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EXECUTIVE SUMMARY 

 

Overview 

 

²ŀǊŘŜƭƭ !ǊƳǎǘǊƻƴƎ LƴǘŜǊƴŀǘƛƻƴŀƭ [ƛƳƛǘŜŘ όά²!Lέύ ǿŀǎ ŎƻƳƳƛǎǎƛƻƴŜŘ ōȅ Joint Stock Company Navoi 

Mining and Metallurgical Company (άbaa/έ ƻǊ άǘƘŜ /ƭƛŜƴǘέ) to complete an audit of Mineral 

Resources, estimation of Ore Reserves, and development of a unified mining schedule at Pre-

Feasibility Study όάtC{έύ level for gold deposits in the Muruntau Cluster. As part of the mining 

schedule, WAI was also tasked with developing a conceptual strategy for inclusion of low-grade 

material into the Muruntau Cluster processing plants. 

 

This report documents the Mineral Resource audit component and preparation of an Ore Reserve of 

the study. Mineral Resources and Ore Reserves have been reported in accordance with the guidelines 

of the Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves, 

2012 (άthe JORC Codeέ). 

 

The Muruntau Cluster includes five gold deposits and three processing plants located in the Navoi 

region of Uzbekistan. The ore sources included within this study are as follows: 

 

¶ Muruntau (operating mine); 

¶ Mutenbai (operating mine); 

¶ Besapantau (mining planned for 2024); 

¶ Balpantau (mining commenced in 2023); and 

¶ Low-grade stockpiles and heap leach tailings. 

 

The Chukurkuduk deposit was excluded from this study pending the results of ongoing verification 

drilling. The processing facilities included within this study are as follows: 

 

¶ GMZ-2 (50Mt/year production capacity, processing ore from all deposits);  

¶ GMZ-7 (15Mt/year production capacity, processing heap leach tailings); and  

¶ Heap leach plant (11Mt/year production capacity, processing low grade ore).   

 

Property Location and Description 

 

The Muruntau Cluster is located in the Kyzyl Kum Desert, approximately 360km northwest of 

Samarkand, the second largest city in Uzbekistan. 

 

The area is characterised by a continental arid desert climate and mostly flat desert landscape, broken 

by the Tamdytau range approximately 30km to the northwest and the Aristantau mountains, around 

50km to the south of the Muruntau deposit. 

 

The Muruntau operation has a history dating back to 1967 and local infrastructure is well developed. 

The Muruntau and Mutenbai deposits are mined from the Muruntau open pit, situated approximately 
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30km east of the town of Zarafshan, connected to the town by both a paved road and railway. The 

GMZ-2 process plant site is located 5km west of the Muruntau open pit. The Besapantau deposit is 

located 4.5km to the northwest of the Muruntau open pit. The Balpantau open pit mine is located 

26.5km north-northeast from Muruntau. 

 

 
Location and Infrastructure Map of the Muruntau Cluster 

 

Mining Licenses 

 

NMMC hold the following licenses to use the subsoil for the purpose of extracting minerals at each 

Muruntau Cluster gold deposit: 

 

¶ License number NY 0260 dated 09/24/2021, valid until 01/22/2074 for Muruntau and 

Mutenbai; 

¶ License number NV 0259 dated 09/24/2021, valid until 01/09/2025 for Besapantau; and 

¶ License number NV 0247 dated 09/24/2021, valid until 12/31/2033 for Balpantau. 

 

The main conditions of the license agreements are to comply with the requirements established by 

ǘƘŜ ŀǊǘƛŎƭŜǎ ƻŦ ǘƘŜ ƭŀǿ άhƴ {ǳōǎƻƛƭέ, develop and gain approval of annual mining development plans, 

provide mining and surveying services to the open pit, complete annual reporting to the State 

Geological Fund on the Mineral Resources and Ore Reserves, adjust the balance of extracted and lost 

Mineral Resources only after agreement with the Sanoatgeokontekhnazorat State Institution, 
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organise suitable locations for refuelling equipment, complete reclamation work, complete dust 

monitoring and suppression procedures in the dry season, ensure annual production according to the 

detailed design and make an annual payment of tax for the use of the subsoil. 

 

Providing the license holder meets licensing conditions and a deposit is being developed, the mining 

license can be extended at the request of the holder. WAI is not aware of any factors which may result 

in the Muruntau Cluster licenses not being extended as required. 

 

Geology 

 

The Muruntau Cluster is located within the Kyzyl Kum Gold District of Uzbekistan, in the western 

portion of the Southern Tien Shan orogenic belt. The basement of the Kyzyl Kum is composed of the 

Lower Palaeozoic Besapan Formation, which features carbon and sulphide rich clastic rocks, which 

were metamorphosed and deformed during the Lower Palaeozoic Caledonian orogeny. The Besapan 

Formation is unconformably overlain by Devonian to Early Triassic sediments, carbonates and 

volcanics. 

 

Gold mineralisation is hydrothermal and controlled by complex quartz-sulphide vein arrays and 

stockworks, commonly developed sub-parallel to bedding in the folded and faulted Middle to Lower 

Besopan host metasedimentary sequence. Granite magmatism and gold mineralisation are broadly 

contemporaneous, but their direct link remains unproven. Mineralisation mainly occurs as native gold, 

with some present within disseminated pyrite and arsenopyrite. 

 

The Muruntau, Mutenbai and Chukurkuduk deposits sit together on the eastern pericline of the large 

Tazgazgan anticline, complicated by smaller-scale folding. The Besapantau deposit is located on the 

northwestern flank of the Muruntau ore deposit. Balpantau is situated further north, within a volcano-

tectonic graben. 

 

Drilling and Sampling 

 

The main sample types collected in exploration of the Muruntau Cluster have been drill core, drill chip 

and channel samples from surface trenches or underground development. NMMC sample and analyse 

all intervals, with the exception of barren quaternary sedimentary cover. 

 

Diamond core is the dominant drilling method in all deposits and has been conducted on systematic 

grids, on orientations such that drill intersections are at a high angle to the dominant mineralised 

trend. Drilling has been supplemented by surface trenching and exploratory underground 

development. Whilst this is a high-cost approach, the extensive underground exposures will likely have 

provided stronger constraints on mineralised zone location, orientation, morphology and continuity, 

than would have been possible from drillhole data alone. 
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WAI considers that current drilling, core sample collection and sample preparation at the Muruntau 

cluster are undertaken by competent personnel using procedures that are consistent with standard 

industry practice. Increased risk of sampling bias exists for historic pre-2019 core drilling (lower 

average recovery) and non-core sampling (underground channel, trench, reverse circulation drilling). 

Sample Preparation and Analysis 

 

Sample preparation is the same for all deposits and sample types. This includes drying, crushing and 

grinding, with splitting between stages to produce a representative sub-sample for analysis. WAI 

consider the equipment, sample weights and particle size currently used in sample preparation to be 

in line with typical industry practices. 

 

The two analytical methods used at Muruntau Cluster are fire assay and gamma activation analysis. 

Both sample preparation and fire assay have been mainly carried out by the geological laboratory of 

the Kyzylkum PGRE. Gamma activation analysis is completed at the NMMC Central Gamma Activation 

Analysis Laboratory. 

 

Around 98% of samples from the Muruntau and Mutenbai deposits were analysed using the gamma 

activation method. A much higher proportion of fire assay data is available for the Besapantau and 

Balpantau deposits. In these deposits, gamma activation has typically been used as a preliminary 

analysis, where samples with grades above 0.5 g/t were then selected for fire assay. 

 

Review of available quality assurance and quality control όάQAQCέύ data highlights a range of data 

quality issues around analytical accuracy and precision, alongside incomplete QAQC coverage and 

protocols. QAQC results improve and data gaps reduce in recent drill programmes, allowing this data 

to be used to indirectly verify historic datasets. 

 

Data Verification 

 

Risks of sampling and analytical bias have been further assessed through a range of data verification 

checks.  

 

For Muruntau and Mutenbai, NMMC conducted a visual comparison between the results of 

ŜȄǇƭƻǊŀǘƛƻƴ ŀƴŘ ǊŜǎƻǳǊŎŜ ŘŜǾŜƭƻǇƳŜƴǘ ŘǊƛƭƭƛƴƎ ǿƛǘƘ ƻǾŜǊƭŀǇǇƛƴƎ ƎǊŀŘŜ ŎƻƴǘǊƻƭ όάD/έύ ŘŀǘŀΦ Lƴ ŎŀǎŜǎ 

where the presence or absence of a significant mineralised intersection was not confirmed by the 

high-resolution (6m x 6m) GC sampling, the drill holes were excluded from Mineral Resource 

estimation. 

 

Drilling since 2019 has benefited from higher drill recoveries and a more complete QAQC protocol. 

/ƻƴǘƛƴǳŜŘ ŘǊƛƭƭƛƴƎ ŀƭƭƻǿǎ baa/ ǘƻ ƛƴŎǊŜŀǎŜ ΨǊŜŎŜƴǘΩ ŘǊƛƭƭ ŎƻǾŜǊŀƎŜ ŀŎǊƻǎǎ ŀƭƭ ŘŜǇƻǎƛǘǎ ŀƴŘ ǊŜŘǳŎŜ ǘƘŜ 

reliance on historic data. Whilst no twin drillholes are available, NMMC has infilled regions of historic 

drilling with recent drillholes as part of resource development. The comparison between historic 

drilling with adjacent recent drillholes provides some data verification, whereby dramatic changes in 

mineralisation grade and/or width over very short distances may indicate data quality issues. Like the 

GC drilling comparison, WAI considers this to be an effective check for the most significant errors. 
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WAI has completed an independent statistical comparison between datasets, to help detect any bias 

in the sample data due to differences in sample type or changes in sampling and/or analytical 

procedures over time. Overall, there is no evidence for material bias between different sample types 

at Muruntau-Mutenbai, which supports the NMMC decision to include diamond drilling, reverse 

circulation drilling and underground sampling in Mineral Resource estimation. 

 

Statistical comparisons between historic and recent drilling show no material bias at Besapantau and 

potential for historic results to understate grade at Balpantau (-9% difference in average composite 

grade above 0.5g/t cut-off). Given the magnitude and downside nature of the differences at 

Balpantau, WAI accepts the decision to include historic data at both deposits. 

 

Statistical comparisons between diamond drilling and trenching at Balpantau, show strong positive 

bias in the trenching results. To ensure this grade is not extrapolated to depth, WAI agrees with the 

decision to exclude all trenching from Balpantau Mineral Resource estimation. 

 

Database verification procedures carried out by WAI confirmed the integrity of the data contained in 

the electronic databases provided. WAI considers that QAQC and data verification completed to date, 

have been used to select a subset of the drillhole databases deemed appropriate for Mineral Resource 

and Ore Reserve estimation. 

 

Mineral Resources 

 

Mineral Resource estimation was completed by NMMC using drillhole databases and geological 

models developed by the NMMC geology team and its subcontractors. The audit process included a 

feedback loop, whereby any issues or improvement opportunities identified by WAI, could be 

addressed by NMMC in the final models prior to reporting the audited Mineral Resource statement. 

Optimised pit shells used to constrain Mineral Resource reporting were generated by WAI based on 

parameters provided by NMMC. 

 

Resource modelling primarily utilised Leapfrog Geo and Leapfrog Edge software. NMMC constructed 

mineralisation domain wireframes by compositing samples above specific cut-off grades and using 

implicit modelling to generate envelopes around the composites. Structural trends were constructed 

and applied to the envelopes, such that domain orientation and continuity reflects the interpreted 

orientation and continuity of the mineralisation. 

 

Block models were constructed using the mineralisation domain wireframes to define the block model 

domain boundaries. A parent block size of 30m x 30m x 15m was used for the Muruntau-Mutenbai 

block model. The Besapantau and Balpantau models used parent block dimensions of 20m x 20m x 

5m. To effectively represent domain volume, sub-cell splitting was enabled at domain boundaries. 

 

Grade estimation was carried out by ordinary kriging of capped 2m composites. Domains were treated 

as hard boundaries and as such composites from an adjacent domain could not be used in the grade 

estimation of another domain. Estimation was run in a three-pass plan, the second and third passes 

using progressively larger search radii to enable the estimation of blocks unestimated on the previous 
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pass. Dynamic anisotropy was employed to align search orientation to local domain orientation. The 

orientation of the dynamic ellipsoid was determined by the same structural trends used in the 

construction of domain wireframes. 

 

Model validation methods included visual comparison of the composite and block model grades, a 

statistical grade comparison and a swath plot analysis. Globally no indications of significant over or 

under estimation were apparent in the block models nor were any obvious interpolation issues 

identified. From the perspective of conformance of the average model grades to the input data, WAI 

consider the grade estimation adequately represents the composite data used. 

 

Limited density data is available for the Muruntau Cluster deposits. WAI has compared summary 

statistics for this data, against the density assumptions applied in the block model for each deposit. 

Current block model density assumptions appear to be conservative but reasonable given the limited 

amount of informing data. 

 

Reconciliation is a key tool to assess the overall materiality of any residual database errors and 

estimation errors associated with the current estimation approach and data spacing. Comparison of 

the Resource and grade control models over annual production volumes for Muruntau and Mutenbai 

demonstrate that tonnage, grade and metal variance is typically significantly below the ҕ15% industry 

standard benchmark for Indicated Resources. The Besapantau and Balpantau deposits are 

characterised by more discrete mineralised zones with greater spatial complexity. Based on initial 

grade control drilling and reconciliation results, the closer drill spacing and higher proportion of recent 

drilling at these deposits appears sufficient to support Indicated Resources, however this should be 

re-evaluated as mining progresses and more grade control data becomes available. 

 

Classification was set in the block models using a combination of data spacing, estimation pass and 

wireframe volume criteria. WAI considers the classification approach to reflect the confidence in the 

drillhole data, the geological interpretation, geological continuity, data spacing and orientation, spatial 

grade continuity, estimation method and reconciliation performance. 

 

Mining, processing and long-term price assumptions were used to report the proportion of the block 

models that could reasonably be expected to be economically mined, using a 0.3g/t Au cut-off grade 

within the optimised pit shells. 

 

The Mineral Resource estimates for the Muruntau Cluster gold deposits have been classified and 

reported in accordance with the Australasian Code for Reporting of Exploration Results, Mineral 

Resources and Ore Reserves (JORC 2012 Edition). The audited Mineral Resource statement is shown 

below. The effective date of the Mineral Resource estimates is January 1st, 2024. 

 

The stated Mineral Resources are not materially affected by any known environmental, permitting, 

legal, title, taxation, socio-economic, marketing, political or other relevant issues, to the best 

knowledge of WAI. There are no known mining, metallurgical, infrastructure, or other factors that 

materially affect the Mineral Resource estimates, at this time. 
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Audited Mineral Resource Statement for the Muruntau Cluster 

Wardell Armstrong International, effective January 1, 2024 

Deposit Class 
Tonnes 

(Mt) 
Au Grade 

(g/t)  

Contained Au 

(Moz) (t) 

Muruntau 

Indicated 2,016 0.93 60.0  1,866 

Inferred 732 0.81 19.1  595 

Total 2,747 0.90 79.1  2,461 

Mutenbai 

Indicated 230 1.06 7.8  244 

Inferred 491 0.91 14.3  445 

Total 721 0.96 22.2  689 

Besapantau 

Indicated 131 0.88 3.7  115 

Inferred 133 0.90 3.8  119 

Total 265 0.89 7.5  235  

Balpantau 

Indicated 57 0.98 1.8  56 

Inferred 38 0.88 1.1  33 

Total 95 0.94 2.9  90 

Stockpiles 

Indicated 34 0.54 0.6  18 

Inferred 93 0.44 1.3  41 

Total 127 0.46 1.9  59 

Total 

Indicated 2,467 0.93 73.9  2,300 

Inferred 1,487 0.83 39.7  1,233 

Total 3,955 0.89 113.6  3,533 

Notes: 

1. Mineral Resources have been classified and reported in accordance with the guidelines of the JORC Code (2012);  

2. The effective date of the Mineral Resource Estimates is January 1, 2024; 

3. In-situ Mineral Resources have been reported at a cut-off grade of 0.3g/t gold. Stockpile Mineral Resources have 

been reported to a nominal cut-off grade of 0.0g/t Au; 

4. Mineral Resources were limited to US$1,950/oz optimised open pit shells based on appropriate economic, mining 

and processing parameters; 

5. Metal grade and content represents contained metal in the ground and have not been adjusted for metallurgical 

recovery or mining dilution; 

6. Mineral Resources are not Ore Reserves until they have demonstrated economic viability based on a pre-feasibility 

study or feasibility study; 

7. Mineral Resources have been reported inclusive of any Ore Reserves; 

8. Mineral Resources have been reported at 100% ownership; and 

9. All figures are rounded to reflect the relative accuracy of the estimate. Numbers may not add due to rounding. 

 

Geotechnics 

 

WAI was provided with geotechnical data by the Client that covers works undertaken by the VNIMI 

Institute and SRK Consulting during 2021 and 2022. Upon completion of a review of the geotechnical 

data WAI has provided geotechnical slope design recommendations to be used in ore reserve 

estimates for the main project areas.  

 

The Navoi Project is located on the southern ridge of the Tamdytau Mountains on the Muruntau Ridge, 

30km east of the town of Zarafshan in the southern central area of the Republic of Uzbekistan. Navoi 

consists of five open pits: Muruntau, Mutenbai, Chukurkuduk, Balpantau, and Besapantau.  
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WAI have reasonable confidence in the values produced as part of the SRK reports. Analysis of the 

available Besapantau wireframe model shows that the values of the slopes of the domains specified 

within the VNIMI Institute report are less than those recorded by VNIMI accounting for any 

uncertainty and increasing safety of the slopes. The value of 41ϲ for the Balpantau open pit, upon 

comparison with the latest wireframe model, is considered a suitable value for ore reserve estimation 

until such time that geomechanical data can be determined for this open pit, on the understanding 

that the lack of background data specific to this deposit results in an elevated risk profile.  

 

Hydrogeology 

 

The majority of hydrology-related data recording has been undertaken at Muruntau with the most 

relevant study completed in 2018.  The only study received for Besapantau, also covering Balpantau 

is based on data conducted over thirty years ago (1986-1998) which was carried out at the time of 

exploration.  All data-sets are in need of updating with quality-controlled investigation and analysis as 

much of the information is now out of date and superseded.   

 

The general findings for surface water management of the mine indicate a system of perimeter 

drainage within the upper 50m of the interior of the pit shell is performing adequately.  This captures 

the low-level rainfall-run-off that occurs predominantly in Winter and Spring.  No analysis or review 

of peak rainfall, hydraulic capacity and return periods has been undertaken and this should be 

considered.  No reports of mine flooding or adverse surface water management issues have been 

reported however this is not a reliable metric to use for mine planning and flood defence.  Climate 

change modifications should be applied and a rainfall-run-off analysis conducted to assess the 

resilience of the mine drainage infrastructure.  

 

The hydrogeology (sub-surface hydrology) of the mine is controlled by discontinuities in the Taskazgan 

and Besapan sand-shale complex.  These lithologies are characterised by relatively low primary 

hydraulic conductivity but relatively high secondary porosity where fractures exist.   Because of the 

significant structural deformation along fold structures and associated faulting, the hydrogeology of 

the site comprises a series of separate flow zones, compartments (such as on either side of the 

Southern Fault) and at a local 100m block-scale and hydraulically isolated east and west zones in the 

pit.  For several decades, the mine has relied on sub-surface drainage, on average at 42 l/s from the 

{ƘŀŦǘ a ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ŎƻƴƴŜŎǘƛƴƎ ǘǳƴƴŜƭǎΦ  ¢ƘŜ ƭŜǾŜƭ ƻŦ ŎƘŀǊŀŎǘŜǊƛǎŀǘƛƻƴ ƻŦ ǘƘŜ ƳƛƴŜΩǎ ǇƛŜȊƻƳŜǘǊȅ 

(groundwater levels and hydraulic heads), the interconnection between zones and hydraulic 

properties is very low.   

 

From review of the most recent recorded work it appears that only one dedicated monitoring well has 

been installed.  Water levels have been recorded in open resource boreholes but their completion 

details and hence the accuracy of what they are actually recording is highly uncertain.  The majority 

of understanding of groundwater levels and behaviour is derived from limited results.  The assessment 

ƻŦ ƛƴŦƭƻǿǎ Ƙŀǎ ōŜŜƴ ǳƴŘŜǊǘŀƪŜƴ ǳǎƛƴƎ ŀ ǎƛƳǇƭƛŦƛŜŘ ŀƴŀƭȅǘƛŎŀƭ ǘŜŎƘƴƛǉǳŜ ǘŜǊƳ ǘƘŜ Ψ.ƛƎ ²ŜƭƭΩ ƳŜǘƘƻŘΦ  

This requires over-simplification of the system with rendering the entire pit to a simplified geometry 

and applying single terms for hydraulic properties.  A second calculation based on unit inflow per 
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meter of tunnel length has also been used.  Both calculations indicate deepening the mine to 700m 

will result in a near doubling of inflow rates from the current 42l/sec to between 75-85l/s.   

 

It is recommended that a hydrogeological programme of investigation, testing, analysis and modelling 

using up-to-date methods (such as packer testing and numerical modelling) is undertaken to improve 

the assurance of hydrogeological data control and management.   

 

Mine Planning & Methods 

 

The Muruntau Cluster consists of three open pits for which an Ore Reserve Estimate has been 

prepared based upon various modifying factors such as gold price, process recoveries, geotechnical 

parameters, costs and estimates, dilution, ore loss, as well as additions and subtractions due to 

exploration and depletion.  

 

The Ore Reserve has been defined by conducting a pit optimisation process, using defined parameters. 

This will provide a series of nested pit shells against which the existing open pit designs can be assessed 

for suitability as the basis of mine design and scheduling. 

 

Pit optimisation is a recognised technique by which different open pit shells may be generated, based 

on a supplied geological resource block model and user-defined economic and operating parameters. 

WAI carried out the optimisation works using industry recognised Datamine NPV Scheduler software 

which offers various facilities for mine scheduling and optimisation of the pit shell extents. 

 

The parameters utilised for optimisation result in a theoretical (calculated) ore cut-off grade for 

material sent to the CIL process plant of between 0.2-0.35g/t Au. Operationally, the mine uses a mill 

cut-off of 0.50g/t Au and as such this operational CoG has been utilised to derive the Ore Reserve 

Estimate.   

