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1 ACHMMACH TIN PROJECT 

1 EXECUTIVE SUMMARY 

1.1 Introduction 

The Achmmach Tin Project (Achmmach or Project) is located approximately 40 km south west of the 

city of Meknès in central northern Morocco (Figure 1-1). The Project is owned by Atlas Tin SAS, a joint 

venture company comprising Kasbah Resources Ltd (75%), Toyota Tsusho Corporation (20%) and 

Nittetsu Mining Co Limited (5%). 

 

Figure 1-1 Location of the Achmmach Tin Project 

This study uses elements of previous studies (2014 DFS (ASX Announcement: 31 March 2014), 2015 

EDFS (ASX Announcement: 18 March 2015) and the 2016 SSO (ASX Announcement: 10 August 2016)) 

and introduces cost and technical enhancements. 

1.2 Accessibility, Climate, Local Resources and Physiography 

Morocco has well developed national infrastructure including rail, road, sea ports and airports. Access 

from the capital Rabat to the Project is 150 km east along the A2 expressway to Meknès and then 35 

km south along a sealed road to Agourai, and a further 20 km south east along an unsealed rural road 

to the Project site. 

The region has a warm and temperate Mediterranean climate. The temperature varies from 5oC/15oC 

in winter to 18oC/34oC in summer. The winter months are generally much wetter than the summer 

months and the average annual rainfall is approximately 700 mm. 
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The Project is located within rugged terrain of the north-eastern part of the central plateau of the 

Atlas Mountains. The altitude is 1,085 m above mean sea level (amsl) and the nearby Sidi Addi peak 

has an altitude 1,230 m amsl. The area is characterised by mountain ranges, valleys and plateaus 

containing pine forests and oak woodland as well as cleared areas used for agriculture  

1.3 Exploration, Geology and Mineralisation 

The Achmmach tin deposit is located on the western edge of the El Hajeb province in Northern 

Morocco. It was discovered by the Moroccan government agency, the Bureau des Recherches et de 

Participations Minières (BRPM) in 1985. The BRPM explored Achmmach until 1992, completing 

14,000 m of diamond core drilling and excavating an exploration shaft to a depth of 80 m. Kasbah 

commenced exploration at Achmmach in 2007 and has completed a further 105,000 m of diamond 

core drilling. 

The Achmmach tin deposit is hosted within the turbiditic sediments of the Namurian aged Fourhal 

Formation. The Fourhal Formation consists of deformed, interbedded pelites and psammites of lower 

carboniferous age. These meta sandstones and shales comprise a tightly-folded sequence of turbidite 

beds, overprinted by tourmaline alteration within sheared regions and intruded by magmatic sills. 

Mineralisation is localised in two subparallel ENE striking lodes named the Meknès and Sidi Addi 

Trends, separated by a distance of approximately 500 m (Figure 1-2). The largest part of the resource 

comprises the Meknès Trend. The mineralisation to be mined within the Sidi Addi Trend is referred to 

as the Western Zone. It is developed within the tourmaline-silica altered metasediments. Tin 

mineralisation occurs primarily as cassiterite with minor stannite. 

 

Figure 1-2 Mineralised zones of the Achmmach deposit 
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1.4 Mineral Resource 

Two separate resource estimates have been compiled, for the Meknès Trend and for the Western 

Zone of the Sidi Addi Trend. The reportable cut-off grade is 0.5% Sn for both the Meknès Trend and 

Sidi Addi Trend. The Mineral Resource for the Meknès Trend is shown in Table 1.1. The Mineral 

Resource for the Sidi Addi Trend is shown in Table 1.2. The combined Mineral Resource for the Project 

is shown in Table 1.3. 

Table 1-1 Mineral Resource for the Meknès Trend 

Classification Mtonnes % Sn kt Sn 

Measured 1.6 1.0 16.1 

Indicated 13.0 0.8 107 

Inferred - - - 

Total 14.6 0.85 123.1 

Table 1-2 Mineral Resource for the Sidi Addi Trend 

Classification ktonnes % Sn kt Sn 

Measured - - - 

Indicated 340 1.25 4.2 

Inferred - - - 

Total 340 1.25 4.2 

Table 1-3 Total Mineral Resource for the Achmmach Tin Project 

Classification Mtonnes % Sn kt Sn 

Measured 1.6 1.0 16.1 

Indicated 13.3 0.8 111.2 

Inferred - - - 

Total 14.9 0.85 127.3 

1.5 Ore Reserve Estimate 

The Ore Reserve determined as a result of this study is presented below in Table 1.4. The reserve is 

based on a 0.55% Sn cut-off grade for design. (Calculations have been rounded to the nearest 100,000 

t of ore, 0.01% Sn grade and 1,000 t tin metal. Rounding errors may be present.) 

Table 1-4 Achmmach Ore Reserve 

Zone Proved Probable Total 

 Ore 
(kt) 

% 
Sn 

Tin Metal 
(t) 

Ore 
(kt) 

% 
Sn 

Tin Metal 
(t) 

Ore 
(kt) 

% 
Sn 

Tin Metal 
(t) 

Meknès 
Trend 

1,100 0.99 11,000 5,600 0.78 44,000 6,700 0.82 55,000 

Sidi Addi 
Trend 

- - - 300 0.86 3,000 300 0.86 3,000 

Total 1,100 0.99 11,000 5,900 0.79 47,000 7,000 0.82 58,000 
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1.6 Development Design 

The Achmmach mine will be accessed via two locations from the surface: 

¶ Central portal boxcut @ 1015 mRL 

¶ Eastern portal boxcut @1085 mRL. 

Key features of the design are: 

¶ Each boxcut location has twin portals and declines providing ventilation and escapeway drives 

parallel to the decline. This eliminates the requirement for raisebored ventilation raises to 

surface in the Central and Eastern Zones early in the mine plan. 

¶ Three internal declines service the western lodes, eastern lodes and central lodes. 

¶ Independent escapeway drives are developed laterally as a part of each level development and 

vertically through 1.1 m raises to provide a second means of egress from the production levels 

once stoping commences. 

¶ The stand-off distance from the decline to the stopes is greater than 25 m, based on 

geotechnical analysis. 

¶ Diamond drill drives are designed to provide appropriate drilling platforms for grade control 

drilling programs. 

The final mine layout is shown in Figure 1-3. 

 

Figure 1-3 Isometric view of development and stope design 

1.7 Mining Methods and Mine Layout 

The primary mining method to be used for the Achmmach deposit is conventional mechanized 

longhole stoping. As the geometry and thickness of the mining shapes vary throughout the different 

lodes, a combination of bottom-up cemented rock fill (CRF) and top-down open stoping methods is 

planned. 
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CRF is a simple method of backfilling which involves placement of waste rock mixed with cement slurry 

into the stope void by a loader from a drive at the top of the stope. Stoping will be carried out by 

retreating from the extremities to a central access. 

The mine design employs CRF in areas of higher grade and greater ore width to minimise metal loss 

to pillars, with the lower cost open stoping method used in the lower value areas which are developed 

later in the mine life. There are three zones defined by deposit geometry and proposed mining 

method; the Central Zone, Eastern Zone and Western Zone (Figure 1-4). For scheduling purposes, the 

Western Zone has both mining methods applied, with bottom-up CRF above 1015 mRL and top-down 

open stoping below this point. 

 

Figure 1-4 Long section showing different mining zones 

1.7.1 Central Zone Mining Method 

For the generally thick Central Zone (in places up to 20 m in width), a bottom-up mining sequence 

utilizing CRF will be implemented. A top-down method with no fill, leaving pillars behind for stability 

was also analysed but this significantly reduced the recovered tonnes due to the required widths of 

the pillars.  

1.7.2 Eastern Zone Mining Method 

The Eastern Zone area will be mined using a top-down no-fill method, leaving behind in-situ pillars for 

stability. The pillar size factors have been extrapolated across the entire Eastern Zone area based on 

detailed geotechnical design for the Eastern Zone upper which has the lowest strength rock mass.  

1.7.3 Western Zone Mining Method 

The Western Zone is mined with both the CRF bottom-up method (for levels above the access) and 

the longhole top-down method (for levels below the access) as described for the Eastern Zone. 
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1.7.4 Mine Schedule 

The mine schedule was created using Datamine enhanced production scheduler. This software 

integrates detailed data from the resource block model and the mine design directly to the schedule 

creating a robust output. The process also creates a schedule animation which demonstrates a logical 

and technically feasible sequence. 

The mine production schedule is presented in Table 1-5 and Figure 1-5. 

Table 1-5 Summary mine schedule 

Physicals 
FY 
2020 

FY 
2021 

FY 
2022 

FY 
2023 

FY 
2024 

FY 
2025 

FY 
2026 

FY 
2027 

FY 
2028 

FY 
2029 

FY 
2030 

FY 
2031 

Total 

Operating 
Devt (m) 

  1,863 6,097 4,086 3,528 1,793 1,823 1,724 1,658 1,407 114   24,093 

Capital Devt 
(m) 

255 3,821 3,002 3,916 2,415 1,755 1,890 2,024 1,094 47     20,219 

Total Devt (m) 255 5,684 9,099 8,002 5,943 3,548 3,713 3,748 2,752 1,454 114   44,312 

Total Ore (kt)   213 692 750 726 749 749 752 747 749 670 216 7,013 

Sn Grade (%)   0.85 0.83 0.89 0.86 0.88 0.97 0.73 0.75 0.76 0.74 0.72 8.98 

Sn Metal (t)   1,810 5,749 6,699 6,242 6,559 7,236 5,512 5,634 5,659 4,992 1,551 57,645 

 

 

Figure 1-5 Mine plan ore delivery schedule 

1.7.5 Mining Sequence 

The mining sequence by zone within the overall mine model is illustrated in Figure 1-6.  
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Figure 1-6 Mining sequence (long section looking North) 

Development of the central and eastern declines commences simultaneously in the first month. The 

short decline development into the Eastern Zone will provide early delivery of ore to the run of mine 

(ROM) pad, allowing mill commissioning to take place while the Central Zone is still under 

development. The Eastern Zone will provide approximately 40,000 t of ROM ore for 4 to 6 months 

prior to the delivery of first ore from the larger, more productive Central Zone. 

1.8 Metallurgy 

The metallurgical behaviour of the Achmmach ore using conventional gravity and flotation processes 

has been well established by several years of test work by Atlas Tin on representative composite ore 

samples. The challenge addressed in the test work for this study was to reduce the capital and 

operating costs of the plant, to provide data on the influence of ore variability in critical design areas, 

and to seek means to enhance grade/ recovery performance. 

A pivotal process design change in this study was the introduction of ore sorting. The testwork 

program evaluated ore sorting as a pre-concentration option for the early elimination of gangue and 

sub-economic material, thereby potentially: 

¶ upgrading the head grade of tin to the downstream processing plant 

¶ reducing the size (and capital expenditure) of the downstream processing plant 

¶ reducing total consumables, power and water requirements in downstream processing 

¶ increasing the recovery of tin in the gravity and flotation circuit due to the higher grade feed to 

the downstream processing plant as a result of ore sorting 

¶ improving concentrate grades and thus reducing concentrate shipping and treatment charges 

¶ reducing tailings tonnage, tailings cost and environmental footprint 

¶ using ore sorter rejects for mine backfill and road base applications. 

Table 1-6 summarises the predicted metallurgical behaviour based on previous test work and test 

work conducted on a representative 2018 sample. This shows that the final concentrate grade is 60% 

Sn at 77% Sn recovery. 
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Table 1-6 Metallurgical performance predictions from 2018 representative sample 

  tph Ore mass (%) Grade (%Sn) Total Sn Rec (%) OS mass% 

Ore feed 94.9 100.0 0.8 100.0   

Fines 22.8 24.0 0.8 24.0   

Ore Sorter feed 72.1 76.0 0.8 76.0   

Accepts product 43.3 45.6 1.4 69.6 60.0 

Accepts + fines 66.0 69.6 1.1 93.6   

Rejects 28.8 30.4 0.2 6.4 40.0 

 

Table 1-7 Metallurgical performance predictions from 2018 representative sample 

  tph Ore mass (%) Grade (%Sn) Total Sn Rec (%) Stage Rec (%) 

Plant Feed 66.0 69.6 1.1 93.6   

Gravity Concentrate 1.5 1.5 35.0 65.5 70.0 

Dressed Gravity conc 0.8 0.8 65.0 62.3 95.0 

Coarse Gravity tail 18.5 19.5 0.2 5.0   

Fine Gravity Tail 5.2 5.5 0.5 3.0   

Deslime tail 11.7 12.3 0.6 9.0   

Flotation feed 35.1 37.0 0.4 17.4   

Flotation conc 0.4 0.4 29.0 15.6 90.0 

Flotation tail 34.7 36.6 0.0 1.7   

UF Falcon tail 0.2 0.2 3.3 0.7   

UF Falcon concentrate 0.3 0.3 46.0 14.9 95.5 

Final Combined Concentrate 1.0 1.1 60.2 77.2 82.4 

Final tail 65.0 68.6 0.2 16.4 17.6 

Total recovery from ROM ore     77.2 

 

High pressure grinding rolls (HPGR) testwork also proved to be successful and resulted in the removal 

of the third crushing stage and the rod mill from previously developed flowsheets in favour of an 

HPGR. 

1.9 Mineral Processing 

The process flowsheet is shown in Figure 1-7. Ore delivered by haul truck from underground will be 

dumped on the ROM pad at a rate of 750 ktpa. The ore will be segregated in grade ranges on the ROM 

pad to enable blending by the front-end loader into the ROM bin. 
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Figure 1-7 Process flowsheet 



 

2018 Definitive Feasibility Study Report EXECUTIVE SUMMARY 

 

 

10 ACHMMACH TIN PROJECT 

The two-stage conventional crushing plant will be operated to maintain a full fine ore stockpile (FOS). 

The secondary crusher will be protected by a metal detector on the feed to the secondary crusher 

feed bin. The FOS will maintain a nominal feed rate to the fines screen regulated to a weightometer 

on the screen feed conveyor. The fines screen feed will be diverted to the fines screen undersize 

conveyor when the ore sorter is stopped. The ore sorter reject rate will be kept nominally to 40% of 

new feed. This will mean that the positively sorted ore from the ore sorter, termed the accepts, will 

report to the downstream processing circuits. The ore sorter can be adjusted to compensate for any 

changes in separation caused by changes in ore grade distribution. 

The HPGR is fed with a combination of the ore sorter accepts, the underflow from the fine screen prior 

to the ore sorter (<8 mm), and a 15% recycle of ball mill scats. The HPGR product is nominally 6 mm 

P80 at the higher pressure settings. It will be operated as close to a constant tonnage rate as possible 

to sustain choke feeding and will feed directly into the ball mill.  

The ball mill is a short axis grate discharge mill in closed circuit with cyclones and screens. Scats 

generated by the ball mill at +8 mm size will be conveyed back to the HPGR feed bin. Screen undersize 

and cyclone overflow, at approximately P80 150 µm, will gravity flow to the coarse gravity cyclone feed 

pump. 

The coarse gravity cyclone will operate at a cut-point of 75 µm, with the cyclone overflow pumped to 

the regrind (fine gravity) cyclone. The coarse gravity cyclone underflow will feed the coarse spiral and 

table circuit. The spiral table circuit will operate such that: 

¶ rougher lights are discarded to tails 

¶ rougher middlings feed the scavenger spiral 

¶ rougher and scavenger concentrate feed the cleaner spiral 

¶ scavenger and cleaner middlings plus table tails are directed to regrind 

¶ cleaner tail recycles to the scavenger feed 

¶ cleaner spiral concentrate is directed to tables 

¶ table concentrate will advance to gravity dressing. 

The regrind mill grinds to a nominal P80 45 µm and feeds the fine gravity cyclone, which cuts at a 

nominal 38 µm, and the cyclone underflow feeds the fines gravity spirals and table circuits. The 

cyclone overflow advances to the first deslime cyclone, and the underflow to the fine spiral and table 

circuit. 

Concentrates from the gravity circuits are further upgraded using magnetic separation to remove steel 

scrap, then sulphide minerals are removed by flotation and the tail is upgraded to +60% Sn by tabling. 

A small regrind mill is used to liberate composite cassiterite from table tails. 

The first deslime cyclone underflow feeds a magnetic separator to capture steel scats and then flows 

to a sulphide scavenging circuit. The sulphide concentrate is cleaned to make a sulphide concentrate 

tail and the (un-floated) tails streams from the rougher and cleaner advance to the second stage 

deslime cyclone. This cyclone removes any residual slimes and creates the high density slurry required 

for the high intensity attritioning step ahead of cassiterite flotation. Both cyclone overflows from 

desliming are sent to the tailings thickener. 

