(��� D����A���� ���A�������� D����A��C� ���A���C���� 8��D� D���
! 8�D� 1#��8(��� D��������� ���A���D���� D�F���F��� ���A���F��F� 8��D� D���
! 8C�� 1#��8(��� D�F������� ���A������D� D�F���F��� ���A������A� 8��D� D���
! 8C�� 1#��8(��� D����C���� ���A����D�A� D��������� ���A����C��� 8��D� D���
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Historical Assay Information (Adjustments in Molycorp Assays) 
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Figure 12.2.2.1: XY Scatter Showing Relationship Between TiO2 and Nb2O5
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Possible mafic or lamprophyre (typically 
short sampling lengths <1 m)

Main trend forms within a band of 
between 3:1 and 4:1 ratio
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Figure 12.2.2.2: Analysis of Sc vs. Nb2O5 grades within KZONE 15
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Table 12.2.2.2: Summary of Analysis for Selection of Treatment for Absent TiO2 and Sc 
Assays

Cut-Off Tonnes Detection Limit Assigned Ignored Absent Values Regression Analysis
Nb2O5 (000’s t) Nb2O5 TiO2 SC_PPM Nb2O5 TiO2 SC_PPM Nb2O5 TiO2 SC_PPM
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12.3 Opinion on Data Adequacy
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13 Mineral Processing and Metallurgical Testing
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13.1 Processing Plant

13.1.1 Metallurgical Testwork Summary
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Figure 13.1.1.1: Column Flotation Flowsheet Developed at Eriez Using 3 Inch Column
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13.1.3 Future Metallurgical Testwork
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13.2 Hydrometallurgical Plant

13.2.1 Metallurgical Testwork Summary
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Table 13.2.1.1: Combined Whole Ore Feed Assay
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Table 13.2.1.2: Pre-Leaching – Summary of Design Conditions and Elemental Extractions
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Table 13.2.1.3: Acid Bake and Water Leach – Extraction Results
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Table 13.2.1.4: Reduction and Niobium Precipitation – Niobium Precipitation Results
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Table 13.2.1.5: Phosphate Removal - Summary Results
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Table 13.2.1.6: Titanium Precipitation –Titanium Dioxide Precipitation Results
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Table 13.2.1.7: Scandium Extraction - Summary Results
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13.3 Pyrometallurgical Plant

13.3.1 Introduction
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13.3.2 Metallurgical Testwork Summary
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13.3.3 Process Selection
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13.3.4 Future Metallurgical Testwork
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14 Mineral Resource Estimate 
14.1 Introduction
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'��9�&��%'��"��No additional sampling/assays have been completed 
since the previous updated mineral resource estimation, and therefore no updated estimate 
has been completed as part of this PEA. The Mineral Resource remains effective of date of 
the previous PEA effective April 28, 2015. 
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14.2 Drillhole Database
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Table 14.2.1: Summary of Drilling Database over the Deposit by Phase

Year Company Number of Holes Average Depth
(m)

Sum Length
(m)
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Subtotal 34 649.1 33,908.7
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14.3 Geologic Model
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Figure 14.3.1: 3D View of Elk Creek Showing Modelled Base of Till and Unconformity between 
Pennsylvanian Sediments and the Elk Creek Carbonatite
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Figure 14.3.2: Box Whisker Plot Showing Nb2O5 (%) Grades Split per Lithology
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Figure 14.3.3: 3D view (looking northwest) of Elk Creek Showing Modelled Mafic Units Below 
the Carbonatite to Pennsylvanian Sediments Unconformity
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Figure 14.3.4: Statistical Analysis of Raw Nb2O5% Values within Elk Creek Carbonatite
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Figure 14.3.5: Cross-section Showing Leapfrog® Model vs. Geological Interpretation
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Figure 14.3.6: 3D Views Looking Northeast and Northwest of Selected Grade Shells Showing 
Pennsylvanian-Carbonatite Unconformity
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Figure 14.4.1.1: SRK Capping Analysis, per Major Rock Type (a) MCARB, (b) CARB
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Figure 14.4.1.2: Capping Sensitivity Analysis on Nb2O5% Grades within 0.5% Grade Shell
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Table 14.4.1.1: Summary of the Capping Used per Domain and Element
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Table 14.4.2.1: Composite Length Analysis for Domain 15 (0.5 Nb2O5% grade shell)
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from Mean
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Table 14.4.2.2: Comparison of Raw vs. Capped Composites Grades
K Zone Field N Samples Min. Max. Mean Variance Stand. Dev. CoV WGT Field % Diff.
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Table 14.5.1: Density Determinations

Filters SED  CARB CARB-
LAMP MCARB MCARB-

LAMP INT LAMP MAFIC 
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Table 14.5.2: Density used per Major Rock Type used in February 9, 2015 Mineral Resource 
Estimate
KZONE Major Rock Rock Type Assigned Density

�� ;#44� ;�''� �����
�� �!1� �
.��
��� ���F�
���  ,�+�  ���������
�$�
'�=����8�99*� ��F��
���  ,�+�  ���������
�$'�=�"��.
*� ��FC�
��� � ,�+� ��"�
���
� ���������
�$'�=�"��.
*� �����
�C� � ,�+� ��"�
���
� ���������
�$0�"0�"��.
*� ���C�
��� �,�# ?4,��� ��9��?4��%��%0)�
�/���&� ��FA�

�����
����������C�

�

:���
�
�%���9� �0
�=0�'
���������')&�&�.�����&
���.�%����� ����%.����"��0
����
��'��
&����
�9��� �0
�
;�:�O���.����$%%�*�
&�����
&��������.���
.����
6�
=��9��0
�6������'��)�=��0����0
�.
�&��)�6�'�
&����
.
�
����
?���9���� �9� �� �
'�����&0�%� 
B�&�
.� �
�=

�� �0
� 0�"0
�� �
:�O� ��.� �0
� 
��:CO�
$��"��
����C��*��;0
�&��.)���.����
.��0���=0�'
���.��
�������
'�������&�����
&���'�&0
.��0
�
��&�����
�.�
9���0�"0�.
�&��)��&&�����
.�=��0�0�"0��
:�O���.�
��:CO������0
���
6�
=��9��0
�0�&��"���&�9����0
�
.
�&��)�.����%
��K��
�&0�=�6�������������0
�.
�&��)����.�'��"
�
���"0�&��%'
�%�%�'�����&�9����������
���&�.
���0
�
&����������9�.
�&��)�������0
��'������.
'�����
��%%��%����
������0�&��&&��
.�����
��&�
�9�&
���0����
�������&� �0��� �0
�.
�&��)�6�'�
&���
��&&�����
.�=��0� �0
�&��
�&
���0����
�������&��&�
�0
� 
��:CO� .�&���������&�� ;�� ���%'
�
� �0
� ���')&�&� ���� 0�&� �
6�
=
.� �0
� 0�&��"���&�



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
�����
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

$��"��
����C��*���.��%%'�
.���%%��"�����0
�.
�&��)�6�'�
&�%
��.�������&��%%��%����
������0�&��&
.�
�0
�&��
��
�0�.�'�")�9����
6�
=��"����'�
�&��&�.�&��&&
.�����
��������������9��0�&��
%�����

�
�����
����������C�

Figure 14.5.1: XY Scatter Plots of Density Values vs. Fe2O3 and Nb2O5 
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Figure 14.5.2: Histogram and Log Probability Plot of Density Measurements within KZONE 15
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Table 14.5.3: Summary of Capped Density Values per Domain
KZONE Major Rock Rock Type Capped Density
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14.6 Variogram Analysis and Modeling
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Table 14.6.1: Semivariogram Model Results