 

The mining schedules for the Muruntau cluster were created using Datamine Studio NPVS. The 

scheduling process consisted of developing a mine plan using WAI created pushback designs within 

the overall pit designs supplied by Navoi. 

 

The mining schedule utilised to produce the Ore Reserve Estimate includes Measured, Indicated and 

Inferred Mineral Resources as plant feed, however the associated financial evaluation considers 

revenue only derived from Measured and/or Indicated (which are converted to Proven and Probable 

Reserves), and applies a waste mining cost to the Inferred material. 

 

The Muruntau cluster open pit mines are operated as a conventional truck and shovel mine using face 

shovels and backhoe excavators to load ore and waste to a mixed fleet of 130t, 180t and 220t Class 

haul trucks of various manufacture. All ore and waste material requires drilling and blasting. At 

Muruntau, an inclined conveyor is also used for material movement in addition to haul trucks. 
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Ore is transported to ROM pads adjacent to open pits and either stockpiled for blending purposes or 

transported via railway to the crusher at the GM2, GM7 or Heap Leach facilities. Waste is transported 

to waste rock dumps (WRDs) which are extensive and located around the perimeter of the pits.  

 

Working bench height varies between 15m at Muruntau-Mutenbai, and 5m-15m at Balpantau and 

Besapantau, whilst final benches are 30m in height. 

 

The Muruntau-Mutenbai mine is currently operating at rate of 105Mm3 total rock movement per 

annum. Besapantau is operating at a rate of 5Mtpa ore and 39Mtpa total rock, whilst Balpantau 

extracts some 3Mtpa ore from a maximum of 20Mtpa total rock.  

 

Mineral Processing 

 

The NMMC Muruntau-Mutenbai processing complex has been in continuous operation since 1969. 

Several phases of expansion have been completed since then and the oxide zones of ore are now all 

mined out, so only fresh ore is currently mined and processed from the main Muruntau-Mutenbai 

combined pit. The ore consists of complex stockworks with a head grade of circa  

1.1 - 1.2 g/t Au. 

 

Mined ore from the Muruntau-Mutenbai pit is transported by rail to the main processing plant, GMZ-

2. GMZ-2 has a nominal design throughput of 50Mtpa, which is the largest gold processing plant in the 

world based on throughput. The flowsheet is based on cyanide leaching and Resin-in-Pulp (RIP) 

technology ς ǘƘƛǎ ǿŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ŎƻƳƳŜǊŎƛŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ wLt ǘŜŎƘƴƻƭƻƎȅΦ 

 

In addition to GMZ-2, there are two other main processing facilities: GMZ-7 (nominal throughput 

15Mtpa) which processes the old Newmont heap leach tailings material through a conventional 

Carbon-in-Pulp (CIP) flowsheet; and CKVZ, a dedicated and conventional Heap Leach operation for low 

grade ore (nominal throughput 11 Mtpa). There are other processing and treatment facilities within 

the general site complex treating material from other operations within the NMMC group, but 

discussion will be limited to these three main processing facilities, including the Tailings Storage 

Facilities (TSF). 

 

Ore from Balpantau, located 40km away, is also fed to the GMZ-2 facility at the rate of 2.5Mtpa and 

at a similar head grade of circa 1.2 g/t Au. 

 

It is also planned in 2024 to commence feeding ore from Besapantau, for which metallurgical testwork 

has been completed, at a rate of circa 3Mtpa. No additional site infrastructure is required for this ore, 

although the water supply system to the plant is being expanded. 

 

Finally, there are considerable resources of low-grade stockpiles, although these are reportedly being 

processed through the GKZ-2 plant at a rate of 5Mtpa since 1974, with a reported constant tailings 

grade of 0.123 g/t Au. A scoping level assessment is included in this report on the best strategy for 

processing this resource. 
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Environmental, Social Performance, Health and Safety 

 

In general, NMMC has good paper environmental and social policies and understanding of the 

importance of these aspects in relation to sustainability. NMMC has been publishing Sustainability 

reports starting from 2019. There are ESG specialists who are responsible for collecting and 

compilation of ESG data.  

 

However, there are only two environmental specialists in the Central Mining Administration (CMA) 

ǿƘƻ ŀǊŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŀƭƭ /a!Ωǎ ŦŀŎƛƭƛǘƛŜǎΦ CƻǊ ŜŦŦƛŎƛŜƴǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳŀƴŀƎŜƳŜƴǘ ǘƘŜǊŜ ǎƘƻǳƭŘ ōŜ 

on-site ecologists to handle ongoing monitoring and control of environmental aspects, timely 

identification of ecological violences and efficient contribution to the existing environmental 

management system.  

Air monitoring is carried out on a monthly basis at the Sanitary Protection Zone, the provided 

monitoring results did not show any exceedance. In addition, air quality is monitored at the 

workplaces and at the sources of emissions, however, the results were not provided, except for the 

Gold HLP showing the efficiency of air treatment systems at the sources of air emissions. It is also a 

good practice to monitor the air quality at the nearest settlements considering the proximity.  

 

5ǳǎǘ ǎǳǇǇǊŜǎǎƛƻƴ ƛǎ ŎŀǊǊƛŜŘ ƻǳǘ ŀǘ ǘƘŜ /a!Ωǎ ŦŀŎƛƭƛǘƛŜǎΣ ōǳǘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ŎƭƛƳŀǘƛŎ ŦŜŀǘǳǊŜǎ ŀƴŘ ƘƛƎƘ 

evaporation as well as shortage of water, the efficiency is low. WAI understands that CMA together 

with Central Laboratory have tested dust suppression reagents in addition to water irrigation with no 

positive results. High dust concentration causes the degradation of air quality at workplaces (i.e. 

Muruntau pit, access roads, tailings dusting, waste dumps, etc.) and affects working conditions and 

health of employees.   

 

Based on the information provided water is recycled and not discharged into the environment. The 

Muruntau pit water monitoring data have been provided for the review. WAI is not aware of other 

water monitoring programmes carried out at the Muruntau Project facilities.   

 

The provided Environmental Impact Assessment Designs for the Project facilities under consideration 

do not fully address social aspects. The documents reviewed contain only indication of nearest 

settlements and their proximity to the Project assets. However, socio-economic conditions are not 

studied, and social impacts are not assessed or addressed. 

 

As a result of on-site discussions with H&S specialists and on-site review of presented documents, all 

required H&S procedures are in place and all necessary training is carried out in time. However, the 

cyanide handling procedures should be reviewed to ensure that the staff who work with cyanide fully 

understand the risks and measures that need to be taken in case of cyanide-related accidents. 

 

Closure and reclamation plans have not been developed. In accordance with the best practices mine 

closure planning as early as possible is considered crucial because it outlines the strategies and 

procedures for safe closure as well as ensure mitigation of environmental impacts, address social 

concerns and responsible management of post-mining landscapes. 
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Economic Analysis 

 

The Muruntau cluster has been analysed using Discounted Cash Flow (DCF) approach, with a 10% 

discount rate applied to future estimated cash flows throughout the life of the mine. The economic 

assessment generated a positive, post-tax NPV of US$7,842M. As there is no significant capital outlay, 

it was not possible to generate a significant IRR. A summary of the economic validity of the model, 

broken down on a pit-by-pit basis, is outlined in the following table. Note that the NPV of US$7,842M 

in the table below includes centralised costs that are not included in the equivalent calculations for 

the individual pits.  

 

Summary of Economic Analysis 

 Discount Rate Value (US$M) 

Muruntau Cluster 10% 7,842 

Muruntau 10% 6,670 

Mutenbai 10% 524 

Besapantau 10% 464 

Balpantau 10% 382 

 

Ore Reserves 

 

The Ore Reserve Estimate, with an effective date of 01 January 2024 are presented in the following 

table.  

 

Ore Reserve Estimate for the Muruntau Cluster, WAI, 01 January 2024 

Deposit Class 
Tonnes 

(Mt) 

Grade 

(g/t Au) 

Contained Au 

(Moz) (t) 

Muruntau 

Proven - - - - 

Probable 1,210 1.09 42.3 1,316 

Total 1,210 1.09 42.3 1,319 

Mutenbai 

Proven - - - - 

Probable 92.8 0.99 3.0 92.1 

Total 92.8 0.99 3.0 92.1 

Besapantau 

Proven - - - - 

Probable 62.1 0.98 2.0 61.0 

Total 62.1 0.98 2.0 61.0 

Balpantau 

Proven - - - - 

Probable 37.5 1.05 1.3 39.3 

Total 37.5 1.05 1.3 39.3 

Stockpiles 

Proven - - - - 

Probable 33.5 0.54 0.6 18.1 

Total 33.5 0.54 0.6 18.1 

Total 

Proven - - - - 

Probable 1,436 1.06 49.2 1,527 

Total 1,436 1.06 49.2 1,527 
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Notes: 

1. Ore Resources have been classified and reported in accordance with the guidelines of the JORC Code (2012);  

2. The effective date of the Ore Reserve Estimate is 01 January 2024; 

3. Ore Reserves are reported at an operational cut-off grade of 0.5g/t Au for Besapantau, Balpantau, Muruntau and 

Mutenbai.  

4. Ore Reserves are limited to US$1,650/oz optimised open pit shells based on appropriate economic, mining and 

processing parameters; 

5. Mining, processing and administrative costs are estimated based on actual costs;  

6. Ore Reserves have been reported at 100% ownership; and 

7. All figures are rounded to reflect the relative accuracy of the estimate. Numbers may not add due to rounding.  

 

The stated results are not materially affected by any known environmental, permitting, legal, title, 

taxation, socio-economic, marketing, political or other relevant issues, to the best knowledge of the 

authors. There are no known mining, metallurgical, infrastructure, or other factors that materially 

affect the preliminary Ore Reserve results, at this time. 
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 INTRODUCTION 

 

 Purpose of Technical Report 

 

²ŀǊŘŜƭƭ !ǊƳǎǘǊƻƴƎ LƴǘŜǊƴŀǘƛƻƴŀƭ [ƛƳƛǘŜŘ όά²!Lέύ ǿŀǎ ŎƻƳƳƛǎǎƛƻƴŜŘ ōȅ Joint Stock Company Navoi 

Mining and Metallurgical Company (άbaa/έ ƻǊ άǘƘŜ /ƭƛŜƴǘέ) to complete an audit of Mineral 

Resources, estimation of Ore Reserves, and development of a unified mining schedule at Pre-

Feasibility Study όάtC{έύ level for gold deposits in the Muruntau Cluster. As part of the mining 

schedule, WAI was also tasked with developing a conceptual strategy for inclusion of low-grade 

material into the Muruntau Cluster processing plants. 

 

This report documents the Mineral Resource audit and Ore Reserve estimate components of the 

study. Both Mineral Resources and Ore Reserves have been reported in accordance with the 

guidelines of the Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore 

Reserves, 2012 (άthe JORC Codeέ). 

 

The Muruntau Cluster includes five gold deposits and three processing plants located in the Navoi 

region of Uzbekistan. The ore sources included within this study are as follows: 

 

¶ Muruntau (operating mine); 

¶ Mutenbai (operating mine); 

¶ Besapantau (mining planned for 2024); 

¶ Balpantau (mining commenced in 2023); and 

¶ Low-grade stockpiles and heap leach tailings. 

 

The Chukurkuduk deposit was excluded from this study pending the results of ongoing verification 

drilling.  

 

The processing facilities included within this study are as follows: 

 

¶ GMZ-2 (50Mt/year production capacity, processing ore from all deposits);  

¶ GMZ-7 (15Mt/year production capacity, processing heap leach tailings); and  

¶ Heap leach plant (11Mt/year production capacity, processing low grade ore).   

 

These assets generate the majority of baa/Ωǎ gold production and contain the majority of baa/Ωǎ 

Mineral Resources and Ore Reserves. 

 

 Navoi Mining and Metallurgical Company 

 

Founded in 1958, NMMC ƛǎ ¦ȊōŜƪƛǎǘŀƴΩǎ ƭŜŀŘƛƴƎ ƎƻƭŘ-mining company and one of the top four gold 

producers globally. baa/Ωǎ key area of focus is the Navoi region, which benefits from well-developed 

infrastructure and a strong mining tradition. 
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NMMC is a leading employer in Uzbekistan and is a significant contributor to the development of the 

ŎƻǳƴǘǊȅΩǎ economy. NMMC operations currently include three underground mines, seven open pit 

mines and seven hydrometallurgical plants. 

 

 Independent Consultants 

 

WAI is part of Wardell Armstrong LLP, an independent British, partner-owned engineering and 

environmental consultancy, established in 1837. The company has 12 offices in the UK with around 

500 staff. 

 

WAI comprises over 50 staff and provides the mining industry with specialised geological, engineering, 

processing and environmental expertise from our main offices in Truro, UK, as well as Almaty, 

Kazakhstan. The office in Truro, at the historic Wheal Jane mine site, includes an extensive mineral 

assaying, processing and pilot plant testing facility. WAI's independence is ensured by the fact that it 

holds no equity in any project. This permits WAI to provide its clients with conflict-free and objective 

recommendations on crucial judgment issues. 

 

WAI provides a wide range of services for minerals-related projects; these range from preliminary 

exploration planning and execution, through Mineral Resource and Reserve estimation to 

international reporting standards, scoping studies, mine design and financial appraisal, to pre-

feasibility and feasibility studies. 

 

WAI has a strong client list, including companies and organisations from the private and public sectors, 

as well as many major financial institutions. In addition, WAI has been involved in multiple LSE Main 

Board and AIM listings as well as NI 43-101 Technical Reports ƛƴ ƭƛƴŜ ǿƛǘƘ ¢{· ŀƴŘ /ƻƳǇŜǘŜƴǘ tŜǊǎƻƴΩǎ 

Reports in line with ASX.  

 

In summary, WAI has professionally qualified and experienced specialists whose expertise includes: 

 

¶ Exploration and resource evaluation; 

¶ Mineral Resource and Ore Reserve estimation; 

¶ Geotechnical engineering; 

¶ Hydrology and hydrogeology; 

¶ Mine planning; 

¶ Metallurgical testwork and process design; 

¶ Financial and economic analysis; 

¶ Environmental assessment and monitoring; 

¶ Social and H&S issues; and 

¶ Mine closure and reclamation. 

 

WAI has a long track record of providing high quality technical services to the mining industry 

worldwide. This has involved projects in over 90 countries, with the principal expertise focused on 

Europe, CIS and Africa plus Central and South America. 
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Further company information, including project data, can be viewed on our website: 

http//www.wardell-armstrong.com. 

 

 Personal Inspections 

 

This report has been prepared by a team of consultants sourced from the WAI offices in the UK and 

Kazakhstan over a six-month period.   

 

The following consultants from WAI conducted personal inspections of the Muruntau Cluster assets 

between the 6th and 9th November 2023, covering aspects related to access and infrastructure, 

geology, exploration, QA/QC, mineralogy, resource estimation, mining, laboratory testwork, 

processing, and environmental and social issues: 

 

¶ /ƘŞ hǎƳƻƴŘΣ .{ŎΣ a{Ŏ όa/{aύΣ CD{Σ 9ǳǊDŜƻƭΣ /DŜƻƭΣ Technical Director (Geology), Geology, 

Resources, Project Overview, Financials; 

¶ Ruslan Erzhanov, MSc, FGS, CGeol, PONEN RoK. General Director - WAI Kazakhstan, Project 

Manager, Geology; 

¶ Frank Browning, MSci, MSc (MCSM), PGCert, MAIG, FGS, CGeol, Principal Resource Geologist, 

Resource Modelling & Estimation; 

¶ Stuart Richardson, BEng, MSc, CEng, MIMMM, QMR; Technical Director (Mining), Mine 

Design, Optimisation and Scheduling; 

¶ Jim Turner, ACSM, MCSM, BSc (Hons), MSc, CEng, MIMMM; Technical Director (Mineral 

Processing), Mineral Processing; and 

¶ Olga Pichkurova, BA, MSc, Environmental & Social Specialist, Environmental Review. 

 

Other WAI consultants who contributed to this report included: 

 

¶ Alan Clarke, EurGeol, CGeol, BSc, MSc, MCSM, FGS, Technical Director & Resource Geologist, 

Resource Modelling & Estimation; 

¶ Robin Kelly, BSc, MSc (MCSM), FIMMM, Principal Geologist, Geology; 

¶ Colin Davies, BEng MSc CEng ACSM MIMMM QMR, Principal Mining Engineer, Mine Design, 

Optimisation and Scheduling; 

¶ Michael Kelly, BEng ACSM MIMMM, Principal Mining Engineer, Mine Design, Optimisation and 

Scheduling; 

¶ Harriet Pascoe, BSc (Hons), MSc, FGS, Senior Geotechnical Engineer, Geotechnical 

Engineering; and 

¶ Phil Burris, BSc, MSc, CGeol, ASoBRA, Technical Director of Hydrogeology, Hydrogeological 

Review. 
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 Study Strategy 

 

The basic strategy for this study has been to examine and report on the existing information available 

on the Muruntau Cluster assets, which includes geology, mineral exploration, Mineral Resources, Ore 

Reserves, mining, metallurgical and environmental data, and basic economic parameters. 

 

During the site visits conducted by WAI, further information was gathered across all technical 

disciplines. For all project sites, the data originates from on-going exploration, mining and processing 

activities, and data cut-off dates are provided where appropriate. 

 

Any material issues identified during the audit of Mineral Resources were discussed with the Client 

and either addressed directly or via adjustments to resource classification, prior to Mineral Resource 

reporting and Ore Reserve estimation. 

 

WAI has audited the Mineral Resources and estimated Ore Reserves using Seequent Leapfrog Geo and 

Edge, Snowden Supervisor, Datamine Studio RM, Datamine Studio OP, NPV Scheduler and Studio 5D 

Planner software, all in accordance with the guidelines of the JORC Code (2012). 

 

 Sources of Information 

 

All information used in the production of this technical report has been supplied by NMMC. The 

authors have relied upon this information, alongside findings from the site inspection. Ms Liubov 

Egorova, Director of Mineral Resources at NMMC, coordinated the site visit and data provision. 

 

 Units and Currency 

 

All units of measurement used in this report are metric unless otherwise stated. Tonnages are 

ǊŜǇƻǊǘŜŘ ŀǎ ƳŜǘǊƛŎ ǘƻƴƴŜǎ όάǘέύΣ ǇǊŜŎƛƻǳǎ ƳŜǘŀƭ ǾŀƭǳŜǎ ƛƴ ƎǊŀƳǎ ǇŜǊ ǘƻƴƴŜ όάƎκǘέύ ƻǊ ǇŀǊts per million 

όάǇǇƳέύΦ 

 

¦ƴƭŜǎǎ ƻǘƘŜǊǿƛǎŜ ǎǘŀǘŜŘΣ ŀƭƭ ǊŜŦŜǊŜƴŎŜǎ ǘƻ ŎǳǊǊŜƴŎȅ ƻǊ άUSϷέ ŀǊŜ to United States Dollars (US$). 

 

 Reliance On Other Experts 

 

This technical report has been prepared by WAI on behalf of NMMC for which WAI has wholly relied 

upon the data presented by NMMC in formulating its opinion. The information, conclusions, opinions, 

and estimates contained herein are based on:  

 

¶ Information made available to WAI by NMMC at the time of preparing this technical report 

including previous internal and external reports (on the varied disciplines) prepared by or for 

NMMC on these assets; and 

¶ Assumptions, conditions, and qualifications as set forth in this technical report. 
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The competent persons have not carried out any independent exploration work, drilled any holes or 

carried out any sampling and assaying at the various project areas. 

 

For the purposes of this report, WAI has relied on ownership information provided by NMMC. WAI 

has not researched property title or mineral rights for the licence area and expresses no opinion as to 

the ownership status of the property. The descriptions of the property, and ownership thereof, as set 

out in this technical report, are provided for general information purposes only. 

 

The metallurgical, geological, mineralisation, exploration techniques and certain procedural 

descriptions, figures and tables used in this report are taken from reports prepared by others and 

provided to WAI by NMMC. 

 

The observations, comments and results of this Mineral Resource audit and Ore Reserve estimation 

represent the opinion of WAI as of 30th May 2024 and are based on the work as stated in the report. 

Though WAI is confident that the opinions presented are reasonable, a substantial amount of data has 

been accepted in good faith. Whilst WAI has endeavoured to validate as much of the information as 

possible, WAI cannot be held responsible for any omissions, errors or inadequacies of the data 

received. 

 

WAI has not conducted any independent verification or quality control sampling, or drilling. WAI has 

not undertaken any accounting, financial or legal due diligence of the asset or the associated company 

structures and the comments and opinions contained in this report are restricted to technical and 

economic aspects associated with the Muruntau Cluster assets. 

 

WAI has not undertaken any independent testing, analyses or calculations beyond limited high-level 

checks intended to give WAI comfort in the material accuracy of the data provided. WAI cannot accept 

any liability, either direct or consequential for the validity of information that has been accepted in 

good faith. 

 

!ƴȅ ǳǎŜ ƻŦ ǘƘƛǎ ǊŜǇƻǊǘ ōȅ ŀƴȅ ǘƘƛǊŘ ǇŀǊǘȅ ŀǊŜ ŀǘ ǘƘŀǘ ǇŀǊǘȅΩǎ ǎƻƭŜ ǊƛǎƪΦ   
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 PROPERTY LOCATION & DESCRIPTION 

 

 Location and Accessibility 

 

The Muruntau Cluster is located in the Kyzyl Kum Desert of Uzbekistan, Central Asia (Figure 2.1). This 

mining province is situated within the Tien Shan Mountain range, a region known for its significant 

gold mineral resources (Figure 2.3). 

 

The Muruntau Cluster is approximately 360km drive northwest of Samarkand, the capital of the 

Samarqand Region and the second largest city in Uzbekistan, accessible by paved roads. 

 

 
Figure 2.1: Regional Map of Uzbekistan and Location of Muruntau Cluster 

 

 Climate  

 

The region experiences a continental arid desert climate, characterised by dry air and minimal 

precipitation, averaging around 110mm annually (Figure 2.2). Most of the precipitation occurs during 

the autumn and spring months. Winters are relatively cold, with an average temperature in January 

of -8ϲC, while summers are long and hot, with average July temperatures up to 30ϲC. The prevailing 

winds in the area come from the east and northeast.   
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Figure 2.2: Temperature & Rainfall, Muruntau Area, After Climate-Data.org 

 

 Physiography 

 

The Muruntau area is characterised by a mostly flat desert landscape, featuring altitudes ranging from 

10 to 150m, with overall elevations spanning between 600 and 700m above sea level. The most 

prominent geographical features consist of the Tamdytau range, located approximately 30km to the 

northwest of the Muruntau deposit, and the Aristantau mountains, around 50km to the south. The 

surface terrain across the region comprises Mesozoic to Cenozoic platform clastic sediments. There 

are no perennial surface watercourses present in the area.  

