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Geita Gold Mine                                                          
AngloGold Ashanti Limited (AngloGold Ashanti) reports its Mineral Resource and Mineral Reserve in accordance with the minimum standards prescribed by the South African Code for the Reporting 
of Exploration Results, Mineral Resources and Mineral Reserves, 2016 edition (SAMREC Code) and Section 12.13 of the JSE Listings Requirements (as updated from time to time). A SAMREC Code 
Table 1 (SAMREC Table 1) has been provided with the material change declaration of the Geita Mineral Resource and Mineral Reserve by AngloGold Ashanti, effective as at 31 December 2022. Geita 
Gold Mine (Geita or GGM) is wholly-owned by Geita Gold Mining Limited (GGML), a subsidiary of AngloGold Ashanti Limited. Geita currently has three underground mines (Star and Comet, Nyankanga 
and Geita Hill) and one open pit (Nyamulilima Cut 1, 2 and 3) in production since 2021, located on Special Mining Licence (SML) SML45/99 in the Lake Zone of northwestern Tanzania. Geita is a 
production stage property.  

 

SAMREC Code Table 1 

 

SAMREC TABLE 1 

  Exploration Results Mineral Resource Mineral Reserve 

Section 1: Project Outline 

1.1 Property 
Description 

(i) 

Brief description of the scope of project (i.e. whether in preliminary sampling, advanced exploration, scoping, Pre-feasibility, or Feasibility phase, Life of Mine plan for an 
ongoing mining operation or closure).     
 
GGM is an ongoing open pit and underground operation, where historically underground mining occurred between 1934 and 1966, and more recently open pit and 
underground (UG) mining occurred at Geita Hill, Lone Cone, Nyankanga and Matandani/Kukuluma open pits from 2000. The last operating open pit in this period was 
the Nyankanga open pit which was mined to completion in September 2020. Underground mining commenced at Star and Comet in 2016 and at Nyankanga in 2017. 
The Star and Comet UG (Cuts 2 and 3) and Nyankanga UG mines (Blocks 1 to 5) are in full production. The Geita Hill UG commenced development in November 2020, 
reaching stable production during H1 2022 with development occurring in Blocks 1 and 2. Nyamulilima open pit (Cuts 1, 2 and 3) is a new open pit and commenced 
production April 2021. The current operations are supported by a Life of Mine (LOM) plan to 2030, with a LOM exploration strategy in place for Mineral Resource growth 
and to replace and grow the Mineral Reserve at a rate of greater than depletion (>0.6Moz mined) per annum. 
  

(ii) 

Describe (noting any conditions that may affect possible prospecting/mining activities) topography, elevation, drainage, fauna and flora and vegetation, the means and 
ease of access to the property, the proximity of the property to a population centre, and the nature of transport, the climate, known associated climatic risks and the 
length of the operating season and to the extent relevant to the mineral project, the sufficiency of surface rights for mining operations including the availability and sources 
of power, water, mining personnel, potential tailings storage areas, potential waste disposal areas, heap leach pad areas, and potential processing plant sites. 
 
Geita is surrounded by several natural hills and valleys extending from the eastern to western parts of the SML, issued by the Ministry of Energy and Minerals in 1999. 
Approximately 77% of the mine lease falls within the Geita forest reserve which is typically dominated by Miombo woodland with minor areas of grasses and shrubs. 
 
The mine is located approximately 4km west of Geita Town and approximately 25km upstream of the Lake Victoria water basin. Geita is situated at the headwaters of 
the Mtakuja River which drains directly into the Lake Victoria. Apart from Mtakuja river, there are other streams that drain straight to the lake such as Mabubi river, 
Kukuluma and Matandani streams that form part of the Lake Victoria basin. 
 
The mine can be accessed through a well-sealed tarmac road from Mwanza in the east. 
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The area is a bimodal rainfall region that generally receives rainfalls from mid-October to December and from March to mid-May. However, changes in weather patterns 
have been experienced in recent times; this includes, but is not limited to, prolonged drought and storm events that lead to flood, siltation and sedimentation of rivers or 
channels. Changes in weather patterns are suspected to be contributed to by global climate change. 
 
The Geita population is approximately 1.7 million people with varying economic activities including small scale and artisanal  mining works, animal husbandry and 
subsistence farming. Recently, the surrounding community has put high pressure on natural resources and highly impacted the natural forest due to demand for timber 
extraction, small and illegal mining workings and charcoal burning.   

(iii) 

Specify the details of the personal inspection on the property by each CP or, if applicable, the reason why a personal inspection has not been completed.  
 
The CP for Mineral Resource and the CP for Mineral Reserve are employed by GGML and are based at the mine. As such, they regularly visit each of the Geita mineral 
deposits, operations, and projects. The regional office staff who perform peer reviews on Mineral Resource and Mineral Reserve visit the mine site a minimum of once 
per year. 
  

1.2 Location 

(i) 

Description of location and map (country, province, and closest town/city, coordinate systems and ranges, etc.).  
 
Geita is located approximately 1,200km from the main Tanzanian business centre of Dar es Salaam. It falls within the Lake Zone of northwestern Tanzania, approximately 
120km west of Mwanza and 4km west of Geita town.  
 
Geita is located at a latitude of 2.8676° S and longitude of 32.1865° E (representing co-ordinates of the Geita process plant). 
  

(ii) 

Country Profile: describe information pertaining to the project host country that is pertinent to the project, including relevant applicable legislation, environmental and 
social context etc.  Assess, at a high level, relevant technical, environmental, social, economic, political and other key risks. 
 
There are no known technical, environmental, social, economic, political, or other key risks that materially impact the Mineral Resource and Mineral Reserve for which 
the site management and parent company do not have mitigation plans in place. However, it should be noted that the Government of the Republic of Tanzania recently 
amended the mining legislation and while this does not pose any risk to the current stated licences to operate, Geita is engaging with the Government of the Republic of 
Tanzania to renegotiate existing development agreements and renewal of the SML from 2022 and concluding before SML expiry in August 2024.  
  

(iii) 

Provide a detailed topo-cadastral map. Confirm that applicable aerial surveys have been checked with ground controls and surveys, particularly in areas of rugged 
terrain, dense vegetation or high altitude. 
 
Topo-cadastral map showing the GGM Licence status as at 31 December 2022 
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1.3 Adjacent 
Properties 

(i) 

Discuss details of relevant adjacent properties. If adjacent or nearby properties have an important bearing on the report, then their location and common mineralised 
structures should be included on the maps. Reference all information used from other sources.  
 
There are no adjacent properties that have an important bearing on this report. 
  

1.4 History 

(i) 

State historical background to the project and adjacent areas concerned, including known results of previous exploration and mining activities (type, amount, quantity 
and development work), previous ownership and changes thereto.  

 
Gold mineralisation is reported to be first discovered in the Geita district in 1898 by a German prospector. A regional survey by a Kenyan company, Saragura Prospecting 
Syndicate, followed in 1930. The first mine was developed in 1934, and between 1936 and 1966, the Geita mine was the largest gold mine in East Africa, producing a 
million ounces from underground operations. 
 
In 1996, Ashanti acquired the Geita tenure through the acquisition of Cluff Resources and acquired the Kukuluma and Matandani  in 1998 from Samax Resources Limited. 
In December 2000, Ashanti reached an agreement to sell AngloGold a 50% interest in Geita for $324M. AngloGold added its neighbouring Nyamulilima deposits into 
the joint venture (JV) company. In 2004, the merger of AngloGold and Ashanti resulted in the operation being wholly run by AngloGold Ashanti. 
 
Geita commenced open pit mining in 1999, with open pit mining at Nyankanga between 1999 and 2020, at Geita Hill including Lone Cone between 2001 and 2018, at 
Kukuluma and Matandani between 2002 and 2007, and at Star and Comet between 2007 and 2014. 
 
In 2015, a decision was taken to go underground at Star and Comet and the underground development started in 2016. In 2017 the Nyankanga underground operation 
commenced and in 2020 the Geita Hill underground operation commenced and is scheduled to ramp-up to full production in H1 2023. 
 
 In April 2021, the Nyamulilima open pit commenced operations. 

         

(ii) 

Present details of previous successes or failures with reasons why the project may now be considered potentially economic.   
 
Geita is an operating mine with a significant Mineral Resource (9.93Moz) and Mineral Reserve (3.57Moz) inventory. Based on past 20 years of production performance, 
and a current LOM plan forecasting production through to 2030, Geita is considered to be a Tier 1 asset for AngloGold Ashanti. 
 
Gold production in excess of 0.5Moz per annum was achieved over the period 2017 to 2020, with 0.49Moz produced in 2021 and 0.52Moz produced in 2022. Forecast 
gold production for 2023 is estimated between 0.50Moz and 0.52Moz.  During late 2021 to the end of 2022, the transition from completing the Nyankanga open pit in 
September 2020, and commencement of the new Nyamulilima open pit in April 2021 was achieved, and with the commencement of the third underground operation at 
Geita Hill underground mine in November 2020. The Nyamulilima open pit Cut 1 is in full production and Geita Hill UG is scheduled to reach full production in mid-2023.  
 
The current operations are supported by a LOM plan to 2030, with an annually updated, LOM exploration strategy in place for Mineral Resource growth and to replace 
and grow Mineral Reserve at a rate of greater than depletion (greater than 0.6Moz per annum). 
 
The exploration strategy is aligned with the Geita business plan and seeks to extend the LOM beyond 2030, with exploration drilling targeting Mineral Resource definition 
allowing for the engineering of an increased Mineral Reserve in the underground mines securing near-term ounces, in conjunction with exploration targeting underground 
extension for Mineral Resource growth, and surface exploration of key prospects exploring for potential future open pit and underground mining opportunities. 
  

(iii)   

Discuss known or existing historical Mineral Resource estimates and performance statistics on actual 
production for past and current operations. 
 
Geita has been in operation since 2000, and the Mineral Resource to Mineral Reserve to production 
reconciliation is monitored and shows reliable performance between Mineral Resource/Mineral Reserve and 
mine production. Mineral Resource definition drilling plans ensure that the two-year production window is 
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drilled to an Indicated and/or Measured Mineral Resource. The Mineral Resource to Mineral Reserve to 
production reconciliation shows a steady improvement since 2009 when this infill drilling strategy was initiated 
for open pit mining. This strategy was then extended to underground operations in 2016 when Star and Comet 
started. Currently the underground Mineral Resource confidence is upgraded to Measured Mineral Resource 
18 to 24 months ahead of mining through underground grade control drilling programmes. The existing 
historical Mineral Resource estimates and performance statistics on actual production are presented below. 
 
Mineral Resource to Reserve to Production Reconciliation 
 

 Year 

Reconciliation Entity 2018 2019 2020 2021 2022 

Mineral Resource Model (oz) 461,227 511,310 627,356 301,146 441,480 

Grade Control Model (oz) 604,210 608,493 741,355 298,094 464,427 

Percentage (%) 131 119 118 99 105 

 

 Year 

Reconciliation Entity 2018 2019 2020 2021 2022 

Mining Feed (oz) 682,241 651,041 711,042 489,753 522,421 

Plant Accounted (oz) 642,997 665,840 680,915 530,830 565,839 

Percentage (%) 94 102 96 108 108 

 
Mining feed as obtained from the grade control models performs well against the plant accounted gold. 
  

(iv)  

Discuss known or existing historical Mineral Reserve estimates and performance statistics on actual 
production for past and current operations.  
 
No historical Mineral Reserve estimates are reported. 
 
Geita is reporting open pit, underground and stockpiled Mineral Reserve from Mineral Resource models 
updated during 2022. The open pit Mineral Reserve is reported from Nyamulilima (2.05Moz) and the 
underground Mineral Reserve (1.37Moz) is reported from Geita Hill (0.40Moz), Nyankanga (0.66Moz) and 
Star and Comet (0.14Moz), for a total of 3.57Moz. 
 
Mining feed as obtained from the grade control models performs well against the plant accounted gold.  
  

1.5 Legal Aspects 
and Permitting 

Confirm the legal tenure to the satisfaction of the Competent Person, including a description of the following: 

(i) 

Discuss the nature of the issuer’s rights (e.g. prospecting and/or mining) and the right to use the surface of the properties to which these rights relate. Disclose the 
date of expiry and other relevant details.  
 
Geita holds a valid SML, issued by the Ministry of Energy and Minerals in 1999 and which expires 26 August 2024. The SML covers an area of approximately 196km2. 
The declared Mineral Resource and Mineral Reserve are contained within this SML and Geita has the surface rights to the necessary portions of the SML required for 
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mining and infrastructure. More recently, Geita has been given the underground rights to the necessary portions of the SML required for underground mining and 
infrastructure in 2016, and more recently has been given the surface open pit mining rights at Nyamulilima. 
 
Geita has several prospecting licences (PL), with an area of additional 31km2, which contain several exploration targets. The PLs are located adjacent to the SML and 
currently have no reported Mineral Resource or Mineral Reserve. The PLs are Kifufu PL10566/2016, Bukolwa South PL10925/2016 and Kibugwe West PL9558/2014. 
The location of the PLs relative to SML is shown in Geita Licence Status 2022 Map.  
 
Nyamikonwa PL9413/13 and Kukujuma South PL9466/2013 reached final expiry in October 2022.  
 
All the deposits used in Mineral Reserve estimation are within the mine's SML area and the mine has permits for their exploitation. There were no changes to the SML 
boundaries and its term / duration during 2022. 
 
At the time of compiling this report, there were no known risks that could result in the loss of ownership, in part or in whole, of the deposits that were used in estimating 
the Mineral Resource and Mineral Reserve as at 31 December 2022.    
 
Geita Infrastructure and Licences 2022 
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AngloGold Ashanti - Geita Gold Mine, SAMREC Code Table 1                Effective as at 31 December 2022 
 

  Exploration Results Mineral Resource Mineral Reserve 

(ii) 

Present the principal terms and conditions of all existing agreements, and details of those still to be obtained, (such as, but not limited to, concessions, partnerships, 
joint ventures, access rights, leases, historical and cultural sites, wilderness or national park and environmental settings, royalties, consents, permission, permits or 
authorisations).   
 
Approximately 77% of the mine lease falls within the Geita forest reserve which is typically dominated by Miombo woodland with minor area of grasses and shrubs. 
 
In addition to the SML the following permits and licences are in place: 
 

• The mine has a permit # FD/RES/GEITA/44 of 1999 to mine in the forest reserve. 

• Environment Impact Assessments (EIA) were conducted and approved prior to the commencement of operations at Nyankanga (1998), Kukuluma (1998), Geita 
Hill (2005).  

• The underground EIA Certificate No. for Geita Hill West and Nyankanga, as well as the new replacement power plant is: 6020/EC/EIA/2874, and valid for the 
duration of the specific project. This is dated January 2017. 

• The underground EIA Certificate No. for Star and Comet is: 5397/EC/EIA/2336, and valid for the duration of the specific project. This is dated March 2016. 

• In relation to SML 45/99; approval of changing of mining method for underground mining was granted in 2016 for Star and Comet and Nyankanga underground 
operations.  

• Geita Hill UG mine approval granted in September 2020. 

• The open pit EIA was granted for Nyamulilima in January 2021 and is valid for the duration of the project. 

• The open pit mining approval was granted for Nyamulilima in February 2021 and is valid for the duration of the project. 
 
Permits or agreements that were needed to be obtained with respect to the current Mineral Resource and Mineral Reserve declaration for Nyamulilima relate to an 
approval from the Ministry of Minerals to commence open pit mining at Nyamulilima. The approval was obtained in February 2021 and required for commencement of 
open pit mining in April 2021. 
  

(iii) 

Present the security of the tenure held at the time of reporting or that is reasonably expected to be granted in the future along with any known impediments to obtaining 
the right to operate in the area.  State details of applications that have been made.  
 
At the time of compiling this report, there were no known impediments related to the security of tenure and the right to operate with respect to the current Mineral 
Resource and Mineral Reserve declaration. 
                                                              

(iv) 

Provide a statement of any legal proceedings for example; land claims, that may have an influence on the rights to prospect or mine for minerals, or an appropriate 
negative statement.    
 
Geita takes account of the environmental legal requirements through its certified Environmental Management System for better management of environmental aspects 
such as Tailings Storage Facilities (TSF), waste disposal facilities (landfill, bio farms etc.), waste rock dumps, power generation, source pits and other wastewater 
impoundments. Monitoring programmes are periodically undertaken as detailed in the approved AngloGold Ashanti ’s Geita Environmental Management Plan which is 
subject to annual audits by the National Environmental Management Council and the Tanzania Mineral Audit Agency. 
 
There are currently no legal proceedings or claims that influence the rights to mine and further explore the Geita SML and associated PLs. Site Management is working 
with the Resident Mines Office and other relevant government entities ensure the area remains clear of illegal mining activities. 
  

(v) 

Provide a statement relating to governmental/statutory requirements and permits as may be required, have been applied for, approved or can be reasonably be 
expected to be obtained.   
 
The mine is permitted to extract water by pumping of approximately 25,000m3 of raw water from Lake Victoria per day. In addition, there is sustainable use of raw 
water through recycling of the process water.   
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1.6 Royalties 

(i) 

Describe the royalties that are payable in respect of each property.  
 
Royalty is legislated at 6% of gross revenue with an additional 1% inspection fee of the gross revenue from gold exports is charged from 2017 (7% of gross revenue). 
  

1.7 Liabilities 

(i) 

Describe any liabilities, including rehabilitation guarantees that are pertinent to the project. Provide a description of the rehabilitation liability, including, but not limited 
to, legislative requirements, assumptions and limitations.  
 
Rehabilitation liability is included in the mine closure costs which is taken into consideration when defining the cut-off grade for Mineral Resource and Mineral Reserve 
estimates.    
                                                                                                                                                                                          

Section 2: Geological Setting, Deposit, Mineralisation 

2.1 Geological 
Setting, 
Deposit, 
Mineralisation 

(i) 

Describe the regional geology.   
 
The Geita deposit is hosted in the Geita Greenstone Belt (GGB), which is a northern segment of the Sukumaland Greenstone Belt, located in the north-western part of 
the Tanzania Craton and south of Lake Victoria. This Archaean sequence strikes almost east west, extending for about 80km long and up to 20km wide. The GGB sits 
dominantly within the Nyanzian Supergroup stratigraphy that is sub-divided into the Lower Nyanzian and the Upper Nyanzian groups. The Lower Nyanzian group is 
composed of mafic volcanic units (basalts, pillow basalt, minor gabbro, and dolerites). This group of rocks within the GGB is  collectively termed the Kiziba Formation. 
The Upper Nyanzian group consists of black shales, banded iron formation (BIF), clastic sedimentary rock, tuffs, agglomerates and felsic volcaniclastics. The entire 
package (Nyanzian stratigraphy) is intruded by a variety of mafic to felsic rocks. The supra-crustal package shows variable thickness and is estimated to be more than 
500m thick in places, mostly underlain by intrusive complexes. 
 
At Geita, a simplified stratigraphy is summarised as: Archaean Basalt and minor gabbro basement overlain by intermediate to acid volcanoclastic sediments and BIF 
with Archaean Diorites, Tonalites-Granodiorites, Granites intrusives and later intrusion by Proterozoic Gabbro dykes. 
 
Across the Archaean-Proterozoic rocks there is a property-wide paleo-drainage system, which likely flowed towards Lake Victoria. These late sediments likely represent 
the remnants of a much thicker package that might have covered all the hills exposed today. Both the Archaean-Proterozoic rocks and paleo-alluvials are covered by 
ferricrete at different levels of induration and evolution, up to 15m thick. 
 
The region hosts several world-class shear-hosted Archaean lode gold deposits and forms the northern portion of the regional Sukumaland Greenstone Belt. Other gold 
mines hosted in the Lake Victoria Goldfields include Golden Pride, Bulyanhulu, Tulawaka, Buzwagi, North Mara and Nyanzaga. 
 
The GGB has been subjected through a protracted history of deformation, which resulted in a large scale syn-formal configuration in the region, with west-northwest 
trending limbs connected by a northeast trending hinge zone. 
 
Eight deformation phases (D1 to D8) and four folding phases (F1 to F4) are identified at Geita, where deformation in the GGB comprises of early stages of ductile 
shearing and folding (D1 to D5), with periodic emplacement of large diorite intrusive complexes, sills, and dykes. Later stages of deformation (D6 to D8) involved 
development of brittle-ductile shear zones, with faults developed in the later stages of deformation, with late emplacement felsic porphyry dykes within the greenstone 
belt, and granitic intrusions located on the margins of the greenstone belt. 
 
Gold mineralisation occurred late in the tectonic history of the greenstone belt, synchronous with the development of brittle-ductile shear zones (D6). The mineralisation 
in GGB is preferentially hosted within deformation zones (both ductile and dominant brittle deformation) developed along the contact of BIF and porphyries of various 
compositions and associated with major shear systems. The shear systems preferentially exploit fold axial planes as well as the contacts between the supra-crustal and 
intrusive rocks. The structures associated with the mineralised system are well defined, the alteration zone is restricted to the mineralised zone, quartz veins are rare or 
missing although solidification is common. 
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Mineralisation is dominantly sulphide replacement of magnetite-rich layers in BIF, with local replacement of ferromagnesian phases and magnetite in the diorite intrusions. 
Primary gold mineralisation is associated with the intersection of the brittle-ductile shear zones and pre-existing fold hinges, with higher grade concentrations associated 
with BIF and with diorite dyke and sill contacts. 
  

(ii) 

Describe the project geology including deposit type, geological setting and style of mineralisation.   
 
The Geita gold deposits are shear hosted, Archaean orogenic gold deposits, and within the leases the GGB is subdivided into three major mineralised trends: 
(i) Geita Central Trend, hosting Nyankanga, Geita Hill, and Lone Cone deposits, 
(ii) Nyamulilima Trend in the west, hosting Star and Comet, Ridge 8 and Nyamulilima deposits; and 
(iii) Matandani-Kukuluma Trend to the northeast, hosting Matandani and Kukuluma deposits. 
 
The Geita Central Trend contains three major gold deposits occurring along a NE-SW mineralised trend. These are from northeast to southwest: Geita Hill, Lone Cone 
and Nyankanga. 
 
Other prospects occur singly: Chipaka in the centre of the greenstone belt, and Kalondwa Hill, P30, Fukiri -Jumanne along an NW-SE trending BIF ridge.  
 
The deposits of the Central Trend are mainly located within the relatively low-strain hinge zone, where the Geita Hill, Lone Cone and Nyankanga deposits occur along a 
moderately NW dipping system of reverse faults that have been frequently reactivated during subsequent deformation events. 
 
At Geita Hill (and Lone Cone), dioritic rocks are present as sills and dykes intruded into a supra-crustal sequence that has been subject to extensive polyphase folding. 
The mineralisation is controlled by a northeast-trending and northwest-dipping shear zone that exploits the axial surfaces of F3 folds. Ore is also hosted by deformation 
zones adjacent to the main shear. A low-grade (0.5g/t) mineralisation envelope can be defined along the length of the Geita Hill deposit, trending northeast-southwest, 
dipping moderately northwest, and cutting across bedding and the diorite layers. The mineralisation appears to be largely confined to the short limb of a major D3 fold 
pair. High-grade ore shoots are observed plunging 45°, towards west to north-northwest, associated with a common linear direction that approximately parallels the 
orientation of F3 and F4 fold hinges. The mineralisation is mainly related to diorite-BIF contacts exploited by the shear system. The alteration is restricted within the ore 
zone and consists of secondary sulphide (mainly pyrite), silica, carbonate and moderate potassic alteration. 
 
The Nyankanga deposit is hosted in a BIF dominated supra-crustal package that is extensively intruded by, and locally forms a roof pendant within the dioritic Nyankanga 
Intrusive Complex. The mineralisation is controlled by a northeast trending and northwest dipping anastomosing shear system, with mineralisation typically located along 
the lowermost shears. The higher-grade mineralisation is mainly proximal to the basal contact of BIF packages. High-grade ore shoots are developed and plunge to the 
northwest. Mineralisation is associated with potassic (chlorite-carbonate-silica) alteration and pyrite dominant sulphide in the deformation zones surrounding the shear 
surfaces as veins, veinlets, local breccias and sulphide replacement of magnetite layers. 
 
The Nyamulilima trend contains three major gold deposits on an approximately NW-SE mineralised trend. These are from SE to NW: Ridge 8, Star and Comet and the 
Nyamulilima open pit. The deposits occur along a series of NW-SE trending, steeply dipping, left stepping en-echelon fault zones that cut across the BIF-rich sediments 
and granite-granodiorite-tonalite intrusions. Mineralisation is preferentially localised along fault zones where they cut the ironstone-granitoid contacts. The mineralisation 
is associated with secondary pyrite and minor pyrrhotite, silica, carbonate and actinolite alteration. 
 
