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Important Information  

bŀǘǳǊŜ ƻŦ 5ƻŎǳƳŜƴǘ 

¢Ƙƛǎ ŘƻŎǳƳŜƴǘ Ƙŀǎ ōŜŜƴ ǇǊŜǇŀǊŜŘ ŀƴŘ ƛǎǎǳŜŘ ōȅ ±w· {ƛƭƛŎŀ [ƛƳƛǘŜŘ ό/ƻƳǇŀƴȅύ ǘƻ ǇǊƻǾƛŘŜ ƎŜƴŜǊŀƭ ƛƴŦƻǊƳŀǝƻƴ 
ŀōƻǳǘ ǘƘŜ /ƻƳǇŀƴȅ ŀƴŘ ǘƘŜ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘ {ƛƭƛŎŀ {ŀƴŘ tǊƻƧŜŎǘ όtǊƻƧŜŎǘύΦ  ¢ƘŜ ƛƴŦƻǊƳŀǝƻƴ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ƛǎ ƛƴ 
ǎǳƳƳŀǊȅ ŦƻǊƳ ŀƴŘ ǎƘƻǳƭŘ ƴƻǘ ōŜ ǊŜƭƛŜŘ ǳǇƻƴ ŀǎ ŀ ŎƻƳǇƭŜǘŜ ŀƴŘ ŀŎŎǳǊŀǘŜ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ŀƴȅ ƳŀǧŜǊǎ ǘƘŀǘ ŀ 
ǊŜŀŘŜǊ ǎƘƻǳƭŘ ŎƻƴǎƛŘŜǊ ƛƴ ŜǾŀƭǳŀǝƴƎ ǘƘŜ /ƻƳǇŀƴȅ ƻǊ ǘƘŜ tǊƻƧŜŎǘΦ ²ƘƛƭŜ ƳŀƴŀƎŜƳŜƴǘ Ƙŀǎ ǘŀƪŜƴ ŜǾŜǊȅ ŜũƻǊǘ ǘƻ 
ŜƴǎǳǊŜ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘΣ ǘƘŜ /ƻƳǇŀƴȅ ŀƴŘ ƛǘǎ ŀŘǾƛǎŜǊǎ ƘŀǾŜ ƴƻǘ ǾŜǊƛŬŜŘ ǘƘŜ ŀŎŎǳǊŀŎȅ 
ƻǊ ŎƻƳǇƭŜǘŜƴŜǎǎ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘΦ  

5ƛǎŎƭŀƛƳŜǊ 

bƻ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻǊ ǿŀǊǊŀƴǘȅΣ ŜȄǇǊŜǎǎ ƻǊ ƛƳǇƭƛŜŘΣ ƛǎ ƳŀŘŜ ōȅ ǘƘŜ /ƻƳǇŀƴȅ ǘƘŀǘ ǘƘŜ ƳŀǘŜǊƛŀƭ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘƛǎ 
ŘƻŎǳƳŜƴǘ ǿƛƭƭ ōŜ ŀŎƘƛŜǾŜŘ ƻǊ ǇǊƻǾŜŘ ŎƻǊǊŜŎǘΦ 9ȄŎŜǇǘ ŦƻǊ ǎǘŀǘǳǘƻǊȅ ƭƛŀōƛƭƛǘȅ ǿƘƛŎƘ Ŏŀƴƴƻǘ ōŜ ŜȄŎƭǳŘŜŘΣ ŜŀŎƘ ƻŦ ǘƘŜ 
/ƻƳǇŀƴȅΣ ƛǘǎ ŘƛǊŜŎǘƻǊǎΣ ƻŶŎŜǊǎΣ ŜƳǇƭƻȅŜŜǎΣ ŀŘǾƛǎƻǊǎ ŀƴŘ ŀƎŜƴǘǎ ŜȄǇǊŜǎǎƭȅ ŘƛǎŎƭŀƛƳǎ ŀƴȅ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ŦƻǊ ǘƘŜ 
ŀŎŎǳǊŀŎȅΣ ŦŀƛǊƴŜǎǎΣ ǎǳŶŎƛŜƴŎȅ ƻǊ ŎƻƳǇƭŜǘŜƴŜǎǎ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ŜȄŎƭǳŘŜǎ ŀƭƭ ƭƛŀōƛƭƛǘȅ 
ǿƘŀǘǎƻŜǾŜǊ όƛƴŎƭǳŘƛƴƎ ƛƴ ƴŜƎƭƛƎŜƴŎŜύ ŦƻǊ ŀƴȅ ƭƻǎǎ ƻǊ ŘŀƳŀƎŜ ǿƘƛŎƘ Ƴŀȅ ōŜ ǎǳũŜǊŜŘ ōȅ ŀƴȅ ǇŜǊǎƻƴ ŀǎ ŀ ŎƻƴǎŜǉǳŜƴŎŜ 
ƻŦ ŀƴȅ ƛƴŦƻǊƳŀǝƻƴ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ƻǊ ŀƴȅ ŜũƻǊǘ ƻǊ ƻƳƛǎǎƛƻƴ ǘƘŜǊŜŦǊƻƳΦ  

¢ƘŜ /ƻƳǇŀƴȅ ǿƛƭƭ ƴƻǘ ǳǇŘŀǘŜ ƻǊ ƪŜŜǇ ŎǳǊǊŜƴǘ ǘƘŜ ƛƴŦƻǊƳŀǝƻƴ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ƻǊ ǘƻ ŎƻǊǊŜŎǘ ŀƴȅ 
ƛƴŀŎŎǳǊŀŎȅ ƻǊ ƻƳƛǎǎƛƻƴ ǿƘƛŎƘ Ƴŀȅ ōŜŎƻƳŜ ŀǇǇŀǊŜƴǘΣ ƻǊ ǘƻ ŦǳǊƴƛǎƘ ŀƴȅ ǇŜǊǎƻƴ ǿƛǘƘ ŀƴȅ ŦǳǊǘƘŜǊ ƛƴŦƻǊƳŀǝƻƴΦ !ƴȅ 
ƻǇƛƴƛƻƴǎ ŜȄǇǊŜǎǎŜŘ ƛƴ ǘƘŜ ŘƻŎǳƳŜƴǘ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ŎƘŀƴƎŜ ǿƛǘƘƻǳǘ ƴƻǝŎŜΦ 

bƻ ƻũŜǊ 

¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ŀƴŘ ƛǘǎ ŎƻƴǘŜƴǘǎ ŀǊŜ ƴƻǘ ŀƴ ƛƴǾƛǘŀǝƻƴΣ ƻũŜǊΣ ǎƻƭƛŎƛǘŀǝƻƴ ƻǊ ǊŜŎƻƳƳŜƴŘŀǝƻƴ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ 
ǇǳǊŎƘŀǎŜ ƻǊ ǎŀƭŜ ƻŦ ŀƴȅ ǎŜŎǳǊƛǝŜǎ ƛƴ ǘƘŜ /ƻƳǇŀƴȅ ƛƴ ŀƴȅ ƧǳǊƛǎŘƛŎǝƻƴ ŀƴŘ Ƴǳǎǘ ƴƻǘ ōŜ ŘƛǎǘǊƛōǳǘŜŘΣ ǘǊŀƴǎƳƛǧŜŘΣ ƻǊ 
ǾƛŜǿŜŘ ōȅ ŀƴȅ ǇŜǊǎƻƴ ƛƴ ŀƴȅ ƧǳǊƛǎŘƛŎǝƻƴ ǿƘŜǊŜ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻǊ ǾƛŜǿƛƴƎ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ǿƻǳƭŘ 
ōŜ ǳƴƭŀǿŦǳƭ ǳƴŘŜǊ ǘƘŜ ǎŜŎǳǊƛǝŜǎ ƻǊ ƻǘƘŜǊ ƭŀǿǎ ƻŦ ǘƘŀǘ ƻǊ ŀƴȅ ƻǘƘŜǊ ƧǳǊƛǎŘƛŎǝƻƴΦ  ¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ƛǎ ƴƻǘ ŀ ǇǊƻǎǇŜŎǘǳǎ 
ƻǊ ŀƴȅ ƻǘƘŜǊ ƻũŜǊƛƴƎ ŘƻŎǳƳŜƴǘ ǳƴŘŜǊ !ǳǎǘǊŀƭƛŀƴ ƭŀǿ όŀƴŘ ǿƛƭƭ ƴƻǘ ōŜ ƭƻŘƎŜŘ ǿƛǘƘ ǘƘŜ !ǳǎǘǊŀƭƛŀƴ {ŜŎǳǊƛǝŜǎ ŀƴŘ 
LƴǾŜǎǘƳŜƴǘǎ /ƻƳƳƛǎǎƛƻƴύ ƻǊ ŀƴȅ ƻǘƘŜǊ ƭŀǿΦ  

bƻ ŬƴŀƴŎƛŀƭ ǇǊƻŘǳŎǘ ŀŘǾƛŎŜ 

bŜƛǘƘŜǊ ǘƘŜ /ƻƳǇŀƴȅ ƴƻǊ ŀƴȅ ƻŦ ƛǘǎ ǊŜƭŀǘŜŘ ōƻŘƛŜǎ ŎƻǊǇƻǊŀǘŜ ƛǎ ƭƛŎŜƴǎŜŘ ǘƻ ǇǊƻǾƛŘŜ ŬƴŀƴŎƛŀƭ ǇǊƻŘǳŎǘ ŀŘǾƛŎŜ ƛƴ 
ǊŜǎǇŜŎǘ ƻŦ ǘƘŜ /ƻƳǇŀƴȅϥǎ ǎŜŎǳǊƛǝŜǎ ƻǊ ŀƴȅ ƻǘƘŜǊ ŬƴŀƴŎƛŀƭ ǇǊƻŘǳŎǘǎΦ ¸ƻǳ ǎƘƻǳƭŘ ƴƻǘ ŀŎǘ ŀƴŘ ǊŜŦǊŀƛƴ ŦǊƻƳ ŀŎǝƴƎ ƛƴ 
ǊŜƭƛŀƴŎŜ ƻƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘΦ bƻǘƘƛƴƎ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŎƻƴǎǝǘǳǘŜǎ ƛƴǾŜǎǘƳŜƴǘΣ ƭŜƎŀƭΣ ǘŀȄ ƻǊ ƻǘƘŜǊ ŀŘǾƛŎŜΦ  
¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ŘƻŜǎ ƴƻǘ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ƛƴǾŜǎǘƳŜƴǘ ƻōƧŜŎǝǾŜǎΣ ŬƴŀƴŎƛŀƭ ǎƛǘǳŀǝƻƴ ŀƴŘ ǇŀǊǝŎǳƭŀǊ 
ƴŜŜŘǎ ƻŦ ǎƘŀǊŜƘƻƭŘŜǊǎΦ .ŜŦƻǊŜ ŘŜŎƛŘƛƴƎ ǘƻ ƛƴǾŜǎǘ ƛƴ ǘƘŜ /ƻƳǇŀƴȅ ŀǘ ŀƴȅ ǝƳŜΣ ȅƻǳ ǎƘƻǳƭŘ ŎƻƴŘǳŎǘΣ ǿƛǘƘ ǘƘŜ 
ŀǎǎƛǎǘŀƴŎŜ ƻŦ ȅƻǳǊ ōǊƻƪŜǊ ƻǊ ƻǘƘŜǊ ŬƴŀƴŎƛŀƭ ƻǊ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀŘǾƛǎŜǊΣ ȅƻǳǊ ƻǿƴ ƛƴǾŜǎǝƎŀǝƻƴ ƛƴ ƭƛƎƘǘ ƻŦ ȅƻǳǊ ǇŀǊǝŎǳƭŀǊ 
ƛƴǾŜǎǘƳŜƴǘ ƴŜŜŘǎΣ ƻōƧŜŎǝǾŜǎ ŀƴŘ ŬƴŀƴŎƛŀƭ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ŀƴŘ ǇŜǊŦƻǊƳ ȅƻǳǊ ƻǿƴ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ /ƻƳǇŀƴȅ ōŜŦƻǊŜ 
ƳŀƪƛƴƎ ŀƴȅ ƛƴǾŜǎǘƳŜƴǘ ŘŜŎƛǎƛƻƴΦ  

CƻǊǿŀǊŘπƭƻƻƪƛƴƎ ǎǘŀǘŜƳŜƴǘǎ 

{ǘŀǘŜƳŜƴǘǎ ǊŜƎŀǊŘƛƴƎ Ǉƭŀƴǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ /ƻƳǇŀƴȅΩǎ ƳƛƴŜǊŀƭ ǇǊƻǇŜǊǝŜǎ Ƴŀȅ Ŏƻƴǘŀƛƴ ŦƻǊǿŀǊŘ ƭƻƻƪƛƴƎ 
ǎǘŀǘŜƳŜƴǘǎΦ {ǘŀǘŜƳŜƴǘǎ ƛƴ ǊŜƭŀǝƻƴ ǘƻ ŦǳǘǳǊŜ ƳŀǧŜǊǎ Ŏŀƴ ƻƴƭȅ ōŜ ƳŀŘŜ ǿƘŜǊŜ ǘƘŜ /ƻƳǇŀƴȅ Ƙŀǎ ŀ ǊŜŀǎƻƴŀōƭŜ ōŀǎƛǎ 
ŦƻǊ ƳŀƪƛƴƎ ǘƘƻǎŜ ǎǘŀǘŜƳŜƴǘǎΦ ¢Ƙƛǎ ŀƴƴƻǳƴŎŜƳŜƴǘ Ƙŀǎ ōŜŜƴ ǇǊŜǇŀǊŜŘ ƛƴ ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜ Whw/ /ƻŘŜ ŀƴŘ !{· 
[ƛǎǝƴƎ wǳƭŜǎΦ ¢ƘŜ /ƻƳǇŀƴȅ ōŜƭƛŜǾŜǎ ƛǘ Ƙŀǎ ŀ ǊŜŀǎƻƴŀōƭŜ ōŀǎƛǎ ŦƻǊ ƳŀƪƛƴƎ ǘƘŜ ŦƻǊǿŀǊŘπƭƻƻƪƛƴƎ ǎǘŀǘŜƳŜƴǘǎΣ ƛƴŎƭǳŘƛƴƎ 
ŀƴȅ ǇǊƻŘǳŎǝƻƴ ǘŀǊƎŜǘǎΣ ōŀǎŜŘ ƻƴ ǘƘŜ ƛƴŦƻǊƳŀǝƻƴ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘΦ 

