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1 ORE RESERVES STATEMENT 

1.1 SCOPE 

The May 2019 Ore Reserves Estimate was prepared for Asiamet Resources Limited by Australian Mine 
Design and Development Pty Ltd (AMDAD).  It deals with the resources for the Beruang Kanan Main 
(BKM) copper deposit in Central Kalimantan, Indonesia, as at 11th June 2019.  It is the maiden Ore 
Reserves estimate for the project. 

All of the reserves are for extraction by open pit mining.  Processing will be by heap leaching and 
solvent extraction / electrowinning (SXEW) to produce copper cathode on site. 

At the time of preparing this Ore Reserve Estimate the BKM Project is at the Feasibility Study Stage.  
There is currently no mining or processing in operation or development on the site. 

 

1.2 CONTRIBUTING PERSONS 

The June 2019 Ore Reserve Statement prepared by AMDAD is supported by contributions from the 
persons listed in Table 2. 

 

1.3 ACCORD WITH JORC CODE 

This Ore Reserves Statement has been prepared in accordance with the guidelines of the Australasian 
Code for the Reporting of Resources and Reserves 2012 Edition (the JORC Code 2012).  

The Competent Person signing off on the overall Ore Reserves Estimate is Mr John Wyche, of 
Australian Mine Design and Development Pty Ltd, who has 31 years of relevant experience in 
operations and consulting for open pit metalliferous mines. 
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1.4 ORE RESERVES SUMMARY 

The Ore Reserve Estimate is summarised in Table 1. 

Table 1 BKM Copper Project Ore Reserves 

Ore Reserve Category 
Volume Tonnes 

Total Soluble Contained Copper 
ktonnes 

Copper Copper Total Soluble 

Mbcm Mt % % kt kt 

Proved Ore       

Chalcocite dominant 5.2 14.9 0.7 0.5 103 77 

Covellite/Bornite dominant 1.6 4.4 0.5 0.5 24 20 

Chalcopyrite dominant 0.6 1.9 0.6 0.2 11 3 

Total Proved Ore 7.4 21.1 0.6 0.5 137 101 

Probable Ore       

Chalcocite dominant 5.8 15.4 0.6 0.4 88 63 

Covellite/Bornite dominant 2.9 7.8 0.5 0.4 40 31 

Chalcopyrite dominant 2.7 7.2 0.5 0.1 38 11 

Total Probable Ore 11.4 30.4 0.5 0.3 166 105 

Proved + Probable Ore       

Chalcocite dominant 11.0 30.2 0.6 0.5 190 140 

Covellite/Bornite dominant 4.5 12.2 0.5 0.4 64 51 

Chalcopyrite dominant 3.3 9.1 0.5 0.2 49 14 

Total Proved and Probable Ore 18.8 51.5 0.6 0.4 303 206 

Waste Rock 33.1 85.0     

Waste : Ore Ratio 1.8 1.7     

 
Notes: 

1. The tonnes and grades shown in the totals rows are stated to a number of significant figures 
reflecting the confidence of the estimate. The table may nevertheless show apparent 
inconsistencies between the sum of components and the corresponding rounded totals. 
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Table 2 Contributing Experts 

Expert Person/Com
pany 

Area of Expertise 
References / Inform

ation Supplied 

Duncan Hackm
an 

Hackm
an and Associates Pty Ltd 

M
ineral resource estim

ation 
Beruang Kanan M

ain Zone, Kalim
antan, Indonesia; 2019 Resource Estim

ate Report, June 2019 

Lufi Rachm
and 

Geom
ine M

ining and 
Geotechnical Consultant 

Geotechnical engineering 
Pit w

all slope assessm
ent for the BKM

 O
pencut Copper Project. 

Sim
on Ballantyne 

PT Ground Risk M
anagem

ent 
Geotechnical engineering 

GRM
 Technical N

ote 19 AM
R 001 TN

 001, 31 M
ay 2019 

Peer review
 and assem

bly of geotechnical inform
ation and final pit w

all recom
m

endations. 

David Readett 

M
w

orxTDK Pty Ltd 
M

etallurgy 
Heap leach test w

ork and process design for the BKM
 Copper Project.  Heap leach recoveries. 

John Baillie 

W
hittle Consulting Pty Ltd 

Strategic planning 
Enterprise optim

isation. 

Ali Saham
i 

PT Lorax 
Environm

ental 
Project environm

ental and social im
pacts.  Project perm

itting. 

Keith W
hitchurch 

PT SM
G Consultants 

M
ine planning 

M
ine operating and capital cost estim

ate. 

Andrew
 Keith 

PT SM
G Consultants 

Engineering Project M
anagem

ent and M
ine 

Infrastructure 
Assem

bly and review
 of Process and Infrastructure capital and O

perating cost estim
ates prepared 

by contributing engineering com
panies including but not lim

ited to Ausenco (Process and 
Infrastructure Design) and Resindo (Infrastructure Design). 

Jam
es Deo 

Asiam
et Resource Lim

ited 
Com

m
ercial 

Copper price forecast.  Project financial m
odel. 

John W
yche 

AM
DAD Pty Ltd 

M
ining Engineering 

Pit design.  Detailed production scheduling.  Com
petent Person for O

re Reserves. 
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 5  1.5 
O

RE RESERVE ASSESSM
EN

T 

Table 3 JO
RC Table 1 Section 4, Estim

ation and Reporting O
re Reserves 

Sections 1, 2 and 3 of the follow
ing Table 1 are taken from

 “Beruang Kanan M
ain Zone, Kalim

antan, Indonesia; 2019 Resource Estim
ate Report” 

prepared by Hackm
ann and Associates Pty Ltd. 

JO
R

C
 C

ode, 2012 E
dition – T

able 1 

S
ection 1 S

am
pling T

echniques and D
ata 

(Criteria in this section apply to all succeeding sections.) 

C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

Sam
pling 

techniques 
x 

N
ature and quality of sam

pling (eg cut channels, random
 chips, or 

specific specialised industry standard m
easurem

ent tools appropriate 
to the m

inerals under investigation, such as dow
n hole gam

m
a 

sondes, or handheld XR
F instrum

ents, etc). These exam
ples should 

not be taken as lim
iting the broad m

eaning of sam
pling. 

x 
Include reference to m

easures taken to ensure sam
ple representivity 

and the appropriate calibration of any m
easurem

ent tools or system
s 

used. 
x 

Aspects of the determ
ination of m

ineralisation that are M
aterial to the 

Public R
eport. 

x 
In cases w

here ‘industry standard’ w
ork has been done this w

ould be 
relatively sim

ple (eg ‘reverse circulation drilling w
as used to obtain 1 

m
 sam

ples from
 w

hich 3 kg w
as pulverised to produce a 30 g charge 

for fire assay’). In other cases m
ore explanation m

ay be required, 
such as w

here there is coarse gold that has inherent sam
pling 

problem
s. U

nusual com
m

odities or m
ineralisation types (eg 

subm
arine nodules) m

ay w
arrant disclosure of detailed inform

ation. 

The BKM
 prospect has been a focus of copper exploration in the KSK 

C
oW

 for 22 years, being the subject of drilling for KSK and joint venture 
partners in nine distinct program

m
es: 

x 
Prior to 2015: 

o 
KSK (19 holes in tw

o program
m

es) and O
xiana Lim

ited 
(in Joint Venture w

ith KSK, 10 holes in one program
m

e) 
undertook shallow

 to m
oderate depth exploration drilling 

(~600m
) and identified that a near surface body of 

m
ineralization could exist at BKM

, 
o 

EN
J (in Joint Venture w

ith KSK) undertook delineation 
drilling of this m

ineralization (31 holes) and in a separate 
program

m
e they drilled three deep holes (>1000m

) into 
BKM

. 
x 

In 2015 KSK drilled 71 holes into and peripheral to the 
m

ineralised zones to better define and understand the copper 
m

ineralisation at BKM
. 
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 6  C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

x 
In 2016-18 KSK drilled 143 holes (in tw

o program
m

es) into the 
BKM

 m
ineralisation to confirm

 geological and grade continuity 
and to build a dataset capable of underpinning resources to be 
considered for M

easured and Indicated classification (JO
R

C
, 

2012). 
x 

In 2019 KSK drilled 41 holes into the BKM
 m

ineralisation to 
confirm

 geological and grade continuity in peripheral areas of the 
m

ineralisation to expand the dataset capable of underpinning 
resources to be considered for M

easured and indicated 
classification (JO

R
C

, 2012). 

The BKM
 m

ineralisation has been drilled at a nom
inal 50m

 by 50m
 grid.  

The dom
inant drilling attitude is -60 degrees tow

ards 270 degrees as 
dictated by logistics in drilling on a predom

inantly steeply easterly sloping 
m

ountain side.  C
heck holes at alternate orientations and tw

in holes 
com

plete the resource dataset. 

All holes w
ere drilled utilizing diam

ond drill rigs. 

D
rilling 

techniques 
x 

D
rill type (eg core, reverse circulation, open-hole ham

m
er, rotary air 

blast, auger, Bangka, sonic, etc) and details (eg core diam
eter, triple 

or standard tube, depth of diam
ond tails, face-sam

pling bit or other 
type, w

hether core is oriented and if so, by w
hat m

ethod, etc). 

Pre-2015 holes typically started at PQ
 or H

Q
 core sizes, reducing to N

Q
 

and BQ
 w

hen required due to drilling conditions and rig capabilities.   The 
2015, 2016-18 and 2019 holes w

ere drilled w
ith H

Q
 triple tube running 

gear and 1.5m
 core barrels.  83%

 of the m
ineralization has been sam

pled 
w

ith H
Q

 core and 8%
 w

ith PQ
 core.  N

Q
 and BQ

 holes contribute to <9%
 

of the m
odelled m

ineralisation and this data subset show
s a negative bias 

in copper grade that is considered deposit zonation related rather than 
prim

ary sam
pling error related. 

84%
 of m

ineralised drill core is sam
pled at 1m

 lengths, 5%
 at 2m

 lengths 
(2015 holes) and 5%

 at 3m
 lengths (pre-2015 holes).  Sam

pling intervals 
w

ere determ
ined by supervising geologists and core shed technicians split 

core longitudinally by diam
ond saw

 to generate ½
 core sam

ples for 
analytical assay.  Friable core w

as first w
rapped in plastic and tape before 
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 7  C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

cutting. 

D
rill 

sam
ple 

recovery 
x 

M
ethod of recording and assessing core and chip sam

ple recoveries 
and results assessed. 

x 
M

easures taken to m
axim

ise sam
ple recovery and ensure 

representative nature of the sam
ples. 

x 
W

hether a relationship exists betw
een sam

ple recovery and grade 
and w

hether sam
ple bias m

ay have occurred due to preferential 
loss/gain of fine/coarse m

aterial. 

D
rill core recovery w

as recorded for all holes on a drilling run basis w
here: 

Percent length core recovered = m
easured core in drill run / length 

hole drilled * 100 

In addition to length core recovery, the KSK 2015-19 drill core recovery 
w

as also determ
ined on a total/com

plete core recovery basis.  This 
m

easurem
ent describes internal loss caused by scrubbing and w

ashing of 
core during the drilling process.  A four category ranking is logged on a 
drill run basis ranging from

 no loss through to extrem
e loss w

here w
ashing 

and m
aterial loss is noticed im

m
ediately.  M

inor and m
oderate categories 

are applied to core w
here pitting or plucking is observed at varying 

degrees. 

Triple tube H
Q

 drilling utilising a 1.5m
 barrel is know

n to assist in 
m

inim
ising core loss and this configuration has assisted drillers in 

obtaining >90%
 length recovery in over 94%

 of the m
ineralised intervals 

at BKM
.  H

ow
ever this acceptable level of core recovery is not ubiquitous 

at BKM
 as three zones of heterogeneous and clayey m

aterial have been 
identified and these zones have returned variable recoveries.  Although 
there is no certain relationship betw

een recovery and copper grade in 
these zones they have been treated independently in the 2019 resource 
estim

ation and classification processes. 

Logging 
x 

W
hether core and chip sam

ples have been geologically and 
geotechnically logged to a level of detail to support appropriate 
M

ineral R
esource estim

ation, m
ining studies and m

etallurgical 
studies. 

x 
W

hether logging is qualitative or quantitative in nature. C
ore (or 

costean, channel, etc) photography. 
x 

The total length and percentage of the relevant intersections logged. 

All core has been logged prior to sam
pling for geotech, vein and fracture 

characteristics, lithology, alteration, m
ineralisation and structure (alpha 

m
easurem

ents only as there is no oriented core at BKM
).  Additional 

logging of core photos w
as undertaken to obtain data relating to the 

specific m
etallurgical characteristics “m

aterial type” and “degradation 
index” and in determ

ining the hom
ogeneity of m

aterial for zoning and 
applying tonnage factors to the resource. 
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 8  C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

Sub-sam
pling 

techniques 
and 

sam
ple 

preparation 

x 
If core, w

hether cut or saw
n and w

hether quarter, half or all core 
taken. 

x 
If non-core, w

hether riffled, tube sam
pled, rotary split, etc and 

w
hether sam

pled w
et or dry. 

x 
For all sam

ple types, the nature, quality and appropriateness of the 
sam

ple preparation technique. 
x 

Q
uality control procedures adopted for all sub-sam

pling stages to 
m

axim
ise representivity of sam

ples. 
x 

M
easures taken to ensure that the sam

pling is representative of the in 
situ m

aterial collected, including for instance results for field 
duplicate/second-half sam

pling. 
x 

W
hether sam

ple sizes are appropriate to the grain size of the m
aterial 

being sam
pled. 

Industry accepted practices w
ere em

ployed in sub-sam
pling and sam

ple 
preparation for assaying at BKM

.  Typically for each of the eight 
program

m
es core w

as checked on arrival at the core shed (depths, core 
block and tray annotation); photographed; logged for recovery, geotech, 
vein and fracture characteristics, lithology, alteration, m

ineralisation and 
structure; 

SG
 

sam
ples 

m
easured 

and 
returned 

to 
tray; 

split/cut 
longitudinally and sam

pled; re-photographed; then stored. 

Analytical 
sam

ples 
w

ere 
prepared 

and 
assayed 

by 
accredited 

laboratories.  Sam
ples w

ere crushed and split w
ith a nom

inal 1kg split 
sam

ple pulverised to P95 passing 200m
icrons from

 w
hich an analytical 

charge w
as taken for assay.  C

rusher reject m
aterial and pulps for all 

assay intervals are stored by KSK. 

Assessm
ent of pre-2015 core handling, sam

pling and sam
ple preparation 

procedures: 

x 
KSK drilling: 

o 
C

ore handling, logging and storage are adequate. 
o 

Sam
pling processes are adequate. 

o 
Sam

ple num
bering protocols are adequate. 

o 
Sam

ple security is lax and sam
ple com

prom
ise could 

accidentally occur during transport/transfer or could be 
intentionally introduced w

ithout evidence.  In particular 
com

prom
ise could occur as: 

� 
Sam

ples are held in plastic bags sealed w
ith 

m
asking tape. 

� 
Sam

ple lists are generated m
ore than once 

during the transfer process of transporting them
 

from
 site to the laboratory. 

� 
Sam

ples travelled accom
panied by KSK from

 
site to the Palangkaraya office then 
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 9  C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

unaccom
panied by courier from

 Palangkaraya to 
PT Indoassay Laboratories in Balikpapan.  PT 
Indoassay Laboratories confirm

ed the arrival 
and condition of sam

ples and no adverse issues 
have been recorded. 

o 
Sam

ple preparation undertaken by PT Indoassay 
Laboratories is not detailed. 

x 
O

xiana drilling:  There is no record of how
 O

xiana Lim
ited core 

w
as handled during their involvem

ent at BKM
.  Verbal 

com
m

unication w
ith KSK personnel involved w

ith this 
program

m
e confirm

s that core and sam
pling follow

ed the 
general description outlined at the start of these criteria (above). 

x 
EN

J drilling:   
o 

Transporting of core from
 site to Tengkiling prior to 

logging and sam
pling is not ideal as core can be readily 

destroyed and m
ixed-up during the journey over rough 

roads. 
o 

C
ore handling, logging and storage are adequate. 

o 
Sam

pling processes are adequate. 
o 

Sam
ple num

bering protocols are adequate. 
o 

Sam
ple security is lax and sam

ple com
prom

ise could 
accidentally occur during transport/transfer or could be 
intentionally introduced w

ithout evidence.  In particular 
com

prom
ise could occur as: 

� 
Sam

ple lists generated m
ore than once during 

the transfer process of transporting them
 to the 

laboratory for processing. 
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 C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

� 
It is not stated if dispatch and receipt paperw

ork 
w

as generated for transferring sam
ples from

 the 
KSK area to the G

eoAssay area of the 
Tengkiling core yard. 

� 
Pulp sam

ples traveled accom
panied by courier 

from
 Tengkiling to G

eoAssay Laboratories in 
Jakarta. 

o 
Sam

ple security could be intentionally com
prom

ised by 
easy access to the sam

ple preparation laboratory w
hich 

w
as setup by PT G

eoAssay Laboratories w
ithin the KSK 

com
pound at the tengkiling core shed. 

o 
Sam

ple preparation appears adequate except that: 
� 

Sam
ples w

ere crushed to -4m
m

 prior to 1kg 
being split for pulverizing 

� 
Pulverised m

aterial w
as m

at rolled prior to being 
quartered to generate four pulps. 

Evaluation of the pre-2015 copper assay subset against the 
rem

aining data show
s no reason of concern regarding the validity 

and suitability of this early data in estim
ating resources at BKM

. 

2015 
to 

2019 
core 

handling, 
sam

pling 
and 

sam
ple 

preparation 
procedures.  This subset now

 constitutes 82%
 of the BKM

 resource 
dataset: 

The onsite processing w
orkflow

 is as follow
s: 

x 
C

ore is packed (screw
-dow

n cradles to elim
inate spillage) and 

carried by hand (2015) and by hand and vehicle (2016-19) from
 

drill sites to the core processing facility at cam
p (located to the 

east of the BKM
 m

ineralisation). 
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 C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

x 
C

ore blocks and tray details are checked and hole depth details 
recorded on core. 

x 
C

ore trays are w
eighed and photographed w

et. 
x 

G
eotechnical and geological logging undertaken. 

x 
G

eologist selects segm
ents of core for SG

 determ
ination, w

hich 
is undertaken by core yard technicians. 

x 
Sam

ple intervals are determ
ined by geologists and core is split 

longitudinally by core saw
.  C

layey and incom
petent core is 

w
rapped in glad-w

rap and packing tape prior to cutting. 
x 

C
R

M
 Standards, coarse blanks (granite), pulp blanks and coarse 

crush duplicates are inserted into the sam
ple sequence (coarse 

crush duplicates are generated at ITS during sam
ple 

preparation; em
pty, num

bered bags are included w
ithin the 

sam
pling sequence in preparation for their creation). 

x 
C

ore and Q
C

 sam
ples are bagged and tagged for transport to 

ITS Jakarta. 
x 

D
ispatch paperw

ork is prepared for ITS w
hich includes the list of 

coarse crush duplicates to be prepared and of those sam
ples 

w
here SG

 segm
ents require drying separately and recom

bined 
w

ith the rem
aining m

aterial before crushing). 
x 

Sam
pled, half core in trays is photographed both w

et and dry. 
x 

C
ore block details are inscribed onto alum

inum
 tags w

hich are 
then attached back onto core blocks.  Tray details are engraved 
onto trays before being packed and transported by light vehicle 
to the Tengkiling core shed for rack storing under cover. 
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 C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

x 
Sam

ples are transported in poly w
eave bags to the Tengkiling 

core yard w
here these bags are then paletted and transported to 

PT Intertek U
tam

a Laboratories in Jakarta. 

KSK em
ploys the use of num

bered, tam
per-proof zip ties to seal 

sam
ple bags being transported off-site. 

The flow
 sheet presented in the follow

ing Figure depicts the sam
ple 

preparation procedure conducted at PT Intertek U
tam

a Laboratories 
in Jakarta (ITS). 
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riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 
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 C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

H
&A undertook three site visits and confirm

ed that protocols w
ere 

being executed as designed and that activities and diligence w
as 

unchanged over tim
e. 

 H
&A also visited and review

ed sam
ple 

preparation at PT Intertek U
tam

a Laboratories in Jakarta on three 
occasions and found that w

ork w
as being undertaken diligently and 

w
ith appropriate m

onitoring and supervision. 

Q
uality C

ontrol Assay sam
ples w

ere subm
itted w

ith routine sam
ples for 

the O
X

-KSK and EN
J-KSK and the 2015 to 2019 drilling program

m
es.  

There w
ere no quality control sam

ples inserted into the early KSK drill 
sam

ples to assess the reliability of these copper assays.  Sam
ple 

com
m

inution tests are reported as being undertaken for the EN
J and KSK

 
2015-19 drill program

m
es.  O

nly the KSK 2015-2019 data is available for 
evaluation and all test show

 com
pliance at both crush and pulverise size.  

Although not confirm
ed, the com

pliance show
n in the 2015-19 sizing Q

C
 

data and the acceptable repeatability of assays in both coarse crush and 
pulp duplicates, adds confidence in the belief that sam

ples in earlier drilling 
program

m
es w

ere reliably prepared. 

C
opper assays from

 seven tw
in-hole pairs and a half core sam

pling 
com

parison program
m

e show
 that inappropriately sm

all prim
ary sam

ple 
sizes (and num

bers/counts) w
ill introduce a precision error but not an 

accuracy (bias) error.  M
ineralisation thickness is considered in classifying 

the BKM
 R

esource Estim
ate. 