 

 Local Resources & Infrastructure 

 

The Muruntau Cluster has a history dating back to 1967 and local infrastructure is well developed 

(Figure 2.4). 

 

The Muruntau and Mutenbai deposits are mined from the Muruntau open pit, situated approximately 

30km east of the town of Zarafshan, connected to the town by both a paved road and a railway. The 

GMZ-2 process plant site is located 5km west of the Muruntau open pit. To the north of the open pit 

are the settlements of Solnechny and Muruntau. The primary supply routes for the area include 

railroads, such as the Navoi ς Uchkuduk line, the Kyzylkuduk station ς Zarafshan ς Muruntau station, 

and the Kariernaya (Open pit) station, as well as roads including Navoi ς Zarafshan ς Uchkuduk ς Nukus 

and Uchkuduk ς Muruntau pit ς Muruntau settlement.   

 

The Besapantau deposit is located 4.5km to the northwest from the Muruntau open pit, forming a 

straight line between the Muruntau pit and the GMZ-2 plant of 2.5km in length. The Balpantau open 

pit mine is located 26.5km north-northeast from Muruntau. 
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Figure 2.3: Location Map of the Kyzyl-Kum Gold District 

 

 
Figure 2.4: Location and Infrastructure Map of the Muruntau Cluster 
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 Mining Licenses 

 

2.5.1 Summary of Assets 

 

An overview of the NMMC key mining assets (relevant to this study) is given in Table 2.1. 

 

Table 2.1: Overview of NMMC's Muruntau Mining Assets 

Project Location License Status 

Muruntau  Navoi (License NY 0260) Production 

Mutenbai  Navoi (License NY 0260)  Production 

Besapantau  Navoi (License NY 0259)  Planned Production 

Balpantau Navoi (License NV 0247) Production 

Chukurkuduk Navoi (License NV 0268) Planned Production 

 

2.5.2 Muruntau and Mutenbai 

 

NMMC are the holders of license NY 0260 dated 09/24/2021, valid until 01/22/2074, granting the right 

to use the subsoil for the purpose of extracting minerals at the Muruntau gold deposit in the 

Tamdinsky district of the Navoi region. 

 

The main conditions of the license agreement are: 

 

¶ During the exploitation of the deposit, compliance with the requirements established by the 

ŀǊǘƛŎƭŜǎ ƻŦ ǘƘŜ ƭŀǿ άhƴ {ǳōǎƻƛƭέΤ  

¶ Development and approval of mining development plans for the next year;  

¶ Provide mining and surveying services to the open pit;  

¶ Annual reporting to the State Geological Fund on the mineral resources and reserves of the 

Muruntau deposit;  

¶ Adjust the balance of extracted and lost mineral resources only after agreement with the 

Sanoatgeokontekhnazorat State Institution;  

¶ Organise suitable locations for refuelling equipment;  

¶ Complete reclamation work;  

¶ Complete dust monitoring and suppression procedures in the dry season;  

¶ Ensure the annual productivity of mineral resources according to the detailed design; and 

¶ Make an annual payment of tax for the use of subsoil. 

 

The license includes two areas allocated to the subsoil user by the administration of the Tamdinsky 

district. For Muruntau, the area is 26.5km2, for Mutenbai 2.6km2. The subsoil plot provided for use has 

the status of a mining allotment. Subsoil areas are limited by a contour, the geographical coordinates 

of the corner points are shown in Table 2.2 and Table 2.3. 
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Table 2.2: Muruntau (License NY 0260 F0) Corner Point Geographic Coordinates 

Point 
Northing Easting 

Degrees Minutes Seconds Degrees Minutes Seconds 

1 41 30 17 64 32 51 

2 41 30 58 64 34 53 

3 41 30 38 64 36 11 

4 41 30 6 64 36 5 

5 41 30 2 64 36 24 

6 41 29 58 64 36 18 

7 41 29 53 64 36 21 

8 41 29 50 64 36 21 

9 41 29 40 64 35 53 

10 41 29 32 64 35 41 

11 41 29 8 64 35 25 

12 41 29 8 64 35 29 

13 41 29 1 64 35 54 

14 41 28 56 64 36 14 

15 41 28 33 64 37 6 

16 41 27 47 64 36 55 

17 41 27 9 64 35 11 

18 41 27 55 64 33 23 

19 41 28 43 64 33 19 

 

Table 2.3: Mutenbai (License NY 0260 F0) Corner Point Geographic Coordinates 

Point 
Northing Easting 

Degrees Minutes Seconds Degrees Minutes Seconds 

1 41 30 0 64 36 46 

2 41 29 46 64 36 46 

3 41 29 37 64 36 55 

4 41 29 23 64 37 5 

5 41 28 56 64 36 14 

6 41 29 1 64 35 54 

7 41 29 8 64 35 29 

8 41 29 8 64 35 25 

9 41 29 32 64 35 41 

10 41 29 40 64 35 53 

11 41 29 50 64 36 12 

12 41 29 53 64 36 21 

13 41 29 58 64 36 18 

14 41 30 2 64 36 24 
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2.5.3 Besapantau 

 

NMMC are the holders of license NV 0259 dated 09/24/2021, valid until 01/09/2025, granting the 

right to use the subsoil for the purpose of extracting minerals at the Besapantau gold deposit in the 

Tamdinsky district of the Navoi region. 

 

The main conditions of the license agreement are: 

 

¶ During the exploitation of the deposit, compliance with the requirements established by the 

ŀǊǘƛŎƭŜǎ ƻŦ ǘƘŜ ƭŀǿ άhƴ {ǳōǎƻƛƭέΤ  

¶ Development and approval of mining development plans for the next year;  

¶ Provide mining and surveying services to the open pit;  

¶ Annual reporting to the State Geological Fund on the mineral resources and reserves of the 

Besapantau deposit;  

¶ Adjust the balance of extracted and lost mineral resources only after agreement with the 

Sanoatgeokontekhnazorat State Institution;  

¶ Organise suitable locations for refuelling equipment;  

¶ Complete reclamation work;  

¶ Complete dust monitoring and suppression procedures in the dry season;  

¶ Ensure the annual productivity of mineral resources according to the detailed design; and 

¶ Make an annual payment of tax for the use of subsoil. 

 

The boundaries of the future license are shown in Table 2.4 

 

Table 2.4: Besapantau (License NV 0259 F0) Corner Point Geographic Coordinates 

Point 
Northing Easting 

Degrees Minutes Seconds Degrees Minutes Seconds 

1 41 31 30 64 31 9 

2 41 32 9 64 31 9 

3 41 32 10 64 32 22 

4 41 31 31 64 32 23 

 

2.5.4 Balpantau 

 

NMMC are the holders of license NV 0247 dated 09/24/2021, valid until 12/31/2033, granting the 

right to use the subsoil for the purpose of extracting minerals at the Balpantau gold deposit in the 

Tamdinsky district of the Navoi region. 

 

The main conditions of the license agreement are: 

 

¶ During the exploitation of the deposit, compliance with the requirements established by the 

ŀǊǘƛŎƭŜǎ ƻŦ ǘƘŜ ƭŀǿ άhƴ {ǳōǎƻƛƭέΤ  

¶ Development and approval of mining development plans for the next year;  
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¶ Provide mining and surveying services to the open pit;  

¶ Annual reporting to the State Geological Fund on the mineral resources and reserves of the 

Balpantau deposit;  

¶ Adjust the balance of extracted and lost mineral resources only after agreement with the 

Sanoatgeokontekhnazorat State Institution;  

¶ Organise suitable locations for refuelling equipment;  

¶ Complete reclamation work;  

¶ Complete dust monitoring and suppression procedures in the dry season;  

¶ Ensure the annual productivity of mineral resources according to the detailed design; and 

¶ Make an annual payment of tax for the use of subsoil. 

 

The administration of the Tamdyn district of the Navoi region allocated an area of 2.3km2 for 

Balpantau as part of the license. The subsoil plot provided for use has the status of a mining allotment. 

The subsoil area is limited by a contour; the geographic coordinates of the corner points are given in 

Table 2.5. 

 

Table 2.5: Balpantau (License NV 0247) Corner Point Geographic Coordinates 

Point 
Northing Easting 

Degrees Minutes Seconds Degrees Minutes Seconds 

1 41 42 59.28 64 41 40.77 

2 41 43 29.12 64 41 38.64 

3 41 43 29.02 64 41 45.88 

4 41 43 44.60 64 41 46.29 

5 41 43 43.54 64 42 55.49 

6 41 42 58.19 64 42 54.28 
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 GEOLOGY AND MINERAL RESOURCES 

 

 Introduction 

 

This section outlines the results of the WAI audit of geology and Mineral Resources for the Muruntau 

Cluster gold deposits. The objective of the audit was to independently assess whether the data and 

procedures used to the prepare the Mineral Resource estiƳŀǘŜǎ όάaw9έύ ǿŜǊŜ Ŧƛǘ ŦƻǊ ǇǳǊǇƻǎŜΣ ŀƴŘ 

that Mineral Resources have been classified and reported in accordance with the Australasian Code 

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

 

3.1.1 Competent Persons 

 

Mineral Resource estimates for all deposits were completed by Lyubov Egorova, Director of Mineral 

Resources at NMMC, who is a Member of the Australasian Institute of Mining and Metallurgy and has 

sufficient experience which is relevant to the style of mineralisation and type of deposits under 

consideration and to the activity being undertaken, to qualify as a Competent Person as defined by 

the JORC Code. 

 

The Mineral Resource estimates for Muruntau and Mutenbai have been audited by Frank Browning, 

Principal Resource Geologist at WAI. Mineral Resource estimates for Besapantau and Balpantau have 

been audited by Alan Clarke, Technical Director and Resource Geologist at WAI. Both are Chartered 

geologists, Fellows of the Geological Society and have sufficient experience which is relevant to the 

style of mineralisation and type of deposits under consideration and to the activity being undertaken, 

to qualify as Competent Persons as defined by the JORC Code. 

 

3.1.2 Input Data 

 

The WAI audit of Mineral Resources was underpinned by independent checks on the raw data 

provided by NMMC for each deposit including: 

 

¶ Key geological maps and sections; 

¶ Mineral Resource and grade control drillhole databases; 

¶ Available QAQC data; 

¶ Resource domain, resource classification, depletion and topography wireframes; and 

¶ Mineral Resource and grade control block models. 

 

Two key supporting documents that WAI has relied upon for contextual information around project 

history, geological setting, data collection, modelling and estimation procedures are:  

 

¶ 5ŜŎŜƳōŜǊ нлмф {wY ǊŜǇƻǊǘ ŜƴǘƛǘƭŜŘ άwŜ-Estimation of Ore Reserves for Muruntau, Mutenbai 

ŀƴŘ .ŜǎŀǇŀƴǘŀǳ 5ŜǇƻǎƛǘǎ ƛƴ !ŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ Whw/ /ƻŘŜέΤ ŀƴŘ 

¶ 5ŜŎŜƳōŜǊ нлно baa/ ǊŜǇƻǊǘ ŜƴǘƛǘƭŜŘ άwŜ-Estimation of Mineral Resources and Ore Reserves 

ƻŦ aǳǊǳƴǘŀǳ /ƭǳǎǘŜǊ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ Whw/ /ƻŘŜέΦ  
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 Regional Geology 

 

3.2.1 Central Asian Orogenic Belt 

 

The geology of Uzbekistan is dominated by the Central Asian Orogenic Belt όά/!h.έύΣ ŀ Ǿast tectonic 

collage that encompasses a significant portion of Central Asia (Figure 3.1). The CAOB is one of the 

world's largest Phanerozoic accretionary orogens, formed by ocean closures during the 

Neoproterozoic to the late Phanerozoic, from around 750 to 150Ma. As the ocean closed, volcanic 

island arcs formed along the subduction zone, which subsequently collided and then accreted onto 

the continental margin. Accretion and mountain building continued through the Mesozoic and 

Cenozoic eras; formed the Altaids and Tian Shan Mountains. The final stages of the CAOB formation 

were associated with the India-Eurasia Collision, 50Ma. 

 

Similar to the majority of accretionary orogenic belts, the CAOB consists of abundant magmatic arcs, 

arc-related basins, accretionary complexes, seamounts, continental fragments and ophiolites. 

However, the lack of numerous collision-related foreland basins makes it distinctive. 

 

The origins of the CAOB are intricate and a subject of intense debate within the academic scientific 

community. At present, two primary theories exist that could potentially explain the geological 

development of the CAOB: 

 

¶ The CAOB's genesis is attributed to the amalgamation of numerous oceanic arcs and 

continental landmasses; or 

¶ The CAOB took shape through the accumulation of subduction-accretion complexes along 

a magmatic arc. 

 

 
Figure 3.1: Central Asian Orogenic Belt Regional Geology, after Wang et al., 2018 
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3.2.2 Tian Shan Belt 

 

Uzbekistan can be subdivided into two large tectonic regions; the orogenic region of the Tian Shan 

and the Turanian Plate (or Turan Platform), both of which extend beyond the borders of the country. 

The Muruntau Cluster is located in the southern Tian Shan belt, which represents the West of the 

CAOB (Figure 3.2). The Tian Shan extends for over 2500km, from western Uzbekistan, through 

Tajikistan, Kyrgyzstan and southern Kazakhstan to western China. Three tectonic zones are 

distinguished within the Tian Shan, with the latter two zones having favourable conditions for the 

formation of gold deposits: 

 

¶ The northern zone, which consists of an Early Paleozoic arc and its Precambrian basement; 

¶ The middle zone, consisting of a Late Paleozoic arc; and  

¶ The southern zone, a complex fold-and-thrust belt with Late Paleozoic accretionary wedge 

and foreςarc complexes thrust southwards onto Paleozoic passive margin successions and 

Precambrian basement. 

 

 
Figure 3.2: The Tian Shan Belt in Uzbekistan and the Distribution of Gold Ore Deposits  

After Seltman & Porter, 2005 

 

Most of the gold deposits from Uzbekistan to southern Mongolia formed during a brief 10 ς 20Ma 

period from the Middle to Late Carboniferous and Early Permian, when the Kazakhstan and Karakim-

Tarim continental blocks converged and subsequently sutured. The closure of the Turkestan Ocean 

exerted a considerable influence on the spatial distribution of gold ores from the middle to late 

Palaeozoic era.  
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The southwestern part of the Tian Shan belt, in the Southern and Middle Tian Shan of Uzbekistan and 

Kyrgyzstan, exhibits the greatest concentration of substantial orogenic gold deposits. The Middle and 

Southern Tian Shan terranes are separated by the Southern Tian Shan Suture Zone, which controls the 

distribution of the gold deposits. The suture zone features ophiolites and deformed fold-and-thrust 

structures intruded by Permo-Carboniferous granitoids.  

 

Gold mineralisation is known to occur in two main settings within the Tian Shan belt:  

 

¶ Porphyry and epithermal systems established within magmatic arcs; and 

¶ Orogenic-type gold deposits, which are structurally controlled, and spatially associated with 

Permian magmatic activity that took place during the final stages of orogenesis, extending 

into the early post-collisional phases. These intrusives are I-type granodioritic to monzonitic 

bodies found in fore- and back-arc terranes (Cole and Seltmann, 2000; Yakubchuk et al., 2002). 

 

The genetic model for the orogenic deposits is still under investigation, with several key theories as to 

the origin of the mineralising fluids: 

 

¶ Permian intrusives have been proposed as a source (e.g., Kotov and Poritskaya 1992);  

¶ Synorogenic metamorphic devolatilisation (e.g., Bortnikov et al. 1996);  

¶ Sedimentary origin of these fluids (e.g., Wilde et al. 2001); and 

¶ Contribution from the mantle (e.g., Graupner et al. 2006). 

 

The Southern Tien Shan is composed of carbonate platform sequences on the northwestern border of 

the Tarime-Karakum block and clastic sediments produced when the ocean basin to the south closed, 

along with minor felsic to intermediate volcanic rocks (Kempe et al. 2015). 

 

The orogenic-type gold deposits in the Southern Tian Shan are hosted almost entirely by 

metamorphosed black shales, predominantly of Lower Paleozoic age (as in Muruntau, Amantaytau, 

Daugystau, and Vysokovoltnoe) and also of Carboniferous age (e.g., Kokpatas). This suggests that gold 

may have been enriched in these sedimentary units prior to deposit genesis. Due to the size and 

significance of the Muruntau deposit, this has been the greatest source of information for the region. 

A deep exploration drillhole has proven the existence of a large granite body beneath Muruntau, and 

results have suggested that at least a portion of the mineralisation and proximal magmatism were 

contemporaneous at ca. 285 to 280 Ma, which would imply a link (Graupner et al. 2006). 

 

3.2.3 Kyzyl Kum Gold District 

 

Muruntau is located within the Kyzyl Kum Gold District (Figure 3.3), in the western portion of the 

Southern Tien Shan belt. The basement of Kyzyl Kum is composed of the Lower Palaeozoic Besapan 

Formation, which features carbon and sulphide rich metamorphosed and folded clastic rocks, which 

were metamorphosed and deformed during the Lower Palaeozoic Caledonian orogeny. The Besapan 

Formation is unconformably overlain by Devonian to Early Triassic sediments, carbonates and 

volcanics. 
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According to Kempe et al. (2015), the Kyzyl Kum gold district is characterised by two circular outlines, 

distinct in satellite imagery (Figure 3.3), of the ore-bearing complexes, likely related to underlying 

anticlines. These anticlines are known as the Tamdytau anticlinorium hosting Muruntau and the 

Bukantau anticlinorium hosting Kokpatas (Kempe et al., 2015), within which granites aged 280-295Ma 

have been intruded. These relatively small oroclines are located at the conjunction of three significant 

orogenic complexes - the northerly striking Urals, the easterly striking Variscides and the Tian Shan 

(Kempe et al., 2015).  

 

 
Figure 3.3: Overview of the Kyzyl Kum Region, after Kempe et al, 2015 

Thick Dashed Line separates the high-frequency eastern part of the main Kyzyl Kum anomaly from the lower-

frequency western part of the anomaly 

Medium Dashed Line represents the annular outlines of the Muruntau and Kokpatas anomalies. 

¢Ƙƛƴ 5ŀǎƘŜŘ [ƛƴŜ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ /ŜƴǘǊŀƭ ¦ǎǘ ¸ǳǊǘ Cŀǳƭǘ όά/¦¸Cέύ ǿƘƻǎŜ ǘǊŀŎŜ ƛǎ ǇǊƻōŀōƭȅ ƭƻŎŀǘŜŘ ŀƭƻƴƎ ǘƘŜ 

southern margin of the South Nuratau range 

Yellow dots represent gold deposits and purple dots represent mercury and mercury-antimony deposits. TFFZ is 

the Talas-Fergana Fault Zone. 

 

3.2.3.1 Basement Besapan Formation  

 

The basement of the Kyzyl Kum and Muruntau Cluster is the Lower Palaeozoic age Besapan Formation, 

with outcropping inliers making up Ғ15% of Kyzyl Kum (Figure 3.4). Metamorphosed clastics dominate 

the Besapan Formation, which has been subdivided into four units, termed Besapan 1, 2, 3 and 4 

(Wilde & Gilbert, 2000). Divisions have been made based on colour variation and the particle size of 

the clastics, with Besapan 1 being the oldest, and Besapan 4 the youngest.  
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Deformation due to isoclinal folding and major thrust faults (Drew et al., 1996) complicate the 

definition of the successions.  The primary host of gold at Muruntau is Besapan 3, characterised by 

green to red, hematite-altered phyllites at surface which grade to strongly carbonaceous at depth. 

 

Besapan 2 contains comparable lithologies to Besapan 3, specifically phyllite and meta-sandstone, the 

principal differences being the quantity of carbon and the sulphide minerals. Besapan 3 has a 

characteristic black siliceous layer a few metres thick, traceable as a discontinuous surface outcrop 

over at least 15km west from Muruntau (Wilde & Gilbert, 2000).  

 

3.2.3.2 Cover Sequence 1 

 

Cover Sequence 1 is described as Devonian to Carboniferous carbonates which unconformably overlie 

the Besapan Formation (Figure 3.4). This group is comparable to the Karatau Range of southern 

Kazakhstan, located 200km north of Muruntau (Figure 3.4). Cover Sequence 1 is believed to have been 

formed during fluctuating sea levels on a migrating shelf to platform transition.  

 

To the north and east of the Muruntau deposit, this lower group is unconformably overlain by 

dolomite and limestone with an overall thickness of about 3000m (Marakushev and Khokhlov, 1992). 

Because the latter rocks show no strong tectonic deformation and are apparently not cut by intrusions, 

dikes or mineralised veins (although some quartz veins were reported by Kotov and Poritskaya, 1992), 

ǎƻƳŜ ǿƻǊƪŜǊǎ ŀǎǎǳƳŜŘ ǘƘŀǘ ǘƘƛǎ ǎŜǉǳŜƴŎŜ Ƴŀȅ ƘŀǾŜ ŀŎǘŜŘ ŀǎ ŀ ƭƻǿ ǇŜǊƳŜŀōƛƭƛǘȅ άŎŀǇέ ǎŜŀƭƛƴƎ ǘƘŜ 

underlying metamorphic rocks during Hercynian magmatism and extensive hydrothermal activity 

(Ezhkov and Rakhimov, 2012).  

 

3.2.3.3 Cover Sequence 2  

 

The Jurassic sediments of Cover Sequence 2 are composed of undeformed folded siliciclastics 

(hematitic siltstone, mudstone and conglomerate) along with minor coal, deposited in fluvial, alluvial 

and lacustrine environments (Burshtein, 1998).   
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Figure 3.4: Regional Geological Setting of the Muruntau Deposit, based on Soviet Regional 

Metallogenic Mapping, after Wilde & Gilbert, 2000 

 

3.2.3.4 Granites  

 

Granites of the Kyzyl Kum region have been classified into two separate suites, the older Bokalinsk 

Suite and younger Nuratinsk suite (Savchuk et al., 1991). The Bokalinsk Suite has very few outcrops, 

whereas the Nuratinsk Suite, which is largely composed of granite and granodiorite, comprises 95% 

of exposed intrusions in the Kyzyl Kum region (Wilde & Gilbert, 2000). The Nuratinsk Suite has a spatial 

and likely temporal relationship with tin mineralisation, and commonly intrudes the Basement and 

Cover Sequence 1 deformed sedimentary units (Figure 3.4). 