!ƭƭ ǎǘŀǘŜƳŜƴǘǎΣ ǘǊŜƴŘ ŀƴŀƭȅǎƛǎ ŀƴŘ ƻǘƘŜǊ ƛƴŦƻǊƳŀǝƻƴ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ǊŜƭŀǝǾŜ ǘƻ ƳŀǊƪŜǘǎ ŦƻǊ ǘƘŜ 
/ƻƳǇŀƴȅΣ ǘǊŜƴŘǎ ƛƴ ǊŜǎƻǳǊŎŜǎΣ ǊŜŎƻǾŜǊƛŜǎΣ ǇǊƻŘǳŎǝƻƴ ŀƴŘ ŀƴǝŎƛǇŀǘŜŘ ŜȄǇŜƴǎŜ ƭŜǾŜƭǎΣ ŀǎ ǿŜƭƭ ŀǎ ƻǘƘŜǊ ǎǘŀǘŜƳŜƴǘǎ 
ŀōƻǳǘ ŀƴǝŎƛǇŀǘŜŘ ŦǳǘǳǊŜ ŜǾŜƴǘǎ ƻǊ ǊŜǎǳƭǘǎ ŎƻƴǎǝǘǳǘŜ ŦƻǊǿŀǊŘπ ƭƻƻƪƛƴƎ ǎǘŀǘŜƳŜƴǘǎΦ CƻǊǿŀǊŘπƭƻƻƪƛƴƎ ǎǘŀǘŜƳŜƴǘǎ ŀǊŜ 
ƻƊŜƴΣ ōǳǘ ƴƻǘ ŀƭǿŀȅǎΣ ƛŘŜƴǝŬŜŘ ōȅ ǘƘŜ ǳǎŜ ƻŦ ǿƻǊŘǎ ǎǳŎƘ ŀǎ άǎŜŜƪέΣ άŀƴǝŎƛǇŀǘŜέΣ άōŜƭƛŜǾŜέΣ άǇƭŀƴέΣ άŜǎǝƳŀǘŜέΣ 
άŜȄǇŜŎǘέ ŀƴŘ άƛƴǘŜƴŘέ ŀƴŘ ǎǘŀǘŜƳŜƴǘǎ ǘƘŀǘ ŀƴ ŜǾŜƴǘ ƻǊ ǊŜǎǳƭǘ άƳŀȅέΣ άǿƛƭƭ έΣ άǎƘƻǳƭŘέΣ άŎƻǳƭŘέ ƻǊ άƳƛƎƘǘέ ƻŎŎǳǊ ƻǊ 
ōŜ ŀŎƘƛŜǾŜŘ ŀƴŘ ƻǘƘŜǊ ǎƛƳƛƭŀǊ ŜȄǇǊŜǎǎƛƻƴǎΦ CƻǊǿŀǊŘπƭƻƻƪƛƴƎ ǎǘŀǘŜƳŜƴǘǎ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ōǳǎƛƴŜǎǎ ŀƴŘ ŜŎƻƴƻƳƛŎ Ǌƛǎƪǎ 
ŀƴŘ ǳƴŎŜǊǘŀƛƴǝŜǎ ŀƴŘ ƻǘƘŜǊ ŦŀŎǘƻǊǎ ǘƘŀǘ ŎƻǳƭŘ ŎŀǳǎŜ ŀŎǘǳŀƭ ǊŜǎǳƭǘǎ ƻŦ ƻǇŜǊŀǝƻƴǎ ǘƻ ŘƛũŜǊ ƳŀǘŜǊƛŀƭƭȅ ŦǊƻƳ ǘƘƻǎŜ 
ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘŜ ŦƻǊǿŀǊŘπƭƻƻƪƛƴƎ ǎǘŀǘŜƳŜƴǘǎΦ CƻǊǿŀǊŘπƭƻƻƪƛƴƎ ǎǘŀǘŜƳŜƴǘǎ ŀǊŜ ōŀǎŜŘ ƻƴ ŜǎǝƳŀǘŜǎ ŀƴŘ ƻǇƛƴƛƻƴǎ ƻŦ 
ƳŀƴŀƎŜƳŜƴǘ ŀǘ ǘƘŜ ŘŀǘŜ ǘƘŜ ǎǘŀǘŜƳŜƴǘǎ ŀǊŜ ƳŀŘŜΦ ¢ƘŜ /ƻƳǇŀƴȅ ŘƻŜǎ ƴƻǘ ǳƴŘŜǊǘŀƪŜ ŀƴȅ ƻōƭƛƎŀǝƻƴ ǘƻ ǳǇŘŀǘŜ 
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1 Overview 

±w· {ƛƭƛŎŀ [ƛƳƛǘŜŘ ό±w· ƻǊ /ƻƳǇŀƴȅύ ƛǎ ŀƴ !{·πƭƛǎǘŜŘ ǎƛƭƛŎŀ ǎŀƴŘ ŜȄǇƭƻǊŀǝƻƴ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ŎƻƳǇŀƴȅ 
ό!{·Υ ±w·ύΦ ±w· ƛǎ ŦƻŎǳǎŜŘ ƻƴ ŘŜǾŜƭƻǇƛƴƎ ǎƛƭƛŎŀ ǎŀƴŘ ŀǎǎŜǘǎ ƛƴ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀΦ 

¢Ƙƛǎ .ŀƴƪŀōƭŜ CŜŀǎƛōƛƭƛǘȅ {ǘǳŘȅ ό.C{ύ ŘŜǘŀƛƭǎ ǘƘŜ ǇǊƻƧŜŎǘ ŀƴŘ ŬƴŀƴŎƛŀƭ ŀǧǊƛōǳǘŜǎ ǎǳǇǇƻǊǝƴƎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ 
ƻŦ ±w·Ωǎ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘ {ƛƭƛŎŀ {ŀƴŘ tǊƻƧŜŎǘ ό!ǊǊƻǿǎƳƛǘƘ bƻǊǘƘ ƻǊ tǊƻƧŜŎǘύΦ 

!ǊǊƻǿǎƳƛǘƘ bƻǊǘƘ ƛǎ ƻƴŜ ƻŦ ǘƘǊŜŜ ǎŜǇŀǊŀǘŜΣ ŀŘǾŀƴŎŜŘ ǎƛƭƛŎŀ ǎŀƴŘ ǇǊƻƧŜŎǘǎ ōŜƛƴƎ ǇǊƻƎǊŜǎǎŜŘ ōȅ ǘƘŜ /ƻƳǇŀƴȅΣ 
ōŜƛƴƎ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘΣ !ǊǊƻǿǎƳƛǘƘ /ŜƴǘǊŀƭ ŀƴŘ aǳŎƘŜŀΦ ¢Ƙƛǎ .C{ ƛǎ ǎƻƭŜƭȅ ŦƻǊ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘΦ 

¢ƘŜ /ƻƳǇŀƴȅ ƛǎ ǇǊƻǇƻǎƛƴƎ ǘƻ ƳƛƴŜ ŀƴŘ ǇǊƻŎŜǎǎ Ǌŀǿ ǎŀƴŘ ŦǊƻƳ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘΦ ¢ƘŜ Ǌŀǿ ǎŀƴŘ Ŏŀƴ ōŜ 
ǇǊƻŎŜǎǎŜŘ ǘƻ ŀ ǉǳŀƭƛǘȅ ǎǳƛǘŀōƭŜ ŦƻǊ ǘƘŜ Ǝƭŀǎǎ ƳŀƪƛƴƎ ŀƴŘ ŦƻǳƴŘǊȅ ƛƴŘǳǎǘǊƛŜǎΦ 

¢ƘŜ ǎƛƭƛŎŀ ǎŀƴŘ tǊƻōŀōƭŜ hǊŜ wŜǎŜǊǾŜ ƛǎ ŎƻƴǎƛŘŜǊŀōƭŜ ŀƴŘ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ²ƻǊƭŘ ŎƭŀǎǎΦ  ¢Ƙƛǎ ǿƛƭƭ ǎǳǇǇƻǊǘ ŀ 
ǾŜǊȅ ƭƻƴƎπƭƛŦŜ ƳƛƴƛƴƎ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ǇǊƻƧŜŎǘ ǿƛǘƘ ǎǳōǎǘŀƴǝŀƭ ōŜƴŜŬǘǎ ǘƻ ǘƘŜ ǊŜƎƛƻƴ ŀƴŘ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀ 
ƎŜƴŜǊŀƭƭȅΦ  

{ƛƭƛŎŀ ǎŀƴŘ ǇǊƻŘǳŎǘǎ ǿƛƭƭ ōŜ ǘǊŀƴǎǇƻǊǘŜŘ ōȅ Ǌŀƛƭ ŦǊƻƳ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘ ǘƻ ǘƘŜ DŜǊŀƭŘǘƻƴ tƻǊǘ ŦƻǊ ŜȄǇƻǊǘ ǘƻ 
!ǎƛŀƴ Ǝƭŀǎǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀƴŘ ŦƻǳƴŘǊȅ ƛƴŘǳǎǘǊƛŜǎΦ 

Dƭŀǎǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǇǊƻŘǳŎǘ ǎǇŜŎƛŬŎŀǝƻƴǎ ŀǊŜ ŎŜƴǘǊŜŘ ŀǊƻǳƴŘ ǘƘŜ ǎƛƭƛŎŀ ŘƛƻȄƛŘŜ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ǎƛƭƛŎŀ ǎŀƴŘΣ 
ǿƛǘƘ ŎƻƴǎƛŘŜǊŀǝƻƴ ǎǇŜŎƛŬŎŀƭƭȅ ŀǧǊƛōǳǘŜŘ ǘƻ ƻǘƘŜǊ ŎƻƴǘŀƛƴŜŘ ŜƭŜƳŜƴǘǎ ǎǳŎƘ ŀǎ ƛǊƻƴΣ ǝǘŀƴƛǳƳΣ ŀƭǳƳƛƴƛǳƳ 
ŀƴŘ ŎŀƭŎƛǳƳΣ ŀƭƭ ƻŦ ǿƘƛŎƘ ŀũŜŎǘ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ Ŭƴŀƭ Ǝƭŀǎǎ ǇǊƻŘǳŎǘǎΦ  CƻǳƴŘǊȅ ƛƴŘǳǎǘǊȅ ǇǊƻŘǳŎǘ 
ǎǇŜŎƛŬŎŀǝƻƴǎ ŀǊŜ Ƴƻǎǘƭȅ ŎŜƴǘǊŜŘ ŀǊƻǳƴŘ ǘƘŜ ǎƛȊŜ ŀƴŘ ǎƘŀǇŜ ƻŦ ǘƘŜ ǎƛƭƛŎŀ ǎŀƴŘ ƎǊŀƛƴǎΦ 

!ǊǊƻǿǎƳƛǘƘ bƻǊǘƘ Ŏŀƴ ǇǊƻŘǳŎŜ ǎŀƭŜŀōƭŜ ǇǊƻŘǳŎǘǎ ǘƘŀǘ ƳŜŜǘ ǘƘŜ ǊŜǉǳƛǊŜŘ ǎǇŜŎƛŬŎŀǝƻƴǎ ŦƻǊ ōƻǘƘ ƛƴŘǳǎǘǊƛŜǎΦ 

¢ƘŜ /ƻƳǇŀƴȅ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŜƴǉǳƛǊƛŜǎ ŀƴŘ ŜȄǇǊŜǎǎƛƻƴǎ ƻŦ ƛƴǘŜǊŜǎǘ ŦǊƻƳ ƻǊƎŀƴƛǎŀǝƻƴǎ ŀƴŘ ŀƭǎƻ ŀƎŜƴǘǎ ŀŎǊƻǎǎ 
!ǎƛŀ ŦƻǊ ǘƘŜǎŜ ǇǊƻŘǳŎǘǎ ŀƴŘ ƘƻƭŘǎ ǎƛƎƴŜŘ ƭŜǧŜǊǎ ƻŦ ƛƴǘŜƴǘ ŦƻǊ ǎǳōǎǘŀƴǝŀƭ ǘƻƴƴŀƎŜǎΦ  {ǳōƧŜŎǘ ǘƻ ŎƻƳǇƭŜǝƻƴ 
ƻŦ ǘƘŜ ŀǇǇǊƻǾŀƭǎ ǇǊƻŎŜǎǎ ŦƻǊ ƳƛƴƛƴƎΣ ƻƍŀƪŜ ŀƎǊŜŜƳŜƴǘǎ ǿƛƭƭ ōŜ ŬƴŀƭƛǎŜŘ ōŜŦƻǊŜ ǘƘŜ /ƻƳǇŀƴȅ ƳŀƪŜǎ ŀ 
ŘŜŎƛǎƛƻƴ ǘƻ ǇǊƻŎŜŜŘ ǘƻ ƳƛƴŜΦ 