The cassiterite flotation has rougher and scavenger stages, with provision for the scavenger 

concentrate to recycle to the second deslime cyclone. The concentrate from the first stage of cleaning 
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is re-cleaned, the re-cleaner tail recycling to the first cleaner. The first cleaner tail recycles to the 

second deslime cyclone, and both cleaners have froth washing to minimise gangue entrainment. 

The re-cleaner concentrate is passed through a three stage Falcon circuit to remove iron and further 

upgrade the concentrate. 

The final concentrate is filtered in a small plate and frame pressure filter directly filled from an agitated 

concentrate storage tank. The filter cake is bagged and weighed for shipment.  

The concentrate specification based on testwork is listed in Table 1-8. 

Table 1-8 Concentrate specification 

Element/Compound Specification 

Sn 60.00% 

Fe 4.01% 

Mn 0.02% 

WO3 0.05% 

Pb 0.03% 

Zn 0.02% 

Ni 0.00% 

Co 0.00% 

Ag 1.92 ppm 

Cu 0.00% 

As 0.08% 

Bi 0.00% 

Sb 0.04% 

S 1.73% 

ThO2+U3O8 0.00% 

F 0.09% 

 

1.10 Environmental Studies 

1.10.1 Baseline Studies 

The physical, social, economic, and cultural baseline has been characterized for the Project using 

primary information gathered in the field, and secondary information gathered from official sources, 

such as Government records. Field studies and data gathering for the baseline studies were 

undertaken between 2007 and 2013. 

The general environmental context is that of a sparsely populated mountainous area with valleys and 

plateau features characterised by forest areas of pine and oak and open land which is used for 

agricultural purposes.  The local population is limited to small villages and individual farms, where the 

main activity is grazing livestock (sheep, goats and cows) and growing cereal crops. 
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There are no protected areas in the vicinity of the concession. The nearest environmentally protected 

area is the Ifrane Park, which is approximately 40 km upstream (to southeast) of the project area and 

ōŜȅƻƴŘ ǘƘŜ tǊƻƧŜŎǘΩǎ ŀǊŜŀ ƻŦ ƛƴŦƭǳŜƴŎŜ.   

1.10.2 Tailings Storage Facility  

Tailings will be produced by the process plant at a rate of approximately 500,000 tonnes per year. The 

tailings will be pumped to the tailings storage facility (TSF) located close to the processing plant. 

The TSF design is an engineered above-ground valley impoundment, which comprises a basin located 

in an existing valley floor and a downstream earthen embankment that provides for a maximum depth 

of tailings of 52 metres at the centre of the embankment after ten years of mine operation. The TSF 

will be equipped with underdrainage collection to maximize water recovery. The main embankment 

will be constructed of in-situ mudstone and run of mine waste to form the body of the embankment. 

The starter embankment will be 27.5 m high (measured from the outer toe of the wall to its crest), 

with a maximum final height of 52 m at closure of the facility. 

A contour drain cut above the upstream extremities of the basin will provide for run-off diversion 

during rainfall events and snow-melt. 

Tailings will normally be deposited at a slurry density of 72% w/w. Initial tailings deposition will be 

carried out via spigots from the starter wall in an easterly direction to create a beach with a 1% fall 

towards the rear of the facility. This approach will push the supernatant pool from its initial position 

against the starter wall up-valley and towards the rear of the facility, until it reaches the toe of the 

water storage facility. During later years, tailings deposition will be carried out from the western wall 

raises, as well as from the southern and eastern sides of the facility, the latter to reposition the pool 

closer to the front of the TSF for closure purposes. 

1.10.3 Water Storage Facility  

The water storage facility (WSF) will provide the bulk of the project water requirements. It will be 

constructed directly upstream of the proposed TSF using a cross valley, earthen embankment. Based 

on the water balance, this embankment will be constructed in a single phase, to a final elevation of 

approximately 970 mRL. This embankment will form a facility which will have the capacity to store 

approximately 330,000 m3 of surface water runoff for use in the mine operations. The facility is an 

integral part of the TSF water management strategy. 

1.10.4 Waste Rock Management 

Excavated waste rock will be generated during mine development. The rock which does not contain 

tin will be transported to a compacted stockpile at the entrance to the mine decline. It is predicted 

that the rock will be mildly acidic. This potential will be mitigated by blending finely crushed limestone 

into the waste as it is placed on the stockpile. Mine waste generated during the operational period 

will be used as fill for the building of the tailings storage facility embankment or as backfill in the 

underground workings. Backfilling of mine workings will be prioritized. Including ore sorter rejects, 

the mine waste balance indicates there will be approximately 1.8 Mt of waste on surface at the 

completion of mining. This includes the use of waste rock for construction of the tailings storage 

facility. The water storage facility will be constructed from surface cut and fill as it is required to be 

constructed prior to underground development. 
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1.10.5 Closure Plan 

Closure planning has been undertaken to a conceptual level for key infrastructure such as the TSF and 

will be continually updated throughout the project life. Prior to the start of production activities, a 

conceptual mine rehabilitation and closure plan (MRCP) will be prepared. The preparation of the 

detailed MRCP will be an iterative process that will evolve over the life of the Project taking into 

consideration views and concerns of the local communities and monitoring information. The MRCP 

ǿƛƭƭ ōŜ ŦƛƴŀƭƛǎŜŘ ŀǘ ƭŜŀǎǘ ǘƘǊŜŜ ȅŜŀǊǎ ǇǊƛƻǊ ǘƻ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ƳƛƴŜΩǎ ƻǇŜǊŀǘƛƴƎ ƭƛŦŜΦ hƴŎŜ ǘƘŜ ƳƛƴŜ has 

finished producing, the detailed closure plan will be implemented. 

1.10.6 Permitting  

The Project Environment and Social Impact Assessment (ESIA) was prepared in compliance with 

aƻǊƻŎŎƻΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜƎǳƭŀǘƛƻƴǎΣ ŀƴŘ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ƭŀǿ мн-03 relative to environmental impact 

assessment and Decree n° 2-04-564 regarding public involvement. 

An ESIA scoping report was prepared in 2011 and presented to the National Committee for 

Environmental Impact Assessments (CNEIE) on 15 June 2011. The committee accepted the report and 

issued terms of reference for the environmental impact assessment. 

The ESIA was carried out during the period May 2011 to June 2013. A draft Final ESIA was prepared as 

part of the 2012 PFS and submitted to the CNEIE in September 2012. An updated version of the ESIA 

was prepared as part of the 2014 DFS. This included the findings of the social baseline survey that was 

carried out in April 2013. The document integrates the answers to comments raised by the CNEIE after 

its initial review in October 2013. The ESIA and environmental and social management and monitoring 

plan (ESMMP) for the Project were accepted by the Moroccan Ministry of Environment in December 

2014 and will expire in December 2019 if there has been no commencement of the Project. 

The ESIA was prepared to comply with the International Finance Corporation (IFC) Performance 

Standards on Environmental and Social sustainability (1st January 2012). The Project is a greenfield 

mining project and therefore is considered as a Category A project under these standards. The key 

performance standards that formed the basis of the ESIA are summarized as follows: 

¶ performance standards 

¶ social and environmental assessment and management system 

¶ labour and working conditions 

¶ resource efficiency and pollution prevention 

¶ community health, safety and security 

¶ land acquisition and involuntary resettlement 

¶ biodiversity conservation and sustainable natural resource management 

¶ indigenous peoples 

¶ cultural heritage. 

The majority of permits required to support construction and operations have been secured. 

Remaining permits require detailed design which will commence following the owners approval to 

continue work following the completion of the feasibility study. 
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1.11 Social Considerations 

The Project is located within the administrative region of Meknès-Tafilalet, in the Caidad of Jahjouh, 

Cercle of Agourai, El Hajeb Province. The project area is situated in three districts, namely: Ait 

Ouikhalfen, Jahjouh and Ras Ijerri, which are located inside the Agourai circle. There are 50 households 

representing an estimated 300 people located within the concession area, of which seven households 

will need to be resettled prior to the project commencement. Resettlement will be undertaken jointly 

between the company and the Ministry of the Interior and will align with Moroccan law and IFC 

Performance Standard 5. 

There are no archaeological or formal cultural sites known in the Project area or in the vicinity. There 

are some spiritual sites within the concession area, such as the Mount Sidi Addi. These sites will not 

be impacted by the Project. 

Local stakeholder consultation has indicated a positive perception of the Project. The Project is seen 

as an opportunity for local development through job creation and poverty reduction. 

To maintain its social licence, Atlas Tin management will develop and implement a social management 

plan and resettlement action plan. These documents will align with local law and practice and IFC 

performance standards. 

Atlas Tin management has commenced discussions with the local gƻǾŜǊƴƻǊΩǎ ƻŦŦƛŎŜ ǊŜƎŀǊŘing 

establishment of a committee to manage key community, social management and resettlement 

matters. The local gƻǾŜǊƴƻǊΩǎ ƻŦŦƛŎŜ ǿƛƭƭ ŎƻƻǊŘƛƴŀǘŜ ǘƘŜ ŎƻƳƳƛǘǘŜŜ. 

1.12 Market Studies and Contracts 

1.12.1 Market Studies 

The Project will produce a high-quality 60% Sn tin concentrate. Its quality combined with forecast 

reductions in global tin production is expected to see the Achmmach tin concentrate highly sought 

after in international markets.  

Three forecast price scenarios are provided as shown in Figure 1-8. 
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Figure 1-8 Forecast prices for tin (Source: ITA) 

Atlas Tin has not entered into any offtake agreement for the sale of its tin concentrate. The joint 

venture partners are entitled to market 25% of the tin concentrate at market competitive terms. The 

ability to negotiate offtake and sales agreements for tin concentrate through a positive commodity 

price cycle provides greater flexibility in negotiations. Atlas Tin has obtained smelter terms from 

several leading international tin smelting and trading groups as a part of the feasibility study. The tin 

market has been in deficit in recent years and is expected to remain so in the near term. Ongoing 

market deficits will not be sustainable going forward and as a result prices are forecast to increase to 

correct the market imbalance. 

1.12.2 Contracts  

To underpin cost estimates Atlas Tin has secured pricings for all key commodities and services both 

domestically within Morocco and internationally where local supply could not be confirmed. These 

prices were used to support the detailed cost estimates contained within this feasibility study.   

To reduce schedule and cost risk, the mine will be developed and operated by an experienced mining 

contractor. Atlas Tin sought tenders from several contractors which were evaluated and formed the 

basis of mining rates and cost model inputs. These rates were reviewed and updated in May 2018 as 

a part of this feasibility study. The final selection of a mining contractor will be based on pricing, 

capability and capacity criteria. 

An engineering, procurement and construction (EPC) Contractor will be engaged to design and 

construct the processing plant and associated infrastructure on a turnkey basis. This will include 

contractual obligations relating to technical performance, time and cost, thus managing project risk.   

Atlas Tin will secure offtake contracts with credit worthy counterparts to reduce funding risk and 

secure a revenue stream. 
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Atlas Tin is currently negotiating a power supply agreement with the Moroccan government agency 

ŦƻǊ ŜƴŜǊƎȅΣ ǘƘŜ hŦŦƛŎŜ bŀǘƛƻƴŀƭ ŘΩ9ƴergie et Eau Potable (ONEE). While initial costs have been received 

for the project, Atlas Tin has yet to enter into any supply contracts for power supply. 

1.13 Risk 

A project risk workshop facilitated by MYR Consulting was undertaken in May 2018 to identify, analyse 

and propose control measures to ensure achievement of project objectives. This process considered 

key risks in relation to the project phases of development, approvals, execution, commissioning/ramp-

up, steady state operations and closure. 

Corporate and uncontrollable risks were specifically excluded. 

Controls to manage key risks will be incorporated into the project management plan. 

A total of 40 material risks were identified and categorised according to likelihood and consequence 

(in accordance with Board approved risk categorisation methodology). 

Taking into consideration the existence of current and planned controls, the five major risks identified 

in order of decreasing severity were as follows: 

¶ higher than expected ROM variability 

¶ lower than forecast metal tonnes 

¶ delay/poor performance of mining contractor 

¶ serious security, safety or health incident 

¶ loss of support from key stakeholders. 

Atlas Tin will develop a risk management plan for construction and operations. The risk management 

process will be the responsibility of the Environmental Health & Safety (EHS) manager who will report 

monthly to the General Manager on all aspects of the risk management process. 

1.14 Capital and Operating Costs 

1.14.1 Project Capital Costs 

The initial Project capital costs have been estimated as US$96.4M (real 2018 $) as summarised in Table 

1-9. 

Table 1-9 Project capital costs 

2018 DFS Project Capital Costs US$M 

Mining development 12.1 

Tailings storage facility and water storage facility 3.5 

Process plant 44.5 

Infrastructure 12.0 

Engineering, Procurement and Construction (EPC) 7.2 

Construction indirect costs 5.4 

Sub-total Project Construction Capital 84.7 

First fill & spares 1.2 

Contingency 10.5 

Total Project Capital Costs 96.4 
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1.14.2 Sustaining and Mine Closure Capital 

Sustaining and replacement capital costs for mining and processing have been estimated at US$69.2 M 

over the life of mine. These costs largely relate to the ongoing mine development which is timed to 

be completed on an as required basis to optimise project cashflow. Approximately three quarters of 

the capital mine development is categorised as sustaining. 

The mine closure cost has been estimated to be US$3.1 million. Salvage values from dismantling and 

selling of the process plant has been estimated at US$2.7 million which will offset the majority of the 

estimated closure costs. 

1.14.3 Operating Costs 

The total operating costs are summarised in Table 1-10 below. 

Table 1-10 Project operating costs 

Category US$ Millions US$/t Sn 

Mining  216.6 4,866 

Processing 109.8 2,466 

Administration 36.7 823 

Concentrate transport & treatment 45.4 1,021 

C1 cash costs 408.5 9,176 

Depreciation & amortisation 165.4 3,815 

C2 costs 573.9 12,991 

Royalties 25.2 566 

Corporate costs 6.1 138 

C3 costs 605.2 13,695 

Sustaining capital 69.2 1,554 

All in sustaining cash costs (AISC) 509.0 11,435 

 

C1 cash costs consist of mining, processing, administration and concentrate transport & treatment. 

AISC consist of C1 cash costs, royalties, corporate costs and sustaining capital. 
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Figure 1-9 Tin producer cost curve (source ITA). 

The cost curve shown in Figure 1-9 is based on tin producer information published by the International 

Tin Association (ITA) and reflects the estimated cash costs of tin producers in 2021. ITA has defined 

cash costs as the cost of mining, processing, smelting, marketing, transport and any royalties or taxes, 

net of any by-product revenue.  

As shown in the cost curve, the Project will be an upper first quartile/lower second quartile tin cost 

producer. 

1.15 Economic Analysis 

The Project is a joint venture. All the numbers presented in this financial evaluation section of the 

report are based upon 100% ownership.  

Furthermore, the Project is evaluated on a 100% equity basis only and excludes any financial 

leveraging effects (i.e. ungeared), as well as any interest expense items that could impact taxable 

income and/or provide interest deduction tax shields. 

The analysis is based on a processing throughput of 750 ktpa using the Ore Reserves defined by this 

feasibility study. 

The objective of the economic analysis is to demonstrate the economic viability of the Project, provide 

support for project financing activities, and enable the shareholders to reach formal decisions to 

proceed with the detail design and construction phases of the project. 

1.15.1 Evaluation Methodology 

The financial evaluation has been performed using real cash flows. No escalation of cash inflows or 

outflows has been applied in determining the project NPV and IRR. 

The evaluation is based on after-tax unleveraged, real internal rate of return (IRR) using monthly 

cashflows using mid period convention. 
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Exchange rates used in the project cost analysis and evaluation are detailed below in Table 1-11. These 

exchange rates have been determined based on spot prices dated 2 July 2018. 

Table 1-11 Project exchange rates 

Currency Rate of exchange to USD 

AUD 0.745 

ZAR 0.075 

EUR 1.157 

MAD 0.105 

1.15.2 Base Date 

The valuation date for the financial model is 1 April 2019, reflecting when the decision to construct 

the Project is anticipated to be made. 

1.15.3 Revenue 

On-mine revenue is derived from the sale of tin concentrates into the international market place. 

Revenues are based on the value of tin content of the concentrate less unit deductions, smelting and 

refining and impurity penalty charges. No marketing fees have been reflected in the model as Atlas 

Tin expects to enter into long term offtake agreements with one or more traders/smelters with FOB 

shipping terms, where ownership and control ceases once loaded at the port of Casablanca. 

1.15.4 Tin Price Forecast 

For purposes of financial modelling, a price of US$21,000/t (real 2018$) has been used.  This price 

reflects the recent spot price and has also been determined based on the 105-month historical 

average plus 15-month LME futures contract. 