Element Sill Variance Variance Strike Dip Across Strike
% 120/0 30/-55 30/35
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Figure 14.6.1: Semi-Variogram Analysis for Domain 15 (0.5 Nb2O5% grade shell)
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14.7 Block Model
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Table 14.7.1: Block Model Prototype used September 2014

Item Origin Rotation
(Z Axis)

Block Dimension
(m) Number of Blocks Minimum Sub-block
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Table 14.7.2: Block Model Prototype used February 2015

Item Origin Rotation
(Z Axis)

Block Dimension
(m) Number of Blocks Minimum Sub-block
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14.8 Estimation Methodology
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Table 14.8.1: Ellipsoid Orientations

Domains Rotation Angle 1 Axis of Rotation Rotation Angle 1 Axis of Rotation

��:C� ��� M8,B�&� ��� P8,B�&�
;�:�� ��� M8,B�&� ��� P8,B�&�
�� �C M8,B�& FC P8,B�&
1
�&��)� ��� M8,B�&� ��� P8,B�&�
�����
����������C�

�

1�
������&
�6
.�6��������&�����0
�.�%��9��0
�����������
���.���9�������&��0
�&
���0����"
&�0�6
��

��
�����
.� ��� �
&�� 9��� �0
� &
��86����"���� ���
�������� ��.� �0
� "
�'�"���'� ��.
'� $��"��
� ���F��*�� ;0
�
&
���0����"
&���
���&
.�����0
��
&�'�&��9��0
�6����"��%0)��&�=
''��&��0
��6
��"
�.��''0�'
�&%����"���

�
�����
������������

Figure 14.8.1: Search Volume Orientation for Carbonatite Mineralization Shown vs. 0.5% 
Nb2O5 Grade Shell
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Table 14.8.2: Estimation Parameters and General Statistics for Carbonatite Estimate (0.3, 0.4, 
0.5% Nb2O5 Grade Shells)
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14.9 Model Validation
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14.9.1 Visual Comparison
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Figure 14.9.1.1: Cross-section looking northwest Showing Visual Validation of Boreholes to 
Grade Estimates 
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14.9.2 Comparative Statistics
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Table 14.9.2.1: Comparison of Block Estimates vs. Composite Samples (Carbonatite 
Domains)

Element KZONE Statistic
Composite

Sample
Data

Declustered
Sample

Data

BlockData1
(Tonnage

Weighted)

BlockData1
Vs Sample

%Diff

BlockData1 
Vs Declustered

%Diff
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Figure 14.9.2.1: Example of Comparative Histogram of Composites vs. Block Estimates
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Figure 14.10.1: Example of Classification
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14.11  Mineral Resource Statement
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Table 14.11.1: Economic Assumptions Used to Define Mineral Resources
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Table 14.11.2: SRK Mineral Resource Statement for the Project, Effective Date April 28, 2015
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14.12Mineral Resource Sensitivity
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Table 14.12.1: Grade Tonnage Showing Sensitivity of the Project Mineral Resource to CoG, 
Effective Date April 28, 2015

Classification Cut-off
(Nb2O5 %)

Tonnage
(000’s T) 

Grade
(Nb2O5 %)

Contained
Nb2O5

(000’s kg)
Grade

(TiO2 %)
Contained

TiO2
(000’s kg)

Grade
(Sc g/t)

Contained Sc
(000’s kg)
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��A�� C��D��� ��F�� �F������� ����� ��DC������� D���� �������
��CC� A������ ��F�� �C�D������ ����� ��FC������� D���� ��D����
��C�� AC����� ��D�� �C�C������ ����� ����������� D���� ��F����
���C� AC�F��� ��D�� C������� ����� ���������� D��F� ������
����� AF����� ��DF� �C�������� ��FD� ���C������� D��D� C������
���C� D��F��� ��DC� �C�C�D���� ��D�� ����������� D���� C������
����� F��C��� ��D�� �CD��A���� ��AF� ���A������� D���� C�F����

Inferred�
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��CC� C��D��� ��DA� ��FC������ ����� ���F������� AD��� �������
��C�� C������ ��DC� ���������� ����� ��CC������� AD��� ��A����
���C� C������ ��D�� �����A���� ����� ��CF������� AA��� ��A����
����� CF����� ��D�� �����C���� ��F�� ��AC������� AA�F� �������
���C� AD�C��� ��AD� ��C������� ��A�� ��F�������� AA��� ��C����
����� ���A��� ��CA� �CCF������ ����� ����������� A���� A������
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14.13Comparison with Previous Estimate 
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Table 14.13.1: Comparison of 2012 to 2014 Tonnage and Grade per Category
SRK September 2014 Estimates SRK February 2015 Estimates

Cut-off Tonnes Grade Contained Tonnes Grade Contained Grade Contained Grade Contained Difference
(% Nb2O5)(000’s t) Nb2O5 % (000’s kg) (000’s t) Nb2O5 % (000’s kg) TiO2 % (000’s kg) Sc (g/t) (000’s kg)

#�
.�
��
�

.�

��D�� ���F��� ��F�� ������� �C����� ��FD� ����F��� ����� ���A������ D���� ������ 329.13%
��AC� ���C��� ��F�� ����C��� C������ ��F�� ��A�F��� ���D� ��CF��F��� D���� ������ 308.04%
��A�� �C�F��� ��DF� ����D��� C��D��� ��F�� �FA�A��� ����� ��DC������ D���� ������ 293.37%
��CC� �D����� ��DA� �������� A������ ��F�� C�F����� ����� ��FC������ D���� ��D��� 281.82%
��C�� ������� ��D�� �������� AC����� ��D�� C�D�D��� ����� ��F�D����� D���� ��F��� 264.58%
���C� ���D��� ��D�� �������� AC�F��� ��D�� C���F��� ����� ���������� D��F� ������ 248.83%
����� ���A��� ��D�� �CD�A��� AF����� ��DF� C������� ��FD� ���C��A��� D��A� C����� 236.36%
���C� �C����� ��AA� �AD�F��� D��F��� ��DC� C�D�A��� ��D�� ������C��� D���� C����� 226.34%
����� �F����� ��A�� �DD����� F��C��� ��D�� CD��A��� ��AF� ���C������ D���� C�F��� 222.94%

#�
9

��

.
�

��D�� ������� ��FC� �������� ���F��� ����� �C��A��� ����� ����F��� AD�D� ������ -13.57%
��AC� ���A��� ��F�� ��A�F��� �D�A��� ����� ����C��� ���F� ���������� AD�F� ��C��� -12.20%
��A�� C������ ��DF� �������� ���A��� ��DF� ��F����� ����� ���������� AD�A� ������ -14.03%
��CC� CD����� ��DA� ��C�F��� C��D��� ��DA� �F������ ����� ���F��D��� AD��� ������ -12.07%
��C�� A��D��� ��D�� �A��A��� C������ ��DC� ��A�F��� ����� ��CC��D��� AD��� ��A��� -15.50%
���C� D��D��� ��D�� C�D�D��� C������ ��D�� ����D��� ����� ��CDF�D��� AA��� ��A��� -20.88%
����� FD����� ��AA� CD������ CF����� ��D�� �������� ��F�� ��AC��D��� AA�F� ������ -26.91%
���C� �������� ��A�� AA��D��� AD�C��� ��AD� �C������ ��A�� ��F������� AA��� ��C��� -31.64%
����� ����F��� ��CC� D���D��� ���A��� ��CA� CCD�F��� ����� ������C��� A���� A����� -23.97%
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15 Mineral Reserve Estimate
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16 Mining Methods
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Figure 16.1: General Layout of Mine and Mill
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16.1 Cut-off Grade Calculations
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Table 16.1.1: Example NSR Block Calculation (1)