At Star and Comet, a folded sedimentary package of BIF intercalated with clastic and tuffaceous meta-sediments is intruded by a tonalitic complex, with a major 
mineralised shear zone, oriented north-northwest to south-southeast dipping steeply west-southwest, developed through the deposit where it is localised along the 
contact of BIF and tonalite. An envelope of mostly brittle deformation up to 10m thick (which affects both lithologies) occurs on either side of the shear zone and controls 
the distribution of mineralisation, extending southeast to Ridge 8. The gold mineralisation is hosted in pyrrhotite patches associated with strong silicification, and 
carbonate alteration. 
 
At Nyamulilima, the meta-sedimentary package depicts a regional F3 fold system having a dominant NW plunge (35 to 50°) with significant tonalite intrusions. 
Mineralisation at Nyamulilima Cuts 1 and 2 is hosted dominantly on northwest trending, moderate to steeply southeast dipping shears. Mineralisation is preferent ially 
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localised along the shear zones, with significant mineralisation forming where the shears cut the BIF-tonalite contacts. The mineralisation is associated with secondary 
pyrite and minor pyrrhotite, and silica, carbonate and actinolite alteration. 
 
The Matandani-Kukuluma trend strikes west-northwest, with sub-vertical limbs being dominant over compressed, multiphase folded zones. The three major deposits in 
the area (Kukuluma, Matandani and Area 3) are located along a 5km long east-southeast mineralisation trend. 
 
The geology of the Matandani-Kukuluma trend deposits is dominated by volcano-sedimentary rocks that are poly-deformed and intruded by syn-to-late folding diorite 
bodies. Host rocks for mineralisation are fine-grained iron-rich clastic sediments, chert, BIF and tuffaceous rocks, with local intercalated carbonaceous shales. The 
mineralisation is steeply dipping along the contacts of intermediate fine-grained intrusions and magnetite rich chert and BIF showing a general en-echelon, left stepping 
geometry. The gold is associated with secondary pyrite, arsenopyrite and minor pyrrhotite. magnetite, silica, carbonate, and amphibole alteration are variably present 
within the mineralised zone. 
  

(iii) 

Discuss the geological model or concepts being applied in the investigation and on the basis of which the exploration programme is planned.  Describe the inferences 
made from this model.   
 
Geological models are constructed using integrated geological data obtained through exploration work programmes such as surface geological mapping, Pits and 
underground face and side walls mapping, geochemical studies, geophysical surveys, and exploration drilling for each deposit at Geita. After the desktop studies have 
been completed around the acquired prospecting licence, the exploration work programmes mentioned above are designed based on the preliminary geological 
understanding gained from the desktop studies and ground truthing. Exploration targeting and interpretation identifies new prospects for exploration, where exploration 
drilling advances within the target area the level of geological confidence increases. 
 
The geological models are constructed and updated to provide the extent and geometries of the rock types, structural frameworks, orebody geometry and controls to 
mineralisation. 
 
For the Geita deposits, the mineralisation is generally hosted in BIF and along the lithological contacts between BIF and other volcano-sedimentary units or intrusive 
rocks at locations where these host rocks have been cut by shear zones and fold axes, and where the site geology is generally well understood, and results in high 
quality geological interpretations. 
  

(iv) 

Discuss data density, distribution and reliability and whether the quality and quantity of information are sufficient to support statements, made or inferred, concerning 
the Exploration Target or Mineralisation.  
 
A significant amount of exploration drilling has been completed over the lease area, from the mid-1990s and drilling, sampling logging and assaying samples have been 
collected according to AngloGold Ashanti and industry best practice protocols. The exploration drill  hole data combined with integrated geology and geophysical data 
sets forms the basis for the geological models, which are constructed using Leapfrog™ and Datamine® software. 
 
The exploration drill spacing typically ranges from 20/25m x 20m to 40m x 20m for Indicated Mineral Resource classifications and up to about 40/80m x 40/80m for 
Inferred Mineral Resource classification. Grade control drill spacing is typically 15/12.5/10m x 10/5m for Measured Mineral Resource classification.  
  

(v) 

Discuss the significant minerals present in the deposit, their frequency, size and other characteristics.  Includes minor and gangue minerals where these will have an 
effect on the processing steps.  Indicate the variability of each important mineral within the deposit.  
 
Significant sulphide minerals present in the deposits include pyrite (Nyankanga Deposit), pyrite and pyrrhotite (Geita Hill),  pyrite and pyrrhotite (Nyamulilima, Star and 
Comet) and pyrite, pyrrhotite and arsenopyrite (Kukuluma-Matandani). These sulphide minerals are generally associated with gold and influence the gold recovery in 
the process plant. Silver occurs in small quantities, mostly in Geita Hill ore. The recoveries of the different ore types have been tested and ore types are blended to 
maximise the overall recovery. The major host lithology of ore is BIF. Minor host lithologies include intrusives and volcaniclastics. The mineralogy of the host lithology 
does not significantly impact gold recovery but does have an impact on plant throughput rates. Again, this is managed through blending of ore types to optimise 
process plant throughput.    
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(vi) 

Describe the significant mineralised zones encountered on the property, including a summary of the surrounding rock types, relevant geological controls, and the 
length, width, depth, and continuity of the mineralisation, together with a description of the type, character, and distribution of the mineralisation.  
 
Significant mineralised zones for Geita deposits vary in thickness from approximately 5 to 15 m at Star and Comet Underground, to 5 to 35m thick at Nyankanga and 
Geita Hill. The strike and plunge also varies by deposit, with the Star and Comet underground mineralisation continuing for about 300m on strike and 500m on dip, 
Nyankanga mineralisation for about 2000m on strike and 1000m on dip and the Geita Hill mineralisation for about 2000m on strike and 700m on dip. 
 
The Nyamulilima open pit deposit is a shear hosted ore body in BIF and tonalite lithologies, continuing for about 1000m on strike and 700m on dip. 
 
All the deposits have a strong association of gold mineralisation with both geological structures and lithological contacts. In general, the mineralisation of all deposits is 
hosted in BIF and along lithological contacts between BIF and other volcano-sedimentary units or intrusive rocks at locations where these host rocks have been cut by 
shear zones and fold axes. 
 
All deposits are showing potential down-dip or down-plunge continuities for further conceptual material follow up.   
  

(vii) 

Confirm that reliable geological models and / or maps and cross sections that support interpretations exist.  
 
Reliable geological models, maps and cross sections supporting the geological interpretations exist. 
  

Section 3: Exploration and Drilling, Sampling Techniques and Data 

3.1 Exploration 

(i) 

Describe the data acquisition or exploration techniques and the nature, level of detail, and confidence in the geological data used (i.e. geological observations, remote 
sensing results, stratigraphy, lithology, structure, alteration, mineralisation, hydrology, geophysical, geochemical, petrography, mineralogy, geochronology, bulk 
density, potential deleterious or contaminating substances, geotechnical and rock characteristics, moisture content, bulk samples etc.).  Confirm that data sets include 
all relevant metadata, such as unique sample number, sample mass, collection date, spatial location etc.  
 
Exploration drilling programmes at Geita for 2022 completed a total of 179,048m for both capitalised and expensed projects for a total spend of $37.7M (including labour).  
 
Mineral Resource development drilling for Capitalised - Sustaining Projects completed 60,201m, with 26,168m from surface (22,985m at Nyamulilima open pit and 
3,183m at Ridge 8) and 34,033m from the underground projects (19,607m at Star and Comet Cuts 2, 3 and 5 and 14,426m at Nyankanga Block 1).  
 
Mineral Resource development drilling for Capitalised - Non-Sustaining Projects completed 51,953m of exploration drilling comprised of 34,200m from surface (33,137m 
at Geita Hill Blocks 3, 4, 5 and 6, 1,062m at Kalondwa Hill and 16,504m from underground projects (Geita Hill Blocks 1 and 2).  
 
Mineral Resource delineation/development drilling for expensed sustaining projects completed a total of 41,110m of exploration drilling comprised of 30,710m from 
surface (1,902m at Nyamulilima Cut 2 open pit, 25,804m at Xanadu and 3,004m at Mabe) and 10,399m from underground projects at Star and Comet Cuts 2, 3, 4, and 
5 targeting new Inferred Mineral Resource.  
 
The Mineral Resource delineation and exploration upside drilling for expensed non-sustaining projects completed 23,834m comprised of 14,764 from surface drilling 
(12,512m at Mabe and 2,252m at Kibugwe in the Nyamulilima district) and 9,070m of underground extensions at Star and Comet Cuts 2 and 3 (3,225m) and Nyankanga 
Blocks 3 and 4 (5,845m).  
 
Mineral Resource delineation drilling completed 5,899m at Star and Comet Cuts 4 and 2 on level 930DDD to convert the conceptual material portion of  Star and Comet 
Cut 4 footwall mineralisation between levels 850mRL and 700mRL to Inferred Mineral Resource. The drilling also tested the potential continuity of Star and Comet Cut 
2 mineralisation below 500mRL. The assay results from this drilling reported tight intersections of medium and high-grade material confirming the mineralisation along 
the hangingwall and deeply seated Cut 2 footwall structures. The intersection shows potential continuity of Cut 2 mineralisation below 500mRL.  
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Mineral Resource delineation drilling completed 4,387m at Star and Comet Cut 3 on levels 931mRL, 896mRL, 846DSP and 881DSP to extend the Cut 3 Mineral 
Resource below 500mRL. Assay results from 931mRL and 896mRL drilling reported tight intersections of medium grade, hosted within brecciated massive sulphide unit 
developed along the contact between Lapilli and Ash tuffs. The intersections confirmed the down-dip continuity of the mineralisation on the southern portion of Cut 3 
below 700mRL. The drilling also confirmed potential mineralisation continuity below 750mRL on the northern portion of Cut 3 hosted within brecciated massive sulphide 
developed along the contact between Ash Tuff and BIF. The results from 846DSP and 881DSP returned significant and economic intersections with high-grade inclusions 
confirming the down-dip continuity of Star and Comet Cut 3 mineralisation below 500mRL which guarantees additional mineable stopes to 450mRL from the current 
650mRL under a conceptual material classification. 
 
Mineral Resource delineation drilling completed 3,461m at Star and Comet Cut 5 on levels 1246mRL and 1021mRL to convert the Ridge 8 Mineral Resource from level 
1200mRL to 800mRL to Inferred Mineral Resource and test the down-dip potential below 800mRL. Assay results from this drilling confirmed the mineralisation continuity 
along the Ridge 8 host structure, hence, warranting Mineral Resource conversion of Cut 5 Mineral Resource model from Inferred to Indicated Mineral Resource at levels 
1226mRL, 1201mRL, 1176mRL and 1151mRL. Mineral Resource development drilling is ongoing. 
  
Mineral Resource development drilling (12,358m) was carried out at Star and Comet Cut 3 from levels 931mRL, 896mRL and 881mRL. The Mineral Resource 
development drilling on levels 931mRL and 896mRL was aimed at converting the Cut 3 Mineral Resource at levels 876mRL, 866mRL and 851mRL (northern portion) to 
Indicated Mineral Resource and fence the mineralisation below 700mRL. The Mineral Resource development drilling on level 881mRL was aimed at converting the Cut 
3 Mineral Resource at levels 841mRL, 816mRL and 791mRL (southern part) to Indicated Mineral Resource. Assay results from the Mineral Resource development 
drilling at Star and Comet Cut 3 reported medium and high-grade intersections of limited widths, confirmed the mineralisation continuity on the northern portion of Cut 3 
on levels 866mRL, 841mRL, 816mRL and 791mRL, hence, warranting extension of additional mineable stopes below Star and Comet Cut 3 LOM design. The ore zones 
are hosted within brecciated massive sulphide unit running along the contact between Ash tuffs and BIF and associated with massive sulphide and intense silica-
carbonate-pyrite alterations. The intersections are confirming the boudinage nature of open-ended ore zones with grade improvement at depth.  
 
Mineral Resource development drilling at Star and Comet Cut 5 (7,126m) was carried out from Level 1246mRL to convert the Cut 5 Mineral Resource between levels 
1226mRL-1201mRL and 1176mRL-1151mRL to Indicated Mineral Resource. The drilling results from Star and Comet Cut 5 returned significant and economic 
intersections confirming the mineralisation continuity along the Ridge 8 host structure, hence, improving the resource confidence and warranting Mineral Resource 
conversion of Cut 5 from Inferred to Indicated Mineral Resource at levels 1226mRL, 1201mRL, 1176mRL and 1151mRL. 
 
The first round of Mineral Resource development drilling from surface commenced at Ridge 8 in quarter 2 of 2022 (3,183m) to convert the Ridge 8 Underground Mineral 
Resource at level 1176mRL to Indicated Mineral Resource and test the extent of the known voids within the area. Assay results from this drilling are returning significant 
and economic intersections as anticipated in the geological model, hence, warranting the conversion of Ridge 8 Inferred Mineral Resource to Indicated Mineral Resource 
at level 1176mRL. Drilling is ongoing with phase 2 drill plan scheduled to commence in January 2023. 
 
Mineral Resource development drilling was carried out at Nyankanga Underground Blocks 1 and 2 (14,426m) from levels 1075DD and 1050 SP2 (Block 1) and 930 SP6 
(Block 2) to convert the Inferred Mineral Resource to Indicated Mineral Resource. The drilling results at Block 1 confirmed an up-dip continuity of the mineralisation within 
the Nyankanga shear zone. The mineralisation remains open-ended both up-dip and up-plunge towards southeast, hence, warranting an extension of the stopes towards 
southeast. The drilling results from Nyankanga Block 2 confirmed the mineralisation continuity along the Nyankanga Shear zone and improved the Mineral Resource 
confidence to Indicated Mineral Resource. Also, the results at Block 2 defined open potential targets further down for drilling opportunity to chase the down-dip continuity 
of mineralisation along the Nyankanga Shear zone. Further drilling is required to fully define the down-dip potential within these areas.  
 
Mineral Resource delineation drilling (5,845m) was carried out at Nyankanga Blocks 1, 3 and 4 underground. The drilling at Block 1 was carried out from levels 11075DD 
and 1050 SP2 to convert the lower confidence material to Inferred Mineral Resource as well as testing the potential continuity of mineralisation down the Nyankanga 
shear/fault zone. Weak, erratic intersections were observed down-dip the host structure at Nyankanga Block 1 due to change/lack of geological complexities and weak 
development of the host structure. Drilling at Nyankanga Block 3 was carried out from level 815 DDW) to test the down-dip continuity and strike extension of mineralisation 
within the main Nyankanga shear zone and projected seismic structures sitting below the Nyankanga main shear. At Block 4 (level 960FWD), the drilling tested an up-
dip continuity of mineralisation within the main Nyankanga shear zone and projected seismic structures sitting below the Nyankanga main shear before the development 
of permanent underground infrastructure at Block 4_960FWD. The drilling results at Block 3 improved the inferred resources while opening potential targets further down 
the Nyankanga structure both at Block 2 and 3. The projected seismic structures continued to show narrow and erratic mineralisation trend downdip along the Nyankanga 
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shear zone. Further planning is needed to chase strike extension of these seismic structures to ascertain their economic potential. No significant mineralisation below 
the Nyankanga Shear zone was identified at Nyankanga Block 4, and therefore, the area can be used for permanent Underground infrastructure. 
 
Mineral Resource development drilling was undertaken at Geita Hill (49,641m) to create Inferred and/or Indicated Mineral Resource for underground Blocks 1, 2, 4, 5 
and 6 and confirm the designed mine stopes ahead of underground mining developments. Diamond drilling (DD) from underground platforms was carried out at Blocks 
1 and 2 and Mineral Resource definition drilling from surface was carried out at Blocks 3, 4 and 5. Assay results from both drilling programmes reported significant and 
economic intersections from all Blocks, significantly confirming the Indicated Mineral Resource and improvement on the overall Geita Hill underground Mineral Resource. 
Grade improvements at depth are noticed in most of the Blocks, setting good indication of underground potential below the current level of Mineral Resource confidence. 
At Geita Hill Block 3 (GH3) the ore zones tend to narrow down at depth due to lithological variabilities and depleted zones into the voids. The intersections reported from 
Block 4 confirmed down-dip continuity and widening up of the orebody compared to the upper portion, hence, setting a good potential down-dip. At Block 2 the drilling 
results continued to define the down-dip extension of the mineralisation below the Indicated portion of the Mineral Resource model. At Block 1, the assay results are 
defining open-ended multiple ore zones hosted within the corridors of damage zones.   
 
The first round of Mineral Resource development and delineation drilling programme was completed at Lone Cone (3,197m consisted of 1,248.6m of  Mineral Resource 
development and 1,948m of Mineral Resource delineation) to build more confidence on the Mineral Resource from Inferred to Indicated Mineral Resource as well as 
lower confidence material to Inferred Mineral Resource. The drilling also tested the potential continuity of mineralisation down the projected Lone Cone shear zones. 
Assay results this drilling reported significant and economic intersections which added more confidence on the Indicated Mineral Resource as well as confirming an 
open-ended down-dip continuity of the mineralisation within the host structure, hence, setting up some conceptual targets for follow up down the structure. The drilling 
also enhanced the confidence on the lower confidence material to be converted to an Inferred Mineral Resource, and in some areas the drilling was able to identify the 
down-dip continuity of mineralisation to about 200m below the current level of Mineral Resource. In addition, the drilling managed to firm up nearly 300m strike length of 
the mineralised zone. Further drilling will be planned after sorting out the underground access drive from Nyankanga. 
 
Both Mineral Resource delineation and Mineral Resource development drilling programmes were undertaken at Nyamulilima Cuts 1 and 2 pit (24,887m consisted of 
22,985.1m of Mineral Resource development and 1,902m of Mineral Resource delineation) for further defining the down-dip extension of the orebody and firming up the 
Indicated Mineral Resource within and along the margins of the pit shell. The drilling was focused on confirming the sensitive parts of the pit design where the April 2022 
Mineral Resource model defined regions of high-grade zones that needed further justification to firm up the Indicated Mineral Resource. Assay results received confirmed 
presence of significant and economic intersections within and outside the currently modelled resource and pit design, hence, favouring the drilling objectives and Mineral 
Resource conversion methodology. The results are warranting for additional lower confidence material and in-pit Mineral Resource development drilling to expand the 
declared Mineral Resource and justification for underground potential.  
 
Following these observations, another Mineral Resource development drilling programme was proposed and undertaken during quarter 2 along the north-western margin 
of Nyamulilima Cut 2 pit. The drilling was motivated after the release of a new Mineral Resource for Nyamulilima at the end of April 2022. The Whittle™ optimisation 
which included Measured, Indicated, and Inferred Mineral Resource identified a potential expansion of the pit outside the current design along the North-West section of 
the pit at a $1,200/oz gold price. The expansion was considered to bring another 150koz of which 35% is Inferred Mineral Resource to the Nyamulilima LOM. The assay 
results from this drilling phase confirmed the ore zones and triggered another Mineral Resource upgrade in late September 2022. The new Mineral Resource upgrade 
confirmed the economic viability of the North-West pit expansion. The cost analysis indicated a breakeven gold price sitting around $1,060/oz for this expansion. Using 
the business plan (BP) 2022 costs and $1,200/oz gold price, the North-West Expansion showed a potential of 180koz at 2.96g/t of which 21.5% is Inferred Mineral 
Resource. Using the BP2023 costs and $1,400/oz gold price, the Expansion potential increased to 219Koz at a much lower grade (2.38g/t). However, it should also be 
noted that the Mineral Resource upgrade was done while a reasonable number of results were still pending, some of which having a potential to deliver  significant 
intersections to further boost the Mineral Resource in 2023. 
 
A Mineral Resource delineation drilling programme was carried out at Xanadu to delineate the strike extensions of Xanadu Satellite target towards west and northwest 
to warrant Mineral Resource conversion to Inferred and Indicated Mineral Resource. The drilling along the southeast of the target was intensified, seeking to delineate 
the down-dip continuity of the mineralisation from Nyamulilima Cut 2, while firming up potential zones along strike to Xanadu west. The drilling targeted the zones of 
complex fracturing and fold geometries while honouring areas along intrusive-BIF contacts. The drilling results from the central parts of the target and areas to the west 
were discouraging due to intrusion of non-mineralised TTG suites. The assay results along the southeast of the target reported wider mineralised zones containing low 
and medium grade materials defining the down-dip continuity of the Nyamulilima Cut 2 ore zones as well as strike continuity towards Xanadu west. The intersections are 
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hosted in tonalite intrusive. The drilling along the southeast of Xanadu was put on hold to allow detailed interpretation which will define downdip projections of high-grade 
shoots from Nyamulilima Cut 2.  
 
Drilling is ongoing along the north-west extension of Xanadu, which also forms the south-western extension of Selous satellite target. The drilling within the area was 
motivated after detailed review of the drilling data from Xanadu Main. The drilling results from Xanadu Main delineated narrow mineralised zones that appear to be 
discontinuous both along strike and down-dip due to wider coverage of the drilling programme and placement of late intrusive complex body which downgraded the 
potential of the target. Drill cores were re-logged and additional surface geological mapping along road cuts and drill pads were conducted to ascertain the geological 
model and potential mineralisation controls and possible continuities. Visual observations from the drill holes indicate presence of narrow, but relatively high grade, near 
surface ore zones hosted in hydrothermally brecciated BIF units and along the contact between BIF and earlier intrusives (tonal ite/granodiorite). The anticipated ore 
zones are associated with strong silicification to quartz-carbonate veins and pyrrhotite and pyrite sulphidation occurring as bedding-parallel alteration zones, fracture fills 
and fine disseminations within rock mass. Majority of the assay results from this drilling are pending, but at least one of the drill holes reported a narrow high-grade 
intersection averaging 3.4m at 5.02g/t from 5.4m confirming the geological concepts. A total of 25,804m were drilled during the year from Xanadu sub-domains. 
 
The first round of Mineral Resource delineation drilling was carried out and completed at Mabe Satellite target to test the mineralisation potential of the area. The 
programme was intended to test the regional structural framework focusing on testing the interpreted strong NW-SE trending geophysical contrast preliminarily interpreted 
as a sheared contact between the volcano-sedimentary units and mafic metavolcanics/intrusive bodies located on the northern flats of Mabe Satellite target. In Geita 
perspective, the sheared intrusive-metasedimentary contacts form primary exploration targeting criterion for gold mineralisation. The drilling also tested the stratigraphy 
of Mabe Hills for further delineation of the Mineral Resource. Majority of the assay results from the northern flanks of Mabe Hills and flat areas to the north of the target 
reported insignificant gold grades due to lack of favourable host lithologies and alteration haloes related to gold mineralisation.  
 
Another round of Mineral Resource development drilling (lower confidence to an Indicated Mineral Resource) commenced at Mabe satellite target close to end of quarter 
3. The drilling seeks to convert the remaining portion of the Inferred Mineral Resource of Nyamulilima Cut 2 NW extension which remains open along strike towards 
Mabe. This drilling carries the potential of expanding the Nyamulilima Cut 2 pit to the NW for another 500 to 700m from the current pit margin. The mineralisation favours 
a near surface open pit material hosting ore zones ranging between 5 to 10m wide at an average grade of +3g/t along a strike length of about 700m. Drilling is ongoing. 
The drilling intersections from previous drilling together with those reported recently from the Nyamulilima Cut 2 pit expansion drilling programme provide more insights 
in the area to be drilled at a reduced spacing as an initial phase of Mineral Resource conversion to an Indicated Mineral Resource. Two holes were completed from the 
first drill section at Mabe and intersected near surface multiple zones of hydrothermally brecciated BIF units in contact with tonalite-granodiorite intrusives associated 
with strong silica-carbonate alterations and pyrrhotite-pyrite sulphides. The breccia zones suggest potential ore zones. Assays are outstanding. A total of 15,517m were 
completed during the year from Mabe sub-domains.  
 
An initial phase of reconnaissance exploration drilling programme was undertaken at Kibugwe during the quarter to test the prominent NW-SE trending geochemical 
anomaly identified along the western stretch of Xanadu Satellite target through to Kibugwe PL. Ten drill holes totalling 2,199m were completed. Assay results have been 
received from two drill holes. The holes tested the two prominent Ridges where rock exposure starts from surface. The overall results were not encouraging, and no 
significant intersection was identified. The gold grades for the first 20m from surface are looking similar in both holes but being relatively lower than those observed from 
geochemical surface anomaly. The drilling was kept on hold to allow detailed interpretation and more assay results before concluding for another phase of drilling or 
abandon the prospect for being barren.     
 
