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MINERAL RESOURCE ESTIMATE ON THE SASA MINE LEAD, ZINC 
AND SILVER OPERATION, NORTH MACEDONIA, DECEMBER 2018 

1 EXECUTIVE SUMMARY 
1.1 Introduction 

SRK Consulting (UK) Ltd (SRK) has been commissioned by Rudnik SASA DOOEL (hereinafter 
also referred to as the Company, or client), wholly owned by Central Asia Metals PLC 
(hereinafter also referred to as CAML), to prepare an update of the Mineral Resource Estimate 
(MRE) on the Sasa Mine lead, zinc and silver (Lead-Zinc-Silver) operation (Sasa Mine). Sasa 
Mine comprises the Svinja Reka and Golema Reka deposits (herein collectively referred to as 
Sasa, Sasa Project or the Project).  

The MRE has been produced in accordance with the terms and guidelines of the Australasian 
Code for the Reporting of Exploration Results, Mineral Resources and Ore Reserves, the JORC 
Code, 2012 Edition, (“JORC” or the “JORC Code”).  The Mineral Resource Statement 
presented herein has an effective date of 31 December 2018 and is signed off by Guy Dishaw, 
P.Geo., a Principal Consultant (Mining Geology) for SRK and Competent Person in accordance 
with the JORC Code. 

1.2 Project Description 

The Project comprises a 4.22 km2 mining concession located in north-eastern North 
Macedonia, some 150 km east of the North Macedonian capital, Skopje.  The deposits have 
been modelled and are referenced using the Gauss-Krüger coordinate system (Hermannskogel 
datum). 

1.3 Project Geology 

The Project is located in the Serbo-Macedonian massif which comprises greenschist and 
amphibolite facies metamorphic rocks, Precambrian to Palaeozoic in age, which have been 
variably intruded by andesitic to trachytic igneous rocks during the Tertiary. 

Lead-Zinc-Silver mineralisation at Sasa occurs as bedding concordant deposits hosted 
predominantly by quartz-graphite schist and marbles of Lower Paleozoic age at Svinja Reka 
and by gneisses at Golema Reka. The Tertiary mineralisation event relates to high-temperature 
hydrothermal fluids and bedding-parallel faulting and associated metasomatism of the host 
sediments to develop skarn and base metal mineralisation. 

The well-defined, partially exploited lenses of Lead-Zinc-Silver mineralisation at Svinja Reka 
dip at approximately 35° to the south-west and typically range in true thickness from between 
2 – 30 m.  
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At Golema Reka, the mineralisation strikes approximately 135⁰ and dips moderately, at 
approximately 45⁰ to the southeast. The thickness of the mineralised lenses typically very 
between 0.5 to 10 m, separated by weakly mineralised gneiss. 

1.4 Exploration Drilling and Sampling 

The Mineral Resource model for the Svinja Reka Deposit at the Sasa Mine, prepared by SRK, 
considers 1,765 underground and surface diamond drill holes and 15 underground channels 
conducted between the years of 1974 and 2018. The Mineral Resource model for the Golema 
Reka Deposit, prepared by SRK, considers 112 underground and surface diamond drill holes 
and 51 underground channels conducted between the years of 1974 to 2018. 

In 2018, CAML have further developed the resource data collection procedures at Sasa Mine 
to include routine assaying of Ag and measurements of bulk density from drill cores both for the 
Svinja Reka and Golema Reka deposits. 

Surface drillholes are plotted on sections oriented NE-SW across the deposits and are spaced 
approximately 100-200 m apart, providing intersections at a similar spacing. Underground drill 
holes within mining areas are typically collared at 20-50 m intervals and drilled towards the SW 
(from footwall to hangingwall). Multiple (fan) holes are often drilled at a range of inclinations 
from a single collar position, providing a sample spacing ranging from 10-50 m. 

SRK is confident that the data provided by the Company is of sufficiently high quality, and has 
been subjected to a sufficiently high level of verification to interpret the geometry, geological 
boundaries and lead, zinc and (by regression) silver (Ag) mineralisation with an appropriate 
level of confidence. 

1.5 Mineral Resource Estimate 

In summary, for the 31 December 2018 Mineral Resource update, SRK has completed the 
following: 

• modelled Lead-Zinc-Silver lenses in 3D; 

• composited the sample data to 1 m intervals at Svinja Reka and 3 m and Golema Reka 
and undertaken statistical analysis for each mineralised domain; 

• applied high grade caps per estimation domain from log histograms and log probability 
plots; 

• undertaken geostatistical analyses to determine appropriate interpolation algorithms; 

• created block models with block dimensions of 3.5 x 14 x 7 m; 

• undertaken a Kriging Neighbourhood Analysis (KNA) to test the sensitivity of the 
interpolation parameters; 

• interpolated Pb, Zn and Ag grades into the Svinja Reka block model and interpolated Pb 
and Zn, and assigned Ag grades based on a regression with estimated Pb grade into the 
Golema Reka block model; 

• assigned density to the block model based on a regression with Pb and Zn, specific to the 
deposit; 

• visually and statistically validated the estimated block grades relative to the original sample 
results; and 
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• reported the Mineral Resource according to the terminology, definitions and guidelines 
given in the JORC Code. 

Upon consideration of data quality, drillhole spacing and the interpreted continuity of grades 
controlled by the deposit, SRK has classified portions of the deposit in the Indicated and Inferred 
Mineral Resource categories. 

SRK has applied basic economic considerations to restrict the Mineral Resource to material 
that has reasonable prospects for economic extraction by underground mining methods.  

To determine this, the Mineral Resource has been evaluated based on a minimum net smelter 
return (NSR) cut-off value based on Pb, Zn, and Ag credits, using a Pb price of USD2,550/t, a 
Zn price of USD2,950/t and a silver price of USD23/oz. These prices are based on typical long 
term consensus forecasts (to reflect the requirement for “reasonable prospects” for eventual 
extraction) and a set of assumed technical and economic parameters which were selected 
based on the current mining operations at the Sasa Mine. The Mineral Resources comprise 
volumes that are generally considered to be wider than the minimum mining width (3.5m). 

SRK considers that the blocks with a NSR value greater than USD35.0 at Svinja Reka and 
USD40.0 at Golema Reka have “reasonable prospects for eventual economic extraction” and 
can be reported as a Mineral Resource (Table ES 1). 

Table ES 1: SRK Mineral Resource Statement for Combined Svinja Reka and Golema 
Reka Deposits, North Macedonia, as of 31 December 2018 reported at 
USD35.0 and USD40.0 NSR cut-off respectively. 

Classification Deposit 
Density Tonnage Pb Zn Ag NSR 

(t/m3) (Mt) Grade 
(%) 

Metal 
(kt) 

Grade 
(%) 

Metal 
(kt) 

Grade 
(g/t) 

Metal 
(koz) (USD/t) 

Indicated Mineral 
Resources 

Svinja Reka 3.4 12.3 4.80 592 3.80 468 25 9,857 148 

Golema Reka 2.9 1.3 3.80 48 1.61 20 13 528 97 

Total Indicated 3.3  13.6 4.71 640 3.60 489 24 10,385 144 

Inferred Mineral 
Resources 

Svinja Reka 3.3 2.7 3.55 96 2.64 71 18 1,545 107 

Golema Reka 2.9 6.3 3.47 217 1.38 86 12 2,444 87 

Total Inferred 3.0  9.0 3.49 313 1.76 157 14 3,989 93 

Total Indicated and Inferred Mineral 
Resources 3.2  22.5 4.23 953 2.87 646 20 14,374 123 

In reporting the Mineral Resource Statements, SRK notes the following: 

• Mineral Resources have an effective date of 31 December 2018. The Competent Person 
for the declaration of Mineral Resources is Guy Dishaw, P.Geo., of SRK Consulting (UK) 
Ltd. The Mineral Resource estimate was prepared by a team of consultants from SRK. 

• All Indicated Mineral Resources are reported within the Exploitation License, although 
approximately 600kt of reported Inferred resources at Svinja Reka exist outside of the 
Exploitation License (See Figure 3-2).   

• Mineral Resources are reported as undiluted. No mining recovery has been applied in the 
Statement. 

• Tonnages are reported in metric units, grades in percent (%) or grams per tonne (g/t), and 
the contained metal in metric units.  Tonnages, grades, and contained metal totals are 
rounded appropriately. 

• Rounding, as required by reporting guidelines, may result in apparent summation 
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differences between tonnes, grade and contained metal content. 

1.6 Conclusions 

The Svinja Reka deposit is an underground mine which is at an advanced stage of drilling and 
geological understanding. Recent infill drilling from surface and underground, digitising of 
underground geological maps and geological modelling in 3D has added further geological 
confidence to the local scale geometry of the mineralisation and grade distributions in the 
Mineral Resource model.   

The Golema Reka deposit is an underground mine which is generally at a lower level of 
geological understanding than that of Svinja Reka.  Data used to interpret the mineralisation 
model is largely historic, and limited drill core samples are available for inspection.  In 2018, 8 
surface drill holes were drilled targeting specific areas in the Golema Reka model to confirm 
the nature and grade of mineralization suggested by the historic data.   

The geological interpretation used to generate the Mineral Resource presented herein is 
generally considered to be robust; however, there are areas of lower geological confidence 
which may be subject to further revision in the future.  

SRK considers the exploration data accumulated by the Company is generally reliable and 
suitable for the purpose of this Mineral Resource estimate. 
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MINERAL RESOURCE ESTIMATE ON THE SASA MINE LEAD, ZINC 
AND SILVER OPERATION, NORTH MACEDONIA, DECEMBER 2018 

1 INTRODUCTION 
1.1 Background 

SRK Consulting (UK) Ltd (SRK) has been commissioned by Rudnik SASA DOOEL (hereinafter 
also referred to as the Company, or client), wholly owned by Central Asia Metals PLC 
(hereinafter also referred to as CAML), to prepare an update of the Mineral Resource Estimate 
(MRE) on the Sasa Mine lead, zinc and silver (Lead-Zinc-Silver) operation (Sasa Mine). Sasa 
Mine comprises the Svinja Reka and Golema Reka deposits (herein collectively referred to as 
Sasa, Sasa Project or the Project).  

CAML purchased the Project from Lynx Resources Ltd, which represented a partnership 
between the Orion Mine Finance Group and Fusion Capital AG, in November 2017.  

The Project comprises a 4.22 km2 mining concession, and adjacent 1.42 km2 exploration 
concession, located in north-eastern North Macedonia, some 150 km east of the North 
Macedonian capital, Skopje. 

SRK has previously prepared an MRE for the Project, effective date 01 October 2016, based 
on underground and surface drilling, underground mapping, on-going mining of the 
mineralisation and a 3-dimensional (3D) modelling approach using the Leapfrog Geo software 
(Leapfrog).  

This technical report (the Technical Report) and Table 1 (Appendix A) has been prepared 
following the guidelines of the the Australasian Code for the Reporting of Exploration Results, 
Mineral Resources and Ore Reserves, the JORC Code, 2012 Edition, (JORC or the JORC 
Code). This report presents the most up to date MRE, effective date 31 December 2018, which 
is based on some 124,576 m of diamond drilling from 1,765 drillholes and 331.6 m of sampling 
from 15 underground channels at Svinja Reka and 16,932 m of diamond drilling from 112 drill 
holes and 333 m of sampling from 51 underground channels at Golema Reka. 

The latest phase of exploration drilling completed by the Company, between November 2017 
and October 2018, largely comprises selective underground infill drilling at Svinja Reka and a 
small number of surface holes at Golema Reka to confirm mineralized zones for Mineral 
Resource category upgrade. 

The MRE has been produced in accordance with the terms and guidelines of the JORC Code.  
The Mineral Resource Statement presented herein has an effective date of 31 December 2018 
and is signed off by Guy Dishaw, P.Geo., a Principal Consultant (Mining Geology) for SRK and 
Competent Person in accordance with the JORC Code. 

 

http://www.srk.com/
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1.2 Requirement, Structure and Compliance 

The reporting standard adopted for the reporting of the MRE is the Australasian Code for the 
Reporting of Exploration Results, Mineral Resources and Ore Reserves, The JORC Code, 2012 
Edition. The JORC Code is an internationally recognised reporting code as defined by the 
Combined Reserves International Reporting Standards Committee (CRIRSCO). 

The Competent Person (CP) responsible for this report is Mr Guy Dishaw, P.Geo who assumes 
responsibility for the geological model, resource estimation procedures and the report as a 
whole. 

1.3 Details of Personal Inspections 

This report is based on information collected by SRK during numerous site visits performed 
since September 2016 and on additional information provided by the Company throughout the 
course of SRK’s investigations. Other information was obtained from the public domain. 

The CP last visited site in October 2018, at which time data collection procedures, including 
drilling, sampling, and bulk density estimates were again reviewed with the Company. 

1.4 Limitations, Reliance on SRK, Declaration, Consent, Copyright 

SRK’s opinion contained herein and effective 31 December 2018 is based on information 
collected by SRK throughout the course of SRK’s investigations, which, in turn, reflect various 
technical and economic conditions at the time of writing. Given the nature of the mining 
business, these conditions can change significantly over relatively short periods of time. 
Consequently, actual results may be significantly more or less favourable. 

This report may include technical information that requires subsequent calculations to derive 
sub-totals, totals and weighted averages. Such calculations inherently involve a degree of 
rounding and consequently introduce a margin of error. Where these occur, SRK does not 
consider them to be material. 

SRK is not an insider, associate or an affiliate of the Company, and neither SRK nor any affiliate 
has acted as advisor to the Company, its subsidiaries or its affiliates in connection with this 
project. The results of the technical review by SRK are not dependent on any prior agreements 
concerning the conclusions to be reached, nor are there any undisclosed understandings 
concerning any future business dealings. 

Except as specifically required by law, SRK does not assume any responsibility and will not 
accept any liability to any other person for any loss suffered by any such other person as a 
result of, arising out of, or in connection with this Technical Report or statements contained 
herein, required by and given solely for the purpose of complying with the mandate as outlined 
in this Technical Report. SRK has no reason to believe that any material facts have been 
withheld by the Company. 

This report is intended to be read as a whole, and sections should not be read or relied upon 
out of context. The Technical Report contains expressions of the professional opinion of the 
Competent Person based upon information available at the time of preparation. 
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2 RELIANCE ON OTHER EXPERTS 
The information reviewed in preparing this report has been provided by the Company and a 
compilation of proprietary and publicly available information. SRK has referenced information 
and data sourced from reports and documents where applicable.  

SRK has relied on the following previous technical reports on the Sasa Mine, particularly in 
relation to the background information: 

• 2006, SRK Consulting (UK) Ltd, Mineral Resource estimate for the Sasa Mine, Macedonia, 
October 2006. 

• 2012, Mineral Resource Advisors, JORC Code (2012) Mineral Resource Statement, Sasa 
Mine Lead Zinc Silver Deposit, Makedonska Kamenica Municipality, Republic of 
Macedonia, Final, February 2016. 

• 2016, SRK Consulting (UK) Ltd, Mineral Resource Estimate on the Sasa Mine Lead, Zinc 
and Silver Operation, Macedonia, October 2016. 

SRK has not performed an independent verification of land title and tenure as summarised in 
Section 3 of this report. SRK did not verify the legality of any underlying agreement(s) that may 
exist concerning the permits or other agreement(s) between third parties, but has relied on the 
Company for any land title issues. 
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3 PROPERTY DESCRIPTION AND LOCATION 
The Sasa Mine property is located in eastern North Macedonia, in a land-locked mountainous 
region, near the Bulgarian border (Figure 3-1). The mine site is 12 km north of Makedonska 
Kamenica, 150 km east from Skopje, the country’s capital city and 22 km north from Kocani, 
the largest community in the region. 

 
Figure 3-1: Location of the Sasa Mine, North Macedonia 

3.1 Property Ownership 

Mineral exploration and exploitation is governed by the State law on Mineral Resources of the 
Republic of Macedonia (Br.132 Gazette of RM/2013). The Title to the Sasa Mine exploitation 
concessions is held by Rudnik SASA DOOEL. 

The Company’s concessions were granted following a public auction by the Ministry of 
Economy and the current areas are shown against the modelled mineralisation in Figure 3-2. 

The exploitation concession (24-5550/1) covers an area of 4.22 km2 and comprises sub-areas 
labelled by year, which relates to expansions of previous licence boundaries. The current 
exploitation concession was most recently issued to the Company during 13 November 2014 
and is valid until 28 September 2030, with the possibility of extending for another 30 years. The 
boundaries are defined in Gauss-Krüger coordinate system (Hermannskogel datum), provided 
in Table 3-1. 

SRK notes that approximately 600kt of reported Inferred Resources at Svinja Reka exist outside 
of the existing Exploitation license (south of the 2014 License boundary).  SRK is not aware of 
any conditions that restrict the extension of the Exploitation license to cover this area if required. 

Environmental Permits were issued by the Ministry of Environment and Physical Planning. 
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Figure 3-2: Current Sasa Mine Licence Boundaries with mineralisation wireframes 

Table 3-1: Sasa Mine Exploitation Concession 24-5550/1 Boundary Corner Points 
Corner Beacon Easting  Northing 

1 7626807 4663459 
2 7626437 4663720 
3 7625821 4664573 
4 7525167 4664627 
5 7624820 4665460 
6 7624526 4665291 
7 7624058 4665567 
8 7623888 4666020 
9 7623602 4666461 
10 7624027 4666706 
11 7623836 4667490 
12 7624200 4667700 
13 7624339 4667778 
14 7524786 4666967 
15 7625131 4666857 
16 7625750 4665811 
17 7625838 4665023 
18 7626248 4664647 
19 7626938 4663678 
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4 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, 
INFRASTRUCTURE AND PHYSIOGRAPHY 
All roads in the area are paved and the nearest international airport is at Skopje. The closest 
rail-head to the mine is 22 km away at Kocani. 

The climate is subject to continental and Mediterranean influences, with hot dry summers and 
cold winters. The majority of rainfall occurs during the spring and autumn and occasionally there 
are heavy snowfalls on the mountains, rarely in the valleys, from December to February. 

Average precipitation is 600 mm/y at the Sasa Mine and rivers provide opportunities for small-
scale hydro-power generation in addition to seasonal irrigation. 

The nearby town of Makedonska Kamenica has approximately 5,000 inhabitants and lies in the 
southern foothills of Osogovo Mountain near Lake Kalimanci at an altitude of 500 m above 
mean sea level (amsl). Kamenica was a small village until World War II, when employees from 
the Sasa Mine settled there.  

Sasa Mine is the largest direct employer in the region with 690 employees. Most employees 
live near the mine. 

The Sasa mine exploitation and exploration concessions vary in elevation from 800-
2,030 m amsl. The mine site is situated at approximately 1,000 m amsl in the narrow V-shaped 
valley of the Kamenicka Reka (river) with associated mine access portals, processing plant, 
maintenance workshop, office and a tailings disposal facility (Figure 4-1). Underground 
workings are to the north of the plant predominantly below Svinja Reka. 

Vegetation at the mine and tailings facility area consists of secondary growth beech, birch, and 
pine forest. Much of the pine forest is associated with reforestation by the mine and is 
interspersed with scattered pasture giving subsistence level agriculture, including the rearing of 
livestock and bee keeping on sub alpine meadows. Upland area above 1,700 m amsl typically 
comprises with high alpine grasses and hardy plants. 
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Figure 4-1: View looking south down the Kamenica Reka, with the Sasa Mine 

(foreground), and tailings disposal facility (middle of the frame) 
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5 HISTORY1 
5.1 History of Exploration and Mining 

Evidence for mining within the region dates back to the time of the Ottoman Empire, from 
ancient workings and smelter residues at Madden and Toranica and near the source of Petrova 
Reka north and east of the Sasa Mine. The first geological data for the Sasa mining field comes 
from Boué (1840) who first noted the occurrence of galena. 

Bonchev, in his 1920 study of Osogovo, noted that Sasa and Toranica were lead zinc 
occurrences and that old mining works existed in the villages of Sasa and Kalimanci near 
Kyustendil. During 1936, 1945, and 1946, the area was prospected by Bulgarian geologists, 
but detailed work only began in 1952, when geological mapping by a team from the Geological 
Institute Skopje produced 1:10,000 geological maps with 1:2,500 and 1:1,000 scale maps over 
the mineralised occurrences. 

The Sasa Project was explored from 1954 applying geology, geophysics, trenching, drilling and 
excavating cross-cuts through the uppermost mineralisation at Svinja Reka at 30 m intervals. 
From 1961 to 1966, further Sasa Mine openings were developed in preparation for exploitation 
and mineral production. The uppermost level was at around 1,700 m amsl and the flotation 
plant was at 1,030 m amsl. 

5.2 Ownership and Production History 

The Sasa Mine originally started production in 1965, but stopped in 2001 when government 
funding of operating capital ended. Sasa produced up to 400,000 tpa of ore and during 2001 to 
2002, produced 371,000 t of ore at a mill feed grade of 5.08% Pb and 4.38% Zn. Approximately 
15 Mt grading around 5.2% Pb and 4.6% Zn was produced historically from the upper levels 
accessed by tracked adit, and this was crushed on site. 

Solway Investment Group Ltd (Solway) acquired the mine from a group of creditors in 2005. 
The mine was restored within six months after its acquisition, with the engagement of Metso to 
assist in design. The plant was re-equipped with a state of the art flotation circuit allowing 
production of separate zinc and lead concentrates instead of a combined one.  

Sasa purchased new mine equipment and technology for ore extraction from Atlas Copco, and 
Paus. Sasa also invested in environmental protection, including construction of a new tailing 
disposal facility, rehabilitation of the old tailing dumps, achievement of ISO 14001 Certification, 
and an Integrated Environmental Permit Form. 

On 03 November 2015, Solway announced that it had sold the Sasa Mine to the Orion Mine 
Finance Group (Orion) partnered with Fusion Capital AG (Fusion) to acquire the mine through 
its wholly owned subsidiary Lynx Europe SPLLC Skopje. 

CAML took 100% ownership of the Sasa mine in November 2017. 

 

                                                      
 
1 The following chapter has largely been sourced from the Mineral Resource Advisors (MRA) 2016 Technical report, entitled: 
‘JORC Code (2012) Mineral Resource Statement, Sasa Mine Lead Zinc Silver Deposit, Makedonska Kamenica Municipality, 
Republic of Macedonia, Final, February 2016’ 
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5.3 Historical Estimates 

Historical estimates, which SRK has not verified for compliance with JORC Code, comprise the 
following: 

• In 2002 reserves of Sasa Mine were classified according to the Yugoslavian system using 
categories A, B, C1. The reserves were estimated manually between sub-levels taking 
samples from surface and underground drillholes and channels along walls of underground 
drifts. The estimate shown in Table 5-1 extended outside the mining licence of that time. 

• Subsequently, at 30 June 2010, Reserves in A+B+C1 categories were estimated by Sasa 
to be 11,093,486 t with a grade of 5,02% Pb and 4.47% Zn, representing a reduction of 
7.84 Mt over 8 years mine life, but with a grade increase. 

• In July 2015, Sasa completed a revised estimate of Macedonian style reserves between 
1,450 and 400 mRL as part of the State’s five-year reserve reporting procedure with 
estimation of 15.40 Mt grading 4.46% Pb, 3.63% Zn, applying a cut-off of 2% Pb+Zn in 
categories B+C1+C2 with modifying factors for mine dilution and recovery. The estimate 
was based on the Sasa Mine’s internal resource model, which was created using Vulcan 
software. 

Historical estimates, which have been reported in compliance with the JORC Code, are 
summarised in Section 13.13. 

