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product being suitable for the intended purpose, and the second being “right first time”, where 

mistakes should be eliminated. 

The primary Standard Operating Procedure (SOP) for the samples submitted by the 

exploration and mining operations at PT HM is the “JIS Method for Sampling and Method of 

Determination of Moisture Content of Garnierite Nickel Ore” JIS M-8109-1996, by 

H.Kanazawa, August 1996. This Japanese industrial Standard specifies the following methods 

for this purpose of determination of the average grade and moisture content of a lot of 

garnierite nickel ore as follows: 

1. Method of taking the sample 

2. Method of sample preparation for moisture test sample and quality sample. 

3. Method of measuring the moisture content 

4. Method of determination of the moisture content and dry mass of the lot. 

 

4.6.1.2 Quality Control 

Quality control (QC) is a reactive process of analyzing the data returned from the lab. This is 

crucial for determining the quality of the data and revealing any deviations from the norm. This 

step should be conducted during the sampling campaign to ensure any issues are identified 

and quickly rectified.    

A comprehensive quality control program will monitor the different stages of the sampling, 

preparation and assaying stages with the aim of controlling and minimizing any possible 

measurement error. This is done at the sample collection and splitting stage through 

controlling the sampling precision. It continues through the sample preparation and sub-

sampling stages through controlling the sub-sampling precision and contamination during 

preparation. The final stage is controlling the analytical accuracy, analytical precision and 

contamination during assaying. 

Quality Control is ensuring that checks and balances are implemented and are constantly 

reviewed and assessed, in order to identify whether the sampling /measuring systems and the 

laboratory are providing quality assays, meaning they are “in control”. In the minerals industry, 

the checks and balances commonly used to monitor the sample preparation and assaying 

processes includes standards, blanks and duplicates.  

Sterk discusses how geoscientists should be aware of variance, and QA/QC and Acceptance 

Testing (Reporting and Review) are relevant at every stage of the sample collection, sample 

preparation and assaying treatment. This is important, and we should assess the QA, QC and 

AT at each and every sample treatment stages. At HM, these are considered as Primary 
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Sample, 1st Split, 2nd Split, 3rd Split etc., and Analytical, and a summary of these different 

stages is given in Section 4.3 of this report.  These samples are collected at the HM Sample 

Prep Lab. 

 

4.6.1.3 Reporting and Review 

Continuous reviewing and reporting is important to ensure that processes are monitored for 

quality in order to identify problems and improve systems, and when identified should be 

incorporated into protocols for staff to follow. 

 

4.6.1.4 Continuous Improvement 

Quality data management should be dynamic, with protocols, procedures and sampling 

practices undergoing regular examination for continual improvement with the aim of removing 

sources of error and quality degradation. It is an ongoing process. Current international mining 

standards such as JORC Code 2012, require that a program of data verification is included 

with any exploration program to confirm the validity of the exploration data, and this is normally 

done by inclusion of JORC Code, 2012 Edition – Table 1 Report Template, a copy of which is 

attached Appendix 1 of this report. By implementing a Quality Assurance/Quality Control 

(QA/QC) program, it is possible to identify and measure any errors within the system, with the 

objective of reducing uncertainty within our ore Resource estimates, and adding value to our 

project, the company and all its stakeholders. 

 

4.7 SAMPLE SECURITY, AUDITS AND REVIEW 

Sample core store at the mine office can be locked when unattended and is located in front of 

the security post which operates 24 hours per day. 

A Sample Dispatch Form SOP and construction of a special purpose sample storage facility, 

adjacent to the Sample Prep Lab at the port, ensures samples are properly recorded and 

duplicates stored for future reference if required. Sample store at the port is locked when 

unattended and is adjacent to a security post that has 24 hour security. 
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5 RESULTS 

5.1 GPR SURVEY 

Ultra GPR surveys to date and the results are summarized as shown in Table 8. 

Table 8 Ultra GPR survey summary 

 

The survey lines shown in Figure 12 below. The Ultra GPR survey data from all areas were of 

good quality and were easily interpretable. Maps were created showing the interpreted 

thickness of limonite, saprolite and depth to bedrock. The total area surveyed was 

approximately 2,434Ha.  The nominal spacing between radar lines was approximately 100m 

with some 50m spacing in the Bete Bete mining area. The Ultra GPR survey grid, where 

possible, is in the same location as the drill lines. Table 9 shows the resulting interpretation 

for laterite volumes using the Ultra GPR data. 
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Figure 12 Ultra GPR survey lines on topographic map 

Table 9 Ultra GPR survey results interpretation 
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An example of an Ultra-GPR section interpretation covering 1,850m in the Central East area 

is shown in Figure 13. 

 

Figure 13 Ultra GPR section line interpretation example from Central East (phase 7) 

 

Figure 14 shows the limonite thickness interpreted from the UltraGPR survey data. Figure 16 

shows the saprolite thickness interpreted from the UltraGPR survey data. 

 

Figure 14 Limonite thickness interpreted from the Ultra-GPR survey 
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Figure 15 Saprolite thickness interpreted from the Ultra-GPR survey 

 

Figure 16 Depth to bedrock interpreted from Ultra-GPR 
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5.2 DRILL RESULTS 

Validated drill data used in this study is summarized below in Table 10. 

Table 10 Drill data statistics 

 

For the purpose of this Resource estimate, a database of validated drilling data including 4,657 

drill holes with a cumulative total depth of 108,294m and 111,643 analyses results has been 

constructed. Most of the drilling is on a systematic grid, providing a regular spread of drill data 

over most of the laterite areas with Forestry permits. The drilling locations used in this study 

are displayed in Figure 17. Other drill data excluded from the Resource database has only 

been used for Exploration Target identification. 

Most (75%) of the drilling has been done at less than 100m spacing on Ultra-GPR targets with 

the objective of Resource definition in these areas. The distribution of drilling in each Resource 

block area is summarized in Table 11. 

Table 11 Drilling distribution per domain 
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Figure 17 Drill hole location map
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Core recovery data is summarized below. Data from the latest drilling programs was 

systematically recorded and includes core recovery measurements supported by core 

photography. Some of the older data did not include core recovery information but was used 

in the Resource because it had complete geological log and sample analysis data which was 

similar to the results found in the surrounding holes that had core recovery information. It is 

therefore considered unlikely that any bias was introduced to the Resource because of the 

inclusion of these holes. Core recovery data is summarized in Table 12. 

Table 12 Core recoveries 

 

An unofficial translation of the results of these studies are summarized below (see APPENDIX 

9.6  Geomine, PT Hengjaya Mineralindo Geotechnical & Hydrogeological Report, Dec 2021). 

 

5.3 GEOTECHNICAL AND HYDROGEOLOGY STUDIES 

Based on the results of the interpretation of hydrogeological conditions at PT Hengjaya 

Mineralindo, it is known that the hydro-stratigraphic layers of groundwater system is divided 

into three units that are; clay lateritic soil (upper laterite), lower laterite and weathered 

ultramafic rock, and fresh ultramafic rock. The layers that form the main aquifer zone in this 

groundwater system are lower laterite and weathered ultramafic rock. Lower laterite layer and 

weathered ultramafic rock are grouped into one main aquifer zone with thickness ranges from 

10-30 m. The clay laterite soil serves as an impermeable seal.  The fresh, unjointed ultramafic 

rock layer acts as an aquifer floor, assumed to be continuous to a thickness of more than 100 

meters. 

Data requirements for groundwater level and hydraulic conductivity are considered to have 

met the minimum data requirements for analysis. The data was obtained from field Slug test 

measurements at nine geotechnical boreholes, with a total cumulative depth of 220m and from 

data collected at exploration wells and other reference sources in the area. 
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Figure 18 Geotechnical & hydrogeological drilling location map 

 

Based on the prediction model, the estimated result of groundwater inflow in the first year is 

22.19 liters/second and gradually decreases towards a steady line around 19.00 liters/second 

in the following years. Groundwater inflow discharge in general tends to be small due to the 

relatively low groundwater level, so that it is not expected to significantly intersect with the 

mine area. 

Technical recommendations related to drainage plans including the design of drainage 

channels, sumps and pumping, as well as sediment ponds, have been provided. 

The data collection of HM material properties was carried out through geotechnical logging of 

the cores of the nine geotechnical drilling holes and the results of physical and mechanical 

properties testing. Validation of properties using actual geometry and Reverse analysis, using 

instability indication was also carried out to determine the properties that represent the 

characteristics of the geotechnical domain in the HM area. 

Single slope stability analysis shows that the majority of single slope geometries meet the 

minimum of Safety Factor criteria, especially for the saprolite and bedrock domains. For the 

limonite domain, a 3meter high bench level, with saturated conditions, meets the criteria, but 
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for the 5meter high bench level a dry condition is required to be able to meet the safety criteria. 

Table 13 summarizes the results. 

Table 13 Slope Stability Analysis Results 

 

 

The overall slope stability analysis shows that the final pit design of PT Hengjaya Mineralindo 

has met the criteria and shows a stable condition with a Safety Factor (FK) value above 1.3 

for static conditions and above 1.05, except on Section KK’ which is located in Central East. 

The results of the analysis on Section KK’ show that the FK and PoF values are below the 

minimum criteria limit and indicate a marginally stable condition. To make the condition stable 

on Section KK’, it is necessary to adjust the pit slope to the overall angle to 29° or decrease 

groundwater level to 6 m deep with the installation of a drain hole. 

Slope stability analysis was also carried out on the waste dump located in Bete-bete 

(geotechnical drill point DHG-02). Based on the actual waste dump conditions in the monitored 

DHG-02 area experiencing instability, Reverse analysis is carried out to get the properties of 

the waste material as close as possible to represent the actual conditions observed and can 

be used in further analysis. The results of the Reverse analysis of the waste properties 

produced are shown in Table 14. With the waste properties from the result of the Reverse 

analysis, to maintain slope stability in the waste dump area, it is necessary to reduce the 

overall angle about 2° from the actual condition to obtain the FK value in accordance with the 

provisions. The overall slope angle that shows the safe FK value is 18° with a height of 33 m. 
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Table 14 Material Properties Result of Reverse Analysis 

Lithology 
Unit Weight 

(kN/m3) 

Mohr Coloumb 

C (KPa) 
Phi 

(Degree) 

Limonite 18.77 11 27 

Saprolite 20.21 61 18 

Bedrock 26.71 217 35 

Waste 21.9 9 20 

 

Excavation and dig-ability analysis were carried out in each domain based on parameter data 

of rock compressive strength and joint spacing which were plotted into a Pettifer-Fookes 

graph. From the graph it can be concluded that the characteristic of each domain is distributed 

in a relatively homogeneous category so that the excavation or harrowing treatment is also 

relatively the same for each of these domains as summarized in Table 15. 

Table 15 Excavation and Dig-ability per Lithology 

Lithology Method 

Limonite Easy Digging 

Saprolite Hard Digging 

Bedrock Easy-Hard Ripping 

 

5.4 SURVEY RESULTS 

LiDAR topography survey covering the HM IUP was completed in 2015. The resulting 

topographic map is shown in Figure 19. Ground survey drill hole collar mis-close with LiDAR 

topography is shown in Table 16. 

Table 16 Survey mis-close between drill collars and LiDAR survey 

 

TOTAL STATION GPS
COLLAR

(%)

MINIMUM

(m)

MAXIMUM

(m)

AVERAGE

(m)

STANDARD

DEVIATION

(m)

(‐2) Std

(m)

(+2) Std

(m)

4476 181 96% ‐4.97 12.74 0.01 0.56 ‐1.10 1.12

SURVEY METHOD VALIDATED COLLAR SURVEY MISCLOSE WITH LIDAR TOPOGRAPHY
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158 holes used in the model had only GPS coordinates available. 76 of these holes are located 

in the mined-out areas. The holes with GPS coordinates were used because they had 

complete drill log, analysis data, GPR data supporting laterite thickness and were surrounded 

by other holes with similar quality and depth with surveyed coordinates. It is considered 

appropriate to use these holes as the drill intersections match the surrounding holes and the 

analysis data does not introduce a bias to the nickel grades. Figure 20 shows the included 

drillhole collars with GPS locations in red. The data is considered sufficiently accurate and 

appropriate for use in this Resource estimation. 

 

Figure 19 LiDAR topography map of the HM IUP 
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Figure 20 Drillhole location and survey status map 

 

5.5 ASSAY ANALYSIS RESULTS 

111,692 XRF sample analyses have been performed on drill core samples to document the 

grade characteristics throughout the nickel Resource area at HM. Sample interval has been 

predominantly 1m as per each core run. Where the sample interval has been less than 1m the 

analysis result has been weighted for the interval that it represents. Figure 21 displays the 

sample interval data and Table 14 shows the sample interval statistics. 

 

Figure 21 Sample interval distribution 
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Table 17 Sample interval statistics 

 

 

Since April 2019, the analysis of exploration samples has been largely in house at the HM 

mine site lab.  

 

5.5.1 SPECIFIC GRAVITY MEASUREMENTS 

Insitu density measurements on drill core were made for each stratigraphic layer in each of 

hole drilled since April 2019. A total 13,004 density measurements on drill core samples have 

been performed. The results are summarized in Table 18. These are insitu density 

measurements for laterite layers in the ground. Samples were immediately packed tightly 

using masking tape at the well site and prioritized for transfer to the lab. 

Table 18 specific gravity measurements 
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Figure 22 Average density measurement from cores 

 

5.5.2 MOISTURE MEASUREMENT 

Since April, 2019 every 1m drill core sample was measured for Moisture using the Japanese 

Industrial Standard (JIS). A total 33,544 Moisture measurements were performed. The results 

are summarized in Table 19. Figure 23 shows the average moisture content for each layer 

compared by domain. 

Table 19 Moisture content 
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Figure 23 Average moisture content 

 

5.5.3 SAMPLE ASSAY QUALITY CONTROL 

Sample assay quality is defined through analytical accuracy, analytical precision and 

contamination during assaying. It is assessed using fine grained, pulverized samples that are 

inserted into the sample stream after the preparation stage and before the assaying stage. 

Samples used in testing assay quality include pulp duplicates, Certified Reference Materials 

(CRMs) and fine blanks. Sampling or analysis is said to be accurate when the mean error 

approaches zero. Sampling or analysis is said to be precise when there is a small spread of 

errors around the mean sampling error. 

Data with “good” accuracy and “good“ precision can be regarded as “Good Quality” and as 

such, will be “fit for purpose”.  The terminology “representative,” is used when the precision 

and accuracy are within acceptable tolerances. 

Accuracy refers to the component of the measurement error that in replicate measurements 

remains constant or varies in a predictable manner. It is assessed by using Certified Reference 

Materials, for example OREAS 193, and by inserting these CRMs into the sample stream, it 

is possible to assess the performance of the assay lab undertaking the assay work for internal 

control. When sent to commercial laboratories with Interlaboratory Check samples it allows 

comparison of the HM Assay Lab performance against commercial laboratories and assess 

for any bias. 

