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14 September 2020 

 

Longonjo Mineral Resource estimate upgraded 
 

Pensana Rare Earths Plc (LSE: PRE, ASX: PM8) is pleased to announce a substantial 

upgrade to the Mineral Resource estimate for its Longonjo Project.  

International mining industry consultants SRK Consulting has reported an upgraded 

Measured, Indicated and Inferred Mineral Resource estimate of: 

313 million tonnes at 1.43% REO including 0.32% NdPr for 4,470,000 tonnes of 

REO including 990,000 tonnes of NdPr 
*NdPr = neodymium+praseodymium oxide. REO = total rare earth oxides. A 0.1% NdPr cut is 
applied. Tables 4 to 7 summarise the estimate at a range of cut off grades, material types, 
resource categories and individual rare earth oxide grades. 

The upgraded estimate: 

 contains more than 2.3 times the previous estimate of the Measured and 

Indicated resources used in the Preliminary Feasibility Study1 (announced 

ASX: 15 November 2019). 

 has increased the proportion of the resources reported in the Measured and 

Indicated categories from 31% to 68%2;  

 and has increased the overall contained NdPr by 35%2; 

A number of previously announced drill holes in fresh rock mineralisation 

immediately below the weathered zone have reported continuous mineralisation to 

a depth of 80 metres, which remain open. Further drilling is planned in this area 

which will form the basis for future Mineral Resource estimation. 

At a 0.2% NdPr lower grade cut, the Measured and Indicated Mineral Resource 

estimate for the Weathered Zone is: 

39.9 million tonnes at 2.38% REO including 0.52% NdPr for 948,000 tonnes of REO 

including 208,000 tonnes of NdPr 
A 0.2% NdPr cut is applied. Weathered Zone Measured and Indicated categories only, and is 
contained within and is a subset of the Total Mineral Resource estimate. 

1 Comparison of contained NdPr within the Weathered Zone Measured and Indicated categories 

at a 0.2% NdPr cut off, November 2019 and new Mineral Resource estimates. 
2 Comparison of contained NdPr within the November 2019 and new Total Longonjo Mineral 

Resource estimates at a 0.1% NdPr cut off (Measured+Indicated+Inferred categories). 
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The upgraded resource estimate is being incorporated into the technical studies 

currently underway and is expected to support an extended mine life on 

completion of additional work streams of the Bankable Feasibility Study (BFS). 

 

 

Executive Director Dave Hammond commented: 
 

“This is a substantial upgrade which will underpin the Bankable Feasibility Studies. 

We now have 2.3 times the amount of mineralisation in the Measured and Indicated 

category, which we expect will lead to a significantly extended mine life beyond the 

nine years defined in last year’s Preliminary Feasibility Study. 

 

We have only just begun to explore the fresh rock mineralisation which lies 

immediately beneath the weathered zone.  We’ve tested it to eighty metres depth 

so far with several holes ending in mineralisation. Metallurgical testwork is 

underway on this material to confirm the optimum process route to treat this second 

style of mineralisation, which if successful, could add significantly to the scale of the 

Project.” 

 

 

 

Authorised by the Board of Pensana Rare Earths Plc  
 
 
For further information:   

Pensana Rare Earths Plc 
 

Website: 

Paul Atherley Chairman / Tim George, CEO 

www.pensana.co.uk  

contact@pensana.co.uk 

Buchanan (UK Financial PR) 

Bobby Morse/ Augustine Chipungu /James 

Husband 

+44 (0) 207 466 5000 

pensana@buchanan.uk.com  
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Technical Report 

An updated Mineral Resource estimate has been completed for the Longonjo NdPr 

Project by independent consultants SRK Consulting (Australasia) Pty Ltd and is 

reported in accordance with the JORC Code and Guidelines 2012. Comprising 

Measured, Indicated and Inferred Mineral Resources the new estimate is: 

313 million tonnes at 1.43% REO including 0.32% NdPr for 4,470,000 tonnes of 
REO including 990,000 tonnes NdPr 
*NdPr = neodymium+praseodymium oxide. REO = total rare earth oxides. A 0.1% NdPr cut is 

applied. See Table 1 for Measured, Indicated and Inferred Mineral Resources categories summary. 

