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1 EXECUTIVE SUMMARY

1.1Introduction

The Achmmachin Project (Achmmach or Project} locatedapproximately40 km south west of the

city ofMeknesin central northern MoroccoRigurel-1). TheProject 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%).

Achmmach -

Project Location | ’-Mamkech

OROCCO ,‘
R » <" :4:\“

- MAURITANIA
Figurel-1 Location of the Achmmach Tin Project
Thisstudyuses elements of previous studi€z014 DFS (ASX Announcement: 31 March 2014), 2015

EDFS (ASX Announcement: 18 M&@h5) and the 2016 SSO (ASX Announcement: 10 August 2016))
and introduces cost and technical enhancements

1.2Accessibility, Climate, Local Resources and Physiography

Morocco has well developed national infrastructure including rail, road, sea ports andtgirfjocess

from the capital Rabat to thEroject is 150 kneastalong the A2 expressway to Meknés and thén 3

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

Theregion hasa warm and temperate Mediterranean climate. The temperature varies f&Q/15C
in winter to 18°C/3#£Cin summer. The winter months are generally much wetter than the summer
months and the average annual rainfall is approximately ma

ATLAS
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TheProject is located within rugged terrain of the noreastern part of the central plateau of the
Atlas MountainsThealtitude is 1,085m above mean sea levéms) and the nearby Sidi Addi peak
has an altitudel,230m amsl The area is characterised by ombain ranges, valleys and plateaus
containing pine forests and oak woodland as well as cleared areas used for agriculture

1.3Exploration, Geology and Minesgalion

The Achmmacthin depositis located on the western edge of the El Hajeb province in Northern
Morocco. Itwas discovered by the Moroccan government agency, the Bureau des Recherches et de
Participations Minieres (BRPM) in 198he BRPM explored Achmmach until 1992, completing
14,000m of diamond core drilling and excavating exploration shaftto a depth of80m. Kasbah
commenced exploration at Achmmach in 2007 and has completkdther 105000m of diamond

core drilling.

The Achmmachin deposit is hosted within the turbiditic sediments of thhamurian aged Fourhal
Formation. The Fourhal Forti@n consists of deformed, interbedded pelites and psammitdswér
carboniferous age. These meta sandstones and shales comprise a-tatilgl sequence of turbidite
beds, overprinted by tourmaline alteration within sheared regions and intruded by raggsills.

Mineralisation is locaded in two subparallel ENE striking lodes named the Meknés and Sidi Addi
Trends, separated by a distance of approximately r8Q@igurel-2). The largest part of the resource
comprises the Meknés Tren@he mneralisationto be minedwithin the Sidi Addi Trend igferred to

as the Western Zone It is developed within the tourmalingilica altered metasediments. Tin
mineralisation occurs primarily as cassiterite with minor stannite

‘S
2
g
s
&

I00ME
244500mE

3715500mN 3715500mN

[s712000mN

3715000mN

3714500mN

13714000mN L b 3714000mN

|

Figurel-2 Mineralised zones of the Achmmach deposit
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1.4Mineral Resource

Two separate resource estimates have been compiled, folMkeknésTrend and for theWestern
Zoneof the Sidi Addi Trend. The reportable @it gradeis 0.5% Sfor both the MeknésTrend and

Sidi Addi TrendThe Mineral Resource for tideknésTrend is shown in Table 1.1. The Mineral
Resource for th&idi Addi Trend stown in Table 1.2. The combined Mineral Resource for the Project
is shown in Table 1.3.

Tablel-1 Mineral Resource for thleknésTrend

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

Tablel-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
Tablel-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

1.50reReserve Estimate

The Ore Resernetermined as a result of this studly presented below in Table 1.4. The reserve is
based on a 0.55% $uot-off gradefor design(Calculations have been rounded to the nearest 100,000
t of ore, 0.01% Sn grade and 100Qtin metal. Rounding errors may be present.)

Tablel-4 Achmmach Ore Reserve

Zone ‘ Proved Probable Total
Ore % Tin Metal Ore % Tin Metal Ore % Tin Metal
(kt) Sn (t) (kt) Sn (1) (kt) Sn (t)
Meknes 1,100 | 0.99 11,000| 5,600| 0.78 44,000/ 6,700 0.82 55,000
Trend
Sidi Addi - - - 300 | 0.86 3,000 300 | 0.86 3,000
Trend
Total 1,100 | 0.99 11,000 5,900 | 0.79 47,000 7,000| 0.82 58,000
ATLAS
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1.6Development Design
The Achmmach mineill be accessed via two locations from the surface:

9 Central portal boxcut @ 1015RL
1 Eastern portal boxcut @ 1085 RL.

Key features of the design are:

1 Each boxcut locatiomastwin portals and declines providing ventilation and escapeway drives
parallel to the deline. This eliminates the requirement for raisebored ventilation raises to
surface in theCentral andEasternZones early in the mine plan.

9 Three internal declines ser@the western lodes, eastern lodes and central lodes.

1 Independent escapeway driveseatleveloped laterally as a part of each level development and
vertically through 1.In raises to provide a second means of egress from the production levels
once stoping commences.

1 The stanebff distance from the decline to the stopes is greater thambased on
geotechnical analysis.

9 Diamond drill drivesire designed to provide appropriate drilling platforms for grade control
drilling programs.

The final mine layout is shown figurel-3.

Western Lode and Fresh Air Raise

-
=\
A
-

Eastern Portals

Central Portals

Figurel-3 Isometric view of development and stope design

1.7Mining Methods and Mine Layout

The primary mining methodo be used forthe Achmmach deposit is conventional mechanized
longhole stoping. As the geometry and thickness of the mining shapes vary throughout the different
lodes, a combination of bottomp cemented rock fill (CRF) and tdpwn open stoping methods is
planned.

ATLAS
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CRHs 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.

Themine 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 inltheer valueareaswhich aredeveloped

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

method; theCentral ZongEastern ZonandWestern ZondFigurel-4). For scheduling purposes, the

Western Zondnas both mining mdtods applied, with bottorrup CRF above 10h3RLand top-down

open stoping below this point.
‘ L

H

. . 4
H g H

Central Zone

—1000 El 1000 Elev—

/

) Western Zone

Eastern Zone

500 Elev 500 Elev—
w w w w
s 2
? ¢ y ¢

Figurel-4 Longsection showing different mining zes
1.7.1 Central Zone Mining Method
For the generally thickCentralZone(in places up to 2én in width), a bottoraup mining sequence
utilizing CR®ill be implemented A topdown method with no fillleaving pillars behind for stability

was also analysed but this significantly redutieel recoveredtonnes due to the required widths of
the pillars.

1.7.2 Eastern Zone Mining Method

TheEastern Zonareawill be mined using a topgown nofill method, leavindgehind insitu pillars for
stability. The pillasizefactors havebeen extrapolated across the entiegastern Zonarea based on
detailed geotechnical design for tiigastern Zonepper which has the lowest strength rock mass

1.7.3 Western Zone Mining Method

The Western Zonas mined withboth the CRF bottorup method (for levels above the access) and
the longhole topdown method (for levels below the access) as describethe Eastern Zone

ATLAS
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1.7.4 Mine Schedule

The mine schedule was created usibgtamine enhanced production scheduler. Thaftware

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 scheduleatiamwhich demonstrates a logical

and technically feasible sequence.

The mine production schedule is presented ablel-5 and Figurel-5.

Tablel-5 Summary mine schedule

Bhveicals FY FY FY FY FY [FY [FY FY FY FY FY R | _
Y 2020 2021 2022 2023 2024 | 2025 | 2026 2027 2028 2029 2030 2031
Operating 1,863 | 6,007 | 4,086 | 3,528 | 1,793 | 1,823 | 1,724| 1,658 1,407| 114 24,003
Devt (m)
(Cr;‘)p”a' Devt | 255 | 3,821 3,002| 3,916 | 2,415| 1,755 | 1,890 | 2,024 | 1,004 47 20,219
Total Devt (m) | 255 | 5,684 | 9,009 | 8,002 | 5,943 | 3,548 | 3,713 | 3,748 2,752 | 1,454 | 114 44,312
Total Ore(kt) 213| e6x | 750| 726| 749| 749| 752| 747| 749| 670| 216| 7,013
Sn Grade (%) 085| 083| 089| o086| 08s| 097| 073| 075| 076| 074| 072| 898
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
800.0 1.20
700.0
1.00
600.0
=
— 0.80
& 500.0 S
m N
2 3
€ 400.0 0.60 @
e >
o =
O 300.0 (@]
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mmmm Total Ore Tonnes (kt) ====Sn Grade (%)

Figurel-5 Mine plan ore delivery schedule

1.7.5 Mining Sequence

The mining sequence by zone within the overall mine model is illustrateyimel-6.
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Figurel-6 Mining sequence (long section looking North)

Developmentf the central and eastern déioes commencesimultaneouslyn the firstmonth. The
short decline development into thEastern Zonevill provide early delivery of ore to thein of mine
(ROM pad, allowing mill commissioning to take place while t@entral Zoneis still under
development. Theeasten Zonewill provide approximately40,000t of ROM ore for 40 6 months
prior to the delivery of first ore from the larger, more producti@entral Zone

1.8Metallurgy

The metallurgicabehaviourof the Achmmach ore using conventional gravity and flotaticocpsses
has been well established by several years of test work by Atlas Tapmsentativecompositeore
samples. The challenge addressed in the test work for this siadyto reduce the capital and
operating costs of the plant, to provide data the influence of ore variabilitin critical design areas,
and to seek means to enhance gradovery performance.

A pivotal process desigrchangein this studywas the introduction of ore sorting. The testwork
program evaluated ore sorting as a prencentration option for the early elimination of ganguand
sub-economicmaterial, thereby potentially:

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

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

9 reducing btal consumables, power and water requirements in downstream processing

9 increasing the recovery of tin in the gravity and flotation circuit due to the higher desatko
the downstream processing plant as a resulog sorting

9 improving concentrate gides andhusreducing concentrate shipping and treatment charges

9 reducing tailings tonnage, tailings cost and environmental footprint

1 using ore sorter rejects for mine backéidroad base applications.

Table1-6 summarises theredicted metallurgical behaviour based on previous test work and test
work conducted orarepresentative 2018 sample. This shows that the final concentrate grade is 60%
Sn at 77%nrecovery
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Tablel-6 Metallurgicalperformance predictions fror2018 representativeample

Ore masg%) Grade(%Sn Total Sn Rec (%) OS mass%
Ore feed 94.9 100.0 0.8 100.0

Fines 22.8 240 0.8 24.0
OreSorter feed 72.1 760 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 28.8 304 0.2 6.4 40.0

Tablel-7 Metallurgical performance predictions from 20f&presentative sample

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

Plant Feed 66.0 69.6 11 93.6
Gravity Concentrate 15 15 35.0 65.5 70.0
Dressed Gravity conc 0.8 0.8 65.0 62.3 95.0
Coarse Gravity tail 18.5 195 0.2 5.0
FineGravity Tail 52 5.5 0.5 3.0
Deslime tail 11.7 12.3 0.6 9.0
Flotation feed 35.1 37.0 0.4 174
Flotation conc 0.4 04 29.0 15.6 90.0
Flotation tail 347 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 11 60.2 77.2 82.4
Final tail 650 68.6 0.2 16.4 17.6
Total recovery from ROM ore 77.2

High pressure grinding rollslPGRtestwork also proved to be successful and resulted in the removal
of the third crushing stage and the rod mill fropneviously developedlowshees in favour of an
HPGR.

1.9Mineral Processing

The process flowsheet is shownRigurel-7. Ore delivered by haul truck from underground will be
dumped on the ROM paat a rate of 75ktpa. The ore will be segrated in grade ranges on the ROM
pad to enable blending by theont-endloader into the ROM bin.
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The twastage conventional crushing plant will be operated to maintain aifidlére 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. Thiads 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 thepsssowill

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 underflovitieofine 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 drwill 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 cycloe overflow, at approximatelys150 um, will gravity flow to the coarse gravity cyclone feed
pump.