Table 5-1: Sasa 2002 Macedonian Reserves 
SASA 2002 Macedonian Reserves 

Category Quantity Ore Pb (%) Zn (%) (t) 
A Confirmed 6,140,913 5.06 4.33 
B Estimated 4,678,782 4.89 4.24 
A + B 10,819,695 4.98 4.29 
C1 Possible 8,118,102 4.28 2.93 
A + B + C1 18,937,797 4.68 3.71 
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6 GEOLOGICAL SETTING AND MINERALISATION 
The Sasa Mine is located in a mountainous region in the northeast of North Macedonia, near 
the Bulgarian border. Several skarn-type polymetallic Lead-Zinc-Silver deposits occur within 
the contact metamorphic aureole of the Tertiary Osogovo sub-volcanic intrusives. The host 
rocks comprise gneisses, marbles and quartz-graphite schists of Lower Palaeozoic age. 

6.1 Regional Geology 

North Macedonia lies within the Cenozoic Southern Balkan Extensional regime which is the 
northern part of the Aegean extensional regime. The geology can be divided into a series of 
structural belts, with a general north-northwest trend; these are related to the Alpine orogeny 
and the collision of the European and African continental plates. 

The three major zones recognised in North Macedonia are shown schematically in Figure 6-1, 
these comprise (from northeast to southwest): 

6.1.1 Serbo-Macedonian Massif 

This zone comprises metamorphic rocks of Precambrian, Cambrian and Palaeozoic ages, 
within which lower and upper complexes have been recognised. The lower complex consists of 
rocks subjected to amphibolite facies metamorphism, consisting of mica-gneiss, mica schist, 
amphibolite, quartzite, marble and migmatite. The upper complex consists primarily of volcano-
sedimentary rocks, metamorphosed to greenschist facies and consisting of chlorite shales, 
chlorite-amphibolite, chlorite-sericite and quartz-shales. 

The metamorphic rocks were intruded by granitoid complexes during several geological 
epochs, controlled by regional structure. 

6.1.2 Vardar Zone 

The basement of the Vardar Zone is composed of Jurassic ophiolites, comprising 
gabbroperidotite complexes, along with volcano-sedimentary rocks. These are overlain by 
widespread Upper Cretaceous flysch. The Vardar Zone is separated from the Serbo- 
Macedonian Massif in the east and the Pelagonian Zone in the west by regional, deep-seated 
structures along which calc-alkaline volcano-intrusive complexes were emplaced during 
Neogene or later periods. 

6.1.3 Pelagonian Massif 

This Precambrian massif comprises basal gneiss and mica schist, overlain by a mixed series 
of metasediments (gneiss, schist, quartzite, marble and dolomite), intruded in places by 
granitoids and pegmatites of indeterminate age. 
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Figure 6-1: Schematic Regional Geological Map 

6.2 Local Geology 

The Sasa Project is located in the Serbo-Macedonian massif, which is a favourable geological 
and geochemical environment for the occurrence of Lead-Zinc-Silver mineralisation. The 
Serbo-Macedonian Massif covers the eastern third of North Macedonia and contains a wide 
variety of rock types: 

6.2.1 Precambrian Metamorphic Rocks 

These rocks form the basement of the project area. Lithologies include gneiss and mica-schists 
with layers of quartzites and lenses of amphibolites and metabasalts. The gneisses are present 
in the valley of the Kamenicka River, where they are in tectonic contact with mica-schists on 
one side, and Riphean-Cambrian rocks on the other. They are very hard and massive rocks, 
sometimes showing lenticular features, with fresh, yellow to white-yellowish colour. 

6.2.2 Riphean-Cambrian Metamorphic Rocks 

The lithologies that appear in these rocks are albite-epidote-chlorite schist, amphibolite and 
metadolerites. Albite-epidote-chlorite schists form the package of greenschist rocks, related to 
the geosynclinal part of the basement. Lenses of amphibolite-epidote schist, metadolerite and 
metagabbro occur. 

Amphibolite and metadolerites have a sharp, tectonic contact with other rocks. Amphibolites 
are characterised by schistose or massive texture and green coloration. Metadolerites occur as 
elongated lenses of varying with massif texture. 
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6.2.3 Lower Palaeozoic Rocks 

The early Palaeozoic rock package in the Sasa Mine project area varies locally in thickness 
from a few metres to several hundred metres and generally dips to the southwest at 35°. It 
comprises a series quartz-graphite schist and marbles. 

A quartz-graphite schist occurs in a narrow, northwest-striking zone approximately 25 km long. 
Schists of this series occur as a transgressive layer over gneiss-mica-schists and greenschist 
series, but most contacts seen are tectonic. Also included in this series are chloritic and sericitic 
schists with marble lenses. Marbles occur as bands or lenses up to several hundred metres in 
strike extent and up to 30 m thick. 

6.2.4 Upper Palaeozoic Igneous Rocks 

Upper Palaeozoic rocks are granitoids, which intrude the Precambrian and Riphean- Cambrian 
rocks. These often contain xenoliths of older schists, along with gabbro-dolerites. 

Along the contacts, granitoids develop intense schistosity and mylonitisation related to dynamic 
metamorphism. Two granitic phases are recognised, the first coarse-grained, and the second 
finer grained. 

6.2.5 Tertiary Igneous Rocks 

In the project area, Tertiary rocks are represented by rhyolite, quartz-latite, andesite-
trachyandesite, occurring as dykes and sills intruding Precambrian, Riphean-Cambrian and 
Paleozoic metamorphic rocks. These igneous rocks formed at hypabyssal and subvolcanic 
levels, and have intermediate to acid composition. 

Porphyritic quartz-latites are the most common igneous rocks in the area, occurring as thick 
dykes. Hydrothermal alteration comprises argillitisation, propylitisation, chloritisation and 
epidotisation. Polymetallic mineralisation occurs in the contact areas with metasediments. 

Porphyritic light-grey andesite-trachyandesites are widespread on the western edge of the 
Sasa-Toranica volcanic zone. 

6.3 Mine Geology 

The Sasa Mine project area comprises multi-phase Tertiary porphyritic stocks of quartz 
monzonite to granodiorite composition and associated intrusion breccias. High sulphidation 
alteration occurs within and around the porphyry stockworks and hydrothermal breccias are 
also present. 

The Sasa and Toranica Lead-Zinc-Silver deposits are located on the eastern flank of an 
intermediate intrusive complex and related porphyry Cu-Mo system at Osogovo (Figure 6-2), 
likely of late Oligocene to early Miocene age. A northwest striking stockwork alteration zone, 
with a footprint of approximately 4 km2, is developed at Osogovo comprising intensely altered, 
coarse quartz latites to quartz monzonites, gneissic-intrusion breccias, and fine grained aphyric 
igneous rocks. 

Most of the Lead-Zinc-Silver mineralisation is located in the contact aureoles of the calc-alkaline 
stocks and tends to concentrate between gneisses and quartz-graphitic schists, but there are 
large ore bodies in the quartz-graphitic schists themselves as well as the gneisses.  
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Figure 6-2: Osogovo Region Geological Map (modified from MRA 2016) 

6.4 Mineralisation 

Lead-Zinc-Silver mineralisation at Sasa occurs as bedding concordant deposits hosted 
predominantly by quartz-graphite schist and marbles of Lower Paleozoic age (Figure 6-3) at 
Svinja Reka and by gneisses at Golema Reka. The mineralisation is considered to relate to the 
intrusion of Tertiary volcanics (27-24 Ma) in to Precambrian gneisses and Paleozoic schist and 
marble of the Serbo-Macedonian massif (Peltekovski et al 2012). High-temperature 
hydrothermal fluids and bedding-parallel faulting are responsible for metasomatism of the (Mn-
bearing) host sediments producing skarn (calc-silicate minerals including calcite, actinolite, 
chlorite and epidote) and base metal mineralisation (Serafimovski et al. 2006). 

The well-defined, partially exploited, lenses of Lead-Zinc-Silver mineralisation dip at 
approximately 35° to the south-west and typically range in true thickness from between 2 – 
30 m. The mineralised lenses are present in parallel sheets (typically two or three bodies), 
separated by an interburden with thicknesses of 1 - 10 m.  The lenses pinch and swell along 
strike and down-dip, with an apparently dominant southerly plunge.  

Hydrothermal and metasomatic mineralisation developed in several phases in quartz 
muscovite-graphitic schists in the marbles (locally referred to as cipolines). Mineralisation can 
be divided into massive, lens-like, metasomatic horizons commonly developed along the local 
foliation; and elongated stockworks (Figure 6-4). Stockwork geometry and intensity varies 
considerably.  

Figure 6-5 illustrates lateral continuity of the mineralised zone despite tight kink folding, rapid 
thinning and thickening along strike, with the presence of barren marble lenses concentrated 
where the zone thickens approaching a fold nose and in general at the margins of the 
mineralised lenses. 
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Figure 6-3: Svinja Reka deposit scale geological map (modified from Sasa 2016) 
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Figure 6-4: Stratabound, massive galena-sphalerite-pyrrhotite mineralisation, 

looking to the south-east; width of view is approximately 2 m 

 
Figure 6-5: Geological Plan views at Svinja Levels XIVb (left) and XIV (right), 

(modified from Sasa 2016)  
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7 DEPOSIT TYPES 
The Sasa Svinja Reka and Golema Reka, Lead-Zinc-Silver deposits lie within the Serbian-
Macedonian Province (Figure 7-1) which extends through Serbia, North Macedonia, Bulgaria, 
and eastern Greece into Turkey. The province hosts a large number of lead-zinc deposits which 
have largely been interpreted as epigenetic-hydrothermal formations and, as such, are related 
to the Tertiary magmatism which is predominantly present as occurrences of granodiorite and 
quartz latite. The deposits are typically strata-bound, stratiform and have been affected by 
regional metamorphism. As a result, they show mineral transformations, redeposition, re-
mobilisation and recrystallization of their primary mineral constituents (Tufar and Strucl, 1984). 

 
Figure 7-1: Serbian-Macedonian ore province (modified form Tufar and Strucl, 1984) 

The Sasa Svinja Reka and Golema Reka deposits are considered to be metasomatic skarn-
hydrothermal deposits (Peltekovski et al. 2012) with replacement and bedding-parallel fault 
controlled mineralisation. 

The skarns occur in the form of replacement of marble, whereas the hydrothermal Lead-Zinc-
Silver mineralisation appears as replacements and as open-space fillings. The skarn 
association has characteristic zonal structure and contains calc-silicate minerals (Fe-Mn-
pyroxenes, Fe-Mn-pyroxenoids, garnets, ilvaite, epidote), magnetite, pyrite and pyrrhotite. The 
hydrothermal association, which is superimposed onto the skarn assemblages, contains 
argentiferous galena, sphalerite, pyrite and minor chalcopyrite (Palinkas et al. 2013). 
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According to Palinkas et al. 2013, three major stages of mineralisation can be recognised at 
Sasa, including: 

• Metasomatic formation of skarn minerals during the prograde stage of mineralisation from 
saline and high-temperature fluid, probably of distal magmatic origin. The absence of 
mineralised contacts between the magmatic and the host rocks as well as the manganese 
rich mineralogy suggests metasomatism by infiltration of the mineralising fluids into the 
host rocks, rather than mineralisation by diffusion-driven contact metasomatism. 

• Hydrothermal alteration of skarn minerals (ilvaite, chlorite, magnetite, pyrrhotite, 
carbonates, quartz) followed by precipitation of ore and gangue minerals resulted from the 
mixing of magmatic and meteoric fluids during the retrograde stage. 

• Deposition of post-ore gangue minerals, mostly carbonates, from cooler and slightly diluted 
fluids. 
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8 EXPLORATION 
This section summarises the work completed by the Company within the Sasa Mine exploration 
permits to date. 

8.1 Historical Exploration 

The history of mineral exploration in the Sasa Mine exploration permits prior to 2016 is 
summarised in Section 5. 

8.2 Exploration by Lynx Europe SPLLC Skopje (November 2015 to November 
2017) 

Exploration work completed by Lynx Europe SPLLC Skopje comprised the following: 

• Underground geological mapping. Sasa Mine geologists regularly conduct geological 
mapping, in which major rock types and mineralised contacts are recorded at 1 m drift 
height. The mapping is compiled on 1:250 scale master paper plans kept in the geological 
office.  

• Surface and underground diamond drilling at Svinja Reka.  Underground drilling focussed 
on mineralization at the 990, 910, and 830 level horizons of the mine, while surface drilling 
targeted potential extensions to mineralization below 830 level. 

• An IP geophysical survey was completed during early 2016 to explore for extensions to 
the mineralisation towards the south and down-dip from the currently drilled areas. Multiple 
test profiles through known mineralisation were completed to calibrate the survey.  The 
survey was not able to accurately delineate the mineralisation in these profiles so this 
technique has not been used to guide the design of the exploration drilling program. 

8.3 Exploration by CAML 

Exploration work completed by CAML, from November 2017 to date, comprised the following: 

• Underground geological mapping. Sasa Mine geologists regularly conduct geological 
mapping, in which major rock types and mineralised contacts are recorded at 1 m drift 
height. The mapping is compiled on 1:250 scale master paper plans kept in the geological 
office.  

• Underground diamond drilling at Svinja Reka focussed on increasing confidence in 
mineralization below the 830 level horizon of the mine. 

• Surface diamond drilling at Golema Reka focussed on increasing confidence and 
confirming historic drill intersections in mineralization below the 830 level horizon of the 
mine. 

Details of all drilling activities are described in Section 9. 

All additional exploration work was completed by previous owners of the Project, as 
summarised in Section 5. 
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9 DRILLING 
9.1 Historical Drilling 

Historic drilling completed on the Sasa Mine’s exploration and exploitation permits (as provided 
in the digital database) is summarised below, with the location of the historic drill collars (shown 
against those completed by CAML) shown on Figure 9-1 and Figure 9-2. 

In general, the quality of historical core from surface drilling has not been assessed as none 
remains; core recovery, where recorded, is generally above 80%. Downhole inclinometry was 
measured in most holes but to date, the data collected under Government ownership have not 
yet been added to the database. Accuracy of the collar surveys has not been checked; however, 
these agreed well with the topographic survey. SRK notes that when surface drillhole 
mineralisation intersections are compared with underground drilling intersections, there is 
commonly a slight offset (up to approximately 10 m vertical distance).  SRK considers this 
observed offset acceptable as it is most likely the result of slight survey differences between 
the surface collars and the underground workings. 

Underground drilling used a Diamec 250 rig and a CP65 rig which produced core of about 
36 mm diameter, or AX core in up-holes, where the sampling took whole core. The underground 
drilling intersected the mineralisation on each main level at approximately 35 to 50 m spacing, 
although 10-20 m spacing is observed on better drilled levels, including level XIIb. Main levels 
are spaced vertically at 60-80 m apart. Core recovery, where recorded, averaged about 75% 
when graphitic schist layers were accounted for, which is acceptable, and considered unlikely 
to introduce bias given the support provided by close spaced drilling. 

At the Sasa Mine Laboratory, pulp samples were digested in hot nitric-sulphuric acid and 
assayed routinely for Pb and Zn using an Atomic Absorption Spectrometer (AAS) until 2002. 
After this date, samples were analysed for Pb and Zn by volumetric titration.  

9.1.1 Government Ownership (1954-2002) 

Between 1954 and 2002, 274 core drillholes were drilled at the Svinja Reka deposit for a 
cumulative length of 20,597 m, of which 12 were drilled from surface and 262 from 
underground. The majority of the surface holes were 76 mm diameter core (changing to HQ 
(68 mm) after 200 m and NQ (47.6 mm) beyond 500 m) and oriented towards NE, providing 
one or two mineralised intercepts at Svinja Reka, situated on section lines approximately 200 m 
apart. Underground drilling was oriented towards the SW and focused on the upper six levels 
of the Sasa Mine down to 1130 m RL, providing sample intersections on levels that range from 
15-25 m in spacing. 

At Golema Reka, some 82 core drillholes were completed for a cumulative length of 11,942 m, 
of which 24 were drilled from surface and 58 from underground. Surface drilling was completed 
on section lines approximately 100 m apart. Underground drilling was oriented towards the SW 
on the upper two levels of the mine, providing sample intersections on levels that range from 
20-50 m in spacing. 
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9.1.2 Solway (2006-2015) 

Between 2006 and 2015, 1,080 core drillholes were drilled at the Svinja Reka deposit for a 
cumulative length of 80,737 m, of which 32 were drilled from surface and 1048 from 
underground. Surface drilling based on 76 mm diameter core was typically completed as fans 
collared approximately 200 m apart and orientated toward NE, proving intersections within the 
down-dip extents of the mineralisation at a spacing ranging from 50 to150 m. Underground fan 
drilling provided sample coverage down to 840m RL that typically ranges between 10-30 m and 
up to 80 m between mining levels.  

In addition, a small number of channel samples (15) were completed with a 10 x 5 cm cross 
section within cross-cuts. These were not continuously sampled and tended not to continue in 
to the host rock. 

At Golema Reka, some 22 underground drillholes were completed for a cumulative length of 
1,503 m. Drilling was oriented towards the SW, providing sample intersections on levels that 
range from 10-50 m in spacing. In addition, a number of channel samples (51) were completed 
on a sub-level between the two main drives, proving sample coverage ranging between 5-20 m. 

9.2 Lynx (2015-2017) 

Between 2015 and 2017, Lynx completed 228 underground and surface drillholes at the Svinja 
Reka deposit.  The majority of drilling was underground fan drilling to improve confidence in 
active mining areas and provided sample coverage down to 840m RL that typically ranges 
between 10-30 m and up to 80 m between mining levels. 

9.3 CAML 

Since November 2017, CAML has completed underground drilling at Svinja Reka, and surface 
drilling at Golema Reka.  The Svinja Reka drilling, which totals 10,780 m from 183 holes, has 
targeted Mineral Resource category conversion below 830 level, along the 830-750 decline, as 
well as infill drilling on four active mining horizons.  At Golema Reka, the drilling aimed to convert 
areas of Inferred Mineral Resources to Indicated if possible.  A total of 8 drillholes were drilled 
from surface from two different collar locations, to confirm existing historic data. The historical 
holes had no retained core record.   

 
Figure 9-1: Svinja Reka location of collars (green) completed by the CAML during the 

2017 to 2018 exploration program, and historic collars (blue) 
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Figure 9-2: Golema Reka location of collars (green) completed by the CAML during 

the 2017 to 2018 exploration program, and historic collars (blue) 

9.3.1 Summary of Data Quantity 

A total of 1,765 holes totalling some 124,576 m and 15 underground channels for 332 m have 
been completed at the Svinja Reka deposit. A total of 112 holes, totalling 16,599 m and 51 
underground channels, totalling 333 m, have been completed at the Golema Reka deposit.  All 
drilling data available as of 31 December 2018 was made available to SRK.  

9.3.2 Collar Surveys 

The topographic survey of all the surface drillhole collars completed by the Company has been 
completed by using a Precision GPS. Underground drillhole collars are located based on total 
station surveys by mining surveyors that are translated to the Macedonian grid (Gauss-Krüger 
coordinate system, Hermannskogel datum) for storage in the master database. 

9.3.3 Downhole Surveys 

SRK has been supplied with downhole survey information for the start and the end of each 
surface hole completed by the Company, with intermediate readings at approximately every 
50 m, collected using a reflex gyro probe by the Geoma (Bulgaria) survey contractor. In general, 
the data collected is considered to be of high precision and accuracy suitable for use in this 
estimate. Gyro (non-magnetic) surveys are considered by SRK to be appropriate as there can 
be locally significant pyrhottite mineralisation associated with the Lead-Zinc-Silver lenses. 

Underground drillholes typically range in length between 50 and 70 m. No downhole surveys 
were recorded for these holes. 

9.3.4 Hole Orientation 

The Svinja Reka surface drillholes are plotted on sections oriented NE-SW across the deposit 
and are spaced approximately 200 m apart, proving intersections at a similar spacing. Hole 
lengths range from 650 to 849 m and intersection angles with the mineralisation are broadly 
perpendicular. Surface drillholes at Golema Reka have intersected the mineralisation, down-
dip of the mined workings, at approximately 50 to 100 m centres. 

Underground drilling within mining areas are typically collared at 20 to 30 m spacing and drilled 
towards the SW (from footwall to hangingwall) with multiple (fan) holes often drilled at a range 
of inclinations from a single collar, providing sample coverage ranging from 10 to 30 m. Hole 
lengths range from 7.5 to 91 m and intersection angles with the mineralisation typically ranging 
from perpendicular to -45°. 
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SRK considers that the drilling orientations are reasonable to model the geology and 
mineralisation based on the current geological interpretation. Figure 9-3 and Figure 9-4 provide 
cross sections to show the typical drilling orientation and dip of the mineralisation wireframes 
in both deposits. 

 
Figure 9-3: Svinja Reka deposit example cross section, looking NW 
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Figure 9-4: Golema Reka deposit example cross section, looking NW 

9.3.5 Diamond Drilling Procedure 

The drilling was performed by the GEOPS contractor (Bulgaria) and managed by the 
Company’s geological team. All drilling was completed using double tube core barrels. Core 
was typically 76 mm in diameter. 

Core was typically produced in 3 m core runs and then packed into metal core trays at the drill 
site, which are marked with borehole ID and depth. The core is transported to the Company’s 
core logging facility at the end of each drilling shift. 

9.3.6 Core Recovery 

Core recovery is recorded during geological logging on to paper logging sheets that are 
subsequently uploaded for storage in DWG format. For the majority of the drilling programs 
completed, this information has not been transferred to the Excel drillhole database and 
therefore is not readily available for review. Based on observations made by SRK at drill sites 
and the core storage facility, core recovery is considered to be good, typically being greater 
than 90%. 
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9.3.7 Core Storage 

The Company’s core storage facility is located at the Sasa Mine. After the core has been 
sampled, mineralised half core is retained for between three to five years in case external 
controls require re-assay. Following this period and once the associated area of the mineralised 
body has been depleted, the mineralised core is added to the process plant feed. Unmineralised 
core from surface holes is discarded after logging has been completed.   

9.4 SRK Comments 

SRK notes that the current drilling and sampling protocols do not incorporate the transfer of 
recovery, lithological and structural data (from borehole logging) from DWG storage format in 
to Excel for use in construction of the 3D resource model. Whilst SRK has been able to use the 
detailed geological interpretations from the Company’s underground mapping to guide 
geological modelling, SRK recommends that all data associated with the core logging should 
be recorded in a useable format such as an Excel spread sheet, to ensure that this valuable 
data can be included in any subsequent Mineral Resource updates. Furthermore, geo-
referencing all underground mapping against the mine grid to assist with accurate import to 3D 
modelling software would help to add confidence to the position of modelled mineralisation and 
waste contacts in the resource model.     

In general, SRK considers the sampling procedures used by the Company conform to industry 
best practices and the resultant drilling pattern is sufficiently dense to interpret the geometry 
and boundaries of the Pb-Zn-Ag mineralisation with a reasonable level of confidence. 
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10 SAMPLE PREPARATION, ANALYSIS AND SECURITY 
10.1 Introduction 

The following section relates to the methods and protocols used by the Company during its 
exploration campaigns to date. 

10.2 Diamond Drilling Sample Preparation and Chain of Custody 

The core is transported from the drill site to the core storage facility where it is logged for 
geology and geotechnical parameters (core recovery and RQD) and, recently, digital 
photographs of the core are now being taken. Sampling lengths are then allocated guided by 
visually logged geological contacts and typically range between 0.3 and 1 m in length. Sample 
intervals are allocated a sample tag recording drillhole name and down-hole depth and the core 
is subsequently split in half using a diamond core saw. 