1.15.5 Marketing and Treatment Charges 

Through a market soft-sounding, Atlas Tin gained indicative non-binding offtake terms for its tin 

concentrate from a number of traders and smelters to established indicative net smelter returns (NSR) 

and average metal payability primarily for financial model purposes. Concentrate treatment charges 

have been applied which include penalties and unit deductions for impurities. 

1.15.6 Production and Revenue Summary 

Construction of the Project is scheduled to take 20 months, before first production in the second half 

of 2020. A six-month production ramp-up has been scheduled for commissioning of the plant before 

achieving full design capacity. 

1.16 Revenue Inputs and Assumptions 

Revenues are calculated in United States dollars based on a metal price of US$21,000/t (real 2018$). 

Penalties and unit deduction charges are deducted in calculating the on-mine revenue. 

The financial model assumes that 90% of the revenues are received in the month following production, 

with the balance received 3-months later. 



 

2018 Definitive Feasibility Study Report EXECUTIVE SUMMARY 

 

 

20 ACHMMACH TIN PROJECT 

1.17 Financial Summary 

Table 1-12 is a summary of the financial analysis of the project. 

Table 1-12 Financial summary (US$) 

Parameters   

Sn Price US$21,000/t  

Discount rate (real) 8% 

NPV, post tax1 $98.1M 

IRR, post tax1 23% 

Capital costs $96.4M 

C1 cash costs $9,176/t  

C3 costs $13,695/t  

Average AISC $11,435/t 

Operating cash flow $403M 

Free cash flow  $267M 

Turnover $815M 

EBITDA $444M 

¹  Project NPV and IRR based on a post-tax discount rate of 8% and Moroccan Corporate Income Tax of 17.5% 

1.18 Sensitivity 

The Project economics are most sensitive to changes in the tin price, grade and recovery. The 

sensitivity of the NPV to changes in major cost and revenue drivers is shown in Figure 1-10 below. 

 

Figure 1-10 Project NPV sensitivity 

Detailed NPV and IRR sensitivity analysis was performed on the major cost and revenue drivers and 

the NPV analysis is presented for the individual factors in Figure 1-11. 
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Figure 1-11 Detailed sensitivity analysis 

 

1.19 Mine Life 

The operating mine life of the Achmmach Project, based on the assumptions in the definitive feasibility 

study, is 10 years. This includes the initial production ramp-up but excludes project construction, pre-

production and mine closure activities. 

Extending the life of the mine would rely on the conversion of measured and indicated resources to 

reserves and the discovery of additional resources within the current mining permit area. The existing 

orebodies are open along strike and at depth, providing excellent exploration potential. 

1.20 Recommendation 

The feasibility study demonstrates that the project can produce a robust positive economic result and 

it is recommended that the project is progressed to enable a final investment decision which will 

include, inter-alia, gaining committed funding and concluding major commercial contracts such as 

EPC, mining contractor and offtake arrangements. 
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1.21 Glossary 

Agencies 

ABHS Agence du bassin hydraulique du Sebou (Water Basin Agency) 

AMDI !ƎŜƴŎŜ aŀǊƻŎŀƛƴŜ ŘŜ 5ŜǾŜƭƻǇǇƳŜƴǘ ŘΩLƴǾŜǎǘƛǎǎŜƳŜƴǘǎ (Moroccan Investment and 
Development Agency) 

BRPM Bureau de Recherches et de Participations Minières 

CNEIE National Committee for Environmental Impact Assessments 

ICDX Indonesian Commodities and Derivatives Exchange 

IFC International Finance Corporation 

ISO International Standards Organisation 

ITRI International Tin Research Institute 

JORC Joint Ore Reserves Committee 

LME London Metal Exchange 

MEMEE Ministry of Energy, Mines, Water and the Environment 

MoI Ministry of the Interior 

NGO Non-governmental organisation 

OECD Organisation for Economic Cooperation and Development 

ONEE Office National de lΩ9ƭŜŎǘǊƛŎƛǘŞ Ŝǘ ŘŜ ƭΩ9ŀǳ tƻǘŀōƭŜ 

ONEP hŦŦƛŎŜ bŀǘƛƻƴŀƭ ŘŜ ƭΩ9ŀǳ tƻǘŀōƭŜ όNational Office of Potable Water (superseded)) 

ONHYM Office National des Hydrocarbures et des Mines 

Companies 
AHK Alfred H Knight 

Artelia Artelia Eau & Environnement, Grenoble, France and Rabat, Morocco 

BNPP BNP Paribas 

BRL Burnie Research Laboratory, Burnie Tasmania Australia 

Cap Cap Rurale, Meknès Morocco 

Carras Carras Mining Pty Ltd, Perth Western Australia 

CPC CPC Project Design Pty Ltd, Perth Western Australia 

CRU Commodities Research Unit, London 

DRA DRA Pacific Pty Ltd, Perth Western Australia 

FLS FL Smidth 

Galay Galay BTP Construction, Meknès Morocco 

Golder Golder Associates (UK) Ltd, England 

Mining One Mining One Pty, Melbourne Victoria and Perth, Western Australia 

Optimum Optimum Capital Pty Ltd, Perth Western Australia 

Outotec Outotec Pty Ltd, Perth Western Australia 

QG Quantitative Group, Fremantle, Western Australia 

SAMINE {ƻŎƛŞǘŞ !ƴƻƴȅƳŜ ŘΩ9ƴǘǊŜprises Minières 

SGS SGS Lakefield Research Europe 

SLON® SLON Company 

TTC Toyota Tsusho Corporation 
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Currencies 
AUD Australian Dollar 

CAD Canadian Dollar 

CNY Chinese Yuan 

EUR Euro 

GBP Great Britain Pound 

MAD Moroccan Dirham 

SEK Swedish Krona 

USD/US$ United States Dollar 

ZAR South African Rand 

Chemicals and Reagents 
Ag Silver 

Al2O3 Aluminium Oxide 

As Arsenic 

Co Cobalt 

Cu Copper 

F Fluorine 

Fe Iron 

Ga Gallium  

H2SO4 Sulphuric acid 

In  Indium 

MIBC Methyl Isobutyl Carbinol  

Mn Manganese 

Nb Niobium 

Ni Nickel 

Oxidisable S Oxidisable sulphur 

PAX Potassium Amyl Xanthate  

Pb Lead 

S Sulphur 

Sb Antimony 

SiO2 Silicon dioxide 

Sn Tin 

Ta Tantalum 

Ta  Tantalum 

²hї Tungsten trioxide 

Zn Zinc 

Metrics 
µm Micrometre 

g/L gram per litre 

g/t gram per tonne 

Ga 109 years 

h/a hours per year 

Ha Hectare 

kg kilogram 
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kg/h/m2 kilogram per hour per square metre 

kg/m3 kilogram per cubic metre 

kg/t  kilogram per tonne 

km kilometre 

kPa kilopascal 

kPag kilopascal gauge 

kt Thousand tonnes 

kV kilovolt 

kW kilowatt 

kWh kilowatt hour 

kWh/t kWh per tonne 

L Litre 

L/s Litre per second 

m metre 

M Million 

m H metres high 

m W metres wide 

m/d metres per day 

m/month metres per month 

m3/day  cubic meters per day 

m3/h cubic meters per hour 

m3/kW cubic meters per kilo watt 

m3/s cubic meters per second 

Ma 106 years 

Ma Million years 

masl  metres above sea level 

mE metres Easting 

mm millimetre 

Mm3 Million cubic metres 

MPa MegaPascal 

mRL metres reduced level 

Mt Million tonnes 

Mth month 

Mtpa Million tonnes per annum 

MVA Megavolt. Amps 

No. number 

RL Reduced level 

t tonne 

t.km tonne kilometre 

t.km/y tonne kilometre per year 

t/d  tonnes per day 

t/h  tonnes per hour 

t/h/m 2 tonnes per hour per square metre 

t/y  tonnes per year 

tpa tonnes per annum 



 

2018 Definitive Feasibility Study Report EXECUTIVE SUMMARY 

 

 

26 ACHMMACH TIN PROJECT 

V Volt 

w/w Weight per weight 

 

General Terminology 
ANC Acid Neutralisation Capacity 

ANFO Ammonium nitrate ς fuel oil (explosive) 

BA Bench Angle 

BH Bench Height 

BMC Bulk Meknès Composite 

BSA Bench Stack Angle 

BSW Bench Stack Height 

Capex Capital Expenditure 

CCL compacted clay liner 

COF Cyclone overflow 

COG Cut-off grade 

Con Concentrate 

CUF Cyclone underflow 

DD Due diligence 

DFS Definitive Feasibility Study 

Distn  Distribution 

DMC Dense Media Cyclone 

DMS Dense Media Separation 

E&I Electrical and instrumentation 

ENE East North East 

EPCM Engineering, Procurement and Construction Management 

EPS  Enhanced Production Scheduler 

ERI Electrical Resistivity Imaging 

ESE East South East 

ESIA Environmental and Social Impact Assessment 

ESMMP Environmental and Social Monitoring and Management Plan 

E-W East West 

EZS Eastern Zone Shallows 

FEED Front end engineering and design 

FIFO Fly in Fly Out 

GP General Portland 

GTB Geotechnical Berm 

HAZID Hazard Identification 

HAZOP Hazard and Operability 

HDPE High-density polyethylene 

HLS Heavy liquid separation 

HSE Health, safety & environment 

HT High tension 

IP Induced Polarization 

IRA Inter Ramp Angle 

ITH In-The-Hole-Hammer 
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KPIs Key Performance Indicators  

LH Low Heat 

LHOS longhole open stoping 

LIMS Low Intensity Magnetic Separator 

LOM Life of Mine 

LTI/SPI Lost time injury / Serious potential incident 

LV Light Vehicle 

MRCP Mine reclamation and closure plan 

MSO Mine Stope Optimiser 

MTI Medical treatment injury 

n/a not applicable 

NAG Net Acid Generation 

NAPP Net Acid Producing Potential 

NE North East 

NNE North East 

NPV Net present value 

NQ and HQ  drill gauges 

NSR net smelter return 

OEM Original equipment manufacturer 

OSA Overall Slope Angle 

Oued River 

P&G Provisional & General 

pa per annum 

PDC Process design criteria 

PETN Pentaerythritol tetranitrate (an explosive) 

PFS Prefeasibility Study 

PSD Particle size distribution 

QEMScan Quantitative electron microscope scan 

RoHS Restriction on Hazardous Substances 

ROM Run of mine 

SAG Semi-autogenous grinding 

SBW Spill Berm Width 

Scav Scavenger 

SEM Scanning Electron Microscope 

SFE Shake flask extraction 

SMC Steve Morell Comminution 

SW South West 

TSF Tailings Management Facility 

UCS Unconfined Compressive Strength 

UF Ultrafine 

UTM Universal transverse Mercator 

VAT Value Added Tax 

WBS Work Breakdown Structure 

WHIMS Wet high intensity magnetic separation 

WNW West North West 

WSF Water Storage Facility 
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WSW West South West 

WZS Western Zone Shallows 

XRF X-Ray fluorescence 
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2 INTRODUCTION 

2.1 Introduction 

The Project is located approximately 40 km south west of the city of Meknès in central northern 

Morocco (Figure 2-1). The project is owned by Atlas Tin SAS, a joint venture company comprising 

Kasbah Resources Ltd (75%), Toyota Tsusho Corporation (20%) and Nittetsu Mining Co Limited (5%). 

 

Figure 2-1 Location of the Achmmach Tin Project 

This study uses elements of previous studies (2014 DFS (ASX Announcement: 31 March 2014), 2015 

EDFS (ASX Announcement: 18 March 2015) and the 2016 SSO (ASX Announcement: 10 August 2016)) 

and introduces cost and technical enhancements. 

2.2 Accessibility, Climate, Local Resources and Physiography 

Morocco has well developed national infrastructure including rail, road, sea ports and airports. Access 

from the capital Rabat to the Achmmach Tin Project is 150 km east along the A2 expressway to Meknès 

and then 35 km south along a sealed road to Agourai, and a further 20 km south east along an unsealed 

rural road to the Project site. 

The region has a warm and temperate Mediterranean climate. The temperature varies from 5oC/15oC 

in winter to 18oC/34oC in summer. The winter months are generally much wetter than the summer 

months and the average annual rainfall is approximately 700 mm. 

The Project is located within rugged terrain of the north-eastern part of the central plateau of the 

Atlas Mountains. The altitude is 1,085 m above mean sea level (amsl) and the nearby Sidi Addi peak 
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has an altitude 1,230 m amsl. The area is characterised by mountain ranges, valleys and plateaus 

containing pine forests and oak woodland as well as cleared areas used for agriculture. 

2.3 History 

The Achmmach tin deposit was first discovered by the Moroccan National Office for Mineral 

9ȄǇƭƻǊŀǘƛƻƴ ό.wtaύ ƛƴ мфур ōȅ ŦƻƭƭƻǿƛƴƎ ǎǘǊŜŀƳ ǎŜŘƛƳŜƴǘ ŀƴƻƳŀƭƛŜǎΦ Lƴ ǘƘŜ ŜŀǊƭȅ мффлΩǎΣ .wta 

conducted several reconnaissance programs such as soil sampling, rock chip sampling, surface 

mapping as well as a gravity survey. By late 1992, diamond drilling had commenced on targets defined 

by the early exploration work. Drilling was completed in 2000 with a total of 29 holes over the initial 

1.6 km strike length of Achmmach. An 85 m deep exploration shaft and 227 m of development was 

mined to obtain bulk samples for metallurgical testwork. Three diamond holes were drilled from 

underground. 

In 2002, BRPM produced a resource estimate of 9.57 Mt at 1.09% Sn for a total of 104,000 t of 

contained metal. 

In 2006, Kasbah Resources Ltd entered into an agreement with the Moroccan National Office for 

Hydrocarbons and Mining (ONHYM) to further test the tin potential of the prospect. 
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2.4 Study Report 

The study report is based on contributions from Kasbah staff supplemented by specialist input from 

multiple consultants. The contributors to each section are listed in Table 2-1. 

Table 2-1 Summary of study contributors 

Study Area Consultants 

Geological ς Geology and 
Mineral Resources 

QG Consulting Perth 

Ore Reserves and Mining 
Plan 

Entech ς International Mining Consultants (Perth) 

Mining Cost Estimates International Mining Contractor bids 
Entech ς International Mining Consultants (Perth) 
Minero ς Mining Consultant  

Hydrogeology Golder Associates (UK) 

Client Metallurgical 
Representative 

Ore sorting ς Tony Parry & Associates  
Metallurgical ς Mike Gunn  

Metallurgical Testwork ALS Global (Perth & Burnie Tasmania) 
Nagrom (The Mineral Processor) 
Ore Sorting - Steinert Magnetic & Sensor Sorting  
High Pressure Grinding - Koeppern Machinery Australia Pty Ltd  

Process Plant Design Lycopodium ADP 

Plant Capital Lycopodium-ADP 

Plant Operating Costs Lycopodium-ADP 

Treatment and Refining Treatment & Refining has been sourced from International Metals 
traders and Tin Refineries 

Infrastructure and Services Lycopodium-ADP 

Environmental Social Impact 
and Assessment  

Artelia Eau & Environment in association with Artelia Maroc 

Tailings and Water Storage 
Facilities 

Golder Associates (UK) 

Planning and Permitting Atlas Tin (Morocco)   
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3 GEOLOGY AND MINERAL RESOURCES  

3.1 Introduction 

The Achmmach tin deposit is an epigenetic vein-stockwork-breccia style which is associated with a 

strongly boron enriched paleo hydrothermal system. It is comprised of fine-grained cassiterite with 

associated minor sulphide minerals in a tourmalinised sandstone/siltstone host. It is interpreted as 

being hosted by two cross-cutting swarms of tourmaline-altered zones; a series of east-west striking 

sub-ǾŜǊǘƛŎŀƭ ȊƻƴŜǎ ŘŜǎŎǊƛōŜŘ ŀǎ άŦŜŜŘŜǊǎέ ŀƴd a stacked series of oblique gently to steeply north-

ŘƛǇǇƛƴƎ άōǊŀƴŎƘŜǎέΦ 

The 1.6 km strike extent of the mineralisation system is hosted by sequences of folded and 

metamorphosed shales and sandstones. The lodes form a 300 metre wide array across strike with 

individual lode structures ranging in width from one metre to 30 metres. Tin mineralisation occurs 

primarily as breccia infill and quartz-cassiterite veins and has been defined in diamond drill holes to a 

vertical depth of approximately 600 metres below natural surface. 

The bulk of the known mineralisation intersected by the current drilling occurs between 1,000 mRL 

and 700 mRL. 

3.2 Conventions 

The study is based on metric units; metres and tonnes. 