Q
uality 

of 
assay 

data 
and 
laboratory 
tests 

x 
The nature, quality and appropriateness of the assaying and 
laboratory procedures used and w

hether the technique is considered 
partial or total. 

x 
For geophysical tools, spectrom

eters, handheld X
R

F instrum
ents, etc, 

the param
eters used in determ

ining the analysis including instrum
ent 

m
ake and m

odel, reading tim
es, calibrations factors applied and their 

derivation, etc. 
x 

N
ature of quality control procedures adopted (eg standards, blanks, 

duplicates, external laboratory checks) and w
hether acceptable levels 

All laboratories undertaking the sam
ple preparation and assays w

ere 
accredited over the duration of the BKM

 sam
ple analyses.  PT Intertek 

U
tam

a Laboratories in Jakarta (ITS) analysed 91%
 of the resource assay 

dataset and is KAN
 accredited. 

Q
uality C

ontrol Assay sam
ples w

ere subm
itted w

ith routine sam
ples for 

the O
X

-KSK and EN
J-KSK drilling program

m
es.  There w

ere no quality 
control sam

ples inserted into the early KSK drill sam
ples to check the 

reliability of copper results. 
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 C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

of accuracy (ie lack of bias) and precision have been established. 
Q

uality control program
m

e findings: 

EN
J-KSK com

piled a detailed assay quality control report.  H
&A has 

confirm
ed that the assay results for the Q

C
 sam

ples are as reported 
from

 the laboratories and agrees w
ith the EN

J-KSK findings, these 
being: 

x 
There is no detectable cross contam

ination issues to be 
considered 

x 
The C

R
M

 assays show
 that the laboratories (G

eoAssay, Intertek 
Services and Sucofindo) return reliable copper assays for all 
batches 

x 
C

heck assays to reference laboratories show
 good correlation 

w
ith the prim

ary laboratory copper assays. 

H
&A also notes that EN

J-KSK: 

x 
Subm

itted both barren quartz and unconsolidated sand as their 
blank m

aterial at the rate of one per batch.  The use of sand is 
not ideal as exposure to crusher contam

ination cannot be 
detected.  The inclusion rate of blanks is low

. 
x 

Sourced four standards from
 those used by PT Freeport 

Indonesia and produced one m
atrix m

atched standard from
 the 

BKM
 prospect.  G

lobally the m
atrix m

atched standard BKSH
-01 

perform
s poorly w

rt the other standards, H
&A suspects that this 

is m
ore likely due to features of the standard rather than issues 

w
ith the laboratories and therefor has no reason to question the 

reliability of the routine assay at this stage of the project. 
x 

C
opper assays of the standards from

 ITS and SFK increase from
 

~+/-1%
 difference from

 their certified values pre M
ay 2013 to +3-

5%
 difference from

 these values post M
ay 2013.  The G

A results 
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riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

are acceptable for all periods bar August 2012 w
here they are 

4%
 greater than the certified values.  EN

J-KSK offer no reason 
for the deviation in assay accuracy. 

x 
The inter-laboratory check sam

ple results analysis presented by 
EN

J-KSK show
 that assays generally differ by less than 4%

 
(m

ean paired difference).  The EN
J-KSK report does not show

 
direct com

parisons betw
een the prim

ary laboratory (G
eoAssay) 

and the check laboratory sam
ple results.  H

&A undertook this 
analysis w

hich confirm
s the EN

J-KSK findings, being that the 
um

pire laboratories’ copper assays com
pare w

ell w
ith the 

prim
ary laboratory assays. 

In addition, H
&A review

ed all laboratory inserted standards, 
duplicate assays and repeat assays inserted by G

eoAssay, 
Intertek 

Services and 
Sucofindo.  

N
o 

m
aterial issues 

w
ere 

uncovered that w
ould im

pact on assay confidence for generating 
and classifying the BKM

 2019 R
esource Estim

ate. 

O
X-KSK inserted blanks and standards into the routine sam

ple stream
 

for assay.  There is no reference in the dataset supplied to H
&A as to 

w
hich assay results belong to the quality control sam

ples, therefor 
H

&A is not able to cross-check the graphs presented by O
X

-KSK on 
the assay quality control. 

H
&A notes from

 the O
X

-KSK graphs: 

x 
The Q

C
 program

m
e undertaken is lim

ited and not ideal for 
assessing the reliability of assaying of sam

ples to be utilized in 
generating resource estim

ates. 
x 

There is no concern regarding the degree of cross-sam
ple 

contam
ination. 
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riteria 

JO
R

C
 C

ode explanation 
C
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m

entary 

x 
C

R
M

 standards show
 that laboratory perform

ance for early 
batches (K30001 to K30009) is of concern, as: 

o 
All copper results for standard O

R
EAS52pb (3338ppm

 
C

u) are w
ithin the “w

arning” classification (>2StdD
ev 

from
 expected value as specified by the C

R
M

 
docum

entation). 
o 

C
opper results for the inserted standard O

R
EAS50pb 

(7440ppm
 C

u) are m
ore in alignm

ent w
ith their expected 

value, how
ever the precision in batches K30001 to 

K30009 is poor com
pared w

ith batches K30010 and 
above. 

The reliability of copper results for batches K30001 to 
K30009 is yet to be confirm

ed.  The reliability of copper 
assays from

 a single hole KBK
-0021 is im

pacted by the 
dim

inished confidence in these assays.  C
lustering of 

holes in proxim
ity of KBK

-0021 has restricted the im
pact 

of this hole on the resource estim
ate and no M

easured 
R

esources have been classified proxim
al to KBK

-0021. 

H
&A is of the opinion that the copper assays for the EN

J-KSK drill 
program

m
e are suitable for underpinning resource estim

ates being 
considered for C

lassification under the guidelines set out in the JO
R

C
 

C
ode 

(2012 
Edition). 

 
H

&A 
has 

com
pared 

the 
copper 

assay 
populations from

 EN
J-KSK w

ith the com
bined KSK and O

X
-KSK

 
program

m
es; and the assays from

 pre-2015 w
ith the 2015 KSK drilling 

and considers that, for the purpose of generating the BKM
 2019 

R
esource Estim

ate, all populations are statistically the sam
e.  H

&A is 
of the opinion that, although the reliability of the pre EN

J-KSK drill 
assay data (early KSK and O

X
-KSK) cannot be assessed directly, the 

sim
ilarity of the statistical-distributions adds confidence in this data 

and H
&A proposes that the probability this data containing m

aterial 
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R

C
 C

ode explanation 
C
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issues affecting accuracy or confidence in the BKM
 2019 R

esource 
Estim

ate is low
. 

KSK 2015 to 2019 drilling program
m

e: 

All sam
ples w

ere assayed for copper by ITS m
ethod IC

30 w
ith fifteen 

sam
ples returning assays of >11%

C
u being re-assayed by ITS 

m
ethod G

A30.  D
etails of the analytical m

ethods are as follow
s: 

x 
Sam

ple assay charge: IC
30 = 0.50g; G

A30 = 0.25g 
x 

D
igest m

ethod:  digested to incipient dryness w
ith N

itric, 
H

ydrochloric and Perchloric acids. The salts are re-dissolved in 
H

ydrochloric Acid and m
ade to final volum

e in a volum
etric flask 

using distilled w
ater. 

x 
Analytical m

ethod:  IC
P

-O
ES 

x 
Low

er lim
it of detection, C

u:  IC
30 = 2ppm

; G
A30 = 0.01%

 
x 

U
pper lim

it of detection, C
u: IC

30 = 10%
; G

A30 = unlim
ited.  

R
eanalysis by G

A30 is prim
arily due to the upper lim

it for IC
30 

how
ever m

ay also be conducted to confirm
 higher IC

30 grade 
results for Q

C
 purposes. 

KSK em
ployed coarse and pulp blanks (1-4%

 com
m

only 2%
 of batch), 

standards (4-7%
 com

m
only 6%

 of batch) and coarse crush and split 
duplicates (4-5%

 of batch) w
ith the routine sam

ples to assess copper 
assay reliability.  C

oarse blanks and coarse crush and split duplicates 
w

ere preferentially inserted w
here m

ineralisation w
as observed.  KSK 

pulp 
blanks 

w
ere 

inserted 
follow

ing 
standards. 

 
KSK 

utilised 
com

m
ercial standards in 2015, m

atrix m
atched standards from

 2016 
to 2018 and a m

ix of m
atrix m

atched and com
m

ercial standards in 
2019. 

ITS included blanks (2-3%
 of batch), standards (6-10%

), second 
charges (sam

e batch, 5-7%
) and repeat assays (subsequent assay 
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riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

batch, 4-6%
) in the analytical stream

.  Sizing test results (4%
 of batch) 

show
 that all batches m

et com
m

inution requirem
ents for both the 

crushing and pulverizing stages of sam
ple preparation. 

Both the KSK and ITS Q
C

 data and results from
 an um

pire laboratory 
assay program

m
e undertaken in 2015 m

ake up the copper assay 
quality control dataset for BKM

.  Findings regarding copper assay 
reliability are: 

x 
There are no contam

ination or carry-over issues detected in 
the coarse blanks or pulp blanks (both KSK and ITS). 

x 
N

o m
aterial issues w

ere detected in the KSK or ITS 
standards.  There is a +5%

 relative difference system
atically 

reported for the BKM
 M

ED
 standard (m

easured vs expected) 
w

hich is attributed to the determ
ination of the certified value, 

w
here O

re R
esearch & Exploration (certifier) elim

inated the 
results of tw

o laboratories that returned high grades from
 

their analyses of the standard.  W
ith the results from

 these 
laboratories included in the certification data the expected 
grade lifts and the com

pliance of this standard im
proves and 

is m
ore in line w

ith the BKM
 LO

W
 and BKM

 H
IG

H
 standards’ 

perform
ances. 

Tw
o batches assayed in 2019 returned spuriously low

 assays 
for the m

atrix m
atched standards inserted.  Investigations 

indicted that the standards’ integrity w
as com

prom
ised and re-

assaying w
ith additional standards proved this to be the case.  

The re-assayed values w
ere included in the resource dataset.   

x 
The KSK C

oarse crush and split duplicate copper assays 
show

 acceptable repeatability (%
AM

PD
 = 0.5%

 and 
|%

AM
PD

| = 2.4%
 for m

ineralised sam
ples >2000ppm

 C
u) as 
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JO
R

C
 C

ode explanation 
C

om
m

entary 

do the ITS second charge assay duplicates (%
AM

PD
 = -

0.2%
 and |%

A
M

PD
| = 1.8%

 for m
ineralised sam

ples 
>2000ppm

 C
u) and the ITS repeat assay duplicates 

(%
AM

P
D

 = 0.1%
 and |%

AM
PD

| = 1.5%
 for m

ineralised 
sam

ples >2000ppm
 C

u). 

ITS and H
&A investigated the issue of 25 duplicate coarse 

crush and split pairs returning >5%
AM

PD
 in the 2015 drilling 

dataset.  N
o definitive explanation w

as uncovered.  H
&A

 
suspects that the discrepancy is due to a hygiene issue as the 
issue is not present in contiguous check sam

ples or in the 
2016-19 Q

C
 dataset.  The 2015 copper assay data com

pares 
w

ell w
ith the pre and post 2015 datasets, indicating that any 

issue relating to the poor copper grade repeatability in coarse 
crush and split duplicate assays w

ill not m
aterially im

pact on 
the confidence of the 2019 R

esource Estim
ate. 

x 
C

oarse reject and pulps from
 45 m

ostly m
ineralised sam

ples 
(>2000ppm

 C
u) w

ere selected from
 the 2015 ITS assay 

batches and dispatched to PT G
eoAssay Laboratory, 

Jakarta (G
A) w

here copper <1.0%
 w

as assayed by m
ethod 

G
AI03 (0.5g charge, 3 acid digest, IC

P
-O

ES determ
ination) 

and copper >1.0%
 assayed by m

ethod G
O

A03 (1.0g charge, 
3 acid digest, AAS determ

ination).   

The assaying of coarse reject m
aterial show

s a %
AM

P
D

 of -
2.0%

 and |%
AM

PD
| of 5.2%

 w
hen com

pared w
ith the original 

ITS assay and the check assaying of the pulp m
aterial show

s 
a %

AM
PD

 of -3.0%
 and |%

A
M

PD
| of 5.9%

 w
hen com

pared 
w

ith the original ITS assay.  Although the inter laboratory 
assay checks do not show

 excellent repeatability w
ith the ITS 

assays, they support the robustness of the original ITS assays 
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R

C
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ode explanation 
C
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m

entary 

and further increase view
 that the ITS assays are robust and 

reliable for use in estim
ating copper m

ineralisation at BK. 

C
om

parison 
of 

C
opper 

Assays 
from

 
pre-2015, 

2015 
and 

2016-19 
Program

m
es: 

The copper assays from
 each of the three drilling cam

paign periods show
 

com
parable population distributions and can be com

bined for estim
ating 

the 2019 resources.  A base shift observed betw
een the pre2016 and 

the2016-19 drill program
m

e copper grades is explained by the spatial 
distribution of the holes w

ithin each drill period, w
ith a significantly higher 

portion holes drilled into the better m
ineralised areas of the deposit 

pre2016 and a higher portion of the 2016-19 holes in the areas peripheral 
to the high grade areas (than in the pre2016 hole dataset).  Additional 
confidence that there is no issue w

ith com
bining the datasets is obtained 

from
 the reconciliation betw

een the 2015, 2017 and 2019 resource 
estim

ates. 

Verification of 
sam

pling and 
assaying 

x 
The verification of significant intersections by either independent or 
alternative com

pany personnel. 
x 

The use of tw
inned holes. 

x 
D

ocum
entation of prim

ary data, data entry procedures, data 
verification, data storage (physical and electronic) protocols. 

x 
D

iscuss any adjustm
ent to assay data. 

There has been no independent sam
pling undertaken on the BKM

 
m

ineralisation. 

A num
ber of studies w

ere undertaken w
hich w

hen assessed as a w
hole 

add confidence in the validity of the BKM
 resource dataset.  These studies 

w
ere: 

x 
KSK in 2015 and EN

J-KSK in 2012-13 undertook reference 
laboratory program

m
es w

ith acceptable results. 
x 

Seven tw
in holes drilled at BKM

 allow
 assessm

ent of the 
prim

ary sam
pling error at BKM

 and a com
parison betw

een 
the KSK 2015 and 2017 drilling.  A good com

parison in 
grade tenor, m

ineralised intercept lengths and num
ber of 

identified dom
ains w

as achieved in this drilling dataset. 
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x 
Seventeen holes have been drilled w

ith an easterly attitude, 
seven w

ith a southerly attitude and sixteen sub-vertically.  
These holes form

 crossed pairs w
ith w

esterly drilled holes to 
generate a dataset to assess the prim

ary sam
pling error 

associated w
ith drilling direction.  W

hen copper assay 
population distributions are assessed there is no m

aterial 
difference betw

een a dataset generated by either drill hole 
direction for w

esterly holes and easterly holes and for the 
low

er 60%
 of the population datasets for holes drilled 

southerly and w
esterly.  It is indicated that sim

ilar resource 
estim

ates for copper m
ineralisation at BKM

 w
ould be 

generated from
 datasets obtained from

 predom
inantly 

w
esterly or predom

inantly easterly drilled holes. 
x 

A com
parison of drilling datasets from

 the pre-2015 EN
J, 

pre-2015 KSK, 2015 KSK and 2016-19 KSK periods confirm
 

that each of these subsets have sam
pled the sam

e copper 
m

ineralisation, w
ith the only significantly different dataset 

being the 2016-19 dataset w
hich, as designed, contains a 

higher proportion of holes drilling peripheral and low
er grade 

m
ineralisation as opposed to the earlier drilling w

hich 
targeted the thicker and higher tenor m

ineralisation in the 
core of BKM

. 
x 

All sam
ples from

 the 2015 to 2018 drilling program
m

es 
containing greater than 1000ppm

 copper w
ere subm

itted for 
sequential copper assays at Bureau Veritas M

inerals 
M

etallurgical Laboratory, Perth W
A.  Issues relating to 

sam
ple loss w

ere encountered how
ever results confirm

 that 
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ode explanation 
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copper m
ineralisation of the tenor established from

 the ITS 
assays exist at BKM

. 

A com
prehensive optical m

ineralogy program
m

e has identified a zoned 
distribution of chalcocite, covellite, bornite and chalcopyrite m

inerals at 
BKM

 and the global copper grade distribution reflects the relative portions 
of each of these m

inerals at various locations at BKM
. 

Location 
of 

data points 
x 

Accuracy and quality of surveys used to locate drill holes (collar and 
dow

n-hole surveys), trenches, m
ine w

orkings and other locations 
used in M

ineral R
esource estim

ation. 
x 

Specification of the grid system
 used. 

x 
Q

uality and adequacy of topographic control. 

All resource w
ork is undertaken and recorded in W

G
S84, U

TM
 Zone 49S.   

H
&A has verified this at site by G

PS surveying four pre-2015 drill collar 
locations and confirm

ed that the surveys m
atch the recorded data and the 

inscriptions 
physically 

stam
ped 

on 
the 

drill 
collars. 

 There 
are no 

translation issues at BKM
 and the grid references for drill holes and the 

LID
AR

 topographic surface are congruent. 

C
ollars locations are w

ell established by survey pickup and drill trace 
locations are w

ell established through appropriately spaced dow
nhole 

survey readings.  There are 30 pre 2015 hole collars not surveyed and 
their G

PS and com
pass and tape generated locations have been validated 

by confirm
ing against original location files and by com

paring R
Ls w

ith the 
BKM

 LID
A

R
 data.  C

onfidence in the trace path of the 30 pre-2015 holes 
m

issing dow
nhole surveys is garnered from

 observations in the traces 
from

 surveyed holes w
here deviations are sm

all and effects of location 
errors m

inim
al due to the orthogonal relationship betw

een trace and 
m

ineralisation dom
ain contact attitudes. 

D
ata 

spacing 
and 
distribution 

x 
D

ata spacing for reporting of Exploration R
esults. 

x 
W

hether the data spacing and distribution is sufficient to establish the 
degree of geological and grade continuity appropriate for the M

ineral 
R

esource and O
re R

eserve estim
ation procedure(s) and 

classifications applied. 
x 

W
hether sam

ple com
positing has been applied. 

The 2019 BKM
 resource m

odel covers the 1300m
 north-south strike, 

800m
 w

idth and up to 300m
 vertical extent of the BKM

 m
ineralized system

 
w

hich w
ell defines the extent of this near surface m

ineralisation.  The 
m

odel is underpinned by data from
 267 m

ostly w
esterly oriented diam

ond 
drill holes (36,857m

) drilled on a nom
inal 50m

 X 50m
 grid.  This drill 

spacing w
as selected from

 outputs of a conditional sim
ulation study 

undertaken in 2016 designed to identify the optim
al drill spacing enabling 

resources to be consider for all resource classifications under the JO
R

C
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C
ode (2012 Edition).  62 holes have been drilled at alternate orientations 

and these holes confirm
 geological and grade continuity in volum

es of the 
resource considered for M

easured C
lassification (JO

R
C

, 2012). 

84%
 of m

ineralised drill core is sam
pled at 1m

 lengths, 5%
 at 2m

 lengths 
(2015 holes) and 5%

 at 3m
 lengths (pre-2015 holes). 

O
rientation of 

data 
in 

relation 
to 

geological 
structure 

x 
W

hether the orientation of sam
pling achieves unbiased sam

pling of 
possible structures and the extent to w

hich this is know
n, considering 

the deposit type. 
x 

If the relationship betw
een the drilling orientation and the orientation 

of key m
ineralised structures is considered to have introduced a 

sam
pling bias, this should be assessed and reported if m

aterial. 

The 
predom

inant 
w

esterly 
oriented 

drilling 
at 

BKM
 

is 
designed 

to 
orthogonally 

intercept 
the 

m
ostly 

30 
degree, 

structurally 
controlled 

easterly dipping planar m
ineralised dom

ains at BKM
.  62 alternatively 

oriented holes create datasets to test the data gap (potential structures 
and m

ineralisation oriented at acute angles to the drill direction) and 
internal grade orientation(s) w

ithin the m
ineralised zones. 

C
onfidence in m

odelled geological continuity is obtained from
: 

x 
Infill drilling intercepting m

ineralised dom
ains w

here planned 
(TIN

 m
odel updates m

ostly involved snapping existing surfaces 
to new

 holes). 
x 

The four sets of alternately oriented holes intercepted the sam
e 

num
ber of m

ineralised dom
ains and sam

e thickness of dom
ains 

as the w
esterly oriented holes crossing their paths. 

x 
M

ineralised dom
ain orientation and grade distribution is as 

expected from
 a low

 angle thrust fault structural setting. 

C
onfidence in m

odelled grade continuity is obtained from
: 

x 
The relationship betw

een copper grade and host copper m
ineral 

species distribution. 
x 

The relationship of copper grade tenor w
ith m

ineralisation 
related alteration zonation. 

x 
The correlation of copper grades in the seven tw

in hole pair 
dataset, the seventeen easterly vs w

esterly cross-hole paired 
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dataset and the five southerly vs w
esterly cross-hole paired 

dataset. 

The sim
ilarity of data subsets generated by selecting each of the drilling 

program
m

es. 

Sam
ple 

security 
x 

The m
easures taken to ensure sam

ple security. 
Sam

ple security, sam
ple provenance and chain of custody docum

entation 
has im

proved over tim
e w

here, in 2015-19, significant m
etadata is 

recorded 
for 

each 
hole, 

including 
photographs 

depicting 
activities 

undertaken at key stages of the processing chain (in particular sam
pling 

and sam
ple dispatching).  Tam

per proof and num
bered zip-ties w

ere 
em

ployed in the 2015-19 drill program
m

es.  The high degree of sim
ilarity 

betw
een the 2015 and pre-2015 copper datasets adds confidence that the 

earlier, less secure sam
ples have not been com

prom
ised.  

Audits 
or 

review
s 

x 
The results of any audits or review

s of sam
pling techniques and data. 