Input Parameters Nb2O5 TiO2 Sc (2)
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Figure 16.1.1: NioCorp Grade/Tonne Curves Based on NSR Cut-off
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Table 6.1.2: Operating Costs Used for Mine Design NSR Cut-off

Item Estimated Costs
(US$/t)
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16.2 Geotechnical

16.2.1 Geotechnical Characterization Program
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Figure 16.2.1.1: Location of 2014 Geotechnical Drillholes 
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16.2.2 Geotechnical Domains
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Figure 16.2.2.1: Geotechnical Model, Vertical Cross Section (N45°E Section)

�

16.2.3 Structural Geology
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Figure 16.2.3.1: Plan View of Geologic Structures (Green),+60 m Elevation
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16.2.4 Rock Mass Properties
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Table 16.2.4.1: Summary of Rock Mass Characterization by Domain
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Table 16.2.4.2: Summary of Discontinuity Characterization by Domain
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16.2.5 Rock Mass Quality
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16.2.6 Pre-Mining Stresses
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Figure 16.2.6.1: Principal Stress Orientation Relative to Major Geologic Structures and 
Discontinuities  
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16.2.7 Seismicity
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16.2.8 Underground Geotechnical Mine Design Parameters
Stope Dimensions
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Figure 16.2.8.1: Block Model and Stope Orientation
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Figure 16.2.8.2: Stability Chart of Rock Quality Stability Index Versus Hydraulic Radius at 
Three Representative Depths and Three Representative Rock Qualities.
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Figure 16.2.8.3: Location of Planned Sills Delimiting Mining Blocks
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Figure 16.2.8.4: Setback Distances for Haulages and Main Ramp
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Rock Mechanics Description Around the Shaft
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Table 16.2.8.1: Percent of Each Material Encountered Along Shaft
Geotechnical Unit Total Material Intersected
�
.��
��&� CO�
�
��&)'6����� ��O�

�����<�''�
3�"0')�<
��0
�
.� �O�
��.
���')�<
��0
�
.� �CO�
��
&0� ��O�

�����
����������C�

�

;0
&
�"
��
�0����'�.�����&��=
�
��0�����
��K
.��&��"��0
�+�
���=&���$��DA*��������&&������"���.�
�0
� +�����I&�28&)&�
�� $��D�*�� ��� %��6�.
� �0
� ��&��� ��%��&� 9������
� .
&�"�&�� ;��'
&� �A���F��� ��.�
�A���F���&������K
��0
�"
��
�0����'�%����
�
�&��9� �0
�"
��
�0����'�����&� ����
� ���
�&
��
.�.����"�
&0�9�����&�����������

��"��
��A���F�C��&0�=&������&&�&
�������9� �0
�&0�9��� ��.������"��0
�.
%�0���.��0
�"
��
��)��9�
��0�
"
��
�0����'�.�������0���=��'.��
�.�&����
.��)��0
����&����������9��0�&�9���'��)��;0�&�9�"��
��&���&
.�
����0
������"
��
�0����'�.��''��0�����
��K��������.�.�
&��������&�.
��.����9�����0
��
�
������C�&0�9��
��.�6
���'������.��''�0�'
&��;0
�"
��
�0����'�.�����&�&0��'.��
��%.��
.�������&�.
�� �0
����C�.����
9����0
�9
�&���'��)�'
6
'�.
&�"���



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
��D��
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

Table 16.2.8.2: Geotechnical Domain I Pennsylvania

Domain Unit Geotechnical Parameter Mean ± SD Range True mean
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Table 16.2.8.3: Geotechnical Domain IV - Footwall
Domain Unit Geotechnical Parameter Mean ± SD Range True mean
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Figure 16.2.8.5: Cross section Shaft Location and Geotechnical Units
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Figure 16.3.1: Summary of Water Levels and Lithology

�

;
&���"� ��� �0
� ����������
� ��.� &��&
L�
��� ���')&�&� �&��"� ��� ���')����'� �
�0�.� 0�&� ��.����
.�
�6
��"
�0).���'������.����6���
&��&�0�"0��&������?.�)� ���.
%�0&��9�F������
'�=� �0
�&��9��
�����8
6
�����'� 9��'�&� 0�6
� �

����%%
.�=��0��� �0
� ����������
� %��B���'� ��� �0
� .
%�&���� ��.� �0
&
� 9��'�&�
���������
�����0
�
'
6��
.���'��0).���'������.����6��)�6�'�
&�"
�
���
.�9�����0
��
&���"�%��"�����,�
&�����)� %'��� �9� 0).���'��� ���.����6��)� 6�'�
&� "
�
���
.� .����"� �''� �0�

� %0�&
&� �9� �0
� %��	
��� �&�
%��6�.
.������"��
��A�������



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
��DA�
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

�
�����
����������C�

Figure 16.3.2: Hydraulic Conductivity Estimates in Elk Creek Strata
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Table 16.3.1: Hydrogeological Parameters Simulated by Numerical Groundwater Flow Model
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Figure 16.3.4: Model-Predicted Dewatering Rates 
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Figure 16.4.1: Cross Sections of Resource Model (NSR US$/t)
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16.4.1 Stope Design
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Figure 16.4.1.1: Stope Cross Section
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Figure 16.4.2.1: Typical Level Section



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
��F��
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

�0�9���������.
6
'�%�
���=�&�����.
&�"�
.�����0�&����
��0�=
6
����'��.��"�%���
����.��
�
&&��)�
���
&&
&� =�''� �
� .
6
'�%
.� %����� ��� %��.�������� /�.
�"����.� &0�%&� ��.� �&&�����
.� .
6
'�%�
���
���
&&
&���
��'&���&&��
.� ����
�.
6
'�%
.�%����� ���%��.������� ��� �0
�6������)� �9� �0
�&0�9���;0
&
�
��9��&�������
���
�&�&0��'.��
�'����
.��=�)�9�������=��9��'�&��

��"��
��A�������&0�=&��0
����%'
�
.����
�.
&�"���

�



�
�
�
� 
��
&�
'��
�"
�$/
��
�*�
�#�
��
�

�
,�


�
.

.�


#��
�8
��
��
;

�0
��
��
'��

%
��
���
/
%.
��

.
��
�

'��
��
��
)�
!�
��
��
��
�,
&&

&
&�

�
��>
�!
'�
� 
�


�
�

��
��
��
��
��
	

��
�

�
�"

�
�F
��

� � 7,
:
?�
4�
�

!'
� 
�


�
@

#�
�8
��
�@
�!
,8
/
%.
��

.
@�
��
��
��
��
�@
��
A@
�
4�
�.
��
B�

:
��
��

�
��
��
C�

�
�
��
��

�
��
�
��

Fi
gu

re
 1

6.
4.