Tables 4 to 6 summarise the estimate at a range of cut off grades and material types, Table 7 

provides a breakdown of individual rare earths.  

Within the new estimate, 68% of the contained NdPr is in the higher Measured and 
Indicated categories. Table 1 below provides a summary of the Measured, Indicated 
and Inferred Mineral Resources at the 0.1% NdPr cut: 

Table 1: Longonjo Mineral Resource estimate, Total, at 0.1% NdPr lower grade cut 

Mineral Resource 
estimate category 

Tonnes 
(million) 

REO grade 
(%) 

NdPr grade 
(%) 

Contained 
REO 

(Tonnes) 

Contained 
NdPr 

(Tonnes) 
Measured 25.7 2.58 0.55 664,000 141,000 

Indicated 165 1.51 0.33 2,490,000 536,000 
Inferred 123 1.08 0.25 1,320,000 313,000 

Total: 313 1.43 0.32 4,470,000 990,000 
REO includes NdPr. Figures may not sum due to rounding. See Table 7 for average distribution of individual 

REOs. 

The revised Mineral Resource estimate incorporates data from the 195 hole, 7,987 

metre infill and extension reverse circulation drilling programme completed in 

2020. The drilling was in support of Bankable Feasibility Studies with the objective 

of extending the 9 year mine life of the Preliminary Feasibility Study (ASX 15 

November 2019) by converting substantial amounts of Inferred category resource 

to Indicated and Measured, which may then be included in the mine schedule on 

completion of the current Bankable Feasibility Study work programmes. 
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Figure 1: Plan view of the Mineral Resource block model for the weathered zone coloured by 

average NdPr grade over simplified geology of the Longonjo carbonatite. Resource categories 

highlighted. 

 

Further breakdowns of the Measured, Indicated and Inferred Mineral Resource 

estimate are reported in Tables 4 to 6 in the Appendix for the Total, Weathered 

and Fresh Rock mineralisation at a range of NdPr cut‐off grades. Data and 

estimation criteria used in the estimates are detailed in the Material Information 

Summary and in JORC Code (2012) Sections 1, 2 and 3 in the Appendix. 

Mineralisation remains open in several positions along strike and at depth in Fresh 

rock (Figure 1). 

 

Weathered Zone Mineral Resource estimate 

The BFS is focussed on the Weathered Zone mineralisation, which contains the most 

favourable NdPr mineralisation for mining and processing due to its high grades 
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from surface and morphology of a thick blanket of soft material extending up to 75 

metres in depth (Figure 2). 

 
Figure 2: Schematic geological cross section across the Longonjo carbonatite showing styles and 

typical grades of NdPr mineralisation. Note vertical exaggeration. 

The Weathered Zone resource is a subset of the above total Longonjo Project 
Mineral Resource estimate. At a lower grade cut–off of 0.2% NdPr the new 
Weathered Zone Mineral Resource estimate is: 

65.9 million tonnes at 2.07% REO including 0.47% NdPr for 1,360,000 tonnes of 
REO including 310,000 tonnes NdPr 

A 0.2% NdPr cut is applied. See Table 2 for Measured, Indicated and Inferred Mineral Resources 
summary. Tables 4 to 6 summarise the estimate at a range of cut off grades, material types and 
total rare earth oxide grades. 

Table 2: Longonjo Weathered Zone Mineral Resource estimate at 0.20% NdPr grade cut‐off 

Mineral Resource 
estimate category 

Tonnes 
(million) 

REO grade 
(%) 

NdPr grade 
(%) 

Contained 
REO 

(Tonnes) 

Contained 
NdPr 

(Tonnes) 

Measured 15.5 3.13 0.66 485,000 102,000 

Indicated 24.4 1.90 0.44 463,000 106,000 

Inferred 26.0 1.60 0.39 414,000 101,000 
Total: 65.9 2.07 0.47 1,360,000 310,000 

REO includes NdPr. Figures may not sum due to rounding. The Weathered Zone Mineral Resource estimate is contained 
within and is a sub‐set of the total Mineral Resource for Longonjo shown in Table 1. See Table 7 for individual rare 
earth oxides break down 

 

The BFS mine schedule will be based on Measured and Indicated Weathered Zone 

mineralisation. The infill drilling has successfully increased the amount of Measured 

and Indicated category resource to more than 2.3 times that of the previous 
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estimate on which the Preliminary Feasibility Study (ASX: November 2019) was 

based. 