Prior to 2011, the grid system used at Achmmach was universal transverse mercator (UTM), 

specifically (UTM30N WGS84). However, the mineralisation and therefore the drill hole orientation is 

oblique to the UTM grid, which resulted in difficulties in interpretation. In 2011, a local grid was 

introduced with the Easting axis parallel to the mineralisation trend. The local grid has been rotated 

20° anticlockwise from UTM, with the RLs unchanged. 

Other key conventions and definitions are covered in the Glossary, section 1.21. 

3.3 Regional Geology 

One of the most dominant features of the Moroccan topography are the Atlas Mountain ranges. These 

extend from coastal Morocco across the tip of northern Africa through Algeria and Tunisia for 

approximately 2,000 kilometres and were formed during several orogenic phases (Figure 3-1). 

The first tectonic deformation occurred during the Alleghenian orogeny (Paleozoic Era) and resulted 

from the continental collision of Africa and America producing the Anti-Atlas Mountain belt in south 

central Morocco. The second phase of deformation (Mesozoic Era) was extension causing rifting and 

continental separation and producing thick intracontinental sedimentary basins. 

The convergent plates of Europe and Africa collided in the final phase of deformation (Cenozoic Era) 

resulting in uplift and producing the High Atlas Mountains in central Morocco (Ottria et al, 2012). This 

is the highest mountain belt in Morocco and peaks at over 4,000 metres. Within Morocco, the High 

Atlas is approximately 800 kilometres long and 50 to 100 kilometres wide. 
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Figure 3-1 Northern Africa Atlas Mountains 

 

 

Figure 3-2 Moroccan Geological Domains (after D. Khattach et al, 2013) 
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Morocco is subdivided into several geological domains, demarcated by regionally extensive palaeozoic 

faults (Figure 3-2). These domains, from south to north include; the Anti-Atlas and the northern limit 

of the Saharan domain, the Meseta Atlasic domain and the Rif domain (Khattach et al, 2013). The 

Palaeozoic basement of the Meseta Atlasic Domain (includes the Moroccan and Oran Meseta, or 

Western and Eastern Meseta respectively) are exposed as isolated massifs encompassed by Mesozoic 

ς Cenozoic sediments. The Achmmach deposit is in the Central Massif of the Moroccan Meseta and 

hosted within the turbiditic sediments of the Namurian aged Fourhal Formation. 

3.4 Local Geology 

The Achmmach tin deposits occur within metamorphosed shales and sandstones of Lower 

Carboniferous (Mississippian) age. The shales and sandstones occur as a flysch sequence which trend 

north to north-north-east for at least 20 km. Shale is the dominant rock type. Sandstone units are up 

to several metres thick but are generally less than 30 centimetres thick with the thicker sandstone 

units being restricted to the western part of the project area. 

The sediments underwent substantial ductile and brittle deformation during the Variscan orogeny 

after deposition. The resulting bedding is commonly moderate to steeply dipping to WNW. Frequent 

metre-scale tight parasitic folds are observed over the project area, mostly gently plunging NNE, 

moderately inclined WNW and ESE-verging. 

The regional trend of the strike of the host rocks is north to north-north-east. The Achmmach hill 

trending 70o east of north translates to a change in strike explained by the occurrence of resistant 

tourmaline and silica-bearing structures. 

The sediments have been intruded by sub-volcanic felsic and mafic igneous rocks. The Palaeozoic 

sequence has been intruded by Hercynian (Upper Carboniferous-Permian) granite, which outcrops 

about five kilometres to the west of Achmmach. The host rocks have been overprinted by fine grain 

black tourmaline over a strike length of at least 1.6 km and a plan width of 200 m to 500 m. This 

tourmaline alteration corridor is a distinctive feature in the area. 

The east-west striking Sidi Addi Fault is the main structural feature at Achmmach and occurs in the 

northern part of the deposit. 

3.5 Deposit Geology 

The Fourhal Formation consists of deformed, interbedded pelites and psammites of Lower 

Carboniferous (Namurian) age. These meta-sandstones and shales comprise a tightly-folded sequence 

of turbidite beds (Figure 3-3), overprinted by tourmaline alteration within sheared regions and 

intruded by magmatic sills. Chronologically these sills are interpreted to be pre-mineralisation, as they 

contain tourmaline alteration and tin mineralisation. The composition of the sills varies and ranges 

from felsic to mafic. The felsic intrusive (monzogranite) defines the hanging wall of the high-grade 

mineralisation in the central and western parts of the deposit. 
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Figure 3-3 Interbedded meta sandstones and shales at Achmmach 

Mineralisation is localized in two subparallel ENE striking lodes named the Meknès and Sidi Addi 

Trends, separated by approximately 500 m (Figure 3-4). The Meknès Trend comprises the largest part 

of the resource. Mineralisation within the Sidi Addi Trend is referred to as the Western Zone. It is 

developed within the tourmaline-silica altered metasediments. Tin mineralisation occurs primarily as 

cassiterite (SnO2 ς S.G 6.8-7.1, 78% Sn) with minor stannite (Cu2FeSnS4). It is relatively pure in 

composition and does not carry significant trace elements (e.g. In, Ga, Ta or Nb). 
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Figure 3-4 Mineralised zones of the Achmmach deposit 

Deformation includes repeated folding, faulting and intrusion by suites of igneous sills. Folding 

produced a moderate to steeply dipping WNW S0 fabric and large parasitic folding. Fold hinges are 

sheared and thrusted to the ESE along the axial planar cleavages. Milky quartz veins, syntectonic with 

axial planar cleavages are present through the hinge regions of these folds. There is a pervasive fabric 

produced by an EW ς WSW striking fracture cleavage, thought to have developed during 

transpressional shearing. This fabric controls the tourmaline alteration and therefore the distribution 

of tin mineralisation. 

Host rocks at Achmmach have undergone extensive hydrothermal alteration, interpreted to be 

associated with buried granitic intrusions. Two types of structurally controlled alteration occur: 

¶ Quartz-Sericite-Chlorite+/-Pyrite-This is a pervasive, early alteration assemblage that has 

developed preferentially along faults, cleavages and shear zones. 

¶ Tourmaline-Silica Alteration-This alteration is associated with mineralisation and defines the 

Meknès and Sidi Addi Trends. These extend for almost 2 km in an ENE direction. The tourmaline 

alteration, as mentioned, has developed along the EW fracture cleavage but also occupies shear 

zones, fold hinges, bedding planes and produces fluid-assisted (hydraulic) breccias. 

Tin mineralisation at Achmmach occurs as cassiterite in quartz-cassiterite veinlets and stringers, and 

as disseminations. The veinlets and stringers are commonly narrow, up to a few millimetres thick. 

Thicknesses up to a few centimetres occur locally. The host rocks were altered by black tourmaline 

and white quartz before the introduction of cassiterite. This presents as disseminations in black 

tourmaline and as infill to some breccias. 

Taylor (2009) suggested a paragenesis, the stages of which most relevant to the tin mineralisation are: 
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¶ tourmaline II and Quartz II occur together and rock containing moderate to strong Tourmaline II 

mineralisation is host to the tin mineralisation 

¶ quartz-cassiterite ± arsenopyrite, pyrite and chlorite mineralisation contain the tin. 

Atlas Tin geologists have noted a general relationship between tin grades and the mode of occurrence 

of cassiterite as outlined in Table 3-1 below. 

Table 3-1 Cassiterite occurrence at Achmmach 

Grade Range Modes of Occurrence of Cassiterite 

Up to about 0.5% Sn quartz-cassiterite +/- sulphide stringers and veinlets not necessarily in 
tourmaline and 
quartz-cassiterite stringers and veinlets in tourmaline 

About 0.5% to about 
2% Sn 

as above plus disseminated cassiterite in the interstices of tourmaline 

Over about 2% Sn as above plus wider and higher-grade quartz-cassiterite veinlets and veins or 
cassiterite as infill matrix of breccia 

The mineralised zones occur in discrete envelopes over a strike length exceeding 1.6 km. Close-spaced 

drilling has identified east-west striking sub-vertical tourmaline envelopes described as feeders and 

gently to steeply north dipping branches. The tourmaline envelopes have been defined by drilling over 

a vertical interval of approximately 600 m. The envelopes range from a few metres to over 30 m thick 

and appear to be relatively continuous in plan, reflecting the continuity of the tourmaline alteration 

mapped at the surface. 

The occurrence and spatial distribution of the cassiterite veinlets in the mineralised envelopes dictates 

the distribution of tin. The main features of the tin mineralisation shown in Figure 3-5 are described 

as follows: 

¶ The mineralised envelopes are primarily tourmaline. The envelopes contain the bulk of the tin in 

the form of quartz-cassiterite veinlets. As with other hydrothermal tin deposits, leakage of tin 

occurs beyond the envelopes. 

¶ Quartz-cassiterite veinlets are not ubiquitous in tourmaline envelopes. There are parts of the 

envelopes that are not mineralised with tin. The current geological interpretation does not 

include any constraint on the location of tin within the envelopes. 

¶ The quartz-cassiterite veinlets are steeply dipping, while the mineralised envelopes are 

moderate to steeply dipping. 
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Figure 3-5 View west of the Achmmach geological model sliced at 2450m E (local grid). 

Mineralisation occurs as vein, veinlets and disseminations in acicular tourmaline. High grade 

mineralisation is associated with stockwork arrays, high density sheeted veins and hydraulic breccias. 

The mineralisation is developed predominantly within the intense tourmaline-silica altered meta-

sediments commonly referred to as lodes. It occurs mostly as veinlets, and centimetre wide veins. 

Disseminations within the acicular Tourmaline II or the porous sandstone beds are locally important. 

High grade ore shoots are normally associated with dense fracture / stockwork arrays, bigger and high 

frequency sheeted veins of up to several centimetres in thickness, and hydraulic breccias as shown in 

Figure 3-6 and Figure 3-7. 
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Figure 3-6 Black Tourmaline II ςquartz alteration and Milky Quartz I 

 

Figure 3-7 Fine grained cassiterite (brownish) as vein infill and dissemination along the edges with late stage 
cross cutting carbonates (whitish) veins 

It appears that the main stages of mineralisation are superimposed on one another (telescoping 

effect) and as such, no obvious zonation is apparent. 
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3.6 Data Acquisition 

3.6.1 History 

The Achmmach tin deposit was first discovered by the Moroccan National Office for Mineral 

Exploration (BRPM) in 1985 by following stream sediment anomalies. In the ŜŀǊƭȅ мффлΩǎ, BRPM 

conducted several reconnaissance programs such as soil sampling, rock chip sampling (trenching), 

surface mapping (1:25000 scale) as well as a gravity survey. By late 1992, diamond drilling had 

commenced on targets defined by the early exploration work. Drilling was completed in 2000 with a 

total of 29 holes for 13,405 m drilled over the initial 1.6 km strike length of Achmmach. An 85 m deep 

exploration shaft (to the 890 mRL) and 227 m of strike development was mined to obtain bulk samples 

for metallurgical testwork. Three diamond holes were drilled from underground totalling 853 m. 

In 2002, BRPM produced a resource estimate of 9.57 Mt at 1.09% Sn for a total of 104,000 t of 

contained metal (0.5%SN cut-off). This was based on 150 m drill spacing. Table 3-2 outlines the work 

produced by BRPM. 

Table 3-2 BRPM Achmmach exploration summary 

Drillhole 
series 

Company explanation Type of 
drilling 

Start 
date 

End 
date 

No of 
holes 

Max 
Depth 
(m) 

Total 
(m) 

S01-02, 
S04-11 

BRPM ς Northern Zone test 
drilling, 50 m space grid 

DD 12/1991 10/1993 10 635 3,907 

S03, S23 BRPM ς structural holes, 
deep target 

DD 04/1992 06/1996 2 1,083 1,807 

S12-22, 
S24-29 

BRPM ς Meknès  Zone test 
drilling, wide space 150 m 
grid 

DD 03/1993 07/1997 17 588 7,690 

SF1-3 BRPM ς underground holes DD 06/1997 10/1997 3 329 852 

Total     32  14,257 

 

In 2006, Kasbah Resources Ltd entered into an agreement with the Moroccan National Office for 

Hydrocarbons and Mining (ONHYM) to further test the tin potential of the prospect. The works 

included: 

¶ surface mapping to 1:1000 

¶ soil sampling at 160 m x 80 m grid (1,218 samples) 

¶ rock chip sampling (447 samples) 

¶ ground magnetic surveys in 2008 and 2009 

¶ diamond drilling in 2007 comprising 292 holes drilled for approximately 105,000 m (Table 3-3) 

¶ paragenetic studies in 2008, 2009 and 2012 

¶ structural studies on oriented core in 2009, 2010, 2011 and desktop work in 2012 

¶ PhD research on mineralisation textures, fluid inclusions and model of emplacement. 
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Table 3-3 Kasbah exploration history (DFS 2014) 

Company description Type of 
drilling 

Start 
date 

End date No of 
holes 

Max 
depth 
(m) 

Total (m) 

Early Eastern Zone test drilling DD Nov-07 Apr-08 17 465 4,192 

Meknès  Resource Drilling DD Apr-08 Mar-13 66 591 25,784 

Fez Zone, lateral lode continuity and 
NS high strain zone testing 

DD Jan-11 Jun-12 10 524 3,979 

άDŀǇέ ½ƻƴŜ ǊŜǎƻǳǊŎŜ ŘǊƛƭƭƛƴƎΣ ул ŀƴŘ 
40 m infill 

DD Mar-11 Jul-12 59 570 24,783 

Meknès  Eastern Zone resource 
drilling, 40 m spaced sections 

DD May-12 Apr-13 61 629 25,579 

άDŀǇέ ½ƻƴŜ ǊŜǎƻǳǊŎŜ ŘǊƛƭƭƛƴƎΣ нл m 
infill 

DD Oct-12 May-13 42 551 16,499 

ά9ŀǎǘŜǊƴ ½ƻƴŜ {Ƙŀƭƭƻǿέ ǊŜǎƻǳǊŎŜ 
drilling 

DD Feb-13 May-13 15 205 2,088 

ά²ŜǎǘŜǊƴ ½ƻƴŜ {Ƙŀƭƭƻǿέ ǊŜǎƻǳǊŎŜ 
drilling 

DD Jun-13 Nov-13 22 136 2,005 

Total       292 3,671 104,910 

 

3.6.2 Drilling  

Meknès Trend 

Approximately 325 diamond holes have been drilled on the Meknès Trend. Of these, 271 holes have 

been used to estimate the mineral resource. This totals to 109,618 m and includes: 

¶ 17 BRPM surface diamond holes for a total of 7,690 m 

¶ 3 BRPM underground diamond holes for a total of 853 m 

¶ 251 Atlas Tin surface diamond holes for a total of 101,075 m. 

Western Zone (Sidi Addi Trend) 

Significantly less work has been conducted on the Sidi Addi Trend (Western Zone) than the Meknès 

Trend. From June 2013 to September 2014, 35 shallow holes were drilled into this area. These were 

used to estimate this portion of the resource. The holes produced HQ sized core and total metres were 

4,550 m. Four holes from this data set were drilled using triple tube HQ3 and were also used for 

geotechnical assessment. 

3.6.3 Meknès Trend 

Analysis of Data Prior to 2008 

Datasets prior to mid-2008 i.e. BRPM holes S01-S29 (1991 ς 1996), SF1 ς SF3 (1997) and Atlas Tin holes 

prefix AD001-AD025 were reviewed in earlier resource estimates. This was done because the 

uncertified standards from the Atlas Tin dataset used in the Reminex laboratory in Morocco showed 

a conditional bias (high). However, check assays (on pulped samples retrieved from Reminex) were 

sent to ALS, in Seville, Spain and showed very good correlation between the two laboratories. The 

check assays on the BRPM data showed a slightly low but inconclusive bias and it is considered that 
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the volume of the newer Atlas Tin drilling will have negated any possible and slight bias in the small 

historic dataset. 

Analysis of Data from 2009 to mid-2010 

Quality control practices for samples submitted from 2009 to mid-2010 included the use of three 

ǳƴŎŜǊǘƛŦƛŜŘ ǎǘŀƴŘŀǊŘǎΦ !ƭǘƘƻǳƎƘ ǘƘŜǎŜ ǿŜǊŜƴΩǘ ŎŜǊǘƛŦƛŜŘ ǘƘŜȅ ǿŜǊŜ ŀǎǎŀȅŜŘ nine times each at the 

²ƘŜŀƭ WŀƴŜ [ŀōƻǊŀǘƻǊȅ ƛƴ /ƻǊƴǿŀƭƭ ƛƴ 9ƴƎƭŀƴŘ ǘƻ ȅƛŜƭŘ ŀƴ ΨŀŎŎŜǇǘŜŘΩ ǾŀƭǳŜΦ ¢ƘŜ ǾŀƭǳŜ ǿŀǎ ǾŜǊƛŦƛŜŘ ōȅ 

laboratories in both Australia and Morocco. The data was independently reviewed confirmation that 

the results were not biased and are reliable for use in the mineral resource estimate. The assay 

laboratory used during this period was ALS in Seville, Spain, with some additional work at ALS in Perth, 

Australia. 