±w· Ƙŀǎ ƭƻŘƎŜŘ ŀ aƛƴƛƴƎ [ŜŀǎŜ ŀǇǇƭƛŎŀǝƻƴ ŦƻǊ ǘƘŜ tǊƻƧŜŎǘΦ  ¢ƘŜ /ƻƳǇŀƴȅ ƛǎ ŎǳǊǊŜƴǘƭȅ ǳƴŘŜǊǘŀƪƛƴƎ 
ƴŜƎƻǝŀǝƻƴǎ ŦƻǊ ŀ ƳƛƴƛƴƎ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ bŀǝǾŜ ¢ƛǘƭŜ ƘƻƭŘŜǊǎΣ ǿƘƛŎƘ ƛǎ ǊŜǉǳƛǊŜŘ ōŜŦƻǊŜ ǘƘŜ ƎǊŀƴǘ ƻŦ ǘƘŜ 
aƛƴƛƴƎ [ŜŀǎŜΦ 

¢ƘŜ /ƻƳǇŀƴȅ ƛǎ ǇǊƻƎǊŜǎǎƛƴƎ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀǇǇǊƻǾŀƭ ǇǊƻŎŜǎǎ ŦƻǊ ǘƘŜ tǊƻƧŜŎǘ ǿƛǘƘ ōƻǘƘ {ǘŀǘŜ ŀƴŘ CŜŘŜǊŀƭ 
DƻǾŜǊƴƳŜƴǘ ŀǳǘƘƻǊƛǝŜǎ ŀƴŘ ŎƻƳǇƭŜǝƴƎ ŀŘŘƛǝƻƴŀƭ ǊŜǉǳƛǎƛǘŜ ǎǘǳŘƛŜǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ǘƘŜ ƎǊŀƴǘ ƻŦ ŀ aƛƴƛƴƎ 
tŜǊƳƛǘΦ   

5Ŝǘŀƛƭǎ ƻŦ ǘƘŜ ǿƻǊƪ ǳƴŘŜǊǘŀƪŜƴ ƻƴ ǘƘŜ tǊƻƧŜŎǘ ōȅ ǘƘŜ /ƻƳǇŀƴȅ ǘƻπŘŀǘŜ ŀƴŘ ŀƴ ŜŎƻƴƻƳƛŎ ŜǾŀƭǳŀǝƻƴ ǘƘŀǘ 
ǎǳǇǇƻǊǘǎ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ƳƛƴƛƴƎ ƻǇŜǊŀǝƻƴ ŦƻƭƭƻǿǎΦ 
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2 Project Background 

2.1 Project Location 

Arrowsmith North is located 270 km north of Perth, WA and is between the regional towns of Dongara and 
Eneabba, WA (Figure 1).  

The Project is located adjacent to the Brand Highway and the Geraldton-Eneabba Railway, with a rail 
connection direct to Geraldton Port. 

 

Figure 1: Arrowsmith North project and tenement location map 
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2.2 Environmental Data 

Arrowsmith North is located on the Lesueur Sandplain subregion.   

The climate is warm Mediterranean with a hot, dry summer and a cool, wet winter.  Median and mean 
annual rainfall in this region are 481 mm and 489 mm respectively.  The Lesueur Sandplain is dominated by 
proteaceous heath on sand over deeper limestone; the dominant land uses are dryland agriculture, 
conservation and crown reserves.    

Vegetation over the Project area primarily consists of scattered eucalypts over mixed kwongan shrubland 
on sand.  There is a seasonal drainage line running through the southern part of the Project area. 

Fauna assemblage is typical of the Lesueur Sandplains subregion and is moderately rich, but incomplete 
with some species locally extinct.  The area is notable for a rich reptile assemblage and high proportion of 
non-resident birds, many of which are nectarivorous and exploit seasonal abundance of nectar and pollen 
from the species-rich flora. Few species of high conservation significance are present or expected, but the 
/ŀǊƴŀōȅΩǎ .ƭŀŎƪ-Cockatoo is important, with known roost sites nearby and the species very likely to be a 
regular foraging visitor to the Project area.   

2.3 Site Topography and Drainage 

¢ƘŜ tǊƻƧŜŎǘ ŀǊŜŀ ƭƛŜǎ ǿƛǘƘƛƴ ǘƘŜ ƴƻǊǘƘŜǊƴ tŜǊǘƘ .ŀǎƛƴΣ ŎƻƴǘŀƛƴƛƴƎ ŀ ǎǳŎŎŜǎǎƛƻƴ ƻŦ vǳŀǘŜǊƴŀǊȅ ǘƻ tŜǊƳƛŀƴ ŀƎŜ 
ŘŜǇƻǎƛǘǎ ǳǇ ǘƻ ŀ ǘƻǘŀƭ ƻŦ вгΣббб Ƴ ǘƘƛŎƪΦ  Lǘ ŎƻƳǇǊƛǎŜǎ ŀ ǘƻǇƻƎǊŀǇƘƛŎ ƘƛƎƘ ŀǘƻǇ ŀƴ ŀŜƻƭƛŀƴ ǎŀƴŘ ŘǳƴŜ ǎȅǎǘŜƳ 
ǳǇ ǘƻ вж Ƴ ǘƘƛŎƪ ŦǊƻƳ ǘƘŜ ǿŜǎǘŜǊƴ ŜŘƎŜ ƻŦ ǘƘŜ ŘŜǇƻǎƛǘ ǿƛǘƘ ŀ ƎŜƴǘƭŜ ǿŜǎǘ ŀƴŘ Ŝŀǎǘ ǎƭƻǇƛƴƎ ŜǊƻǎƛƻƴŀƭ ǎǳǊŦŀŎŜ 
ŦǊƻƳ йбƳw[ ǘƻ збƳw[Φ  

¢ƘŜ ǎǳǊŦŀŎŜ ƛǎ ƭŜŀŎƘŜŘ ƭƻƻǎŜ ǎŀƴŘ ǿƛǘƘ ǾŜǊȅ ƘƛƎƘ ǘǊŀƴǎƳƛǎǎƛǾƛǘȅ ŀƴŘ ŘǊŀƛƴǎ ŦǊƻƳ ǘƘŜ ŎŜƴǘǊŜ ƻŦ ǘƘŜ tǊƻƧŜŎǘ ǘƻ 
ǘƘŜ ǿŜǎǘ ŀƴŘ ŜŀǎǘΦ ¢ƻ ǘƘŜ ǿŜǎǘ ƛǎ ǘƘŜ ǎŜŀǎƻƴŀƭ !ǊǊƻǿǎƳƛǘƘ wƛǾŜǊ ǿƘƛŎƘ ƅƻǿǎ ƻƴƭȅ ŘǳǊƛƴƎ ǾŜǊȅ ƘƛƎƘ ǊŀƛƴŦŀƭƭ 
ŜǾŜƴǘǎ ŀƴŘ ǘƻ ǘƘŜ Ŝŀǎǘ ŀǊŜ ƭƻǿ ƭŀƴŘ ǎǿŀƳǇǎΦ    

! ǘƻǇƻƎǊŀǇƘƛŎ ƛƳŀƎŜ όǇǊŜπƳƛƴƛƴƎύ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ вдΦ  

2.4 Existing Infrastructure 

!ǎƛŘŜ ŦǊƻƳ ǊƻŀŘ ŀƴŘ ǊŀƛƭΣ ǘƘŜǊŜ ƛǎ ƭƛƳƛǘŜŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴ ƻǊ ŀǊƻǳƴŘ ǘƘŜ tǊƻƧŜŎǘ ŀǊŜŀΦ  

¢ƘŜǊŜ ŀǊŜ ƴƻ ŜǎǘŀōƭƛǎƘŜŘ ǇƻǿŜǊΣ ǿŀǘŜǊ ƻǊ ǎŜǿŜǊŀƎŜ ǎŜǊǾƛŎŜǎ ŀƴŘ ǘƘŜ /ƻƳǇŀƴȅ ǿƛƭƭ ƘŀǾŜ ǘƻ ƛƴǎǘŀƭƭ ŀƭƭ ƻŦ ƛǘǎ 
ǊŜǉǳƛǊŜŘ ǎŜǊǾƛŎŜǎΦ 

¢ƘŜ ǎƛǘŜ Ŏŀƴ ōŜ ŀŎŎŜǎǎŜŘ Ǿƛŀ ŀƴ ŜȄƛǎǝƴƎ ǊƻŀŘ ǘƘŀǘ ŜȄǘŜƴŘǎ ǎƻǳǘƘ ǘƻ ǘƘŜ .ǊŀƴŘ IƛƎƘǿŀȅΦ  {ƻǳǘƘ ƻŦ .ǊŀƴŘ 
IƛƎƘǿŀȅ ƛǎ ǘƘŜ 9ƴŜŀōōŀςDŜǊŀƭŘǘƻƴ wŀƛƭǿŀȅ ƭƛƴŜΦ  

9ƳǇƭƻȅŜŜǎ ǿƛƭƭ ōŜ ǎǘŀǝƻƴŜŘ ŀǘ 9ƴŜŀōōŀ ŀƴŘ 5ƻƴƎŀǊŀ ŀƴŘ ǘƘŜǊŜ ǿƛƭƭ ōŜ ƴƻ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǎƛǘŜ 
ŀŎŎƻƳƳƻŘŀǝƻƴΦ 

2.5 Ownership and Leases 

[ŀƴŘ ƛƴ ǘƘŜ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘ ŀǊŜŀ ƛǎ ǾŀŎŀƴǘΣ ǳƴŀƭƭƻŎŀǘŜŘ /Ǌƻǿƴ ƭŀƴŘ ǿƛǘƘ ǘƘŜ {ǘŀǘŜ ŀƴŘ bŀǝǾŜ ¢ƛǘƭŜ 
ŎƭŀƛƳŀƴǘǎ ǘƘŜ ƻƴƭȅ ǎǘŀƪŜƘƻƭŘŜǊǎΦ  

¢ƘŜ ŜƴǝǊŜ !ǊǊƻǿǎƳƛǘƘ {ƛƭƛŎŀ {ŀƴŘ tǊƻƧŜŎǘǎ ŀǊŜŀ όƛƴŎƻǊǇƻǊŀǝƴƎ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘ ŀƴŘ ±w·Ωǎ ƻǘƘŜǊ ǎƛƭƛŎŀ ǎŀƴŘ 
ǇǊƻƧŜŎǘǎ ŀŘƧŀŎŜƴǘ ǘƻ ǘƘŜ tǊƻƧŜŎǘΣ ƴŀƳŜƭȅ !ǊǊƻǿǎƳƛǘƘ /ŜƴǘǊŀƭ ŀƴŘ !ǊǊƻǿǎƳƛǘƘ {ƻǳǘƘύ Ƙŀǎ ŬǾŜ ƎǊŀƴǘŜŘ 
ŜȄǇƭƻǊŀǝƻƴ ƭƛŎŜƴŎŜǎ ŎƻǾŜǊƛƴƎ егб ƪƳгΦ  

¢ƘŜ ƎǊŀƴǘŜŘ ǘŜƴŜƳŜƴǘǎ ŀǊŜ ƘŜƭŘ ƛƴ ŀ ±w· вбб҈ ƻǿƴŜŘ ǎǳōǎƛŘƛŀǊȅΣ ±ŜƴǘƴƻǊ aƛƴƛƴƎ tǘȅ [ǘŘΣ ŀƴŘ ŎƻƳǇǊƛǎŜ 
9ибκжбги ό!ǊǊƻǿǎƳƛǘƘ bƻǊǘƘύΣ 9ибκекйи ό!ǊǊƻǿǎƳƛǘƘ /ŜƴǘǊŀƭύΣ 9ибκекйз ό!ǊǊƻǿǎƳƛǘƘ {ƻǳǘƘύΣ 9ибκжвбк 
ŀŘƧŀŎŜƴǘ ǘƻ ǘƘŜ ǿŜǎǘ ƻŦ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘ ŀƴŘ 9ибκжвки ŀŘƧŀŎŜƴǘ ǘƻ ǘƘŜ Ŝŀǎǘ ƻŦ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘΦ !ƭƭ 
ǘŜƴŜƳŜƴǘ ƘƻƭŘƛƴƎǎ ŀǊŜ ŎƻƴǝƎǳƻǳǎ ǿƛǘƘ ŎƻƳōƛƴŜŘ ǊŜǇƻǊǝƴƎ ǎǘŀǘǳǎΦ  

CƻǊ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘΣ ǘƘŜ /ƻƳǇŀƴȅ ŀƭǎƻ Ƙŀǎ ǇŜƴŘƛƴƎ ŀǇǇƭƛŎŀǝƻƴǎ ŦƻǊ ŀ aƛƴƛƴƎ [ŜŀǎŜ όa[!ибκвдйкύΣ ǘǿƻ 
aƛǎŎŜƭƭŀƴŜƻǳǎ [ƛŎŜƴǎŜǎΣ ƻƴŜ ŦƻǊ ǘƘŜ {ŜŀǊŎƘ ŦƻǊ ²ŀǘŜǊ ƻǾŜǊ ǘƘŜ aƛƴƛƴƎ [ŜŀǎŜ ŀǊŜŀ ŀƴŘ ǘƘŜ ǎŜŎƻƴŘ ŦƻǊ ŀƴ 
ŀŎŎŜǎǎ ǊƻǳǘŜ ǎƻǳǘƘ ŦǊƻƳ ǘƘŜ aƛƴƛƴƎ [ŜŀǎŜ ŀǊŜŀ ǘƻ ŀ ƭƻŎŀǝƻƴ ŀŘƧŀŎŜƴǘ ǘƻ ǘƘŜ Ǌŀƛƭ ƭƛƴŜ ǊŜǎŜǊǾŜΦ 

¢ŀōƭŜ в ǎŜǘǎ ƻǳǘ ǘŜƴŜƳŜƴǘ ŘŜǘŀƛƭǎ ŦƻǊ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘΦ 
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Tenement Holders Grant date Expiry date Area (km2) 

E70/5027 Ventnor Mining Pty Ltd 14/06/2018 13/06/2023 179.2 

E70/5109 Ventnor Mining Pty Ltd 14/08/2018 13/08/2023 35.9 

E70/5197 Ventnor Mining Pty Ltd 07/06/2019 06/06/2024 25.6 

MLA70/1389 Ventnor Mining Pty Ltd 20/12/2018* Mining Lease 17.3 

L70/199 Ventnor Mining Pty Ltd 13/03/2019* Search for water  

L70/208 Ventnor Mining Pty Ltd 1/07/2019* Access route  

Table 1: Arrowsmith North tenement details 

*  Application date (not yet granted) 

2.6 Political Overlay 

The location of Arrowsmith North is within the jurisdiction of Western Australia and the Commonwealth of 
Australia. 