Accuracy is treated as a qualitative attribute, meaning low or lower accuracy, high or higher 

accuracy, and should not be given a quantitative value. Accuracy is measured through the 
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bias, which is the difference between the expectation of the test results and an accepted 

reference value. There is an inverse relationship between accuracy and bias, the higher the 

absolute value of the bias, the lower the accuracy, and vice versa. 

 

5.5.3.1 Coarse Blanks 

Contamination is assessed by using coarse blank samples, these being barren samples in 

which the elements being tested, at HM these are Ni and Fe. At HM blank samples and 

OREAS are inserted within exploration batch streams at a rate of 4 OREAS and 4 coarse 

blanks for every 92 exploration core samples to test for cross contamination. 

 

5.5.3.2 Coarse Duplicates   

Figure 24 is a scatterplot showing the results for the four elements Ni, Fe, MgO and SiO2 from 

the original and duplicate roll sample results from a population of 1,020 exploration assays 

undertaken over the period July 2021 to March 2022. The graphs show the original and 

duplicate elemental values in red plotted on a middle grey line representing the mean 

elemental values of these samples.  The two yellow lines above and below the mean line 

represent the correlation between the assay variables with a variance of +5% and -5%, and 

the outer green lines represent the variance between the assay variables of +10% and -10%. 

Scatterplots, where the results slope from the lower left to upper right, indicate a positive 

correlation. 

Figure 24 shows that with all four elements the red dots plot within the +10% and -10% 

variance lines. In fact, the majority plotted between the +5% and -5% yellow lines, showing 

there is a high correlation between the original and the duplicate assay values. This is further 

confirmed with the correlation coefficient (R) values of > 0.999 for the elements being assayed. 

These figures confirm the high precision of the jaw crushing, the first splitting and roll crushing 

stages and supports the use of the Coarse Duplicate assay data for Resource estimation 

purposes. 
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Figure 24 Scatterplot showing results of 1020 Coarse Reject original vs duplicate assays 

 

5.5.3.3 Particle Sizing Test- -200# Screen Test 

Figure 25 shows two graphs showing the results of the particle sizing tests undertaken on 111 

exploration samples and 104 mining samples at the HM Prep Lab during March 2022. The 

yellow line is for 95% of the pulverized material passing the 200# screen and shows the 

majority of the samples returning a result of between 97% and 98% for both the exploration 

samples and the mining samples. These results show the repeatability precision of the 

pulverizing process in reducing the particle size of the samples to be high. 
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Figure 25 Screen test results – March 2022 

 

5.5.3.4 Pulp Duplicates, or Duplicate Assay 

Pulp duplicates, or Duplicate Assays (DA), as they are called at HM, are second splits of the 

fine, grained pulp samples that are collected in the final incremental splitting of the samples 

after pulverizing. Along with the incremental split sample that is taken and bagged for XRF 

assay at the HM assay lab and the sample taken for storage and future reference if required, 

a third sample is collected from each batch and analyzed at the same time as the original 

sample, but with a different sample number.  The pulp duplicates are indicators of the 

analytical precision, which can be affected by the quality of the pulverization process and the 

homogenization of the sample. 
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Figure 26 Scatterplot results of 1,396 plots for pulp original vs duplicate assays 

 

Figure 26 shows scatterplots for the elements Ni, Fe, MgO and SiO2 from original and 

duplicate assays from 1,396 pulp samples analyzed between July 2021 and June 2022. The 

scatterplots are similar to those shown in Figure 24 for the Coarse Reject assays, with the 

majority of the Ni and Fe falling within the two yellow lines representing a +/- 5% variance from 

the assay, a high precision, and reflected with correlation coefficients of 0.994 and 0.9989 

respectively.  

One difference between the Pulp Duplicate and the Duplicate Roll Graphs is the lack of data 

points at the lower values of Ni, Fe, MgO and SiO2. The reason for this is that Figure 24 shows 

the wider range of elemental results for exploration samples, while Figure 26 shows results 

for mining samples where cut-off grades around 1.5% Ni are reflected in the average saprolite 

grades of around 1.75%  Ni. Similarly, average saprolite Fe results are around 20%, for MgO 

an average of 23%, and for SiO2, around 38%. 
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5.5.3.5 Check Standards, or Certified Reference Materials (CRM’s) 

Certified Reference Materials, (CRM’s), are samples with certified grades, prepared under 

specially controlled conditions and have a certified mean value for the contained elements in 

that standard, along with associated confidence and tolerance limits. They are used in Quality 

Control to monitor the values of the standard against those of the unknown samples being 

assayed and allow the accuracy of the assay process to be monitored. HM use CRMs 

produced by OREAS (Ore Research & Exploration P/L, from Victoria, Australia.  OREAS 

CRMs currently used are Standards 182, 187, 192, 193, 194 and 195 with certified Nickel 

values of 0.707, 1.37, 1.77, 1.93, 2.13 and 2.94, respectively. In addition, these standards 

have certified standard deviations and state the 95% Confidence and Tolerance Limits with 

low and high values.  

CRMs are generally placed into the sample stream at a frequency of one in 20 samples with 

mine samples and higher frequency of one in 10 exploration samples. This higher value due 

to the first sample in each run on the Epsilon 4 and Puma S2 XRF spectrometers being a 

standard as described in the Standard Operating Procedure. 

Figures 27, 28, 29 & 30 are Shewart Control Charts for the results of assays using the OREAS 

standards 182, 187, 192 and 195 over a ten month period. The assay results obtained, over 

a period of time, are plotted on a chart of showing certified values against the number of 

samples assayed, with one line showing the certified mean value and two green lines showing 

the expected value plus/minus two standard deviations, also referred to as Upper and Lower 

Warning Limits, and two red lines representing the Upper and Lower Control Limits at three 

standard deviations. 

Abzalov describes how specific analytical problems have recognizable patterns on certain 

diagrams, the different distribution patterns of the analytical results being indicative of the error 

sources and types, being most effective when applied to certified standards such as the 

OREAS CRM’s. Good quality analyses will be characterized by random distribution points 

around the certified mean value, with 95% of the data points lying within two standard 

deviations of the mean. The same number of analyses should fall above and below the mean. 
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Figure 27 CRM OREAS 182 - 537 Exploration Sample Analyses 

 

Figure 27, the OREAS Standard 182 shows the results plotting with 95% within two standard 

deviations of the mean for both Ni and Fe and showing good precision. However, with the Fe 

graph, the accuracy is not as good on the right hand side of the graph. 

Figure 28 CRM OREAS 187 – 582 Exploration Analyses 

Figure 28 shows the results for 582 exploration samples for Ni and Fe, with both elements 

showing good precision, 95% of the results plotting within two standard deviations of the mean, 

and similar numbers of samples above and below the mean. Accuracy in the Fe graph is not 

as good, with the appearance of more sample results below the mean. 

Figure 29 CRM OREAS 192 – 339 Exploration Analyses 
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Figure 29 shows good distribution of 339 exploration data results, with 95% of the data points 

plotting within two standard deviations of the mean, and similar numbers of data points above 

and below the mean for excellent precision, but the Fe graph shows a number of data points 

close to the negative -10% warning line which reduces the accuracy in this graph. 

Figure 30 CRM OREAS 195 – 193 Exploration Analyses 

Figure 30 shows a good distribution of the 193 exploration data points with 95% of the results 

plotting within two standard deviations of the mean for both Ni and Fe, but as with the previous 

graphs, the accuracy appears to drop around the 100 sample mark for approximately 10 

samples which indicates less accuracy. 

 
These graphs show that for the 1,651 exploration samples assayed using 4 different OREAS 

Laterite Suite CRM’s the precision between the original and the CRM values are generally 

excellent, whilst the accuracy for the Ni is good to excellent whilst for the Fe it is of lower 

quality. 

 

5.5.3.6 Replicate Samples 

These are two portions of the same pulp samples that are used to produce two separate 

pressed pellets or fused beads, that are given different sample numbers before being inserted 

into the same batch, or Job Sheet. At HM they are taken as part of the standard package of 

check samples, these being one DA or pulp assay, one DR or coarse reject assay, one REP 

or replicate sample and one CRM. 
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Figure 31 Scatterplot showing results of 2,130 plots for original vs replicate assays 

 

Figure 31 shows scatterplots for 2,130 replicate analyses undertaken between July 2021 and 

June 2022. The format of the scatterplots is the same as for the previous scatterplots for the 

Coarse Rejects (DR) and the Pulp Duplicates (DA), with these results showing the wider range 

in values for the elements due to the samples being tested originating from exploration 

samples. 

The scatterplots for replicate sample assays show the majority of the results plotting within the 

two yellow lines indicating a 95% confidence in the result plotting within these limits and is 

considered an excellent result. The graphs also show correlation coefficients of more than 

0.999, indicating high precision. Spreadsheet data shows there is also an even spread of the 

replicate assay being both similar to, higher than and lower than the primary assay in the case 

of Ni, whilst for Fe, MgO and SiO2 there are slightly more duplicate assays in the Assay less 

than Original category with a corresponding lower figure in the Assay equal to Original 



66 
 

category. This confirms a normal distribution of assay values for these elements and indicates 

there is little evidence of systematic bias occurring in this replicate check assay program. 

5.5.3.7 Interlaboratory Check Samples 

5.5.3.7.1 HM Lab vs PT Geoservices Lab 

Interlaboratory Check samples are second splits of both the coarse reject samples and the 

finer 200 # pulp samples that are routinely assayed at the HM Assay Lab and submitted to 

second, commercial, laboratories under a different sample number. These samples are used 

to assess the assay accuracy of the HM laboratory relative to the secondary, Geoservices 

Laboratory. 

Batches of Exploration samples were sent to the Geoservices Laboratory in Kendari on a 

periodic basis where the coarse reject samples underwent pulverizing and incremental 

splitting, to be sent off for XRF assay at the Geoservices Analytical Laboratory in Bandung, 

along with duplicate pulp assay samples. Geoservices then forwarded the HM pulp sample 

checks to their analytical lab as a different consignment, and once assayed, the results were 

returned to the Assay Laboratory at the Tangofa site.  

Figure 32 shows the results of the inter laboratory check sample tests comparing the results 

of 1033 split Exploration coarse reject and 200# pulp samples assayed at the original HM 

assay laboratory with samples sent to the Geoservices assay Laboratory in Bandung.   
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Figure 32 Scatterplot results of 1033 plots of HM original vs Geoservices duplicate assays 

 

The scatterplots show differing precision for the different elements, with the best correlation 

between the results for Fe and Ni, 0.9936 and 0.9858 respectively,  MgO and SiO2 have lower 

correlations at 0.9785 and 0.9703. 

Data for the results for the two laboratories shows a difference between the mean for the Ni 

and Fe values for the HM Lab as 1.15 % Ni and 27.52 % Fe against 1.13 % Ni and 26.93 % 

Fe  for Geoservices, a difference of 1.74% for Ni and 2.14% for Fe. These represent a  +/- 5% 

variance from the assay, a high precision and reflected with correlation coefficients of 0.9858  

and 0.9936. 

These results show lesser precision than was the case with the internal checks using Coarse 

Rejects, Pulp Assays and Replicate Assays at the HM Lab. This indicates the difference is 

likely to be due to different sample processing procedures at the two laboratories, and different 

accuracies and precision due to different equipment. There is a difference between the 

pressed powder pellets used at the HM Lab with the Fused Bead system used at Geoservices. 

Similarly, the HM Assay Lab uses a Malvern Panalytical Epsilon 4 XRF and a Buker Puma S2 

XRF that was brought into operation in 2021 and any differences between these XRF Units 

and those used at Geoservices could results in the small differences being recorded. 

 

5.5.3.7.2 Comparison PT HM Assay Lab vs IMIP Smelter Results  

When the barges carrying ore from the HM Jetty to the IMIP smelter arrive, samples are 

collected from the saprolite ore and assayed at the IMIP facility. These results are used to 
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determine the price paid for the nickel laterite ore. These results are provided in a Certificate 

of Analysis (COA) and Certificate of Quality by PT Intertek Utama Services, Indonesia. 

Figure 35 shows graphics of the plots of the Ni and Fe results from the HM Assay Lab and the 

IMIP COA for 54 samples from barge numbers BP 774 and BP 828 which delivered saprolite 

ore from the HM Mining Operations to the IMIP Smelter between May 2022 and July 2022. 

These graphs represent HM assay results with means of 1.78% Ni and 19.10 % Fe, standard 

deviations of 0.04 and 1.30, and variances of 0.0016 and 1.6834 respectively. Similar results 

of 1.74% Ni and 18.66% Fe, standard deviations of 0.04 and 1.20, and variances of 0.0017 

and 1.4441 were recorded on the IMIP COA’s. Interestingly, the difference between the two 

sets of data shows a mean difference of 0.04, or 2.2% for the Ni values, with 50 of the 54 COA 

values being less than the HM assay values. With the Fe values, there is a 2.3% difference 

between the HM and COA values, with 41 of the 54 COA’s returning lower values than HM. 

The consistency of results from these 54 samples is interesting, and as before, can be the 

result of sample processing differences, for example, pressed pellet vs fused bead, different 

equipment and calibration issues. The other problem is the hygroscopic nature of nickel ore, 

and how the increase in moisture content of the saprolite between leaving the HM stockpiles 

and being fed into the smelter is likely to result in differences in the Ni values and may explain 

the variation between the Ni and Fe graphs. 

 

 

Figure 33 Graphic showing results of 54 saprolite samples assayed at HM and IMIP Smelter 
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5.5.3.8 Control Sample Insertion Rates 

HM operates a quality control program at its Tangofa Laboratories where different types and 

sub-types of control samples are inserted into the sample stream in order to monitor precision, 

accuracy and possible contamination at the different stages in the sampling, sample 

preparation and sample assaying sequence. 

Sample collection is usually controlled through the use of twin samples and field duplicates, 

but due to all the triple tube barrel, drill core being sent for sample preparation and assay, 

these control samples are not sent for checking. At HM blank samples and OREAS are 

inserted within exploration batch streams at a rate of 4 OREAS and 4 blanks for every 92 core 

samples to test for cross contamination.  

Sample preparation is controlled through the use of coarse blanks, coarse rejects (DR) and 

200# particle sizing tests at the HM Prep Lab. 

Sample assay is controlled through the use of pulp duplicates (DA), CRM’s, Replicate samples 

and Interlaboratory check samples. 

Mendez (2011) described the frequency of control samples using information from 

International QA/QC consultants, Exploration and Mining Companies, various authors and the 

Toronto Stock Exchange and found that a figure of 20% (1 in 5) of the total samples assayed 

comprise control samples of various types.  

During the period July 2021 to June 2022 a total of 50,102 exploration samples were 

processed at the HM Sample Prep and Assay Labs. The following check samples were added 

into this original sample stream: 

Table 20 Exploration Control Sample Insertion Rates July 2021-2022 

 

 

The Coarse Reject and Pulp Duplicate samples comprise 2.0% and 2.2% of the samples 

submitted. These figures correspond to those proposed by Mendez, of 2% and 2% 

respectively.  