H
&A audited and im

proved the KSK core yard and ITS sam
ple preparation 

protocols in June 2015.  The follow
ing changes w

ere introduced and 
m

onitored throughout the 2015-19 drilling cam
paigns: 

x 
R

eview
ing analytical m

ethod; resulting in increasing the 
elem

ents reported by ITS
, 

x 
R

eview
ing standard type, grade ranges, insertion positions and 

rates; resulting in preferentially positioning coarse blanks and 
duplicates in m

ineralised intervals, and introduction of BKM
 

m
atrix m

atched standards, 
x 

Assessing sam
ple dispatch sizes w

rt the standard inclusion rates 
and ITS laboratory batch/w

ork flow
 sheet; resulting in an 

increase in batch sizes, 
x 

R
eview

ing standards, duplicates and blanks perform
ance for 

assays already received (batches BKM
00[3-12, 15-24]; resulting 

in feedback to laboratory regarding copper assay drift and 
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correction issues and the continuation of -2m
m

 crush and split of 
prim

ary sam
ple to produce a ~1kg subsam

ple for pulverizing, 
x 

R
eview

 of SG
 determ

ination; resulting in new
 protocols to 

correctly accom
m

odate porous m
aterial and w

orkstation setup 
im

provem
ent, 

x 
R

eview
 of dow

nhole survey procedure; resulting in im
proved 

survey intervals and Q
A m

easures for m
onitoring survey tool 

reliability, 
x 

R
eview

 of core handling and logging procedures; resulting in 
m

inim
izing handling of core, introduction of vein logging and 

internal core loss logging, 
x 

R
eview

 of sam
pling procedures; resulting in im

proved hygiene 
protocols, 

x 
A visit to the ITS Jakarta laboratory to review

 sam
ple preparation 

w
orkstations and procedures; resulting in the follow

ing key 
recom

m
endations and requests: 

o 
The Boyd C

rusher to be used exclusively for reducing 
the sam

ples to -2m
m

 in size, 
o 

Barren w
ash to be processed betw

een each sam
ple 

processed through the crusher and pulveriser, 
o 

U
se pulp package that is capable of holding >>250g 

(e.g. 500g) and ensure that the 250g pulp m
aterial is not 

tightly packed into this satchel (allow
ing analytical 

charge to be selected from
 any portion of in the satchel), 

o 
Both the -2m

m
 and -75m

icron com
m

inution test results 
to be reported w

ith assay results. 

H
&A and KSK m

onitored adherence to protocols through on receipt and 
periodic evaluation of routine and Q

C
 data and through assessm

ent during 
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periodic site visits by senior personnel.  KSK personnel have follow
ed the 

protocols diligently and consistently throughout all drilling program
m

es. 

S
ection 2 R

eporting of E
xploration R

esults 
(Criteria listed in the preceding section also apply to this section.) 

C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

M
ineral 

tenem
ent and 

land 
tenure 

status 

x 
Type, reference nam

e/num
ber, location and ow

nership including 
agreem

ents or m
aterial issues w

ith third parties such as joint 
ventures, partnerships, overriding royalties, native title interests, 
historical sites, w

ilderness or national park and environm
ental 

settings. 
x 

The security of the tenure held at the tim
e of reporting along w

ith any 
know

n im
pedim

ents to obtaining a licence to operate in the area. 

PT Kalim
antan Surya Kencana (KSK, incorporated in Indonesia) is the 

100%
 ow

ner of the 6
th generation C

ontract of W
ork (KSK C

oW
) w

ithin 
w

hich BKM
 is located.  KSK in turn is ow

ned 75%
 by Indokal Lim

ited 
(incorporated in H

ong Kong) and 25%
 by PT Pancaran C

ahaya Kahayan 
(incorporated in Indonesia).  Indokal Lim

ited ow
ns 99%

 of PT Pancaran 
C

ahaya Kahayan w
ith the rem

aining 1%
 ow

ned by M
r M

ansur G
eiger 

(held in trust for Asiam
et R

esources Lim
ited).  The parent com

pany to the 
corporate structure is a Berm

uda com
pany, Asiam

et R
esources Lim

ited 
(AM

R
), form

ally Kalim
antan G

old C
orporation Lim

ited, w
hich is a publicly 

listed com
pany on the AIM

 (London) stock exchange.  AM
R

 ow
ns 100%

 
of the shares in Indokal Lim

ited. 

O
n 8 M

ay 2019, the KSK licence w
as upgraded to Production O

peration 
Stage by the M

inistry of Energy and M
ineral R

esources, Indonesia.   The 
im

pact of this upgrade m
eans the KSK C

oW
 is now

 in the C
onstruction 

Period, w
hich is a three year tim

e fram
e, w

hich is then follow
ed by an 

O
peration Production period for 30 years, w

ith extensions thereafter.  O
n 

26 M
arch 2018, the C

om
pany announced am

endm
ents to the KSK C

oW
 

of w
hich the key features noted in public releases by KSK are: 

x 
Tenure secured for 30 years and can be extended up to 50 
years. 

x 
KSK now

 has 39,000 hectares under the KSK C
oW

. 
x 

The fiscal fram
ew

ork includes: 
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o 
Setting of the tax rate either at the prevailing rate 
(currently 25%

) or no greater than 30%
. 

o 
C

opper royalty rate of 4%
, gold 3.75%

 and silver 3.25%
 

o 
KSK w

ill receive a tax holiday and/or tax reduction for 
im

ported capital goods. 
x 

N
o divestm

ent required until after the 10th year of production  
x 

The am
ended C

oW
 requires the C

om
pany to w

ork tow
ards and 

assist the G
O

I in supporting the policy of establishing m
etals 

processing facilities in Indonesia. Asiam
et plans to produce LM

E 
G

rade (99.99%
) copper cathode at BKM

 and as such w
ill satisfy 

the criteria. 
x 

The am
ended C

oW
 currently contem

plates the priority use of 
local labour, products and registered m

ining service com
panies. 

Indonesian nationals currently com
prise 98%

 of the KSK 
w

orkforce.  KSK has strong com
m

unity engagem
ent and inform

s 
H

&A that it w
ill continue to support the developm

ent of local 
com

m
unities in the areas in w

hich it operates. 

Exploration 
done by other 
parties 

x 
Acknow

ledgm
ent and appraisal of exploration by other parties. 

O
ther than drilling undertaken by joint venture parties (already discussed 

in appropriate sections of this docum
ent) there has been no w

ork 
undertaken at BKM

 by other or historic com
panies. 

G
eology 

x 
D

eposit type, geological setting and style of m
ineralisation. 

The KSK C
oW

 is situated w
ithin a m

id-Tertiary age m
agm

atic arc that 
hosts a num

ber of epitherm
al gold deposits (e.g., Kelian, Indon, M

uro) and 
significant prospects such as M

uyup, M
asupa R

ia, G
unung M

as and 
M

irah. 

C
opper-gold m

ineralization in the KSK C
oW

 is associated w
ith a num

ber 
of intrusions that have been em

placed at shallow
 crustal levels at the 

junction betw
een M

esozoic m
etam

orphic rocks to the south and accreted 
Low

er Tertiary sedim
ents to the north.  O

lder intrusions, and associated 
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volcanic and volcaniclastic rocks, of probably C
retaceous age also outcrop 

along this contact. 

Structures in the region are dom
inated by a northeast striking set of faults 

that are interpreted to be features of the Kalim
antan Suture and are 

probably 
arc 

parallel, 
or 

accretionary, faults. 
 

Subsidiary 
northw

est 
trending arc norm

al, or transfer faults cross-cut the northeast structures. 

Large circular features, that are evident on satellite, landsat, radar, and 
aerial photo im

ages com
m

only coincide w
ith the m

id-Tertiary intrusions 
and associated m

agnetic high anom
alies.  These circular structures are 

interpreted to be volcanic collapse features and they host m
any of the 

porphyry copper-gold prospects w
ithin the KSK C

oW
.  To date, m

ore than 
38 porphyry and porphyry-related copper and/or gold prospects have been 
defined in the KSK C

oW
, and only a few

 of these, nam
ely the Baroi, 

M
ansur and Beruang prospects have undergone any detailed exploration. 

There have been tw
o geological m

apping program
m

es over the Beruang 
Kanan area.  Early m

apping (pre 2007) describes rock types and alteration 
and m

ineralisation styles in the area.  This m
apping and the descriptions 

are confirm
ed by the 2017 m

apping w
hich goes further in presenting the 

structural setting in the area and grouping lithologies into form
ations based 

on geological settings and structural dom
ains.  The 2017 m

apping is 
presented in this docum

ent: 
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eological sum
m

ary m
ap of the Beruang Kanan Project area (Sean 

W
estbrook, O

re Technics, 2018). 
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Setting and Lithologies: 

The geology of the Beruang Kanan D
istrict consists of a volcano-

sedim
entary succession of com

positionally and texturally diverse dacitic 
to andesitic volcanics and associated volcaniclastics intercalated w

ith 
m

arine sedim
entary sequences. The volcano-sedim

entary succession is 
intruded by dioritic-andesitic stocks and dykes of the Sintang Intrusive 
suite. 

Five m
ain lithostratigraphic form

ations are proposed in the Beruang Kanan 
area on the basis of the dom

inant facies recorded from
 the m

apping: (1) 
W

estern Sedim
entary Form

ation, (2) C
entral Volcaniclastics Form

ation, 
(3) Eastern Volcaniclastics Form

ation, (4) Andesitic Volcanic Form
ations, 

and (5) Eastern Sedim
entary Form

ation.  D
ioritic intrusive bodies occur 

throughout the Beruang Kanan D
istrict area.  Tw

o m
ain intrusive suites 

appear to be present: (1) Early Sintang Intrusives (Q
uartz-Feldspar 

Porphyries) and (2) Late Sintang Intrusives (M
icrodiorite and D

iorite 
Porphyry). 

Structure: 

Three m
ain fault set directions w

ere identified w
ithin the Beruang Kanan 

Project area: (1) N
-S trending thrust faults, (2) N

W
 trending faults, and (3) 

N
E trending faults.  At least tw

o m
ajor N

-S to N
N

W
 trending, shallow

 to 
m

oderate east dipping thrust faults occur along the eastern boundary of 
the Beruang Kanan Project area. These have been nam

ed (a) the Eastern 
Thrust, w

hich form
s the contact betw

een the Eastern Sedim
ents (hanging 

w
all) and the Eastern Volcaniclastics (footw

all) and (b) the Beruang 
Thrust. 

 
 

The 
Beruang 

Thrust 
m

arks 
the 

contact 
of 

the 
Eastern 

Volcaniclastics 
(hanging 

w
all) 

and 
the 

Beruang 
Andesitic 

Volcanics 
(footw

all) and also represents the approxim
ate upper surface of a project- 

to district-scale, 50 to 150 m
 thick shear zone that is interpreted to have 

played a key role in the ore form
ing history at BKM

 and BKZ. 
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Shearing in the footw
all of the Beruang Thrust is evident through the 

developm
ent of a tectonic cleavage and locally intense shear zones 

throughout m
uch of the Beruang Andesitic Volcanics host sequence at 

BKM
 as w

ell as the E
astern Volcaniclastics at BKZ.  At BK

M
 m

easured 
cleavage dip angles vary betw

een 15 and 48 degrees, averaging around 
30 degrees (overall east to southeast dip direction).  C

leavage dip 
directions are also highly variable throughout the BKM

 area, indicating that 
the surfaces are irregular (undulating) along strike as w

ell as dow
n dip.  

The cleavage is generally absent in m
ore com

petent, m
assive silica 

altered host, w
ith deform

ation m
ore com

m
only reflected as zones of 

strong to intense fracturing, brecciation and crush zones.  At BKM
, 

cleavage developm
ent and local shearing is m

ost intense over a zone of 
som

e 50 to 150 m
 thick from

 surface. 

A set of at least three significant district-scale N
W

 trending faults w
ere 

m
apped transecting the project area from

 BK
S through BKM

 and into the 
northern BKW

 area.  N
um

erous other sm
aller faults of the sim

ilar 
orientation w

ere also m
apped throughout the area.  These faults have dips 

to the northeast ranging betw
een 59 and 75 degrees and norm

al to slightly 
oblique dip-slip sense of m

ovem
ent.   

N
E to N

N
E trending faults w

ere m
apped throughout the project area.  D

ip 
and dip directions on the faults are variable, ranging from

 m
oderate (50-

70 degrees) through to sub-vertical (up to 85 degrees) and tow
ards either 

N
W

 or SE. 

Zones of phyllic and silicic alteration and m
ineralisation of variable 

intensity is com
m

only observed associated w
ith the N

W
 and N

E trending 
faults.  Intersection of m

ajor fault sets is considered im
portant in focusing 

the ore form
ing system

 at BKM
 and BKZ. 

BKM
 Alteration and M

ineralisation: 

At BKM
, quartz-sulphide and sulphide stockw

ork m
ineralisation occurs 

hosted in and enveloped by a zoned alteration system
 characterised by 
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an inner zone of intense, pervasive, texturally destructive silica dom
inant 

alteration surrounded by an outer zone of intense to m
oderate sericite-

chlorite-clay (SC
C

) alteration.  The m
ineralised system

 is largely hosted 
by the Beruang Andesite Volcanics in the footw

all of the Beruang Thrust.  
The m

ineralisation and alteration zone trends broadly N
-S, parallel and 

adjacent to the Beruang Thrust and has a sharp eastern boundary against 
the thrust, rarely extending into the hangingw

all of the thrust. 

Prim
ary 

copper 
m

ineralogy 
at 

BKM
 

occurs 
as 

chalcopyrite±bornite 
com

m
only associated w

ith abundant pyrite.  Supergene related chalcocite 
and covellite is com

m
on near-surface and extending to depths of greater 

than 100m
.  M

ineralisation styles at BKM
 are variable, reflecting a com

plex 
alteration and deform

ation history.  In the foliated and sheared outer SC
C

 
alteration zone, m

ineralisation occurs as dissem
inated, quartz-sulphide 

veins, sulphide veins, and sem
i-m

assive to locally m
assive sulphide zones 

that have focused along perm
eability induced by the tectonic foliation 

cleavage (interpreted to be related to deform
ation associated w

ith the 
Beruang Thrust) and locally as fracture-fill associated w

ith larger quartz 
veins 

and 
zones 

of 
m

ore 
intense 

silica 
alteration. 

 
M

ineralisation 
associated w

ith the inner silica alteration zone is often higher grade than 
the outer zone and predom

inantly as fractured-controlled sulphide and 
quartz-sulphide veins and veinlet netw

orks that have utilised perm
eability 

induced by brittle fracturing of the hard, com
petent intensely silicified rock 

and quartz veins.  Textural evidence indicates that the m
ain phase of 

sulphide m
ineralisation w

as relatively late. 

It is proposed that several factors have com
bined to result in the form

ation 
of the m

ineralisation at BKM
, including: 

x 
Extensive quench fracturing and brecciation of andesitic lava 
due to the w

ater-lava interaction in the sub-m
arine environm

ent 
creating a high porosity in the early host; 
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x 
An early phase nodular-textured/perlitic(?) silicification phase 
that exploited the perm

eability of the quench fractures and/or 
breccia m

atrix and resulted in textures such as the w
hispy 

breccia. 
x 

Later com
plex polyphase alteration phases (and m

ineralisation?) 
further exploited the porosity of fractured nodular quartz 
silicification overprinted on this earlier quartz phase, com

m
only 

leading to further, m
ore pervasive alteration of the host rock; 

x 
Extensive shearing and developm

ent of an anastom
osing 

tectonic cleavage in the footw
all below

 the Beruang Thrust that 
enhanced perm

eability for sulphide m
ineralising fluids and later 

supergene processes. 
x 

Extensive brittle fracturing of the inner silicic alteration zones, 
also increasing the porosity and enhancing fluid low

; 
x 

The intersection of m
ultiple cross-cutting m

ajor faults acting to 
focus district to regional scale fluid flow

. 
In term

s of deposit style, the BKM
 and BKZ m

ineralisation appears to have 
m

ore in com
m

on w
ith VH

M
S system

s than a porphyry system
. 

D
rill 

hole 
Inform

ation 
x 

A sum
m

ary of all inform
ation m

aterial to the understanding of the 
exploration results including a tabulation of the follow

ing inform
ation 

for all M
aterial drill holes: 

o 
easting and northing of the drill hole collar 

o 
elevation or R

L (R
educed Level – elevation above sea level in 

m
etres) of the drill hole collar 

o 
dip and azim

uth of the hole 
o 

dow
n hole length and interception depth 

o 
hole length. 

x 
If the exclusion of this inform

ation is justified on the basis that the 
inform

ation is not M
aterial and this exclusion does not detract from

 

The BKM
 prospect has been a focus of copper exploration in the KSK 

C
oW

 for 22 years, being the subject of drilling for KSK and joint venture 
partners in nine distinct program

m
es totalling 318 holes (see entries under 

“Sam
pling Techniques and D

ata” section of this docum
ent for details 

regarding drillhole and drill program
m

e m
etadata i.e. hole and sam

ple 
location, extents of drilling, drillhole orientations, drilling and sam

pling 
techniques etc.). 

267 holes (totalling 36,857m
) intersected significant m

ineralisation and the 
BKM

 resource m
odel is underpinned by 838 nom

inal 3m
 drill intervals 

(2,399m
) in historical drill holes and 9,804 nom

inal 1m
 drill intervals 

(10,438m
) in holes drilled from

 2015 to 2019.  744 individual recognised 
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the understanding of the report, the C
om

petent Person should clearly 
explain w

hy this is the case. 
and m

odelled intercepts (≥2000ppm
) range from

 1m
 to 118m

 long, 
averaging 17m

 (79%
 are greater than 4m

 long) and 6960ppm
 C

u 
(intercept lengths approxim

ate true thickness as w
esterly drilled holes 

orthogonally intersect the m
ineralised dom

ains).  See entries under the 
“Estim

ation and R
eporting of M

ineral R
esources” for further details of 

m
ineralised intercepts and copper resource m

odelling. 

D
ata 

aggregation 
m

ethods 

x 
In reporting E

xploration R
esults, w

eighting averaging techniques, 
m

axim
um

 and/or m
inim

um
 grade truncations (eg cutting of high 

grades) and cut-off grades are usually M
aterial and should be stated. 

x 
W

here aggregate intercepts incorporate short lengths of high grade 
results and longer lengths of low

 grade results, the procedure used 
for such aggregation should be stated and som

e typical exam
ples of 

such aggregations should be show
n in detail. 

x 
The assum

ptions used for any reporting of m
etal equivalent values 

should be clearly stated. 

Statistical assessm
ent of the copper assay data at BKM

 show
s that three 

distinct population groupings exist.  These being: 

x 
An extrem

ely low
 population (25%

 of the dataset), being less 
than 60ppm

 copper. 
x 

A m
arginally elevated background population w

ith grades 
greater than 60ppm

 and less than ~1000ppm
 copper. 

x 
A m

ineralised population (as defined in the “Estim
ation and 

R
eporting of M

ineral R
esources” of this docum

ent) w
ith a low

er 
population inflection point on a log probability plot being 
som

ew
here along a curve com

m
encing at 1000ppm

 and ending 
at 3000ppm

 copper. 

Identifying intercepts for inclusion in the resource m
odelling w

as a three 
pass process.  These being: 

1. 
Executing a com

positing and data coding process that utilized 
the follow

ing param
eters, run sequentially: 

a. 
C

om
positing intervals ≥3m

 w
here individual sam

ple 
copper grades are ≥2000ppm

. 
b. 

Linking sequential copper com
posites from

 first run if 
separated by ≤3m

 (i.e. m
axim

um
 of 3m

 internal dilution). 
c. 

Expanding upper and low
er contacts of com

posites from
 

second run increm
entally if an interval w

ithin 4m
 has a 
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copper grade >2000ppm
 (i.e. 3m

 of edge dilution that is 
reset and reassessed each tim

e the criteria is m
et). 

2. 
Spatially review

ing the coded assay data from
 process 1 and 

refining the upper and low
er dom

ain contacts to reflect and 
accom

m
odate the interpreted continuity of the dom

ain being 
considered/m

odeled.  This m
ay include expanding intervals to 

include lengths of >1000ppm
 m

aterial w
hich statistically m

ay 
belong to the m

ineralised population. 
3. 

Including any additional intervals in holes w
ith copper grades 

≥1000ppm
 (and sim

ilar dilution param
eters as in pass 1) that did 

not m
eet the com

positing criteria in pass 1 but fit w
ith the spatial 

continuity of m
odeled dom

ains w
ithin these holes’ vicinity. 

An assessm
ent of the assay dataset on com

pletion of the m
odelling show

s 
that 82%

 of the assays w
ithin m

ineralised dom
ains are ≥2000ppm

 copper, 
12%

 of the assays are betw
een 1000ppm

 and 2000ppm
 copper and a 

further 6%
 are <1000ppm

 copper.  32 of the 744 m
odelled intercepts (4%

) 
have copper grades <2000ppm

 (averaging of 1590ppm
 copper). 

O
f the assay dataset outside of copper m

ineralised dom
ains there are 

1,004 isolated sam
ples that do not fit w

ithin the dom
ained m

ineralisation 
m

odel (9%
 of all grades >2000ppm

 copper and 5%
 of the intervals outside 

of the m
odelled m

ineralisation).  These sam
ples have been included in the 

estim
ation of resources via a selective interpolation run (refer section 

“Estim
ation 

and 
R

eporting 
of 

M
ineral 

R
esources 

| 
Estim

ation 
and 

m
odelling techniques” for details). 

The analysis of copper grades proxim
al to m

odelled dom
ain contacts adds 

confidence that the 2000ppm
 copper m

odelling cut is a suitable hard 
boundary to apply in grade interpolation and that there is likely to be a 
geological control that appears at this low

er cut.  This grade tenor shift is 
revealed in the follow

ing table: 
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3m

 length w
eighted com

posites, cut on m
ineralised dom

ain boundaries, 
w

ere generation for copper grade interpolation. 