Current Government positions relevant for the Project area and operations include: 

Federal Minister 

Melissa Price; MHR Durack 

State Ministers 

Premier; Minister for State Development; Jobs and Trade; Mark McGowan; MLA for Rockingham 

Treasurer; Ben Wyatt; MLA for Victoria Park 

Minister for Transport; Rita Saffioti; MLA for West Swan 

Minister for Energy; Mines and Petroleum; Industrial Relations; Bill Johnston; MLA for Cannington 

Minister for Ports; Alannah MacTiernan MLC for the North Metropolitan Region 

Minister for Environment; Stephen Dawson MLC for Mining and Pastoral Region 

State MPs 

MLA for Moore; Shane Love 

MLA for Geraldton; Ian Blayney 

MLC for the Agricultural Region Darren West 

Government Departments 

Department of Transport (Includes Ports); Richard Sellers; Director General 

Department of Mines, Industry Regulation and Safety (DMIRS); David Smith; Director General 

Department of Jobs, Tourism, Science and Innovation (includes State Development) (DJTSI); Rebecca 
Brown; Director General 

Department of Water and Environmental Regulation (DWER); Mike Rowe; Director General 

Environmental Protection Authority; Chairman Dr Tom Hatton 

Mid-West Development Commission; Chief Executive Officer; Gavin Treasure 

Midwest Chamber of Commerce & Industry; Chief Executive Officer; Joanne Fabling 

Mid-West Ports Authority; Chief Executive Officer; Dr. Rochelle Macdonald 
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Local Government 

Shire of Carnamah; Chief Executive Officer; Kate Oborn 

Shire of Irwin; Executive; Darren Simmons  

City of Greater Geraldton; Chief Executive Officer; Ross McKim  
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3 Native Title and Aboriginal Heritage 

3.1 Claimant Parties 

Arrowsmith North is located wholly within the Southern Yamatji Native Title Claim (WC2017/002). 

3.2 Surveys 

The Company has in place a standard Heritage Agreement which covers all of the CompanyΩǎ Exploration 
Licences at Arrowsmith North.  

The Company has conducted an extensive Aboriginal Heritage clearance survey on all drill lines used in the 
March 2019 drill program. All lines were walked, and no sites of significance were noted. This was confirmed 
in a clearance report. 

The Arrowsmith River and Beharra Springs, which are not within the Project area, are noted as sensitive 
areas.  

3.3 Existing Registered Aboriginal Sites 

The closest Registered Aboriginal Sites are the Arrowsmith River, to the south of Brand Highway, Registered 
Site 30068 which is an unrestricted mythological unprotected site and north of Brand Highway, the Beharra 
Springs artefact scatter site. 

The sites are not within the Mining Lease area. 

3.4 Negotiations 

The Company is currently undertaking its Right to Negotiate with both the claimant group (Southern 
Yamatji) and the Government Party (Tenure and Native Title Branch of the Department of Mines, Industrial 
Regulation and Safety).  The Company has no reason to believe that an agreement will not be reached 
between the parties. 

Upon successful completion of the negotiations the Mining Lease will be granted, and a State Deed 
executed. 
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4 Community 

Arrowsmith North is located on vacant, unallocated Crown land.  

The closest communities are Dongara, 40 km by bitumen road to the north and Eneabba, 42 km by bitumen 
road to the south. Both towns are expected to be the main source of personnel for mining and processing 
operations. 

Dongara is located at the mouth of the Irwin River, contiguous with the town of Port Denison and is in the 
seat for the Shire of Irwin. It has a population of approximately 2,800 people. The main industries are the 
rock lobster fishery and agriculture (broadfield grain production).  

Eneabba is the centre of what was once an extensive mineral sand industry. Major mineral sand operators 
still in the district are Iluka Resources and Tronox Holdings. The sand plains to the east of Eneabba are used 
predominately for agricultural purposes.  
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5 Geology, Resources and Reserves 

5.1 Geology 

aƻǎǘ ŜŎƻƴƻƳƛŎŀƭƭȅ ǎƛƎƴƛŬŎŀƴǘ ǎƛƭƛŎŀ ǎŀƴŘ ŘŜǇƻǎƛǘǎ ƛƴ ²ŜǎǘŜǊƴ !ǳǎǘǊŀƭƛŀ ŀǊŜ ŦƻǳƴŘ ƛƴ ǘƘŜ Ŏƻŀǎǘŀƭ ǊŜƎƛƻƴǎ ƻŦ 
ǘƘŜ tŜǊǘƘ .ŀǎƛƴΣ ŀƴŘ ǘƘŜ ǘŀǊƎŜǘŜŘ ǎƛƭƛŎŀ ǎŀƴŘ ŘŜǇƻǎƛǘǎ ŀǊŜ ǘƘŜ ŀŜƻƭƛŀƴ ǎŀƴŘ ŘǳƴŜǎ ǘƘŀǘ ƻǾŜǊƭƛŜ ǘƘŜ tƭŜƛǎǘƻŎŜƴŜ 
ƭƛƳŜǎǘƻƴŜǎ ŀƴŘ ǇŀƭŜƻπŎƻŀǎǘƭƛƴŜΣ ǿƘƛŎƘ ŀƭǎƻ Ƙƻǎǘ ǘƘŜ ǊŜƎƛƻƴŀƭ ƘŜŀǾȅ ƳƛƴŜǊŀƭ ŘŜǇƻǎƛǘǎΦ   

²ƛǘƘƛƴ ǘƘŜ tǊƻƧŜŎǘ ŀǊŜŀΣ Řŀǘŀ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ !ƎǊƛŎǳƭǘǳǊŜ ǎƻƛƭ ƳŀǇǇƛƴƎ ǎƘƻǿǎ ǘƘŜǊŜ ŀǊŜ 
ǇŀƭŜ ŀƴŘ ȅŜƭƭƻǿ ŘŜŜǇ ǎŀƴŘǎ ǇǊŜŘƻƳƛƴŀǝƴƎ ǿƛǘƘ ƭŜǎǎŜǊ ǎǿŀƳǇȅ ŀǊŜŀǎ ŀƴŘ ƻŎŎŀǎƛƻƴŀƭ ƛǊƻƴǎǘƻƴŜ ǊƛŘƎŜǎ 
όCƛƎǳǊŜ гύΦ 

 

 

Figure 2: Simplified geology of the Arrowsmith North area. Section line A ς B shown. 

Black dots ς Air Core collars, Blue Dots - Auger collars.  
Tenements as in Figure 1. 
Source: Outlines based on DOAG soil mapping data, refined based on drill data.  
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5.2 Resources 

 Mineral Resource Estimate 

¢ƘŜ ǳǇŘŀǘŜŘ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜ ŜǎǝƳŀǘŜ όaw9ύ ŦƻǊ ǘƘŜ !ǊǊƻǿǎƳƛǘƘ bƻǊǘƘ ŘŜǇƻǎƛǘ ŎƻƳǇǊƛǎŜǎ иив aǘ Ϫ кй҈ 
{ƛhг ǊŜǇƻǊǘŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ Whw/ /ƻŘŜ1Φ  

¢ƘŜ aw9 ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜǎǳƭǘǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ зг ƘŀƴŘ ŀǳƎŜǊ ŘǊƛƭƭ ƘƻƭŜǎ ŦƻǊ гдеΦз Ƴ ŀƴŘ вбй ŀƛǊŎƻǊŜ ό!/ύ 
ŘǊƛƭƭ ƘƻƭŜǎ ŦƻǊ вΣвиз Ƴ ŀƴŘ ŘŜŬƴŜǎ ǘǿƻ ǎƛƭƛŎŀ ǎŀƴŘ ǘȅǇŜǎΣ ƴŀƳŜƭȅ ǿƘƛǘŜ ŀƴŘ ȅŜƭƭƻǿ ǎŀƴŘΣ ƎŜƻƭƻƎƛŎŀƭƭȅ ƭƻƎƎŜŘ 
ŀƴŘ ŘƛũŜǊŜƴǝŀǘŜŘ ōŀǎŜŘ ƻƴ ŎƻƭƻǳǊ ŀƴŘ ǘƘǊƻǳƎƘ ŎƘŜƳƛŎŀƭ ŀƴŀƭȅǎƛǎ ǊŜǎǳƭǘǎΦ  

.ŀǎŜŘ ƻƴ ƳŜǘŀƭƭǳǊƎƛŎŀƭ ǘŜǎǘǿƻǊƪ ŎƻƳǇƭŜǘŜŘ ǘƻπŘŀǘŜΣ ōƻǘƘ ǎŀƴŘ ǘȅǇŜǎ ŀǊŜ ǊŜŀŘƛƭȅ ŀƳŜƴŀōƭŜ ǘƻ ǳǇƎǊŀŘƛƴƎ ōȅ 
ŎƻƴǾŜƴǝƻƴŀƭ ǿŀǎƘƛƴƎ ŀƴŘ ǎŎǊŜŜƴƛƴƎ ƳŜǘƘƻŘǎ ǘƻ ǇǊƻŘǳŎŜ ŀ ƘƛƎƘπǇǳǊƛǘȅ ǎƛƭƛŎŀ ǎŀƴŘ ǇǊƻŘǳŎǘ ǿƛǘƘ ƘƛƎƘ Ƴŀǎǎ 
ǊŜŎƻǾŜǊƛŜǎΦ ¢ƘŜ ƘƛƎƘπǇǳǊƛǘȅ ǎƛƭƛŎŀ ǎŀƴŘ ǇǊƻŘǳŎǘ ǎǇŜŎƛŬŎŀǝƻƴǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ǎǳƛǘŀōƭŜ ŦƻǊ ƛƴŘǳǎǘǊƛŜǎ ǎǳŎƘ 
ŀǎ Ǝƭŀǎǎ ƳŀƪƛƴƎ ŀƴŘ ŦƻǳƴŘǊȅ ǎŀƴŘΦ 

¢ƘŜ aw9 ǊŜǎǳƭǘǎ ŀǊŜ ǎƘƻǿƴ ƛƴ ¢ŀōƭŜ гΦ  

 

Table 2: Arrowsmith North Mineral Resource 

The following summary presents a fair and balanced representation of the information contained within 
the MRE technical report prepared by CSA Global:  

ω Silica sand mineralisation at Arrowsmith North occurs within the coastal regions of the Perth 
Basin, and the targeted silica sand deposits are the aeolian sand dunes that overlie the Pleistocene 
limestones and paleo-coastline. (ASX LR 5.8.1 geology & geological interpretation). 

ω Samples were obtained from auger drilling and air core drilling. Quality of drilling/sampling and 
analysis, as assessed by the Competent Person, is of an acceptable standard for use in a Mineral 
Resource estimate publicly reported in accordance with the JORC Code. (ASX LR 5.8.1 Sampling & 
5.8.1 Drilling). 

ω Major and trace elements apart from SiO2 were analysed using a four-acid digest followed by 
Inductively Coupled Plasma Optical (Atomic) Emission Spectrometry (ICP-OES) analysis at the 
Intertek Genalysis, Perth laboratory. Loss on Ignition at 1000°C (LOI) was analysed by Thermal 
Gravimetric Analyser. SiO2 was back-calculated by subtracting all ICP major and trace elements 
plus LOI from 100%, as this is the most accurate way of determining SiO2 content for samples with 
very high SiO2. Certain of the ICP results were verified by X-Ray Fluorescence (XRF) analyses (ASX 
LR 5.8.1 Analysis).   