Analysis of Data from mid-2010 ς mid 2012 

Additional QAQC practices introduced during this period include the submission of blanks, lab repeats 

and check samples as well as three /ŜǊǘƛŦƛŜŘ wŜŦŜǊŜƴŎŜ aŀǘŜǊƛŀƭǎ ό/waΩǎύΦ ¢ƘŜ ǘƘǊŜŜ /waΩǎ ŀǊŜ ǎƘƻǿƴ 

in Table 3-4 below and are sourced from Ore Research and Exploration (ORE) in Melbourne, Australia. 

These are representative of varying orebody grades i.e. low, medium and high grade. The standards 

are certified for an additional nine elements. Previous authors have reviewed the data from this period 

and confirmed that it was satisfactory and acceptable for use in the mineral resource estimate. The 

assay laboratory used during this period was ALS in Seville, Spain, or ALS in Kirkenes, Norway with 

some additional work done at ALS in Perth, Australia. 

Table 3-4 Certified values and confidence limits for Sn standards 

Name Certified 
Value 

Standard 
Deviation 

1SD 
Low 

1SD 
High 

2SD 
Low 

2SD 
High 

3SD 
Low 

3SD 
High 

OREAS 140 0.1777 0.0042 0.1735 0.1819 0.1693 0.1861 0.1651 0.1903 

OREAS 141 0.6312 0.0259 0.6053 0.6571 0.5794 0.683 0.5535 0.7089 

OREAS 142 1.08 0.04 1.04 1.12 1.00 1.16 0.96 1.2 

 

Analysis of Data from 2012 

In June 2012, the assaying was switched from the ALS laboratories in Spain and Norway to the ALS 

laboratory in Loughrea, Ireland.  

Standards 

To test for accuracy during this period, a standard sample was introduced after 20 regular samples. 

Control charts for the three standards are located below in Figure 3-8 to Figure 3-10. The control chart 

for OREAS 140 (low grade standard) shows no bias and data mainly falls within expected ranges. 

However, the control charts for the other two standards highlights a small conditional bias with both 

of the higher-grade assays returning lower than expected results. The majority of assays from 

OREAS141 returned values 0.024% Sn lower than the certified value whereas OREAS142, the highest 

grade value consistently returned values 0.04% Sn lower than the certified value. 
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Figure 3-8 Results for Standard OREAS 140 

 

 

Figure 3-9 Results for standard OREAS 141 
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Figure 3-10 Results for standard OREAS 142 

Blanks 

From May 2011 onwards, blanks were routinely inserted into all exploration programs at a rate of one 

blank per 50 samples. The blanks are locally sourced barren quartzite.  

 

Figure 3-11 Results for blanks control chart 
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For this data period the blanks demonstrated an acceptable level of contamination with isolated and 

low grade events (Figure 3-11). 

Duplicates 

To test the precision of the assay data, two types of sample duplicates were conducted routinely from 

the beginning of 2010.  

The first duplicate is a coarse crush duplicate, collected during the on-site crushing stage. This test 

determines the precision of the site sample preparation stage of the assaying process. The second 

type of duplicate was a pulp repeat, assayed at the same time as the original sample. This checks the 

analytical precision. This is displayed in the following scatterplots and precision charts for both types 

of pulp repeats and coarse crush duplicates (Figure 3-12 to Figure 3-15). 

 

Figure 3-12 Scatterplot Sn original vs. pulp repeat 
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Figure 3-13 Sn repeat precision chart 

The charts show that for the pulp repeats the correlation between the original and repeat assay are 

strong, indicating that the analytical precision is sufficient.  
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Figure 3-14 Scatterplot Sn original vs. coarse crush duplicate 

 

Figure 3-15 Sn original vs. coarse crush duplicate precision chart 
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The charts for the coarse crush duplicates are not as precise as the pulp duplicates. This is because the 

point in the sampling chain has a significant effect on the precision that can be expected. By reducing 

the particle size of the material, the variability between the repeat samples is reduced. That said, the 

magnitude of the error is small and the data is acceptable and importantly, shows no bias.  

3.6.4 Umpire Laboratory Checks 

To test the laboratories precision, several sample pulps were sent to an independent umpire 

laboratory (Amdel-Bureau Veritas) in Perth, Western Australia. The charts show a high level of 

correlation indicating the ALS laboratory in Ireland was producing acceptable results (Figure 3-16 and 

Figure 3-17). 

 

Figure 3-16 Umpire laboratory repeat scatterplot 
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Figure 3-17 Umpire lab precision pairs plot (difference vs. mean) 

3.6.5 Western Zone (Sidi Addi Trend) 

Standards 

¢ƘŜ ǎŀƳŜ ǘƘǊŜŜ /waΩǎ ǳǎŜŘ ŦƻǊ ǘƘŜ Meknès Trend were also used to the Western Zone. Standards 

were also inserted at a rate of 1 in 20 samples. Control charts for each oŦ ǘƘŜ /waΩǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ 

below (Figure 11.11 to Figure 11.13). 
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Figure 3-18 Results for Standard OREAS 140 

 

Figure 3-19 Results for Standard OREAS 141 
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Figure 3-20 Results for Standard OREAS 142 

All three CRMs show a very slight low bias, which is more evident in the two higher grade standards 

(Figure 11.11 to Figure 11.13). This may lead to a slightly conservative estimate at these grades.  

Blanks 

Blanks for the Western Zone drilling program were inserted at a rate of 1 in 30 samples. The blank 

material is the same barren quartzite that was used previously for the Meknès Trend (Figure 11.14). 
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Figure 3-21 Blanks Used in Western Zone 

The chart shows some potential very low grade contamination occurs in three holes. The highest spike 

(on the 15/11/13) occurred following a high grade Sn sample (>8%Sn). These pulps were re-assayed 

and similar results ensued. However, the magnitude of the error is very small and unlikely to cause 

significant misclassification or error in resource estimates. 

Duplicates 

The same two types of sample duplicates used for the Meknès Trend were used for the Western Zone. 

The first duplicate is a coarse crush duplicate, collected during the on-site crushing stage. This 

duplicate is used to test the site sample preparation stage of the assay process. The second type of 

duplicate was repeat assay of pulps which tests the analytical stage of the assaying process. 

Scatterplots and precision pairs plots (Figure 3-22 to Figure 3-25) of the data show reasonable 

correlation for both duplicates types with the precision being not as good for the coarse crush 

duplicates. This is due to the cumulative error during the sampling and assaying process. The error is 

very small and is not considered to impact the data quality.  



 

2018 Definitive Feasibility Study Report GEOLOGY AND MINERAL RESOURCES 

 

 

53 ACHMMACH TIN PROJECT 

 

Figure 3-22 Scatterplot Sn original vs. pulp repeat 

 

Figure 3-23 Sn repeat precision chart 
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Figure 3-24 Scatterplot Sn Original vs. Coarse Crush Duplicate 

 

Figure 3-25 Sn Original vs. coarse crush duplicate precision chart 
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3.6.6 Downhole and Collar Surveys 

All drill holes have been downhole surveyed. However, the method and therefore accuracy for the S 

and SF prefix holes drilled from 1991 ς 1997 by BRPM is unknown. The AD prefix holes drilled by 

Kasbah (after 2007) used either multi shot (2007 ς 2008) or single shot (2009-2013) Reflex survey 

instrument. Measurements were taken every 50m prior to 2010 and then at 25m intervals from 2011 

onwards. 

Collar positions for the Kasbah holes were initially set out using a hand held GPS or measured off 

adjacent drillholes. A compass was used to set up the rig azimuth and the dip was set using a 

clinometer. The final collar position was surveyed by a contract surveyor using differential GPS. 

3.6.7 Density 

There is no density data prior to 2010. Initially, density measurements were recorded using physical 

methods with vernier callipers to determine the length and diameter (volume) of a sample of square 

cut core and a digital balance used to determine the mass. Approximately 370 density measurements 

were taken using this method. In December 2011, utilisation of the water immersion technique 

commenced using diamond drill core and approximately 2,700 density measurements have been 

collected. Density is determined by weighing individual pieces of core that represent the sampled 

interval. A subjective decision as to the process used for the determination of the rock density is made 

by the geologist logging the hole. This depends on the weathering, fracturing and apparent porosity. 

Density measurements were taken at approximately 5 ς 10 m intervals downhole in the mineralised 

zone. Certified weights were used to calibrate the scale daily and since most of the core was fresh and 

unweathered there was no need for wax coating to be applied prior to immersion. Both the calliper 

and immersion methods show the average density within the mineralised zones to be 2.89 t/m 3. 

3.7 Data Verification 

A geological borehole information system (GBIS) interface is used to access the SQL database. The 

validity of the database processes used for the Mineral Resource estimate of mineralisation at the 

Achmmach tin deposit has been confirmed via checks for internal consistency and robustness. These 

checks demonstrate that the drill hole data has been adequately validated with satisfactory QA-QC 

analysis and is appropriate for use in the estimation of Measured, Indicated and Inferred Mineral 

Resources which are included in this report. 

3.8 Resource Estimation 

Two separate resource estimates have been compiled, one for the Meknès Trend and the other for 

the Western Zone of the Sidi Addi Trend (Figure 3-26). The work was undertaken by Quantitative 

Group and their report is in Appendix 3A. 
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Figure 3-26 Location of Sidi Addi and Meknès Trends 

3.9 Resource Estimation-Meknès Trend 

3.9.1 Domaining 

Improvements to domaining techniques with progressive resource iterations has led to greater 

statistical homogeneity, producing a resource more amenable to linear estimate techniques such as 

ordinary kriging (OK). Initially domains were based on potassium grades (as a proxy for tourmaline 

alteration e.g., a K2O concentration below 0.26% indicates intense alteration), however more recent 

work has also included Sn grades (a 0.2% Sn bottom cut was used to assist in delineating outlines) in 

the geological interpretation. This effectively means the unmineralised tourmaline breccias are 

excluded from the wireframes. 

Any mineralised material with good continuity that was not captured by the tin-tourmaline 

wireframing (several small continuous splays) was wireframed separately and included in the 

appropriate domain. Table 3-5 shows the numerical domain codes for the tin-tourmaline alteration 

zones. 

Table 3-5 Meknès Trend domain codes 

Domain number Domain Name 

0 Background 

10 Vertical Feeders 

30 Fez 

40 Meknès 

50 Marrakesh 

60 East Zone Deeps 

61 East Zone Shallow 

Domain boundaries are defined as soft (grade interpolation of a block near the boundary is permitted 

from adjacent domains) or hard (grade interpolation of a block near the boundary is permitted only 
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from within the domain from which it belongs). Domain boundary analysis for the Meknès Trend 

showed hard boundaries for all of the tin-tourmaline alteration domain variables. 

3.9.2 Compositing 

Drillhole data and wireframes were imported into Datamine for analysis. Composites were generated 

on 1 m downhole intervals for the purposes of resource estimation. Analysis of raw sample data 

showed that most sample lengths are 1 m. There were a few instances where uncomposited intervals 

were greater than 1 m. Since this was only 56 samples (of 2 m lengths from within the mineralized 

zones) of the 22,416 samples, the impact of re-compositing these to 1 m was considered negligible. 

Some sections within tin-tourmaline altered domains had not been sampled. This is because only 

samples from the sections of drillhole core that register as Sn bearing on the Niton hand-held XRF 

analyser during the sampling process were sent for assay. It is incorrect to label these as null and to 

leave them blank as it is possible for a high grade being estimated in these areas. Therefore, a 

background sample grade of 0.005% Sn was applied. Table 3-6 shows the comparison of Sn grade x 

sample length before and after compositing and demonstrates there was no significant loss of data 

during the compositing process. 

Table 3-6 Sn Accumulations before and after compositing 

 TORDOM Length Sn Accm Sn_Pct (Mean) 

Raw 10 4,229 1,972 0.470 

Composite 10 4,226 1,971 0.466 

Diff %  99.9% 100.0% 99.3% 

Raw 30 2,195 1,233 0.559 

Composite 30 2,193 1,231 0.563 

Diff %  99.9% 99.8% 100.7% 

Raw 40 3,672 2,559 0.704 

Composite 40 3,670 2,557 0.697 

Diff %  99.9% 99.9% 99.1% 

Raw 50 241 126 0.520 

Composite 50 241 126 0.522 

Diff %  99.9% 100.0% 100.2% 

Raw 60 2,238 1,314 0.587 

Composite 60 2,238 1,321 0.590 

Diff %  100.0% 100.5% 100.7% 

Raw 61 760 517 0.714 

Composite 61 758 515 0.673 

Diff %  99.8% 99.7% 94.3% 

Bulk density data was not composited as samples were approximately 10 cm ς 15 cm lengths of core 

and to composite these to 1 m intervals would be meaningless i.e. they are essentially point values. 



 

2018 Definitive Feasibility Study Report GEOLOGY AND MINERAL RESOURCES 

 

 

58 ACHMMACH TIN PROJECT 

3.9.3 Univariate Statistics 

Summary statistics for all domains are shown in Table 3-7. Histograms for Meknès and East Zone 

Deeps are shown below (Figure 3-27). Sn is positively skewed and has some large values. Statistical 

top cuts were therefore applied. Table 3-7 shows the statistics for top cuts. Estimates were run for Sn 

with and without top cuts. Some data values for bulk density were outside acceptable ranges for this 

geological environment. Values above 3.5 t/m 3 or below 2 t/m 3 were rejected. 

Table 3-7 Univariate data statistics 

Domain Variable Count Minimum Maximum Mean Std. Dev. Variance CV 

Vertical Feeders Sn_Pct 4245 0.00 13.65 0.47 0.81 0.66 1.72 

 K_Pct 3706 0.01 5.35 1.17 1.23 1.51 1.05 

 S_Pct 3693 0.01 8.97 0.90 0.85 0.72 0.94 

 Density 882 1.26 4.17 2.90 0.11 0.01 0.04 

Fez Sn_Pct 2210 0.00 10.95 0.56 0.89 0.79 1.59 

 K_Pct 1944 0.01 4.85 1.34 1.10 1.21 0.82 

 S_Pct 1906 0.00 4.95 0.69 0.71 0.50 1.03 

 Density 285 2.38 3.28 2.87 0.10 0.01 0.03 

Meknès Sn_Pct 3703 0.00 13.78 0.70 0.91 0.82 1.30 

 K_Pct 3443 0.01 5.77 0.99 1.13 1.27 1.14 

 S_Pct 3390 0.01 6.75 0.71 0.75 0.56 1.06 

 Density 1059 1.38 4.24 2.89 0.13 0.02 0.04 

Marrakesh Sn_Pct 241 0.02 7.22 0.52 0.86 0.74 1.65 

 K_Pct 241 0.01 4.36 0.74 0.91 0.83 1.23 

 S_Pct 217 0.03 6.78 1.32 0.81 0.66 0.61 

 Density 46 2.80 3.11 2.92 0.05 0.00 0.02 

East Zone Deeps Sn_Pct 2262 0.00 11.90 0.59 0.78 0.61 1.32 

 K_Pct 1951 0.02 4.68 1.27 1.17 1.38 0.92 

 S_Pct 1951 0.01 7.64 1.11 1.08 1.16 0.97 

 Density 569 1.59 5.70 2.90 0.20 0.04 0.07 

East Zone Shallow Sn_Pct 782 0.00 11.35 0.67 1.14 1.29 1.70 

 K_Pct 688 0.04 3.99 1.92 1.09 1.19 0.57 

 S_Pct 688 0.00 9.70 1.53 1.31 1.70 0.86 

 Density 103 2.36 3.44 2.88 0.13 0.02 0.05 

Background Sn_Pct 87314 0.00 2.46 0.05 0.10 0.01 2.00 

 K_Pct 34271 0.01 5.64 2.51 1.12 1.26 0.45 

 S_Pct 34207 0.00 8.82 1.02 0.78 0.61 0.76 

 Density 2498 1.20 4.70 2.82 0.17 0.03 0.06 
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Figure 3-27 Histograms for Sn, K and S, Meknès (left) and East Zone Deeps (right) 
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Table 3-8 Statistics of top-cuts Sn 

Zone  Count Minimum Maximum Mean Std. Dev. Variance CV 

Vertical Feeders 4,245 0 6.5 0.46 0.75 0.56 1.63 

Fez 2,210 0 5.0 0.55 0.78 0.61 1.42 

Meknès 3,703 0 6.5 0.69 0.85 0.72 1.23 

Marrakesh 241 0.02 3.0 0.47 0.56 0.31 1.19 

East Zone 2,262 0 5.0 0.58 0.70 0.49 1.21 

East Zone Shallow 782 0 5.0 0.64 0.92 0.84 1.44 

 

3.9.4 Declustering 

As mentioned previously (Section 3.9.2) the higher-grade parts of mineralisation in the Meknès Trend 

were preferentially sampled. This could skew the estimate of the true grade for a given domain. 

