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1. SUMMARY 

1.1 INTRODUCTION 

This Technical Report (the Report), prepared in accordance with the Canadian disclosure requirements of National 

Instrument 43-101 (NI 43-101), and in accordance with the requirements of Form 43-101F1, presents the findings 

of a Definitive Feasibility Study (DFS) completed on the K.Hill Battery-Grade Manganese Project (the òK.Hill Projectó 

or the òProjectó), located approximately 5 km southwest of the town of Kanye, Botswana. 

Giyani Metals Corp. (Giyani), through its wholly owned subsidiary local to Botswana, Menzi Battery Metals (Pty) 

Limited (Menzi) intends to develop the Project. Giyani is focused on becoming a dominant western-world producer 

of sustainable, low-carbon, high-purity battery -grade manganese for the electric vehicle (EV) and energy storage 

systems (ESS) industries. Giyani has developed a hydrometallurgical process to produce battery-grade high-purity 

manganese sulphate monohydrate (HPMSM) and high-purity manganese oxide (HPMO), lithium-ion battery (LIB) 

cathode precursor materials critical for the EV and ESS industries, directly from ore supplied by Giyaniõs manganese 

oxide (MnO) deposits.   

The K.Hill Project name is derived from Kgwakgwe Hill (K.Hill), a manganese-rich outcrop located at the southern 

extent of the town of Kanye in southern Botswana. The orebody is expected to be extracted from an open pit using 

conventional truck-and-shovel mining methods managed through a contractor mining execution strategy. The 

mine schedule focuses on early extraction of high-grade mineralised material. Mined mineralised material will be 

managed through dedicated high -, medium-, and low-grade stockpiles, which will ensure a continuous supply to 

the planned processing plant at the highest available grade. 

At the request of Giyani, Wood Limited (Wood) has co-ordinated the input from several independent consultants 

in preparing the Report for the K.Hill Project, as announced by Giyani on 28 May 2026. 

The independent consultants contributing to the compilation of the Report are as follows:  

¶ Wood is a global leader in consulting and engineering, helping to unlock solutions to critical challenges in 

energy and materials markets, and provides consulting, projects and operations solutions in 60 countries, 

employing approximately 35,000 people.  DFS services were provided out of Johannesburg, South Africa and 

Qualified Persons (QP) services from Perth, Australia.  

¶ ERM Global offers independent geological consulting services internationally.  QP services provided regionally 

from Southern Africa. 

¶ Knight Piésold is an employee-owned, global consulting firm providing specialist services to the mining, 

power, water resources, and infrastructure industries. Knight Piésold has a 1,000-strong team operating from 

28 offices across 16 countries. Knight Piésold provided consulting and QP services from South Africa and 

Botswana. 

¶ Ukwazi Mining Studies Pty Ltd (Ukwazi), an independent mining consulting firm based in Pretoria South Africa. 

¶ Loci Environmental (Pty) Ltd (Loci), a Botswana-based company, appointed to complete Environmental Impact 

Assessment (EIA) services for the Project.  

¶ Coastal & Environmental Services (Pty) Ltd (CES) based in Gqeberha, South Africa, provided independent 

environmental QP services. 

The effective date of the NI43-101 report is 28 May 2026. 
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1.2 PROPERTY DESCRIPTION AND OWNERSHIP 

Giyaniõs licences extend over 1 884 km2 of tenements, with the K.Hill Project located in a 438 km2 prospecting 

licence area, held under the Botswana-registered entity, Menzi Battery Metals, a wholly owned subsidiary of Giyani.  

Giyani holds the exclusive right to engage in prospecting activities for metals within the Project area through seven 

prospecting licences (PLs) issued under Part IV of the Mines and Minerals Act of the Republic of Botswana (CAP. 

66:01) (MMA), as amended by the Mines and Minerals (Amendment) Act, 2024. 

 The Project is located within PL322/2016. All of Giyaniõs PLs were renewed on the 1 October 2024 and are valid 

until 30 September 2026, with the exception of PL258/2017, which was renewed on the 1 April 2025 and expires 

on the 31 March 2027. Under Botswanaõs MMA, as amended by the Mines and Minerals (Amendment) Act, 2024, 

a PL is granted for an initial term of up to three years and may be renewed for up to three additional periods of 

two years each. Giyaniõs PLs, originally granted in 2016, have therefore exceeded the standard renewal period 

contemplated under the Act. However, Section 17(6) of the MMA permits the Minister to grant additional renewal 

periods where a mineral discovery has been made and evaluation work has not been completed, despite proper 

efforts made.  

According to the MMA, the holder of a PL, may at any time not later than 3 months before the expiry of such 

licence, apply for renewal of the PL, provided that (a) the applicant is not default and (b) the proposed programme 

of prospecting operations is adequate (Government of Botswana, 1999). Giyani intends to renew all of the seven 

(7) PLs. Exploration activities undertaken during the current validity period have identified sufficient geological 

anomalies and encouraging results to support continued develo pment and evaluation of the licence areas. 

Giyani holds Mining Licence ML0434/2024 for the K.Hill Project, granted by the Ministry of Minerals and Energy of 

Botswana on September 11, 2024. The licence is valid for 15 years, from 30 August 2024 to 29 August 2039. It is 

issued under the provisions of the MMA. 

The licenced mining area is sufficient to support the operational footprint required for the K.Hill Project over the 

Life of Mine (LoM). In accordance with the MMA, the licence requires Giyani to pay an annual fee under section 71, 

as well as a monthly royalty on production under section 66 once mining operations commence.  

The Mining Licence (ML) is renewable, with each renewal permitting an extension of up to 25 years. In line with the 

2024 amendments to the MMA, Giyani is also required to make adequate financial provision for rehabilitation and 

closure under section 65, using an approved mechanism such as a trust fund or bank guarantee, and adequate 

funds, to fully comply with all closure and rehabilitation requirements have been allowed in the cost estimates . 

The Project area is accessible via well-networked paved national roads, namely the A1 and A2 highways. The K.Hill 

Project is located within a few kilometres of the A2 highway, which runs from Buitepos at the Namibian border; 

through Jwaneng, Kanye, and Lobatse, to the South African border at Pioneer Gate, near Zeerust, South Africa. The 

A2 is a major component of the Trans-Kalahari Corridor, which is a highway corridor that provides a direct route 

from Maputo in Mozambique via Pretoria to central Namibia, t o Windhoek and the port of Walvis Bay. The A1 runs 

from Gaborone (the capital of Botswana) past the junction with the A2. The Sir Seretse Khama International Airport 

in Gaborone provides links to major cities in southern and central Africa. 

In Kanye, the summers are long, warm, and partly cloudy and the winters are short, cold, dry, and clear. Over the 

course of the year, the temperature typically varies from 4 °C to 30 °C and is rarely below 0 °C or above 34 °C. 

Kanye experiences significant seasonal variation in monthly rainfall. The climate is generally considered to be warm 

and arid with a summer rainfall season. Operations can continue throughout the year. 

Kanye is at an elevation of approximately 1 300 masl, and Kgwakgwe Hill forms a distinct topographical feature 

next to Kanye, with elevations reaching approximately1,500 masl. Various waste dumps, discards, stockpiled 

manganese mineralisation, and tailings occur in the K.Hill Project area, which together with cuts into the steep 

hillside from historical open pit mining, have disrupted the natural topography.  
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The K.Hill Project is located outside of Kanye, which has electricity supplied from the national grid. Kanyeõs water 

is supplied from the North South Carrier (NCS) water transfer scheme, which transfers water from multiple dams 

in northern Botswana, and a series of well fields surrounding the town.  

1.3 GEOLOGY AND MINERALIZATION 

1.3.1 Regional Geology  

The stratigraphy in the K.Hill Project area consists predominantly of late-Archean to early- and middle- Proterozoic 

rocks from the Ventersdorp (meta-volcanics) and Transvaal (meta-sedimentary) Supergroups, as well as the early-

Precambrian Gaborone Granite (intrusive) and later Waterberg (sedimentary) Groups (Key and Ayres 2000). The 

Archean basement in southeast Botswana is well studied on a regional scale, and maps are generally accurate. The 

deposit occurs within the mapped Transvaal Supergroup sediments, consisting of shales, quartzites, limestones, 

and conglomerates and in the vicinity of the Kanye Group (part of the Ventersdorp Supergroup), consisting of a 

variety of extrusive lavas and subordinate siltstones and shales. 

1.3.2 Local Geology  

The mineralisation at the K.Hill Project is primarily associated with the upper shale horizon of the Black Reef 

Quartzite Formation. The quartzite package underlying the shales rests unconformably on Archaean felsites of the 

Kanye Volcanic Group. The shales in turn are overlain by the chert breccias of the Paupone Dolomite Group, which 

suggests non-deposition of the intervening dolomites or a massive unconformity. The Kgwakgwe Chert Breccia 

Formation in the Kanye area can be subdivided into two main varieties: 

¶ A dark-brown chert breccia with milk -white angular chert fragments, cemented together by brown haematitic 

material. 

¶ A reddish-brown chert breccia with abundant jaspilitic fragments and a high content of jasper in the matrix.  

Six lithologies were consistently intersected during drilling operations at the K.Hill Project. These include a chert or 

chert dolomite breccia unit, which occurs at the top of the stratigraphic sequence. Below that is an approximately 

50 m thick package of shale identified to be part of the Black Reef Quartzite Formation, which hosts  manganese 

mineralisation within the shale units. Below this shale is an iron-rich shale, which is often intruded by manganese 

oxide material along fractures and joints. Below the iron shale (Fe-shale) lies a lower iron shale unit, typically a 

beige colour with no significant manganese content. A shale-containing manganese clay is also observed within 

the beige shale. Between the overlying shales and the felsite footwall unit lies a conglomerate marker unit, 

observed in almost all the drillholes. In some holes this marker conglomerate has a gritty texture with small clasts 

and is also mineralised with manganese oxides. 

The Mn-shale horizon extends at surface in outcrop in the north and to the south below surface, where its presence 

has been intersected in drillholes. To date, the known strike length of the horizon is 1.9 km. The stratigraphy has 

been duplicated by thrust ing in places, and, to the south, the mineralised horizon has been extensively downfaulted 

by steeply dipping east-north -northeast trending faults. The shales have been intensely folded and slumped in the 

vicinity of these dislocations, and in addition, subparallel breccia zones and quartz veining may be evident. 

The entire Transvaal package is cut out against the Waterberg sediments to the west of Kgwakgwe Hill along a 

series of inferred northerly trending faults.  

The Mn-shale outcrops along the northerly scarp slope of the Kgwakgwe Hill and dips into the hill. The strata at 

the K.Hill Project dip gently toward the northwest, at an average of approximately 5° to 10°. Numerous outcrops 

display parasitic folding, with  local dips varying from 45° to almost subvertical. This is not consistent with the 

overall shallow dip of the Mn -shale and adjacent units. Where the deposit outcrops in the north, the Mn-shale unit 

is kidney shaped. The unit varies between approximately 2 m to 15 m thick, with an average thickness in the order 

of 4 m and has a delineated extent of approximately 1 900 m north -south and 350 m east-west. Some of the thicker 

intersections may be local fold duplications of a single horizon. In general, the southern extension area shows 

greater thicknesses of the mineralisation than in the north. 
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1.3.3 Deposit Type 

The Cannon and Force (1986) model describes a depositional environment for many sedimentary manganese 

deposits formed during periods of high sea level and stratified marine conditions. Manganese precipitation 

typically occurs where horizontal oxidation -reduction interfaces intersect shallow marine substrates within 

embayments. These deposits are usually thin, flat-lying stratiform or stratabound layers of enormous lateral extent. 

They occur in condensed stratigraphic sequences, formed under low-energy conditions with minimal clastic 

dilution, and are commonly located near basin margins, often less than 100 meters above the basement. 

Host rocks include sandstone or orthoquartzite, siltstone, claystone, shales, and black shale, with subordinate marls 

and poorly consolidated limey sediments. Diatomaceous clays, radiolarian sediments, and shell beds are common, 

while footwall rocks often contain organic-rich and pyrite-bearing shales and glauconitic sands. Mineralisation 

typically occurs in three facies: oxide, oxide-carbonate, and carbonate. At the K.Hill deposit, only the oxide facies 

are evident, comprising cryptomelane-group minerals, pyrolusite, and other manganese oxides, with gangue 

minerals such as clays, carbonates, glauconite, quartz, and chert. Oxide-carbonate facies, if present, would include 

psilomelane, manganite, manganoan calcite, and rhodochrosite, while carbonate facies typically contain 

rhodochrosite, kutnohorite, siderite, and mixed manganese-iron carbonates, along with gangue minerals like clays, 

carbonates, glauconite, and organic matter. 

Secondary processes such as weathering and supergene enrichment are common, enhancing manganese grades 

and creating sharp contact between primary and enriched zones. Penecontemporaneous erosion and sedimentary 

reworking can further increase grades. Primary mineralisation generally contains 20ð40% manganese with low iron, 

while secondary enrichment can raise manganese content to 30ð50%, still with low iron. Host rocks are typically 

low in iron overall. Notable examples of this mineralisation style include Groote Eylandt in Australia, Nikopol and 

Bolshoi Tokmakskoe in Ukraine, Chiatura in Georgia, and Obrochischte in Bulgaria. 

1.4 MINERAL RESOURCE ESTIMATE (MRE) 

1.4.1 Exploration  

Early exploration at the K.Hill Project was designed to geologically map and geochemically sample the prospect 

licence area. Outcropping mineralisation, as well as exposed mineralisation in the historical mining pits, were 

sampled. Various mineralisation styles were observed and sampled. Grab samples were taken from the K.Hill shale 

within and away from the Mn -shale outcrop. 

Channel chip sampling was conducted at the K.Hill Project at two locations. The aim was to collect representative 

samples from the Mn-shale without any loss in material. The intended use of the samples was for future 

metallurgical test work. 

Giyani engaged Remote Exploration Services (Pty) Ltd. (RES) to complete high-resolution ground gravity and 

ground magnetic surveys over the K.Hill Project. RES (2018) described the geophysical surveys as follows: 

The K.Hill Project ground gravity grid comprised 1 987 planned gravity stations. All gravity grids were planned with 

50 m spaced stations. Ground magnetic data were collected on the same survey lines as the gravity grids along north-

northeast to south-southwest oriented lines at the K.Hill Project. All data were collected in continuous surveying 

(Walkmag) mode, which translates to a reading every 1 m to 2 m on 50 m spaced survey lines. In total, 101 km of 

magnetic data was collected over the K.Hill Project. Three, 1 km induced polarisation (IP)/direct current (DC) traverses 

were undertaken based on the results from the gravity and magnetic data. 

Ground gravity station positions were measured using a Trimble R6 real-time kinematic (RTK) differential global 

positioning system (DGPS). Coordinates for the beacons were provided by the Botswana Department of Surveys 

and Mapping in Cape LO25 format with orthometric heights. These coordinates were transformed to World 

Geodetic System 1984 (WGS84) Universal Transverse Mercator (UTM) 35S. Gravity station positions were marked 

and measured by walking a pattern that included approximately 5% internal repeats as well as approximately 5% 

external repeats. Following RTK surveying, gravity readings were taken over all stations. A Scintrex CG-5 Autograv 

gravity meter was used to complete the gravity survey. 
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Magnetic data was collected using a GEM Systems Inc. (GEM) GSM19 Overhauser magnetometer in Walkmag at a 

1-second sampling interval. A GEM proton precession magnetometer was used to monitor and correct for diurnal 

variations. Location data was collected with handheld GPS, which was time synchronised with both Walkmag and 

base station magnetometers. 

With regards to IP/DC data collection and to evaluate the effectiveness of IP/DC techniques, three, (approximately) 

1 km lines of IP/DC were collected. IP/DC traverses were designed to extend from felsic volcanic basement (Kanye 

Volcanic Formation), over the basal unit of the Transvaal quartzites (Black Reef Quartzite Formation), into Lower 

Transvaal shales (Kgwakgwe Shale Formation), and into Upper Transvaal chert breccia (Kgwakgwe Chert Breccia 

Formation). The results of the ground gravity data were used to assist with the survey design. IP/DC data were 

collected in dipole -dipole configuration with a = 50 m and n = 1 -7. A Zonge GDP32 receiver, a GGT10 10 kVA 

transmitter, and a ZMG 7.5 kVA generator were employed. 

1.4.2 Drilling  

Giyani conducted six drilling programmes at the K.Hill Project between 2018 and 2024. A total of 5 177 m of 

diamond drilling (DD) across 106 drill holes and 11 328 m of reverse circulation (RC) drilling across 199 drill holes 

to delineate the deposit during the period. Drilling was completed on approximately 35 m to 50 m centres in the 

northern area of the deposit and approximately 75 m to 100 m centres in the so uthern area and 125 m in the 

southern extension area. 

Density determinations completed in Phase 1 used samples that were not dried, nor wax coated prior to 

undertaking the density determinations. Thus, the recorded densities were considered wet and not dry and were 

not used in the Mineral Resource estimate. 

Density determinations completed in subsequent phases used the Archimedean water immersion method on 

pieces of core in both mineralised and waste rock. Giyani established that, when completely dry, the core samples 

tend to fragment and break down more read ily once placed in water, precluding straightforward density 

determinations. To avoid disintegration, samples were wax coated prior to immersion.  Density determinations 

using the Archimedean water immersion method were used in the Mineral Resource estimate. 

1.4.3 Sampling Preparation, Analysis, and Security  

1.4.3.1 Sample Preparation  and Security  

Samples were dispatched in batches of approximately 100 samples. The sample batches were exported by Aramex 

(for the DD programme) and Pinnacle Express (for the RC programme) to SGS Randfontein in South Africa for 

geochemical analysis. The chain-of-custody was maintained by signature at every point in which the samples 

changed hands, from the core shed in Kanye, where the samples were stored, to the laboratory. As part of the 

laboratory procedure, all samples were weighed. All persons involved in the chain-of-custody were required to 

submit a copy of their receipt of handover of the samples to the project manager for record keeping on site.  

DD core and RC chip samples were prepared and analysed at SGS Randfontein. This is an independent commercial 

laboratory, which is International Organization for Standardization (ISO) 17025 accredited by the South African 

National Accreditation System for chemical analysis. The sample preparation method code is PRP87. 

1.4.3.2 Analysis  

All samples were assayed at SGS Randfontein using method XRF76V, which assays major element oxides by x-ray 

fluorescence (XRF) using borate fusion. The oxides assayed included aluminium oxide (Al2O3 ), calcium oxide (CaO), 

chromium oxide (CrO2), iron oxide (Fe2O3), magnesium oxide (MgO), manganese oxide, sodium oxide (Na2O), 

phosphorus pentoxide (P2O5), potassium oxide (K2O), silicon dioxide (SiO2), titanium dioxide (TiO2), and vanadium 

pentoxide (V2O5) reported in percent. Loss on ignition (LOI) was also determined. 
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1.4.4 Data Verification  

An extensive QA/QC programme was implemented to support assay data. The results of the QA/QC for the K.Hill 

Project do not indicate any significant contamination and demonstrate a high degree of accuracy and precision. 

The check laboratory assays confirm the primary laboratory assays within close limits. Sampling and sample 

preparation methodologies are aligned with standard industry pract ice. Assay methodology is appropriate for the 

type of mineralisation. 

The Qualified Person (QP), Mr. Malcolm Titley, Principal Resource Consultant with ERM Global, MAIG, MAusIMM 

and a Qualified Person as defined under NI 43-101, conducted a site inspection of the K.Hill Project on July 22, 

2024 in support of the Mineral Resource estimate. 

The QP accessed the K.Hill Project area by vehicle and conducted field explorations on foot. Several outcrops and 

historic mining excavations, both surface and underground, were observed. Collar locations of drillholes were 

verified in the field. The core processing facility was inspected with regards to core storage and quality. Drilling 

was not taking place at the time of the visit; therefore, physical sampling of core was not observed. Drill core and 

RC drilling chips were inspected relative to the original geological logs and digital geological logs contained within 

the supplied database. All logging data in the original and digital logs were verified by means of cross checks 

against the two log types and the core. The methodology for in -situ dry bulk density analysis was reviewed and 

adjusted. During the inspection of the holes by the QP, assays contained in the database were checked relative to 

geological logging and the core for signs of mineralisation. Mineralisation was evident in the core, and in al l 

instances, mineralisation occurring in the core was evident in the recorded logging and assays. 

In 2022, SRK undertook an analysis of the twin drilling completed by Giyani, comparing Phase 1 DD holes against 

the Phase 2 RC holes. CSA Global updated the study with newly acquired twin data. 

The QP considers the drilling, sampling, assaying, and QA/QC procedures utilised by Giyani have resulted in data 

that is of sufficient quality to support the MRE. The QP has verified the data to the extent described above and 

confirms its suitability and adequacy as such. 

1.4.5 Mineral Resource Estimates  

ERM completed an MRE for Giyaniõs K.Hill Project deposit. Mr. Finn Oman (Senior Resource Consultant) conducted 

the modelling, estimation, and mineral resource classification. Mr. Malcolm Titley (Principal Resource Consultant) 

peer reviewed the MRE and is the QP. 

The current MRE has an effective date of October 20, 2025, was prepared in accordance with the Canadian Institute 

of Mining, Metallurgy and Petroleum (CIM) CIM Definitions and Standards on Mineral Resources and Mineral 

Reserves (CIM 2014) and is reported in accordance with the Canadian Securities Administrators (CSA) NI 43-101 

Standards of Disclosure for Mineral Projects (CSA 2016a), Companion Policy 43-101CP (CSA 2016b), and Form 43-

101F1 (CSA 2011). The MRE was reported on March 27, 2026.  

This MRE is based on interpretations from assays and geological logging. Apart from the initial sample data 

preparation and intermediate spreadsheet processing, all interpretations, modelling, estimation, and model 

validation was conducted using LeapfrogË and Datamine StudioRMË software. Snowden SupervisorË software 

was used to conduct statistical analysis. 

The MRE workflow can broadly be summarised as follows: 

¶ data validation and preparation  

¶ interpretation of the geology and mineralisation domains  

¶ coding, compositing, and capping of composites  

¶ exploratory data analysis and statistical analysis 

¶ variogram analysis 

¶ block model construction  
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¶ grade interpolation  

¶ block model validation  

¶ density assignment 

¶ reasonable prospects for eventual economic extraction 

¶ Mineral Resource classification and Mineral Resource reporting 

CIM Definition Standards for Mineral Resources and Mineral Reserves (CIM 2014) require that resources have 

reasonable prospects for eventual economic extraction (RPEEE). This generally implies that the quantity and grade 

estimates meet certain economic thresholds and that the Mineral Resources are reported at an appropriate cut-

off grade, considering possible extraction scenarios and processing recoveries. To satisfy the requirement of 

reasonable prospects for economic extraction by open pit mining, reporti ng pit shells were determined based on 

conceptual parameters and costs supplied by Giyani and reviewed for reasonableness by the QP. 

The Mineral Resource is reported above a cut-off grade of 8.8% manganese oxide and comprises 1.8 Mt of 

Measured material at a grade of 20.8% manganese oxide, 4.2 Mt of Indicated material at a grade of 14.7% 

manganese oxide, and 4.4 Mt of Inferred material at a grade of 14.7% manganese oxide. Mineralisation below the 

reporting pit shell is not considered a Mineral Resource, as it does not have reasonable prospects for economic 

extraction at the time of reporting  

Table 1-1: K.Hill Project mineral resource at a cut -off grade of 8.8% manganese oxide as of 20th October 2025  

Mineral Resource Classification Tonnage 

(Mt) 

MnO (%) Al2O3 (%) SiO2 (%) Fe2O3(%) LOI (%) 

Measured 1.8 20.8 10.1 38.4 16.0 7.6 

Indicated 4.2 14.7 8.9 49.7 13.5 7.4 

Total Measured and Indicated 6.0 16.5 9.3 46.3 14.3 7.5 

Inferred 4.4 14.7 8.0 52.3 11.4 7.9 

Notes: 

1 The Mineral Resource has been classified and reported under the guidelines defined by the Canadian Institute of Mining, Metallurgy and 
Petroleum in their document CIM Definition 

2 Standards for Mineral Resources and Mineral Reserves (CIM 2014). 
3 Mineral Resources are not Mineral Reserves and have not demonstrated economic viability. 
4 Mineral Resources are stated as in situ dry tonnes; figures are reported in metric tonnes. 
5 Figures have been rounded to the appropriate level of precision for the reporting on Mineral Resources. 
6 Estimation has been completed within six different mineralisation domains. 
7 Mineral Resources are reported assuming open pit mining methods. 
8 The Mineral Resource is reported within a conceptual pit shell determined using a price of USD1,006/t Ore based on 72% HPMO and 32.51% 

HPMSM with average grade of 15.8% MnO (12.2% Mn), conceptual parameters, and costs to support assumptions relating to reasonable 
prospects for eventual economic extraction. 