 

Figure 3: The new estimate contains over 2.3 times the amount of NdPr in the Measured and 

Indicated categories. Figures may not sum due to rounding. 

 

At a 0.2% NdPr lower grade cut, the Measured and Indicated category estimates 

for the Weathered Zone are: 

 

39.9 million tonnes at 2.38% REO including 0.52% NdPr for 948,000 tonnes of REO 

including 208,000 tonnes of NdPr 
A 0.2% NdPr cut is applied. Weathered Zone Measured and Indicated categories only, and is 
contained within and is a subset of the Total Mineral Resource estimate. 

 

The revised estimate is expected to support an extended mine life for Longonjo on 

successful completion of the Bankable Feasibility Study work streams. 

 

A number of previously announced drill holes in the fresh rock immediately below 

the weathered mineralisation have reported continuous mineralisation to a depth 

of 80 metres, which remains open in all directions (Figure 4). F
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Figure 4: Recent drilling intersected continuous mineralisation within fresh rock beneath the ~25 

metre thick weathered zone and envisaged open pit. North – south section 524,200E 

 

Further drilling is planned in this area, which will form the basis for future Mineral 

Resource estimation. Metallurgical testwork on the fresh rock, which is excluded 

from the BFS, is in progress and the Company will provide updates as results come 

to hand.  

 

 

Material Information Summary 

Geology and geological interpretation 
The project area covers a near vertical sub circular carbonatite plug known as the 
Longonjo Carbonatite that is intruded into older Neoproterozoic granitic rocks. The 
carbonatite is a diatreme – an explosive volcanic vent ‐ that has been partially eroded 
to form a ring structure approximately 2.5 kilometres in diameter. 

A more resistive fenite ring of altered granitic country rocks forms a horseshoe 
shaped ring of hills around the carbonatite. High level explosion breccias of mixed 
carbonatite and fenite form the bulk of the carbonatite body with carbonatite ring 
dykes and plugs cutting the northern and southern margin of the diatreme. 

NdPr rare earth mineralisation is particularly enriched in the weathered zone of the 
carbonatite and associated colluvium. Weathering processes have removed the 
original carbonate minerals, leaving behind a residually enriched, ferruginous 
mineralised zone typically ranging from 10 to 60 metres in thickness. Mineralisation 
also occurs in fresh rock within a north south orientated central zone and 
peripheral ring dykes. 
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For Mineral Resource estimation, a total of six estimation domains were defined: 

 

 Transported: A brown ferruginous surface layer of soil, iron oxide and locally 
transported pisolithic gravel typically 2 to 10 metres thick 

 Oxide: in‐situ highly weathered carbonatite and mixed carbonatite – fenite 
breccia. Typically, 10 to 40 metres in thickness and up to 75 metres 

 Fresh: Unweathered pale grey to white carbonatite or carbonatite – fenite 
breccia beneath the weathered zone 

 High Calcite: A small sub‐domain within the oxide zone that delineates a 
localised zone of high calcite 

 High  Apatite: A small sub‐domain near the oxide / fresh contact that 
delineates a localised zone of high apatite 

 Saprock: in-situ weakly weathered carbonatite and mixed carbonatite – fenite 

breccia. Typically, 2 to 25 metres thick. 

The domains are defined by Pensana geologists on the basis of geological logging 
with geochemistry as a validation. Figure 4 below illustrates the wireframe surfaces 
that constrain the mineralisation domains and grade interpolation. 
 