Replicate samples and CRMs comprise 4.2% and 3.98% respectively of the samples 

submitted. Although Mendez does not appear to specifically include replicates, this figure of 

4.2% allows an additional measurement of the Assay Quality at the HM labs and is due to two 
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replicate samples being inserted into the sample stream instead of the one coarse reject and 

one pulp duplicate sample per batch. 

The differences between the % of check samples proposed by Mendez, 1 in 5, or 20%, and 

the 12.5% at HM is due to the lack of Twin Samples collected at the sample collection stage, 

2%, because the whole drill core is sent for sample preparation and assay, and a further 2%  

by way of pulp blanks are also not collected at HM. With 4% of the samples being CRM’s this 

is less than the 6% CRM’s suggested by Mendez, but 1,951 Interlaboratory Check samples 

were sent for assay at Geoservices, 3.9% of the total exploration samples, and in line with the 

4% suggested by Mendez.  

In summary, a total of 8,208 check samples were inserted into the sample stream of 50,102 

exploration samples and submitted for assay at the Geoservices Assay Laboratory, a total of 

16.4% as compared to the 20% suggested by Mendez. 

5.5.3.9 Review, Reporting and Continuous Improvement 

This section covers three aspects of the activities undertaken at the QA/QC Department that 

give added confidence to the culture and systems that are in place at Hengjaya project. 

The Review section is similar to the Acceptance Testing that Sterk discusses and which he 

believes should accompany each QA and QC stage in the sample collection, preparation and 

analysis stages of the sample processing stream. At present, the HM QC team undertake the 

following: 

● Receive printout of assay results for the batches/consignments of exploration 
samples 

● Check results to confirm check samples inserted into sample stream by HM 
staff/client 

● Identify check samples and compare with original results to confirm acceptable 
precision and accuracy, and present to the Supervisor to confirm acceptability of 
results, and whether or not samples need to be re-assayed in the event of 
contamination, bias or poor precision. 

● If CRM results are not acceptable,the analyst and Foreman will consult and clean 
the Tube Filter and repeat the analysis. If the next assay is in order the sample 
assaying will continue. 

● If the repeat assay is not acceptable, the next assay will be conducted with a different 
CRM. If this assay produces an acceptable result, the assay sampling will continue. If 
this assay produces an unacceptable result, the Supervisor will inform the Lab 
Superintendent and the Supervisor will undertake recalibration of the unit.  

● Lab Foreman then decides and approves circulation of results internally 

● Lab Superintendent decides and approves results going out to client 
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● Lab Foreman decides and approves entry of sample results data onto HM database 

● Lab Supervisor checks and confirms data entry is correct and in order 

In addressing any issues with Interlaboratory Check Samples, Sterk emphasizes the 

importance of communicating with the commercial laboratory which undertook the assaying 

of check samples and discussing what may have caused any serious differences in precision 

or accuracy. 

Reporting of the analysis of the Quality Control samples is continual, ongoing process and the 

HM QA/QC Department issues a Monthly Report detailing the activities of the department for 

each calendar month. Contents covered in the QA/QC Laboratory Monthly Report for June 

2022 are: 

 Health & Safety – Near Miss Report 

 Accident Report 

 Radiation Accident Report 

 Preparation Lab Production Report 

 Assay Lab Production Report 

 Sample Type Statistics 

 Monthly Sample Split eg Mining, Exploration, Barging, QAQC 

 Quality Control – Sieving Test 

 Precision 

 Accuracy 

 CRM’s 

 Interlaboratory Check Samples 

 Personnel 

 Planning, Implementation and Constraints 

 Photos 

Continuous Improvement is an ongoing procedure that is necessary to maintain the quality of 

the sample preparation and assay at the HM Laboratories in response to the increase in 

production at the PT HM Tangofa Mine, from 75,000 wmt per month during 2019 to 300,000 

wmt per month in June 2022.  Accompanying this threefold increase in the production of 

saprolite ore, Nickel Industries is now commencing the mining of limonite to feed an HPAL 

Plant at IMIP to produce batteries for electric vehicles in Sulawesi. This increase in production 

has seen a corresponding increase in the staffing levels at the Sample Prep and Assay 

laboratories, as well as the purchase of additional equipment to meet the increased production 

with upgrading the equipment at the sample prep lab, the assay lab and associated storage. 
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Nickel Industries have been signing MOU’s and other agreements to acquire additional 

resources to provide additional feedstock for additional RKEF lines at IMIP at Morowali and 

IWIP at Halmahera. 

To meet the challenges of the increased production and implementation of additional 

technologies and equipment to handle these increases it will be important to upgrade the skill 

sets of the staff to ensure that the increase in production will see a corresponding increase in 

the quality of the data generated at the labs and continue to seek higher standards of precision 

and accuracy through improved techniques. 

Current international standards the reporting of exploration and mining results such as JORC 

Code 2012 and Canadian NI43-101, require that a program of data verification is included with 

any exploration program to confirm the validity of the exploration data, and this is normally 

done by inclusion of JORC Code, 2012 Edition – Table 1 Report Template, a copy of which is 

attached in Appendix 9.1. 

HM operates a quality control program at its Tangofa Laboratories where different types and 

sub-types of control samples are inserted into the sample stream, in order to monitor precision, 

accuracy and possible contamination at the different stages in the sampling, sample 

preparation and sample assaying sequence. 

Mendez (2011) described the frequency of control samples using information from 

International QA/QC consultants, Exploration and Mining Companies, various authors and the 

Toronto Stock Exchange and found that a figure of 20% (1 in 5) of the total samples assayed 

comprise control samples of various types.  

During the period July 2021 to June 2022 a total of 50,102 exploration samples were recorded 

as being processed at the HM Sample Prep and Assay Labs. The following check samples 

were added into this original sample stream: 

    Coarse Rejects/Duplicate Rejects – 1,020 

    Pulp Duplicates/Duplicate Assays – 1,110 

    Replicates/Replicate Assays         – 2,130 

    Certified Reference Materials        – 1,997 

     Total Check Samples       – 6,257          

The Coarse Reject and Pulp Duplicate samples comprise 2.0% and 2.2% respectively of the 

samples submitted. These figures correspond to those proposed by Mendez, of 2% and 2% 

respectively.  
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Replicate samples and CRMs comprise 4.2% and 3.98% respectively of the samples 

submitted. Although Mendez does not appear to specifically include replicates, this figure of 

4.2% allows an additional measurement of the Assay Quality at the HM labs and is due to 

more replicate samples being taken for Barge Samples that are sent to the smelter and for 

which HM require as accurate data as possible. The CRM total presently used is less than the 

6% suggested by Mendez but reflects equipment constraints on the production program when 

the XRF’s are down due to equipment issues, for example faulty X-Ray tubes and limitations 

on capacity. The complete Lab report is attached in Appendix 9.5. 

 

5.6 DOMAINS AND MINERALIZATION 

Historically the Hengjaya mine project has been divided into separate blocks based on their 

geographical position. As the exploration results have accumulated it appears that several 

distinct geological domains can be identified where exploration work has been concentrated. 

These domains can be defined based on the following characteristics: 

a) laterite thickness and Ni grade 

b) mineralogical characteristics  

c) distinct statistical population 

d) elevation and geological environment 

At this time 7 separate domain areas have been detected. These are as follows: 

1) Bete Far West 

2) Bete West 

3) Bete Bete 

4) Bete South 

5) Central West 

6) Central East 

7) APL 

Figure 34 shows the location of these domains within the IUP. 

Central North may be an additional domain area but at this time there is insufficient sample 

data to determine if this is a distinct statistical population or part of one of the Central domain 

areas. 
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Figure 34 Domain location map 

 

Diagrammatic sections through the 7 main domain areas have been constructed based on the 

geological model used in this report to show the relative location and characteristics of the 

laterite and bedrock morphology (see figure 35). Relative elevation and topographic conditions 

tend to be a key factor in the type of laterite that forms. 

Laterite thickness characteristics from the current drill data is shown in Figure 36. 
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Figure 35 Diagrammatic sections through HM nickel laterite deposit showing relative 
elevation and geological characteristics 
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Figure 36 Laterite thickness chart per domain 

 

From west to east, the thickness of limonite and saprolite appears to gradually increase. In 

the domains with the highest elevations saprolite is relatively thicker than limonite, probably 

as a result of erosion of limonite to surrounding areas with lower elevations. Bete Bete South, 

Central West and Central East have the thickest limonite probably due to the accumulation of 

limonite transported by erosion from higher elevated areas. 

 

Figure 37 Ni grade average over the 7 domains 

 

Average nickel grade of saprolite in Bete Bete and Central West are the highest of all the 

domains. This may be because the bedrock and surface topography in these areas is relatively 
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gently sloping, creating conditions suitable for saprolite development. Bete Bete South, Far 

West and APL nickel grade in saprolite is significantly lower, possibly due to steeper surface 

and bedrock topography. 

 

Figure 38 Silica / Magnesia ratio over the 7 main domain areas 

 

The Silica Magnesia Ratio in limonite peaks at Bete Bete West and APL areas. These areas 

are near the edge of the ultramafic rock contact with the underlying sediments.  

 

Figure 39 Cobalt grade over the 7 main domain areas 

Cobalt grade in limonite peaks in the Central West and Bete Bete Far West domains.  

Complete descriptive statistics for each domain are summarized in Appendix 9.4. 
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5.7 DATA COMPILATION 

5.7.1 DATABASE 

The Hengjaya Project Database compilation, validation and correlation uses Surpac® mining 

software with Microsoft® Access Relational Database Management System (RDBMS) 

providing the storage of collar, downhole survey, lithology and assays. 

The project database is comprised of 2 parts; 

1) The historical drilling supplied by Hengjaya used for ongoing mining operations as well 

as previous Mineral Resource estimates 

2) New infill drilling data collected by PT Danmar Explorindo from April 2019 until June 

2022  

 

5.7.2 DATA VALIDATION PROCESS 

The collar survey, assay and geology tables of both these datasets were validated to correct 

data error issues such as: 

 missing or duplicate collar records 

 overlapping intervals in the assay records 

 collar elevation errors compared to current LiDAR topography 

 downhole survey accuracy issues, total depths, from/to intervals 

 core recoveries and swelling 

 lithology description from wellsite geologists 

 reconciliation of lithology with laboratory assay results 

 moisture records from core lab analysis 

 downhole statistical analysis 

If these errors could not be fixed to a suitable level of confidence or failed to meet the accuracy 

standards during the validation process, they were removed from the data set. Approximately 

50% of the excluded data was from samples still in process of analysis at the laboratory. Table 

21 summarizes the reasons drill holes were excluded from the final validated dataset. 

Table 21 Drilling Excluded from the Mineral Resource database 
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5.7.3 SURVEY ACCURACY ISSUES 

Approximately 22% (1042) of drillhole collars included in the validated database were draped 

onto the LiDAR surface for better correlation to the topography for the geological modeling 

process. The majority of these were from the historical data, including Bete Bete and APL 

mined out areas, where older survey benchmarks from local grids were used to match a non-

LiDAR surface. 

Table 22 Collar survey validation 

 

 

5.7.4 RECONCILIATION OF LITHOLOGY AND ASSAY RESULTS 

During the database validation process the downhole lithological description provided at the 

initial observations of the mineralization and lithological zones by the wellsite geologists was 

reconciled once the lab assay results were available. These corrections were then applied to 

lithology and composite code to be used in the modeling process. These zones were classified 

using the generalized limits shown in Table 23. 

Limonite (LIM) zones were relatively homogenous due to the highly weathered laterite layer 

consisting mostly of massive clay formations, with only minimal boulders of bedrock. This layer 

was divided further for the extraction of composites into Topsoil and Limonite as several 

different characteristics can be identified in assay, density and moisture content. It is generally 

assumed in the mining process that the Soil layer is waste (overburden) due to the particular 

nickel grade cut-offs used. The Limonite layer is designed to meet the specifications for supply 

to a HPAL(high pressure acid leach) facility at the IMIP smelter. Limonite barging began in 

November 2021. 

The underlying Rocky Saprolite (SAP) zone is in a less homogeneous geological environment. 

Compared to the Limonite it is only moderately weathered. The Saprolite layer often includes 

a transition zone, from the overlying Limonite, fresh rock boulders and weathered bedrock 
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which are all composited into the Saprolite (SAP) code to provide an unbroken composite 

within the modeled laterite horizon. 

Bedrock (BRK) definition was given to intersections of the fresh ultramafic rock zone 

intersected at the bottom of drill holes, indicating the lower boundary to the total extent of the 

laterization process. 

Assay results were reconciled into lithology codes using Table 22. Some single assays, within 

the contact between lithological zones that were unconformable, were composited into the 

dominant surrounding lithology type to provide unbroken zones for modeling. 

Table 23 Specification for reconciliation of assay records 

 

 

Several assay intersections have been identified as sedimentary (SED) which is likely part of 

the older underlying Tokala Formation that consists of conglomerate and limestone. All of 

these intersections are located in the Bete West and lower APL domains. It is assumed these 

are contact points between the younger Ultramafic rocks and the Tokala Formation. 

 

5.7.5 DOWNHOLE STATISTICAL ANALYSIS 

Downhole descriptive statistical analysis was conducted on the validated database used in 

the Mineral Resource in order to check the distribution and ranges of the analyzed elements 

and identify any anomalous or outlying data before the interpreted lithological surface horizons 

were correlated into the final model.  
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These simple statistical checks were completed for Ni, Co, Fe, MgO / SiO2, Al2O3, CaO, 

Cr2O3, MnO which comprise the main elements for the mining extraction and smelting 

processes already being applied at the Hengjaya site.  

Histograms of these unrestricted assay data subsets were created for each domain split by 

Limonite, Saprolite and Bedrock zones to assess the distribution of assay results. Most of 

these show relatively normal distributions typical with similar type laterite deposits from 

Sulawesi, Indonesia. Most histograms also show some skewness of the population due to 

outliers. These are likely due to the compositing process of the assay reconciliation and 

transition between the assigned lithology zone breaks. In many cases outliers were accepted 

due to the geological zoning, with most identified as bedrock boulders inside the Limonite and 

Saprolite layers. 

The histogram plots for nickel grade values show positively skewed data, which suggests 

outliers could cause possible overestimation to the Mineral Resource grade due to bias 

caused by the extreme grade which is commonly known as the nugget effect. To reduce the 

impact of these outliers, top cuts are calculated by estimating the range from 2 standard 

deviations from the mean, which assumes that 95% of the values are within this adjusted 

range. This top cut strategy is considered adequate for this project since the frequency of the 

outliers are considered relatively low. The summary of recommended statistical top cuts for 

each domain is shown in Table 24. 

 

Table 24 Summary of recommended statistical top cuts for each domain 

 

 

The application of these top cuts to normalize the distribution of the statistical percentage 

nickel grades were reviewed. From these recommendations, a top cut for each domain was 

applied to nickel composites and used in the model grade interpolations to limit the influence 



82 
 

of statistical outliers within each of the grade domains. Bottom cuts of 0.25% Nickel were also 

applied to all domains. 