ω The Mineral Resource was estimated above 3-d wireframe basal surfaces for the white and yellow 
sands, with the surfaces being based on the geological boundaries defined by logged sand types 
and chemical analysis results from the drill data. The air core drilling demonstrated that the white 
sand layer extends to the west, past the interpreted contact, under the yellow sand in 

 
1 Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves, 2012 Edition (JORC Code). 

Classification Domain 
Mil lion 
Tonnes 

SiO2% Al2O3% Fe2O3% TiO2% LOI% 

Indicated 

White Sand 33 98.7 0.50 0.20 0.20 0.20 

Yellow Sand 215 97.5 1.10 0.40 0.20 0.50 

All Sand 248 97.7 1.00 0.40 0.20 0.50 

Inferred 

White Sand 280 98.7 0.50 0.10 0.20 0.20 

Yellow Sand 243 97.7 1.00 0.40 0.20 0.50 

All Sand 523 98.2 0.80 0.30 0.20 0.40 

Indicated + 
Inferred 

White Sand 313 98.7 0.54 0.15 0.18 0.24 

Yellow Sand 458 97.6 1.08 0.40 0.17 0.52 

All Sand 771 98.0 0.86 0.30 0.17 0.41 

*Note: Interpreted silica sand mineralisation is domained above a basal surface wireframe defined based on drill logging 
data. The upper (Topsoil) layer within 0.5 m of surface is depleted from the modelled silica sand unit, being reserved for 
rehabilitation purposes. All classified silica sand blocks in the model are reported. Differences may occur due to rounding. 
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approximately the northern half of the modelled area. The basal surface of the yellow sand is 
defined by this lithological contact, or is limited by interpretation of nominal average thickness of 
the sand layer based on the data from surrounding deeper drill holes as required. The white sand 
layer basal surface is similarly defined by the drilling data and or is limited by interpretation of 
nominal average thickness of the sand layer based on data from surrounding deeper drill holes as 
required. The horizontal extents of the interpreted sand layers are limited to within the VRX 
nominated Arrowsmith North target area and with reference to the publicly available soil mapping 
data. The surface humus layer is typically about 300 mm thick. In consultation with VRX, CSA 
Global considered that the upper 500 mm (overburden) is likely to be reserved for rehabilitation 
purposes. This overburden surface forms the upper boundary of the estimated Mineral Resource 
and is depleted from the reported Mineral Resource. Comparatively minor areas that are mapped 
as iron richer sand ridges, swamp or sandy swamp are also depleted from the Mineral Resource. 
(ASX LR 5.8.1 Estimation methodology). 

ω Grade estimation was completed using ordinary kriging with an inverse distance weighting to the 
power of two validation estimate also completed. (ASX LR 5.8.1 Estimation methodology). 

ω The Mineral Resource is quoted from all classified blocks within the defined layers for white and 
yellow sand and below the overburden surface layer. (ASX LR 5.8.1 cut-off grades). 

ω The Mineral Resource was classified as Indicated and Inferred based on drill hole logging, drill hole 
sample analytical results, drill spacing, geostatistical analysis, confidence in geological continuity, 
and metallurgical/process test results. (ASX LR 5.8.1 classification). 

ω Roughly 15% of the interpreted mineralisation is extrapolated.  

ω The JORC Code Clause 49 requires that industrial minerŀƭǎ Ƴǳǎǘ ōŜ ǊŜǇƻǊǘŜŘ άƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ 
mineral or minerals on which the project is to be based and must include the specification of those 
ƳƛƴŜǊŀƭǎέ ŀƴŘ ǘƘŀǘ ά[i]t may be necessary, prior to the reporting of a Mineral Resource or Ore 
Reserve, to take particular account of certain key characteristics or qualities such as likely product 
ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΣ ǇǊƻȄƛƳƛǘȅ ǘƻ ƳŀǊƪŜǘǎ ŀƴŘ ƎŜƴŜǊŀƭ ǇǊƻŘǳŎǘ ƳŀǊƪŜǘŀōƛƭƛǘȅΦέ ό!{· [w рΦуΦм aƛƴƛƴƎΣ 
metallurgy & economic modifying factors). 

ω Therefore, the likelihood of eventual economic extraction was considered in terms of possible 
open pit mining, likely product specifications, possible product marketability and potentially 
favourable logistics and it is concluded that Arrowsmith North is an industrial mineral Mineral 
Resource in terms of Clause 49. (ASX LR 5.8.1 Mining, metallurgy & economic modifying factors) 

 Drilling  

5ǊƛƭƭƛƴƎ ƻǾŜǊ ǘƘŜ tǊƻƧŜŎǘ ŀǊŜŀ Ƙŀǎ ōŜŜƴ ŎƻƳǇƭŜǘŜŘ ōȅ ƳŜŀƴǎ ƻŦ ŀƛǊŎƻǊŜ ŀƴŘ ƘŀƴŘ ŀǳƎŜǊ όCƛƎǳǊŜǎ д ŀƴŘ еύΦ 
!ǳƎŜǊ ŘǊƛƭƭ ƘƻƭŜ ŘŜǇǘƘǎ ǊŀƴƎŜ ŦǊƻƳ вΦг Ƴ ǘƻ и Ƴ ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ŘŜǇǘƘ ƻŦ дΦй ƳΦ  

!ƛǊŎƻǊŜ ŘǊƛƭƭƛƴƎ ƘƻƭŜ ŘŜǇǘƘǎ ǊŀƴƎŜ ōŜǘǿŜŜƴ д Ƴ ŀƴŘ гв Ƴ ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ŘŜǇǘƘ ƻŦ вбΦк ƳΦ  

!ǳƎŜǊ ŘǊƛƭƭƛƴƎ Ƙŀǎ ōŜŜƴ ŎƻƳǇƭŜǘŜŘ ŀƭƻƴƎ ŜȄƛǎǝƴƎ ǘǊŀŎƪǎΣ ǘƘŀǘ ŦƻǊƳ ŀ ƴƻƳƛƴŀƭ йбб Ƴ ǎŜŎǝƻƴ ƭƛƴŜ ǎǇŀŎƛƴƎΣ 
ǿƛǘƘ ŘǊƛƭƭ ǎǇŀŎƛƴƎ ƻŦ ебб Ƴ ǘƻ вΣббб Ƴ ŀǇŀǊǘ ŀƭƻƴƎ ǘƘŜ ǎŜŎǝƻƴ ƭƛƴŜǎ όCƛƎǳǊŜ жύΦ  

!/ ŘǊƛƭƭƛƴƎ ǿŀǎ ŎƻƳǇƭŜǘŜŘ ƻƴ ǘƘŜǎŜ ǘǊŀŎƪǎ ŀǎ ǿŜƭƭ ŀǎ ŀƭƻƴƎ ƴŜǿ ǎŜŎǝƻƴ ƭƛƴŜǎ ŦƻǊƳƛƴƎ ŀƴ ƻǾŜǊŀƭƭ ƴƻƳƛƴŀƭ ебб 
Ƴ ǎŜŎǝƻƴ ƭƛƴŜ ǎǇŀŎƛƴƎ ǿƛǘƘ ŘǊƛƭƭ ƘƻƭŜǎ ƴƻƳƛƴŀƭƭȅ ŀǘ ебб Ƴ ǎǇŀŎƛƴƎ ƻǾŜǊ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ƳƻŘŜƭƭŜŘ ŀǊŜŀΦ 
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Figure 3Υ IŀƴŘ ŀǳƎǳǊƛƴƎ ȅŜƭƭƻǿ ǎŀƴŘ ŀǘ !ǊǊƻǿǎƳƛǘƘ 

 

Figure 4Υ [ŀƴŘŎǊǳƛǎŜǊ ƳƻǳƴǘŜŘ aŀƴǝǎ ун bv ǎƛȊŜŘ ŀƛǊŎƻǊŜ ŘǊƛƭƭ ǊƛƎ 
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Geological logging 

DŜƻƭƻƎƛŎŀƭ ƭƻƎƎƛƴƎ ŘŜŬƴƛƴƎ ǘƘŜ ŀŜƻƭƛŀƴ ŘǳƴŜ ǎŀƴŘ ǘȅǇŜǎ ōŀǎŜŘ ƻƴ ŬŜƭŘ ƻōǎŜǊǾŀǝƻƴǎ ƻŦ ǘƘŜ ŎƻƭƻǳǊ ǘƻƴŜ Ƙŀǎ 
ōŜŜƴ ŎƻƳǇƭŜǘŜŘ ƻƴ ŀƭƭ ŘǊƛƭƭƛƴƎ ƛƴǘŜǊǾŀƭǎΦ DŜƻƭƻƎƛŎŀƭ ƭƻƎƎƛƴƎ ƻŦ ŘǊƛƭƭ ǎŀƳǇƭŜǎ ƛǎ ŘƻƴŜ ōȅ ǘƘŜ ŬŜƭŘ ƎŜƻƭƻƎƛǎǘ 
ǿƛǘƘ ǎŀƳǇƭŜǎ ǊŜǘŀƛƴŜŘ ƛƴ ŎƘƛǇ ǘǊŀȅǎ ŦƻǊ ƭŀǘŜǊ ƛƴǘŜǊǇǊŜǘŀǝƻƴΦ [ƻƎƎƛƴƎ ƛǎ ŎŀǇǘǳǊŜŘ ƛƴ ŀ aƛŎǊƻǎƻƊ 9ȄŎŜƭ 
ǎǇǊŜŀŘǎƘŜŜǘΣ ǾŀƭƛŘŀǘŜŘ ŀƴŘ ǳǇƭƻŀŘŜŘ ƛƴǘƻ ŀ aƛŎǊƻǎƻƊ !ŎŎŜǎǎ ŘŀǘŀōŀǎŜΦ 

Sampling 

!ƛǊŎƻǊŜ ŘǊƛƭƭƛƴƎ ǎŀƳǇƭŜǎ ŀǊŜ в Ƴ Řƻǿƴ ƘƻƭŜ ƛƴǘŜǊǾŀƭǎ ǿƛǘƘ ǎŀƴŘ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ŀ ŎȅŎƭƻƴŜ ƳƻǳƴǘŜŘ ǊƻǘŀǊȅ 
ŎƻƴŜ ǎǇƭƛǧŜǊΣ Ϥгπд ƪƎ όǊŜǇǊŜǎŜƴǝƴƎ жб҈ ƻŦ ǘƘŜ ŘǊƛƭƭŜŘ ǎŀƴŘύ ǿŀǎ ŎƻƭƭŜŎǘŜŘΦ ¢ǿƻ ǎǳōπǎŀƳǇƭŜǎΣ ! ŀƴŘ .Σ ƻŦ 
Ϥгбб Ǝ ǿŜǊŜ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ ŘǊƛƭƭ ǎŀƳǇƭŜǎΦ ¢ƘŜ ǊŜƳŀƛƴŘŜǊ ǿŀǎ ǊŜǘŀƛƴŜŘ ŦƻǊ ƳŜǘŀƭƭǳǊƎƛŎŀƭ ǘŜǎǘǿƻǊƪ ǇǳǊǇƻǎŜǎΦ 

¢ƘŜ вбб ƳƳ ǎŎǊŜǿ ŀǳƎŜǊ ŘǊƛƭƭƛƴƎ ǎŀƳǇƭŜǎ ŀǊŜ в Ƴ Řƻǿƴ ƘƻƭŜ ƛƴǘŜǊǾŀƭǎ ǿƛǘƘ ǎŀƴŘ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ŀ ǇƭŀǎǝŎ ǘǳō 
ǿƘƛŎƘ ǊŜŎŜƛǾŜŘ ǘƘŜ Ŧǳƭƭ ǎŀƳǇƭŜΣ Ϥй ƪƎΣ ŦǊƻƳ ǘƘŜ ƘƻƭŜΦ !ƭƭ ŀǳƎŜǊ ǎŀƳǇƭŜǎ ǿŜǊŜ ǿŜƛƎƘŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ƛŦ Řƻǿƴ 
ƘƻƭŜ ŎƻƭƭŀǇǎŜ ǿŀǎ ƻŎŎǳǊǊƛƴƎΣ ƛŦ ǘƘŜ ǎŀƳǇƭŜǎ ǿŜƛƎƘǘǎ ƛƴŎǊŜŀǎŜŘ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƘŜ ƘƻƭŜ ǿŀǎ ǘŜǊƳƛƴŀǘŜŘ ǘƻ ŀǾƻƛŘ 
ǳǇ ƘƻƭŜ ŎƻƴǘŀƳƛƴŀǝƻƴΦ ¢ƘŜ ǎŀƴŘ ǿŀǎ ƘƻƳƻƎŜƴƛǎŜŘ ǇǊƛƻǊ ǘƻ ǎǳō ǎŀƳǇƭƛƴƎΣ ǘǿƻ ǎǳōπǎŀƳǇƭŜǎΣ ! ŀƴŘ .Σ ƻŦ 
Ϥгбб Ǝ ǿŜǊŜ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ ŘǊƛƭƭ ǎŀƳǇƭŜǎΦ ! ōǳƭƪ ǎŀƳǇƭŜ ƻŦ Ϥж ƪƎ ǿŀǎ ǊŜǘŀƛƴŜŘ ŦƻǊ ŜŀŎƘ в Ƴ ƛƴǘŜǊǾŀƭ ŦƻǊ 
ƳŜǘŀƭƭǳǊƎƛŎŀƭ ǘŜǎǘǿƻǊƪΦ ¢ƘŜ ά!έ ǎŀƳǇƭŜ ǿŀǎ ǎǳōƳƛǧŜŘ ǘƻ ǘƘŜ LƴǘŜǊǘŜƪ [ŀōƻǊŀǘƻǊȅ ƛƴ aŀŘŘƛƴƎǘƻƴΣ tŜǊǘƘ ŦƻǊ 
ŘǊȅƛƴƎΣ ǎǇƭƛǩƴƎ όƛŦ ǊŜǉǳƛǊŜŘύΣ ǇǳƭǾŜǊƛǎŀǝƻƴ ƛƴ ŀ ȊƛǊŎƻƴ ōƻǿƭ ǘƻ ŀ ƴƻƳƛƴŀƭ πиж ҡƳΦ  ¢ƘŜ ά.έ ǎŀƳǇƭŜ ǿŀǎ ǳǎŜŘ 
ŦƻǊ ŬŜƭŘ ŘǳǇƭƛŎŀǘŜ ǎŀƳǇƭŜǎ ƛƴǎŜǊǘŜŘ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǎǘǊŜŀƳ ŀǘ ŀ ǊŀǘŜ ƻŦ в ƛƴ гбΦ 