The first round of Mineral Resource development and Mineral Resource delineation drilling commenced close to year end at Kalondwa Hill (1,062m) to convert the 
existing lower confidence material and Inferred Mineral Resource to Indicated Mineral Resource. Kalondwa Hill target is located to the southern part of Nyankanga 
deposit and separated from the Nyankanga Block 5 deposit by the Iyoda faults. Previous drilling identified potential mineralised ore zones which were used to run the 
Mineral Resource estimation to Inferred Mineral Resource (0.06Moz of Inferred Mineral Resource at an average grade of 3.91g/t). Detailed surface geological mapping 
and other reviews from geophysical datasets identified three corridors of sub-parallel, brittle-ductile shear zones extending about 0.7km along a NE-SW trend, steeply 
dipping to the NW and NNW. The current drilling proposal seeks to upgrade this Mineral Resource to an economically mineable pit as well as assessing the potential 
continuity of mineralisation from the nearby Nyankanga Block 5 underground mine stope and potential opening towards Fikiri -Jumanne satellite targets to the west.  
Assay results have been received for only one drill hole which reported three narrow mineralised zones at a depth of 156m below surface. The first two zones reported 
medium gold grades between 2 and 3.7g/t. The lower zone reported narrow but extremely high-grade intersection averaging 6m at 40.34g/t Au from 199m incl. 3m at 
78.8g/t Au from 199m. The mineralisation is hosted along the sheared BIF-Diorite contact associated with strong silica alteration and fine-grained pyrite disseminations. 
Drilling is ongoing and more assays are awaited. 
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Non-drilling exploration works for the year involved detailed prospect-scale geological review and surface geological mapping for targets consolidation at Geita Hill East 
Pit through to Prospect 5 as well Prospect 30, Samena-Fikiri-Jumanne-Kalondwa Hill trend and Nyamulilima. Also some members of Exploration Section accompanied 
the Global AngloGold Ashanti Greenfields Exploration team to revisit the Greenfields PLs (Nhumbu PL located at Shinyanga and Manjaro PL located at Singida region).  
  

(ii) 

Identify and comment on the primary data elements (observation and measurements) used for the project and describe the management and verification of these data 
or the database. This should describe the following relevant processes: acquisition (capture or transfer), validation, integration, control, storage, retrieval and backup 
processes.  It is assumed that data are stored digitally but hand-printed tables with well-organised data and information may also constitute a database.  
 
Primary data collected includes bulk density, geological data (structure, lithology, alteration, mineralisation), survey data (downhole and collar), gold assay, bottle roll 
data and multi-element analysis data from Reverse Circulation (RC) and DD. 
 
The data capture process is completed in accordance with in-house guidelines aligned to the AngloGold Ashanti company guidelines. 
 
All data is captured into Core Fusion™ database which is validated bi-weekly and monthly basis to ensure that the collected data is accurate and validated. User access 
to the data is regulated. The database is regularly backed up to both on-site and Corporate Office servers. 
  

(iii) 

Acknowledge and appraise data from other parties and reference all data and information used from other sources.   
 
No data from surrounding properties was used for geological interpretation, geological modelling or Mineral Resource estimation. However, when AngloGold and Ashanti 
merged in 2004, exploration data was inherited from Ashanti. The Ashanti database was a merge from Ashanti Goldfields who owned Geita Central Trend, Anglo 
American who was the owner of Nyamulilima Trend and Samax Resources who owned Kukuluma Trend. During the merge of AngloGold and Ashanti Goldfields, a full 
data validation exercise was conducted as per in-house standard procedures before import into the database and incorporation into the geological and Mineral Resource 
models. 
  

(iv) 

Clearly distinguish between data / information from the property under discussion and that derived from surrounding properties.  
 
No data from surrounding properties is used in Mineral Resource estimation. 
  

(v) 

Describe the survey methods, techniques and expected accuracies of data. Specify the grid system used.  
 
Survey methods employed at GGM are Tertiary Surveys (Class C) established from Secondary Survey Network (Class B) and real time kinematic GPS method (RTK). 
The grid systems used are local mine grids namely the Nyankanga Grid, Star and Comet Grid, Kukuluma/Matandani Grid and the Nyamulilima (RT_MINE) grid. 
  

(vi) 

Discuss whether the data spacing and distribution is sufficient to establish the degree of geological and grade continuity appropriate for the estimation procedure(s) 
and classifications applied. 
 
The data spacing and distribution are considered appropriate to establish geological and grade continuity for the estimation and classification procedures. For each 
project, the data spacing is determined through a classification study as per the  AngloGold Ashanti  Mineral Resource guideline which determines the optimal data 
spacing along X, Y and Z for Mineral Resource classification into Inferred and Indicated Mineral Resource. 
  

(vii) 

Present representative models and / or maps and cross sections or other two or three dimensional illustrations of results, showing location of samples, accurate drill hole 
collar positions, down-hole surveys, exploration pits, underground workings, relevant geological data, etc. 
 
Nyamulilima Geology 
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Cross Section through Nyamulilima Cut 2 orebody showing the 2022 Block model. 
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3D oblique view (looking southwest) of Nyankanka UG showing mineralisation and underground drilling programmes in progress.   
 

         
   

(viii) 

Report the relationships between mineralisation widths and intercept lengths are particularly important, the geometry of the mineralisation with respect to the drill hole 
angle.  If it is not known and only the down-hole lengths are reported, confirm it with a clear statement to this effect (e.g. ‘down-hole length, true width not known’). 
 
Drill hole planning takes into consideration the geometry of each ore body to ensure that the dril lhole - ore body intersection is as close to perpendicular as possible. 
Where true width intercepts are not possible, intercepts are noted as "downhole width, true width not known". 
  

3.2 Drilling 
Techniques 

(i) 

Present the type of drilling undertaken (e.g. core, reverse circulation, open-hole hammer, rotary air blast, auger, Banka, sonic, etc) and details (e.g. core diameter, 
triple or standard tube, depth of diamond tails, face-sampling bit or other type, whether core is oriented and if so, by what method, etc)Present the type of drilling 
undertaken (e.g. core, reverse circulation, open-hole hammer, rotary air blast, auger, Banka, sonic, etc) and details (e.g. core diameter, triple or standard tube, depth 
of diamond tails, face-sampling bit or other type, whether core is oriented and if so, by what method, etc).  
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Both DD and RC drilling are undertaken. The average depth of drilling is variable depending on the objective of the drilling programme. In summary, RC drilling techniques 
are used for surface exploration, and surface and UG grade control. DD with NQ sized core is used for surface and underground explorati on, and NQ and LTK sized 
core for underground grade control. 
 
Further details for each technique are presented below. 
 
DD: 

• Type - Standard rod. 

• Core is orientated with the ACT Digital™ orientation tool during drilling and core is then aligned and marked on a "V" Rail/Angle Iron during core processing. 

• Down hole surveys are completed using Reflex™ and Champ™ gyroscopic downhole survey instruments. 

• Core diameters are HQ/NQ2/LTK. 
 
RC: 

• No orientation, RC chip samples collected rotating cone splitters. 

• Down hole surveys are completed using Reflex™ and Champ™ gyroscopic downhole survey instruments. 

• RC drill hole diameters are 5.2 to 5.5 inches. 
  

(ii) 

Describe whether core and chip samples have been geologically and geotechnically logged to a level of detail to support appropriate Mineral Resource estimation, 
technical studies, mining studies and metallurgical studies.  
 
Core logging (logging) is conducted as per in-house procedures which are compliant with AngloGold Ashanti geological logging guidelines. The logging is completed 
with sufficient detail on lithology, structure, alteration, mineralisation, geotechnical and rock mass quality to support the geological modelling, estimation, mining, 
metallurgical and technical studies required, and for Mineral Resource and Mineral Reserve estimation. 
 
DD half-core is retained and stored in the Geita core yard for future reference and re-logging, sampling and assaying as required. RC sample chip trays are stored for 
future reference and re-logging, and RC bulk/reject samples are stored for three to six months and discarded once assays are received and validated. 
  

(iii) 

Describe whether logging is qualitative or quantitative in nature; indicate if core photography. (or costean, channel, etc) was undertaken.   
 
Logging is both qualitative and quantitative. All diamond drill core is oriented for collection of structural and geotechnical data. Core photography is conducted as per 
Geita’s in-house procedures and is electronically stored. 
  

(iv) 

Present the total length and percentage of the relevant intersections logged.  
 
Logging is completed for the entire length of all completed drill holes. 
  

(v) 

Results of any downhole surveys of the drill hole to be discussed.  
 
All exploration drill holes are set up using Azi Alignment tools or survey control, with surveying at 6m to confirm the correct hole trajectory after collaring. Downhole 
surveying is typically completed at 30m intervals as the drill hole progresses, with a final EOH survey completed. Downhole surveys are collected using north seeking 
gyroscopic downhole survey instruments. 
 
The survey results are sent electronically to the project geologists who verify the surveys and prepare data for import into the Fusion™ database. 
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3.3 Sample 
method, 
collection, 
capture and 
storage 

(i) 

Describe the nature and quality of sampling (e.g. cut channels, random chips, or specific specialised industry standard measurement tools appropriate to the minerals 
under investigation, such as down-hole gamma sondes, or handheld XRF instruments, etc). These examples should not be taken as limiting the broad meaning of 
sampling.   
 
Drilling samples are collected from RC and DD drilling methods. 
 
Samples from RC drilling are collected at 1m intervals using rotating cone splitters, with approximately 3kg collected in calico sample bags, and bulk reject sample 
collected in plastic sample bags (in case re-assaying is required). 
 
For DD, the samples are collected from half-core at an average of 1m interval, but the sampling interval can change based on geological observations (change in rock 
type, alteration, mineralisation, structural fabrics in the rock mass or core loss). The minimum sample length from drill core is 0.5m and up to a maximum length is 1.5m 
as per Mineral Resource estimation guidelines. The majority of exploration DD uses NQ size drilling equipment. The half-core is placed in calico sample bags. 
 
Grab samples are collected during geological mapping at the geologist's discretion and from underground face mapping, however, are not used in Mineral Resource 
estimation. 
 
Handheld portable x-ray fluorescence analyser (pXRF) instruments are used to collect pXRF data, and handheld hyperspectral (TerraSpec™) scans are completed for 
geometallurgical studies from selected pulverised sample returned from the assay laboratory. 
  

(ii) 

Describe the sampling processes, including sub-sampling stages to maximise representivity of samples. This should include whether sample sizes are appropriate to 
the grain size of the material being sampled. Indicate whether sample compositing has been applied. 
 
For DD core, samples are collected from half-core at 1m intervals, with niche samples as required to honour lithological contacts and other geological observations. DD 
is typically NQ size. 
 
Rotating cone splitters (Sandvik Rotaport™) are fitted to RC drill rigs for sampling through which the samples are collected at 1m intervals, collecting approximately 3kg 
of sample for assaying. 
 
For Mineral Resource estimation, samples are composited to 1m intervals (with a minimum composite length of 0.5m) for Mineral  Resource estimation. 
  

(iii) 

Appropriately describe each data set (e.g. geology, grade, density, quality, diamond breakage, geo-metallurgical characteristics etc.), sample type, sample-size 
selection and collection methods.  
 
Geological logging is completed for RC and DD to describe rock type - lithology, mineralisation, alteration, texture, grainsize, vein systems and lithological profiles 
(oxide/transition or fresh rock). 
 
Structural and geotechnical logging is completed on all DD core for structure, rock mass characterisation, rock quality designation (RQD) and core recovery. All DD core 
is oriented where possible. 
 
Bulk density is routinely collected from DD core using water immersion method, with measurements taken at 1m intervals. 
Gold mineralisation is determined by fire assay, with samples collected from the entire drill holes. 
 
Geometallurgical data collection includes routine bottle roll test work of mineralised zones to determine recovery, and hyperspectral scanning and pXRF analysis of 
assay pulp reject material is undertaken for geometallurgical project work. 
 
Routine metallurgical test work is undertaken to monitor recovery and hardness, and specialist test work is completed for new ore bodies.  
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(iv) 

Report the geometry of the mineralisation with respect to the drill-hole angle. State whether the orientation of sampling achieves unbiased sampling of possible structures 
and the extent to which this is known, considering the deposit type. State if the intersection angle is not known and only the downhole lengths are reported. 
 
Drill hole planning takes into consideration the geometry of each ore body to ensure that the drill  hole - ore body intersection is as close to perpendicular as possible. 
 
When reporting exploration results if true width intercepts are not possible, intercepts are noted as "downhole width, true width not known". 
  

(v) 

Describe retention policy and storage of physical samples (e.g. core, sample reject, etc.).  
 
DD core samples are generally retained throughout the LOM and beyond. If a need to dispose of DD core arises, a disposal permit is requested from the Ministry of 
Energy and Minerals, typically limited to DD core related to mined out volumes. 
 
RC samples (chips) are generally also retained until mined out, and if they need to be disposed of, the disposal process follows the company's environmental waste 
management protocols. RC bulk and reject samples are collected and stored for three to six months and discarded once assays are received and validated. 
  

(vi) 

Describe the method of recording and assessing core and chip sample recoveries and results assessed, measures taken to maximise sample rec overy and ensure 
representative nature of the samples and whether a relationship exists between sample recovery and grade and whether sample bias may have occurred due to 
preferential loss/gain of fine/coarse material.  
 
In-house standard procedures (developed in line with  the AngloGold Ashanti Sampling Guideline Rev 1.04 2019) are in place to ensure optimal sample recoveries 
through DD core recovery logging and mass balance studies for RC drill samples. Mass balance sampling of RC sample intervals requires routine testing of selected 
drill holes (target 10%) where the entire sample interval is weighed and compared to theoretical volumes and weights to determine RC sample recovery. 
  

(vii) 

If a drill-core sample is taken, state whether it was split or sawn and whether quarter, half or full core was submitted for analysis. If a non-core sample, state whether 
the sample was riffled, tube sampled, rotary split etc. and whether it was sampled wet or dry. 
 
NQ2 (50.7mm core diameter) and HQ (63.5mm core diameter) sized DD drill samples are generally cut with core saw and half is submitted as half-core for sampling 
and analysis. LTK60 (44mm core diameter) sized DD drill core, generated from underground grade control drilling, is sampled as full core. 
 
RC samples are taken at 1m intervals and are split using rotating cone splitter attached to the RC drill rig. 
 
DD and RC Samples are composited to 1m intervals (with a minimum composite length of 0.5m and maximum sample length of 1.5m for diamond core) for Mineral 
Resource estimation. 
  

3.4 Sample 
Preparation 
and Analysis 

(i) 

Identify the laboratory(s) and state the accreditation status and Registration Number of the laboratory or provide a statement that the laboratories are not accredited.  
 
All exploration, infill drilling and grade control samples are assayed by African Assay Laboratories (T) Limited owned by the SGS® group. The African Assay Laboratories 
(T) Limited is ISO 17025 accredited by SANAS. The Accreditation Number is T0470, and the registration number is TIN 100-139-677. African Assay Laboratories (T) 
Limited operates the Geita onsite laboratory and a commercial laboratory in Mwanza, Tanzania. 
  

(ii) 

Identify the analytical method. Discuss the nature, quality and appropriateness of the assaying and laboratory processes and procedures used and whether the technique 
is considered partial or total.  
 
Gold is determined using fire assay with an atomic absorption spectrometry (AAS) finish. This is considered a total assay for gold. The Mwanza laboratory completes 
50g fire assays and the Geita onsite Lab completes 40g fire assays. The detection limit is 0.01ppm in both cases.  
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Gravimetric finish is used for samples returning assays in excess of 5g/t and screen fire assay for all samples returning values in excess of 20g/t (this is a quality control 
measure to check for the presence of coarse gold).  Inductively coupled plasma atomic emission spectroscopy (ICP-AES) (specifically SGS’s ICP12B 32 elements) is 
used for multi element analysis and conducted on mineralised intervals. 

(iii) 

Describe the process and method used for sample preparation, sub-sampling and size reduction, and likelihood of inadequate or non-representative samples (i.e. 
improper size reduction, contamination, screen sizes, granulometry, mass balance, etc.).  
 
NQ2 and HQ sized DD drill samples are presented to the laboratory as 1m, half-core samples (LTK sized core is sampled as full core from grade control drilling) which 
are oven dried (12 hours at 104°C), then crushed to 90% passing 2mm, samples are split to approximately 0.5kg to 1kg and pulverised to 90% passing 75µm. 
 
RC samples presented to the laboratory as air dried, approximately 3kg samples which are oven dried (12 hours at 104°C), then crushed to 90% passing 2mm, samples 
are split to approximately 0.5 to 1kg and pulverised to 90% passing 75µm. 
 
A 40g (site laboratory) or 50g (Mwanza laboratory) sample of pulverised material is assayed by fire assay with an AAS finish. 
  

3.5 Sampling 
Governance 

(i) 

Discuss the governance of the sampling campaign and process, to ensure quality and representivity  of samples and data, such as sample recovery, high grading, 
selective losses or contamination, core/hole diameter, internal and external QA/QC, and any other factors that may have resul ted in or identified sample bias.  
 
Sample collection strictly adheres to the AngloGold Ashanti Sampling Guideline Rev 1.04 2019, and collection controlled as per in-house sampling protocols and 
procedures which are aligned to AngloGold Ashanti standards and guidelines for sampling, assaying and quality assurance and quality control (QA/QC). It involves the 
secure packaging, labelling and transportation of samples to laboratories. Laboratories send an electronic reconciliation of samples received. Thereafter, assay results 
are reported electronically and captured into the Fusion database.   
  

(ii) 

Describe the measures taken to ensure sample security and the Chain of Custody. 
 
A full QA/QC programme is in place to monitor the sampling process to ensure quality and sample representivity. 
 
This programme includes: 
 

• Mass balance for RC sampling and core recovery measurements 

• Internal and external QA/QC checks and analyses as per AngloGold Ashanti and in-house QA/QC protocols. 

• Monitoring and supervision of drilling activities (quality assurance) by a dedicated geology representative. 

• Monitoring the assay laboratories' performance (through regular audits and inspections). 
 
Results of the above monitoring programmes are rigorously tracked through internal weekly and monthly reporting systems. 
  

(iii) 

Describe the validation procedures used to ensure the integrity of the data, e.g. transcription, input or other errors, between its initial collection and its future use for 
modelling (e.g. geology, grade, density, etc.). 
 
Data is electronically stored in the Fusion™ database with built-in QC controls to prevent duplication, overlaps and gaps. Onsite database personnel conduct daily, 
weekly and monthly database health checks on the imported data to ensure validated and accurately captured data. Assay data i s managed and controlled as per in-
house QA/QC protocols which are aligned to AngloGold Ashanti standards and guidelines for sampling, assaying and QA/QC. 
 
The Fusion™ database is a SQL database and is hosted on secure servers, with routine backup functionality.  
  

(iv) 
Describe the audit process and frequency (including dates of these audits) and disclose any material risks identified. 
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Audit processes include internal and external audits. Internal audits are conducted generally on an annual basis whilst external audits are conducted every two years. 
  

3.6 Quality 
Control/Quality 
Assurance 

(i) 

Demonstrate that adequate field sampling process verification techniques (QA/QC) have been applied, e.g. the level of duplicates, blanks, reference material standards, 
process audits, analysis, etc. If indirect methods of measurement were used (e.g. geophysical methods), these should be described, with attention given to the confidence 
of interpretation.  
 
QA/QC procedures and protocols are in place and are aligned to the AngloGold Ashanti QA/QC guidelines. Control materials employed include certified reference 
materials (CRMs), coarse and pulp blanks, coarse rejects and duplicates which are used to monitor precision, accuracy, and bias of assays during sample preparation 
and analytical procedures.  
 
Other methods include particle size analysis, gravimetric analysis and screen fire assay analysis. QA/QC was conducted on exploration, grade control and underground 
activities. An illustration of the workflow with regards to holes generation, QC insertion, laboratory processes and quality assurance protocols is shown below. 
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3.7 Bulk Density 

(i) 

Describe the method of bulk density determination with reference to the frequency of measurements, the size, nature and representativeness of the samples.   
 
Bulk density measurements are conducted routinely on all drill core using water immersion methods providing representative coverage for all rock types and material 
types. 
  

(ii) 

If target tonnage ranges are reported state the preliminary estimates or basis of assumptions made for bulk density.  
 
Sufficient samples are collected and measured in order to determine representative average bulk density per Rock Type and Material Type for both ore and waste. 
  

(iii) 

Discuss the representivity of bulk density samples of the material for which a grade range is reported.  
 
Bulk density measurements adequately cover the full range of Material Types (weathered through to fresh) and the method of determination (i.e. the displacement 
method) accounts for any natural porosity. Where there are known previous mining voids or artisanal mining voids, the Mineral Resource models are assigned a zero 
density within the volumes of known previous mining. 
  

(iv) 

Discuss the adequacy of the methods of bulk density determination for bulk material with special reference to accounting for void spaces (vugs, porosity etc.), moisture 
and differences between rock and alteration zones within the deposit.  
 
Bulk density measurements are conducted routinely on all drill core using water immersion methods providing representative coverage for all rock types and material 
types and considered adequate. 
  

3.8 Bulk-Sampling 
and/or trial-
mining 

(i) 

Indicate the location of individual samples (including map).  
 
Active mining commenced at Geita in 2000, currently there are no recent trial mining and/or bulk sampling projects to report. 
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(ii) 

Describe the size of samples, spacing/density of samples recovered and whether sample sizes and distribution are appropriate to the grain size of the material being 
sampled.  
 
Not applicable - currently there are no recent trial mining and/or bulk sampling projects to report. 
  

(iii) 

Describe the method of mining and treatment.  
 
Not applicable - currently there are no recent trial mining and/or bulk sampling projects to report. 
  

(iv) 

Indicate the degree to which the samples are representative of the various types and styles of mineralisation and the mineral  deposit as a whole.  
 
Not applicable - currently there are no recent trial mining and/or bulk sampling projects to report. 
                                                                                 

Section 4: Estimation and Reporting of Exploration Results and Mineral Resources 

4.1 Geological 
model and 
interpretation 

(i) 

Describe the geological model, construction technique and assumptions that forms the basis for the Exploration Results or Mineral Resource estimate. Discuss the 
sufficiency of data density to assure continuity of mineralisation and geology and provide an adequate basis for the estimation and classification procedures applied.  
Discuss the geological model or concepts being applied in the investigation and on the basis of which the exploration programme is planned.  Describe the inferences 
made from this model.  
 
GGM has four deposits which are active mining operations and supported by Mineral Resource and Mineral Reserve. The primary Mineral Resource models are updated 
annually, and in place for Nyankanga UG, Star and Comet UG and Geita Hill UG operations and for Nyamulilima open pit operations. For each of the deposits, 3D 
geological wireframe models are constructed for the mineralisation, structures and lithology which are used as the basis for the Mineral Resource estimate.  
 
These geological models and Mineral Resource estimates are updated when new information is received (updated at least once per year). Geological data is collected 
as per in-house data collection procedures and is later electronically stored in the Fusion™ database. Data in the database is locked to prevent unauthorised changes. 
  

(ii) 

Describe the nature, detail and reliability of geological information with which lithological, structural, mineralogical, alteration or other geological,  geotechnical and geo-
metallurgical characteristics were recorded.  
 
Geological models are constructed using different data sources and subject to reviews. When the project becomes a deposit, the geological models are reviewed by 
Peer Reviewers by AngloGold Ashanti technical specialists outside Geita. The geological models are regularly updated as the project grows and shared to the Mineral 
Resource Modelling team. The models are also reviewed during exploration workshops for knowledge sharing and new inputs. At a ll stages of the geological updates 
and reviews, the lithological and structural frameworks are all discussed in length as well as alteration and mineralisation controls.  

(iii) 

Describe any obvious geological, mining, metallurgical, 
environmental, social, infrastructural, legal and 
economic factors that could have a significant effect on 
the prospects of any possible exploration target or 
deposit. 
 
Geita has been involved in active mining since 2000. 
There are currently no obvious geological, mining, 
geotechnical, metallurgical, environmental, social, 
infrastructural, legal, and economic factors that are 
anticipated to have a significant effect on the prospects 
of any possible future exploration target or deposit 
currently reported in the Mineral Resource.   

 



 

AngloGold Ashanti - Geita Gold Mine, SAMREC Code Table 1                Effective as at 31 December 2022 
 

  Exploration Results Mineral Resource Mineral Reserve 

(iv) 

  
  
  

Discuss all known geological data that could materially influence the estimated quantity and quality of the 
Mineral Resource.  
 
There is no known structural, lithological, mineralogical, or other geological data that could materially influence 
the estimated quantity and quality of the Mineral Resource. The arsenopyrite bearing ore at Matandani -
Kukuluma is refractory in nature, but this has already been catered for in the pit shell optimisations and cut-
off grade calculations. 
  

(v) 

Discuss whether consideration was given to alternative interpretations or models and their possible effect 
(or potential risk) if any, on the Mineral Resource estimate.  
 
Geological interpretations are considered reasonable and representative for use in the Mineral Resource 
estimation process. Where new data becomes available, the geological interpretations and models are 
updated. Most recently, a revised mineralised zone interpretation, to separate high grade zones from the low-
grade zones (initially interpreted as one ore zone) was completed to support the targeting of zones by 
underground mining methods.   
     