2.
2:

 C
om

pl
et

ed
 M

in
e 

D
es

ig
n



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
��F��
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

��"��
&��A���������.��A�������&0�=��0
����
�.
&�"����'��
.��)�
��:C�"��.
���.�
����
&%
���6
')��

�����
����������C�

Figure 16.4.2.3: Mine Design Colored by Nb2O5 Grade
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Figure 16.4.2.4: Mine Design Colored by NSR
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Table 16.5.1: Mine Plan Resource Classification (1)

Description Tonnes
(kt)

Nb2O5
(%)

TiO2
(%)

Sc
(ppm)
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16.6 Production Schedule
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Table 16.6.1: Productivity Rates
Activity Type Dimensions Rate (1)
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Table 16.6.2: Annual Mining Schedule

Year Mineralized Tonnes
(kt)

Nb2O5
(%)

TiO2
(%)

Sc
(ppm)

Waste Tonnes
(kt)

Backfill (m3)

���A� �8�� �8�� �8�� �8�� �AA�D�� �8��
���D� ����C� ���CD�� ������� �CA��C�� ��DF���� �8��
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����� ��FA�D�� ���F��� ���DF�� �DC��A�� �����C�� ��F���F���
����� ��F��A�� ���F��� ���D��� �A������ ���F���� ���F��AF��
����� ��FC���� ���F��� ������� �CD����� ������� �����C�C��
����� ��FA�A�� ���D��� ���F��� �AD��C�� ��D���� �����FFD��
����� ��F����� ���D��� ���D��� �A���F�� ����A�� ��F��F����
����� ��FA���� ���F��� ���FC�� �D������ �D���� ��A��F�F��
���C� ��FA�D�� ���F��� ���AF�� �D������ ���A�� ��D��F����
���A� ��FA���� ���D��� ���F��� �D������ ���F�� ��D��D����
���D� ��FA���� ���D��� ���DD�� �DF��C�� ����F�� ���C�CC���
���F� ��FC���� ���D��� ���DD�� �F��CD�� ������� ���C�D�A��
����� ��FA�D�� ���D��� ���DF�� �DA����� ��F�D�� ������D���
����� ��FA�A�� ���D��� ���DD�� �DA����� �������� �����AD���
����� ��FA���� ���D��� ���F��� �D���D�� ��D���� �����FF���
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����� ��FC�A�� ���FD�� ������� �D������ �8�� ��DC�D����
���C� ��FC���� ���F��� ������� �DF����� �C���� �������D��
���A� ��FC���� ���F��� ������� �AD����� ������ ���D�CA���
���D� ��FC���� ���F��� ������� �AA�D��� ������ ����������
���F� ��FC�F�� ���F��� ������� �DF�FF�� ������ ���C������
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���F� ��FC�C�� ���F��� ������� �F������ �8�� ��C�������
����� �C������ ���AF�� ���C��� �D��F��� �8�� ���D�D����
Total 31,085.5 0.80 2.84 73.33 1,134.5 9,773,835 
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Table 16.6.3: Production Schedule Totals by Activity Type

Develop/Production Type Length
(m)

Total Tonnes
(kt)
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Figure 16.6.1: Mine Production Schedule Colored by Year, Rotated View Looking Toward the 
Footwall (Northeast)
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Figure 16.6.2: Mine Production Schedule Colored by Year, Rotated View Looking Toward the 
Hangingwall (Southwest)
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16.7 Mining Operations 

16.7.1 Stoping
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Figure 16.7.1.1: Typical Stope Drilling Section

�

�
���
�������"�=�''� �
� �
L���
.� 9��� �0
���	����)� �9� &��%
�������"� &�� �0
� '��.80��'8.��%� $431*�
�%
������ ���� �
������
0��.� �0
� ���=��9� �0
�&��%
�����%
����
���'�=�''� �
�����
.� %������')� ����� ��
�������)��
����0
�'
6
'����
&&�����0
��.	��
���&��%
����
&&��;0
����
���'�=�''��0
���
�'��.
.������
�����&���.�0��'
.�����0
�&0�9��9���0��&���"����&��9��
��:��
��0
�&��%
��&�
�%��
.�����'�0
�.�=�''��
�
%'��
.�����0
���C���B���C������
&&���.��0
�&��%
�6��.�=�''��
�9�''
.�=��0�%�&�
�����9�''� 9�����0
���%�
���
&&����6�����.��''0�'
�����0
���%��9��0
�&��%
���

16.7.2 Development
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16.7.3 Mine Access
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16.7.4 Haulage
;0
����
�=�''������%����
��0
��&
��9�9���������431&��0�����������
���'�9����&��%
&���.�.
6
'�%�
���
0
�.��"&� ���
��0
�����������)���� �������� ����.
�"����.� �����&�9���0��'�"
�����
��'�K
.����
���'� �&�
0��'
.������"��KK')?���&0
�� �0��� 9

.&��0
�&0�9�� '��.��"������!��')� ��� �0
����
� '�9
��6
��"
���
8=�)�



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
�����
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

0��'�"
�.�&����
&� ��
� �%%��B����
')� C�������.��� �����&� ��
� �
L���
.�� ,&� �0
����
� �&� .
6
'�%
.�
.

%
�� �0
� 0��'�"
� .�&����
� ����
�&
&� ��.� �..������'� �����&� ��
� �
L���
.�� <�&�
� ���
���'� 9����
.
6
'�%�
��� =�''� �
� ��6
.� 9���� ����� ��)&� ��.� 0��'
.� ��� &
���.��)� &��%
&� �&� ����9�''� ���
���	��������=��0��0
�%�&�
9�''��

;��'
��A�D�����&0�=&��0
���B�������
8=�)�0��'�.�&����
��)������"��'������.��0
�����
���9������&�
�
L���
.��;��������������'�.
&�=�&�
�0��'�"
��

Table 16.7.4.1: Trucks and Haul Distance for Mineralized Material
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16.7.5 Backfilling
Paste Backfill Plant
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Table 16.7.5.1: Paste Plant Major Mechanical Equipment
Area Description
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16.7.6 Ground Support
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Table 16.7.6.1: Ground Control System and Rock Conditions
Rock Quality Percentage System
(��.� D�O� �%�����'���"�
����� ��O� �)&�
��������'���"�
����� ��O� �)&�
��������'���"�=��0��
&0���.��0����
�
�
���'�&� ,&�
������
�
.� ���
����'����(������
�����
����������C�

;0
�&)&�
��������'���"��&�%'���
.�����&
���C���&=
''
B���'�&���.���&%����"��9��������



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
���A�
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

16.7.7 Grade Control
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16.8 Mine Services 

16.8.1 Ventilation  
Primary Ventilation
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Figure 16.8.1.1: Typical Primary Ventilation System
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Auxiliary Ventilation
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Mine Heating and Cooling

;0
��

.�9������
�����0
����"���.?������'��"�=�&��&&
&&
.���&
.�����6
��"
��
�%
�����
&�9���!'��
 �

���
!��&�=
''��&�
&�����
.�6��"���������
�%
�����
&��9��%%��B����
')��C�S ���.��&&��
.������
�0
���'� %��%
���
&�� ���
� ���� �
9��"
������� =�&� .
�
����
.� ��� �
� ���
�
&&��)� �&� �0
� ���� ���'.� �
�
���'
.� &�99���
��')� =��0� �..������'� ���9'�=�� ,%%��B����
')� �� ��O� ����
�&
� ��� ���9'�=� �
)��.� �0
�
������� �
L���
.� 9��� .�
&
'� 
B0��&�� .�'������ =�''� �
� �

.
.�� ;0
� �..������'� ������� �9� ���9'�=� �&�
���'�.
.�����0
�.
&�"���9��0
�&)&�
���

3
����"��&��&&��
.�����
��
L���
.����&��
����
�.����"�9�6
�����0&��9��0
�)
����;0
�&)&�
��=�''�0
���
�0
������
���������S ����6
�9�

K��"�.����"��0
�=���
������0&�

16.8.2 Pumping
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16.8.3 Electrical Supply
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Table 16.8.3.1: Typical Loads During Selected Time Periods (kW)

Load Category Year -2 Year 1 Year 6 Year 28
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Figure 16.8.3.1: Mining Annual Electrical Load
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Table 16.8.3.2: Life of Mine Equipment Electrical Requirement  

Type of Equipment Electrical Requirement 
per unit (kW)

Number of Units
(Life of Mine)
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16.8.4 Health and Safety
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16.8.5 Manpower
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Table 16.8.5.1: Typical Mining Labor by Shift
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Table 16.8.5.2: Typical Mine Labor by Function
Operations Per Shift Total
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Table 16.8.6.3: Major Fixed and Auxiliary Equipment Summary

Type of Equipment Electrical Requirement per Unit 
(kW) 

Number of Units
(Life of Mine)
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17 Recovery Methods
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17.1 Mineral Processing Plant / Grinding Circuit
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17.1.1 Flowsheet and Process Description
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Figure 17.1.1.1: Grinding Circuit Simplified Flowsheet
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17.1.2 Mineral Processing Plant Design Criteria
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Table 17.1.2.1: Mineral Processing Design Criteria
Description Value Units
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17.1.3 Mass Balance and Equipment Selection
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Table 17.1.3.1: Mineral Processing Major Equipment List

Equipment Qty Description / Size Motor kW
(each)
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17.1.4 Power Requirements
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Table 17.1.4.1: Mineral Processing Power Demand by Area

Area Installed
(kW)
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17.1.5  Grinding Circuit Plant Layout
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17.1.6 Mineral Processing Plant Water Management
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17.2 Hydrometallurgical Plant

17.2.1 Flowsheet and Process Description
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Figure 17.2.1.1: Hydrometallurgical Processing Simplified Flowsheet
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17.2.2 Hydrometallurgical Process Plant Design Criteria
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Table 17.2.2.1: Hydrometallurgical Processing Design Criteria
Category Description Value Units
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17.2.3 Mass Balance
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17.2.4 Process Equipment
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Table 17.2.4.1: Hydrometallurgical Processing Major Equipment List
Equipment Name Qty Description / Size / Model
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17.2.5 Power Requirements
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Table 17.2.5.1: Hydrometallurgical Processing Power Demand by Area

Area Installed
(kW)

3 '�4
��0�/����5�����.����!B���������$�?�*� ����
3 '��
"
�
������� ����
,��.�+��
�5��
����&���'9��
� �'�����"� ������
<��
��4
��0��#�����
.������? �)&��'�K�������5����!B���������$�?�*� ����

���������
��%��������/����5�;����������
��%��������/���� AF��
;��'��"&�

����'�K������/���� C��
�
�"
����
�6��
&� ����
�
�6��
&�$=��
��������&�
��*� ����
��'9�����,��.��'���� ���F���
Total 15,204
�����
�����0
�����C�

�

17.2.6 Plant Layout
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17.2.7 Tailings Pumps and Piping
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17.2.8 Hydrometallurgical Plant Water Management
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17.3 Pyrometallurgical Plant

17.3.1 Pyrometallurgical Process Plant Design Criteria
;0
� %�
'������)� %)���
��''��"���'� %���
&&� .
&�"�� ����
���� 0�6
� �

�� 
&���'�&0
.� ��&
.� ��� �
��0�
&��'
� �
&�=����� ���.���
.� ������'')� �)� P���  ��&�'���"� 5� ;
&�=���� �
�6��
&� $P��*� 9�''�=
.� �)�
�
&�=���� �)� ���"&���� ����
&&� �
��''��")� $���*�� ��"
�0
�� =��0� ���0
I&� ��80��&
� .�����&
� 9����
&���'���%��	
��&�� ��.�&���.��.� ��.�&��)� %������
&��;0
��
)�����
����0�6
��

�� '�&�
.��
'�=� ���;��'
�
�D��������

Table 17.3.1.1: Pyrometallurgical Processing Design Criteria
Section Description Value Units
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17.3.2 Flowsheet and Process Description
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Figure 17.3.2.1: Pyrometallurgical Processing Simplified Flowsheet
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17.3.3 Mass Balance
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Table 17.3.3.1: FeNb Furnace Partition Coefficients
Element % to Slag % to Alloy Metal
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17.3.4 Water Balance
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Table 17.3.4.1: Pyrometallurgical Water Requirements
Water Item Units Value
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17.3.5 Power Requirement
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Table 17.3.5.1: FeNb Furnace Power Requirements
Furnace Power Parameter Units Value
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17.3.6 Major Process Equipment
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Table 17.3.6.1: Pyrometallurgical Processing Major Equipment List
Equipment Name Qty Description/Size/Model
Nb Concentrate Drying
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17.3.7 Pyrometallurgical Plant Layout
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18 Project Infrastructure
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Figure 18.1: Site Infrastructure Layout
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18.1 Infrastructure 

18.1.1 Surface Infrastructure
Electrical Power Line & Main Substation
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General Plant Site Preparation and Parking
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Auxiliary Buildings
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Water Treatment 
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Active Mine Dewatering and Pipeline System
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Site Fire Protection Loop
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Sewage Treatment
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Fuel Storage and Distribution
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Natural Gas Line
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Natural Gas Distribution
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Surface Mobile Equipment
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Railway and Rail Loading/Unloading Facilities
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Final Product Preparation
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18.1.2 On-Site Infrastructure (Mining)
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18.2 Tailings Storage Facility
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Table 18.2.1: Area 7 Tailings Storage Facility Stage-Area-Capacity Data

Phase TSF Elevation
(mamsl)

Area
(m2) 

Cumulative
Volume

(m3)
Capacity (1)

(t) Years
Rate of 

Rise
(m/y)
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Table 18.2.2: Area 1 Tailings Storage Facility Stage-Area-Capacity Data

Phase TSF Elevation
(mamsl)

Area
(m2) 

Cumulative
Volume

(m3)
Capacity (1)

(t) Years
Rate of 

Rise
(m/y)
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18.3 Active Mine Dewatering and Pipeline System
,���6
�.
=��
���"� 9�����0
�&��9��
�=�''��
����'�K
.� ����.6���
��9�.
6
'�%�
����9� �0
����
���.�=�''�
�������
� ��� �
� ���'�K
.� �0���"0���� �0
� ���
� '�9
�� ;0
� ����6
� .
=��
���"� &)&�
�� =�''� ���&�&�� �9� ��
�
�=�����9��%%��B����
')����%
���
�
��=
''&��
L��'')�&%��
.������.� �0
�.
%�&����;0
�=
''&�=�''��
�
.��''
.������.
%�0��9�C�����DC����
'�=��0
��
B������6
����
��'�����;0
�=
''&�=�''��
������������9����
����F����0
&����.���
�
����.�=�''��
���%��'
��9�%��%��"��%%��B����
')�AC�4?&
��$������"%�*�
��0��
;0
� 9��&�� ����.��9�=
''&���&�� �
� ��&��''
.� ��.��%
�������'� %����� ��� X)
��� K
��T� �9����
� %��.������U�
�0
�
9��
���&��''�������9��0�&
�=
''&�=�''��
"����=��)
��&�%����������.
�"����.������"��,�&
���.�����.�
�9����.