The coarse gravity cyclone will operate at a-paint of 75um, with the cyclone overflow pumped to

the regrind (fine gravity) cyclone. The coagsavity 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 cleapias
scavenger and cleaner middlings plus table &iédirectedto regrind
cleaner tail recyelsto the scavenger feed

cleaner spiral concentratis directedto tables

table concentrate will advance to gravity dressing.

=A =4 =4 4 -4 -4 9

The regrind mill grinds to a namal Ry 45um and feeds the fine gravity cyclone, which cuts at a
nominal 38um, and the cyclone underflow feeds the fegravity spirals and table circuit§he
cyclone overflow advances to the first deslime cyclone, and the underflow to the fine apir&hble
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 upgrade@DésSn by tabling.
A small regrind mill is used tiberate 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 (unfloated) 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 cassiteritotation. Both cyclone overflows from
desliming are sent to the tailings thickener

The cassiterite flotation has rougher and scavenger sageéth provision for the scavenger
concentrate to recycle to the second deslime cyclone. The concentrate frefirst stage of cleaning
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is recleaned, the recleaner 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 recleaner concentrate ipassed through a three stage Falcon circuiteimove iron andurther
upgrade the concentrate.

The final concentrate is filtered in a small plate and frame pressure filter directly filled from an agitated
concentrate storage tankihe filter cake is baggkand weighed for shipment.

The concentrate specification based on testwork is listeTaible1-8.

Tablel-8 Concentrée specification

Element/Compound Specification

Sn 60.00%
Fe 4.01%
Mn 0.02%
WG 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%
ThQ+W0s 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 informag@atheredfrom official sources,

such as Government records. Field sesdiand 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 el which is used for
agricultural purposes. The local populatistimited to small villages and individual farms, where the
main activity is grazing livestock (sheep, goats and cows) and growing cereal crops.

ATLAS

e T I N



ACHMMACH TIN PROJECT

2018 Definitive Feasibility Study Report EXECUTIVE SUMMARY

There are no protected areas in the wity 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
0Se2yR (KS tNRr2SOliQa I NBF 2F AyTfdzsSyoOoS

1.10.2 TailingsStorageracility

Tailings will be prodwd 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 akgreeind valleympoundment, 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 operatienTSIF

will be equiged with underdrainage collection to maximize water recovery. The main embankment
will be constructed of irsitu mudstone and run of mine waste to form the body of the embankment.
The starter embankment will be 278 high (measured from the outer toe tie wall to its crest),

with a maximum final height of 5@ at closure of the facility.

A contour drain cut above the upstream extremities of the basin will provide foiofudiversion
during rainfall events and snomelt.

Tailings will normally be depibsd at a slurry density of 72%/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 fpowl its initial position
against the starter wall upalley 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 @som 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 requirementd! ke
constructeddirectly upstream of the proposed T88&inga cross valley, earthen embankment. Based
on the water balancgthis embankment will be constructed in a single phase, to a final elevation of
approximately 970nRL This embankment will forra facility which will have the capacity to store
approximately 330,000 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 gaated 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 fineghed 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 mine workings will be prioritized. Including ore sorter rejects,
the mine waste balance indicates there will be approximatelyMt.&f waste on surface at the
completion of mining. This includes the use of waste rock for construction of the tailinggesto
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 infrastructirastite 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 pess that will evolve over the life of the Project taking into
consideration views and concerns of the local communities and monitoring information. The MRCP
gAftft 0SS FAYFItAaSR G tSrad GKNBS &SI NER iR 2N (2
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
a2NRr0O0O20Qa SYGANRBYYSyYy(lf NOS@Bdlativé to 2nfénmental yiripacth Yy LI N.
assessment and Decree n92-564 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 accepieutthad
issted terms of reference for the environmental impact assesnt.

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 upeisied 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@13. The ESIA aedvironmental and social management and monitoring

plan (ESMMPJjor the Project were accepted by the Moroccan Ministry of Environment in December
2014and will expire in December 2019 if there has been no commencement ¢Toect.

The ESIA was prepared to comply with the International Finance Corporation (IFC) Performance
Standards on Environmental and Social sustainability (1st January 201Brojdw is a greenfield
mining project and therefore is considered as a Category A prajader these standardsThe 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 pollatin prevention

community health, safety and security

land acquisition and involuntary resettlement

biodiversity conservation and sustainable natural resource management
indigenous peoples

cultural heritage.

=A =4 =4 =4 -4 -4 4 -9 A

The majority of permits required to support consttion 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 Mekha#lalet, 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 ljerri, which are locatside the Agourai circle. There are 50 households
representing an estimated 300 people located within the concession area, of sgielnhouseholds

will need to be resettled prior to thproject 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 Boession area, such as the Mount Sidi Addi. These sites will not
be impacted by théxoject.

Local takeholder consultation hamdicateda positive perception of th€roject. The Projectis seen
as an opportunity for local development through joteation and poverty reduction.

To maintain its social licencitlas Timmanagement 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 discussisith the localg2z @SN} 2 NR&a imgFFAOS
establisiment of a committee to manag&ey community social management and resettlement
matters. The locaz @3S Ny 2 NDRa 2FFAOS gAff O22NRAYIFGS (GKS 02V
1.12 Market Studes and Contracts

1.12.1 Market Studies

The Project will produce a higlguality 60% Sn tirconcentrate.lts qualitycombined withforecast
reductions in global tin productiois expected to see the Achmmach tin concentrate highly sought
after in international markts.

Three forecast price scenarios are provided as showigarel-8.
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Figurel-8 Forecast prices for tigBource: ITA)

Atlas Tin has not entered into any offtake agreement for the sale of its tin conceniitagejoint
venture partners are entitled to market 25% of the tin concentrate at market competitive terms. The
ability to negotiate offtake and sales agiments for tin concentrate through a positive commodity
price cycle provides greater flexibility in negotiations. Atlas Tin has obtained smelter terms from
severalleading international tin smelting and trading groups as a part of the feasiilitly. 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 urderpin cost estimate#tlas Tinhas secured pricings for all key commodities and services both
domestically within Morocco and internationally whelacal supplycould not be confirmed. These
prices were used to support the detailed cost estimates contdinghin this feasibilitystudy.

To reduceschedule and cosisk, the minewill be developed and operated layn experienced mining
contractor.Atlas Tinsought tenders fronseveralcontractorswhichwere evaluated and formed the
basis of mining rates @hcostmodel inputs These rates were reviewed and updated in May 2018 as
a part of this feasibilitystudy. The fnal selection of a mining contractor wile based orpricing,
capability and capacity criteria.

An engineering, procurement and constructidiP¢ Contractor will be engaged to design and
construct theprocessingplant and associated infrastructure on a turnkey basis. Thisineilide
contractual obligations relating to technigagrformance time and costthus 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
F2NJ SYSNH@ I K @rgibét Hali Pofableo(ONEE)2WhHefinitidt cdSts/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 M@Bsulting was undertaken in May 2018 to identifyialyse

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.

Corporateand uncontrollable risks were specifically excluded.
Controls to manage key riswill be incorporated intahe project management plan.

A total of 40materialrisks were identified and categorised according to likelihood and consequence
(in accordance il Board approved risk categorisation methodology).

Taking into consideration the existence of current and planned controldiviaenajorrisks identified
in order of decreasing severity were as follows:

1 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

= =4 =4 =4

Atlas Tin will develop a risk management plan for construction and operations. The risk management
process will be the responsibility of tl@vironmentalHealth & Safety (EH$manager who will report
monthly to theGeneralManager on all aspects of the risk management process.

1.14 Capital and Operating Costs

1.14.1 Project Capital Costs

Theinitial Project capital osts have been estimated as l@8$M (real 2018 $) as summarisedTiable
1-9.

Tablel-9 Project capital costs

2018 DFS Project Capital Costs US$M

Mining development 12.1
Tailings storage facility andater storagefacility 3.5
Process plant 44.5
Infrastructure 12.0
Engineering, Procurement and Construction (EPC) 7.2
Construction indirect costs 5.4
Subtotal Project ConstructiorCapital 84.7
First fill & spares 1.2
Contingency 10.5
Total ProjectCapital Costs 96.4
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1.14.2 Sustaining and Mine Closure Capital

Sustainin@ndreplacement capitatosts for mining and processihgve been estimatecit US$69.2M
over the life of mine. These codtrgelyrelate to the ongoing mine developmenthich is timed to
be completed on an as required basis to optimise project cashi#muroximately 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 valudsfmamtlingand
sellingof the process plant has been estimated at US$2.7 millibich will offset the majority of the
estimated closure costs

1.14.3 Operating Costs

The total operating costs are summarised ablel-10 below.

Tablel-10 Project operating costs

Category US$ Millions US$/tSn

Mining 216.6 4,866
Processing 1098 2,466
Administration 36.7 823
Concentrate transport & treatment 45.4 1,021
Clcash costs 408.5 9,176
Depreciation & amortisation 165.4 3,815
C2 costs 573.9 12991
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 costAISC) 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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Figurel-9 Tinproducer cost awe (source ITA).

The cost curve shown Figurel-9is 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 dosf mining, processing, smelting, marketing, transport and any royalties or taxes,
net of any byproduct revenue.

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

1.15 Economic Analysis

The Projet isa joint venture All the numbers presented in this financial evaluation section of the
report are based upon 100% ownership.

Furthermore, theProject is evaluated on a 100% equity basis only and excludes any financial
leveraging effects (i.e. ungest), 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 ktpathsif@reReserveslefined by this
feasibility study

The objectiveof 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 ptoje

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 aftexx unleveraged, real internate of return (IRR) using monthly
cashflows using mid period convention
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Exchange rategsedin the project cost analysis and evaluation are detailed beloVainlel-11. These
exchange rates have been determined based on spot prices dated 2 July 2018.

Tablel-11 Project exchange rates

Currency Rate of exchang® USD

AUD 0.745
ZAR 0.075
EUR 1.157
MAD 0.105

1.15.2 BaseDate

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

Onmine revenue is derived from the sale of tin concentrates into the international market place.
Revaues are bsed orthe value oftin content of the concentrate less unit deductions, smelting and
refining and impurity penalty charges. No marketing fees have been reflected in the modéhsas A
Tin expects to enter into long term offtake agreements watie or more traders/smelters with FOB
shipping terms, where ownership and control ceases doadedat the port of Casablanca.

1.15.4 Tin Price Forecast

For purposes of financial modelling, a priceld21,000/t (real 2018%) has been used. This price
reflects the recent spot price and haslso been determined based on theO%-month historical
average plus Hmonth LME futures contract.

1.15.5 Marketing and Treatment Charges

Through a market sofsounding, Atlas Tin gained indicative Aainding offtake terms foiits 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 amit deductions for impurities.

1.15.6 Production and Revenue Summary

Construction of théProject is scheduled to take0 months, before first productioim the second half
of 2020, Asixmonth production rampgup has beerscheduledor commissioning of the plantdfore
achievingull designcapacity.

1.16 Revenue Inputs and Assumptions

Revenues are calculated in United Stade#iars based on a metal price 021,000/t (real 2018$).
Penalties and unit deduction charges are deducted in calculating timioa revenue.

The financial model assumes that 90% of the revenues are received in the month following production,
with the balance received-Bionths later.
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1.17 Financial Summary

Tablel-12is a summary of the financial analysis of fhieject.

Tablel-12 Financiabummary (US$)

Parameters

Sn Price US$21,000/t
Discount ratereal) 8%
NPV, post tax $98.1M
IRR, post tax 23%
Capital costs $96.4M
C1 cash costs $9,176/t
C3 costs $13695t
Average AISC $11,435/t
Operating cash flow $403VI
Free cash flow $267M
Turnover $815M
EBITDA $444M

1 Project NPV and IRR based on a-fmstliscount rate of 8% and Morocc@orporate 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 sh&iguial-10 below.

