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Summary (Item 1) 

Introduction  

BNA Consultoria e Sistemas (BNA) has been commissioned by Verde Potash Plc (Verde 

Potash) to prepare a resource estimate for its 100% owned Calc§rio Limestone Project, in 

Minas Gerais State, Brazil. 

The resource estimate has been prepared under the guidelines of Canadian Institute of 

Mining (CIM) National Instrument 43-101 and accompanying documents 43-101.F1 and 

43-101.CP (ñNI43-101ò). 

 

Geological Setting and Mineralization  

The region is covered by low-grade metamorphic rocks of the Neoproterozoic Bambu² 

Group. The main lithologies are dark gray to black limestones, calcareous siltstones, 

arenites and slates. Part of the Bambu² Group rocks is covered by extensive Tertiary / 

Quaternary cover.  

Exploration 

Since January 2011, exploration has consisted of regional and project scale mapping; grab 

sampling; and 1,888 m of Reverse Circulation (RC) drilling and 171m of diamond drilling.  

Resource Estimation 

The Calc§rio Limestone Project mineral resource estimate is based on 2 diamond holes 

(171m) and 15 RC holes (1,395m) drilled at a spacing of approximately 300m by 300m. 

Only data received as of 12 September 2011 has been used in this estimate. 

The mineral resource estimate has been limited to the extent of the drilling. An upper and 

lower limit of the mineralization was created from drilling and mapping data. The grade 

was interpolated by the Inverse Distance Weighting method with power two (IDW2). An 

independent mineral resource has been estimated comprising an indicated mineral resource 

of 88.6Mt with an average CaO content of 54.71% and an inferred mineral resource 

comprising 180.7Mt with an average CaO content of 54.65% (No cut off applied), (Table 

1). 

The statement has been classified by Qualified Person Dr. Volodymyr Myadzel (MAIG) in 

accordance with NI 43-101 Guidelines and accompanying documents 43-101.F1 and 43-

101.CP. It has an effective date of 12 September 2011. 
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Table 1: Grade Tonnage Report Calc§rio Limestone Project Inverse Distance 

Weighting with power two (IDW2) estimate (Block Model - 50mE X 50mN X 10mRL) 

0% CaO cut off utilized 

Cut Off  Class Density Volume Tonnes CaO SiO2 

CaO% 
 

t/m3 Mm3 Mt  % % 

0 
Indicated 2.45 36.1 88.6 54.71 1.08 

Inferred  2.45 73.7 180.7 54.65 0.98 

 

Conclusions and Recommendations 

BNA considers that the proposed exploration and development strategy is entirely 

appropriate and reflects the potential of the Calc§rio Limestone Project. 

BNA has made a number of recommendations within this report to increase the mineral 

resource confidence and project development. 

BNA recommends that the Project be advanced through one phase of work to the 

preliminary economic assessment (PEA). The cost estimate for the recommended work 

program is shown in Table 2. 

Table 2: Recommended Prefeasibility Work Program Cost Estimate (US$000ôs) 

Description Cost 

Drilling  1.600 

Hydrogeology and Geotechnical 250 

Total 1.850 
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1 Introduction  (Item 2) 

1.1 Terms of Reference and Purpose of the Report 

BNA Consultoria e Sistemas (BNA) has been commissioned by Verde Potash Plc (Verde 

Potash) to prepare a resource estimate for the Calc§rio Limestone Project, in Minas Gerais 

State, Brazil. 

The resource estimate has been prepared under the guidelines of Canadian Institute of 

Mining (CIM) National Instrument 43-101 and accompanying documents 43-101.F1 and 

43-101.CP (ñNI43-101ò). 

 

1.2 Qualifications of Consultants 

Dr. Volodymyr Myadzel is a fulltime employee of BNA Consultoria e Sistemas and is the 

principal author of the Technical Report. Dr. Myadzelis a professional geologist with 12 

years experience and is classified as a Qualified Person, independent of Verde Potash as 

defined in section 1.4 of NI 43-101. 

 

1.2.1 Site Visit  

Dr. Volodymyr Myadzel, visited the Project site on 28 April  2011. 
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2 Reliance on Other Experts (Item 3) 

Verde Potash retained Mr. Ricardo Bandeira, lawyer, to provide legal services with respect 

to the tenure at Calc§rio Limestone Project. 