10.3 Sample Preparation and Analysis 

Samples were submitted for preparation to the Sasa Mine laboratory, where half core is crushed 
to -3 mm and then dried in an oven at 130°C. The sample is passed through a riffle splitter to 
derive a 50% split, which is pulverised using a disc mill to give a -0.74 mm powder pulp. The 
pulp is coned and quartered with 25% subsampled into 1 g portions for Pb and Zn analysis and 
the remaining 75% is stored for three years in case external controls required re-assay.  

The Sasa Mine laboratory analysed the samples for Pb and Zn by XRF (Figure 10-1). The 
laboratory obtained valid international accreditation to MKC EN ISO/TEC 17025 in 2006, which 
was endorsed in 2011 and is valid to until 2019. The Laboratory is annually audited by 
Macedonian Accreditation Institute and also acts as control for the plant concentrate shipment.  
The Sasa laboratory also regularly submits check samples to KCM laboratory in Sofia, Bulgaria. 

 
Figure 10-1: Sasa Mine Laboratory XRF Machine (MRA 2015) 
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10.4 Bulk Density 

Historically, there was no systematic measurement of bulk density and therefore no data on 
which to verify bulk density.  SRK noted this in 2006 and instigated a measurement program to 
gather bulk density data.  SRK have recommended that systematic measurement of bulk 
density be an important part of the data collection procedures at the Sasa Mine, and in 2018, 
CAML have started to collect this information. 

10.4.1 Bulk Density Measurement by SRK 

SRK designed and carried out a program of density sampling and measurement in 2006. A total 
of 50 samples were collected from 11 locations from the Svinja Reka area and 25 samples were 
collected from five locations from the Golema Reka area. Each sample weighed between 0.3 
and 2.5 kg, and on average these weighed 0.9 kg. At each location, samples were taken 
representing various ranges of grade and mineralogy (Table 10-1). 

Samples were washed and dried before density measurements were taken using scales 
provided by Sasa. SRK created a calibration curve for the scales (based on readings taken by 
weighing a measuring jug continuing various volumes of water) which was used to correct the 
scales readings. 

Each sample was suspended on a wireloop, hung from a cross bar on the scales; the scales 
were placed on a wood beam clamped to a bench top overhanging the edge. Samples were 
weighed first in air and then after careful immersion in water. 

Samples were hammered, crushed and milled at the Sasa Mine Laboratory and the pulps 
weighed before and after drying to calculate a moisture content, which was 4.5% on average. 
Sample weights were adjusted for moisture content to provide dry density estimates for each. 

The density sample pulps were submitted to the Eurotest Control laboratory in Sofia, Bulgaria 
(Eurotest Control Sofia) for Zn and Pb assay (Table 10-1). 

Dry density values were plotted versus combined Pb+Zn for each deposit and a linear 
regression determined (Figure 10-2). The significant scatter in the data is assumed to be 
associated with the variation in accessory mineralogy (pyrrhotite, pyrite, chalcopyrite, etc). 
Despite this, however, SRK has decided to use the relationship between Zn+Pb grade and 
density for determining individual block tonnages in the resource model for each deposit as 
follows: 

• Dry Density (t/m3) for Svinja Reka = 3.039 + (0.0382 x (Zn% + Pb%) ) 

• Dry Density (t/m3) for Golema Reka = 2.7058 + (0.0354 x (Zn% + Pb%) ) 

Table 10-1: Density Samples 
Deposit Element Number Minimum t/m3 Maximum t/m3 Mean t/m3 Coefficient of 

Variation 

Svinja Reka 
Pb 

50 
0.04 30.00 6.59 1.02 

Zn 0.04 41.78 7.36 1.10 
Dry Density 2.67 5.38 3.57 0.18 

Golema Reka 
Pb 

25 
0.05 21.29 4.80 1.13 

Zn 0.06 43.20 9.92 1.11 
Dry Density 2.64 4.77 3.23 0.16 
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Figure 10-2: Svinja Reka dry density versus combined Pb + Zn (%) 

 
Figure 10-3: Golema Reka dry density versus combined Pb + Zn (%) 
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10.4.2 Bulk Density Measurements by CAML 

In 2018, CAML integrated a bulk density measurement program into their core sampling 
procedures.  Core samples, between 10 to 20 cm lengths, from Svinja Reka and Golema Reka 
are selected and weighed on a digital scale in air, and then suspended in water.  Bulk density 
is calculated using Archimedes principal.  A total of 287 samples were measured in 2018 
(Figure 10-2). 

These bulk density measurements were added to the plots of density versus Pb+Zn (%) to 
check the regressions that have been used for both Svinja Reka (Figure 10-4) and Golema 
Reka (Figure 10-6).   

For Svinja Reka, for Pb+Zn grades below 10%, there is an apparent bias between the 2018 
data collected from core and the samples measured in 2006.  There are also two easily defined 
different populations of density data indicated by the 2018 samples, particularly where these 
have very low Pb+Zn grades.  On examination of these samples, these two populations (y-
intercepts at approximately 2.75 and 3.25 t/m3) represent two different host rock types, namely 
graphitic schist and skarn (Figure 10-5).  The bulk density is more strongly correlated to Pb+ 
Zn grades above 10% combined Pb+Zn.  This suggests that the host rock type is important to 
more accurate modelling of bulk density at Svinja Reka, particularly at grades below 10% 
Pb+Zn. 

For Golema Reka, the 2018 data are distributed very similarly to the 2006 data.  The host rock 
at Golema Reka is only gneisses so the bi-modal distribution observed at Svinja Reka is not 
represented here. 

Table 10-2: Dry Bulk Density Samples Measured by CAML in 2018 

Deposit Element Number Minimum Maximum Mean 
Coefficient 
of 
Variation 

Svinja Reka 

Pb (%) 

211 

0 54.74 3.26 1.74 

Zn (%) 0.00 22.73 1.99 1.83 

Dry Density (t/m3) 2.64 4.80 3.39 0.12 

Golema Reka 

Pb (%) 

76 

0.02 28.96 3.44 1.62 

Zn (%) 0.02 9.11 1.04 1.53 

Dry Density (t/m3) 2.18 3.87 2.86 0.09 
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Figure 10-4: Svinja Reka dry density versus combined Pb + Zn (%), green points and 

regression from the SRK 2006 program and Red points from CAML 2018 
program 

 
Figure 10-5: Box and whisker plot of Svinja Reka dry density measurements by host 

lithology from CAML 2018 program 
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Figure 10-6: Golema Reka dry density versus combined Pb + Zn (%), green points and 

regression from the SRK 2006 program and red points from CAML 2018 
program 

10.5 SRK Comments 

SRK considers that the sampling preparation, security and analytical procedures used by the 
Company are consistent with generally accepted industry standard practices and are therefore 
adequate for the purpose of this resource estimate.  

For the 31 December 2018 Mineral Resource estimate, the bulk density versus Pb+Zn grade 
regressions determined in 2006 have been used.  It is obvious, however, from the bulk density 
measurements at Svinja Reka in 2018, that a more detailed bulk density model is required in 
the future.  A geological model, of at least the graphitic schist and skarn host rocks, is required 
to aid in the local accuracy of the bulk density model, particularly at grades below 10% 
combined Pb and Zn. 

SRK recommends continuing to regularly collect additional density samples to increase the size 
of the database to add confidence to the modelled density values. Any additional data collected 
from drilling or sampling should also be compared to the production data as part of a 
comprehensive reconciliation programme. 
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11 DATA VERIFICATION 
11.1 Verifications by SRK (2016) 

SRK visited the Project from 26 September to 11 October 2016 and 24 January to 28 January 
2017. During the site visits, SRK was able to witness the exploration and mining work completed 
to date, review geological relationships exposed in underground workings and geological maps, 
review drill holes for to confirm values stored in the database and discuss geological and 
structural interpretations for both the Svinja Reka and Golema Reka deposits. 

11.2 Verifications by SRK (2018) 

SRK visited the Project from 6 August to 10 August 2018 and 23 October to 26 October 2018.  
During the site visits, SRK was able to witness the exploration drill core logging, sample 
preparation, and bulk density measurement process.  Bulk density procedures and equipment 
were the focus of the August visit.  

11.2.1 Verification of Sampling Database 

SRK completed a phase of data validation on the digital sample database supplied by the 
Company which included, but was not limited to the following:  

• Search for sample overlaps, duplicate or absent samples and anomalous collar, assay and 
survey results. Anomalous results were verified against hard copy data stored at the Sasa 
Mine and rectified were possible. No material issues were noted in the final sample 
database. 

• Search for absent Pb and Zn values within the mineralised zones. SRK noted the presence 
of a limited number of absent sample intervals which typically relate to non-sampled 
interburden (or internal waste) within the mineralised graphitic schist. To prevent the 
smoothing of higher grades in to these non-sampled waste zones during grade 
interpolation, SRK has replaced the absent values with low grades (0.01% Pb and 0.01% 
Zn). Furthermore, where sufficiently supported by mapping and drilling, SRK has modelled 
these samples within internal waste zones. 

• During the modelling process, SRK reviewed the historic channel sampling on a case by 
case basis, and excluded the data that did not, in SRK’s opinion, meet all aspects of the 
validation procedure. 

11.3 Verifications by the Company and its Consultants 

11.3.1 Internal Assay QAQC 

The Company has undertaken routine internal validation of sample assays at the Sasa Mine 
laboratory during the exploration drilling programs completed using a standard material termed 
‘VL’. Two further internal standard materials are used for concentrate analysis, ‘C5’ and ‘B5’. A 
summary of the grade ranges covered by the materials is shown in Table 11-1. 
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Table 11-1: Internal Standards used by the Sasa Mine Laboratory 
Standard 

Grade 
Pb% Zn% 

VL 4.83 4.44 
C5 77.43 2.19 
B5 49.45 1.47 

Standard submissions and analytical results are monitored by the Sasa Mine laboratory staff. 
The laboratory analyses a standard for each sample analysed.  Deviations from the accepted 
values of the standard are used to calibrate the analysis of the individual sample. 

The laboratory also completes bi-annual testing of analyses completed by each staff member.  
Zn and Pb concentrate standards (CZN-4 and CPB-2 from Canmet, Canada) are anonymously 
inserted into the sample stream by the laboratory manager. Variations between the analysed 
and accepted values are monitored and managed by the laboratory manager. 

11.3.2 External Assay QAQC 

SRK has previously completed an independent check of the site laboratory and the Company 
has initiated a routine external assay QAQC procedure in 2018 that incorporates umpire lab 
analyses of select samples. 

Independent analysis by SRK Consulting (UK) Ltd 2006 

During 2006, SRK carried out an independent laboratory check on 400 duplicate pulp samples 
from Sasa drilling intercepts through submission to the Eurotest Control Sofia. 

Three randomly inserted Geostats Pty Ltd certified standards (CRM) were also included with a 
range of metal values as follows: GBM303-3, with 12.39% Pb, 2.82% Zn; GBM302-10, with 
5.59% Pb, 14.3% Zn and GBM902-5, with 3.32% Pb, 1.66% Zn. Portions of these standards 
were then homogenised into three further SRK standards having high, medium and low grade 
metal contents closer to those expected from Sasa Mine samples, to give a suite of standards 
as shown in Table 11-2. 

Table 11-2: Details of Standards Submitted to Eurotest Sofia 
Sofia Laboratory Check Samples 2006 

Submitted 
Standards 

Number of 
Submissions 

Code 
Name 

Grade Standard Deviation 
Cu (%) Pb (%) Zn (%) Ag (g/t) Cu (%) Pb (%) Zn (%) Ag (g/t) 

GBM 303-3 5 A 0.06 12.39 2.82 666 0.01 0.57 0.14 28 
GBM 302-10 5 B 0.43 5.59 14.33 76 0.02 0.18 0.64 7 
GBM 902-5 15 C 2.63 3.32 1.66 16 0.1 0.08 0.08 2 

SRK HG 25 D 0.29 8.14 10.01 297 0.01 0.33 0.45 15 
SRK MG 25 E 1.68 5.05 5.52 110 0.07 0.17 0.25 6 
SRK LG 25 F 2.26 3.7 3.77 26 0.09 0.1 0.17 3 

The results and comparisons between the Sasa Mine laboratory and Eurotest Sofia are 
summarised in Figure 11-1 and Figure 11-2. The graphs and regression lines from the duplicate 
comparison data indicate that the Sasa Mine laboratory is some 8% lower than Eurotest Sofia 
for zinc and 10-15% lower than Eurotest Sofia for lead; however, based on the standard results, 
the Sofia Laboratory results themselves are very good for zinc and lead grades less than 4%, 
but above 4% Eurotest Sofia overestimates the certified reference materials by some 5%. 
Therefore, the results from the Sasa Mine laboratory for ore grade material can be considered 
to be some 3% low for zinc and 5-10% low for lead. 
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Figure 11-1: Check assay sample results for Pb and Zn: Sasa Mine Laboratory versus 

Eurotest Sofia (SRK 2006) 

 
Figure 11-2: Standard results for Pb and Zn at the Eurotest Sofia (SRK 2006) 

Independent Laboratory Analysis as Part of the 2018 QAQC Program 

In 2018, the Company selected 40 prepared pulp samples from the drilling programs (20 from 
each of Svinja Reka and Golema Reka) to submit to an independent external laboratory for 
umpire analysis.  Four CRM were also included in the sample submission to monitor the 
laboratory.  The samples were analysed by SGS Bulgaria Ltd (SGS Bulgaria).  The laboratory 
used the AAS15Q analytical package which comprises two acid digestion and analysis of Pb, 
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Zn, and Ag by atomic absorption spectrometry. 

SRK has reviewed the umpire analyses and compared the SGS Bulgaria with the site laboratory 
results.   

For Pb (Figure 11-3), there is good agreement between the site and umpire laboratory, with 9 
analyses slightly outside of the error range, based on the mean percent difference.  These 9 
analyses are all lower grade samples, being below 1% Pb. There does appear to be a slight 
bias between 2 and 10% Pb, where the SGS Bulgaria umpire results are slightly higher than 
the site laboratory.   

For Zn (Figure 11-4), the agreement between the site and umpire laboratory is not as defined 
as with Pb, with 15 analyses outside of the error range, based on the mean percent difference.  
These 15 analyses are all lower grade samples, being below 1% Zn.  There is a bias, where 
the SGS Bulgaria results are quite consistently lower than the site laboratory.   

For Ag (Figure 11-5), the agreement between the site and umpire laboratories is good, with 9 
analyses outside of the error range (based on the mean percent difference).  These 9 analyses 
are all lower grade samples, below 10 ppm Ag. 

 
Figure 11-3: Check assay sample results for Pb: SGS Bulgaria versus Sasa site 

laboratory; error lines are calculated mean percent difference of the 
dataset (MPD) 
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Figure 11-4: Check assay sample results for Zn: SGS Bulgaria versus Sasa site 

laboratory; error lines are calculated mean percent difference of the 
dataset (MPD) 

 
Figure 11-5: Check assay sample results for Ag: SGS Bulgaria versus Sasa site 

laboratory; error lines are calculated mean percent difference of the 
dataset (MPD) 
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11.3.3 SRK Comments 

SRK has completed a review of the available data and has corrected, adjusted or excluded 
some of this for the purpose of grade interpolation. 

Independent QAQC analysis of the Pb and Zn assay database completed historically by SRK 
(during 2006) highlighted in general a reasonable quality in the results, albeit with slight bias 
toward lower grade. Whilst routine assay QAQC is currently limited to internal standard checks 
by the Sasa Mine laboratory staff, fundamentally, diluted ore grades seen in the mine production 
records summarised in Figure 11-6 provide comfort that mineralisation exists at grades close 
to those in the drilling sample database.  

SRK considers the general quality of the drillhole sampling and analytical results to be 
appropriate for the purpose of reporting the MRE at the level of confidence this has been 
reported to in Section 13. That said, SRK would recommend the implementation of full assay 
QAQC procedures for sampling and assay (including blanks, duplicates and standards) for all 
future drilling campaigns.  The 2018 independent umpire lab results that there is generally good 
agreement with the site lab, except at lower grades for Pb, Zn, and Ag.  SRK highly 
recommends that the umpire laboratory analyses are continued and expanded to try to identify 
the source of this apparent bias at lower grades. 

 
Figure 11-6: Svinja Reka Historical Production Data  

 

 

 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

800,000

900,000

1,000,000

19
66

19
67

19
68

19
69

19
70

19
71

19
72

19
73

19
74

19
75

19
76

19
77

19
78

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

G
ra

de
 (%

)

An
nu

al
 T

on
na

ge
 (t

)

Year

SASA - Svinja Reka Production Records

Tonnage (t)

Pb %

Zn %

Mine not in 
production



SRK Consulting  Svinja Reka MRE 2018 – Main Report 
 

30311 Sasa Mine MRE 2018_Final.docx  March 2019 
Page 37 of 100 

12 MINERAL PROCESSING AND METALLURGICAL TESTING 
As part of its current mining operations, the Sasa Mine currently completes crushing and 
grinding at surface along with mechanical separation and subsequent froth floatation of lead 
and zinc sulphides. 

Pb recovery to concentrate averages 94%, resulting in Pb concentrates at an average of 73.9% 
Pb grade.  Zn recovery to concentrate averages 85.5%, resulting in Zn concentrates at an 
average of 50.1% Zn grade.  The average Ag recovery to the lead concentrate (from 2016) was 
74.6% at an average grade in the Pb concentrate of 343 g/t. While the average grade of Ag in 
the zinc concentrate was approximately 40 g/t, representing approximately 9.8% recovery.  Ag 
in the Zn concentrate is not payable. 
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13 MINERAL RESOURCE ESTIMATE 
13.1 Introduction 

The Mineral Resource model for the Svinja Reka Deposit at the Sasa Mine, prepared by SRK, 
considers 1,765 underground and surface diamond drillholes and 15 underground channels 
conducted between the years of 1974 and 2018. The Mineral Resource model for the Golema 
Reka Deposit, prepared by SRK, considers 112 underground and surface diamond drillholes 
and 51 underground channels conducted between the years of 1974 to 2018.  The Mineral 
Resource estimate was completed by Guy Dishaw, P. Geo. 

This section describes the estimation methodology and summarizes the key assumptions 
considered by SRK. In the opinion of SRK, the Mineral Resource estimate reported herein is a 
sound representation of the Pb and Zn Mineral Resources found in the Svinja Reka and Golema 
Reka deposits at the current level of sampling. The Mineral Resources have been estimated in 
accordance with the Australasian Code for the Reporting of Exploration Results, Mineral 
Resources and Ore Reserves, The JORC Code, 2012 Edition. Guy Dishaw, P.Geo. is 
considered a Competent Person (CP) for reporting in accordance with JORC. 

The database used to estimate both the Svinja Reka and Golem Reka deposits was reviewed 
and verified by SRK. 

Leapfrog Geo version 4.4 and Vulcan version 10.1 were used to review and model the 
estimation domains, prepare assay data for geostatistical analysis, construct the block model, 
estimate metal grades, and tabulate Mineral Resources.  Supervisor software was also used to 
analyse grade continuity and validate the estimates. 

13.2 Mineral Resource Estimation Procedure 

The estimation methodology involved the following procedures: 

• database compilation and review; 

• definition of estimation domains; 

• statistical analysis and grade continuity analysis; 

• block model construction and grade interpolation; 

• block model validation; 

• Mineral Resource classification; and 

• reporting of Mineral Resources. 

13.3 Mineral Resource Database 

The databases were directly exported from the master Access database managed by Sasa 
Mine geologists. The following drillhole data was included: 

• collars including collar co-ordinates, hole lengths, date drilled, etc; 

downhole surveys; and 

• sample assay intervals. 
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13.3.1 Svinja Reka 

The current database for the Svinja Reka Pb-Zn-Ag deposit consists of 124,576 m of diamond 
drilling from 1,765 drillholes and 332 m of sampling from 15 underground channels. Most 
drillholes are collared from underground drill stations spaced 50 m apart in the footwall and are 
drilled roughly perpendicular to the strike of mapped Pb-Zn-Ag mineralisation (Figure 13-1 and 
Figure 13-2). Due to the shallow dip of the mineralisation, drilling does not typically intersect 
the mineralisation at a perpendicular angle (Figure 13-3).  The mineralisation is generally drilled 
at roughly 10 to 30 m spacing along strike and down-dip in the active mining areas, but spacing 
increases to up to 90 m between mining areas.  Since most holes are collared from the footwall, 
the footwall lenses (Podina) are defined at a slightly tighter spacing than the hangingwall lenses 
(Krovina). 

 
Figure 13-1: Svinja Reka deposit 3D view looking ENE showing mined workings (grey) 

and drillholes (blue) 

 
Figure 13-2: Svinja Reka deposit rotated plan view of mined workings (grey) and 

drillholes coloured by combined Pb and Zn values  
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Figure 13-3: Svinja Reka deposit cross-section looking NW, showing mined workings 

(grey) and drillholes coloured by combined Pb and Zn values   

13.3.2 Golema Reka 

The current resource database for the Golema Reka Lead-Zinc-Silver Deposit consists of 
16,599 m of diamond drilling from 112 drillholes and 333 m of sampling from 51 underground 
channels. Most drillholes are collared from underground drill stations spaced 50 m apart in the 
footwall and are drilled roughly perpendicular to the strike of mapped mineralisation (Figure 
13-4 and Figure 13-5). Due to the shallow dip of the mineralisation, drilling does not typically 
intersect the mineralisation at a perpendicular angle (Figure 13-6).  The mineralisation is 
generally drilled at roughly 50 m spacing along strike on levels from approximately 800 to 950 m 
elevation, but spacing increases to up to nominally 100 m below the mining areas. 

 
Figure 13-4: Golema Reka deposit 3D view looking ENE showing mined workings 

(grey) and drillholes (blue) 
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Figure 13-5: Golema Reka deposit rotated plan view showing mined workings (grey) 

and drillholes coloured by combined Pb and Zn values   

 
Figure 13-6: Golema Reka deposit cross-section, looking NW, showing mined 

workings (grey) and drillholes coloured by combined Pb and Zn values   

13.4 Geological Modelling 

The geological models are based on the detailed geology maps and diamond drilling data 
maintained by the Sasa geology staff, which are geo-referenced in 3D in Leapfrog software. 
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13.4.1 Svinja Reka 

Mineralisation at Svinja Reka is stratabound within graphitic schists and strikes approximately 
150⁰ and dips shallowly, at approximately 35⁰, to the SE. The mineralisation and graphitic schist 
package is enveloped by granitoid augen gneiss. The mineralisation occurs as stacked massive 
to semi-massive sulphide lenses, each with variable thickness (2.0 m to 30 m) along strike and 
down dip, separated by weakly mineralised schists and skarn. Galena, sphalerite and pyrhottite 
are the dominant sulphide minerals accompanied by minor chalcopyrite and pyrite. 

Three main lenses, namely Podina (footwall), Sredisno (middle), and Krovina (hangingwall), 
are of interest for mining. The lenses are characterized by sharp contacts and have been 
defined by diamond drilling and underground mapping.  

SRK used the underground mapping, combined with diamond drilling information to interpret 
the mineralised zones using Leapfrog Geo 4.4 software.  A roughly 2% Pb+Zn cut-off was used 
to constrain the mineralised domains guided mainly by a sharp contact and occasionally 
allowing some weaker mineralisation to be included in the model.   

Due to the multiple lenses, and pinching and swelling morphology, the underground maps were 
invaluable to guiding the interpretation of the 3D domain solids (Figure 13-7).  SRK modelled a 
total of 8 discrete domains comprising the three main mineralised zones: Podina, Sredisno, and 
Krovina. 