200
180
160
140
120
100

80
60

Project Post Tax NPV {USS)

40
20

-20% -15% -10% -5% 0% 5% 10% 15% 20%

s S\ Price 11 33 55 76 98 120 142 163 185
e Capital Costs 113 109 106 102 98 94 91 87 83
s Operating Costs 135 126 117 107 98 89 80 70 61
Exchange Rate 117 112 107 103 98 93 89 84 80

s Throughput 24 43 61 80 98 115 129 141 150
— Grade 4 27 51 75 98 122 145 169 192
e Recovery 15 36 57 77 98 119 139 160 181

Figurel-10 Project NPV sensitivity

DetailedNPV and IRBensitivity analysis was performed on the major cost and revenue drivers and
the NPV analysis presented for the individual factors Figurel-11.
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Tin Price Sensitivity Discount Rate Sensitivity

.
.

Capital Cost Sensitivity Operating Cost Sensitivity

+/- 5% (3.8) 3.8 +- 5% m

Throughput Sensitivity Grade Sensitivity

+5k

-+ 1k
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Recovery

Figurel-11 Detailed sensitivity analysis

1.19 Mine Life

The operating mine life of the&chmmachProject, based on the assumptions in thefinitive feasibility
study, isl0years. This includes the initial production rammp but excludes project construction, pre
production and mine closure activities.

Extending the life of the mine would rely on the conversion of measuredrafidated resourceo
reserves and the discoweof additional resources within the current mining permit aréhe 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 robositipe 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 offerrangements.
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1.21 Glossary

Agencies

ABHS Agence du bassin hydraulique du Sep&fater Basin Agency)

AMDI 1 3Sy 0SS al NPOIAyS RS 5 S @ARBdradah hwssyént & L
Development Agency)

BRPM Bureau de Recherches etarticipations Minieres

CNEIE National Committee for Environmental Impact Assessments

ICDX Indonesian Commodities and Derivatives Exchange

IFC International Finance Corporation

ISO International Standards Organisation

ITRI International TinResearch Institute

JORC Joint Ore Reserves Committee

LME London Metal Exchange

MEMEE Ministry of Energy, Mines, Water and the Environment

Mol Ministry of the Interior

NGO Norngovernmental organisation

OECD Organisation for Econom{€ooperation and Development

ONEE Office National de®@ £ SOGNAOAGS S RS tQ9ldz t 20l

ONEP hFFAOS bl (A 2y NatiokOffie@Pbtalle Watér (sapérSeded))

ONHYM Office National des Hydrocarbures et des Mines

Companies

AHK Alfred HKnight

Artelia Artelia Eau & Environnemer®renoble, France and Rabat, Morocco

BNPP BNP Paribas

BRL Burnie Research Laboratory, Burnie Tasmania Australia

Cap Cap RuraleMeknésMorocco

Carras Carras Mining Pty Ltd, Perth Western Australia

CPC CPProject 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, Meknés 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 {20AS0S ! y prifesMiGierdd Q9 y (i NB

SGS SGS Lakefield Research Europe

SLON® SLON Company

TTC Toyota Tsusho Corporation
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Currencies
AUD

CAD
CNY
EUR
GBP
MAD
SEK
USDUS$
ZAR

Australian Dollar
Canadian Dollar
Chinese Yuan

Euro

Great Britain Pound
Moroccan Dirham
Swedish Krona
United States Dollar
South African Rand

Chemicals and Reagents

Ag
AkGs
As
Co
Cu

F

Fe
Ga
H.SQ
In
MIBC
Mn
Nb
Ni
Oxidisable S
PAX
Pb

S

Sh
SiQ
Sn
Ta
Ta

2 hi
Zn

Metrics
pum

g/L

g/t

Ga

h/a

Ha

kg

Silver

Aluminium Oxide
Arsenic

Cobalt

Copper

Fluorine

Iron

Gallium

Sulphuric acid
Indium

Methyl Isobutyl Carbinol
Manganese
Niobium

Nickel

Oxidisable sulphur
Potassium Amyl Xanthate
Lead

Sulphur

Antimony

Silicon dioxide

Tin

Tantalum
Tantalum
Tungsten trioxide
Zinc

Micrometre
gram per litre
gram per tonne
10 years

hours per year
Hectare
kilogram
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kg/h/m?
kg/m3
kglt
km
kPa
kPag
kt

kv
kW
kWh
kWh/t

L/s

m

M

mH

m W
m/d
m/month
m3/day
m3/h
m3/kwW
m3/s
Ma
Ma
masl|
mE
mm
Mm3
MPa
mRL
Mt
Mth
Mtpa
MVA
No.
RL

t.km
t.kmly
t/d

t/h
t/h/m 2
tly
tpa

kilogram per hour per square metre
kilogram per cubic metre
kilogram per tonne
kilometre

kilopascal

kilopascal gauge
Thousand tonnes
kilovolt

kilowatt

kilowatt hour

kWh per tonne

Litre

Litre per second

metre

Million

metres high

metres wide

metres per day

metres per month

cubic meters per day
cubic meters per hour
cubic meters per kilo watt
cubic meters per second
10°years

Million years

metres above sea level
metres Easting
millimetre

Million cubic metres
MegaPascal

metres reduced level
Million tonnes

month

Million tonnes per annum
Megavolt. Amps

number

Reduced level

tonne

tonne kilometre

tonne kilometre per year
tonnes per day

tonnes per hour

tonnes per hour per square metre
tonnes per year

tonnes per annum

ATLAS

e T I N



ACHMMACH TIN PROJECT

2018 Definitive Feasibility Study Report

EXECUTIVE SMMRY

\%
w/w

Volt
Weight per weight

General Terminology

ANC
ANFO
BA

BH
BMC
BSA
BSW
Capex
CCL
COF
COG
Con
CUF
DD
DFS
Distn
DMC
DMS
E&I
ENE
EPCM
EPS
ERI
ESE
ESIA
ESMMP
EW
EZS
FEED
FIFO
GP
GTB
HAZID
HAZOP
HDPE
HLS
HSE
HT

IRA
ITH

Acid Neutralisation Capacity
Ammonium nitrateg fuel oil (explosive)
Bench Angle

Bench Height

Bulk Meknes Composite
Bench Stack Angle

Bench Stack Height

Capital Expenditure
compacted clay liner
Cyclone overflow

Cutoff grade

Concentrate

Cyclone underflow

Due diligence

Definitive Feasibility Study
Distribution

Dense Media Cyclone

Dense Media Separation
Electrical and instrumentation
East North East

Engineering, Procurement and Construction Management

Enhanced Production Scheduler
Electrical Resistivity Imaging
East South East

Environmental and Social Impact Assessment

Environmental and Social Monitoring and Management Plan

East West

Eastern Zone Shallows
Front end engineering and design
Fly in Fly Out

General Portland
Geotechnical Berm

Hazard Identification

Hazard and Operability
High-density polyethylene
Heavy liquid separation
Health, safety & environment
High tension
InducedPolarization

Inter Ramp Angle
In-TheHoleeHammer
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KPls
LH
LHOS
LIMS
LOM
LTI/SPI
LV
MRCP
MSO
MTI
n/a
NAG
NAPP
NE
NNE
NPV
NQ and HQ
NSR
OEM
OSA
Oued
P&G
pa
PDC
PETN
PFS
PSD
QEMScan
RoHS
ROM
SAG
SBW
Scav
SEM
SFE
SMC
SW
TSF
ucs
UF
UTM
VAT
WBS
WHIMS
WNW
WSF

Key Performance Indicators

Low Heat

longhole open stoping

Low Intensity Magnetic Separator

Life of Mine

Lost time injury / Serious potential incident
Light Vehicle

Mine reclamation and closure plan
Mine Stope Optimiser

Medical treatment injury

not applicable

Net Acid Generation

Net Acid Producing Potential

North East

North East

Net present value

drill gauges

net smelter return

Original equipment manufacturer
Overall Slope Angle

River

Provisional & General

per annum

Process design criteria
Pentaerythritol tetranitrate (an explosive)
Prefeasibility Study

Particle size distribution

Quantitative electron microscope scan
Restriction on Hazardous Substances
Run of mine

Semiautogenous grinding

Spill Berm Width

Scavenger

Scanningdzlectron Microscope

Shake flask extraction

Steve Morell Comminution

South West

Tailings Management Facility
Unconfined Compressive Strength
Ultrafine

Universal transverse Mercator

Value Added Tax

Work Breakdown Structure

Wet high intensity magnetic separation
West North West

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

2.1Introduction

The Project is locatedpproximately 4km south west of the city of Meknes in central northern
Morocco Figure2-1). The project is owned by Atlas Tin SAS, a joint venture company com@prisi
Kasbah Resources Ltd (75%), Toyota Tsusho Corporation (20%) and Nittetsu Mining Co Limited (5%).

Achmmach
Project Location

4

Figure2-1 Location of the Achmmach Tin Project

Thisstudyuses elements of previous studi€z014 DFS (ASAnnouncement: 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

2.2Accessibility, Climate, Local Resources and Physiography

Morocco has well deveped national infrastructure including rail, road, sea ports and airports. Access
from the capital Rabat to the Achmmach Tin Project is 156&stalong the A2 expressway to Meknes
and then 3 km south along a sealed road to Agourai, and a further 20duthsast along an unsealed
rural road to theProject site.

The region has a warm and temperate Mediterranean climate. The temperature varies1@h5e
in winter to 18C/3#4C in summer. The winter months are generally much wetter than the summer
monthsand the average annual rainfall is approximately #080.

The Project is located within rugged terrain of the nor&astern part of the central plateau of the
Atlas Mountains. The altitude is 1,08babove mean sea level (amsl) and the nearby Sidi Ad#ti pea
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has an altitude 1,23h 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

2.3History

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

9ELX 2N} GA2Y 6. wtav AY wmMdpyp o0& TF2ft26Ay3d aGNBIY
conducted several reconnaissance programs such as soil sampling, rock chip sampling, surface
mapping as well as a gravity survey.&g 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. An85deep exploration shaft and 22 of development wa

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

In 2002, BRPM produced a resource estimate of Mdat 1.09%Sn for a total of 104,000 of
contained metal.

In 2006, Kasbah Resources Etttered 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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2.4Study Report

The study report is based on contributions from Kasbah staff supplemented by specialist input from
multiple consultants. The contributors to each section are listeGainle2-1.

Table2-1 Summary of study contributors

Study Area Consultants

Geologicat Geology and QG Consulting Perth
Mineral Resources
Ore Reserves and Mining | Entechg International MiningConsultants (Perth)

Plan
Mining Cost Estimates International Mining Contractor bids
Entechg International Mining Consultants (Perth)
Minero ¢ Mining Consultant
Hydrogeology Golder Associates (UK)
Client Metallurgical Ore sortingg Tony Parry & Associates
Representative Metallurgicalg Mike Gunn
Metallurgical Testwork ALS Global (Perth & Burnie Tasmania)
Nagrom (The Mineral Processor)
Ore Sorting Steinert Magnetic & Sensor Sorting
High Pressure GrindinrdloeppernMachinery Australia Pty Ltd
Process Plant Design Lycopodium ADP
Plant Capital LycopodiumADP
Plant Operating Costs LycopodiumADP
Treatment and Refining Treatment & Refining has been sourced from International Me

traders and Tin Refineries
Infragructure and Services | LycopodiurrRADP

Environmental Social Impac| Artelia Eau & Environment in association with Artelia Maroc
and Assessment
Tailings and Water Storage | Golder Associates (UK)
Facilities
Planning and Permitting Atlas Tin (Morocco)
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3 GEOLOGY AND MINERAL RESOURCES

3.1Introduction

The Achmmach tidepositis an epigenetic veistockworkbrecciastyle which isassociated with a
strongly boron enriched paleo hydrothermal systeltns comprisal of fine-grained cassitéte with
associated minor sulphide minerals in a tourmalinised sandstone/siltstone has interpreted as
being hosted by two crossutting swarms of tourmalin@ltered zones; a series of eagest striking
sub@SNIAOFE T 2ySa R SdhaGhikedS&ieslofiobligug §eitR & Nieaply noth
RALILAY3I a0N»yOKSaé o

The 1.&km strike extent of the mineralisation system is hosted by sequences of folded and
metamorphosed shales and sandstones. The lodes form a @@ mide array across strike with
individual lode structures ranging width from one metre to 30metres. Tin mineralisation occurs
primarily as breccia infill and quastassiterite veins and has been defined in diamond drill holes to a
vertical depth ofapproximately 600 retresbelow natural surface.