Mr. Ricardo Bandeira has worked with Verde Potash since the company was founded. He 

holds a Masterôs degree in Civil  Law from Pontif²cia Universidade Cat·lica de Minas 

Gerais, Brazil a Specialization degree in Strategic Management and Bachelor degree in 

Law from Universidade Federal de Minas Gerais, Brazil. He is a member of the Brazilian 

Bar Associations. The company relies on Ricardo Bandeira as supervisor of legal matters 

including mineral rights and environmental permits. 

 

2.1 Units of Measure 

This report provides units of measurement in the standard metric set of units, unless 

otherwise specified. 
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3 Property Description and Location (Item 4) 

3.1 Property Location 

The Calc§rio Limestone Project is located within the municipalities of Moema, Luz and 

Bom Despacho in Minas Gerais State, Brazil.  

The property is about 150 km west of Belo Horizonte, the capital of Minas Gerais, and 

about 730 km southeast of Brasilia, the capital of Brazil (Figure 3-1). It lies at an elevation 

of about 760 m above sea level. The area is readily accessible by a series of good paved 

and unpaved highways. 

The propertyôs boundaries are defined by UTM coordinates with South American 1969 

datum, zone 23S (centered at an approximate longitude of 45Á30ôW and latitude of 

19Á50ôS) as shown in the Figure 3-1. The permits have not been surveyed.  

 

3.2 Mineral  Titles 

The Calc§rio Limestone Project described in this report consists of two permits, covering a 

total area of 3,564Ha, as shown in Table 3.1 and Figure 3.1. 

 

Table 3.1: Verde Potash Plc Permits Tenements 

DNPM 

Number 

Area 

(Ha) 

Expiration  

Date 

833.840/2010 1,758.36 09/02/2014 

833.841/2010 1,805.75 15/06/2014 

Source: DNPM ï Departamento Nacional de Produ­«o Mineral 

 http://www.dnpm.gov.br 
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Figure 3.1: General location map of Limestone Project, State of Minas Gerais, Brazil 

 

3.3 Royalties, Agreements and Encumbrances 

Producing mines must pay a royalty to the government, which is shared between the local 

(65%), state (23%) and federal (12%) governments. The royalty rate varies from 0.2% to 

3%, depending on the mineral substance. The royalty is calculated based on the proceeds 

from the sale of the mineral, after the marketing taxes, external transportation costs and 

insurance have been deducted.  

Producing mines must also pay a royalty to the landowner. The royalty is calculated at 

50% of the royalty due to the Government. For limestone, the landownersô royalty would 

be 1% of the proceeds from the sale of the mineral substance, after the marketing taxes, 

external transportation costs and insurance have been deducted. It is important to point out 

that usually mining companies negotiate with the landowners a more favorable 

compensation to themselves. 
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The Company has thus far not entered into any agreement related to the mining titles, by 

means of which it committed to the payment of royalties. The mining titles are free from 

encumbrances or liens. 

 

3.4 Environmental Liabilities  and Permitting 

BNA is not aware of any environmental and permiting issues with respects to the Calc§rio 

Limestone Project.
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4 Accessibility, Climate, Local Resources, 

Infrastructure  and Physiography (Item 5) 

 

4.1 Topography, Elevation and Vegetation 

  

The Calc§rio Limestone Project forms a N-S trending hill with maximum elevation of 700 

m above sea level. The Sao Francisco River crosses the Verde Potash permits (Figure 4.1 

and Figure 4.2). The local vegetation shows relicts of the primitive savanna (cerrado). 

 

4.2 Access to Property 

The access to the property is from Belo Horizonte, the State capital of Minas Gerais, by the 

BR-262 highway. Moema is the closest town in the region, which is accessible by the BR-

262 and MG-170 paved roads. Moema is located 170 km from Belo Horizonte. 

The property is accessed from Moema along the main BR262 highway then via a 5km all 

weather gravel road (Figure 4-2). 

 

4.3 Climate and Length of Operating Season 

The climate is classified as semi-humid warm tropical, with annual average temperatures 

of 22ÁC. The annual rainfall in the region varies between 1,200mm and 1,500mm, 85% of 

which falls during the rainy season between October and March with the highest rainfall 

between December and January (IBGE 2010). Exploration activities can be undertaken at 

any time without difficulty. 