Figure 40 shows the histogram of all Ni grade values (without laterite profile restriction) 

indicating the positive skew of the dataset which indicates we have a large group of low nickel 

values compared to the high nickel values. Figure 41 shows the application of the top cut on 

the distribution of the nickel grade values used in the model. 

 

Figure 40 Histogram of Ni Grade (without laterite profile restriction) 

 

Figure 41 Histogram of Ni Grade with top cut applied 

 

Composited, down hole statistics extracted by zone thickness and average nickel grades for 

Limonite and Saprolite were plotted on a map to identify the spatial distribution of each zone 

respectively as shown in figures 42 and 43 for Limonite and figures 44 and 45 for Saprolite. 
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Composite Limonite grades are highest in the Central West and Central East domain areas. 

Composite Saprolite grades tend to be highest in the Bete Bete and Central West areas. 

From these plots it is observed that the lateral statistical distribution for both Limonite and 

Saprolite conform to several interpreted geological breaks that influence the laterization 

process from one location to another. The statistical analysis process was also split into the 

corresponding geological domains. These statistical subsets were constrained using hard 

polygon boundaries interpreted in Section 5.5 of this report.  

For further details on downhole statistical analysis information please see Appendix 9.4. 
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Figure 42 Composite Thickness for the Limonite zone based on drilling 

 

Figure 43 Composite nickel grade for the Limonite zone based on drilling 
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Figure 44 Composite thickness for the Saprolite zone based on drilling 

 

Figure 45 Composite nickel grade for the Saprolite zone based on drilling 
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5.7.6 GEOSTATISTICAL ANALYSIS 

The continuity of the nickel mineralization within each domain was assessed using the spatial 

relationship between composites extracted from the validated database. This process is used 

to identify direction and continuity of the grades. 

Geostatistical analysis was applied to the Ni value grades only for each of the geological 

domains for both Limonite and Saprolite layers. The purpose of this was to generate several 

semi variogram models so that these parameters could be used to input into the Kriging 

algorithms when populating the final models with interpolation of nickel grades. 

These semi variogram ranges, based on the geostatistical analysis, were used to define the 

spatial continuity, direction and distances of search ellipsoids to be applied to the nickel 

Mineral Resource estimate as follows; 

 determination of directional anisotropy of the mineralized zones 

 estimation of spatial continuity of the grades aligned with the main directions 

determined by the anisotropy ratios, providing a distance for the search 

 calculation of the Sill or Nugget effect and range to be used in the Kriging process 

This process was conducted with many iterations until the model validation was checked to 

provide sufficient confidence for a Mineral Resource. Figure 46 shows the typical process flow 

used when completing the geostatistical analysis 

 

Figure 46 Geostatistical analysis process flow 
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All the semi variogram models for each domain were calculated using statistical top-cuts for 

Saprolite were applied to composites and constrained by hard boundary surfaces of the 

corresponding mineralized lithology zones for Limonite and Saprolite.   

In general, the distribution of mineralization within the laterite was considered to be relatively 

flat lying, with no significant dip or plunge observed between points of observation the 

variograms were modeled as horizontal planes. 

Variograms are first aligned along the major axis bearing which represents the main direction 

of mineralized continuity, with the semi-major axis direction aligned 90o to the first axis. A third 

axis (minor) represents the vertical search. The combination of these 3 axes, weighted by the 

anisotropy ratios, provide the guide for search ellipsoids to be applied to the model. 

The result of the variogram models are summarized in Table 25. 

Table 25 Summary Result of the variogram model created 

 

 

Figure 47 shows the semi variogram models produced for Bete Bete and Central domains for   

Ni in Limonite. 

Figure 48 shows the semi variogram models produced for Bete Bete and Central domains for 

Ni in Saprolite. 

Figure 49 shows the semi variogram models produced for Bete Bete Far West domain, Ni in 

Limonite. 

Figure 50 shows the semi variogram models produced for Bete Bete Far West domain, Ni in 

Saprolite. 
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Figure 47 Semi variogram models for Bete Bete and Central domains, Ni in Limonite 

 

Figure 48 Semi variogram models for Bete Bete and Central domains, Ni in Saprolite 

 

Figure 49 Semi variogram models for Bete Bete Far West domain, Ni in Limonite 
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Figure 50 Semi variogram models for Bete Bete Far West domain, Ni in Saprolite 
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6 MINERAL RESOURCE ESTIMATE 

This report is an update to the last Mineral Resource estimate dated 30 June 2020. Since that 

time an additional 2,909 drill holes have been completed with a total cumulative depth of 

71,330m. 

 

6.1 SOFTWARE 

Geological modeling and Mineral Resource estimates were completed using GEOVIA 

Surpac® mining software (version 6.1). compilation, validation and correlation using Surpac® 

mining software with Microsoft® Access Relational Database Management System (RDBMS) 

providing the storage of collar, downhole survey, lithology and assay. 

 

6.2 SURFACE GRIDDING & WIREFRAMING 

Wireframing was set up on each drill line in both east-west & north-south directions to create 

a 10X10m grid over the entire database area. First digitized, the lines were then draped onto 

the LiDAR surface to develop a morphology wireframe. This was done to assess any aspect 

and slope angle weathering patterns obvious from the topography. 

The wireframe sections were then generated into gridded surfaces from the drilling/assay 

database (points of observation). From this process 2 dominate horizons were interpreted; 

 top of rocky Saprolite – contact zone between Limonite clay and rocky Saprolite 

 top of Bedrock – contact zone between rocky Saprolite and bedrock 

A third gridded surface was extracted from the top of the bedrock by dropping the elevation 

by 10m to represent the floor of bedrock in the model. 

The gridded surfaces were produced to represent the roof and floor limits of limonite, saprolite 

and bedrock zones. 10m grids were set up and interpolation of the gridded points were using 

Inverse Distance Weighted Squared (IDW²) methods.  

These final gridded surfaces were then checked visually using sections to the contact of the 

drilling database to correct any over-smoothing with the process. This visual check provided 

some small corrections to ensure the drilling intersected the surfaces with no interpretational 

errors. 
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6.3 ASSAY DATA AND COMPOSITING 

Only assay data from the validated database from included holes (INCL) were extracted for 

use in the compositing process. Composite lengths of 1m were used, which correlates with 

the majority of the sample length records and within statistical ranges suggested by the 

variography modeling. Composites were split into 5 distinct zones: 

 SOIL (OB-LIM) 

 LIMONITE (ORE-LIM) 

 SAPROLITE (ORE-SAP) 

 ROCKY SAPROLITE (WST-SAP) 

 BEDROCK (WST-BRK) 

For each of the zones the following elements were composited from the assay results in the 

database as follows; 

 Ni (%) – Nickel content  

 Co (%) – Cobalt content 

 Fe (%) – Iron content  

 MgO (%) – Magnesium Oxide content  

 SiO2 (%) – Silica Oxide content  

 Al2O3 (%) – Aluminum Oxide content 

 CaO (%) – Calcium Oxide content  

 Cr2O3 (%) – Chromite Oxide content  

 MnO (%) – Manganese Oxide content  

 Moisture Content (%) 

Based on analysis of the downhole statistical data additional top and bottom cut constraints 

were applied to Ni% content to impose a domain limit of no greater than 2 standard deviations 

from the ORE-SAP average to avoid over-estimation of nickel content due to possible nugget 

effect. For this reason, all core sample measurements over statistical cuts (Ni) were assigned 

a default value. Table 26 shows the influence of the applied Ni top cuts to final composites for 

each domain. 
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Table 26 Ni % top cut applied to composites by domain 

 

In areas where Moisture content measurements were not available the domain default 

weighted average was applied to the corresponding composite zone. Moisture content for APL 

Zone was applied from Central East Domain sampling. Table 27 summarizes the number of 

composite samples that were used to estimate the domain weighted moisture content. Table 

28 summarizes the number of composite samples that were used to estimate the domain 

weighted sample Moisture content. 

 

Table 27 Moisture Content records domain averages applied to composites 

 

Table 28 Moisture Content records applied domain averages to composites 
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6.4 BULK DENSITY 

Relative density was manually added to the composites based on the weighted average 

recorded for each zone within the corresponding domain (see Table 18). APL block was 

assumed to be similar in geological characteristics to Central East as they are located at the 

same area so the density was assumed to be the same as well. 

 

6.5 BLOCK MODELING 

A 3D block model was created covering the Mineral Resource area constrained using the final 

gridded surface models from the wireframing process to use as the base of volume estimation 

of the laterite zones of limonite, saprolite and bedrock. A total of 2 block models were created 

as follows; 

1) Master model covering Bete Bete and Central domains 

2) Bete Far West model 

This division was done to reduce the size of the combined block model for practical use within 

computer processing capacity. Table 29 shows the block model dimensions and block sizes 

used during this process. The assumption of the block sizes was designed to match the 

composite sample lengths and practical mining bench dimensions for ongoing mine planning 

at the Hengjaya site. 

Table 29 Block model dimensions 
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Constraints applied are all below the LiDAR topography surface and within the Resource 

boundary polygon limited to the edge of the domains and extent of the included drilling data. 

Further constraints to distinct laterite zones are; 

 Limonite – above top of rocky saprolite 

 Saprolite – below top of saprolite / above top of bedrock 

 Bedrock – above floor of bedrock / below top of bedrock 

 

6.6 GRADE INTERPOLATION 

For the purpose of this report, Ordinary Kriging (OK) algorithm was used in the grade 

interpolation for nickel in limonite and saprolite zones. These surface constraints were applied 

as hard surface boundaries when estimating nickel in each domain. 

In the absence of geostatistical analysis for other elements, Inverse Distance Weighted 

Squared (IDW²) methods were used to estimate the model grade interpolation for other 

elements including: Ni, Co, Fe, MgO & SiO2, Al2O3, CaO, Cr2O3, Mn0 and Moisture Content. 

Population of the model used the same search ellipsoids and constrained passes as OK 

modeling for nickel.  

The subsequent model validation process showed a similar Ni to volume ratio between OK 

and IDW² results, so it is not expected the other elements interpolated are biased combining 

the 2 methods together. 

In total three main passes were applied to both the OK and IDW² methods when interpolating 

the model grades, with increasing search ellipsoid distances between drilling, a fourth pass 

was completed to ensure all blocks within the model are given a grade within the Mineral 

Resource area. Table 30 shows the summary of the final model search ellipsoids applied to 

the Mineral Resource. 

 

Table 30 Summary search ellipsoids applied to the model 
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Each of the domain search ellipsoids applied to Limonite and Saprolite layers, both bearing 

and anisotropy factors were applied as recommended by the geostatistical study for the 

Kriging interpolation of nickel grades. However, based on the review of the suggested ranges 

and assessment of the regular drilling grid pattern, standard search radius was applied to all 

blocks at; 37.5m, 75m and 150m, representing the extrapolation distances between drilling 

grids of 25, 50 and 100 meters respectively. These passes were considered with reasonable 

tolerances and rechecked during the model validation process (see Table 25). Then they were 

used as a guide to the Resource categorization. 

 

6.7 RESOURCE CLASSIFICATION STRATEGY 

Determination of the Resource categories were applied to the Mineral Resource with a 

digitized polygon boundary based on the spatial continuity of each geological domain around 

regular spaced drilling grids of 25, 50, 100, 200m from included (INCL) points of observation 

in the final validated database. Also taken into account was the Ultra GPR data on grid lines 

between the drilling locations increasing confidence in interpretation of the laterization contact 

surface between the points of observation in the model. Resources were classified as follows; 

 MEASURED - Areas of 25-50m of drilling spacing on a continuous grid pattern, where 

significant influence from Pass 1 and 2 dominate the search ellipsoids, with no 

extrapolation from the last line of drilling 

 INDICATED - Areas of 50-100m of drilling spacing on a continuous grid pattern, where 

significant influence from Pass 1, 2 and 3 dominate the search ellipsoids, with 50m 

extrapolation from the last line of drilling 

 INFERRED - Areas of 100-200m of drilling spacing on a continuous grid pattern, where 

reasonable influence from Pass 1, 2 and 3 dominate the search ellipsoids, with 100m 

extrapolation from the last line of drilling. In some areas between holes greater than 

200m the polygon was included into the Inferred category to allow for more practical 

polygon shape to fit to the model area 

 

Bete Bete, APL and Central mine areas were given the Resource class MINED OUT as it is 

considered mining depletion has sterilized these areas. Figure 51 shows the polygons applied 

to the model to prepare the statement of Mineral Resource in this report. 

Bete Bete Far West and Bete West matched drill spacing criteria for Indicated Resource but 

were downgraded to Inferred status because of insufficient drilling over the entire area to give 

confidence to the Resource continuity for both thickness and grade. 
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Table 31 shows the coverage area of influence of each assigned classification on the Mineral 

Resource within the model limits. The coverage areas (Ha) split by domain of the polygon 

boundaries are shown in Table 10 of this report. 

 

Table 31 Coverage area of the Mineral Resource by classification 

 

  

Figure 51 Resource classification boundaries 
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Another factor in selection of Resource polygon limits used for the Mineral Resource was a 

review of the geostatistical inputs and the weighting on each category. This was done by 

comparing the influence of each pass within the polygon boundaries. Table 32 shows the 

results of this validation process. 

The results show that 98% of the blocks in the Measured class are interpolated by Pass 1 & 

2 and the Indicated class is approximately 98% interpolated by Passes 1, 2 and 3. These 

results give sufficient confidence in the polygon strategy respectively. The lowest class of 

Inferred still has majority portions of the first 3 passes with 18% of pass 4 which is considered 

acceptable in this selection. Figure 52 shows the Resource classification boundaries overlay 

with the pass map. 

Table 32 Interpolation pass influence on Resource classification 
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Figure 52 Resource classification boundaries overlay with Ordinary Kriging pass map 

 

6.8 MODEL VALIDATION 

Final block model and interpolated grades were validated using several visual and statistical 

techniques to gain further confidence in the Mineral Resource estimates stated in this report. 

Firstly, visual inspection of the block models in plan and sectional views to assess the grade 

interpolations performed conform with the lithological wireframes, surface models and drilling 

database. For each domain several sections were reviewed along drilling grid lines both in 

North-South and East-West directions. Additional sections at approximately 45 degree angle 

to these directions were also viewed. Figure 53 shows section examples used for visual 
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validation of the model. Figure 54 shows plan views also used for visual validation of the model 

for each lithological layer. 

 

 

 

Figure 53 Section examples used for visual validation of the model 
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Figure 54 Plan view of the results of the Ordinary Kriging Ni grade model 

 

Further statistical validation of the Nickel Resource estimate was completed by comparing 

global averages of the sample composites against the block model global averages. Both 

sample sets show very little difference between average grade values for nickel, cobalt and 

iron and within the standard deviation of the mean. Table 33 shows the sample populations 

for composites and assigned blocks within the model and average grades for nickel, cobalt 

and iron. 
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Table 33 Composite model against block model statistical validation 

 

Swath plots were used as a final model validation tool to provide comparisons between sample 

composites and estimated block model values. This process identifies any bias towards under-

estimation or overestimation or any smoothing in the results.  