The bulk of the known mineralisation intersected by the current drilling occurs betd/@#d mRL
and 700 mRL.

3.2Conventions
The study is based on metric units; meteggltonnes.

Prior to 2011, the grid systemsed at Achmmach wasniversal transverse mercatoilUTM),
specificalll UTM30N WGS84). Howevére mineralisation and thereforéhe drill hole orientationis
oblique tothe UTM grid, which resultedin difficulties in interpretation. In 2011, a local gmds
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 keyconventions andlefinitions are covered in the Glossary, sectioRl

3.3Regional Geology

One ofthe most dominant featursof the Moroccantopographyarethe Atlas Mountain ranges. These
extend from coastal Morocco across the tip of northern Afribeotigh Algeria and Tunisia for
approximately 2,000 kilometres and were formed during several orogenic pliaigese3-1).

The first tectonic deformation occurred during the Allegheriaogeny (Paleozoic Era) and resulted
from the continental collision of Africa and America producing the-Atiis Mountain b# 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 finasg of deformation (Cenozoic Era)
resulting in uplift and producing the Hidtllas Mountainsn central Morocco (Ottria et al, 2012). This
is the highest mountain belt in Morocco and peaks at oye0@metres. Within Morocco, the High
Atlas isapproximatly 800kilometreslong and 5Go 100kilometreswide.
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Figure3-1 Northern Africa Atlas Mountains

$+8°
2°

{ H

ALBORAN SEA

El Hocelma i Melilta -

I Neogene Quaternary volcanic rocks

" Neogene - Quaterary \g

" sedimentry rocks g &

RIF BELT Ad

I Aboran Domain ! Intrarif

I Flysch Units [ Mesorif
e i

MESETA - ATLASIC DOMAIN = . !
I Cretaceous - Paleogene Y, Siroua : ANTI-ATLAS DOMAIN

[ Triasic -Jurassic Cretaceous - Paleogene
I Paleozoic I Paleozoic

FO° MM Panafricain crust - Panafricain crust
PEEN Variscan granitoids % Triasic dolerites

Kerdous
inlier > Leading ecge of Prerifaine nappe

Bas Draa
0

N T S W 10
f‘ " o Variscan r zone I'—B

Figure3-2 Moroccan Geological Domains (after Khattach et al2013)
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Morocco is subdivided into several geological domains, demarcated by regionally extensive palaeozoic
faults (Figure3-2). These domains,dm south to north includgethe AntiAtlas and the northern limit

of the Saharan domajrthe 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
Wedern and Eastern Meseta respectively) are exposed as isolated massifs encompassed by Mesozoic
¢ Cenozoic sediments. The Achmmach deposit is in the Central Massif of the Moroccan Meseta and
hosted within the turbiditic sediments of the Namurian aged FouRmamation.

3.4Local 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 knShale is the dominant rock type. Sandstone units are up

to several metres thick but are generally less than 8ftimetresthick with the thicker sandstone

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

The sediments underwent substantidilictiie and brittle deformation during the Variscan orogeny
after deposition.The esulting 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 ES€&rging.

The regional trend of the strike of the host rocks is north to narith-east The Achmmach hill
trending 70 east of north translateso a change in strike explained by the occurrence of resistant
tourmaline and Bicabearing structures.

The sediments have been intruded by stdicanic felsic and mafic igneous rockke Palaeozoic
sequence has been intruded by Hercynian (Upper CarbonifdPeasian) granite, which outcrops
about five kilometres to the west of Agtmach 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 508isn
tourmaline alteration corridor is a distinctive feature in the area.

The eastwest striking Sidi Add-ault is the main structural feature at Achmmach and occurs in the
northern part of the deposit.

3.5Deposit Geology

The Fourhal Formation consists of deformed, interbedded pelites and psammites of Lower
Carboniferous (Namurian) age. These metadstones and shales comprise a tigidlgled 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 bmmeralisation as they
contain tourmaline alteration and timineralisation The composition of the sills varies and ranges
from felsic to mafic. The felsic intrusive (mogranite) defines the hanging wall of the highade
mineralisationin the central and western parts of the deposit.
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Figure3-3 Interbeddedmeta sandstones and shalasAchmmach

Mineralisation is localizeth two subparallel ENE striking lodes named the Meknés and Sidi Addi
Trends, separated bgpproximately500m (Figure3-4). The Meknes 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 tourmalineilica altered metasediments. Timineralisationoccurs primarily as
cassiterite (Sn©¢ S.G 6.8.1, 78% Sn) with minortasmnite (CuFeSng. It is relatively pure in
composition and does not carry significant trace elements (e.g. In, Ga, Ta.or Nb)
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Figure3-4 Mineralised zonesf the Achmmach deposit

Deformation includes repeated folding, faulting and intrusion by suites of igneous sills. Folding
produced a moderate to steeply dipping WNW SO fabric and large parasitic folding. Fold hinges are
sheared and thrusted to the ESE along the axial planaradeav 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¢ WSW striking fracture cleavage, thought to have developed during
transpressional shearin 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 ofdtrtally controlled alteration occur:

1 QuartzSericiteChlorite++Pyrite-This is a pervasive, early alteration assemblage that has
developed preferentially along faults, cleavages and shear zones.

1 TourmalineSilica AlteratiorThis alteration is associatedtivmineralisationand defines the
Meknes and Sidi Addi Trends. These extend for almkst &y an ENE direction. The tourmaline
alteration, as mentioned, has developed along the EW fracture cleavage but also occupies shear
zones, fold hinges, bedding pksiand produces fluidssisted (hydraulic) breccias.

Tin mineralisation at Achmmach occurs as cassiterite in cqadgiterite veinlets and stringers, and
as disseminationsThe veinlets and stringers are commonly narrow, up to a few millimetres thick.
Thicknesses up to a few centimetres occur locallye host rocks were altered by black tourmaline
and white quartz before the introduction of cassiterit€his presents as disseminations in black
tourmaline and as infill to some breccias.

Taylor (2009) sugsted a paragenesis, the stages of which most relevant to the tin mineralisation are:
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9 tourmaline Il and Quartz Il occur together and rock containing moderate to strong Tourmaline Il
mineralisation is host to the tin mineralisation
1 quartzcassiterite + arsgopyrite, pyrite and chlorite mineralisation contain the tin.

Atlas Tirgeologists have noted a general relationship between tin grades and the mode of occurrence
of cassiterite as outlined ihable3-1 below.

Table3-1 Cassiteriteoccurrence at Achmmach

Grade Range Modes of Occurrence of Cassiterite

Up to about 0.5% Sn | quartzcassiterite+/- sulphide stringers andeinlets not necessarily in
tourmaline and

quartzcassiterite stringers and veinlets in tourmaline

About 0.5% to about | as above plus disseminated cassiteritéhia interstices otourmaline
2% Sn
Over about 2% Sn as above plus wider arfighergradequartz-cassiterite veinletand veinsor
cassiterite as infilinatrix of breccia

Theminerali®ed zoneoccur in discretenvelopesver a strike length exceeding k6. Closespaced
drilling has identiftd eastwest striking subvertical tourmaline envelope described as feeders and
gently to steeply north dipping branchekhe tourmaline envelopes have been defined by drilling over
a vertical interval of approximately 6@0. The envelopes range from a few metres to over 30 m thick
and appear to be relativgl 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 mairfeatures of thetin mineralisationshown inFigure3-5 are described
as follows

1 The mineralised envelopes are primarily tourmalifibe envelopes contain the bulk of the tin in
the form of quartzcassiterite veinletsAs with other hydrothermal tin deposits, leakage of tin
occurs beyond the envelopes

1 Quartzcassiterite veinlets are not ubiquitous in tourmaline envelofd®ere are parts of the
envelopes that are nanineralised with tinThe current geological interpretation does not
include any constraint on the location of tin within the envelopes

1 The quartzcassiterite veinlets are steeply dipping, while the mineralised envelopes are
moderate to steeply dipping.
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Figure3-5 Viewwest of the Achmmach geological model sliced at 2450m E (local grid).

Mineralisation occurs as vein, veinlets and disseminations in acicular tourmaline. High grade
mineralisationis associate with stockwork arrays, high density sheeted veins and hydraulic breccias.

The mineralisation is developed predominantly within the intense tourmadiliea altered meta
sediments commonly referred to as lodésoccurs mostly as veinlets, amdntimetre wide veins
Disseminations within the acicular Tourmaline Il 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 veinsf up to severad centimetresin thicknessandhydraulic breccias as shown in
Figure3-6 and Figure3-7.
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Figure3-6 Black Tourmaline gquartz alteration and Milky Quartz |

f':‘?‘“} :5';1
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o

Figure3-7 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 an(i#iescoping
effect) and as such, no obvious zonation is apparent.
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3.6Data Acquisition
3.6.1 History

The Achmmach tin deposit was first discovered by the Moroccan National Office for Mineral
Exploration (BRPM) 1985 by following stream sediment anomalies. In ¢ NX & , BRBMbn Q &
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 earlypkration work. Drilling was completed in 2000 with a

total of 29 holes for 13,408 drilled over the initial 1.&m strike length of AchmmacAn85m deep
exploration shaft (to the 89MRL) and 22 of strikedevelopmentwas mined to obtain bulkamples

for metallurgical testworkThree diamond holes were drilléidom undergroundotalling 853m.

In 2002, BRPM produced a resource estimate of 857t 1.09% Sn for a total of 1@DOt of
contained metal (0.5%SN eaff). This was based on 150 drill spacingTable3-2 outlines the work
produced by BRPM.

Table3-2 BRPM Achmmaatxplorationsummary

Drillhole Company explanation Type of Start End No of ax Total
series drilling date date holes Depth (m)
_(m)

S0102, BRPM; Northern Zone testf DD | 12/1991 | 10/1993 | 635| 3,907
S0411 drilling, 50m space grid
S03, S23 | BRPM structural holes, DD 04/1992 | 06/1996 2 1,083 | 1,807
deep target
S1222, BRPM; Meknés Zone test DD 03/1993 | 07/1997 17 588 7,690
S2429 drilling, wide space 15
grid
SF13 BRPM; 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 prospéw. works
included:

1 surface mapping to 1:1000

soil sampling at 166n x 80m grid (1,218 samples)

rock chip sampling (447 samples)

ground magnetic survesin 2008 and 2009

diamonddrilling in 2007 comprising 292 holes drilled for approximately,d0®m (Table3-3)
paragenetic studies in 2008, 2009 and 2012

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

PhD research omineralisationtextures, fluid inclusions and model of emplacement.

=A =4 =4 8 -4 4 9
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Table3-3 Kasbalexploration hstory (DFS 2014)

Company description Type of  Start End date  No of Max Total(m)
drilling date holes depth
(m)
Early Eastern Zone test drilling DD Now-07 Apr-08 17 465 4,192
Meknés Resourcerilling DD Apr-08 Mar-13 66 591 25,784
Fez Zone, lateral lode continuity an{ DD Janll Junl2 10 524 3,979
NS high strain zone testing
GDI LX¥ %2yS NBaz2d DD Mar-11 | Jukl2 59 570 | 24,783
40 m infill
Meknés Eastern Zone resource DD May-12 Apr-13 61 629 25,579
drilling, 40m spaced sections
aDI L¥ %2yS NBan2d DD Oct12 | May-13 42 551 | 16,499
infill
G9FaidSNy w2yS { K DD Feb13 | May-13 15 205 2,088
drilling
42 SaGSNYy w2yS { K DD Junl3 | Now13 22 136 2,005
drilling
Total 292 3,671 | 104,910
3.6.2 Dirilling
MeknésTrend

Approximately325 diamond holefave beerdrilled on the MeknésTrend. Of these271 holeshave
beenused to estimate the mineral resource. This tetad 109,618 m and include:

1 17 BRPM surface diamond holes for a total of 7,690
1 3 BRPM underground diamond holes for a total of 863
1 251Atlas Tirsurface diamond holes for a total of L0Z5m.