 

In the Muruntau area, varying composition dykes and two intrusive bodies of several compositions 

have been recorded. The two intrusions are known as the Sardarin and Murunski Plutons, with the 

buried Sardarin Pluton located 12km south of Muruntau having been revealed during drilling and 

regional aeromagnetic geophysics.  

 

¢ƘŜ aǳǊǳƴǎƪƛ tƭǳǘƻƴ όƻǊ άaǳǊǳƴ DǊŀƴƛǘŜέύ ƛǎ ŀ ƳŜŘƛǳƳ-grained leucogranite discovered under the 

Muruntau deposit during a deep exploration drillhole at a depth of 4km. Contact metamorphism 

around the pluton is prevalent and characterised by porphyroblasts of biotite and lesser andalusite 

and cordierite.  
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 Deposit Geology 

 

The Muruntau, Mutenbai, Chukurkuduk (previously known as Triada), Besapantau and Balpantau 

deposits are located within the Kyzyl Kum Gold District (Figure 3.3 & Figure 3.5), in the western portion 

of the Southern Tien Shan belt. The Lower Palaeozoic Besapan Formation forms the basement of the 

Kyzyl Kum, which is unconformably overlain by Devonian to Early Triassic sediments, carbonates and 

volcanics. 

 

Formation of the gold deposits occurred through a multi-staged process involving sedimentation, 

regional metamorphism (thrusting and magmatism) and multiple phases of hydrothermal activity 

including phases associated with gold mineralisation (Kempe et al., 2015). Granite magmatism and 

gold mineralisation are broadly contemporaneous, but their link remains unproven. 

 

All basement rocks are metamorphosed to greenschist facies and underwent hydrothermal quartz-

feldspar metasomatism, which is especially evident in lithologically and structurally favourable blocks 

of lower and middle units of the Besapan suite. This formation hosts the main gold mineralisation in 

the region. 

 

The Muruntau-Mutenbai-Chukurkuduk deposit is located on the eastern pericline of the large 

Tazgazgan anticline, complicated by smaller-scale folding. The Besapantau deposit is located on the 

northwestern flank of the Muruntau ore deposit. Balpantau is situated further north, within a volcano-

tectonic graben. 
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Figure 3.5: Geological Map of the Muruntau, Mutenbai, Chukurkuduk and Besapantau Gold Deposits (NMMC) 
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3.3.1 Muruntau, Mutenbai and Chukurkuduk 

 

Table 3.1 gives a summary of Muruntau, Mutenbai and Chukurkuduk deposit geology. In Figure 3.6, 

open pit grade control sample data is presented to illustrate the broad-scale orientation, geometry 

and spatial distribution of mineralisation. 

 

Table 3.1:  Muruntau-Mutenbai-Chukurkuduk Deposit Summary 

Lithology At a large scale, the Muruntau, Mutenbai and Chukurkuduk deposits form a continuous 

mineralised body. The geology of the deposits is dominated by the 2,500m thick, 

Ordovician-Silurian age Taskazgan and Besapan Formations. 

 

The Taskazgan Formation is composed of carbonaceous-mica-quartz shales and 

carbonaceous siltstones, whereas the Besapan Formation consists of sandstones and 

siltstones interbedded with quartz-chlorite, quartz-sericite and carbonaceous-mica 

shales. Carbon content reduces upwards, and feldspar-quartz sandstones and siltstones, 

quartz-mica and quartz-chlorite shales dominate the upper regions. 

 

Ordovician-Silurian units unconformably overlay Lower Devonian carbonate deposits in 

the northeastern part of the Muruntau area. Unconsolidated Mesozoic-Cenozoic rocks 

cover the southern portion. 

 

The ore grade mineralisation at Muruntau is developed within a distinctive massive, light 

pink to yellow, biotite-plagioclase-quartz-orthoclase rock. The compositional range of 

these rocks is generally: 25 to 50% orthoclase, 25 to 40% quartz, 15 to 25% plagioclase 

(albite and albite-oligoclase), and 20 to 40% biotite, representing an enrichment in alkali 

metals. 

Alteration The deposit host rocks have been intensely biotitised, amphibolitised, silicified, 

carbonated, and sulphidised, and metamorphosed to greenschist facies. 

 

Metasomatism is particularly strong in the favorable blocks of the lower-middle Besapan 

subformations and is strongly linked to gold mineralisation. Research indicates that the 

intensity of metasomatic processes and gold mineralisation is inversely proportional to 

the distribution of carbon-bearing rocks in the section, which is associated with their 

increased plasticity and reduced ability to fracture during deformation. 

 

Tourmaline and scheelite mineralisation is present; tourmaline often sits at the selvages 

of ore-bearing zones, whereas scheelite occurs in quartz veins. 

Structure Significant folding dominates the structure at Muruntau. The ore deposit is situated on 

the eastern pericline of the large Tazgazgan anticline, further complicated by smaller 

folded dislocations, one of which is associated with the Muruntau, Mutenbai and 

Chukurkuduk deposits. 

 

Cŀǳƭǘǎ ŎǊƻǎǎŎǳǘ ǘƘŜ ŦƻƭŘǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǊŜƎƛƻƴΣ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ōŜƛƴƎ ǘƘŜ ά{ƻǳǘƘŜǊƴ 

CŀǳƭǘέΣ ǿƘƛŎƘ ǎǘǊƛƪŜǎ b9-SW with a subvertical dip and forms a boundary between 

Muruntau and Mutenbai. The Southern Fault is a reverse fault, with a vertical 

displacement amplitude of about 400m and has extensive shearing and boudinage, 50-

120m thick.  
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Table 3.1:  Muruntau-Mutenbai-Chukurkuduk Deposit Summary 

 

¢ƘŜ ǎŜŎƻƴŘ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ǎǘǊǳŎǘǳǊŜ ƛǎ ǘƘŜ ά{ǘǊǳŎǘǳǊŀƭ CŀǳƭǘέΣ ǿƘƛŎƘ ƛǎ ǇŀǊŀƭƭŜƭ ǘƻ ǘƘŜ 

Southern Fault, also subvertical and located 2km north. The fault is characterised by a 

system of conjugate intermittent tectonic sutures, the amplitude of displacement along 

which does not exceed 50-100m. 

 

Between the Southern and Structural faults, several lower order, NE striking faults exist, 

the largest being the reverse-slip Northern fault. This fault has a displacement in the 

order of hundreds of meters and has a significant effect on the morphology of the lodes 

of the Muruntau deposit. 

 

The Murunatau deposit can be described as an asymmetrical, upturned saddle which 

occupies the axial part of the syncline formed by the top of the Taskazgan and the base 

of the upper subformation of the Besapan formation. The Muruntau block is bounded 

by the Structural (from the north) and Southern (from the south) Faults, with multiple 

lower order structures cross-cutting the area.  

 

The Muruntau and Mutenbai form two massive lodes (Figure 3.6), separated from each 

other by the Southern Fault zone, with Mutenbai located in the southern limb of the 

syncline. 

 

Gold mineralisation at the Muruntau-Mutenbai-Chukurkuduk deposit is hosted within 

subconformable shear zones. These shear zones have developed along carbonaceous 

horizons proximal to the boundary of the Taskazgan and variegated Besapan formations, 

along with the Lower-Middle subformations of the Besapan. Much of the gold is located 

within the axial zone of the syncline. 

Mineralisation The Muruntau deposit is a giant stockwork style deposit, hosted by the Besapan 

Formation, consisting of quartz-dominant veins plus associated quartz-albite-phlogopite 

and two generations of quartz sericite-chlorite-(K-feldspar)-carbonate alteration. The 

gold content of this alteration type is typically 1-3g/t, locally increasing to 20-30g/t Au. 

 

Mineralisation is strongest in psammopelite- and psammite-dominated, thin-to-medium 

bedded lithological packages. These zones have intense biotite-feldspar-quartz 

alteration. A larger envelope of carbon and biotite rich black banded rocks rich in carbon 

and biotite, surrounds the higher-grade zones, with low grade disseminated gold, 

typically at 1g/t.  

 

The mineral composition of the ores from the Muruntau, Mutenbai and Chukurkuduk 

deposits is both identical and relatively simple. The main ore mineral is native gold and 

is also found in pyrite and arsenopyrite. Gold mineralisation is irregularly dispersed in 

quartz and sulphides in the form of grains, clusters or thin veinlets, >1mm thick. Gold is 

typically very fine, with 96% classed as free gold. 
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Figure 3.6: Muruntau-Mutenbai Open Pit Grade Control Sampling. Colour Ramps Adopted to 

Visualise High-Grade Mineralised Trends  
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3.3.2 Besapantau  

 

Table 3.2 gives a summary of Besapantau deposit geology. A cross-section is provided in Figure 3.7. 

 

Table 3.2:  Besapantau Deposit Summary 

Lithology The Besapantau deposit is located on the western flank of the Muruntau ore deposit, 

and thus has a similar host lithology. 

Alteration The ore-hosting rocks at Besapantau are intensively biotitised, amphibolitised, silicified, 

carbonated, and sulphidised.  

 

The ore zones consist of quartz-feldspathic metasomatites, veining, silicification and 

pyrite-arsenopyrite mineralisation. 

 

Tourmaline and scheelite mineralisation is also present. Tourmaline mineralisation often 

gravitates toward the selvages of ore-bearing zones; scheelite occurs in quartz veins. 

Structure Structurally, the deposit is situated within the southern section of the Hercynian 

syncline, and has a complex structure due to prevalent fault structures running in 

sublatitudinal and northeastern directions. 

 

These faults collectively form extensive zones of considerable thickness characterised by 

shearing, and brecciation. The deposit's boundaries to the west and east are defined by 

steeply dipping (70-флϲύ ŦŀǳƭǘǎΦ  

 

The ore-bearing zones, stretching from west to east, are cross-cut by multiple reverse-

slip sublatitudinal faults, resulting in uplift of the eastern ore zone blocks from 10-20m 

to 200-250m. 

 

The northwestern section of Besapantau forms part of the intricate system of the 

Taskazgan anticline's pericline, which serves as the primary fold structure in the region. 

Mineralisation The distribution of gold at Besapantau is uneven and hosted by quartz and sulphide 

veinlets, along with the metasomatites.  The gold is free and submicroscopic with a 

fineness from 315-920ҡ. 

 

Mineralogical and petrographic studies have classified the deposit as Low Sulphide 

Quartz-Gold type. The ore is similar to the Muruntau deposit and can be processed 

according to the GMZ-2 scheme (gravity, sorption leaching of gravity tailings). 

 

The predominant ore minerals are quartz, feldspar, scheelite, apatite, chlorite, 

molybdenite, biotite, pyrite, arsenopyrite, pyrrhotite and gold. Gold is found both native 

and present in disseminated pyrite and arsenopyrite.  

 

Silver, tungsten, zinc, lead, and copper are also present, as are the impurities of arsenic 

and antimony. 
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Figure 3.7: Besapantau Gold Deposit Type Cross Section (NMMC) 
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3.3.3 Balpantau 

 

Table 3.3 gives a summary of Balpantau deposit geology. Type maps and sections are provided in Figure 

3.8. 

 

Table 3.3:  Balpantau Deposit Summary 

Lithology The Balpantau ore deposit is located in the Northern Tamdytau. The geology consists of: 

 

¶ Pre-carbonate deposits, represented by deposits of the Besapan suite; 

¶ Undivided carbonate deposits; and 

¶ Postcarbonate deposits. 

 

The sandstones and shales of the Besapan Formation are very limited. The carbonates 

are also limited in extent and their structural position is unclear. On the northern flank 

of the Balpantau deposit, limestones, limestone breccia, and carbonate-rich sandstones 

dominate the geology. 

 

The majority of the gold mineralisation at Balpantau is hosted within the volcanogenic-

sedimentary, Middle Carboniferous andesite-basalts, which make up the majority of the 

Balpantau ore deposit, particularly at the contacts. 

 

Unaltered andesites and andesite-basalts, in various forms, contain only trace amounts 

of native gold. 

 

Overlying the platform are Paleogene and Neogene sediments (200-300m thick) and 

Quaternary unconsolidated material, which cover up to 95% of the area (0.5-20m thick). 

Alteration Hydrothermal-metasomatic alteration is prevalent across the deposit, characterised by 

quartz-sericite and quartz-carbonate-sericite with pyrite. Metasomatic alteration is 

typically limited to the fault zones, plus contacts between the subvolcanic and sill-like 

bodies with the host rocks. 

 

Propylitisation and beresitisation-listvenitisation alteration dominate, followed by 

silicification, sericitisation and carbonatisation with sulphide mineralisation. 

 

Oxidation is variable based on location, with the oxidation boundary on the northern 

Ŧƭŀƴƪ ŀǾŜǊŀƎƛƴƎ Ғсл-ссƳΣ ŀƴŘ ҒплƳ ƻƴ ǘƘŜ ǎƻǳǘƘŜǊƴ ŦƭŀƴƪΦ 

Structure Balpantau is located within a 120-130 to 200-220km long volcano-tectonic graben, 25-

30km wide. The graben is founded in a carbonate massif of Devonian-Middle 

Carboniferous age, predominantly covered by Meso-Cenozoic rocks. The upper part of 

the graben is characterised by highly mafic rocks (subalkaline picrites, picrobasalts, and 

buried mid-Carboniferous basalts of various facies). The margins of the graben contain a 

series of subparallel faults of varying scale, filled by small dyke-stock-shaped ultramafic 

bodies, completely altered to listvenites. 

Mineralisation The ores of the deposit belong to the gold-quartz low-sulphide type. The main gold-

containing minerals are native gold, pyrite, and arsenopyrite. Genesis of the gold 

mineralisation is believed to hydrothermal and contemporaneous with Muruntau 

(Sayitov & Ruslan Pecherskiy, 2022). 
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Table 3.3:  Balpantau Deposit Summary 

 

The cut-off grade applied has a great effect on the morphology of the mineralisation. At 

a cut-off grade of 0.2g/t, the ore zones are thick, extensive and consistent along strike 

and dip. However, at a high cut-off of 0.5-1.0g/t, the mineralisation begins to break-up 

and form distinct, discontinuous, en-echelon lodes. 

 

Veins and veinlets range from 5cm to 2.0m thick, typically hosted in latitudinal striking 

faults. 

 

The boundaries of the vein zones are indistinct with a gradual grade reduction as 

distance increase from cross-cutting or conformable ore-bearing structures. Gold values 

within these zones are highly irregular and the limits of mineralisation are defined on 

grade data only. 
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Figure 3.8: Geological Maps and Type Cross Sections for the Balpantau Gold Deposit (NMMC)  
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 Exploration and Mine Development 

 

For a full description of the discovery, development and production history of the Muruntau Cluster 

refer to the 2023 NMMC Mineral Resource report. Key milestones for each deposit are listed below. 

 

Muruntau-Mutenbai: 

 

¶ The Muruntau deposit was discovered in 1958 and has been in operation since 1967; 

¶ The Mutenbai deposit has been explored since 1973; 

¶ Exploration work is carried out by Muruntau Mine Exploration Team 1 and Kyzylkum 

9ȄǇƭƻǊŀǘƛƻƴ 9ȄǇŜŘƛǘƛƻƴ ƻŦ baa/ wϧ5 /ŜƴǘǊŜ άDŜƻƭƻƎȅ ƻŦ tǊŜŎƛƻǳǎ aŜǘŀƭǎ ŀƴŘ ¦ǊŀƴƛǳƳέΤ 

¶ Production to date is estimated to be in the region of 700Mt @ 2.32g/t for 52.3Moz; and 

¶ Current mining operations are within a joint Muruntau-Mutenbai pit developed according to 

limits defined by the Phase 4 mine design (base of pit at -75mRL / 670m from surface). 

 

Chukurkuduk: 

 

¶ The Chukurkuduk deposit was discovered by the Kyzylkum Exploration Expedition during the 

process of prospecting and assessment work carried out in 1988-1995; 

¶ The deposit sits on the eastern flank of the Mutenbai deposit, overlain by Meso-Cenozoic 

sedimentary cover; 

¶ The deposit can potentially be exploited via a separate open pit, which would eventually 

merge with the Muruntau-Mutenbai pit as mining progresses; and 

¶ Chukurkuduk has been excluded from the Muruntau Cluster Resource and Reserve estimates 

pending the results of ongoing verification drilling. 

 

Besapantau: 

 

¶ The Besapantau deposit was discovered in 1964 during prospecting work in the northwestern 

part of the Muruntau ore field; 

¶ Most of the exploration at Besapantau was carried out in the period 1986-1998 by the 

Kyzylkum party of ¦ȊōŜƪƎŜƻƭƻƎȅ YƛŘƛǊǳǾ όάYȅȊȅƭƪǳƳ tDw9έύ; and 

¶ Open pit production is planned for 2024. 

 

Balpantau: 

 

¶ The Balpantau deposit was discovered in 1984 based on the results of exploration in the 

Kynyrskaya area; 

¶ Most of the geological exploration work was carried out by the Kyzylkum State Geological 

Survey in the period 1996-2003 and 2004-2009; and 

¶ Open pit production commenced in 2023. 
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Most relevant to the estimation and reporting of Mineral Resources is the resulting composition of 

the exploration data available for each deposit. Table 3.4 provides a breakdown of exploration 

activities by period and type for each Muruntau Cluster deposit. The proportion of exploration (by 

length) completed in a given period is also listed.  

 

Table 3.4: Exploration Summary for Muruntau Cluster Gold Deposits 

Deposit Period Type Quantity 
Total 

Length (m) 

% Length by 

Period per Deposit 

Muruntau 

Pre-2021 

Core drilling 3,210 818,746 

96.8% Roller drilling 1,509 83,338 

Underground sampling 1,394 210,752 

Post-2021 
Core drilling 27 12,301 

3.2% 
Advanced RC drilling 262 24,501 

Mutenbai All 

Core drilling 1,450 361,909 

N/A Roller drilling 119 6,364 

Underground sampling 461 567,788 

Chukurkuduk 
Pre-2020 Core drilling 335 154,154 91.3% 

Post-2020 Core drilling 35 14,617 8.7% 

Besapantau 

1996-2009 

Kyzylkum PGRE 

Core drilling 267 79,582 

64.4% 
Roller drilling 693 20,017 

Underground sampling 166 16,093 

Trenching 22 4,668 

2011-2013 

GRP-3 Exp 

Division 

(NMMC) 

Core drilling 45 13,495 7.2% 

2019-2022 

Kyzylkum PGRE 

Core drilling 155 45,392 

28.3% 
Roller drilling 133 5,034 

Underground sampling 36 288 

Trenching 22 2,223 

Balpantau 

1996-2009 

Kyzylkum State 

Geological 

Survey 

Core drilling 166 29,620 

86.9% 

RC drilling 68 5,912 

Roller drilling 439 28,951 

Underground sampling 3 shafts 3,969 

Trenching 109 9,740 

2020-2023 

Kyzylkum PGRE 

Core drilling 60 11,520 
13.1% 

Underground sampling 1 shaft 262 

 

WAI considers one strength of the exploration history at Muruntau cluster to be the use of exploratory 

underground development early in the resource development process. For example, four shafts were 

sunk at the Muruntau and Mutenbai deposits, with lateral drives every 40-80m over the full width of 

identified mineralised zones. Whilst this is a high-cost approach, the extensive underground exposures 

will likely have provided stronger constraints on mineralised zone location, orientation, morphology 

and continuity, than would have been possible from drillhole data alone. 
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Whilst diamond drill core sampling has been dominant, a range of sampling methods and sample types 

have been used through the different phases of exploration, some of which have higher risks of 

sampling bias. WAI has evaluated each method (Section 3.5) and completed checks to assess which 

sample types are appropriate for inclusion in the MRE database (Section 3.6.3.3). 

 

The separate exploration periods outlined in Table 3.4 have been defined by NMMC. Based on existing 

reports and on-site discussions, WAI understands that these periods represent two distinct 

generations of data in terms data quality. In general, pre-нлмф ΨƘƛǎǘƻǊƛŎ ŘŀǘŀΩ ǿŀǎ ǎǳǎŎŜǇǘƛōƭŜ ǘƻ ƭƻǿŜǊ 

drill recoveries, had limited QAQC support and some legacy issues around sample preparation and 

analysis. Post-2019 a range of continuous improvement initiatives have been undertaken by NMMC 

to address these issues. Further details around exploration methodology are provided in Section 3.5. 

 

Historic data forms a significant proportion of the data available for each deposit (Table 3.4) and a key 

aspect of the MRE audit has been to assess data reliability. To do this WAI has: 

 

¶ Reviewed available QAQC data (Section 3.5.7); 

¶ Reviewed data verification undertaken by NMMC (Section 3.6.2); 

¶ Completed independent data verification checks (Section 3.6.3); 

¶ Reviewed the NMMC approach to excluding data from the MRE database and the resulting 

composition and residual risk associated with the MRE database (Section 3.7.3); 

¶ Reviewed available reconciliation data (Section 3.7.14); and 

¶ /ƻƳǇƭŜǘŜŘ ƛƴŘŜǇŜƴŘŜƴǘ aw9 ǘƻ ƎǊŀŘŜ ŎƻƴǘǊƻƭ όάD/έύ ƳƻŘŜƭ ŎƻƳǇŀǊƛǎƻƴǎ ό{ŜŎǘƛƻƴ 3.7.14). 

 

WAI considers the Muruntau Cluster to have significant potential for further Mineral Resource and 

Ore Reserve growth. To effectively unlock this potential, exploration drill planning should be driven by 

and synchronised with a strategic life of mine plan that integrates all available ore sources. WAI 

understands that this is one of the drivers behind the current phase of study. 