 
Figure 4: a detail from vertical cross section 8,571,350N 
displaying drilling, NdPr grade and the wireframes used in the 
Mineral Resource modelling to define the lithological domains: 
Collivium, Weathered, HiCalcium, HiPhosphorous, Saprock and 
Fresh rock. 
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Drilling techniques 
The majority of drilling within the Longonjo Carbonatite is vertical to achieve 
optimum sampling in the horizontal colluvium mineralisation and variable 
(predominantly horizontal) weathered bedrock mineralisation. Twenty-nine holes 
angled minus 60 degrees to the south were drilled on a series of north south drill 
lines in the southern end of the carbonatite, to test the peripheral, steeply dipping 
ring dyke mineralisation. Four holes angled minus 60 degrees to the east were 
drilled in the north-east of the carbonatite to test the weathering depth at the 
steep carbonatite-fenite boundary. 

Drill hole spacing ranges from 50m x 50m in the central part of the deposit, to 50m 
x 100m in surrounding areas and 100m x 200m on the peripheries. The type and 
number of holes completed are summarised in the Table below: 

Table 3: Summary of holes drilled at Longonjo. 

Year Drilling Type Number of Holes Total Metres Typical Depth 

2014 RAB 22 657 30 

2017 Diamond 10 655 50 

2018 RC 108 4,208 40 

2019 
Diamond 17 481 30 

RC 66 2,032 30 

    2019-2020 RC 195 7,987 40 

 Totals 418 16,020  

Reverse Circulation (RC) drilling (131mm diameter drill bit) was the primary drilling 
technique and was chosen to drill the weathered bedrock due to variably hard 
formations. A combination of blade in the first few metres (0 – 10m on average but 
up to 15m) with face hammer sampling to end of hole was used to achieve optimum 
sample recovery and quality. 

The diamond drilling was undertaken using a PQ‐sized (116mm) bit, except for 
LJD002 which was collared using PQ to 51.85m below surface and completed with 
a HQ bit to a depth of 100.4m below surface. Triple tube barrels were employed in 
the drilling process to ensure maximum core recovery. 

Rotary Air Blast (RAB) drilling was carried out to blade refusal, or when samples 
returned wet. A 4.5” blade drill bit was used together with 3m rods. RAB geological 
logging was used as a reference to assist in building the geological model but the 
assays were not used to estimate the Mineral Resource. F
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Figure 5: New Mineral Resource estimate block model extents (magenta) and drilling types on which the 
model is based. Geological information was used but no assay data from RAB drilling. Plan also shows extent 
of extrapolation from drill data – a maximum of 100m, or half the maximum drill spacing 

 

Sampling and subsampling techniques 
The Longonjo NdPr deposit has been evaluated using RC, diamond core and RAB 
drilling. 

RC: Samples from RC drilling were collected at 1m intervals into woven 
polypropylene bags. Samples were riffle split using a 3‐tier splitter to obtain 
approximately 4kg of sample from the one metre rig sample for sample preparation 
and combined to provide 2m composite samples for assay. All samples were riffle 
split when dry. Wet samples were sun‐dried in a protected environment prior to 
sampling. 

Core: Diamond core samples were collected over a nominal length of 2m within 
lithological units. Quarter core samples were submitted for sample preparation. 
The diamond core samples were cut on site using a diamond saw by an experience 
field technician. The less competent material such as colluvium and weathered 
material was quartered using a knife. 

RAB: Assays from the early RAB drilling (four metre composite samples of 1m rig 
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samples) were not used in the Mineral Resource estimate but geological logging of 
1m samples collected from the rig was used to help define the geological domains. 
Entire down hole lengths were sampled from surface to end of hole and all samples 
were sent for assay. 

Field duplicates, certified reference material and blanks were inserted at random 
and on average every 27 samples as part of company QAQC protocols to check 
sample preparation, analytical accuracy and sampling variance. Laboratories also 
run and report internal QAQC checks including assay and preparation duplicates. 

 

Sampling analysis method 
A total of 34 elements were analysed to provide accurate information on rare earth 
and associated gangue element concentrations. 

Samples were prepared by oven drying of the full 3‐4kg 2m composite RC sample, 
splitting to a representative 1kg sample, pulverising to 85% passing 75 micron and 
splitting to a representative 100g sample pulp. 

On average 3kg of diamond core material was pulverised to produce a 30g charge 
for fusion and ICP‐MS analysis, undertaken by Nagrom Laboratories, Perth, 
Western Australia. 