(vi) 

Discuss geological discounts (e.g. magnitude, per reef, domain, etc.), applied in the model, whether applied 
to mineralised and / or un-mineralised material (e.g. potholes, faults, dykes, etc).   
 
During Mineral Resource estimation, observed or anticipated geological structures are modelled and are 
considered during domaining. Similarly, barren dykes known to cut mineralisation are modelled as barren 
zones wherever possible.  

4.2 Estimation and 
modelling 
techniques 

(i) 

Describe in detail the estimation techniques and assumptions used to determine the grade and tonnage ranges.  
 
For the open pits, the mineralisation boundaries for the individual deposits are defined from detailed logging of all geological drill holes. This information is validated and 
then used to create a 3D model. The geological model is subsequently populated with an appropriately dimensioned block model.  Ordinary kriging is used to interpolate 
values into the blocks. Localised Uniform Conditioning (LUC) is used to generate a recoverable Mineral Resource model which estimates the proportion of ore that 
occurs above the Mineral Resource cut-off grade assuming a specified selective mining unit (SMU). The open pit Mineral Resource is reported within a $1,750/oz 
optimised pit shell and above the estimated mineralised waste cut-off grade per pit. Stockpiled material above mineralised waste cut-off grade is included in the Mineral 
Resource.  
 
For the underground Mineral Resource, the geological model and the mineralised boundary are generated in the same way as for the open pits. However, a high-grade 
wireframe is delineated within the broader, lower grade mineralised envelope. In this instance, all geological controls are adhered to when determining this domain. 
Ordinary kriging models are then constructed within the low and high-grade domains and numerous validation exercises are completed to ensure robust estimates are 
achieved. The ultimate open pit designs are used as the limiting boundaries between open pit and underground during model compilation. The underground Mineral 
Resource is reported inside a mineable shape optimiser (MSO) volume generated using a determined underground cut-off grade for each deposit. The underground 
stopes and development are evaluated using the ordinary kriging models and the open pit designs are evaluated using the LUC models. 
  

(ii) 

  
  
  
  
  

Discuss the nature and appropriateness of the estimation technique(s) applied and key assumptions, 
including treatment of extreme grade values (cutting or capping), compositing (including by length and/or 
density), domaining, sample spacing, estimation unit size (block size), selective mining units, interpolation 
parameters and maximum distance of extrapolation from data points.  
 
Estimation Techniques: Estimation methodologies at Geita has evolved since 2001 to embrace non-linear 
techniques. Progressive updates on Mineral Resource models since then have shown that Uniform 
conditioning (UC) is a robust technique and suitable for the ore bodies at GGM. Previous external audits 
conducted on the Mineral Resource Models for Nyankanga, Geita Hill and Star and Comet by QG and Optiro 
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consultants also confirmed that UC is an appropriate and robust technique that is suitable for the orebodies 
at GGM. 
 
UC is considered appropriate based on the following assumptions: 
 
Highly skewed gold distributions: 
 

• The wide Exploration drill spacing of 40m x 40m or 20m x 20m versus short range variography that 
is characterised by 40% to 50% nugget effects and 90% variability within 10m. 

• Complex ore zones in which low-grade meta-sediments are structurally juxtaposed with higher grade 
BIF. 

• Impracticality of using wireframes to separate mineralisation from waste within the ore zone. 

• The understanding that extensive grade control ahead of mining would be critical in determining the 
actual within-pit location of the ore blocks (SMUs). 

• The change of support is robust and can be demonstrated as correct at the validation stage. 

• The results can be validated against the theoretical grade distributions and grade control. 

• The method is robust in the presence of grade zonation. 
 
LUC has been adopted from 2018, involving post processing of UC results. Adoption of LUC is driven by 
inability to predict a spatial location of the recoverable mineralisation and hence regarded as a major 
disadvantage of the conventional UC method. 
 
Treatment of extreme grade values: A thorough statistical analysis of the data set drives the determination of 
the top cutting / capping values to be applied during estimation for each deposit. On some instances local 
capping is applied on areas that are poorly informed or areas with high-grade anomalies that have shown to 
be influenced by presence of the high grades in the vicinity 
 
Compositing: sample drilled through the core length (DD) or through non-core (RC) are sampled at an average 
of 1m interval, guided by the collected geological information. During Mineral Resource Estimation, sampling 
composites are applied at composite length of 1m and minimum composite length of 0.5m, weighting field - 
lithological types. 
 
Domaining: stationarity analysis is undertaken to identify distinct trends in the grade behaviour that links to 
geological characteristics. The identified distinct trends represent domains that describes homogeneity within 
a giving area. Parallel to stationarity analysis, geological interpretation is linked to the analysis to support/firm 
up the identified domains. 
 
Estimation parameters: optimisation of the estimation environment is a four to five stage process depending 
on data availability: These stages include: 
 
Search volume optimisation, various iterations are performed to: 
 

• stabilise the kriging variance, 

• maximise the slope of regression, 

• minimise sample screening resulting in negative weights; and attaching maximum kriging weight to 
the sample nearest the block centre. 
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Maximum number of samples in the search environment. Based upon using sufficient samples to: 
  

• stabilise the kriging variance, 

• maximise the slope of regression, 

• minimise sample screening, and 

• attaching maximum kriging weight to the sample nearest the block centre. 
 
Compare the average of the block estimates with the averages for both the raw and de-clustered conditioning 
sample data. 
 
Conducting regression analysis of drill hole data against ordinary kriging block estimates set at standard 
search and estimation environment parameters. 
 
Based upon the above, the kriging environment is adjusted as appropriate until satisfactory results are 
achieved. The final kriged estimates honour the validated exploration and exploration and Mineral Resource 
development drilling data 
 
Estimation unit size: 
 
Estimation block sizes are determined based on average drilling spacing along X, Y and Z, and estimation is 
conducted on a panel. The panel is subdivided into sub-cells to improve on orebody resolution. 
 
Density estimation: 
Two density estimation methodologies are applied 
 
Ordinary kriging -   all available density data from the Fusion™ database are exported, composited at 1m 
together with gold (Au) field. The minimum and maximum limit values are generated based on variances from 
the mean using standard deviation (2D/3D) aiming at minimising the influence of outliers. All values less than 
the minimum threshold or greater than the maximum threshold is projected to the minimum and maximum 
limits respectively.  
 
Data is selected within lithological volumes and statistical analyses are computed on all data, per lithology, 
and per mineralisation domains. Following the analyses, the density data was de-surveyed and used in 
estimation. 
 
Indicator kriging - density data are extracted from the exploration drill hole database by rock type, redox state 
(oxide, transition and sulphide) and whether it is from within or external to the mineralised envelope.  Within 
the exploration drill holes the drill intersections are flagged on lithology as  Banded Iron Formation – Chemical 
(BIFC),  Banded Iron Formation – Sediment (BIFS) or non-BIF. Indicator variograms are generated from the 
flagged data and used in the kriging of mineralised and waste panels to estimate per panel the proportion of 
BIFS and BIFC.  From the sum of the BIFC and BIFS indicators the non-BIF proportion is deduced.  The 
panels are then identified as belonging to oxide, transition or sulphide using the REDOX boundary wireframes 
and the panel density determined by applying the average density for the material proportioned by rock type 
class.    
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(iii) 

Describe assumptions and justification of correlations made between variables.  
 
For all Geita deposits the main variable is gold (Au). No other variables are currently modelled or correlated 
with gold. 
  

(iv) 

Provide details of any relevant specialised computer programme (software) used, with the version number, 
together with the estimation parameters used.  
 
Computer programmes used in Mineral Resource Estimates are: 
 

• Datamine® StudioRM™ Version 1.12.113.0 for mineralisation interpretation and Mineral Resource 
model compilation, 

• Leapfrog Geo™ 2022.1.0 for mineralisation interpretation and geological modelling, 

• Isatis™ - 2018.5 Version 18.05 for de-clustering, Variography, Gaussian Anamorphosis, support  

• correction, UC, and LUC. 
  

(v) 

State the processes of checking and validation, the comparison of model information to sample data and use 
of reconciliation data, and whether the Mineral Resource estimate takes account of such information. 
 
Mineral Resource Model checks and validation process steps includes: 
 
Krige estimate validation: 
 

• Visual checks - this process involves check of Mineral Resource estimates visually by comparing to 
the samples (drill hole data) to the kriged estimate. It is conducted through stepping through the 
Mineral Resource Model, section by section. This process is used to determine whether the 
estimation has been effective locally. 

• Statistical validation - The process involves running summary statistics of the kriged estimates in 
comparison to the clustered and drill hole information. The objective is to ensure the estimate 
average is within the allowable limits. Observed huge discrepancies might require revisiting applied 
estimation methodology. 

• Trend analysis along X, Y and Z of the model data vs the drill hole data - The process involves 
checking Mineral Resource estimates agreement versus drill hole data. Strip widths that correspond 
to kriged block sizes or search neighbourhood used for kriging in the X, Y and Z directions are used. 
The mean of the kriged values is compared to the mean of the de-clustered sample values. 

• Regression plots of kriged mean values vs block sample averages - The process involves a re-krig 
of the exploration data and comparison against sample average values within the specified search. 
Regression plot of krige values against sample average values is created. Check of significant bias 
and outliers is done and further investigated in a 3D environment. 

• Discrete Gaussian Change of Support (COS) - The process involves comparison of estimates to the 
COS at the Panel Scale. Gaussian anamorphosis is undertaken by zone using the appropriate 
variography and samples to generate theoretical grade-tonnage distributions. The aim of the process 
is to reproduce global grade-tonnage distributions at panel and SMU support from the ordinary 
kriging and UC results respectively. 

• UC grade/tonnage curves validation: The process involves selection of an area with adequate grade 
control drilling information. A common volume area is delineated and comparison of the distributions 
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(tonnage and grade) for Mineral Resource Model (with the actual UC) and grade control model is 
conducted. The grade control model should be the same block size as the SMU block size used for 
the UC. 

 
At instances where the validation results are unsatisfactory, it will involve revisiting estimation process and 
re-modelling accordingly. 
  

(vi) 

Describe the assumptions made regarding the estimation of any co-products, by-products or deleterious 
elements.  
 
No co-products, by-products or deleterious elements are modelled at GGM. 
  

4.3 Reasonable 
prospects for 
eventual 
economic 
extraction (i) 

  
  
  
  
  
  
  
  
  

Disclose and discuss the geological parameters.  These would include (but not be limited to) volume / tonnage, 
grade and value / quality estimates, cut-off grades, strip ratios, upper- and lower- screen sizes.  
 
Appropriate modifying factors have been applied to the modelled grade and tonnage to account for anticipated 
dilution and ore loss in determination of the Mineral Resource and Mineral Reserve. Open pit Mineral 
Resource and Mineral Reserve are supported by optimised pit shells and designs, while underground Mineral 
Resource and Mineral Reserve are supported by the sufficient designs and modifying factors. Sufficient work 
has been done to determine the prospect for economic extraction. 
  

(ii) 

Disclose and discuss the engineering parameters. These would include mining method, dilution, processing, 
geotechnical, geohydraulic and metallurgical) parameters.  
 
Open pit mining at Geita, located at Nyamulilima (22km from process plant), is by conventional truck-and-
shovel open pit mining method. The open pit mining is conducted using Geita owned, operated and 
maintained fleet. Capital Mining Services Tanzania Limited provides production drilling services and Orica 
provides blasting services. Underground mining commenced at Star and Comet in 2016 while at Nyankanga 
the operations started in 2017 using the services of an underground mining contractor. In 2018, Star and 
Comet became an owner operator operation, whilst Nyankanga and Geita Hill are mined using the services 
of an underground mining contractor. Stope mining is by a combination of longitudinal and transverse open 
stoping. Ore is hauled from the Nyamulilima open pit (22km) and from Star and Comet (17km), Nyankanga 
(4km) and Geita Hill (2km) underground operations to the central run of mine (ROM) pad by the Geita surface 
mining fleet. 
 
Geita ore processing method is via conventional carbon-in-leach (CIL) process. The CIL plant has a 
throughput capacity of ~5.2Mtpa. The circuit contains a primary gyratory crusher, secondary and tertiary 
crushers, a semi-autogenous grinding (SAG) mill, ball mill and 12 leach tanks. This is coupled with a gravity 
circuit through two Knelson concentrators. In planning, the plant feed blend based on material, hardness, 
grade, and sulphide content are considered to optimise throughput and recovery. Ore from Nyankanga 
(90.7%) and Nyamulilima (92%) have recoveries greater than 90%, however Geita Hill (87.2%) and Star and 
Comet (Cut 2 88.3%, Cut 3 88.4%, Cut 5 80.4% and Ridge 8 80.4%) ore have lower metallurgical recoveries. 
When blended with Nyankanga and Nyamulilima ores, at up to 30% in blend, recoveries above 87% are 
maintained in the blends, with a metallurgical recovery of 91.6% recorded for 2022. A comprehensive strategy 
is in place to manage ore blending in the LOM.  

(iii) 

Disclose and discuss the infrastructural including, but not limited to, power, water, site-access. 
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Geita has an established 5.2Mtpa CIL processing plant capable of processing hard ore. The Nyankanga open 
pit mining was completed in October 2020. Starting up of the Nyamulilima open pit in 2021 allows for 5.2Mtpa 
to be maintained, hence, no modifications required to the processing plant. GGM also has an established 
TSF with sufficient area to construct wall raises every three years to accommodate planned future production. 
A full workshop facility is in place to support the maintenance of all types of machineries (heavy and light 
mining equipment) and all types of supporting light trucks and light vehicles available on site.  
 
The mine also runs its own 36MW diesel generation power plant at full capacity and a 25km length water 
supply pipeline from Lake Victoria for water supply to the mine. Mine dewatering provides additional water for 
process plant and mining operations, and recycled tailings water is returned to the process plant. Contractor 
infrastructure supported on the mine site includes workshops for the production and exploration drilling 
contractors, workshops for the underground mining contractor, a plant for the explosives supplier as well as 
samples analysis laboratory. Geita has further support infrastructure in place including a mine village, medical 
facility, mine store, administration buildings, food catering facility and an airstrip. 
  

(iv) 

Disclose and discuss the legal, governmental, permitting, statutory parameters.  
 
The Geita SML has been granted and Geita has legal permission to mine the Mineral Resource and Mineral 
Reserve. SML number 45 of 1999 with initial period of 25 years has been obtained to mine the portion of the 
Mineral Resource and Reserve. For the part of SML that falls within the forest reserve Geita has been granted 
permit number FD/RES/GEITA/44 to mine in Geita forest reserve. 
  

(v) 

Disclose and discuss the environmental and social (or community) parameters. 
 
There are no anticipated environmental or social factors that are a risk to an economic extraction of the 
declared Mineral Resource and Mineral Reserve. Mining Permits are in place for all operations, with an 
Environmental Impact Assessment for Nyamulilima open pit and underground mining permit for Geita Hill 
being recently approved by the Mining Commission. Costs for environmental rehabilitation and social 
sustainability projects are included in the optimisation cost model and modifying factors. Land compensation 
demands and speculations are being constantly monitored on site and attended to as they arise. The Covid-
19 pandemic has been well managed at the site but has future potential to impact operations, through 
reduction of manpower and technical personnel in times of widespread infection. 
  

(vi) 

Disclose and discuss the marketing parameters. 
 
No marketing parameters are significant in determination of the Mineral Resource and Mineral Reserve, 
however the cost of selling and refining gold is included in cost models and modifying factors.  
  

(vii) 

Disclose and discuss the economic assumptions and parameters.  
 
The Mineral Resource is declared at an assumed gold price of $1,750/oz. The Mineral Reserve is declared 
at an assumed gold price of $1,400/oz. 
 
These gold prices are considered reasonable assumptions based on the recent historical gold price. 
Capital and operating costs used in cost models are based on projections of actual operating costs and the 
anticipated capital (for example for the mining fleet, TSF or asset integrity) required to sustain the production.         
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(viii) 

Discuss any material risks. 
 
At the time of compiling this report, there were no material risks identified that would prevent economic 
extraction of the Mineral Resource and Mineral Reserve. GGM does have a risk management process in 
place whereby operational risk is identified, mitigated, and managed. This risk register (AuRisk) is managed 
by Corporate, and internally reviewed, audited and updated quarterly/annually. An independent external 
Mineral Resource and Mineral Reserve audit was undertaken in 2019 and found no significant flaws in 
process or output. In 2020, an internal Mineral Resource and Mineral Reserve audit was undertaken and 
found no significant flaws in process or output. A comprehensive external audit was completed by SRK 
Consulting (South Africa) (Pty) Ltd (SRK Consulting) in December 2022 and found no significant flaws in 
process or output. 
  

(ix) 

Discuss the parameters used to support the concept of "eventual". 
 
GGM is an operating mine. The concept of economic extraction in terms of the Mineral Reserve is the ongoing 
execution of the current operational and business plans. In terms of the Mineral Resource, the concept of 
economic extraction relies on conversion of exclusive Mineral Resource to inclusive Mineral Resource. The 
exploration budget is updated annually for the purposes of converting the Mineral Resource and allowing for 
the engineering of a Mineral Reserve to support and extend the Geita LOM. 
  

4.4 Classification 
Criteria 

(i)   

Describe criteria and methods used as the basis 
for the classification of the Mineral Resources into 
varying confidence categories.  
 
AngloGold Ashanti classification guideline: 
 
Mineral Resource classification is based on the 
15% Rule. A Measured Mineral Resource should 
be expected to be within 15% of the metal 
estimated at least 90% of the time (three-month 
periods), while for an Indicated Mineral Resource 
estimate the annual estimate should be within 
15% of the metal estimated at least 90% of the 
time (yearly periods). 
 
For Inferred Mineral Resource the error may be 
greater than 15%, 90% of the time (yearly 
periods). This is explained in detail in the 
Guidelines for the reporting of the Mineral 
Resource and Mineral Reserve. 
 
GGM Mineral Resource classification categories 
are: 
 

• Measured Mineral Resource - only on 
completion of grade control drilling and 
modelling. 
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• Indicated Mineral Resource - Indicated 
Mineral Resource category spacing 
varies from 20m x 20m, 25m x 15m and 
40m x 20m staggered pattern for 
different projects respectively. The 20 x 
20m / 25m x 15m and 40m x 20m drill 
pattern covers for a two-year open 
production window and a 40 x 40m drill 
pattern for the rest of LOM production 
schedule. The 40m x 40m drill pattern is 
the lower end of indicated Mineral 
Resource and where present these 
areas are classified as risk areas to be 
followed up by infill drilling prior to 
production. 

 

• Inferred Mineral Resource - 
Mineralisation classification is defined 
within a grid spacing of greater than 40m 
x 40m to a maximum of 80m x 40m to 
80m x 80m plus any mineralised blocks 
within the external waste volume. 

 
Ore material outside these ranges is extrapolated 
and classified as exploration upside. 
 
No uncertainties are identified that would 
materially impact the Mineral Resource, including 
classification or level of confidence of the Mineral 
Resource. 
 
All aspects of the data capture from drilling, 
geological logging, sampling and assaying are 
verified to ensure location / positional accuracy 
and sampling and assaying follows strict 
guidelines for data processing, gold analysis and 
QA/QC validation. 
 
Drilling, sampling, data processing and handling, 
geological modelling and Mineral Resource 
estimation were conducted as per AngloGold 
Ashanti standard operating procedures and 
guidelines, aiming at addressing uncertainties to 
increase Mineral Resource confidence. 
 
Due to the nature of the orebodies the following 
key elements are adhered to as per AngloGold 
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Ashanti standard operating procedures and 
guidelines, and implemented to minimise 
uncertainties in Mineral Resource confidence: 
 

• Exploration and Mineral Resource 
development drilling is conducted at 
optimal drilling spacing, and supported 
by drill spacing studies to determine the 
optimal drill spacing for Mineral 
Resource classification 

• Drilling, sampling and assaying QA/QC 
programmes in place. 

• Sample analysis and assaying 
conducted at an ISO accredited 
Assaying Laboratories (African Assay 
Laboratories (SGS) - ISO SO 17025 
accredited by SANAS). 

• Geological modelling and Mineral 
Resource estimation are completed by 
technical experts and conducted as per 
the AngloGold Ashanti Mineral 
Resource estimation guideline. 

• Internal peer review processes are 
conducted upon completion of Mineral 
Resource models, bi-annual AngloGold 
Ashanti internal Mineral Resource 
audits. 

• External Mineral Resource audits 
conducted every two years by reputable 
Mineral Resource and Mineral Reserve 
consulting firms. 

 
The Mineral Resource is based on Mineral 
Resource models prepared by Geita technical 
experts, in accordance with AngloGold Ashanti 
Mineral Resource estimation, modelling and 
reporting guidelines and procedures - no 
significant uncertainty is identified for disclosure. 
        

4.5 Reporting 

(i) 

Discuss the reported low and high-grades and widths together with their spatial location to avoid misleading the reporting of Exploration Results, Mineral Resources or 
Mineral Reserves.   
 
The Nyamulilima open pit orebody is hosted dominantly on northwest striking, moderate to steeply dipping shears, with widths between 5 and 35 m thickness, where 
high grade mineralisation is developed on the BIF/tonalite contacts. The Geita Hill UG orebody is controlled by a northeast-trending and northwest-dipping shear zone 
(Geita Hill Shear Zone) with widths typically between 5 and 25 m thickness, where high grade ore shoots develop plunging 45° to the northwest. The Nyankanga ore 
body is controlled by a northeast trending and northwest dipping anastomosing shear system - the Nyankanga Shear Zone, with widths typically between 5 and 35 m 
thickness. Typically, the mineralisation is located along the lowermost shears, with higher grade mineralisation mainly proximal to the basal contact of BIF packages, 
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and where high-grade ore shoots are developed and plunge to the northwest. The Star and Comet orebody is located in a folded sedimentary package of BIF intercalated 
with clastic and tuffaceous meta-sediments and is intruded by a tonalitic complex, with a major mineralised shear zone (Star and Comet Shear Zone), oriented north-
northwest to south-southeast, dipping steeply west-southwest, with widths typically between 5 and 15 m thickness. At Star and Comet Cut 3, the shear splits into two 
shears in places with widths of 5 to 8m, separated by 2 to 5m of lower grade and barren material. 
 
NE-SW Cross section of Star and Comet Cut 3 and 3D oblique view of Star and Comet ore body (looking north-west). 
 

  

(ii) 

Discuss whether the reported grades are regional averages or if they are selected individual samples taken from the property under discussion. 
 
The grades reported in the Mineral Resource are representative of drill hole assays, where drilling is typically completed at 10 x 10m for Measured Mineral Resource, 
20/25m x 20m for Indicated Mineral Resource, and 80/40m x 40 m for Inferred Mineral Resource. The drilling results are incorporated into geological models, and Mineral 
Resource estimation techniques are used to estimate the grades and compiled in a Mineral Resource model. All Mineral Resource is reported from Mineral Resource 
models for each orebody, where Mineral Resource estimation, modelling and reporting is completed in accordance with AngloGold Ashanti guidelines and procedures.  
  

(iii) 
State assumptions regarding mining methods, 
infrastructure, metallurgy, environmental and social 

   
  

NE 

SW 
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parameters. State and discuss where no mining related 
assumptions have been made. 
 
GGM has sufficient Mineral Resource and Mineral 
Reserve to support the ongoing LOM Plan.  

   

(iv) 

State the specific quantities and grades / qualities which 
are being reported in ranges and/or widths and explain 
the basis of the reporting. 
 
Mineral Resource reporting process and assumptions 
are made based on the AngloGold Ashanti Mineral 
Resource guidelines. Mineral Resource estimations use 
RC and DD holes for Mineral Resource calculations. 
Geological interpretations are carried out onto cross 
sections and geological model established to guide the 
resource modelling process. Drill holes planning takes 
into consideration the geometry of the orebody, to 
ensure the orebody is intersection at right angle or 
closest. If not, the true width is deduced, and the intervals 
of the intercepts are reported per determined true width. 
The standard sampling interval is 1m per sample, but this 
can change depending on the underlying geological 
factors. For exploration samples, at least a minimum 
sample length is 0.5m and maximum is 1.5m as per  
AngloGold Ashanti  Mineral Resource guidelines. The 
minimum intersection interval is 3m at 0.5g/t and the 
maximum waste within the mineralised interval is 3m. 
Drill holes intercepts are reported using the exploration 
cut-off grade of >=0.5g/t. 
   

(v) 

  
  
  

Present the detail for example open pit, 
underground, residue stockpile, remnants, 
tailings, and existing pillars or other sources in the 
Mineral Resource statement'. 
 