 

 Exploration Methodology 

 

3.5.1 Drilling 

 

3.5.1.1 Drill Types and Recovery 

 

5ƛŀƳƻƴŘ ŎƻǊŜ ŘǊƛƭƭƛƴƎ όά55έύ Ƙŀǎ ōŜŜƴ ǘƘŜ Ƴŀƛƴ ŘǊƛƭƭƛƴƎ ƳŜǘƘƻŘ ŀǘ aǳǊǳƴǘŀǳ ŎƭǳǎǘŜǊΦ ²!L ŎƻƴǎƛŘŜǊǎ 

DD to be a high-quality drilling method if core recovery is high. Hole diameter was mostly 76mm NQ, 

with tungsten carbide and diamond drill bits. A wide range of drill rigs have been used across the five 

deposits over time. The main drill rigs per deposit for the period up until 2019 include: Muruntau-

Mutenbai ZIF-650; Chukurkuduk XYDX-4, ZIF-650, ZIF-1200, ZMO-1500; Besapantau SKB-5, ZIF-650, 

ZIF-1200, ZMO-1500; and Balpantau ZIF-650. 

 

Average core recoveries for most of this period are available in the 2023 NMMC Mineral Resource 

report and are reproduced in Table 3.5. Historic average recoveries were low (around 65-75%) but did 
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improve over time to an average of around 80% from 1999 to 2015. Low recovery increases the risk 

that a sample is not representative of a given drillhole interval. 

 

Table 3.5: Average Core Recovery by Period 

Drilling Location 
Period 

1985 1986 1987 1988 1999-2015 

Surface Drilling 66.8 68.7 74.4 77.5 79.5 

Underground Drilling 66.5 68.4 73.0 71.8 81.3 

 

Since 2020, Hanjin D&B (Korean), DBS-S15 and 21 (Turkish) drill rigs have been used and average core 

recovery over ore intersections is reported to have risen to above 90%. WAI has inspected the core 

from recent drilling during the site visit (e.g. MUR_072, MUR_033) and observed good drill recoveries, 

particularly given local zones of intense fracturing were present. Core recovery logging is mainly 

limited to recent drilling and demonstrates the improved core recovery (e.g. Figure 3.9). 

 

 
Figure 3.9: Core Recovery Histogram for Post-2019 Muruntau-Mutenbai-Chukurkuduk Drilling 

 

Scatter plots between gold and core recovery do not show a clear grade-recovery relationship. 

However, given core recovery is only available for a small proportion of the drilling, this may not reflect 

the entire database.  

 

wŜǾŜǊǎŜ /ƛǊŎǳƭŀǘƛƻƴ όάw/έύ ŘǊƛƭƭƛƴƎ was carried out at Muruntau as advance mine exploration using a 

KWL 1600 drill rig. RC drilling in 2002-2003 at Balpantau used a NEMEK rig with a compressor that 

delivered effective drilling and sample return to a depth of 120-140m. RC is an industry standard 

method and can deliver acceptable sample quality where sample recovery is good and sufficient steps 
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are taken to combat contamination between sampled intervals. No recovery logging or sample 

weights were available to assess RC sample recovery and WAI recommends that this is incorporated 

into RC drilling procedures in future. 

 

Roller-bit drilling, also referred to as full-hole non-core drilling, was carried out using spindle-type UKB-

500S rigs driven by DES-60 with a PR-12 compressor (7-8 atm). Hole diameter was 76mm, with carbide 

roller bits. WAI considers this to be a lower quality drilling technique, given sample return is outside 

of the rod string and more susceptible to sample loss and contamination. WAI agrees with the NMMC 

decision to exclude this drill type from resource modelling and estimation. 

 

Blast holes are sampled to inform GC modelling. This data has not been used in the MRE. 

 

Table 3.6 is a modified version of Table 3.4, where only drilling data has been included, alongside the 

proportion of core drilling and post-2020 core drilling available for each deposit. 

 

Table 3.6: Drilling Statistics for Muruntau Cluster Gold Deposits 

Deposit Period Type Quantity 

Total 

Length 

(m) 

% Core 

Drilling per 

Deposit 

% Core Drilling 

per Deposit 

post-2020 

Muruntau 

Pre-2021 
Core 3,210 818,746 

88.5% 1.3% 
Roller 1,509 83,338 

Post-2021 
Core 27 12,301 

RC 262 24,501 

Mutenbai All 
Core 1,450 361,909 

98.3% N/A 
Roller 119 6,364 

Chukurkuduk 
Pre-2020 Core 335 154,154 

100% 8.7% 
Post-2020 Core 35 14,617 

Besapantau 

1996-2009 
Core 267 79,582 

84.7% 27.8% 

Roller 693 20,017 

2011-2013 Core 45 13,495 

2019-2022 
Core 155 45,392 

Roller 133 5,034 

Balpantau 
1996-2009 

Core 166 29,620 

54.1% 15.2% 
RC 68 5,912 

Roller 439 28,951 

2020-2023 Core 60 11,520 

 

Table 3.6 highlights that Muruntau, Mutenbai and Chukurkuduk drilling used a very high proportion 

of diamond core. However, much of this drilling is historic, with associated risk of lower core recovery 

and sampling bias. At Besapantau and Balpantau, the existence of substantial amounts of roller drilling 

would increase the risk of sampling bias and contamination if included in the MRE database. Both 

these risks have been further assessed by WAI as part of data verification checks (Section 3.6.3). 

 

At Besapantau and Balpantau, NMMC has in-part mitigated these risks by completing a significant 

amount of recent diamond drilling and WAI recommends that similar work continues at Chukurkuduk. 
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Further verification drilling should be completed across any Muruntau Cluster Resources informed 

only by historic drilling, to check the reliability of this data. Areas should be prioritised / scheduled 

according to the LOM strategic plan. 

 

The introduction of alternative drill rigs from international equipment suppliers has been highly 

effective and this type of equipment should be adopted for all future drill programmes. WAI also 

advises that roller drilling or other open hole sampling methods (e.g. air core, rotary etc.), are 

restricted to first pass reconnaissance programmes only. 

 

3.5.1.2 Spacing and Orientation 

 

Maps of each deposit are provided in Figure 3.10 to Figure 3.12 showing the location, spacing and 

orientation of drilling, underground sampling and trenching. Collars are coloured to show the spatial 

distribution of different sampling types, including a sub-division between historic and recent (post-

2019) diamond drilling. 

 

Drilling in all deposits has been conducted on systematic grids, on orientations such that drill 

intersections are at a high angle to the dominant mineralised trend. 

 

At Muruntau, the nominal diamond drill spacing is 80m (between drill sections) by 40m (along section) 

across most of the deposit. Locally drill spacing increases to 80m by 80m and this becomes the 

dominant drill spacing at depths below Ғ600m from surface. An advanced grade control RC 

programme has been completed in the north of the Muruntau pit on a 60m by 60m grid. WAI supports 

the use of advanced grade control drilling for improved ore body visibility and medium-term planning, 

however recommends that an 80m by 40m grid staggered midway between the existing diamond drill 

sections, would reduce data duplication and improve ultimate combined drill spacing to 40m by 40m. 

Current diamond drill coverage at Muruntau extends to Ғ1000m below surface. 

 

The top Ғ250m of the Mutenbai deposit have been diamond drilled to a spacing of 40m (between drill 

sections) by 20-40m (along section). From approximately 250m to 550m from surface the drill spacing 

increases to a nominal 60m by 60m grid and up to 80m by 80m locally. Broader spaced exploration 

drill coverage extends to approximately 1200m below surface, whilst the deepest exploration holes 

intersect mineralisation at 1950m. 

 

Blast hole grade control sampling has been completed over the Muruntau and Mutenbai deposits to 

a maximum depth of Ғ550m and Ғ300m below surface respectively (Figure 3.6). This is conducted on 

a staggered 6m by 6m grid. 

 

At Chukurkuduk diamond drill spacing ranges from 40m by 40m to 80m by 80m, with systematic drill 

coverage extending to Ғ550m from surface. 
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Figure 3.10: Map of Drilling and Underground Sampling at the Muruntau, Mutenbai and 

Chukurkuduk Deposits 

 

At Besapantau contiguous regions of 60m by 60m spaced diamond drilling are present in the 

central/south and northeast of the deposit, with 80m by 40m to 80m by 80m spacing dominant 

elsewhere. Recent drilling is interspersed with historic drilling except in the central/south of the 

deposit, where historic data is dominant. A 100m by 100m RC grid covers part of this area. 

 

At Balpantau, the nominal diamond drill spacing is 40m by 40m to 60m by 60m across the southern 

and northwestern flanks of the deposit. Diamond drill coverage is patchier in the northeast, with 

section spacing of 80m more typical. Recent drilling is interspersed with historic drilling in the north, 

whilst recent diamond drilling is the main drill type across the south Balpantau. Blast hole grade 

control sampling has been completed over the top Ғ20m in the south of the deposit on a staggered 

5m by 5m grid.   
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Figure 3.11: Map of Drilling, Underground Sampling and Trenching at the Besapantau Deposit 

 

 
Figure 3.12: Map of Drilling, Underground Sampling and Trenching at the Balpantau Deposit 

 

3.5.1.3 Location 

 

A local coordinate system is used at each deposit. Topographic surveys are updated monthly using a 

1m survey grid. Collar positions are surveyed manually, whilst downhole surveys have been carried 

out for all drill holes. 
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Survey practices were not assessed as part of the WAI site inspection. NMMC advises that equipment 

type and survey accuracy are suitable for resource estimation. WAI database checks have included a 

review of survey data for erroneous values. 

 

3.5.1.4 Logging 

 

All drillholes except for grade control blast holes are logged over their entire length. Review of hard 

ŎƻǇȅ ŘǊƛƭƭƘƻƭŜ ΨǇŀǎǎǇƻǊǘǎΩ ōȅ ²!L ǿƘƛƭǎǘ ƻƴ ǎƛǘŜΣ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ŘŜǘŀƛƭŜŘ ŘǊƛƭƭƘƻƭŜ ƭƻƎƎƛƴƎ ƛǎ ŎŀǊǊƛŜŘ ƻǳǘ 

by the Kyzylkum Exploration Expedition. WAI also completed spot checks on core mark-up and 

recovery logging and found them to be accurate. Electronic database tables provided to WAI, show 

that digital records are only available for recent drilling since 2019. This includes tables with fields 

describing lithology, alteration, oxidation, mineralisation and geotechnical parameters. No significant 

gaps are evident in the logging scheme for recent drilling.  

 

Data coverage at Muruntau and Mutenbai is currently insufficient to support modelling based on 

logging data, however enough data is potentially available over parts of Chukurkuduk, Besapantau 

and Balpantau to allow geological modelling. Based on initial review of the raw logging codes in 3D, 

potential barriers to modelling include use of many lithology codes (e.g. 346 at Muruntau, Mutenbai 

and Chukurkuduk) and some local areas with poor correlation between drillholes. These are common 

challenges and could be aided by a streamlined lithology code library and review/validation of logging 

on a hole-by-hole basis against existing drilling and working geological models.  

 

WAI notes that no electronic field data capture system is currently in place on site. Potential benefits 

include more secure and efficient data collection, in-built validation protocols, along with rapid 

database and model update.  

 

Vein orientation can provide a key guide to domain orientation in vein controlled hydrothermal 

systems like the Muruntau Cluster deposits. WAI recommends that oriented structural data is 

collected in select drillholes to aid in modelling and drill planning. 

 

3.5.2 Excavations 

 

3.5.2.1 Surface Trenching 

 

Two methods of trenching have been reported at the Muruntau Cluster. Manual excavation typically 

established a trench width of 0.7-0.8m, with depth extending at least 0.5m into bedrock. Mechanised 

trenching was carried out with an excavator with a bucket width of 1.3-1.4m. Before testing, the 

trench bottom was typically cleaned by hand. 

 

{ƻƳŜ ōǊƻŀŘŜǊ ōŜŘǊƻŎƪ ŜȄǇƻǎǳǊŜǎ όΨŎƭŜŀǊƛƴƎǎΩύ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ƛƴ ŀǊŜŀǎ ǿƛǘƘ ŜǎǘŀōƭƛǎƘŜŘ ƎƻƭŘ 

mineralisation or complex geological relationships. Clearings were dug using a C-130 bulldozer with a 

blade width of 4.1m. 
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Trenching location, orientation and extent are included in Figure 3.10 to Figure 3.12. Trenches were 

typically oriented across strike and are most extensive at Besapantau (6,891m) and Balpantau 

(9,740m). This comprises 40-50m spaced trenching across the centre of Besapantau and 40-80m 

spaced trenching across the southern zone of Balpantau. 

 

3.5.2.2 Underground Development 

 

Exploratory underground development with shaft access was completed at all deposits except for 

Chukurkuduk. The location, orientation and lateral extent of development is shown in Figure 3.10 to 

Figure 3.12. Underground development and associated channel sampling has been used most 

extensively at Muruntau and Mutenbai. Figure 3.13 provides further spatial context around this 

dataset. 

 

Four shafts were sunk at the Muruntau and Mutenbai deposits. At Muruntau exploratory 

development has been completed on three main levels (+128mRL, +78mRL and 0mRL) around 400-

530m from surface. Cross-cuts from strike parallel drives have typically been developed at 80m strike 

spacing. At Mutenbai exploratory development has been completed on four main Ғ80m spaced levels 

at 140-380m from surface. Cross-cuts have typically been developed at 40m strike spacing. Cross-cut 

position has been aligned with the drilling cross sections to facilitate cross-corelation between 

underground sampling and drillhole data. 

 

The Muruntau-Mutenbai open pit has mined over a significant proportion of the underground 

development (as shown in Figure 3.13), however underground channel sampling still informs Mineral 

Resource estimation across lateral extensions to Muruntau and depth extensions to Mutenbai. At both 

deposits underground development has also used as underground drill platforms for deep exploration 

and resource development drilling. 

 

At Besapantau underground development and channel sampling is concentrated in the central/south 

of the deposit at 40m and 120m depth from surface. The development includes strike parallel ore 

drives and typically 80m spaced cross-cuts. 

 

At Balpantau five distinct regions of underground sampling have been completed at 50m depth from 

surface, with cross-cut spacing ranging from 40 to 80m. 

 

No wireframe representing the underground voids is available. Based on discussions with the client, 

WAI has used a 1.5m distance function to all underground channel samples, to approximate typical 

development dimensions and account for underground depletion. 
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Figure 3.13: Plan and Cross Section Showing Muruntau-Mutenbai Exploratory Underground 

Development Relative to the Extent of Open Pit Grade Control Drilling 

 

3.5.3 Sampling 

 

The main sample types collected in exploration of the Muruntau Cluster have been drill core, drill chip 

and channel samples. Drill core review by WAI confirmed that boundaries of economic mineralisation 

cannot be reliably defined by visual characteristics, which justifies the NMMC approach to sample and 

analyse all intervals, with the exception of barren quaternary sedimentary cover. 

 

3.5.3.1 Drill Core 

 

Based on existing reports and observations on site, diamond drilling appears to have involved a 

mixture of half core and whole core sampling. WAI inspected core saws and cutting procedures at 

NMMC core processing facilities and observed good practice. Sample lengths typically range between 

1-2m (see Section 3.7.7 for further details on sample length), with adjustments to length made to 

honour logged geological boundaries. 
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3.5.3.2 Drill Chips 

 

RC drillholes were primarily sampled on 2.5m intervals. The sample was taken through a Metzke cone 

splitter to deliver a 5kg sub-sample. 

 

Drill chips from roller drilling were primarily sampled every 2m using a cyclone. Bulk samples were 

quartered using a riffle splitter, with half of all chips collected as a sub-sample. 

 

3.5.3.3 Channel 

 

In trenches and underground, channel sampling was carried out manually with a channel cross-section 

of 5cm by 10cm. The length of the samples typically ranged from 0.5-5m with 1-2m samples most 

common. Sample length was adjusted according to geological boundaries and where possible, samples 

were taken across the expected extent of mineralised zones. 

 

In trenches, channel sampling was carried out along the center line of the trench floor. Testing of 

development was carried out along one or two opposite walls at 1m height above the floor. To help 

establish the continuity of mineralisation, some of the drives along the strike of the mineralised zones 

were sampled face-to-face after 2-3m. To ensure reliable sampling results, the actual weight of each 

sample was compared with the theoretical weight. 

 

NMMC has assessed the reliability of underground channel sampling by comparing sections of the 

main channel with a parallel channel made 5cm below. Results show a difference in average grade of 

around 5% (Table 3.7). 

 

Table 3.7: Statistical Comparison between Main and Parallel Underground Channels at Different 

Channel Sizes 

UG Channel Type 
No. of 

Samples 

Mean Au 

Grade (g/t) 

Total Squared 

Deviation 

Average Squared 

Deviation 

Main Channel (10x5cm) 32 1.94 94.85 1.72 

Parallel Channel (10x30cm) 34 1.90 165.41 1.76 

Parallel Channel (5x3cm) 34 2.07 190.4 2.37 

Parallel Channel (10x5cm, 0.5m) 30 2.04 341.96 3.38 

 

3.5.4 Bulk Density 

 

Current density assumptions have been guided by averaging small numbers of measurements from 

historic sources. No procedural information has been provided regarding these measurements and 

WAI understands that dry bulk density measurements are not routinely collected on site. WAI 

recommends that a formal procedure is developed for routine collection of dry bulk density 

measurements to better inform tonnage estimates (see Section 3.7.11 for recommendations specific 

to density modelling and estimation). For a comprehensive guideline regarding density data collection 

refer to Lipton & Hilton, 2014. 
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3.5.5 Sample Preparation 

 

The fire assay sample preparation flow diagram shown in Figure 3.14 is the same for all deposits and 

sample types. This includes drying, crushing and grinding, with splitting between stages to ultimately 

produce a 0.5kg sub-sample with a particle size of 0.074mm. Gamma activation sample preparation 

follows a similar but shortened workflow, ending with a coarser 1mm particle size. 

 

Sample weight at each stage of preparation has been reduced to minimum representative weight 

based on Richards-Chechott equation Q = K*d2 (where Q = sample weight; d = maximum diameter of 

particles and k = coefficient of homogeneity (reflecting the irregularity of gold distribution). 

 

  
Figure 3.14: Sample Preparation Flow Diagram 

 

WAI consider the equipment, sample weights and particle size used in sample preparation to be in 

line with typical industry practices. WAI visited NMMC laboratories where Muruntau Cluster sample 

preparation is undertaken and observed reasonable procedures to deliver a representative sub-

sample, minimise contamination and meet particle size specifications. WAI noted some riffle splitters 

were in use at the Muruntau laboratory, where rotary splitters would provide improved performance. 
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3.5.6 Sample Analysis 

 

The two analytical methods used at Muruntau Cluster are fire assay and gamma activation analysis. 

Table 3.8 lists the proportion of fire assay and gamma activation data available for each deposit. 

 

Table 3.8: Proportion of Fire Assay and Gamma Activation Analysis per Deposit 

Deposit 
Fire Assay Gamma Activation 

Count % Count % 

Muruntau 10165 1.6 639135 98.4 

Mutenbai 2276 1.2 184594 98.8 

Besapantau 75789 87 11588 13 

Balpantau 49077 82 11018 18 

 

Around 98% of samples from the Muruntau and Mutenbai deposits were analysed using the gamma 

activation method. A much higher proportion of fire assay data is available for the Besapantau and 

Balpantau deposits. In these deposits, gamma activation has typically been used as a preliminary 

analysis, where samples with grades above 0.5 g/t were then selected for fire assay. Gamma activation 

is also used for all grade control samples. 

 

The laboratories used for sample preparation and analysis have only state certification from the 

Republic of Uzbekistan and do not have independent international certification. 

 

3.5.6.1 Fire Assay 

 

Both historic and recent analytical work was mainly carried out by the geological laboratory of the 

Kyzylkum PGRE. Samples were analysed using 50g fire assay gold analysis with a gravimetric finish. 

Two 50g charges were taken from one sample with grade determined by the average of the two 

results. In case of serious discrepancies between samples, analysis was carried out on a third and 

fourth charge to obtain a value. 

 

Results have been reported to a single decimal place. Discussions on site indicate this represents the 

analytical precision of the gravimetric finish. At the current mining cut-off grade of 0.5g/t this level of 

precision increases risk of ore-waste misclassification. WAI recommends the analytical precision is 

increased to 2 decimals by improvements in the existing gravimetric measurement technique (method 

detection limit in commercial laboratories is 0.01ppm) or introduction of an ICP-MS finish. 

 

WAI walked through the sample preparation and fire assay procedure during their site visit. Other 

opportunities for improvement include implementation of a Laboratory Information Management 

System (LIMS) for electronic sample labelling and tracking, as well as optimisation of the flow of 

samples between laboratory stations to minimise sample movement. WAI recommends that a further 

independent laboratory audit is completed for all sample preparation and fire assay facilities by a 

commercial service provider. 
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3.5.6.2 Gamma Activation 

 

Gamma activation analysis was introduced at the Muruntau Cluster in 1979 and is completed at the 

NMMC Central Gamma Activation Analysis Laboratory. WAI has not visited this facility and all 

information regarding this technique has been derived from NMMC reports. A summary of the gamma 

activation analysis method is provided below: 

 

1. Activation of samples by high-energy gamma rays obtained as a result of deceleration of an 

electron beam with an electron energy of 8MeV, generated by a high-current linear electron 

accelerator and subsequent measurement of the sample activity; 

2. As a result of the nuclear reaction: 197Au -> 197mAu, a metastable radioactive isomer of gold is 

formed with a half-ƭƛŦŜ ¢ѹ Ґ тΦт ǎŜŎƻƴŘǎ ŀƴŘ ƎŀƳƳŀ ǉǳŀƴǘŀ ŜƴŜǊƎȅ 9ȅ Ґ нтфYŜ±Τ 

3. Interfering elements when analysing samples for gold are uranium, thorium, barium and 

hafnium. The influence of interfering elements is taken into account using the spectral ratio 

method (MSR). This method uses a spectral ratio matrix that is calculated by running matrix 

or tuning samples. These samples are the ones containing only one of the elements being 

determined (Au, U, Th, Ba, Hf) in high concentration; 

4. The sample material is packed into a cuvette with a volume of 290cm3. The standard in the 

form of standard material is also packaged in a cuvette; 

5. The gold grade in samples is calculated using the formula: 

 
where C is the mass fraction of gold in the sample, 1x10-4 % (g/t, ppm); 

 ́is the reference coefficient used in further work to calculate the gold grade in samples; 

X1 - accounts for gold in the standard, impulses; 

m - standard mass. 

6. The reference coefficient is calculated using the formula: 

 
ʹ - reference coefficient used in further work to calculate the grade 
EtX1 - accounts for gold in the standard, impulses; 
Etm is the mass of the standard, g; 
EtC - mass fraction of gold in the standard, 1x10-4 % (g/t, ppm). 