Figure 55 and 56 shows the Swath plots created to check the review of these plots show good 

correlation of the 1m down hole drilling composites selected for the interpolation process 

against the assigned block grades in the model. 

 

Figure 55 Swath plots of limonite for Central West 

 

Figure 56 Swath plots of saprolite for Central West 

See Appendix 9.4 for additional swath plots created to check each domain area. 
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6.9 RECONCILIATION OF PREDICTED GRADES WITH MINING 

 

Mining first commenced in the Hengjaya concession in October 2012 and continued until the  

end of 2013. Most of the material produced, during this initial phase was from APL & Bete 

Bete domains, being direct shipped ore (DSO) to China. Shipping records show approximately 

328,000Wmt at an average grade 1.97% nickel content was sold in seven shipments. 

No production was recorded from Jan 2014 to June 2015 when direct shipment of nickel ore 

was banned by the Indonesian Government. Since then, Hengjaya recommenced mine  

production for monthly domestic supply to the nearby Indonesia Morowali Industrial Park 

(IMIP).  All of this nickel ore production was from the Bete Bete domain, until March 2020 

when mining moved to the new areas of Central East and Central West domains. During this 

second phase of production approximately 6,800,000 wmt at an average grade of 1.83% nickel 

content was sold. Table 34 shows a summary of ore production by year. Figure 57 shows the 

monthly production history. 

Table 34 Life of Mine yearly production history updated to 30 June 2022 
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Figure 57 Monthly production history from the Hengjaya mine to 30 June 2022 

 

Since mid-2019, the Hengjaya mine plan has commenced in pit stockpiling of Limonite ore 

(HGL, LGL) with Fe > 30%, Co >0.1% & Mg0 < 5%, to be used for planned future ore sales to 

IMIP once the HPAL processing facility is completed. These volumes have not yet been added 

to the production records under Ore in this reconciliation. Limonite ore sales started in 

November 2021 and total sales of 357,000t of Limonite have been completed until 30 June 

2022 . Limonite inventory at 30th June 2022, is 3.3million tons. 

 

Photo 28 Drone image of HM Port stockpile, 2022 (Source; Hengjaya) 
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A life of mine production reconciliation was performed on the mining survey surfaces for APL, 

Bete Bete and Central Pits. This process was conducted against the new model (OK) to check 

the predicted outcomes. Overall the results show good correlation between mining records for 

Ore (High grade saprolite) and Overburden (waste) over all pit areas. Table 35 shows the 

summary of the reconciliation of the life of mine production against the new Resource model 

with 70% recovery applied to the Ore volumes >1.5% Ni. 

 

Table 35 Reconciliation of the life of mine production against the new resource model 

 

 

The first comparison against the insitu model (100% recovery) was completed to assess the 

actual mining losses. This helps indicate what mining dilutions can be expected. Both APL & 

Bete Bete show more than 70% recovery of the high grade Saprolite Ore produced from the 

new model predictions.  

A second comparison is using the recovery factors from the Hengjaya mine planning 

department applied to respective pit areas in the past to produce a predicted internal mine 

reserve, production scheduling and medium-term planning. These results for APL, Bete Bete 

and Central pits show good reconciliation of the mining recoveries of more than 90% against 
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the new model adjusted for mining (diluted). Figure 58 shows the location of active pits and 

dumps curretly at the HM project. 

 

Figure 58 Hengjaya Mineralindo project situation map 

 

Table 36 shows the mine production against the new model predictions for Bete Bete, Figure 

59 shows the current mine survey situation of the Pit area in Bete Bete in June 2022. 

Photo 29 shows drone image taken of the Bete Bete mine operation during 2019. 

Photo 30 shows the Bete Bete mine rehabilitation progress and mining in 2022 

Photo 31 shows Bete Bete East Pit Operation, 2022 
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Table 36 Bete Bete mine production reconciliation against new model prediction 

 

 

 

Figure 58 Bete Bete Mine situation – 30 June 2022 
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Photo 29 Drone Image of Bete Bete Pit in operation 2019 (Source; Hengjaya) 

 

 

Photo 30 Bete Bete Pit rehabilitation, 2022 (Source; Hengjaya) 

 

 

Photo 31 Bete Bete East pit operation, 2022 (Source; Hengjaya) 
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Table 37 shows the mine production against the new model predictions for APL. Figure 60 

shows the current mine survey situation of the Pit area in APL. This mine area has been closed 

indefinitely and is now rehabilitated to comply with environmental requirements. Photo 32 

shows mining operations at APL in Pit B1, 2013. 

 

Table 37 APL mine production reconciliation against new model prediction 

 

 

 

Figure 59 APL Mine situation – 20 April 2020 

 

Photo 32 Mining operations APL in Pit B1, 2013 (Source; Hengjaya) 
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A more detailed mine reconciliation was possible in the Central East mine area as the 

production records are more complete. Table 38 shows the mine production against the new 

model predictions for Central East and West pits combined.  

Figure 61 shows a graph of Central East mine production against new model compliance. 

These reconciliations show good correlation of the predicted Resource curve against the 

mining ores recovered along a similar curve of the graph. Figure 62 shows the current mine 

survey situation of the pit areas in Central East and Figure 63 shows the pit area in Central 

West. Photo 33 shows Central East Pit in 2022. Photo 34 shows Central West Pit progress in 

2022. 

 

Table 38 Central pits production reconciliation against new model (OK) prediction 

 

 

Figure 60 Central East mine production comparison with new model compliance 

 

 



110 
 

 

Figure 61 Central East Pit situation in 2022 

 

 

Figure 62 Central West CW 1 & CW 2 pit situation – 30 June 2022 
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Photo 33 Central East pit 2022 (Source; Hengjaya) 

 

 

Photo 34 Central West (CW1) pit progress 2022 (Source; Hengjaya) 
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Photo 35 Central West (CW2) pit progress 2022 (Source; Hengjaya) 

 

6.10 MINERAL RESOURCE STATEMENT 

The Nickel Resource estimate for PT Hengjaya Mineralindo has been updated to the 30 June 

2022. 

It is considered, by the Competent Persons, that data and methodologies applied in the 

estimation process are appropriate for this type of deposit. 

All results are represented as remaining volumes presented as millions of dry tons includes 

mining depletion excluded up to 30th June 2022. A rounding of the Resource estimate 

numbers has been applied to reflect the level of accuracy of the Mineral Resource estimate. 

Photo 30 shows a drone image of the Bete Bete pit with IMIP in the distance. 
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Photo 36 Drone image of Bete mine with IMIP facility in background (Source; Hengjaya) 

 

Table 39 below shows the Nickel Resource estimate with a cutoff >0.80% Ni content. Table 

40 shows the global Mineral Resource shown at various Ni cutoffs. Figure 64 shows the global 

Mineral Resource tonnage and Ni% grade relationship. 
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Table 39 Nickel Mineral Resource Estimate 

 

LIMONITE SAPROLITE

Million ton (Dry) Ni (%) Co (%) Fe (%) Million ton (Dry) Ni (%) Co (%) Fe (%)

BETE FAR WEST

BETE WEST

BETE BETE 5.5 1.06 0.14 46.86 7.3 1.48 0.04 15.02

BETE SOUTH 10.8 1.12 0.14 43.37 8.6 1.29 0.05 17.33

CENTRAL WEST 21.1 1.13 0.14 45.11 19.2 1.49 0.05 15.44

CENTRAL EAST 5.4 1.09 0.12 43.96 5.9 1.39 0.04 14.85

APL 0.25 0.97 0.12 39.42 0.60 1.11 0.04 14.54

SUB TOTAL MEASURED 43 1.11 0.14 44.72 42 1.43 0.05 15.66

TOTAL MEASURED 85 1.27   0.09   30.44 

LIMONITE SAPROLITE

Million ton (Dry) Ni (%) Co (%) Fe (%) Million ton (Dry) Ni (%) Co (%) Fe (%)

BETE FAR WEST

BETE WEST

BETE BETE 1.6 0.96 0.12 46.05 3.5 1.40 0.04 15.08

BETE SOUTH 11.7 1.07 0.12 42.61 11.5 1.18 0.04 17.13

CENTRAL WEST 13.6 1.10 0.13 45.16 16.3 1.38 0.05 15.15

CENTRAL EAST 33.4 1.07 0.14 43.28 38.0 1.38 0.04 15.19

APL 0.15 0.88 0.10 38.43 0.40 1.23 0.03 13.55

SUB TOTAL INDICATED 60 1.07 0.13 43.63 70 1.35 0.04 15.49

TOTAL INDICATED 130 1.22   0.08   28.56 

LIMONITE SAPROLITE

Million ton (Dry) Ni (%) Co (%) Fe (%) Million ton (Dry) Ni (%) Co (%) Fe (%)

BETE FAR WEST 6.2 0.97 0.15 44.95 9.9 1.17 0.03 13.06

BETE WEST 3.4 0.99 0.12 44.20 3.9 1.40 0.04 17.17

BETE BETE 1.6 0.98 0.12 44.22 2.0 1.30 0.03 13.52

BETE SOUTH 2.1 1.04 0.13 43.98 2.7 1.21 0.04 16.06

CENTRAL WEST 11.6 1.05 0.12 44.13 10.8 1.32 0.04 15.18

CENTRAL EAST 15.1 1.09 0.11 43.48 12.7 1.46 0.04 15.68

APL 1.4 1.06 0.13 38.32 1.3 1.25 0.05 14.15

SUB TOTAL INFERRED 41 1.04 0.12 43.82 43 1.32 0.04 14.97

TOTAL INFERRED 85 1.19   0.08   29.07 

LIMONITE SAPROLITE

Million ton (Dry) Ni (%) Co (%) Fe (%) Million ton (Dry) Ni (%) Co (%) Fe (%)

BETE FAR WEST 6.2 0.97 0.15 44.95 9.9 1.17 0.03 13.06

BETE WEST 3.4 0.99 0.12 44.20 3.9 1.40 0.04 17.17

BETE BETE 8.7 1.03 0.13 46.23 12.8 1.43 0.04 14.80

BETE SOUTH 24.6 1.09 0.13 43.06 22.8 1.23 0.04 17.08

CENTRAL WEST 46.3 1.10 0.13 44.88 46.3 1.41 0.05 15.28

CENTRAL EAST 53.9 1.08 0.13 43.40 56.6 1.40 0.04 15.26

APL 1.8 1.03 0.13 38.48 2.3 1.21 0.04 14.15

GRAND TOTAL RESOURCE 145 1.08 0.13 44.01 155 1.36 0.04 15.39

TOTAL Resource > 0.8% Ni 300 1.22   0.09   29.24 

LIMONITE SAPROLITE

Million ton (Dry) Ni (%) Co (%) Fe (%) Million ton (Dry) Ni (%) Co (%) Fe (%)

SUB TOTAL MEASURED 43 1.11 0.14 44.72 42 1.43 0.05 15.66

SUB TOTAL INDICATED 60 1.07 0.13 43.63 70 1.35 0.04 15.49

SUB TOTAL INFERRED 41 1.04 0.12 43.82 43 1.32 0.04 14.97

TOTAL RESOURCE ALL 145 1.08 0.13 44.01 155 1.36 0.04 15.39

LATERITE
Million ton (Dry) Ni (%) Co (%) Fe (%)

TOTAL MEASURED 85 1.27 0.09 30.44

TOTAL INDICATED 130 1.22 0.08 28.56

TOTAL INFERRED 85 1.19 0.08 29.07

TOTAL Resource > 0.8% Ni 300 1.22 0.09 29.24

TOTAL RESOURCE ALL
XRF (DRY ANALYSIS) XRF (DRY ANALYSIS)

TOTAL RESOURCE ALL
XRF (DRY ANALYSIS)

> 0.80% Ni CUT OFF APPLIED TO GLOBAL RESOURCE ESTIMATE (Ni OK)

INFERRED RESOURCE BY BLOCK

XRF (DRY ANALYSIS) XRF (DRY ANALYSIS)

TOTAL COMBINED RESOURCE BY 
BLOCK

XRF (DRY ANALYSIS) XRF (DRY ANALYSIS)

XRF (DRY ANALYSIS) XRF (DRY ANALYSIS)

MEASURED RESOURCE BY BLOCK

INDICATED RESOURCE BY BLOCK

XRF (DRY ANALYSIS) XRF (DRY ANALYSIS)
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Table 40 Mineral Resource shown at various cutoffs 

 

 

 

 

 



116 
 

 

 

Figure 63 Global Mineral Resource tonnage (dry) and Ni% grade relationship 

 

6.11 COMPARISONS TO PREVIOUS ESTIMATES 

In 2012, 2015 and 2018 GMT consultants prepared Mineral Resource estimates using the 

JORC Code 2004 and 2012 respectively. A comparison of the new updates were conducted 

to validate the materiality of the volumes stated in this report against the updated DANMAR 

estimate in July 2022, Table 41 shows the comparison of estimates by classification. The 

results show a significant increase for the total volume of Nickel Resource, including significant 

upgrades of Measured and Indicated Resource categories from the Inferred class in the 2020 

Resource estimate. This is primarily due to the ongoing infill drilling in the Bete Bete & Central 

areas since March 2019. 

Table 41 Nickel Resource comparison by classification 

 

BLOCK-ID MEASURED INDICATED INFERRED TOTAL

BETE FAR WEST -         -         -         -         
BETE WEST -         -         6 6
BETE BETE 6 15 3 24

BETE SOUTH 2 34 13 48
CENTRAL WEST 1 54 11 66
CENTRAL EAST 10 6 22 39

APL -         -         -         -         

Total Resource 2020 Ni >0.8% 20 109 56 184

Total Resource 2022 Ni >0.8% 85 130 85 300

INCREASE (Million ton Dry) 65 21 29 116
PERCENTAGE INCREASE 333% 20% 53% 63%

RESOURCE COMPARISON Ni 0.8% CUTOFF 2020 REPORT FOR COMPARISON              
2022 RESOURCE UPDATE (million ton Dry)
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Other major differences in estimates are: 

 The mining depletion from Bete Bete and Central pits, approx. 4,700,000t of Ore 

Production and;  

 An estimated 57% increase in areal extent of the previous Resource class polygon 

area of influence.  

 The exclusion of most of APL Resource due to downgrading over poor data records & 

mine rehabilitation. 

Table 42 shows the global Mineral Resource comparisons from the most recent DANMAR 

report dated July, 2020 to the current results in this report. Overall, the new estimates show 

significantly more tonnage below the 1.7% Nickel cut off. This variance is assumed to be the 

influence of the 57% increase of previous Resource class polygon area. Above this cut-off 

range the 4,800,000t mining depletion of High grade saprolite since July, 2020 has influenced 

the reduction of these ranges. 

Figure 65 shows the overlay of the 2018 resource polygon on the new Resource boundaries. 

Table 42 Global Nickel Resource comparison 
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Figure 64 Nickel Resource limit comparison map 

 

6.12 RISKS AND OPPORTUNITIES 

Close spaced, systematic drilling since April 2019 and the supportive data provided by Ultra 

GPR surveys on the same drilling grid, has greatly enhanced the confidence in the geological 

interpretation and resulting geological model at Hengjaya Mineralindo. 