9 Costs to support assumptions relating to reasonable prospects for eventual economic extraction. 
10 The Mineral Resource is reported at a cut-off grade of 8.8% manganese oxide. 
11 The estimate of Mineral Resources may be materially affected by environmental, permitting, 
12 Legal, title, taxation, socio-political, marketing, or other relevant issues. ERM is not aware of any environmental, permitting, legal, title, taxation, 

socio-economic, marketing, political, or other any other relevant factors affecting the MRE. 
13 HPMSM price quoted is based on 2024 Client and market data, which was available at the time of reporting the Mineral Resource. Additional 

pricing information will be available for input into subsequent technical studies, and this may impact on the Mineral Resource reported.  

 

Reported Mineral Resources are not Mineral Reserves and do not have demonstrated economic viability. There is 

no guarantee that all or any part of a Mineral Resource will be converted into a Mineral Reserve. 

  



   

 

- 36 - 

1.5 MINERAL RESERVE ESTIMATE (MREV) 

The Mineral Reserve estimate represents the principal outcome of the mining study. The estimate was derived from 

the pit optimisation, detailed pit designs, and mine schedules developed during the definitive feasibility study. The 

estimate was prepared in accordance with the Canadian Institute of Mining, Metallurgy and Petroleum Definition 

Standards (2014) and National Instrument 43-101 reporting requirements.  

The Mineral Reserve was classified as Proven and Probable and was derived exclusively from Measured and 

Indicated Mineral Resources contained within the designed pit limits. No Inferred Mineral Resources were included 

in the Mineral Reserve estimate or used to support the mine plan.  

The effective date of the Mineral Reserve estimate is April 30, 2026. Tonnages are reported in dry metric tonnes, 

and grades are reported as both manganese and manganese oxide, with manganese values derived from 

manganese oxide using a stoichiometric conversion factor. 

The Mineral Reserve estimate reflects the application of appropriate mining losses, dilution, and operational 

constraints, and is supported by definitive feasibility study-level mine design, scheduling, and cost assumptions. 

The declared Mineral Reserve is summarised in the following table.  

Table 1-2: K.Hill Project  mineral reserve estimate as of April 30 2026  

Classification  Million tonnes  

(Mt)  

Mn grade  

(%) 

MnO grade  

(%) 

Proven Mineral Reserve 1.92 14.5 18.8 

Probable Mineral Reserve 3.42 10.6 13.7 

Total Proven plus Probable Mineral Reserve 5.35 12.0 15.5 

Notes:  

1 The Mineral Reserve estimate was reported in accordance with the guidelines of the National Instrument 43-101 
2 The Mineral Resources were reported inclusive of the Mineral Reserve 
3 The basis of the Mineral Reserve estimate was the delivery of run-of-mine material to the processing plant from the related run-of-mine stockpile 
4 Tonnage estimates were reported in dry metric units as million tonnes 
5 Include Mineral Reserve cut-off grades 
6 Minor rounding discrepancies may occur. 

 

1.5.1 Key Risks and Controls  

Residual risks associated with the Mineral Reserve estimate were identified and assessed as part of the definitive 

feasibility study. The most significant risks relate to selective mining performance, given the narrow seam geometry 

and the sensitivity of project economics to feed grade. Deviations in horizon control, increased dilution, or higher -

than-assumed mining losses could adversely affect realised grades and recoverable tonnes. 

Geotechnical variability and groundwater inflows represent additional operational risks, particularly as mining 

progresses to greater depths. These risks were mitigated through conservative slope design, staged dewatering 

strategies, and ongoing geotechnical monitoring.  

The finite term of the current mining licence introduces a tenure -related risk for extraction beyond the licence 

period. This risk was considered manageable given Botswanaõs stable regulatory framework and the established 

process for licence renewal, provided that licence conditions are maintained. 

Commodity price and processing cost variability were identified as key economic sensitivities. Contractor 

performance, equipment availability, and drill -and-blast execution were also recognised as factors that could 

influence operating costs and schedule adherence. 
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1.5.2 Summary Statement  

The mining study demonstrated that the K.Hill manganese deposit could be mined using conventional open pit 

truck-and-shovel methods under selective mining protocols. The application of appropriate modifying factors, 

optimisation techniques, mine design, and scheduling supported the declaration of a Canadian Institute of Mining, 

Metallurgy and Petroleum-compliant Mineral Reserve. The outcomes of the study provide a technically robust and 

defensible mining basis for the definitive feasibility study and the associated economic evaluation of the project.  

1.6 MINING  

The mining study defined the technically feasible open pit mining strategy, mine design, production schedule, 

equipment selection, and associated modifying factors required to support the declaration of a Canadian Institute 

of Mining, Metallurgy and Petrol eum-compliant Mineral Reserve estimate. 

The work was completed in accordance with the requirements of National Instrument 43-101 ð Standards of 

Disclosure for Mineral Projects and its Companion Policy 43-101CP. Mineral Resources and Mineral Reserves were 

classified in accordance with the Canadian Institute of Mining, Metallurgy and Petroleum Definition Standards 

(2014), and the methodologies applied followed the Canadian Institute of Mining, Metallurgy and Petroleum 

Estimation of Mineral Resources and Mineral Reserves Best Practice Guidelines (2019). 

The mining study was undertaken to demonstrate that the K.Hill Project Mineral Resource could be converted to 

a Mineral Reserve through the application of appropriate modifying factors, open pit optimisation, detailed pit 

design, and mine scheduling, while maintaining compliance with National Instrument 43 -101 requirements. The 

outcomes of the study provide the mining engineering basis for the overall definitive feasibility study and the 

associated economic evaluation of the project.  

 

Figure 1-1: Mining license plan  

Historical mining activities occurred in the broader Kanye area between 1957 and 1971, resulting in legacy 

disturbances including waste dumps, stockpiles, shallow excavations, and isolated artisanal underground workings. 

These historical features were identified during the study and were either excluded from the Mineral Resource 

estimate or incorporated into the mine design as constraints to ensure safe and compliant operations.  
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The final pit layout was oriented along the ridge, advancing generally from north to south. A phased deployment 

approach was developed to prioritise early access to higher-grade, shallow mineralisation while deferring deeper 

waste stripping. This approach supported improved early cash flow, while maintaining a technically achievable life-

of-mine configuration within the defined licence area.  

1.6.1 Geological and M ining Framework  

The mining study was based on a validated geological block model comprising four mineralised manganese 

horizons, identified as seams AA, A, B, and C. These seams occur within a folded and structurally complex 

Proterozoic sedimentary sequence dominated by manganiferous shale, ferruginous shale, chert-dolomite breccia, 

and dolomitic units.  

The upper Mn-shale consists of one continuous A seam and a smaller geometrically higher AA seam in the southern 

area. The A seam represents the principal mining horizon and is characterised by an average thickness of 

approximately 2 m to 4 m. The B seam typically ranges between 1 m and 3 m in thickness, while the C seam is 

generally thinner, commonly less than 1m. The narrow seam geometry and variable thickness of the mineralised 

horizons necessitated a selective mining approach and informed the selection of mining methods, modifying 

factors, and grade-control strategies. 

The Mineral Resource model included estimates for manganese oxide and associated elements and was validated 

before being included in the mining evaluation. Average in -situ densities of approximately 1.74 tonnes per bank 

cubic meter for mineralised material and 2.24 tonnes per bank cubic meter for waste material were applied in the 

mining model as estimated from the Mineral Resource model. Only Measured and Indicated Mineral Resources 

were considered in the mine planning and Mineral Reserve estimation process. Inferred Mineral Resources were 

excluded from economic evaluation and were not included in the mine schedule feeding the processing plant.  

1.6.2 Mineral Resource Cut -off Grade 

A break-even cut-off grade was determined at the Mineral Resource level to satisfy the reasonable prospects for 

eventual economic extraction requirement under the National Instrument 43 -101. The cut-off grade was derived 

using an operating-cost-only assessment, excluding capital and financing costs, consistent with the Canadian 

Institute of Mining, Metallurgy and Petroleum guidance for Mineral Resource reporting.  

Revenue and operating costs were treated as grade-dependent functions, with reagent consumption and 

processing costs scaling with contained manganese content. Under the stated assumptions, a break-even cut-off 

grade of 6.8% manganese, equivalent to 8.8% manganese oxide, was estimated. At this grade, the net operating 

margin was zero on an operating-cost basis. 

The Mineral Resource cut-off grade of 8.8% manganese oxide was applied consistently to both the Mineral 

Resource model and the mining model. This cut-off grade formed the basis for pit optimisation, mine design, 

scheduling, and the subsequent Mineral Reserve estimate.  

1.6.3 Mining -related Modifying Factors  

Mining -related modifying factors were applied to reflect realistic operational conditions associated with selective 

open pit mining of narrow, high -grade seams. The modifying factors applied in the study were based on the 

deposit geometry, anticipated mini ng practices, benchmark data from comparable operations, and professional 

judgement. 

A mining loss of 10% was applied to account for ore left behind due to blasting effects, contact errors, visual 

control limitations, and selective mining practices required to maintain feed quality. Dilution was applied as a fixed 

thickness of 25 cm, primarily attributed to floor mixing at the ore -waste contact. Geological loss was set at 0%, as 

areas of uncertainty and previously mined-out zones were excluded from the Mineral Resource estimate before 

mine planning. 

These modifying factors were incorporated into the mining model before open pit optimisation and were carried 

through into mine design, scheduling, and Mineral Reserve estimation. The application of these factors reflects a 

conservative approach appropriate for the deposit geometry and mining method.  
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1.6.4 Open Pit Optimisation and Pit Selection  

Open pit optimisation was completed using industry -standard Whittle software to define the economically 

mineable portion of Mineral Resource under a defined set of technical and economic assumptions. The 

optimisation process utilised definitive feasibility -level mining costs, processing parameters, metallurgical 

recoveries, slope angles, and the Mineral Resource cut-off grade. 

Only Measured and Indicated Mineral Resource material was assigned economic value during the optimisation 

process. Inferred material was treated as waste and excluded from economic evaluation, in accordance with 

National Instrument  43-101 requirements. 

A series of nested pit shells were generated across a range of revenue factors. These shells were evaluated. using 

relative value indices to assess trade-offs between ore tonnage, grade, strip ratio, and project value. The 

optimisation results demonstrated  a clear balance between higher-grade, lower-strip-ratio shells and larger, lower-

grade shells that define the ultimate pit extent.  

The shells were selected based on the highest value and considered the revenue factor equal to one pit shell to 

define the Base Case pit design limits. The pit shells selected included: 

¶ Highest value : Revenue factor = 0.72 (Pit 7). An estimated 5.4 million tonnes run of mine at 12.5% manganese, 

strip ratio  of 16.5:1 tonne-on-tonne, this shell delivered the highest value and formed the target area for initial 

mining  

¶ Ultimate pit shell:  Revenue factor = 1 shell (Pit 28). An estimated 5.6 million tonnes run of mine  at 12.3% 

manganese, strip ratio of  17.5:1 tonne-on-tonne 

The selected pit configuration provided a technically achievable mining envelope that supported the planned 

production rate of 220 kilotonne per annum  (kt/a). while maintaining compliance with slope stability and 

operational constraints. The optimisation outcomes formed the basis for detailed pit design and mine scheduling . 

1.6.5 Min e Design and Production Scheduling  

The detailed pit design was developed from the selected optimisation shells, incorporating geotechnical slope 

parameters, bench configurations, haul-road geometry, and operational access requirements as shown in the 

figure below. Bench heights of 10m, inter-ramp angles of approximately 37° to 38°, and dual-lane haul roads were 

adopted to ensure safe and efficient operations. 
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Figure 1-2: Life of mine pit design  

A production schedule was developed to support a steady-state run-of-mine feed rate of approximately 220 kt/a , 

shown in the following figure, resulting in an estimated 25 -year life of mine. The mining sequences were designed 

to prioritise higher -grade A seam material during the early years of the operation, followed by progressive 

extraction of deeper B and C seam material as the pit developed. 
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Figure 1-3: Crusher feed by MRE classification  

The mine schedule outlines a practical sequence of mining faces, controlled waste stripping, and consistent ore 

delivery aligned with the definitive feasibility studyõs economic assumptions. Strip ratios and waste volumes for the 

life of mine are shown in the accompanying figure.  

 

Figure 1-4: Waste profile and strip ratio  
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Stockpiling strategies were incorporated to manage grade variability and ensure consistent plant feed. Inferred 

Mineral Resource material encountered during mining was scheduled to be deposited on a dedicated stockpile 

and excluded from the processing schedule and economic evaluation. 

1.6.6 Mining Method, Equipment Selection and Validation  

A conventional drill -and-blast, truck-and-shovel mining method was selected for the K.Hill operation. This method 

was considered the most appropriate for the deposit geometry, rock strength characteristics, and selective mining 

requirements associated with narrow manganese seams. 

Hydraulic excavators in the 85-tonne to 90 -tonne class and haul trucks in the 30-tonne to 40 -tonne class were 

selected based on productivity requirements, haul distances, and operational flexibility. The selected fleet 

configuration supported multiple acti ve mining faces, facilitated grade blending, and provided resilience to 

localised variations in ground conditions. 

Haulage performance and fleet adequacy were validated using haulage simulation modelling. The simulation 

confirmed that the selected fleet could meet the scheduled production targets within the assumed operating hours, 

availability, and utilisation parameters. 

1.7 MINERAL PROCESSING AND METALLURGICAL TEST WORK  

1.7.1 Metallurgical Testwork  

Development of the process to recover manganese as high purity sulphate and oxide products has followed a 

typical development route encompassing a conceptual phase, early definition of the process design in a 

prefeasibility phase, and refinement of the process design through the operation of a demonstration plant as part 

of a feasibility phase.  

Early development conceptual testwork (2018 to 2020) completed by Giyani and its consultants including SRK, 

MSA Group, Vietti Slurrytec, Lab 4 Inc., and Dalhousie University (Canada). Available documentation covers 

mineralogy, chemical analysis, leach and solvent extraction testing. 

Using the historical metallurgical test work reports and conceptual phase studies as a starting point, Tetra Tech 

implemented an expanded test work and metallurgical development programme to optimise the metallurgical 

extraction of manganese from the K.Hill deposit. The process design arising from this test work programme formed 

the basis of the prefeasibility phase and the initial design of the demonstration plant. The test work programme 

initiated by Tetra Tech was undertaken at Mintek in Johannesburg, South Africa and included the following: 

chemical characterisation, specific gravity (SG) determination, mineralogy, comminution, solid-liquid separation, 

leach optimisation, jarosite precipitation, iron (Fe) and aluminium (Al) precipitation, base metal sulphide 

precipitation, calcium (Ca) and magnesium (Mg) precipitation, fluoride removal, crystallisation, and manganese 

hydroxide (Mn[OH]2) precipitation.  

The successful operation of the demonstration plant has been fundamental in supporting the final development 

of the process design that now serves as the basis for the feasibility study. Key refinements made to the process 

design through the operation of the demonstration plant are backed up by test work undertaken at CM Solutions 

Metlab (Pty) Ltd in Johannesburg, including ion exchange for base metal removal, development of the HPMO 

technology as an alternative to use of hydrofluoric acid, change to ammoni um hydroxide as the primary 

neutralising reagent (replacing sodium hydroxide) and redefinition of the manganese hydroxide (Mn[OH] 2) 

precipitation technology.  

The following summary results inform on the final process design implemented  for the feasibility study:  

¶ Comminution test work completed in the prefeasibility study phase indicated that the K.Hill ore displays 

comminution characteristics that varies from soft to hard (crushability and grinding indices) and also 

demonstrates generally low abrasiveness 
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¶ Solid-liquid separation test  work indicated that post -leach, the K.Hill material demonstrates poor settling 

characteristics, producing low-density thickener underflows. On this basis, the decision was made to 

incorporate filtration for washing and separation rather than conventional thickening  

¶ Leach performance indicated that a high temperature reductive leach in sulphate media produced excellent 

extraction results of greater than 90%. Conceptual phase test work conducted by Lab 4 utilised sucrose as the 

reductant being replaced with sulphur dioxide (SO2) during the prefeasibility phase. SO2 has been retained for 

the final process design, supported by operation of the demonstration plant  

¶ Test work indicated that the stage-wise precipitation of iron and aluminium was effective , validated through 

the operation of the demonstration plant  

¶ Base metal removal through sulphide precipitation proved to be inefficient during  demonstration plant 

operation. However, concentrations were low enough in the demonstration plant leach solutions to be 

managed through the operation of  the crystallizer circuit. Additional  test work has confirmed that ion exchange 

is an effective alternative technology for removal of the base metal impurities and has been included in the 

final process design 

¶ Crystallisation circuit design was developed during the prefeasibility phase, using a high-purity manganese 

stock solution generated through bench test work , replicating the proposed process circuit. Demonstration 

plant operation has validated crystallizer circuit design. A significant mass of High Purity Manganese Sulphate 

Monohydrate (HPMSM) product has been produced for acceptance testing and trials with customers 

¶ Demonstration plant operation has generated a significant mass of High Purity Manganese Oxide (HPMO) 

product and samples made available for acceptance testing by potential customers. The feasibility study design 

includes production of  HPMO as a secondary product from the purge stream of the crystallizer circuit 

1.7.2 Minerals Processing  

The plant is designed to process 220 kt/a of dry run-of-mine (ROM) ore extracted from the K.Hill open pit. The 

process plant primarily produces two main products: HPMSM and HPMO. 

The intention is to blend the different mineralized ore layers to an acceptable Mn head grade ahead of the 

processing plant using dedicated ROM stockpiles and a blending stockpile.   

The processing plant will comprise of the following:  

¶ An ore receiving and blending area, where ore from the open pit mining operation will meet 100% passing 

300 mm. The primary jaw crusher at the process plant reduces this feed to 100% passing 150 mm 

¶ Selectively loaded ore will be hauled under grade control supervision to the blending area, with separate 

tipping points for high-grade, medium-grade, and marginal ore types. The design includes for push-loading 

capacity, allowing FELs to rehandle ore and feed into the crusher surge bin in a controlled manner. when 

needed to stabilise feed chemistry or MnO grade 

¶ A two-stage closed circuit crushing facility will produce a P100 crusher product of 13 mm as feed to the 

grinding  circuit 

¶ The grinding circuit comprises a closed-circuit ball mill produc ing a P80 grind size of 150 µm.  Grinding circuit 

product is transferred to a thickener  

¶ A wet rotary scrubber is installed as an option prior to grinding, for instances when the ROM feed contains a 

high proportion of fines to prevent over -grinding  

¶ A reductive acid leach circuit using concentrated sulphuric acid (H2SO4) with sulphur dioxide (SO2) as reductant 

¶ Iron & aluminium removal by precipitation, followed by base metal removal via ion exchange  

¶ Manganese precipitation from the pregnant leach solution, followed by a redissolution step to remove 

entrained impurities. The redissolved solution feeds the crystallizer circuit where HPMSM crystals are formed. 

The HPMSM crystals are subsequently dried and packaged as first product  
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¶ The remaining manganese in the purged impurity stream from the HPMSM crystallizer circuit is precipitated 

and converted to HPMO. The HPMO product is subsequently filtered, dried and packaged as a second product 

¶ Calcium removal from the filtrate from HPMO conversion . This low calcium solution feeds a reverse osmosis 

plant from where the brine is sent to a second crystallizer to form saleable ammonium sulphate by-product 

crystals. The crystals are dried and packaged as by-product   

¶ Tailings management circuit, including tailings transfer pump station . The tailings slurry is transferred to the 

tailings storage facility (TSF) and process water is returned for use in the process plant 

¶ Reagent storage, make-up and dosing facilities 

¶ Sulphuric acid plant to generate the required acid and SO2, with start-up boiler and steam turbine  

¶ Ammonium hydroxide reagent storage and distribution  

¶ Compressed air facility for supply of plant and instrument air as well as blowers for dilution in the SO2 scrubbing 

circuit 

¶ Water services, with high quality water generated with two reverse osmosis plants. This water is used as gland 

service, potable water, cooling water, boiler feed water, spray water and process water after comminution  

An overall schematic of the process flowsheet is presented in Figure 1-5. 

 

Figure 1-5: Process Flow Diagram  
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1.8 SITE AND INFRASTRUCTURE 

The project infrastructure has been developed to support the operation of the mine and process plant over the 

LOM. The overall site layout is included overleaf in Figure 1-6.  

The project infrastructure includes waste rock management, tailings storage and associated water management 

systems, bulk electrical power generation and distribution, bulk water supply and transfer infrastructure, site 

facilities and buildings, access and internal road networks, and supporting services such as security, sewage, fire 

protection, communications, and fuel storage. 

Bulk electrical power will be supplied via a new 132 kV connection from the Botswana Power Corporation (BPC) 

Mmakgodumo Substation, supplemented by a 20 MWac photovoltaic (PV) solar plant under a BOOT arrangement 

to reduce grid reliance and lower carbon fo otprint. Emergency generators will supply power to critical drives and 

systems when the main grid is offline due to fault or maintenance.  

Bulk water supply will be provided through a combination of Water Utilities Corporation (WUC) boreholes and 

Giyani owned boreholes within the Dilokwane wellfield, supported by new reservoirs, pump station upgrades, and 

dedicated transmission pipelines. 

The waste rock dump (WRD) and TSF designs are based on detailed geotechnical and hydrological investigations 

and conform to recognised international best practice and relevant standards, including GISTM, SANS 10286, 

ANCOLD, ICOLD, and South African GN 704 requirements.  

The TSF is planned to be built in phases to accommodate the LOM tailings. The selected TSF location is to the east 

of the process plant and on flat ground downslope from mining and processing infrastructure. Phase 1 comprises 

the starter wall and associated raises required to provide sufficient capacity for the first 10 years of operation. 

Phase 2 involves staged raising of the facility meeting the storage requirements at Year 25. Each raise includes a 

low-permeability upstream zone with a HDPE liner, and access is maintained via existing haul roads and a dedicated 

causeway to the decant structure. Foundation conditions, material availability and tailings properties support the 

downstream raised embankment configuration, inverted Class C barrier and underdrainage system. Seepage and 

stability analyses for the starter and Phase 2 walls, under conservative pore pressure and loading assumptions, 

yield factors of safety that meet or exceed ANCOLD criteria for drained, undrained, post liquefied and pseudo static 

conditions 

The WRD and ore stockpile areas are designed with compacted floor preparation and controlled drainage rather 

than a fully lined dump footprint, supported by perimeter drainage and sediment control structures to manage 

contact water.  

Clean water from the catchments upstream of mining infrastructure will be diverted around the proposed 

infrastructure. Dirty stormwater will be collected on site (in PCDs) and reused. Collected stormwater in the channels 

will be conveyed into the PCDs. 
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Figure 1-6: Overall  Site Layout  
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1.9 ENVIRONMENTAL STUDIES, PERMITTING AND SOCIAL COMMUNITY  IMPACT 

The K.Hill Project has advanced through a comprehensive Definitive Feasibility Study (DFS) that integrates mining, 

environmental, hydrogeological, water management, geochemical, social and infrastructure investigations to 

support the development of a long -life battery-grade manganese operation. The project has been designed to 

align with Botswanaõs regulatory requirements, international environmental and social standards, and industry best 

practice, while optimising operational efficiency and minimising env ironmental impacts. 

The proposed mining operation is based on an open pit mining method targeting the K.Hill manganese orebody, 

which consists of multiple mineralised seams with favourable geometry for conventional truck -and-excavator 

mining. Mining studies confirmed that the  orebody supports a technically and economically viable operation with 

staged pit development, manageable stripping ratios, and long -term production scheduling. The mine design 

incorporates geotechnical slope recommendations, operational controls, haul road layouts, waste rock dump 

placements, and stockpile management strategies to support safe and efficient mining over the life of mine.  

The mine plan includes phased pit expansion, integrated waste rock management, drill-and-blast operations, 

dewatering systems, and supporting infrastructure designed to maintain production continuity while reducing 

operational risks. Equipment selection and haulage simulations confirmed the suitability of the proposed mining 

fleet and validated haulage assumptions under the expected production conditions. The DFS further identified key 

operational risks associated with slope stability, groundwater inflows, trafficability, contractor mobilisation and 

water supply, together with mitigation measures to manage these risks throughout operations.  

Hydrogeological investigations undertaken during the feasibility phase demonstrated that groundwater impacts 

associated with mining activities are expected to remain localised and manageable. Detailed field investigations 

included hydrocensus surveys, installation of monitoring boreholes, aquifer testing, groundwater quality analysis 

and predictive numerical groundwater modelling. The investigations confirmed the presence of a confined 

dolomitic aquifer system capable of sustainably supplying groundwater to  the operation from the Dilokwane 

wellfield at the required abstraction rates. Predictive modelling indicated that groundwater drawdown and 

contaminant migration from the TSF, waste rock dump and stockpiles are expected to remain within the mining 

footprint and not significantly impact ne ighbouring receptors.  