R
elationship 

betw
een 

m
ineralisation 

w
idths 

and 
intercept 
lengths 

x 
These relationships are particularly im

portant in the reporting of 
Exploration R

esults. 
x 

If the geom
etry of the m

ineralisation w
ith respect to the drill hole 

angle is know
n, its nature should be reported. 

x 
If it is not know

n and only the dow
n hole lengths are reported, there 

should be a clear statem
ent to this effect (eg ‘dow

n hole length, true 
w

idth not know
n’). 

The m
ajority of drill holes are oriented such that they intercept the thrust 

structures and m
ineralised dom

ains orthogonally.  Those holes that are 
drilled at orientations other than w

esterly w
ere found to intercept the sam

e 
num

ber of m
ineralised interval adding to sim

ilar lengths and com
parable 

copper grade tenor to the w
esterly drilled holes that crossed their paths.  

There appears to be no issue regarding drilling orientation that w
ould 

im
pact m

aterially on the BKM
 resource estim

ate. 

D
iagram

s 
x 

Appropriate m
aps and sections (w

ith scales) and tabulations of 
intercepts should be included for any significant discovery being 
reported These should include, but not be lim

ited to a plan view
 of 

drill hole collar locations and appropriate sectional view
s. 

A com
prehensive set of tables and figures describing the data, data 

analysis and inform
ation regarding m

ineralisation and associations, the 
resource m

odelling and estim
ation process and results and resource 

classification can be found in the “Beruang Kanan M
ain Zone, Kalim

antan, 
Indonesia; 2019 R

esource Estim
ate R

eport”.  A com
prehensive set of 

tables and figures describing the m
odelling of variables utilised by 

engineers in the definition and reporting of O
re R

eserves can also be 
found in this report.  A selection of the figures and tables from

 each report 
are included in this docum

ent w
here verbal descriptions do not adequately 

portray the inform
ation in line w

ith the transparency requirem
ent of the 

JO
R

C
 C

ode. 

Balanced 
reporting 

x 
W

here com
prehensive reporting of all E

xploration R
esults is not 

practicable, representative reporting of both low
 and high grades 

and/or w
idths should be practiced to avoid m

isleading reporting of 
Exploration R

esults. 

The BKM
 2019 resource report “Beruang Kanan M

ain Zone, Kalim
antan, 

Indonesia; 2019 R
esource Estim

ate R
eport” reports on the entire body of 

w
ork undertaken in understanding and evaluating the BKM

 m
ineralisation 

and in producing and classifying the BKM
 R

esource Estim
ate and O

re 
R

eserve m
odifying variables.  This docum

ent sum
m

arises inform
ation in 

the above m
entioned report.  The reader is referred to the detailed report 
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for detailed discussions and com
prehensive descriptions of the w

ork 
undertaken and know

ledge gained from
 this w

ork. 

O
ther 

substantive 
exploration 
data 

x 
O

ther exploration data, if m
eaningful and m

aterial, should be reported 
including (but not lim

ited to): geological observations; geophysical 
survey results; geochem

ical survey results; bulk sam
ples – size and 

m
ethod of treatm

ent; m
etallurgical test results; bulk density, 

groundw
ater, geotechnical and rock characteristics; potential 

deleterious or contam
inating substances. 

Studies 
undertaken 

in 
understanding 

and 
evaluating 

the 
BKM

 
m

ineralisation and in producing and classifying the BKM
 R

esource 
Estim

ate and O
re R

eserve m
odifying variables: 

2014: 

x 
Literature review

 and sum
m

ary of all KSK technical reports and 
m

em
orandum

s. 
x 

R
eview

 logging data of m
ineralised intercepts against core 

photographs to assess fertility and functionality. 
x 

C
om

plete historic data audit and w
here required and able, 

rebuild all logging, SG
 and assay datasets. 

x 
G

eom
orphological and geological/structural interpretation of the 

BKM
 prospect and surrounds for guiding resource estim

ate 
dom

aining. 
x 

Site visit to assess m
ineralisation styles and extent. 

x 
R

esource data analyses, m
odelling, resource estim

ation and 
reporting. 

2015: 

x 
Site and laboratory visit – protocols review

 and adjustm
ent. 

x 
M

ineralisation review
 through m

ulti-elem
ent assay association 

investigation. 
x 

U
pdate structural interpretation w

ith input from
 observations 

obtained in m
ulti-elem

ent assay study. 
x 

Sequential copper assay program
m

e. 
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x 
Periodical assay quality control review

 (including um
pire assay 

results). 
x 

R
esource data analyses, m

odelling, resource estim
ation and 

reporting. 

2016: 

x 
C

onditional sim
ulation investigation into optim

um
 drillhole 

spacing; design resource update drilling. 
x 

C
reate and introduce m

atrix m
atched standards. 

x 
Site and laboratory visit – protocols review

 and adjustm
ent. 

x 
Tw

o interim
 resource m

odelling updates and data analysis 
program

m
es for internal use in review

ing and adjusting drilling 
design.   

2017: 

x 
R

eview
 and revise drilling program

m
e. 

x 
O

ptical m
ineralogy program

m
e. 

x 
Sequential copper assay program

m
e. 

x 
M

etallurgical m
aterials logging program

m
e. 

x 
Identification and m

odelling of heterogeneous physical 
properties and clayey dom

ains. 
x 

D
ata review

 and interim
 resource m

odelling update for internal 
use in review

ing and adjusting drilling design. 
x 

R
esource data analyses, m

odelling, resource estim
ation and 

reporting. 

2018: 

x 
D

egradation index logging and m
odelling. 
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x 
R

esource data analyses, m
odelling, resource estim

ation and 
reporting. 

x 
O

re reserve m
odifying factors data analyses, m

odelling, 
estim

ation and reporting. 

2019: 

R
esource data analyses, m

odelling, resource estim
ation and reporting. 

Further w
ork 

x 
The nature and scale of planned further w

ork (eg tests for lateral 
extensions or depth extensions or large-scale step-out drilling). 

x 
D

iagram
s clearly highlighting the areas of possible extensions, 

including the m
ain geological interpretations and future drilling areas, 

provided this inform
ation is not com

m
ercially sensitive. 

The resource w
ork to date on the BKM

 m
ineralisation w

as designed to 
deliver inputs suitable for underpinning the current June 2019 Feasibility 
Study.  Any further resource w

ork on the BKM
 m

ineralisation w
ill be 

planned based on inform
ation arising from

 the June 2019 Feasibility 
Study. 

S
ection 3 E

stim
ation and R

eporting of M
ineral R

esources 
(Criteria listed in section 1, and w

here relevant in section 2, also apply to this section.) 

C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

D
atabase 

integrity 
x 

M
easures taken to ensure that data has not been corrupted by, for 

exam
ple, transcription or keying errors, betw

een its initial collection 
and its use for M

ineral R
esource estim

ation purposes. 
x 

D
ata validation procedures used. 

In 2014, all historic drilling (collars and surveys), logging, structural, 
geotechnical (including recoveries and drilling data), SG

 and analytical 
datasets w

ere reconstructed from
 prim

ary logging and report files w
here 

available and assessed against the current datasets delivered by KSK.  
M

ultiple issues w
ere uncovered (detailed in “Beruang Kanan M

ain Zone, 
Kalim

antan, 
Indonesia; 

2019 
R

esource 
Estim

ate 
R

eport”) 
and 

the 
reconstructed datasets w

ere adopted by H
&A as the valid historic (pre-

2015) data for use in future resource estim
ates. 

KSK enter all core yard generated data into M
icrosoft E

xcel TM based 
datasheets and transfer these into a M

icrosoft Access
TM database.  ITS 

generates M
icrosoft E

xcel TM based assay report files containing both KSK 
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supplied sam
ples (including Q

C
 sam

ples) and laboratory Q
C

 sam
ple 

results w
hich are also entered into the KSK Access

TM database. 

H
&A has utilised all the KSK supplied datasets except for the sam

ple 
location data (drillhole collar and survey data and dow

nhole sam
pling/Q

C
 

sam
ple location data) and assay data.  These datasets w

ere created from
 

source data supplied from
 site, surveyors and laboratories through the use 

of program
m

ed im
port routines.  C

om
prehensive data validation and 

check routines w
ere applied on im

port and the final dataset, and once 
cross-checked against the KSK data the resource dataset, is stored in a 
M

inesight TO
R

Q
U

E
TM database.  A tim

e stam
ped csv copy of the coded 

resource drillhole assay dataset is exported on the date of each resource 
estim

ate and cross-checked against the previous resource export dataset 
as a check of data stability over tim

e. 

The follow
ing data validation and preparation procedures w

ere undertaken 
on the resource estim

ation datasets: 

x 
Sam

ple location:  Sam
pling intervals (overlapping and m

issing), 
dow

nhole survey deviations (spurious surveys), collar 
coordinates (surveyor pickup, check against design and LID

AR
 

topography). 

Sam
ple locations are know

n to a high degree of accuracy for all 
but 30 pre-2015 holes w

here collar coordinates could not be 
validated and drill hole traces are defined by a single collar 
spherical survey entry.  Any error in the location of sam

ples from
 

these holes is unlikely to im
pact on the robustness of the resource 

estim
ate. 

x 
Fundam

ental sam
ple error:  17 holes oriented easterly and 5 

southerly oriented holes generate dataset for testing of drill 
direction bias.  Seven tw

in holes and paired half core sam
ple 
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com
parisons test for sam

ple representivity and intra sam
ple 

variance. 

There 
w

ould 
be 

no 
m

aterial 
difference 

betw
een 

a 
dataset 

generated by either drill hole direction for w
esterly holes and 

easterly holes and for the low
er 60%

 of the population datasets 
for holes drilled southerly and w

esterly. 

The good com
parison in the tw

in hole copper grade populations 
indicate that holes have reliably tested the m

ineralisation in their 
im

m
ediate vicinity and that, in alignm

ent w
ith the alteration 

associated replacem
ent copper m

ineralisation style at BKM
, short 

range m
ineralisation features that w

ould im
pact on the reliability 

of the resource estim
ate are unlikely to exist. 

The 381 half core com
parison dataset show

s no bias and a low
 

av|%
M

PD
| of 9%

 (half core grade vs grade of total core for 
sam

ples greater than 1000ppm
). 

The fundam
ental sam

pling error is considered of low
 risk to the 

resource estim
ate. 

x 
Sam

ple preparation:  Q
C

 sam
ples included in batches; these 

being coarse blanks, crusher duplicates, pulp duplicates.  ITS 
undertook routine sizing analysis (crusher and pulveriser) and 
ran barren w

ash m
aterial betw

een sam
ples. 

N
o 

contam
ination 

detected, 
all 

sizing 
tests 

com
ply 

w
ith 

com
m

inution target and duplicate analyses show
 high correlation 

(92%
 of the 340 coarse crush duplicates returned <5%

 |M
PD

| w
ith 

the av|%
M

PD
| being 2.4%

.  Sam
ples in the batches containing 25 

duplicates returning >5%
M

PD
 in 2015 drilling program

m
e w

ere re-
tested and the reason for dim

inished correlation could not be 
identified.  KSK suspects a hygiene issue.  Any precision issue 
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introduced in these batches w
ill have low

 im
pact on the resource 

estim
ate. 

x 
Assay data:  KSK and ITS Q

C
 sam

ples; cross-check tw
o 

independently com
piled datasets and historic archives; um

pire 
laboratory checks; reconcile against sum

 of sequential copper 
assay; com

pare copper population statistics from
 each drill 

cam
paign. 

D
ata quality is suitable for underpinning resource estim

ates being 
considered for all classification under the guidelines set out in the 
JO

R
C

 C
ode (2012). 

x 
Specific gravity data:  ITS laboratory check m

easurem
ents and 

drying tests; Q
A/Q

C
 protocols (scales checking, routine w

ater 
replacem

ent; static w
ater height check); tw

o program
m

es testing 
for sam

ple selection bias; rem
oval of spurious m

easurem
ents 

(w
here greater than |3 standard deviations| from

 m
ean of 

m
easurem

ents for Fe grade range).  Porous SG
 sam

ples 
routinely dried at ITS for determ

ining dry bulk density. 

4785 SG
 m

easurem
ents (dry bulk density) m

ake the dataset for 
tonnage factor determ

ination. 

x 
C

ore recovery:  interval checks (overlapping and m
issing); re-

logging by photograph of 2588 trays containing m
ineralisation 

(82%
 of m

ineralised trays).  R
em

aining trays not relogged as 
core yard data show

ed no reason to suspect loss (i.e. 100%
 

logged recovery, long runs, tray w
eights as expected; low

 
num

ber of core blocks; no clay logged). 

All 
m

ineralised 
intervals 

assigned 
a 

recovery 
concern 

classification (no, m
inor, m

oderate, high) for assessing recovery 
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im
pact 

on 
assay 

and 
SG

 
reliability. 

 
R

ecovery 
concern 

classification m
odelled spatially to define tonnage factor and 

classification dom
ains. 

x 
Fe and S assays:  Q

C
 data available only for 2015-19 dataset 

show
 acceptable precision and accuracy for estim

ation of these 
elem

ents into the block m
odel for use in applying tonnage 

factors and estim
ating the sulphide distribution at BKM

 
x 

Sequential copper assays pre 2019:  testw
ork undertaken to 

determ
ine leach/digest param

eters for BKM
 m

aterial, standards 
and blanks and duplicates included in batches, tw

o review
s and 

im
provem

ents of protocols during processing of sam
ples.  Sum

 
of sequential assays reconciled w

ith total copper assay initially 
show

ing a 12%
 low

 bias w
hich w

as reduced to 5%
 w

ith im
proved 

w
ashing and sam

ple transfer protocols designed to m
inim

ize 
sam

ple loss during these procedures.  The loss of copper w
as 

proportioned back to the cyanide and residual com
ponents of the 

sequential assay results according to their relative 
concentrations.  Q

C
 assessm

ent show
 that the BKM

 pulps 
underw

ent significant oxidation at surprisingly rapid rates 
im

pacting on the reliability of the acid and cyanide com
ponent 

results, how
ever the sum

 of the acid plus cyanide com
ponents 

(soluble copper com
ponent) reconcile reasonably w

ell w
ith the 

expected values for the certified standards.  This data has 
issues, how

ever m
odelling of the soluble copper com

ponent of 
the BKM

 m
ineralisation w

ill present a reliable understanding of 
this variable’s distribution. 

x 
2019 N

aC
N

 copper leach assays:  Q
C

 sam
ple assays and 

spatial com
parison of this data w

ith existing pre-2019 acid+C
N

 



 

O
re Reserves Statem

ent BKM
 Copper Project. 

11 June 2019 

 45 

 C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

com
ponent of the sequential copper assays confirm

 that these 
assays are suitable for inclusion in estim

ating the soluble copper 
content of the BKM

 m
ineralisation. 

x 
C

opper m
ineral species data:  visual percent estim

ates of 
m

ineral species from
 185 coarse crush rejects of sam

ples 
selected to form

 a 50m
 x 50m

 x 50m
 3D

 array across the extent 
of m

ineralisation.  Visual estim
ates m

erged w
ith estim

ates from
 

sequential copper determ
ination of chalcocite, covellite/bornite 

and chalcopyrite content.  M
ineral abundance categories 

(absent, m
inor, present, prevalent and dom

inant) assigned to 
sam

ple locations for m
odelling and percent soluble copper 

interpolation. 
x 

M
etallurgical m

aterial code:  all holes relogged from
 core photos 

by a single person (experienced geologist) to classify intervals 
according to nine m

aterial types defined by consulting 
m

etallurgist.  These codes describe the presence and significant 
abundance of oxidation, quartz/silica, sericite, sulphide/pyrite, 
clay and friable/crushed m

aterial. 

D
egradation index:  all holes re-photographed and relogged from

 core 
photos by a single person (experienced geologist) to estim

ate the degree 
of degradation over tim

e (none, som
e, m

oderate, com
plete) and utilized 

to m
odel a m

aterial com
petency factor. 

Site visits 
x 

C
om

m
ent on any site visits undertaken by the C

om
petent Person and 

the outcom
e of those visits. 

x 
If no site visits have been undertaken indicate w

hy this is the case. 

Three site inspections and tw
o laboratory inspections undertaken betw

een 
2104 and 2016.  A further tw

o site inspections planned in 2017 w
ere 

cancelled as landslips blocked site access.  A laboratory inspection w
as 

undertaken in 2019. 



 

O
re Reserves Statem

ent BKM
 Copper Project. 

11 June 2019 

 46 

 C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

2014 visit achieved the goal of identifying copper m
ineralisation in core of 

the style and grade in the KSK assay dataset, obtained evidence of 
m

ineralisation in outcrop and evidence of historic drilling, sam
pling etc. 

The 2015 and 2016 site trips achieved their goals of review
ing and 

upgrading w
ork protocols w

here necessary.  Protocols im
plem

ented in 
2015 w

ere observed being diligently follow
ed in the 2016 site visit.  The 

protocols setup in 2015 rem
ained unchanged throughout the rem

ainder of 
the drilling at BKM

.  All Laboratory visits show
ed ITS staff to be follow

ing 
protocols and diligently undertaking activities. 

G
eological 

interpretation 
x 

C
onfidence in (or conversely, the uncertainty of ) the geological 

interpretation of the m
ineral deposit. 

x 
N

ature of the data used and of any assum
ptions m

ade. 
x 

The effect, if any, of alternative interpretations on M
ineral R

esource 
estim

ation. 
x 

The use of geology in guiding and controlling M
ineral R

esource 
estim

ation. 
x 

The factors affecting continuity both of grade and geology. 

C
opper m

ineralisation dom
ains are readily m

odelled as low
 to m

oderate 
angled easterly dipping planar bodies, strongly reflecting their geological 
low

 angle trust controls as discussed in the geology section of this 
docum

ent (above).  The shearing and structural foliation logged in core is 
clear evidence of the deform

ation intensity and it is readily interpreted that 
the fabric in host rocks w

ould have played a significant role in channelling 
m

ineralising fluids if they had the ability to at the tim
e of copper 

m
ineralisation em

placem
ent.  The initial m

ineralisation m
odels w

ere 
constructed in 2014 and the dom

ains m
odelled at that tim

e continue to 
exist w

ith infill drilling intersecting contacts w
here anticipated.  The initial 

16 planar bodies m
odelled in 2014 increased to 25 in 2015 and to 34 in 

2019, w
ith the m

ajority of the additional lenses being added in the southern 
area of BKM

 (w
here initially only four holes existed).  In addition to the 

confidence gained during the resource drilling of BKM
 further confidence 

in the m
odel is gained through the non-w

esterly drilled holes.  These holes 
(drilled in 2017 and 2019) all support the m

odel, intercepting dom
ain 

contacts in M
easured and Indicated R

esources w
here anticipated. 

It is not possible to m
odel the m

ineralisation continuity at a 2000ppm
 

threshold at any other orientation. 

M
ineralisation dom

ains are utilised in the estim
ation of the BKM

 copper 
resource as hard boundaries.  Sam

ple data (3m
 com

posites) and the block 
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m
odel are coded by the dom

ains and only those com
posites w

ithin the 
dom

ains can inform
 blocks w

ithin the dom
ains. 

G
round w

ater leaching has rem
oved copper from

 the surface oxidised 
zone.  This volum

e is dom
ained and the block m

odel coded for exclusion 
of any estim

ates to be undertaken in the contained blocks. 

A surface clay zone located im
m

ediately below
 the oxide zone exists over 

m
ost of B

KM
 and this dom

ain has been m
odelled and utilised for assigning 

tonnage factors to the resource.  It has also been utilised as a hard 
boundary in generating the m

etallurgical m
aterial and degradation m

odels.  
N

o M
easured R

esources are classified w
ithin this zone. 

Tw
o large volum

es of fractured m
aterial are located at depth along the 

N
N

E and N
W

 faults that transgress BKM
.  These zones are m

odelled and 
utilised for assigning tonnage factors to the resource.  They have also 
been utilised as a hard boundary in generating the m

etallurgical m
aterial 

and degradation m
odels.  N

o M
easured R

esources are classified w
ithin 

these zones. 

D
im

ensions 
x 

The extent and variability of the M
ineral R

esource expressed as 
length (along strike or otherw

ise), plan w
idth, and depth below

 
surface to the upper and low

er lim
its of the M

ineral R
esource. 

The 2019 BKM
 resource m

odel covers the 1300m
 north-south strike 

extent and 800m
 w

idth of the BKM
 vein style m

ineralized system
.  

M
ineralisation crops out to the w

est, is closed-off by drilling to the north 
and has som

e potential to be extended to the north-east and south.  Three 
deep holes under the m

ain zones have failed to intersect significant copper 
m

ineralisation, how
ever the depth repetition of m

ineralisation has not been 
fully tested.  There are indications from

 the structural interpretation that 
repeat system

s at depth and proxim
al to the BKM

 zone m
ay exist. 

Estim
ation 

and m
odelling 

techniques 

x 
The nature and appropriateness of the estim

ation technique(s) 
applied and key assum

ptions, including treatm
ent of extrem

e grade 
values, dom

aining, interpolation param
eters and m

axim
um

 distance 
of extrapolation from

 data points. If a com
puter assisted estim

ation 
m

ethod w
as chosen include a description of com

puter softw
are and 

param
eters used. 

D
om

aining and coding of assay sam
ples w

as undertaken in M
inesight TM 

softw
are.  C

om
positing, block m

odelling and grade interpolation w
as 

undertaken in Vulcan
TM softw

are. 