WesternZone (Sidi Addi Trend)

Sgnificantly less workas beenconductedon the Sidi Addirend (Western Zonethan the Mekneés
Trend From Jure 2013 to September 201485 shallow holes were drilled into this area. These were
used to estimate this portion dhe resource. The holes produced HQ sized core and total metres were
4,550m. Four holes from this data set were drilled using triple tube HQ3 and were also used for
geotechnical assessment.

3.6.3 MeknesTrend
Analysis of Data Prior to 2008

Datasets prior to mie2008 i.e. BRPM holes S829 (199%, 1996), SF& SF3 (1997) anétlas Tirholes

prefix ADOOIADO25 were reviewed in earlier resource estimates. This was done because the
uncertified standards from thétlas Tindataset used in the Reminex laboratory imidcco showed

a conditional bias (high). However, check assays (oredudpmplegetrieved 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 sligilyut inconclusive bias antlis consideredhat
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the volume of the neweAtlas Tindrilling will have negated any possible and slight bias in the small
historic dataset.

Analysis of Data from 2009 to 2010

Quiality control practices for samples sultt@d from 2009 to mid2010 included the use dhree

dzy OSNIATFTASR &GFyRINRAD ! f K2 dz3K nidekinSed SachaBhdlBy Qi O
2 KSIFE WHYS [F02NI{G2NB Ay [/ 2Nysglttf Ay 9y3IflryR (2
laboratories in both Australia and Moroccbhe data was independentihgviewed confirnation that

the results were not biased analre reliable for use intie 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 frommid-2010¢ mid 2012

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

and check samplesavell asthree/ SNIAFASR wSTSNBYyOS al GSNAIf A& 0O/ we
in Table3-4 below andare 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 additionalineelements. Previous authors have reviewed thata 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 AirSPerth, Australia.

Table3-4 Certifiedvalues and confidence limits for Sn standards
Certified Standard 1SD 1SD 2SD 2SD 3SD 3SD

Value Deviation Low High Low High Low 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 2@1

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 chartgor the three standards are located below Kigure3-8 to Figure3-10. 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 othéwo standards highlights a small conditional bias with both

of the highergrade assays returning i@er 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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Control Chart, OREAS 140
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Figure3-8 Results for Standard OREAS 140
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Figure3-9 Results fostandard OREAS 141
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Control Chart, OREAS 142
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Figure3-10 Results fostandard OREA$42
Blanks

FromMay 201lonwards blankswereroutinely inserted into all exploration programs at a rateooke
blank per 50 sample§ he blanks arcallysourced barren quartzite.

Blank Control Chart, Sn_Pct
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Figure3-11 Results foblanks control chart
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For this data period the blanklkemonstratedan acceptabldevel ofcontaminationwith isolatedand
low gradeevents(Figure3-11).

Duplicates

To test the precision of the assay data, two types of sample duplieagrsconducted routinelyfrom
the beginning of 2010.

The first duplicate is a coarse crush duplicate, collected during thgtercrushing stage. This test
determines the pecision ofthe 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 precisionmhis is displayed in thiollowing scatterplots ad precision charts for both types

of pulp repeats and coarse crush duplicatégre3-12to Figure3-15).

Sn Pulp Repeats
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Figure3-12 Scatterplot Smriginal vs. pulp repeat
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Sn Pulp Repeat Precision
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Figure3-13 Snrepeat precision ché

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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Sn Crushed Duplicates
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Figure3-14 Scatterplot Srriginal vs. oarse crush duplicate
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Figure3-15 Snoriginal 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 acceptalpl@ 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 (AmdeBureau Veritas) in Perth, Western Australia. The charts show a high level of
correlation indicating the ALS laboratory in Irelandsproducing acceptable resul{Eigure3-16 and
Figure3-17).

Sn Umpire Lab Repeats
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Figure3-16 Umpirelaboratory repeat scatterplot
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Sn Umpire Lab Mean vs. Difference
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Figure3-17 Umpirelab precision pairs plot (difference vseam)

3.6.5 Western Zone (Sidi Addi Trend)
Standards

¢tKS &l yYs

were also inserted at a rate of 1 in 20 samples. Control charts for eéech® K S

below (Figure 11.11 to Figure 11.13).

0 KNBS WMekr<Teend deerSdhso ds@dNd the KVBstern Zone. Standards
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Control Chart, OREAS 140

0175 }I \'. f_ 1,‘ / e \/\V."II v \ f// 1“. //ﬁ / \_')\ .’*l
/ / \ J

017

S
S -
| "
-

0.165

.

0.16

0.155

0.15

Z = 2 =2 2 2 2 = = = =T = T =T T T T T T T T =

& § §8 8§ 8 8 8 8 83 8§ 83 8 8 38 &8 8 38 8 8 &8 8§ ¢
g§“33222§§“353§§2522§“

§ 22 % %535 35 5§ 5§ § 2% %% % 5 5 5 3% %
R R 9 & § & 8 A = % A 3

Date

—n_Standard —e—5n_Sample =150 - 150 - 15D =250 e 3SD  e—-350

Figure3-18 Results for Standard OREAS 140
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Figure3-19 Results for Standard OREAS 141
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Control Chart, OREAS 142
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Figure3-20 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 c@tse 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 foMeknésTrend (Figure 11.14).
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Blank Control Chart, Sn_Pct
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Figure3-21Blanks 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). Thesavprdpg-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 folleknésTrendwere used for the Western Zone.
The first duplicate is a coarse crush duplicate, collected during thsitercrushing stage. This
duplicateis used tatest the site sample preparation stage of the assay praclss second type of
duplicate was repeat aag of pulpswhich tests the analytical stage of the assaying process.
Scatterplots and precision pairs plotSiqure 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 samplingaasdying process. The error is
very small and is not considered to impact the data quality.
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Sn Pulp Repeats
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Figure3-22 Scatterplot Swriginal vs. pulp repeat
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Figure3-23 Snrepeat precision chart
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Sn Crushed Duplicates
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Figure3-24 Scatterplot Sn Original vs. Coarse Crush Duplicate

Sn Crushed Duplicate Precision
0.7
*
0.6 ——t
0.5
L J

8
£
g 0.4 *
£ .
3 03 ¢
2 ©
# * e
& +*

0.2 +

*
01 iy * %8 <
*
&
R
0 2 4 6 8 10 12 14
5n % Mean

Figure3-25 Sn Original vsoarsecrush 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 1911997 by BRPM is unknown. The AD prefix hdhided by
Kasbah (after 2007) used either multi shot (2@0Z008) or single shot (2062013) 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 wanéially 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 naensitydata prior to 2010. Initiallydensity measurementaere recorded using physical
methods withvernier callipersto determine thelength and diameterolume) of a sample of square
cut core and a digital balanaesedto determine the massApproximately 370 density measurements
were taken using this method. In December 2011, utilisation of the water immersion technique
commenced using diamond drill core and approximate§0@ density measurements have been
collected.Dersity 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 theeaskyis made

by the geologist logging the hole. This depends on the weathdriafuring and apparent porosity.
Density measurements were taken at approximately B) m intervals downhole in the mineralised
zone. Certified weight&ere used to calibrate the scale daily and sineest ofthe corewasfresh and
unweathered therewvasno need for wax coating to be applied prior to immersion. Bothdhkliper

and immersion methods show the averaggensitywithin the mineralised zones to be 2.8 °.

3.7Data Verification

A geological borehole information siem (GBI$ interface is used taccess the SQL database. The
validity of the database processes used for the Mineral Resource estimatnefalisationat the
Achmmach tin deposit has been confirmed via checks for internal consistency and robusiesss.
checksdemonstratethat the diill hole data has been adequately validated with satisfactoryQ@A
analysis and is appropriate for use in the estimation of Measured, Indicated and Inferred Mineral
Resources which aiacluded inthis report.

3.8Resource Estimation

Two separate resource éstates have been compiled, one for tekneésTrend and the other for
the Western Zone of the Sidi Addi Treriglure3-26). The work was undertaken by Quantitative
Group and their report is in Appendix 3A.
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Figure3-26 Location of Sidi Addi arideknésTrends

3.9Resource EstimatieMeknesTrend
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 potasgiades (as a proxy for tourmaline
alteration e.g.a KO concentrationbelow 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 intguretation. This effectively means the unmineralised tourmaline breccias are
excluded from the wireframes.

Any mineralised material with good continuity that was not captured by thetaimmaline
wireframing (several small continuous splays) was wirefrarsedarately and included in the
appropriate domainTable3-5 shows the numerical domain codes for the-tourmaline alteration

zones.
Table3-5 Meknés Trendlomain codes
Domain number \ Domain Name
0 Background
10 Vertical Feeders
30 Fez
40 Meknées
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). Domainumalary analysis for thdleknéesTrend
showedhard boundaries for all of thén-tourmaline alteration domain variables.

3.9.2 Compositing

Drillhole data and wireframes were imported into Datamine for analysis. Composites were generated
on 1m downhole intervalsdr the purposes of resource estimation. Analysis of raw sample data
showed thatmostsample lengths are th. There were a few instances where uncomposited intervals
were greater than In. Since this was only 56 samples (of 2engths from within the minelized
zones) of the 2216 samples, the impact of-compositing these to in was considered negligible.

Some sections within tdourmaline altered domains had not been sampled. This is because only
samples from the sections of drillhole core that regisas Sn bearing on the Niton hahdld XRF
analyser during the sampling processre sent for assaylt is incorrect to label these as null and to
leave them blankas it is possible for &igh grade being estimated in these aredderefore a
backgroundsample grade of 0.005% Sn was applieable3-6 shows the comparison &n grade X
sample lengthhefore and after compositing and demonstrates there was no significant loss of data
during the compositing process.

Table3-6 Sn Accumulationisefore andafter 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 approximatem @5 cm lengths of core
and to composite these to m intervals would be meaningless i.e. they are essentialigt values.
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3.9.3 Univariate Statistics

Summary statistics for all domainseashown inTable3-7. Histograms foMeknésand East Zone

Deeps are shown belowrigure3-27). Sn is positively skewed and has some large values. Statistical
top cuts were therefore applied.able3-7 shows thestatistics for top cuts. Estimates were run for Sn
with and without top cuts. Some data valules bulk density were outside acceptable ranges for this

geological environment. Values above 8162 or below 2t/m 3 were rejected.

Table3-7 Univariatedata statistcs

‘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 1.26 417| 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 0.01 485| 1.34 1.10 1.21| 0.82
S_Pct 1906 0.00 495| 0.69 0.71 0.50| 1.03
Density 285 2.38 3.28| 2.87 0.10 0.01| 0.03
Meknés 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 1.38 424 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 0.01 436| 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| 292 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 0.02 468| 1.27 1.17 1.38| 0.92
S_Pct 1951 0.01 764 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| 251 1.12 1.26 | 0.45
S_Pct 34207 0.00 8.82| 1.02 0.78 0.61| 0.76
Density | 2498 1.20 470 2.82 0.17 0.03| 0.06
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Figure3-27 Histograms for Sn, K and\deknés(left) and East Zone Deeps (right)
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Table3-8 Statistics ofop-cuts Sn

‘ Count‘ Minimum‘ Maximum| Mean

Std. Dev.