%
���
%'��
�
���=
''&�=�''��
�.��''
.�����0
���������9��0
��
B��%'���
.����
��'�����
"�����"�
���)
���F��9������"�����''�=�.
=��
���"��9��0
�&
���.����
��'�����

!��0�=
''�=�''��
�
L��%%
.�=��0���������'���C����0�.���
�
���F����<�$������3�*��&���
�&��'
�%��%��
<��
�� 9���� 
��0� =
''� =�''� �
� %�%
.� ��� �� ��''
������ %��.� ���&�����
.� �&� �0�&
� �� �9� ,�
�� ��
!6�%�����������.�$��"��
��F����*��;0
�=��
��=�''��0
���
�%��%
.�6��������
�.
=��
���"�.�&�0��"
�
%�%
'��
�����0
���&&�������6
���;0
�����'���B�����������%��
.���%�������0
���''
������%��.�=�''��
�D�C�
4?&
���������%��
.����������.����"��0
�9��&��)
����9����
�%��.�������$E
����*��

;0
� ��''
������ %��.�=�''� ��6
�� �%%��B����
')� �� 0�� =��0� �� ��
&�� 
'
6������ �9� �D����&'� ��.� �� ��&
�

'
6�������9��A����&'��;0
���B�����
������
���0
�"0��=�''��
��%%��B����
')�������,&&����"�����
�9�.�)�9�

����.���0
�%��.�0�&�����%����)��9��%%��B����
')�C�����������;0
�%��.�=�''�%��6�.
�D�.�)&�
�9�
�
�"
��)�&����"
�����0
���B�����.
=��
���"����
�%'�&��0
�����)
�������0����&�������

;0
����
�.
=��
���"�.�&�0��"
�%�%
'��
�0�&��

��.
&�"�
.��������B�����9'�=��9����D����?0��;0
�
.�&�0��"
�%�%
�=��'.��
�C����� '��"���.�=��'.� �
L���
������ ���0�&�

'� %�%
� �0���=��'.�.�&�0��"
�
�0���"0���.�99�&
����� �0
���&&�������6
��� #��0�&��

���&&��
.� �0��� �0
�%�%
'��
�=��'.��
�����
.� ���
%���
����"���&��9�

K��"��,�%��%�&�������=��'.��
�'����
.�����0
�%��.��,''�%��%&����'.��
���&��''
.�
����0
�%��.�%��%�&������������������&�
��&���������&��''
.��'��"��0
�%�%
'��
��

�

�



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
�����
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

19 Market Studies and Contracts
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19.1 Commodity 

19.1.1 Niobium
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19.1.2 Titanium Dioxide
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19.1.3 Scandium Oxide
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19.2 Market Price Projection
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Figure 19.2.1: Scandium Oxide Pricing Outlook, US$/kg 
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19.3 Contracts and Status
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20 Environmental Studies, Permitting and Social or 
Community Impact 

20.1 Required Permits and Status
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Table 20.1.1: Permits That May Be Required for the Project
Permit/Approval Issuing Authority Permit Purpose Status
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20.1.1 USACE 404 Permit and NEPA
Clean Water Act Section 404 Permit
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20.1.2 DHHS Radioactive Materials Program and Licensing
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20.1.3 Nebraska NPDES Permitting Program
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20.1.4 Nebraska Air Quality Permitting
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20.1.5 Nebraska Dam Permitting
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20.1.6 Greenhouse Gas Permitting
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20.2 Engineering Design Criteria
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20.3 Environmental Study Results

20.3.1 Soils
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20.3.2 Climate/Meteorology/Air Quality
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20.3.3 Cultural and Archeological Resources
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20.3.4 Vegetation
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20.3.5 Wildlife
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20.3.6 Threatened, Endangered, and Special Status Species
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20.3.7 Land Use
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20.3.8 Hydrogeology (Groundwater)
,�0).��"
�'�"����0�����
��K�������9��0
�.
%�&���=�&����.���
.�.����"��0
����
�.��''��"�%��"�����;0
�
%��"�������'�.
.��

�� ���.�=�0�'
�%���
�8�&�'��
.���	
��������.����'�9���
&���"�������
�0�'
&U�
�� #�&��''�������9�&�B�������0��- �&���.%�%
�%�
K��
�
�&��&�'��
.�����0
�����������
���.��%
�����

'��"
����
�6�'&��9��0
�.
%�&��U�
�� #�&��''������ �9� �=��� ������'��� ���0��- �&���.%�%
� %�
K��
�
�&� �&�'��
.� ��� �0
��F���� �0����

�
��&)'6�������L�����.����6
��0
�����������
U���.�
�� ��
L�
����
�&��
�
����9�=��
��'
6
'&�����%
�����
�0�'
&���.�%�
K��
�
�&��6
����%
���.��9�

&�B�����0&��

;0
� 0).��"
�'�"��� �0�����
��&���&� �9� �0
� �
&����
� ��
�� =
�
� &�"��9������ 
���"0� �0��� �� ��� .�)�
%��%��"��
&��=�&����.���
.�����0
�9�''��9�������1����"��0�&�������'��
&�������%
�����
0�'
�=�&�%��%
.�
����C�"%�����.��0
��
&%��&
�����0
��L��9
��=�&���&
�6
.�����
���)�%�
K��
�
�&��;0
&
�.����=
�
�
�&
.� ��� 
&���'�&0� �0
� %��&%
���6
� ���
� =��
�� ��9'�=� �0��� �%%
��&� ��� �0
� �!,�� 3�=
6
��� �0
�
0).��"
�'�"����&&�
&��&&�����
.�=��0��0
&
�������'�9��.��"&�=
�
����&�.
�
.�����
�&�"��9������
���"0�
9��� �� &
���.� �
&��� ���.���
.� ��� ��)� ��.� 7��
� �9� ���C�� ���� �0�&� &
���.� �
&��� �� '��"
� .���
�
��
��	
������ =
''� =�&� ��&��''
.� ��� �0
� �%%��B����
� �
��
�� �9� �0
� .
%�&���� ��.� �=�� �..������'� .�&�����
%�
K��
�
�&�=
�
�
&���'�&0
.��<��
��=�&���	
��
.���������
��9����������4?&
��$�C������F��"%�*��6
��
��������'���8.�)�%
���.����.��0
��
&%��&
�=�&��
�&��
.��)���&
��
&��9���&����
��
.�%�
K��
�
�&��
,��')&�&� ��.� ���
�%�
������� �9� �0
� .���� 9���� �0
&
� �
&���"� %��"���&� 0�&� �

�� ���%'
�
.� ��.� ��
%�
'������)�����
%���'���.
'�.
6
'�%
.��1
���'&��9� �0�&���.
'���
�%��6�.
.� ����
�������A����9� �0�&�
�!,���

;0
�&��%'
&���''
��
.� 9����
! ���8������.��
�8�� ��.����
� 6
�)� &���'���=��
��L��'��)��+��0�=
''&�
0�6
�;1���6
���F�����%���&�%
����''�����=��0��0
���	��������������&��
��"�&�.������.��0'���.
��+��0�
=
''&�
B�

.�!�,�%�����)�� 4&�=��0��
&%
�������0
�9�''�=��"��

�� ,�&
���U�
�� (��&&��'%0�U���.�
�� ��8��A�H���8��F��

<��
��9�������0��9��0
&
�=
''&��'&��
B�

.&�&
���.��)���B����� �����������4
6
'&�$� 4&*�=��0�
�
&%
��� ��� �0'���.
�� 9'����.
�� ������ ���"��
&
�� &�'9��
�� ��.� ;1��� 
! � ��8���� �'&�� 
B�

.&� �0
�
&
���.��)�� 4� 9��� �'��������;0
�
�=
�
� ��� .
�
����'
� %
&����.
&?0
�����.
&� ��� ��0� L����
�� �����
"����.=��
��&��%'
&��

,'�0��"0��0
�"����.=��
���&���������
��')���.������"�=��
��&����
������
��������&�=
�
����%��
.����
.������"� =��
�� &���.��.&� �&� �� �
9
�
��
� ��� %�&&��'
� �
"�'����)� ��.� ����"
�
��� ��%'�������&� �9�
"����.=��
��.�&%�&�'�9����9����
����
�.
=��
���"��

;0
� "����.=��
�� �0
��&��)� .���� ��.����
� �� '�=8�B)"
��� �0
����'')� �
.����"� "����.=��
�� &)&�
��
�0��� �&� ���� �9� �0
����'� 
L��'�������=��0� &��9��
� ���.�����&����%%�����"� 
6�.
��
��9� �0�&� ����'�&����
���'�.
&��

�� 
����"
��&%
��
&���
���&�')�.������
.��)������������0
���0���������
����������
U�
�� #�����&�
'
6��
.�����
����'�%3�������.������=0��0��&���'��
')�����������������B)"
���
.��������'�
�� &)&�
�U���.�



���� ��&�'���"�$/���*��#���� �
,�
�.
.�
#���8����;
�0����'��
%�����/%.��
.���
'������)�!��������,&&
&&�
���>�!'�� �

��
����������	
��� ��"
��A��
�
�

7,:?�4�� !'� �

�@
#��8���@�!,8/%.��
.@����������@��A@�4��.��B� :����
�����C�

�� (����.=��
������"0������0
�&��9��
����&��
����
0�'
&��&�������'')��'������0��"
&��������"
�
�6
�������
�%
���.����"��"�9����0���&����.�)&���0
��
6
����'')�����&��'
���=0�'
�9�����"����
����"
�%�
��%����
��;0�&��&��0�����
��&�����9�=��
��������'')����������"��
.��
.�9
����&�������0���

6
����'')��B�.�K
&����9
�����������

����0
�� ��6
&��"������ �&� �

.
.� ��� .
�
����
� �0
� ���"��� �9� �0
� 
'
6��
.� ����
��������&� ��� �0
�
"����.=��
����&�=
''��&��6
��''�%��%��"��
L���
�
��&� 9��� �0
���.
�"����.������"��%
������� $9����
&��9��
�=
''&���.��0
���.
�"����.����
*��

20.3.9 Hydrology (Surface Water)
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20.3.10 Wetlands/Riparian Zones
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20.3.11 Geochemistry
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Niobium Mineralized Material
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Waste Rock and Overburden
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20.4 Health and Safety
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20.5 Reclamation and Closure
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20.5.1 Surface Disturbance
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20.5.2 Buildings and Equipment 
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20.5.3 Tailings Disposal Facility
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20.5.4 Financial Surety Requirements
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20.5.5 Closure Cost Estimate
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20.6 Community Relations and Social Responsibilities
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20.7 International Standards and Guidelines
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Table 20.7.1: IFC Performance Standard vs. Compliance Approach
IFC Performance 
Standard (PS) Summary of Requirements Project Compliance
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21 Capital and Operating Costs
21.1 Capital Cost Estimates
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Table 21.1.1: Capital Cost Summary (US$000’s)

Description Initial Sustaining LoM
�����"� N�DD��A��� N��F���F�� N�FC���F��
����
&&� N��������� N��� N���������
;��'��"&���.�#�9��&�������
� N�FD���F�� N��F�ACF�� N��A�A�A��
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�&� �&�&?4��.�,�L��&������ NCA�C���� N��� NCA�C����
 '�&��
� �&�&� N��� ND������� ND�������
 �����"
��)� N�AC�D���� N��� N�AC�D����
Total Capital $978,742 $407,995 $1,386,738 
�����
����������C�
��&������"���%���'�9����0
�%���
&&��"�%'���&�0�&��

�����'�.
.�����%
�����"���&�&��
�

�����"� ��%���'� ��&�� �������&� ��� 
&�����
� 9��� �0
� &�����"� �9� �0
� &0�9��� ��.
�"����.� .
6
'�%�
����
��.
�"����.������"�
L��%�
�����.���9��&�������
����.
�"����.�%��%��"�&������&������9�''�%'������.�
.�&����������&)&�
����.�6
���'������
B��6�����&���.��
�0�����'&�� #�����'� ��%���'� �
L���
�
��&� ��� �0
�
%�
8%��.������� )
��&� �&� /�N�DD��� ��''���� ��.� &�&������"� ��%���'� �
L���
�
��&� ����'� ��� �..������'�
/�N��F�����''�����0���"0�����0
�4���$;��'
�������*��

Table 21.1.2: Life of Mine Capital Cost for Mining ($000s)
Description Initial Sustaining LoM 
�0�9����.���������
� N���F���� N��� N���F����
#�����'����
� �%���'� N���AA��� N��C�F�� N����CF��
���
�!L��%�
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Total Capital $177,269 $108,028 $285,298 
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Table: 21.1.3: Life of Mine Process and Infrastructure Capital Costs
Description Initial Sustaining LoM ($000s)
!��')�1
&�"����.�������
�
��� N��C���� N��� N��C����
#�9��&�������
� NA����C�� N��� NA����C��
���
��'�����
&&��'���� N�A���A�� N��� N�A���A��
3).���
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�)���
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:�0
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Total Capital $579,169 $228,658 $807,827 
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Table 21.1.4: Owner’s Capital Cost and Estimated Capital Contingency
Description Initial Sustaining LoM ($000s)
:=�
�&� �&�&�$�O��9�#�����'� �%
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����������"� N��� NC������ NC������
Total Capital $56,593 $71,309 $127,902 
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21.1.1 Basis for Capital Cost Estimates
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Table 21.1.1.1: LoM Underground Mine Development Costs

Description Unit Rate Quantity
(m)

LoM
(US$/m or t) (US$000’s)
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�&� ��C��� A�C��� �������
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Total Capital $75,742 
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21.2 Operating Cost Estimates
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Table 21.2.1: Operating Cost Summary

Description US$/t-
Processed

US$/kg-
Nb

LoM
(US$000’s)
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Total $196.86 $39.28 $6,119,511 
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Table 21.2.2: Mine Operating Cost Summary (average over LoM)

Description US$/y, US$/m or US$/t
Mined

US$/t-
Processed

LoM
(US$000’s)
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Table 21.2.3: Process and Infrastructure Operating Cost Summary

Description
US$/yr or US$/t

Processed
US$/t

Process
LoM

(US$000s)
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Rail-Track, Loading & Unloading 2.21 2.21 68,699
Product Packaging 1.30 1.30 40,411
Water Management & Surface Operations 2.54 2.54 78,957
Tailings Opex (SRK increases in out years) 2,796 2.93 91,040
Mine Water discharge to river 2,500 2.57 80,000
Surface Dewatering Wells 7,063 7.27 226,006
Total $135.75 $4,219,864
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Table 21.2.4: G&A Operating Cost Summary
Description US$/yr US$/t Process LoM (US$000s)
,''8#��(5,� �&�&� F����� F���� �C������
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Total $8.11 $252,000 
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21.2.1 Basis for Operating Cost Estimates
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22 Economic Analysis
22.1 Principal Assumptions and Input Parameters
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Table 22.1.1: Model Parameters