The BKM
 block m

odel param
eters are: 
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x 
The availability of check estim

ates, previous estim
ates and/or m

ine 
production records and w

hether the M
ineral R

esource estim
ate takes 

appropriate account of such data. 
x 

The assum
ptions m

ade regarding recovery of by-products. 
x 

Estim
ation of deleterious elem

ents or other non-grade variables of 
econom

ic significance (eg sulphur for acid m
ine drainage 

characterisation). 
x 

In the case of block m
odel interpolation, the block size in relation to 

the average sam
ple spacing and the search em

ployed. 
x 

Any assum
ptions behind m

odelling of selective m
ining units. 

x 
Any assum

ptions about correlation betw
een variables. 

x 
D

escription of how
 the geological interpretation w

as used to control 
the resource estim

ates. 
x 

D
iscussion of basis for using or not using grade cutting or capping. 

x 
The process of validation, the checking process used, the com

parison 
of m

odel data to drill hole data, and use of reconciliation data if 
available. 

M
odel nam

e 
: 

postestim
ate_2019.bm

f  
Form

at 
: 

extended 
S

tructure 
: 

non-regular 
N

um
ber of blocks 

: 
553669 

O
rigin 

: 
0.00 0.00 0.00 

B
earing/D

ip/P
lunge 

: 
90.00 0.00 0.00 

Schem
a <parent> 

O
ffset 

m
inim

um
 : 768200.0 9931400.0 100.0 

m
axim

um
 : 769250.0 9932900.0 600.0 

Blocks m
inim

um
 : 25.0 25.0 10.0 

m
axim

um
 : 25.0 25.0 10.0 

N
o of blocks : 42 60 50 

 Schem
a <subblock> 

O
ffset 

m
inim

um
 : 768200.0 9931400.0 100.0 

m
axim

um
 : 769250.0 9932900.0 600.0 

Blocks m
inim

um
 : 5.0 5.0 2.0 

m
axim

um
 : 25.0 25.0 10.0 

N
o of blocks : 210 300 250 

Parent block northing and easting dim
ensions are ½

 drill spacing w
ith 

parent block centroids positioned off sections lines.  The parent block R
L 

dim
ension w

as selected so that block centroids w
ould be located roughly 

in the sam
e relative position to m

ineralised dom
ains dipping at 20-

30degrees. 
 

Sub-block 
dim

ensions 
are 

appropriate 
for 

adequately 
representing the m

ineralised dom
ain volum

es in the m
odel. 

O
rdinary Kriging w

as em
ployed as the copper interpolation m

ethod.  The 
kriging neighbourhood investigation and experim

ental variography w
as 
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undertaken by Posta Pratam
a of P&a geoscience.  Key features of the 

m
ineralisation and dom

aining identified in the investigation are: 

x 
The general consistency of copper grades w

ithin and betw
een 

the estim
ation dom

ains. 
x 

Experim
ental sem

i-variogram
s w

ere assessed for all dom
ains.  

Variogram
 m

odels involving a nugget and tw
o spherical 

structures w
ere fitted to all sem

i-variogram
s and prim

ary 
directions reflect the overall geom

etries of the m
odeled dom

ains. 
x 

Blocks outside of m
odeled dom

ains can be estim
ated by the 

inverse distance squared interpolator. 
C

opper grade interpolation w
as undertaken in five passes, reflecting the 

block proxim
ity to drilling data and block relationship w

ith m
ineralization 

dom
ains. 

 
O

nce 
estim

ated, 
a 

block 
is 

excluded 
from

 
subsequent 

estim
ation run passes.  In sum

m
ary: 

x 
Pass 1:  W

ithin m
odeled m

ineralised dom
ains and search radii of 

nom
inally 100m

X70m
X20m

.  C
om

posites w
ithin all dom

ains can 
inform

 blocks w
ithin dom

ains, com
posites outside of dom

ains 
are not used.  Five search ellipsoids orientations are em

ployed, 
each reflecting the overall geom

etry of the dom
ains they best fit.  

A m
inim

um
 of 8 and m

axim
um

 of 40 com
posites are used to 

generate block grades.  O
ctant search param

eters are em
ployed 

w
ith a m

inim
um

 of 6 octants to be inform
ed before a grade is 

interpolated (except dom
ain 95 – no octant search).  C

opper 
grades greater than 30000ppm

 are restricted to estim
ate blocks 

w
ithin a radius of 50m

X50m
X25m

 of their location. 
x 

Pass 2:  W
ithin m

odeled m
ineralised dom

ains and search radii of 
nom

inally 200m
X150m

X40m
.  C

om
posites w

ithin all dom
ains 

can inform
 blocks w

ithin dom
ains, com

posites outside of 
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dom
ains are not used.  Five search ellipsoids orientations are 

em
ployed, each reflecting the overall geom

etry of the dom
ains 

they best fit.  A m
inim

um
 of 4 and m

axim
um

 of 40 com
posites 

are used to generate block grades.  O
ctant search param

eters 
are em

ployed w
ith a m

inim
um

 of 4 octants to be inform
ed before 

a grade is interpolated (except dom
ain 95 – no octant search).  

C
opper grades greater than 30000ppm

 are restricted to estim
ate 

blocks w
ithin a radius of 50m

X50m
X25m

 of their location. 
x 

Pass 3:  W
ithin m

odeled m
ineralised dom

ains and search radii of 
nom

inally 230m
X180m

X60m
.  C

om
posites w

ithin all dom
ains 

can inform
 blocks w

ithin dom
ains, com

posites outside of 
dom

ains are not used.  Five search ellipsoids orientations are 
em

ployed, each reflecting the overall geom
etry of the dom

ains 
they best fit.  A m

inim
um

 of 2 and m
axim

um
 of 40 com

posites 
are used to generate block grades.  O

ctant search param
eters 

are em
ployed w

ith a m
inim

um
 of 4 octants to be inform

ed before 
a grade is interpolated (except dom

ain 95 – no octant search).  
C

opper grades greater than 30000ppm
 are restricted to estim

ate 
blocks w

ithin a radius of 50m
X50m

X25m
 of their location. 

x 
Pass 4:  O

utside of m
odeled m

ineralised dom
ains, sam

ple 
selection of only those com

posites w
ith greater than 2000ppm

 
copper grades, outside of the m

odeled m
ineralised dom

ains and 
w

ithin a search radius of 25m
X25m

X10m
.  All other param

eters 
are the sam

e as for the Pass 1 for dom
ain 60 except a m

inim
um

 
of 3 and m

axim
um

 of 10 com
posites applied and the octant 

search criteria rem
oved.  C

opper grades greater than 10000ppm
 

are restricted to estim
ate blocks w

ithin a radius of 
25m

X25m
X10m

. 
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x 
Pass 5:  O

utside of m
odeled m

ineralised dom
ains, sam

ple 
selection of only those com

posites outside of the m
odeled 

m
ineralised dom

ains and w
ithin a search radius of 

250m
X200m

X60m
.  All other param

eters are the sam
e as for the 

Pass 1 for dom
ain 60 except a m

axim
um

 of 10 com
posites 

applied and the octant search criteria rem
oved.  C

opper grades 
greater than 2000ppm

 are restricted to estim
ate blocks w

ithin a 
radius of 25m

X25m
X10m

 of their location. 
The resource block m

odel coding w
as validated visually against both the 

m
ineralization dom

ain m
odels and the coded com

posites. 

The 30000ppm
 copper threshold used for high grade treatm

ent w
as 

determ
ined from

 log probability graphs and targeted sam
ples w

ere 
visualised spatially to assess clustering.  As a validation m

ethod to assess 
that 30000ppm

 C
u is a reasonable threshold, tw

o check interpolation runs 
w

ere 
undertaken 

w
ith 

restrictions 
set 

at 
44800ppm

C
u 

and 
at 

no-
restriction.  Sw

ath plots show
 that 30000ppm

C
u is a reasonable level to 

apply the restriction as there is no significant deviation of grade from
 the 

other trials and then only w
here there is clustering of high grade copper 

intercepts on section lines (reflecting the restriction of these grades to their 
im

m
ediate vicinity in interpolating copper grades).  The grade differential 

betw
een the 30000ppm

 C
u restricted influence m

odel and the uncut m
odel 

cuts 1.9KT of contained copper from
 the estim

ated M
easured R

esources, 
2.7KT 

from
 

the 
Indicated 

R
esources 

and 
9.2KT 

from
 

the 
Inferred 

resources. 

The copper grade interpolation w
as cross-checked against the com

posite 
data both statistically and spatially on screen and by sw

ath plots.  A
n ID

2 
check estim

ate and a com
posite selection m

ethodology check estim
ate 

(octant search param
eters rem

oved) w
ere generated and correlate w

ell 
w

ith the grade distribution of the BKM
 2019 resource block m

odel.  The 
BKM

 copper grade interpolation strategy has produced a resource m
odel 
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that adequately reflects the grade distribution identified in both the close 
and broad spaced drilling of the project area. 

The 2019 resource estim
ate at BKM

 reported at a 0.2%
 reporting cut is: 

x 
M

easured R
esources:  20.6M

T @
 0.7%

C
u or 148.5KT of 

contained copper. 
x 

Indicated R
esources:  34.1M

T @
 0.6%

C
u or 212.6KT of 

contained copper. 
x 

Inferred R
esources: 15.0M

T @
 0.6%

C
u or 90.8KT of contained 

copper 
The previous, 2017 resource estim

ate at BKM
 w

as reported at a 0.2%
 

reporting cut as: 

x 
M

easured R
esources:  20.5M

T @
 0.7%

C
u or 147.7KT of 

contained copper. 
x 

Indicated R
esources:  28.7M

T @
 0.6%

C
u or 174.9KT of 

contained copper. 
x 

Inferred R
esources: 17.7M

T @
 0.6%

C
u or 103.9KT of contained 

copper. 
Previous drill testing of the BKM

 m
ineralisation (prior to the 2017-19 drilling 

update) w
as undertaken in tw

o m
ain program

m
es, these being: 

x 
The 2015 resource drilling program

m
e undertaken by KSK w

as 
designed to delineate the extent and continuity of the BKM

 
m

ineralisation and  
x 

The 2016-2017 resource drilling program
 designed to test 

prim
arily for geological and grade continuity of the BKM

 
m

ineralisation.   
Both program

m
es w

ere com
pleted successfully, m

eeting their objectives, 
w

here the 2015 drilling resulted in an increase in previously estim
ated 
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resources (contained copper increase of 123KT (of Indicated and Inferred 
classification) 

over 
the 

2014 
resource 

estim
ate 

(Inferred 
R

esource 
classification)) and the 2016-2017 drilling consolidated this increase by 
facilitating the classification of the BKM

 m
ineralisation into 31%

 M
easured 

R
esources and 43%

 Indicated R
esources, w

ith 26%
 rem

aining as Inferred 
R

esources (JO
R

C
 2012, at 0.2%

 copper reporting grade). 

The 2018-19 drilling w
as designed to im

prove the confidence in deeper 
resources in the northern and southern areas of the m

ineralisation, to 
obtain m

etallurgical testw
ork sam

ples and collect geotechnical data for 
engineering studies, thus holes w

ere targeted w
ithin the defined body of 

m
ineralisation and hence there are only increm

ental updates to the 2017 
m

odels and m
inor-m

aterial changes to the resource estim
ate betw

een 
2017 and 2019.  The refinem

ent of the estim
ate has resulted in the 

reduction in M
easured R

esources by 0.1M
T an increase in Indicated 

R
esources by 5.6M

T and a reduction in Inferred R
esources of 2.7M

T. 

Additional resource to reserve m
odifying variables coded and interpolated 

into the resource block m
odel and m

ade available for O
re R

eserve 
determ

ination and reporting: 

Sulphur and iron:  these elem
ents w

ere estim
ated by ordinary kriging 

utilising param
eters in run passes 1 to 3 and pass 5 of the copper 

estim
ated excluding the high grade treatm

ent (not applied). 

C
opper 

M
ineral 

Species: 
 

C
opper 

m
ineral 

species 
percentages 

determ
ined from

 the sequential copper assay program
m

e and the optical 
m

ineralogy program
m

e w
ere visualized together in M

inesight TM and 
copper m

ineral species TIN
 m

odels w
ere used in interpolating soluble 

copper percentages. The coding of assay data and the block m
odel w

as 
undertaken according to the follow

ing procedure: 

1. 
A TIN

 m
odel w

as individually generated for each copper m
ineral 

species.  These m
odels overlap w

here m
ore than one m

ineral 
species co-exist. 
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2. 
Each m

odel w
as used to individually populate one of four 

variables, these being: 
I. 

C
halcocite:  inside blocks/sam

ples = 1000; outside = 0 
II. 

C
ovellite:  inside blocks/sam

ples = 0100; outside = 0 
III. 

Bornite:  inside blocks/sam
ples = 0010; outside = 0 

IV. 
C

halcopyrite:  inside blocks/sam
ples = 0001; outside = 0 

3. 
The final copper m

ineral species code w
as generated from

 the 
sum

 of the individual variables to generate a four digit binary 
code representing the m

inerals present in dom
ains.  For 

exam
ple a code of 1010 w

ould refer to chalcocite and bornite 
m

inerals hosting the m
ajority of the copper grade in a sam

ple. 
The concentrations (%

), relative to the total copper concentration, for the 
follow

ing variables are estim
ated in the BKM

 2019 resource Vulcan
TM 

block m
odel: 

x 
ccperc 

: Percent copper in Acid soluble + C
halcocite 

m
inerals of total C

u 
x 

coboperc 
: Percent copper in C

ovellite and Bornite m
inerals 

of total C
u 

x 
cpyperc 

: Percent copper in C
halcopyrite m

ineral of total C
u 

The 
copper 

m
ineral 

species 
percentage 

data 
generated 

from
 

the 
sequential copper assays w

as com
posited at 1m

 lengths and, along w
ith 

the block m
odel, coded according to the copper m

ineral species codes.  
Appropriate com

posite search and selection param
eters w

ere borrow
ed 

from
 the copper m

ineralisation grade interpolation strategy and the relative 
percentages of m

ineral species estim
ated utilising the Vulcan

TM ID
2 

interpolator. 

Percent Soluble C
opper:  The soluble copper is determ

ined from
 the 

sequential copper assay data as the sum
 of the acid plus cyanide leach 
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com
ponent (adjusted for losses, see “D

atabase Integrity” section of this 
docum

ent) for the pre-2019 dataset and as the cyanide leach assay data 
for the 2019 dataset.  The soluble copper content is expressed as a 
percentage of the total copper assay. 

Kriging 
neighbourhood 

analyses 
and 

sem
i-variogram

 
m

odelling 
w

as 
undertaken to determ

ine com
posite length, ordinary kriging and sam

ple 
search param

eters for interpolating soluble copper content into the 
variable “solcu100” in the BKM

 resource block m
odel. 

Key points regarding the interpolation of percent soluble copper are: 

x 
The general consistency of percent soluble copper w

ithin the 
follow

ing grouped copper m
ineral species estim

ation dom
ains: 

a. 
Predom

inantly chalcopyrite free m
ineralisation.  These 

dom
ains w

ere com
bined for com

posite selection in 
interpolating soluble copper content. 

b. 
M

ixed chalcopyrite and blends of chalcocite, bornite and 
covellite copper m

ineralisation.  These dom
ains w

ere 
com

bined for com
posite selection in interpolating soluble 

copper content. 
c. 

C
halcopyrite rich m

ineralisation.  This dom
ain w

as 
estim

ated independently in interpolating soluble copper 
content. 

x 
Experim

ental sem
i-variogram

s w
ere assessed by the 

independent copper m
ineral species dom

ains.  Experim
ental 

variogram
s w

ere fitted w
ith m

odels containing a nugget and tw
o 

spherical structures.  Prim
ary continuity directions reflect the 

overall geom
etries of the dom

ains. 
x 

C
om

posite search ellipsoid orientations are borrow
ed from

 the 
variogram

 m
odels, w

hile search extents and sam
ple selection 
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param
eters are borrow

ed from
 the total copper estim

ate 
interpolation runs (Section 9.5). 

x 
O

nly those blocks w
ith an estim

ated total copper value w
ere 

selected for interpolating percent soluble copper. 
x 

1m
 com

posites w
ere utilized in the estim

ation.  O
nly those 

com
posites w

ithin the grouped dom
ains (a, b, c above) w

ere 
utilized in interpolating soluble copper content into blocks w

ithin 
the sam

e grouped dom
ains. 

The m
odel w

as validated visually and through com
parison w

ith the source 
data through northing, easting and elevation sw

ath plots.  The estim
ate 

and source data m
atches w

ell for the predom
inantly chalcopyrite free 

m
ineralisation (dom

ains 1000, 1110, 1010 and 1100) w
hich show

s greater 
data density and a de-clustered distribution com

pared w
ith the m

ixed 
chalcopyrite blends and chalcopyrite rich m

ineralisation (dom
ains 1001, 

1111, 1011, 1101 and 0001).  The estim
ate is how

ever suitable for use as 
an indication of the distribution of percent soluble copper at BKM

. 

M
etallurgical m

aterial type m
odel:  this variable is estim

ated utilising both 
the m

ineralisation and tonnage factor dom
ains (zones of significant clayey 

areas) as hard boundaries.  Blocks w
ithin the m

odel w
ere stam

ped by their 
closest sam

ple (nearest neighbour estim
ate, variable “m

atcode”) w
ithin 

the sam
e m

ineralisation/tonnage-factor dom
ain code com

bination. 

D
egradation index m

odel:  D
ata and block m

odel coding and populating 
of the degradation intensity code variable “degradation” into the resource 
block m

odel follow
s the sam

e param
eters and procedures as undertaken 

for populating the m
aterial code variable.   

M
oisture 

x 
W

hether the tonnages are estim
ated on a dry basis or w

ith natural 
m

oisture, and the m
ethod of determ

ination of the m
oisture content. 

The BKM
 resource tonnages are estim

ated on a dry basis as SG
 

m
easurem

ents 
applied 

to 
the 

m
odel 

are 
the 

dry 
bulk 

density 
m

easurem
ents.  Assays w

ere undertaken on oven dried core. 
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C
ut-off 

param
eters 

x 
The basis of the adopted cut-off grade(s) or quality param

eters 
applied. 

D
etails w

ithin the 2016 BKM
 P

EA study, subsequently updated in the June 
2019 Feasibility Study, w

here the life of m
ine schedule w

as developed 
utilizing a variable cut-off grade strategy that is optim

ized over tim
e to 

m
axim

ize the project value determ
ine that the optim

ized cut-off grade 
ranges betw

een the Break Even C
utoff G

rade of 0.11%
 C

u (Soluble) and 
an elevated cut-off of approxim

ately 0.14%
 C

u (Soluble) over the life of 
the 

project. 
This 

equates 
to 

a 
C

u 
(Total) 

cut-off 
grade 

range 
of 

approxim
ately 0.16%

 to 0.20%
. Therefore the use of a resource cut-off of 

0.2%
 C

u (Total) can be considered appropriate for reporting of the 2019 
R

esource Estim
ate.  0.2%

 copper is also a natural or geological cut in drill 
intervals that intercept significant and m

odeled m
ineralisation. 

In addition, a review
 of param

eters utilized for determ
ining reporting cuts 

from
 sim

ilar deposits uncovered that, utilising a sim
ilar approach and 

param
eters as those in the June 2019 Feasibility Study: 

x 
G

eoVector M
anagem

ent Inc. determ
ined a 0.2%

 copper 
reporting cut for the Las Posadas C

opper D
eposit, C

hile, as part 
of PEA prepared for G

lobal H
unter C

orp. (O
ctober 2012). 

x 
Tetra Tech Inc. determ

ined a 0.25%
 copper reporting cut for the 

Zonia C
opper-O

xide D
eposit, Arizona, U

SA, as part of a 
resource report prepared for C

ardero R
esource C

orp. 
(D

ecem
ber 2015). 

 
A 0.2%

 C
u cut is an appropriate base case reporting cut in stating the BKM

 
M

ineral R
esources and that any upw

ard m
ovem

ent in reporting cut to 
0.3%

C
u (based on any sensitivity studies) w

ould not m
aterially alter the 

reported M
easured, Indicated or Inferred R

esources. 

M
ining factors 

or 
assum

ptions 

x 
Assum

ptions m
ade regarding possible m

ining m
ethods, m

inim
um

 
m

ining dim
ensions and internal (or, if applicable, external) m

ining 
dilution. It is alw

ays necessary as part of the process of determ
ining 

reasonable prospects for eventual econom
ic extraction to consider 

M
ining factors and assum

ptions w
ere addressed in the 2016 PEA study 

and subsequently updated in the June 2019 Feasibility Study w
hich 

show
ed positive and favourable econom

ics for the project and concluded 
that there are reasonable prospects for eventual econom

ic extraction of 
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potential m
ining m

ethods, but the assum
ptions m

ade regarding 
m

ining m
ethods and param

eters w
hen estim

ating M
ineral R

esources 
m

ay not alw
ays be rigorous. W

here this is the case, this should be 
reported w

ith an explanation of the basis of the m
ining assum

ptions 
m

ade. 

copper at BKM
. 

M
etallurgical 

factors 
or 

assum
ptions 

x 
The basis for assum

ptions or predictions regarding m
etallurgical 

am
enability. It is alw

ays necessary as part of the process of 
determ

ining reasonable prospects for eventual econom
ic extraction to 

consider potential m
etallurgical m

ethods, but the assum
ptions 

regarding m
etallurgical treatm

ent processes and param
eters m

ade 
w

hen reporting M
ineral R

esources m
ay not alw

ays be rigorous. 
W

here this is the case, this should be reported w
ith an explanation of 

the basis of the m
etallurgical assum

ptions m
ade. 

M
etallurgical factors and assum

ptions for heap leach SX/EW
 recovery of 

copper are addressed in the 2018 Ausenco “Feasibility Study R
eport” R

ev 
B 102399-R

PT-001 June 2018.  These factors and assum
ptions w

ere 
incorporated in the June 2019 Feasibility Study w

hich show
ed positive and 

favourable econom
ics for the project and concluded that there are 

reasonable prospects for eventual econom
ic extraction copper at BKM

. 