¢ƘŜ ŀƴŀƭȅǎƛǎ ŦƻǊ ƳǳƭǝπŜƭŜƳŜƴǘǎ ŀǊŜ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŀƴ ƛƴƛǝŀƭ ǎǇŜŎƛŀƭƛǎŜŘ ŦƻǳǊπŀŎƛŘ ŘƛƎŜǎǘ ƛƴŎƭǳŘƛƴƎ 
IȅŘǊƻƅǳƻǊƛŎΣ bƛǘǊƛŎΣ tŜǊŎƘƭƻǊƛŎ ŀƴŘ IȅŘǊƻŎƘƭƻǊƛŎ ŀŎƛŘǎ ƛƴ ¢Ŝƅƻƴ ǘǳōŜǎ ƻƴ ǘƘŜ ǇǳƭǾŜǊƛǎŜŘ ǎŀƳǇƭŜǎΦ ¢ƘŜ ŘƛƎŜǎǘ 
ƛǎ ǘƘŜƴ ŀƴŀƭȅǎŜŘ ōȅ ƳŜŀƴǎ ƻŦ LƴŘǳŎǝǾŜƭȅ /ƻǳǇƭŜŘ tƭŀǎƳŀ hǇǝŎŀƭ ό!ǘƻƳƛŎύ 9Ƴƛǎǎƛƻƴ {ǇŜŎǘǊƻƳŜǘǊȅ όL/tπh9{ύ 
ŀƴŀƭȅǎƛǎΣ ǿƛǘƘ ǎƛƭƛŎŀ ǊŜǇƻǊǘŜŘ ōȅ ŘƛũŜǊŜƴŎŜΦ [ƻǎǎ ƻƴ LƎƴƛǝƻƴ ŀǘ вбббϲ/ ό[hLύ ǿŀǎ ŀƴŀƭȅǎŜŘ ōȅ ¢ƘŜǊƳŀƭ 
DǊŀǾƛƳŜǘǊƛŎ !ƴŀƭȅǎŜǊ ό¢D!ύΦ 

Mineral Resource modelling 

¢ƘŜ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜ ǿŀǎ ŜǎǝƳŀǘŜŘ ŀōƻǾŜ дπŘ ǿƛǊŜŦǊŀƳŜ ōŀǎŀƭ ǎǳǊŦŀŎŜǎ ŦƻǊ ǘƘŜ ǿƘƛǘŜ ŀƴŘ ȅŜƭƭƻǿ ǎŀƴŘǎΣ 
ǿƛǘƘ ǘƘŜ ǎǳǊŦŀŎŜǎ ōŜƛƴƎ ōŀǎŜŘ ƻƴ ǘƘŜ ƎŜƻƭƻƎƛŎŀƭ ōƻǳƴŘŀǊƛŜǎ ŘŜŬƴŜŘ ōȅ ƭƻƎƎŜŘ ǎŀƴŘ ǘȅǇŜǎ ŀƴŘ ŎƘŜƳƛŎŀƭ 
ŀƴŀƭȅǎƛǎ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ ŘǊƛƭƭ ŘŀǘŀΦ  

¢ƘŜ ŀƛǊ ŎƻǊŜ ŘǊƛƭƭƛƴƎ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ǘƘŜ ǿƘƛǘŜ ǎŀƴŘ ƭŀȅŜǊ ŜȄǘŜƴŘǎ ǘƻ ǘƘŜ ǿŜǎǘΣ Ǉŀǎǘ ǘƘŜ ƛƴǘŜǊǇǊŜǘŜŘ 
ŎƻƴǘŀŎǘΣ ǳƴŘŜǊ ǘƘŜ ȅŜƭƭƻǿ ǎŀƴŘ ƛƴ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ǘƘŜ ƴƻǊǘƘŜǊƴ ƘŀƭŦ ƻŦ ǘƘŜ ƳƻŘŜƭƭŜŘ ŀǊŜŀΦ ¢ƘŜ ōŀǎŀƭ ǎǳǊŦŀŎŜ 
ƻŦ ǘƘŜ ȅŜƭƭƻǿ ǎŀƴŘ ƛǎ ŘŜŬƴŜŘ ōȅ ǘƘƛǎ ƭƛǘƘƻƭƻƎƛŎŀƭ ŎƻƴǘŀŎǘ ƻǊ ƛǎ ƭƛƳƛǘŜŘ ōȅ ƛƴǘŜǊǇǊŜǘŀǝƻƴ ƻŦ ƴƻƳƛƴŀƭ ŀǾŜǊŀƎŜ 
ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ ǎŀƴŘ ƭŀȅŜǊ ōŀǎŜŘ ƻƴ ǘƘŜ Řŀǘŀ ŦǊƻƳ ǎǳǊǊƻǳƴŘƛƴƎ ŘŜŜǇŜǊ ŘǊƛƭƭ ƘƻƭŜǎ ŀǎ ǊŜǉǳƛǊŜŘΦ ¢ƘŜ ǿƘƛǘŜ 
ǎŀƴŘ ƭŀȅŜǊ ōŀǎŀƭ ǎǳǊŦŀŎŜ ƛǎ ǎƛƳƛƭŀǊƭȅ ŘŜŬƴŜŘ ōȅ ǘƘŜ ŘǊƛƭƭƛƴƎ Řŀǘŀ ŀƴŘ ƻǊ ƛǎ ƭƛƳƛǘŜŘ ōȅ ƛƴǘŜǊǇǊŜǘŀǝƻƴ ƻŦ ƴƻƳƛƴŀƭ 
ŀǾŜǊŀƎŜ ǘƘƛŎƪƴŜǎǎ ƻŦ ǘƘŜ ǎŀƴŘ ƭŀȅŜǊ ōŀǎŜŘ ƻƴ Řŀǘŀ ŦǊƻƳ ǎǳǊǊƻǳƴŘƛƴƎ ŘŜŜǇŜǊ ŘǊƛƭƭ ƘƻƭŜǎ ŀǎ ǊŜǉǳƛǊŜŘΦ  

¢ƘŜ ƘƻǊƛȊƻƴǘŀƭ ŜȄǘŜƴǘǎ ƻŦ ǘƘŜ ƛƴǘŜǊǇǊŜǘŜŘ ǎŀƴŘ ƭŀȅŜǊǎ ŀǊŜ ƭƛƳƛǘŜŘ ǘƻ ǿƛǘƘƛƴ ǘƘŜ ±w· ƴƻƳƛƴŀǘŜŘ !ǊǊƻǿǎƳƛǘƘ 
bƻǊǘƘ ǘŀǊƎŜǘ ŀǊŜŀ ŀƴŘ ǿƛǘƘ ǊŜŦŜǊŜƴŎŜ ǘƻ ǘƘŜ ǇǳōƭƛŎƭȅ ŀǾŀƛƭŀōƭŜ ǎƻƛƭ ƳŀǇǇƛƴƎ Řŀǘŀ όCƛƎǳǊŜ гύΦ  

¢ƘŜ ǎǳǊŦŀŎŜ ƘǳƳǳǎ ƭŀȅŜǊ ƛǎ ǘȅǇƛŎŀƭƭȅ ŀōƻǳǘ дбб ƳƳ ǘƘƛŎƪΦ Lƴ Ŏƻƴǎǳƭǘŀǝƻƴ ǿƛǘƘ ±w·Σ /{! Dƭƻōŀƭ ŎƻƴǎƛŘŜǊŜŘ 
ǘƘŀǘ ǘƘŜ ǳǇǇŜǊ жбб ƳƳ όǘƻǇǎƻƛƭύ ƛǎ ƭƛƪŜƭȅ ǘƻ ōŜ ǊŜǎŜǊǾŜŘ ŦƻǊ ǊŜƘŀōƛƭƛǘŀǝƻƴ ǇǳǊǇƻǎŜǎ όCƛƎǳǊŜ жύΦ ¢Ƙƛǎ 
ƻǾŜǊōǳǊŘŜƴ ǎǳǊŦŀŎŜ ŦƻǊƳǎ ǘƘŜ ǳǇǇŜǊ ōƻǳƴŘŀǊȅ ƻŦ ǘƘŜ ŜǎǝƳŀǘŜŘ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜ ŀƴŘ ƛǎ ŘŜǇƭŜǘŜŘ ŦǊƻƳ ǘƘŜ 
ǊŜǇƻǊǘŜŘ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜǎΦ /ƻƳǇŀǊŀǝǾŜƭȅ ƳƛƴƻǊ ŀǊŜŀǎ ǘƘŀǘ ŀǊŜ ƳŀǇǇŜŘ ŀǎ ƛǊƻƴ ǊƛŎƘŜǊ ǎŀƴŘ ǊƛŘƎŜǎΣ ǎǿŀƳǇ 
ƻǊ ǎŀƴŘȅ ǎǿŀƳǇ ŀǊŜ ŀƭǎƻ ŘŜǇƭŜǘŜŘ ŦǊƻƳ ǘƘŜ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜΦ 

5ŜǎǇƛǘŜ ōƻǘƘ ǿƘƛǘŜ ŀƴŘ ȅŜƭƭƻǿ ǎŀƴŘǎ ōŜƛƴƎ ǊŜŀŘƛƭȅ ŀƳŜƴŀōƭŜ ǘƻ ōŜƴŜŬŎƛŀǝƻƴΣ ǘƘŜȅ ƘŀǾŜ ōŜŜƴ ǎŜǇŀǊŀǘŜƭȅ 
ƛƴǘŜǊǇǊŜǘŜŘΣ ŀǎ ǘƘŜȅ ŀǊŜ ǎŜǇŀǊŀǘŜƭȅ ŜǎǝƳŀǘŜŘ ŘǳŜ ǘƻ ŘƛũŜǊŜƴŎŜǎ ƛƴ ƎǊŀŘŜǎ ƻŦ ǘƘŜ ǾŀǊƛƻǳǎ ƳƛƴŜǊŀƭ 
ŎƻƳǇƻƴŜƴǘǎΦ {ŀƳǇƭŜǎ ƘŀǾŜ ōŜŜƴ ƅŀƎƎŜŘ ōŀǎŜŘ ƻƴ ōŜƛƴƎ ŜƛǘƘŜǊ ȅŜƭƭƻǿ ƻǊ ǿƘƛǘŜ ǎŀƴŘ ŦƻǊ ŦǳǊǘƘŜǊ ǎǘŀǝǎǝŎŀƭ 
ŀƴŀƭȅǎƛǎ ŀƴŘ ƎǊŀŘŜ ŜǎǝƳŀǝƻƴΦ ¢ƘŜ ƳŀȄƛƳǳƳ ŜȄǘǊŀǇƻƭŀǝƻƴ ƻŦ ƎǊŀŘŜ ŜǎǝƳŀǘŜŘ ƳŀǘŜǊƛŀƭ ōŜȅƻƴŘ ŘǊƛƭƭ Řŀǘŀ 
Ǉƻƛƴǘǎ ƛǎ ǳǇ ǘƻ гбб ƳΣ ŀƴŘ ǘƘŜ ƳŀǘŜǊƛŀƭ ǘȅǇŜǎ ŀǊŜ ŀŘŘƛǝƻƴŀƭƭȅ ŎƻƴǎǘǊŀƛƴŜŘ ǿƛǘƘƛƴ ǘƘŜ ±w· ƴƻƳƛƴŀǘŜŘ ǘŀǊƎŜǘ 
ŀǊŜŀ ŀƴŘ ōȅ ǘƘŜ ƳŀǇǇŜŘ ƳŀǘŜǊƛŀƭ ǘȅǇŜ ōƻǳƴŘŀǊƛŜǎΦ 
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Figure 5Υ /Ǌƻǎǎ ǎŜŎǝƻƴ ! ς . ŀǘ стоумрл Ƴb ό{ŜŜ CƛƎǳǊŜ нύΣ [ƻƻƪƛƴƎ ƴƻǊǘƘΤ CƛǾŜ ǝƳŜǎ ±ŜǊǝŎŀƭ ŜȄŀƎƎŜǊŀǝƻƴ 

 