Samples were assayed for Al, Ba, Ca, Ce, Dy, Er, Eu, Fe, Gd, Hf, Ho, K, La, Lu, Mg, 
Mn, Nb, Nd, P, Pb, Pr, S, Si, Sm, Sr, Ta, Tb, Th, Ti, Tm, U, Y, Yb, Zn, by peroxide fusion 
followed by ICP analysis (MS or OES as appropriate) at Nagrom Laboratories, Perth, 
Western Australia. 

 

Estimation methodology 
Resource estimates were prepared using conventional block modelling techniques.  
A single 3D model framework was created covering the extents of the drilling.  The 
drill spacing and the domain geometry were used to assist with the selection of a 
parent cell size of 25 × 5 0 × 2 m, with a subcell size of 5 × 5 × 1 m (XYZ).  The model 
cells were flagged using the domain wireframes.  A DEM prepared from the 
topography data was used to remove cells located above the current surface.   

Prior to grade estimation, the model cells were transformed relative to local datum 
planes, such that cells within similar parts of the profile were assigned similar 
elevations.  Identical transforms were applied to the drill hole data to retain the 
original geometric relationship between the samples and model cells.  These 
transformations were applied to improve estimation control.   
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Local estimates were prepared for all the analytes contained in the drill hole file.  
Ordinary Kriging (OK) was used for grade interpolation and all domain contacts 
were treated as hard boundary constraints.  Kriging neighbourhood analysis (KNA) 
studies were used to assist with parameter selection.  Estimates were made into 
the discretised parent cells.   

A 3-pass search strategy was implemented using discoid-shaped search ellipsoids.  
The dimensions were primarily based on the variography studies, and the ellipsoid 
orientation was adjusted to match the ring structure characteristics of the 
carbonatite (dynamic anisotropy).  Near-identical variogram models were defined 
for TREO and NdPr which are considered the constituents of primary importance.   

For each lithological domain, a single variogram model defined using the NdPr 
dataset was used for all analytes to ensure that any grade relationships in the 
estimation dataset were reproduced in the model.  The NdPr variograms were very 
similar to those generated for the other constituents of prime importance.  

Octant searching and keyfield (drill hole) restrictions were invoked for additional 
estimation control.  Default grades, which were equivalent to the average grades 
of estimation datasets for each domain, were assigned to any cells that did not 
receive estimated grades.  Extrapolation was limited to approximately half of the 
drill spacing.  After estimation, the model cells were back-transformed to their 
original locations.   

Dry bulk densities were defined for 21 different material types based on the results 
of 231 tests.  Density values were then assigned to each interval in the estimation 
dataset according to the interval’s geological logging code.  These datasets were 
used to estimate the local dry bulk density for each parent cell in the volume model.  
The local densities were estimated using the same domain control, estimation 
approach, and estimation parameters that were used for the local geochemical 
grade estimates.  A dry tonnage was estimated for each model cell using the local 
density estimate and the cell volume.   

The average dry bulk densities for all lithology types within the three main 

estimation weathering domains are: Transported 1.51t/m3; Oxide 1.42 t/m3 and 

Fresh 2.53t/m3. 

 

Classification criteria 

The Mineral Resource estimates have been classified in accordance with the JORC 
Code, 2012.  The classifications have been applied to the Mineral Resource 
estimates based on consideration of the confidence in the geological 
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interpretation, the quantity and quality of the input data, the confidence in the 
estimation technique, and the likely economic viability of the material. 

Geological interpretation – Both the colluvial blanket and the underlying oxide 
zone are generally uniform in thickness, with good continuity of at least several 
hundred metres evident between drill holes.  However, there are insufficient close-
spaced data to form an opinion on the short-scale variability (i.e. the prevalence of 
any karstic structures), which adds to the uncertainty in the local tonnage 
estimates.   

Grade continuity – The variography studies indicate that grade continuity is well 
defined for most oxides, with low nugget values and ranges in the major continuity 
directions of up to several hundred metres.   

Data quality – SRK considers that the QAQC data demonstrate that the primary 
data are sufficiently reliable for the delineation of Measured, Indicated and 
Inferred Mineral Resource.   