Water supply and transfer infrastructure has been designed to ensure reliable water delivery to the project while 

supporting long -term operational resilience. The preliminary design includes borehole abstraction systems, 

transfer pipelines, storage reservoirs, upgraded pump stations, telemetry and SCADA systems, standby power 

systems and associated civil, electrical and mechanical infrastructure. The proposed water supply scheme was 

developed following detailed investigations into groundwater availability, pipeline routing, storage capacity 

requirements and long-term operational demands. 

Comprehensive surface water and stormwater management studies were completed to evaluate flood risks, 

operational water balances, and long-term water management requirements. A conceptual stormwater 

management system was developed to separate contact and non-contact water, divert clean runoff around mining 

infrastructure, and capture contact water for reuse within the operation. Dynamic water balance modelling 

confirmed that the proposed TSF, return water dam and pollution control dams can accommodate opera tional and 

extreme storm events while maintaining compliance with applicable regulatory and international tailings 

management requirements. The modelling further demonstrated that no overtopping or uncontrolled spills are 

expected from the TSF over the operational life of the mine under simulated climatic conditions.  

A tailings dam breach assessment (TDBA) identified a òVery Highó consequence classification for the TSF under 

worst-case breach scenarios, and the Project has therefore incorporated enhanced risk management measures 

including emergency preparedness and response planning, community health and safety management, early 

warning systems, land-use controls, detailed downstream assessments, and ongoing environmental and social 

management aligned with IFC Performance Standard 4 and GISTM requirements. 



 

 

- 48 - 

Geochemical investigations were undertaken to assess the environmental behaviour of waste rock, ore stockpiles 

and tailings materials. Mineralogical analyses identified quartz, cryptomelane, kaolinite and hematite as dominant 

minerals within the various material streams. Acid-base accounting and kinetic modelling indicated that the 

majority of waste materials present a low acid generation potential, although elevated sulphate concentrations 

may occur within tailings seepage under certain conditions. Predictive geochemical modelling showed that 

manganese is expected to precipitate under oxidising conditions, thereby limiting long -term mobility. Based on 

the geochemical characterisation and waste classification assessments, the TSF and waste facilities have been 

designed with appropriate liner systems and seepage control measures to minimise environmental risks. 

The projectõs environmental and social studies have not identified any fatal environmental or social flaws that 

would preclude development of the Project.  Environmental baseline studies included assessments of biodiversity, 

groundwater, surface water, air quality, noise, archaeology, cultural heritage, traffic and social conditions within 

the Project area. The studies confirmed that the project area is characterised predominantly by tribal land and 

existing agricultural activities, with relatively limited  sensitivity receptors located within the immediate mining 

footprint. Stakeholder engagement programmes, public consultations and grievance mechanisms were established 

to support ongoing communication with affected parties and regulatory authorities.  

The environmental permitting process for the K.Hill Project is substantially advanced. The original Environmental 

Impact Assessment (EIA) was approved in 2023, with additional amendment processes and utility-related EIAs 

identified for implementation as th e project evolves. These include assessments associated with powerline 

development, water infrastructure relocation and updated project layouts following optimisation of the mine, TSF 

and supporting infrastructure. The project has also been aligned with IFC Performance Standards, Equator 

Principles and international environmental and social governance requirements to support future financing and 

operational compliance. 

Mine closure strategies have been developed for the open pit, TSF, waste rock dump and associated infrastructure, 

with rehabilitation objectives aimed at achieving stable post -mining landforms and minimising long -term 

environmental liabilities. Closure cost estimates and rehabilitation criteria were developed in line with recognised 

mine closure and financial provisioning guidelines to ensure that adequate provision is made for progressive 

rehabilitation and final closure obligations.  

Overall, the feasibility investigations demonstrate that the K.Hill Project is considered technically feasible based on 

the assumptions and parameters applied in the study, and that the Project can be developed in a manner intended 

to support  environmental responsibility, community engagement  and operational sustainability objectives. The 

integration of mining optimisation, robust water management systems, geochemical controls, groundwater 

protection measures and progressive environmental planning provides a strong foundation for advancing the 

project into detailed design, permitting amendments, financing and ultimately construction and operations.  

1.10 MARKET ANALYSIS AND CONTRACTS 

Giyaniõs battery-grade manganese strategy is built around a structurally tightening market for high -purity 

manganese products, especially HPMSM and HPMO, which are essential precursors for nickel manganese cobalt 

(NMC), lithium manganese iron phosphate (LMFP), lithium manganese oxide (LMO), lithium manganese nickel 

oxide (LMNO) and other manganese-bearing lithium -ion battery chemistries. Giyani engaged SC Insights and 

Fastmarkets to provide independent market intelligence and pricing support, reinforcing ma nagementõs view that 

battery-grade manganese is a strategically important raw material for electric vehicles (EVs) and energy storage 

systems (ESS) supply chains. 

The key market distinction between manganese used in steelmaking and high-purity manganese used in batteries 

is that battery-grade material requires significantly more complex refining, and only a limited number of producers 

are currently able to meet the purity standards required by cathode manufacturers. These technical requirements 

may constrain available supply and supports the case for premium pricing, particularly for western supply chains 

seeking diversification away from China. 
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Demand is expected to rise sharply as EV and ESS adoption continues to expand. Battery-grade manganese 

demand is forecast to grow at about 11% compound annual growth rate (CAGR) from roughly 175 kt/a  of 

contained manganese in 2025 to around 800 kt/a  by 2040, while supply is expected to rise from about 215 kt/a  to 

630 kt/a  over the same period. On that basis, the market is expected to move into deficit in 2029 and remain 

undersupplied through the medium to long term, which should underpin pricing.  

 

Notes and Assumptions: 

1. Risked Supply has been determined by applying the following weighting to projects: Operational ð 100%, Highly 

probable ð 85%, Probable -70%, Possible ð 60% 

Figure 1-7: Global battery -grade manganese demand/supply ð 2020 ð 2040 (contained Mn)  

China remains the dominant supplier, accounting for roughly 95% of battery -grade manganese production in 2025, 

but new western capacity could reduce that share to around 70% over time. Even so, the current and forecast 

supply base remains tight, especially in Europe and North America, where demand is projected to rise from about 

80 kt/a  in 2025 to around 350 kt/a  by 2040, while supply only increases from about 6 kt/a  to roughly 65 kt/a . That 

gap underscores the strategic importance of projects located outside those regions. 

Battery chemistry trends are moving in manganeseõs favour. Original Equipment Manufacturers (OEMs) are 

increasingly shifting away from high-nickel, cobalt-intensive chemistries toward mid-nickel and manganese-rich 

formulations to improve cost, safety and supply security. These continuing trends reinforce the longer -term growth 

outlook for manganese intensity per battery.  

Economically, manganese remains a relatively small component of total battery cost, even in high-nickel cells, 

which suggests pricing could be relatively inelastic. The base-case pricing assumptions used in Section 22 Economic 

Analysis estimate HPMSM rising from USD 2 700 in 2026 to USD 3 300 by 2031 and holding around USD 3 200 

long term, while HPMO rises from USD 3 200 in 2026 to about USD 4 000 long term. 
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1.11 CAPITAL COST ESTIMATE (CAPEX) 

The estimate has been prepared in accordance with the Association for the Advancement of Cost Engineering 

International (AACEI) Class 3 estimate classification guidelines. The estimate is reported in United States dollars as 

of 1 January 2026 within an accuracy range of -10% to +25% at a probability of no more than 80% after inclusion 

of the contingency  

The estimate has been compiled by Wood with inputs from consultants for their responsible scope of work:  

¶ Ukwazi: Mine production, mine footprint, open pit development and dewatering, mining infrastructure, ore 

and waste transport / handling  

¶ Knight Piésold: Tailings storage facility, surface water management and waste rock stockpile design 

¶ Wood: Process plant and associated surface infrastructure, power supply and distribution, services and 

utilities.  

¶ Lump sum turnkey (LSTK) packages: Sulphuric acid and SO2 plants 

¶ Giyani: Owners costs, cost of rehabilitation 

¶ All: Indirect costs, EPCM, contingency allowance, sustaining capital cost 

Pricing has been derived from a combination of fixed and firm quotations, budget quotations, historical cost data, 

and engineerõs estimates. Growth allowances have been applied on a discipline-specific basis, and a Quantitative 

Risk Analysis (QRA) was undertaken, resulting in a P80 contingency allowance of 11.5% being incorporated into 

the estimate. 

The estimate includes direct costs associated with the process plant, the waste rock dump and tailings storage 

facilities, bulk power and water supply, project infrastructure, facilities, utilities, and supporting services, as well as 

indirect costs such as engineering, project management, construction management, commissioning, and ownerõs 

costs. Appropriate growth allowances have also been included reflecting the level of engineering definition, scope 

maturity  of this stage of the Project.  

The estimate is based on an engineering definition maturity of approximately 10%ð40%, supported by process 

flow diagrams, preliminary P&IDs, layout drawings, 3D model, developed equipment lists, and discipline-specific 

material take-offs. 

The Capital Estimate Summary is provided in Table 1-3. 
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Table 1-3: Capital Estimate Summary  

Description  Supply  (USD) Supply 

% 

Erection 

(USD) 

Erection 

% 

Total    (USD) % of 

Total  

DIRECT COSTS 

Earthworks, Civils  432 599  0.2%  38 801 018  21.4%  39 233 618  9.0% 

Mechanical/Process Equipment  99 280 334  39.4%  7 297 383  4.0%  106 577 717  24.6% 

Structural Steel, Platework, Tanks   30 339 212  12.0%  14 480 458  8.0%  44 819 670  10.3% 

Piping, Valves and Fittings  8 436 906  3.3%  4 832 368  2.7%  13 269 274  3.1% 

Electrical & Instrumentation   34 697 070  13.8%  4 699 160  2.6%  39 396 230  9.1% 

 TSF, WRD and Stormwater  -    0.0%  15 174 118  8.4%  15 174 118  3.5% 

WUC Bulk Water Supply  -    0.0%  26 770 437  14.7%  26 770 437  6.2% 

132 kV OHL and Substations  3 345 231  1.3%  3 672 242  2.0%  7 017 473  1.6% 

LSTK Packages  53 121 600  21.1%  -    0.0%  53 121 600  12.2% 

CONTRACTORS INDIRECT COSTS 

Earthworks / Civil P&Gs   13 997 222  7.7%  13 997 222  3.2% 

SMPP, EC&I  P&Gs  41 604 440  22.9%  41 604 440  9.6% 

Mining P&Gs  576 000  0.3%  576 000  0.1% 

WUC Bulk Water Supply P&Gs  5 019 233  2.8%  5 019 233  1.2% 

132 kV P&Gs  1 498 453  0.8%  1 498 453  0.3% 

OTHER DIRECT COSTS 

Packing/Delivery/Shipping/Freight   4 773 103  1.9%  -    0.0%  4 773 103  1.1% 

Spares  8 735 369  3.5%  -    0.0%  8 735 369  2.0% 

First Fills  8 961 586  3.6%  -    0.0%  8 961 586  2.1% 

Vendor Assist   -    0.0%  3 255 506  1.8%  3 255 506  0.8% 

TOTAL DIRECT COSTS  252 123 010  100%  181 678 039  100%  433 801 049  100% 

EPCM Estimate  37 612 203    -      37 612 203   

 Owner's Costs  8 686 000    -      8 686 000   

TOTAL COST excl. Contingencies   298 421 213    181 678 039    480 099 252   

Contingency (P80, 11.5%)  55 125 726    -      55 125 726   

TOTAL PROJECT COST   353 546 939    181 678 039    535 224 978   

Notes and Assumptions: 

1. AACEI Class 3 Definitive Feasibility Study Capital Cost Estimate.  

2. Accuracy range -10% to +25% at P80 after inclusion of contingency. 

3. Cost escalation excluded. 

4. Risk in foreign currency variations excluded 

5. Mining contractor cost including pre-production activities included in OPEX. 

6. Capital Estimate Exclusions: (i) External consultants; (ii) Bond guarantees; (iii) Insurance 
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1.12 OPERATING COST ESTIMATE (OPEX) 

The operating cost estimate is based on the processing of approximately 220 kt/a  of ore to produce approximately 

55 kt/a  of HPMSM and 7.5 kt/a  HPMO as saleable products. The estimated operating cost is based on the 

production schedule generated by the mining contractor, recovery as per the mass balance, process design criteria 

and budget quotations for reagents , consumables, and services.   

Costs are presented in real USD terms using a January 1, 2026 base date and exclude escalation. 

The operating cost estimate  is made up of the following categories: 

¶ Mining Dry cost: including mobilization, drilling and blasting, loading and hauling,  stockpile reclamation and 

Preliminary and General (P&G) costs  

¶ Mining Fuel cost: including fuel associated with ore hauling waste hauling, drilling fuel, stockpile 

blending/reclamation fuel costs  

¶ Reagent cost: includes sulphur, ammonium hydroxide, ammonium carbonate, limestone, hydrated lime, 

peroxide, flocculant, coagulant, acid plant chemicals for filtration and water treatment costs as delivered to 

site 

¶ Consumable cost: including grinding media, comminution liners and consumables, other mechanical 

equipment consumable costs associated with process plant operations 

¶ Power cost: including fixed and variable grid power charges and solar power costs 

¶ Water cost:  including raw water intake costs to the mine 

¶ Plant fuel cost: including allowances for diesel for all non-electric driven vehicles employed in the processing 

plant. The fuel consumption is based on vehicle specifications or industry norm for similar vehicles, combined 

with an estimated distance travel per vehicle or running hours per vehicle. Fuel for the emergency generator 

sets is included for periodic testing purposes only 

¶ Labour cost: includes process plant labour, support services labour and administration labour costs. The plant 

shift labour allows for 24/7, 365 d/a operation with a 4 -shift cycle and management and maintenance crews 

on dayshift schedules 

¶ Logistics Cost: including transportation and shipment costs of HPMSM (and HPMO) as products to Richards 

Bay, Durban and Walvis Bay Ports, and HPMO to Walvis Bay Port, as applicable 

¶ Contractors cost including security, laboratory, cleaning and catering, tailings storage facility, Internet services 

and sewage sludge removal  services provided by third party contractors. Accommodation costs are limited 

due to the anticipated use of loca lly employed personnel. 

¶ Tailings management costs: including labour for operational team, fuel maintenance and earthmoving 

equipment, external oversight, environmental monitoring and compliance, utilities and site service costs. It 

also includes periodic TSF expansion and replacement of maintenance equipment  

¶ Other (Owners) cost: including legal, insurance, head office, travel, licenses, local office, warehousing, auditing 

and investor relations costs.  

The summary of the OPEX for the project is provided in  Table 1-4. 
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Table 1-4: Summary of total operating cost estimate  

Category  Total USDk  USD/ 

annum  

USD/Ton 

Mined  

USD/Ton 

Processed 

USD/Ton 

HPMSM 

equivalent  

% of Total  

Total mining dry Opex 286 504  11 019  46  54  166  10.30% 

Total mining fuel Opex 87 507  3 366  14  16  51  3.15% 

Total reagent Opex 1 132 660  45 306  182  212  657  40.73% 

Total consumables Opex 153 570  6 143  25  29  89  5.52% 

Total power Opex 681 469  26 210  109  127  396  24.51% 

Raw water Opex 8 849  340  1  2  5  0.32% 

Total labour Opex 229 966  8 845  37  43  133  8.27% 

Total contractors Opex 92 411  3 554  15  17  54  3.32% 

Total TSF  Opex 39 930  1 597  6  7  23  1.44% 

Total Other (Owners) Opex 67 822  2 609  11  13  39  2.44% 

Total Opex 2 780 687  108 990  446  520  1 614  100.00% 

 

Reagents and power remain the largest cost drivers, collectively accounting for most of the processing costs, while 

mining dry costs and logistics constitute the principal non process contributors.  

The following key risks and opportunities were identified:  

¶ Reagent optimisation presents a significant opportunity to reduce OPEX. 

¶ Power efficiency initiatives (load shifting, variable speed drives, and solar PV optimisation) could mitigate 

exposure to tariff increases. 

¶ Inclusion of export re handling in a bonded warehouse could streamline containerisation and potentially 

reduce port congestion risk. 

1.13 ECONOMIC ANALYSIS 

The economic analysis was prepared on a 100% project, post-tax, real basis in United States dollars, with cash flows 

discounted at 8% to an effective date consistent with Section 22 of the Technical Report. The model spans the 

construction period and a 25-year life of mine, reflecting throughput of ~220 kt/a of run -of-mine ore, recoveries 

and product splits between high -purity manganese sulphate monohydrate (HPMSM) and high-purity manganese 

oxide (HPMO) as set out in Sections 17 and 19, and the application of Botswanaõs fiscal regime as independently 

reviewed by BDO. The full model results and supporting sensitivities are reproduced in Section 22 of the Technical 

Report. 

On a post-tax NPV at 8% basis, the Project returns a post-tax NPV of USD 481.5 M, with a post-tax IRR of 20.3% 

and payback of approximately 4.8 years post-tax (undiscounted, from start of processing). Peak funding 

requirement is USD 578.2 M. Initial project capital of USD 535.2 M and sustaining capital of USD 138.5 M over 

LOM, are forecast. Undiscounted LOM net revenue is USD 5 204 M against LOM operating cost of USD 2 781 M, 

yielding an LOM Operating margin of approximately 46.6% and undiscounted after-tax cash flow of USD 1 599 M. 

Unit operating cost averages USD 1 614 per tonne of HPMSM-equivalent over LOM, with the early high-grade 

period averaging approximately USD 1 325/t and the lower -grade tail averaging approximately USD 1 828/t. 

Sensitivity analysis ranks head grade and realised commodity price as the dominant value drivers, followed by 

operating cost and then capital cost; break-even headroom is 24.3% on commodity price, 23.5% on head grade, 
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and 44.3% on operating cost before post-tax NPV reaches zero. Two downside scenarios were tested; a low-grade 

recovery loss scenario and a longer commissioning ramp-up; and both remain economic on a post -tax NPV8 basis, 

given the other base case inputs are held constant, though with materially compressed margins. Based on the 

assumptions documented in Sections 16 through 21 and the results summarised above, the Qualified Persons 

consider the Project to be economically viable as defined under NI 43-101. 

1.14 PROJECT EXECUTION PLAN AND SCHEDULE 

The project execution strategy begins with a Front-End Engineering and Design (FEED) phase focused on 

completing additional testwork, finalising process design documentation, updating piping criteria, and advancing 

specifications for long-lead items such as the acid and SO◘ plant. Early works packagesñincluding bulk earthworks, 

power supply, and water infrastructureñare prepared for tender alongside detailed planning for procurement, 

construction, risk, and project execution management. Following FEED, the project proceeds into detailed 

engineering, including full design of the acid and SO◘ plant as a package unit. 

Procurement prioritises long-lead equipment such as the acid and SO◘ plant, transformers, crystallizers, drying and 

packaging plants, and major process equipment, while early works contracts are scheduled for award in late 2026 

and early 2027. Construction spans approximately 20 months, commencing with bulk earthworks in April 2027, 

followed sequentially by civil concrete works, structural erection, mechanical installation, platework, and electrical 

and instrumentation works. Commissioning begins with cold commissioning in November 2028 and hot 

commissioning in early 2029, with first ore feed in March 2029 and ramp-up to design throughput of 220 kt/a by 

June 2029. 

Table 1-5: Key Milestone Dates  

ACTIVITY Start  Finish Duration  

Notice to Proceed on FEED 1 July 2026   

FEED Phase ð duration  July 2026 Dec 2026 6 months 

Detail Engineering and Design  Jan 2027 Mar 2028 14 months 

Acid and SO2 plant Detail Design  Nov 2026 Oct 2028 12 months 

EIA Studies July 2026 Dec 2027 18 months 

Long Lead Items (order placement to delivery) Nov 2026 October 2028 23 months 

Pre-Fabrication and Delivery Jan 2027 Oct 2028 22 months 

Overall Construction Period April 2027 Nov 2028 20 months 

Bulk Earthworks: Process Plant April 2027 Oct 2027 7 months 

TSF Starter Wall Construction March 2028 Oct 2028 7 Months 

WRD Aug 2028 Nov 2028 4 months 

Civil Works May 2027 Aug 2028 14 months 

SMPP Works Sept 2027 Oct 2028 13 months 

EC&I May 2028 Nov 2028 7 months 

Acid Plant Aug 2027 Oct 2028 14 months 

132kV Overhead Line April 2027 Nov 2028 20 months 

PV Solar Farm Installation Aug 2027 Sept 2028 13 months 

WUC Water Supply project Apr 2027 Oct 2028 19 months 

C2, C3 Commissioning Dec 2028 Jan 2029 2 months 
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C4 Hot commissioning, start-up and ramp-up Feb 2029 May 2029 4 months 

 

 

Figure 1-8: High Level Schedule  

1.15 RISKS AND OPPORTUNITIES 

Ten major risks were identified during several risk assessment workshops. These risks represent the most material 

threats to the successful execution, financing, and long term viability of the Project. 

1.15.1 Securing Sufficient Offtake  

Potential changes in battery technology, evolving customer specifications, and broader market uncertainties may 

compromise the ability to secure sufficient offtake  arrangements for the Projectõs products. Contributing factors 

may include: 

¶ shifts in battery chemistries 

¶ continuing market dependence on Chinese production and supply chains 

¶ size of the market and evolving market requirements 

¶ Delays in offtake agreements or customer production qualification may adversely affect Project financing , 

timelines and overall execution  

1.15.2 High Capital Expenditure (CAPEX)  

The Project is expected to require high upfront capital expenditure , which may impact the Projectõs ability to 

secure funding. This may limit the pool of potential financiers, delay or complicate financial close, or result in less 

favourable funding terms, which could impact  timely Project sanctioning, development timelines and execution.  
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1.15.3 Lower Grade and/or Ore Loss  

Higher than expected dilution or ore loss may occur due to geological variability, narrow or thin seams, structural 

complexity, selective mining requirements, insufficient grade control drilling, poor dig line control, loader 

overbreak, wet mining conditions, and increased re handling. These factors could adversely affect feed grade,  

recoveries, stockpile management requirements, and Project revenues. 

1.15.4 Wet Tailings Storage Facility  

A wet TSF may attract enhanced scrutiny during permitting , financing, and stakeholder review processes due to 

environmental, reputational and safety risks.  

The proposed wet TSF is an above-ground, relatively low-volume and low-height facility, reflecting the relatively 

modest tailings tonnage anticipated to be generated by the Project. The TSF has been designed with reference to 

international tailings management practices and does not incorporate the scale, complexity, or failure modes 

associated with historical large-scale wet tailings facilities that underpin negative public and investor perception .  

While the proposed TSF differs from historical large-scale wet tailing facilities, all tailings facilities involve 

operations, environmental, and long-term management risks requiring ongoing monitoring, oversight and 

operational controls. 

1.15.5 Low Recoveries  

Recoveries may vary from planned levels due to variability in feed material  characteristics, operating conditions or 

process performance. Reduced recovery could adversely affect production volumes , operating costs, and revenue. 

1.15.6 Impact of U.S. Tariffs and Policies  

Changes in trade, tariff, or climate policies, and retaliatory actions by counterparties, may affect global market 

dynamics and supply changes. Such changes could adversely impact demand for battery metals, compromise the 

business case, and impact the ability to secure offtake agreements. 

1.15.7 Market Appetite for a Premium Product  

Changes in geopolitical developments , government incentive programmes, changes or revocation of incentives, 

may reduce customersõ ability to justify paying a premium for responsibly sourced battery materials. OEMs under 

cash flow pressure may prioritise lower cost material, particularly from Chinese producers with lower ESG 

compliance costs. These factors could adversely affect pricing, revenues, margins, and the long term investment 

rationale. 

1.15.8 Revised High Operating Costs (OPEX)  

Higher than anticipated reagent consumption, utility costs, logistics costs, and the management of associated 

by products may increase operating costs beyond business case assumptions. Elevated operating costs would 

directly impact Project economics, cash flows, viability, and profitability.  

1.15.9 Technical Intellectual Property (IP)  

Loss of key personnel, technical expertise, proprietary process knowledge, or intellectual property protections may 

adversely affect Project continuity, process optimization, operational readiness, and competitiveness. Geopolitical 

Risk 

1.15.10 Global Political Climate  

Escalation of global or regional conflicts (e.g. Ukraine, Middle East), geopolitical tensions, trade disputes, or broad 

macroeconomic instability  may disrupt supply chains, impact commodity and energy pricing, influence interest 

rates, and increase capital market volatility. These factors could result adversely impact operating costs, commodity 

price downturns, reduced access to capital, and a shift in investor risk appetite away from mining projects.   
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1.16 CONCLUSIONS AND RECOMMENDATIONS 

1.16.1 Geology and Mineral Resources  

The updated Mineral Resource Estimate reflects a significant improvement on earlier models with superior  data 

quality and coverage, incorporating additional drilling and improved determination program. This has supported 

the reclassification of portions of the Inferred category to the Indicated category and the Indicated category to the 

Measured category. The current resource comprises Measured, Indicated, and Inferred material reported above an 

8.8% MnO cut-off, with upside potential remaining where mineralisation is open along strike and down dip. 