 

Figure 4.1: Physiography of the project area with a hill in background and S«o Francisco River on the 

western boundary 
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Figure 4.2: Accessibility, infrastructure and physiography of Calc§rio Limestone Project, State of 

Minas Gerais, Brazil 

 

4.4 Surface Rights 

According to Brazilian law, surface rights are separate from mining rights. Therefore, land 

owner has no title to the minerals contained in the soil or in the sub-soil, which are deemed 
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a property of the Federal Government, which grants exploration or exploitation rights to 

private companies or individuals. 

Private companies or individuals holding an Exploration Permit are supposed to enter into 

an agreement with the landowner to allow access to the area in order to conduct 

exploration activities. In case an agreement is not reached, the Brazilian Mining Code 

establishes a judicial procedure by means of which the mining company or individual 

secures access to the area by paying compensation to the landowner for damages in her/his 

property and loss of income due to exploration. 

Verde Potash has agreements with the landowners to allow it to perform exploration in the 

area covered by the following DNPM processes: 833.840/2010 and 833.841/2010. 

Private companies or individuals holding a Mining Concession are entitled to surface rights 

on the area necessary for the mine and ancillary structures. Such surface rights are obtained 

by agreement with the landowner, providing for compensation for the price of the land and 

additional losses caused by the occupation. In case such agreement is not reached, surface 

rights are granted by the local Court upon previous deposit by the Concession holder of an 

amount judicially determined for such compensation. 

In addition to compensation for damages, the landowner is entitled to a royalty equal to 

50% of CFEM. CFEM is federal royalty, which is established at 2.0% of the net sales of 

limestone. However, it is common practice to negotiate a separate compensation agreement 

that is satisfactory to both parties. 

Verde Potash has not yet started to negotiate agreements with landowners for establishing 

exploitation and production activities. 

 

4.5 Local Resources and Infrastructure   

The permits lie in a region of excellent infrastructure. It is crossed by the BR-262 highway, 

linking Belo Horizonte to the cities of Arax§ and Uberl©ndia in the western part of the state 

of Minas Gerais. 

Belo Horizonte is the capital and also the largest city in the State, with a population above 

four (4) million (IBGE, 2010). It is the major centre for the Brazilian mining industry. 

There is a large commercial airport with domestic and international flight services. Several 

state and federal government agencies are based there, in addition to private businesses that 

provide services to the mining industry. Infrastructure for mining equipment, services and 

personnel are available. 

Moema, Luz and Bom Despacho are the closest towns, with a large enough population to 

provide manpower for a mining operation, having a combined population of around 70,000 

(IBGE, 2010). Skilled labor is readily available in the Arcos region, an important limestone 

mining center, located 57 km to the south of the property by the MG-170 highway. 

Bom Despacho, the main city in the area, has strong economic, cultural, educational and 

social sectors, good infrastructure, with schools, hospitals and banks. Domestic power and 

telephone services are available in the property and in the towns, which are also linked to 

the power grid. Water is available from a number of creeks and the S«o Francisco River, 

which drains the western region of the permits. 

There are no buildings or other facilities on the property, besides a small rented shelter for 

field activities. Support comes from the towns of Moema and Bom Despacho, and the main 

office in Brazil is located in Belo Horizonte. 
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5 History  (I tem 6) 

The region has been subject to small-scale limestone mining with two small active 

limestone and road base quarries currently operating. BNA is not aware of any formal 

exploration and large scale mining that has occurred in the immediate region. Verde Potash 

is the first company to undertake systematic exploration in this region. 
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6 Geological Setting and Mineralization  (Item 7) 

The geological setting for the property has been mapped by the CPRM (Servi­o Geol·gico 

do Brasil ï geological survey of the federal government) in the Bom Despacho Sheet 

(SE.23-Y-D), regional geological map in scale 1:250,000. The geological map has been 

completed by CPRM in a joint program with (Companhia de Desenvolvimento Econ¹mico 

de Minas Gerais (CODEMIG).   

6.1 Regional Geology 

Low-grade metamorphic rocks of the Neoproterozoic Bambu² Group cover the region. The 

main lithologies are dark gray to black limestones, calcitic siltstones, limestone muds, 

calcitic sandstones and slates (Figure 6.1 and 6.2). 

Part of the Bambu² Group rocks is under an extensive Tertiary-Quaternary cover. 

 

 

Figure 6.1: Stratigraphic chart of Bambu² Group according Dardenne, 1978 
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Figure 6.2: Regional geology of Calc§rio Project 

 

 

6.2 Local and Property Geology 

The local geology is represented by a package of limestone of varying composition. The 

base of the sequence is formed by a white siliceous limestone interbedded with calciferous 
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sandstone. Thin and discontinuous layers of magnetic banded iron formation are 

interbedded with the siliceous limestone (Figures 6.3 to 6.5). 