Grade modelling – The model validation checks show a good match between the 
input data and estimated grades, indicating that the estimation procedures have 
performed as intended, and the confidence in the estimates is consistent with the 
classifications that have been applied.   

SRK considers that the largest source of uncertainty is the reliability of the local 
estimates and the accuracy of the lithological interpretation, both of which are 
influenced by drill hole spacing.  Based on these considerations, SRK has assigned 
a classification of Measured to the Mineral Resource estimates in the area with a 
nominal drill hole spacing of 50 x 50 m, Indicated in areas with a nominal spacing 
of 100 × 50 m, of Inferred in the surrounding areas with a nominal drill hole spacing 
of up to 200 × 100 m.  Lateral extrapolation beyond the drill coverage limited to 
approximately half the drill spacing.  Vertical extrapolation was constrained by 
defining a resource basal surface located approximately 10 metres below the 
lowermost sample in each drill hole. 

 

Resource tabulations, which were prepared for a range of NdPr cut‐off grades, are 
presented in Tables 4 through to Table 6. 

 

Cut‐off grade 
The adopted reported cut‐off grade of 0.1% NdPr is selected on the basis of the 
current and future potential value of an NdPr concentrate, internal estimates of 
processing costs, the demand for NdPr and for comparison to other projects and 
previous estimates. 
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Mining and metallurgical methods and parameters 
Selective mining of NdPr mineralisation from an open pit has been assumed for the 
entire deposit. The higher grade weathered mineralisation occurs as a thick blanket 
from surface and is likely to be predominantly free dig material with a very low waste 
to mineralisation ratio. 

Metallurgical testwork on fresh rock and weathered mineralisation has indicated 
that the weathered zone mineralisation is most amenable to upgrade to a high 
grade concentrate using a multi stage flotation process. Optimisation work on this 
process has been completed and a pilot plant is currently in operation. A second 
stage of processing to produce an NdPr-rich rare earth carbonate is envisaged for 
the project and testwork to determine the optimum process is at an advanced 
stage. 

Fresh rock mineralisation is similar to other known deposits. Preliminary 
metallurgical testwork including gravity separation, magnetic separation and 
flotation processes provided some encouragement in the potential to concentrate 
these additional styles of mineralisation. The long mine life initially supported by 
the weathered mineralisation provides the company with the opportunity to 
optimise these processes, which could be introduced at a later stage of the 
operation to develop the large tonnages of this style of mineralisation available. 

Tables 4 to 6 in the Appendix summarise the Mineral Resource estimate at a range 
of NdPr cut off grades and mineralisation styles. 
 

 

 

 

Competent Persons Statement 

The information in this statement that relates to Mineral Resource estimates is based on work done by Rodney 

Brown of SRK Consulting (Australasia) Pty Ltd. Rodney Brown is a member of The Australasian Institute of 

Mining and Metallurgy and has sufficient experience that is relevant to the style of mineralisation and type of 

deposit under consideration, and to the activity he is undertaking, to qualify as a Competent Person in terms 

of The Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves (JORC Code 

2012 edition). Rodney Brown consents to the inclusion in the report of the matters based on his information 

in the form and contest in which it appears. 

The information in this report that relates to Geology and Exploration results is based on information compiled 

and/or reviewed by David Hammond, who is a Member of The Australasian Institute of Mining and Metallurgy. 

David Hammond is the Chief Operating Officer and a Director of the Company. He has sufficient experience 

which is relevant to the style of mineralisation and type of deposit under consideration and the activity which 

he is undertaking to qualify as a Competent Person in terms of the 2012 Edition of the Australian Code for the 
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Reporting of Exploration Results, Mineral Resources and Ore Reserves. David Hammond consents to the 

inclusion in the report of the matters based on his information in the form and contest in which it appears. 

 
The Company confirms that it is not aware of any new information or data that materially affects the 
information included in the above original market announcements. The Company confirms that the form and 
context in which the Competent Person’s findings are presented have not been materially modified from the 
original market announcement. 
 