Step-out drilling offers scope to further increase resour ce size and confidence levels. 

The mineral resource model may be further refined through continued and enhanced geological data collection. 

Recommendations include maintaining improved density measurement methods, expanding density datasets 

(particularly in under sampled areas such as fault block 3), and reviewing density estimates as new data becomes 

available. Ongoing infill drilling is recommended to support potential reclassification of portions of the resource 

from the Inferred category to the Indicated category and from the Indicated category to the Measured category, 

thereby improving confidence for mine planning  purposes. Further work is also recommended to further  

strengthen geological and structural understanding through continued QA/QC practices, targeted relogging, 

oriented drilling, geophysical reinterpretation, and development of an integrated 3D structural model. These 

actions are expected to reduce uncertainty and support ongoing refinement of the Mineral  resource estimate. 

1.16.2 Mining and Reserves  

The DFS confirms that conventional open -pit mining using a drill -and-blast, truck-and-shovel approach is 

technically feasible and economically viable based on assumptions and modifying factors applied in the study. The 

optimised mine plan supports steady production of approximately 220 kt/a  of ROM feed over an estimated life 

mine exceeding 25 years, with early high-grade ore access. Geotechnical and hydrogeological assessments indicate 

that the proposed pit design  is supportable, assuming the implementation of recommended dewatering measures 

in place as mining advances. Proven and Probable Mineral Reserves total 5.35 Mt at 12.0% Mn, with no Inferred 

material included in the base mine plan. Supporting infrastructure have been designed based on anticipated 

environmental and operational conditions, including  for arid conditions, and operational readiness and safety 

frameworks meet regulatory requirements. The economic analysis prepared for the Project indicate positive 

economic outcomes, under the assumptions applied in the study and supports the reasonable prospects of 

economic extraction required under  NI 43-101. 

The mining study and reserve estimate support progression toward execution, subject to advancing designs to 

Issued for Construction level. Key recommendations include continued refinement of  mine designs, updating 

planning logic to align with contractor assumptions and capabilities, and strengthening geotechnical and 

hydrogeological investigation to obtain data  to support slope stability and dewatering design assumptions. 

Adoption of the arid site water management strategy is recommended, alongside clear contractor selection 

criteria, performance KPIs, enhanced grade control and reconciliation processes, and continued environmental and 

community engagement with progressive rehabilitation  initiatives. 

1.16.3 Tailings Storage Facility (TSF) and Waste Rock Dump (WRD)  

Both the TSF and WRD designs have been completed to DFS level and are supported by specialist geotechnical, 

hydrogeological, geochemical, and surface water studies appended to this Technical Report. Within the 

constrained footprint, the WRD geometry and foundation conditions are consistent with recognised mine dump 

design guidelines, and the stability analyses meet the adopted factors of safety. The TSF design is compatible with 

site geotechnical and hydrological conditions, incorporates an inverted Class C barrier with underdrainage  (as 

defined in South African GN R.632/R.636 for Type 3 wastes), and meets the selected ANCOLD based stability 

criteria for drained, undrained and post liquefied loading. A Tailings Dam Breach Assessment (TDBA) undertaken 

in accordance with CDA guidance and GISTM indicates a Very High TSF consequence classification; the design and 
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operating philosophy therefore adopt Very High consequence performance requirements, including appropriate 

emergency preparedness, water management and monitoring measures. 

The Qualified Person considers the TSF and WRD designs to be appropriate for feasibility level reporting, subject 

to implementation of the recommended next steps. These include: advancing the DFS concepts into detailed 

design; confirming key foundation and  interface shear parameters through additional laboratory testing; 

undertaking rheological testing of the tailings to refine and update the TDBA and related breach modelling; 

implementing robust construction QA/QC (including geomembrane testing and ELLS); maintaining and refining 

the site wide water management system; installing and operating geotechnical and hydrogeological monitoring 

with defined Trigger Action Response Plans; and implementing the community health and safety measures 

recommended by the TDBA.  

Geochemical studies indicate low acid-generation potential, with manganese and sulphate identified as the 

primary constituents of concern. Risks associated with seepage and groundwater protection are expected to be 

effectively managed through liners, drainage controls, and monitoring. Hydrogeological investigations confirm 

that mining and processing are feasible with limited long -term groundwater impacts and sustainable abstraction 

from the Dilokwane wellfield. 

Continued and expanded groundwater monitoring is recommended, including receptor monitoring, hydrocensus 

surveys, database integration, and assessment of additional borehole requirements. Further evaluation of TSF 

barrier performance, seepage controls, updated geochemical assessments if processing changes, and maintenance 

of protective buffers to sensitive aquifers are also advised. 

1.16.4 Environmental  

Geochemical studies indicate low acid-generation potential, with manganese and sulphate identified as the 

primary constituents of concern. Risks associated with seepage and groundwater protection are expected to be 

effectively managed through liners, drainage controls, and monitoring. Hydrogeological investigations confirm 

that mining and processing are feasible with limited long -term groundwater impacts and sustainable abstraction 

from the Dilokwane wellfield. 

Continued and expanded groundwater monitoring is recommended, including receptor monitoring, hydrocensus 

surveys, database integration, and assessment of additional borehole requirements. Further evaluation of TSF 

barrier performance, seepage controls, updated geochemical assessments if processing changes, and maintenance 

of protective buffers to sensitive aquifers are also advised. 

1.16.5 Capital and Operating Cost Estimates  

The capital cost estimate has been prepared using assumptions considered suitably conservative and appropriate 

for the current project stage, with no fatal flaws identified  and provides a sound basis for economic evaluation.  

Operating costs are dominated by reagents and power, with mining and logistics as key non-process contributors. 

Opportunities exist to reduce costs through reagent optimisation, power -efficiency initiatives, and logistics 

improvements. 

Capital cost confidence may be further improved through formal competitive bidding, verification of historical 

pricing, advancement of construction contract negotiations, confirming logistics assumptions, and finalising 

subcontracting strategies.  

Overall, implementation of these recommendations will reduce technical, environmental, and cost risks, improve 

confidence in project execution, and support safe, compliant, and economically robust development of the K.Hill 

project. 

  



 

 

- 59 - 

1.16.6 Economic Analysis  

The DFS economic analysis demonstrates positive project economics, confirming the reasonable expectation of 

profitable extraction as required under NI 43 -101.  

It is recommended that:  

¶ The Technical Economic Model be maintained as a live working tool and re-run whenever a material risk or 

opportunity arises. This includes (but not limited to) the outcomes of competitive bidding, confirmatory 

metallurgical test work, finalised power and logistics tariffs.  

¶ The Botswana Income Tax Bill be monitored and post-tax results re-stated under the enacted regime.  

The economic results to be reviewed at least annually and ahead of any material project decision,  project financing, 

construction commitment, mining -contractor award, and mining licence renewal, with a Qualified Person 

recertifying NPV, IRR, payback and peak funding, or restating them in a Technical Report update, where they 

consider it to have material impact. The DFS economic analysis demonstrates positive project economics, given 

the economic inputs described herein, confirming the reasonable expectation of profitable extraction as required 

under NI 43-101.   
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2. INTRODUCTION 

2.1 OVERVIEW 

This Technical Report (the Report), prepared in accordance with the Canadian disclosure requirements of National 

Instrument 43-101 (NI 43-101), and in accordance with the requirements of Form 43-101F1, presents the findings 

of a Definitive Feasibility Study (DFS) completed on the K.Hill Battery-Grade Manganese Project (the òK.Hill Projectó 

or the òProjectó), located approximately 5 km southwest of the town of Kanye, Botswana. 

Giyani Metals Corp. (Giyani), through its wholly owned subsidiary local to Botswana, Menzi Battery Metals (Pty) 

Limited (Menzi) intends to develop the Project. Giyani is focused on becoming a dominant western-world producer 

of sustainable, low-carbon, high-purity battery -grade manganese for the electric vehicle (EV) and energy storage 

systems (ESS) industries. Giyani has developed a hydrometallurgical process to produce battery-grade high-purity 

manganese sulphate monohydrate (HPMSM) and high-purity manganese oxide (HPMO), lithium-ion battery (LIB) 

cathode precursor materials critical for the EV and ESS industries, directly from ore supplied by Giyaniõs manganese 

oxide (MnO) deposits.   

At the request of Giyani, Wood Limited (Wood) has co-ordinated the input from several independent consultants 

in preparing the Report for the K.Hill Project, as announced by Giyani on 28 May 2026. 

The independent consultants contributing to the compilation of the Report are as follows:  

¶ Wood is a global leader in consulting and engineering, helping to unlock solutions to critical challenges in 

energy and materials markets, and provides consulting, projects and operations solutions in 60 countries, 

employing approximately 35  000 people.  DFS services were provided out of Johannesburg, South Africa and 

QP services from Perth, Australia  

¶ ERM Global offers independent geological consulting services internationally.  QP services provided regionally 

from Southern Africa 

¶ Knight Piésold Pty Ltd (Knight Piésold) is an employee-owned, global consulting firm providing specialist 

services to the mining, power, water resources, and infrastructure industries. Knight Piésold has a 1 000-strong 

team operating from 28 offices across 16 countries. Knight Piésold provided consulting and QP services from 

South Africa and Botswana 

¶ Ukwazi Mining Studies Pty Ltd (Ukwazi), and independent mining consulting firm based in Pretoria South 

Africa 

¶ Loci Environmental (Pty) Ltd (Loci), a Botswana-based company, appointed to complete Environmental Impact 

Assessment (EIA) services for the Project  

¶ Coastal & Environmental Services (Pty) Ltd (CES) based in Gqeberha, South Africa, provided independent 

environmental QP services 

2.2 TERMS OF REFERENCE 

This Report is based on exploitation of a mineral resource estimate (Mineral Resource Estimate or MRE) with an 

effective date of 20 October 2025 and a report date of 27 March 2026. The MRE is reported above a cut-off grade 

of 8.8% manganese oxide and comprises 1.8 Mt of measured material at a grade of 20.8% manganese oxide, 4.2 

Mt of indicated material at a grade of 14.7% manganese oxide, and 4.4 Mt of Inferred Material at a grade of 14.7% 

manganese oxide.  Only measured and indicated material have been considered as the basis for the mine plan or 

as part of the Mineral Reserve estimate.  After defining the basis for the MRE, technical studies have focussed on 

geotechnical, metallurgy, mining, process plant/infrastructure design, and cost estimation.  

Mineral Resource Estimates are reported in accordance with the Canadian Institute of Mining, Metallurgy and 

Petroleum (CIM) Definition Standards for Mineral Resources and Mineral Reserves (May 2014; the 2014 CIM 
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Definition Standards) and were estimated in accordance with the CIM 2019 Best Practices Guidelines, as required 

by NI 43-101. 

Years discussed in the mine and production plan and in the economic analysis are presented for illustrative 

purposes only. No decision has been made on advancing the project to construction phase. 

2.3 AUTHORS OF THE REPORT / QUALIFIED PERSONS 

Table 2-1 summarises the nominated Qualified Persons responsible for the contents of this report . 

Table 2-1: Qualified Persons by report Section  

Qualified Person  Discipline / Scope / Responsibility  Company  Sections 

Malcolm Titley  Mineral Resource Estimate ERM 1.4, 1.16.1, 2, 12, 14, 25.1, 26.1, 

27.1 

Sifiso Siwela Geological Setting and 

Mineralization, Deposit Types, 

Exploration, Drilling, Sample 

Preparation. Analysis and Security 

ERM 1.2, 1.3, 2, 4, 5, 6, 7, 8, 9, 10, 11, 23 

Jaco Lotheringen Mineral Reserve Estimate, Mining 

Methods, Mining Capital cost, 

Mining Operating cost  

Ukwazi 1.5, 1.6, 1.16.2, 2, 15 (except 15.3), 

16, 21.2.3 to 21.2.6, 25.2, 26.2, 

27.2, 27.3, 

Bridget Rodrigues Mining Geotechnical Knight Piésold 2, 15.3 

Martiens Prinsloo Hydrogeology  Knight Piésold 2, 20.3.3, 20.3.4, 20.5.3, 20.5.4, 

27.7 

Amanda Cassa Hydrology  Knight Piésold 2, 18.5, 20.3.2, 20.5.5, 20.5.11, 

20.5.12, 20.5.14, 20.5.15, 27.4. 

Michael Plichta Civil Geotechnical Knight Piésold 2, 18.7 

Justin Texeira Tailings Storage Facility (TSF) and 

Waste Rock Dump (WRD) Design 

and associated Capital Cost 

Knight Piésold 1.16.3, 2, 18.2 (excluding 18.2.1), 

20.5.1, 20.5.2, 21.2.7, 25.6, 26.4  

Jeffrey Stevens Metallurgy, Process Design, 

Infrastructure, and associated 

Capital Cost, Process Operating 

Cost, Market Studies and Contracts.  

Wood 1.1, 1.7, 1.8, 1.10, 1.11, 1.12, 1.14, 

1.15, 1.16.5, 2, 3, 13, 17, 18.1, 

18.2.1, 18.3, 18.4, 18.6, 19, 21.1, 

21.2 (except for 21.2.3 to 21.2.7) 

24.1, 24.2, 24.3, 24.5, 25.3, 25.4, 

25.5, 25.8, 26.3, 26.5, 26.7, 27.5, 

27.6, 27.9, 27.11, 27.12 

Robert Michel Economic Analysis Wood 1.13, 1.16.6, 2, 22, 26.8, 27.10 

Anthony Avis Environmental Studies, Permitting 

and Social 

CES  1.9, 1.16.4, 2, 20.1, 20.2, 20.3.1; 

20.3.5, 20.3.6, 20.4, 20.5.6 to 

20.5.10, 20.5.13, 20.6, 20.7, 20.8, 

20.9, 20.10, 20.11, 24.4, 25.7, 26.6, 

27.8. 
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2.4 PERSONAL INSPECTIONS 

Giyani has had an ongoing presence on site since 2018, with exploration and resource definition drilling programs 

covering a 9-year period.    

Table 2-2 confirms the Qualified Persons that completed a site visit as part of the definition of this technical report.  

Table 2-2: Site Visit by QP's  

Qualified Person  Discipline / Scope / Responsibility  Site Visit Date  

Malcolm Titley  Mineral Resource Estimate 22 July 2024 (1 day) 

Sifiso Siwela Geology 5 April 2024 (1 day) 

JJ Lotheringen Mining  20 November 2025 (1 day) 

Justin Texeira  Tailings Storage Facility & Waste Rock Dump  19 June 2024 (1 day) 

Jeffrey Stevens Metallurgy & Process Design, Infrastructure.  5 January 2026 (1 day) 

 

2.5 EFFECTIVE DATE 

The Report has effective date of 28 May 2026.   

2.6 REFERENCES AND INFORMATION SOURCES 

All references and information sources are listed in Section 27. Additional information was requested from Giyani 

where required and supported with expert documentation referenced in Section 3.  

Key source of information for this Report includes the following technical report:  

Geldenhuys, A., Simpson, H., Prinsloo, M., Siwela, S., Thomas, R., Carter, A., Randall, M., and Elmer, R., 2023.  K.Hill 

Battery-Grade Manganese Project Preliminary Economic Assessment National Instrument 43-101 Technical Report, 

effective date 31 July 2023 (the 2023 Preliminary Economic Assessment [PEA]). 

2.7 DEFINITIONS 

Table 2-3 list the general definitions used in this report.  

Table 2-3: Definitions  

  

Project / K.Hill Project K.Hill Battery-Grade Manganese Project 

DFS Definitive Feasibility Study 

NI 43-101 Report National Instrument 43-101 

Client Giyani Metals Corp 

CES CES ð Coastal & Environmental Services (Pty) Ltd 

ERM ERM Group (parent company of CSA Global South 

Africa Pty Ltd) 

Knight Piésold Knight Piésold Ltd 

Wood Wood Mining South Africa (Pty) Ltd 

Ukwazi Ukwazi Mining Studies (Pty) Ltd 
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2.8 UNITS AND CURRENCIES 

Unless otherwise stated, all monetary figures expressed in this report are in US dollars (USD) or Botswana Pula 

(BWP).  

The metric system, or International System of Units, is the primary system of measure and length used in this 

Technical Report and is generally expressed in kilometres (km), metres (m), and centimetres (cm); volume is 

expressed as cubic metres (m3), mass expressed as metric tonnes (t), area as hectares (ha) or square kilometres 

(km2). 

2.9 ABBREVIATIONS 

Table 2-4 list the general abbreviations used in this report.  

Table 2-4: Abbreviations  

Abbreviation  Description  Abbreviation  Description  

AACEI 
Association for the Advancement of Cost 

Engineering International 
K.Hill Kgwakgwe Hill 

ADTs Articulated Dump Trucks KPI Key Performance Indicator 

AMIS African Mineral Standards LDL Lower Detection Limit 

ANCOLD 
Australian National Committee on Large 

Dams 
LMO Lithium Manganese Oxide 

ASTM 
American Society for Testing and 

Materials 
LMR Lithium Manganese Rich 

BCM Bank Cubic Meter LO25 Cape LO25 Coordinate System 

BGI Blue-Green-Infrastructure LSTK Lump Sum Turn Key 

BID Background Information Document  Mamsl Meters Above Mean Sea Level  

BIUST 
Botswana International University of 

Science and Technology 
MAR Mean Annual Rainfall 

BM Base Metals MAE Mean Annual Evaporation 

BMWU Botswana Mine Workers Union MCC Motor Control Centre  

BOCRA 
Botswana Communications Regulatory 

Authority  
MCLAY Manganiferous Clay 

BOOT Build-Own-Operate-Transfer MEL Mechanical Equipment List 

BOM Bill Of Materials ML Mining License 

BOMAID Botswana Medical Aid Society MSH Manganiferous Shale 

BOQ Bill Of Quantities MnO Manganese Oxide 

BOS Botswana Bureau of Standards MQWR 
Mines, Quarries, Works and Machinery 

Regulations 

BPC Botswana Power Corporation MRE mineral resource estimate 

BWP Botswanan Pula MREV mineral reserve estimate 

CAPEX Capital Expenditure Mt  Million Tonnes 

CCL Compacted Clay liner MTO Material Take Off 

CDB Chert Dolomite Breccia MV Medium Voltage  

CIM 
Canadian Institute of Mining, Metallurgy 

and Petroleum 
MVR Mechanical Vapour Recompression 

CITES 
Convention on International Trade in 

Endangered Species 
NER Neutral Earth Resistors 
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Abbreviation  Description  Abbreviation  Description  

CLO Community Liasson Officer NI 43-101 
National Instrument 43-101 ð Standards 

of Disclosure for Mineral Projects 

CN Curve Number NMC Nickel, Manganese, Cobalt 

CONG  Conglomerate NPV Net Present Value 

CRM Certified Reference Material NSC NorthðSouth Carrier 

CSA Canadian Securities Administrators OPGW Optical Ground Wire 

CSR Corporate Social Responsibility OHL Overhead Line 

CV Coefficient of Variation O&M  Operating and Maintenance 

DD Diamond Drilling  OPEX Operating Expenditure 

DEA Department of Environmental Affairs ORP Operational Readiness Plan 

DEP Department of Environmental Protection  P Botswana Pula 

DFS Definitive Feasibility Study PCD Process Contact water containment Dam 

D.Hill Dinake hill PDB Power Distribution Boards 

DGPS Differential Global Positioning System PFD Process Flow Diagram 

DP Demonstration Plant P&Gs Preliminary and General 

DMU Discrete Management Unit P&ID Piping and Instrumentation Diagram 

DOH Direct Operating Hours PL Prospecting License 

DOM Department of Mines  PLC Program Logic Controller 

EC&I Electrical, Control and Instrumentation PLS Pregnant Leach Solution 

EDF Environmental Desing Flood PPA Purchase Power Agreement 

EHS Environmental, Health, and Safety PPV Peak Particle Velocity 

EIA Environmental Impact Assessment PQ PQ-size Diamond Drill Core 

ELLS Electric Leak Location Surveys PV Photo Voltaic 

EMD Electrolytic Manganese Dioxide p-XRF Portable X-ray Fluorescence 

EMM Electrolytic Manganese Metal QA/QC Quality Assurance / Quality Control 

EOH End of Hole QEMSCAN 
Quantitative Evaluation of Minerals by 

Scanning Electron Microscopy 

EPCM 
Engineering Procurement and 

Construction Management 
QP 

Qualified Person (as defined by NI 43-

101) 

ERT Electrical Resistivity Tomography QRA Qualitative Risk Assessment 

ESIA 
Environmental and Social Impact 

Assessment 
RC Reverse Circulation Drilling 

ESIS 
Environmental and Social Impact 

Statement 
RDS Return Dam Solution 

ESMP 
Environmental and Social Management 

Plan 
RFS Relative Value Factor 

ESS Energy Storage Systems RIO Remove Input/Output  

EV Electric Vehicle RO Reverse Osmosis 

FEL Felsite / Front-end-Loader ROM Run-of-Mine 

FIFO First-In-First-Out RQD Rock Quality Designation 

FSH Ferruginous (Iron) Shale RTK Real-Time Kinematic 

FOS Factors of Safety RVI Relative Value Index 

GDP32 Zonge GDP-32 Receiver RWD Return Water Dam 

GHG Green House Gas SANS South African National Standards 
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Abbreviation  Description  Abbreviation  Description  

GGT10 10 kVA Transmitter SEP Stakeholder Engagement Plan 

GIIP Good International Industry Practice SGS Société Générale de Surveillance 

GISTM 
Global Industry Standard on Tailings 

Management 
SHL Beige-Cream Shale 

GMB Geomembrane SIB Stay In Business 

GSM19 GEM GSM-19 Overhauser Magnetometer SMPP 
Structural, Mechanical, Platework and 

Piping 

GWP Global Warming Potential SMU Selective Mining Unit 

HDPE High-Density Polyethylene SPIs Special Piping Items 

HDS High-Density Sludge SRPHD Signed Relative Percent Half Difference 

HPMO High Purity Manganese Oxide STIP Short Term Incentive Plan 

HPMSM 
High Purity Manganese Sulphate 

Monohydrate  
SWMP Storm Water Management Plan 

HR Human Resources t/a  Tonnes per Annum 

HRIS HR Information System TARP Trigger-Action Response Plans 

HRDC Human Resource Development Council TDBA Tailings Dam Breach Analysis 

HV High Voltage TOR Terms of Reference 

ICOLD International Commission on Large Dams TSF Tailings Storage Facility 

ICP-OES 
Inductively Coupled PlasmaðOptical 

Emission Spectroscopy 
TSS Total Suspended Solids 

IDF Inflow Design Flow USD United States Dollars 

IFC International Finance Corporation /  UTM Universal Transverse Mercator 

IFC Issued for Construction UTM 35S 
Universal Transverse Mercator Zone 35 

South 

I/O Input/Output  VDS Village Development Committee 

IPDB Instrument Power Distribution Boards VPSA Vacuum Pressure Swing Adsorption 

IPP independent power producer  VSDs Variable Speed Drives 

IRR internal rate of return  WGS 84 World Geodetic System 1984 

IP/DC Induced Polarisation / Direct Current WRD Waste Rock Dump 

ISO 
International Organisation for 

Standardisation 
WT Working Time 

IT Idle Time / Information Technology  WUC Water Utilities Corporation  

ITRB Independent Tailings Review Board XRF X-ray Fluorescence 

IX Ion Exchange ZAR South African Rand 
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3. RELIANCE ON OTHER EXPERTS 

3.1 INTRODUCTION 

This Report is based, in part, on the review, analysis, interpretation and conclusions derived from information which 

has been provided by Giyani personnel and its consultants.  The QPõs have relied on their experience to review 

such information and determine if the information was suitable for inclusion in this Report. The QPõs take 

responsibility for such information.  

The Report includes technical data which required calculations to derive subsequent subtotals, totals and weighted 

averages. Such calculations inherently involve an element of rounding and consequently introduce a margin of 

error. Where these occur, the QPs do not consider them to be material. 

3.2 MINERAL TENURE AND LEGAL TITLE 

The QPõs have not reviewed the mineral tenure, nor independently verified the legal status, ownership of the 

Property, underlying property agreements or permits. The QPs have fully relied upon, and disclaim responsibility 

for, the status as reported by Giyani in Section 4 of this Report: 

òGiyani has fulfilled all licensing obligations on all prospecting and mining licenses, and these licenses are all in 

good standing with the DoM and surface right holders ó. 