The inclusive Mineral Resource of 9.93Moz is 
informed by open pit Mineral Resource of 
4.86Moz, underground Mineral Resource of 
4.70Moz and stockpiles of 0.37 Moz. The open pit 
Mineral Resource is informed by Nyamulilima Cut 
1 and 2 (in operations) at 3.86Moz, Kukuluma / 
Matandani Mineral Resource of 0.67Moz and 
several small open pit Mineral Resource totalling 
0.33Moz (Area 3, Kalondwa Hill, Chipaka, 
Selous). The underground Mineral Resource is 
informed by Geita Hill UG 1.82Moz, Nyankanga 
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UG 1.88Moz and Star and Comet UG 1.01Moz. 
Stockpiles of 0.37Moz in the Mineral Resource 
are made up of full grade ore (0.13Moz), low-
grade (0.19Moz) and refractory ore (0.05Moz) 
stockpiles. 
  

(vi) 

Present a reconciliation with any previous Mineral 
Resource estimates. Where appropriate, report 
and comment on any historic trends (e.g. global 
bias).  

 
The inclusive Mineral Resource totals 9.93Moz at 
end of 2022, and increased by 2.31Moz (28.1%) 
after depletion (0.61Moz) from 2021. The open pit 
Mineral Resource is 4.86Moz (49%), the 
underground mineral resource is 4.70Moz (47%) 
and 0.37Moz (4%) is contained in stockpiles.   
  

(vii) 

Present the defined reference point for the tonnages and grades reported as Mineral Resources. State the 
reference point if the point is where the run of mine material is delivered to the processing plant. It is important 
that, in all situations where the reference point is different, such as for a saleable product, a clarifying 
statement is included to ensure that the reader is fully informed as to what is being reported. 
 
Stockpiled material above mineralised waste cut-off grade is included in the Mineral Resource. The Geita 
Mineral Resource is reported as in situ Mineral Resource, as located at the Geita open pit and underground 
operations. 
  

(viii) 

If the CP is relying on a report, opinion, or statement of another expert who is not a CP, disclose the date, title, and author of the report, opinion, or statement, the 
qualifications of the other expert and why it is reasonable for the CP to rely on the other expert, any significant risks and any steps the CP took to verify the information 
provided. 
 
The CP is relying on information prepared by the GGM technical experts. All of the information prepared for this report has been prepared by GGM technical experts in 
accordance with AngloGold Ashanti guidelines and procedures for the reporting of Mineral Resource and Mineral Reserve. 
  

(ix) 

State the basis of equivalent metal formulae, if applied. 
 
Not metal equivalents are estimated for GGM Mineral Resource or Mineral Reserve.   
  

Section 5: Technical Studies 

5.1 Introduction 

(i) 

Technical Studies are not applicable to Exploration 
Results 

  

State the level of study – whether scoping, Pre-
Feasibility, Feasibility or ongoing Life of Mine  
 
GGM is an ongoing mining operation. 
  

State the level of study – whether Prefeasibility, 
Feasibility or ongoing Life of Mine.  The Code requires 
that a study to at least a Pre-Feasibility level has been 
undertaken to convert Mineral Resource to Mineral 
Reserve.  Such studies will have been carried out and 
will include a mine plan or production schedule that is 
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technically achievable and economically viable, and that 
all Modifying Factors have been considered.  
 
GGM is an ongoing mining operation. All Mineral 
Reserve declared is part of the ongoing LOM and 
included in the 2022 BP. This includes designs, 
schedules, processing and detailed budgets including all 
modifying factors.   

(ii)   

Provide a summary table of the Modifying Factors used 
to convert the Mineral Resource to Mineral Reserve for 
Pre-Feasibility, Feasibility or ongoing Life of Mine 
studies.  
 
Appropriate mining and processing modifying factors 
were applied such as: 
 

• Face and regional pit slope angles, 

• Dilution tonnage, 

• Mining recovery factor (MRF) and 

• Metallurgical recovery factor (MetRF) 
 
Stability of open pit and underground excavations are 
mainly affected by geotechnical structures such as faults, 
thrusts, shears. Groundwater is synonymous with these 
structures adding to the complication of stress 
management. The management of groundwater 
drainage and mining shapes in and around the proximity 
of these geotechnical structures are crucial to minimise 
the induced stresses that cause dilution and/or mining 
recovery. Management interventions include the 
following: 
 

• Cover hole drilling to determine presence of 
groundwater 

• Lithological drill hole logging derived from either 
Mineral Resource definition and/or grade 
control drilling to assess the ground conditions 
and weathering profile 

• Face sampling in the open pit and underground 

• Interpret and build structural models also 
included in Mineral Resource models used for 
planning purposes 

• Reduce face angle in open pit 

• Increase berm widths in open pit 

• Slope management plan and monitoring 
systems in open pit 
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• Rockfall analysis using specialised software in 
the open pit 

• Minimise mining width and length to reduce 
hydraulic radius underground 

• Mining sequence and backfill underground 

• Development support standard per excavation 
size and purpose underground 

• Seismicity sensors for open pit and 
underground 

 
The factors applied are Mineral Resource modifying 
factor (RMF), MRF, mine call factor (MCF) and MetRF. 
For underground operations a MRF and dilution is 
applied. 
  

5.2 Mining Design 

(i) 

Technical Studies are not applicable to Exploration 
Results 

 
  

State assumptions regarding mining methods and 
parameters when estimating Mineral Resources 
or explain where no mining assumptions have 
been made.  
 
Mineral Resource assumptions on active 
operating pits are based on current mining 
methods and parameters. In areas with no 
previous mining has occurred, the methods and 
parameters are assumed from geologically similar 
mined areas within the lease, unless stated 
otherwise 
 
Open Pit 
 
The conventional open pit mining method by use 
of truck and shovel was the only method used to 
estimate the Mineral Reserve. 
 
The estimation of open pit Mineral Resource is 
based on the following key inputs: 
 
Estimation was done using LUC. The estimates 
were informed by the exploration samples and the 
kriged gold value for each panel was stored in the 
gold (Au) field. General and Administration Costs: 
 

• Rehandling cost 

• Mining and Geology fixed cost 

• Additional Ore Mining cost  

• Mine Closure Cost incurred over LOM 
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• Stay in Business (SIB) capital 

• Plant process cost 

• Total road haulage cost 

• Cut-off grade analysis using final 
estimated costs and gold price. 

 
Underground 
 
The estimation was undertaken using Datamine® 
5D Planner™ software. The block models used 
were sub cell block Datamine® block models. The 
geological zones (including mineralised zone) 
were defined by 3D wireframe solids and 
surfaces. Both the block models and wireframes 
were created in Datamine® format for use in 
Datamine® 5D Planner™ by the GGM geological 
team. 
 
The Datamine® Mineable Stope Optimiser™ 
(MSO) tool was used to determine the economic 
viable stopes within the Mineral Resource block 
model. The MSO reports tonnage and grade 
estimates and by nature of approach include 
planned dilutions and ore loss due to practical 
stope shape simulations mostly driven by 
geotechnical considerations. 
 
The process for estimation of the 2022 Mineral 
Reserve was as follows: 
 
The block model was depleted by as-built solids 
to create a mined-out block model. This model 
was used for further MSO estimations by stope 
wireframes were depleted by the parts of the as 
built mined solids that intersected them to remove 
development drives and parts of stopes. 
LOM planned costs were reviewed to determine 
cut off grades. 
 
The Datamine® MSO tool was used to evaluate 
the geological block model mineralisation and 
determine the areas to be included and the overall 
mining shapes.  
 
Inter level strings with gradients were used as a 
guide during the MSO estimation. Planned 
dilution is included in the stope shape to create a 



 

AngloGold Ashanti - Geita Gold Mine, SAMREC Code Table 1                Effective as at 31 December 2022 
 

  Exploration Results Mineral Resource Mineral Reserve 

mineable stope shape. Geotechnical 
considerations guide the hangingwall and footwall 
slope angles. MSO wireframes are directly 
worked into the Datamine® project file, reducing 
a lot of processing time. 
 
The total stope tonnes and gold metal was 
determined by evaluating the stope wireframes 
against the block model. Stopes scheduled to be 
mined in the short-term are guided by the MSO 
shape but undergo a stringent sign-off process 
that complies with geotechnical, geological, and 
operational considerations ensuring safe 
extraction of the ore. These detailed stopes also 
make part of the Mineral Reserve estimation and 
have the highest geological confidence. 
  
Diluted mined tonnes, grades and contained 
metal were estimated in Datamine® EPS 
Scheduler™. This included unplanned dilution 
added as a varying percentage depending on 
hangingwall exposure, stope sequence (primary, 
secondary, advancing transverse or longitudinal) 
and number of Cement Aggregated fill (CAF) and 
Rockfill exposures. Ore Loss was subtracted as a 
percentage from diluted tonnes and contained 
metal. 
 
Panels with a diluted grade below cut-off were 
excluded from the Mineral Reserve estimate. 
 
Classification of the Mineral Reserve was 
reviewed and, where necessary, adjusted. 
        

(ii) 

  
  

  

State and justify all modifying factors and assumptions 
made regarding mining methods, minimum mining 
dimensions (or pit shell) and internal and, if applicable, 
external) mining dilution and mining losses used for the 
techno-economic study and signed-off, such as mining 
method, mine design criteria, infrastructure, capacities, 
production schedule, mining efficiencies, grade control, 
geotechnical and hydrological considerations, closure 
plans, and personnel requirements. 
 
Mine designs are based on the following Mineral 
Resource models: 
 

• Open pit (Nyamulilima): GGMNYM0722 
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• Star and Comet Cut 2: SC2_IPM_110722V2 

• Star and Comet Cut 3: SC3_IPM_260422 

• Nyankanga: NYUG_IPM_100622 

• Geita Hill : GGMGHUG0322_V2 
 
Mine designs are derived from optimised mining shapes 
using the 2022 Mineral Reserve commodity prices as 
stipulated in the Guidelines for Reporting, are: 
 

• Gold at $1,400/oz. 

• Silver at $21.00/oz (Not considered during cut-
off grade calculations due to marginal revenue 
contribution) 

 
For the open pit, optimised pit shells are created using 
WhittleTM optimisation software and typically select the 
optimisation shell that represents the revenue factor 
(RF1) shell, i.e., the $1,400/oz shell. A practical mine 
design is created from the selected optimised Whittle™ 
shell allowing for in pit haul roads, berms, water deviation 
channels and other infrastructure considerations. All 
relevant geological, geotechnical, hydrogeological, 
equipment type, and mining rates are factored into the 
design and schedules. 
 
For the underground, a combination of MSO and Stope 
Notes (SN) are used for Mineral Reserve estimates. 
MSO is the underground optimisation equivalent of the 
open pit Whittle™ optimisation and is widely recognised 
as the industry-standard software tool for generating 
stope optimisation shapes. A SN is an AngloGold 
Ashanti approved method for creating signed-off stope 
notes. All relevant geological, geotechnical, 
hydrogeological, ventilation, equipment type, and mining 
rates are factored into the design and schedules. 
       

(iii) 

State what Mineral Resource models have been used in 
the study. 
 
Open Pit 
 
The model described refers to Nyamulilima open pit 
The Mineral Reserve estimate for the open pits uses the 
block models prepared by the CP responsible for Mineral 
Resource estimation.  
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There are two major ore domains (West Ore and East 
Ore); and separated by a regional scale fault in between. 
Within each ore domain there are three different ore 
orientations, separating these orientations to make a 
total of six different domains for estimations. 
 

• West Ore: North, Central and South 

• East Ore: North, Central and South 
 
There are no clear boundaries to distinguish these six 
domains, this is due to limited information available, so 
10m distance from the generated contacts have been 
generated as soft boundaries for sample selection. 
 
Variography was determined using real data, where a 
10g/t capping was applied during Variogram 
calculations. Once satisfactory UC results had been 
achieved for all Zones, the grade tonnage curves were 
exported to StudioRM™. In StudioRM™, block models 
were generated by populating the Mineral Resource 
envelope wireframe and external volume with 40 x 20 x 
10m blocks that are sub-celled to the SMU size blocks 
(10 x 10 x 3.33m).  
 
The UC results were attached to the Mineral Resource 
envelope by Zone and XYZ coordinate as well as by IJK 
number. 
 
The volume external to the Mineral Resource envelope 
had previously been estimated by indicators to derive the 
gold grade and proportion above cut-off. Using this 
information, pseudo grade-tonnage curves were also 
generated at the appropriate intervals for the external 
volume. Similar pseudo grade-tonnage curves were 
generated for Zones 6 and 7 (Far North Extension and 
Geita Footwall Anomaly respectively) and Laterite 
volume each of which had been ordinary kriged but 
lacked sufficient data for UC to be viable. 
 
The various mineralised zones were combined into a 
single entity and this was superimposed upon the 
external volume model. This data was then added over 
the density and oxidation model, before finally adding the 
Laterite layer. 
 
The final compiled model is called GGMNYM0722. 
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The open pit Mineral Reserve was estimated as follows: 
 

• Open pit stockpiles estimated as of 31st 
December 2022. 

• Measured and Indicated Mineral Resource 
only were used for conversion, with no Inferred 
Mineral Resource considered. 

• Use of an integrated mine and feed schedule. 
 
Underground 
 
The 2022 Mineral Reserves estimation process for the 
GGM underground mine was undertaken by the GGM 
site geology team, verified and endorsed by the CP, 
Damon Elder. 
 
Two distinct ore bodies formed part of the underground 
Mineral Reserve: Nyankanga and Star and Comet. 
However, three Mineral Resource models were provided 
by the Geology team for the Mineral Reserve declaration. 
 
At Star and Comet three models were provided; 
 
SC2:SC2_IPM_240421 
SC3:SC3_IPM_260422 
Ridge 8: GGMR81020D 

• Combined Model: SC2SC3R*_IPM_120522 
 
At Nyankanga the following model was provided; 
 

• NY12345:NYUG_IPM_100622 
 
At Geita Hill the following model was provided; 
 

• GH12345:GGMGHUG0322_V2 
       

(iv) 

Explain the basis of (the adopted) cut-off grade(s) or 
quality parameters applied. Include metal equivalents if 
relevant.  
 
Mine scheduling strategies 
 
The guiding strategy is to develop the new Nyamulilima 
pit and together with underground ore sources feed the 
plant. Any shortfalls in ore supply required to fill the plant 
will be supplemented by marginal ore stockpiles. 
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Open pit stripping strategy 
 
This pit will require massive waste stripping ahead of ore 
mining. Substantial volumes of ore will be mined in 2022 
and with forward stripping in 2022 will start to give 
relatively high ore tonnages going forward reaching 
bottleneck in 2025. Hence it is important that there is 
steady stream of ore supplied to the processing plant 
from this pit. 
 
Waste rock dump strategy 
 
A dedicated waste dumping schedule will be enhanced 
in Geita’s BP 2022. The designs incorporate Potential 
Acid Forming / Non-Acid Forming (PAF/NAF) 
classifications, and these designs are converted to block 
models to calculate volumes and to have as models to fill 
for scheduling packages. Optimisation of the current fleet 
and waste dumping strategy based on the BP 2022 plan 
is enhanced. The waste dumping strategy is all about 
encapsulation of the PAF material. Nyamulilima WD17 
waste dump is under construction while there is effort to 
include an additional lift on the existing WD16. 
 
Stockpile strategy 
 
Gold-bearing material from the pit has three destinations 
namely, full grade ore stockpiles (ROM pad), marginal, 
and mineralised waste stockpiles. The marginal and 
mineralised stockpiles need clear demarcation and 
regular volume and grade balances. 
 
Marginal ore will be stockpiled preferably close to the 
ROM pad and treated at the end of mines life and at any 
time when the full grade ore cannot fill up the plant. 
 
The plan will also strive to maintain at the ROM pad full 
grade ore tonnages equivalent two to three months of 
production at the planned feed grade. This is to enable 
smooth blending, manage the possible risks that can 
cause disruptions to pit operations (floods, small scale 
wall or ramp failures) as well as enable unhurried, 
carefully thought out and safe excavation of the pits. 
 
Stockpiles are an inherent part of a gold mine with 
different feed sources (especially if they all have different 
effects on the plant), high variability of grades in the 
model, pits, and pushbacks at various stages (pre-
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stripping, waste stripping and ore mining) and the mine 
striving to produce a certain target at a certain margin. 
By creating a stable feed and treating the higher grade 
at a stable enough high production rate,  net present 
value (NPV) is maximised under stable conditions. 
 
Blending strategy 
 
The blending strategy was established to ensure stable 
hardness, recovery, and grade blend to stabilise 
operations. Since the inception of the Star and Comet 
underground, it has been discovered that the blend of 
Geita Hill and Star and Comet material does not yield 
good recoveries because of pyrrhotite (iron sulphide) in 
the Star and Comet Cut 3 material, and the silver in Geita 
Hill material. There is also excessive consumption of 
reagents from the Geita Hill and Star and Comet blend. 
However, a better recovery is achieved from a blend of 
Nyankanga and Star and Comet material. Current 
practice is that before the Nyankanga and Star and 
Comet blend, the plant needs to run with only Nyankanga 
material for 24 hours before the new blend can be 
introduced. Geita Hill ore is similar, where Geita Hill ore 
maintains good recoveries when blended with 
Nyankanga and Nyamulilima ores. 
 
The feeding of Star and Comet alone remains a 
challenge in the plant because of the mineralogy of the 
material. The excessive consumption of cyanide, lead 
nitrate and oxygen can result in low recoveries, of 88%. 
Star and Comet sulphide ore is also very hard and can 
result lower throughputs. In response Star and Comet 
ore is limited to 30% of the plant feed blend at any time 
to manage both lower metallurgical recoveries and 
throughput relating to ore hardness. Star and Comet ore 
is only blended with Nyankanga and Nyamulilima ores. 
Geita Hill ore is fed to a maximum of 35% with only 
Nyankanga and Nyamulilima ores. Oxide material, 
currently being mined from Nyamulilima, is limited to 
35% of the blend. The oxide material poses major 
handling challenges, during the wet season, where high 
moisture in the oxide results in clogging and blocking of 
the crusher. This is managed by reducing the oxide blend 
where high moisture is encountered in saturated, oxide 
ores. 
       

(v) 
Description and justification of mining method(s) to be 
used. 
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Open Pit 
 
Open pit mines are known to have high productivities, 
being flexible, with high ore recoveries and better 
working conditions than underground mines. The unit 
costs of mining with the open pit method are normally 
lower than the unit costs of mining using underground 
methods because of economies of scale. Usually when 
the unit costs of mining with open pit method becomes 
higher than unit costs of mining with underground 
methods, a decision must be made to switch to 
underground methods. 
 
For the open pit operations at Geita, a conventional drill, 
blast, load and haul shovel and truck open pit mining 
method is used. This is the same mine method that was 
used at completed open pits for Nyankanga, Geita Hill, 
Lone Cone, Matandani, Kukuluma and Star and Comet. 
 
Currently open pit operations are located at the 
Nyamulilima open pit deposit. The Nyamulilima open pit 
is comprised of three (3) phases or cutbacks (Cuts 1, 2 
and 3). The deposit is situated 1km east of the ongoing 
underground operation at Star and Comet and 22km 
from the processing plant. Studies for this mining this 
open pit deposit were completed to Feasibility Study (FS) 
level in 2020. The open pit operations commenced in 
April 2021 where ore is trucked by Caterpillar 785C and 
Caterpillar 777D haul trucks from the Nyamulilima ROM 
stockpile to the central stockpiling area about 22km by 
haul road from the Nyamulilima Pit. 
 
Open pit mining activities are conducted as owner miner 
for both open pit operations and ore haulage from 
Nyamulilima open pit to the plant. An intermediate ROM 
pad at Nyamulilima has been designed to allow flexibility 
in ore haulage and provide safety around mining and ore 
haulage equipment interactions. 
 
The primary waste dump (WD17) has been designed 
and placed following sterilisation drilling in 2020 and 
2021, to avoid sterilising any further potential pit 
expansions due to economics changes as well as staying 
within the exclusion zones and licence areas. 
 
Mining operations at Nyamulilima open pit involves the 
conventional drilling of grade control and production 
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holes, blasting, loading, and hauling. The design 
parameters are driven by previous open pit such 
Nyankanga and Geita Hill. These include a bench height 
of 10m mined in three flitches of 3.33m each. 
 
Open pit dewatering is carried out to ensure dry mining 
operations, prevent flooding of equipment and to prevent 
water inrush to or inundation of entrances/portals to 
underground workings. At the completed Nyankanga 
open pit a dewatering pumping rate of approximately 
150m3/hr is maintained and stage-pumped to the 
completed Lone Cone pit for re-use in mining operations 
and process plant. Similarly, Geita Hill West pit is 
dewatered at a rate of approximately 160m3/hr and 
stage-pumped into Lone Cone Pit for operational use. 
Nyamulilima open pit dewatering has not yet 
commenced. The de-watering system has been 
designed for commissioning in quarter 2, 2022. 
 
Some major considerations for the Nyamulilima open pit 
Mineral Reserve included the following: 
 

• The Mineral Resource model used for the BP 
2022 budget was released in April 2022, and a 
new updated model for Mineral Reserve was 
released in October 2022 

• The process recoveries are based on the test 
results done on site and in lab in South Africa 
as well as actuals derived from the current feed 

• The geotechnical slope angles are based latest 
geotechnical results 

• The costs are based on the detailed Geita BP 
2022 

• A $1,400/oz gold price was used for the cut-off-
grade calculation and optimisation 

 
The open pit LOM plan is based on a mining schedule 
with a start position based on the nine-month actual plus 
three-month forecast for 2022, therefore effectively 
started in October 2022. The mining operations is owner 
operated and uses the existing mining fleet on site, 
RH170 excavators and Cat785 haulage trucks. 
 
The current pit design is based on a selected shell from 
the Whittle™ optimisation following metallurgical 
recoveries, economics, geotechnical assumptions and 
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has been designed to accommodate the size mining fleet 
equipment. 
 
When deciding on the theoretical pit shell to use for 
design, the limiting pit is initially selected as the highest, 
best-case shell. A push back strategy is applied with the 
final shell lying between the best- and worst-case 
scenarios. This selection method can provide a final pit 
at a price below the base gold price used. In addition to 
the discounted value, overall cost per ounce, incremental 
cost by pushback, minimum mining width, pit size, 
required Mineral Reserve base, and ore and waste 
volumes are considered before selecting the final pit. The 
$1,400/oz gold price used in the optimisation process 
was issued as part of the Guidelines for Reporting.  
 
The optimal open pit excavation rates were based on the 
existing heavy mining fleet capacity and in particular the 
hauling fleet. The mining schedule was optimised with 
the key objective of minimising cash and capital costs, 
while maximising free cash flow. Increased amount of 
stripping is expected ahead of ore mining in Nyamulilima 
open pit with mining volumes from 25Mbcm in 2022 to 
above 30Mbcm for 2022.  Once the requisite sequence 
was determined, the equipment and materials inputs 
were estimated in line with the concept of resourcing to 
the schedule. The forecast fleet availabilities and 
utilisations were used to derive the fleet size. 
 
Any shortfall in the ROM ore delivery to the plant meant 
that plant feed had to be supplemented with ore on 
existing stockpiles, a large portion of that being low-
grade marginal ore. 
 
The Mineral Resource models received from the geology 
department on site were first prepared for pit 
optimisation. The first step was performing the model 
data checks that include checking for zero densities, 
missing cells, and grade errors. Waste blocks were 
added to the Mineral Resource models by the geology 
departments evaluation team so as to cover projected 
practical pit limits. The models are also depleted using 
projected end of year surfaces. 
 
The conversion of Mineral Resource models to 
Gemcoms Whittle 4XTM optimisation models also 
includes the digital insertion into the model of mining and 
processing costs. A reference level or elevation is 
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selected for each pit and the base cost applicable at that 
reference level determined. Additional costs related to 
elevation and material type are added. These are termed 
the mining cost adjustment factors and processing cost 
adjustment factors. 
 
The Datamine® subcelled model was converted to a 
Datamine® regularised model (10m L x 5m W x 3.33m 
H) and used in Whittle 4X™. The Datamine®  regularised 
mode enables faster processing time allowing for 
multiple scenarios. 
 
In the Whittle™ pit optimisation process only, Measured 
and Indicated full grade ore Mineral Resource was 
considered for process plant treatment, with the 
combined marginal grade ore and mineralised waste 
material being available for sensitivity studies, and later 
if required, treatment scheduling. 
 
The four components of the MI Mineral Reserve are the 
in situ full grade ore, the in situ marginal grade ore, 
stockpiled full grade ore and stockpiled marginal grade 
ore. The in situ components are determined from the 
material above the respective full grade ore and marginal 
grade cut-off grades and lie within the practical design pit 
shell. 
 
A set of nested pits for each deposit is produced during 
the pit optimisation exercise. Using various scheduling 
simulations in the Whittle™ software, a series of NPVs, 
stripping profiles, and pushback options were generated. 
The pit with the optimum NPV was chosen as the 
ultimate theoretical pit for each area. Factors such as pit 
value, mill tonnes, pit depth, strip ratios, mining width, 
and incremental profit per tonne milled, and ounce of 
gold recovered were considered in arriving at the optimal 
shell. In general, the biggest pit with last significant 
increase in content whilst still having positive incremental 
shell value was selected. This selected pit was used as 
guideline to design the final practical pit in Datamine® 

mine planning software. 
 