Overlying the siliceous limestone occurs a thick and continuous bed of very fine grained 

black limestone. The black limestone is followed by a layer of gray to light gray dolomitic 

limestone. This layer is stromatolitic and discontinuous along strike (Figure 6.6 and Figure 

6.7). 

The limestones strike extends NW gently dipping to the SW. It is crossed by NW trending 

local faults. 

The limestone layers are controlled by stratigraphy and topography. They occur between 

560 and 650 metres RL and their thickness ranges from 20 to 90 metres. The drilling has 

defined the limestone package over 4 km Strike and 2 km width.  
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Figure 6.3: Geological map of property and drilling program  
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Figure 6.4: Geological section (AB) of property 
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Figure 6.5: Geological section (CD) of property 
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Figure 6.6: Outcrop of black limestone 

 

 

Figure 6.7: Abandoned gravel quarry showing dolomitic limestone (gray) overlying calcitic limestone 

(black) 



Verde Potash Plc 6-9 

Calcario Limestone Project NI43-101 Technical Report on Resource Estimate  

 

BNA Consultoria e SistemasNovember 10, 2011 

   

6.3  Mineralization  

The mineralization is represented by a package of sedimentary black calcitic limestone, 

sub-horizontally deposited in a shallow marine platform. Within the property, it occupies 

an area of 361ha. Its thickness varies from 6m to 60m, with an average of 36m. The 

limestone is covered by soil and metasiltistone, with an average thickness of 23m. 

 

6.4 Surrounding Rock Types 

Metamorphosed siltstone occur adjacent and also overlapping the limestones and dolomitic 

limestones. Below these limestones are calciferous sandstones, white colored siliceous 

limestone and lenticular horizons of magnetic banded iron formation.
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7 Deposit Types (Item 8) 

The black calcitic limestone is the objective of the Calc§rio Limestone Project. It forms a 

sub-horizontal and continuous bed. It is a typical sedimentary rock of biochemical origin, 

deposited in marine shallow platform. 
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8 Exploration (Item 9) 

The exploration work started with a bibliographic research of the geology of property 

region. The first stage of the exploration work consisted of a regional geological 

reconnaissance survey. Grab samples of limestones were collected for X-ray florescence 

analysis and by portable X-ray equipment (Innov-X). Subsequently, the property was 

mapped in a 1:25.000 scale. 

A drilling program was then designed to test the limestone at depth and laterally. Verde 

Potash hired Geosedna Perfura­»es Especiais S/A for the RC drilling and ISOĆgua Ltda 

for the DDH drilling. The drilling and sampling procedures will be described in the next 

sections. The drilling data and results were compiled, integrated and the resources were 

calculated using MICROMINE
È
. The mineral resource estimate was based on 2 diamond 

holes (171m) and 15 RC holes (1,395m). 

The main chemical analyses were carried out at SGS Geosol laboratory, in Belo Horizonte 

municipality, Minas Gerais State.  



Verde Potash Plc 9-1 

Calcario Limestone Project NI43-101 Technical Report on Resource Estimate  

 

BNA Consultoria e SistemasNovember 10, 2011 

   

9 Drilling  (I tem 10) 

9.1 Type and extent of drilling  

Two drilling campaigns were performed. A rotary-percussive Reverse Circulation Drill 

(RC), completed by Geosedna Perfura­»es Especiais S/A was used in the first campaign. 

This drilling started in February 2011 and finished in March 2011. This drill rig 

(Prominas
È
), drilled a total of 1,888 meters in 20 holes. The second campaign, which 

started in April 2011 drilling amounted to 171 meters in two twinned RC/DDH holes. The 

mineral resource estimate was based on 2 diamond holes (171m) and 15 RC holes 

(1,395m). 

The 20 RC boreholes were drilled using a 5" face sampling hammer to an average depth of 

94.4 meters in a 300m by 300m grid. 

The purpose of the twinned holes was to confirm the geology and describe, in detail, the 

lithological and mineralogical variations of the intercepted units, besides providing 

material for density measurements. All holes were vertical and drilled to an average depth 

of 82 m. Diamond Drillhole (DDH) diameter was HQ and NQ. The drill used was a Diakor 

II
È
, belonging to ISOĆgua Ltda. 