Giyani's Prospecting Licences are maintained in good standing through ongoing compliance with the Mines and 

Minerals Act, 1999, as amended by the Mines and Minerals (Amendment) Act, 2024, and other applicable Botswana 

legislation. Responsibility for the administration and compliance of Giyani's mineral tenure rests with the Giyani 

Country Manager. This includes oversight of approved exploration programmes, fulfilment of statutory reporting 

and expenditure requirements, maintenance of exploration records, timely submission of licence renewal and 

extension applications, and ongoing engagement with the Department of Mines and other relevant regulatory 

authorities. Exploration activities are undertaken in accordance with applicable environmental, health and safety 

requirements, including the conditions of environmental approvals and commitments arising from environmental 

management programmes. Giyani is not aware of any material compliance issues that may adversely affect the 

continued validity of its mineral ten ure. 

3.3 TAXATION 

The QPs have fully relied upon and disclaim responsibility for information supplied by Giyani employees and 

experts retained by Giyani for information related to taxation as applied to the financial model : 

¶ Financial Model Tax Review ð Menzi Battery Metals (Pty) Ltd ð Botswana Mining Fiscal Regime Compliance 

Assessment ð BDO Services (Pty) Ltd ð May 2026 

3.4 MA RKETS 

The QPõs have fully relied upon, and disclaim responsibility for, information supplied by experts retained by Giyani 

for Manganese marketing and pricing through the following document s and their appendices: 

¶ Supply Chain Insights ð Giyani Project ð Market Forecast Reports & Data (update) ð February 2026 

¶ Fastmarkets ð HP-Mn Strategic Market Advisory Study Updateð December 2025 

3.5 ENVIRONMENTAL  

The QPõs have relied on information provided by Loci Environmental (Pty) Ltd (Loci), a Botswana-based company, 

appointed to complete Environmental Impact Assessment (EIA) services for the Project. 
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4. PROPERTY DESCRIPTION AND LOCATION 

4.1 PROJECT LOCATION 

The K.Hill Project is located adjacent to the town of Kanye, which is the administrative centre of the Southern 

District of the Republic of Botswana, with coordinate location: 328856 E 7232111 N, UTM (WGS 84, Zone 35J).  

The K.Hill Project is accessible via a short section of unpaved roads from a network of paved national roads, namely 

the A1 and A2, with the A2 highway located just a few kilometres from the Project. Gaborone, the governmental 

and economic capital city of Botswana, is approximately 100 km northeast by paved road from Kanye. 

The K.Hill Project is located on Mining Licence (ML) number ML0434/2024. The ML has a total area of 9.97 km2 and 

is located within the boundaries of Prospecting Licence (PL) PL322/2016.  

Besides the ML and PL322/2016, Giyani, through its local subsidiary, Menzi Battery Metals (Menzi), also hold  six 

other PLs which in total extend over 1 884 km2 in size. The location map Figure 4 1, show the location of the ML 

which contains the K.Hill Project, as well as the other PLs. 

 

Figure 4-1: Location map 
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4.2 MINERAL TENURE AND SURFACE RIGHTS 

Menzi holds the exclusive right to engage in prospecting activities for metals within the ML and the other PLõs 

issued under Part IV of the Mines and Minerals Act of the Republic of Botswana (MMA). All of Menziõs PLs were 

renewed on the 1 October 2024 and are valid until 30 September 2026, with the exception of PL258/2017, which 

was renewed on the 1 April 2025 and expires on the 31 March 2027 (Table 4-1).  

According to the Mines and Mineral Act, the holder of a PL may, at any time not later than three months before 

the expiry of such licence, apply for renewal of the PL and shall be entitled to the grant of no more than two 

renewals thereof, each for the period applied for, which periods shall not in either case exceed two years, provided 

that (a) the applicant is not in default and (b) the proposed programme of prospecting operations is adequate 

(Government of Botswana, 1999). 

 

Figure 4-2: Giyaniõs prospecting licences 
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Table 4-1: Summary of the companyõs prospecting license holdings in Botswana 

PL Number  Issue date Expiry date  Size (km2) 

258/2017 1 April 2025 31 March 2027 95.76 

297/2016 1 October 2024 30 September 2026 482.94 

298/2016 1 October 2024 30 September 2026 478.40 

322/2016 1 October 2024 30 September 2026 437.63 

336/2016 1 October 2024 30 September 2026 118.14 

337/2016 1 October 2024 30 September 2026 144.08 

338/2016 1 October 2024 30 September 2026 127.08 

Total    1 884.03 

 

The location of PL322/2016 in relation to Giyaniõs other PLs is shown on Figure 4-3. The PL is on land classified as 

tribal and is managed directly by the Kanye Sub Land Board which falls under the Ngwaketse Land Board, which 

in turn is overseen by the Ngwaketse Tribal Administration with the leadership of the Paramount Chief Kgosi 

Malope II. The Ngwaketse Tribal Administration manages the land on behalf of the community across parts of the 

larger area surrounding the Project. A lease is in place with the Ngwaketse Land Board for access to the surface of 

the Project area.  

Giyani through its subsidiary Menzi holds Mining Licence ML0434/2024 for the Project, which was granted by the 

Ministry of Minerals and Energy of Botswana on 11 September 2024, and is valid for 15 years from 30 August 2024 

to 20 August 2039. The area of the Mining Licence is 9.97 km2. The Mining Licence is governed by the MMA (CAP. 

66:01) and the mining area defined in the Mining Licence is sufficient to accommodate K.Hill Projectõs requirements 

over the 25-year life of operations described in the 2026 Definitive Feasibility Study. To maintain the Mining 

Licence, Menzi must pay an annual fee in accordance with section of the MMA (see Section 4.3). The Mining Licence 

is renewable, with each renewal allowing for an extension of up to 25 years. 

 



 

 

- 70 - 

  

Figure 4-3: Location of Giyaniõs mining licence 

4.3 PROPERTY OBLIGATIONS AND AGREEMENTS 

According to Section 70 of the MMA, the PL holder, at the time of issue of this licence and on each anniversary 

thereafter, is required to pay to the Office of the Director of the Department of Mines (DoM) an annual charge 

equal to P 5.00, multiplied by the number of square kilometres in the licence area, subject to a minimum annual 

charge of P 1 000.  

Property obligations under the Mining Licence require the licence holder to pay an annual rental fee in advance to 

the Ngwaketse Land Board, starting from the date of issue and on each anniversary thereafter in accordance with 

Section 9/9a) of the surface lease. In addition, in line with Section 52(1) of the MMA, the licence holder must clearly 

demarcate the leased property by constructing and maintaining boundary beacons and constructing and 

maintaining fencing around the area.  

Giyani has fulfilled all licensing obligations on all prospecting and mining licenses, and these licenses are all in 

good standing with the DoM and surface right holders.  

4.4 PERMITS AND ENVIRONMENTAL LIABILITIES 

Permits required to support Project development are discussed in Section 20 this report . Environmental studies, 

closure plans and costs, and environmental liabilities and risk issues are also discussed in Section 20 of the Report. 

4.5 OTHER SIGNIFICANT FACTORS 

Other significant factors include community proximity, competing agricultural land use, infrastructure constraints, 

environmental permitting requirements, and the need for surface access and compensation agreements.  
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¶ Community proximity and social factors  

- Expectations for local employment and procurement from proximal Kanye community. 

- Potential social licence risks if impacts and expectations are not closely monitored and properly managed 

- Restrictions on blasting, noise, dust and vibration due to nearby residences 

¶ Land use conflicts 

- All coincident land holding conflicts have been addressed within the environmental and social assessments 

and management plans 

- The project area will be fenced off to mitigate future conflicts from informal settlements, smallholder 

agriculture and livestock grazing 

¶ Access and infrastructure constraints 

- Potential traffic and safety concerns near populated areas due to increased traffic servicing initial 

construction and later mining and processing operations  

¶ Security and safety considerations 

- Higher security risk due to proximity to the town but all infrastructure will be fenced with an appropriate 

security service 
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5. ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE AND 

PHYSIOGRAPHY 

5.1 ACCESSIBILITY 

The K.Hill Project is well networked via paved national roads, namely the A1 and A2 highways. The Project is located 

within a few kilometres of the A2 highway, which runs from Buitepos in the west of Botswana, at the Namibian 

border; through the towns of Jwaneng, Kanye, and Lobatse; to the South African border in the southeast of 

Botswana, at Pioneer Gate, near the town of Zeerust, South Africa. The A2 is a major component of the Trans-

Kalahari Corridor, which is a highway corridor that provides a direct route from Maputo in Mozambique via Pretoria 

to central Namibia and the port of Walvis Bay on the west coast of Namibia.  

The A1 runs from Gaborone (the capital of Botswana) past the junction with the A2. The Sir Seretse Khama 

International Airport in Gaborone provides links to major cities in southern and central Africa.  

  
A B 

  
C D 

Figure 5-1: Accessibility  

A) Typical section of the A2 highway. B) Typical section of the A1 highway. C) Sir Seretse Khama International Airport. D) 

Google Earthe aerial view of the town of Kanye. 

The Project site perimeter is accessible from the national road via paved public roads. Access on the Project is 

mostly unpaved old mining tracks that have been opened for exploration access. Some areas remain overgrown 

and degraded by erosion.  
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Figure 5-2: Aerial view of the K.Hill site showing the access route and the paths  cleared for exploration  

5.2 CLIMATE 

The Kanye region falls within the hot semi-arid zone (BSh group in the KöppenðGeiger climate classification), with 

a distinct seasonal pattern of rainfall and temperature. The region experiences a marked seasonal contrast between 

a warm, wet summer season (November to March) and a cooler, dry winter season (April to October). Convective 

thunderstorms are the main source of rainfall, which is often intense but short in durati on, leading to episodes of 

flash flooding and elevated runoff. In contrast, the long  dry season is characterized by clear skies, low humidity, 

and cool night -time temperatures. Over the course of the year, the temperature typically varies from 4 °C to 30 °C 

and is rarely below 0 °C or above 34 °C. Average daytime temperatures range between 22 °C to 32 °C across the 

year. The hottest period occurs from October to December and the coolest period is in June to July, with average 

minimum temperatures dropping to 5  °C  to 8 °C with occasional frost events recorded.  
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Figure 5-3: The daily average temperatures  

The daily average (red line) and low (blue line) temperature are indicated with 25th to 75th and 10th to  90th 

percentile bands. The thin dotted lines are the corresponding average perceived temperature. Source: 

www.weathersparks.com 

Mean annual rainfall is moderate but highly variable, with long -term averages of several hundred millimetres per 

year. December to March collectively account for more than 70% of the yearly precipitation. Kanye experiences 

significant seasonal variation in monthly rainfall. The rainy period of the year lasts for almost eight months, from 

September to May, with a 31-day average rainfall of at least 31 mm. January experiences the most rainfall with an 

average of 73 mm and July the least, with an average rainfall of 1 mm. 

The climate is generally considered to be warm and arid with a summer rainfall season. Mining operations can 

continue throughout the year.  

 

Figure 5-4: The average rainfall  

The average rainfall (solid line) accumulated over the course of a sliding 31-day period centred on the day in 

question, with 25th to 75th and 10th to 90th percentile bands.  
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5.3 PHYSIOGRAPHY 

Generally, Botswana can be divided into three main physiographic regions: 

¶ the Wetland region around the Okavango Delta to the north 

¶ the Hardeveld region, with outcropping metamorphic geology in the southeast, in which the K.Hill Project 

area lies 

¶ the Sandveld region, which comprises the central Kalahari sands 

Most of southern Botswana is covered in some form of savanna. In the K.Hill Project area, common shrubs and 

small thorn trees are present. No protected or scarce trees, such as the Baobab, Marula, Mopane or Fig trees, have 

been observed.  

The land surface of Botswana is mostly flat or gently undulating, with the greatest topographical relief located in 

the southern parts of the country. Kanye is at an elevation of approximately 1 300 m above mean sea level (amsl), 

and Kgwakgwe Hill, from which the K.Hill Project name is derived, forms a distinct topographical feature next to 

Kanye reaching approximately elevation of 1 500 amsl. 

Various waste dumps, discards, stockpiled manganese mineralisation, and tailings occur in the K.Hill Project area, 

which together with cuts into the steep hillside from historical open pit mining, have disrupted the natural 

topography.  

  
A B 

  
C D 

Figure 5-5: Physiography of the K.Hill site.  

A) From the top of the hill old waste and stockpile dumps can be seen.  B) A view looking south from the hill over the town of 

Kanye. C) Historical processing plant location. D) Historical mining activity and artisanal tunnels.  
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 Figure 5-6: Satellite imagery of the K.Hill site  

5.4 LOCAL RESOURCES AND INFRASTRUCTURE 

The K.Hill Project sits immediately adjacent to the town of Kanye, which provides immediate access to existing 

municipal and bulk utilities as well as skilled human resources to support the development of the K.Hill Project.  

5.4.1 Power Supply  

On a national scale, Botswanaõs grid is operated by the state utility Botswana Power Corporation (BPC). The 

transmission backbone comprises 400 kV, 220 kV and 132 kV lines while sub-transmission and distribution operate 

at 66 kV, 33 kV, 11 kV and low-voltage 0.4 kV. Local supply to industrial customers is normally delivered at medium 

voltage (e.g., 33 kV) with standard consumer supply at 230 V single-phase and/or 400 V three-phase. Because BPC 

owns and operates generation and transmission, bulk supply, network upgrades and any high-capacity dedicated 

feeders for mining and process facilities are coordinated through BPC engineering, permitting and commercial 

processes. 

The K.Hill Project benefits from an operational direct electrical connection from the main Kanye substation via a 

33 kV spur. This will serve as the initial power supply during the construction of the Project. As part of this feasibility 

study, a dedicated 132 kV line was engineered to connect the Project to the main substation located to the north 

of Kanye and is further detailed in Section 18.  

5.4.2 Water Supply  

Water, wastewater and municipal services in Kanye are provided through a mix of national and local agencies. Bulk 

raw and treated water is managed by the national Water Utilities Corporation (WUC) and the North -South Carrier 

(NSC) system that moves surface water between major reservoirs. Local reticulation, sanitation projects and 

road/drainage responsibilities sit with Southern District/Kanye local authorities under the Ministry of Local 

Government policy framework.  
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Kanye has been the focus of recent water and sanitation upgrades and a multi-million Pula emergency water works 

programme was reported as nearing completion to revitalise distribution across wards, and the ongoing sanitation 

programme for the town. Large -scale pipeline and wastewater treatment works have been high-profile municipal 

priorities, reflecting both the townõs growth and the demands that industrial users impose on supply and effluent 

capacity.  

The K.Hill Project can access the bulk water supply network for process and potable use. As part of this feasibility 

study, Giyani undertook extensive drilling, pump testwork and modelling of the Dilokwane well field. Assessments 

of available WUC infrastructure and engineering of new build water supply infrastructure to the Project was 

completed and is detailed in Section 18.  

5.4.3 Labour Resources 

The K.Hill Project benefits from a well-established and skilled labour base drawn from both Kanyeõs local population 

and the wider national workforce. Kanye is one of Botswanaõs larger traditional settlements, with a population 

exceeding 45 000, and serves as the administrative and educational centre for the district. The area hosts several 

senior secondary schools, technical training centres, and vocational institutes that provide a steady supply of semi-

skilled and skilled labour suitable for mining, plan t operations, construction and support services.  

The Botswana Qualifications Authority and the Human Resource Development Council (HRDC) oversee vocational 

training standards across the country, ensuring consistency and certification of trades such as electrical work, 

mechanical fitting, and process plant operations.  

Botswana International University of Science and Technology (BIUST) and the University of Botswana supply 

engineers, geologists and environmental scientists, while regional technical colleges such as Gaborone Technical 

College and the Kanye Brigade produce artisans and technicians with direct relevance to the Projectõs construction 

and operational needs.  

The literacy rate of over 85% and the national emphasis on technical and science, technology, engineering and 

mathematics education contribute to a labour pool that is both adaptable and capable of meeting the demands 

of modern mining and processing operations.  

Botswanaõs labour market for the mining sector has been shaped by decades of large-scale diamond and base-

metal mining, creating an experienced workforce and a service industry accustomed to international safety and 

environmental standards. Labour relations are governed under the Employment Act, with oversight by the Ministry 

of Labour and Home Affairs, which enforces health, safety, and wage regulations. The mining sector is unionised 

through bodies such as the Botswana Mine Workers Union (BMWU), which maintains dialogue with operators to 

ensure fair labour practices.  

Botswanaõs policy emphasis on citizen economic empowerment and local employment targets ensures that new 

projects like K.Hill can rely on structured collaboration with government departments to recruit, train, and retain 

national staff. Giyani has indicated plans for local hiring, on-site training programmes, and partnerships with 

Botswanaõs technical education institutions, further enhancing workforce quality and local economic integration.  

Overall, the availability of qualified labour, combined with government -supported training and clear regulatory 

frameworks, provides a stable and high-quality human-resource environment to support the Projectõs long-term 

development and operation.  

5.5 SUFFICIENCY OF SURFACE RIGHTS 

Regarding future mining and processing operations, sufficient space is available to site the various facilities, 

including an open pit operation, sources of power and water, personnel housing, stockpiles, tailing storage areas, 

waste rock storage facilities and processing plants. 

It is a reasonable expectation that any additional surface rights to support Project development and operations 

can be obtained. 
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6. HISTORY 

The discovery of manganese in the Kanye area led to mining from 1957 to 1971 (Aldiss, 1989). The first of many 

companies operating at K.Hill was Marble Lime, which also developed the asbestos mine at Moshaneng, northwest 

of K.Hill. Marble Lime mostly mined the bedded-type mineralisation (described as Mn-shale during the Phase 1 

mapping exercise completed by Giyani), which required beneficiation before it was saleable (Aldiss, 1989). Marble 

Lime ceased mining activities in Kanye around 1967. 

Further exploration work was carried out by Johannesburg Consolidated Investment Co. Ltd. (JCI), during the late 

1960s and early 1970s. 

In 1981, Rand London Manganese investigated the possibility of mining the Mn-shale deposits at K.Hill, Otse, and 

Gopane (near Lobatse), together feeding a single processing plant at Lobatse. The K.Hill deposit was considered 

to require further drilling for  evaluation, but no further work was completed, and the licence was relinquished 

within a year (Aldiss, 1989). 

Historical production of manganese from K.Hill was reported by Baldock et al. (1977) to be 64 180 t from 1957 to 

1967 and 131 563 t from 1968 to 1972 (Table 6-1). Variable prices were received for the product, due to both 

metallurgical and high -grade battery-active products being supplied, with the latter attracting a premium at the 

time (Baldock et al. 1977).  

Table 6-1: Manganese production from the K.Hill project  

Year 
Amount  

(t)  

Value 

(R) 

Total 1957-1967 64 180 798 678 

1968 39 751 16 863 

1969 16 732 290 433 

1970 40 488 695 396 

1971 34 387 140 655 

1972 205 9970 

Total 1968-1972 131 563 - 

Grand total  195 743 - 

Notes: R - South African Rand,   

Source: After Baldock et al. (1977) 
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7. GEOLOGY AND MINERALIZATION 

7.1 REGIONAL GEOLOGY 

The stratigraphy in the Project area consists predominantly of late-Archean to early-middle-Proterozoic rocks from 

the Ventersdorp (meta-volcanics) and Transvaal (meta-sedimentary) Supergroups, as well as the early-Precambrian 

Gaborone Granite (intrusives) and later Waterberg (sedimentary) Groups (Key and Ayres 2000).  

The location of the Project is shown superimposed on the 1973 regional geological map of Botswana in Figure 7-1. 

The Archean basement in southeast Botswana is well studied on a regional scale, and maps are generally accurate. 

The prospect occurs within the mapped Transvaal Supergroup sediments, consisting of shales, quartzites, 

limestones, and conglomerates (blue shading in Figure 7-1) and in the vicinity of the Kanye Group (part of the 

Ventersdorp Supergroup), consisting of a variety of extrusive lavas and subordinate siltstones and shales (purple 

shading in Figure 7-1). To the east, the early-Precambrian intrusive igneous units of the Gaborone Granite suite 

occur (red and pink shading in Figure 7-1). The youngest succession in the Project area is the Waterberg Group 

sediments (green shading in Figure 7-1). In 1998, Roger M. Key and Neil Ayres published a subsequent regional 

(1:1 000 000 scale) geological map of Botswana; however, most of the government regional mapping in the Project 

area was completed prior to 1980, so for this area, the 1973 map is still the most accurate and relevant (Key and 

Ayres, 2000). 

The Moshaneng-Kanye area contains outcrops of a Transvaal-age sedimentary sequence, which forms part of the 

so-called Kanye Basin. This basin is oval shaped, with its long axis orientated northwest-southeast and extends 

over the Kgomodikae, Segwagwa, and Moshaneng areas. It is separated from the Transvaal sediments in the 

Lobatse area by Ventersdorp-age rocks, which comprise the Lobatse Volcanic Group, remnants of Archaean 

basement rocks and the Gaborone Granite, all of which define the north-south trending  Vryburg Arch between 

Kanye and Lobatse. At Kanye, the arch begins to swing westward through Moshaneng toward Jwaneng. Although 

partially separated by a veneer of Waterberg-age rocks, the Transvaal Supergroup sequence around Moshaneng 

forms a structural continuum with that exposed around Kanye, as evidenced by the isolated ridges of chert breccia 

between the two. The Transvaal sediments outcrop in a poorly defined ring structure near the village of 

Moshaneng. The core of this structure is composed of alkaline igneous rocks of the Moshaneng Complex. 

In the Kanye area, only the lower parts of the Transvaal succession, the Black Reef Quartzite Formation and the 

Taupone Dolomite Group, are present. The sediments of the Black Reef Quartzite Formation constitute a sequence 

that fines upwards from conglomer ates at the base through arenites to shales and mudstones at the top. This 

suggests a progressive increase in water depth consistent with a major marine transgression. The discontinuous 

clast-supported conglomerates are thought to have been deposited in lo calised stream channels within an active 

tidal beach environment. This conclusion is supported by the occurrence of very mature quartz arenites overlying 

the conglomerates. 

The Black Reef Quartzite Formation passes gradationally through an interval of bluish-grey shales and mudstones 

into the overlying carbonates. The carbonates are interpreted as being predominantly deposited on a tidal flat. 

Local sandstone lenses may occur in the upper portions of the dolomite sequence and mark the start of a regressive 

cycle in which terrigenous sediment was reintroduced. 

The predominance of the Paupone Dolomite Group and the extensive development of chert breccias, as opposed 

to banded iron formation, suggests that the deposition of the Transvaal Supergroup rocks took place in a 

tectonically active basin. Tectonic instability is also evident during the deposition of the Black Reef Quartzite 

Formation, as indicated by the development of localised fault -scarp conglomerates as its base. 
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Figure 7-1:  Location of the K.Hill prospect on the regional geological map of Botswana, 1973  

Source: Company. Note:  Blue = Transvaal Supergroup; Purple = Kanye Group; Red and pink = Gaborone Granite; Green 

= Waterberg Group 

7.2 PROPERTY GEOLOGY 

7.2.1 Stratigraphy  

The mineralisation at the Project is primarily associated with the upper shale horizon of the Black Reef Quartzite 

Formation. The quartzite package underlying the shales rests unconformably on Archaean felsites of the Kanye 

Volcanic Group. The shales in turn are overlain by the chert breccias of the Paupone Dolomite Group (Figure 7-2), 

which suggests non-deposition of the intervening dolomites or a massive unconformity. The Kgwakgwe Chert 

Breccia Formation in the Kanye area can be subdivided into two main varieties: 

¶ A dark-brown chert breccia with milk -white angular chert fragments, cemented together by brown haematitic 

material. 

¶ A reddish-brown chert breccia with abundant jaspilitic fragments and a high content of jasper in the matrix . 

7.2.2 Lithologies  

Six lithologies were consistently intersected during drilling operations at the Project. These include a chert or chert 

dolomite breccia unit, which occurs at the top of the stratigraphic sequence. Below that is an approximately 50 m 

thick package of shale, identified to be part of the Black Reef Quartzite Formation, which hosts the manganese 

mineralisation within the shale units. Below this shale is an iron-rich shale, which is often intruded by manganese 

oxide material along fractures and joints. Below the iron-shale lies a lower iron shale unit, typically a beige colour 

with no significant manganese content. A shale-containing manganese clay is also observed within the beige shale. 

Between the overlying shales and the felsite footwall unit lies a conglomerate marker unit, observed in almost all 
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the drillholes. In some holes this marker conglomerate has a gritty texture with small clasts and it is also mineralised 

with manganese oxides. 

 

Figure 7-2: Chert breccia at the project  

Source: MSA Group (2018) 

7.2.2.1 Chert dolomite breccia 

This unit consists of angular chert (dolomite) clasts within a haematite-rich matrix. The chert dolomite breccia (CDB) 

unit decreases in grain size and abundance vertically. In addition, the unit becomes laminated before transitioning 

into the underlying a nd softer manganiferous-shale (MSH) unit. The contact is typically broken and is assumed to 

be sharp and erosional. Minor overburden, of typically less than 1 m in thickness, is intersected at the top of the 

sequence. 