Environm
en-

tal 
factors 

or 
assum

ptions 

x 
Assum

ptions m
ade regarding possible w

aste and process residue 
disposal options. It is alw

ays necessary as part of the process of 
determ

ining reasonable prospects for eventual econom
ic extraction to 

consider the potential environm
ental im

pacts of the m
ining and 

processing operation. W
hile at this stage the determ

ination of 
potential environm

ental im
pacts, particularly for a greenfields project, 

m
ay not alw

ays be w
ell advanced, the status of early consideration of 

these potential environm
ental im

pacts should be reported. W
here 

these aspects have not been considered this should be reported w
ith 

an explanation of the environm
ental assum

ptions m
ade. 

Environm
ental factors and assum

ptions are addressed in the 2016 PEA
 

study w
hich show

ed positive and favourable econom
ics for the project and 

concluded that there are reasonable prospects for eventual econom
ic 

extraction copper at BKM
. 

Bulk density 
x 

W
hether assum

ed or determ
ined. If assum

ed, the basis for the 
assum

ptions. If determ
ined, the m

ethod used, w
hether w

et or dry, the 
frequency of the m

easurem
ents, the nature, size and 

representativeness of the sam
ples. 

x 
The bulk density for bulk m

aterial m
ust have been m

easured by 
m

ethods that adequately account for void spaces (vugs, porosity, 
etc), m

oisture and differences betw
een rock and alteration zones 

w
ithin the deposit. 

The tonnage factors (variable “dbdregress”) w
ere stam

ped onto the m
odel 

according to the follow
ing: 

x 
Soil and oxide dom

ain:  Tonnage Factor = 1.77 t/m
3 (determ

ined 
from

 68 validated dry bulk density m
easurem

ents). 
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x 
D

iscuss assum
ptions for bulk density estim

ates used in the 
evaluation process of the different m

aterials. 
x 

Surface clay/poor-recovery heterogeneous dom
ain:  Tonnage 

Factor = 2.25 t/m
3 (determ

ined from
 139 validated dry bulk 

density m
easurem

ents). 
x 

D
eep heterogeneous and variable porous dom

ains:  Tonnage 
Factor = 2.61 t/m

3 (determ
ined from

 370 validated dry bulk 
density m

easurem
ents). 

x 
H

om
ogeneous and predom

inantly non-porous dom
ain:  Tonnage 

Factor = (0.025 * Block_Fe_O
K_grade + 2.65) t/m

3 (determ
ined 

from
 4208 validated dry bulk density m

easurem
ents). 

The application of tonnage factors to the resource w
as checked visually 

and by sw
ath plots w

hich confirm
 that the tonnage factors in the m

odel 
vary w

ith iron grade w
here intended.  The average for tonnage factors 

assigned to the hom
ogeneous and predom

inantly non-porous dom
ain is 

2.88 t/m
3 w

hich is in agreem
ent w

ithin 1%
 of the average of the dry bulk 

density m
easurem

ents taken from
 sam

ples in this dom
ain (av. 2.85 t/m

3). 

C
lassification 

x 
The basis for the classification of the M

ineral R
esources into varying 

confidence categories. 
x 

W
hether appropriate account has been taken of all relevant factors (ie 

relative confidence in tonnage/grade estim
ations, reliability of input 

data, confidence in continuity of geology and m
etal values, quality, 

quantity and distribution of the data). 
x 

W
hether the result appropriately reflects the C

om
petent Person’s 

view
 of the deposit. 

The resources at Beruang Kanan as estim
ated in 2019 are classified as 

M
easured, Indicated and Inferred R

esources under guidelines set out in 
the JO

R
C

 C
ode (2012).  The key considerations in assigning this 

classification are as follow
s and risk reduction associated w

ith these 
criteria w

ill assist w
ith expanding the Indicated and M

easured R
esources 

by assigning higher classifications to the Indicated and Inferred R
esources 

in future estim
ates: 

x 
Low

 to m
oderate risk associated w

ithin the three volum
es 

show
ing significant intervals of poor core recovery and variable 

physical properties reducing confidence in the assay and D
BD

 
sam

ples used to determ
ine the copper estim

ate and tonnage 
factors for these zones. 

x 
Low

 risk associated w
ith the current drill spacing and orientation 

in reliably testing Indicated m
ineralisation in the north of the 
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deposit w
here m

ineralisation is tested only by w
esterly drilled 

holes. 
x 

Low
 risk associated w

ith the unknow
n suitability of the sam

ple 
com

m
inution and sub-sam

pling strategy em
ployed by historic 

w
orkers. 

x 
Low

 risk associated w
ith inability to directly validate historic data. 

 The classification process involved: 

x 
U

tilising findings from
 a conditional sim

ulation study undertaken 
in early 2016 and designed to determ

ine the m
axim

um
 (optim

al) 
drill/sam

ple spacing for defining M
easured, Indicated and 

Inferred resources at BKM
. 

x 
D

efining volum
es of the resource for M

easured R
esource 

consideration by: 
o 

D
elineating the m

ineralisation w
here geological and 

grade continuity is proven by holes drilled at orientations 
other than (and along w

ith) the prim
ary w

esterly testing 
direction. 

o 
Identifying volum

es of the m
ineralisation w

here copper 
grades w

ere estim
ated; 

� 
in the first interpolation pass, 

� 
w

ith m
ore than 35 com

posites, 
� 

w
ith the average com

posite distance being less 
than 50m

, 
� 

w
ith com

posites being sourced from
 m

ore than 
three drillholes (m

ostly m
ore than six drillholes), 

� 
w

ith a Kriging variance of less than 0.2. 
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o 
D

efining exclusion volum
es w

here confidence in copper 
grade estim

ate is com
prom

ised by poor core recovery 
and confidence in tonnage factors is com

prom
ised by 

suspected selective sam
pling and low

 sam
ple num

bers 
w

here m
aterial heterogeneity exists. 

x 
D

efining volum
es of the resource for exclusion from

 M
easured 

and Indicated resource consideration by: 
o 

Identifying volum
es of the m

ineralisation w
here copper 

grades w
ere estim

ated; 
� 

in the second and third interpolation pass, 
� 

w
ith less than 35 com

posites, 
� 

w
ith the average com

posite distance being 
greater than 50m

 (m
ostly greater than 75m

), 
� 

w
ith com

posites being sourced prim
arily from

 3 
to 6 drillholes (but can be significantly m

ore), 
� 

w
ith a Kriging variance of greater than 0.2 

(m
ostly 0.3 to 0.4). 

o 
Identifying all m

ineralisation not belonging to m
odeled 

estim
ation dom

ains. 
x 

By default any resources not classified as M
easured or Inferred 

are classified as Indicated R
esources.  

C
opper grades for 97%

 of the M
easured R

esources and 86%
 of the 

Indicated R
esources w

ere interpolated in the first pass of the estim
ation 

runs.  This pass has m
ost stringent criteria in selecting sam

ples for 
estim

ating block grades.  In contrast 49%
 of Inferred resources w

ere 
interpolated in the first pass of estim

ation runs. 

The follow
ing lists the technical areas considered in classifying the BKM

 
2019 C

opper R
esource Estim

ate: 
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x 
G

eological understanding (geological and copper grade 
continuity): 
KSK and joint venture w

orkers have undertaken sufficient w
ork to 

understand 
the 

style(s) 
of 

m
ineralization 

at 
BK

M
 

for 
the 

classification of M
easured R

esources. 

G
eological and grade continuity has been tested by holes drilled 

at orientations other than the prim
ary testing direction of 270

O in 
volum

es of the m
ineralisation classified as M

easured R
esources.  

O
f concern regarding confidence in the Indicated and Inferred 

m
ineralisation is that: 

o 
There is no structural control to assess the suitability of 
drilling direction w

ith respect to the geom
etry of 

m
ineralization and w

here m
ineralisation thins and 

copper grade tenor dim
inishes the grade continuity is 

assum
ed by extrapolation from

 volum
es w

here 
continuity is confirm

ed. 
o 

The vein m
ineralization continuity is not understood and 

m
ay be at orientations other than that described by the 

overall geom
etry of the m

ineralization w
hich presents as 

a higher risk to local estim
ates w

here m
ineralisation is 

thinner and of low
er grade tenor than in thicker, higher 

grade volum
es. 

 
x 

D
rilling density and configuration: 

The drilling is m
ostly oriented at -60

O tow
ards 270

O and at nom
inal 

50m
 centres along 50m

 spaced grid lines over the m
ain zone of 

m
ineralization.   M

easured R
esources have also been drill tested 
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at alternate orientations.  O
f concern regarding confidence in the 

Indicated and Inferred R
esources is that: 

o 
There has been no investigation into attitude of the 
m

ineralised veins/vein-sets or on the controls on the 
replacem

ent style m
ineralisation and therefor no 

evaluation as to the suitability of drill hole orientation 
w

ith respect to the styles of m
ineralization. 

o 
The drill density is such, and the structural inform

ation 
negligible, that it is not possible to assess the internal 
grade distribution, therefor the estim

ate can only be 
considered for classification at a global scale w

here 
continuity is not proven at local scale by alternate drilling 
directions. 
 

x 
Sam

ple location: 
The collar locations of holes are considered w

ell know
n.  D

ow
n 

hole survey inform
ation is lacking for 30 of the holes drilled into 

the BKM
 m

ineralisation.   O
f concern regarding confidence in the 

resource estim
ate is that: 

o 
Although the locations of sam

ples from
 these holes 

delineating the m
ineralization cannot be validated, the 

reasonable predictability of hole trace locations for those 
w

ith survey inform
ation lends support to the reliability of 

hole traces defined by a single collar survey azim
uth and 

declination.  The 2015 drilling results support the earlier 
hole results indicating that collar location issues are 
likely to pose only a m

inor risk to the estim
ate.  The 

sam
ple locations are considered w

ell enough 
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established to consider the BKM
 resource estim

ate for 
classification at local and global scales. 
 

x 
Prim

ary sam
ple size: 

The m
ineralization has been tested prim

arily w
ith H

Q
 triple-tube 

core how
ever holes have been drilled at sizes of PQ

, N
Q

 and BQ
.  

W
orkers for the pre 2015 drilling em

ployed a nom
inal 3m

 sam
ple 

interval (5%
 of sam

ples w
ithin m

ineralisation) and a significant 
num

ber of 2m
 intervals w

ere sam
pled by w

orkers in the 2015 
drilling cam

paign (also 5%
 of sam

ples w
ithin m

ineralisation).   O
f 

concern regarding confidence in the resource estim
ate is that: 

o 
There is an observed copper grade tenor shift of 26%

 
betw

een the N
Q

-BQ
 drill core sam

ples (low
er) and the 

PQ
-H

Q
 drill core sam

ples (higher).  This is m
ost likely 

due to natural grade variability throughout the 
m

ineralization but m
ay reflect a fundam

ental sam
pling 

error effect in dealing w
ith inherent heterogeneity of the 

m
ineralization.  The dataset for the 2019 BKM

 resource 
estim

ate now
 com

prises of <9%
 sam

ples from
 N

Q
/BQ

 
drilling w

hich are spatially interspersed w
ith H

Q
/PQ

 
sam

ples and the im
pact of any sam

pling error, if 
present, on the 2019 resource estim

ate w
ill be m

inim
al. 

o 
The large prim

ary sam
ple size and the sam

ple 
com

m
inution and reduction process em

ployed are not 
theoretically ideal (according to G

y’s generalized 
sam

pling nom
ogram

) how
ever the relatively narrow

 
band of copper assays w

ithin the m
ineralization 

suggests that any issues m
ay not be of significance 

w
hen the risk is assessed at the global scale.  The 
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coarse crush duplicate analysis undertaken in the 2015 
and 2016-19 Q

C
 program

m
es show

 no concern w
rt 

sam
ple reduction procedure’s effect on copper assay 

reliability. 
 

x 
Sam

ple preparation and assay: 
Large m

ineralised sam
ples (2m

 and 3m
 lengths) w

ere crushed to 
-4m

m
 (3m

 sam
ples) and -2m

m
 (2m

 sam
ples) before being sub-

sam
pled to 1kg for pulverizing.  All digests w

ere conducted by 3 
acid digest.   O

f concern regarding confidence in the resource 
estim

ate is that: 

o 
The sam

ple com
m

inution and reduction process 
em

ployed are not theoretically ideal (according to G
y’s 

generalized sam
pling nom

ogram
) how

ever the relatively 
narrow

 band of copper assays w
ithin the m

ineralization 
suggests that any issues m

ay not be of significance 
w

hen the risk is assessed at the global scale.  The Q
C

 
evaluation of the coarse crush and split duplicates 
undertaken during the 2015 and 2016-19 drilling 
cam

paigns show
ed no concern regarding sam

ple 
preparation procedures on the reliability of copper 
assays for the BKM

 resource estim
ate. 

o 
Three acid digests are akin to total digests.  This is only 
an issue if copper silicates are present w

ithin the 
m

ineralization at BKM
.  There is one recording of the 

copper silicate, chrysocolla, in an early thin section 
report and none in the 2017 petrology w

ork or core 
logging.  Three acid digests w

ill give total copper content 
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of sam
ples and hence the 2019 BKM

 resource estim
ate 

is a total copper estim
ate. 

 
x 

Assay data quality: 
The 2015-19 assay Q

C
 program

m
e and Q

C
 w

ork undertaken by 
EN

J-KSK contains sufficient quality control sam
ples to assess 

reliability 
of 

the 
copper 

assays. 
 

Earlier 
w

ork 
by 

O
X

-KSK 
contained lim

ited quality control sam
ples and there w

ere no 
quality control sam

ples subm
itted w

ith assays for the early w
ork 

undertaken by KSK (pre 2002).   O
f concern regarding confidence 

in the resource estim
ate is that: 

o 
Q

uality control sam
ples subm

itted w
ith the 2015, 2016-

19 KSK program
m

es show
 that the copper assaying for 

these periods are of acceptable quality for classifying 
resources. 

o 
Q

uality control sam
ples subm

itted w
ith the EN

J-KSK 
program

m
e show

 that the copper assaying for this 
period is of acceptable quality for classifying resources. 

o 
Q

uality control sam
ples subm

itted w
ith the O

X
-KSK 

program
m

e show
 that there m

ay be issues w
ith copper 

assays from
 early batches of their w

ork, how
ever only 

one hole is affected by this issue and therefor assays 
from

 this period are of acceptable quality for classifying 
resources.  R

esources in the proxim
ity of the affected 

hole have been classified as Inferred. 
o 

The copper assays data population from
 the early O

X
-

KSK and early KSK w
ork is com

parable w
ith the assay 

population from
 the 2015 KSK and EN

J-KSK w
ork, 

leading H
&A to conclude that, even though there is 
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lim
ited/no quality control on the early w

ork, the copper 
assays from

 these periods are suitable for inclusion in 
the BKM

 2019 R
esource Estim

ate and acceptable for 
classifying resources. 
 

x 
Tonnage factors: 
D

ry Bulk D
ensity m

easurem
ents w

ere taken from
 core during KSK 

2015 and 2016-18 drilling program
m

es.   O
f concern regarding 

confidence in the resource estim
ate is that: 

o 
D

im
inished confidence exists in the tonnage factors 

applied to the resources from
 tw

o heterogeneous and 
variably porous areas of the BKM

 m
ineralisation due to 

low
 D

BD
 sam

ple counts and suspected sam
ple 

selectivity.  M
ineralisation in these areas has been held 

back from
 being classified as M

easured R
esources. 

 
x 

R
esource copper grade interpolation: 

The 
copper 

grade 
has 

been 
estim

ated 
by 

ordinary 
kriging 

interpolation m
ethods.   O

f concern regarding confidence in the 
resource estim

ate is that: 

The resource estim
ate reconciles w

ell w
ith the source (com

posite) dataset 
and com

pares w
ell w

ith alternative estim
ates utilising ID

2 m
ethodologies 

and 
various 

check 
high 

grade 
restriction 

and 
com

posite 
selection 

strategies.  The copper grade interpolation strategies are robust for the 
BKM

 estim
ate and acceptable for classifying the resource at the local 

scale. 

Audits 
or 

review
s 

x 
The results of any audits or review

s of M
ineral R

esource estim
ates. 

An interim
 BK

M
 2018 resource m

odel (undertaken according to the 
descriptions w

ithin regarding the 2019 R
esource Estim

ate), resource 
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report and R
esource Section for the D

FS report w
ere review

ed by AM
C

.  
Key findings: 

1. 
AM

C
 considers the BKM

 M
ineral R

esource estim
ate has been 

com
pleted using usual industry practices and in accordance w

ith 
the requirem

ents and guidelines of the JO
R

C
 C

ode 2012. 
2. 

AM
C

 considers that the m
odel, a global estim

ate, form
s a 

suitable basis for M
ineral R

esource reporting and for use in O
re 

R
eserve and m

ining studies. 
3. 

N
otes the diligence w

ith w
hich the copper m

ineral species have 
been evaluated, m

odeled and reported in the Feasibility Study 
resource report and considers this adds to the effectiveness of 
the resource m

odel as input to the Feasibility Study. 
4. 

C
onclude that the estim

ate is considered to provide a robust 
global estim

ate how
ever they believe that the copper estim

ates 
are overly sm

oothed and are not likely to reflect local grade 
variability. 

5. 
Identifies risk associated w

ith the m
ineralised dom

aining, 
how

ever concur w
ith K

SK that the m
ain m

ineralised bodies 
dem

onstrate overall three-dim
ensional continuity.  AM

C
 

expresses concern regarding the grade distribution in the 
peripheral, narrow

er w
irefram

e dom
ains w

hich does not 
necessarily affect the global estim

ate but m
ay be an issue at 

SM
U

 sized blocks. 

KSK, on the review
 of the additional studies undertaken by H

&A and 
advice from

 A
M

D
AD

, has opted to accept the AM
C

 opinion that the BKM
 

2018 m
odel (and hence 12019 m

odel) is “suitable for use in O
re R

eserve 
and m

ining studies” and, at this stage, not to pursue any additional studies 
to investigate the accuracy and im

pact of the unsupported statem
ent that 
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AM
C

 “believe that the copper estim
ates are overly sm

oothed and are not 
likely to reflect local grade variability”.  H

&A and KSK’s additional 
investigation on possible over sm

oothing and conditional bias has not 
uncovered any conclusive evidence to support AM

C
’s statem

ent and, 
supported by the AM

D
AD

 assessm
ent, believe that any increase in local 

resource variance w
ill be countered by the sm

oothing effect of the m
ining 

and treatm
ent processes and the im

pact of the leaching rates (curves) on 
copper production that underpins the financial m

odelling in the feasibility 
study. 

KSK 
acknow

ledges 
that 

additional 
geostatistical 

investigations 
are 

available to investigate the degree of sm
oothing/conditional bias w

ithin the 
BKM

 resource m
odel, how

ever have advised H
&A that they w

ill not 
instigate these at this tim

e. 

D
iscussion of 

relative 
accuracy/ 
confidence 

x 
W

here appropriate a statem
ent of the relative accuracy and 

confidence level in the M
ineral R

esource estim
ate using an approach 

or procedure deem
ed appropriate by the C

om
petent Person. For 

exam
ple, the application of statistical or geostatistical procedures to 

quantify the relative accuracy of the resource w
ithin stated confidence 

lim
its, or, if such an approach is not deem

ed appropriate, a qualitative 
discussion of the factors that could affect the relative accuracy and 
confidence of the estim

ate. 
x 

The statem
ent should specify w

hether it relates to global or local 
estim

ates, and, if local, state the relevant tonnages, w
hich should be 

relevant to technical and econom
ic evaluation. D

ocum
entation should 

include assum
ptions m

ade and the procedures used. 
x 

These statem
ents of relative accuracy and confidence of the estim

ate 
should be com

pared w
ith production data, w

here available. 

The risk associated w
ith the current resource estim

ate is reflected in the 
assigned M

easured, Indicated and Inferred classifications (JO
R

C
, 2012).  

The drilling density and orientation suitability, prim
ary sam

pling reliability, 
certainty in geological and grade continuity, tonnage factor representivity, 
sam

ple reduction strategy suitability and the unknow
n reliability of historic 

assay data are the key factors in determ
ining the resource classification.  

The com
pleted 50m

X50m
 spaced drilling at BKM

 is deem
ed statistically 

acceptable for assigning M
easured and Indicated R

esource classifications 
how

ever only those resources w
ith confirm

ed geological and grade 
continuity gained from

 holes drilled at orientations other than, and in 
addition to, the predom

inant w
esterly orientation have been assigned the 

M
easured R

esource classification.  Volum
es of the m

ineralisation w
here 

confidence in copper grade and tonnage factors is questioned, due to drill 
core recovery issues and dry bulk density sam

ple representivity, have 
been 

restricted 
to 

Indicated 
and 

Inferred 
R

esource 
C

lassifications.  
G

eological and grade continuity and grade interpolation confidence are 
the prim

ary factors in separating Indicated (thicker and higher grade 
dom

ains) from
 Inferred R

esources at BKM
.  The BKM

 m
ineralisation has 
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been 
classified into 

33%
 

M
easured 

R
esources 

and 
47%

 
Indicated 

R
esources, w

ith 20%
 Inferred R

esources (JO
R

C
 C

ode 2012, at 0.2%
 

copper reporting grade).   

R
isks associated w

ith the 2019 BKM
 resource estim

ate can be better 
understood or alleviated w

ith further w
ork on the project w

hich w
ill involve 

infill drilling and appropriate studies on core and sam
pling protocols 

(particularly core recovery and D
BD

) aim
ed at im

proving the confidence in 
the data and greater understanding of grade continuity and geological 
controls on m

ineralisation (at all scales).  H
ow

ever KSK m
ay choose not 

to undertake this w
ork if they deem

 that the current resource classification 
is sufficient for a definitive feasibility study w

hich, in part, is related to 
acceptable risks for their selected project advancem

ent strategy. 