 

NMMC reports that the gamma activation complex, designed for rapid mass quantitative analysis of 

ordinary geological samples, meets the requirements for NSAM category III laboratories. Analyses of 

geological samples in the conditions of the CGAAL are carried out in accordance with the methodology 

for measuring the mass fraction of gold in bulk materials of rocks, ores and products of their 

technological processing by the gamma activation method MVI O'zO'U 233:2004, approved by the 

State Enterprise "Uzbek National Institute" Metrology (SE UzNIM) of the Uzstandard Agency of the 

Republic of Uzbekistan as amended in 2019. 
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Advantages of gamma activation include reduced sample preparation requirements, analysis of a 

larger sub-sample (500g) and rapid turnaround of results. Whilst the technique is unique to NMMC, 

WAI notes similarities with the methodology reported for the PhotonAssayTM method, developed by 

Chrysos Corporation, now commercially available as an alternative to the fire assay method. 

 

3.5.7 QAQC 

 

3.5.7.1 Introduction 

 

Quality assurance and quality control (άv!v/έ) are the key components to verify the validity of sample 

collection, security, preparation, and analytical methods. The aim of the QAQC programme should be 

to quantify and monitor any errors, and to provide information that might be used to improve 

sampling and analytical procedures to minimise any errors. A comprehensive QAQC programme 

should monitor the accuracy, precision and contamination of each stage of exploration from the 

sampling through to the final assay value produced by the laboratory. 

 

Samples from historical exploration (going back to 1969) were subjected to internal and external 

control procedures.  External control was carried out in the Samarkand geology laboratory.  

 

Since 2019 the QAQC programme has expanded to include blank samples to measure potential 

contamination (Balpantau and Besapantau) and standard reference samples to measure analytical 

accuracy (Muruntau & Mutenbai, Balpantau and Besapantau). Pulp duplicate samples continue to be 

taken for assessment of precision.  

 

A significant amount of primary data was not available for review. The following QAQC data or 

summaries were provided to WAI for review: 

 

¶ Muruntau ς Mutenbai summary of external control (1969-1971) 

¶ Muruntau ς Mutenbai summary of internal control (1978-1984) 

¶ Muruntau ς Mutenbai summary of internal control (2017-2019) 

¶ Muruntau ς Mutenbai summary of external control (2013-2016) 

¶ Muruntau ς Mutenbai raw sample data for external control (2019-2022) 

¶ Muruntau ς Mutenbai raw sample data for standard reference samples (2019-2022) 

¶ Balpantau summary of internal and external control samples (1986-1996) 

¶ Balpantau summary of internal and external control samples (1993-2000) 

¶ Besapantau and Balpantau raw data for blank samples (2020-2023) 

¶ Besapantau and Balpantau raw data for standard reference samples (2020-2023) 

¶ Besapantau raw data for internal duplicate samples (2019-2022) 

¶ Besapantau raw data for external duplicate samples (2019-2022) 

¶ Balpantau raw data for internal duplicate samples (2021-2022) 

¶ Balpantau raw data for external duplicate samples (2021-2022) 
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3.5.7.2 Review Methodology 

 

For standard reference materials (ά{RMέ) and blank samples, control charts such as Shewhart X 

(average) and R (range) charts are constructed for each element standard. The control charts plot 

process variability, with metal content on the Y-axis and sample number on the X-axis. The plotting of 

data on charts of this type allows for the easy recognition of samples that fall outside of the action 

limits applicable for each standard used.  

 

For SRM samples, warning and control limits are established at mean ҕн ŀƴŘ ҕо ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ 

limits respectively. !ƴȅ ŀƴŀƭȅǎƛǎ ōŜȅƻƴŘ ǘƘŜ ҕо ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƭƛƳƛǘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ ŦŀƛƭǳǊŜΦ CƻǊ 

blank samples, failures are determined based on ҕ5 times the assay detection limit with significant 

failures determined based on ҕ10 times the assay detection limit. 

 

For duplicate sample sets, the precision can be discussed in terms of the following statistical measures 

applied by WAI. 

   

¶ Summary Statistics showing the mean, mode, standard error, range and standard deviation 

can be indictors if the data sets agree. 

¶ Rank HARD Plot which is the ranked half absolute relative difference, ranks all assay pairs in 

terms of precision levels measured as half of the absolute relative difference from the mean 

of the assay pairs (HARD), used to visualise relative precision levels (typically 90%) and to 

determine the percentage of the assay pairs population occurring at a certain precision level 

(10%). It should be noted that as the HARD statistic uses an absolute difference, a ranked 

HARD plot does not revel bias in duplicate data, only the relative magnitude of differences 

(i.e. precision). The HARD values are sorted from lowest to highest and ranked accordingly, 

with the rank expressed as a percentage.  The ranked HARD plot is then generated by plotting 

the percent rank on the X-axis against the HARD value on the Y-axis. A rank HARD plot is 

constructed that enables quick identification of the percentage of the sample pairs with a 

HARD value less than 10%. 

¶ Correlation Plot is a simple plot of the value of the duplicate samples, assay 1 against assay 2. 

This plot allows an overall visualisation of precision and bias over selected grade ranges. 

Correlation coefficients are also good indicators to quantify the agreement between data sets.  

A correlation greater than 0.9 is generally described as strong, whereas a correlation less than 

0.6 is generally described as weak. 

¶ Thompson and Howarth Plot showing the mean relative percentage error of grouped assay 

pairs across the entire grade range, used to visualise precision levels by comparing against 

given control lines. 

¶ Mean vs. HARD Plot used as another way of illustrating relative precision levels by showing 

the range of HARD over the grade range. 

¶ Mean vs. HRD Plot is similar to the above, but the sign is retained, thus allowing negative or 

positive differences to be computed. This plot gives an overall impression of precision and 

shows whether there is significant bias between the assay pairs by illustrating the mean 

percent half relative difference between the assay pairs (mean HRD). 



JSC NAVOI MINING & METALLURGICAL COMPANY 

MINERAL RESOURCE AUDIT 

MURUNTAU CLUSTER GOLD DEPOSITS, UZBEKISTAN  
 

KZ10230 

August 2024 

Final V1.0 Page 60 

 

3.5.7.3 Historic QAQC 

 

Muruntau & Mutenbai 

 

No historic (pre-2019) raw sample data was provided to WAI for review for Muruntau and Mutenbai, 

no independent checks of data were therefore possible.  Reviews of historic internal and external 

control results were made in the 2019 SRK MRE & ORE report, and these are summarised below. 

 

Between 1969 and 1971, 4.7% of samples were selected for internal control, 5% for external control 

and 36% of external control samples were sent for arbitrage analysis at the Palevskaya laboratory in 

the Urals.  Analysis were collated by quarter on five grade classes (0-1.4g/t, 1.4-1.9g/t, 1.9-3.7g/t, 3.7-

7.9g/t and >7/9g/t Au).  Whilst no significant problems are recorded, it is noted that the lowest grade 

class (0-1.4g/t Au) provides little detail around the current domaining cut-off and mining cut-off grades 

of 0.3g/t Au and 0.5g/t Au respectively. 

 

Summaries of external control results for the 1978 to 1984 period for fire assay (to 1979) and gamma 

activation analytical methods, collated into five grade classes (0.6-0.99g/t, 1.0-1.5g/t, 1.5-2.0g/t, 2.0-

4g/t and >4.0g/t Au) were reviewed by SRK.  All results were stated to be within limits by SRK.  WAI 

notes that no samples below 0.6g/t Au were selected for control analysis.  Given the domaining cut-

off grade for resource estimation is 0.3g/t Au, this presents a risk for understanding if lower grades 

than 0.6g/t Au are reliable.  Internal control results for this period were not available for review. 

 

SRK noted that no results for the period 1984-2016 were provided for review.  It is reported that 

control analysis was carried out during this period but results were not properly stored. 

 

SRK were provided with quarterly summary results for internal control of the CGAAL laboratory 

(gamma activation analysis) for the period 2017-2019.  During this period, all samples above 0.3g/t 

assayed at CGAAL were sent for fire analysis at the Central Research laboratory.  These results are 

shown in Table 3.9.  WAI notes that the highest absolute and percentage errors are seen in the first-

grade class, 0.0 to 0.5g/t Au.  This indicates a high risk that samples at, or close to, the cut-off chosen 

for more detailed fire analysis are misclassified. 

 

Table 3.9: Summary Results of CGAAL Internal Quality Control (2017-2019) 

Gamma Activation Analysis 

Grade Interval 

(g/t)  

Number of 

Samples 

Mean of Samples 

(g/t)  

Mean Absolute 

Error (g/t) 
Mean % Error 

0.0 to 0.5 8,931 0.20 0.15 75.8 

0.5 to 1.0 7,951 0.72 0.19 26.05 

1.0 to 1.5 6,399 1.22 0.21 17.38 

1.5 to 2.0 4,582 1.71 0.22 12.79 

2.0 to 5.0 9,938 3.07 0.29 9.49 

5.0 to 10.0 3,666 6.80 0.42 6.20 

20.0 to 50.0 442 29.40 1.53 5.22 

50.0 to 100.0 72 66.35 4.31 6.45 
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SRK noted that no external control analysis for the period 2017-2019 for the CGAAL laboratory 

(gamma activation) was provided for review.  SRK noted that no internal or external control analysis 

results for the period 2017-2019 for the CRL (fire assay) laboratory was provided for review.  WAI have 

not been provided with any data for this period for review. 

 

Besapantau 

 

Historic QAQC for Besapantau consists of internal and external duplicate analysis carried out in 

support of yearly drill programmes from 1986 through to 1996.  WAI has not been able to review the 

raw sample data for these duplicates but has been provided with summary tables of results with the 

comparison of sample pairs combined on an annual or biannual basis into four grade brackets of 0.5g/t 

to 0.9g/t, 1.0g/t to 2.3g/t, 2.4g/t to 4.0g/t and >4.1g/t Au where the grade brackets measured grade 

of the primary sample. No samples of <0.5g/t Au were included in the duplicate analysis. 

 

In the period under review 4.1% of all samples analysed (of any grade) were subjected to internal and 

external duplicate analysis (1,635 duplicate analyses carried out from 39,667 samples analysed).  

When only samples within the grade categories tested are counted (>0.5g/t Au), the insertion rate for 

internal and external analysis was 21.7% (1,635 duplicate analyses carried out from 7,523 samples 

analysed).  The breakdown of number of samples tested by grade category is shown in Table 3.10. 

 

Table 3.10: Number of Besapantau Duplicate Samples by Grade Category 1986-1996 

Period Under 

Review 

Grade 

Category 
Total Samples Analysed 

Total Duplicate 

Samples 

% Duplicate 

Samples 

1986 to 1996 

0.5-0.9 3,809 470 12.3 

1.0-2.3 2,795 520 18.6 

2.4-4.0 537 352 65.6 

>4.1 382 293 76.7 

Total 7,523 1,635 21.7 

 

Internal duplicates were assessed against a pass/fail criteria based upon an assessment of the relative 

mean squared error of sample pairs that varied for each grade category.  In total, of the four grade 

categories for which comparisons were made spread across the 14 annual or bi-annual summary table, 

only three failures were noted; the >4.1g/t Au category for the first half of 1992, the 0.5-0.9g/t Au 

category for 1994 and the 2.4-4.0g/t Au category for 1996. 

 

External duplicates were assessed against a pass/fail criteria based upon an assessment of three 

ǎǘŀǘƛǎǘƛŎŀƭ ǘŜǎǘǎΤ {ǘǳŘŜƴǘΩǎ ¢-Test (to determine if there is a significant difference between the mean 

of the two groups of data), Sign Test (to determine if there is a significant difference between the 

ƳŜŘƛŀƴ ƻŦ ǘǿƻ ƎǊƻǳǇǎ ƻŦ Řŀǘŀύ ŀƴŘ ŀ ǳƴƪƴƻǿƴ ǇǊƻŎŜǎǎ ǊŜŎƻǊŘŜŘ ŀǎ άƴŜƎƭƛƎƛōƭŜ ŜǊǊƻǊέΦ  CŀƛƭǳǊŜ ǊŀǘŜǎ 

are higher for external duplicates than internal duplicates. In total, of the four grade categories for 

which comparisons were made spread across the 14 annual or bi-annual summary table, 13 failures 

ƛƴ {ǘǳŘŜƴǘΩǎ ¢-Test, 10 failures for Negligible Error and eight failures for Sign Test were noted.  There 

appears to be no bias in instances of failure against grade with failures spread across the four grade 

categories.  Results of the internal and external analysis are shown in Table 3.11.   
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Table 3.11: Results of Internal & External Duplicate Analysis for Besapantau 1986 - 1996 

Date 

Quality Class Number 
of 

Samples 
overall 

Check 
samples 

% Check 
Samples 

Relative Mean 
Squared Error 

Student's T Test Negligible Error Sign Test Navoi 

Lower 
Limit 

Upper 
Limit 

Limit Actual Limit Actual Limit Actual Limit Actual Conclusion 

2nd 
Half 
1986 

0.5 0.9 315 38 12.1 30 21.9 2.04 2.31 0.33 0.31 9 10 OK 

1 2.3 300 52 17.3 28.5 17.2 2 2.59 0.33 0.21 15 14 Not OK 

2.4 4 83 38 45.8 27 14.3 2.03 1.87 0.33 0.13 10 11 OK 

4.1 Maximum 63 32 50.8 22.9 8.86 2.04 2.77 0.33 0.14 8 10 OK 

1987 

0.5 0.9 352 37 10.5 30 23 2.02 1.52 0.33 0.25 9 14 OK 

1 2.3 248 39 15.7 28.5 16.2 2.02 0.95 0.33 0.12 10 15 OK 

2.4 4 38 32 84.2 27 22 2.02 1.71 0.33 0.26 9 12 OK 

4.1 Maximum 35 27 77.1 22.9 8.95 2.05 2.76 0.33 0.15 7 5 OK 

1988 

0.5 0.9 495 55 11.1 30 28.5 2.02 2.88 0.33 0.32 15 17 OK 

1 2.3 400 68 17 28.5 18 2 0.13 0.33 0.06 21 32 OK 

2.4 4 61 61 100 27 14.8 2 0.23 0.33 0.17 21 28 OK 

4.1 Maximum 43 42 97.6 22.9 18.2 2.02 0.53 0.33 0.07 14 20 OK 

1989 

0.5 0.9 336 35 10.4 30 13.7 2.04 1.18 0.33 0.18 7 11 OK 

1 2.3 248 37 15 28.5 4.73 2.03 0.9 0.33 0.3 9 10 OK 

2.4 4 50 34 68 27 15.5 2.04 0.17 0.33 0.05 9 13 OK 

4.1 Maximum 39 32 72 22.9 11.7 2.04 0.62 0.33 0.16 9 12 OK 

1990 

0.5 0.9 437 32 7.3 30 14.5 2.04 0.23 0.33 0.04 7 10 OK 

1 2.3 316 28 8.9 28.5 14.8 2.05 3.34 0.33 0.29 8 11 OK 

2.4 4 65 32 49 27 13.1 2.04 3.6 0.33 0.53 8 7 OK 

4.1 Maximum 38 29 76 22.9 15.4 2.04 0.91 0.33 0.22 8 13 OK 

1st 
Half 
1991 

0.5 0.9 138 22 15.9 30 20.9 2.07 3.18 0.33 0.84 4 5 Not OK 

1 2.3 69 22 31.9 28.5 12.9 2.08 3.77 0.33 0.84 5 3 Not OK 

2.4 4 15 15 100 27 19.5 2.13 1.21 0.33 0.33 2 5 Not OK 

4.1 Maximum 10 10 100 22.9 19.4 2.23 0.11 0.33 0.03 3 3 OK 

2nd 
Half 
1991 

0.5 0.9 335 23 6.8 30 13.7 2.07 0.18 0.33 0.04 5 10 OK 

1 2.3 196 25 12.7 28.5 15.5 2.06 0.7 0.33 0.14 6 11 OK 

2.4 4 33 19 57.6 27 18 2.09 0.09 0.33 0.01 3 7 OK 

4.1 Maximum 24 20 83.3 22.9 5.2 2.09 1.42 0.33 0.26 5 5 OK 

0.5 0.9 306 27 8.8 30 29.8 2.05 1.19 0.33 0.24 7 10 OK 

1 2.3 191 27 14.1 28.5 16.4 2.05 0.87 0.33 0.28 6 11 OK 
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Table 3.11: Results of Internal & External Duplicate Analysis for Besapantau 1986 - 1996 

Date 

Quality Class Number 
of 

Samples 
overall 

Check 
samples 

% Check 
Samples 

Relative Mean 
Squared Error 

Student's T Test Negligible Error Sign Test Navoi 

Lower 
Limit 

Upper 
Limit 

Limit Actual Limit Actual Limit Actual Limit Actual Conclusion 

1st 
Half 
1992 

2.4 4 41 20 48.8 27 17.3 2.09 2.87 0.33 0.43 5 3 Not OK 

4.1 Maximum 18 13 72.2 22.9 29.8 2.16 0.52 0.33 0.12 2 4 OK 

2nd 
Half 
1992 

0.5 0.9 115 26 22.6 30 30 2.06 0.2 0.33 0.05 6 11 OK 

1 2.3 83 31 37.3 28.5 23 2.02 1.72 0.33 0.35 7 11 OK 

2.4 4 15 14 93.3 27 13.4 2.15 1.48 0.33 0.41 2 6 Not OK 

4.1 Maximum 17 14 82.3 22.9 11.5 2.15 1.99 0.33 0.18 3 4 OK 

1st 
Half 
1993 

0.5 0.9 213 53 24.8 30 29.4 2 0.45 0.33 0.11 14 18 OK 

1 2.3 202 52 25.7 28.5 25.3 2.02 2.08 0.33 0.41 16 21 OK 

2.4 4 21 19 90.4 27 13.2 2.09 0.82 0.33 0.12 4 7 OK 

4.1 Maximum 23 23 100 22.9 9.4 2.07 1.52 0.33 0.26 6 9 OK 

2nd 
Half 
1993 

0.5 0.9 180 35 19.4 30 20 2.04 1.31 0.33 0.2 8 11 OK 

1 2.3 146 37 25.3 28.5 18.6 2.04 0.82 0.33 0.01 11 14 OK 

2.4 4 35 23 65.7 27 11.6 2.07 1.48 0.33 0.16 4 8 OK 

4.1 Maximum 20 11 55 22.9 9.3 2.18 1.5 0.33 0.22 2 5 OK 

1994 

0.5 0.9 246 36 14.6 30 39 2.02 0.73 0.33 0.19 9 14 OK 

1 2.3 199 34 17.1 28.5 22.9 2.04 1.36 0.33 0.3 11 17 OK 

2.4 4 37 22 59.5 27 18.1 2.07 3 0.33 0.39 5 4 Not OK 

4.1 Maximum 28 17 60.7 22.9 6.37 2.07 2.15 0.33 0.35 3 4 OK 

1995 

0.5 0.9 161 33 20.5 30 20.5 2.04 0.9 0.33 0.23 9 8 Not OK 

1 2.3 51 38 74.5 28.5 23.8 2.02 0.81 0.33 0.17 10 15 OK 

2.4 4 8 6 75 27 13.1 2.45 0.53 0.33 0.12 0 3 OK 

4.1 Maximum 4 3 75 22.9 1.97 3.18 0.65 0.33 0.19   1 OK 

1996 

0.5 0.9 180 18 18.3 30 27 2.04 4.99 0.33 0.98 8 2 Not OK 

1 2.3 146 30 29.5 28.5 27.7 2.02 1.27 0.33 0.25 13 19 OK 

2.4 4 35 17 17.1 27 64.6 2.45 1.63 0.33 1.3 0 2 OK 

4.1 Maximum 20 20 20 22.9 10.3 2.78 0.19 0.33 0.15 0 1 OK 
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Balpantau 

 

Historic QAQC for Balpantau consists of internal and external duplicate analysis carried out in support 

of drilling operations between 1993 and 2009.  

 

WAI has not been able to review the raw sample data for these duplicates but has been provided with 

summary tables of results with the comparison of sample pairs combined on an annual or biannual 

basis grade brackets.  Grade brackets are not identical for every year or for internal and external 

duplicates.  External duplicates are only collated into categories of 0.5g/t to 0.9g/t, 1.0g/t to 2.3g/t, 

2.4g/t to 4.0g/t and >4.1g/t Au where the grade brackets measured grade of the primary sample. 

Internal duplicates however are also collated for 0.0 to 0.4g/t Au (1993 and 1994 only) and also 1.0 to 

2.0g/t Au (1993 only).  No external duplicates are collated for 1993 and 1994 and it is thought those 

external duplicates collated for 1997 are samples from that time period.  No samples of <0.5g/t Au 

were included in the external duplicate analysis. 

 

Neither the number of samples nor the percentage of samples reviewed by time period are recorded. 

Both internal and external duplicate results are presented in terms of mean absolute discrepancy in 

mean assay value and mean percentage discrepancy in assay value with results presented as mean 

values by time period and grade category. 