Internal waste zones (<2% Pb + Zn) are common within the mined, mapped, and modelled 
zones for Podina, Sredisno, and Krovina lenses. SRK has modelled internal waste zones within 
the mineralised lenses where the internal waste is mappable through multiple drillhole 
intersections and supported by underground mapping. In many cases, however, it is practically 
impossible to wireframe, let alone selectively mine these zones.   

 
Figure 13-7: Svinja Reka rotated plan view of 990+7 Level; geological mapping geo-

referenced and used to added hangingwall and footwall control lines to 
the geological models 
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Figure 13-8: Svinja Reka model plan view with relative positions of the Podina, 

Sredisno, and Krovina lenses; drillholes coloured by Pb+Zn grade  

 
Figure 13-9: Svinja Reka model cross-section, looking NW, showing the modelled 

lenses and drillholes coloured by Pb+Zn grade  

13.4.2 Golema Reka 

Mineralisation at Golema Reka is hosted within granitoid gneiss and strikes approximately 135⁰ 
and dips moderately, at approximately 45⁰, to the SE. The mineralisation occurs as stacked 
massive to semi-massive sulphide lenses, each with variable thickness (0.5 to 10 m) along 
strike and down dip, separated by weakly mineralised gneiss. Galena, sphalerite and pyrhottite 
are the dominant sulphide minerals accompanied by minor chalcopyrite and pyrite. 

Two main lenses are of interest for mining. The lenses are characterized by sharp contacts and 
have been defined by diamond drilling and underground mapping. 

13.4.3 Modelled Mineralisation Domains 

In total, 13 mineralised zones in Svinja Reka and 5 mineralised zones in Golema Reka have 
been modelled.  The modelled domains, with their respective assigned identification codes in 
the geological model, are provided in Table 13-1. 
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Table 13-1: Modelled Domain Descriptions and Equivalent Model Code 

Deposit Zone Code Description 

Svinja Reka 

100 Podina Main Zone 

101 Podina Footwall 1 

102 Podina Footwall 2 

103 Podina Footwall 3 

104 Podina Footwall 4 

105 Podina Footwall 5 

106 Podina Footwall 6 

200 Sredisno Main Zone 

201 Sredisno 2 

202 Sredisno 3 

300 Krovina Main Zone 

301 Krovina Hangingwall 1 

302 Krovina Hangingwall 2 

901 Podina Internal Waste 

902 Sredisno Internal Waste 

903 Krovina Internal Waste 

Golema Reka 

401 Golema Zone 1 

402 Golema Zone 2 

403 Golema Zone 3 

404 Golema Zone 4 

405 Golema Zone 5 

999 Waste 

13.5 Estimation Domain Analysis 

SRK used statistics to confirm the suitability of the geological model for use in grade estimation. 
Assayed Pb and Zn grades were considered in this analysis. 

13.5.1 Pb and Zn Grade 

The average Pb and Zn grades within the modelled geological domains demonstrate a definite 
separation of grade populations between the mineralised domains and the waste domains 
(Figure 13-10 to Figure 13-13). The mean Pb and Zn grades vary between 3.53% to 6.39% and 
2.84% to 4.97% respectively, for the Svinja Reka mineralised domains and between 1.30% to 
4.10% and 0.40% to 2.60% respectively, for the Golema Reka mineralised domains. The mean 
Pb and Zn grades vary between 0.35 % to 0.95% and 0.29% to 0.64% respectively, for the 
internal waste domains in Svinja Reka. 

SRK conducted contact analyses between the mineralised domains and the waste domains to 
assess the boundary conditions (Figure 13-14 to Figure 13-17). The Pb and Zn grades 
decrease sharply across the boundary between the domains, at spacings much less than the 
average drill spacing, which supports the differentiation of these zones during modelling and 
the implementation of hard boundary conditions during interpolation of grade into the block 
model. 
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Figure 13-10: Svinja Reka deposit log scaled Box and Whisker plot of length weighted 

Pb assays by modelled domain   

 
Figure 13-11: Svinja Reka deposit log scaled Box and Whisker plot of length weighted 

Zn assays by modelled domain in the Svinja Reka deposit   
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Figure 13-12: Golema Reka deposit log scaled Box and Whisker plot of length weighted 

Pb assays by modelled domain  

 
Figure 13-13: Golema Reka deposit log scaled Box and Whisker plot of length weighted 

Zn assays by modelled domain   
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Figure 13-14: Svinja Reka deposit Contact Analysis between the mineralised 100 and 

waste 901 domains 
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Figure 13-15: Svinja Reka deposit Contact Analysis between the mineralised 200 and 

waste 902 domains 
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Figure 13-16: Svinja Reka deposit Contact Analysis between the mineralised 300 and 

waste 903 domains 
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Figure 13-17: Golema Reka deposit Contact Analysis between the mineralised 401 & 

402, and waste domains 

13.5.2 Ag Grade 

Historically, chemical analysis of silver was not routinely performed on drill core samples. In 
2017 and 2018, CAML has added Ag to the analysis suite which has significantly increased the 
amount of Ag data available for the Mineral Resource estimate.  Ag grades are also analysed 
in the mill head samples and the concentrates shipped from Sasa. 

In the 2016 Mineral Resource estimate for Svinja Reka and Golema Reka, Ag grades were 
simply calculated in the blocks based on the resulting estimated Pb grade, according to the Pb 
and Ag regression.  The additional Ag grade data from 2017 and 2018 enable estimation of Ag 
into the block model. 

2016 Ag Analysis Program 

In 2016, 188 sample pulps, from 10 drillholes in Svinja Reka, were re-submitted for Ag analysis.  
Pb values correlate well with Ag and were plotted versus Ag and a linear regression determined 
(Figure 13-18). 7 outliers, with relatively high Ag values, were ignored for the purposes the 
regression calculation. The resulting linear regression demonstrates a strong correlation 
between Pb and Ag, and is described by the following regression formula: 

• Ag (ppm) = (3.7636 x Pb%) + 4.7017 
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SRK notes that of the 7 outliers excluded from the regression calculation, five were from one 
drillhole, B1-933 (Figure 13-22). It is possible that this hole has intersected a different 
mineralisation style, not encountered in the other holes assayed for Ag.  SRK believes it 
important to determine if there is a geological reason for these exceptionally high Ag values in 
which case these features should be separately modelled. 

2017 to 2018 Ag Analysis from Core Samples 

CAML has added Ag to the standard analysis suite completed at the Sasa Mine laboratory for 
all core samples.  In 2017 and 2018, 4,932 Ag analyses were completed on core samples in 
addition to the Pb and Zn grades (Table 13-2).  These analyses largely confirm the regression 
developed from the 2016 data for Svinja Reka (Figure 13-20).  The presence of very high grade 
Ag is confirmed by these samples, as well as the fact that they are not well correlated with the 
Pb grade. The 2017 and 2018 Ag analyses have also enabled a Golema Reka deposit specific 
regression to be calculated (Figure 13-19).  The regression slope is not as steep as the Svinja 
Reka deposit regression which results in the Ag grades calculated from Pb at Golema Reka 
being less.  The correlation between Pb and Ag, and is described by the following regression 
formula: 

• Ag (ppm) = (2.5585 x Pb%) + 3.2676 

Mill Head and Concentrate Samples 

SRK was also provided with monthly composite mill head grades and concentrate assays 
(Table 13-3). Both the mill head grades and concentrate assays confirm the strong correlation 
between Pb and Ag, and plot very closely to the regression determined from the core sampling 
(Figure 13-21), note that concentrate values are divided by 10 to plot within the extents of the 
chart data). This suggests that in any given month, the Ag grade in both feed and Pb 
concentrate can be reasonably estimated with respect to the Pb grade. In the opinion of SRK, 
the agreement with the Pb vs Zn regression by both the composite mill head and Pb concentrate 
assays confirms that the existing regression is suitable for use and allows for Ag to be 
considered for reporting in the Mineral Resource statement. 
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Figure 13-18:  Svinja Reka Ag (ppm) versus Pb (%) 

 
Figure 13-19: Golema Reka Ag (ppm) versus Pb (%) 
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Figure 13-20: Svinja Reka Ag (ppm) versus Pb (%) with 2017&2018 data added (grey) 

 

Table 13-2: Ag Analyses Completed in the CAML 2017 and 2018 Program 

Deposit Count Ag (ppm) 
Min Max Mean 

Svinja Reka      4,675              1       1,520  20 
Golema Reka         257              1          800  26 

 

Table 13-3: Svinja Reka Monthly Mill Head Grade Composite and Pb Concentrate 
Assays for Pb and Ag for 2016 

Month Mill Head Grade Composites Pb Concentrate 
Pb (%) Ag (ppm) Pb (%) Ag (ppm) 

January 3.83 24 73.71 338 
February 3.74 23 73.29 324 

March 3.93 22 73.07 356 
April 3.90 22 73.18 302 
May 3.83 21 73.04 347 
June 3.97 26 72.72 341 
July 4.02 24 73.09 338 

August 4.04 26 73.98 355 
September 3.87 22 73.54 324 

October 4.00 20 73.52 341 
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*Note that concentrate values are divided by 10 to plot within the extents of the chart data. 

Figure 13-21: Svinja Reka Ag(ppm) versus Pb(%) with 2016 Head Grade and 
Concentrate assays added*  

 
Figure 13-22:  Svinja Reka long section looking NNE at 10 drillholes used in the Ag 

sample re-submission study 

13.5.3 Bulk Density 

SRK has used the relationship between Zn+Pb grade and density for determining individual 
block tonnages in the models as detailed in Section 10.4. 
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13.5.4 Final Estimation Domains 

Pb and Zn Grade 

Based on the domain analysis, SRK is confident that the modelled geological domains separate 
distinct Pb and Zn grade populations and are appropriate for use in geostatistical analysis and 
grade estimation. The description of each domain and the equivalent coded value are listed in 
Table 13-1. 

13.6 Statistical Analysis 

Prior to undertaking the grade interpolation, a statistical and geostatistical study was 
undertaken on all domained data to assess its suitability for grade estimation, to confirm that 
appropriate estimation domains had been modelled, and to establish grade interpolation 
parameters. The drillhole data was coded using the modelled domains, with the domain codes 
being identical to those of the block model (as described in Table 13-1). 

13.6.1 Data Conditioning 

Compositing 

Data compositing is undertaken to reduce the inherent variability that exists within the 
population and to generate samples more appropriate to the scale of the mining operation 
envisaged. It is also necessary for the estimation process that all samples are assumed to be 
of equal weighting and should therefore be of equal length. 

For Svinja Reka, it was decided that a 1.0 m composite length would be most appropriate as 
this length would retain much of the cross zone variability while most of the samples, >90%, 
are this length or less (Figure 13-23). For Golema Reka, it was decided that a 3.0 m composite 
length as the sampling lengths were quite variable, and most of the samples, >90%, are 3 m 
length or less (Figure 13-24). 

When the Pb and Zn grades are compared to the original sample length, there is no evidence 
that shorter sample lengths for Pb may have different grades on average, while Zn grades at 
shorter lengths appear to be lower.  SRK chose to merge short composites, less than or equal 
to 0.25 m and 1.0 m, for Svinja Reka and Golema Reka, respectively, with the previous sample. 
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Figure 13-23: Svinja Reka histogram and cumulative distribution plot of sample lengths  

 
Figure 13-24:  Golema Reka histogram and cumulative distribution plot of sample 

lengths  
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Figure 13-25:  Svinja Reka Pb and Zn grade vs sample length 

Treatment of High-Grade Outliers 

Block grade estimates may be unduly affected by very high grade assays. SRK investigated 
the presence of high-grade outliers by observing the grade distributions on histograms and log-
probability plots for each domain (examples in Figure 13-26 to Figure 13-33). 

SRK chose grade capping levels based on population breaks indicated in both the log 
histograms and log probability plots.  Histograms and log-probability plots of Pb and Zn for all 
domains are presented in Appendix B.  In the cases of some domains, multiple grade 
populations were evident. Observations of these domains underground, indicates that there are 
less continuous higher grades within the domains, often with along strike extent no more than 
20 or 30 m.  In these cases, SRK chose distance restriction thresholds, also based on the 
population breaks indicated in both the log histograms and log probability plots. In domains 
where these distance restriction thresholds are applied.  The chosen outlier capping levels and 
distance restriction thresholds are summarized in Table 13-4. The capping was completed on 
composites rather than raw samples. 

In order to assess the impact of the capping on the resource estimation, SRK has generated 
grade and tonnage estimates based on both capped and un-capped composite assays. The 
results of this exercise suggest that, for the most part, grade capping has a relatively negligible 
impact on the estimated grades in the main mineralised domains (Table 13-5). Conversely, the 
chosen capping levels in the internal waste domains, 901 to 903, result in significant metal 
losses (up to 50% for Zn in 902 Domain). For these domains, grade population breaks indicate 
the presence of distinct high-grade populations that, based on underground observations, do 
not form continuous volumes. 
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Figure 13-26:  Svinja Reka log histogram and log probability plot for Pb composite 

grades within the 100 domain; cyan line on the log-probability plot 
indicates the chosen cap level 

 
Figure 13-27:  Svinja Reka log histogram and log probability plot for Zn composite 

grades within the 100 domain; cyan line on the log-probability plot 
indicates the chosen cap level 
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Figure 13-28:  Svinja Reka log histogram and log probability plot for Ag composite 

grades within the 100 domain; cyan lines on the log-probability plot 
indicates the chosen cap level 

 
Figure 13-29:  Svinja Reka log histogram and log probability plot for Pb composite 

grades within the 901 domain; cyan line on the log-probability plot 
indicates the chosen cap level;. 
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Figure 13-30:  Svinja Reka log histogram and log probability plot for Zn composite 

grades within the 901 domain; cyan line on the log-probability plot 
indicates the chosen cap level 

 

 
Figure 13-31: Svinja Reka log histogram and log probability plot for Ag composite 

grades within the 901 domain; cyan line on the log-probability plot 
indicates the chosen cap level 
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Figure 13-32: Golema Reka log histogram and log probability plot for Pb composite 

grades within the 401 domain; cyan line on the log-probability plot 
indicates the chosen cap level 

 
Figure 13-33: Golema Reka log histogram and log probability plot for Zn composite 

grades within the 401 domain; cyan line on the log-probability plot 
indicates the chosen cap level 
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Table 13-4: Selected Pb, Zn and Ag grade cap and high-grade distance restriction levels 

Deposit Domain 

Pb Zn Ag 

Cap Level (%) 
Distance 

Restriction 
Threshold 

Cap Level (%) 
Distance 

Restriction 
Threshold 

Cap Level (ppm) 
Distance 

Restriction 
Threshold 

Svinja 
Reka 

100 30.00 - 30.00 - 500.00 - 

101 20.00 10.00 20.00 5.00 100.00 - 

102 20.00 6.00 15.00 5.00 100.00 - 

103 20.00 - 15.00 - 100.00 - 

104 20.00 - 15.00 - 100.00 - 

105 30.00 - 20.00 5.00 100.00 - 

106 20.00 - 20.00 - 100.00 - 

200 30.00 - 25.00 - 200.00 - 

201 25.00 - 20.00 - 100.00 - 

202 15.00 5.00 15.00 - 100.00 - 

203 10.00 - 15.00 - 100.00 - 

300 30.00 - 25.00 - 200.00 - 

301 20.00 - 15.00 - 100.00 - 

302 15.00 - 15.00 - 100.00 - 

901 1.00 - 1.00 - 10.00 - 

902 1.00 - 1.00 - 10.00 - 

903 1.00 - 1.00 - 10.00 - 

Golema 
Reka 

401 20.00 - 15.00 - - - 

402 20.00 - 15.00 - - - 

403 20.00 - 15.00 - - - 

404 20.00 - 15.00 - - - 

405 20.00 - 15.00 - - - 
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Table 13-5: Metal loss due to capping by domain 

Deposit Domain 
Mean Pb (%) Metal Loss 

(%) 
Mean Zn (%) Metal Loss 

(%) 
Mean Ag (ppm) Metal 

Loss 
(%) Raw Capped Raw Capped Raw Capped 

Svinja 
Reka 

100 5.23 5.20 -1% 4.89 4.88 0% 26.65 26.65 0% 

101 3.51 3.47 -1% 1.67 1.66 -1% 19.97 19.79 -1% 

102 4.00 3.87 -3% 2.21 2.19 -1% 26.71 25.38 -5% 

103 2.75 2.74 0% 1.17 1.17 0% 14.77 14.03 -5% 

104 3.10 2.51 -24% 1.88 1.88 0% 24.98 23.57 -6% 

105 5.82 5.61 -4% 3.80 3.80 0% 27.04 24.82 -9% 

106 7.23 6.06 -19% 2.68 2.68 0% 31.55 27.65 -14% 

200 4.07 4.06 0% 3.22 3.22 0% 19.92 19.90 0% 

201 3.31 3.30 0% 2.65 2.64 0% 17.79 17.74 0% 

202 3.86 3.84 -1% 3.26 3.20 -2% 20.27 20.27 0% 

300 4.40 4.39 0% 3.81 3.80 0% 23.42 23.33 0% 

301 3.70 3.68 -1% 2.82 2.82 0% 18.84 18.80 0% 

302 3.25 3.25 0% 2.47 2.47 0% 19.30 19.30 0% 

901 0.11 0.10 -10% 0.09 0.07 -29% 1.78 1.71 -4% 

902 0.33 0.23 -43% 0.24 0.16 -50% 3.91 3.53 -11% 

903 0.11 0.11 0% 0.13 0.13 0% 3.17 2.56 -24% 

Golema 
Reka 

401 2.84 2.83 0% 1.78 1.78 0% NA 10.51 NA 

402 3.52 3.52 0% 1.54 1.54 0% NA 12.28 NA 

403 3.34 3.34 0% 0.97 0.97 0% NA 11.82 NA 

404 3.10 3.10 0% 2.55 2.55 0% NA 11.20 NA 

405 5.54 5.54 0% 0.41 0.41 0% NA 17.44 NA 
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13.6.2 Basic Statistics 

The basic raw and declustered capped composite statistics for each domain are presented in 
Table 13-6. The distribution of Pb and Zn grades are generally log-normal with left skew, due 
to low grade composites included in the domain models (as illustrated, for example, in Figure 
13-26). The most significant domains (100, 200, 300, 401, and 402) are characterised by 
coefficients of variation close to 1.0 after capping (Table 13-6). Less significant domains (101, 
102, 103, 104, 105, 106, 201, 202, 301, 302, 901, 902, 903, 403, 404, and 405) are 
characterised by slightly higher coefficients of variation (up to 1.74) after capping. All domains 
are affected by the inclusion of low-grade composites, effectively internal waste, that cannot be 
practically removed. 
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Table 13-6: Basic raw and declustered capped composite statistics by domain 

Deposit Metal Domain Samples Raw Composites Capped and Declustered Composites 
Minimum Maximum Mean CV Minimum Maximum Mean CV 

Svinja Reka 

Pb 

100 10,665 0.00 66.01 5.40 1.02 0.00 30.00 5.35 0.97 
101 173 0.00 32.06 4.80 1.24 0.00 20.00 4.62 1.15 
102 314 0.00 37.85 4.44 1.23 0.00 20.00 4.29 1.12 
103 72 0.01 21.38 2.99 1.35 0.01 20.00 2.96 1.32 
104 17 0.00 34.58 3.91 2.05 0.00 20.00 3.05 1.50 
105 226 0.00 52.67 6.07 1.16 0.00 30.00 5.87 1.02 
106 14 0.03 36.31 6.49 1.45 0.03 20.00 5.33 1.08 
200 3,941 0.00 41.68 4.60 0.96 0.00 30.00 4.59 0.95 
201 1,194 0.00 43.27 3.21 1.12 0.00 25.00 3.19 1.08 
202 90 0.00 16.73 3.83 0.84 0.00 15.00 3.81 0.83 
300 4,102 0.00 54.74 4.26 0.95 0.00 30.00 4.25 0.93 
301 729 0.00 26.36 3.78 0.93 0.00 20.00 3.76 0.91 
302 21 0.14 14.40 3.94 0.92 0.14 14.40 3.94 0.92 
901 717 0.00 11.90 0.29 3.66 0.00 1.00 0.17 1.57 
902 346 0.00 17.77 0.31 4.22 0.00 1.00 0.18 1.42 
903 277 0.00 1.61 0.14 1.87 0.00 1.00 0.13 1.74 

Zn 

100 10,665 0.00 39.38 4.60 1.09 0.00 30.00 4.60 1.09 
101 173 0.00 23.73 2.47 1.80 0.00 20.00 2.17 1.55 
102 314 0.00 20.01 2.70 1.34 0.00 15.00 2.68 1.31 
103 72 0.00 8.95 1.38 1.37 0.00 8.95 1.38 1.37 
104 17 0.18 7.66 2.34 0.94 0.18 7.66 2.34 0.94 
105 226 0.01 21.17 4.08 1.04 0.01 20.00 4.07 1.03 
106 14 0.00 19.48 3.00 1.74 0.00 19.48 3.00 1.74 
200 3,941 0.00 26.91 3.87 1.09 0.00 25.00 3.56 1.11 
201 1,194 0.00 26.23 2.76 1.37 0.00 20.00 2.74 1.34 
202 90 0.00 21.35 3.11 1.25 0.00 15.00 3.04 1.19 
300 4,102 0.00 30.69 3.73 1.05 0.00 25.00 3.73 1.04 
301 729 0.00 16.30 2.96 1.07 0.00 15.00 2.96 1.07 
302 21 0.10 11.66 3.17 0.91 0.10 11.66 3.17 0.91 
901 717 0.00 14.94 0.27 4.52 0.00 1.00 0.14 1.56 
902 346 0.00 20.57 0.26 4.67 0.00 1.00 0.16 1.37 
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903 277 0.00 1.06 0.15 1.35 0.00 1.00 0.15 1.34 

Ag 

100 10,665 0 1520 27 1 0 500 27 1 
101 173 0 148 24 1 0 100 23 1 
102 314 0 170 23 1 0 100 22 1 
103 72 0 285 19 2 0 100 17 1 
104 17 3 130 27 1 3 100 25 1 
105 226 0 386 30 1 0 100 27 1 
106 14 3 163 45 1 3 100 37 1 
200 3,941 0 375 23 1 0 200 23 1 
201 1,194 0 194 17 1 0 100 17 1 
202 90 3 77 20 1 3 77 20 1 
300 4,102 0 301 22 1 0 200 22 1 
301 729 0 119 19 1 0 100 19 1 
302 21 3 67 20 1 3 67 20 1 
901 717 0 56 3 2 0 10 3 1 
902 346 0 81 4 2 0 10 3 1 
903 277 0 81 3 2 0 10 3 1 

Golema Reka 

Pb 

401 377 0.00 26.01 3.40 0.95 0.00 20.00 4.03 0.95 
402 119 0.00 17.56 3.58 0.98 0.00 17.56 3.49 1.04 
403 19 0.55 11.53 3.28 0.77 0.55 11.53 3.28 0.77 
404 10 0.10 15.64 2.95 1.69 0.10 15.64 2.95 1.69 
405 21 0.93 17.96 5.72 0.91 0.93 17.96 5.72 0.91 

Zn 

401 377 0.00 20.72 2.22 0.97 0.00 15.00 2.21 0.92 
402 119 0.00 9.70 1.72 1.01 0.00 9.70 1.72 1.01 
403 19 0.18 2.78 1.10 0.63 0.18 2.78 1.10 0.63 
404 10 0.42 9.29 3.09 0.92 0.42 9.29 3.09 0.92 
405 21 0.04 1.81 0.48 1.03 0.04 1.81 0.48 1.03 
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13.6.3 Grade Continuity Analysis 

Pb and Zn grade continuity was assessed using experimental variograms. Downhole 
variograms were used to model nugget effects, i.e., assay variability at very close distance.  
Directional variograms, were used to model grade continuities for larger distances (Figure 13-34 
to Figure 13-37).  All experimental variograms and modelled variograms for Pb and Zn are 
presented in Appendix C. 