Pit shell selection during mine optimisation for 
Nyamulilima deposit based on two sets of optimisations 
conducted separately for Measured and Indicated 
Mineral Resource; and Measured and Indicated and 
Inferred Mineral Resource. The pits were designed 
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based on the shell generated from Measured and 
Indicated Mineral Resource only. 
 
Mining blocks are generated and evaluated in the 
Datamine® software provide the tonnes and grade 
classified into full grade ore, marginal grade ore, 
mineralised waste and waste for oxide, transitional and 
sulphide material types. In addition, any Inferred Mineral 
Resource within the cutbacks or practical pit designs is 
tracked so that it can be excluded from the Mineral 
Reserve to be published. Tonnage and grade factors and 
mining parameters are applied in SPRYTM to provide 
detailed mining production, ore tonnes and metal 
delivered to the ROM stockpiles. 
 
To assist the sequencing of the Mineral Reserve 
sources, cash cost per recovered ounce for each cutback 
or pit was estimated and ranked from lowest to highest. 
To maximise the return on investment, cutbacks with the 
lowest cash cost (or in other words highest cash 
margins) are excavated first. 
 
Other considerations were: 
 

• Target range of volumes moved per annum 
matched to the heavy mining fleet capacity 

• Satellite ROM to main ROM haulage capacity, 
and  

• Practical bench turnover rate 
 
This sequencing is totally independent of any 
sequencing information obtained from the nested pits in 
Whittle™. 
 
The ore treatment scheduling philosophy is that the 
higher grade, lower stripping ratio ore is preferentially 
treated, whilst the lower grade and marginal ore material 
is stockpiled for later treatment. From its very definition, 
marginal ore is treated at the end of mine life after all 
mining has stopped, i.e., under a much-reduced cost 
structure. 
 
Underground 
 
The current and proposed mining methods for 
underground operations at Geita are well proven mining 
techniques that do not introduce unknown risks to 
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people, equipment, and the environment; and are mining 
methods adopted in other underground mining 
operations in Tanzania, and globally. 
 
At Geita, a combination of longitudinal and transverse 
stoping methods are used. 
 
The main underground mining activities include 
horizontal development, vertical development, 
production and grade control drilling, production blasting, 
bogging, and hauling, and all associated works required 
as part of the mining cycle. 
 
The advantages of this mining method include: 
 

• Less upfront capital with balanced development 
and stoping schedules 

• Ability to access high-grade ore located at the 
top of the orebody during the early stages of the 
production schedule 

• Rapid payback period due to early access to 
ore 

• Provides flexibility through grade control, and 
then drill and blast techniques to define the ore 
boundary on each production level; and 

• Development ahead of mining for underground 
Mineral Resource definition and extensional 
exploration drilling 

 
Transverse longhole stoping is a bulk mining method in 
which the long axis of the stope and access drives are 
perpendicular to the strike of the orebody. Transverse 
longhole stoping is more favourable to longitudinal 
stoping in areas of increased ore thickness. Transverse 
longhole stoping is also used where the rock mass 
quality of the hanging wall limits the length of the stope 
strike length. 
 
Transverse open stope mining method with a variant of 
top-down and bottom-up mining sequence is used for 
primary and secondary stope mining respectively. 
 
Rockfill are used for stability support of primary and 
secondary stopes, respectively, in addition to cable 
bolting the sub-panel backs and hanging walls. At 
Nyankanga, CAF is used to fill primary stopes. A 
minimum crown pillar thickness from the base of the pit 
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to the stopes was evaluated at 63m, with a minimum 
standoff of 25m of the stopes from the pit walls. However, 
due to the shallow dipping nature of the orebody, all 
planned stopes do not lie directly below the pit bottom. 
 
At Star and Comet, the orebody is structurally controlled 
and sub-vertically dipping with a northwest-southeast 
strike. Orebody width varies from about 5m is generally 
less than 20m. The rock mass is competent and slightly 
blocky to massive. Ground stability is controlled by 
localised poor rock mass conditions associated with sub-
vertical dyke contacts and faults; and interaction of steep 
dipping mineralisation controlling thrusts with the stope 
excavations. longitudinal longhole methods operate 
parallel to the strike of the orebody. Longitudinal longhole 
stoping is more favourable to transverse stoping in areas 
where ore thickness is narrower. Longitudinal methods 
are used where the rock mass quality of the hanging wall 
rock is competent enough to allow the development of 
greater stope strike lengths. The resulting open stopes 
are supported using a combination of vertical (rib) pillars 
and horizontal (sill) pillars to achieve local and regional 
stability. Rib pillars are generally used to provide stope 
stability for thicker ore bodies while sill pillars are used to 
provide stope stability for thinner ore bodies. An inverted 
V mining advance shape is employed to manage 
regional stability. A minimum crown pillar thickness from 
the base of the pit to the stopes was evaluated at 25m, 
with a minimum standoff of 15m of the stopes from the 
pit walls. 
 
At Nyankanga, the orebody is structurally controlled and 
shallow dipping to the north. Orebody width varies from 
about 10m to over 50m. The rock mass is moderately 
competent and generally blocky to very blocky. Ground 
stability at Nyankanga is controlled by poor rock mass 
conditions associated with Iyoda shears, shallow dipping 
thrusts and fault contacts; and interaction of shallow 
north dipping thrusts and fault contacts with trending 
NW-SE subvertical shears, veins and joints that tend to 
form blocks that can be released from stope backs and 
hanging walls. 
 
At strategic positions, cover holes are drilled serving a 
dual purpose to validate the presence of water bearing 
structures/bodies and geotechnical rock conditions. The 
information derived from these holes guide further 
development plans and execution. The cover drilling is 
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carried out at all underground operations ahead of 'blind' 
development zones supervised by the geotechnical 
section, to check for structure ahead of development, 
water, and voids. 
 
Underground water intersections from drilling are 
reported to and monitored by the hydrogeology and 
geotechnical departments, who advise on appropriate 
water management strategies (i.e., whether to grout or 
plug drill holes or to allow drill holes to self-drain into the 
underground sumps). Water and void intersections 
encountered during exploration drilling follow the same 
procedure. Typically, the majority of water-bearing 
structures intersected are left open and drain with time, 
requiring minimal intervention. 
 
Depending on operational requirements, development 
plans and sump infrastructure some water intersections 
are sealed using a Van Ruth plug, which is removed 
once development has proceeded to allow gravity 
drainage. Overall, the preferred method to minimise 
piezometric pressure build-up in and around 
underground workings. 
 
For the underground schedule a combination of MSO 
and SN are used to generate Mineral Reserve estimates. 
The MSO process is run using Datamine®) mine planning 
software and is the underground optimisation equivalent 
of the open pit Whittle™ optimisation and is widely 
recognised as the industry-standard software tool for 
generating stope optimisation shapes. A SN is an 
AngloGold Ashanti approved method for creating signed 
off stope notes. All relevant geological, geotechnical, 
hydrogeological, ventilation, equipment type, and mining 
rates are factored into the design and schedules. 
 
For the LOM steady state ore tonnes of 1,080ktpa, 
1,204ktpa and 1,100ktpa are targeted for Star and 
Comet, Nyankanga and Geita Hill respectively resulting 
in a combined underground mined ounces profile of 
400Kozpa. 
 
To sustainably mine the required ounce profile and 
create Mineral Reserve development rates of 6,800mpa, 
6,500mpa and 8,300mpa for Star and Comet, 
Nyankanga and Geita Hill respectively are required, 
where these include capital development and operation 
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development headings with capital development 
contributing 60%. 
 
Mining dilution and recovery are mainly affected by the 
geotechnical structures, the methods of mining have 
been adapted to safely operate within the geotechnical 
constraints to minimise dilution and recovery losses. The 
economic stable mining shapes are designed to include 
dilution that would otherwise create unsafe working 
conditions. 
 
The unplanned dilution and recovery factors depend on 
the mining methods used, values of 10% and 95% for 
dilution and mining recovery respectively are applied to 
stable shape designs. For stopes that that were derived 
from MSO, higher factors are assigned, and this is to 
allow for the geotechnical structures. 
 
Underground grade control forms an integral part of any 
mining operation being a precursor to any stoping 
activity. Grade control drilling is conducted at a 10x10m 
optimal fan drilling pattern from the ore drives using 
specialised underground RC drill rigs, and minor DD. In 
addition, face sampling is done at every cut (nominally 
4m). The information gathered from the grade control drill 
sampling are used to create the grade control models 
that the mine planners use for final stope designs. 
 
Geita underground staff include the following 
departments, mining and technical services, geology and 
exploration, infrastructure, engineering and reliability and 
site support for security, health, safety, environment and 
training (HSET), finance, supply chain and human 
resources. 
 
Mining personnel distribution depends on the operating 
model. Only direct mining related personnel quantities 
are references below. Staff includes personnel from 
Geology, Technical Services and Engineering 
Maintenance. 
 
Owner operated (Star and Comet) 
 

• Expats 31 

• Staff 139 

• Operators 208 
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Contractor Operated (Nyankanga and Geita Hill) 
 

• Expats 21 

• Staff 58 

• Operators 86 
 

(vi) 

For open-pit mines, include a discussion of pit slopes, 
slope stability, and strip ratio. 
 
Mine scheduling strategies 
 
The guiding strategy is to develop the new Nyamulilima 
Pit and together with underground ore sources feed the 
plant. Any shortfalls in ore supply required to fill the plant 
will be supplemented by marginal ore stockpiles. 
 
Open pit stripping strategy 
 
This pit will require massive waste stripping ahead of ore 
mining. Substantial volumes of ore will be mined in 2022 
and with forward stripping in 2022 will start to give 
relatively high ore tonnages going forward reaching 
bottleneck in 2025. Hence it is important that there is 
steady stream of ore supplied to the processing plant 
from this pit. 
 
Waste rock dump strategy 
 
A dedicated waste dumping schedule will be enhanced 
in Geita’s BP 2022. The designs incorporate PAF/NAF 
classifications, and these designs are converted to block 
models to calculate volumes and to have as models to fill 
for scheduling packages. Optimisation of the current fleet 
and waste dumping strategy based on the BP 2022 plan 
is enhanced. The waste dumping strategy is all about 
encapsulation of the PAF material. Nyamulilima WD17 
waste dump is under construction while there is effort to 
include an additional lift on the existing WD16. 
 
Stockpile strategy 
 
Gold bearing material from the pit has three destinations 
namely, full grade ore stockpiles (ROM pad), marginal 
and mineralised waste stockpiles. The marginal and 
mineralised stockpiles need clear demarcation and 
regular volume and grade balances. 
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Marginal ore will be stockpiled preferably close to the 
ROM pad and treated at the end of mines life and at any 
time when the full grade ore cannot fill up the plant. 
 
The plan will also strive to maintain at the ROM pad full 
grade ore tonnages equivalent two to three months of 
production at the planned feed grade. This is to enable 
smooth blending, manage the possible risks that can 
cause disruptions to pit operations (floods, small scale 
wall or ramp failures) as well as enable unhurried, 
carefully thought out and safe excavation of the pits. 
 
Stockpiles is an inherent part of a gold mine with different 
feed sources (especially if they all have different effects 
on the plant), high variability of grades in the model, pits, 
and pushbacks at various stages (pre-stripping, waste 
stripping and ore mining) and the mine striving to 
produce a certain target at a certain margin. By creating 
a stable feed and treating the higher grade at a stable 
enough high production rate, NPV is maximised under 
stable conditions. 
 
Blending strategy 
 
The blending strategy was established to ensure stable 
hardness, recovery, and grade blend to stabilise 
operations. Since the inception of the Star and Comet 
underground, it has been discovered that the blend of 
Geita Hill and Star and Comet material does not yield 
good recoveries because of pyrrhotite (iron sulphide) in 
the Star and Comet Cut 3 material, and the silver in Geita 
Hill material. There is also excessive consumption of 
reagents from the Geita Hill and Star and Comet blend. 
However, a better recovery is achieved from a blend of 
Nyankanga and Star and Comet material. Current 
practice is that before the Nyankanga and Star and 
Comet blend, the plant needs to run with only Nyankanga 
material for 24 hours before the new blend can be 
introduced. Geita Hill ore is similar, where Geita Hill ore 
maintains good recoveries when blended with 
Nyankanga and Nyamulilima ores. 
 
The feeding of Star and Comet alone remains a 
challenge in the plant because of the mineralogy of the 
material. The excessive consumption of cyanide, lead 
nitrate and oxygen can result in low recoveries, of 88%. 
Star and Comet sulphide ore is also very hard and can 
result lower throughputs. In response Star and Comet 
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ore is limited to 30% of the plant feed blend at any time 
to manage both lower metallurgical recoveries and 
throughput relating to ore hardness. Star and Comet ore 
is only blended with Nyankanga and Nyamulilima ores. 
Geita Hill ore is fed to a maximum of 35% with only 
Nyankanga and Nyamulilima ores. Oxide material, 
currently being mined from Nyamulilima, is limited to 
35% of the blend. The oxide material poses major 
handling challenges, during the wet season, where high 
moisture in the oxide results in clogging and blocking of 
the crusher. This is managed by reducing the oxide blend 
where high moisture is encountered in saturated, oxide 
ores. 

       

(vii) 

For underground mines, discussion of mining method, 
geotechnical considerations, mine design 
characteristics, and ventilation/cooling requirements. 
 
There are two distinct sequencing patterns for the 
various mining methods, including transverse primary 
and secondary stoping and longitudinal retreat stoping. 
The transverse primary and secondary sequencing 
concept is that primary stopes mine from hanging wall to 
footwall on a top-down mining sequence with a vertical 
height not exceeding 50m. The secondary stopes follow 
a bottom-up approach, this is achieved by placing rockfill 
in the bottom stope before the next stope above can be 
mined. A secondary stope cannot start mining until the 
primary stopes on either side have been mined and filled 
with CAF. Regional pillars are required in areas of high 
stress.  
 
Access development is via portals in the open pit. Major 
development infrastructure is placed in the footwall side 
of the orebody with ore drives (OD) placed parallel to the 
transverse stopes, stopes are placed 25m apart. 
Hangingwall drives (HWD) connect the ODs with the 
footwall drives (FWD) effectively forming multiple access 
points. Declines are spiralled as far as practically 
possible with longer straight sections strategically placed 
to maintain the optimal weighted strike per production 
level as it connects the production levels that are spaced 
25m vertically apart. 
 
Longitudinal retreat stoping is used as the extraction 
method to mine the narrower stopes retreating from the 
furthest extent of the economical stopes back towards 
the cross-cut. Access development is also via portals in 
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the open pit. Major development infrastructure is placed 
in the footwall side of the orebody. Declines are spiralled 
as far as practically possible with longer straight sections 
strategically placed to maintain the optimal weighted 
strike per production level as it connects to the cross cuts 
that are spaced 25m vertically apart. Cross-cuts are 
placed in the middle of the strike as far as practically 
possible to allow for dual mining horizons per level. Rib 
and sill pillars are required to stabilise the ore body to 
ensure safe stable mining extraction. 
 
All underground mines at GGM are ventilated by both 
primary and secondary ventilation systems. Ventilation 
requirements are modelled using Ventsim™ software to 
ensure all working areas have adequate ventilation for 
both personnel and diesel equipment. 
 
Geita provides mine ventilation designs that support best 
practice and good quality air to ensure the health and 
safety of mine workers as well as providing a suitable 
atmosphere for the safe and effective operation of mining 
plant and equipment. 
 
The primary ventilation system utilises the decline as the 
fresh air intake, with a system of inter- level rises forming 
the return air circuit, exhausting the return air through the 
vent rises into the atmosphere. This system of rises 
provides the exhaust ventilation circuit for the mine 
development, preventing recirculation of contaminated 
mine air. The primary exhaust system is ventilated using 
dedicated primary fans, located at the top of the vent 
rises. 
 
Secondary ventilation is provided by underground 
secondary fans and ventilation ducting. Secondary fans 
are mounted in the main decline or incline development, 
drawing in fresh air, which will force fresh air to the 
working face via the ventilation duct. The ducting is 
extended periodically as the development advances and 
shifted to the new mine areas as they are developed. 
       

(viii) 

Discussion of mining rate, equipment selected, grade 
control methods, geotechnical and hydrogeological 
considerations, health and safety of the workforce, 
staffing requirements, dilution, and recovery. 
 
Mining production rates and grades are aligned with the 
strategic objectives of Geita, aiming to consistently 
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produce 500koz per annum. The process plant is 
designed to treat approximately 5.2Mt of sulphide ore per 
annum. The instantaneous plant throughput is around 
680tph, and the mill availability and utilisation are about 
96% and 94% respectively.  
 
Ore from open pit and underground sources are placed 
and blended on the ROM stockpile to achieve the desired 
feed grade blend. 
 
The following items form part of the main elements of the 
combined open pit and underground LOM plan: 
 

• Capital constraints across the whole business 
meant that the mining volume movement had to 
be matched to the current aging fleet and its 
retirement schedule. 

• Mining production operations commenced in 
Nyamulilima the April 2021. During the next 
three years, the mine will focus on developing 
Nyamulilima for open pit operations (Cuts 1 and 
2) while underground operations are mining at 
Nyankanga Blocks 1 to 5 and Star, Geita Hill 
Blocks East and West and Comet Cuts 2 and 3 
for Mineral Reserve. 

• The mine continues with the cash conservation 
approach that implies reduced stripping levels 
and increased depletion of ore from existing ore 
stockpiles. 

• The marginal Mineral Reserve currently on 
stockpiles and future mining will form part of mill 
feed over LOM. 

• The gold production profile will increase 
gradually in the next three years maintaining 
gold production above 0.5Moz per annum in the 
next 4 years The Nyamulilima pit (Cuts 1, 2 and 
3) remain the backbone of the mine over current 
LOM, where it is of strategic importance that the 
ore supply from this pit flows constantly. 

• LOM scheduling was done using SPRYTM and 
Datamine® software for open pit and 
underground respectively, as a manual block by 
block scheduler, to produce material 
movements, equipment usage and an input into 
the processing plant schedule, budget system 
and financial models 
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Safety is AngloGold Ashanti’s first value, all economic 
extraction activities are planned and executed with this 
value in mind. Geita is compliant with ISO 45001 and ISO 
14001 Standards.    
 
Mining staffing requirements for the open pit and 
underground are 318 and 349 respectively. 
 

(ix) 

State the optimisation methods used in planning, list of 
constraints (practicality, plant, access, exposed Mineral 
Reserves, stripped Mineral Reserves, bottlenecks, draw 
control). 
 
The underground uses Datamine® Studio UG™, EPS 
and MSO software for the underground Mineral Reserve 
optimisation. The first principal costing approach is 
followed where the in situ economic cut-off grade is 
determined using the cost and modifying factors and 
then applied in the Datamine's Studio UG software to 
determine the Mineral Reserve MSO shapes. The 
appropriate factors are then applied to declare Mineral 
Reserve. 
 

5.3 Metallurgical 
and Testwork 

(i) 

Technical Studies are not applicable to Exploration 
Results 

  

 

Discuss the source of the sample and the techniques to 
obtain the sample, laboratory and metallurgical testing 
techniques. 
 
Mineral Resource Model recovery estimates are based 
on appropriate levels of metallurgical test work 
performed on diamond drill core samples. GGM is an 
ongoing operation and Mineral Resource Model 
predictions are reconciled to the actual process plant 
recoveries. GGM Mineral Reserve is currently stated on 
material from Nyankanga Underground Block 5, 
Nyamulilima, Geita Hill, and Star and Comet material that 
are currently being mined and fed to the process plant. 
 

(ii) 

Explain the basis for assumptions or predictions 
regarding metallurgical amenability and any preliminary 
mineralogical test work already carried out.   
 
Mineral Resource model recovery estimates are based 
on appropriate levels of metallurgical test work 
performed on DD core samples. GGM is an ongoing 
operation and Mineral Resource model predictions are 
reconciled to the actual process plant recoveries. The 
Mineral Reserve is currently stated on material from the 
same areas that are currently being mined and fed to the 
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process plant. Nyamulilima open pit ore has added to the 
current feed blend. 

(iii) 

Discuss the possible processing methods and any 
processing factors that could have a material 
effect on the likelihood of eventual economic 
extraction. Discuss the appropriateness of the 
processing methods to the style of mineralisation. 
 
The Geita processing plant treats ROM ore from 
underground and open pit mining operations 
through a CIL processing plant. ROM ore from the 
various mining operations is blended to achieve 
the desired grade and recovery before feeding the 
plant. Current ore sources include: Nyankanga 
(underground and open pit), Geita Hill 
(underground and open pit), Star and Comet 
(underground), and Nyamulilima (open pit). 
Approximately 80% of the gold is recovered 
through the CIL process with the balance of 20% 
recovered through the gravity concentration 
circuit. These proportions will vary depending on 
the source and characteristics of ore fed into the 
plant. 
 
The process plant is designed to treat 
approximately 5.2Mpta of sulphide ore per 
annum. The instantaneous plant throughput is 
around 680tph, and the mill availability and 
utilisation are about 96% and 94% respectively. 
Extensive metallurgical test work is conducted on 
all ore types and blends to optimise the 
metallurgical parameters for maximum gold 
recovery and optimal reagents consumptions. 
The optimum grind size for the CIL circuit is 80% 
passing 106µm. Gold recovery varies according 
to the type of ore blend fed into the plant; 
however, it ranges between 88% and 92% for 
sulphide ore at Star and Comet, Geita Hill at the 
lower end of the range, and Nyankanga, 
Nyamulilima ores at the higher end of the range), 
and up to 95% for Nyamulilima oxide ore. 
 
Processing starts with crushing through a three-
stage crushing circuit. Mined ore is delivered to 
the ROM pad where it is temporarily stored before 
being blended and fed to the 42 x 70 primary 

Describe and justify the processing method(s) to be 
used, equipment, plant capacity, efficiencies, and 
personnel requirements. 
 
The recent development of Nyamulilima pit has been 
going on quite well and has started delivering some 
medium-grade oxide ore into the plant. Treatment of 
oxides has continued without any major challenges 
except for material handling issues at the crusher 
resulting in frequent blockages. 
 
However, test work results indicate that although majority 
of the Nyamulilima sulphides can be treated without any 
major recovery issues, there were some very low 
recovery spots (up to 60% recovery) identified in the 
volcanoclastic rock type. Although mineralised ore from 
this rock type is small in volume, it has the potential to 
significantly affect total recoveries if not blended 
correctly. Overall base recovery for Nyamulilima 
sulphides has been set at 89% for planning purposes. 
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gyratory crusher, using dump trucks and front-end 
loaders. The primary crusher is operated at a 
closed side setting of 120mm. The primary 
crushed product is screened to remove +120mm 
size fraction which is either fed to the secondary 
crusher or sent directly to the fine ore stockpile. 
The -120mm fraction is screened again in the 
tertiary screen to remove the -40mm (to the fine 
ore stockpile) before feeding the two off tertiary 
crushers (CH600 Sandvik™). 
 
The tertiary crushers are in closed circuit with one 
40mm aperture double deck screen. The +40mm 
and -120mm material from the tertiary screen is 
delivered to the tertiary crusher. Products from 
both secondary and tertiary crushers report to the 
double deck tertiary screen (closed circuit) which 
recovers the -40mm material as final product 
conveyed to the fine ore stockpile. 
 
The fine ore stockpile has a live capacity of 9,000t, 
and a total capacity of around 100kt. Crushed ore 
from the fine ore stockpile is reclaimed by two 
hydraulically driven apron feeders to the mill feed 
conveyor which feeds the grinding circuit. Dry 
quicklime is added directly onto the mill feed 
conveyor to condition the ore for the leaching 
process. 
 
The grinding circuit is a two-stage milling process 
consisting of a SAG mill in open circuit and a ball 
mill in closed circuit with hydro-cyclones. Both 
mills are rated at 9MW individually. The SAG mill 
product is screen through a trommel which 
produces the oversize scats (pebbles) and the 
undersize mill product which reports to the mill 
discharge hopper. The scats product is recycled 
back to the SAG mill via a series of conveyors. 
The SAG mill product is combined with the ball 
mill product in the common mill discharge hopper 
where the two products are diluted using process 
water prior to cyclone classification. The cyclones 
include two primary clusters which produce the 
final product and two gravity (dewatering) clusters 
dedicated for the gravity circuit. 
 