Moving window cell declustering tests were performed for Sn in all domains and found that the 

plotted data stabilises at Step 5 (Figure 3-28) so a 200 m x 100 m x 6 m declustering grid was chosen. 

Statistics for the declustered variables are shown in Table 3-9. 

 

Figure 3-28 Grid declustering for Meknès Zone 
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Table 3-9 Unweighted vs. declustered statistics 

  Tin Potassium Sulphur 

Domain Raw Mean Decl. Mean Raw Mean Decl. Mean Raw Mean Decl. Mean 

Vertical Feeders 0.47 0.37 1.17 1.33 0.90 1.03 

Fez 0.56 0.56 1.34 1.28 0.69 0.67 

Meknès 0.70 0.65 0.99 1.06 0.71 0.76 

Marrakesh 0.52 0.55 0.74 0.86 1.32 1.33 

East Zone 0.59 0.65 1.27 1.29 1.11 1.08 

East Zone Shallow 0.67 0.69 1.92 1.82 1.53 1.58 

 

3.9.5 Variography  

Variography was performed separately on Sn, K and S for each domain except the Marrakesh domain 

which had too few samples to produce meaningful variograms and so the Meknès models were used 

for this domain. Variograms for Sn in each domain were generated using data transformed into the 

Gaussian variable and then back transforming the model into the original data space, except for the 

West Zone Shallow. The Gaussian variograms are shown at the top of the following figures, and the 

back-transformed models at the bottom of the figures (Figure 3-29 to Figure 3-33). 

Downhole experimental variograms were calculated using a lag of 1 m. These were used to determine 

the nugget effect. All experimental variograms were modelling using the nugget effect defined by the 

downhole variograms and two nested spherical models. Variograms for Sn are shown below. The red 

lines are the major direction, green lines the semi major and magenta lines the minor direction. 

 

Figure 3-29 Vertical feeder variography 
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Figure 3-30 Meknès variography 

 

 

Figure 3-31 Fez variography 
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Figure 3-32 East Zone Deeps variography 

 

 

Figure 3-33 East Zone Shallow (non-transformed) variography 

Model parameters for Sn, K and S are shown in Table 3-10, Table 3-11 and Table 3-12 respectively.  

Table 3-10 Model Parameters for Sn 

% Sn Variogram Models 

Domain Isatis Datamine Nugget 
(C0) 

Nugget 
(as %) 

Range Sill Sill Structure 

Math 
Rot. 

Rot. 
(3,2,1) 

Major Semi Minor (as %) 

Vertical 
Feeders 

0,0,90 0,0,-90 0.167 40.70% 40 20 8 0.142 34.60% 1 

120 100 35 0.101 24.60% 2 

Fez -90,-
30,0 

90,30,0 0.355 56.20% 25 25 13 0.215 34.00% 1 

70 70 20 0.062 9.80% 2 

Meknès 20,0,-
30 

-20,0,30 0.6 92.30% 10 10 14 0.02 3.10% 1 

75 40 20 0.03 4.60% 2 

East Zone 
Deeps 

-70,-
40,0 

70,40,0 0.5 84.70% 16 20 7 0.01 1.70% 1 

280 280 150 0.08 13.60% 2 

70,40,0 0.35 61.20% 20 10 4 0.13 23.10% 1 
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East Zone 
Shallow 

-70,-
40,0 

200 125 9 0.09 15.70% 2 

Background 20,0,-
60 

-20,0,60 0.008 45.50% 140 40 25 0.0045 25.60% 1 

550 150 210 0.0051 29.00% 2 

 

Table 3-11 Model Parameters for K 

K % Variogram Models 

Domain Isatis Datamine Nugget 
(C0) 

Nugget 
(as %) 

Range Sill Sill Structure 

Math 
Rot. 

Rot. 
(3,2,1) 

Major Semi Minor (as %) 

Vertical Feeders 0,0,90 0,0,-90 0.23 15.20% 5 3 3 0.5 33.10% 1 

50 35 20 0.78 51.70% 2 

Fez 0,0,-50 0,0,50 0.4 33.10% 9 9 7 0.65 53.70% 1 

35 35 15 0.16 13.20% 2 

Meknès 0,0,-60 0,0,60 0.4 31.50% 10 10 10 0.55 43.30% 1 

130 130 20 0.32 25.20% 2 

East Zone -90,-
40,0 

90,40,0 0.3 21.70% 20 35 6 0.66 47.80% 1 

165 100 30 0.42 30.40% 2 

East Zone Shallow -90,-
40,0 

90,40,0 0.44 36.70% 60 30 6 0.5 41.70% 1 

120 100 70 0.26 21.70% 2 

Background 0,0,-60 0,0,60 0.4 36.40% 14 14 8 0.44 40.00% 1 

90 90 80 0.26 23.60% 2 

 

Table 3-12 Model Parameters for S 

S % Variogram Models 

Domain Isatis Datamine Nugget 
(C0) 

Nugget 
(as %) 

Range Sill Sill Structure 

Math 
Rot. 

Rot. 
(3,2,1) 

Major Semi Minor (as %) 

Vertical Feeders 0,0,90 0,0,-90 0.17 23.80% 35 150 15 0.18 25.20% 1 

500 175 20 0.365 51.00% 2 

Fez 0,0,-
50 

0,0,50 0.1 20.10% 10 10 7 0.14 28.10% 1 

100 100 40 0.258 51.80% 2 

Meknès -
10,0,-

50 

10,0,50 0.1 17.70% 25 5 6 0.22 38.90% 1 

80 60 25 0.245 43.40% 2 

East Zone 0,0,-
40 

0,0,40 0.25 21.30% 20 20 10 0.53 45.10% 1 

380 380 60 0.4 33.60% 2 

East Zone Shallow 0,0,-
40 

0,0,40 0.58 37.20% 40 30 9 0.44 28.20% 1 

150 100 16 0.54 34.60% 2 

Background 0,0,-
60 

0,0,60 0.2 32.30% 50 40 20 0.28 45.20% 1 

440 150 250 0.14 22.60% 2 
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3.9.6 Bulk Density Variography  

Variograms for bulk density were generated for all mineralised domains (Figure 3-34). Model and 

model parameters are shown below (Table 3-13).  

Table 3-13 Model Parameters for Bulk Density 

Density Variogram Model 

Domain Isatis Datamine Nugget Nugget Range Sill Sill Structure 

Math 
Rot. 

Rot. 
(3,2,1) 

(C0) (as %) Major Semi Minor 
 

(as %) 
 

Mineralised Zones 0,0,-
30 

  

0,0,30 
  

0.0045 43.6% 
  

15 15 14 0.0014 13.2% 1 

60 60 30 0.0045 43.2% 2 

Background 0,0,-
30 

  

0,0,30 
  

0.008 
  

37.0% 
  

60 60 30 0.007 32.4% 1 

600 600 40 0.0066 30.6% 2 

 

 

Figure 3-34 Bulk density variography 

3.9.7 OK Estimation 

Model  

A volume block model was constructed in Datamine using the details in Table 3-14. Datamine 

convention has the origin as the lowermost south west corner of the first block. The horizontal parent 

block size is approximately half of the drill spacing for most of the deposit, except for the centre of the 

Meknès Zone where the drill spacing is closer. Block model volumes per domain were compared with 

wireframe volumes to check for consistence and were satisfactory. 

Table 3-14 Block model details 

  Model 
Origin 

Block Size 
(m) 

Number 
of Blocks 

Model 
Limit 

Min. sub-cell 

Easting (X) 1,800 20 90 3,600 5 

Northing (Y) 49,700 20 35 50,400 2.5 

RL (Z) 500 5 150 1,250 2.5 
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Neighbourhood Analysis 

Quantitative kriging neighbourhood analysis was conducted to optimise search criteria. Ten test 

estimates were run in the Meknès Zone that used 5, 10, 15, 20, 25, 30, 40, 60, 100, 200 as the 

maximum number of samples. Results for the >30 showed over smoothing and < 15 were patchy. 

Therefore, the maximum number of samples chosen was in between these two values. The following 

tables summarise the chosen parameters of the search neighbourhoods for Sn and density (Table 3-15 

and Table 3-16). 

Table 3-15 Sn search parameters 

% Sn Search Parameters 

Domain Major Range 
Semi 

Minor No. of 
Samples 

Octants 
Used? 

Max. Samp per 
hole 

Disc. 

Min. Max. 
 

Vertical Feeders 100 80 30 5 15 N N/A 5x5x3 

Fez 70 70 20 5 15 N N/A 5x5x3 

Meknès 75 40 20 5 15 N N/A 5x5x3 

East Zone 200 200 125 5 15 N N/A 5x5x3 

East Zone 
Shallow 

150 100 10 5 15 N N/A 5x5x3 

Background 50 50 25 5 15 N N/A 5x5x3 

 

Table 3-16 Density search parameters 

Density t/m3 Search Parameters 

Domain   Range   No. of Samples Octants Used? Max. Samp per hole Disc. 

Major Semi Minor Min. Max.   

Minl. Zones 60 60 30 10 20 N N/A 5x5x3 

Background 300 300 40 10 20 N N/A 5x5x3 

 

Dynamic Anisotropy 

A dynamic search feature within Datamine allows the geometry of the search ellipse to be defined 

separately for each block. This is an advantage where the average dip and dip direction does not 

honour the local grade geometry. The wireframe triangles were used to estimate local dip and dip 

direction (user set tolerances mitigate the risk of generating invalid points), and these points were 

then used to define the geometry of the mineralized structures. These were treated as variables and 

during the estimation process, the search ellipse and variogram orientations were rotated individually 

for each block. 

Estimation 

Estimation was completed using ordinary kriging utilising the parameters defined in the sections 

above. A second estimation pass utilising a larger search ellipse (twice the initial search distance) was 

run if blocks remained unfilled after the first pass. Table 3-17 shows the blocks estimate by each pass.  
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Table 3-17 Search passes used for Sn 

Pass Number 1 2 Not Estimated 
 

BCM % Filled BCM % Filled BCM % Filled 

Vertical Feeders 5,289,125 91% 521,875 9% 15,438 0% 

Fez 797,594 100% 2,156 0% 0 0% 

Meknès 2,343,719 99% 33,094 1% 0 0% 

Marrakesh 428,344 98% 10,627 2% 125 0% 

East Zone Deeps 2,960,000 100% 0 0% 0 0% 

East Zone Shallow 457,156 100% 312 0% 0 0% 

Total 12,275,938 95% 568,063 4% 15,563 0% 

 

Most blocks were filled on the first pass. The large number of vertical feeder blocks unfilled by the 

first pass was due to these extending at depth away from drilling. Blocks not filled on the second pass 

were assigned default values of 0.3% Sn for Vertical Feeders and 0.2%Sn for Marrakesh. Default values 

of 1% K and 0.7%S were also applied in unfilled blocks in the Vertical Feeders domain. 

A large number of blocks, distal to drilling, in the background domain remained un-estimated. These 

were assigned values according to known mineralogical occurrences. (I.e. 0.005% Sn, 2.5% K and 0.2% 

S above the 950mRL and 0.7% S below it). Default values for bulk density included 2.85t/m3 for the 

vertical feeders and 2.80t/m3 for the background. 

Validation 

Model validation included performing a nearest neighbour estimate in additional to kriging to identify 

any bias, comparing model grade to sample grades spatially (i.e., on-screen in 3D) and statistical 

analysis of composite data compared to model data (see Table 3-18 below). All estimates behaved as 

expected (kriging produced smoother results and no bias was detected) and validation demonstrates 

that the estimate was satisfactory. Swath plots for the Meknès Zone domain are included below. 

Swath plots for other domains are seen in Figure 3-35 and Figure 3-36.  

Table 3-18 Composite vs. model means for mineralized domains 

Tin 

Domain Raw Mean Decl. Mean Model %Diff. 

Vertical Feeders 0.47 0.37 0.37 99.8% 

Fez 0.56 0.56 0.59 104.8% 

Meknès 0.70 0.65 0.66 101.6% 

Marrakesh 0.52 0.55 0.57 103.4% 

East Zone Deeps 0.59 0.65 0.58 89.7% 

East Zone Shallow 0.67 0.69 0.71 102.8% 
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Potassium 

Domain Raw Mean Decl. Mean Model %Diff. 

Vertical Feeders 1.17 1.33 1.31 98.8% 

Fez 1.34 1.28 1.34 104.3% 

Meknès 0.99 1.06 0.95 89.3% 

Marrakesh 0.74 0.86 0.79 91.3% 

East Zone Deeps 1.27 1.29 1.22 94.8% 

East Zone Shallow 1.92 1.82 1.82 100.2% 

 

Sulphur 

Domain Raw Mean Decl. Mean Model %Diff. 

Vertical Feeders 0.900 1.030 0.99 96.3% 

Fez 0.690 0.670 0.73 109.6% 

Meknès 0.710 0.760 0.77 101.0% 

Marrakesh 1.320 1.330 1.45 109.4% 

East Zone Deeps 1.110 1.080 1.13 104.3% 

East Zone Shallow 1.530 1.580 1.58 99.8% 

 

 

Figure 3-35 Swath Plot for Meknès Zone by Easting 
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Figure 3-36 Swath Plot for Meknès Zone by RL 

3.10 Resource Estimation-Western Zone (Sidi Addi Trend) 

3.10.1 Domaining 

A tin grade of approximately 0.4% Sn was used to generate the wireframes. The Main Zone dips to the 

NNW at 60° and the Branches average about 45° in the same direction. Three domains were 

recognized and are presented in Table 3-19. 

Table 3-19 Western Zone domain codes 

Domain Code (TORDOM) Domain Name 

0 Background 

70 Main Zone 

75 Branches 

 

Analysis of domain boundaries showed that the use of hard boundaries is appropriate for all variables 

(Sn, K and S) for this model. 

3.10.2 Compositing 

Drillholes were composited to 1m intervals using Datamine software, with an allowable minimum 

composite of 0.25m. Table 3-20 shows that the tin accumulations before and after compositing are 

acceptable with no significant loss of metal content. As for the Meknès Trend, bulk density data for 

the Western Zone was not composited. 
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Table 3-20 Sn Accumulations before and after compositing 

 Zone Length Sn Accm % Sn (mean) 

Raw Main 137.3 181 1.49 

Composite 136.7 180 1.36 

Difference 99.6% 99.6% 91.3% 

Raw Branches 161.4 127 0.813 

Composite 160.2 126 0.806 

Difference 99.2% 99.2% 99.1% 

 

3.10.3 Univariate Statistics 

Summary statistics are shown below in Table 3-21 and histograms are shows in Figure 3-37. Tin is 

positively skewed with some high data values. Top-cuts were applied to Sn only. These were 5.5% Sn 

for the Main Zone and 1% Sn for the Branches. Bulk density data was reviewed and found to be within 

acceptable limits. 

 

Table 3-21 Univariate Data Statistics 

Domain Variable Count Minimum Maximum Mean Std. 
Dev. 

Variance CV 

Main Zone % Sn 141 0.043 11.60 1.37 1.47 2.16 1.08 

 % K 141 0.030 3.54 0.46 0.63 0.40 1.37 

 % S 141 0.005 4.77 0.15 0.48 0.23 3.32 

 Density 80 2.280 3.37 2.82 0.14 0.02 0.05 

Branch Zone % Sn 163 0.014 4.48 0.81 0.67 0.45 0.83 

 % K 163 0.030 3.57 0.83 0.73 0.54 0.89 

 % S 163 0.005 3.70 0.20 0.47 0.22 2.35 

 Density 61 2.480 2.91 2.74 0.10 0.01 0.04 

Background % Sn 1553 0.001 1.18 0.11 0.12 0.01 1.09 

 % K 1553 0.030 5.33 1.85 1.09 1.19 0.59 

 % S 1553 0.005 7.55 0.44 0.68 0.47 1.57 

 Density 193 2.260 3.36 2.71 0.15 0.02 0.05 
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Figure 3-37 Histograms for Sn, K and S for Main Zone (left) and Branches (right) 

 

3.10.4 Declustering 

Moving window cell declustering tests were performed by Job (2014) using a 50 mx50 m x 2.5 m 

declustering grid for the Main Zone, a 40 m x 40 m x 10 m grid for the Branches. Declustered statistics 

are presented in Table 3-22. 
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Table 3-22 Declustered Statistics 

Domain Variable Count Minimum Maximum Mean Std. 
Dev. 