The database, although containing some historic data, has been validated and rechecked for 

errors. Holes with GPS coordinates, used in the geological model, are considered to have a 

low risk of introducing bias or lowering accuracy as they are surrounded by numerous new 

points of observation with similar assay results, surveyed location and relatively high 

confidence. 

The final geological models for Limonite, Saprolite and Bedrock have been interpreted 

separately using lithological logs and analysis results so that all blocks in the geological model 

are correctly coded according to their occurrence in the laterite profile. For this reason, it is 

considered unlikely that any misallocation of lithology will have significant influence on the 

Nickel Resource. 
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High confidence in the laboratory analysis results is supported by rigorous quality assurance 

and quality control protocols including, sample blanks, sample standards, duplicate samples, 

interlaboratory replicates. Mining reconciliations of predicted tonnage and grades to actual ore 

recovered provides further evidence for the reliability of the assay results used in this study. 

Product sales to IMIP totaling 4.5million wet tons since 2020, have met the required 

specification for grade with Certificate of Analyses showing close correlation with Hengjaya 

internal lab assay results. 

Reconciliation of the predicted Resource in mining production since June 2020 shows 

relatively good correlation between the Resource prediction and actual recovery in mining. 

This adds confidence to the current Resource estimate. 

Check modeling internally at Danmar using the same Resource boundaries adds confidence 

to the reliability of the Nickel Resource estimate.  

The planned haul road to IMIP provides an opportunity for alterative transportation options to 

enhannce the economics of the western part of the HM project area and increased production 

of particularly limonite ore which could reach around 6 million tons per annum for HPAL 

processing. 

 

6.13 EXPLORATION TARGETS 

Exploration Targets, where nickel laterite has been identified by surface mapping, historical 

drilling and Ultra GPR surveys, are located in the Central North (proposed IPPKH 5A) area, 

the area at Bete Bete West, Bete Bete North (proposed IPPKH 5B) and Bete Bete Far West. 

Figure 66 below shows the Exploration Targets areas which are outside the coloured 

Resource areas. These Exploration Targets are in addition to the current Nickel Resource. 

Nickel laterite ore grade targets of between 25-50 million tons are postulated. These have 

been estimated using the statistical conversion rate of laterite to Nickel Resources per hectare 

in other blocks already explored throughout the HM project area. Although it must be stated 

that at this time the potential quantity and grade is conceptual in nature and that there has 

been insufficient exploration to estimate a Mineral Resource. Although it is uncertain if further 

exploration will result in a Mineral Resource, the historical mapping and Ultra GPR surveys 

within these Exploration Target areas provides greater confidence that with further drilling and 

assay results will upgrade these areas for future Resource estimates. Table 43 shows the 

details of the Exploration Target areas. 
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Figure 65 Exploration Target areas are shown as within domain boundaries and outside the 
shaded Resource areas 

 

Table 43 Exploration Targets in addition to the HM Nickel Resource Areas 
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7 CONCLUSIONS AND RECOMMENDATIONS 

This Mineral Resource covering 2,226ha has been reported in compliance with the JORC 

Code of 2012. 

The geology at the Hengjaya Mineralindo project is ideal for the formation of thick and 

relatively high grade nickel laterite. At least 7 separate domain areas have been identified 

where the laterite varies in both physical and chemical characteristics. 

Drilling, Points of Observation are systematically and relatively evenly spread across current 

Resource areas. 51% of the drilling is spaced less than 50m apart.  Drill data is well 

documented, most drill collars accurately surveyed and checked. For this reason, the drill data 

used in this report, is considered to be of high quality and reliability and appropriate for use in 

this Mineral Resource estimation.  

Quality Assurance and Quality Control team at the HM Sample Prep Lab and Assay Lab is 

also of Good Quality and Fit for Purpose, with the precision and accuracy within acceptable 

limits that is suitable for inclusion in this estimation of Mineral Resources for the JORC 

Compliant Report for PT Hengjaya Mineralindo. 

Offtake agreements to provide Saprolite and Limonite ore to the nearby IMIP smelter ensures 

economic extraction of nickel ore into the foreseeable future from the project area. 

Exploration Targets covering more than 500ha have potential for 25-50 million wet metric tons 

of additional laterite product in a similar geological environment. Although it is uncertain if 

further exploration will result in a Mineral Resource, the historical mapping and Ultra GPR 

surveys in these areas gives confidence that future exploration will upgrade at least some of 

these areas for future estimates. 

To maximize the nickel resource potential of the Hengjaya project a combination of Ultra GPR 

surveys followed by systematic drilling, optimized to focus on the GPR targets, is 

recommended to cover the entire nickel laterite deposit in the area. 
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JORC Code, 2012 Edition – Table 1 report template 

Section 1 Sampling Techniques and Data 

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

Criteria JORC Code explanation Commentary 

Sampling 
techniques 

• Nature and quality of sampling (eg cut channels, random chips, or 
specific specialised industry standard measurement tools appropriate 
to the minerals under investigation, such as down hole gamma 
sondes, or handheld XRF instruments, etc). These examples should 
not be taken as limiting the broad meaning of sampling. 

• Include reference to measures taken to ensure sample representivity 
and the appropriate calibration of any measurement tools or systems 
used. 

• Aspects of the determination of mineralisation that are Material to the 
Public Report. 

• In cases where ‘industry standard’ work has been done this would be 
relatively simple (eg ‘reverse circulation drilling was used to obtain 1 
m samples from which 3 kg was pulverised to produce a 30 g charge 
for fire assay’). In other cases more explanation may be required, 
such as where there is coarse gold that has inherent sampling 
problems. Unusual commodities or mineralisation types (eg 
submarine nodules) may warrant disclosure of detailed information. 

• HQ core samples taken in 1m intervals and all new core since April, 
2019 photographed 

 

 

• Drill on systematic 100 X 100m grid over GPR targets for Indicated 

Resource and 50X50m and 25X25m grid for Measured Resource  

• Since April 2019, all core photographed and described by well site 

geologists as well as sample preparation and moisture determination 

follow the Japanese Industrial Standard, Method for Sampling and the 

Determination of Moisture Content of Garnieritic Nickel Ore, 1996 

• High confidence in the laboratory analyses results are 

supported by rigorous quality assurance and quality control 

protocols including; sample blanks, sample standards, 

duplicate samples and interlaboratory checking. A complete 

report on this is provided in the Appendix 9.5 Mining 

reconciliations of predicted tonnage and grades to actual ore 

recovered provides further evidence for the reliability of the 

assay results used in this study. 

Drilling 
techniques 

• Drill type (eg core, reverse circulation, open-hole hammer, rotary air 
blast, auger, Bangka, sonic, etc) and details (eg core diameter, triple 
or standard tube, depth of diamond tails, face-sampling bit or other 
type, whether core is oriented and if so, by what method, etc). 

• HQ wireline triple tube coring in 1m runs to ensure accurate 
measurement of core expansion (swelling) and recovery 

• Vertical drilling, core orientation not required 

Drill sample 
recovery 

• Method of recording and assessing core and chip sample recoveries 
and results assessed. 

• Measures taken to maximise sample recovery and ensure 
representative nature of the samples. 

• Whether a relationship exists between sample recovery and grade 
and whether sample bias may have occurred due to preferential 

• Full coring used and core recovery data collected for all runs since 
2019 (4009 holes), core recoveries documented by photography 

• Minimum 95% recovery maintained for all holes 

• If 3 consecutive runs are less than 95% the hole is re-drilled 

• Some lower recoveries in silica boxwork zones but overall drilling 
conditions are relatively good and recoveries remain consistently high 
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loss/gain of fine/coarse material. • Historic data has less core recovery information; depths and assay 
results can be checked against GPR and assay using statistical 
methods 

• Most historic assays were done at external certified laboratories 
 

Logging • Whether core and chip samples have been geologically and 
geotechnically logged to a level of detail to support appropriate 
Mineral Resource estimation, mining studies and metallurgical 
studies. 

• Whether logging is qualitative or quantitative in nature. Core (or 
costean, channel, etc) photography. 

• The total length and percentage of the relevant intersections logged. 

• 100% of laterite layers drilled have been logged and photographed in 
drilling  since 2019  

• Logging includes core recoveries and core swelling measurements 

• Since April 2019, all holes have 1 density sample (700-800g of solid 
core) taken from each stratigraphic layer to give representative 
density data throughout the deposit 

• Every meter of the core is logged and sampled separately 
 

Sub-sampling 
techniques 
and sample 
preparation 

• If core, whether cut or sawn and whether quarter, half or all core 
taken. 

• If non-core, whether riffled, tube sampled, rotary split, etc and 
whether sampled wet or dry. 

• For all sample types, the nature, quality and appropriateness of the 
sample preparation technique. 

• Quality control procedures adopted for all sub-sampling stages to 
maximise representivity of samples. 

• Measures taken to ensure that the sampling is representative of the in 
situ material collected, including for instance results for field 
duplicate/second-half sampling. 

• Whether sample sizes are appropriate to the grain size of the material 
being sampled. 

• With the exception of a small density sample weighing 700-800g 
taken from each of the 4 main geological horizons observed in each 
drill hole, full drill core was submitted to the lab for analysis 

• Industry standard laboratory sample preparation methods suitable for 
nickel laterite mineralization style and involve drying, crushing, 
incremental splitting &  pulverizing to -75um pulps for assay. 

• Representivity at sub-sampling stages at sample prep lab maintained 
by following JIS M-8109-1996 SOP to maintain accuracy and 
precision at all sub-sampling stages eg coarse blanks, coarse 
replicates and 200# pulp sieve tests, whilst reducing sample particle 
size and volume. 

• Sample sizes are according to JIS M-8109-1996 Industry Standard 
and have shown to be effective re accuracy and precision during life 
of project to date. 

Quality of 
assay data 
and 
laboratory 
tests 

• The nature, quality and appropriateness of the assaying and 
laboratory procedures used and whether the technique is considered 
partial or total. 

• For geophysical tools, spectrometers, handheld XRF instruments, etc, 
the parameters used in determining the analysis including instrument 
make and model, reading times, calibrations factors applied and their 
derivation, etc. 

• Nature of quality control procedures adopted (eg standards, blanks, 
duplicates, external laboratory checks) and whether acceptable levels 
of accuracy (ie lack of bias) and precision have been established. 

• Industry standard laboratory sample preparation methods 

suitable for nickel laterite mineralization style and involve drying, 

crushing, incremental splitting &  pulverizing to -75um pulps for 

assay. 

• Representivity at sub-sampling stages at sample prep lab 

maintained by following JIS M-8109-1996 SOP to maintain 

accuracy and precision at all sub-sampling stages eg coarse 

blanks, coarse replicates and 200# pulp sieve tests, whilst 

reducing sample particle size and volume. 
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• Sample sizes are according to JIS M-8109-1996 Industry Standard 
and have shown to be effective re accuracy and precision during life 
of project to date. 

Verification of 
sampling and 
assaying 

• The verification of significant intersections by either independent or 
alternative company personnel. 

• The use of twinned holes. 

• Documentation of primary data, data entry procedures, data 
verification, data storage (physical and electronic) protocols. 

• Discuss any adjustment to assay data. 

• Geological logs of the drill core are reconciled against assay results 
to verify lithology for any misallocation. 

• Database checked and rechecked for errors and anomalies 

• Based on analysis of the downhole statistical data additional top and 
bottom cut constraints were applied to Ni% content to impose a 
domain limit of no greater than 2 standard deviations from the ORE-
SAP average, to avoid over-estimation of nickel content due to 
possible nugget effect. 

Location of 
data points 

• Accuracy and quality of surveys used to locate drill holes (collar and 
down-hole surveys), trenches, mine workings and other locations 
used in Mineral Resource estimation. 

• Specification of the grid system used. 

• Quality and adequacy of topographic control. 

• All recent drilling located by ground RTK GPS survey methods 

• From a total of holes 120 holes had GPS coordinates only. These 
holes were used because they had a complete drill log, analysis data, 
GPR data supporting laterite thickness and were surrounded by 
numerous holes with ground survey. It is considered appropriate to 
use these holes as their depth match the surrounding holes and the 
assay results. It is considered to have low potential to introduce a 
bias to the nickel grades 

• UTM (Universal Traverse Mercator) Projection; WGS 1984 UTM Zone 
515 grid is being applied in the Resource estimation 

• LiDAR topographic surface was used 

• Average mis-close between the LiDAR and drill collar survey is -
0.01m 

Data spacing 
and 
distribution 

• Data spacing for reporting of Exploration Results. 

• Whether the data spacing and distribution is sufficient to establish the 
degree of geological and grade continuity appropriate for the Mineral 
Resource and Ore Reserve estimation procedure(s) and 
classifications applied. 

• Whether sample compositing has been applied. 

• Random spacing of old data used for Exploration Targets only 

• 100-200m grid drilling used for Inferred Resource, 50-100m grid for 
Indicated Resources and 25-50m for Measured Resources to match 
previous Resource estimate from 2020 

• Geostatistical analysis of Ni mineralization was used to confirm the 
direction and distances to be applied to the Nickel Resource model 

• Reconciliation of predicted grades and volumes have been recovered 
in actual mining confirming data reliability 

• Semi-variogram models for each domain were calculated using 
statistical top-cuts applied to composites and constrained by hard 
boundary surfaces of Limonite and Saprolite lithologies to prevent 
over-estimation of nickel grades 
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Orientation of 
data in 
relation to 
geological 
structure 

• Whether the orientation of sampling achieves unbiased sampling of 
possible structures and the extent to which this is known, considering 
the deposit type. 

• If the relationship between the drilling orientation and the orientation 
of key mineralised structures is considered to have introduced a 
sampling bias, this should be assessed and reported if material. 

• Vertical drilling is appropriate for nickel laterite as the laterite is 
relatively horizontal so the drilling intersects a true thickness 

• No bias is considered to be introduced as a result of the drilling 
orientation 

Sample 
security 

• The measures taken to ensure sample security. • Samples left in the field are properly stored, covered and guarded by 
night security at each rig 

• Sample stores are locked and continuously guarded 
 

Audits or 
reviews 

• The results of any audits or reviews of sampling techniques and data. • Sampling review was carried out by the Competent Person and 
regular (monthly) progress reports were provided by the onsite lab 
documenting improvements and forward planning 

Section 2 Reporting of Exploration Results 

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

Criteria JORC Code explanation Commentary 

Mineral 
tenement and 
land tenure 
status 

• Type, reference name/number, location and ownership including 
agreements or material issues with third parties such as joint 
ventures, partnerships, overriding royalties, native title interests, 
historical sites, wilderness or national park and environmental 
settings. 

• The security of the tenure held at the time of reporting along with any 
known impediments to obtaining a licence to operate in the area. 

• Mining rights are held under an Operation and Production Mining 
Business Permit (IUPOP), Area Code 540.3/SK.001/DESDM/VI/2011. 
The area covers 5,893Ha and gives HM the right to mine nickel and 
its associated minerals. The IUPOP was granted by the Regent of 
Morowali in 2011 and is valid until 26th May 2031.The Operation 
Production IUP may be renewed twice, each for a period of 10 years. 