The diluted mill discharge slurry is pumped to a 
distribution box which feeds the primary clusters 



 

AngloGold Ashanti - Geita Gold Mine, SAMREC Code Table 1                Effective as at 31 December 2022 
 

  Exploration Results Mineral Resource Mineral Reserve 

and the gravity clusters. The cyclone overflow at 
about 40 w/w% solids (weight per weight percent) 
gravitate to the thickener via two trash screens for 
trash removal whilst the underflow gravitates to 
ball mill at 80 w/w% solids. The underflow from 
the gravity cluster feeds a scalping screen which 
removes and returns the +3mm particles to the 
SAG mill. Undersize from the scalping screen 
reports directly to the two off 52-inch Knelson 
concentrators. 
 
The Knelson concentrator is a centrifugal gravity 
concentrator that recovers free gold from the 
scalping screen underflow into a small mass 
concentrate suitable for treatment in the Acacia 
reactor by intensive cyanidation leaching process. 
The intensive leach reactor produces a highly 
concentrated gold solution which is pumped to an 
electrowinning cell where gold concentrate is 
plated before the smelting process. The tails 
stream from Knelson concentrator is gravity fed to 
the mill discharge hopper. 
 
Overflow from both the primary and gravity 
clusters gravitates to two linear trash screens (to 
remove trash and grit) before reporting to the 25m 
diameter high-rate thickener for solid-liquid 
separation. Flocculant is added to accelerate the 
settling rate of solid particles to the underflow 
stream. Thickened slurry at 52 w/w% solids as 
thickener underflow is pumped to the CIL circuit 
for the cyanidation process. 
 
The CIL circuit consists of two pre oxidation tanks 
and ten CIL tanks, each with a live capacity of 
2,240m3. The slurry flows by gravity through the 
tanks which are interconnected by launders. Each 
tank has been fitted with a mechanical agitator for 
uniform slurry mixing. The ten CIL tanks are each 
fitted with two mechanically swept wedge wire 
screens (Kemix Screens) to retain the carbon. 
 
The pH is maintained around 10.5 for optimum 
cyanidation and cyanide stabilisation. Lead nitrate 
is added into the pre-oxidation tanks for gold 
recovery improvement. Oxygen is sparged 
through the agitator shafts for an optimal 
dissolved oxygen concentration. In addition, 
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hydrogen peroxide is added to supplement the 
oxygen supply. 
 
Sodium cyanide solution is dosed in two stages to 
maintain the desired concentration for gold 
leaching process. The first dose is tank no. 03 (the 
first CIL stage) and the second one in tank no. 06. 
Regenerated and activated carbon is added in 
tank no.12 (last CIL stage) and advanced counter-
current to the slurry flow until it reaches the first 
CIL tank (tank no. 03), where loaded carbon is 
recovered with slurry and pumped to the loaded 
carbon recovery screen. 
 
All parameters for the CIL operation are 
monitored and controlled by in line instruments for 
optimal metallurgical requirements. Two 
automatic samplers are installed before and after 
the CIL circuit to determine the CIL gold feed 
grade and the tails grade. Gold barren slurry 
(tailings) from the last CIL tank (tank 12) 
gravitates to the tailings hopper via the linear 
carbon safety screen where fine carbon is 
recovered for further treatment. Tailings slurry is 
pumped and safely stored at the TSF. 
 
On the carbon recovery screen, slurry is washed 
off the loaded carbon through the screen 
underflow and gravitates back to the CIL tanks 
whilst the loaded carbon reports to the 14-ton acid 
wash column to commence the gold stripping 
processes. The acid wash process makes use of 
a dilute (3%) hydrochloric acid to remove 
inorganic foulants from the carbon. After acid 
washing, the loaded carbon is hydraulically 
transferred to the elution column. 
 
Elution is by means of the  Anglo American 
Research Laboratories (AARL) method using 
treated water (through the inline solution heaters 
and a heat exchanger) and sodium hydroxide 
(caustic soda) at high temperature and pressure. 
After desorbing, the gold from the surface of the 
carbon is transported in solution referred to as the 
pregnant solution which is directed to one of the 
pregnant solution tanks prior to electrowinning. 
After elution, carbon is re-activated in the 
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regeneration kiln and recycled back to the CIL 
circuit through the carbon sizing screen. 
 
The pregnant solution is pumped through the 
electrowinning cells and recirculated back to the 
pregnant solution tank. Direct current is passed 
between stainless steel anodes and cathodes, 
which are covered with a fine stainless-steel 
mesh. Electrolysis causes the gold in solution to 
plate out on the cathodes. Seven cells are 
arranged in parallel, with an eighth cell dedicated 
to the gravity circuit. Electrowinning takes 
approximately eight to 12 hours and continues 
until the solution leaving the electrowinning cells 
(barren solution) is depleted of gold. The barren 
solution is recycled back to either the strip solution 
tank or leaching circuit. 
 
Concentrate gold is washed off the cathodes, 
filtered and dried in electric ovens. The dried 
concentrate is then smelted and poured into 
bullion bars which are shipped to Rand Refinery 
in Johannesburg for further refining and sale. 
Bullion fineness ranges between 85% to 92% gold 
and 8% to 12% silver. 
 
Unit power consumption is currently 42kWh/ton 
on average which converts to approximately 
18MWh per month. The existing Wartsila diesel 
power station has the required capacity to fulfil 
this demand.  
 
The water requirement for process is currently 
1.6m3/t of ore treated. This equates to 564Mm3 of 
water per month. Half of the water supply is 
sourced from the water resources such as Lake 
Victoria and Nyankanga Dam and Lone Cone Pit.  
 
Total labour complement in the processing plant 
is approximately 269 employees including both 
operational and maintenance functions. 
        

(iv)  

Discuss the nature, amount and representativeness of 
metallurgical test work undertaken and the recovery 
factors used. A detailed flow sheet / diagram and a 
mass balance should exist, especially for multi-product 
operations from which the saleable materials are priced 
for different chemical and physical characteristics. 
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Planning assumptions are based on extensive test work 
results which form part of the overall geometallurgical 
programme. The test work programme includes ore 
characterisation tests such as bond work index, abrasion 
index, hardness and also recovery test work such as 
bottle roll leach tests with reagent optimisation, optimum 
grind tests, mineralogy and solid-liquid separation tests. 
A large number of test work samples are required for the 
representativity of the test work. Majority of these are 
obtained from the grade control sampling and others are 
pure metallurgical testing samples. 
 
Majority of the test work is conducted on site whilst 
additional test work is conducted externally by certified 
laboratories abroad such as ALS in Australia and SGS in 
South Africa. On average, the onsite laboratory 
processes approximately 300 samples per month. Phase 
1 of the test work programme done during the 
development of Nyamulilima involved over 700 samples 
taken from various lithologies existing in the pit. A second 
phase of test work is currently ongoing and is aimed at 
better understanding the mineralogy and its relation to 
the lower recovery risks explained above. 
 
The metallurgical process and flowsheet employed at 
GGM has been in operation for more than 20 years since 
commissioning and has been successfully tested and 
optimised over the years. 
 
 

Process flow chart 
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(v)   

State what assumptions or allowances have been made 
for deleterious elements and the existence of any bulk-
sample or pilot-scale test work and the degree to which 
such samples are representative of the ore body as a 
whole. 
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No metallurgically deleterious elements are present in 
the Mineral Reserve. The Mineral Reserve material is 
sourced from existing, known deposits and will be 
processed through the current CIL processing facility. 
Geo-Met taskwork in progress to evaluate if there are 
deleterious elements for Nyamulilima ore. 
 

(vi) 

State whether the metallurgical process is well-tested 
technology or novel in nature.  
 
The metallurgical process and flowsheet employed at 
GGM has been in operation for more than 20 years 
since commissioning and has been successfully tested 
and optimised over the years. 
 

5.4 Infrastructure 

(i) 

Technical Studies are not applicable to Exploration 
Results 

Comment regarding the current state of 
infrastructure or the ease with which the 
infrastructure can be provided or accessed. 
 
The Mineral Resource within the Geita SML is 
accessed from the existing road infrastructure. 
There are no anticipated impediments to the 
construction of new haul roads for open pit 
Mineral Resource. Access to the underground 
Mineral Resource is assumed to be via 
mechanised mining methods and there are no 
anticipated impediments to developing the 
required underground access infrastructure. 
Extraction of the Mineral Resource will utilise 
existing administration, engineering, power and 
other utility and support infrastructure, upgraded 
or expanded where necessary. 

 

 

(ii)  

Report in sufficient detail to demonstrate that the 
necessary facilities have been allowed for (which may 
include, but not be limited to, processing plant, tailings 
dam, leaching facilities, waste dumps, road, rail or port 
facilities, water and power supply, offices, housing, 
security, resource sterilisation testing etc.). Provide 
detailed maps showing locations of facilities.  
 
As part of the annual LOM process the following facilities 
and infrastructure need to be upgrade and or provided. 
A tailings dam lift was completed in 2020.  
 
A 36MW power plant was commissioned in July 2018 to 
cater for LOM power requirement.  
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The 33kV hydro-substation currently under construction 
by National Grid TANESCO will provide green energy to 
the mine. The sub-station with be synchronised to 
Wartsila power plant which will operate on Hot-Standby 
mode.   The Civil construction stands at 60% and Design 
and Manufacturing of switch gears at 56%. The project 
costs $26M.  
 
Current waste dumps have sufficient capacity to 
accommodate all waste in the LOM plan.  
 
Remnants of historical mining activities can be found on 
the property (underground mine shafts and surface 
workings) in various states of repair. Although remnants 
of the historical mining activities remain, the mine has 
been developed, with new facilities having been built to 
support the current mining and processing activities. 
 
The key on-site surface and underground infrastructure 
at Geita include the following: 

• A 5.2Mtpa process plant.  

• Mine access and internal road network from the 
neighbouring Geita town. 

• TSF upgraded in 2013 and a recent lift 
completed in 2020. The other wall lift is 
scheduled in financial year 2023 with 
anticipation rise of 6m at a cost of $10M. 

• Accommodation village for married and single 
staff and employees. 

• Administrative buildings, stores warehouses, 
laboratory, workshops for surface and 
underground equipment, security buildings, 
medical and emergency response facilities. 

• Fuel storage facility with capacity to create 
buffer of two months . 

• Raw and process water containment and 
storage dams and water distribution network. 

• Communications and data transmission 
networks. 

• Airstrip. 

• Twin declines. 
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(iii) 

Statement showing that all necessary logistics have 
been considered. 
 
All necessary logistics have been considered. Geita is a 
mature operation that has all necessary support 
infrastructure already in place. In the opinion of the CP, 
the infrastructure is adequate and has been, or is being, 
provided at Geita to support the anticipated production 
targets from both the open pit and the underground mine. 
 

5.5 Environmental 
and Social 

(i) 

Technical Studies are not applicable to Exploration 
Results 

Confirm that the company holding the tenement has addressed the host country environmental legal 
compliance requirements and any mandatory and/or voluntary standards or guidelines to which it subscribes. 
 
GGM operates under the SML granted on 27 August 1999. The licence tenure is 25 years from the date of 
grant with the right to apply for renewal under the Mining Act. In 2004 a licence enlargement was granted to 
include Nyamulilima area. Another extension was granted in 2009 to include an extension of the Geita Hill 
area. The SML covers a total area of 196.27km2. 
 
The SML was granted under the Mining Act of 1998. The law required an EIA report to accompany the 
application for the licence. The first EIA study was done in 1998 to that end, in addition to Company’s 
commitment to environmental protection as a best practice. Over time, several EIAs were conducted for 
licence enlargement and other projects in compliance with applicable Acts and regulations. The following is a 
list of EIAs conducted to date: 
 

• EIA for main Geita area (1998) 

• Supplementary EIA for Kukuluma and Matandani (1998) 

• EIA for Nyamulilima (2003) 

• EIA for relocation of air strip (2003) 

• EIA for Geita Hill (2005) 

• EIA for Star and Comet underground project (2016) 

• EIA for new power plant, Nyankanga and Geita Hill pits underground projects (2016) 

• Environmental Management Plan update (2016) 

• EIA for Nyamulilima open pit project (2021) 

• EIA for Installation of the new Incinerator (2021) 
  

(ii) 

Identify the necessary permits that will be required and their status and where not yet obtained, confirm that 
there is a reasonable basis to believe that all permits required for the project will be obtained. 
 
In addition to the SML, Permission to Mine in the Geita forest reserve, and EIA certificates, Geita has all other 
environmental permits/licences/approvals required for its operation in compliance with applicable legislation. 
These include, mining plan approval, water use permits, waste disposal facility, water discharge permits, 
chemical registration certificate, waste rock dump construction permits, change of mining method to 
underground operations, Permit to operate waste landfills, permit to operate a waste incinerator, registration 
of TSF, Licence to possess and use medical diagnostic x-ray equipment, petroleum consumer installation 
licence, electricity own use generation licence and registration of Nyankanga water dam. 
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(iii) 

Identify and discuss any sensitive areas that may affect the project as well as any other environmental factors 
including I&AP and/or studies that could have a material effect on the likelihood of eventual economic 
extraction. Discuss possible means of mitigation.  
 
Controls are in place to ensure compliance with legal and other requirements, i.e., audits and inspections, 
legal register, evaluation of compliance. In addition, Geita is subject to regulatory audits and inspections. 
Over and above, Geita subscribes to ISO14001 and has managed to maintain a certification since 2001.  

(iv) 

Identify any legislated social management programmes that may be required and discuss the content and 
status of these. 
 
Geita is an operating mine and as such already has budget and programmes in place to comply with legislated 
requirements. The Section 105 of the Written Laws (Miscellaneous Amendment) Act 2017 requires the 
Mineral rights holder to prepare a credible Corporate Social Responsibility (CSR) Plan that considers social, 
economic, cultural, and environmental needs of the host community and in consultation with the Local 
Government Authorities.  
 
Geita complies with a Law requirement and the Company commits on annual basis to spend 0.7% of its total 
turnover on corporate social investment, estimated to about $4.7M. The funds are directed to financing of 
social infrastructure in education, health, water, environmental management, roads as well as small and 
medium enterprises. 
 
In addition to the social investment, Geita also plays a key role as a source of revenue for the Local 
Government Authorities. The Company pays a statutory local Government service levy at the rate of 0.3% 
equivalent to $3.4M to $3.6M of the net turn over to the district and town councils.  
 
From the time mining activities commenced, service levy fee was at a fixed amount of $200,000 per annum. 
However, it changed from September 2014, following renegotiation and amendment of the Mineral 
Development Agreement (MDA) between the Government and the Company resulting to payment of 0.3% of 
the Company gross turnover. 
  

(v) 

Outline and quantify the material socio-economic and cultural impacts that need to be mitigated, and their 
mitigation measures and where appropriate the associated costs.  
 
At the time of this report, the extraction of the Mineral Reserve is not anticipated to have any additional socio-
economic or cultural impact for which specific mitigations are required. For example, no relocation of 
communities, nor sensitive areas are required. Impacts from the current ongoing operation of the mine are 
managed through dedicated budgets and teams and these operational costs are included in the Mineral 
Reserve estimation process. These ongoing programmes includes artisanal and small-scale mining and 
securing the tenement. Directed security and restoration of the tenement vandalised areas and engaging with 
stakeholders for mutual benefit and building up trust. 
 
Understanding and responding to community socio-economic challenges, GGM allocated approximately. 
$4M/year to support Geita host Community and below areas are covered as required by AngloGold Ashanti. 
 

• Community Investment policies, 

• Art Culture and Heritage, 

• Social Infrastructure, 
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• Small and Medium Enterprises (SME), 

• Health, 

• Environment. 
 

5.6 Market Studies 
and Economic 
criteria 

(i) 

Technical Studies are not applicable to Exploration 
Results 

  
  
  
    

Describe the valuable and potentially valuable 
product(s) including suitability of products, co-products 
and by products to market. 
 
No by-products only gold is declared at $1,400/oz as 
gold price for Mineral Reserve estimations provided by 
AngloGold Ashanti corporate office and are seen to be 
sound and reasonable. 
 

(ii) 

Describe product to be sold, customer specifications, 
testing, and acceptance requirements. Discuss whether 
there exists a ready market for the product and whether 
contracts for the sale of the product are in place or 
expected to be readily obtained.   

 
The primary product sold from the mining and 
beneficiation of ore at our operations, is gold doré. The 
accepted framework governing the sale or purchase of 
gold, is conformance to the loco London standard.  
 
Only gold that meets the LBMAs Good Delivery standard 
is acceptable in the settlement of a loco London contract. 
In the loco London market, gold is traded directly 
between two parties without the involvement of an 
exchange, and so the system relies on strict 
specifications for fine ounce weight, purity and physical 
appearance.  
 
For a bar to meet the LBMA Good Delivery standard, the 
following specifications must be met as a minimum: 
 

• Weight: 350 fine troy ounces (min) 430 fine troy 
ounces (max) 

• Purity / Fineness: Minimum fineness of 995.0 
parts per thousand fine gold  

• Appearance: Bars must be of good appearance 
not displaying any defects, irregularities such as 
cavities, holes or blisters.  

 
Only bullion produced by refiners whose practices and 
bars meet the stringent standards of the LBMAs Good 
Delivery List can be traded on the London market. Such 
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a refiner is then an LBMA Accredited Refiner and must 
continue to meet and uphold these standards in order for 
its bars to be traded in the London market.  
 
Provided the bullion meets the LBMA Good Delivery 
standard, it is accepted by all market participants and 
thus provides a ready market for the sale or purchase of 
bullion.  
 

(iii) 

State and describe all economic criteria that have been 
used for the study such as capital and operating costs, 
exchange rates, revenue / price curves, royalties, cut-
off grades, reserve pay limits. 
 
SIB and capital expenditure (CAPEX) was estimated on 
a zero-based basis from the Geita’s BP 2023  nine-
month actual plus three-month LOM mining schedule 
and is estimated at $159M for the LOM plan.  The 
CAPEX relates to relates to Ore Reserve development 
(ORD), surface and underground infrastructure and 
related development, mining fleet replacement, process 
infrastructure upgrades and other site SIB projects. 
 
Operating expenditure (OPEX) is estimated by a first 
principles budget process, applying known unit costs 
from mine contracts to physicals, and is estimated at 
$2,676M for the LOM plan. The average All in Costs 
(AIC) over the Mineral Reserve derived LOM plan 
equates to $934/oz.  
 

(iv) 

Summary description, source and confidence of method 
used to estimate the commodity price/value profiles used 
for cut-off grade calculation, economic analysis and 
project valuation, including applicable taxes, inflation 
indices, discount rate and exchange rates. 
 
Annually, the gold prices used for determining Mineral 
Resource and Mineral Reserve are determined by the 
Chief Development Office (CDO). Two different prices 
used for determining Mineral Resource and Mineral 
Reserve. These prices are provided in local currencies 
and are determined using the historic relationships 
between the USD gold price and the local currency gold 
price.    
    
The Mineral Resource price reflects the company's 
upside view of the gold price and at the same time 
ensures that the Mineral Resource defined will meet the 
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reasonable prospects for economic extraction 
requirement. Typically, the price is set closer to spot than 
the Mineral Reserve price and is designed to highlight 
any Mineral Resource that is likely to be mined should 
the gold price move above its current range. A margin is 
maintained between the Mineral Resource and ruling 
spot price, and this implies that Mineral Resource is 
economic at current prices but that it does not contribute 
sufficient margin to be in the current plans.  
   
The Mineral Reserve price provided is the base price 
used for mine planning. AngloGold Ashanti selects a 
conservative Mineral Reserve price relative to its peers. 
This is done to fit into the strategy to include a margin in 
the mine planning process. The company uses a set of 
economic parameters to value its assets and Business 
plan, these economic parameters are set on a more 
regular basis and reflect the industry consensus for the 
next five years. These are generally higher than the 
Mineral Reserve price and enable more accurate short 
term financial planning. Finally, the company uses a fixed 
price to evaluate its project and set its hurdle rate. This 
price and the hurdle rate are set by the board and 
changed when indicated due to significant changes in the 
price of gold.  
   
The determination of the Mineral Resource and Mineral 
Reserve prices are not based on a fixed average, but 
rather an informed decision made by looking at the 
trends in gold price. The prices for copper, silver and 
molybdenum are determined using the same process 
used for gold. 
 

(v) 

Present the details of the point of reference for the 
tonnages and grades reported as Mineral Reserves (e.g. 
material delivered to the processing facility or saleable 
product(s)). It is important that, in any situation where the 
reference point is different, a clarifying statement is 
included to ensure that the reader is fully informed as to 
what is being reported. 
 
For the Mineral Reserve the reference point is as 
received and accounted for by the processing plant. 
 

(vi) 

Justify assumptions made concerning production cost 
including transportation, treatment, penalties, exchange 
rates, marketing and other costs. Provide details of 
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allowances that are made for the content of deleterious 
elements and the cost of penalties. 
 
Appropriate costs relating to transportation, treatment, 
exchange rates and selling were used and were provided 
by the corporate team. These are included in the cut-off 
grade calculations. 
 

(vii) 

Provide details of allowances made for royalties payable, 
both to Government and private.  
 
A total of 7.3% of revenue is charged as royalty. Of this 
total 7% goes to National Government while 0.3% is 
channelled to Local Government. These are included in 
the cut-off grade calculations. The declared Mineral 
Reserve is based on the royalty rate of 7.3%. 
 

(viii) 

State type, extent and condition of plant and equipment 
that is significant to the existing operation(s). 
 
MATERIAL HANDLING 
Material handling at GGM categorised into two parts 
namely: Mining open pit material handling and 
underground material handling.  
 
The key components for material handling systems for 
mining open pit are:  
 

• Drill and Blasts (Blasts use detonators and 
Emulsion)  

• Mining  

• Load and Haul (Haulage using dump trucks 
CAT 785 and CAT777)  

• Stockpiling on fingers destination  

• Feeding on primary crusher 

 
The key components of the materials handling system 
for mining underground materials are as follows: 
  

• The type of mining is longitudinal retreat open 
stoping  

• Development mining and stope ore mining  

• Ore mining follows grade control  

• Waste Mining on footwall zone which are 
supported and competent is used for access, 
decline, substations  
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• Drilling and production, blasting (emulsion 
explosive and ikon detonators) and haulage on 
satellite ROM pads 

  
Mining underground operation within each area and level 
follows horizontal tunnels referred to as "lateral 
development" or "ore drives" to provide access to the 
stopes. 
 
For Star and Comet underground and pit stope voids are 
left open and not backfilled due to orebody orientation.  
 
Star and Comet underground stopes drive level to level 
with 4.5 to 5m, strike length with 75m and 25m height. 
The infrastructure are not supportive on backfilling. Free 
bog and tele-remote bogging loaders are used to access 
the stopes and stockpiles and development faces. Ore 
and waste are transferred using CAT ADT60 51Tone 
Trucks to the satellite ROM pads which are later hauled 
by Dump trucks DT CAT 785 to the Main ROM pads. 
11kV powerline feed to underground operations to feed 
substations, ring main units, jumbo boxes, vent fans etc. 
Leaky feeder radio communication between two sides 
with supportive dispatch on message relay services for 
HME, safety and workforce management. Mining 
underground roads graded and levelled by crushed 
stones aggregates. 
 
Geotechnical risks management includes:  

• Ground support using split-set bolts  

• Additional support on decline using Gewi Bolts  

• Intersections use raw bolts/anchors which are 
drilled and tensioned by grouting. 

 
Meanwhile, Nyankanga Underground stopes drive level 
to level with 4.5 to 5m, strike length with 70 to 7m, and 
80m height due to ore body depth. 
  
BACKFILLING NYANKANGA UNDERGROUND 
  
Backfilling for mining underground is done only at 
Nyankanga underground. Geita Hill Underground is still 
under development mining while Star and Comet stope 
voids are left open and not backfilled.  
 
Two Cement Aggregates Fill Plant Liebherr model   
installed at WD05 Nyankanga. Each plant has capacity 
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of 1400m3/day. CAF Backfilling is done for mining 
adjacent stopes. The CAF uses mixer of Cement, 
Aggregates and Water. The crushed stones aggregates 
mixed through CAF Plants are used on backfilling on the 
mined panels (open voids) to access the new stopes and 
reduce hydraulic radius that enable mining secondary 
stopes. 
 
Karoo Batch Plant also installed at Star and Comet 
WD16 and Nyankanga Block 05 for shot-creting 
however, currently used for slurry tight filling using mixer 
of sand, cement and water on panels.  
CAF Plant x2 and Batch Plants both supported by 
aggregates crushers one set positioned at WD05 with 
capacity of crushing 0-50mm materials 480Tonnes/Hour 
and another aggregates crusher positioned at WDT07 
with capacity of 730Tonnes/Hour.  
 
There is complete geotechnical laboratory with complete 
QA/QC facilities to maintain 20MPa strength on the 
concrete for backfilling.  
 
Haulage of CAF Materials is done using ADT Trucks with 
tailgates and delivery and tipping is done on surface with 
CAF Holes with breakthrough to the panels through tight 
filling.  Slurry filling is done using same methodology.  
Normet machines and Agi trucks are available for shot-
creting.  
 