Variance CV 

Main Zone Sn_Pct 141 0.04 11.60 1.34 1.38 1.90 1.03 

 K_Pct 141 0.03 3.54 0.45 0.61 0.37 1.34 

 S_Pct 141 0.01 4.77 0.14 0.46 0.22 3.22 

Branch Zone Sn_Pct 163 0.014 4.48 0.90 0.67 0.44 0.74 

 K_Pct 163 0.030 3.57 0.93 0.77 0.59 0.83 

 S_Pct 163 0.005 3.70 0.26 0.52 0.27 2.21 

3.10.5 Variography 

Despite the small sample population, relatively good variograms could be constructed in the plane of 

mineralisation and across strike. Downhole variograms were generated and used to determine the 

nugget effect. Variograms and model parameters are included below (Figure 3-38 to Figure 3-40 and 

Table 3-23 to Table 3-25). 

 

Figure 3-38 Main Zone Variography 

 

Figure 3-39 Branches Variography 
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Figure 3-40 Background Variography 

 

Table 3-23 Model Parameters for Sn 

S % Variogram Models 

Domain Isatis Datamine Nugget 
(C0) 

Nugget 
(as %) 

Range Sill Sill Structure 

Math Rot. Rot. 
(3,1,3) 

Major Semi Minor (as %) 

Main Zone лΣлΣπсл 0,60,0 0.5 53.2% 20 20 2 0.09 9.60% 1 

45 45 10 0.35 37.20% 2 

Branches лΣлΣπпр 0,45,0 0.58 37.2% 6 6 6 0.057 18.90% 1 

32 32 8 0.094 31.20% 2 

Background 0,0,-60 0,60,0 0.005 40.3% 7 7 3 0.0044 35.50% 1 

32 32 23 0.003 24.20% 2 

 

Table 3-24 Model Parameters for K 

K % Variogram Models 

Domain Isatis Datamine Nugget 
(C0) 

Nugget 
(as %) 

Range Sill Sill Structure 

Math Rot. Rot. (3,1,3)  Major Semi Minor (as %) 

Main Zone лΣлΣπсл 0,60,0 0.08 33.5% 5 5 3 0.124 51.9% 1 

55 55 8 0.035 14.6% 2 

Branches лΣлΣπпр 0,45,0 0.07 20.1% 5 5 8 0.143 41.1% 1 

34 34 15 0.135 38.8% 2 

Background 0,0,-60 0,60,0 0.25 22.3% 9 9 2 0.256 22.8% 1 

45 30 14 0.615 54.9% 2 

 

 

 

Table 3-25 Model Parameters for S 
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% Sn Variogram Models 

Domain Isatis Datamine Nugget 
(C0) 

Nugget 
(as %) 

Range Sill Sill Structure 

Math Rot. Rot. (3,1,3)  Major Semi Minor (as %) 

Main Zone лΣлΣπсл 0,60,0 0.01 32.3% 5 5 2 0.0064 20.6% 1 

32 32 5 0.0146 47.1% 2 

Branches лΣлΣπпр 0,45,0 0.015 17.6% 80 80 35 0.07 82.4% 1 

2 

Background 0,0,-60 0,60,0 0.05 13.7% 9 9 2 0.038 10.4% 1 

185 185 75 0.278 76.0% 2 

 

3.10.6 Bulk Density Variography 

Bulk density data produced reasonable variograms shown below with the model parameters (Figure 

3-41 and Table 3-26).  

Table 3-26 Model parameters for bulk density 

Density Variogram Model 

Domain Isatis Datamine Nugget Nugget Range Sill Sill Structure 

Math Rot. Rot. (3,2,1)  (C0) (as %) Major Semi Minor   (as %)   

Mineralised 
Zones 

0,0,-60 
  

0,60,0 
  

0.003 22.4% 
  

13 13 12 0.0046 34.3% 1 

36 36 34 0.0058 43.3% 2 

Background 0,0,-60 
  

0,60,0 
  

0.004 
  

22.9% 
  

15 15 15 0.0039 22.3% 1 

36 36 25 0.0096 54.9% 2 

 

 

Figure 3-41 Bulk density variography 
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3.10.7 Ordinary Kriging Estimation 

Model 

A volume block model was generated in Datamine. Details are shown in Table 3-27. The horizontal 

parent block size is approximately half to one-third of the drill spacing. A comparison of wireframe 

versus block model volumes shows that the constructed block model is similar volumetrically. 

Table 3-27 Block model details 

  Model Origin Block Size (m) Number of 
Blocks 

Model Limit Min. sub-cell 

Easting (X) 1,400 10 55 1,950 2 

Northing (Y) 50,150 10 40 50,550 2 

RL (Z) 800 5 80 1,200 1 

 

Neighbourhood Analysis 

Search parameters derived from Quantitative Kriging Neighbourhood Analysis (QKNA) for Sn and bulk 

density are shown in the tables below (Table 3-28 and Table 3-29). 

Table 3-28 Sn search parameters 

% Sn Search Parameters 

Domain 
 

Range 
 

No. of 
Samples 

Octants Used? Max. Samp per 
hole 

Disc. 

Major Semi Minor Min. Ma
x. 

 

Main Zone 40 40 10 8 20 N N/A 5x5x5 

Branches 30 30 7 8 20 N N/A 5x5x5 

Background 30 30 20 8 20 N N/A 5x5x5 

 

Table 3-29 Bulk density search parameters 

Density t/m3 Search Parameters 
Domain   Range   No. of Samples Octants Used? Max. Samp per 

hole 
Disc. 

Major Semi Minor Min. Max.   

Mineralised Zones 35 35 35 8 20 N N/A 5x5x5 

Background 35 35 25 8 20 N N/A 5x5x5 

 

Estimate 

Estimation was completed using ordinary kriging utilising the parameters defined in the sections 

above. Consecutive estimation passes utilising larger search ellipses (2nd Pass was twice the initial 

search distance, 3rd pass was 4 times the search distance) were required as blocks remained un-

estimated. Table 3-30 shows the block estimate percentages by each pass. 
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Table 3-30 Search passes for Sn 

Pass Number 1 2 3 
 

BCM % Filled BCM % Filled BCM % Filled 

Main Zone 81,380 91.10% 7,936 8.90% 28 0.0% 

Branches 13,352 31.20% 26,188 61.10% 3,288 7.7% 

 

Default values of 0.005% Sn and, 2% K and 0.1% S and 2.65t/m3 for bulk density were applied to distal 

blocks in the Background domain that remained unfilled. 

Validation 

Block model validation included: performing a nearest neighbour estimate in additional to kriging to 

identify any bias; comparing model grade to sample grades spatially and statistical analysis of 

composite data compared to model data. All data behaved as expected (kriging produced smoother 

results and no bias was detected) and validation demonstrated that the estimate was satisfactory. 

Swath plots for Sn in both mineralized domains are included below (Figure 3-42 to Figure 3-45). 

 

Figure 3-42 Swath plot main zone by easting 
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Figure 3-43 Swath plot main zone by RL 

 

Figure 3-44 Swath plot branches by easting 
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Figure 3-45 Swath plot branches by RL 

3.11 Mineral Resource Classification 

The classification of the resource estimate was based on the flowing parameters: 

¶ data quality and quantity 

¶ spatial continuity of Sn mineralisation  

¶ geological interpretation and domaining 

¶ data spacing of drill intersects  

¶ previous classification of the resource estimate 

¶ search pass data. 

Diamond drill spacing ranges between 20 m ς 40 m spacing. All areas were well sampled, logged and 

assayed. Domaining is appropriate and robust. Interpretations are not over-extrapolated (20 m up and 

down dip and 20 m ς 40 m along strike depending on the drill spacing). 

Therefore, areas in the core of the Meknès Zone and Vertical Feeders, where the drill spacing is 20 m 

and continuity of grade is consistent along strike, are classified Measured. The remainder of the 

deposit with drill spacing between 30 m ς 40 m is classified as Indicated.  

3.12 Mineral Resource Reporting 

The mineral resource is reported to a cut-off grade of 0.5% Sn for both Meknès Trend and Western 

Zone.  
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3.12.1 Meknès Trend 

The reported Mineral Resource at a cut-off is 0.5% Sn for the underground component for both 

Meknès Trend and Western Zone is shown in Table 3-31 below. 

Table 3-31 Meknès Trend Mineral Resource 

Classification MTonnes Sn% Sn (kt) 

Measured 1.6 1.00 16.1 

Indicated  13.0 0.80 107.0 

Inferred - - - 

Total 14.6 0.85 123.1 

The Sn grade in both these tables has been rounded to the nearest 0.05% Sn.  

The grade tonnage curve for all reportable resource categories is shown below (Figure 3-46). 

 

Figure 3-46 Grade tonnage curve for Meknès Trend 

3.12.2 Western Zone (Sidi Addi Trend) 

Table 3-32 shows total resource for the Western Zone, the grade tonnage curve is shown in Figure 

3-47 below. 

Table 3-32 Total Western Zone Resource 

Classification kTonnes Sn% Sn (kt) 

Measured - - - 

Indicated  340 1.25 4.2 

Inferred - - - 

Total 340 1.25 4.2 
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The Sn grade in this table has been rounded to the nearest 0.05% Sn.  

 

Figure 3-47 Grade tonnage curve for Western Zone 

3.12.3 Total Combined Achmmach Tin Resource 

The total combined Mineral Resource for the Achmmach Tin Project is presented in Table 3-33. 

Table 3-33 Total Combined Mineral Resource ς Achmmach Tin Project 

Classification Mtonnes % Sn kt Sn 

Measured 1.6 1.0 16.1 

Indicated 13.3 0.8 111.2 

Inferred - - - 

Total 14.9 0.85 127.3 

 

3.13 Comparison to Previous Estimates 

3.13.1 Meknès Trend 

Comparison to previous resource estimates is tabulated below (Table 3-34). The earliest model in 

December 2008 used inverse distance estimation methods and all subsequent modelling has used 

ordinary kriging. Cut-off for the earlier resource was quoted about 0.6% Sn whereas all other models 

used a 0.5% Sn cut-off for reporting of mineral resource estimates. Drilling in 2012 led to an increase 

in the global resource for the estimate in that year. In 2013, a further 103 holes were drilled but the 

focus was to increase confidence rather than increase the extents. Figure 3-48 shows the successful 

conversion to higher confidence resources.  
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Table 3-34 Comparison to previous estimates 

Year Estimator Category Mtonnes % Sn kt Sn 

2008 Carras Inferred 6.0 0.90 54.0 

    Total 6.0 0.90 54.0 

2010 QG Indicated 2.2 0.80 17.6 

    Inferred 4.8 0.80 38.4 

    Total 7.0 0.80 56.0 

2012 Mining One Indicated 5.3 0.80 42.4 

    Inferred 9.3 1.00 93.0 

    Total 14.6 0.90 131.4 

March 2013 QG Measured 0.5 1.20 6.0 
   Indicated 14.2 0.85 120.7 

    Inferred 0.6 0.70 4.2 

    Total 15.3 0.85 130.1 

September 2013 QG Measured 1.6 1.00 16.1 
   Indicated 13.0 0.80 107.0 

    Total 14.6 0.85 123.1 

 

 

Figure 3-48 Resource comparison for contained Sn metal and category 
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3.13.2 Western Zone (Sidi Addi Trend) 

Comparison to previous resource estimates is tabulated below. Tonnes, grade and contained metal 

have all increased due to further drilling at depth and the eastern extents (Table 3-35). 

Table 3-35 Comparison to previous estimates 

Indicated Resource ktonnes % Sn kt Sn 

CŜōπмп 221 0.95 2.1 

bƻǾπмп 340 1.25 4.2 

Difference 119 0.30 2.1 

 

3.14 References 

Job, M. 2013. Quantitative Group Mineral Resource Report, Sept 2013.  

Job, M. 2014. Achmmach Western Zone Resource Estimate, Morocco. 
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4 GEOTECHNICAL 

4.1 Hydrogeology 

A hydrogeological research programme was initiated in 2010 by engaging Golder to carry out a 2D 

resistivity survey over selected sites in the project area. The survey concentrated on three locations 

where geological structures, incorporating dyke features appeared to be promising aquifers. As a 

result of the survey programme Golder was able to recommend a total of ten drill targets spread 

among three locations. Two of these locations lie within the Achmmach tenement PE2912 within 1 

km of the Achmmach tin deposit.  

Bureau de Recherches et de Participantions Minières BRPM (French: Bureau of Mining Research and 

Investments; Morocco) experienced water inflow into one of the underground exploration workings 

at an elevation of 890 mRL which ultimately filled the shaft to 945 mRL. This shaft was subsequently 

used as a water supply for exploration drilling, but by late 2009 ground water had stopped following 

into the shaft. Although representative of only a small section of the deposit, this experience suggests 

there may be perched aquifers which readily drain but are of relatively small volume. This view is 

supported by the lack of water encountered during drilling. 

During late 2011, after consultation with representatives of the regional water agency Agence des 

Bassines Hydrauliques Sebou (ABHS), Atlas Tin engaged SOLROC, a local water boring company to drill 

a series of five bores at sites NE of Achmmach as recommended by Golder. 

4.2 Seismicity and Stress Field 

4.2.1 Seismicity 

The Achmmach deposit is in a region of low earthquake hazard which is defined as having an 

acceleration coefficient of 0.8 m/s2 ((USGS) see Figure 4-1). The Global Seismic Hazard Assessment 

Program (GSHAP) produces probabilistic maps which indicate the maximum peak ground acceleration 

for which there is a 10% chance of occurrence in 50 years. The peak ground acceleration of 0.8 m/s2 

or 0.08g indicates an earthquake for which there is noticeable shaking but likely to be little or no 

damage. 

The largest earthquake recorded to date within 250 km of the proposed mining area was recorded on 

24th February 2002, measuring 6.4 on the Richter scale and located at a depth of 12.6 km. The 

earthquakes that have been recorded in the area are located deep (>5 km) and not expected to have 

any impact on the underground mine or infrastructure. 
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Figure 4-1 Seismic hazard map 

4.2.2 Stress Field 

The major stress orientations documented for Africa are presented in Figure 4-2. Various stress 

orientations have been measured along the northern boundaries of the African plate (GFZ German 

Research for Geoscience, 2009). The site structural data indicates a major principal stress field of 

approximately NW-SE in the Achmmach area and a strike-ǎƭƛǇ ǊŜƎƛƳŜ ƻŦ ˋI Ҕ ˋ± Ҕ ˋƘΦ 

No stress measurements have been taken on site. 

¢ƘŜ ƳŀƧƻǊ ǇǊƛƴŎƛǇŀƭ ǎǘǊŜǎǎ ˋм όˋм ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ˋIύ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƻ ōŜ ƻǊƛŜƴǘŀǘŜŘ b² ς SE, 

perpendicular to the major veins shears and near perpendicular to the shears and bedding / foliation. 

¢ƘŜ ƳƛƴƻǊ ǇǊƛƴŎƛǇŀƭ ǎǘǊŜǎǎ όˋо ƻǊ ˋƘύΣ ƛǎ ƻǊƛŜƴǘŀǘŜŘ ǎǳō-parallel to the veins, shears and bedding in an 

NE-{² ŘƛǊŜŎǘƛƻƴΣ ǿƛǘƘ ǘƘŜ ƛƴǘŜǊƳŜŘƛŀǘŜ ǇǊƛƴŎƛǇŀƭ ǎǘǊŜǎǎ όˋн ƻǊ ˋ±ύΣ ƴŜŀǊ ǾŜǊǘƛŎŀƭΦ Table 4-1 summarises 

the estimated stress regime. 
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Table 4-1 Estimated stress fields for Meknès and East. 

Stress Magnitude Trend Plunge 

ˋ м Ґ ˋ н ϝ мΦм 150° 15° 

ˋ н Ґ лΦлнт ϝ Ř 0° 75° 

ˋ о Ґ ˋ н ϝ лΦф 60° 15° 

 

Figure 4-2 Major stress orientations in Africa. 
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4.3 Geotechnical Data 

The geotechnical analysis was completed by Mining One Consultants (Appendix 4A) and is based on 

following geotechnical data: 

¶ drill hole logs for AD001 ς AD031, AD034 ς AD130, S01 ς S29 and SF1 ς SF3 

¶ geotechnical structural logs for AD119 ς AD233 

¶ drill core photography for holes (AD009-AD010, AD014-AD019, AD021-AD029, AD031, AD034-

AD048, AD050-AD051, AD054, AD056, AD063, AD071, AD076, AD087, AD089, AD091, AD095D1, 

AD096, AD098, and AD100-AD233) 

¶ geotechnical data for the portal and boxcut was provided as a summary report which included 

diamond drill logs, structural logs and core photos for holes GTD 01 ς GTD 05. Note as built 

survey co-ordinates were not included in this report. 