Variance

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
Meknés 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 Shalloy 782 0 5.0 0.64 0.92 0.84 1.44

3.9.4 Declustering

Asmentioned previouslySection3.9.2) the highergradeparts of mineralisation in thileknésTrend

were preferentially sampled. Thisould skew the estimate of thérue grade for a given domain.
Moving window cell declustering testgere performedfor Sn in all domains and found that the
plotted data stabilises at Step Bigure3-28) so a 200n x 100m x 6m declustering grid was chosen.

Statistics for the declustered variables are showmable3-9.
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Table3-9 Unweighted vsdeclustered stastics

‘ 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 0.9 1.03
Fez 0.56 0.56 1.34 1.28 0.69 0.67
Meknés 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 0.65 127 1.29 1.1 1.08
East Zone Shalloy 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 shlék@ésmodels were used

for this domain. Variograms for Sn in each ddmwere generated using data transformed into the
Gaussian variable and then back transforming the model into the original data sp@ept forthe

West Zone Shallovirhe Gaussian variograms are shown at the top of the following figures, and the
backtransformed models at the bottom of the figurdsigure3-29to Figure3-33).

Downhole experimental variograms were calculated using a lagroflhese 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. \gaaims for Sn are shown below. The red
linesare themajor direction, green linethe semi major and magenta linéise minor direction.
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Figure3-33 East Zone Shallow (ndransformed)variography

Model parameters for Sn, K and S are showhahle3-10, Table3-11 and Table3-12 respectively.

Table3-10 Model Parameters for Sn

%SnVariogram Models

Domain Isatis | Datamine | Nugget | Nugget Range Sill Sill Structure

Math Rot. (CO) (as %) Major | Semi| Minor (as %)

Rot. | (3.2,1)

Vertical 0090 0090| 0167| 40.70%| 40| 20 8| 0.142| 34.60% 1
Feeders 120| 100| 35| 0.101] 24.60% 2
Fez 90, | 90,30,0] 0.355| 56.20%| 25| 25| 13| 0.215| 34.00% 1
30,0 70| 70| 20| 0.062| 9.80% 2
Mekneés 20,0; | -20,0,30 06| 9230%| 10| 10| 14| 002] 3.10% 1
30 75| 40| 20| 003| 4.60% 2
East Zone 70, | 70,40,0 05| 84.70%| 16| 20 7] 001| 1.70% 1
Deeps 40,0 280| 280| 150| 0.08] 13.60% 2
7040,0|  0.35| 6120%| 20| 10 4| 013 23.10% 1
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East Zone -70- 200 | 125 9 0.09 | 15.70% 2
Shallow 40,0
Background | 20,0; | -20,0,60| 0.008| 4550%| 140 40 25 | 0.0045 | 25.60%

60 550 | 150 | 210 | 0.0051| 29.00% 2

Table3-11 Model Parameters for K

K % Variogram Models

Domain Isatis | Datamine | Nugget | Nugget Range Sill Sill Structure

Math Rot. (CO) (as %) Major | Semi| Minor (as %)

Rot. 3,2,1)

Vertical Feeders 0,0,90 0,090 0.23 | 15.20% 5 3 3| 05| 33.10% 1
50 35 20 | 0.78 | 51.70% 2
Fez 0,050 0,0,50 0.4 | 33.10% 9 9 7| 0.65| 53.70% 1
35 35 15| 0.16 | 13.20% 2
Meknes 0,060 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- 90,40,0 0.3 | 21.70% 20 35 6| 0.66| 47.80% 1
40,0 165| 100| 30| 0.42| 30.40% 2
East Zone Shallow -90- 90,40,0 0.44 | 36.70% 60 30 6| 05| 41.70% 1
40,0 120| 100| 70| 026 21.70% 2
Background 0,060 0,0,60 0.4 | 36.40% 14 14 8| 0.44| 40.00% 1
90 90 80| 0.26 | 23.60% 2

Table3-12 Model Parameters for S

S % Variogram Models

Domain Isatis | Datamine | Nugget| Nugget Range Sill Sill Structure
(CO) (as %)

Math Rot. Major | Semi| Minor (as %)
Rot. | (32,1)

Vertical Feeders | 0,0,90| 00,90 | 0.17]| 23.80%| 35| 150| 15| 0.18| 25.20% 1
500| 175| 20| 0.365] 51.00% 2
Fez 00-| 0050 01]20.10% 10| 10 7| 0.14] 28.10% 1
50 100 | 100| 40 0.258 51.80% 2
Meknes | 10050] o01]|17.70%| 25| & 6| 0.22]38.90% 1
10"5)6 80| 60| 25| 0245 43.40% 2
East Zone 00| 0040 025|21.30%| 20| 20| 10| 053 45.10% 1
40 380| 380| 60| 0.4 33.60% 2
East Zone Shallow | 0,0; |  0,0,40| 058 37.20%| 40| 30 9| 044] 28.20% 1
40 150 | 100| 16| 0.54] 34.60% 2
Background 00, | 0060 02|3230%| 50| 40| 20| 0.28] 45.20% 1
60 5

440 | 150 250 | 0.14 | 22.60%
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3.9.6 Bulk Density Variography

Variograms for bulk density were generated for all mineealidomains Figure3-34). Model and
model parameters are shown beloWwgble3-13).

Table3-13 Model Parameters for Bulk Density

Density Variogram Model

Domain Isatis | Datamine | Nugget | Nugget Range Sill Sill | Structure
Math Rot. (CO) (as %) | Major | Semi| Minor (as %)
Rot. (3,2,1)
Mineralised Zones 0,0 0,0,30| 0.0045| 43.6% 15 15 14 | 0.0014 | 13.2% 1
30 60| 60| 30| 0.0045| 43.2% 2
Background 0,0- 0,0,30| 0.008| 37.0% 60 60 30| 0.007| 32.4% 1
30 600 | 600 40 | 0.0066 | 30.6% 2
0.015 | N9O r 2
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Figure3-34 Bulkdensity vammgraphy
3.9.7 OKEstimation

Model

A volume block model was constructed in Datamine using the detailcalie 3-14. Datamine
convention has the origin as the lowermost south wesheoiof the first block. The horizontal parent
block size is approximately half of the drill spacingriost ofthe deposit,except forthe centre of the
MeknesZone where the drill spacing is closer. Block model volumes per domain were compared with
wireframe volumes to check for consistence and were satisfactory

Table3-14 Blockmodel details

Model Block Size Number Model  Min. subcell
Origin (m) of Blocks Limit
Easting (X) 1,800 20 90| 3,600 5
Northing (Y) 49,700 20 35| 50,400 2.5
RL (2) 500 5 150 | 1,250 2.5
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Neighbourhood Analysis

Quantitative kriging neighbourhood analysis was conducted to optimise search criferiatest
estimateswere runin the MeknésZone that used 5, 10, 15, 20, 25, 30, 40, 60, 100, 200 as the
maximum number of samples. Results for the >30 showed over samgodnd < 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 8arasity [able3-15

and Table3-16).

Table3-15 Snsearch paameters

%SnSearch Paranters

Domain Major Range | Minor No. of Octants Max. Samp per| Disc.
Semi Samples Used? hole
Min. | Max.

Vertical Feeders| 100 80 30 5 15 N N/A 5x5x3
Fez 70 70 20 5 15 N N/A 5x5x3
Meknés 75 40 20 5 15 N N/A 5x5x3
East Zone 200 200 125 5 15 N N/A 5x5x3
East Zone 150 100 10 5 15 N N/A 5x5x3
Shallow
Background 50 50 25 5 15 N N/A 5x5x3

Table3-16 Densitysearch paraneters

Density t/m3 Search Parameters

Domain Range No. of Samples OctantsUsed?| Max. Samp per holg 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 ellipsedefined
separately for each blocK his is an advantage where the average dip and dip directi@s not
honour the local grade geometry. The wireframe triangles were used to estimate local dip and dip
direction (user set tolerances mitigate the risk ohgeating invalid points)and these pointswere

then used to define the geometry of the mineralized structures. These treated as variables and
during the estimation process, the search ellipse and variogram orientatieresrotated individually

for each block.

Estimation

Estimation was completed usirgydinary kiging 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 unfillegfter the first passTable3-17 shows the blocks estimate by each pass.
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Table3-17 Searchpasses sed 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%
Meknés 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 Shalloy 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 passwvasdue to these extending at depth away from drilling. Blocks not filled on the second pass
were assigned default values of 0.3% Sn for \areeders 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 remainedtimated. These

were assigned vaes according to known mineralogical occurrences. (l.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 *X@5tha

vertical feeders and 2.80t/Afor the background.

Validation

Model validaion included performing a nearest neighbour estimate in additional to kriging to identify
any bias comparing model grade to sample grades spatially (i.e-savaen in 3D) and statistical
analysis of composite data compared to model data (Ealgle3-18 below). All estimates behaved as
expected (kriging produced smoother results and no bias was detected) and validation demonstrates
that the estimate was satisfactonpwath plots for theMeknésZone domain are included below.
Swath plots for other domains are seerFigure3-35andFigure3-36.

Table3-18 Composite vanodel means for mineralizedthains

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%
Meknes 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%
Meknés 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.
VerticalFeeders 0.900 1.030 0.99 96.3%
Fez 0.690 0.670 0.73 109.6%
Mekneés 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%

Sn by Easting, Meknes Zone
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Figure3-35 Swath Plot foMeknésZone by Easting

e T I N




m ACHMMACH TIN PROJECT

2018 Definitive Feasibility Study Report GEOLOGY AND MINERAL RESOURCES
Sn by RL, Meknes Zone
14 700
12 €00
b | 500
¥
o8 o B
; a
5 5
0.6 300
;
o4 200
0.2 100
0 4]
$§ 8§ § & &8 §®¥ & 8 § % 8 3§ §8 8§ 3 § & ¢
RL
No.Samples =——=0K =—=NN =t=Samples

Figure3-36 Swath Plot foMeknésZone by RL

3.10 Resource EstimatieWestern Zone (Sidi Addi Trend)
3.10.1 Domaining

A tin grade of approximately.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 diredliwvae domains were
recognized and are presentedTiable3-19.

Table3-19 Western Zonelomain odes

Domain CodeTORDOW ‘ Domain Name

0 Background
70 Main Zone
75 Branches

Analysis of domain boundaries showed that the uskasti 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 0.25mTable3-20 shows that the tin accumulations before and after compositing are
acceptable with no significant loss of metal content. As forNteknesTrend, bulk density data for

the Western Zone was nabmposited.
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Table3-20 Sn Accumulationisefore and after coipositing

‘ 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 belowTiable3-21 and histograms are shows kigure3-37. Tin is
positively skewed with some high data values.-Tafs were applied to Sn only. These were 5586

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

Table3-21 Univariate DateStatistics

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

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 2.480 291 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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Figure3-37 Histograms for Sn, K and S for Main Zone (left) and Braiicget

3.10.4 Declustering

Moving window cell declustering tests were performed by Job (2014) usingn&50m x 2.5m
declustering grid for the Main Zone, a #ax40m x 10 m grid for the Branches. Declustered statistics
are presented imable3-22.
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Table3-22 Declustered Statistics

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

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 0.01 477| 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
mineralisationand across strike. Downhole variograms were generated and used to determine the
nugget effect. Variograms and model parameters imcluded belowKigure3-38to Figure3-40 and

Table3-23to Table3-25).