 

Results of the internal and external analysis are shown in Table 3.12 and Table 3.13 respectively. 
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Table 3.12: Internal Duplicate Results Balpantau 1993-2000 

Time Period 

Grade 
Category 

Lower 
Limit 

Grade 
Category 
Upper 
Limit 

Mean Gold Content 
(g/t)  

Discrepancy in 
g/t  

Discrepancy in 
% 

1993 

0 0.4 0.24 -0.16 -66.7 

0.5 0.9 0.64 -0.24 -37.5 

1 2 1.6 0.1 6.2 

1994 

0 0.4 0.2 -0.26 -130 

0.5 0.9 0.67 -0.23 -34.3 

1 2 1.37 -0.2 -14.6 

2 Maximum 6.85 -1.15 -16.8 

1st half 
1998 

0.5 0.9 0.73 0.13 17.8 

1 2.3 1.29 0.1 7.75 

2.4 4 3.19 0.3 9.4 

4 Maximum 5.57 0.1 1.8 

2nd half 
1998 

0.5 0.9 0.65 0.18 27.7 

1 2.3 1.46 0.21 14.4 

2.4 4 3.08 0.87 28.2 

4 Maximum 6.77 3.17 46.8 

1st half 
1999 

0.5 0.9 0.66 0.1 15.2 

1 2.3 1.5 0.07 4.7 

2nd half 
1999 

0.5 0.9 0.64 0.15 23.4 

1 2.3 1.66 0.3 18.1 

2.4 4 2.5 0.98 39.2 

4 Maximum 6.61 0.35 5.3 

1st half 
2000 

0.5 0.9 0.8 0.2 25 

1 2.3 1.57 0.57 36.3 

2.4 4 3 0.34 11.3 

4 Maximum 4.52 0.74 16.3 

2nd half 
2000 

0.5 0.9 0.68 0.21 30.2 

1 2.3 1.62 0.28 17.3 

2.4 4 3.2 0.61 19.1 

4 Maximum 6.84 0.53 7.7 
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Table 3.13: External Duplicate Results Balpantau 1997-2000 

Time Period 

Grade 
Category 

Lower 
Limit 

Grade 
Category 
Upper 
Limit 

Mean Gold Content 
(g/t)  

Discrepancy in 
g/t  

Discrepancy in 
% 

1997 
0.5 0.9 0.33 0.28 84.8 

1 2.3 0.66 0.3 45.5 

1998 

0.5 0.9 0.76 -0.11 -14.5 

1 2.3 1.38 -0.05 -3.62 

2.4 4 3.2 0.01 0.31 

4.1 Maximum 8.2 0.12 1.46 

1998 

0.5 0.9 0.1 -0.01 -1.43 

1 2.3 1.5 0.16 10.7 

2.4 4 3.11 0.71 22.8 

4.1 Maximum 7.4 -0.45 -6.08 

1st half 
1999 

0.5 0.9 0.67 -0.16 -23.9 

1 2.3 1.41 -0.01 -0.71 

2nd half 
1999 

0.5 0.9 0.61 0.09 14.8 

1 2.3 1.62 0.1 6.17 

2.4 4 1.87 0.84 29.3 

4.1 Maximum 6.53 0.7 10.7 

1st half 
2000 

0.5 0.9 0.72 -0.15 -20.8 

1 2.3 1.45 -0.12 -8.28 

2.4 4 2.99 -0.17 -5.69 

4.1 Maximum 4.88 0.56 11.5 

2nd half 
2000 

0.5 0.9 0.66 -0.04 -6.06 

1 2.3 1.6 -0.02 -1.25 

2.4 4 3.09 0.25 8.09 

4.1 Maximum 6.8 -0.18 -2.65 

 

Results are generally poor.  Context is difficult to apply without knowledge of the number of samples 

subjected to duplicate analysis, however some conclusions can be drawn with a comparison of the 

mean values of results in the same grade categories across all reporting periods. 

 

The internal duplicate results show an absolute percentage variation (ignoring sign) of >25% between 

primary and duplicate analysis although no clear bias is seen.  Results by grade category are shown in 

Table 3.14.  
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Table 3.14: Internal Duplicates Analysis Balpantau 1993-2000 

Time Period 
Grade Category 

Lower Limit 

Grade Category 

Upper Limit 

Mean Absolute 

Discrepancy (g/t) 

Mean Absolute 

Discrepancy (%) 

1993-2000 

0.0 0.4 0.21 98 

0.5 0.9 0.18 26 

1.0 2.3 0.23 15 

2.4 4.0 0.79 35 

4.1 Maximum 0.98 19 

 

The external duplicate results show an absolute percentage variation (ignoring sign) of >14% between 

primary and duplicate analysis although no clear bias is seen.  Results by grade category are shown in 

Table 3.15. 

 

Table 3.15: External Duplicates Analysis Balpantau 1997-2000 

Time Period 
Grade Category 

Lower Limit 

Grade Category 

Upper Limit 

Mean Absolute 

Discrepancy (g/t) 

Mean Absolute 

Discrepancy (%) 

1997-2000 

0.5 0.9 0.12 24 

1.0 2.3 0.11 11 

2.4 4.0 0.40 13 

4.1 Maximum 0.40 6 

 

3.5.7.4 Standard Samples 2019-2023 

 

{ǘŀƴŘŀǊŘ wŜŦŜǊŜƴŎŜ aŀǘŜǊƛŀƭǎ όά{waέύ ŎƻƳǇǊƛǎŜ ǎŀƳǇƭŜǎ ǘƘŀǘ ŀǊŜ ǳǎŜŘ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ accuracy of 

analytical processes and are generally composed of material for which the grade is assumed to be 

within known error limits. {wa ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ /ŜǊǘƛŦƛŜŘ wŜŦŜǊŜƴŎŜ aŀǘŜǊƛŀƭǎ όά/waέύ ǿƘŜǊŜ 

evidence is gathered (generally from multiple laboratories) to provide both an expected grade and a 

statement of measurement uncertainty. SRM or CRM are inserted into the sample stream before 

dispatch and the expected value is usually concealed from the laboratory. By comparing the results of 

ŀ ƭŀōƻǊŀǘƻǊȅΩǎ analysis of a SRM or CRM to its certified value, the accuracy of the results can be 

monitored.  

 

Muruntau & Mutenbai 

 

Between 2019 and 2022, a range of SRM were used covering various Au grades for analysis.  A mixture 

of different SRM were used during this period.  SRM results were recorded electronically with coding 

for the date upon which analysis took place.  Standard deviation limits for the SRM were not provided 

and so WAI have reviewed the results by year by comparing mean analytical grades against target 

grades and reviewing the absolute difference and percentage difference of these mean grades against 

the target grades.  The number of SRM samples analysed by year are shown in Table 3.17 and the 

mean grades of SRM samples by year are shown in Table 3.19. 
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Table 3.16: Number of SRM Samples Analysed by Year in Support of 

Muruntau-Mutenbai (2019-2022) 

SRM 

Target 

Grade (g/t 

Au) 

Number of Samples Analysed 

2019 2020 2021 2022 Total 

˾˴˿-н̆̅ 1.04 422 536   958 

˾-˭4 6.1 367 531   898 

˾-˭6 4.1 419 296   715 

˾˭˿ ˴-1 3.3  323 602 656 1,581 

˾˭˿ ˭-1 3.6  340 602 636 1,578 

˸ -˸1 0.92   418 666 1,084 

˸ -˸2 1.46   453 671 1,124 

˸ -˸3 2.87   596 665 1,261 

˸ -˸4 8.74   602 671 1,273 

˾˭˴ ˸˴ 88.25   146  146 

Total  1,208 2,026 3,419 3,965 10,618 

 

Table 3.17: Mean Grade of SRM Samples Analysed by Year in Support of 

Muruntau-Mutenbai (2019-2022) 

SRM 
Target Grade 

(g/t Au) 

Number of Samples Analysed 

2019 2020 2021 2022 Total 

˾˴˿-н̆̅ 1.04 1.06 1.12     1.09 

˾-˭4 6.1 5.90 6.11     6.03 

˾-˭6 4.1 4.11 4.15     4.13 

˾˭˿ ˴-1 3.3   3.36 3.46 3.42 3.42 

˾˭˿ ˭-1 3.6   3.71 3.72 3.69 3.71 

˸ -˸1 0.92     0.86 0.87 0.87 

˸ -˸2 1.46     1.35 1.37 1.36 

˸ -˸3 2.87     2.82 2.86 2.84 

˸ -˸4 8.74     8.78 8.78 8.78 

˾˭˴ ˸˴ 88.25     88.34   88.34 

 

Absolute differences and percentage differences between the target grades and analytical results for 

the SRM by year are shown in Table 3.18 with the SRM ordered by target grade. 
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Table 3.18: Absolute and Percentage Differences between Actual and Target Grades of SRM 
by Year in Support of Muruntau-Mutenbai (2019-2022) 

 
Code 

 
Target 
Grade 
(g/t)  

Absolute Difference (g/t Au) Percentage Difference 

2019 2020 2021 2022 All 2019 2020 2021 2022 All 

˸ -˸1 0.92   0.06 0.05 0.05   6.1% 5.8% 5.9% 

˾˴˿-н̆ ̅ 1.04 0.02 0.08   0.05 2.0% 7.8%   5.2% 

˸ -˸2 1.46   0.11 0.09 0.10   7.5% 6.3% 6.8% 

˸ -˸3 2.87   0.05 0.01 0.03   1.8% 0.3% 1.0% 

˾˭˿ ˴-1 3.3  0.06 0.16 0.12 0.12  1.7% 4.9% 3.6% 3.7% 

˾˭˿ -˭1 3.6  0.11 0.12 0.09 0.11  2.9% 3.5% 2.6% 3.0% 

˾-˭6 4.1 0.01 0.05   0.03 0.2% 1.3%   0.7% 

˾-˭4 6.1 0.20 0.01   0.07 3.3% 0.2%   1.2% 

˸ -˸4 8.74   0.04 0.04 0.04   0.4% 0.4% 0.4% 

˾˭˴ ˸˴ 88.25   0.09  0.09   0.1%  0.1% 

 

The results show no indication of bias in analysed grades against the target grades and no indication 

of variation on a yearly basis.  Performance is reasonably consistent.  Comparison of absolute 

differences and percentage differences between target and actual grades show a reasonable 

performance against expectations.  

 

Whilst a range of SRM covering grades of 0.92g/t Au to 88.25g/t Au have been used, none of the SRM 

used for monitoring of analytical accuracy of Muruntau & Mutenbai samples were close to the grades 

used for domaining of mineralisation (0.3g/t Au and 0.5g/t Au).  This creates a risk that the analytical 

accuracy of grades at the point of defining mineralised and unmineralised material is unknown. 

 

Balpantau & Besapantau 

 

At Balpantau and Besapantau, a range of CRM were used covering high and low grades for Au analysis. 

A mixture of different CRM samples were used during this time period and different CRM were 

inserted into the samples stream for analysis alongside the primary samples from the different deposit 

areas. CRM results were recorded electronically in separate Excel sheets for each deposit with coding 

for the year of analysis. A number of CRM were used only a small number of times and the number of 

analytical results available for review were small, these were omitted from the review.   

 

The results of the CRM analysis were reviewed by WAI using control charts to monitor CRM 

performance in comparison to upper and lower standard deviation boundaries. Any trends and bias 

in the data over time were also considered in the control charts. A summary of results of the CRM 

submitted a significant number of times (generally >20 analytical results) by year and deposit are 

shown in Table 3.19 to Table 3.20. 
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Table 3.19:  Summary of Certified Reference Material Assaying for Au - Balpantau 

Standard 
Grade 

Au (g/t) 
Year 

Number 

CRM 

Samples 

Samples Outside ҕ 2 

Standard Deviations 

Samples Outside ҕ 3 

Standard Deviations 

Number 

Samples 

% 

Samples 

Number 

Samples 

% 

Samples 

B-1 0.97 2020 78 13 17% 5 6% 

˾˭˿ ˴-2 3.40 
2020 28 23 82% 20 71% 

2021 6 0 0% 0 0% 

Oreas 

296 
2.19 2021 42 15 36% 15 36% 

Oreas 

235 
1.59 

2021 28 12 43% 0 0% 

2022 8 2 25% 2 25% 

˾˭˿ ˴ˣ 1.89 

2021 124 2 2% 1 1% 

2022 58 3 5% 2 3% 

2023 33 1 3% 1 3% 

˾˭˿ ˴˨ 1.29 
2022 8 0 0% 2 25% 

2023 75 2 3% 1 1% 

 

The performance for the CRM analysis for Au at Balpantau can be summarised as follows: 

 

¶ Performance for B-м ŀƴŘ ˾˭˿ ˴-н /wa ƛƴ нлнл ǿŀǎ ƎŜƴŜǊŀƭƭȅ ǇƻƻǊΦ wŜǎǳƭǘǎ ŦƻǊ ˾˭˿ ˴-2 initially 

showed a positive bias before results trended downwards to within the target range as time 

went on. 

¶ Commercial CRM Oreas 235 showed only moderate performance although the two major fails 

are likely a result of mislabelling of CRMs with actual grades approximating other CRM.   

¶ Commercial CRM Oreas 296 overall shows poor performance although the worst performance 

occurred early in 2021 with performance improving thereafter. 

¶ ! ǎƛƎƴƛŦƛŎŀƴǘ ƴǳƳōŜǊ ƻŦ /wa ˾˭˿ ˴˨ ǿŜǊŜ ǳǎŜŘ ƛƴ нлно ŀƴŘ ǎƘƻǿ ƎƻƻŘ ǇŜǊŦƻǊƳŀƴŎŜΦ 

¶ Performance of the most commonly used CRM, ˾˭˿ ˴ˣΣ ǿŀǎ ƎƻƻŘ ǿƛǘƘ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ 

ŀƴŀƭȅǎƛǎ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ нлнм ŀƴŘ нлннΦ hŦ ǘƘŜ Ƨǳǎǘ ŦƻǳǊ ǎŀƳǇƭŜǎ ǘƘŀǘ ŦŀƛƭŜŘ ҕо{5 ƭƛƳƛǘǎΣ ǘǿƻ 

appear to be a result of sample mislabelling and no major bias in reporting was seen.  

¶ None of the CRM used for monitoring of analytical accuracy of Balpantau samples were close 

to the grades used for domaining of mineralisation (0.3g/t Au and 0.5g/t Au). 
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Table 3.20: Summary of Certified Reference Material Assaying for Au - Besapantau 

Standard 
Grade 

Au (g/t) 
Year 

Number 

CRM 

Samples 

Samples Outside ҕ 2 

Standard Deviations 

Samples Outside ҕ 3 

Standard Deviations 

Number 

Samples 

% 

Samples 

Number 

Samples 

% 

Samples 

˾˭˴ ˴-1 3.30 2020 28 13 46% 12 43% 

˾˭˿ ˴-2 3.40 2020 40 27 68% 25 63% 

˾˭˿ ˭-2 7.70 2020 23 17 74% 17 74% 

˾˭˿ ˴˨ 1.29 
2021 9 0 0% 0 0% 

2022 130 2 2% 5 4% 

˾˭˿ ˴ˣ 1.89 

2020 3 0 0% 0 0% 

2021 217 18 8% 1 0% 

2022 127 5 4% 2 2% 

2023 5 0 0% 0 0% 

 

The performance for the CRM analysis for Au at Besapantau can be summarised as follows: 

 

¶ Performance for the ˾ ˭˴ ˴-мΣ ˾˭˿ ˴-н ŀƴŘ ˾˭˿ ˭-2 CRM in 2020 was poor. Results for these 

CRM initially showed a positive bias before results trended downwards to within the target 

range as time went on. None of these CRM were analysed after 2020. 

¶ ! ǎƛƎƴƛŦƛŎŀƴǘ ƴǳƳōŜǊ ƻŦ /wa ˾˭˿ ˴˨ ǿŜǊŜ ǳǎŜŘ ƛƴ нлно ŀƴŘ ǎƘƻǿ ƎƻƻŘ ǇŜǊŦƻǊƳŀƴŎŜΦ 

¶ Performance of the most commonly used CRM, ˾˭˿ ˴ˣΣ ǿŀǎ ƎƻƻŘ ǿƛǘƘ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ 

ŀƴŀƭȅǎƛǎ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ нлнм ŀƴŘ нлннΦ ²Ƙƛƭǎǘ сΦр҈ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ ŦŀƛƭŜŘ ǘƘŜ ҕн{5 ƭƛƳƛǘǎ όу҈ 

ƛƴ нлнмύΣ ғм҈ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ ŦŀƛƭŜŘ ҕо{5 ƭƛƳƛǘǎ ŀƴŘ ƴƻ ƳŀƧƻǊ ōƛŀǎ ƛƴ ǊŜǇƻǊǘƛƴƎ ǿŀǎ ǎŜŜƴΦ  

¶ None of the CRM used for monitoring of analytical accuracy of Besapantau samples were close 

to the grades used for domaining of mineralisation (0.3g/t Au and 0.5g/t Au). 

 

3.5.7.5 Blank Samples 2020-2023 (Besapantau & Balpantau) 

 

Blank samples are composed of material that is known to contain grades that are less than the 

detection limit of the analytical method. Analysis of blank samples is a method used to monitor sample 

switching and cross-contamination of samples during the sample preparation or analysis processes.  

 

Blank samples have been included with the sample stream since 2020 for analysis at the primary 

laboratory in support of Besapantau and Balpantau. The blank sample material was prepared by 

Uzbekgeology Kidiruv.  WAI has been provided with results for 1,256 blank samples.  No blank sample 

results were provided for review in support of Muruntau and Mutenbai sample analysis. 

 

The results of the blank analysis were reviewed by WAI using control charts to monitor performance 

in comparison to an upper standard deviation boundary. Any trends and bias in the data over time 

were also considered in the control charts. The results of the blank performance are shown in Table 

3.21 for Au separated by deposit. Failures were determined based on ҕ5 times the assay detection 

limit with significant failures determined based on ҕ10 times the assay detection limit. 
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Table 3.21: Summary of Blank Sample Results (Au) 

Deposit Year 
Number of 

Blank Samples 

Samples > 5 x 

Detection Limit 

Samples > 10 x 

Detection Limit 

Number 

Samples 

% 

Samples 

Number 

Samples 

% 

Samples 

Besapantau 

2020 134 1 <1 0 0 

2021 243 12 5 6 3 

2022 274 1 <1 1 <1 

2023 5 0 0 0 0 

Balpantau 

2020 191 1 <1 1 <1 

2021 211 0 0 0 0 

2022 95 0 0 0 0 

2023 103 0 0 0 0 

Total 

2020 325 2 <1 1 <1 

2021 454 12 3 6 1 

2022 369 1 <1 1 <1 

2023 108 0 0 0 0 

 

Blank failures occur at a relatively low frequency and there does not seem to be systematic trends or 

bias indicative of pervasive cross contamination or sample switching. WAI does not consider the blank 

sample results to be an area of concern but would recommend that extreme results, be reviewed to 

ensure that transcription errors or sample switching has not taken place. 

 

3.5.7.6 Duplicate Samples 2019-2023 

 

Review Criteria 

 

The precision of sampling and analytical results can be measured by re-analysing a portion of the same 

sample using the same methodology. The variance between the results is a measure of their precision.  

Precision is affected by mineralogical factors such as grain size, distribution and inconsistencies in the 

sample preparation and analysis processes. There are several different duplicate sample types which 

can be used to determine the precision of the sampling process, sample preparation and analyses. A 

description of the main duplicate types is shown in Table 3.22.   
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Table 3.22: Summary of Duplicate Types 

Duplicate 

Type 
Duplicate Description 

Field 

Duplicate 

Sample generated by another sampling operation at the same collection point. Includes a 

second channel sample taken parallel to the first or the second half of drill core sample and 

submitted in the same or separate batch to the same (primary) laboratory. 

Preparation 

Duplicate 

Second sample obtained from splitting the coarse crushed rock during sample preparation 

and submitted in the same batch by the laboratory. 

Reject Assay 
Second sample obtained from splitting the coarse crushed rock during sample preparation 

and submitted blind to the same or different laboratory that assayed the original sample. 

Laboratory 

Duplicate 

Second sample obtained from splitting the pulverised material during sample preparation 

and submitted in the same batch by the laboratory. 

Duplicate 

Assay 

Second sample obtained from splitting the pulverised material during sample preparation 

and submitted blind at a later date to the same laboratory that assayed the original pulp. 

Check Assay 
Second sample obtained from the pulverised material during sample preparation and sent 

to an umpire laboratory. 

 

For the exploration completed between 2019 and 2023, WAI has been provided with results for check 

assays in support of the Muruntau and Mutenbai exploration data and duplicate assays and check 

assays in support of Besapantau and Balpantau exploration data. 

 

Duplicate precision levels were assessed by WAI based on HARD acceptance criteria. To reflect 

inherent variability of the different sample types the HARD criteria used would typically vary based on 

the duplicate type. A summary of the HARD (and equivalent ARD) criteria used in the analysis by WAI 

is shown in Table 3.23. 

 

Table 3.23: HARD Acceptance Criteria 

Duplicate Type Description 

Field Duplicate 90% of the population being less than 20% HARD (0.4 ARD) 

Preparation Duplicate 90% of the population being less than 15% HARD (0.3 ARD) 

Reject Assay 90% of the population being less than 15% HARD (0.3 ARD) 

Laboratory Duplicate 90% of the population being less than 10% HARD (0.2 ARD) 

Duplicate Assay 90% of the population being less than 10% HARD (0.2 ARD) 

Check Assay 90% of the population being less than 10% HARD (0.2 ARD) 

 

Summary results for the different duplicate sample types are shown below. 

 

Duplicate Assay Results (Internal Control) 

 

WAI were supplied with duplicate assay results taken after the pulverisation stage of sample 

preparation (to 0.074mm) with division and selection of the duplicate sample carried out from reject 

material for submission in a later batch at the primary laboratory.   
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Since 2021, all duplicate sample results are recorded in a single database albeit coded by deposit. 

Samples results are coded by year and so performance over time can be tracked. Duplicate assay 

results prior to 2021 are separated by deposit. Summary results are shown in Table 3.24. 

 

Table 3.24: Summary of Laboratory Duplicate Results for Au (Balpantau and Besapantau) 

Deposit Year 
Number 

of Pairs 

Mean 

Primary 

Samples 

Mean 

Duplicate 

Samples 

CV 

Primary 

Samples 

CV 

Duplicate 

Samples 

Correlation 

Coefficient 

% of 

Pairs 

<10% 

HARD 

Besapantau 2019 150 1.72 1.65 2.41 2.37 0.99 55.3 

Besapantau 2020 129 0.91 0.99 1.02 1.28 0.94 26.4 

Bes & Bal 2021 428 1.08 1.05 1.79 1.72 0.99 75.7 

Bes & Bal 2022 691 1.52 1.43 2.26 2.08 0.99 60.9 

Bes & Bal 2023 314 1.41 1.36 2.07 2.15 0.98 62.4 

 

The level of repeatability and therefore the precision of the combined duplicate assay set appears 

moderate to poor although a general improvement is seen in results after 2020 when compared to 

the Besapantau results from 2019 and 2020.   

 

Whilst correlation coefficients and comparison of overall means are generally good for all years, HARD 

analysis results are below the generally accepted target levels. WAI believes that failure rates against 

HARD acceptance criteria are potentially exaggerated by the fact that the primary laboratory reports 

Au grade to a single decimal figure. For example, in the 2022 combined data set, 270 of the 691 sample 

pairs failed the HARD acceptance criteria test (39% of sample pairs).  A total of 105 of these 270 sample 

pairs (with an overall mean grade of 0.33g/t Au) have an absolute difference in grade of exactly 0.1g/t 

which combined with the low mean grade of the sample pairs leads to a large relative difference.  With 

greater precision in reporting of grade these relative differences may be less then they currently 

appear. 