The experimental variograms suggest strong anisotropy, in the order of 5:1.  For Svinja Reka, 
the major axis of modelled continuity plunges to the southwest, in alignment with the most 
prominent fold axis of the deposit.  This feature agrees well with the observations of the mine 
geology team.  SRK notes that a second control on mineralisation, normal to the prominent fold 
plunge, is suggested by experimental variograms of most domains (Figure 13-38).  SRK 
suggests that this orientation may indicate a more complex grade control framework and 
recommends that this characteristic be investigated in the field by a structural geologist.  For 
Golema Reka, the major axis of modelled continuity plunges steeply to the northwest generally 
in alignment with thicker mineralised zones (Figure 13-39). 

For certain minor domains (103, 104, 105, 106, 202, 203, and 302), stable directional 
variograms were not achieved. In these cases, omni-directional variograms were calculated 
and modelled. 

All modelled variograms are presented in Table 13-7. 

 
Figure 13-34:  Svinja Reka downhole and directional semi-variograms for Pb in domain 

100 
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Figure 13-35:  Svinja Reka downhole and directional semi-variograms for Zn in domain 

100 

 
Figure 13-36: Golema Reka downhole and directional semi-variograms for Pb in 

domain 401 
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Figure 13-37: Golema Reka downhole and directional semi-variograms for Zn in 

domain 401
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Table 13-7: Model Variograms by Metal and Domain 

Metal Domain Model Type Nugget (Co) Structure (C1) 
Orientation Range (m) 

Bearing Plunge Dip Major Semi-Major Minor 

Pb 

100 EXPONENTIAL 0.2 0.56 215.72 -38.38 -12.25 26 8 9 
0.24 75 60 10 

101 EXPONENTIAL 0.295 0.46 0.00 0.00 0.00 5 5 5 
0.25 25 25 25 

102 EXPONENTIAL 0.2 0.32 0.00 0.00 0.00 6 6 6 
0.48 25 25 25 

103 EXPONENTIAL 0.4 0.27 0.00 0.00 0.00 6 6 6 
0.33 25 25 25 

104 EXPONENTIAL 0.4 0.27 0.00 0.00 0.00 5 5 5 
0.33 25 25 25 

105 EXPONENTIAL 0.2 0.67 0.00 0.00 0.00 6 6 6 
0.13 25 25 25 

106 EXPONENTIAL 0.4 0.27 0.00 0.00 0.00 6 6 6 
0.33 25 25 25 

200 EXPONENTIAL 0.2 0.54 192.25 -15.76 -19.66 30 8 7 
0.27 70 20 10 

201 EXPONENTIAL 0.198 0.42 41.00 44.14 9.85 36 26 2 
0.38 45 40 7 

202 EXPONENTIAL 0.4 0.32 0.00 0.00 0.00 26 26 26 
0.28 35 35 35 

300 EXPONENTIAL 0.153 0.47 88.96 32.62 -13.47 20 10 12 
0.38 105 85 20 

301 EXPONENTIAL 0.204 0.42 64.28 38.38 -12.25 39 56 7 
0.38 70 70 10 

302 EXPONENTIAL 0.4 0.27 64.28 38.38 -12.25 39 56 7 
0.33 70 70 10 

901 EXPONENTIAL 0.153 0.85 163.83 -3.21 -39.89 35 25 4 

902 EXPONENTIAL 0.25 0.36 183.86 -18.75 -36.01 28 24 2 
0.39 45 25 4 

903 EXPONENTIAL 0.254 0.47 0.00 0.00 0.00 6 6 6 
0.28 50 50 50 

Zn 

100 EXPONENTIAL 0.2 0.41 215.72 -38.38 -12.25 21 16 9 
0.39 75 60 10 

101 EXPONENTIAL 0.354 0.27 0.00 0.00 0.00 5 5 5 
0.38 25 25 25 

102 EXPONENTIAL 0.295 0.46 0.00 0.00 0.00 6 6 6 
0.25 25 25 25 

103 EXPONENTIAL 0.4 0.32 0.00 0.00 0.00 6 6 6 
0.28 25 25 25 



SRK Consulting  Svinja Reka MRE 2018 – Main Report 
 

30311 Sasa Mine MRE 2018_Final.docx  March 2019 
Page 71 of 100 

104 EXPONENTIAL 0.4 0.32 0.00 0.00 0.00 5 5 5 
0.28 25 25 25 

105 EXPONENTIAL 0.2 0.67 0.00 0.00 0.00 6 6 6 
0.13 25 25 25 

106 EXPONENTIAL 0.4 0.27 0.00 0.00 0.00 6 6 6 
0.33 25 25 25 

200 EXPONENTIAL 0.2 0.52 192.25 -15.76 -19.66 30 8 7 
0.28 70 20 10 

201 EXPONENTIAL 0.198 0.33 41.00 44.14 9.85 36 26 2 
0.47 45 40 7 

202 EXPONENTIAL 0.348 0.65 0.00 0.00 0.00 26 26 26 
0.00 35 35 35 

300 EXPONENTIAL 0.153 0.41 88.96 32.62 -13.47 20 10 12 
0.43 105 85 20 

301 EXPONENTIAL 0.204 0.49 64.28 38.38 -12.25 39 56 7 
0.31 70 70 10 

302 EXPONENTIAL 0.4 0.32 64.28 38.38 -12.25 39 56 7 
0.28 70 70 10 

901 EXPONENTIAL 0.248 0.85 163.83 -3.21 -39.89 35 25 4 

902 EXPONENTIAL 0.25 0.47 183.86 -18.75 -36.01 28 24 2 
0.28 45 25 4 

903 EXPONENTIAL 0.254 0.47 0.00 0.00 0.00 6 6 6 
0.28 50 50 50 

Pb 

401 EXPONENTIAL 0.253 0.31 90.19 45.19 -35.53 13 10 2 
0.44 85 95 10 

402 EXPONENTIAL 0.301 0.13 119.42 12.70 -38.26 27 29 2 
0.57 90 75 14 

403 EXPONENTIAL 0.253 0.31 45.19 -35.53 13.00 13 10 2 
0.44 85 95 10 

404 EXPONENTIAL 0.253 0.31 45.19 -35.53 13.00 13 10 2 
0.44 85 95 10 

405 EXPONENTIAL 0.253 0.31 45.19 -35.53 13.00 13 10 2 
0.44 85 95 10 

Zn 

401 EXPONENTIAL 0.253 0.29 90.19 45.19 -35.53 19 31 2 
0.46 75 85 10 

402 EXPONENTIAL 0.301 0.16 119.42 12.70 -38.26 89 33 2 
0.54 100 105 10 

403 EXPONENTIAL 0.253 0.29 90.19 45.19 -35.53 19 31 2 
0.46 75 85 10 

404 EXPONENTIAL 0.253 0.29 90.19 45.19 -35.53 19 31 2 
0.46 75 85 10 

405 EXPONENTIAL 0.253 0.29 90.19 45.19 -35.53 19 31 2 
0.46 75 85 10 
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Figure 13-38:  Svinja Reka long Section looking NE at the Podina 100 domain and 

composites coloured by Pb grade; modelled variogram and potential 
secondary control are displayed as ellipses 

 
Figure 13-39:  Golema Reka long Section looking NE at the 401 domain and 

composites coloured by Pb grade; modelled variogram is displayed as an 
ellipse (green) 

13.7 Block Model and Grade Estimation 

Grade estimation was completed within an area encompassing all known mineralised zones at 
Svinja Reka and Golema Reka, within rotated block models with geometry and extents as 
presented in Table 13-8 and Table 13-9. The co-ordinates are based on the Macedonian grid 
(Gauss-Krüger coordinate system, Hermannskogel datum.)  A multiple parent block dimension 
model was designed to increase efficiency in the model.  Parent block dimensions outside of 
the modelled domains were 35 x 70 x 35 m and 70 x 70 x 70 m, for Svinja Reka and Golema 
Reka respectively, while within the modelled domains, a parent block size of 3.5 x 14 x 7 m, 
sub-blocked to 0.5 x 2.0 x 1.0 m, was chosen.   

Sensitivity of the estimates to the block dimensions within the modelled domains were tested 
using kriging neighbourhood analysis (KNA) in Supervisor software.  The 3.5 x 14 x 7 m block 
size was determined to result in a good representation of the mineralised geometry, as well as 
an acceptable level of smoothing of the estimates. 



SRK Consulting  Svinja Reka MRE 2018 – Main Report 
 

30311 Sasa Mine MRE 2018_Final.docx  March 2019 
Page 73 of 100 

The estimation methodology was based on the following: 

• 1 m composited data were capped for estimation; a high-grade distance threshold was 
also applied in some domains; 

• hard (wireframed) boundary conditions were employed in the estimation; 

• only samples from within individual mineralisation model domains were used to estimate 
blocks within those domains; 

• Pb and Zn grades were estimated by Ordinary Kriging (OK), and Ag was estimated using 
inverse distance (Svinja Reka only), with a nearest neighbour estimate used to validate 
the composites used to estimate each domain; 

• sub-block grades were assigned the grade of the parent block; 

• a discretization level of 3,3,3 was set for all estimates within the 3.5 x 14 x 7 m parent 
blocks within the estimation domains; and 

• density was assigned based on the regression formulas presented in Section 13.5.3. 

The selection of the search radii and rotations of search ellipsoids was guided by the grade 
continuity analysis and the general geometry of the mineralised domains. Due to the variable 
orientation of the mineralised lenses, SRK estimated a locally varying anisotropic search model 
(“LVA”), where each block is assigned a local search orientation optimized to conform to the 
local trend of the mineralisation (Figure 13-40 and Figure 13-41).   

The sample selection parameters (presented in Table 13-10) were refined by QKNA in 
Supervisor software and conducting repeated test resource estimates and reviewing the results 
as a series of plan views and sections. The Pb, Zn and Ag grade estimation, involved three 
successive passes. The first pass considered a relatively small search ellipsoid designed for 
areas defined by infill grade control drilling.  The second pass considered a larger ellipse, 
increased in dimensions by 100% of the first pass, which was designed to estimate areas 
defined by underground exploration drilling and areas between mining horizons. The final pass 
(if required), was designed to estimate all remaining blocks, typically at the extents of the model 
defined only by exploration drill holes from surface, the ellipse being increased by 100 % of the 
second pass. 

High-grade distance restrictions were set on domains in which clear high-grade Pb and Zn 
populations were present (101, 102, and 202). The distance restriction was based on the range 
of the modelled variogram at 95% of the sill and set for all passes (Table 13-11). 

Table 13-8:  Svinja Reka block model framework  
Description Easting (X) North (Y) Elevation (Z) 

Block Model Origin (Lower left corner) 7624000 4664800 400 
Parent Block Dimension Waste 35 70 35 

Parent Block Dimension Mineralised Domains 3.5 14 7 
Number of Sub-Blocks 4900 1400 1680 
Sub-Block Dimension 0.5 2 1 

Rotation 60 0 0 
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Table 13-9: Golema Reka block model framework  
Description Easting (X) North (Y) Elevation (Z) 

Block Model Origin (Lower left corner) 7626800 4663250 250 
Parent Block Dimension Waste 70 70 70 

Parent Block Dimension Mineralised Domains 3.5 14 7 
Number of Sub-Blocks 2380 1050 1260 
Sub-Block Dimension 0.5 2 1 

Rotation 40 0 0 

 
Figure 13-40:  Svinja Reka plan view of the mineralised lenses at 990 m elevation with 

four example search ellipses (green) overlain to demonstrate the LVA 
modelled search orientations 
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Figure 13-41: Golema Reka plan view of mineralised lenses at 830 m elevation with four 

example search ellipses (green) overlain to demonstrate the LVA 
modelled search orientations
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Table 13-10: Search ellipse and sample selection parameters for Pb, Zn, and Ag by estimation domain 
Deposit Domain Pass Major (m) Semi-Major (m) Minor (m) Min Samples Max Samples Max per Drillhole 

Svinja Reka 

100 
1 75 75 10 8 26 4 
2 150 150 20 6 18 4 
3 450 450 75 2 10 3 

101 
1 37.5 37.5 7 4 10 3 
2 75 75 10 3 8 3 
3 150 150 20 2 8 2 

102 
1 37.5 37.5 7 4 10 3 
2 75 75 10 3 8 3 
3 150 150 20 2 8 2 

103 1 175 175 30 3 8 3 
104 1 175 175 30 3 8 3 

105 
1 37.5 37.5 7 4 10 3 
2 75 75 10 3 8 3 
3 150 150 20 2 8 2 

106 1 175 175 30 3 8 3 

200 
1 75 75 10 8 26 4 
2 150 150 20 6 18 4 
3 450 450 75 2 10 3 

201 
1 75 75 10 8 26 4 
2 150 150 20 6 18 4 
3 450 450 75 2 10 3 

202 
1 37.5 37.5 7 4 10 3 
2 75 75 10 3 8 3 
3 150 150 20 2 8 2 

300 
1 75 75 10 8 26 4 
2 150 150 20 6 18 4 
3 450 450 75 2 10 3 

301 
1 75 75 10 8 26 4 
2 150 150 20 6 18 4 
3 450 450 75 2 10 3 

302 1 175 175 30 3 8 3 

901 
1 37.5 37.5 7 4 10 3 
2 75 75 10 3 8 3 
3 150 150 20 2 8 2 

902 
1 37.5 37.5 7 4 10 3 
2 75 75 10 3 8 3 
3 175 175 30 2 8 2 

903 1 37.5 37.5 7 4 10 3 
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2 75 75 10 3 8 3 
3 175 175 30 2 8 2 

Golema Reka 

401 1 100 100 10 6 16 3 
2 300 300 125 6 16 3 

402 1 100 100 10 6 16 3 
2 300 300 125 6 16 3 

403 1 100 100 10 6 16 3 
2 300 300 125 6 16 3 

404 1 200 200 50 3 8 2 
2 300 300 75 3 8 2 

405 1 200 200 50 3 8 2 
2 300 300 75 3 8 2 
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Table 13-11: High-grade Pb and Zn distance Restrictions Employed 

Metal Domain Threshold 
(%) 

Distance Restriction above Threshold 

Major (m) Semi-
Major (m) Minor (m) 

Pb 

101 10 25 25 5 

102 6 25 25 5 

202 5 35 35 7 

Zn 
101 5 25 25 5 

102 5 25 25 5 

 

13.8 Block Model Validation 

The estimates were validated by completing the following checks: 

• local validation using visual inspections on sections and plans, viewing composites versus 
block estimates; 

• global validation by comparison of de-clustered composite statistics versus block 
estimates; and 

• local validation by comparison of average assay grades with average block estimates 
along different directions (swath plots). 

13.8.1 Visual Validation 

Composites, coloured by Pb, Zn, and Ag for Svinja Reka, and coloured by Pb and Zn grade for 
Golema Reka, were viewed on sections and plans versus the block model. These inspections 
confirmed that the estimates locally conform to the composites (Figure 13-42 to Figure 13-46). 

 
Figure 13-42:  Svinja Reka long section looking NE at Podina 100 domain coloured by 

Pb grade 
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Figure 13-43:  Svinja Reka long section looking NE at Podina 100 domain coloured by 

Zn grade 

 
Figure 13-44:  Svinja Reka long section looking NE at Podina 100 domain coloured by 

Ag grade 
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Figure 13-45:  Golema Reka long section looking north-easterly at 401 domain coloured 

by Pb grade 

 
Figure 13-46:  Golema Reka long section looking north-easterly at 401 domain coloured 

by Zn grade 
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13.8.2 Global Statistics 

Declustered mean composite grades were compared to the mean density weighted estimated 
grades to globally validate the estimates (Table 13-12). SRK considers that a reasonable 
estimate should be within 10% of the mean declustered composite grade. Note that in the case 
of six mineralized domains in Svinja Reka (101, 102, 103, 104, 106, 302), the difference is 
greater than 10%, although they are minor domains (by volume). Two of these domains, 101 
and 102 are also estimated using an additional distance restriction on higher grades 
(particularly zinc in these domains) which cannot be replicated easily in the composite statistics.  
In three Golema Reka domains, the difference in Zn grades are greater than 10%, although 
these are minor domains (by volume) and domain 404 is excluded from the resource reporting 
due to the concession boundary. 

SRK notes that due to highly variable drilling densities, the cell declustering technique used by 
SRK can be more sensitive in domains with low volume. 

SRK is comfortable that the global estimates of Pb, Zn and Ag are a reasonable representation 
of the input composites. 
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Table 13-12: Composite grades compared to the density-weighted mean block estimates by domain 

Deposit Domain Composite Mean Blocks Difference (%) 

Pb (%) Zn (%) Ag (ppm) Pb (%) Zn (%) Ag (ppm) Pb Zn Ag 

Svinja 
Reka 

100 5.35 4.60 27 5.20 4.88 27 3% -6% 1% 

101 4.24 2.25 23 3.47 1.66 20 18% 26% 14% 

102 4.29 2.68 22 3.87 2.19 25 10% 18% -15% 

103 2.96 1.38 17 2.74 1.17 14 7% 15% 16% 

104 3.05 2.34 25 2.51 1.88 24 18% 20% 5% 

105 5.87 4.07 27 5.61 3.80 25 4% 7% 9% 

106 5.33 3.00 37 6.06 2.68 28 -14% 11% 26% 

200 4.21 3.49 22 4.06 3.22 20 4% 8% 8% 

201 3.19 2.74 17 3.30 2.64 18 -3% 4% -7% 

202 3.81 3.04 20 3.84 3.20 20 -1% -5% -2% 

300 4.25 3.73 22 4.39 3.80 23 -3% -2% -7% 

301 3.76 2.96 19 3.68 2.82 19 2% 5% 3% 

302 3.94 3.17 20 3.25 2.47 19 17% 22% 5% 

901 0.17 0.14 3 0.10 0.07 2 40% 50% 39% 

902 0.18 0.16 3 0.23 0.16 4 -28% 0% -9% 

903 0.13 0.15 3 0.11 0.13 3 15% 12% 4% 

Golema 
Reka 

401 3.41 2.21 NA 3.55 2.01 NA -4% 9% NA 

402 3.49 1.72 NA 3.53 1.58 NA -1% 8% NA 

403 3.28 1.10 NA 3.34 0.97 NA -2% 12% NA 

404 2.95 3.09 NA 3.10 2.55 NA -5% 18% NA 

405 5.72 0.48 NA 5.55 0.42 NA 3% 13% NA 
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13.8.3 Swath Plots and Grade Distribution 

Another check involved a comparison of average Pb, Zn, and Ag composite grades and 
average block estimates along different directions (swath plots) and grade distributions 
(histograms). 

Figure 13-47 to Figure 13-51 show examples of swath plots and histograms from domains 100 
and 401. The charts show composite grades (orange line) compared to block estimates (black 
line), and nearest-neighbour grades (grey line). The numbers of samples used are plotted as 
grey bars on the charts.  

Here, and likewise in other domains, the mean Pb, Zn, and Ag composite grades and the mean 
estimated block grades are quite similar in all directions.  Validation plots for all domains are 
presented in Appendix D.  As demonstrated by the histograms, the estimates are somewhat 
smoother than the composite grades, particularly where there are limited samples or very high 
grade composites. 

 
Figure 13-47:  Svinja Reka Mean Pb composite grades (orange line) compared to block 

estimate (black line) grades Podina Domain 100; swaths along easting 
(upper left), northing (upper right), elevation (lower left), and histogram 
(lower right). 
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Figure 13-48:  Svinja Reka Mean Zn composite grades (orange line) compared to block 

estimate (black line) grades in Podina Domain 100; swaths along easting 
(upper left), northing (upper right), elevation (lower left), and histogram 
(lower right) 

 
Figure 13-49:  Svinja Reka Mean Ag composite grades (orange line) compared to block 

estimate (black line) grades in Podina Domain 100; swaths along easting 
(upper left), northing (upper right), elevation (lower left), and histogram 
(lower right) 
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Figure 13-50: Golema Reka Mean Pb composite grades (orange line) compared to block 

estimate (black line) grades in Podina Domain 401; swaths along strike 
(upper left), across strike (upper right), elevation (lower left), and 
histogram (lower right) 

 
Figure 13-51: Golema Reka Mean Zn composite grades (orange line) compared to block 

estimate (black line) grades in Podina Domain 401; swaths along easting 
(upper left), northing (upper right), elevation (lower left), and histogram 
(lower right) 
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13.9 Mineral Resource Classification 

Block model tonnages and grade estimates for the Sasa Svinja Reka and Golema Reka 
deposits have been classified in accordance with the guidelines of the JORC Code.  In addition 
to the quality and quantity of exploration data supporting the estimates, SRK has considered 
the confidence in the geological continuity of the mineralised structures and the confidence in 
the tonnage and grade estimates, specifically: 

• Grade data for the modern drilling campaigns have been collected and analysed using 
industry best practice, but limited methodical QAQC practices are in place to externally 
monitor laboratory performance.  All drillhole collars have been surveyed using DGPS 
(surface), or total station (underground) and match reasonably with the mapped 
observations from underground mining exposures. 

• The current geological model is based on mapped underground exposures, diamond 
drilling, and underground channel sampling.  The mineralised zones in Svinja Reka are 
very continuous, although the degree of pinching and swelling of the zones along strike 
and down-dip is quite variable.  The mineralisation at Golema Reka is less continuous, 
and, due to the narrower nature of the lenses, more prone to discontinuity as a result of 
the pinching and swelling of the zones along strike and down-dip.  Areas of mineralisation 
in Golema Reka that contain less than 2% Pb+Zn over a 3.5 m width, have been excluded 
from the Mineral Resource (Figure 13-55). 

• With the current level of sampling, it is possible to confidently measure, and model, Pb and 
Zn grade continuity. It does appear as though there are multiple controls on mineralisation 
(possibly different fold events) that may locally be important, at the scale of mining. 

• The quality of the grade estimation has been reviewed using various validation techniques. 

SRK considers that the quality and spatial distribution of the data used, the geological continuity 
of the mineralisation and the quality of the estimated block model for Svina Reka and Golema 
Reka is sufficient for the reporting of Indicated and Inferred Mineral Resources, in accordance 
with JORC.   

Areas of mineralisation in Golema Reka that contain less than 2% Pb+Zn over a 3.5 m width, 
remain unclassified and are excluded from the Mineral Resource.  In addition, Domain 404 is 
informed by very few samples and no geological modelling, in addition to a significant proportion 
of the modelled volume extending beyond the current license boundary.  This domain remains 
unclassified. 

Appropriate classification criteria should aim at delineating regular areas of similar resource 
classification.  To design the zones of classified Mineral Resources, SRK identified resource 
class block candidates as blocks which satisfy the criteria shown in Table 13-13. 