7.2.2.2 Manganiferous -shale 

The MSH lithology is the primary mineralisation host. The lithology consists of massive and homogenous 

manganese oxide mineralisation, with a steel grey, submetallic lustre. The horizons are generally associated with 

higher magnetic susceptibility readings when compared to adjacent shale and CDB units, especially when 

manganese oxides are observed visually. The MSH lithology has a dark black, friable shale/clay component, which 

makes up the bulk of the unit. These dark black sections are thought to contain manganese wad, a high-grade 

manganese dioxide complex. Laminae of kaolin clay are also observed. The MSH horizons are typically 3 m to 4 m 

thick. Core recovery can be poor due to the friable nature of these rocks. 

7.2.2.3 Iron -shale 

The Fe-shale (FSH) lithology, being rich in iron, is found above and below the MSH lithology and is, generally, the 

most extensive lithology in the Project area. The unit hosts sporadic, vein and fissure fill mineralisation of 

manganese oxide and can also occur as thin 1 cm to 3 cm thick bands. Mineralisation is confined to the upper 

sections of the unit and grades into alternating weak to moderate non -mineralised Fe-shales downhole. Haematite 

and bleaching alteration often occur.  
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7.2.2.4 Beige-cream shale 

The beige-cream shale (SHL) unit is a non-mineralised, homogenous unit, occurring below the FSH units. The SHL 

units have gradual contacts and are interspersed between a manganese clay and/or conglomerate unit. 

7.2.2.5 Manganiferous c lay 

The manganiferous clay (MCLAY) unit contains low-level mineralisation present in the form of laminations or 

pervasive blotches. Moderate limonite alteration is typical of this unit.  

7.2.2.6 Conglomerate  

The conglomerate (CONG) unit is the primary marker of the footwall. This unit appears to be weakly mineralised 

in the south of the Project region. The CONG units within the north have a coarser grain size than the units in the 

south. The unit is characterised by a granular/sugary texture, with subhedral clasts of quartz. This unit is often 

interspersed by 10 cm bands of cream shale, with sharp upper and lower contacts. 

7.2.2.7 Felsite 

This felsite (FEL) unit is a fine-grained, silica-rich igneous extrusive rock forming the footwall to the shale and 

conglomerate units. The exact composition of the FEL unit is unknown and is referred to as felsite. The unit is not 

mineralised and contains pervasive-blotchy haematite alteration and localised -pervasive limonite alteration. 

 

Figure 7-3: Oblique view of the K.Hill geology model northern area (looking west) . 

Source: ERM (2025) 
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Figure 7-4: Cross section through the K.Hill manganiferous -shale horizons, plan view indicating the section line . 

Source: ERM (2025) 

7.3 STRUCTURAL GEOLOGY 

The mineralised horizons have been interpreted as two packages: the Upper Mn-shale A Horizon and the Lower 

Mn-shale B Horizon, both of which dip shallowly (5° to 10°) toward the northwest. The current interpretation 

considers the horizons as continuous stratiform bodies based on outcrop (where available) and drillhole data.  

Field observations of outcrops on the hill where the main deposit occurs show numerous examples of localised 

folding. This has not been, however, observed at depth in the drillholes and therefore could be localised effects of 

thrusting. Elsewhere in the region, stratigraphy of this age displays significant evidence of deformation. Most 

outcrops visited display evidence of widespread parasitic folding (Figure 7-5). Structural reading of exposed fold 

axial surfaces (hinges) shows strikes of between north-northwest to south -southeast to north -south, almost parallel 

to the overall strike of the beds with plunges of between 5° and 10°. Evidence in this part of the region suggests 

fault displacements of up to 1 m.  

Integration of high -resolution ground gravity and magnetic surveys with drillhole and mapping data has further 

refined the structural interpretation. The geophysical datasets, particularly the Bouguer anomaly and total 

magnetic intensity images, highlight distinct structural breaks and density contrasts within the project area. These 

breaks correspond spatially to abrupt thickening of the CDB unit and clear offsets in the continuity of the Mn -shale 

mineralised lens. In both the northern and southern sectors, the CDB locally thickens by several meters, coincident 

with sharp steps in the underlying stratigraphy observed in both drill core and geophysical profiles.  

These features are interpreted as the result of displacement along two steeply dipping, east-northeast to 

northwest-trending normal faults. The first fault (Fault 1) trends NEðSW and is associated with a pronounced offset 

and thickening of the CDB in the central part of the deposit. The second fault (Fault 2) trends NWðSE and appears 

to separate the northern resource block from the southern extensions, with a vertical displacement of up to 15 m 

observed in the mineralised horizons. The alignment of parasitic folding and abrupt changes in dip direction, as 

well as the distribution of artisanal workings, further support the presence and orientation of these faults.  

The introduction of these two normal faults into the geological model has improved the fit between observed 

drillhole intercepts, surface mapping, and geophysical anomalies. The faults are now incorporated as major 
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boundaries in the 3D geological model, dividing the deposit into three fault blocks. This structural framework 

provides a more robust basis for resource estimation, pit optimization, and future exploration targeting, as it 

accounts for the observed discontinuities and local thickening of both the host rocks and the mineralised lenses. 

Based on field observations, there is evidence of localised thrusting. This may well explain how the overall dip of 

the stratigraphy remains shallow (5° to 10°) and dips to the west, whilst locally it can vary from 45° to almost 

vertical.  

From the modelling, continuity of the layers has been determined with only minor and gentle undulations observed 

over great distances. It is still possible that syn-sedimentary mass flow movement of material may have caused 

slumping. 

 

Figure 7-5: Outcrop of folded, steeply dipping, manganiferous -shale unit at the K.Hill project  

The development of parasitic fold duplexes caused by thrusting of the Mn -shale and associated stratigraphy may 

give rise to the development of localised lenses of thicker (and possibly higher grade) manganese mineralisation. 

It has also been noted that many of the historic workings do not follow the manganiferous mineralisation down 

dip to the west. It appears, based on site observations, that the historic adits may have preferential mined 

manganese mineralisation along fold hinges and trend in a more north erly direction. 

The modelling did not signify extreme folding as previously envisaged. Future infill drilling, grade control or mining 

should take cognizance of any potential localized folding and faulting. This can be achieved through the following:  
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¶ revision of the mineralisation domain models at a local mining block scale (i.e., closer than current drill 

spacing), where globally the volumes and tonnes would be similar, but that there may be local-scale 

modifications to the geometry to reflect the rev ised interpretation and adjustments to the local -scale grade 

variability; this type of detail might only be seen in mined exposures. The effects of this, however, would be 

contained within the mining bench heights of 10 m  

¶ in terms of mining, a more selective approach may be required to mine some mineralization that may be less 

continuous at a local scale than originally anticipated 
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8. DEPOSIT TYPES 

The manganese mineralisation at the K.Hill Project occurs as a supergene-enriched manganiferous shale within the 

Black Reef Quartzite Formation. 

The Mn-shale itself appears to represent a primary manganese deposition in a shallow marine basin, as per the 

Cannon and Force (1986) model referred to in Figure 8-1. As is typical for most manganese deposits, there is clear 

evidence of upgrading by means of supergene enrichment. This evidence includes the following: 

¶ Only manganese oxide mineralogy has been noted to date 

¶ Observed manganese mineral textures are consistent with secondary precipitation 

¶ The presence of fine manganese wad and the presence of cavities and vugs are intersected in the drillholes 

in the Mn-shale 

 

Figure 8-1:Cannon and Force (1986) model for sedimentary manganese mineralisa tion  

Source: Cannon and Force (1986) 

There are two possible time intervals during which weathering and supergene enrichment could have occurred: 

the recent period of exposure as well as the ancient period of exposure associated with the unconformity at the 

base of the chert breccia. If supergene enrichment is only related to the current exposure, then the enrichment 

could be limited in extent by the current geomorphology and may only extend under the hill to the limit of 

weathering. If there was supergene enrichment during the period associated with the unconformity, then more 

extensive supergene enrichment may have occurred. The latter possibility appears to be supported by the drillhole 

intersections. Two mineralising processes are evident, namely an initial phase of mineralisation by precipitation 

and diagenesis during sedimentation (forming the Mn -shale) followed by one (and possibly two) phases of 

redistribution and concentration during weathering and supergene enrichment.  

Interpretation of the gravity map allows the recognition of a very clear marine basin embayment paleogeography 

of the type typically recognised in the Cannon and Force (1986) model. The Archaean floor to the basin seems to 

be well described by gravity anomalies. Interpretation of the gravity map indicates the possible presence of two 
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shallow marine embayments with a north-south trending paleo -shoreline shoaling to the east and deepening 

westward. 

8.1 MINERALISATION STYLE 

Key elements of the Canon and Force (1986) model and this mineralisation style may be summarised as follows: 

¶ A depositional model for many sedimentary manganese deposits that have their formation during times of 

high sea level and stratified sea columns in common. Manganese precipitation occurs at intersections of 

horizontal oxidation -reduction interfaces with shallow marine substrates within shallow marine embayments. 

¶ The manganese occurs in typically thin, flat-lying stratiform and stratabound layer(s), often of enormous 

lateral extent. They are stratiform marine basin-margin deposits, which may be present in oxide and (or) 

carbonate facie. They, tend to be in condensed stratigraphic sequences, result from low-energy deposition, 

and have little clastic dilution. Characteristically, the manganese horizon is a thin but laterally extensive 

stratigraphic condensed sequence-type interval. 

¶ Basin analysis has shown that these types of deposits typically occur in settings characterised by deposition 

in localised basins or shallow marine embayments around littoral paleo-islands, peninsulas, and shoals. It is 

important to delineate barrier islan d, embayments, and shoal settings because of the role of basin sills play in 

isolating anoxic seas and favouring black shale formations. The relationship to the basinõs basement and floor 

is critical. Major deposits are usually formed close to the basin margin. Deposits are often less than 100 m 

above the basement. 

¶ The host rocks are typically sandstone (or orthoquartzite), siltstone and claystone, shales, and black shale. 

Subordinate, poorly consolidated limey sediments (marls) occur. Diatomaceous clays, radiolarian sediments, 

and shell beds are common. Black organic- and pyrite-rich shales and glauconitic sands are common in 

footwall rocks. 

¶ Mineralogically, they typically include an oxide facies, oxide-carbonate facies, and a carbonate facies. Currently 

there is only evidence of oxide facies in the K.Hill deposit: 

- The oxide-facies manganese mineralisation most commonly includes cryptomelane-group minerals and 

pyrolusite and over 40 oxide minerals. Less-oxidic deposits contain manganite, braunite, and kutnohorite. 

Psilomelane and wad (primary and supergene iron and manganese oxide mineral intergrowths) are 

commonly listed in older literature. Gangue typically includes clay minerals (commonly montmorillonite), 

carbonate minerals, glauconite, quartz, chert, and biogenic silica. 

- If developed, the oxide-carbonate facies include psilomelane, manganite, manganoan calcite, and 

rhodochrosite. 

- Carbonate facies mineralisation typically includes rhodochrosite, kutnohorite, and manganoan calcite; 

siderite; mixed manganese and iron-carbonate minerals; pyrite; and wad. Gangue typically includes clay, 

calcium, and calcium-magnesium carbonate minerals; glauconite; organic matter; pyrite; quartz; and 

biogenic silica. 

¶ Secondary superimposed weathering and supergene processes are common. In-situ weathering and oxidation 

enhance both the oxide and carbonate primary mineralisation. Manganese carbonates may weather to a 

brown non -descript rock. Black secondary oxides are common. Penecontemporaneous erosion, oxidation, and 

sedimentary reworking (tidal lag) of oxide and oxidised carbonate mineralisation can give rise to higher 

grades. Contacts between primary and supergene-enriched zones are typically sharp. 

This mineralisation type typically presents manganese grades as follows: 

¶ primary: 20% to 40% manganese, low iron 

¶ secondary: 30% to 50% manganese, low iron 
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¶ iron content: host rocks are low in iron  

¶ examples of this mineralisation type include: 

- Groote Eylandt, Australia 

- Nikopol and Bolshoi Tokmakskoe, Ukraine 

- Chiatura, Georgia 

- Obrochischte, Bulgaria 
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9. EXPLORATION 

9.1 MAPPING AND SAMPLING 

Early exploration at the K.Hill Project was designed to geologically map and geochemically sample the prospect 

licence area. Geologists mapped and sampled the main prospect area with a Garmin GPSMAP 64S GPS, a Brunton 

Compro Pocket Transit compass. 

A preliminary stratigraphic column was interpreted from the field observations concluding that the Mn -shale and 

the K.Hill shale are not the same unit. The outcropping Mn-Shale is shown in Figure 9-1 The Mn-shale refers to a 

specific horizon within the K.Hill shale that contains elevated concentrations of manganese mineralisation. 

 

Figure 9-1: Location of outcropping manganiferous -shale within the area of interpreted manganiferous -shale 

that underlies K.Hill  

Source: Lambda Tau (2017) 

Historical mining efforts focused on the central area, with unmined outcropping mineralisation at the outer 

northern and north -western edges. Adits from artisanal mining are common in areas containing outcrops. 

Outcropping mineralisation, as well as exposed mineralisation in the historical mining pits, were sampled by Giyani. 

Various mineralisation styles were observed and sampled. Grab samples were taken from the K.Hill shale within 

and away from the Mn-shale outcrop. These were taken where outcrops were present, and access allowed. A total 

of 97 grab samples were collected from the K.Hill prospect; additionally, 25 samples were submitted as duplicates 

to test variability in sampling technique and analyses. All samples were taken from surface and within old open pit 

faces except for two samples that were taken from artisanal adits. Sampling focused on mineralised units, although 
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some samples were collected from the non-mineralised footwall and hanging wall units. Rock units sampled 

included Mn-shale, ferruginous shale, quartzite, chert breccia, and siliceous/silicified shale. 

SGS Randfontein - Natural Resources (SGS Randfontein) in Randfontein, South Africa, analysed the grab samples 

using borate fusion followed by x -ray fluorescence (XRF). 

The purpose of grab sampling was to identify the location and nature of the mineralisation. Samples of this nature 

are not suitable for estimating the grade of the deposit, as they are not representative of the grade of the complete 

mineralised unit, and are inherently biased, generally toward higher-grade mineralisation. 

Error! Reference source not found.  summarises the average manganese oxide values from the grab sampling p

rogram. Samples collected from outcropping MSH units yielded the highest manganese grade, as expected. Lower-

grade and non-mineralised footwall and hanging wall units were sampled where they were exposed by historical 

workings. Instances of high-grade manganese oxide (>50%) occur along the entire approximate 1.25 km of Mn-

shale outcrop.  

Table 9-1: Summary of analytical results from the K.Hill grab sampling program  

Unit  
Number of  

samples 

Maximum MnO 

(%) 

Minimum MnO 

(%) 

Average MnO 

(%) 
Comments  

Mn-shale 74 64.10 1.70 44.50 Main mineralised unit  

Ferruginous 

shale 
9 0.08 0.04 0.05  

Chert breccia 4 0.04 0.03 0.04 Hanging wall 

Silicified shale 5 0.04 0.03 0.03 Hanging wall 

Quartzite 1 32.30 32.30 32.30 
Footwall: sample probably 

contaminated 

Note:  Grab sampling focused on identifying the location of elevated concentrations of manganese mineralisation and the 

potential of different units to contain elevated levels of manganese. These figures are not intended to represent an estimate 

of the grade of the units. 

A preliminary geological map was interpreted from the analysed grab samples (Figure 9-2).  
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Figure 9-2: Preliminary geological surface map of the K.Hill  prospect area with the grab sample locations and  

grades 

Source: Lambda Tau (2017) 

9.2 CHANNEL CHIP SAMPLING 

Channel chip sampling was conducted at the K.Hill Project at two locations. The aim was to collect representative 

samples from the Mn-shale without any loss in material. The intended use of the samples was for future 

metallurgical test work. 

Two outcrops were identified for sampling: KH18CC_0001 and KH18CC_0002 (Figure 9-3). Site preparation included 

excavation at the bottom of the face, to a depth of 1 m, to achieve 3 m of exposed face. The exposed face was 

cleaned by removing the outer 5 cm of weathered material. Sampling was conducted over a 3 m intersection of 

the Mn-shale unit in intervals of 1 m. A fourth sample consisting of a complete channel chip sample through the 

entire 3 m interval was also included at each location. 
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Figure 9-3: Channel chip sample locations  

Source : Lambda Tau (2017) 

9.3 GEOPHYSICS  

Giyani engaged Remote Exploration Services PTY Ltd. (RES) in 2018 to complete high-resolution ground gravity 

and ground magnetic surveys over the K.Hill Project.  

The K.Hill Project ground gravity grid comprised 1  987 planned gravity stations. All gravity grids were planned with 

50 m × 50 m spaced stations. Ground magnetic data were collected on the same survey lines as the gravity grids 

along north -northeast to south -southwest oriented lines at the K.Hill Project. All data were collected in continuous 

surveying (Walkmag) mode, which translates to a reading every 1 m to 2 m on 50 m spaced survey lines. In total, 

101 km of magnetic data were collected over the K Hill Project. Three, 1 km induced polarisation/direct current 

(IP/DC) traverses were undertaken based on the results from the gravity and magnetic data. 

Ground gravity station positions were measured using a Trimble R6 real time kinetic (RTK) differential global 

positioning system (DGPS). Coordinates for the beacons were provided by the Botswana Department of Surveys 

and Mapping in Cape LO25 format with or thometric heights. These coordinates were transformed to WGS84 UTM 

35S. Gravity station positions were marked and measured by walking a pattern that included approximately 5% 

internal repeats as well as approximately 5% external repeats. Following RTK surveying, gravity readings were taken 

over all stations. A Scintrex CG-5 Autograv gravity meter was used to complete the gravity survey. 

Magnetic data were collected using a GEM GSM19 Overhauser magnetometer in Walkmag at a 1-second sampling 

interval. A GEM proton precession magnetometer was used to monitor and correct for diurnal variations. Location 

data were collected with a handheld GPS, which was time synchronised with both Walkmag and base station 

magnetometers. 
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Three lines each approximately 1 km in length, of IP/DC were collected. IP/DC traverses were designed to extend 

from felsic volcanic basement (Kanye Volcanic Formation), over the basal unit of the Transvaal quartzites (Black 

Reef Quartzite Formation), into Lower Transvaal shales (Kgwakgwe Shale Formation), and into Upper Transvaal 

chert breccia (Kgwakgwe Chert Breccia Formation). The results of the ground gravity data were used to assist with 

the survey design. IP/DC data were collected in dipole-dipole configuration with a = 50 m and n = between 1 and 

7. A Zonge GDP32 receiver, a GGT10 10 kVA transmitter, and a ZMG 7.5 kVA generator were employed. 

9.3.1 Interpretation of Geophysical Data 

The following broad geophysical characteristics can be ascribed to the geological units: 

¶ Both gravity and magnetic datasets are dominated by the response of the felsic volcanics in the northeast and 

eastern portion of the survey area. These units produce significant gravity and magnetic anomalies. 

¶ The sedimentary units of the overlying Transvaal Supergroup are clearly mapped as distinct, structurally 

controlled, gravity lows 

¶ A subtle contrast exists between the Lower and Upper Transvaal sedimentary units, with Upper Transvaal rocks 

appearing to be denser and producing small gravity highs. 

¶ Thicker portions of the target Lower Transvaal units have been interpreted to correlate with more prominent 

associated gravity lows 

¶ No direct gravity response appears to be associated with the manganese oxides. 

¶ No clear magnetic contrasts have been mapped within the Transvaal sedimentary units, although there is 

some evidence of subtle structure in the magnetic data 

Using several different filter and image products, as well as depth slices through the unconstrained density volume, 

the relationships described above were used to map basin controlling structures, contacts with the target Lower 

Transvaal and areas where the Lower Transvaal units appear to thicken. The interpreted contacts and target areas 

for thicker Lower Transvaal correlate well with known geology and sample results. Additional prospective target 

areas have been identified under recent cover. 

Ground gravity surveying proved to be an effective method for mapping out the extent and possible structural 

controls for manganese mineralisation in the Lower Transvaal host rocks. Basement felsic volcanics are clearly 

delineated in both magnetic and grav ity data where they manifest as anomalous highs. IP/DC proved to be an 

effective means of mapping conductive Lower Transvaal host rocks over resistive Upper Transvaal and basement 

volcanics, as well as potentially higher chargeability manganese mineralisation (RES, 2018). 

The IP/DC traverse results demonstrate high correlation with the gravity inversion and interpretation. As expected, 

the Lower Transvaal shale units are more conductive (lower resistivity) than underlying volcanics, and overlying 

chert breccias correlate well with low -density portions of the inverted density volume. Distinct IP chargeability 

anomalies coincide with the anticipated position of Mn -shale. 

Significant cultural noise (small holder developments, access roads, old workings, new drill pads, etc.) in the 

northern IP/DC traverse across the known mineralisation, has made direct comparison with the known 

mineralisation somewhat ambiguous (RES, 2018). 

9.4 TOPOGRAPHIC SURVEY 

Giyani engaged the services of PhotoSat Information Ltd. in April 2021 to acquire a 1 m stereo satellite survey and 

50 cm orthophotograph for the 31 km 2 Project area. The 1 m satellite survey and 50 cm precision orthophotograph 

were produced using PhotoSatõs proprietary geophysical satellite processing system. PhotoSat used an additional 

2 180 ground control points collected by DGPS to vertically rectify the survey to an accuracy of 15 cm. 
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9.5 MINERALOGICAL INVESTIGATION 

Dr. Ian Flint at the Dalhousie University Minerals Engineering Centre in Halifax, Nova Scotia, Canada, performed a 

mineralogical analysis on the K.Hill Project manganese-oxide bearing rocks (Lambda Tau, 2018). Four samples were 

tested to determine the mineralogical composition of the manganese minerals. Haematite, other iron oxides, some 

pyrite along with silica, and kaolin in one horizon of the shales are evident as well as manganese oxides. This study 

is described in more detail in Section 13. 
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10. DRILLING 

10.1 INTRODUCTION 

Giyani conducted six drilling programmes at the K.Hill Project between 2018 and 2024 as summarised in Table 

10-1. A total of 106 diamond drill holes (DD) (5 177 m) and 199 reverse circulation (RC) drill holes (11 328 m) was 

drilled to delineate the deposit.  

The 2020/2021 (Phase 3) DD programme was primarily completed for the purposes of geotechnical analysis, and 

as such, this core has not been subject to sampling and assaying. Density determinations completed on the 

geotechnical holes were used in assigning density to the Mineral Resource model.  

The fourth phase (Phase 4) of drilling was used to delineate the southern area  

Phase 5 aimed to increase the amount of drilling in the south and decrease the spacing between drillholes on a 

regular grid across extension of the deposit. A few holes were drilled to extend the drilling in the south.  

The Phase 6 DD infill programme was conducted in the Northern portion of the property to increase geological 

confidence.  

Drilling was completed on approximately 35 m to 50 m centres in the northern area of the deposit and 

approximately 75 m to 100 m centres in the southern area and 125 m in the southern extension area (Figure 10-1). 

Table 10-1: Summary of drill programmes  

Programme  Date No. of holes  Meterage (m)  Hole type  

Phase 1 June 2018 18 1 109 DD 

Phase 2 November 2020 96 3 346 RC 

Phase 3 2020/2021 11 346 DD 

Phase 4 August 2021 
28 1 866 RC 

3 260 DD 

Phase 5 August 2022 
75 6 116 RC 

7 217 DD 

Phase 6 February 2024 67 3 245 DD 
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Figure 10-1: Plan view of the drillhole collars  

Source: ERM (2025)  

10.2 COLLAR AND DOWNHOLE SURVEYING 

On completion of the drill campaigns, collars were surveyed using a DGPS, using a local Botswanan surveying 

company, Dedomena Pty Ltd. Collar positions were surveyed using a Trimble R8s receiver, a Trimble TSC3 

controller, and a Trimble total station. The station was placed at coordinates 329 411.03 and 7 233 837.55 on an 

elevation of 1 464 m. This position was marked clearly in the field and has served as the base for all other collar 

surveys. 

Downhole surveys were not deemed to be necessary, as both the RC and DD holes were short and vertical, with 

end of hole depths rarely exceeding 70 m. 

10.3 DIAMOND DRILLING 

The following description of the DD completed on the K.Hill Project to date is adapted and expanded upon from 

SRK (2022c).  

All DD was undertaken by RotsDrill Botswana (RotsDrill). RotsDrill used an Atlas Copco CS14 diamond drill rig. The 

drilling programmes were managed by Lambda Tau. Holes were drilled using PQ core diameter and cased to depth 

with polyvinyl chloride casing. 

A Giyani geologist managed the drilling with the drilling supervisor reporting to the geologist on shift change 

(twice per day). 