This announcement contains inside information for the purposes of Article 7 of Regulation (EU) 596/2014
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Appendix 

 
 

Table 4: Longonjo NdPr Mineral Resource estimate tabulation – Total 

 
NdPr is contained within and is a subset of REO. REO = total rare earth oxides, the sum of La2O3, CeO2, Pr6O11, Nd2O3, Sm2O3, Eu2O3, Gd2O3, Tb4O7, Dy2O3, 
Ho2O3, Er2O3, Tm2O3, Yb2O3, Lu2O3, Y2O3. See Table 7 for breakdown of all individual rare earth oxides. Figures may not sum due to rounding 
 
 
 
 
 
 
 
 

Cutoff Measured Indicated Inferred Total

NdPr Tonnes NdPr REO NdPr REO Tonnes NdPr REO NdPr REO Tonnes NdPr REO NdPr REO Tonnes NdPr REO NdPr REO

(%) (Mt) (%) (%) (t) (t) (Mt) (%) (%) (t) (t) (Mt) (%) (%) (t) (t) (Mt) (%) (%) (t) (t)

0.1 25.7        0.55 2.58 141,000      664,000      165          0.33 1.51 536,000      2,490,000  123          0.25 1.08 313,000      1,320,000  313          0.32 1.43 990,000      4,470,000  

0.2 23.8        0.58 2.73 137,000      651,000      125          0.38 1.77 474,000      2,210,000  71.5        0.33 1.41 234,000      1,010,000  220          0.38 1.76 846,000      3,870,000  

0.3 20.0        0.64 3.04 128,000      608,000      81.0        0.45 2.13 365,000      1,720,000  32.2        0.43 1.87 137,000      602,000      133          0.47 2.20 631,000      2,930,000  

0.4 16.2        0.71 3.38 115,000      547,000      46.9        0.53 2.49 247,000      1,170,000  14.0        0.54 2.37 74,800         332,000      77.1        0.57 2.65 436,000      2,050,000  

0.5 13.1        0.77 3.67 101,000      483,000      21.9        0.62 2.92 135,000      638,000      7.00        0.62 2.78 43,700         195,000      42.0        0.66 3.13 279,000      1,320,000  

0.6 10.1        0.83 4.00 83,800         402,000      8.61        0.73 3.43 62,800         295,000      2.86        0.74 3.32 21,200         95,200         21.5        0.78 3.68 168,000      793,000      

0.7 7.18        0.91 4.37 65,100         314,000      3.80        0.84 3.94 31,900         150,000      1.30        0.86 3.87 11,100         50,200         12.3        0.88 4.18 108,000      514,000      

0.8 4.75        0.99 4.78 47,000         227,000      1.92        0.93 4.43 18,000         85,100         0.646     0.97 4.52 6,290            29,200         7.32        0.97 4.67 71,300         342,000      

0.9 2.95        1.08 5.23 31,800         155,000      0.904     1.04 5.04 9,390            45,600         0.371     1.07 5.14 3,960            19,100         4.23        1.07 5.18 45,100         219,000      

1.0 1.71        1.17 5.73 20,000         98,300         0.467     1.13 5.49 5,280            25,600         0.219     1.15 5.64 2,510            12,300         2.40        1.16 5.67 27,800         136,000      

1.1 0.973     1.26 6.25 12,300         60,800         0.236     1.22 5.86 2,870            13,900         0.131     1.22 6.06 1,590            7,950            1.34        1.25 6.16 16,800         82,700         

1.2 0.523     1.37 6.79 7,140            35,500         0.085     1.34 6.17 1,140            5,270            0.057     1.30 6.54 747                 3,750            0.665     1.36 6.69 9,030            44,500         
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Table 5: Longonjo NdPr Mineral Resource estimate tabulation – Weathered* mineralisation 

 
*The Weathered Mineral Resource is contained within and is a subset of the Total Mineral Resource and comprises the Transported, Oxide, High Calcium 
and High Apatite domains described in the Mineral Resource section of this report. Figures may not sum due to rounding. 
 