 

Check Assay Results (External Control) 

 

WAI were supplied with check assay results taken after the pulverisation stage of sample preparation 

(to 0.074mm) with division and selection of the duplicate sample carried out from reject material for 

submission in a later batch at an external laboratory.   

 

Check assay results in support of Muruntau and Mutenbai exploration results are available for the 

period 2019-2022.  A summary of the results of WAI analysis of these sample pairs is shown in Table 

3.25. 
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Table 3.25: Summary of External Laboratory Duplicate Results for Au - Muruntau & Mutenbai 

Deposit Year 
Number 

of Pairs 

Mean 

Primary 

Samples 

Mean 

Duplicate 

Samples 

CV 

Primary 

Samples 

CV 

Duplicate 

Samples 

Correlation 

Coefficient 

% of 

Pairs 

<10% 

HARD 

Muruntau 

& 

Mutenbai 

2019 533 3.49 3.57 0.99 1.00 0.99 87.1 

2020 728 3.63 3.68 1.00 1.00 1.00 91.9 

2021 730 3.69 3.72 1.00 0.99 1.00 93.6 

2022 571 3.90 3.85 0.99 0.98 0.96 86.5 

All 2,562 3.68 3.70 1.00 0.99 0.99 90.2 

 

For Muruntau and Mutenbai, results indicate no overall bias between the primary and external 

laboratory grades.  Correlation coefficients and comparison of overall means are generally good for 

all years. HARD analysis results are generally close to or above the accepted target levels. 

 

Check assay results for Balpantau and Besapantau are available for 2019-2023. Since 2021, all 

duplicate sample results are recorded in a single database albeit coded by deposit. Samples results 

are coded by year and so performance over time can be tracked. Duplicate assay results prior to 2021 

are separated by deposit. A summary of the results of WAI analysis of these sample pairs is shown in 

Table 3.26. 

 

Table 3.26: Summary of External Laboratory Duplicate Results for Au - Besapantau & Balpantau 

Deposit Year 
Number 

of Pairs 

Mean 

Primary 

Samples 

Mean 

Duplicate 

Samples 

CV 

Primary 

Samples 

CV 

Duplicate 

Samples 

Correlation 

Coefficient 

% of 

Pairs 

<10% 

HARD 

Besapantau 2019 150 1.72 1.48 2.41 2.19 0.97 25.3 

Besapantau 2020 161 1.30 1.23 1.22 1.36 0.99 57.8 

All 2021 429 1.08 1.02 1.79 1.66 0.99 54.6 

All 2022 691 1.52 1.44 2.26 2.18 0.98 63.1 

All 2023 313 1.41 1.36 2.07 2.22 0.98 51.8 

 

For Balpantau and Besapantau, the level of repeatability and therefore the precision of the combined 

duplicate assay set appears moderate to poor. A similar pattern is seen with the (internal) duplicate 

assay results in that whilst correlation coefficients and comparison of overall means are generally good 

for all years, HARD analysis results are below the generally accepted target levels. In addition, a 

consistent bias is seen with the external laboratory reporting lower grades than the primary 

laboratory. For the combined data set, this bias was 5.3% in 2021 and 2022 and 3.5% in 2023. 

  



JSC NAVOI MINING & METALLURGICAL COMPANY 

MINERAL RESOURCE AUDIT 

MURUNTAU CLUSTER GOLD DEPOSITS, UZBEKISTAN  
 

KZ10230/MM1714 
July 2024 

Final V2.0 Page 76 

 

3.5.7.7 Conclusions and Recommendations 

 

Conclusions 

 

As is common with projects that have undergone exploration and production over a long period, QAQC 

procedures for the deposits under review have altered to reflect typical procedures carried out at the 

time and reporting requirements at national and international level. 

 

Also as is common with such projects, primary data from early periods of exploration tends to be lost 

or hard copies of such data degrade over time. As such, not all QAQC data is available for review, even 

in a summary format. What data does exist has been reviewed and the following conclusions can be 

made. 

 

Historic data is limited to internal (primary laboratory) and external (umpire laboratory) pulp sample 

duplicate checks. No primary data was available for review and some summary data was also 

unavailable (notably all internal & external analysis for Muruntau & Mutenbai fire assay analysis). 

 

At Muruntau and Mutenbai, gamma activation duplicate results available for early programmes 

includes few or no samples below 0.6g/t Au. Given the domaining cut-off grade for resource 

estimation is 0.3g/t Au, this presents a gap in assessing analytical precision at this level. 

 

For Besapantau historical fire assay duplicates, failure rates were higher for external than internal 

duplicates but there was no evidence of bias or increased rates of failure for certain grade brackets.  

Balpantau historical fire assay duplicate results are incomplete and difficult to put into context but do 

show increased absolute and percentage discrepancy between sample pairs at lower grades for both 

internal and external analysis. An issue common to both Besapantau and Balpantau is that no historical 

fire assay duplicate analysis is available for grades close to the current domaining cut-off of 0.3g/t Au, 

presenting a risk in assessing analytical precision at this level. 

 

In more recent exploration programmes, reference samples, blank samples and internal & external 

pulp duplicate analysis has been carried out but these QAQC programmes are not consistent across 

deposits, nor is all data available for review. 

 

For Muruntau and Mutenbai, a range of reference samples were used to assess assay accuracy.  The 

results show no indication of bias in analysed grades against the target grades and no indication of 

variation on a yearly basis and comparison of absolute differences and percentage differences 

between target and actual grades show a reasonable performance against expectations. Whilst a 

range of SRM grades have been used, none of the SRM used for monitoring of analytical accuracy of 

Muruntau & Mutenbai samples were close to the grades used for domaining of mineralisation creating 

a risk that the analytical accuracy of grades at the point of defining mineralised and unmineralised 

material is unknown. 
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For Muruntau and Mutenbai gamma activation analysis duplicates carried out between 2017 and 

2019, the highest absolute and percentage errors are seen in the first grade class, 0.0 to 0.5g/t Au. 

This indicates a high risk that samples at, or close to, the cut-off chosen for more detailed fire analysis 

are misclassified.  

 

No internal fire assay duplicate analysis was available for Muruntau and Mutenbai from 2019 although 

external check sample results are available for review covering the period 2019-2022. These results 

indicate no overall bias between the primary and external laboratory grades. Correlation coefficients 

and comparison of overall means are generally good for all years. HARD analysis results are generally 

close to or above the accepted target levels. 

 

A range of reference samples were used to assess assay accuracy for Balpantau and Besapantau data 

between 2020-2023. Results of certain reference samples were poor in the early stages of this 

programme although general improvement over time is seen.  It is noted that none of the CRM used 

for monitoring of analytical accuracy of this set of sample data were close to the cut-off grades used 

for domaining of mineralisation. 

 

Blank samples were used for monitoring contamination during Besapantau and Balpantau exploration 

between 2020 and 2023. Blank failures occurred at a relatively low frequency and there does not seem 

to be systematic trends or bias indicative of pervasive cross contamination or sample switching. 

 

Internal fire assay duplicate samples were available for the 2019-2023 period for Balpantau and 

Besapantau.  The level of repeatability and therefore the precision of the combined duplicate assay 

set appears moderate to poor although a general improvement is seen in results after 2020.  External 

check assay results for Balpantau and Besapantau are available for 2019-2023. The level of 

repeatability and therefore the precision of the combined duplicate assay set appears moderate to 

poor. 

 

For Besapantau and Balpantau a combination of issues is seen with SRM and duplicates in particular.  

These issues may impact on each other, i.e. the poor accuracy shown by SRM results may impact on 

assessing the results of precision monitoring using duplicate samples.  However, an improvement is 

seen over time with SRM performance for Balpantau and Besapantau improving through 2022 and 

2023 and duplicate analysis in the most recent programmes better than in 2019-2020.  Problems still 

remain though and duplicate analysis results may be impacted by gravimetric reporting to 1 decimal 

place although this impact is impossible to quantify. In addition, the external laboratory used for 

checks against the primary laboratory for these deposits has a consistent negative bias against the 

primary laboratory. 
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Recommendations 

 

It is recommended that the gamma activation threshold for choosing which samples to send forward 

for fire assay analysis is lowered to avoid misclassification at Muruntau & Mutenbai.  At Besapantau 

and Balpantau, deposits with more discrete mineralised domains, the use of fire assay for all samples 

should be considered.  At these deposits, modelling of mineralised domain volume is more sensitive 

to boundary changes and if samples are wrongly though to be below cut-off grade on the basis of 

gamma analysis then this could impact on the ability to accurately model the mineralisation. 

 

All assay results from the primary laboratory should be reported to two decimal places.  This is 

common for gravimetric analysis of gold at commercial laboratories.  This would enable a better 

analysis of duplicate and standard reference material samples. 

 

WAI would recommend that a comprehensive and consistent QAQC programme be implemented 

across all sites and all drill programmes.  This would include the introduction of new types of QAQC 

samples.  WAI recommend the use of the following QAQC sample types to form a balanced 

programme assessing accuracy, precision and contamination and determining at which stage of the 

sampling and sample preparation process problems may be introduced: 

 

¶ Field duplicates: Taken as second halves of core from selected sample intervals, field 

duplicates would help assess the appropriateness of the sampling methodology in producing 

representative samples. 

¶ Coarse duplicates: Taken from reject material after the crushing stage at the primary 

laboratory to help assess the ability of the laboratory to produce homogenous material for 

final sample preparation stages. 

¶ Pulp duplicates: Taken from reject pulverised material to help assess the ability of the 

laboratory to produce homogenous material from which a final sub-sample for analysis can 

be taken. 

¶ External duplicates: Pulp duplicates analysed at an external accredited umpire laboratory to 

assess the performance of the primary laboratory.  WAI recommends using an external 

internationally accredited commercial laboratory. 

¶ Coarse blank samples: Introduced alongside primary drill core samples to monitor potential 

sample contamination at the sample preparation stage. 

¶ Fine blank samples: Introduced to the sample stream as pulverised material to monitor sample 

contamination at the assay stage.  This could be a barren Certified Reference Material sample. 

¶ Certified reference materials: Commercial CRM with known target grades and standard 

deviation should be included for a range of grades to monitor analytical accuracy. 

 

It is important that a certified reference sample close to the domaining cut-off grade be included as 

standard. The lowest grade standard sample in regular use at Besapantau and Balpantau is currently 

0.97g/t Au.  Being able to determine the accuracy of analysis of material at or around the domaining 

cut-off grade is crucial to being able to state with confidence that mineralised material is not being 

misclassified as waste (or vice versa) during the domaining stage of the Mineral Resource estimate.   
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WAI recommend a QAQC άƭƛōǊŀǊȅέ ōŜ ŘŜǾŜƭƻǇŜŘ ƛƴŎƭǳŘƛƴƎ ŀƭƭ QAQC data relevant to the ongoing 

operations, including historic and recent data.  This data should be easy to access, analyse and provide 

upon request.  Whilst the relevance of historic data will diminish over time with increasing depth of 

mining at Muruntau and increasing infill drilling, the data still acts as a basis for the confidence that 

can be placed in the current Mineral Resource estimates. 

 

3.5.8 Adequacy of Procedures 

 

WAI considers that current drilling, core sample collection and sample preparation at the Muruntau 

cluster are undertaken by competent personnel using procedures that are consistent with standard 

industry practice. 

 

Increased risk of sampling bias exists for historic core drilling (lower average recovery) and non-core 

sampling (underground channel, trench, reverse circulation drilling). Review of available QAQC data 

highlights a range of data quality issues around analytical accuracy and precision, alongside 

incomplete QAQC coverage and protocols. QAQC results improve and data gaps reduce in recent drill 

programmes, allowing this data to be used to indirectly verify historic datasets. 

 

Risks of sampling and analytical bias have been further assessed through a range of data verification 

checks outlined in the following section. 

 

 Data Verification 

 

3.6.1 Database Cut-Off Dates 

 

Drilling is on-going at all Muruntau Cluster gold deposits. Cut-off dates used to close the databases 

prior to Mineral Resource estimation were 15th November 2023 for Balpantau, 16th November 2023 

for Besapantau and 29th November 2023 for Muruntau and Mutenbai. 

 

3.6.2 Data Verification by NMMC 

 

3.6.2.1 Summary 

 

Data entry, validation, storage and database management is carried out by NMMC staff. All data are 

stored in an electronic database. The quality of the assay data contained within the databases is 

monitored by NMMC staff. Drillhole data is exported to csv files for subsequent import into Leapfrog 

modelling and estimation software.  

 

3.6.2.2 Comparison with GC Drilling 

 

For Muruntau and Mutenbai, NMMC conducted a visual comparison between the results of 

exploration and resource development drilling with overlapping GC data. In cases where the presence 

or absence of a significant mineralised intersection was not confirmed by the high-resolution (6m x 

6m) GC sampling, the drill holes were excluded from Mineral Resource estimation. 
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Whilst WAI considers the GC data to be derived from lower quality sampling (blast hole) and analytical 

methods (gamma activation), the high density of information is believed to make this an effective tool 

for identifying significant errors in the drillhole data. Using this approach NMMC has excluded 135 

drillholes for 49,730m. This represents a 2.8% failure rate. 

 

3.6.2.3 Verification Drilling 

 

Drilling since 2019 has benefited from higher drill recoveries and a more complete QAQC protocol. 

/ƻƴǘƛƴǳŜŘ ŘǊƛƭƭƛƴƎ ŀƭƭƻǿǎ baa/ ǘƻ ƛƴŎǊŜŀǎŜ ΨǊŜŎŜƴǘΩ ŘǊƛƭƭ ŎƻǾŜǊŀƎŜ ŀŎǊƻǎǎ ŀƭƭ ŘŜǇƻǎƛǘǎ ŀƴŘ ǊŜŘǳŎŜ ǘƘŜ 

reliance on historic data. 

 

The maps in Figure 3.10 to Figure 3.12 outline the spatial distribution of recent and historic diamond 

drilling at each deposit. No twin drillholes have been completed and WAI advises that this is a key gap 

in the verification work completed to date. Twin drillholes provide a robust test of the reliability of 

historic data, by minimising the effects of spatial variation and isolating the impact of any differences 

in drilling, sampling or analytical methods. WAI recommends twin drilling is systematically conducted 

across all generations of drilling that form a significant proportion of the MRE drillhole database for 

each deposit. 

Whilst no twin drillholes are available, NMMC has infilled regions of historic drilling with recent 

drillholes as part of resource development. The comparison between historic drilling with adjacent 

recent drillholes provides some data verification, whereby dramatic changes in mineralisation grade 

and/or width over very short distances may indicate data quality issues. Like the GC drilling 

comparison, WAI considers this to be an effective check for the most significant errors. 

 

The Muruntau and Mutenbai deposits have the smallest proportion of recent drilling. Recent drillholes 

ǇǊƻǾƛŘŜ ΨǎǇƻǘ ŎƘŜŎƪǎΩ ŀŎǊƻǎǎ Ƴƻǎǘ ƻŦ aǳǊǳƴǘŀǳ ōǳǘ ŀǊŜ ƭƛƳƛǘŜŘ ƛƴ aǳǘŜƴōŀƛΦ aƻǎǘ ǎƘƻǿ ǊŜŀǎƻƴŀōƭŜ 

correlation with adjacent historic drillholes (e.g. Figure 3.15A). 
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Figure 3.15: (A & B) Cross Sections Comparing Historic and Recent Drill Results and (C) Map of 

Region Excluded from the MRE 

 

One exception is a cluster of historic drillholes with mineralised intersections NE of Mutenbai, where 

recent drilling has so far not confirmed the width or grade of the historic results (Figure 3.15B and C). 

Drilling in this area has been excluded from Mineral Resource estimation and highlights the risk 

associated with all Muruntau Cluster historic data. The Chukurkuduk deposit was excluded from this 

study pending the results of ongoing verification drilling. 

 

At Besapantau and Balpantau there are large regions where recent drilling overlaps with or staggers 

between historic drillholes. In general, the recent drilling conforms well with the results in nearby 

historic drillholes and underground channel samples (Figure 3.16). There are cases of poor correlation, 
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however these are infrequent, spatially isolated, and often cannot be confidently attributed to the 

presence of erroneous data rather than low continuity mineralisation (e.g. Figure 3.16A). 

 

 
Figure 3.16: Sections Comparing Historic and Recent Drill Results at (A & B) Besapantau and (C) 

Balpantau 

 

3.6.3 Data Verification by WAI 

 

3.6.3.1 Site Visit 

 

A site visit has been undertaken by WAI (6-9 November 2023) and included the following inspections: 

 

¶ Extent of exploration work completed to date; 

¶ Review of drill core logging, sampling, sample preparation, analysis and QAQC procedures; 

¶ Inspection of the core logging, sampling and storage facilities; 
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¶ Inspection of selected drill core from all Muruntau Cluster deposits to confirm the nature of 

the mineralisation and the geological descriptions; and 

¶ Inspection of geology and mining operations at the Muruntau and Balpantau open pits. 

 

3.6.3.2 Database Review 

 

A review of the Muruntau Cluster drillhole databases was carried out by WAI and included the 

following checks: 

 

¶ Verification that collar coordinates coincide with topographic surfaces; 

¶ Ensuring each drill hole collar recorded has valid XYZ coordinates; 

¶ Ensuring collar coordinates are inside expected limits; 

¶ Checking for the presence of any duplicate drill hole collar IDs or collars with duplicate collar 

coordinates; 

¶ Ensuring all drillholes have a valid downhole survey; 

¶ Verification that downhole survey azimuth and inclination values display consistency; 

¶ Ensuring samples and down hole surveys do not exceed maximum depths of drill holes; 

¶ Checking for missing samples and their location; 

¶ Evaluation of minimum and maximum grade values; 

¶ Evaluation of minimum and maximum sample lengths; 

¶ Assessing for inconsistencies in spelling or coding (typographic and case sensitive errors); and 

¶ Ensuring full data entry and that a specific data type (collar, survey, lithology and assay) is not 

missing and assessing for sample gaps or overlaps. 

 

Overall, WAI found the drillhole databases to be in good condition, with only a small number of minor 

errors identified that would not have a material impact on Mineral Resource estimation. 

 

3.6.3.3 Checks for Bias 

 

WAI has completed an independent statistical comparison between datasets, to help detect any bias 

in the sample data due to differences in sample type or changes in sampling and/or analytical 

procedures over time. To isolate these factors from natural local variation in the mineralisation, 

distance functions have been used to limit comparisons to samples within a short distance (e.g. Figure 

3.17). Compositing was also completed to standardise sample support between datasets and reduce 

the influence of volume-variance effects. Using this approach, any large differences between sample 

distributions provides a warning that one dataset may contain significant errors. 
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Figure 3.17: Muruntau Level Plan Demonstrating Approach for Restricting Statistical Comparisons 

to Closed Spaced Data 

 

The large GC database at Muruntau and Mutenbai provides a useful check on the reliability of other 

data types. This check relies on the assumption that any errors in the GC sampling and analysis, are 

largely offset by the exceptional volume and density of the GC sample data. This is an important 

assessment given the limited amount of recent drilling and associated QAQC coverage at these 

deposits. 

 

At Muruntau and Mutenbai, close spaced (<5m) drilling and GC data compare well (Figure 3.18A). 

Slight positive bias is evident in the plots comparing UG sampling with GC data (Figure 3.18B), however 

when average grades above resource (0.3g/t) and mining (0.5g/t) cut-offs are calculated, differences 

are typically around +5%. When compared directly, drilling and UG sampling data show similar 

distributions. Separating and comparing DD drilling with RC drilling, also generates a near 1:1 Q-Q plot 

(Figure 3.19). 

 

Overall, there is no evidence for material bias between different sample types at Muruntau-Mutenbai, 

which supports the NMMC decision to include DD drilling, RC drilling and UG sampling in Mineral 

Resource estimation. 
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Figure 3.18: Muruntau-Mutenbai Statistical Comparisons between a Range of Datasets  
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Figure 3.19: Muruntau Q-Q Plot between DD and RC Drilling 

 

Besapantau and Balpantau have a much larger proportion of recent drilling with QAQC results, which 

can be used to compare with and help verify the historic drill data. Comparison between <10m spaced 

composites in Figure 3.20, shows no material bias at Besapantau and potential for historic results to 

understate grade at Balpantau (-9% difference in average composite grade above 0.5g/t cut-off). Given 

the magnitude and downside nature of the differences at Balpantau, WAI accepts the decision to 

include historic data at both deposits at this stage. This decision should be reviewed based on the 

results of twin hole drilling. 

 

 
Figure 3.20: Q-Q Plots between Historic and Recent DD Drilling at Besapantau and Balpantau 
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Q-Q plots comparing close spaced (<10m) DD drilling and trenching at Balpantau, show strong positive 

bias in the trenching results (Figure 3.21). This may be due to the presence of near-surface supergene 

enrichment, over-represented in the surface trenching. To ensure this grade is not extrapolated to 

depth, WAI agrees with the decision to exclude all trenching from the Balpantau Mineral Resource 

estimation. At Besapantau, only the most recent trenching oriented orthogonal to the strike of 

mineralisation was included in the final resource model. This compromise appears to remove the most 

obvious trench related artifacts and inconsistencies in the mineralisation model. 

 

 
Figure 3.21: Q-Q Plots between Trenching and DD Drilling at Besapantau and Balpantau 

 

3.6.4 Adequacy of Data 

 

The verification procedures carried out by WAI confirmed the integrity of the data contained in the 

electronic databases. WAI considers that QAQC and data verification completed to date, have been 

used to select a subset of the drillhole databases deemed appropriate for Mineral Resource and Ore 

Reserve estimation. 

 

 Mineral Resource Estimate 

 

3.7.1 Introduction 

 

The Mineral Resource estimates discussed in this report are located within NMMCΩǎ Muruntau Cluster, 

contained in the Muruntau, Mutenbai, Besapantau and Balpantau gold deposits. The Chukurkuduk 

deposit was excluded from this study pending the results of ongoing verification drilling. Mineral 

Resource estimation was completed by NMMC using drillhole databases and geological models 

developed by the NMMC geology team and its subcontractors. Optimised pit shells used to constrain 

Mineral Resource reporting were generated by WAI based on parameters provided by NMMC. 

 


















































































































































































































































































