Downhole surveys were not completed due to expected minimal deviation in short vertical 

holes. The drilling was carried out perpendicular to the mineralization and reflects it true 

thickness. 

Tables 9.1.1 and 9.1.2 summarize the drilling database and represent the number of holes 

for each target and the average depth reached. 

The hole positions were surveyed using a Trimble Pathfinder Pro XR differential GPS to 

an accuracy of approximately 1 cm. 

BNA concludes that the drilling has been completed to an acceptable international 

standard. 
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Table 9.1: Summary of DDH drilling collar  

Hole 

ID 

SAD69 

Z.23S 

X 

SAD69 

Z.23S 

Y 

Z Depth Az Dip 

CV-DH-06 450676 7809925 667 91,0 0 -90 

CV-DH-07 450015 7808877 637 80,0 0 -90 

 

Table 9.2: Summary of RC drilling collar  

Hole 

ID 

SAD69 

Z.23S 

X 

SAD69 

Z.23S 

Y 

Z Depth Az Dip 

CV-RM-20 451246 7808802 658 85,0 0 -90 

CV-RM-19 451036 7808673 661 90,0 0 -90 

CV-RM-10 450542 7809834 654 100,0 0 -90 

CV-RM-09 450199 7809925 641 85,0 0 -90 

CV-RM-11 450676 7809925 667 91,0 0 -90 

CV-RM-12 450792 7809824 666 80,0 0 -90 

CV-RM-15 450314 7809159 677 113,0 0 -90 

CV-RM-16 450599 7809054 697 139,0 0 -90 

CV-RM-14 450015 7808877 637 80,0 0 -90 

CV-RM-18 450849 7808765 667 100,0 0 -90 

CV-RM-17 451074 7809104 663 103,0 0 -90 

CV-RM-13 450690 7809313 687 125,0 0 -90 

CV-RM-21 451729 7809007 635 49,0 0 -90 

CV-RM-22 451136 7808302 648 70,0 0 -90 

CV-RM-23 449896 7809541 638 86,0 0 -90 

 

9.2 Logging 

The RC chip samples were sieved at the field and small amounts are stored in chip trays. 

The chips were described by the lithology, and also by the color and degree of weathering.  

The DDH core was placed in core boxes. The weathering, regolith and lithology, including 

the petrographic features were recorded by the geologists, as well as the recording of basic 

geotechnical observations (RQD ï rock quality designation, weathering degree and IRS ï 

impact resistance degree) were entered into a digital database and the information stored 

on a log sheet. Logging was performed in the core shed where the core was stored.  

After the core was logged, the boxes were photographed as a precaution against accident as 

well as the deterioration of the core box. 
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9.3 Recovery 

In the reverse circulation drilling, the recovering determinations were made considering 

that the bag containing that interval is weighed and the weight is compared with the 

reference value, using the formula below: 

% Rec= (xKg * 100)/Cv 

Where, the cylinder volume (Cv) is calculated by the formula:  

Cv = ˊ* R2*h = 3.14* 6.352*100 = 3.1415 * 40.32 * 100 = 12,666.5 cm3 * 2.3 = 29.132 kg 

The average density of samples was 2.3 g/cm
3
.  

For DDH, the recovery determinations were made by a measuring tape. The value for the 

core measured is compared to the value noted on the wooden information tag. Each rush 

has an average of 1.5 meters. Using the formula:  

recovered core x 100 / rush = recovered percentage 

The maximum percentage was 100%. The average recovery was 82.4%. In the limestone 

intervals, the average recovery was 91.03%. 

 

9.4 Reverse Circulation  (RC) Sampling 

RC samples are collected every metre, and placed in a large plastic bag, weighed on a 

balance, and the weight noted by the supervisor. A small sample is also taken from the bag 

and placed onto a chip tray for visual inspection and future logging by the geologist. The 

main water intersections encountered by drilling are also recorded by the supervisor on 

site. The cyclone is cleaned by compressed air after every rod drilled.  

The sampling intervals were selected after a preliminary analysis by the portable XRF 

spectrometer and lithologic description. The cover rocks were excluded from sampling. 

Black and grey limestone at 2 meters intervals were fully selected. The results obtained 

were integrated in a spreadsheet and passed via a personal digital assistant (PDA) to the 

sampling responsible at the shed. 