The drill rig and drill site preparation and setup were audited by the managing geologist from either Lambda Tau 

or the Giyani geologist, at the start and during the drilling programme. The geologist also ensured that all sites 
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were rehabilitated according to the environmental management standards set forward by Giyani prior to the 

drilling team leaving the site.  

Casing was left in the hole once a hole was completed to allow for any future downhole geophysical surveys that 

might be required. A concrete plinth was constructed around the drillhole collar, such that 50 cm of casing 

protruded above the concrete block t o permanently mark the collar. The drillhole casing was sealed at the collar 

and a plate inserted with the drillhole name ( Figure 10-2). 

 

Figure 10-2: Drillhole collar and site for DDKH18_0005  

Source: MSA (2018) 
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10.3.1 Transport and Storage  

Immediately after retrieval from the core barrel, core was placed onto a v-rail. While on the v-rail, the drillers, under 

the supervision of the geologist, marked the core as per the standard operating procedure. This included 

measuring the core recovery, core gains, and core losses. Thereafter, core was placed in core trays. The trays were 

labelled with the drillhole name at the top right corner of the box and on the side.  

The drilling contractor was responsible for inserting core blocks to mark the drilled depths at the end of each run. 

The drill contractor was responsible for all the core handling at the drill site and transportation of the core to the 

core shed located in Kanye. 

The core was transported in core boxes, stacked to a maximum of five boxes, with a lid on the top core box. The 

stacked boxes were strapped together using a ratchet strap and further secured to the sides of the vehicle. The 

delivered core was accepted at the designated core shed by the on-site geologist. 

10.3.2 Logging  

Geotechnical and geological logging and other data were recorded at the core shed on paper and captured into 

Microsoft® Excel spreadsheets. After entry, the data were checked by the chief geologist. Standard logging codes 

were available to ensure that logging was standardised and to reduce errors in rock identification. Geological 

logging recorded the major changes in lithology, alteration and mineralization. For each lithology the identification 

and description of colour, grain size and texture assisted in consistent lithological identification. Weathering and 

alteration were logged as type and intensity. Geotechnical information recorded included: core recovery, Rock 

Quality Designation (RQD), structures and broken core.  

10.3.3 Core Photography  

All holes were photographed using a digital camera. Photographs were taken of the core, box-by-box. Drilling 

depth and borehole IDs were visible in each of the photographs. Once all core boxes for a hole were photographed, 

the individual photographs were a rranged into a photograph collage and saved as a single file (Figure 10-3). 

10.3.4 Sampling  

The cores were cut longitudinally in half using a rotating diamond saw blade. For samples that were too soft or 

friable to be cut with a diamond saw, the samples were longitudinally cut in half manually with a knife blade. Half -

core samples were collected continually through the mineralised units at a 1 m nominal length, which was adjusted 

to smaller intervals to honour the lithological contacts. Half -core samples were collected between core blocks 

where the recovery was less than 50%. In some instances, this resulted in samples with drilled lengths longer than 

1 m. 
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Figure 10-3: An example of completed photograph collage of a diamond drillhole at the K.Hill  project  

Source: Giyani (2022) 
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10.3.5 Density Determinations  

Density determinations completed in Phase 1 used samples that were not dried, nor wax coated prior to 

undertaking the density determinations. Thus, the recorded densities were considered wet and not dry and were 

not used in the Mineral Resource estimate. 

Density determinations completed in subsequent phases used the Archimedean water immersion method on 

pieces of core in both mineralised and waste rock. This method involves oven drying core samples, then weighing 

the dry core in air, and then weighing the same core while immersed in water. Giyani established that, when 

completely dry, the core samples tend to fragment and break down more readily once placed in water, precluding 

straightforward density determinations. To avoid disintegration, samples were wax coated prior to immersion.  

Density determinations using the Archimedean water immersion method were used in the Mineral Resource 

estimate. The number of density determinations conducted is detailed in Table 10-2.  

Table 10-2: Density determination  

Drilling Campaign  No. of Density Determinations  Area 

Phase 1 732 Northern  

Phase 3 and 4 25 Northern  

Phase 5 110 Southern 

Phase 6 926 Northern  

 

10.3.6 Recovery 

The Mn-shale is friable and weathered, within which competent layers of manganese oxide mineralisation, on a 

centimetre scale, occur. Recovery was calculated by dividing the drilled length by the recovered length. Poor core 

recoveries were observed in most of the intersections of the Mn-shale in Phase 1 averaging approximately 50% in 

the high-grade mineralisation. Improved recoveries were achieved during Phase 2 averaging 91% in the Mn-shale 

horizons. For Phases 3, 4, and 5, recoveries were similar, averaging 90%. 

10.4 REVERSE CIRCULATION DRILLING 

RC drilling was undertaken by two drill contractors: Stewardship Drilling and Master Drilling. Stewardship Drilling 

was responsible for the completion of the first 46 RC holes with a diameter of 127 mm. Master Drilling completed 

the remaining RC holes. Master Drilling operated two remote-controlled, GPS-enabled Atlas Copco D65 drill 

machines, drilling holes with a diameter of up to 140 mm. All RC drilling was managed by Lambda Tau. 

A Giyani geologist managed the drilling with the drilling supervisor reporting to the geologist on shift change 

(twice per day). 

The geologist ensured that all sites were rehabilitated according to the environmental management standards set 

forward by Giyani prior to the drilling team leaving the drilling site.  

The completed RC holes were capped with concrete plugs, with the hole names inscribed as well as the campaign 

by year of drilling followed by the three -digit hole number ( Figure 10-4). 
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Figure 10-4: Concrete reverse circulation collar plugs used to close, and mark completed reverse circulation 

holes 

Source: SRK (2021) 

10.4.1 Logging  

All RC holes were logged on a run-by-run basis (i.e., at 0.5 m intervals). Logging was completed on paper and 

captured into Microsoft® Excel spreadsheets. Geological logging concentrated on lithology, mineralogy, 

weathering, and alteration. Standardized logging codes were used to reduce errors in rock, mineral, and alteration 

identification.  

10.4.2 Photography  

RC holes were photographed using a standard digital camera. Photographs were taken of each chip tray. Drilling 

depth and borehole IDs were visible in each of the photographs. Once all chip trays for a hole were photographed, 

the individual photographs were arranged into a photograph collage and saved as a single image (Figure 10-5). 

 

Figure 10-5: Example of photograph collage made from a typical intersection at the K.Hill  project  

Source: Giyani (2022) 

10.4.3 Sampling  

RC samples were collected at the rig site directly from the cyclone at 1 m intervals and laid out sequentially (Figure 

10-6). Sample bags were pre-prepared to ensure correct labelling. Samples typically range from 10 kg to 12 kg. 

The entire sample was transported to the core shed for sample preparation and analysis. 

RC chip samples were gathered from the primary sample. The chips were washed in water and placed into a 

standard chip tray labelled with hole ID and depth intervals. Primary samples identified as being significantly 
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mineralised were spilt into an A and B sample using a standard 50/50 riffle splitter. This produced two sub-samples, 

each of approximately 3 kg. Both samples were transported to the core shed, closed using staples, and stored in a 

secure location with access limited to the on -site laboratory staff. 

 

Figure 10-6: RC samples laid out sequentially at the rig  

Source: SRK (2021) 

10.4.4 Density Determinations  

Density determinations were carried out on RC samples using a formula that combined drill sample volume, 

recovery, and weight of sample. Density was determined from sample weights per 1 m interval. With a known 

diameter of the RC drill bit (~13.97 cm) and a known drill interval (100 cm), a volume of 15 328 cm3 was calculated 

and used for RC bulk densities. This method has its own limitations which were observed on site, such as insufficient 

sample recovery. 

Over 1 552 RC sample densities were calculated from both the northern and southern areas. Comparable density 

determinations between RC and DD determinations were found. . 
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10.4.5 Recovery 

Giyani routinely monitored RC bag weights to track sample recovery during drilling. The average bag weight per 

drilled metre, after being composited to 1 m, is plotted for the logged intervals of Mn -shale. Analysis of this data 

shows no systematic effects or unexpected changes in recovery downhole and no significant decrease in recovery 

in zones of Mn-shale. 

For the latest RC drilling programme (Phase 5) the sample recoveries for those intersections logged as Mn-shales 

(MSH) are displayed as a frequency plot in Figure 10-7. These data display a tendency toward a normal distribution, 

with most samples returning a weight of between 25 kg and 30 kg.  

 

Figure 10-7: Frequency plot of primary sample masses during RC drilling (Phase 5)  

Source: ERM (2025) 

 

10.5 SIGNIFICANT INTERCEPTS 

Figure 10-8 and Figure 10-9 show representative cross sections in the northern area.  Figure 10-10 shows a 

representative cross section in the southern area.  
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Figure 10-8: Representative northern area cross section and plan view  

Source: ERM (2025) 

Note:  MnO values shown as %. 

  

Figure 10-9: Representative northern area cross section and plan view  

Note:  MnO values shown as %. 
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Table 10-3: Significant intercepts above 15% manganese oxide for representative northern area cross section  

Borehole ID  Type Year X-Collar  Y-Collar  Z-Collar  EOH From To MnO  

RCKH20_047 RC 2020 329 207 7 234 118 1 416 33.00 

25.0 25.5 16.5 

25.5 26.0 18.4 

26.0 26.5 18.5 

26.5 27.0 16.5 

27.0 27.5 16.6 

27.5 28.0 19.5 

RCKH20_015 RC 2020 329 234 7 234 165 1 422 34.00 

25.0 25.5 24.1 

25.5 26.0 17.8 

26.0 26.5 19.6 

26.5 27 20.1 

27 27.5 15.5 

27.5 28 15.2 

28 28.5 20.9 

28.5 29 26.3 

RCKH20_013 RC 2020 329 271 7 234 210 1 421 38.50 

25.5 26 20.7 

26 26.5 19.0 

26.5 27 19.0 

27 27.5 19.5 

27.5 28 19.7 

28 28.5 22.9 

33.5 34 28.6 

DDKH18_0003 DD 2018 329 298 7 234 245 1 246 83.29 
38.5 41.5 24.6 

47 47.5 22.9 

DDKH18_0008 DD 2018 329 161 7 234 110 1 406 30.22 No intersection above 15% 

DDKH18_004 DD 2018 329 105 7 234 365 1 387 68.73 

5.73 6.5 26.70 

6.5 7.5 41.40 

7.5 8 39.10 

8 9 15.30 

15 16 31.10 

16 17 48.80 

17 18 26.30 

18 19 21.50 

RCKH20_001 RC 2020 329 098 7 234 350 1 390 41.5 
6 6.5 18.20 

6.5 7 33.20 
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7.5 8 38.70 

8 8.5 22.20 

DDKH24_041 DD 2024 329 084 7 234 321 1 393 44.94 

5 6 19.62 

6 7 31.68 

7 8 27.09 

8 8.8 36.87 

13.52 15 22.69 

15 16 15.90 

DDKH24_040 DD 2024 329 059 7 234 284 1 395 40.77 

8.67 10 15.47 

10 11 50.74 

11 12 40.06 

12 13.45 20.19 

25 26 18.10 

DDKH24_039 DD 2024 329 043 7 234 263 1 394 35.72 
9 10.22 31.81 

12.5 13 16.62 

RCKH20_042 RC 2020 329 028 7 234 230 1 393 35.5 

14 14.5 15.80 

23.5 24 19.00 

24 24.5 18.40 

Notes: EOH - end of hole 
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Figure 10-10: Representative southern area cross section and plan view  

Note:  MnO values shown as %. 

Table 10-4: Significant intercepts above 15% manganese oxide for representative southern area cross section  

Borehole ID  Type Year X Collar  Y Collar Z Collar  EOH From To MnO (%)  

RCKH22_138 RC 2022 328 645 7 233 095 1 360 63.00 

4 5 24.4 

9 10 39.3 

10 11 31.8 

33 34 19.3 

40 41 27.5 

43 44 31.7 

44 45 19.3 

45 46 24.3 

46 47 31.9 

47 48 39.5 

48 49 36.0 

49 50 15.1 

50 51 16.3 

51 52 22.8 

52 53 15.6 
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Borehole ID  Type Year X Collar  Y Collar Z Collar  EOH From To MnO (%)  

RCKH22_139 RC 2022 328 740 7 233 051 1 370 31.00 

16 17 16.8 

17 18 16.3 

18 19 44.0 

19 20 25.0 

20 21 16.6 

21 22 34.9 

29 30 28.3 

RCKH22_141 RC 2022 328 806 7 233 011 1 369 92.00 

69 70 32.8 

76 77 17.2 

78 79 26.3 

DDKH22_034 DD 2022 328 881 7 232 971 1 368 105.14 No intersection above 15% 

RCKH22_164 RC 2022 328 928 7 232 932 1 377 98.00 

62 63 20.8 

65 66 32.5 

66 67 37.3 

67 68 42.8 

68 69 27.9 

70 71 18.4 

81 82 21.9 

Notes: EOH - end of hole 

10.6 DRILLHOLE DATABASE 

In the previous resource estimation, drilling data was captured in Microsoft® Excel spreadsheets. Continuous 

monitoring and error validation were carried out by Mr. Luhann Theron, Lambda Tauõs Chief Geologist. All files 

were consolidated into a master dril lhole database and securely backed up on cloud-hosted servers. When infill 

drilling commenced, the Seequent MX deposit database was adopted as the primary repository. Historical data 

underwent QA/QC procedures and were subsequently integrated into this database.  

10.7 COMMENTS 

A review of core recovery was undertaken, to investigate reported lower recoveries in the 2018 drilling campaign. 

This review shows that the 2018 data exhibit comparable grade, variability and continuity as surrounding drilling 

and therefore does not intro duce bias into the dataset and can be used as an input into the MRE. 

Due to the tendency of the more friable portions of drill core to fragment when dry, Giyani oven dried the drill 

core during Phase 6 DD programme prior to completing density determinations, to accurately account for the 

water content of the samples and thi s improved the confidence of the density data. Data collected during Phases 

3, 4, 5, 6 DD programmes, whereby samples were dried and wax coated prior to density determination, were used 

for the MRE. 
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11. SAMPLE PREPARATION, ANALYSES AND SECURITY  

11.1 INTRODUCTION 

QP Sifiso Siwela has reviewed the sample preparation, analysis, and QA/QC checks performed on the Phase 1 DD 

programme in MSA Group (2018), and the QA/QC checks performed on the RC drilling campaigns in SRK (2022c) 

and considers it reliable and current. Luhann Theron, Senior Geologist with Lambda Tau Pty Ltd. documented the 

Phase 5 and 6 drilling campaign. 

11.2 SAMPLE SECURITY 

The chain-of-custody was maintained by signature when samples changed hands, from the core shed in Kanye, 

where the samples were stored, to the laboratory. As part of the laboratory procedure, all samples were weighed. 

Chain-of-custody receipts from sample handovers are maintained on site for record keeping. 

11.3 SAMPLE PREPARATION 

Samples were dispatched from the core shed in Kanye, in batches of approximately 100 samples. The sample 

batches were transported to SGS Randfontein in South Africa by Aramex (for the DD programme) and Pinnacle 

Express (for the RC programme) for geochemical analysis.  SGS Randfontein is an independent commercial 

laboratory, which is ISO 17025 accredited by the South African National Accreditation System for chemical analysis. 

11.3.1 Diamond Drill Core  

DD samples were prepared at SGS Randfontein. The sample preparation is as follows: 

¶ Samples are weighed on arrival 

¶ The samples are dried and then crushed using a jaw crusher to 80% passing through a 2 mm screen. 

¶ A 500 g sub-sample is collected from a riffle splitter  

¶ The 500 g sub-sample is pulverised using a carbon steel ring and puck to 85% passing through a 75 µm screen 

¶ Pulps are logged against sample numbers and submitted for analysis 

¶ All pulverised reject samples are stored at SGS Randfontein 

11.3.2 Reverse Circulation  

¶ Sample preparation for the RC samples was performed at site using the following procedure: Samples received 

from the drill site are weighed to record the full primary sample  

¶ A 3 kg to 4 kg A-sample subset is collected from a riffle splitter, with the residual primary sample retained 

until the completion of the A -sample analysis or for metallurgical test work 

¶ Samples are washed to collect a reference chip sample and to visually identify the interval of manganese 

mineralisation 

¶ The mineralised intervals, including four bounding samples either side, are compiled with QA/QC samples to 

form the sample stream for laboratory analysis 

¶ If two or more mineralised intersections are identified, all material internal to these intervals are sampled. 

¶ The A-sample mineralised stream is separated and marked for p-XRF analysis 

¶ Ten to fifteen grams of the A-sample are pulverised for a programmed time and speed (240 seconds) using 

an Equilab EQM-402 MixerMill, then placed into a sample cup for analysis by p-XRF 

Sample intervals with manganese oxide mineralisation are visually distinct from barren footwall and hanging wall 

rock types, appearing as dark grey to black powder/chips within the sample bags and trays.  
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p-XRF analysis is conducted on all visually mineralised intersections. Intervals are selected for analysis and a small 

amount (~30 g) of RC dust is removed from the A-sample and placed it into a cylindrical plastic tube. The plastic 

tube is filled and the open end sealed with cellophane (cling wrap). 

p-XRF analysis is conducted on for each sample cup by placing it into an analysis chamber, with the cellophane 

side down, on top of the p -XRF detector beam. 

Analysis time for each sample is 30 seconds to allow for the detection of a large suite of compounds including 

aluminium oxide, barium oxide, calcium oxide, chromium oxide, iron oxide, potassium oxide, magnesium oxide, 

manganese oxide, sodium oxide, phosphorus pentoxide, sulphur trioxide, silicon dioxide, and titanium dioxide.  

InnovX Africa calibrated the p-XRF. During project activities, routine calibration checks were conducted by 

analysing certified reference materials (CRMs) with known manganese oxide and ferrous oxide contents and 

comparing them with the results obtained by  the p-XRF machine. 

Following the field p -XRF analysis the project geologist compiled a sample list consisting of all sample intervals 

>5% manganese oxide for submission to SGS Randfontein. This included a shoulder sample of 4 m (or four samples 

of 1 m each) on either side of the mineralised interval.  Each interval was assigned a unique sample ID. The sample 

stream included QA/QC samples inserted by the geologist. 

11.4 SAMPLE ANALYSIS 

All DD and RC samples were assayed at SGS Randfontein using method XRF76V, which assays major element 

oxides by XRF using borate fusion. The oxides assayed included aluminium oxide, calcium oxide, chromium oxide, 

iron oxide, magnesium oxide, manganese oxide, sodium oxide, phosphorus pentoxide, potassium oxide, silicon 

dioxide, titanium dioxide, and vanadium pentoxide reported in percent. Loss on ignition (LOI) was also determined. 

The analytical procedure involves the following: 

¶ A pulverised sample between 0.2 g and 0.7 g is required for analysis 

¶ The samples are mixed with 10 g of flux, which is made up of equal amounts of lithium tetraborate - 

metaborate and a non-wetting agent  

¶ The sample is fused to create a bead 

¶ XRF is carried out on the fused bead 

¶ LOI is determined separately by roasting approximately 1 g of the pulverised sample at 1 000 °C for 1 hour in 

a furnace 

11.5 QUALITY ASSURANCE/QUALITY CONTROL 

11.5.1 Introduction  

QA/QC procedures involved the use of blanks, CRMs, duplicates and check duplicates for all drilling phases except 

for Phase 3 as drilling was performed for geotechnical purposes with no QA/QC analysis conducted. 

11.5.2 Phase 1 Diamond Drilling Programm e 

QC samples were inserted to test analytical accuracy, laboratory contamination, and repeatability on a hole-by-

hole basis. CRMs and blank samples were inserted into the sample stream with the core samples. Coarse duplicate 

samples were inserted at the analytical laboratory. Empty bags with sample labels were submitted to the sample 

preparation laboratory with an instruction to make a duplicate of a specified sample and insert it into the sample 

sequence. One CRM, one blank, and one duplicate sample were inserted into the sample stream for every 20 core 

samples. 
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11.5.2.1 Blanks 

A total of 19 blank samples, equivalent to a 5% insertion rate, were inserted within the field sample stream to 

detect contamination, especially in the preparation stage. Giyani used blank silica chips from African Mineral 

Standards (AMIS), as shown in Table 11-1. The graphs for all blank analyses can be seen in Figure 11-1. 

Table 11-1: AMIS0439 blank silica chips  

Variable  Certified value (%)  Two standard deviations (%)  

Al2O3 0.99 0.13 

CaO 0.02 0.01 

Cr2O3 0.01 0.002 

Fe2O3 1.53 0.23 

K2O 0.21 0.04 

MgO 0.03 0.01 

MnO 0.01 0.01 

Na2O 0.02 0.01 

P2O5 0.01 0.003 

SiO2 96.9 0.4 

TiO2 0.06 0.01 

 
Apart from two blank samples, all manganese oxide assays for blank samples were below the upper limit. The 

upper limit is generally taken at ten times the lower detection limit for the method used for each analyte. The blank 

assays that returned values beyond the upper limit had assays between 0.19% and 42.5% manganese oxide. 

An assay of 42.5% manganese oxide is considered too high to result from contamination. Therefore, it is concluded 

that this sample was swapped with a field sample. The other blank failure, with an assay of 0.19% manganese oxide, 

could have been due to contamination, as it follows a CRM with an assay grade of 60.1% manganese oxide. 

Contamination should not have taken place during the sample preparation phase, as CRMs are inserted as 

pulverised material, and do not require any crushing, the point at which mos t contamination takes place. Overall, 

the blank sample assay grades for manganese oxide show that there may have been some contamination at the 

laboratory, but this was low and would not have had any significant impact on the manganese oxide grade of the 

core samples. 

Analyses of blank samples were also undertaken for aluminium oxide, calcium oxide, iron oxide, magnesium oxide, 

and phosphorus pentoxide. A sample failed if the aluminium oxide and iron oxide assay values exceeded three 

standard deviations of the certified  values. The average assayed grade of the blank sample for aluminium oxide 

and iron oxide was 1.4% and 2.6%, respectively. Out of 19 samples, one was interpreted to be a sample swap, and 

11 iron oxide assays and five aluminium oxide assays exceeded three standard deviations of their certified value.  
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Figure 11-1: Results of blank sample assays  

Source: MSA Group (2018) 

It is considered that the level of possible contamination within the Phase 1 DD samples is low. The reason for the 

elevated iron oxide values is uncertain, as the sample cannot be contaminated for only one analyte. This is more 

likely either an assay accuracy issue or inherent variability in the blank material 

11.5.2.2 Certified reference material  

Samples of a single CRM (AMIS0403) were inserted within the sample stream. This CRM was made from manganese 

mineralisation from the Wessels Mine in the Kalahari Manganese Field in South Africa (Table 11-2). 
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Table 11-2: Phase 1 certified reference material AMIS0403  

Variable  
Certified value  

(%) 

Two standard deviations  

(%) 

MnO 60.42 0.64 

Al2O3 0.37 0.02 

CaO 5.12 0.14 

Fe2O3 18.52 0.36 

MgO 0.66 0.06 

P2O5 0.08 0.008 

SiO2 5.25 0.18 

LOI 4.27 0.48 

 

The number of inserted CRMs was 19, equivalent to a 5% insertion rate, which is in line with acceptable industry 

practice. The manganese oxide grade of the CRM was high relative to the K.Hill Project samples, and more than 

one CRM is generally recommended. 

Only one sample returned a value outside three standard deviations of the certified manganese oxide value. This 

sample had a grade of 0.02% manganese oxide and is considered to be a sample swap. The average grade of the 

CRM assays, excluding the sample swap, is 60.51% manganese oxide, which compares favourably with the CRM 

certified value of 60.42% manganese oxide (Figure 11-2). 

The CRM samples were also assayed for aluminium oxide, calcium oxide, iron oxide, magnesium oxide, phosphorus 

pentoxide, and silicon dioxide. The CRM assays for these variables were within three standard deviations of the 

certified value of the respective variables, except for one aluminium oxide assay. None of the variables showed 

significant bias, and none exceeded 4% relative difference from the certified values (Figure 11-2). In general, the 

assayed grades of the Phase 1 DD CRM samples indicate acceptable analytical accuracy at the grade of the CRM. 

11.5.2.3 Coarse duplicates  

Coarse duplicates were inserted to assess the adequacy of the sub-sampling process after crushing and the 

repeatability of the analytical process. A sub-sample of 500 g was collected using a riffle splitter after crushing. At 

this point, a second sub-sample was collected as a coarse duplicate and assigned a different sample number. 
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Figure 11-2: Results of AMIS0403 certified reference material  

Source: MSA Group (2018) 
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The duplicate assays of manganese oxide, aluminium oxide, calcium oxide, iron oxide, magnesium oxide, 

phosphorus pentoxide, and silicon dioxide showed good precision (or repeatability) with linear correlation 

coefficients of greater than 0.98 (Figure 11-3 and Figure 11-4). This suggests that the sub-sampling process and 

the analytical processes are repeatable, and that the results are appropriate for Mineral Resource estimation and 

reporting.  