Quality Assurance ɀ Quality Control  

±w· Ƙŀǎ ǇǊƻǾƛŘŜŘ /{! Dƭƻōŀƭ ǿƛǘƘ ŀƴ ƛƴǘŜǊƴŀƭ ŬƭŜ ƴƻǘŜ ŘŜǘŀƛƭƛƴƎ ǇǊƻŎŜŘǳǊŜǎ ŜƳǇƭƻȅŜŘ ǘƻ ŜƴǎǳǊŜ ǎǳƛǘŀōƭŜ 
ƭŜǾŜƭǎ ƻŦ ŀŎŎǳǊŀŎȅ ŀƴŘ ǇǊŜŎƛǎƛƻƴ ŀǊŜ ŀŎƘƛŜǾŜŘ ōȅ ƳŜŀƴǎ ƻŦ ŀǎǎŀȅ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ǿƻǊƪΣ ŀƴŘ ŘŜǘŀƛƭǎ ǇǊƻǾƛŘŜŘ 
ƛƴ ǘƘƛǎ ǎŜŎǝƻƴ ŀǊŜ ƭŀǊƎŜƭȅ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘƛǎ ƴƻǘŜΦ  

¢ƘŜǊŜ ƛǎ ƴƻ ŎŜǊǝŬŜŘΣ ŎƻƳƳŜǊŎƛŀƭƭȅ ŀǾŀƛƭŀōƭŜ ǎǘŀƴŘŀǊŘ ŦƻǊ ƘƛƎƘ ǇǳǊƛǘȅ ǎƛƭƛŎŀ ǎŀƴŘΦ ±w· ŀǇǇǊƻŀŎƘŜŘ hw9!{ 
tǘȅ [ǘŘ ǘƻ ǇǊŜǇŀǊŜ ŀ ǎǇŜŎƛŀƭƛǎŜŘ Ǌǳƴ ƻŦ жбб Ȅ вб Ǝ ǇŀŎƪŜǘǎΣ ƻŦ ǘƘŜƛǊ ŎŜǊǝŬŜŘ ōƭŀƴƪΣ hw9!{ ггŜΣ ǿƛǘƘƻǳǘ ǘƘŜƛǊ 
ǳǎǳŀƭ бΦж҈ ƛǊƻƴ ƻȄƛŘŜ ǇƛƎƳŜƴǘΣ ǘƘƛǎ ƴŜǿ ǎǘŀƴŘŀǊŘ Ƙŀǎ ōŜŜƴ ŘŜƴƻǘŜŘ ŀǎ ±w·πгг{Φ ¢Ƙƛǎ ƳŀǘŜǊƛŀƭ ƛǎ ƎŜƴŜǊŀǘŜŘ 
ŦǊƻƳ ƘƛƎƘ ǇǳǊƛǘȅ ǎƛƭƛŎŀ ǎŀƴŘ ŀǎ ƛǘǎ ōŀǎŜΦ !ǎ ǘƘŜ ǎŀƳǇƭŜ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ǘƘŜ ǇƛƎƳŜƴǘΣ ŀƴŘ ǘƘŜ ŜȄŀŎǘ 
ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ǇƛƎƳŜƴǘ ƛǎ ǳƴƪƴƻǿƴ ǘƘŜ ŎŜǊǝŬŜŘ ǾŀƭǳŜǎ ŦƻǊ hw9!{ ггŜ Ŏŀƴƴƻǘ ōŜ ǳǎŜŘΦ Lǘ ǎƘƻǳƭŘ ŀƭǎƻ 
ōŜ ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ǎŀƳǇƭŜ ǿŀǎ ǇǊŜǇŀǊŜŘ ǳǎƛƴƎ ŀ ǎǘŜŜƭ ōƻǿƭ ǇǳƭǾŜǊƛǎŜǊ ǿƘƛŎƘ ǿƛƭƭ ŀũŜŎǘ ǘƘŜ ǘƻǘŀƭ ƛǊƻƴ 
ŎƻƴǘŀƛƴŜŘ ǿƛǘƘƛƴ ǘƘŜ ǎŀƳǇƭŜǎΦ  

±w· Ƙŀǎ ǎǘŀǊǘŜŘ ŀ ǇǊƻŎŜǎǎ ƻŦ ŜǎǘŀōƭƛǎƘƛƴƎ ǾŀƭǳŜǎ ŦƻǊ ±w·πгг{Σ ƛƴƛǝŀƭƭȅ ōȅ ŘƻƛƴƎ ŀ άwƻǳƴŘ wƻōƛƴέ ǘƻ ǘƘǊŜŜ 
ƭŀōƻǊŀǘƻǊƛŜǎ ƛƴ tŜǊǘƘΦ гб ǎŀƳǇƭŜ ǇŀŎƪŜǘǎ ǿŜǊŜ ǎŜƴǘ ǘƻ LƴǘŜǊǘŜƪΣ вб ǘƻ {D{ ŀƴŘ вб ǘƻ bŀƎǊƻƳΦ ¢ƘŜȅ ŀƭƭ 
ŎƻƳǇƭŜǘŜŘ ŘǳǇƭƛŎŀǘŜŘ ŀƴŀƭȅǎƛǎ ƻƴ ǘƘŜ ǇŀŎƪŜǘǎ ǿƛǘƘ ƘŀƭŦ ƻŦ ǘƘŜ ǇŀŎƪŜǘǎ ǳǎƛƴƎ ǘƘŜ ǘǿƻ ŘƛũŜǊŜƴǘ ŀƴŀƭȅǝŎŀƭ 
ǘŜŎƘƴƛǉǳŜǎΥ 

¶ {ƛhг ōȅ ŘƛũŜǊŜƴŎŜ ǘƘǊƻǳƎƘ ŦƻǳǊ ŀŎƛŘ ŘƛƎŜǎǝƻƴ ǿƛǘƘ L/tπh9{ ŬƴƛǎƘ όе!κL/tπh9{ύΣ ŀƴŘ [hL ōȅ ¢D! 

¶ CǳǎŜŘ ōŜŀŘ ·πǊŀȅ ƅǳƻǊŜǎŎŜƴŎŜ ό·wCύ ŀƴŀƭȅǎƛǎΣ ŘƛǊŜŎǘ ǊŜǇƻǊǝƴƎ ƻŦ {ƛhг 

¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ŜȄŜǊŎƛǎŜ ǿŀǎ ǘǿƻŦƻƭŘΥ ŬǊǎǘΣ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘƛŎƘ ŀƴŀƭȅǝŎŀƭ ǘŜŎƘƴƛǉǳŜ ǿŀǎ Ƴƻǎǘ 
ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ƘƛƎƘ ǇǳǊƛǘȅ ǎƛƭƛŎŀ ŀƴŀƭȅǎƛǎ ŀƴŘΣ ǎŜŎƻƴŘΣ ǘƻ ŀŎƘƛŜǾŜ ŀ ōŀǎŜƭƛƴŜ ǎŜǘ ƻŦ ǾŀƭǳŜǎ ŦƻǊ ǘƘŜ ǎǘŀƴŘŀǊŘ 
±w·πггǎΦ ²ƘŜƴ ŎƻƳǇŀǊƛƴƎ ǘƘŜ ·wC ǊŜǎǳƭǘǎ ǿƛǘƘ ǘƘŜ е!κL/tπh9{ ǊŜǎǳƭǘǎΣ ƛǘ ōŜŎƻƳŜǎ ŀǇǇŀǊŜƴǘ ǘƘŀǘ ǘƘŜ ·wC 
ǇǊƻŘǳŎŜǎ ƭƻǿ ǾŀǊƛŀōƛƭƛǘȅ ǊŜǎǳƭǘǎ ŦƻǊ ŀƭƭ ŜƭŜƳŜƴǘǎΣ ƛƴŎƭǳŘƛƴƎ {ƛ ǿƘŜǊŜŀǎ е!κL/tπh9{ Ƙŀǎ ƳƻǊŜ ǾŀǊƛŀōƛƭƛǘȅΦ 
DŜƴŜǊŀƭƭȅΣ е!κL/tπh9{ Ƙŀǎ ƭƻǿŜǊ ŘŜǘŜŎǝƻƴ ƭƛƳƛǘǎΣ ōǳǘ ǘƘŜǎŜ ǾŀǊȅ ŦǊƻƳ ƭŀōƻǊŀǘƻǊȅ ǘƻ ƭŀōƻǊŀǘƻǊȅΦ ²ƘŜƴ Ƨǳǎǘ 
ŎƻƳǇŀǊƛƴƎ ǘƘŜ {ƛhг ǾŀƭǳŜΣ ƛǘ ƛǎ ōŜƭƛŜǾŜŘ ǘƘŀǘ е!κL/tπh9{ ǊŜǘǳǊƴǎ ŀ ōŜǧŜǊ ŜǎǝƳŀǘŜ ƻŦ ǘƘŜ ǘǊǳŜ ǾŀƭǳŜΣ ŀƴŘ 
ŦǳǊǘƘŜǊ ƛƴǾŜǎǝƎŀǝƻƴ Ƙŀǎ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǘƘŜ άLƴŘǳǎǘǊȅ {ǘŀƴŘŀǊŘέ ŦƻǊ ŘŜǘŜǊƳƛƴƛƴƎ {ƛhг ƛǎ ǘƘŜ е!κL/tπh9{ 
ƳŜǘƘƻŘ ǘŜǎǘŜŘ ƘŜǊŜΦ 

hǾŜǊŀƭƭ /{! Dƭƻōŀƭ ƛǎ ƻŦ ǘƘŜ ƻǇƛƴƛƻƴ ǘƘŀǘ ǘƘŜ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭ ǿƻǊƪ Ƙŀǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ 
ŀƴŀƭȅǎŜǎ ŀƴŘ ǘƘŜ ǎŀƳǇƭƛƴƎ ƳŜǘƘƻŘ Ƙŀǎ ōŜŜƴ ŀǇǇǊƻǇǊƛŀǘŜΣ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŎƘŜƳƛŎŀƭ ŀƴŀƭȅǎƛǎ ŀǊŜ 
ǎǳƛǘŀōƭŜ ŦƻǊ ǳǎŜ ƛƴ ŀ ǊŜǇƻǊǘŀōƭŜ aw9Φ 

Certified Reference Materials 

/{! Dƭƻōŀƭ Ƙŀǎ ŎƻƳǇƭŜǘŜŘ ŀ ǎǳƳƳŀǊȅ ǎǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ ǊƻǳƴŘ Ǌƻōƛƴ ǘŜǎǝƴƎ ƻŦ ǘƘŜ 
±w·πгг{ ǎǘŀƴŘŀǊŘΣ ǿƛǘƘ ǘƘŜ ǊŜǎǳƭǘǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ дΦ ±w· ƎŜƻƭƻƎȅ ǎǘŀũ ŜȄǇǊŜǎǎŜŘ ŎƻƴŎŜǊƴ ǘƘŀǘ ǘƘŜ 
ǎǘŀƴŘŀǊŘ ǿŀǎ ƴƻǘ ǿŜƭƭ ŜƴƻǳƎƘ ǳƴŘŜǊǎǘƻƻŘ ǳǎƛƴƎ ƻƴƭȅ ǘƘŜ ǊŜƭŀǝǾŜƭȅ ŦŜǿ ŀǾŀƛƭŀōƭŜ ŀƴŀƭȅǎŜǎΦ .ŀǎŜŘ ƻƴ ǘƘŜ 
ŦŀŎǘ ǘƘŀǘ ŀƴ ŀŘŘƛǝƻƴŀƭ йд Řŀǘŀ Ǉƻƛƴǘǎ ƘŀǾŜ ōŜŜƴ ƎŜƴŜǊŀǘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ƛƴǎŜǊǝƻƴ ƻŦ ǘƘŜ ǎǘŀƴŘŀǊŘ ǘƻ ǘƘŜ 
ǎŀƳǇƭŜ ǎǘǊŜŀƳΣ ƛǘ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ ǇǊǳŘŜƴǘ ǘƻ ǳǎŜ ǘƘŜ Ŧǳƭƭ ŀǾŀƛƭŀōƭŜ ŀƴŀƭȅǎƛǎ ǊŜǎǳƭǘ Řŀǘŀ ǎŜǘ ǘƻ ŜǎǘŀōƭƛǎƘ ŀ 
ƳƻǊŜ Ǌƻōǳǎǘ ǎǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǾŀƭǳŜǎ ŀƴŘ ǾŀǊƛŀōƛƭƛǘȅ ǘƘŀǘ Ŏŀƴ ōŜ ŜȄǇŜŎǘŜŘ ŦǊƻƳ ǘƘŜ ǎǘŀƴŘŀǊŘΦ ¢ƘŜ 
ƳŜŀƴ ŀƴŘ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ό{5ύ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘƛǎ Ŧǳƭƭ Řŀǘŀ ǎŜǘ ŀƴŀƭȅǎƛǎ ό¢ŀōƭŜ еύ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ŀǎ ǘƘŜ 
ōŀǎƛǎ ŦƻǊ ŜǎǘŀōƭƛǎƘƛƴƎ ǘƘŜ ŜȄǇŜŎǘŜŘ ǾŀƭǳŜ ŀƴŘ {5 ŎƻƴǘǊƻƭ ƭƛƴŜǎ ƛƴ ǘƘŜ ŎƻƴǘǊƻƭ ƎǊŀǇƘ ǾŀƭƛŘŀǝƴƎ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ 
ŀƴŀƭȅǎƛǎ ǇŜǊŦƻǊƳŀƴŎŜΦ 
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 Al2O3% Fe2O3% MgO% TiO2% LOI% SiO2% 