At the shed, the sample is split repeatedly in a riffle splitter until a representative sample of 

approximately 1.3 Kg is obtained. This sample is destined for preparation and laboratory 

analyses. The riffle splitter is beaten with a rubber mallet and cleaned with compressed air 

after every sample, to avoid sample contamination. The wet and moist samples are split 

using a hollow plastic cylinder with a sharpened tip. This cylinder is projected into the 

sample bag, in order to perforate it in several different places. The material from the bag 

that is returned within the cylinder is then sampled. Approximately six punches are 

sufficient to obtain a representative sample of the meter interval drilled (Figure 9.1). These 

samples are transported to the SGS Geosol laboratories for further processing. 



Verde Potash Plc 9-4 

Calcario Limestone Project NI43-101 Technical Report on Resource Estimate  

 

BNA Consultoria e SistemasNovember 10, 2011 

   

 

Figure 9.1: Flowchart of RC drilling process 

9.5 DDH Sampling 

After logging and geotechnical testing the drill core selected is cut. The core is cut 

lengthwise by a high-speed diamond saw. One half of the core is sent for analysis and the 

other is placed in the core box.  

The 2m samples are placed in a plastic bag, with the sample number written with a marker 

on the bag together with an identification tag. The bag is placed inside another, sealed with 

clamps and labelled. All data related to sampling are recorded in a log table for subsequent 

correlation with the analytical results. 

 

9.6 Bulk Density Determinations 

Verde Potash has taken a total of 50 bulk density determinations from black limestone.  

Bulk density measurements were taken by Verde Potash technicians using the following 

procedure: 
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¶ 20cm full core is wrapped in plastic film on the drill rig; 

¶ Sample is dried in a small oven for >6 hours; 

¶ Dry core sample is weighed on electronic scale to determine mass of dry core 

and then weighed immersed in water to determine the volume (Archimedes 

method); 

¶ Both wet and dry bulk densities are then determined. 

Density determinations were also made at SGS Geosol Laboratories Ltda, located in Belo 

Horizonte, Minas Gerais State. Measurements were made in 10 samples of limestone, 

obtaining an average density of 2.40 g/cm
3
. The measurements are made using the same 

Archimedes methodology used by by Verde Potash. 

BNA revised the density data and determined the average bulk density. The Dry bulk 

density used in the resource estimation is summarized in the following table (Table 9.3): 

Table 9.3: Density measurements for limestone samples made by  

Verde Potash and SGS 

Hole 
Verde Potash 

Measurements 

Average Density 

Verde Potash 

g/cm3 

SGS 

Measurements 

Average Density 

SGS 

g/cm3 

CV-DH-06 20 2.45 5 2.38 

CV-DH-07 20 2.46 5 2.41 
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10 Sample Preparation, Analyses and Security (Item 11) 

10.1 Sample Preparation and Analysis 

The aliquots for the laboratory were prepared in the shed at the project site by Verde 

Potash technicians. The samples were sent in a Verde Potash vehicle for analysis at SGS 

Geosol Laboratorys Ltda, (SGS) with ISO 9001:2008 and ISO 14001:2004 certifications. 

All sample reject, pulps and chip trays are stored at the Verde Potash base in Matutina, 

Minas Gerais State.  

After receiving the samples at SGS, the request for analysis and the inclusion in the 

CCLAS laboratory system, the samples are checked. Physical preparation quality controls 

are introduced by the laboratory, which include a preparation blank (quartz) and duplicate 

every 20 samples. The samples are dried at 105Ñ5ÁC and passed through the crusher with 

95% of the sample passing at 2mm. Afterwards the fractionation of the sample is made to 

approximately 600g (RSD or Riffles depending on the mass to fractionate). The powdering 

is made with 95% passing at 150#, forming the laboratory aliquot and the reserved pulp 

(Figure 10.1). At this stage, the laboratory quality control is obtained by the inclusion of a 

blank reagent, certified reference materials and a laboratory duplicate within each 

analytical run. The blank is inserted at the beginning, standards at every 20 samples and 

duplicates are inserted at random intervals. If necessary, additional quality control samples 

can be added. All data gathered for quality control samples is automatically captured by 

the CCLAS software, sorted and retained in the QAQC database. The SGS quality 

management system complies with the requirements of International Standards ISO 

9001:2008. 