Table 13-13:  Drilling Coverage for Resource Classification 
Class Number of Drillholes Distance to Drillhole (m) 
Indicated >=4 <=50 
Inferred >=2 <=150 

SRK used these candidate assignments (Figure 13-52) to design a wireframe shell to outline 
contiguous zones of blocks with similar resource class (Figure 13-53 and Figure 13-54).  In this 
process, some indicated candidate blocks are excluded from the final assignment, while some 
inferred criteria blocks are included. 
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Figure 13-52: Svinja Reka long section looking NE at Podinska Domain (100) coloured 

by resource candidate class (green=indicated, blue=inferred) 

 
Figure 13-53: Svinja Reka long section looking NE at Podinska Domain (100) coloured 

by final resource class (green=indicated, blue=inferred) 
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Figure 13-54:  Golema Reka long section looking NE at Domain 401 coloured by 
resource candidate class (green=indicated, blue=inferred) 

 
Figure 13-55:  Golema Reka long section looking NE at Domain 401 coloured by final 

resource class (green=indicated, blue=inferred, light-blue=non-
classified) 

13.10 Depletion 

At Sasa Mine, the underground development surveys are completed by mining surveyors using 
total-station methods, in the following manner: 

• lateral advance measured;  

• development extents at 1 m from sill (floor) are taken for a 2D as-built; and 

• 3D drift volumes are completed using lateral advance centre-lines and a standard drift 
profile, not the actual as-built. 
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Although the 3D drift volumes do not exactly represent the locally mined volumes, they are 
considered to be roughly comparable in volume over larger areas and are used by the mine in 
the reconciliation process. 

SRK has used the 3D drift volumes representing mining to 31 December 2018, provided by the 
mine surveying team, and a mined/non-recoverable volume that represents historical mining 
areas where all mineralisation is currently considered non-recoverable (Figure 13-56 and 
Figure 13-57). 

 
Figure 13-56: Svinja Reka long section looking NE at the 3D drift volumes (blue) and 

the non-recoverable solid (grey), against the mineralisation (red) 

 
Figure 13-57: Golema Reka long section looking NE at the 3D drift volumes (blue) and 

the non-recoverable solid (grey), against the mineralisation (red) 

13.11 Mineral Resource Statement 

In order to determine the quantities of material offering “reasonable prospects for economic 
extraction”, according to JORC requirements, by underground mining methods, SRK used 
reasonable mining and processing assumptions to evaluate the proportions of the block model 
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(Indicated and Inferred blocks) that could “reasonably expected” to be mined (Table 13-14), 
assuming current and historical mining methods will be used in the future for Svinja Reka 
(modified sub-level caving) and Golema Reka (mechanized cut & fill). 

For Mineral Resources, SRK has taken into account historical depletion but has not considered 
pillars or applied an extraction or dilution factor. 

The assumptions were selected based on historic and budgeted performance for the operation 
(Table 13-14). The reader is cautioned that the results from this evaluation is used solely for 
the purpose of testing the “reasonable prospects for economic extraction” by a conceptual 
mining scenario and do not represent an attempt to estimate mineral reserves. The results are 
used as a guide to assist in the preparation of a mineral resource statement and to select an 
appropriate resource reporting cut-off grade. 

SRK considers that the blocks with a value greater than USD35.0 net smelter return (“NSR”) 
for Svinja Reka, and USD40.0 for Golema Reka have “reasonable prospects for eventual 
economic extraction” and can be reported as a Mineral Resource (Table 13-14 to Table 13-17). 

Table 13-14: Economic Assumptions for Svinja Reka and Golema Reka Reporting 
Input Summary Units Svinja Reka Golema Reka 
Metal Price 

Pb USD/t 2,550 2,550 
Zn USD/t 2,950 2,950 
Ag USD/oz 23 23 

Processing 
Pb Recovery % 94 94 
Zn Recovery % 85.5 85.5 
Ag Recovery % 65 65 
Pb Concentrate Grade % 73 73 
Zn Concentrate Grade % 49.3 49.3 

Operating Costs 
Mining Cost In situ (USD/trock) 19 24 
Processing (USD/tore) 10 10 
G&A (USD/tore) 6 6 
Pb Payable % 95 95 
Pb Deduction % 3 3 
Zn Payable % 85 85 
Zn Deduction % 8 8 
Ag Payable % 95 95 
Ag Deduction oz/t 1.6 1.6 
Pb Treatment Charge USD/t con 106 106 
Zn Treatment Charge USD/t con 115 115 
Ag Treatment Charge USD/oz 0.4 0.4 

Other  
Freight USD/t con 20 20 
Royalty % 2 2 

Cut-Off Grade 
  In situ USD/t ore 35 40 
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Table 13-15: SRK Mineral Resource Statement for the Svinja Reka Deposit, North 
Macedonia, as of 31 December 2018 reported at USD35.0 NSR cut-off 

Classification Deposit 
Density Tonnage Pb Zn Ag NSR 

(t/m3) (Mt) Grade 
(%) 

Metal 
(kt) 

Grade 
(%) 

Metal 
(kt) 

Grade 
(g/t) 

Metal 
(koz) (USD/t) 

Indicated Mineral 
Resources Svinja Reka 

3.4 12.3 4.80 592 3.80 468 25 9,857 148 

Inferred Mineral 
Resources 3.3 2.7 3.55 96 2.64 71 18 1,545 107 

Total Indicated and Inferred Mineral 
Resources 3.4            15.0  4.58            

687  3.59            
540  23.61 11,402 141 

 

Table 13-16: SRK Mineral Resource Statement for the Golema Reka Deposit, North 
Macedonia, as of 31 December 2018 reported at USD40.0 NSR cut-off 

Classification Deposit 
Density Tonnage Pb Zn Ag NSR 

(t/m3) (Mt) Grade 
(%) 

Metal 
(kt) 

Grade 
(%) 

Metal 
(kt) 

Grade 
(g/t) 

Metal 
(koz) (USD/t) 

Indicated Mineral 
Resources Golema Reka 

2.9 1.3 3.80 48 1.61 20 13 528 97 

Inferred Mineral 
Resources 2.9 6.3 3.47 217 1.38 86 12 2,444 87 

Total Indicated and Inferred Mineral 
Resources 2.9             7.5  3.53            

265  1.42             
107  12.28 2,972 88 

 

Table 13-17: SRK Mineral Resource Statement for Combined Svinja Reka and Golema 
Reka Deposits, North Macedonia, as of 31 December 2018 reported at 
USD35.0 and USD40.0 NSR cut-off respectively 

Classification Deposit 
Density Tonnage Pb Zn Ag NSR 

(t/m3) (Mt) Grade 
(%) 

Metal 
(kt) 

Grade 
(%) 

Metal 
(kt) 

Grade 
(g/t) 

Metal 
(koz) (USD/t) 

Indicated Mineral 
Resources 

Svinja Reka 3.4 12.3 4.80 592 3.80 468 25 9,857 148 

Golema Reka 2.9 1.3 3.80 48 1.61 20 13 528 97 

Total Indicated           3.3  13.6 4.71 640 3.60 489 24 10,385 144 

Inferred Mineral 
Resources 

Svinja Reka 3.3 2.7 3.55 96 2.64 71 18 1,545 107 

Golema Reka 2.9 6.3 3.47 217 1.38 86 12 2,444 87 

Total Inferred           3.0  9.0 3.49 313 1.76 157 14 3,989 93 

Total Indicated and Inferred Mineral 
Resources           3.2  22.5 4.23 953 2.87 646 20 14,374 123 

 

In reporting the Mineral Resource Statements, SRK notes the following: 

• Mineral Resources have an effective date of 31 December 2018. The Competent Person 
for the declaration of Mineral Resources is Guy Dishaw, P.Geo., of SRK Consulting (UK) 
Ltd. The Mineral Resource estimate was prepared by a team of consultants from SRK. 

• All Indicated Mineral Resources are reported within the Exploitation License, although 
approximately 600kt of reported Inferred resources at Svinja Reka exist outside of the 
Exploitation License (See Figure 3-2).   

• Mineral Resources are reported as undiluted. No mining recovery has been applied in the 
Statement. 
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• Tonnages are reported in metric units, grades in percent (%) or grams per tonne (g/t), and 
the contained metal in metric units.  Tonnages, grades, and contained metal totals are 
rounded appropriately. 

• Rounding, as required by reporting guidelines, may result in apparent summation 
differences between tonnes, grade and contained metal content. 

13.12 Sensitivity Analysis 

13.12.1 Reporting Cut-off 

The Mineral Resources of the Svinja Reka and Golema Reka Deposits are sensitive to the 
selection of the reporting cut-off value. To illustrate this sensitivity, the model quantities and 
grade estimates for Indicated and Inferred Resources are presented in Table 13-18 and Table 
13-19at different NSR cut-off values.  Figure 13-58  and Figure 13-59 presents the sensitivity 
of the estimates as grade tonnage curves.  The reader is cautioned that the figures presented 
in these tables and charts should not be misconstrued with a Mineral Resource Statement. The 
figures are only presented to show the sensitivity of the block model estimates to the selection 
of the NSR cut-off value. 

Table 13-18: Svinja Reka Underground Material Indicated and Inferred Block Model 
Quantities and Grades at Various NSR Cut-offs 

Cut-off NSR Tonnage NSR Pb Grade Zn Grade Ag Pb+Zn 
Grade 

($/tonne) kt (USD/t) (%) (%) (ppm) (%) 

0 15,580 136 4.42 3.47 23 7.89 

15 15,114 140 4.55 3.57 24 8.12 

25 15,097 140 4.56 3.57 24 8.13 

35 15,020 141 4.58 3.59 24 8.16 

40 14,969 141 4.59 3.6 24 8.18 

50 14,707 143 4.64 3.64 24 8.28 

75 12,927 154 4.99 3.93 25 8.91 

100 10,945 166 5.34 4.27 27 9.61 

125 8,132 184 5.89 4.81 30 10.69 

150 5,678 205 6.49 5.4 32 11.9 

175 3,902 224 7.08 5.95 35 13.03 

200 2,533 244 7.71 6.49 38 14.21 

225 1,530 266 8.39 7.06 42 15.45 

250 832 290 9.24 7.62 45 16.86 

 
  



SRK Consulting  Svinja Reka MRE 2018 – Main Report 
 

30311 Sasa Mine MRE 2018_Final.docx  March 2019 
Page 93 of 100 

Table 13-19: Golema Reka Underground Material Inferred Block Model Quantities and 
Grades at Various NSR Cut-offs 

Cut-off 
NSR Tonnage NSR Pb 

Grade 
Zn 

Grade Ag Pb+Zn 
Grade 

($/tonne) kt (USD/t) (%) (%) (ppm) (%) 

0 7,612 88 3.5 1.41 12 4.91 

15 7,612 88 3.5 1.41 12 4.91 

25 7,606 88 3.5 1.41 12 4.91 

35 7,573 88 3.51 1.41 12 4.92 

40 7,524 88 3.53 1.42 12 4.94 

50 7,283 90 3.59 1.42 12 5.02 

75 4,734 104 4.39 1.39 15 5.78 

100 2,162 125 5.46 1.44 17 6.89 

125 863 146 6.47 1.54 20 8.01 

150 257 173 7.23 2.38 22 9.6 

175 92 197 7.64 3.46 23 11.1 

200 37 215 8.6 3.42 25 12.01 

225 7 238 8.99 4.46 26 13.46 

250 2 253 8.67 5.89 25 14.56 
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Figure 13-58: Svinja Reka deposit Grade Tonnage Curves for Underground Indicated and Inferred Material 
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Figure 13-59: Golema Reka deposit Grade Tonnage Curves for Underground Inferred Material 
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13.12.2 High-Grade Restriction 

The Mineral Resources of the Svinja Reka and Golema Reka deposits are sensitive to the 
implementation of high-grade capping and distance threshold search restrictions (within or less 
than 5% metal reduction in all significant mineralised domains). To illustrate this sensitivity, 
block model quantities and grades were estimated without these restrictions and compared to 
the restricted estimate.  These results were presented in Table 13-5. 

13.12.3 License Boundary 

As noted in Section 3.1, 600kt of Inferred resources exist outside of the current Exploitation 
license.  SRK notes that this is equivalent to 4% of total reported Indicated and Inferred 
resources at Svinja Reka and there is no known reason why this area may not be added to 
CAML’s licence in the future. 

13.13 Previous Mineral Resource Estimates 

Five Mineral Resource estimates have been produced for the Svinja Reka and Golema Reka 
deposits since 2006, specifically: 

• SRK produced a Mineral Resource Estimate on the Sasa Mine Swine River (Svinja Reka) 
deposit with effective date of October 2006, reporting above a 5% Pb+Zn cut-off an 
Indicated Mineral Resource of 7.8 Mt grading 4.9% Pb and 5.0% Zn and an Inferred 
Resource of 25.4 Mt grading 5.0% Pb and 5.2% Zn. In addition, SRK also produced an 
Inferred Resource on the Sasa Mine Grand River (Golema Reka) deposit which occurs 
some 1 km to the SE to Svinja Reka, reporting 2.1 Mt grading 6.2% Pb and 2.6% Zn. 

• Wardell Armstrong (UK) produced a Mineral Resource Estimate on the Sasa Mine Svinja 
Reka deposit with effective date of October 2011, reporting above a 2% Pb+Zn cut-off a 
Measured and Indicated Mineral Resource of 4.2 Mt grading 5.14% Pb and 4.78% Zn and 
an Inferred Resource of 13.5 Mt grading 5.17% Pb and 4.06% Zn. 

• MRA produced an updated Mineral Resource Estimate on the Svinja Reka deposit with 
effective date of 01 October 2015, reporting above a 2% Pb+Zn cut-off an Indicated 
Mineral Resource of 14.29 Mt grading 4.81% Pb, 3.79% Zn and 22.2 g/t Ag and an Inferred 
Resource of 3.53 Mt grading 3.84% Pb, 3.23% Zn and 19.8 g/t Ag. 

• SRK produced a Mineral Resource Estimate on the Sasa Mine with effective date of 01 
October 2016, reporting above a USD30 NSR and USD35 NSR cut-off for Svinja Reka 
and Golema Reka respectively.  For Svinja Reka, an Indicated Mineral Resource of 
13.75 Mt grading 4.6% Pb, 3.69% Zn and 22 g/t Ag and an Inferred Resource of 2.67 Mt 
3.16% Pb grading 2.08% Zn and 16.6 g/t Ag.  For Golema Reka, an Inferred Resource of 
7.4 Mt 3.69% Pb grading 1.52% Zn and 16.6 g/t Ag. 

• SRK produced an updated Mineral Resource Estimate on the Svinja Reka deposit only, 
with and effective date of 01 July 2017.  The update considered mining depletion since the 
31 October 2016 update.  A total Indicated Mineral Resource of 13.3 Mt grading 4.59% 
Pb, 3.68% Zn and 22 g/t Ag and an Inferred Resource of 2.7 Mt grading 3.16% Pb, 2.08% 
Zn and 17 g/t Ag was reported. 

13.13.1 Svinja Reka 

SRK has compared the 31 December 2018 Mineral Resource Statement to the 01 July 2017 
Mineral Resource Statement by reporting the 2018 Mineral Resource estimate using the NSR 
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calculation and reporting cut-offs used in 2017 (Table 13-20 and Table 13-21).    

Table 13-20: 2018 Svinja Reka estimate re-reported using 2017 NSR and USD30 NSR 
cut-off (for comparison purposes only) 

Classification Deposit 
Density Tonnage Pb Zn Ag NSR 

(t/m3) (Mt) Grade 
(%) 

Metal 
(kt) 

Grade 
(%) 

Metal 
(kt) 

Grade 
(g/t) 

Metal 
(koz) (USD/t) 

Indicated Mineral 
Resources Svinja 

Reka 

3.4 12.3 4.80 592 3.80 468 25 9,857 148 

Inferred Mineral 
Resources 3.3 2.7 3.55 96 2.64 71 18 1,545 107 

Total Indicated and Inferred 
Mineral Resources 3.4            

15.0  4.58            
687  3.59            

540  23.61 11,402 141 

 

Table 13-21: Mineral Resources of the Svinja Reka deposit, SASA Mine, as of 
31 October 2017 

Classification Deposit 
Density Tonnage Pb Zn Ag NSR 

(t/m3) (Mt) Grade 
(%) 

Metal 
(kt) 

Grade 
(%) 

Metal 
(kt) 

Grade 
(g/t) 

Metal 
(koz) (USD/t) 

Indicated 
Mineral 
Resources Svinja 

Reka 

3.4 13.3 4.59 610 3.68 489 22 9,408 126 

Inferred Mineral 
Resources 3.3 2.7 3.16 84 2.08 56 17 1,425 82 

Total Indicated and 
Inferred Mineral 

Resources 
3.4            

16.0  4.35            
695  3.41            

545  21 10,834 119 

 

In general, the reported tonnage is lower while the grades are slightly higher when comparing 
the 31 December 2018 versus the 01 July 2017 models.  These differences are due to the 
following changes between the years:  

• The overall tonnage change between the statements is a decrease of 0.9 Mt, which is 
mainly due to depletion due to mining.  Between the 01 July 2017 and 31 December 2018 
statements, 1.46 Mt were depleted from the model by the surveyed asbuilts and areas 
identified as non-recoverable zones.  CAML reported 1.2 Mt mined between the 01 July 
2017 and 31 December 2018 statement effective dates.  

• 0.45 Mt was converted from Inferred to Indicated Mineral Resources in the 2018 definition 
drilling program, all completed below 830 level on the 830-750 Decline.  Since there was 
no overall change in the reported Inferred Resources between 31 December 2018 and 01 
July 2017, a comparable tonnage, approximately 0.45 Mt, of Inferred resources have been 
added by exploration drilling and additional material identified during mining.  

• Average grades were up for all metals in the 2018 model, and this was due to two reasons.  
First, the drilling from the 830-750 Decline intersected wider and higher grade 
mineralization than expected, and this has impacted the overall reported grades.  Also, 
slight changes to the capping levels applied in the 2018 model (indirectly as a result of the 
additional high grade material intersected in the drilling) have increased the reported 
grades. 

 

13.13.2 Golema Reka 
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SRK has compared the 31 December 2018 Mineral Resource Statement to the 01 October 
2016 Mineral Resource Statement (note that Golema Reka Mineral Resource was not updated 
in 2017 for Svinja Reka due to no mining or additional data acquired) by reporting the 2018 
Mineral Resource estimate using the NSR calculation and reporting cut-offs used in 2017 (Table 
13-22 and Table 13-23). 

In general, the tonnage is slightly higher while the grades are slightly lower when comparing 
the 2018 versus the 2017 models.  These differences are due to 8 additional drillholes added 
in 2018, with the specific purpose of trying to intersect the Golema Reka deposit in areas 
adjacent to historical data to try and confirm the existing model.  A slight increase to the 
mineralization volume resulted in the slightly higher tonnage, meanwhile intersected grades 
were slightly lower.  In particular, Ag was assayed in the 2018 program which provided the first 
Ag assay data available for Golema Reka.  The Ag results suggest that the Ag grades at 
Golema Reka are generally lower that those at Svinja Reka (see Section 13.5.2). 

The most significant change in the 2018 Mineral Resources is the upgrading of 1.3 Mt of 
material from the Inferred to the Indicated category as a result of locally confirming historic data. 

Table 13-22: 2018 Golema Reka estimate re-reported using 2016 NSR and USD35 NSR 
cut-off. (for comparison purposes only) 

Classification Deposit 

Density Tonnage Pb Zn Ag NSR 

(t/m3) (Mt) Grade 
(%) 

Metal 
(kt) 

Grade 
(%) 

Metal 
(kt) 

Grade 
(g/t) 

Meta
l 

(koz) 
(USD

/t) 

Indicated 
Mineral 
Resources Golema 

Reka 

2.9 1.3 3.80 48 1.61 20 13 528 87 

Inferred 
Mineral 
Resources 

2.9 6.3 3.46 217 1.37 86 12 2,450 78 

Total Indicated and 
Inferred Mineral 

Resources 
2.9 7.6  3.52 266 1.41 106  12.27 2,978 79 

Table 13-23: SRK Mineral Resource Statement for the Golema Reka Deposit, 
Macedonia, as of 01 October 2016 reported at USD35.0 NSR cut-off 

Deposit Classification 
Density Tonnage Pb Zn Ag NSR Pb + 

Zn 

(t/m3) (M tonnes) Grade 
(%) 

Metal 
(kt) 

Grade 
(%) 

Metal 
(kt) 

Grade 
(g/t) 

Metal 
(koz) (USD/t) Grade 

(%) 

Golema Reka 
Indicated 
Mineral 
Resources 

- - - 0 - 0 - 0 0 - 

Golema Reka Inferred Mineral 
Resources 2.9 7.40 3.69 273 1.52 112 18.6 4,424 94 5.21 

Total Indicated and Inferred 
Mineral Resources 2.9 7.40 3.69 273 1.52 112 18.6 4,424 94 5.21 

14 INTERPRETATIONS AND CONCLUSIONS 
The Sasa Mine Svinja Reka deposit is an underground mine which is at an advanced stage of 
drilling and geological understanding. Recent infill drilling from underground has identified the 
potential for significant mineralized thicknesses below the 830 level, where previously 
interpreted to be much thinner.   

The geological interpretation used to generate the Mineral Resource presented herein is 
generally considered to be robust; however, there are areas of lower geological confidence, 
classified as Inferred Resources, which may be subject to further revision in the future.  

The Golema Reka deposit is an underground mine which is at a lower level of geological 
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understanding than that of Svinja Reka. Data used to interpret the mineralisation model at 
Golema Reka are largely historic, although 8 drill holes were completed by CAML in 2018 to 
locally confirm some of this information.  These 8 holes have somewhat confirmed historical 
mineralized thickness and grades and facilitated the conversion of 1.3 Mt from Inferrred to the 
Indicated category. 

SRK considers the exploration data accumulated by the Company is generally reliable and 
suitable for the purpose of this Mineral Resource estimate. 

15 RECOMMENDATIONS 
SRK considers there to be good potential to improve confidence in the reported Mineral 
Resource at Svinja Reka and Golema Reka with improvements to data quality, additional 
underground drilling and further modelling work. In relation to drilling and sampling, SRK would 
recommend the following: 

• All data associated with core logging should be recorded in a useable format such as an 
Excel spread sheet, to ensure that this valuable data can be included in any subsequent 
Mineral Resource updates. Studies summarized in this report have highlighted the 
importance of a geological model to inform better local estimates of bulk density.  
Furthermore, whilst a significant proportion of the underground mapping has been 
successfully geo-referenced (based on drillhole collar positions) for use in 3D modelling 
as part of this update, more accurately and routinely geo-referencing the mapping against 
the mine grid would help to add further confidence to the position of modelled 
mineralisation and waste contacts in the resource model. If possible, mine geologists 
should spray-paint mineralisation contacts underground and have these surveyed, 
increasing the local accuracy further. 

• Implementation of full assay QAQC procedures for sampling and assay (including blanks, 
duplicates, and standards) for all future drilling campaigns, especially given the potential 
for anomalous assay results, which have not been highlighted through the QAQC 
procedures, to have a significant influence on the grade and tonnage estimates in the 
relatively sparsely drilled down-dip portion of the mine. 

• SRK notes that there may be locally secondary controls on silver mineralisation that are 
not currently realised due to the limitations of sampling. Specific attention should be given 
to determining additional controls on Ag mineralisation. 

• Completing a series of underground drill holes at the Golema Reka deposit in order to 
confirm the current model, provide samples for inspection and assay of all important 
elements, including Ag. 

• An underground mapping program by a structural geologist to investigate the potential for 
additional controls on mineralisation, normal to the prominent fold plunge, to better 
understand the distribution and exploration implications for the high grade Lead-Zinc-Silver 
mineralisation. 

• Implementation of a reconciliation program for the Svinja Reka mine, including accurate 
volume surveys, underground sampling, and comparison of results to the Mineral 
Resource model.  Well designed and managed reconciliation programs are an important 
aspect of building confidence in the data collection and Mineral Resource estimation 
process. 
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• Ensure the Exploitation license boundaries are sufficient to cover areas that may be 
considered in the Life-of-Mine plan in the future. 