 

 

Figure 11-3: Scatterplot of manganese oxide assay pairs (in percent) of duplicate samples  

Source: MSA Group (2018)
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Figure 11-4: Scatterplots of duplicate sample assay pairs (in percent  

Source: MSA Group (2018) 
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11.5.2.4 Check assays 

Reject material from 40 samples that SGS Randfontein had assayed was submitted to Intertek Genalysis laboratory 

in Maddington, Western Australia. Intertek Genalysis is an independent commercial laboratory, which is ISO 17025 

accredited by the National Association of Testing Authorities, Australia for chemical testing. The duplicate samples 

were accompanied by four CRM and four blank samples. The assay method undertaken on these samples was XRF, 

similar to the primary laboratory (SGS Randfontein) assay method. The insertion rate was 10%. 

The blank samples accompanying the check assays returned grades close to the detection limit for all variables, 

including manganese oxide (Figure 11-5). This indicates that there was limited, if any, contamination at the 

laboratory during the assaying of these samples. 

 

Figure 11-5: Assays of manganese oxide in blank samples accompanying the check assays  

Source: MSA Group (2018) 

The CRM samples inserted with the check assay batch were sourced from AMIS0407. The assays that were returned 

were within two standard deviations of the certified manganese oxide value for this method ( Figure 11-6). 
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Figure 11-6: Manganese oxide assays (in percent) of AMIS0407 samples by the check laboratory  

Source: MSA Group (2018) 

A scatterplot comparing the manganese oxide assays from the primary and the secondary laboratory shows very 

good correlation, with a linear correlation coefficient of approximately 1 (Figure 11-7). 

 

 

Figure 11-7: Scatterplot of manganese oxide assays (in percent) of the primary laboratory versus the check 

laboratory  

Source: MSA Group (2018) 
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11.5.3 Phase 1 and 2 Reverse Circulation Drilling Programs  

A total of 427 QA/QC samples were inserted into the sample stream. The QA/QC samples included 121 blanks, 224 

CRMs, 42 field duplicates, and 40 pulp duplicates, representing an overall QA/QC sample insertion rate of 

approximately 13%. 

11.5.3.1 Blanks 

Giyani used AMIS0681 and AMIS0439 blank silica chips for blank material submission to the laboratory to monitor 

sample contamination (Figure 11-8 and Figure 11-9). The results show a significant proportion of samples around 

or exceeding the specified failure threshold (0.01% manganese oxide). Three samples returned manganese oxide 

values greater than 0.1%, but all less than 1% (Figure 11-9). While noting that the results suggest minor 

contamination, the degree of contamination (typically less than 0.05% manganese oxide) is not considered material 

in the context of the average manganese oxide grades within the shale horizons. 

 

Figure 11-8: Blank sample (AMIS0681) control plot, 2020/21 reverse circulation drilling  

Source: SRK (2022c) 
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Figure 11-9: Blank sample (AMIS0439) control plot, 2020/21 reverse circulation drilling  

Source: SRK (2022c) 

11.5.3.2 Certified reference material  

Three CRMs (AMIS0407/533/535), covering a grade range of approximately 24% to 47% manganese oxide, were 

inserted into the K.Hill Project sample stream. The CRMs are produced by AMIS and derived from manganese 

mineralisation from the Sakura Ferro-Alloy (Malaysia) and the Mamatwan Mine in the Kalahari Manganese Field, 

South Africa. CRM grades for the main analysed elements are provided in Table 11-3. The manganese oxide grades 

of the CRMs are appropriate for the average grade of the mineralised K.Hill Project samples. 

Table 11-3: Certified reference material values for manganese oxide  

CRM 
Certified value  

(%) 

Two standard deviations  

(%) 

AMIS0407 46.81 0.740 

AMIS0533 23.97 0.555 

AMIS0535 26.70 0.830 
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The submission and failure rates (above or below two standard deviations) of the three CRMs are summarised in 

Table 11-4, with performance illustrated graphically in Figure 11-10 to Figure 11-12. 

Table 11-4: Summary of certified reference material performance for the Phase 2 reverse circulation drilling  

CRM Number of submissions  
Insertion rate  

(%) 

Number of 

failures  

Failure rate  

(%) 

AMIS0407 73 2.2 7 10 

AMIS0533 78 2.3 2 3 

AMIS0535 73 2.2 2 3 

Total 224 2.22 11 5 

 

 

Figure 11-10: Certified reference material control plot for AMIS0407, 2020/21 reverse circulation drilling  

Source: SRK (2022c) 

 

 

Figure 11-11: Certified reference material control plot for AMIS0533, 2020/21 reverse circulation drilling  

Source: SRK (2022c) 
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Figure 11-12: Certified reference material control plot for AMIS0535, 2020/21 reverse circulation drilling  

Source: SRK (2022c) 

 

Overall, the two lower grade CRMs (AMIS0533 and AMIS0535) performed well, with the two AMIS0533 failures 

likely due to sample swaps with AMIS0535 samples, and the same being true for one of the two AMIS0535 failures. 

The higher-grade AMIS0407 CRM shows some periods of systematic over-reporting of true grades by 

approximately 0.5% to 1.0% manganese oxide. However, given that most samples are within two standard 

deviations of the certified value for this CRM, it is not considered to be a material risk to the accuracy of the sample 

analyses during the period. 

CRMs were assayed for aluminium oxide, calcium oxide, iron oxide, magnesium oxide, phosphorus pentoxide, and 

silicon dioxide. The CRM assays for these variables were all within four standard deviations of the certified value of 

the respective variables, except for samples previously identified as likely CRM swaps. None of the variables showed 

any significant, consistent bias. 

11.5.3.3 Duplicates  

A total of 42 field and 40 pulp duplicates were inserted into the regular sample stream representing insertion rates 

of approximately 1.3% and 1.2%, respectively. Overall, both duplicate sample types showed good precision (Figure 

11-13 and Figure 11-14). QP Sifiso Siwela considers the sub-sampling and analytical processes showed an 

acceptable degree of repeatability, and the precision of the assay results determined during this drilling campaign 

was appropriate for Mineral Resource estimation and reporting. 
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Figure 11-13: Field duplicate control plot, 2020/21 reverse circulation drilling  

Source: SRK (2022c) 

 

 

Figure 11-14: Pulp duplicate control plot, 2020/21 reverse circulation drilling  

Source: SRK (2022c) 

11.5.3.4 Umpire analyses  

As an external control, a total of 139 duplicate samples were sent to Intertek Genalysis for analysis. Overall, there 

is an excellent correlation (R2 > 0.99 for the major oxides of interest) between the original (SGS Randfontein) and 

the umpire (Intertek Genalysis) analyses for each of the elements analysed (Figure 11-15 and Figure 11-16). Based 

on these results, there was no material issue with the accuracy, precision, or contamination of RC sample analyses 

conducted at SGS Randfontein during this period. 
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Figure 11-15: Umpire sample control plot for manganese oxide (%)  

Source: SRK (2022c) 

 

Figure 11-16: Umpire sample control plot for silicon dioxide (%)  

Source: SRK (2022c) 
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11.5.4 Phase 4 Reverse Circulation Drilling Programme  

During the southern extension area drilling campaign, 118 QA/QC samples were inserted into the sample stream. 

The QA/QC samples included 21 blanks, 37 CRMs, 30 field duplicates, and 30 pulp duplicates, representing an 

overall QA/QC sample insertion rate of 13%. 

11.5.4.1 Blanks 

Giyani used AMIS0439 blank silica chips for blank material submission to SGS Randfontein to monitor sample 

contamination. The results are shown in Figure 11-17 and show no blank samples exceeding the expected upper 

limit of 0.1% manganese oxide. 

11.5.4.2 Certified Reference Material  

Three CRMs (AMIS0407/533/535), covering a grade range of approximately 24% to 47% manganese oxide, were 

inserted into the sample stream. CRM grades for the main analysed elements are provided in Table 11-5. The 

manganese oxide grades of the CRM are appropriate to the average grade of the mineralised K.Hill Project samples. 

 

Figure 11-17: Blank sample (AMIS0439) control plot  

Source: SRK (2022c) 

 

Table 11-5: Certified reference material values for manganese oxide  

CRM 
Certified value  

(%) 

Two standard deviations  

(%) 

AMIS0407 46.81 0.740 

AMIS0533 23.97 0.555 

AMIS0535 26.70 0.830 

 

The submission and failure rates (above and below three standard deviations) of the three CRMs are summarised 

in Table 11-6Error! Reference source not found. , with their performance illustrated in Figure 11-18. 
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Overall, the three CRMs performed moderately well, with a combined failure rate of 8% for manganese oxide, given 

that the majority of samples are within two standard deviations of the certified value for  this CRM. 

The CRMs were also assayed for aluminium oxide, calcium oxide, iron oxide, magnesium oxide, phosphorus 

pentoxide, and silicon dioxide. The assays for these variables are mostly within four standard deviations of the 

certified value of the respective variables; only a less than 2% failure rate for all elements was noted. None of the 

additional elements showed any significant, consistent bias. 

Table 11-6: Certified reference material performance for the Phase 4 southern extension area reverse circulation 

programme  

CRM 
Number of 

submissions  
Insertion rate (%)  Number of failures  Failure rate (%)  

AMIS0407 11 1.2 1 9 

AMIS0533 17 1.8 2 11 

AMIS0535 9 1.0 0 0 

Total  37 4.0 3 8 

 

11.5.4.3 Duplicates  

A total of 30 field and 30 pulp duplicates were inserted into the regular sample stream representing insertion rates 

of approximately 3.3%. Overall, both  duplicate sample types show good  precision as such, it is considered that the 

sub-sampling and analytical processes show an acceptable degree of repeatability, and the precision of the assay 

results determined during this drilling campaign is appropriate for Mineral Resource estimation an d reporting.  
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Figure 11-18: Control plots for AMIS0535, AMIS0407 and AMIS0533  

Source: SRK (2022c) 

11.5.4.4 Umpire analysis  

A total of 68 duplicate samples from the drilling programme were sent to an umpire laboratory (SGS South Africa) 

for analysis. Overall, there is an excellent correlation (R2 > 0.99 for manganese oxide) between SGS Randfontein 

and umpire analyses (Figure 11-19). 
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Figure 11-19: Umpire results for manganese oxide  

Source: ERM (2023) 

11.5.5 Phase 5 Diamond Drilling and Reverse Circulation Programme  

11.5.5.1 Blanks 

Giyani used AMIS0681 blank silica chips for blank material submission to SGS Randfontein to monitor sample 

contamination.  

The blank sample analysis did not highlight any issues with sample contamination at the laboratory. Of the 89 

blanks submitted, only two returned manganese oxide assays were higher than three times the laboratoryõs lower 

detection limit. The certified values for AMIS0681 are shown in Table 11-7. The lower detection limit of 0.01292% 

was used to test manganese oxide performance in the blank. The upper limit was set at six times the standard 

deviation. 

Table 11-7: Certified AMIS0681 values  

 

The other elements were included in the blank analyses. Overall, the performance is good. Figure 11-20 to Figure 

11-23 and Figure 11-24 to Figure 11-27 show the results for the RC and DD holes, respectively. 

Analyte (%)  Certified value (%)  Standard deviations (%)  

MnO 0.01 0.00 

Al2O3 1.06 0.12 

SiO2 97.04 0.44 

Fe2O3 1.17 0.22 
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Based on this threshold, the performance of the blank sample is acceptable, and cross-contamination at the 

preparation or analytical laboratory facilities is not considered a material issue. 

 

 

Figure 11-20 Blank control graph for manganese oxide (%) for reverse circulation holes  

Source: ERM (2023) 

 

 

Figure 11-21: Blank control graph for silicon dioxide (%) for reverse circulation holes  

Source: ERM (2023) 
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Figure 11-22: Blank control graph for aluminium dioxide (%) for reverse circulation holes  

Source: ERM (2023) 

 

 

Figure 11-23: Blank control graph for iron oxide (%) for reverse circulation holes  

Source: ERM (2023) 
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Figure 11-24: Blank control graph for manganese oxide (%) for diamond drilling holes  

Source: ERM (2023) 

 

 

Figure 11-25: Blank control graph for silicon dioxide (%) for diamond drilling holes  

Source: ERM (2023) 
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Figure 11-26: Blank control graph for aluminium dioxide (%) for diamond drilling holes  

Source: ERM (2023) 

 

 

Figure 11-27: Blank control graph for iron oxide (%) for diamond drilling holes  

Source: ERM (2023) 

11.5.5.2 Certified reference material  

To monitor assay accuracy, CRMs were inserted randomly into the sampling stream. Commercially available CRMs 

were purchased from AMIS in South Africa. These were delivered as homogeneous pulp material with certified 

concentrations and expected standard deviations of the elements of interest. CRMs were supplied in heat-sealed, 

airtight, pulp packets, not requiring any further sample preparation. CRM pulps utilized for the K.Hill Project were 

not matrix -matched to the host rock lithologies   

Samples of three separate CRMs (AMIS0407/533/535), covering a grade range of approximately 24% to 47% 

manganese oxide, were inserted into the sample stream. The manganese oxide grades of the CRM are appropriate 

to the average grade of the mineralised K.Hill Project samples. Inclusion of a lower-grade CRM at or around the 

Mineral Resource reporting grade (8% to 12% manganese oxide) would be a beneficial addition. 
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The submission and failure rates of the three CRMs are summarised in Table 11-8 and Table 11-9. A failure occurs 

when the assay value is above or below three standard deviations. 

Table 11-8: Summary of certified reference material insertion  

CRM Number of submissions  Insertion rate (%)  

AMIS0407 26 1.4 

AMIS0533 47 2.5 

AMIS0535 34 1.8 

Total  107 5.7 

 

Table 11-9: Summary of certified reference material performance  

CRM Element  
No. of 

samples 
Mean Value  CV Mean Bias (%)  Failure (%)  

AMIS0407 

MnO 26 46.99 0.002 0.4 0 

Al2O3 26 5.55 0.007 0.6 0 

SiO2 26 0.29 0.034 1.4 0 

Fe2O3 26 5.32 0.211 -11.8 4 

AMIS0533 

MnO 47 24.39 0.002 1.8 0 

Al2O3 47 6.98 0.006 0.1 0 

SiO2 47 29.70 0.002 -0.5 0 

Fe2O3 47 0.76 0.429 -16.4 19 

AMIS0535 

MnO 34 27.06 0.004 1.3 0 

Al2O3 34 7.47 0.006 -0.2 0 

SiO2 34 26.53 0.003 0.7 0 

Fe2O3 34 0.65 0.365 -15.7 9 

Notes: CV - coefficient of variation 

The analyses of CRMs indicate good analytical accuracy and precision, with all but two assay results plotting within 

the three times upper and lower standard deviation thresholds. The majority of reported values for manganese 

oxide (%) for CRMs AMIS0407/0535/0533 are slightly higher than the expected reference value, indicating a slightly 

high assay bias. Silicon dioxide shows a slightly low bias; the other elements show satisfactory results. Iron oxide 

shows the most failures within the CRMs and should be monitored with ongoing exploration programs.  

Given the majority of samples are within two standard deviations of the certified value, QP Malcolm Titley does 

not consider there to be a material risk to the accuracy of the sample analyses for this drill programme. 

The CRM assays for the main variables are mostly within three standard deviations of the certified value for the 

respective variables. None of the elements showed any significant, consistent bias. The performance charts for 

CRMs are split between the RC and DD holes shown in Figure 11-28 to Figure 11-47 (no DD holes for AMIS0407). 
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Figure 11-28: Control chart for manganese oxide (%) for AMIS0407 reverse circulation holes  

Source: ERM (2023) 

 

 

Figure 11-29: Control chart for aluminium dioxide (%) for AMIS0407 reverse circulation holes  

Source: ERM (2023) 

 

 

Figure 11-30: Control chart for silicon dioxide (%) for AMIS0407 reverse circulation holes  

Source: ERM (2023) 
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Figure 11-31: Control chart for iron oxide (%) for AMIS0407 reverse circulation holes  

Source: ERM (2023) 

 

 

Figure 11-32: Control chart for manganese oxide (%) for AMIS0533 reverse circulation holes  

Source: ERM (2023) 

 

 

Figure 11-33: Control chart for aluminium oxide (%) for AMIS0533 reverse circulation holes  

Source: ERM (2023) 
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Figure 11-34: Control chart for silicon dioxide (%) for AMIS0533 reverse circulation holes  

Source: ERM (2023) 

 

 

Figure 11-35: Control chart for iron oxide (%) for AMIS0533 reverse circulation holes  

Source: ERM (2023) 

 

 

Figure 11-36: Control chart for manganese oxide (%) for AMIS0533 diamond drilling holes  

Source: ERM (2023) 
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Figure 11-37: Control chart for aluminium oxide (%) for AMIS0533 diamond drilling holes  

Source: ERM (2023) 

 

 

Figure 11-38: Control chart for silicon dioxide (%) for AMIS0533 diamond drilling holes  

Source: ERM (2023) 

 

 

Figure 11-39: Control chart for iron oxide (%) for AMIS0533 diamond drilling holes  

Source: ERM (2023) 

 



 

 

- 138 - 

 

Figure 11-40: Control chart for manganese oxide (%) for AMIS0535 reverse circulation holes  

Source: ERM (2023) 

 

 

Figure 11-41: Control chart for aluminium dioxide (%) for AMIS0535 reverse circulation holes  

Source: ERM (2023) 

  

 

Figure 11-42: Control chart for silicon dioxide (%) for AMIS0535 reverse circulation holes  

Source: ERM (2023) 
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Figure 11-43: Control chart for iron oxide (%) for AMIS0535 reverse circulation holes  

Source: ERM (2023) 

 

 

Figure 11-44: Control chart for manganese oxide (%) for AMIS0535 diamond drilling holes  

Source: ERM (2023) 

 

 

Figure 11-45: Control chart for aluminium dioxide (%) for AMIS0535 diamond drilling holes  

Source: ERM (2023) 
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Figure 11-46: Control chart for silicon dioxide (%) for AMIS0535 diamond drilling holes  

Source: ERM (2023) 

 

 

Figure 11-47: Control chart for iron oxide (%) for AMIS0535 diamond drilling holes  

Source: ERM (2023) 

11.5.5.3 Duplicates  

A total of 108 field and 96 pulp duplicates were inserted into the regular sample stream representing insertion 

rates of approximately 5.8% and 5.1%, respectively. For both the pulp and coarse reject duplicates, a reasonable 

correlation is observed, indicating acceptable sample homogeneity and analytical precision. (Figure 11-48 and 

Figure 11-49). 
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Figure 11-48: Field duplicate control plot  

Source: ERM (2023) 

 

Figure 11-49: Pulp duplicate control plot  

Source: ERM (2023) 
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11.5.5.4 Umpire analyses  

A total of 155 duplicate samples were sent to an umpire laboratory (ALS South Africa) for analysis. Overall, there is 

an excellent correlation (R2 > 0.99 for the major oxides of interest) between SGS Randfontein and umpire analyses 

(Figure 11-50). Based on these results, it is found that there are no material issue with the accuracy, precision, nor 

contamination of sample analyses conducted at SGS Randfontein during this period. 

 

Figure 11-50: Umpire results for manganese oxide (Phase 5)  

Source: ERM (2023) 

11.5.6 Phase 6 Diamond Drilling Programme  

A total of 38 sample batches were analysed at SGS Randfontein containing 1 494 drill hole samples, 117 QC samples 

and 187 CRM samples. The overall number of QC samples is appropriate for ensuring the accuracy and reliability 

of the results. 

The ratio of QC samples to drill hole samples, such as field duplicates (1:27), pulp duplicates (1:24) and CRMs (1:8) 

is within acceptable industry standards. 

11.5.6.1 Blanks 

Giyani submitted AMIS0681 and AMIS0855 blank silica chips to SGS Randfontein to monitor sample contamination. 

The analysis of blank samples AMIS0681 indicates potential issues, as seven out of 40 blanks returned manganese 

oxide assays exceeding three times the laboratoryõs lower detection limit. This higher-than-expected rate of 

contamination in blanks suggests that laboratory procedures or sample handling may require further review to 

mitigate contamination risks. For other elements, the performance of the blank samples is acceptable, and cross-

contamination at the preparation or analytical laboratory facilities i s not considered a material issue. 

The analysis of AMIS 0855 highlights potential issues, particularly with iron oxide, where 13 out of 31 samples 

exceeded three times the expected standard deviation. This high rate of deviations suggests possible 
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contamination, likely originating from sample preparation or handling processes. This is not considered an issue 

as iron is not the target element.  

The lower detection limit of 0.01292% was used to test manganese oxide performance in both these blanks and 

the upper limit was set at six times this value. 

Table 11-10: Certified blank control values and performance  

CRM Element  
No. of 

Samples 

Expected 

Value 

Expected Std 

Dev 
Mean  CV 

Mean 

Bias 

No. of Samples 

>3x 

StdDev/LDL  

AMIS 0681 

MnO 

40 

0.01 *0.012 used 0.03 0.9113 152.50% 7 

Al2O3 1.06 0.12 1.04 0.1263 -1.93% 1 

SiO2 97.04 0.44 96.76 0.0108 -0.29% 8 

Fe2O3 1.17 0.22 2.06 0.4413 75.85% 18 

AMIS 0855 

MnO 

31 

0.01 *0.012 used 0.02 0.7087 143.55% 1 

Al2O3 0.4 0.02 0.47 0.0871 16.77% 12 

SiO2 97.95 0.25 94.62 0.1859 -3.40% 14 

Fe2O3 1.16 0.2 2.03 0.5513 75.08% 13 

Note: CV - coefficient of variation, LDL ð lower detection limit 

 

 

Figure 11-51: Blank control (AMIS 0681/0855) graph for manganese oxide (%)  

Source: ERM(2024) 
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Figure 11-52: Blank control graph for aluminium dioxide (%)  

Source: ERM (2024) 

 

 

Figure 11-53: Blank control graph for iron oxide (%)  

Source: ERM (2024) 
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Figure 11-54: Blank control graph for silicon dioxide (%)  

Source: ERM (2024) 

11.5.6.2 Certified reference material  

To monitor assay accuracy, CRMs were inserted randomly into the sampling stream. Commercially available CRMs 

were purchased from AMIS in South Africa. These were delivered as homogeneous pulp material with certified 

concentrations and expected standard deviations of the elements of interest. CRMs were supplied in heat-sealed, 

airtight, pulp packets, not requiring any further sample preparation  

Samples of three separate CRMs (AMIS0407/533/927), covering a grade range of approximately 13% to 47% 

manganese oxide, were inserted into the K sample stream. CRM AMIS0927 is a matrix match CRM for the K.Hill 

Project. The manganese oxide grades of the CRM are appropriate to the average grade of the mineralised K.Hill 

Project samples.  

Table 11-11: Summary of certified reference material values and performance  

CRM Element  
No. of 

Samples 

Certified 

Value 

Certified 

Std Dev 
Mean  CV Mean Bias 

No. of Samples 

>3x StdDev  

AMIS 

0407 

MnO 

12 

46.81 0.37 46.40 0.0076 -0.88% 0 

Al2O3 0.29 0.015 0.33 0.1126 13.79% 5 

SiO2 5.51 0.08 5.52 0.0062 0.24% 0 

Fe2O3 6.03 0.09 5.98 0.0088 -0.84% 0 

AMIS 

0533 

MnO 

40 

23.97 0.278 23.85 0.0063 -0.49% 0 

Al2O3 6.97 0.065 6.93 0.0103 -0.56% 2 

SiO2 29.85 0.195 28.97 0.1566 -2.94% 5 

Fe2O3 0.914 0.042 0.89 0.0099 -2.49% 0 

AMIS 

0927 

MnO 

64 

13.931 0.286 13.93 0.0155 -0.02% 0 

Al2O3 13.58 0.243 13.31 0.0196 -2.00% 5 

SiO2 46.025 0.347 44.41 0.1811 -54.23% 3 
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CRM Element  
No. of 

Samples 

Certified 

Value 

Certified 

Std Dev 
Mean  CV Mean Bias 

No. of Samples 

>3x StdDev  

Fe2O3 14.42 0.159 14.41 0.0096 -0.10% 0 

CV - coefficient of variation 

The analyses of these CRMs demonstrate good overall analytical accuracy and precision, with most assay results 

falling within the three times upper and lower standard deviation thresholds. Manganese oxide results show 

negligible biases, indicating consistent performance. Aluminium oxide results exhibit slight variability, with a few 

failures suggesting the need for occasional monitoring.  

 

 

Figure 11-55: AMIS 0407 control chart for manganese oxide (%)  

Source: ERM (2024) 
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Figure 11-56: AMIS 0407 Control chart for aluminium oxide (%)  

Source: ERM (2024) 

 

 

Figure 11-57: AMIS 0407 Control chart for iron oxide (%)  

Source: ERM (2024) 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