• Two Forestry permits (IPPKH) to allow open cut mining within a 
1845Ha area have been granted by the Minister of Forestry, the 
mining permits doesn’t overlap with any protected forests or nature 
reserves 

• A third Forestry Permit for exploration covering 984Ha is valid until 9 
Sept 2023 

Exploration 
done by other 
parties 

• Acknowledgment and appraisal of exploration by other parties. • The exploration work has been carried out over various stages since 

2007 until 2017, under the direction of experienced nickel laterite 

geologists. All the historic data, (pre April 2019) relating to the project 

was obtained from HM for the purpose of this study.  

• Exploration of the area began in 2007 when the state owned 
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Criteria JORC Code explanation Commentary 

minerals company, PT Aneka Tambang, explored the nickel potential 

of a broad area which included the location of where the HM project 

is located today. The work included mapping and wide spaced 

drilling. The data is poorly documented with many holes having 

ambiguous hole identification, coordinate location and or no analysis 

information.  

• HM started drilling in 2010. At least 3 separate phases of drilling 
were implemented. Initially wide spaced drilling on a 400m X 400m 
grid was conducted followed by 200 X 200m spacing and eventually 
25 X 25m grids in subsequent mining areas. 

Geology • Deposit type, geological setting and style of mineralisation. • Laterization of Ophiolite bedrocks, formed in a tropical climate 
environment through a process of surface leaching over time, two 
distinct enriched zones of Limonite clays and Saprolite clays & 
weathered rocks are typically found in this type of geological setting 
where concentrations of Ni, Co, Fe and other associated metals are 
common 

Drill hole 
Information 

• A summary of all information material to the understanding of the 
exploration results including a tabulation of the following information 
for all Material drill holes: 
o easting and northing of the drill hole collar 
o elevation or RL (Reduced Level – elevation above sea level in 

metres) of the drill hole collar 
o dip and azimuth of the hole 
o down hole length and interception depth 
o hole length. 

• If the exclusion of this information is justified on the basis that the 
information is not Material and this exclusion does not detract from 
the understanding of the report, the Competent Person should clearly 
explain why this is the case. 

• The drill database at HM contains 5,412 holes with a cumulative total 
depth of 125,996m. Assays total 127,503 

• It is not practical or relevant to include these individual results to 
understand this report because; 

• Ni laterite deposits are at relatively low concentrations (1.2% Ni 
average) and the Resource can only be represented by a compilation 
of large numbers of points of observations. For this reason, the report 
has described the deposit using maps of borehole locations, Ni grade 
isopacs and thickness isopacs, statistical analyses of assay results, 
variograms and swath plots of the data to understand the data and 
check its validity and variability 

Data 
aggregation 
methods 

• In reporting Exploration Results, weighting averaging techniques, 
maximum and/or minimum grade truncations (eg cutting of high 
grades) and cut-off grades are usually Material and should be stated. 

• Where 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 some typical examples of 
such aggregations should be shown in detail. 

• The assumptions used for any reporting of metal equivalent values 

• Only assay data from the validated database from included holes 
(INCL) were extracted for use in the compositing process. Composite 
lengths of 1m were used, which correlates with the majority of the 
sample length records and within statistical ranges suggested by the 
variography modeling. Composites were split into 5 lithologies 

• Based on analysis of the downhole statistical data additional top and 
bottom cut constraints were applied to Ni% content to ensure grades 
were not over estimated 
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Criteria JORC Code explanation Commentary 

should be clearly stated. • metal equivalents for Nickel content were shown in the Resource 
table with ore grades as wet and dry tons 

Relationship 
between 
mineralisation 
widths and 
intercept 
lengths 

• These relationships are particularly important in the reporting of 
Exploration Results. 

• If the geometry of the mineralisation with respect to the drill hole 
angle is known, its nature should be reported. 

• If it is not known and only the down hole lengths are reported, there 
should be a clear statement to this effect (eg ‘down hole length, true 
width not known’). 

• Vertical drilling provides good representation of the deposit geometry 
and depth and reasonably assumed to represent true thickness, 1m 
core and assay sampling procedures were sufficient to provide 
accurate wellsite observations and reconciliation of logs  

• Mineralization is basically horizontally orientated 

• Total depths of drilling were guided by the interpretation of the GPR 
surfaces to target at least 2-3m of bedrock was intersected at the end 
of each hole  
 

Diagrams • Appropriate maps and sections (with scales) and tabulations of 
intercepts should be included for any significant discovery being 
reported These should include, but not be limited to a plan view of 
drill hole collar locations and appropriate sectional views. 

• Diagrams, maps, sections are all included in the body of the report  

Balanced 
reporting 

• Where comprehensive reporting of all Exploration Results is not 
practicable, representative reporting of both low and high grades 
and/or widths should be practiced to avoid misleading reporting of 
Exploration Results. 

• All reliable(validated) data included without prejudice 

• Thickness established through drilling intercepts supported with 
Ground Penetrating Radar (UltraGPR) geophysics, reliable assays 
and exposed lithological layers observed in the open cut mining 
operation 
 

Other 
substantive 
exploration 
data 

• Other exploration data, if meaningful and material, should be reported 
including (but not limited to): geological observations; geophysical 
survey results; geochemical survey results; bulk samples – size and 
method of treatment; metallurgical test results; bulk density, 
groundwater, geotechnical and rock characteristics; potential 
deleterious or contaminating substances. 

• Approx. 900km of ground penetrating radar (UltraGPR) survey lines 
were completed since Jan 2019, providing excellent section profiles 
views of limonite, saprolite and bedrock layers, global volumes and 
thickness grids were used for exploration planning and understanding 
of the weathering patterns of the nickel laterites to best optimize the 
drilling patterns by domains 

• Reconciliation of mining production in several ongoing mine areas, 
providing additional information of ore characteristic’s, materials 
handling, densities, recoveries and dilution of grades 

Further work • The nature and scale of planned further work (eg tests for lateral 
extensions or depth extensions or large-scale step-out drilling). 

• Diagrams clearly highlighting the areas of possible extensions, 
including the main geological interpretations and future drilling areas, 
provided this information is not commercially sensitive. 

• Plans for infill drilling in Indicated and Inferred Resource areas 

• Exploration Target and extension areas will first be surveyed using 
Ultra GPR and then drilled to focus on the thickest laterite areas. 

• Exploration Target areas map is provided 
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Section 3 Estimation and Reporting of Mineral Resources 

(Criteria listed in section 1, and where relevant in section 2, also apply to this section.) 

Criteria JORC Code explanation Commentary 

Database 
integrity 

• Measures taken to ensure that data has not been corrupted by, for 
example, transcription or keying errors, between its initial collection 
and its use for Mineral Resource estimation purposes. 

• Data validation procedures used. 

• The collar survey, assay and geology tables of both these datasets 
were validated to correct data error issues such as: 

• missing or duplicate collar records 

• overlapping intervals in the assay records 

• collar elevation errors compared to current LiDAR topography 

• downhole accuracy issues, total depths, from/to intervals 

• core recoveries and swelling 

• lithology description from wellsite geologists 

• reconciliation of lithology with laboratory assay results 

• moisture records from core lab analysis 

• downhole statistical analysis  

• If these errors could not be fixed to a suitable level of confidence or 
failed to meet the accuracy standards during the validation process 
they were removed from the dataset. Approximately 98% of the 
excluded data was from the historical records supplied by Hengjaya. 

Site visits • Comment on any site visits undertaken by the Competent Person and 
the outcome of those visits. 

• If no site visits have been undertaken indicate why this is the case. 

• Numerous site visits by all the CP’s have been completed since the 
end of 2018 to review exploration progress; drilling, and sampling 
procedures, review sample handling, preparation and analyses, 
including monitoring Mine planning and reconciliations of ore 
production against predicted Resource modelling 

• All the CP’s for this work have an intimate knowledge of the HM site 

Geological 
interpretation 

• Confidence in (or conversely, the uncertainty of) the geological 
interpretation of the mineral deposit. 

• Nature of the data used and of any assumptions made. 

• The effect, if any, of alternative interpretations on Mineral Resource 
estimation. 

• The use of geology in guiding and controlling Mineral Resource 
estimation. 

• The factors affecting continuity both of grade and geology. 

• Due to a very large systematic drill program on the same grid as more 
then 800km of UltraGPR survey, allows for a relatively high 
confidence in geological interpretation of the Hengjaya nickel laterite 
deposit. Historical records for surface mapping, drilling, assay & mine 
production combined with the more recent UltraGPR survey traverse 
on 50-100m spaced infill grids over more than 90% of the Resource 
area provides good correlation and understanding if the laterization 
distribution, bulk volumes and mineralization. Considered sufficient in 
statement of the Mineral Resource 

• All data included into the geological interpretation was validated to be 
free of errors and downhole wellsite logging reconciled with assay 
results into composited zones of Limonite, Saprolite & Bedrock 
lithology zones 

• Use of Ground Penetrating Radar (UltraGPR) interpretative data 
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source was used in combination with points of observations from the 
validated database in extrapolating between holes 

• Laterite grades are not laterally or vertically persistent and tend to be 
relatively random distributed through the leaching of minerals during 
the laterization process. The inclusion of the GPR interpretive data 
provides increased confidence of the geological model controls 
between points of observation for transition contacts between 
Limonite-Saprolite-Bedrock 

• Geological structure and bedrock topology, which are often displayed 
on Ultra-GPR interpretations, helped to target thick, high grade 
laterite areas 

Dimensions • The extent and variability of the Mineral Resource expressed as 
length (along strike or otherwise), plan width, and depth below 
surface to the upper and lower limits of the Mineral Resource. 

• Resource dimensions; approximately 8000m in length, 4000m in 
width, laterization thickness for up to 40m to bedrock in some places 

• Limonite thickness varies from 4-9m and saprolite thickness is 
consistently 8-10m 

• laterization of ophiolite formations occurs between an elevation 
range of 300 – 600 meters above mean sea level 

Estimation 
and modelling 
techniques 

• The nature and appropriateness of the estimation technique(s) 
applied and key assumptions, including treatment of extreme grade 
values, domaining, interpolation parameters and maximum distance 
of extrapolation from data points. If a computer assisted estimation 
method was chosen include a description of computer software and 
parameters used. 
 

• The availability of check estimates, previous estimates and/or mine 
production records and whether the Mineral Resource estimate takes 
appropriate account of such data. 
 

• The assumptions made regarding recovery of by-products. 
 

• Estimation of deleterious elements or other non-grade variables of 
economic significance (eg sulphur for acid mine drainage 
characterisation). 
 

• In the case of block model interpolation, the block size in relation to 
the average sample spacing and the search employed. 

• Any assumptions behind modelling of selective mining units. 

• Any assumptions about correlation between variables. 

• Modelling techniques & assumptions applied were considered 
appropriate for estimation of Mineral Resource for this style of Nickel 
laterite deposit based on the CP’s experience. Key assumption’s 
include; 

• Domaining by elevation, laterite thickness and Ni grade, 
mineralogical, characteristics, distinct statistical population & 
geological environment, no unfolding was preformed 

• Downhole and spatial geo-statistical analysis of the data & 
domain sub-sets of data providing search ellipsoids ranges for 
grade interpolation and maximum extrapolation distances for Ni 
between data points 

• Geological modelling and Mineral Resource estimates were 
completed using GEOVIA Surpac® mining software (version 6.1). 
Ordinary Kriging (OK) algorithm was used in the grade interpolation 
for nickel grades for limonite and saprolite laterite zones. In the 
absence of detailed geostatistical analysis for other elements Inverse 
Distance Weighted Squared (IDW²) methods were used to estimate 
the model grade interpolation for other elements Co, Fe, Mg0, Si02, 
Al203, Ca0 and moisture content. 

• A comparison against previous Mineral Resource estimates from 30 
June 2020 were conducted to validate the materiality of the volumes 
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• Description of how the geological interpretation was used to control 
the resource estimates. 

• Discussion of basis for using or not using grade cutting or capping. 

• The process of validation, the checking process used, the comparison 
of model data to drill hole data, and use of reconciliation data if 
available. 

stated in this report, further life of mine production reconciliation of 
historical mine areas of Bete Bete & APL pits were completed, 
showing reasonable correlation of the model prediction’s to actual ore 
recovery 

• Since Jan 2020, limonite (by product of mining high grade saprolite 
ores) was  stockpiles in expectation for supply to HPAL processing 
facilities at IMIP. Limonite shipments have started since Nov 2021 

• Deleterious elements or acid drainage of the mineral resource was 
not considered in the model at time of Mineral Resource estimation 
as pits are shallow, backfilled and rehabilitated progressively 

• Block size selected 20m x 20m x 2m (sub-block 10m x10 x 1m) were 
considered appropriate for the style of mineralization reported. The 
assumption of the block sizes was designed to match the division of 
drilling spacing grids, composite sample lengths, geostatistical 
studies and practical mining bench dimensions for ongoing mine 
planning at the Hengjaya site 

• Wireframing was set up on each drill line in both east-west and north-
south directions to create a 10X10m grid over the entire database to 
develop a morphology wireframe. From these wireframes, gridded 
surfaces were produced to represent the roof and floor limits of 
limonite, saprolite and bedrock zones. 10m grids were set up and 
interpolation of the gridded points was conducted using Inverse 
Distance Weighted (IDW²) methods. 

• Based on analysis of the downhole statistical data additional 
constraints were applied to Ni% content to impose top cuts to avoid 
over-estimation of nickel content due to possible nugget effect. For 
this reason, all core sample measurements were subjected to a top 
cut for(Ni) estimated for each domain using downhole statistics 

• Final block model and interpolated grades were validated using 
several visual and geostatistical techniques to gain further confidence 
in the Mineral Resource estimates stated in this report. visual 
inspection of the block models in plan and sectional views to assess 
the grade interpolations performed conform with the lithological 
wireframes, surface models and drilling database. Further statistical 
validation, including swath plots of the Nickel Resource estimate was 
completed by comparing global averages of the sample composites 
against the block model global averages. 

Moisture • Whether the tonnages are estimated on a dry basis or with natural 
moisture, and the method of determination of the moisture content. 

• Since April, 2019 a total 94,074 Moisture measurements were 
performed every 1m drill core sample using the Japanese Industrial 
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Standard (JIS M8109-1996IS). 

• In areas where Moisture content measurements were not available 
from core lab analysis the domain default weighted average was 
applied to the corresponding composite zone 

• Moisture content were used to adjust Wet to Dry tonnage for mineral 
Resource estimates 

Cut-off 
parameters 

• The basis of the adopted cut-off grade(s) or quality parameters 
applied. 