In addition, if a structural study is completed in the future, SRK would recommend completing 
additional exploration based on the findings given its potential to highlight areas that may host 
further mineralisation. 
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Section 1 Sampling Techniques and Data 
Criteria JORC Code explanation Commentary 

Sampling 
techniques 

• Nature and quality of sampling (e.g. cut channels, random chips, or specific 
specialised industry standard measurement tools appropriate to the minerals 
under investigation, such as down hole gamma sondes, or handheld XRF 
instruments, etc.). These examples should not be taken as limiting the broad 
meaning of sampling. 

• Include reference to measures taken to ensure sample representivity and the 
appropriate calibration of any measurement tools or systems used. 

• Aspects of the determination of mineralisation that are Material to the Public 
Report. 

• In cases where ‘industry standard’ work has been done this would be 
relatively simple (e.g. ‘reverse circulation drilling was used to obtain 1 m 
samples from which 3 kg was pulverised to produce a 30 g charge for fire 
assay’). In other cases more explanation may be required, such as where 
there is coarse gold that has inherent sampling problems. Unusual 
commodities or mineralisation types (e.g. submarine nodules) may warrant 
disclosure of detailed information. 

 
Sampling for chemical assay was undertaken using 76 mm diameter 
diamond core drilling, from surface and underground. In addition, a 
small number of channel samples were completed, however this now 
resides in mined-out areas. Surface and underground diamond drill 
and channel samples from underground workings were used to 
measure for density.  
 
Downhole surveys at approximately every 50 m have been completed 
for most of the recent surface drilling; however, the inclinometry data 
collected under historic Government ownership has not yet been 
added to the database. Underground drillholes typically range in length 
between 50 and 70 m. No downhole surveys were recorded for these 
holes. 
 
 
 
 
 
 
 

Drilling 
techniques 

• Drill type (e.g. core, reverse circulation, open-hole hammer, rotary air blast, 
auger, Bangka, sonic, etc.) and details (e.g. core diameter, triple or standard 
tube, depth of diamond tails, face-sampling bit or other type, whether core is 
oriented and if so, by what method, etc.). 

All surface drillholes were completed using 76 mm diameter, HQ or 
NQ diamond core. Underground drillholes were completed using 
36 mm diameter (BQ) or AX diamond core in up-holes.    
 
 
 
 

Drill sample 
recovery 

• Method of recording and assessing core and chip sample recoveries and 
results assessed. 

• Measures taken to maximise sample recovery and ensure representative 
nature of the samples. 

• Whether a relationship exists between sample recovery and grade and 
whether sample bias may have occurred due to preferential loss/gain of 
fine/coarse material. 

Drilling interval was reconciled to length of recovered core to derive 
sample recovery. For the majority of the programs completed, this 
information has not been transferred to the Excel drillhole database 
and therefore is not readily available for review; however, based on 
observations made by SRK at drill sites and the core storage facility, 
core recovery is considered to be good (generally greater than 90%). 
 
Historical core recovery, where recorded, is generally above 80% in 
surface holes and 75% in underground drilling, which is considered 
acceptable given the support provided by adjacent close spaced 
drilling. 
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Criteria JORC Code explanation Commentary 

 
Logging • Whether core and chip samples have been geologically and geotechnically 

logged to a level of detail to support appropriate Mineral Resource estimation, 
mining studies and metallurgical studies. 

• Whether logging is qualitative or quantitative in nature. Core (or costean, 
channel, etc.) photography. 

• The total length and percentage of the relevant intersections logged. 

All drillcore is logged for geology, core recovery and, recently, digital 
photographs of the core are now being taken.  Bulk density 
measurements are taken regularly using whole core samples. 
 
The current drilling and sampling protocols do not incorporate the 
transfer of recovery, lithological and structural data (from borehole 
logging) from DWG storage format in to Excel for use in construction 
of the 3D resource model. 

Sub-
sampling 
techniques 
and sample 
preparation 

• If core, whether cut or sawn and whether quarter, half or all core taken. 
• If non-core, whether riffled, tube sampled, rotary split, etc. and whether 

sampled wet or dry. 
• For all sample types, the nature, quality and appropriateness of the sample 

preparation technique. 
• Quality control procedures adopted for all sub-sampling stages to maximise 

representivity of samples. 
• Measures taken to ensure that the sampling is representative of the in situ 

material collected, including for instance results for field duplicate/second-half 
sampling. 

• Whether sample sizes are appropriate to the grain size of the material being 
sampled. 

 
Sampling lengths for drillcore are allocated guided by visually logged 
geological contacts and typically range between 0.3 and 1m in length, 
using half core for analysis. The remaining half core was stored for 
between three to five years in case external controls require re-assay.  
 
Samples were submitted for preparation to the Sasa Mine laboratory, 
where half core is crushed to -3 mm and then dried in an oven at 130°C. 
The sample is passed through a riffle splitter to derive a 50% split, 
which is pulverised using a disc mill to give a -0.74 mm powder pulp. 
The pulp is coned and quartered with 25% subsampled into 1 g 
portions for Pb and Zn analysis. 

Quality of 
assay data 
and 
laboratory 
tests 

• The nature, quality and appropriateness of the assaying and laboratory 
procedures used and whether the technique is considered partial or total. 

• For geophysical tools, spectrometers, handheld XRF instruments, etc., the 
parameters used in determining the analysis including instrument make and 
model, reading times, calibrations factors applied and their derivation, etc. 

• Nature of quality control procedures adopted (e.g. standards, blanks, 
duplicates, external laboratory checks) and whether acceptable levels of 
accuracy (i.e. lack of bias) and precision have been established. 

The Sasa Mine laboratory analysed the samples for Pb and Zn by XRF 
and Ag by AAS.  The laboratory has obtained valid international 
accreditation to MKC EN ISO/TEC 17025 and is annually audited by 
the Macedonian Accreditation Institute. The Sasa Mine laboratory also 
regularly submits check samples to KCM laboratory in Sofia, Bulgaria. 
 
Independent QAQC analysis of the Pb and Zn assay database 
completed historically by SRK (during 2006) highlighted in general a 
reasonable quality in the results, albeit with slight bias toward lower 
grade.   
 
Whilst routine assay QAQC is currently limited to internal standard 
checks by the Sasa Mine laboratory staff, fundamentally, diluted ore 
grades seen in the mine production records provide comfort that 
mineralisation exists at grades close to those in the drilling sample 
database. 
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Criteria JORC Code explanation Commentary 

Verification of 
sampling and 
assaying 

• The verification of significant intersections by either independent or 
alternative company personnel. 

• The use of twinned holes. 
• Documentation of primary data, data entry procedures, data verification, data 

storage (physical and electronic) protocols. 
• Discuss any adjustment to assay data. 

SRK was supplied with a Microsoft Excel database containing the 
drillhole data. SRK has completed a number of checks on the raw data 
and data entry process and applied corrections where necessary. 
Based on the verification work completed, SRK is confident that the 
excel database is an accurate reflection of the drilling and sampling 
data. 
 
SRK would strongly recommend the implementation of full assay 
verification QAQC procedures for sampling and assay (including 
blanks, duplicates and standards) for all future drilling campaigns. 

Location of 
data points 

• Accuracy and quality of surveys used to locate drill holes (collar and down-
hole surveys), trenches, mine workings and other locations used in Mineral 
Resource estimation. 

• Specification of the grid system used. 
• Quality and adequacy of topographic control. 

The topographic survey of all the surface drillhole collars completed by 
the Company has been completed by using a Precision GPS.  
 
Underground drillhole collars and development surveys are located 
based on total station surveys by mining surveyors and are translated 
to the Macedonian grid (Gauss-Krüger coordinate system, 
Hermannskogel datum) for storage in the master database. 
 
Downhole surveys for surface holes, where recorded, were completed 
using a reflex gyro probe by the Geoma (Bulgaria) survey contractor, 
with readings taken at approximately every 50 m. No downhole 
surveys were recorded for underground these holes, which typically 
range in length between 50 and 70 m. 
 

Data spacing 
and 
distribution 

• Data spacing for reporting of Exploration Results. 
• Whether the data spacing and distribution is sufficient to establish the degree 

of geological and grade continuity appropriate for the Mineral Resource and 
Ore Reserve estimation procedure(s) and classifications applied. 

• Whether sample compositing has been applied. 

Underground drilling within mining areas are typically collared at 20-
30 m spacing with multiple (fan) holes often drilled at a range of 
inclinations from a single collar, providing sample coverage ranging 
from 10-30 m. Surface drillholes provide intersections at approximate 
200 m spacing. 
 
SRK considers the resultant drilling pattern is sufficiently dense to 
interpret the geometry and boundaries of the Lead-Zinc-Silver 
mineralisation with a reasonable level of confidence. 

Orientation of 
data in 
relation to 
geological 
structure 

• Whether the orientation of sampling achieves unbiased sampling of possible 
structures and the extent to which this is known, considering the deposit type. 

• If the relationship between the drilling orientation and the orientation of key 
mineralised structures is considered to have introduced a sampling bias, this 
should be assessed and reported if material. 

Surface drillholes are oriented NE-SW across the deposit and 
intersection angles with the mineralisation are broadly perpendicular. 
 
Underground drilling are typically drilled towards the SW (from footwall 
to hangingwall) with multiple (fan) holes drilled at a range of inclinations 
providing intersection angles with the mineralisation typically ranging 
from perpendicular to -45°. 
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SRK does not consider the drillhole orientation to have introduced any 
significant bias into the grade and tonnage estimation procedures. 
 

Sample 
security 

• The measures taken to ensure sample security. The core is transported to the Company’s core logging facility at the 
end of each drilling shift. All sampling and analysis is carried out on site, 
at or in close proximity to the Mine Laboratory, by Sasa Mine 
employees. 
 
SRK is satisfied that the Company utilised industry best practices for 
Chain of Custody procedures.  All cores and samples are stored on 
site, which is secured. 
 

Audits or 
reviews 

• The results of any audits or reviews of sampling techniques and data. The Sasa Mine laboratory is annually audited by the Macedonian 
Accreditation Institute. The Sasa Mine laboratory also regularly 
submits check samples to SGS laboratory in Sofia, Bulgaria. 
 
Independent QAQC analysis of the Pb and Zn assay database 
completed historically by SRK (during 2006) and recently (during 
2018).  SRK notes that although the results of these comparisons are 
reasonable, there is some differences between sample results, 
particularly at lower grades of Pb, Zn, and Ag and it is recommended 
that the independent QAQC checks are increased, along with the 
introduction of blank, CRM, and duplicate analyses in order to identify 
any potential issues. 
 

 
 
 
 
 
 
 
 
 
 
 



SRK Consulting  Svinja Reka MRE 2018 – Technical Appendix A 
 

30311 Sasa Mine MRE 2018_Final.docx  March 2019 
Page A6 of A14 

 
Section 2 Reporting of Exploration Results 

Criteria JORC Code explanation Commentary 

Mineral 
tenement and 
land tenure 
status 

• Type, reference name/number, location and ownership including agreements 
or material issues with third parties such as joint ventures, partnerships, 
overriding royalties, native title interests, historical sites, wilderness or 
national park and environmental settings. 

• The security of the tenure held at the time of reporting along with any known 
impediments to obtaining a licence to operate in the area. 

The Project comprises a 4.22 km2 mining concession located in north-
eastern North Macedonia, some 150 km east of the North Macedonian 
capital, Skopje. 
 
Mineral exploration and exploitation is governed by the State law on 
Mineral Resources of the Republic of Macedonia (Br.132 Gazette of 
RM/2013). The Title to the Sasa Mine exploration and exploitation 
concessions is held by Rudnik SASA DOOEL. 
 
The exploitation concession (24-5550/1) covers an area of 4.22 km2 
was most recently issued to the Company during 13/11/2014 and is 
valid until 28/09/30, with the possibility of extending for another 30 
years.  
 
Approximately 600kt of reported Inferred resources at Svinja Reka 
exists outside of of the Exploitation Concession. 
 

Exploration 
done by other 
parties 

• Acknowledgment and appraisal of exploration by other parties. During 1936, 1945, and 1946 the Project area was prospected by 
Bulgarian geologists but detailed work only began in 1952 when 
geological mapping by a team from the Geological Institute Skopje 
produced maps over the mineralised occurrences. This was followed 
by geophysics, trenching, drilling and excavating cross-cuts through 
mineralisation as surface. 
 
The history of mining and exploration at the Sasa Mine is summarised 
below: 
 
-The Sasa mine originally started working in 1965 but stopped in 2001 
when government funding of operating capital ended.  
-Solway Investment Group Ltd (Solway) acquired the mine from a 
group of creditors in 2005. The plant was re-equipped with a state of 
the art flotation circuit allowing production of separate zinc and lead 
concentrates. 
-On 03.11.2015, Solway announced that it had sold the Sasa mine to 
the Orion Mine Finance Group (Orion) partnered with Fusion Capital 
AG (Fusion) in Lynx Resources Ltd to acquire the mine through its 
wholly owned subsidiary Lynx Europe SPLLC Skopje. 
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-In November of 2017, Central Asia Metals PLC (CAML) acquired 
100% ownership of the project. 

Geology • Deposit type, geological setting and style of mineralisation.  
The Project is located in the Serbo-Macedonian massif which 
comprises greenschist and amphibolite facies metamorphic rocks, 
Precambrian to Palaeozoic in age, which have been variably intruded 
by andesitic to trachytic volcanic rocks during the Tertiary. 
 
Lead-Zinc-Silver mineralisation at Sasa occurs as bedding concordant 
deposits hosted predominantly by quartz-graphite schist and marbles 
of Lower Paleozoic age at Svinja Reka and by gneisses at Golema 
Reka. 
 
High-temperature hydrothermal fluids and bedding-parallel faulting 
(related to the intrusion of Tertiary volcanics) is responsible for 
metasomatism of the host sediments to develop skarn and base metal 
mineralisation. 
 
The well-defined, partially exploited lenses of Lead-Zinc-Silver 
mineralisation dip at approximately 35° to the south-west and typically 
range in true thickness from between 2 – 30 m. 

Drill hole 
Information 

• A summary of all information material to the understanding of the exploration 
results including a tabulation of the following information for all Material drill 
holes: 
o easting and northing of the drill hole collar 
o elevation or RL (Reduced Level – elevation above sea level in metres) of 

the drill hole collar 
o dip and azimuth of the hole 
o down hole length and interception depth 
o hole length. 

• If the exclusion of this information is justified on the basis that the information 
is not Material and this exclusion does not detract from the understanding of 
the report, the Competent Person should clearly explain why this is the case. 

Listing this material would not add any further material understanding 
of the deposit and Mineral Resource. Furthermore, no Exploration 
Results are specifically reported. 

Data 
aggregation 
methods 

• In reporting Exploration Results, weighting averaging techniques, maximum 
and/or minimum grade truncations (eg cutting of high grades) and cut-off 
grades are usually Material and should be stated. 

• Where aggregate intercepts incorporate short lengths of high grade results 
and longer lengths of low grade results, the procedure used for such 
aggregation should be stated and some typical examples of such 
aggregations should be shown in detail. 

• The assumptions used for any reporting of metal equivalent values should be 

 
Not applicable - No Exploration Results are specifically reported. 
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clearly stated. 
Relationship 
between 
mineralisatio
n widths and 
intercept 
lengths 

• These relationships are particularly important in the reporting of Exploration 
Results. 

• If the geometry of the mineralisation with respect to the drill hole angle is 
known, its nature should be reported. 

• If it is not known and only the down hole lengths are reported, there should 
be a clear statement to this effect (eg ‘down hole length, true width not 
known’). 

 
Not applicable - No Exploration Results are specifically reported. 

 

Diagrams • Appropriate maps and sections (with scales) and tabulations of intercepts 
should be included for any significant discovery being reported These should 
include, but not be limited to a plan view of drill hole collar locations and 
appropriate sectional views. 

 
Various maps, sections and diagrams are reported in this document. 

Balanced 
reporting 

• Where comprehensive reporting of all Exploration Results is not practicable, 
representative reporting of both low and high grades and/or widths should be 
practiced to avoid misleading reporting of Exploration Results. 

 
Not applicable - No Exploration Results are specifically reported. 

 
Other 
substantive 
exploration 
data 

• Other exploration data, if meaningful and material, should be reported 
including (but not limited to): geological observations; geophysical survey 
results; geochemical survey results; bulk samples – size and method of 
treatment; metallurgical test results; bulk density, groundwater, geotechnical 
and rock characteristics; potential deleterious or contaminating substances. 

 
Not applicable - No Exploration Results are specifically reported. 

Further work • The nature and scale of planned further work (eg tests for lateral extensions 
or depth extensions or large-scale step-out drilling). 

• Diagrams clearly highlighting the areas of possible extensions, including the 
main geological interpretations and future drilling areas, provided this 
information is not commercially sensitive. 

 
 
If a structural study is completed in the future, SRK would recommend 
completing additional exploration based on the findings given its 
potential to highlight areas that may host further Lead-Zinc-Silver 
mineralisation. 
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Criteria JORC Code explanation Commentary 

Database 
integrity 

• Measures taken to ensure that data has not been corrupted by, for 
example, transcription or keying errors, between its initial collection and 
its use for Mineral Resource estimation purposes. 

• Data validation procedures used. 

 
SRK has completed a number of checks on the raw excel database 
supplied by the Company and is satisfied that the data does not contain 
significant errors nor has it been corrupted. 
 

Site visits • Comment on any site visits undertaken by the Competent Person and the 
outcome of those visits. 

• If no site visits have been undertaken indicate why this is the case. 

 
SRK visited the Project from 26 September to 11 October 2016 and 24 
January to 28 January 2017. During the site visits, SRK was able to 
witness the exploration and mining work completed to date, review 
geological relationships exposed in underground workings and 
geological maps, review drill holes for to confirm values stored in the 
database and discuss geological and structural interpretations.  SRK 
visited the project site 3 times through 2018, and specifically reviewed 
the resource data collection procedures and bulk density 
measurements. 
 

Geological 
interpretation 

• Confidence in (or conversely, the uncertainty of) the geological 
interpretation of the mineral deposit. 

• Nature of the data used and of any assumptions made. 
• The effect, if any, of alternative interpretations on Mineral Resource 

estimation. 
• The use of geology in guiding and controlling Mineral Resource 

estimation. 
• The factors affecting continuity both of grade and geology. 

 
SRK used underground mapping, combined with diamond drilling 
information to interpret the mineralised zones using Leapfrog Geo 4.4 
software.  A roughly 2% Pb+Zn cut-off was used to constrain the 
mineralised domains, although, since the contacts are generally sharp, 
some weaker mineralisation was included in the model.   
 
Due to the multiple lenses, and pinching and swelling morphology, the 
underground maps were invaluable to guiding the interpretation of the 
3 dimensional domain solids.  SRK modelled a total of 14 mineralised 
zones in Svinja Reka and 5 mineralised zones in Golema Reka. 
 
Internal waste zones (<2% Pb+Zn) are common within the mined, 
mapped, and modelled zones for Svinja Reka.  In many cases it is 
practically impossible to remove all of these zones. SRK has modelled 
internal waste zones within the mineralised lenses where the internal 
waste is mappable through multiple drillhole intersections and 
supported by underground mapping. 
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Dimensions • The extent and variability of the Mineral Resource expressed as length 
(along strike or otherwise), plan width, and depth below surface to the 
upper and lower limits of the Mineral Resource. 

 
At Svinja Reka, the well-defined, partially exploited lenses of Lead-
Zinc-Silver mineralisation dip at approximately 35° to the south-west 
and typically range in true thickness from between 2 – 30 m. The 
mineralised lenses are present in parallel sheets (typically 2 or 3 
bodies), separated by an interburden with thicknesses of 1 - 10 m.  
The lenses pinch and swell along strike and down-dip, with an 
apparently dominant southerly plunge.  The Lead-Zinc-Silver 
mineralisation is continuous along strike, in some lenses up to 
1,000 m. 
 
Lead-Zinc-Silver mineralisation at Golema Reka is hosted within 
granitoid gneiss and strikes approximately 135º and dips moderately, 
at approximately 45º, to the southeast. The Lead-Zinc-Silver 
mineralisation occurs as stacked massive to semi-massive sulphide 
lenses, each with variable thickness (0.5 to 10 m) along strike and 
down dip, separated by weakly mineralised gneiss 

Estimation and 
modeling 
techniques 

• The nature and appropriateness of the estimation technique(s) applied 
and key assumptions, including treatment of extreme grade values, 
domaining, interpolation parameters and maximum distance of 
extrapolation from data points. If a computer assisted estimation method 
was chosen include a description of computer software and parameters 
used. 

• The availability of check estimates, previous estimates and/or mine 
production records and whether the Mineral Resource estimate takes 
appropriate account of such data. 

• The assumptions made regarding recovery of by-products. 
• Estimation of deleterious elements or other non-grade variables of 

economic significance (e.g. sulphur for acid mine drainage 
characterisation). 

• In the case of block model interpolation, the block size in relation to the 
average sample spacing and the search employed. 

• Any assumptions behind modelling of selective mining units. 
• Any assumptions about correlation between variables. 
• Description of how the geological interpretation was used to control the 

resource estimates. 
• Discussion of basis for using or not using grade cutting or capping. 

 
In summary, for the 31 December 2018 Mineral Resource update, SRK 
has completed the following: 

• Modelled Lead-Zinc-Silver lenses in 3D; 
• Composited the sample data to 1 m intervals at Svinja Reka 

and 3 m and Golema Reka and undertaken statistical analysis 
for each mineralised domain; 

• Applied high grade caps per estimation domain from log 
histograms and log probability plots; 

• Undertaken geostatistical analyses to determine appropriate 
interpolation algorithms; 

• Created a block models with block dimensions of 3.5 x 14 x 
7 m; 

• Undertaken a Kriging Neighbourhood Analysis (KNA) to test 
the sensitivity of the interpolation parameters; 

• Interpolated Pb, Zn and Ag grades into the block model for 
Svinja Reka and Pb and Zn grades into the block model for 
Golema Reka and assigned Ag grades based on a regression 
with estimated Pb grade; 
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• The process of validation, the checking process used, the comparison of 
model data to drill hole data, and use of reconciliation data if available. 

• Assigned density to the block model based on a regression 
with Pb and Zn; 

• Visually and statistically validated the estimated block grades 
relative to the original sample results 

Moisture • Whether the tonnages are estimated on a dry basis or with natural 
moisture, and the method of determination of the moisture content. 

 
All tonnages are reported as dry tonnages. 
 

Cut-off 
parameters 

• The basis of the adopted cut-off grade(s) or quality parameters applied.  
To determine this, the Mineral Resource has been evaluated based on 
a minimum net smelter return (NSR) including Pb, Zn and Ag credits, 
using a Pb price of USD2,550/t, a Zn price of USD2,950/t and a silver 
price of 23 USD/oz based on typical long term consensus forecasts (to 
reflect the requirement for “reasonable prospects” for eventual 
extraction) and a set of assumed technical and economic parameters 
economic which were selected based on the current mining operations 
at the Sasa Mine.  SRK considers that the blocks with a value greater 
than USD35.0 at Svinja Reka and USD40.0 at Golema Reka have 
“reasonable prospects for eventual economic extraction” and can be 
reported as a Mineral Resource 
 

Mining factors or 
assumptions 

• Assumptions made regarding possible mining methods, minimum mining 
dimensions and internal (or, if applicable, external) mining dilution. It is 
always necessary as part of the process of determining reasonable 
prospects for eventual economic extraction to consider potential mining 
methods, but the assumptions made regarding mining methods and 
parameters when estimating Mineral Resources may not always be 
rigorous. Where this is the case, this should be reported with an 
explanation of the basis of the mining assumptions made. 