Geotechnical drill hole data was used to assess the rock mass quality and for the structural 

assessment. The project geologists recorded alpha and beta angles, however, most of the drill holes 

did not include all the geotechnical parameters required to complete a rock mass quality assessment. 

It was also observed that logging intervals varied for each geological and geotechnical parameter 

which has resulted in additional handling of data to prepare for analyses. Logging intervals ranged 

from 0.1 m to 4.4 m, with 95% of the data defined in 3.1 m intervals or less and were based on drill 

run length and not on geotechnical similarity. 

The key geotechnical parameters missing from the dataset included: 

¶ number of joint sets (Jn) 

¶ joint roughness (Jr) 

¶ joint Infill (Ja) 

¶ rock strength. 

In order to compile a geotechnical dataset for rockmass classification: 

¶ The number of joint sets (Jn) were interpreted from core photos and dip plots and then assigned 

to logged intervals. 

¶ Joint alteration (Ja) values were assigned for each logged interval based on structural logging 

completed for that same interval. 

¶ Joint roughness (Jr) values were assigned for each logged interval based on structural logging 

completed for that same interval (holes AD119 to AD130). 

¶ The initial data set (holes AD119 to AD130) was used as a basis to expand the overall dataset by 

statistically determining the parameters not provided. 

¶ Weathering data, where missing, was interpreted from core photography. 

¶ Rock strength was estimated using a simple probabilistic approach considering rock type, 

weathering and alteration and is based on the initial data set (AD119 to AD130) where 64% of 

logged strength were of high to extremely high strength. 

¶ Joint alteration (Ja) and Joint roughness (Jr) were estimated using a simple probabilistic 

approach for the remaining holes (AD009 to AD117). 

The geotechnical assessment used a representative sample of holes along the strike of the mine that 

intersected a preliminary version of the mine design. The sections of drill core used for analysis 

included data 10 m into the hanging wall and footwall from the orebody boundary.  
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The following holes were used in the DFS to calculate the rock mass characteristics for: 

¶ Meknès-AD132, AD133, AD134, AD135, AD145, AD155, AD156, AD159, AD161, AD166, AD207, 

AD216, AD221, AD222  

¶ Eastern Zone-AD188, AD191, AD193, AD194, AD195, AD199, AD206, AD210, AD212, AD219, 

AD224. 

Additional holes were drilled in the vicinity of the central and eastern box cuts (GTD01, 03, 04 and 05) 

to gain insight into the rock masses in which the box cuts, portals and declines will be developed. 

These holes were drilled, photographed, logged and sampled. 

4.4 Rock Properties 

A total of 68 core samples were collected for laboratory testing as part of the geotechnical study. 

Samples were collected under the guidance of the geotechnical engineer and then sent to the 

ά[ŀōƻǊŀǘƻǊƛŜ ŘŜ {ǘǊǳŎǘǳǊŜ ϧ wŜƘŀōƛƭƛǘŀǘƛƻƴ ό[{wύέΣ ŀ aƻǊƻŎŎŀƴ ǊƻŎƪ ƳŜŎƘŀƴƛŎǎ ƭŀōƻǊŀǘƻǊȅΦ Lǘ was 

observed that due to the inter-bedded nature of the host rock, anisotropic properties were noted in 

most of the tests, resulting in a wide range of results. 

4.4.1 Laboratory Testing 

A total of 71 uniaxial compressive strength (UCS) rock samples and 17 triaxial compressive strength 

(TCS) were tested and the results are presented in Table 4-2.  

The objective of the UCS test was to verify and calibrate field strength estimates, for the estimation 

of rock deformation characteristics and intact rock density. Triaxial testing allows for the 

determination of rock mass strength friction angle and cohesion from plotting Mohr Coulomb non-

linear curves and tangent straight-line strength envelopes.  

Typically, five to ten samples which are representative of each of the likely rock type domains across 

the strike of the mine design are required to obtain a reasonable population. Of the 88 tests 

completed, 59 of the UCS tests and 11 of the TCS tests were to a satisfactory standard. 

Table 4-2 Laboratory Tests 

Hole ID Mining Area Stratigraphy Laboratory Tests (UCS) Laboratory Tests (TCS) 

AD107 Meknès Sandstone 9 - 

AD153 Meknès Mudstone 2 - 

AD174 Meknès Sandstone 6 3 

AD183 Eastern Zone Sandstone 1 - 

AD184 Eastern Zone Cataclastic - 1 

AD187 Eastern Zone Sandstone/ Cataclastic 5 1 

AD191 Eastern Zone Sandstone 1 - 

AD193 Eastern Zone Mudstone 2 - 

AD202 Eastern Zone Sandstone 4 1 

AD205 Eastern Zone Mudstone/ Sandstone 5 2 

AD206 Eastern Zone Shale 8 4 

AD212 Eastern Zone Shale 3 - 
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AD221 Meknès Sandstone 1 1 

AD225 Meknès Sandstone 5 - 

AD248 Meknès Sandstone 17 4 

4.4.2 Uniaxial Testing and Results 

UCS testing comprised single-stage testing. The results display a wide range of strengths from weak to 

medium strong in mudstone, weak to very strong in sandstone, weak to very strong in shale and strong 

to very strong in siltstone. The results are presented in Table 4-3. 

The dominant failure styles were shear failures through the intact rock and as such many of the UCS 

results are a measurement of the shear strength of the discontinuities rather than the intact shear 

strength. Although discontinuities generally control rock mass behaviour, the UCS results do not 

provide a true value of the intact rock strength. Table 4-3 below summarises the UCS tests for each 

rock type. 

Table 4-3 UCS Results 

Statistics Mudstone Sandstone Shale Siltstone 

No. of tests 7 42 15 3 

Minimum (MPa) 12.6 5 7 91 

25% Quartile (MPa) 15 23 19 91 

Weighted Mean (MPa) 26 43 72 212 

Median (MPa) 25 38 72 245 

75% Quartile (MPa) 33 60.5 91 274 

Maximum (MPa) 45 161.4 274 274 

The results from the test work are presented as a frequency distribution chart shown in Figure 4-3 for 

fresh rock samples. The results for the UCS tests on fresh rock indicate that approximately 70% of the 

samples returned a UCS less than 50 MPa and approximately 30% of the samples returned a UCS value 

greater than 60 MPa. The variance is high in all rock types, reflected by the 25% Quartile to 75% 

Quartile range. The shape of the frequency distribution suggests a bimodal distribution which may be 

indicative of a rock strength anisotropy, associated with a well-developed rock fabric (i.e. bedding and 

foliation); the lower strength mode reflecting rock strength in a direction which is parallel to bedding 

and the higher strength mode reflecting rock strength in a direction which is orthogonal to the 

bedding. An average UCS value of 75 MPa, a minimum of 50 MPa and a maximum of 100 MPa were 

adopted for design purposes. This was based on laboratory results and published typical physical 

properties for tested rock types. 

The major mode has a mean of 23 MPa, whilst the minor mode has a mean value of 110 MPa. 
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Figure 4-3 Uniaxial compressive strength (UCS); fresh rock, all lithologies 

Analysis has shown that the foliation and bedding planes caused non-symmetric deformation and their 

behaviour is unpredictable. Goshtasbi, Ahmadi, & Seyedi (2006) showed that the minimum strength 

ǾŀƭǳŜ ƻŦ ŀƴƛǎƻǘǊƻǇƛŎ ǊƻŎƪǎ ƛǎ ŀǘ ŀƴ ƻǊƛŜƴǘŀǘƛƻƴ ŀƴƎƭŜ ƻŦ ʲ Ґ ҕолϲ όʲ ƛǎ ǘƘŜ ŀƴgle between the axis of the 

ŎƻǊŜ ŀƴŘ Ŧƻƭƛŀǘƛƻƴ ƻǊ ōŜŘŘƛƴƎύ ŀƴŘ ǘƘŜ ƳŀȄƛƳǳƳ ŦŀƛƭǳǊŜ ǎǘǊŜƴƎǘƘ ƛǎ ŜƛǘƘŜǊ ŀǘ ʲ Ґ ҕлϲ ƻǊ ʲ Ґ ҕфлϲΦ 

Based on these UCS data sets and anisotropy graphs it was estimated that the UCS values for the 

ƻǊƛŜƴǘŀǘƛƻƴ όʲύ ŀƴƎƭŜ нлϲ ǘƻ плϲ ƛs representative of the rock mass strength parallel to the foliation or 

ōŜŘŘƛƴƎΦ ¢ƘŜ ¦/{ ǾŀƭǳŜǎ ŦƻǊ ǘƘŜ ƻǊƛŜƴǘŀǘƛƻƴ όʲύ ŀƴƎƭŜ лϲ ǘƻ нлϲ ŀƴŘ плϲ ǘƻ флϲ ŀǊŜ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ 

the rock mass strength in failure directions non-parallel to the foliation or bedding (Goshtasbi, 

Ahmadi, & Seyedi, 2006). Table 4-4 summarises these results. 

Table 4-4 Estimated UCS data for different orientation angles 

hǊƛŜƴǘŀǘƛƻƴ !ƴƎƭŜ όʲύ Lower Quartile (MPa) Ave (MPa) Upper Quartile (MPa) 

20° to 40° 50 75 100 

0° to 20°; 40° to 90° 88 134 161 

Anisotropy is expected to significantly influence stope and pillar stability. The maximum estimated 

UCS is perpendicular to the bedding/foliation and ranges between 88 ς 161 MPa (Mean 134 MPa). 

This perpendicular strength would be applicable to pillar strength designs. 

The bedding / foliation parallel strengths, ranging between 50 ς 100 MPa (Mean 75 MPa), would be 

applicable to hangingwall and footwall strength designs where the stresses are parallel to the stope. 

The parallel strengths are also an indication of the strong bonds between the bedding and foliation 

planes. 

A value of UCS value of 134MPa will be used in this report for rock mass characteristics and pillar 

strength calculations. 
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4.4.3 Rock Mass Shear Strength 

An assessment of the Hoek Brown rock mass strength was carried out using Rocscience RocLab 

software. The development and basis of this program is described elsewhere (see Barton & Brandis 

(1980), Hoek, Carranza-Torres, & Corkum (2002), Hoek (2013) and Hoek, Hoeks Corner). Using the 

intact rock strength data from UCS and the rock mass data (GSI) from core logging and a range of other 

factors a rock mass strength can be estimated. The key parameters and results are summarised in 

Table 4-5. The Hoek Brown strength uses the following parameters: 

¶ Intact Rock for the orebody UCS is 134 MPa and the waste rock UCS is 75 MPa (inferred from 

laboratory UCS test results). 

¶ GSI of 58 for the waste rock and 59 for the orebody, the mean for the rock mass (determined by 

RMR calculations from core logging). 

¶ Intact Rock Factor mi of 15 for the waste rock and mi of 20 for the orebody (determined from 

industry data for sandstone and quartz veins). 

¶ Disturbance Factor D of 0 is appropriate for undisturbed rock mass conditions deeper from the 

stope.  

The Hoek-Brown strengths are defined by curved failure envelopes over which straight-line (Mohr-

Coulomb) strengths are fitted. Rock mass strengths are estimated to be, for mining depths of 50 m to 

500 m below surface. 

Table 4-5 RocLab Data for a disturbed Rock Mass (D = 0). 

  Waste Rock Orebody 

UCS (MPa) 75 134 

GSI 58 59 

mi 15 20 

D 0 0 

Mohr-Coulomb 
Cohesion (kPa) 1,995 2,801 

Friction (°) 48 55 

Hoek-Brown 

mb 3.347 4.625 

s 0.0094 0.0105 

a 0.503 0.503 

 

4.4.4 Triaxial Compressive Strength (TCS) Testing and Results 

Triaxial tests were undertaken in the laboratory to assess the intact shear strength. Hoek triaxial 

multistage testing was undertaken on 17 fresh rock samples from all lithologies.  

The rock mass is currently classified geologically as a suite of inter-bedded sandstones, shales and 

mudstones and to date it has not been possible to delineate the regions comprised of each lithology. 

As such all TCS data has been combined and interpreted based on weathering class only. 

A linear best-Ŧƛǘ Ƙŀǎ ōŜŜƴ ƛƴǘŜǊǇǊŜǘŜŘ ŀƴŘ ǇŀǎǎŜǎ ǘƘǊƻǳƎƘ ǘƘŜ Řŀǘŀ ǇƻƛƴǘǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ŀƭƻƴƎ ǿƛǘƘ /Ω 

ŀƴŘ ˒ ǾŀƭǳŜǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ wƻŎǎŎƛŜƴŎŜ ǇǊƻƎǊŀƳ wƻŎƭŀō ŀǊŜ ǇǊŜǎŜƴǘŜŘ ōŜƭƻǿ ƛƴ Table 4-6. 
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Table 4-6 Triaxial Results 

  UCS 
(MPa) 

D GSI mi Unit Weight 
(MN/m3) 

C (kPa) Friction 
(degrees) 

All Lithologies RocLab 8.0 0.0 57 50 0.027 943 43.0 

All Lithologies RocLab 8.0 0.5 57 50 0.027 796 38.7 

P-Q Plot All Lithologies           59 32.0 

Sandstone RocLab 10.4 0.0 57 50 0.027 1,030 45.0 

Sandstone RocLab 10.4 0.5 57 50 0.027 871 40.8 

Industry Sandstone RocLab 75.0 0.0 57 18 0.027 1,674 51.5 

Industry Sandstone RocLab 75.0 0.5 57 18 0.027 1,355 47.7 

Sandstone P-Q Plot           1,000 58.9 

Shale RocLab 6.7 0.0 58 50 0.028 909 41.3 

Shale RocLab 6.7 0.5 58 50 0.028 766 37.0 

Industry Shale RocLab 35.0 0.0 58 6 0.027 1,013 36.7 

Industry Shale RocLab 35.0 0.5 58 6 0.027 790 32.7 

Shale P-Q Plot           587 60.5 

 

4.4.5 Rocscience RocLab Evaluation 

Triaxial laboratory test data were analysed with the Rocscience Roclab program. The interpretations 

are presented in Figure 4-4 and Figure 4-5; and Table 4-7 and Table 4-8 for the hard rock and 

weathered rock.  

Hard Rock RocLab Parameters 

Table 4-7 Rock strength parameters for hard rock 

UCS (MPa) D GSI mi C (kPa) Friction (°) 

75 0.4 55 7 1183 40 

 

¸ƻǳƴƎΩǎ modulus (GPa) ─ mb s a Tensile 

15-25 0.25 ς 0.35 0.939 0.0031 0.504 -0.3MPa 
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Figure 4-4 Rock Strength Analysis for the Hard Rock 

 

Weathered Rock RocLab Parameters 

Table 4-8 Rock strength parameters for weathered rock 

UCS (MPa) D GSI mi C (kPa) Friction (°) 

27 0 30 117 115 34 
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Figure 4-5 Rock Strength Analysis for the Weathered Rock 

4.5 Structural Data 

In fresh rock, discontinuities play a significant role in the stability of excavations. Discontinuities 

weaken a rock mass making it more susceptible to failure and create planes of weakness on which 

structural instability may occur. It is therefore important to identify all possible discontinuity sets. 

An analysis of the structural data from the orientated drill core included: 

¶ bedding and foliation 

¶ joints 

¶ shears 

¶ veins 

Resource holes have been drilled in north-south direction, perpendicular the ore body. Whilst 

optimum for grade estimation, this predominant orientation tends to create a bias in the recorded 

structural data because structures with a dip and dip direction parallel to the axis of the drill hole tend 

to not to be intercepted. This is most apparent in the logged joint structures and has resulted in a data 

shadow on the stereographic projection. 

Furthermore, the orientation data of the logged joints and shears have a very similar orientation to 

that of the bedding, which has reduced the visual significance of the lower occurring joint and shear 

sets.  

This combination of factors has inhibited the identification of joint sets using solely logged data and 

therefore mapping data has been relied upon to account for joint sets with a lower occurrence. 
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Comparisons were made between geotechnical logged boreholes and mapped underground 

excavations and interpretations from previous geological studies and presented in Figure 4-6 to Figure 

4-9. 

For the underground wedge analysis, the joint and shear characteristics were adopted from 

interpretation of the mapping data and the bedding orientation was adopted from the bore hole 

logged data. 

 

Figure 4-6 Bedding and foliation logged data 

 

Figure 4-7 Bedding and foliation mapped data 
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Both geotechnical mapping and logging indicates a strong bedding/foliation set. This structural feature 

is the most prominent and will play a significant role in excavation stability. 

 

 

Figure 4-8 Distribution of bedding and foliation surface to 300m depth 

 

 

Figure 4-9 Distribution of bedding and foliation 300-400m depth 

Changes in distribution of bedding and foliation have been interpreted over depth. A greater variance 

in dip and strike have been observed for depths 300 to 400 m than for depths <300 m below surface. 

 


















































































































































































































































































































































































































































































































