VENTILATION 
 
To ensure safety of operation, there is vent rise (raise 
bole with vertical rise and exhaust fans) for fresh air 
delivery into underground operation. The long hole 
machines which is the return air rise is used for single 
stage primary fans (Dual 55kW fans and Dual 110kW 
fans)  at the portal intake. Secondary fans which is on the 
declines have capacity of 110kW and 90kW capacity.  
The fans connection is parallel with 3-fans at Star and 
Comet, 3-fans Nyankanga Block 05, 4-fans Nyankanga 
Block 04 and 4-fans Geita Hill underground.  
 
ESCAPE WAYS AND REFUGE CHAMBERS  
 
The escape ways are safe route to assist mining 
underground on safe evacuation in case of ground fall. 
For Nyankanga underground Block 05 it has 18-25m 
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while Nyankanga Block 04 is more than 100m while Star 
and Comet is 120m. 
  
Every portal is designed to accommodate refuge 
chambers which are equipped with oxygen facilities for 
emergency, portable water and communication devices.  
 
MINE DEWATERING AND WATER TREATMENT 
 
Mine dewatering for underground mining uses 7kW and 
15kW Flygt pumps which are automated and pumps 
water from the face to the sumps and later to the 
monopumps and finally to the pit lake.  The pit lakes are 
equipped with 90kW submersible pumps to dewater the 
pit lakes to the storage tanks and water is re-circulated 
back to the mining operations.  
 
Mining Dewatering is composed various circuits around 
the mine. The first circuit is for Nyankanga Underground 
to prevent the floods entering the Block 04 with portal 2,4 
and 3. The pit lake has storage capacity of 1,029,100m3.  
The bottom level of the pit lake is 860mRL using stage 
pumping to nearest pumping 910mRL then to 980mRL 
then to 1070mRL to 1145mRL and discharge to water 
reservoir Lone Cone Pit which has capacity 725,000m3.  
Rock tuff pumps both diesel and electrical available with 
standby 1000kVA Genset with capacity of pumping to 
head 295 m with Max discharge of 720 m3/hr. Two 
pumps at Nyankanga Cut 08 bottom pit lake (WP 125 
and WP 112), have average rate of 9500m3/day with 155 
hours a week, and Nyankanga Cut 2 Pit lake WP 115 
rate of 1400 m3/day.  
Currently new Nyamlilima Dewatering pumps will be 
automated using Auto self-priming, centrifugal single 
stage 2 x Sykes pumps (XH150), CAT -13 with maximum 
head 184m and maximum flow 150L/sec / 2,378 
USgal/min to reduce risks to operators but also with high 
capacity.  
 
Geita Hill Pit underground has capacity of 682,065m3 
and average pumping rate of 9,400m3/day. The pit lake 
is equipped with 2-Flygt submersible pumps 90kW,415V, 
HT which pumps to the switchback dewatering tank 
1250mmRL where there is 2-90kW, MT submerged in 
the tank for large volume flow.  
 
Lone Cone North Pit Lake has average storage capacity 
of 725,00m3 with average pumping rate of 4,200m3/day. 
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There 2-90kW,415V submersible MT pumps to feed 
process plant and 2-25kW to feed CAF Plant and 
Crusher as well as Nyankanga UG portal 01 upper.  
 
Nyankanga dam storage capacity 4,615,400m3. It is the 
dam which supply water to Geita Bulk Water Treatment 
Plant supporting the community and Geita Mine portable 
water supply. It has pumping rate of 3,200m3/day and 
Nyankanga underground feed with 8,400m3/hr flow. The 
dam has also 2-90kW,415V Flygt Submersible pumps 
MT, 25kW Flygt HT submersible pump for underground, 
2-37kW Flygt, MT submersible pumps for Geita Bulk 
Water Treatment Plant as well as process plant with 
portable water treatment with capacity of 190m3/Hr for 
mine services, HME Services, Mchauru Services and 
process plant services. 
 
Nyamonge dam with water storage capacity of 41,800m3 
have 2-37kW pumps which pumps raw water to Mchauru 
camp for gardening, workshops fire system, roads dust 
suppressions etc.  
 
Star and Comet silt dam which is the buffer dam during 
rainy season for pit lake has 90kW submersible Flygt 
pump for the workshops and mining haul roads dust 
suppression. It will future be fed with 360mm HDPE 
pipeline from Nungwe Bay-Lake Victoria intake.  
 
Tailings Dam storage facility has capacity of 160,500m3 
and wastewater recycled into plant production.  
 
There are also drill holes with different pumping capacity, 
GHW has pumping rate of 520m3/day. While SCBH06 
have average pumping capacity of 13m3/day. SCBH05  
and 06 have average pumping capacity of 10m3. 
 

(ix) 

Provide details of all environmental, social and labour 
costs considered. 
 
GGML complies with a Law requirement and the 
Company commits on annual basis to spend 0.7% of its 
total turnover on corporate social investment. 
 
In addition to the social investment, GGML also plays a 
key role as a source of revenue for the Local 
Government Authorities (LGA). The Company pays a 
statutory local Government service levy at the rate of 
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0.3% of the net turn over to the LGAs (District and Town 
councils). 
 

5.7 Risk Analysis 

(i) 

Technical Studies are not applicable to Exploration 
Results 

Report an assessment of technical, environmental, social, economic, political and other key risks to the 
project. Describe actions that will be taken to mitigate and/or manage the identified risks. 
 
The addition of Nyamulilima Cut 1 and 2 to the existing underground operations reduces the Mineral Reserve 
risk at Geita. The key is to have both open pit and underground operations onsite. Mitigating actions put in 
place focus on optimising the exploration and project plans to convert both surface and underground Mineral 
Resource to Mineral Reserve. Other risks include, reduced underground production efficiencies when 
transitioning to owner mining in selected areas, ball mill and crusher plant integrity, and Mineral Resource 
conversion. An independent external Mineral Resource and Mineral Reserve audit was undertaken in 2019 
and 2022, and found no significant flaws in process or output. 
   

5.8 Economic 
Analysis (i) 

Technical Studies are not applicable to Exploration 
Results 

At the relevant level (Scoping Study, Pre-feasibility, Feasibility or ongoing Life of Mine), provide an 
economic analysis for the project that includes:  

(ii) 

Cash Flow forecast on an annual basis using Mineral Reserves or an annual production schedule for the life 
of the project. 
  
The investment analysis received input for operating costs, CAPEX, physical activity, tax and macro-economic 
assumptions from the technical functional areas involved in the project and from the corporate office. Over 
the LOM of the Mineral Reserve a discounted cash flow of $235M is achieved. The cash flow per year is not 
optimal as a Mineral Reserve only schedule was not prepared hence the negative periods in 2025 and 2026. 
  

(iii) 

A discussion of net present value (NPV), internal rate of return (IRR) and payback period of capital. 
 
The investment analysis received input for operating costs, CAPEX, physical activity, tax and macro-
economic assumptions from the technical functional areas involved in the project and from the corporate 
office. 
 
The economic evaluation results show: 
 

• NPV0% is $643.5M 

• NPV5% is $526.5M 

• NPV10% is $438.8M 

• NPV15% is $372.0M 
  

(iv) 

Sensitivity or other analysis using variants in commodity price, grade, capital and operating costs, or other 
significant parameters, as appropriate and discuss the impact of the results. 
 
The $1,400/oz Mineral Reserve estimation schedule was used for the sensitivity runs with the only variable 
being the gold price. 
 
Mineral Reserve sensitivities were run using $1,300/oz and $1,500/oz. 
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At the lower price sensitivity of -20% $1,120/oz Geita yields a positive NPV regardless of the discount rate 
selected.  

Section 6: Estimation and Reporting of Mineral Reserve 

6.1 Estimation and 
modelling 
techniques 

(i) 

  
  
  

Describe the Mineral Resource estimate used as a basis for the conversion to a Mineral Reserve. 
 
The Mineral Resource models are used as the basis for Mineral Reserve estimation. Input parameters for 
estimating the Mineral Reserve include gold price, mining dilution and recovery, geotechnical information, SIB 
capital, operating costs, metallurgical recovery, processing capacity and mining equipment capacities. 
 
Appropriate Mineral Reserve cut-off grades are applied, and optimised pit shells are generated for the open 
pit sources. Pit designs are then done on selected shells and signed off by all relevant parties to ensure 
compliance to specifications. Underground designs are completed and evaluated. These designs are 
incorporated into the production and treatment scheduling stages to yield ore tonnes and grades. Financial 
evaluations are completed for production and treatment schedules to check cash flow analysis from the 
estimated Mineral Reserve. 
 
The Mineral Reserve for open pit and underground operations was estimated using updated economic factors, 
latest Mineral Resource models, geological, geotechnical, mining engineering and metallurgical parameters. 
In addition, environmental, socio-political, legal, and regulatory factors were also considered. 
  

(ii) 

Report the Mineral Reserve Statement with sufficient detail indicating if the mining is open pit or 
underground plus the source and type of mineralisation, domain or ore body, surface dumps, stockpiles and 
all other sources. 
 
The Geita SML number 45/99 has been subject to historic mining activities, the true extent of the recovered 
gold mineralisation is unknown. Mined out areas are considered in the LOM design but have no impact on 
the 2022 declared Mineral Reserve. No other sources of ore apart from what has been declared exist. 
Underground pillars are placed to improve geotechnical stresses and form part of the MRF. 
  

(iii)   

Provide a reconciliation reporting historic reliability of 
the performance parameters, assumptions and 
modifying factors including a comparison with the 
previous Reserve quantity and qualities, if available. 
Where appropriate, report and comment on any historic 
trends (e.g. global bias). 
 
Details of the reconciliation from the previous year’s 
reported Mineral Reserve is available in the 2022 
AngloGold Ashanti Mineral Resource and Mineral 
Reserve report. For the open pit, only five benches could 
be used for reconciliation from Mineral Resource to 
actual mined quantities, conservative values were used 
for planning and the Mineral Reserve declaration.  For 
the underground stopes mined over the course of the last 
12 months were reconciled to determine appropriate 
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Dilution and recovery factors per mining area. Modifying 
factors are constantly reviewed as each stope is 
completed underground or bench in the open pit to 
ensure appropriate factors are applied. 
 

6.2 Classification 
Criteria 

(i) 

  
  
  
  
  
  
  

  
  
  
  
  

Describe and justify criteria and methods used as the 
basis for the classification of the Mineral Reserves into 
varying confidence categories, based on the Mineral 
Resource category, and including consideration of the 
confidence in all the modifying factors. 
 
The Mineral Reserve from stockpiles is declared as a 
Proved Mineral Reserve. The GGM mining based 
Mineral Reserve is declared as a Probable Mineral 
Reserve and has been derived from Measured and 
Indicated Mineral Resource. 
 

6.3 Reporting 

(i)   

Discuss the proportion of Probable Mineral Reserves, 
which have been derived from Measured Mineral 
Resources (if any), including the reason(s) therefore. 
 
The total Mineral Reserve consists of stockpile 
(0.31Moz) declared as Proved Mineral Reserve, with 
underground (1.21Moz) and open pit ore (2.05Moz) 
totalling 3.25Moz, declared as Probable Mineral 
Reserve. The total Geita Mineral Reserve is 48.5Mt at 
2.29g/t for 3.57Moz, an increase of 56% after depletion.  
 
The major contributing factors to classification of the 
mining component includes: 
 

• Confidence in factors applied to transverse 
secondary stopes planned to be mined from 
2022 onwards. This method has not been 
applied at GGM before but is a proven mining 
method. 

• Better understanding of geotechnical structures 
at Nyankanga Block5 and Geita Hill and the risk 
it poses to achieve the desired MRF 
necessitated the down grading to Probable 
Mineral Reserve and 

• Auditable stope reconciliations were used to 
substantiate the MRF applied in 2022. 
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(ii) 

Present details of for example open pit, underground, 
residue stockpile, remnants, tailings, and existing pillars 
or other sources in respect of the Mineral Reserve 
statement. 
 
The GGML SML 45/99 has been subject to historic 
mining activities, the true extent of the recovered gold 
reserves is unknown. Mined out areas are considered in 
the LOM design but have no impact on the 2022 declared 
Mineral reserves. No other sources of ore apart from 
what has been declared exist. Underground pillars are 
placed to improve Geotechnical stresses and form part 
of the MRF. 
 

(iii) 

Present the details of the defined reference point for the 
Mineral Reserves. State where the reference point is the 
point where the run of mine material is delivered to the 
processing plant. It is important that, in all situations 
where the reference point is different, such as for a 
saleable product, a clarifying statement is included to 
ensure that the reader is fully informed as to what is 
being reported. State clearly whether the tonnages and 
grades reported for Mineral Reserves are in respect of 
material delivered to the plant or after recovery. 
 
The reference point for the Mineral Reserve is the point 
where the ROM material is delivered to the processing 
plant. It is quoted as at 31 December 2022. 
 

(iv) 

Present a reconciliation with the previous Mineral 
Reserve estimates. Where appropriate, report and 
comment on any historic trends (e.g. global bias). 
 
Reconciliation of 2022 the Mineral Reserve with the 2021 
Mineral Reserve shows a net increase of 101koz mainly 
from model changes. The 2022 depletion represents 
depletion to 31 December 2022. A net increase of 34.9% 
year to year was achieved, this translates into an 
increase of 55.6% after depletion. 
 

(v) 

Only Measured and Indicated Mineral Resources can be 
considered for inclusion in the Mineral Reserve. 
 
The Mineral Reserve only includes components of the 
Measured and Indicated Mineral Resource, noting 
Inferred Mineral Resource is not used in the estimation 
of the Mineral Reserve. 
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(vi) 

State whether the Mineral Resources are inclusive or 
exclusive of Mineral Reserves. 
 
The inclusive Mineral Resource includes the Mineral 
Reserve. 
 

Section 7: Audits and Reviews  

7.1 Audits and 
Reviews 

(i) 

State type of review/audit (e.g. independent, external), area (e.g. laboratory, drilling, data, environmental compliance etc), date and name of the reviewer(s ) together 
with their recognised professional qualifications.  
 
Mineral Reserve and Mineral Resource Audits conducted since 2025 include: 
 
2015 External Audit of GGM Mineral Resource and Mineral Reserve 
  
Optiro Pty Ltd (Optiro) was requested by AngloGold Ashanti to carry out a Mineral Resource and Mineral Reserve Audit of the GGM for the year ending 31 December 
2015. The audit focused on a number of aspects relating to the Mineral Resource and Mineral Reserve. This included the conversion of Mineral Resource into Mineral 
Reserve was based on the application of modifying factors including consideration of permits, mining, plant, infrastructure, expenditure, marketing, and economic 
assessment. 
 

• The Mineral Resource audit was conducted by Ian Glacken of Optiro (Director of Geology, FAusIMM(CP), completing an external independent review on the 
2015 Published Mineral Resource.  

• The Mineral Reserve audit was conducted by Andrew Grubb of Optiro (Director of Engineering, FAusIMM), completing an external independent review on the 
2015 Published Mineral Reserve. 

• A site visit to GGM was carried out from 17th to 20th December 2015. 
 
2019 External Audit of GGM Mineral Resource and Mineral Reserve  
 
Golder Associated Pty Ltd (Golder) was requested by AngloGold Ashanti to carry out a Mineral Resource and Mineral Reserve Audit of the GGM for the year ending 31 
December 2019. The audit focused on a number of aspects relating to the Mineral Resource and Mineral Reserve. This included the conversion of Mineral Resource 
into Mineral Reserve based on the application of modifying factors including consideration of permits, mining, plant, infrastructure, expenditure, marketing, and economic 
assessment. 
 

• The Mineral Resource audit was conducted by David Reid of Golder Associates (Mineral Resource Auditor, FAusIMM, MAIG), completing an external 
independent review on the 2019 Published Mineral Resource. 

• The Mineral Reserve audit was conducted by Anthony Wallace of Golder Associates (Mineral Reserve Auditor, MAusIMM), completing an external independent 
review on the 2019 Published Mineral Reserve. 

• A site visit to GGM was carried out from 9th to 13th December 2019. 
 
2020 Internal Audit of GGM Mineral Resource and Mineral Reserve 
 
Group Strategic Planning and Technical Specialists - Corporate conducted the Mineral Resource and Mineral Reserve audit of the GGM for the year ending 31 December 
2020. The audit focused on a number of aspects relating to the Mineral Resource and Mineral Reserve. This included conversion of Mineral Resource into Mineral 
Reserve based on the application of modifying factors including consideration of permits, mining, plant, infrastructure, expenditure, marketing, and economic assessment. 
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• The Mineral Resource audit was conducted by Tom Gell (Principal Mineral Resource Geologist), completing an internal independent review on the 2020 
published Mineral Resource. 

• The Mineral Reserve audit was conducted by Romulo Sanhueza (Principal Mining Engineer), completing an internal independent review on the 2020 published 
Mineral Reserve. 

 
2022 External Audit of GGM Mineral Resource and Mineral Reserve 
 
SRK Consulting was requested by AngloGold Ashanti to carry out a Mineral Resource and Mineral Reserve Audit of the GGM for the year ending 31 December 2022. 
The audit focused on a number of aspects relating to the Mineral Resource and Mineral Reserve. This included the conversion of Mineral Resource into Mineral Reserve 
based on the application of modifying factors including consideration of permits, mining, plant, infrastructure, expenditure, marketing, and economic assessment. 
 

• The Mineral Resource audit was conducted by Ivan Doku of SRK Consulting (Principal Resource Geologist, GDE (Mining), MSc-BSc.Eng (Geology), Pr.Sci.Nat), 
completing an external independent review on the 2022 Published Mineral Resource.  

• The Mineral Reserve audit was conducted by Joseph Mainama of SRK Consulting (Principal Mining Engineer, Pr Eng, BSc(Eng), MBL, PBL, MSAIMM, 
MMMASA), completing an external independent review on the 2022 Published Mineral Reserve.  

• A site visit to GGM was carried out from 28th November to 3rd December 2022. 
 
Laboratory Audits: 
 

• External Laboratory Audit by Rene Bekker (Bekker Consultants) during August 2016. 

• Internal Laboratory Audit by Jacques Prinsloo (Sampling and Metal Accounting Specialist) during October 2019. 

• Internal Laboratory Audit by Jacques Prinsloo (Sampling and Metal Accounting Specialist) during September 2022. 
 
Internal Reviews: 
 
Internal peer review by AngloGold Ashanti Corporate Mineral Resource Geologists and Mining Engineer Specialists of the Geita Mineral Resource and Mineral Reserve, 
is conducted routinely, assessing Mineral Resource model updates and Mineral Resource calculation and LOM planning. Mineral Resource model updates in 2022 
include Nyankanga UG, Geita Hill UG, Star and Comet Cut 2 and Cut 3 UG and Nyamulilima open pit Mineral Resource models.  
  

(ii) 

Disclose the conclusions of relevant audits or reviews. Note where significant deficiencies and remedial actions are required.  
 
The conclusions of the relevant audits/reviews of the Mineral Resource are presented in the Mineral Resource Statement document and appendices. No significant flaws 
were identified in the recent audits. 
 
For the 2019 audit process, the auditors concluded that the GGM Mineral Resource and Mineral Reserve is reported in accordance with the current international reporting 
codes, specifically the JORC Code (2012) the SAMREC Code (2016) and the requirements of the US Securities and Exchange Commission (SEC). There were no major 
flaws in both the Mineral Resource and Mineral Reserve processes however continuous improvements recommendations were provided.  
 
For the 2022 audit process, the auditors SRK Consulting carried out an independent audit of the AngloGold Ashanti GGM in Tanzania during December 2022. The 
Statement of Mineral Resource and Mineral Reserve as at 31 December 2022 has been examined and the Mineral Resource and Mineral Reserve is reported in 
accordance with the current international reporting codes, specifically the SAMREC Code (2016). 
  

Section 8: Other Relevant Information 

8.1   (i) Discuss all other relevant and material information not discussed elsewhere.   
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  Exploration Results Mineral Resource Mineral Reserve 

The reporting of Mineral Resource to Mineral Reserve is in accordance with the South African Code for the Reporting of Exploration Results, Mineral Resources and 
Mineral Reserves (the SAMREC Code 2016). The CPs are aware of the deposits considered for and included in the Mineral Resource and Mineral Reserve. 
 
AngloGold Ashanti evaluates the conversion of Inferred Mineral Resource to Indicated Mineral Resource on an annual basis.  An analysis for the Nyamulilima open pit 
shows conversion rates for the Nyamulilima open pit between 2019 and 2022. 
 
The Nyamulilima open pit inclusive Mineral Resource has grown from 0.41Moz in 2019 to 1.93Moz in 2020 to 2.79Moz in 2021 to 3.86Moz. A first-time Mineral Reserve 
was declared of 0.99Moz in 2020 which increased to 1.67Moz Mineral Reserve in 2021 and increased further to 2.05Moz in 2022, informed by the conversion of Measured 
and Indicated Mineral Resource. This demonstrates a strategy for conversion of open pit Inferred Mineral Resource to Indicated and Measured Mineral Resource. 
 
The current operations are supported by a LOM plan to 2030, with an annually updated, LOM exploration strategy in place for Mineral Resource growth and to replace 
and grow Mineral Reserve at a rate of greater than depletion (greater than 0.6Moz per annum). 
 
The exploration strategy is aligned with the Geita BP and seeks to extend the LOM beyond 2030, with exploration drilling targeting Mineral Resource conversion in the 
underground mines securing near-term ounces, in conjunction with exploration targeting underground extension for Mineral Resource growth, and surface exploration 
of key prospects exploring for potential future open pit and underground mining opportunities. 
 
In the underground operations, exploration drilling is undertaken to extend the underground deposits down dip and along strike, with exploration drilling identifying 
extensions at a wide spacing with infill drilling converting the new zones to new Inferred Mineral Resource. The drill programmes continue to convert Inferred Mineral 
Resource to Indicated and Measured Mineral Resource providing the opportunity to engineer new Mineral Reserve. This exploration drilling is typically occurring three 
years ahead of mining providing a continuous generation of new Mineral Resource and new Mineral Reserve, and thus supporting the LOM plan. 
 
 

Nyamulilima 

Cut 1,2 & 3 
  

2019 2020 2021 2022 

Tonnes Grade Oz Tonnes Grade Oz Tonnes Grade Oz Tonnes Grade Oz 

(Mt) (g/t) (Moz) (Mt) (g/t) (Moz) (Mt) (g/t) (Moz) (Mt) (g/t) (Moz) 

Starting Inferred 
Mineral Resource 

10.74 2.04 0.71 12.41 2.45 0.98 4.20 1.99 0.27 2.80 1.85 0.17 

Resulting Indicated 
Resource (year + 1) 

0.03 2.71 0.00 8.21 2.68 0.71 1.40 2.26 0.10 

 

Conversion between 

years (%) 
0.2% 132.9% 0.3% 66.2% 109.6% 72.5% 33.3% 113.8% 37.9% 

Cumulative 

Conversion (%) 
0.2% 132.9% 0.3% 76.7% 131% 100.8% 89.8% 128.3% 115.2% 

 
  

Section 9: Qualification of Competent Person(s) and other key technical staff. Date and Signature Page 

9.1   

(i) 

State the full name, registration number and name of the professional body or RPO, for all the Competent Person(s). State the relevant experience of the Competent 
Person(s) and other key technical staff who prepared and are responsible for the Public Report.  
 
Damon Elder (MAusIMM) is the CP for Mineral Resources and has 26 years relevant experience. Duan Campbell (ECSA) is the CP for Mineral Reserves, with 20 years 
of relevant experience.   
 
Details of technical contributors to the Public Report are listed below: 

Responsibility             Technical Specialist  
   
Estimation             Janet Luponelo  
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  Exploration Results Mineral Resource Mineral Reserve 

Evaluation QA/QC             Janet Luponelo  
Exploration             Mjinja Hatari  
Geological Model             Mjinja Hatari  
Geology QA/QC             Mjinja Hatari  
Geotechnical Engineering             Samuel Banda  
Hydrogeology             Gordon Maclear  
Mineral Resource Classification             Janet Luponelo  
Environmental and Permitting             Mhando Yusuph  
Financial Model             Ikingo Gombo  
Infrastructure             Eliakimu Kagimbo  
Legal             Elizabeth Karua  
Metallurgy             Elibariki Andrew  
Mine Planning             Mzungu Magoti  
Mineral Reserve Classification             Leonard Makwamaya  

 

  

(ii) 

State the Competent Person’s relationship to the issuer of the report.    
Both Competent Persons are not independent and employees of the issuer, AngloGold Ashanti Ltd. 
  

(iii) 

Provide the Certificate of the Competent Person (Appendix 2 of the SAMREC code), including the date of sign-off and the effective date, in the Public Report.  
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  Exploration Results Mineral Resource Mineral Reserve 

 

  