Number 40 40 40 40 40 40 

Mean 0.126 0.038 0.005 0.040 0.082 99.699 

Min 0.097 0.03 0.003 0.037 0.03 99.6369 

Q1 0.122 0.036 0.004 0.039 0.050 99.677 

Median 0.129 0.040 0.005 0.040 0.080 99.702 

Q3 0.134 0.040 0.005 0.042 0.103 99.723 

Max 0.141 0.05 0.0071 0.043 0.14 99.7503 

Variance 0.0001 0.0000 0.0000 0.0000 0.0010 0.0008 

Std Dev 0.0109 0.00438 0.0009 0.0018 0.0315 0.0279 

Coeff Var 0.0869 0.1143 0.1933 0.0438 0.3839 0.0003 

Table 3Υ {ǳƳƳŀǊȅ ǎǘŀǝǎǝŎǎ ŦƻǊ ǊƻǳƴŘ Ǌƻōƛƴ ǘŜǎǝƴƎ ƻŦ ±w·πннǎ ōȅ п!κL/tπh9{ 

 

 Al2O3% Fe2O3% MgO% TiO2% LOI% SiO2% 

Number 123 123 123 123 123 123 

Mean 0.140 0.040 0.005 0.041 0.087 99.675 

Min 0.097 0.03 0 0.037 0.01 99.54195 

Q1 0.131 0.039 0.004 0.040 0.060 99.647 

Median 0.139 0.040 0.005 0.042 0.080 99.680 

Q3 0.154 0.042 0.005 0.043 0.110 99.705 

Max 0.1656 0.06 0.0074 0.0474 0.2 99.7841 

Variance 0.0002 0.0000 0.0000 0.0000 0.0016 0.0019 

Std Dev 0.0148 0.00575 0.0011 0.0020 0.0394 0.0438 

Coeff Var 0.1055 0.1421 0.2246 0.0489 0.4531 0.0004 

Table 4Υ {ǳƳƳŀǊȅ ǎǘŀǝǎǝŎǎ ŦƻǊ ŀƭƭ ǘŜǎǝƴƎ ƻŦ ±w·πннǎ ōȅ п!κL/tπh9{ 

¢ƘŜ ±w·πгг{ ǎǘŀƴŘŀǊŘ ǿŀǎ ƛƴǎŜǊǘŜŘ ǘƻ ǘƘŜ ŘǊƛƭƭ ǎŀƳǇƭŜ ǎǳōƳƛǎǎƛƻƴǎ ǘƻ ǘƘŜ LƴǘŜǊǘŜƪ [ŀōƻǊŀǘƻǊȅ ƛƴ 
aŀŘŘƛƴƎǘƻƴΣ ƛƴ ǎŜǉǳŜƴŎŜΣ ŀǘ ŀ Ǌŀǝƻ ƻŦ вΥгбΣ ǿƛǘƘ ŀ ǘƻǘŀƭ ƻŦ йд ǎŀƳǇƭŜǎ ōŜƛƴƎ ŀƴŀƭȅǎŜŘ ŦƻǊ ǘƘŜ !ǊǊƻǿǎƳƛǘƘ 
bƻǊǘƘ ǇǊƻƧŜŎǘ ǎŀƳǇƭŜǎ ǎǳōƳƛǎǎƛƻƴǎΦ {ƛƴŎŜ Ƴƻǎǘ ŀƴŀƭȅǘŜǎ ŀǊŜ ǾŜǊȅ ŎƭƻǎŜ ǘƻ ǘƘŜ ŀǎǎŀȅ ƳŜǘƘƻŘ ŘŜǘŜŎǝƻƴ ƭƛƳƛǘΣ 
ǎƻƳŜ ƛƴƘŜǊŜƴǘ ŀŘŘƛǝƻƴŀƭ ǾŀǊƛŀōƛƭƛǘȅ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ǎŜŜƴ ƛƴ ǘƘŜ ǊŜǎǳƭǘǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ ǇǊŜǇŀǊŀǝƻƴ ƻŦ 
ǘƘŜ ǎǘŀƴŘŀǊŘ ǳǎƛƴƎ ŀ ǎǘŜŜƭ ǇǳƭǾŜǊƛǎŜǊ ƛǎ ƭƛƪŜƭȅ ǘƻ ƛƴǘǊƻŘǳŎŜ ǎƻƳŜ ǾŀǊƛŀōƭŜ ƭƻǿ ƭŜǾŜƭǎ ƻŦ ƛǊƻƴ ǘƻ ǘƘŜ ǎŀƳǇƭŜΦ 
¢ƘŜ ǎǘŀǝǎǝŎŀƭ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǎǘŀƴŘŀǊŘ ŀƴŀƭȅǎƛǎ ŀǊŜ ǎƘƻǿƴ ƛƴ ¢ŀōƭŜ жΦ 

Grade variable Fe2O3% TiO2% Al2O3% LOI% SiO2% MgO% 

Detection Limit 0.02 0.001 0.01 0.01 0.1 0.004 

Number 83 83 83 83 83 83 

Expected Value 0.038 0.040 0.126 0.082 99.699 0.0048 

Mean 0.04 0.04 0.15 0.09 99.67 0.005 

Min 0.030 0.039 0.122 0.010 99.551 0.0000 

Median 0.041 0.042 0.148 0.080 99.676 0.0047 

Max 0.060 0.047 0.166 0.200 99.784 0.0074 

Variance 0.0000 0.000 0.0001 0.002 0.002 0.0000 

Std Dev 0.006 0.002 0.011 0.042 0.044 0.0011 

Expected Std Dev 0.004 0.002 0.011 0.032 0.028 0.0009 

Coeff Var 0.145 0.043 0.072 0.476 0.000 0.2384 

Table 5Υ /ƻƳǇŀǊƛǎƻƴ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ±w·πнн{ wƻǳƴŘ wƻōƛƴ ŀƎŀƛƴǎǘ ǎŀƳǇƭŜ ǎǘǊŜŀƳ ǎǳōƳƛǎǎƛƻƴ 

¢ƘŜ ŎƻƴǘǊƻƭ Ǉƭƻǘ ŦƻǊ {ƛhг ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ CƛƎǳǊŜ з ŀƴŘ ǎƘƻǿǎ ǘƘŀǘ ƻǾŜǊŀƭƭ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ Ƙŀǎ ōŜŜƴ 
ŀŎŎŜǇǘŀōƭŜΣ ǿƛǘƘ ƻƴŜ ǾŀƭǳŜ ŜȄŎŜŜŘƛƴƎ ǘƘŜ πд{5 ŦŀƛƭǳǊŜ ƭƛƳƛǘΦ ¢Ƙƛǎ ǎŀƳǇƭŜ ƘŀŘ ǘƘŜ ƘƛƎƘŜǎǘ [hL ǊŜǎǳƭǘ ŦǊƻƳ ŀƭƭ 
Řŀǘŀ ǿƘƛƭŜ ŀƭƭ ƻǘƘŜǊ ŀƴŀƭȅǘŜǎ ǊŜǇƻǊǘŜŘ ǿƛǘƘƛƴ ŀŎŎŜǇǘŀōƭŜ ōƻǳƴŘǎΣ ƘŜƴŎŜ ǘƘŜ ǊŜǎǳƭǘ Ƙŀǎ ōŜŜƴ ŘƛǎŎƻǳƴǘŜŘΦ 
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Figure 6Υ /ƻƴǘǊƻƭ /ƘŀǊǘ ŦƻǊ ±w·πнн{ π {ƛhн 

 

Blanks 

Lǘ ǿŀǎ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ƴŜŎŜǎǎŀǊȅ ǘƻ ƛƴǎŜǊǘ ōƭŀƴƪǎ ǘƻ ǘƘŜ ǎŀƳǇƭŜ ǎǘǊŜŀƳ ŀǎ ǘƘŜ ±w·πгг{ ƳŀǘŜǊƛŀƭ ƛǎ ŜũŜŎǝǾŜƭȅ 
ŀƭǎƻ ŀ ōƭŀƴƪ 

Field duplicates 

CƛŜƭŘ ŘǳǇƭƛŎŀǘŜ ǎŀƳǇƭŜǎ ǿŜǊŜ ƛƴǎŜǊǘŜŘ ƛƴ ǘƘŜ ǎŀƳǇƭŜ ǎǘǊŜŀƳ ŀǘ ŀ ǊŀǘŜ ƻŦ в ƛƴ гбΣ ǊŜǎǳƭǝƴƎ ƛƴ йж ŬŜƭŘ ŘǳǇƭƛŎŀǘŜ 
ǎŀƳǇƭŜǎΦ !ƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƳŜŀƴ ƎǊŀŘŜǎ ǎƘƻǿƴ ƛƴ ¢ŀōƭŜ з ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ ƎǊŀŘŜ ǾŀǊƛŀōƭŜǎ ƘŀǾŜ ǊŜŀǎƻƴŀōƭȅ 
ǎƛƳƛƭŀǊ ƳŜŀƴ ƎǊŀŘŜ ǊŜǎǳƭǘǎΣ ǎƛƳƛƭŀǊ ǇƻǇǳƭŀǝƻƴ ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ ƎŜƴŜǊŀƭƭȅ ǎǘǊƻƴƎ ŎƻǊǊŜƭŀǝƻƴ ŎƻŜŶŎƛŜƴǘǎΦ  

Grade Variable SiO2 Prim SiO2 Dup Fe2O3 Prim Fe2O3 Dup TiO2 Prim TiO2 Dup 

Number 85 85 85 85 85 85 

Mean 97.22 97.17 0.43 0.44 0.17 0.18 

Variance 7.93 8.27 0.16 0.21 0.01 0.01 

Std Deviation 2.82 2.88 0.41 0.45 0.07 0.09 

Coeff.Var 0.03 0.03 0.95 1.02 0.07 0.09 

Correl Coeff. 0.986 0.973 0.819 

Grade Variable Al2O3 Prim Al2O3 Dup MgO Prim MgO Dup LOI Prim LOI Dup 

Number 85 85 85 85 85 85 

Mean 1.22 1.24 0.02 0.02 0.17 0.66 

Variance 1.68 1.80 0.00 0.00 0.01 0.83 

Std Deviation 1.30 1.34 0.03 0.03 0.07 0.91 

Coeff.Var 1.06 1.08 1.47 1.45 0.43 1.39 

Correl Coeff. 0.983 0.976 0.993 

Table 6Υ {ǳƳƳŀǊȅ ǎǘŀǝǎǝŎǎ tǊƛƳŀǊȅ Ǿǎ ŬŜƭŘ ŘǳǇƭƛŎŀǘŜ ǎŀƳǇƭŜǎ 
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¢ƘŜǊŜ ƛǎ ƳƻǊŜ ǎŎŀǧŜǊ ǘƘŀƴ ƛǎ ƛŘŜŀƭ ǎŜŜƴ ƛƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǎŎŀǧŜǊ ǇƭƻǘǎΣ ŀǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ŜȄŀƳǇƭŜ ƻŦ CŜгhд 
ƛƴ CƛƎǳǊŜ иΣ ǿƛǘƘ ǎƭƛƎƘǘ ōƛŀǎ ǘƻǿŀǊŘ ƘƛƎƘŜǊ ƎǊŀŘŜ ƛƴ ǘƘŜ ǇǊƛƳŀǊȅ ŀƴŀƭȅǎƛǎΣ ŀƴŘ ŀ ǎƳŀƭƭ ƴǳƳōŜǊ ƻŦ ƻǳǘƭƛŜǊǎΦ 
IƻǿŜǾŜǊΣ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ŀƴŀƭȅǘŜǎ ŀǊŜ ōŜƛƴƎ ŀǎǎŜǎǎŜŘ ǾŜǊȅ ŎƭƻǎŜ ǘƻ ǘƘŜƛǊ ƳŜǘƘƻŘ ŘŜǘŜŎǝƻƴ ƭƛƳƛǘǎΣ ƘŜƴŎŜ 
ƳƻǊŜ ǾŀǊƛŀōƛƭƛǘȅ ǎƘƻǳƭŘ ōŜ ŜȄǇŜŎǘŜŘΣ Ƴǳǎǘ ōŜ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘΦ hǾŜǊŀƭƭ ǘƘŜ ǊŜǎǳƭǝƴƎ {ƛhг ƎǊŀŘŜ ŀƴŀƭȅǎƛǎ 
ǊŜǎǳƭǘǎ ŀǇǇŜŀǊ ǘƻ ōŜ ǊŜŀǎƻƴŀōƭŜ ǿƘŜƴ ƭƻƻƪƛƴƎ ŀǘ ōƻǘƘ ǘƘŜ ǎŎŀǧŜǊ ŀƴŘ ǉπǉ Ǉƭƻǘǎ ƛƴ CƛƎǳǊŜ йΦ 

 

Figure 7Υ {ŎŀǧŜǊ Ǉƭƻǘ π tǊƛƳŀǊȅ ǎŀƳǇƭŜ Ǿǎ ŬŜƭŘ ŘǳǇƭƛŎŀǘŜ ŦƻǊ CŜнhо 

 

Figure 8Υ {ŎŀǧŜǊ Ǉƭƻǘ ŀƴŘ vπv Ǉƭƻǘ tǊƛƳŀǊȅ Ǿǎ ŬŜƭŘ ŘǳǇƭƛŎŀǘŜ ǎŀƳǇƭŜǎ ŦƻǊ {ƛhн 

 

  
























































































































































