After the loss on ignition (LOI) analysis, the analytical aliquot preparation is made by 

fusion with lithium tetraborate in the fusion machine with oxygen enriched flame ï 

Phoenix
È
 (XRF Scientific). In this method, a calcined sample (0.5g) is added to the lithium 

borate fusion (50% Li2B4O7 ï 50% LiBO2), mixed and fused between 1,050Á C and 1,100Á 

C. The machine uses a mould, which incorporates a crucible shape in which both mixing 

and mixing and moulding is performed. When mixing is complete the molten material is 

cooled in the mouldable and the bead is then removed using a suction cup. The analysis of 

the fused tablet is made by X-Ray Fluorescence Spectrometer ï AxiosmAX-Minerals
È
 

(PANalytical). The samples were analyzed for Fe2O3, SiO2, Al2O3, CaO, MgO, MnO, 

TiO2, Na2O, K2O, P2O5, and LOI. The detection limits are described in Table 10.1. 

 

Table 10.1: Detection Limits of XRF Analysis 

 
Al 2O3 CaO Fe2O3 K 2O MgO MnO Na2O P2O5 SiO2 TiO 2 

Limit of Detection (%)  <0,10 <0,01 <0,01 <0,01 <0,10 <0,01 <0,01 <0,01 <0,01 <0,01 
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Figure 10.1: Flowchart of chemical analysis process 

 

10.2  Quality  Controls and Quality  Assurance 

For the internal control reference, at every 20 routine samples, a certified standard, a 

powder blank and a duplicate were inserted and sent to laboratory. 

Initially, duplicates were prepared from the splitting of previous sample pulp. After 

analysis at SGS laboratory, the pulp was returned and resent to analysis at the SGS. This 

procedure was adopted until sample CV-RMO-430. 

From March onwards, starting at the sample CV-RMO-450, the duplicate was obtained by 

quartering the routine sample, verifying, in that way, the whole laboratory sample 

preparation process. 

For accuracy control Brazilian Instituto de Pesquisas Tecnol·gicas reference materials 

were used. They were submitted to SGS for conventional XRF analysis. The standards 

certificates are attached at the end of this report. 

The blank material was prepared from pulverized quartz obtained from a Brazilian 

laboratory Sulfal Qu²mica Ltda. At the time, the company did not have appropriate internal 

contamination control. Gravel blank composed by quartz will be provided to verify the 

contamination of the sample preparation. 

For the external control reference, every 20 samples, a sample pulp is reanalyzed in Bureau 

Veritas do Brasil Sociedade Classificadora e Certificadora Ltda laboratories. The pulps 

returned from SGS were prepared in the office, by the VERDE technicians and sent in a 

Verde Potash vehicle to the Bureau Veritas, located at Vespasiano, Minas Gerais State the 

pulps are analyzed by XRF and LOI. Quality control samples are inserted within each 

analytical run. Form XRF methods, the minimum number of QAQC samples are 2 

standards, 1 duplicate and 1 blank, introduced every 39 samples. The blank is inserted at 

the beginning, standards are inserted at random intervals, and duplicates are analyzed at 

end of the batch. Every batch of samples analyzed has a dual approval and review process. 

Quality control 

X-ray flourescence analysis 

Fusion with lithium tetraborate 

LOI analysis 

Powder (95% @ 150#) 

Fractionate 

Crush (95% @ 2mm) 

Dry (105ϲC) 

Sample 
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The individual analytical runs are monitored and approved by an analyst. The results are 

compared with the initial values of SGS in graphics for duplicate controls like Thompson 

and Howarth, QQ and Correlation plots. 

 

10.3 Adequacy of Procedures 

The sampling methods, chain of custody procedures, and analytical techniques are all 

considered appropriate and are compatible with accepted industry standards. 



Verde Potash Plc 11-9 

Calcario Limestone Project NI43-101 Technical Report on Resource Estimate  

 

BNA Consultoria e SistemasNovember 10, 2011 

   

11 Data Verification  (Item 12) 

11.1 QA/QC Results 

11.1.1 Sampling precision 

The sampling precision was evaluated by field duplicates for K2O, P2O5, CaO, Al2O3, 

Fe2O3, SiO2, MgO, TiO2, MnO, Na2O and LOI. Out of a total of 454 samples, 8 were re-

examined, representing 1.8% of the total number of tests. 

Information about internal quality control was presented as a single data batch, without 

separation of the samples by grade ranges. Two evaluation methods were used, simple 

linear regression and QQ (Quantile Quantile) plot. 