 
Ongoing development of the Svinja Reka deposit will likely continue to 
be via underground sub-level stoping, with ore hauled to surface by 
trucks and trams through lateral development accesses at various 
mining elevations. 
 
Potential future mining of Golema Reka is assumed to be via 
mechanized cut & fill, which remains consistent with previous mining 
at the deposit. 
 
 

Metallurgical 
factors or 
assumptions 

• The basis for assumptions or predictions regarding metallurgical 
amenability. It is always necessary as part of the process of determining 
reasonable prospects for eventual economic extraction to consider 
potential metallurgical methods, but the assumptions regarding 
metallurgical treatment processes and parameters made when reporting 
Mineral Resources may not always be rigorous. Where this is the case, 
this should be reported with an explanation of the basis of the 
metallurgical assumptions made. 

 
SRK has applied the following to determine its cut-off value for the 
Mineral Resource, based on current mining operations at the Sasa 
Mine: 

• Pb Process Recovery: 94% 
• Zn Process Recovery: 85.5% 
• Ag Process Recovery: 70% 
• Pb Payability: 95% 
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• Zn Payability: 85% 
• Ag Payability: 95% 

 
Environmental 
factors or 
assumptions 

• Assumptions made regarding possible waste and process residue 
disposal options. It is always necessary as part of the process of 
determining reasonable prospects for eventual economic extraction to 
consider the potential environmental impacts of the mining and 
processing operation. While at this stage the determination of potential 
environmental impacts, particularly for a greenfields project, may not 
always be well advanced, the status of early consideration of these 
potential environmental impacts should be reported. Where these aspects 
have not been considered this should be reported with an explanation of 
the environmental assumptions made. 

 
SRK is unaware of any environmental factors which would preclude 
the reporting of Mineral Resources. 

Bulk density • Whether assumed or determined. If assumed, the basis for the 
assumptions. If determined, the method used, whether wet or dry, the 
frequency of the measurements, the nature, size and representativeness 
of the samples. 

• The bulk density for bulk material must have been measured by methods 
that adequately account for void spaces (vugs, porosity, etc.), moisture 
and differences between rock and alteration zones within the deposit. 

• Discuss assumptions for bulk density estimates used in the evaluation 
process of the different materials. 

SRK designed and carried out a program of density sampling and 
measurement in 2006. 50 samples were collected from 11 locations 
from the Svinja Reka mine workings. 25 samples were collected from 5 
locations from the Golema Reka mine workings. 
 
Samples were washed and dried before density measurements were 
taken using scales provided by the Sasa Mine. Each sample was 
suspended on a wireloop, hung from a cross bar on the scales; the 
scales were placed on a wood beam clamped to a bench top 
overhanging the edge. Samples were weighed first in air and then after 
careful immersion in water, using Archimedean principles to determine 
the density. 
 
Dry density values were plotted versus combined Pb+Zn and a linear 
regression determined. SRK used the relationship between Zn+Pb 
grade and density for determining individual block tonnages in the 
resource model as follows: Dry Density for Svinja Reka (t/m3) = 3.039 
+ (0.0382 x (Zn% + Pb%) ). Dry Density (t/m3) for Golema Reka = 
2.7058 + (0.0354 x (Zn% + Pb%) ) 
 
Since CAML acquisition of the project, bulk density measurements are 
being completed on whole drill core samples.  The results have 
generally agreed with those samples from the 2006 program, except 
that it has been identified that host lithology is a more important control 
on bulk density at lower grades of Pb and Zn.  It has been 
recommended that a geological model be completed in order to 
increase the local accuracy of the bulk density model. 
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Classification • The basis for the classification of the Mineral Resources into varying 
confidence categories. 

• Whether appropriate account has been taken of all relevant factors (i.e. 
relative confidence in tonnage/grade estimations, reliability of input data, 
confidence in continuity of geology and metal values, quality, quantity and 
distribution of the data). 

• Whether the result appropriately reflects the Competent Person’s view of 
the deposit. 

 
Data quality, drillhole spacing, geological confidence and the 
interpreted continuity of grades controlled by the mineralisation 
domains have allowed SRK to classify portions of the deposit in the 
Indicated and Inferred Mineral Resource categories. 
 

Audits or reviews • The results of any audits or reviews of Mineral Resource estimates.  
Historical estimates, which have been reported in compliance with the 
JORC Code, include the following: 
 

• SRK produced a Mineral Resource Estimate on the Sasa Mine 
Swine River (Svinja Reka) deposit with effective date of 
October 2006, reporting above a 5% Pb+Zn cut-off an 
Indicated Mineral Resource of 7.8 Mt grading 4.9% Pb and 
5.0% Zn and an Inferred Resource of 25.4 Mt grading 5.0% 
Pb and 5.2% Zn. In addition SRK also produced an Inferred 
Resource in October 2006 on the Sasa Mine Grand River 
(Golema Reka) deposit which occurs some 1km to the SE to 
Svinja Reka, reporting 2.1 Mt grading 6.2% Pb and 2.6% Zn; 

• Wardell Armstrong (UK) produced a Mineral Resource 
Estimate on the Sasa Mine Svinja Reka deposit with effective 
date of October 2011, reporting above a 2% Pb+Zn cut-off a 
Measured and Indicated Mineral Resource of 4.2 Mt grading 
5.14% Pb and 4.78% Zn and an Inferred Resource of 13.5 Mt 
grading 5.17% Pb and 4.06% Zn; 

• Mineral Resource Advisors (MRA) produced an updated 
Mineral Resource Estimate on the Sasa Mine Svinja Reka 
deposit with effective date of October 2015, reporting above a 
2% Pb+Zn cut-off an Indicated Mineral Resource of 14.29 Mt 
grading 4.81% Pb, 3.79% Zn and 22.2 g/t Ag and an Inferred 
Resource of 3.53 Mt grading 3.84% Pb, 3.23% Zn and 19.8 g/t 
Ag. 

• SRK produced a Mineral Resource Estimate on the Sasa Mine 
with effective date of 01 October 2016, reporting above a $30 
NSR and $35 NSR cut-off for Svinja Reka and Golema Reka 



SRK Consulting  Svinja Reka MRE 2018 – Technical Appendix A 
 

30311 Sasa Mine MRE 2018_Final.docx  March 2019 
Page A14 of A14 

Criteria JORC Code explanation Commentary 

respectively.  For Svinja Reka, an Indicated Mineral Resource 
of 13.75 Mt grading 4.6% Pb, 3.69% Zn and 22 g/t Ag and an 
Inferred Resource of 2.67 Mt 3.16% Pb grading 2.08% Zn and 
16.6 g/t Ag.  For Golema Reka, an Inferred Resource of 7.4 Mt 
3.69% Pb grading 1.52% Zn and 16.6 g/t Ag. 

• SRK produced an updated Mineral Resource Estimate on the 
Svinja Reka deposit only, with and effective date of 31 October 
2017.  The update considered mining depletion and additional 
mapping and drilling information acquired since the 31 
October 2016 update.  A total Indicated Mineral Resource of 
12.69 Mt grading 4.63% Pb, 3.71% Zn and 24 g/t Ag and an 
Inferred Resource of 3.2 Mt 3.2% Pb grading 3.45% Zn and 
18 g/t Ag was reported. 
 

Discussion of 
relative accuracy/ 
confidence 

• Where appropriate a statement of the relative accuracy and confidence 
level in the Mineral Resource estimate using an approach or procedure 
deemed appropriate by the Competent Person. For example, the 
application of statistical or geostatistical procedures to quantify the 
relative accuracy of the resource within stated confidence limits, or, if 
such an approach is not deemed appropriate, a qualitative discussion of 
the factors that could affect the relative accuracy and confidence of the 
estimate. 

• The statement should specify whether it relates to global or local 
estimates, and, if local, state the relevant tonnages, which should be 
relevant to technical and economic evaluation. Documentation should 
include assumptions made and the procedures used. 

• These statements of relative accuracy and confidence of the estimate 
should be compared with production data, where available. 

 
The Sasa mine Svinja Reka deposit is an underground mine which is 
at an advanced stage of drilling and geological understanding. Recent 
infill drilling from surface and underground, digitising of underground 
geological maps and geological modelling in 3D has added further 
geological confidence to the local scale geometry of the mineralisation 
and grade distributions in the Resource model.   
 
The Golema Reka deposit is an underground mine which is at a lower 
level of geological understanding than that of Svinja Reka. Data used 
to interpret the mineralisation model at Golema Reka is largely historic, 
although 8 drillholes were completed by CAML in 2018 to locally 
confirm some of this information.  These 8 holes have somewhat 
confirmed historical mineralized thickness and grades and facilitated 
the conversion of 1.3 Mt from Inferrred to the Indicated category..   
 
The geological interpretation used to generate the Mineral Resource 
presented herein is generally considered to be robust; however, there 
are areas of lower geological confidence which may be subject to 
further revision in the future.  
 
SRK has classified portions of the deposits in the Indicated and 
Inferred Mineral Resource categories. 
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APPENDIX  
 

B HISTOGRAMS AND LOG PROBABILITY PLOTS 
 
 
 
 
 



 
Figure B 1: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 100. 

 
Figure B 2: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 101. 
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Figure B 3: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 102. 

 
Figure B 4: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 103. 
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Figure B 5: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 104. 

 
Figure B 6: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 105. 
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Figure B 7: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 106. 

 
Figure B 8: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 200. 
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Figure B 9: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 201. 

 
Figure B 10: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 202. 
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Figure B 11: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 300. 

 
Figure B 12: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 301. 
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Figure B 13: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 302. 

 
Figure B 14: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 901. 
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Figure B 15: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 902. 

 
Figure B 16: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 903. 
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Figure B 17: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 401. 

 
Figure B 18: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 402. 

W
e
ig
h
te
d
 F
re
q
u
en

cy
 (
%
 o
f 
3
7
5
.5
)

C
u
m
u
la

ve
 P
ro
b
ab
ili
ty
 %

W
e
ig
h
te
d
 F
re
q
u
en

cy
 (
%
 o
f 
1
1
4
.8
)

C
u
m
u
la

ve
 P
ro
b
ab
ili
ty
 %



 
Figure B 19: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 403. 

 
Figure B 20: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 404. 
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Figure B 21: Log-Histogram (left) and Log-Probability (right) plots of Pb for Domain 405. 

 
Figure B 22: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 100. 
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Figure B 23: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 101. 

 
Figure B 24: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 102. 
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Figure B 25: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 103. 

 
Figure B 26: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 104. 
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Figure B 27: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 105. 

 
Figure B 28: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 106. 
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Figure B 29: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 200. 

 
Figure B 30: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 201. 
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Figure B 31: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 202. 

 
Figure B 32: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 300. 
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Figure B 33: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 301. 

 
Figure B 34: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 302. 
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Figure B 35: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 901. 

 
Figure B 36: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 902. 
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Figure B 37: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 903. 

 
Figure B 38: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 401. 
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Figure B 39: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 402. 

 
Figure B 40: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 403. 
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Figure B 41: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 404. 

 
Figure B 42: Log-Histogram (left) and Log-Probability (right) plots of Zn for Domain 405. 
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Figure B 43: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 100. 

 
Figure B 44: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 101. 
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Figure B 45: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 102. 

 
Figure B 46: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 103. 

Fr
eq

u
en

cy
 (
%
 o
f 
3
1
4
 p
o
in
ts
)

C
u
m
u
la

ve
 P
ro
b
ab
ili
ty
 %

Fr
eq

u
e
n
cy
 (
%
 o
f 
7
1 
p
o
in
ts
)

C
u
m
u
la

ve
 P
ro
b
ab
ili
ty
 %



 
Figure B 47: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 104. 

 
Figure B 48: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 105. 
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Figure B 49: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 106. 

 
Figure B 50: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 200. 
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Figure B 51: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 201. 

 
Figure B 52: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 202. 
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Figure B 53: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 300. 

 
Figure B 54: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 301. 
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Figure B 55: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 302. 

 
Figure B 56: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 901. 
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Figure B 57: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 902. 

 
Figure B 58: Log-Histogram (left) and Log-Probability (right) plots of Ag for Domain 903. 
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Figure C 1: Experimental Directional variograms and variogram models for Pb in domain 

100.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 2: Experimental Directional variograms and variogram models for Pb in domain 

101.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 3: Experimental Directional variograms and variogram models for Pb in domain 

102.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 4: Experimental Omni-directional variogram and variogram model for Pb in 

domain 103 (Also applied to 104 and 106). 
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Figure C 5: Experimental Directional variograms and variogram models for Pb in domain 

105.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 6: Experimental Directional variograms and variogram models for Pb in domain 

200.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 7: Experimental Directional variograms and variogram models for Pb in domain 

201.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 8: Experimental Omni-directional variogram and variogram model for Pb in 

domain 202. 
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Figure C 9: Experimental Directional variograms and variogram models for Pb in domain 

300.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 10: Experimental Directional variograms and variogram models for Pb in domain 

301.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions (Also applied to 302). 
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Figure C 11: Experimental Directional variograms and variogram models for Pb in domain 

901.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 12: Experimental Directional variograms and variogram models for Pb in domain 

902.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 13: Experimental Directional variograms and variogram models for Pb in domain 

902.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 14: Experimental Directional variograms and variogram models for Pb in domain 

401.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions.  (Also applied to 403, 404, 405). 
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Figure C 15: Experimental Directional variograms and variogram models for Pb in domain 

402.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 16: Experimental Directional variograms and variogram models for Zn in domain 

100.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 17: Experimental Directional variograms and variogram models for Zn in domain 

101.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 18: Experimental Directional variograms and variogram models for Zn in domain 

102.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 

 

0 5 10 15 20 25 30 35 40 45 50 55

Sample Separation (m)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Ga
m

m
a 

(1
2.

34
)

Downhole - 102

  Variogram for zncap

260

215
176
144

121

101

86
75

65 57

51 46

42

38 35
32

N( 0.3 )

Exp( 0.06, 7 )

Exp( 0.64, 13 )

Lag1   

0 50 100 150 200 250 300 350

Sample Separation (m)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Ga
m

m
a 

(1
2.

34
)

Direction 1: -13-->166 - 102

  Variogram for zncap

501

3036

3615

5258
4027

4653

969 474

68

N( 0.3 )

Exp( 0.46, 94 )

Exp( 0.25, 115 )

Lag30   

0 20 40 60 80 100 120 140 160

Sample Separation (m)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Ga
m

m
a 

(1
2.

34
)

Direction 2: 37-->085 - 102

  Variogram for zncap

1255

1656 2336

1574

208

87

N( 0.3 )

Exp( 0.46, 36 )

Exp( 0.25, 60 )

Lag25   

0 5 10 15 20 25 30 35

Sample Separation (m)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Ga
m

m
a 

(1
2.

34
)

Direction 3: 50-->240 - 102

  Variogram for zncap

58

78

N( 0.3 )

Exp( 0.46, 3 )

Exp( 0.25, 8 )

Lag5   



 
Figure C 19: Experimental Omni-directional variogram and variogram model for Zn in 

domain 103. (Also applied to 104 and 106). 
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Figure C 20: Experimental Directional variograms and variogram models for Zn in domain 

105.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 21: Experimental Directional variograms and variogram models for Zn in domain 

200.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 22: Experimental Directional variograms and variogram models for Zn in domain 

201.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 23: Experimental Omni-directional variogram and variogram model for Zn in 

domain 202. 
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Figure C 24: Experimental Directional variograms and variogram models for Zn in domain 

300.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure C 25: Experimental Directional variograms and variogram models for Zn in domain 

301.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. (Also applied to 302). 
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Figure C 26: (upper-left), Major (upper-right), Semi-major (lower-left), and minor (lower-

right) directions. 
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Figure C 27: Experimental Directional variograms and variogram models for Zn in domain 

902.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 

 

0 2 4 6 8 10 12 14

Sample Separation (m)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Ga
m

m
a 

(0
.0

47
9)

Downhole - 902

  Variogram for zncap

216

132

N( 0.25 )

Sph( 0.54, 2 )

Sph( 0.21, 4 )

Lag1   

0 50 100 150 200 250 300

Sample Separation (m)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Ga
m

m
a 

(0
.0

47
9)

Direction 1: 10-->113 - 902

  Variogram for zncap

169

239

330

470
749

646

517

573
1008

868

578

681

761 937

676

774

843

1050

792

803

669

483

585

475

517

276

439

366

227

1

N( 0.25 )

Exp( 0.47, 21 )

Exp( 0.28, 55 )

Lag10   

0 20 40 60 80 100 120 140 160 180 200 220

Sample Separation (m)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Ga
m

m
a 

(0
.0

47
9)

Direction 2: 28-->017 - 902

  Variogram for zncap

248

362
619

442

376

583

639

540

661

860

1044

1044

1126

1086

1109
1075

753

802

N( 0.25 )

Exp( 0.47, 17 )

Exp( 0.28, 50 )

Lag10   

0 5 10 15 20 25 30

Sample Separation (m)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Ga
m

m
a 

(0
.0

47
9)

Direction 3: 60-->220 - 902

  Variogram for zncap

N( 0.25 )

Exp( 0.47, 2 )

Exp( 0.28, 4 )

Lag5   



 
Figure C 28: Experimental Omni-directional variogram and variogram model for Zn in 

domain 903. 
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Figure C 29: Experimental Directional variograms and variogram models for Zn in domain 

401.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. (Also applied to 403, 404, 405). 
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Figure C 30: Experimental Directional variograms and variogram models for Zn in domain 

402.  Downhole (upper-left), Major (upper-right), Semi-major (lower-left), and 
minor (lower-right) directions. 
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Figure D 1: Validation plots of Pb in domain 100.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 2: Validation plots of Pb in domain 101.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 3: Validation plots of Pb in domain 102.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 4: Validation plots of Pb in domain 103.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 5: Validation plots of Pb in domain 104.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 6: Validation plots of Pb in domain 105.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 7: Validation plots of Pb in domain 106.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 8: Validation plots of Pb in domain 200.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 9: Validation plots of Pb in domain 201.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 10: Validation plots of Pb in domain 202.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 11: Validation plots of Pb in domain 300.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 12: Validation plots of Pb in domain 301.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 13: Validation plots of Pb in domain 302.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 14: Validation plots of Pb in domain 901.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 15: Validation plots of Pb in domain 902.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 16: Validation plots of Pb in domain 903.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 17: Validation plots of Pb in domain 401.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 18: Validation plots of Pb in domain 402.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 19: Validation plots of Pb in domain 403.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 20: Validation plots of Pb in domain 404.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 21: Validation plots of Pb in domain 405.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 

 



 
Figure D 22: Validation plots of Zn in domain 100.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 

 



 
Figure D 23: Validation plots of Zn in domain 101.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 24: Validation plots of Zn in domain 102.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 25: Validation plots of Zn in domain 103.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 26: Validation plots of Zn in domain 104.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 27: Validation plots of Zn in domain 105.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 28: Elevation swath (lower-left), and histogram (lower-right) of composite grades 

(orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 29: Validation plots of Zn in domain 200.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 30: Validation plots of Zn in domain 201.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 31: Validation plots of Zn in domain 202.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 32: Validation plots of Zn in domain 300.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 33: Elevation swath (lower-left), and histogram (lower-right) of composite grades 

(orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 34: Validation plots of Zn in domain 302.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 35: Validation plots of Zn in domain 901.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 36: Validation plots of Zn in domain 902.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 



 
Figure D 37: Elevation swath (lower-left), and histogram (lower-right) of composite grades 

(orange), nearest-neighbor (grey) and estimated (black). 



 
Figure D 38: Validation plots of Zn in domain 401.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 39: Validation plots of Zn in domain 402.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 40: Validation plots of Zn in domain 403.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 41: Validation plots of Zn in domain 404.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 42: Validation plots of Zn in domain 405.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 43: Validation plots of Ag in domain 100.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 44: Validation plots of Ag in domain 101.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 45: Validation plots of Ag in domain 102.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 46: Validation plots of Ag in domain 103.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 47: Validation plots of Ag in domain 104.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 48: Validation plots of Ag in domain 105.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 49: Validation plots of Ag in domain 106.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 50: Validation plots of Ag in domain 200.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 51: Validation plots of Ag in domain 201.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 52: Validation plots of Ag in domain 202.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 

 

7624280 7624300 7624320 7624340 7624360 7624380

Slice Centroid (m X)

10

12

14

16

18

20

22

24

26

10

15

20

25

30

35

40

ag
ca

p 
Av

er
ag

e 
Gr

ad
e

N
um

be
r o

f S
am

pl
es

domain = 202, 30m X

Validation Trend Plot

Density: density
Filters: domain = 202
ag_nn [Sasa_SR_Model_Jan2019_Validation.csv]
Estimate Mean

Density: density
Filters: domain = 202
agid [Sasa_SR_Model_Jan2019_Validation.csv]
Estimate Mean

Filters: domain = 202
Data: agcap [(sasa1m_comp2019_1mc_entry.csv)]
Sample Count
Naive Mean

4666380 4666420 4666460 4666500

Slice Centroid (m Y)

0

5

10

15

20

25

0

5

10

15

20

25

30

35

ag
ca

p 
Av

er
ag

e 
Gr

ad
e

N
um

be
r o

f S
am

pl
es

domain = 202, 30m Y

Validation Trend Plot

Density: density
Filters: domain = 202
ag_nn [Sasa_SR_Model_Jan2019_Validation.csv]
Estimate Mean

Density: density
Filters: domain = 202
agid [Sasa_SR_Model_Jan2019_Validation.csv]
Estimate Mean

Filters: domain = 202
Data: agcap [(sasa1m_comp2019_1mc_entry.csv)]
Sample Count
Naive Mean

1060 1070 1080 1090 1100 1110 1120 1130 1140

Slice Centroid (m Z)

0

5

10

15

20

25

0

5

10

15

20

25

30

35

ag
ca

p 
Av

er
ag

e 
Gr

ad
e

N
um

be
r o

f S
am

pl
es

domain = 202, 15m Z

Validation Trend Plot

Density: density
Filters: domain = 202
ag_nn [Sasa_SR_Model_Jan2019_Validation.csv]
Estimate Mean

Density: density
Filters: domain = 202
agid [Sasa_SR_Model_Jan2019_Validation.csv]
Estimate Mean

Filters: domain = 202
Data: agcap [(sasa1m_comp2019_1mc_entry.csv)]
Sample Count
Naive Mean

0.001 0.01 0.1 1 10

agcap

0

2

4

6

8

10

12

14

16

18

20

Fr
eq

ue
nc

y

domain = 202

Histogram for agcap

Filters: domain = 202
Data: ag_nn [Sasa_SR_Model_Jan2019_Validation.csv]
Mean: 21.347
Estimate

Filters: domain = 202
Data: agid [Sasa_SR_Model_Jan2019_Validation.csv]
Mean: 20.266
Estimate

Filters: domain = 202
Data: agcap [(sasa1m_comp2019_1mc_entry.csv)]
Mean: 19.875
Naive



 
Figure D 53: Validation plots of Ag in domain 300.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 54: Validation plots of Ag in domain 301.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 55: Validation plots of Ag in domain 901.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 56: Validation plots of Ag in domain 902.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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Figure D 57: Validation plots of Ag in domain 903.  Easting swath (upper-left), Northing 

swath (upper-right), Elevation swath (lower-left), and histogram (lower-right) 
of composite grades (orange), nearest-neighbor (grey) and estimated (black). 
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