[

in Pet

=11} B

YVariogram :
=]

1
125

o.oo L
o Z3

L 1 L
a0 T3 oo

Distance (m)

in_Pret

YWariogram

L
Z0 a0 L11]
Distance {m)

=0

Figure3-38 Main Zone Variography

A ]

5 PoLb

Variogram

1 1 1 1 L
9.0 5 a0 75 100 125

Distance (m]

5 Pot

Variogram :

=]

(=

(=1

(=]

Lut

%]

(=]

=]

50

Figure3-39 Branches Variography

ATLAS

e T I N



ACHMMACH TIN PROJECT

2018 Definitive Feasibility Study Report GEOLOGWN®D MINERAL RESOURCES
0.0125 |, —— _— 0 0125
E-M““ ] ,E_u:um
B B
b.00Ts 1 o.0075
: :
§.ooso - g.0050 | i
0.00Z5 | . 0.00Es | .
o.oone g 50 o0 150 00000 3535 3r a0 S0 &0 71 &0
Di=tance (m) Distance (m)

Figure3-40 Background Variography

Table3-23 Model Parameters for Sn

S % Variogram Models

Domain Isatis Datamine | Nugget | Nugget Range Sill Sill Structure

Math Rot. Rot. (CO) (as %) Major | Semi| Minor (as %)

(3.1,3)
Main Zone nznjg 0,60,0 0.5| 53.2% 20 20 2 0.09| 9.60% 1
45 45 10 0.35| 37.20% 2
Branches nznsg 0,45,0 0.58| 37.2% 6 6 6 | 0.057| 18.90% 1
32 32 8| 0.094| 31.20% 2
Background 0,060 0,60,0| 0.005| 40.3% 7 7 3| 0.0044 | 35.50% 1
32 32 23| 0.003| 24.20% 2
Table3-24 Model Parameters for K
K % Variogram Models

Domain Isatis Datamine | Nugget| Nugget Range Sill Sill Structure

Math Rot. | Rot. 3.1.3)] (€O | (@ %) My T Semi| Minor (as %)
Main Zone nzns:z 0,60,0 0.08 | 33.5% 5 5 31 0.124| 51.9% 1
55 55 8] 0.035| 14.6% 2
Branches nznsz 0,45,0 0.07| 20.1% 5 5 8| 0.143| 41.1% 1
34 34 15| 0.135| 38.8% 2
Background 0,060 0,60,0 0.25| 22.3% 9 9 21 0.256| 22.8% 1
45 30 14 | 0.615| 54.9% 2

Table3-25 Model Parameters for S
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Domain Isatis Datamine | Nugget| Nugget Range Sill Sill Structure
Math Rot. | Rot. (3,1,3) (C0) (as %) Major | Semi| Minor (as %)

Main Zone nznZml 0600 0.01| 32.3% 5 5 2 |1 0.0064| 20.6% 1

32 32 51 0.0146| 47.1% 2

Branches nxznm| 0450 0.015| 17.6% 80 80 35 0.07 | 82.4% 1

2

Background 0,060 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 BulkDensity Variography

Bulk density data produced reasonable variograms shown below with the model parantétaree(
3-41andTable3-26).

Table3-26 Model parameters for bulk density

Density Variogram Model

Domain Isatis Datamine Nugget | Nugget Range Sill Sill Structure
Math Rot. | Rot. (3,2,1) | (CO) (as %) | Major | Semi| Minor (as %)
Mineralised 0,0-60 0,60,0| 0.003| 22.4% 13 13 12 | 0.0046 | 34.3% 1
zones 36| 36| 3400058 43.3% 2
Background 0,060 0,60,0| 0.004| 22.9% 15 15 15| 0.0039| 22.3% 1
36 36 25| 0.0096 | 54.9% 2
0.015 | : ) - ' ; : '
3 3
50.005 J L2 R
I ) Al L L

=N

S0

Distance (m)

Figure3-41 Bulkdensity varigraphy
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3.10.7 OrdinaryKrigingestimation
Model

A volume block model was generated in Datamine. Details are shoWwabie3-27. The horizontal
parent block size is approximately half to ethérd of the drill spacing. A comparison of wireframe
versus block model volumes shows that the constructed block model isusimilmetrically.

Table3-27 Blockmodel detais

Model Origin Block Size (m) Number of Model Limit Min. subcell
Blocks

Easting (X) 1,400 10 55 1,950 2
Northing (Y) 50,150 10 40 50,550 2
RL (2) 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 beloWwaple3-28 and Table3-29).
Table3-28 Snsearch mprameters
%SnSearch Parameters

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

Major | Semi | Minor Min. Ma

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

Table3-29 Bulkdensity search grameters

Density t/m3 Search Parameters

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

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 usimgdinary krigng utilising the parameters defined in the sections
above. Consecutive estimation passes utilising larger search ellipses (2nda3assce the initial
search distance, 3rd pasgs4 times the search distance) were required as blocks remained un
estimated.Table3-30 shows the block estimate percentages by each pass.
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Table3-30 Searchpasses for Sn

Pass Number 1 ‘ 2

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 f&6thulk 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 géengrades spatially and statistical analysis of
composite data compared to model datll data behaved as expected (kriging produced smoother
results and no bias was detected) and validation demonstr#tat the estimate was satisfactory
Swath plots for Sn in both mineralized domains are included betiguie3-42 to Figure3-45).

Sn by Easting, Main Zone
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Figure3-42 Swathplot main zone byasting
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Figure3-43 Swathplot main zoneby RL
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Figure3-44 Swathplot branches byasting
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Figure3-45 Swathplot branches ¥ RL

3.11 Mineral Resource Classification

The classification of the resource estimate was basetherilowing 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

=A =4 =4 4 -8 =9

Diamond drillspacing ranges between 20¢ 40 m spacing. All areas were well sampled, logged and
assayed. Domaining is appropriate and robust. Interpretations are notextesipolated (20n up and
down dip and 20n ¢ 40m along strike depending on the drill spacing).

Therefore, areas in the core of tideknesZone and Vertical Feeders, where the drill spacing im 20
and continuity of grade is consistent along strike, are classified Measured. The remainder of the
deposit with drill spacing between 30 ¢ 40m is class$ied as Indicated.

3.12 Mineral Resource Reporting

The mineral resource is reported to a @ff grade 0f0.5% Sn for botiMeknésTrend and Western

Zone.
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3.12.1 MeknesTrend

Thereported Mineral Resource at eut-off is 0.5% Sn for the underground component for both
MeknéesTrend and Western Zoris shown inrable3-31 below.

Table3-31 MeknéesTrendMineral Resource

Classification MTonnes

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 bétpwe3-46).

Grade-Tonnage Curve, Achmmach Sn,
Measured + Indicated, September 2013
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Figure3-46 Gradetonnage cuve forMeknésTrend

3.12.2 Western Zone (Sidi Addi Trend)

Tabk 3-32 shows total resource for the Western Zone, the grade tonnage curve is shokiguire

3-47 below.
Tabk 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.
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Grade-Tonnage Curve, Western Zone 5n,
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Figure3-47 Gradetonnage cuve for Western Zone

3.12.3 Total Combined Achmmach Tin Resource

The total combinedVineral Resource for the Achmmia Tin Project is presented Trable3-33.

Table3-33 Total Combined Mineral Resourgc@&chmmach 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 MeknesTrend

Comparison to previous resource estimatsgabulated below Table3-34). The earliest model in
December 2008 useithverse ditance estimation methods and all subsequent modelling has used
ordinary kiging. Cuioff for the earlier resource was quoted about 0.6% Sn whereas all other models
used a 0.5% Sn caoff for reporting of mineral resource estimates. Drilling in 2012 ledrtancrease

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 extéisre3-48 shows the successful
conversion to higher confidence resources.

ATLAS

e T I N



ACHMMACH TIN PROJECT
2018 Definitive Feasibility Study Report GEOLOGY AND MINERAL RESOURCES

Table3-34 Comparisa to previous estirtes

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
March2013 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
September2013 QG Measured 1.6 1.00 16.1
Indicated 13.0 0.80 107.0
Total 14.6 0.85 123.1
160
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Figure3-48 Resource comparison foortained Sn metadnd category
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3.13.2 Western Zone (Sidi Addi Trend)

Comparison to previous resource estimates is tabulated belawnes, grade and contained metal
have all increased due to further dinlg at depth and the eastern extent&gble3-35).

Table3-35 Comparisa to previous efmates

IndicatedResource ‘ ktonnes ‘ %Sn kt Sn

cSonmn 221 0.95 2.1
b2@mnmn 340 1.25 4.2
Difference 119 0.30 21

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

4.1Hydrogeology

A hydrogeological research programmesinitiated in 2010 by engaging Golder to carry out a 2D
resistivity survey over selected sitesthe project areaThe survey concentrated on three locations
where geological structures, éorporating 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 Minieres BRPM (French: Bureau of Mining Research and
Investments; Morocco) experienced water inflow into one of the underground exploration workings

at an elevation of 89enRL whih ultimately filled the shaft to 948RL. This shaft wasibsequently

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 depositexiisrience suggests

there may be perched aquifemshich readily drairbut 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 regiondaewagency Agence des
Bassines Hydrauliques Sebou (ABAHs Tirengaged SOLROC, a local water boring company to drill
a series of five bores at sites NE of Achmmach as recommended by Golder.

4.2Seismicity and Stress Field
4.2.1 Seismicity

The Achmmachdepositis in a region of low earthquake hazardvhich isdefined as havingan
acceleration coefficient of 0.81/s? (USGS) seleigure4-1). The Global Seismic Hazard Assessment
Program (GSHAPBj)oduces probabilistic maps which indicate the maximum peak ground acceleration
for whichthere is a 10% chana occurrence irb0 yeas. The peak ground acceleratioof 0.8 m/s?

or 0.08g indicates an earthquake for which there is noticeable shakingikely to belittle 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 diml.2The
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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Figure4-1 Seismic hazard map
4.2.2 Stress Field

The major stress orientations documented for Africa are presentedrigure4-2. 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 majapgbrsicess field of
approximately NWSE in thed\chmmactareaand astriké € A LJ NBE3IAYS 2F "I B "+ B

No stress measurements have been taken on site.

¢KS YI 22N LINRYOALJ € aiNBaa "m o' m O2NNSELRYRA
perpendicula to the major veins shears and near perpendicular to the shears and bedding / foliation.
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the estimated stress regime.
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Table4-1 Estimated stress fields faleknésand East.
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Figure4-2 Major stress orientations in Africa.
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4.3GeotechnicaData

Thegeotechnical analysisas completed by Mining On@nsultants (Appendix 4A) arns based on
following geotechnical data:

7 drill hole logs for ADO04 AD031, AD034 AD130, S0t S29 and SRLSF3
91 geotechnical structural logs for AD1&tRAD233
9 drill core phdography for holes (ADOGAD010, ADOLADO019, AD02AD029, AD031, AD034
ADO048, ADO5@D051, AD054, AD056, AD063, ADO71, AD076, AD087, AD089, AD091, AD095D1,
AD096, AD098, and ADHAMD233)
9 geotechnical data for the portal and boxcut was provided as a summneguort which included
diamond drill logs, structural logs and core photos for holes GTQRID 05. Note as built
survey ceordinates were not included in this report.

Geotechnical drill hole data wassed to assesshe rock mass quality andor the structural
assessmentThe project geologists recorded alpha and beta anglesiglrer, most of the drill holes
did not includeall the geotechnical parameters required to complete a rock mass quality assessment.

It was also observed that logging intervalsiedrfor each geological and geotechnical parameter
which hasresulted in additional handling of data to prepare for analyses. Logging intervals ranged
from 0.1m to 4.4m, with 95% of the data defined in 3l intervals or less and were based on drill
run length and not on geotechnical similarity.