Description Value Units
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22.2 Cashflow Forecasts and Annual Production Forecasts
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Table 22.2.1: Mine Production Summary
Description Value Units
Mine Production
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Table 22.2.2: Process Production Summary
Description Value Units
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Table 22.2.3: Annual Production Summary
Production Produced Metal Cashflow

(After-Tax)
NPV@8%

(After-Tax)Year Waste Mineralized
Mined

RoM to
Process FeNb-t TiO2-t Sc-t 
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����� ����� �FD� �FD� D����� ���D�C� ���� �C��F���� ����A����
����� �D�� �FA� �FA� D�C��� ������� ��� �F����A�� F��D����
����� ��� �F�� �F�� D����� ������� ���� ��A�CF��� FF��AA��
����� ��� �FA� �FA� D�DDC� ���F�A� ��� ��F���C�� F��AAF��
����� ��� �FA� �FA� F����� ����C�� �A� ��A������ D���AC��
���C� C�� �FC� �FC� D�A��� ���D�D� ��C� �A��A���� DF������
���A� ��� �FC� �FC� D�A�F� ����D�� ��� ��C������ A��A����
���D� ��� �FC� �FC� D�A�D� �C�C��� ��� ������A�� C�������
���F� ��� �FA� �FA� D�CDF� ������� ��A� �A������� A��F�A��
����� ��� �FA� �FA� D�C��� �����A� �D� ����CA��� C��D�F��
����� ��� �FA� �FA� D�DF�� ����AA� FD� �DF������ ���A����
����� A�� �FA� �FA� D�CAF� ���FAF� ��D� �AA�C���� ���CC���
����� ��� �FA� �FA� D�D�F� ����D�� ��� �C��C���� ��������
����� ��� �FA� �FA� D�CDF� ����CF� ���� �C���C��� ���D�A��
����� ��� ���� ���� D�C�C� ���FAC� ���� �A���DA�� ���ACC��
���C� ��� �FA� �FA� D�C��� �C�C�D� ���� �C���F��� �C������
���A� ��� �FA� �FA� D�A�C� ����D�� ��A� �C��D�D�� ��������
���D� ��� �FC� �FC� D�C�C� ���A��� ��A� �A���A��� ���F����
���F� ��� �FC� �FC� D���D� �C�C�D� ���� �DF������ ���FC���
����� ��� ���� C��� ������ ���C��� C�� ��D���F�� ���D����
��C�� ��� �� �� �� �� �� $���*� $��*�
��C�� ��� �� �� �� �� �� $�����*� $A�*�
��C�� ��� �� �� �� �� �� $�����*� $CF*�
��C�� ��� �� �� �� �� �� $�����*� $C�*�
��C�� ��� �� �� �� �� �� $�����*� $C�*�
��CC� ��� �� �� �� �� �� $�����*� $�A*�
Total 1,135 31,086 31,086 239,664 766,709 3,115 9,611,603 2,301,735
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Table 22.2.4: Economic Analysis (US$000’s)
Description Value Units
Market Prices

������� $43.55 ?�"�
;��������:B�.
� $2.10 ?�"�
����.����:B�.
� $3,883 ?�"�
Estimate of Cash Flow (all values in $000’s)
Gross Revenue $18,925,111 $608.81
Operating Costs US$/t-RoM
�����"� $N��A�D�A�D*� NC�����
����
&&��"� $N������FA�*� N��C�DC�
(5,� $N�C�����*� NF����
���.������
�"0�� $N�D�F��*� N���C�
���%
��)?�
6
����
���B
&� N�� N�����
+)8%��.���� �
.��&�$�*� ��A����F�� $NC��F�*�
��)�'��
&� $�FA��CF*� N�����
;�
���
��� �&�?�
9����"� �&�� �� N�����
 �&0� '�&��
?�
�'�������� �� N�����
Total Operating Costs ($4,893,580) $157.42
Operating Margin (EBITDA) $14,031,532 $451.38
���	
��� �%���'� $N�DF�D��*� N������
4�����&������"� �%���'� $N��A�AFA*� N���F��
 '�&��
� �&�&� $D�����*� N�����
;�B
&� $N���������*� N�D�CF�
After Tax Free Cash Flow $9,611,603 $309.20
NPV @: 8% $2,301,735
Average Annual Niobium Production 4,868,185 kg/y
Average Annual Ferroniobium Production 7,490 t/y
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22.3 Taxes, Royalties and Other Interests
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22.4 Sensitivity Analysis
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Table 22.4.1 Project Sensitivities NPV @ 8% After-Tax (US$ millions) 
Item -25% -20% -15% -10% -5% 0% 5% 10% 15% 20% 25%
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Figure 22.4.1 Project Sensitivities
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22.5 Alternative Scandium Oxide Pricing  
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Table 22.5.1: Alternate Economic Analysis (US$000’s)
Description Value Units
Market Prices ��

������� $43.55 ?�"�
;��������:B�.
� $2.10 ?�"�
����.����:B�.
� $3,416 ?�"�
Estimate of Cash Flow (all values in $000’s) �� ��
Gross Revenue $17,381,497 $559.15 
Operating Costs US$/t-RoM
�����"� $N��A�D�A�D*� NC������
����
&&��"� $N������FA�*� N��C�DC��
(5,� $N�C�����*� NF�����
���.������
�"0�� $N�D�F��*� N���C��
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&� N��� N������
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��)�'��
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;�
���
��� �&�?�
9����"� �&�� ��� N������
 �&0� '�&��
?�
�'�������� ��� N������
Total Operating Costs ($4,862,707) $156.43 
Operating Margin (EBITDA) $12,518,789 $402.72 
���	
��� �%���'� $N�DF�D��*� N�������
4�����&������"� �%���'� $N��A�AFA*� N���F���
 '�&��
� �&�&� $D�����*� N������
;�B
&� $N��ADD���C*� NFA�����
After Tax Free Cash Flow $8,454,637 $271.98 
NPV @: 8% $1,959,235 ��
Average Annual Niobium Production 4,868,185 kg/y
Average Annual Ferroniobium Production 7,490 t/y
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Table 22.5.1 Project Sensitivities NPV @ 8% After-Tax (US$ millions) 
Item -25% -20% -15% -10% -5% 0% 5% 10% 15% 20% 25%
�
��6
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Figure 22.4.1 Alternate Project Sensitivities
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23 Adjacent Properties
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24 Other Relevant Data and Information
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25 Interpretation and Conclusions
25.1 Mineral Resource Estimate
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25.2 Mining and Mineral Reserve Estimate
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25.3 Metallurgy and Processing

25.3.1 Mineral Processing
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25.3.2 Hydrometallurgy
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25.3.3 Pyrometallurgy
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25.4 Tailings Storage Facility
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25.5 Environmental and Social
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25.6 Projected Economic Outcomes
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26 Recommendations 
26.1 Recommended Work Programs and Costs

26.1.1 Geology and Resource
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26.1.2 Mineral Reserve Estimate, Mining, and Geotechnical
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26.1.3 Hydrogeology
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26.1.4 Processing Plan
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Mineral Processing
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26.1.5 Tailings Storage Facility
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26.1.6 Environmental and Social
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26.1.7 Marketing and Economics
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26.1.8 Costs
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Table 26.1.8.1: Summary of Costs for Recommended Work
Recommended Work Cost Estimate (US$)
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