 

S
ection 4 E

stim
ation and R

eporting of O
re R

eserves 
(Criteria listed in section 1, and w

here relevant in sections 2 and 3, also apply to this section.) 

C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

M
ineral 

R
esource 

estim
ate 

for 
conversion to 
O

re R
eserves 

x 
D

escription of the M
ineral R

esource estim
ate used as a basis for the 

conversion to an O
re R

eserve. 
x 

C
lear statem

ent as to w
hether the M

ineral R
esources are reported 

additional to, or inclusive of, the O
re R

eserves. 

The M
ineral R

esource Estim
ate w

as prepared by D
uncan H

ackm
an of 

H
ackm

an and Associates Pty Ltd in June 2019.  D
etails are as set out in 

Section 3 above. 

The resource block m
odel “postestim

ate2019” w
as used in the Enterprise 

O
ptim

isation, pit design and production schedule. 

The M
ineral R

esources are inclusive of the O
re R

eserves. 

Site visits 
x 

C
om

m
ent on any site visits undertaken by the C

om
petent Person and 

the outcom
e of those visits. 

x 
If no site visits have been undertaken indicate w

hy this is the case. 

John W
yche visited the BKM

 site on 23 and 24 January 2018.  Areas 
inspected included the: 

x 
Site access road, 

x 
Pit area, 
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x 
R

O
M

 pad area, and 
x 

W
aste rock dum

p area. 

Several exploration and geotechnical drill hole sites w
ere visited. 

D
ense 

tall 
vegetation 

m
ade it difficult 

to view
 

the 
overall 

site 
but 

exam
ination of roads and shallow

 excavations on foot gave a good 
appreciation of the steep terrain and w

eathered surface m
aterials. 

D
iscussions w

ere held w
ith the exploration geologists, a geotechnical 

engineer w
ho w

as supervising the pit geotechnical drilling program
 and a 

consultant structural geologist w
ho w

as on site at the tim
e. 

The visit confirm
ed that assum

ptions m
ade for the m

ine design and 
operations are appropriate for the site logistics, clim

ate and topography. 

Study status 
x 

The type and level of study undertaken to enable M
ineral R

esources 
to be converted to O

re R
eserves. 

x 
The C

ode requires that a study to at least Pre-Feasibility Study level 
has been undertaken to convert M

ineral R
esources to O

re R
eserves. 

Such studies w
ill have been carried out and w

ill have determ
ined a 

m
ine plan that is technically achievable and econom

ically viable, and 
that m

aterial M
odifying Factors have been considered. 

Asiam
et R

esources presented a Feasibility Study to the G
overnm

ent of 
Indonesian to dem

onstrate that the BKM
 Project m

eets Indonesian 
regulatory standards.  The G

overnm
ent of Indonesia form

ally approved 
the Indonesian Feasibility Study in M

arch 2019. 

The O
re R

eserves have been com
piled as part of a D

etailed Feasibility 
Study (D

FS) w
hich incorporates additional drilling and further inform

ation 
gathered since the Indonesian Feasibility Study w

hich further enhance the 
project.  The D

FS covers all aspects of the project: 

x 
M

ineral resource estim
ation, 

x 
G

eotechnical assessm
ent of pit w

all slopes based on drilling, 
m

apping, rock strength testing, hydrogeological assessm
ent and 

num
erical m

odelling, 
x 

H
eap leach assessm

ent based on colum
n test w

ork and heap 
stability and perm

eability assessm
ent, 

x 
M

ine cost estim
ation based on detailed budget pricing from

 
experienced local m

ining contractors, 
x 

D
etailed design of the heap leach pad earthw

orks, liners and 
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reticulation, 
x 

D
etailed design of the crushing, conveying and stacking system

, 
x 

D
etailed design of the SXEW

 and w
ater treatm

ent facilities, 
x 

Process cost estim
ation for the designed facilities m

atched to the 
scheduled ore feed from

 the m
ine, 

x 
Site services and adm

inistration cost estim
ation, 

x 
C

opper price forecasting for cathode product, 
x 

Transport cost estim
ation for cathode to m

arket, 
x 

Enterprise optim
isation based on the above param

eters to define 
the pit shape and overall strategic plan, 

x 
D

etailed pit design including staging and design of access for 
ore and w

aste to the R
O

M
 pad and w

aste rock dum
p 

respectively, 
x 

D
etailed production scheduling of the m

ine and cathode 
production from

 the heap leach, 
x 

C
apital costs for the above item

s based prim
arily on quotations 

from
 detailed m

aterial take offs, 
x 

Sustaining capital cost estim
ation, 

x 
M

ine closure cost estim
ation, 

x 
Financial m

odelling, 
x 

Environm
ental and social assessm

ent through the Indonesian 
AM

D
AL process. 

The Feasibility Study is based on a strategic plan guided by Enterprise 
O

ptim
isation analysis w

hich help m
axim

ise project value through shape 
and sequencing of the pit stages and delivery of ore to the leach pads.  
Enterprise O

ptim
isation considers all the physical and com

m
ercial aspects 

of the project and constraints im
posed by factors such as environm

ental 
or social requirem

ents.  Traditional pit optim
isation focusses m

ainly on 
m

ining and processing.  By taking a broader view
 of the project, Enterprise 
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O
ptim

isation not only im
proves value but im

proves confidence by better 
aligning the overall strategic plan w

ith all the factors influencing it. 

C
ut-off 

param
eters 

x 
The basis of the cut-off grade(s) or quality param

eters applied. 
C

opper cut off grades are calculated using: 

x 
Soluble copper grades adjusted for estim

ated m
ining loss and 

dilution, 
x 

H
eap leach recoveries, based on soluble copper grades, for 

three ore types defined for the deposit: 
o 

C
PY proportion C

PY >= 70%
 

o 
C

C
 proportion chalcocite >= proportion covellite/bornite 

o 
C

O
BO

 proportion covellite/bornite > proportion 
chalcocite 

o 
C

opper m
ineralisation at BKM

 is predom
inantly as 

chalcocite, then bornite/covellite, then chalcopyrite. 
x 

Process and site general and adm
inistration operating costs, 

x 
C

opper price less realisation costs. 

C
ut off grades w

ere calculated as: 
Process +

 G
&

A
 Cost per tonne

R
ecovered value of 1%

 Cu
sol  per tonne−

R
ealisation costs  

C
olum

n test w
ork on each of the ore types w

as used to define heap leach 
tim

e recovery curves.  R
ate of recovery flattened out around 12 m

onths 
so term

inal recoveries w
ere assum

ed to be at 12 m
onths. 
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The leach curves w
ere de-rated to allow

 for scaling up from
 colum

ns to an 
operating 

heap 
leach. 

 
Final 

term
inal 

recoveries 
used 

in 
the 

pit 
optim

isation, production schedule and O
re R

eserve are: 

O
re Type 

Term
inal 

Recovery 

CC 
80%

 

CO
BO

 
75%

 

CPY 
Form

ula 

Avg 77%
 

 C
PY form

s 18%
 of the ore tonnes and 7%

 of the contained soluble copper 
in the O

re R
eserve Estim

ate.  It w
as assessed separately from

 the m
ain 

ore types to avoid possible overestim
ation of recovery for ore w

ith a high 
proportion 

of 
chalcopyrite 

w
hich 

has 
low

 
acid 

solubility, 
although 

application of recoveries to soluble as opposed to total copper already 
accounts in part for the proportion of chalcopyrite. 

D
ata from

 colum
n test containing high proportions of chalcopyrite show

ed 
an em

pirical relationship betw
een recovery and the ratio of: 

(Soluble C
O

BO
 + Soluble C

PY) to Soluble C
C

 

referred to as the copper solubility ratio (cu_sol_ratio). 

R
ecovery of the C

PY ore type is estim
ated using the form

ula: 

C
PY

R
ec  = -8.0949*cu_sol_ratio2 + 10.35*cu_sol_ratio + 76.963 

w
here: 

 cu_sol_ratio =
 Proportion CO

B
O

∗95%
 +

 Proportion CPY∗15%
Proportion CC∗100%
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The %
 refer to the theoretical acid solubility of each copper species. 

The average recovery of the C
PY ore type reported from

 the block m
odel 

after applying this form
ula is higher than the C

O
BO

 recovery.  This is 
interpreted as being due to the high chalcopyrite areas having m

ore 
chalcocite than covellite/bornite as the secondary copper species and the 
fact that the recoveries apply to soluble rather than total copper. 

The financial m
odel varies som

e key inputs such as copper price over the 
m

ine life.  The Enterprise O
ptim

isation m
odel accounts for these variations 

and further adjusts the cut off grade to ensure that the crusher feed ore in 
each period m

axim
ises present value of the project.  This results in 

variable cut off grades for the three ore types over the m
ine life.  As an 

indication, using average costs and copper price over the m
ine life, the 

nom
inated recoveries for each type and the assum

ed m
ining recovery and 

dilution, average cut off grades for the three ore types are generally in the 
range of 1100 to 1400 ppm

 soluble copper. 

 

M
ining factors 

or 
assum

ptions 

x 
The m

ethod and assum
ptions used as reported in the P

re-Feasibility 
or Feasibility Study to convert the M

ineral R
esource to an O

re 
R

eserve (i.e. either by application of appropriate factors by 
optim

isation or by prelim
inary or detailed design). 

x 
The choice, nature and appropriateness of the selected m

ining 
m

ethod(s) and other m
ining param

eters including associated design 
issues such as pre-strip, access, etc. 

x 
The assum

ptions m
ade regarding geotechnical param

eters (eg pit 
slopes, stope sizes, etc), grade control and pre-production drilling. 

x 
The m

ajor assum
ptions m

ade and M
ineral R

esource m
odel used for 

pit and stope optim
isation (if appropriate). 

x 
The m

ining dilution factors used. 
x 

The m
ining recovery factors used. 

x 
Any m

inim
um

 m
ining w

idths used. 

O
re R

eserves are based on opencut m
ining using hydraulic excavators 

and trucks.  The ore zones are shallow
, often outcropping in the hillside 

and m
ost of the copper grades are too low

 to support underground m
ining. 

W
all slopes for pit optim

isation and design are based on assessm
ent by 

PT 
G

eom
ine 

geotechnical 
engineers. 

 
The 

geotechnical 
w

ork 
has 

com
prised three phases of investigation and engineering.  Som

e of these 
phases conflicted, although great length w

as extended to resolve these 
conflicts and achieve consensus.  C

onsensus w
as achieved and final w

all 
design param

eters have been based on this consensus.  Final slope 
recom

m
endations are based on rock m

ass strength m
odelling m

odified 
around m

ajor structural features.  The w
ork w

as peer review
ed by PT 

G
round 

R
isk 

M
anagem

ent 
geotechnical 

engineer 
w

ho 
assem

bles 
geotechnical inform

ation and final pit w
all recom

m
endations as set out in 
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x 
The m

anner in w
hich Inferred M

ineral R
esources are utilised in 

m
ining studies and the sensitivity of the outcom

e to their inclusion. 
x 

The infrastructure requirem
ents of the selected m

ining m
ethods. 

G
R

M
 Technical N

ote 19 AM
R

 001 TN
 001. 

M
ining recovery w

as assum
ed to be 97%

 and m
ining dilution 9%

 at zero 
grade.  The loss and dilution factors w

ere estim
ated by re-blocking the 

irregular block sizes in the resource block m
odel to 5x10x5 (EW

xN
SxElev) 

m
etres.  The resource m

odel blocks are clipped against interpreted 
boundaries for the m

ineralisation.  The regular re-blocked block size 
reflects a w

orkable m
ining size for the proposed scale of m

ining and grade 
control and the geom

etry of the m
ineralisation.  The loss and dilution 

factors represent the global difference betw
een reporting the insitu 

resource 
using 

the 
original irregular 

blocks 
at 

the estim
ated 

insitu 
econom

ic copper cut off grade and the regular re-blocked blocks at the 
estim

ated run of m
ine econom

ic copper cut off grade. 

The Enterprise O
ptim

isation w
ork applied these global factors to 5x5x5 

m
etre regularised blocks.  This added another level of m

odelled dilution.  
R

eporting of tonnes and grades for this O
re R

eserve estim
ate also used 

5x5x5 m
etre regularised blocks so the effective dilution is slightly higher 

than the 9%
 global factor. 

Final and staged pit shells w
ere defined in the Enterprise O

ptim
isation 

analyses. 
 

This 
w

ork 
included 

M
easured, 

Indicated 
and 

Inferred 
resources.  Inferred resources account for 9%

 of the above cut off grade 
m

aterial in the optim
ised pits and 7%

 of the copper cathode produced.  
M

ost of the Inferred m
aterial is along the base of the final pit stages and 

appears late in the nine year Feasibility Study production schedule.  The 
Feasibility Study financial m

odel show
s that excluding revenue derived 

from
 Inferred resources still achieves a significant after tax net present 

value.  W
hile it is possible that som

e or all of the Inferred resources m
ay 

not be realised in the m
ine the project is still viable w

ithout them
.  The 

opportunity exists to further drill the Inferred resources before the later pit 
stages are m

ined so that any necessary changes to the pit designs can be 
m

ade w
hich could im

prove the project value beyond the Feasibility Study 
estim

ate w
ith Inferred excluded. 
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The w
orking pit design w

as prepared using the optim
ised pit shell from

 the 
Enterprise O

ptim
isation as a guide and berm

 / batter configurations 
consistent w

ith the w
all slopes recom

m
ended by PT G

eom
ine.  M

ost of 
the pit height opens onto the eastern side of the hill containing the 
m

ineralisation so it w
as possible to keep ram

ps off the final w
estern w

all 
w

hich is the highest w
all w

ith highest risk of localised w
all failures.  The pit 

is designed in stages to access high grade ore early, defer w
aste stripping 

costs and to lim
it the length of the final w

estern w
all above current w

orking 
areas. 

The R
O

M
 stockpile and crusher area is im

m
ediately east of the pit at close 

to the sam
e elevation as the pit exit. 

The w
aste rock dum

p is in a narrow
 valley im

m
ediately w

est of the pit.  
The m

id-height of the w
aste rock dum

p is at the elevation of the pit exit.  
The valley has lim

ited catchm
ent and a narrow

 dow
nstream

 exit w
hich w

ill 
be dam

m
ed to facilitate catchm

ent and treatm
ent of any acid run off or 

seepage from
 the w

aste rock. 

Infrastructure for the m
ining operation included in the D

FS includes: 

x 
A m

ining contractor area adjacent to the pit, 
x 

C
ut off drains above the pit and w

aste rock dum
p to divert clean 

w
ater around the m

ining areas, 
x 

W
ater traps and an acid neutralisation facility for w

ater com
ing 

into contact w
ith the exposed pit surfaces or w

aste rock dum
p, 

x 
An explosives m

agazine. 

 

M
etallurgical 

factors 
or 

assum
ptions 

x 
The m

etallurgical process proposed and the appropriateness of that 
process to the style of m

ineralisation. 
x 

W
hether the m

etallurgical process is w
ell-tested technology or novel 

in nature. 

C
opper ore w

ill be processed using heap leaching and solvent extraction 
and electrow

inning (SXEW
) to produce copper cathodes on site.  O

re from
 

the pits w
ill be crushed and, if required, agglom

erated prior to conveyor 
stacking on the heap leach pads.  Sulphuric acid w

ill be used as the 
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x 
The nature, am

ount and representativeness of m
etallurgical test w

ork 
undertaken, the nature of the m

etallurgical dom
aining applied and the 

corresponding m
etallurgical recovery factors applied. 

x 
Any assum

ptions or allow
ances m

ade for deleterious elem
ents. 

x 
The existence of any bulk sam

ple or pilot scale test w
ork and the 

degree to w
hich such sam

ples are considered representative of the 
orebody as a w

hole. 
x 

For m
inerals that are defined by a specification, has the ore reserve 

estim
ation been based on the appropriate m

ineralogy to m
eet the 

specifications? 

leaching agent on the heaps. 

H
eap leaching and SXEW

 is a w
ell established m

ethod of copper ore 
processing for am

enable ores throughout the w
orld.  The m

ethod is 
practised in areas w

ith sim
ilar clim

ate and topography at other projects in 
Indonesia and throughout South East Asia. 

Project assessm
ent is based on the 

soluble copper portion of the 
m

ineralisation w
hich w

as determ
ined using extensive sequential assays 

throughout the deposit. 

C
rush 

size, 
target 

copper 
recoveries 

and 
leach 

tim
e 

curves 
w

ere 
estim

ated using extensive colum
n test w

ork.  R
ecoveries from

 the colum
n 

test w
ork w

ere dow
n rated to allow

 for loss of efficiency from
 the colum

ns 
to a full scale leach pad. 

Sam
ple selection for the colum

n test w
ork w

as designed to be provide 
representative of spatial, m

ineralogical and grade variability through the 
deposit. 

G
eotechnical test w

ork w
as undertaken to confirm

 the proposed stacking 
arrangem

ent, lift heights and overstacking for the heaps. 

Environm
en-

tal 
x 

The status of studies of potential environm
ental im

pacts of the m
ining 

and processing operation. D
etails of w

aste rock characterisation and 
the consideration of potential sites, status of design options 
considered and, w

here applicable, the status of approvals for process 
residue storage and w

aste dum
ps should be reported. 

Extensive environm
ental baseline studies have been conducted for the 

BKM
 

Project 
from

 
2016 

to 
2018, 

providing 
a 

com
prehensive 

understanding of the existing environm
ent and seasonal (w

et and dry) and 
intra-annual variability in key baseline com

ponents including m
eteorology, 

hydrology, surface w
ater quality, groundw

ater quality, aquatic ecology, 
terrestrial ecology (flora and fauna), air quality and noise. In additional, full 
geochem

ical characterisation of w
aste and ore from

 the BK
M

 Project has 
been com

pleted through static (Acid Base Accounting and N
et Acid 

G
eneration tests) and kinetic (colum

n tests) acid rock drainage/m
etal 

leaching studies. 

Site options analyses have been conducted for both the heap leach facility 
and w

aste dum
p based on geotechnical, engineering, environm

ental, 
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social and econom
ic considerations during the Feasibility Study. The 

preferred options have been carried forw
ard and are reflected in the 

present layout of the facilities. 

G
iven the m

ajority of w
aste rock and ore are acid generating extensive 

assessm
ent of potential im

pacts have been carried out and m
itigation 

strategies have been developed.  A detailed site w
ide w

ater balance has 
been developed for the site during operations and post-closure and 
geochem

ical source term
s (for the w

aste dum
p, heap leach facility and pit) 

derived from
 kinetic test results have been used in the developm

ent of a 
w

ater quality m
odel for the site.  The output from

 the w
ater quality m

odel 
have 

been 
used 

for 
the 

design 
and 

sizing 
of 

a 
w

ater 
treatm

ent 
(neutralisation) plant for the Project.  A w

ater treatm
ent/m

anagem
ent plan 

for operations and post-closure has been developed to ensure com
pliance 

w
ith 

Indonesian 
and 

International 
Finance 

C
orporation 

(IFC
) 

m
ine 

discharge 
standards 

as 
w

ell 
as 

Indonesian 
am

bient 
w

ater 
quality 

standards to ensure protection of the aquatic resources in the dow
nstream

 
receiving environm

ent. 

The above im
pacts assessm

ents and m
itigation/m

anagem
ent plans as 

w
ell as others relating to aquatic ecology, terrestrial ecology, air quality 

and noise have been docum
ented in the approved Environm

ental and 
Social Im

pact Assessm
ent (A

M
D

AL in Indonesian) and the G
overnm

ent 
of 

Indonesia 
Feasibility 

Study 
for 

the 
Project, 

w
hich 

represents 
G

overnm
ent 

approval 
for 

the 
proposed 

project 
description 

and 
environm

ental m
anagem

ent plans. 

A conceptual m
ine closure plan has been developed for the B

KM
 Project 

in order to provide a basis for the estim
ation of site reclam

ation and 
closure costs. In order to lim

it the ingress of oxygen and w
ater into the 

closed heap leach facility and the w
aste dum

p (reducing the potential for 
acid generation and poor quality drainage), a low

 perm
eability cover 

system
 has been proposed for these facilities.  W

ater m
anagem

ent at 
closure 

is 
achieved 

through 
design 

of 
closure 

w
ater 

m
anagem

ent 
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structures and a com
bination of active (neutralisation) and passive 

treatm
ent. 

Infrastructure 
x 

The existence of appropriate infrastructure: availability of land for 
plant developm

ent, pow
er, w

ater, transportation (particularly for bulk 
com

m
odities), labour, accom

m
odation; or the ease w

ith w
hich the 

infrastructure can be provided, or accessed. 

C
urrent infrastructure at the BKM

 site is lim
ited to the exploration cam

p 
and associated facilities. 

The D
FS includes design and cost estim

ation for all infrastructure required 
by the project including: 

x 
M

ining contractor’s area, w
orkshop and offices, 

x 
Explosives m

agazine, 
x 

R
O

M
 stockpile, 

x 
C

rusher and conveyor to the pad area, 
x 

Agglom
erator, 

x 
Leach pad conveyors and stacker, 

x 
Leach pads, 

x 
SXEW

 and process and storm
w

ater ponds, 
x 

KSK offices, stores, w
orkshops and laboratory, 

x 
Pow

er station and electricity reticulation, 
x 

Fuel storage, 
x 

KSK and contractor cam
p, 

x 
Site access road, 

x 
O

ff site facilities (road to port, port facilities), 
x 

Surface and groundw
ater m

anagem
ent, and 

x 
Acid neutralisation facilities. 

The overall level of infrastructure design and capital cost estim
ation is 

com
m

ensurate w
ith a Feasibility Study. 