The ley geotechnical parameters missing from the dataset included:

1 number of joint sets (Jn)
9 joint roughness (Jr)

91 joint Infill (Ja)

9 rock strength

In order to compile a geotechnical dataset for rockmass cladsifica

1 The number of joint sets (Jn) were interpreted from core photos and dip plots and then assigned
to logged intervals

1 Joint alteration (Ja) values were assigned for each logged interval based on structural logging
completed for that same interval

1 Joint roughness (Jr) values were assigned for each logged interval based on structural logging
completed for that same interval (holes AD119 to AD130)

1 The initial data set (holes AD119 to AD130) was used as a basis to expand the overall dataset by
statisticdly determining the parameters not provided

1 Weathering data, where missing, was interpreted from core photography

1 Rock strength was estimated using a simple probabilistic approach considering rock type,
weathering and alteration and is based on the alitlata set (AD119 to AD130) where 64% of
logged strength were of high to extremely high strength

1 Joint alteration (Ja) and Joint roughness (Jr) were estimated using a simple probabilistic
approach for the remaining holes (ADO09 to AD117)

The geotechnichassessmentiseda representative sample of holes along the strike of the mine that
intersecteda preliminary version of themine design. Theections of drill core used for analysis
included data 10n into the hangingvall and footwall from the orebodydundary.
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The following holes were used in the DFS to calculate the rock mass characteristics for:

1 MeknésAD132, AD133, AD134, AD135, AD145, AD155, AD156, AD159, AD161, AD166, AD207,
AD216, AD221, AD222

1 Eastern Zon&AD188, AD191, AD193, AD194, AD195, AD199, AD206, AD210, AD212, AD219,
AD224.

Additional holes were drilled in the vicinity of the central aa$tern box cuts (GTDO01, 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

4.4Rock Properties

A total of 68 core samples were colledtéor laboratory testing as part of the geotechnical study.

Samples were collectednder the guidanceof the geotechnical engineeand then sent to the
G[F02NFG2NAS RS {GNHzOGAzZNB 3 wWSKIFIOAfTAGF a8y o[ { w
observedthat due to the interbedded 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 corepstesigth
(TCS) were tested and the results are presenteainied-2.

The objective of the UCS test was to verify and calibrate field strength estimates, festihmation

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 tangestraightline strength envelops.

Typicallyfive to ten sampleswhich arerepresentative of each of the likely rock type domains across
the strike of the mine design are required to obtain a reasonable populatiérth® 88 tests
completed 590f the UCS tests and 1df the TC$estswere to a satisfactory standard.

Table4-2 Laboratory Tests

Hole ID  Mining Area Stratigraphy Laboratory Test@UCS) Laboratory Test§TCS)
AD107 | Meknés Sandstone 9 -
AD153 | Meknés Mudstone 2 -
AD174 | Meknés 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 | Meknes Sandstone 1 1
AD225 | Meknes Sandstone 5 -
AD248 | Meknes Sandstone 17 4

4.4.2 Uniaxial Testing and Results

UCS testing comprised singiage 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 presshin Table4-3.

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 strengttthef 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 strengffiable4-3 below summarises the UCS tests for each
rock type.

Table4-3 UCS Results

Statistics Mudstone Sandstone Siltstone

No. oftests 7 42 15 3

Minimum (MPa) 12.6 5 7 91
25% QuartildMPa) 15 23 19 91
Weighted MeanMPa) 26 43 72 212
Median(MPa) 25 38 72 245
75% QuartilgMPa) 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 shdviguire4-3 for

fresh rock samples. The results for the UCS tests on freslindickte that approximately@®ao of the
samples returned a UCS less than 50 MPa and approxin3@&lyf the samples returned a UCS value
greater than 6(MPa. The variance is high in all rock types, reflected by the 25% Quartile to 75%
Quartile range. Thehape of the frequency distribution suggests a bimodal distribution which may be
indicative of a rock strengthnisotropy associated with a wetleveloped rock fabric (i.e. bedding and
foliation); the lower strength mode reflecting rock strength in a dii@n 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 oM, a minimum of 5Pa and a maximum of 100Pa were
adopted for design purposes. Thigs based on laboratory results and published typical physical
properties for tested rock types.

The major mode has a mean of R®a, whilst the minor mode has a mean value of MIa.
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Figure4-3 Uniaxial compressive strength (UCS); fresh rock, all lithologies

Analysis has showthat the foliation and bedding planes caused reymmetric deformation and their

behaviour is unpredictable. Goshtasbi, Ahmadi, & Seyedi (2006) showed that the minimum strength

G tdzS 2F FTYAA2GNRLIAO NROla Aa pebetiveén tReNAisDitiel G A 2y
O2NB FyR F2tAlL A2y 2NJ 06SRRAY3IO |yR (GKS YIEAYdzy 7
Based on these UCS data sets and anisotropy graphs it was estimated that the UCS values for the
2NASY Gl GA2Yy 0 iseprdseftativesof themock mass strenyth pakallel to the foliation or
O0SRRAY3I® ¢KS | /{ @IfdzSa F2N) G§KS 2NASYyGrFGA2y 61 0
the rock mass strength in failure directions nparallel to the foliation or beddig (Goshtasbi,

Ahmadi, & Seyedi, 2006)able4-4 summarises these results.

Table4-4 Estimated UCS data for differenientation angles

hNASY Gl GAa2 )/‘ 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 expectetb significantly influencetope and pillar stabilityThe maximumestimated
UCSs perpendicular to the bedding/foliation and ranges between@861MPa (Mean 13MPa).
This perpendicular strength would be applicable to pillar strength designs.

The bedding / foliation parallel strengths, ranging between;3@0MPa (Maan 75MPa), would be
applicable to hangingall and footwall strength designs where the stressesparallel 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 084MPa 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 RoclLab
software. The development and basis ofstiprogram is described elsewhere (see Barton & Brandis
(1980), Hoek, Carrandarres, & 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
Table4-5. The Hoek Brown strength uses the following parameters:

1 IntactRock for the orebody UG§134MPa and the waste rock UGS5MPa (inferred from
laboratory UCS test results)

1 GSlof 58 for the waste rock and 59 for the orebody, the mean for the rock mass (determined by
RMR calculations from core logging)

1 Intact Rock Factor naif 15 for the waste rock and noif 20 for the orebody (determined from
industry data forsandstone and quartz veins)

9 Disturbance Factor Bf 0 is appropriate for undisturbed rock mass conditions deeper from the
stope.

TheHoekBrown strengths are defined by curved failure envelopes over which strdiigiat(Mohr
Coulomb) strengths are fitted. Rock mass strengths are estimated to be, for mining depths &b 50
500m below surface.

Table4-5 RocLab Data for a disturbed Rock Mass (D = 0).

‘ Waste Rock Orebody
UCS (MPa) 75 134
GSl 58 -
mi 15 ”
D 0 5
Mohr-Coulomb Cohesion (kPa) 1,995 2.801
Friction (°) 48 55
mb 3.347 4.625
HoekBrown 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.ttoedl
multistage testing was undertaken on 17 fresh rock samples from all lithologies.

The rock mass iauorently classified geologically as a suite of iftedded 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 wegttiass only.
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Table4-6 Triaxial Results

ucs D GSI mi Unit Weight C (kPa)  Friction

(MPa) (MN/m3) (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 RoclLab 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 RocLalf  75.0 0.0 57 18 0.027| 1,674 51.5
Industry Sandstone RocLalf  75.0 0.5 57 18 0.027| 1,355 47.7
Sandstone ®) 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
IndustryShale RocLab 35.0 0.5 58 6 0.027 790 32.7
Shale RQ Plot 587 60.5

4.45 Rocscience RocLab Evaluation

Triaxial laboratory test data were analysed with the Rocscience Roclab program. The interpretations
are presented inFigure4-4 and Figure4-5; and Table4-7 and Table 4-8 for the hard rock and
weathered rock.

Hard Rock RocLab Parameters

Table4-7 Rockstrength parameters for hard rock

UCS (MPa) D ‘ GSI mi C (kPa) ‘ Friction (°)
75 0.4 55 7 1183 40
, 2 dzyhmodukis(GPa) Tensile
1525 0.25¢ 0.35 0.939 0.0031 0.504 -0.3MPa
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Major principal stress (MPa)

e
0 1 2 3
Minor principal stress (MPa)

Analysis of Rock Strength using RocLab

Shear stress (MPa)

Hoek-Brown Classification
intact uniaxial comp. strength (sigci) = 75 MPa
GSl=55 mi=7 Disturbance factor (D)= 0.4
intact modulus (Ei) = 12000 MPa
Hoek-Brown Criterion
mb=08933 s=00031 a=0504
Mohr-Coulomb Fit
cohesion = 1.183 MPa friction angle = 39.53 deg
Rock Mass Parameters
tensile strength = -0.249 MPa
uniaxial compressive strength = 4.094 MPa
global strength = 9.961 MPa
deformation madulus = 2821 84 MPa

Normal stress (MPa)

Figure4-4 Rock Strength Analysis for the Hard Rock

Weathered RocRoclLab Parameters

Table4-8 Rockstrength parameters for weathered roc

UCS (MPa)

Friction (°)

27 0 30

117

115 34
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Major principal stress (MPa)

o

&
00 01 02 03 04 05
Minor principal stress (MPa)

Analysis of Rock Strength using RocLab

Shear stress (MPa)

Hoek-Brown Classification
intact uniaxial comp. strength (sigci) = 27 268 MPa
GSI=30 mi=1172 Disturbance factor (D}=0.
intact modulus (Ei) = 12000 MPa
Hoek-Brown Criterion
mb=0250 s=3.93-5 a=0522
Mohr-Coulomb Fit
cohesion = 0.115 MPa  friction angle = 34.27 deg
Rock Mass Parameters
tensile strength = -0.004 MPa
uniaxial compressive strength = 0136 MPa
global strength = 1 599 MPa
deformation modulus = 431.56 MPa

0.6

o
-
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00 01 02 03 04 06 06 07 08 09 10

Normal stress (MPa)

Figure4-5 Rock Strength Analysis for thi¢eathered Rock

4 5Structural 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 pbdvesakneson which
structural instability mg occur. It is therefore important to identify all possible discontinuity sets.

An analysis of the structural data from the orientated drill co@uded:

1 bedding and foliation
1 joints

1 shears

T veins

Resource holes have been drilled in nestbuth direction, perpendicularthe ore body.Whilst
optimum for grade estimation,his predominant orientationtends 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 beintercepted. 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 shdwgea 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 accoontjdint 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 presenfaglired-6 to Figure

4-9.

For the underground wedgeanalysis,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.

Kasbah-Achmmach DFS

1m:Beddin
o4 3

Logged Bedding

[ symbol _reature

° Pole Vectors
Color Density C¢
000 - 180
180 - 3.60
360 - 540
540 - 7.20
720 - 9.0
9.00 - 10.80
1080 - 12.60
1260 - 1440
1440 - 1620
1620 - 18.00
Maximum Density | 17.93%
Contour Data | Pole Vectors
Contour Distribution | Fsher
Counting Circle Size | 1.0%
Plot Mode | Pale Vectors
Vector Count | 822 (822 Entries)
i Lower
Projection | Equal Angle

Figure4-6 Bedding and foliation loggedata

Kasbah-Achmmach DFS

Underground Mapping - Bedding

[ symbol Feature

o Pole Vectors
Color Density C
000 - 330
330 - 6.60
6.60 - 9.0
000 - 1330
1320 - 1650
1650 - 19.80
19.80 - 2310
2310 - 2640
2640 - 2970
2970 - 33.00

Maximum Density | 32.08%

Contour Data | Pole Vectors

Contour Distributi

Fisher

Counting Circle Size | 1.0%

Plot Mode | Pole Vectors

Vector Count | 12 (12 Entries)

Hemisphere | Lower

Projection | Equal Angle

Figure4-7 Bedding andoliation mappeddata
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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.

SO0 Nstruct‘ural type: density and poles for entries from surface till 300m depth

Fisher
Concentrations
% of total per 1.0 % area

0.00~ 1.50 %
1.50 ~ 3.00 %
3.00~ 450 %

450~ 6.00%

6.00~ 7.50%

— 750~ 9.00 %
9.00~ 10.50 %

10.50 ~ 12.00 %

12.00 ~ 1350 %

[ 13.50 ~ 15.00 %

No Bias Correction
Max. Conc. = 10.0376%

Equal Angle
Lower Hemisphere
1347 Poles
1347 Entries

571276

Figure 4-8 Distribution of bedding and foliatiosurface to 300ndepth

Figure4-9 Distribution ofbedding and foliatior8B00-400mdepth

Changes in distributionfd®edding 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.
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