One of the parameters used in the results analyzes was the precision. Precision is a measure 

of how well the Y value represents the X value. It is most commonly used in assay quality 

control, where X is the first assay value and Y is the matching repeat assay. A perfect 

result has a precision of zero. Values of greater than zero represent an increasing amount of 

deviation; for example a precision of 10% indicates that the difference between X and Y 

varies by around 10% of X. The tests for CaO, P2O5, SiO2 and LOI, had a high quality and 

accuracy in the statistical analysis, with precision accuracy lower than 7.5%. For K2O and 

MgO, the tests showed a precision accuracy lower than 15%, and for Al2O3, Fe2O3, TiO2 e 

MnO, the tests showed a precision accuracy higher than 15%.  

It is possible to resample the drilling material, to repeat the tests with a satisfactory degree 

of reliability for CaO, P2O5, SiO2 and LOI. Other elements have a significant variation in 

the grades and a low sampling precision. The results of data processing for CaO and SiO2 

are shown in Figures 11.1 to 11.4. Appendix B contains figures for each element. 
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Figure 11.1: Linear  regression diagram for  CaO, class: all data, results of internal control , Laboratory  

" SGS" 

 

Figure 11.2: Quantile Plot for  CaO, class: all data, results of internal control, Laboratory " SGS" 
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Figure 11.3: Linear  regression diagram for  SiO2, class: all data, results of internal control , Laboratory  

" SGS" 

 

 

Figure 11.4: Quantile Plot for  SiO2, class: all data, results of internal control , Laboratory " SGS"  
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11.1.2 Precision of the chemical analysis 

The precision of the chemical analysis was evaluated using the method of repeated analysis 

of the pulp duplicates for K2O, P2O5, CaO, Al 2O3, Fe2O3, SiO2, MgO, TiO2, MnO, Na2O 

and LOI. Out of a total 454 samples, 18 were re-examined, representing 4% of the total 

number of tests. 

Information on internal quality control was presented as a single data batch, without 

separation of the samples by grade ranges. Two evaluation methods were used, simple 

linear regression and QQ (Quantile Quantile) plot. 

The tests for CaO, P2O5, SiO2, Fe2O3, MgO and LOI had a high quality and accuracy in the 

statistical analysis, with precision accuracy lower than 7.5%. For K2O, Al2O3, TiO2 and 

MnO the tests showed a precision accuracy higher than 15%. 

The results showed a satisfactory degree of reliability for CaO, P2O5, SiO2, Fe2O3, MgO 

and LOI, but the other elements had a low precision of chemical analysis. The results of 

data processing for CaO and SiO2 are shown in Figures 11.5 to 11.8. Appendix C contains 

the figures for each element. 
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Figure 11.5:Linear  regression diagram for  CaO, class: all data, results of internal control , Laboratory 

" SGS" 

 

 

Figure 11.6 Quantile Plot for  CaO, class: all data, results of internal control , Laboratory " SGS"
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Figure 11.7: Linear  regression diagram for  SiO2, class: all data, results of internal control , Laboratory  

" SGS" 

 

 

Figure 11.8: Quantile Plot for  SiO2, class: all data, results of internal control , Laboratory " SGS"  
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11.1.3 Inaccuracy 

The inaccuracy was determined as a difference in the sample grades for the elements K2O, 

P2O5, CaO, Al2O3, Fe2O3, SiO2, MgO, TiO2, MnO, Na2O e LOI, between the values 

determined by SGS and those determined by an independent laboratory Bureau Veritas do 

Brasil Sociedade Classificadora e Certificadora Ltda (BV). 

The external control was conducted to determine a possible systematic inaccuracy in the 

results of the principal analytical laboratory. The value of the systematic inaccuracy was 

estimated by the same formula as used for the internal control.  

Out of a total of 454 tests, 26 were repeated, representing 5.7% of the total number of tests. 

By repeating the chemical analysis in an independent laboratory (BV), the element grades 

CaO, P2O5, Fe2O3, SiO2 and LOI were tested with a satisfactory degree of reliability. Other 

elements showed significant errors. In general, the data analysis for each laboratory 

demonstrates a good precision, with a high correlation coefficient (R > 0.94). According to 

the analysis of external control data, the accuracy of the principal laboratory can be rated 

as satisfactory. The results of data processing are shown for CaO and SiO2 are shown in 

Figures 11.9 to 11.12. Appendix D cointains the figures for each element. 
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Figure 11.9: Linear regression diagram for CaO, result of the external control, Bureau Veritas 

Laboratory, 2011 

 

Figure 11.10: Quantile plot for CaO, result of the external control, Bureau Veritas Laboratory, 2011 




















































































































