C
osts 

x 
The derivation of, or assum

ptions m
ade, regarding projected capital 

costs in the study. 
x 

The m
ethodology used to estim

ate operating costs. 

M
ine operating costs are based on quotations from

 tw
o m

ajor experienced 
Indonesia 

based 
m

ining 
contractors, 

a 
detailed 

explosives 
supply 

quotation and the current diesel price. 
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x 
Allow

ances m
ade for the content of deleterious elem

ents. 
x 

The source of exchange rates used in the study. 
x 

D
erivation of transportation charges. 

x 
The basis for forecasting or source of treatm

ent and refining charges, 
penalties for failure to m

eet specification, etc. 
x 

The allow
ances m

ade for royalties payable, both G
overnm

ent and 
private. 

Process operating costs are based on a detailed quotation for pow
er 

supply, vendor quotes for acid and other consum
ables, current Indonesian 

labour rates and detailed estim
ates of equipm

ent operating costs. 

G
eneral and adm

inistrative costs are estim
ated for the planned w

orkforce 
and a detailed list of non-operating tasks and resources. 

C
apital costs are m

ainly estim
ated using vendor quotes applied to 

equipm
ent item

s and m
aterial take offs for earthw

orks and construction 
item

s designed to a Feasibility Study standard. 

R
oyalties are as set by the G

overnm
ent of Indonesia and in an existing 

agreem
ent w

ith Freeport. 

C
ost estim

ates cover the periods through construction, operation, closure 
and post closure. 

R
evenue 

factors 
x 

The derivation of, or assum
ptions m

ade regarding revenue factors 
including head grade, m

etal or com
m

odity price(s) exchange rates, 
transportation and treatm

ent charges, penalties, net sm
elter returns, 

etc. 
x 

The derivation of assum
ptions m

ade of m
etal or com

m
odity price(s), 

for the principal m
etals, m

inerals and co-products. 

C
opper price assum

ptions used for the June 2019 Feasibility Study and 
O

re R
eserve Estim

ate are based on long-term
 analyst consensus price 

forecasts for copper from
 a range of global banks w

ho have active 
research in copper and other com

m
odities. 

M
arket 

assessm
ent 

x 
The dem

and, supply and stock situation for the particular com
m

odity, 
consum

ption trends and factors likely to affect supply and dem
and 

into the future. 
x 

A custom
er and com

petitor analysis along w
ith the identification of 

likely m
arket w

indow
s for the product. 

x 
Price and volum

e forecasts and the basis for these forecasts. 
x 

For industrial m
inerals the custom

er specification, testing and 
acceptance requirem

ents prior to a supply contract. 

W
ood M

ackenzie forecast continued grow
th in global copper consum

ption 
through to 2035.  G

row
th is driven by electric vehicles, renew

able energy 
and infrastructure investm

ent.  G
lobal m

ine supply is forecast to be 
constrained by declining grades and continued project deferrals.  In this 
global context 25,000 tonnes of cathode per year from

 the BKM
 project 

should be easily placed in the m
arket. 

C
athode copper w

ill be sold w
ithin Indonesia and internationally.  As a 

producer of copper cathode the BKM
 Project w

ill not be affected by 
Indonesian restrictions on export of unrefined products. 

Econom
ic 

x 
The inputs to the econom

ic analysis to produce the net present value 
The Feasibility Study financial m

odel is driven by the pit design and 
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(N
PV) in the study, the source and confidence of these econom

ic 
inputs including estim

ated inflation, discount rate, etc. 
x 

N
PV ranges and sensitivity to variations in the significant 

assum
ptions and inputs. 

production schedule w
hich include Inferred resources.  For the purpose of 

assessing reasonable prospects for extraction in the short term
 for this 

O
re R

eserve estim
ate revenue derived from

 Inferred resources w
as 

deducted from
 the cash flow

.  This is slightly conservative because all the 
m

ining and processing costs are still applied to the above cut off Inferred 
resources but they do not contribute to revenue. 

O
ther inputs for the financial analysis include the capital and operating 

costs, copper price forecast and realisation costs described elsew
here in 

this Table 1, Section 4.  M
ining and processing production rates are 

estim
ated w

ith regard to the operating environm
ent and com

pare w
ell 

against sim
ilar projects in the region.  H

eap leach and SXEW
 perform

ance 
is w

ell supported by test w
ork.  C

apital costs in all areas are supported by 
detailed design and vendor quotes.  O

perating costs in all areas are 
supported contractor and vendor quotes or detailed estim

ates using local 
cost inputs.  C

opper prices are based on forecasts from
 a leading global 

m
etals and m

ining research consultancy. 

N
et present value (N

PV) is estim
ated on an after tax basis using an 8%

 
discount rate.  Taxation is in accordance w

ith the law
s of Indonesia.  The 

estim
ate is on a 100%

 equity basis. 

Sensitivity analyses w
ere conducted by varying capital costs, operating 

costs, copper price and copper recovery ±10%
 from

 the Base C
ase.  In 

this range project value is only m
oderately sensitive to capital and 

operating costs.  Value stays strongly positive for a 10%
 increase in either 

capital or operating costs.  N
PV is m

ore sensitive to changes in both 
copper price and heap leach copper recovery.  A 10%

 decrease in either 
copper price or recovery m

akes the project value m
arginal. 

 

Social 
x 

The status of agreem
ents w

ith key stakeholders and m
atters leading 

to social licence to operate. 
The C

om
pany has had a long-term

 and participatory engagem
ent policy 

tow
ards 

local 
com

m
unities. 

In 
1997, 

the 
C

om
pany 

established 
a 

com
m

unity developm
ent foundation called Yayasan Tam

buhak Sinta 
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(YTS) w
ith the purpose of ensuring the local people w

ould benefit from
 

any m
ineral developm

ent in the area. The C
om

pany has provided 
m

anagem
ent, staffing, and financial support for the YTS Foundation since 

its inception - continuing the earlier initiatives in health and education, as 
w

ell as new
 initiatives in livelihoods.  Asiam

et has focused its efforts and 
resources on im

proving the w
elfare of people living close to the BKM

 
Project site. These corporate social responsibility (C

SR
) program

s started 
during early exploration, through hiring and training of local residents to 
becom

e part of the exploration team
. YTS has also provided technical 

assistance to local G
overnm

ent to assist in im
proving their planning and 

budgeting processes, and their service delivery to com
m

unities. This has 
resulted in im

proved econom
ic livelihoods, as w

ell as social services, such 
as health and education. 

YTS has been w
orking in 22 villages in the area surrounding the C

ontract 
of W

ork, providing support for livelihood activities, such as fish farm
ing, 

pig rearing, rubber cultivation, and vegetable grow
ing. Som

e com
m

unities 
have been providing vegetables, fish and other local produce to the 
com

pany’s exploration cam
ps. YTS helps villagers to analyse, plan, set 

priorities and m
ake decisions on a w

hole range of issues affecting their 
daily life, everything from

 local education and health services to econom
ic 

and livelihood opportunities, and the developm
ent of local infrastructure. 

The overall im
pact of the developm

ent program
 has been to im

prove 
com

m
unity relations both w

ith the com
pany and the local governm

ent. 
These initiatives have resulted in strong and w

idespread support by the 
local com

m
unities for the C

om
pany and its activities. 

In addition to the long term
 routine stakeholder engagem

ent described 
above, social baseline program

s have been com
pleted and m

andatory 
stakeholder consultations have been held in support of the AM

D
AL and 

M
ine C

losure Plan developm
ent for the BKM

 Project. Although the BKM
 

site is rem
ote, w

ith the nearest settlem
ent being approxim

ately 15 km
 from

 
the site of m

ining and processing operations, 15 villages in the proxim
ity 

of the site and access road have been identified as potentially affected 
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com
m

unities as part of the AM
D

AL process, w
hich w

ill be the focus of 
consultation and com

m
unity developm

ent projects by the C
om

pany.  

There is strong support from
 local com

m
unities and local governm

ent 
agencies for the developm

ent of the BKM
 Project, as reflected by 

stakeholder inputs docum
ented in the AM

D
AL and M

ine C
losure Plan 

docum
ents. 

O
ther 

x 
To the extent relevant, the im

pact of the follow
ing on the project 

and/or on the estim
ation and classification of the O

re R
eserves: 

x 
Any identified m

aterial naturally occurring risks. 
x 

The status of m
aterial legal agreem

ents and m
arketing arrangem

ents. 
x 

The status of governm
ental agreem

ents and approvals critical to the 
viability of the project, such as m

ineral tenem
ent status, and 

governm
ent and statutory approvals. There m

ust be reasonable 
grounds to expect that all necessary G

overnm
ent approvals w

ill be 
received w

ithin the tim
efram

es anticipated in the P
re-Feasibility or 

Feasibility study. H
ighlight and discuss the m

ateriality of any 
unresolved m

atter that is dependent on a third party on w
hich 

extraction of the reserve is contingent. 

R
isk assessm

ent. 

Physical risks identified for the project such as high rainfall and acid 
drainage 

have 
been 

m
itigated 

through 
design 

and 
operational 

strategies.  C
om

m
ercial risks such as copper price have been assessed 

by sensitivity analysis across reasonably foreseeable ranges and the 
project rem

ains viable. 

N
one of the risks identified decrease confidence in the project to the 

extent that w
ould affect classification of the O

re R
eserves. 

Legal agreem
ents 

An 
existing 

agreem
ent 

w
ith 

Freeport 
is 

covered 
in 

the 
royalty 

arrangem
ents 

used 
in 

the 
Enterprise 

O
ptim

isation 
and 

financial 
m

odelling. 

M
arketing Arrangem

ents 

The BKM
 project is forecast to produce LM

E G
rade A specification 

copper cathode.  C
opper cathode is and easily traded com

m
odity and 

is highly liquid w
ith respect to financial and investm

ent m
arket.  Sem

i-
fabricators are considered to be the first users of refined copper and 
include w

ire rod plants and brass m
ills, a num

ber of these custom
ers 

are available in Indonesia.  G
iven the m

odest supply from
 the BKM

 m
ine 

it is likely a large portion of the end product w
ill be consum

ed w
ithin 

local m
arkets.  Export of copper cathode is available to the C

om
pany to 

LM
E w

arehouses in M
alaysia and Singapore. 
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riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

G
overnm

ent agreem
ents and approvals 

BKM
 C

ontract of W
ork (C

oW
) is in good standing and valid for a period 

of 30 years from
 com

m
encem

ent of m
ining operations w

ith 2 potential 
extensions, each for 10 years, in the form

 of a Special M
ining Licence, 

the licencing system
 under Indonesian M

ining Law
 of 2009 w

hich 
replaced the C

oW
 system

. 

The 4 key perm
its/approvals in support of the construction perm

it for the 
BKM

 Projects are: 1) Environm
ental and Social Im

pact Assessm
ent 

(AM
D

AL in Indonesian) and associated Environm
ental Licence; 2) 

G
overnm

ent of Indonesia Feasibility Study; 3) 5-year R
eclam

ation and 
M

ine C
losure plans; and, 4) O

perations/Production Forestry “Borrow
-

to-U
se” Perm

it.  The status of these perm
its/approvals are as follow

s: 

x 
BKM

 A
M

D
AL 

w
as approved by the G

overnm
ent of C

entral 
Kalim

antan and the associated Environm
ent Licence w

as issued 
in January 2019 

x 
BKM

 G
overnm

ent of Indonesia Feasibility Study w
as approved by 

the 
M

inistry 
of 

Energy 
and 

M
ineral 

R
esources 

(M
EM

R
) 

in 
February 2019. 

x 
The BKM

 M
ine C

losure Plan and the 5-Year R
eclam

ation Plan 
w

ere subm
itted to M

EM
R

 on 1 M
arch 2019 and 11 M

arch 2019, 
respectively. Presently the plans are undergoing review

 by M
E

M
R

 
and approval of these plans is expected in July 2019. 

The first step in the application process for the Forestry Perm
it has been 

com
pleted though issuance of D

ecree by M
EM

R
 in M

ay 2019 officially 
transitioning the BKM

 Project into the O
perations/Production Phase. 

The application process for this final m
ajor perm

it is ongoing through a 
series of sequential steps, as m

andated by forestry regulations, and 
issuance of the O

perations/Production Forestry Perm
it for the BKM

 
Project is expected in the second quarter of 2020. 
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 C
riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

C
lassification 

x 
The basis for the classification of the O

re R
eserves into varying 

confidence categories. 
x 

W
hether the result appropriately reflects the C

om
petent Person’s 

view
 of the deposit. 

x 
The proportion of Probable O

re R
eserves that have been derived 

from
 M

easured M
ineral R

esources (if any). 

Probable O
re R

eserves are derived from
 the econom

ically m
ineable 

portion of Indicated R
esources w

ithin the pit design. 

Proved O
re R

eserves are derived from
 the econom

ically m
ineable portion 

of M
easured R

esources w
ithin the pit design. 

N
o Probable O

re R
eserves are derived from

 M
easured R

esources. 

In 
the 

opinion 
of 

the 
C

om
petent 

Person, 
John 

W
yche, 

technical, 
com

m
ercial and other m

odifying factors for the BK
M

 C
opper Project are 

w
ell enough defined in the D

FS
 that classification of Probable O

re 
R

eserves from
 Indicated R

esources and Proved O
re R

eserves from
 

M
easured R

esources is appropriate. 

Audits 
or 

review
s 

x 
The results of any audits or review

s of O
re R

eserve estim
ates. 

N
o external audits or review

s of the O
re R

eserves have been undertaken. 

D
iscussion of 

relative 
accuracy/ 
confidence 

x 
W

here appropriate a statem
ent of the relative accuracy and 

confidence level in the O
re R

eserve estim
ate using an approach or 

procedure deem
ed appropriate by the C

om
petent Person. For 

exam
ple, the application of statistical or geostatistical procedures to 

quantify the relative accuracy of the reserve w
ithin stated confidence 

lim
its, or, if such an approach is not deem

ed appropriate, a qualitative 
discussion of the factors w

hich could affect the relative accuracy and 
confidence of the estim

ate. 
x 

The statem
ent should specify w

hether it relates to global or local 
estim

ates, and, if local, state the relevant tonnages, w
hich should be 

relevant to technical and econom
ic evaluation. D

ocum
entation should 

include assum
ptions m

ade and the procedures used. 
x 

Accuracy and confidence discussions should extend to specific 
discussions of any applied M

odifying Factors that m
ay have a 

m
aterial im

pact on O
re R

eserve viability, or for w
hich there are 

rem
aining areas of uncertainty at the current study stage. 

x 
It is recognised that this m

ay not be possible or appropriate in all 
circum

stances. These statem
ents of relative accuracy and confidence 

As a pre-m
ining O

re R
eserve w

ith no operational results to reconcile 
against assessm

ent of the relative accuracy and confidence in the O
re 

R
eserve is based on the M

ineral R
esource Estim

ate and the m
ine plan 

and processing system
 designed to recover the copper m

etal.  The M
ineral 

R
esource Estim

ate has been thoroughly docum
ented and audited so the 

M
easured and Indicated portions form

ing the basis of the O
re R

eserve are 
at the levels of confidence described in the JO

R
C

 C
ode 2012.  The m

ine 
plan has been developed over several years by experienced Indonesian 
and Australian based engineers.  M

ining m
ethods and rates are consistent 

w
ith sim

ilar Indonesian projects and m
ining costs are w

ell supported by 
contractor and vendor quotations.  Process m

ethods, recoveries and costs 
are w

ell supported by m
etallurgical test w

ork, detailed designs, vendor 
quotes and local costs.  W

hile further adjustm
ents w

ill be required as the 
project is developed there is a high degree of confidence that the general 
plan and cost estim

ate is adequate to allow
 the global O

re R
eserve to be 

realised. 

U
ntil sufficient m

ining benches have been exposed, m
apped and grade 
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riteria 

JO
R

C
 C

ode explanation 
C

om
m

entary 

of the estim
ate should be com

pared w
ith production data, w

here 
available. 

controlled to allow
 reconciliation and any necessary adjustm

ent of the 
m

ining m
odel the O

re R
eserve should be regarded as highly reliable for 

M
easured R

esources and reliable for Indicated resources at a global level.  
Inform

ation from
 operations should allow

 local reliability to be established 
over the first year of operations.  As a pre-m

ining O
re R

eserve estim
ate it 

is likely that w
ill be variable reconciliation betw

een the O
re R

eserve and 
the as-m

ined tonnes and grades on a m
onth to m

onth basis but the 
variability should be m

uch less over a three to six m
onth period.  Future 

O
re R

eserve updates incorporating know
ledge of the exposed orebody 

should allow
 closer reconciliation on a local short term

 basis. 
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1.6 RESOURCE AND RESERVE CATEGORIES – EXPLANATION 

According to the Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore 
Reserves (The JORC Code) 2012 Edition:- 

A ‘Mineral Resource’ is a concentration or occurrence of solid material of economic interest in or on 
the Earth’s crust in such form, grade (or quality), and quantity that there are reasonable prospects for 
eventual economic extraction. The location, quantity, grade (or quality), continuity and other 
geological characteristics of a Mineral Resource are known, estimated or interpreted from specific 
geological evidence and knowledge, including sampling. Mineral Resources are sub-divided, in order 
of increasing geological confidence, into Inferred, Indicated and Measured categories. 

An ‘Inferred Mineral Resource’ is that part of a Mineral Resource for which quantity and grade (or 
quality) are estimated on the basis of limited geological evidence and sampling. Geological evidence 
is sufficient to imply but not verify geological and grade (or quality) continuity. It is based on 
exploration, sampling and testing information gathered through appropriate techniques from 
locations such as outcrops, trenches, pits, workings and drill holes. 

An Inferred Mineral Resource has a lower level of confidence than that applying to an Indicated 
Mineral Resource and must not be converted to an Ore Reserve. It is reasonably expected that the 
majority of Inferred Mineral Resources could be upgraded to Indicated Mineral Resources with 
continued exploration. 

An ‘Indicated Mineral Resource’ is that part of a Mineral Resource for which quantity, grade (or 
quality), densities, shape and physical characteristics are estimated with sufficient confidence to allow 
the application of Modifying Factors in sufficient detail to support mine planning and evaluation of 
the economic viability of the deposit. 

Geological evidence is derived from adequately detailed and reliable exploration, sampling and testing 
gathered through appropriate techniques from locations such as outcrops, trenches, pits, workings 
and drill holes, and is sufficient to assume geological and grade (or quality) continuity between points 
of observation where data and samples are gathered. 

An Indicated Mineral Resource has a lower level of confidence than that applying to a Measured 
Mineral Resource and may only be converted to a Probable Ore Reserve. 

A ‘Measured Mineral Resource’ is that part of a Mineral Resource for which quantity, grade (or 
quality), densities, shape, and physical characteristics are estimated with confidence sufficient to 
allow the application of Modifying Factors to support detailed mine planning and final evaluation of 
the economic viability of the deposit. 

Geological evidence is derived from detailed and reliable exploration, sampling and testing gathered 
through appropriate techniques from locations such as outcrops, trenches, pits, workings and drill 
holes, and is sufficient to confirm geological and grade (or quality) continuity between points of 
observation where data and samples are gathered. 

A Measured Mineral Resource has a higher level of confidence than that applying to either an 
Indicated Mineral Resource or an Inferred Mineral Resource. It may be converted to a Proved Ore 
Reserve or under certain circumstances to a Probable Ore Reserve. 

An ‘Ore Reserve’ is the economically mineable part of a Measured and/or Indicated Mineral Resource. 
It includes diluting materials and allowances for losses, which may occur when the material is mined 
or extracted and is defined by studies at Pre-Feasibility or Feasibility level as appropriate that include 
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application of Modifying Factors. Such studies demonstrate that, at the time of reporting, extraction 
could reasonably be justified. 

The guidelines in the JORC Code state that the term ‘economically mineable’ implies that extraction 
of the Ore Reserves has been demonstrated to be viable under reasonable financial assumptions. This 
will vary with the type of deposit, the level of study that has been carried out and the financial criteria 
of the individual company. For this reason, there can be no fixed definition for the term ‘economically 
mineable’. 

A ‘Probable Ore Reserve’ is the economically mineable part of an Indicated, and in some 
circumstances, a Measured Mineral Resource. The confidence in the Modifying Factors applying to a 
Probable Ore Reserve is lower than that applying to a Proved Ore Reserve. 

A ‘Proved Ore Reserve’ is the economically mineable part of a Measured Mineral Resource. A Proved 
Ore Reserve implies a high degree of confidence in the Modifying Factors. 

The guidelines provided in the JORC Code note that “A Proved Ore Reserve represents the highest 
confidence category of reserve estimate and implies a high degree of confidence in geological and 
grade continuity, and the consideration of the Modifying Factors. The style of mineralisation or other 
factors could mean that Proved Ore Reserves are not achievable in some deposits.” 

The following figure, from the JORC Code, sets out the framework for classifying tonnage and grade 
estimates to reflect different levels of geological confidence and different degrees of technical and 
economic evaluation.  

 
Figure 1 General relationship between Exploration Results, Mineral Resources and Ore Reserves, from 2012 JORC Code 
Figure 1 

 

Mineral Resources can be estimated on the basis of geoscientific information with some input from 
other disciplines. Ore Reserves, which are a modified sub-set of the Indicated and Measured Mineral 
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Resources (shown within the dashed outline in the Figure above), require consideration of the 
Modifying Factors affecting extraction, and should in most instances be estimated with input from a 
range of disciplines. 

Measured Mineral Resources may be converted to either Proved Ore Reserves or Probable Ore 
Reserves. The Competent Person may convert Measured Mineral Resources to Probable Ore Reserves 
because of uncertainties associated with some or all of the Modifying Factors which are taken into 
account in the conversion from Mineral Resources to Ore Reserves. 

Inferred Resources cannot convert to Ore Reserves. 

 