• Based on statistical analysis of the domain databases & ongoing ore 
mining operations a 0.80% cutoff for nickel was applied to both 
Limonite and Saprolite to best represent the global Mineral Resource 
estimate for representation of eventual economic extraction. A range 
of Ni cut-off up to 2.0% split by laterite type to better understand the 
other elements (Co, Fe, MgO, SiO2, Al2O3, CaO, Density & 
Moisture) in relation to Nickel (Ni) was also supplied 

Mining factors 
or 
assumptions 

• Assumptions made regarding possible mining methods, minimum 
mining dimensions and internal (or, if applicable, external) mining 
dilution. It is always necessary as part of the process of determining 
reasonable prospects for eventual economic extraction to consider 
potential mining methods, but the assumptions made regarding 
mining methods and parameters when estimating Mineral Resources 
may not always be rigorous. Where this is the case, this should be 
reported with an explanation of the basis of the mining assumptions 
made. 

• no mining or modifying factors were applied to the Mineral Resource 
statement that would result in a conversion to Ore Reserve.   

• assumptions for open cut mining operation similar to current 
production and supply agreements with nearby IMIP smelter provide 
sufficient evidence for determination of reasonable prospects of 
eventual economic extraction of the Hengjaya Mineral Resource 

• proximity to the smelter and the prospect of direct haul road access in 
addition to barging indicates excellent prospect for eventual economic 
extraction 

Metallurgical 
factors or 
assumptions 

• The basis for assumptions or predictions regarding metallurgical 
amenability. It is always necessary as part of the process of 
determining reasonable prospects for eventual economic extraction to 
consider potential metallurgical methods, but the assumptions 
regarding metallurgical treatment processes and parameters made 
when reporting Mineral Resources may not always be rigorous. 
Where this is the case, this should be reported with an explanation of 
the basis of the metallurgical assumptions made. 

• Metallurgical factors and assumption based on ongoing supply 
requirement to the RNI & HNI smelters (majority owned by NIC) at the 
IMIP facility were considered when selecting the cutoff ranges for the 
Mineral Resource and by product splits between Limonite & Saprolite 

Environmen-
tal factors or 
assumptions 

• Assumptions made regarding possible waste and process residue 
disposal options. It is always necessary as part of the process of 
determining reasonable prospects for eventual economic extraction to 
consider the potential environmental impacts of the mining and 
processing operation. While at this stage the determination of 
potential environmental impacts, particularly for a greenfields project, 
may not always be well advanced, the status of early consideration of 

• Environmental Impact studies were completed as part of the mining 
operation permitting process,  

• Limits of the 2 IPPKH forestry land borrow permits were reviewed 
when selecting the data, most holes outside these permits were 
excluded from the model estimation  

• Top soil composites were extracted separately and considered 
overburden waste for future mine planning & rehabilitation of ex-
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these potential environmental impacts should be reported. Where 
these aspects have not been considered this should be reported with 
an explanation of the environmental assumptions made. 

opencast pit areas, usually represented as the first 1-4meters from 
surface below grade cutoff ranges and not included in the Mineral 
Resource 

Bulk density • Whether assumed or determined. If assumed, the basis for the 
assumptions. If determined, the method used, whether wet or dry, the 
frequency of the measurements, the nature, size and 
representativeness of the samples. 

• The bulk density for bulk material must have been measured by 
methods that adequately account for void spaces (vugs, porosity, 
etc), moisture and differences between rock and alteration zones 
within the deposit. 

• Discuss assumptions for bulk density estimates used in the 
evaluation process of the different materials. 

• Since April 2019 a total of 13,004 density measurements on drill core 
samples have been performed. Bulk density was measured on solid 
core from each stratigraphic layer in every bore hole. Density was 
measured by measuring the volume by displacement of water and the 
weight of the fresh sample 

• Insitu density used in the Resource estimate was the weighted 
average laboratory core density for each particular lithology for that 
particular domain.  

Classification • The basis for the classification of the Mineral Resources into varying 
confidence categories. 

• Whether appropriate account has been taken of all relevant factors (ie 
relative confidence in tonnage/grade estimations, reliability of input 
data, confidence in continuity of geology and metal values, quality, 
quantity and distribution of the data). 

• Whether the result appropriately reflects the Competent Person’s 
view of the deposit. 

• Determination of the Resource classes, were applied to the 

Mineral Resource with a digitized polygon boundary based on 

the spatial continuity of each geological domain around regular 

spaced drilling grids of 25, 50, 100, 200m from included points of 

observation in the final validated database. Also taken into 

account was the GPR grid lines between the drilling locations 

increasing confidence in interpretation of the laterization contact 

surface between the points of observation in the model. 

Resources were classified as follows; 

• MEASURED - Areas of 25-50m of drilling spacing on a 

continuous grid pattern, where significant influence from 

Pass 1 dominate the search ellipsoids, with no extrapolation 

from the last line of drilling. 

• INDICATED - Areas of 50-100m of drilling spacing on a 

continuous grid pattern, where significant influence from 

Pass 1 and 2 dominate the search ellipsoids, with 50m 

extrapolation from the last line of drilling. 

• INFERRED  - Areas of 100-200m of drilling spacing on a 

continuous grid pattern, where significant influence from 

Pass 1, 2 and 3 dominate the search ellipsoids, with 100m 

extrapolation from the last line of drilling. In some areas 

between holes greater than 200m the polygon was included 
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into the Inferred category to allow for more practical 

polygon shape fit to the model area.  

• Bete Bete and APL mine areas were given the Resource class 
MINED OUT as it is considered mining depletion has sterilized 
these areas. 

• Another factor in selection of resource polygon limits used for the 
Mineral Resource was a review of the geostatistical inputs and 
the weighting on each category. This was done by comparing 
the influence of each pass within the polygon boundaries. The 
results show that 90% of the blocks in Measured class are 
interpolated by Pass 1 & 2 and the Indicated class is 
approximately 90% interpolated by Passes 1, 2 and 3. These 
results give sufficient confidence in the polygon strategy 
respectively. The lowest class of Inferred still has majority 
portions of the first 3 passes with 30% of pass 4 which is 
considered acceptable in this selection 

• Bete Bete Far West and Bete West matched drill spacing criteria 
for Indicated Resource but were downgraded to Inferred status 
because of insufficient drilling over the entire area to give 
confidence to the Resource continuity for both thickness and 
grade. 

Audits or 
reviews 

• The results of any audits or reviews of Mineral Resource estimates. • No external audits or reviews were done before release of the Mineral 
Resource statement for Nickel, dated 30th Aug 2022 

• Charles Watson and Tobias Maya provided several peer review 
during the report drafting process in collaboration with principle author 
Daniel Madre 

Discussion of 
relative 
accuracy/ 
confidence 

• Where appropriate a statement of the relative accuracy and 
confidence level in the Mineral Resource estimate using an approach 
or procedure deemed appropriate by the Competent Person. For 
example, the application of statistical or geostatistical procedures to 
quantify the relative accuracy of the resource within stated confidence 
limits, or, if such an approach is not deemed appropriate, a qualitative 
discussion of the factors that could affect the relative accuracy and 
confidence of the estimate. 

• The statement should specify whether it relates to global or local 
estimates, and, if local, state the relevant tonnages, which should be 
relevant to technical and economic evaluation. Documentation should 
include assumptions made and the procedures used. 

• Sufficient exploration has been carried out at the Hengjaya project to 
delineate a significant deposit of laterite nickel. The drilling used for 
the Mineral Resource estimate is based on systematic drill grids 
ranging from 25 to 50 to 100m apart. The resource classifications are 
based on this spacing of points of observation. According to the 
geostatistical analysis, provides sufficient detail for the purpose of this 
report.  

• It is likely with further infill and exploration drilling in all domains the 
Mineral Resources estimated in this report will increase 

• Confidence of these estimates are greatly improved with the 
reconciliation of the historical mining of the same laterite nickel 
deposit since 2013. These comparisons show good correlation of 
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Criteria JORC Code explanation Commentary 

• These statements of relative accuracy and confidence of the estimate 
should be compared with production data, where available. 

actual produced ores of high grade saprolite and predicted 
Resources.  Long term supply contracts to refining facilities already in 
operation nearby significantly increase the potential for eventual 
economic extraction of the Hengjaya nickel laterite Mineral Resource 

Section 4 Estimation and Reporting of Ore Reserves (Not Required) 

(Criteria listed in section 1, and where relevant in sections 2 and 3, also apply to this section.) 

Criteria JORC Code explanation Commentary 

Mineral 
Resource 
estimate for 
conversion to 
Ore Reserves 

• Description of the Mineral Resource estimate used as a basis for the 
conversion to an Ore Reserve. 

• Clear statement as to whether the Mineral Resources are reported 
additional to, or inclusive of, the Ore Reserves. 

• Insert your commentary here… 

Site visits • Comment on any site visits undertaken by the Competent Person and 
the outcome of those visits. 

• If no site visits have been undertaken indicate why this is the case. 

•  

Study status • The type and level of study undertaken to enable Mineral Resources 
to be converted to Ore Reserves. 

• The Code requires that a study to at least Pre-Feasibility Study level 
has been undertaken to convert Mineral Resources to Ore Reserves. 
Such studies will have been carried out and will have determined a 
mine plan that is technically achievable and economically viable, and 
that material Modifying Factors have been considered. 

•  

Cut-off 
parameters 

• The basis of the cut-off grade(s) or quality parameters applied. •  

Mining factors 
or 
assumptions 

• The method and assumptions used as reported in the Pre-Feasibility 
or Feasibility Study to convert the Mineral Resource to an Ore 
Reserve (i.e. either by application of appropriate factors by 
optimisation or by preliminary or detailed design). 

• The choice, nature and appropriateness of the selected mining 
method(s) and other mining parameters including associated design 
issues such as pre-strip, access, etc. 

• The assumptions made regarding geotechnical parameters (eg pit 
slopes, stope sizes, etc), grade control and pre-production drilling. 

• The major assumptions made and Mineral Resource model used for 

•  
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Criteria JORC Code explanation Commentary 

pit and stope optimisation (if appropriate). 

• The mining dilution factors used. 

• The mining recovery factors used. 

• Any minimum mining widths used. 

• The manner in which Inferred Mineral Resources are utilised in 
mining studies and the sensitivity of the outcome to their inclusion. 

• The infrastructure requirements of the selected mining methods. 

Metallurgical 
factors or 
assumptions 

• The metallurgical process proposed and the appropriateness of that 
process to the style of mineralisation. 

• Whether the metallurgical process is well-tested technology or novel 
in nature. 

• The nature, amount and representativeness of metallurgical test work 
undertaken, the nature of the metallurgical domaining applied and the 
corresponding metallurgical recovery factors applied. 

• Any assumptions or allowances made for deleterious elements. 

• The existence of any bulk sample or pilot scale test work and the 
degree to which such samples are considered representative of the 
orebody as a whole. 

• For minerals that are defined by a specification, has the ore reserve 
estimation been based on the appropriate mineralogy to meet the 
specifications? 

•  

Environmen-
tal 

• The status of studies of potential environmental impacts of the mining 
and processing operation. Details of waste rock characterisation and 
the consideration of potential sites, status of design options 
considered and, where applicable, the status of approvals for process 
residue storage and waste dumps should be reported. 

•  

Infrastructure • The existence of appropriate infrastructure: availability of land for 
plant development, power, water, transportation (particularly for bulk 
commodities), labour, accommodation; or the ease with which the 
infrastructure can be provided, or accessed. 

•  

Costs • The derivation of, or assumptions made, regarding projected capital 
costs in the study. 

• The methodology used to estimate operating costs. 

• Allowances made for the content of deleterious elements. 

• The source of exchange rates used in the study. 

• Derivation of transportation charges. 

• The basis for forecasting or source of treatment and refining charges, 
penalties for failure to meet specification, etc. 

•  
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Criteria JORC Code explanation Commentary 

• The allowances made for royalties payable, both Government and 
private. 

Revenue 
factors 

• The derivation of, or assumptions made regarding revenue factors 
including head grade, metal or commodity price(s) exchange rates, 
transportation and treatment charges, penalties, net smelter returns, 
etc. 

• The derivation of assumptions made of metal or commodity price(s), 
for the principal metals, minerals and co-products. 

•  

Market 
assessment 

• The demand, supply and stock situation for the particular commodity, 
consumption trends and factors likely to affect supply and demand 
into the future. 

• A customer and competitor analysis along with the identification of 
likely market windows for the product. 

• Price and volume forecasts and the basis for these forecasts. 

• For industrial minerals the customer specification, testing and 
acceptance requirements prior to a supply contract. 

•  

Economic • The inputs to the economic analysis to produce the net present value 
(NPV) in the study, the source and confidence of these economic 
inputs including estimated inflation, discount rate, etc. 

• NPV ranges and sensitivity to variations in the significant 
assumptions and inputs. 

•  

Social • The status of agreements with key stakeholders and matters leading 
to social licence to operate. 

•  

Other • To the extent relevant, the impact of the following on the project 
and/or on the estimation and classification of the Ore Reserves: 

• Any identified material naturally occurring risks. 

• The status of material legal agreements and marketing arrangements. 

• The status of governmental agreements and approvals critical to the 
viability of the project, such as mineral tenement status, and 
government and statutory approvals. There must be reasonable 
grounds to expect that all necessary Government approvals will be 
received within the timeframes anticipated in the Pre-Feasibility or 
Feasibility study. Highlight and discuss the materiality of any 
unresolved matter that is dependent on a third party on which 
extraction of the reserve is contingent. 

•  

Classification • The basis for the classification of the Ore Reserves into varying 
confidence categories. 

• Whether the result appropriately reflects the Competent Person’s 

•  
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Criteria JORC Code explanation Commentary 

view of the deposit. 

• The proportion of Probable Ore Reserves that have been derived 
from Measured Mineral Resources (if any). 

Audits or 
reviews 

• The results of any audits or reviews of Ore Reserve estimates. •  

Discussion of 
relative 
accuracy/ 
confidence 

• Where appropriate a statement of the relative accuracy and 
confidence level in the Ore Reserve estimate using an approach or 
procedure deemed appropriate by the Competent Person. For 
example, the application of statistical or geostatistical procedures to 
quantify the relative accuracy of the reserve within stated confidence 
limits, or, if such an approach is not deemed appropriate, a qualitative 
discussion of the factors which could affect the relative accuracy and 
confidence of the estimate. 

• The statement should specify whether it relates to global or local 
estimates, and, if local, state the relevant tonnages, which should be 
relevant to technical and economic evaluation. Documentation should 
include assumptions made and the procedures used. 

• Accuracy and confidence discussions should extend to specific 
discussions of any applied Modifying Factors that may have a 
material impact on Ore Reserve viability, or for which there are 
remaining areas of uncertainty at the current study stage. 

• It is recognised that this may not be possible or appropriate in all 
circumstances. These statements of relative accuracy and confidence 
of the estimate should be compared with production data, where 
available. 

•  

 



 

 

 

 

 

 

Appendix 2 

License Documents 



CONFIDENTIAL PT HM 



CONFIDENTIAL PT HM 



CONFIDENTIAL PT HM 



CONFIDENTIAL PT HM 



CONFIDENTIAL PT HM 



CONFIDENTIAL PT HM 



CONFIDENTIAL PT HM 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 



CONFID
ENTIA

L 