 
 
 
  

Cutoff Measured Indicated Inferred Total

NdPr Tonnes NdPr REO NdPr REO Tonnes NdPr REO NdPr REO Tonnes NdPr REO NdPr REO Tonnes NdPr REO NdPr REO

(%) (Mt) (%) (%) (t) (t) (Mt) (%) (%) (t) (t) (Mt) (%) (%) (t) (t) (Mt) (%) (%) (t) (t)

0.1 16.2        0.64 3.02 104,000      490,000      27.2        0.41 1.77 111,000      481,000      37.5        0.32 1.27 119,000      475,000      80.9        0.41 1.79 333,000      1,450,000  

0.2 15.5        0.66 3.13 102,000      485,000      24.4        0.44 1.90 106,000      463,000      26.0        0.39 1.60 101,000      414,000      65.9        0.47 2.07 310,000      1,360,000  

0.3 13.9        0.71 3.36 98,300         467,000      18.4        0.50 2.18 91,200         400,000      16.1        0.48 2.04 76,800         328,000      48.4        0.55 2.47 266,000      1,200,000  

0.4 12.2        0.76 3.61 92,300         440,000      12.0        0.57 2.55 68,900         306,000      9.63        0.57 2.52 54,500         243,000      33.8        0.64 2.92 216,000      989,000      

0.5 10.5        0.81 3.85 84,800         405,000      7.30        0.66 2.96 47,900         216,000      5.97        0.64 2.89 38,200         172,000      23.8        0.72 3.34 171,000      794,000      

0.6 8.85        0.85 4.09 75,600         362,000      4.13        0.74 3.36 30,500         139,000      2.85        0.74 3.33 21,100         94,700         15.8        0.80 3.76 127,000      596,000      

0.7 6.79        0.91 4.40 62,100         299,000      2.10        0.83 3.80 17,400         80,000         1.29        0.86 3.87 11,100         50,100         10.2        0.89 4.21 90,700         429,000      

0.8 4.63        0.99 4.80 45,900         222,000      1.05        0.91 4.28 9,570            45,000         0.646     0.97 4.52 6,290            29,200         6.32        0.98 4.68 61,800         296,000      

0.9 2.92        1.08 5.23 31,500         153,000      0.432     1.01 5.02 4,370            21,700         0.371     1.07 5.14 3,960            19,100         3.72        1.07 5.20 39,800         194,000      

1.0 1.71        1.17 5.73 20,000         97,900         0.183     1.11 5.70 2,030            10,400         0.219     1.15 5.64 2,510            12,300         2.11        1.16 5.72 24,500         121,000      

1.1 0.971     1.26 6.25 12,300         60,700         0.085     1.20 6.28 1,020            5,360            0.131     1.22 6.06 1,590            7,950            1.19        1.25 6.23 14,900         74,000         

1.2 0.522     1.37 6.79 7,130            35,400         0.023     1.30 7.43 303                 1,730            0.057     1.30 6.54 747                 3,750            0.603     1.36 6.79 8,180            40,900         
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Table 6: Longonjo NdPr Mineral Resource estimate tabulation – Fresh rock* mineralisation 

 

*The Fresh rock Mineral Resource is contained within and is a subset of the Total Mineral Resource and comprises the Fresh rock and Saprock domains 
described in the Mineral Resource section of this report. Figures may not sum due to rounding. 
 

Cutoff Measured Indicated Inferred Total

NdPr Tonnes NdPr REO NdPr REO Tonnes NdPr REO NdPr REO Tonnes NdPr REO NdPr REO Tonnes NdPr REO NdPr REO

(%) (Mt) (%) (%) (t) (t) (Mt) (%) (%) (t) (t) (Mt) (%) (%) (t) (t) (Mt) (%) (%) (t) (t)

0.1 9.53        0.39 1.83 37,000         174,000      137          0.31 1.46 426,000      2,000,000  85.2        0.23 1.00 194,000      849,000      232          0.28 1.30 656,000      3,030,000  

0.2 8.31        0.42 2.00 35,100         166,000      101          0.37 1.74 368,000      1,750,000  45.5        0.29 1.31 133,000      594,000      154          0.35 1.63 536,000      2,510,000  

0.3 6.09        0.48 2.31 29,500         140,000      62.6        0.44 2.11 274,000      1,320,000  16.1        0.38 1.70 60,600         273,000      84.9        0.43 2.05 364,000      1,740,000  

0.4 4.01        0.56 2.67 22,300         107,000      34.9        0.51 2.47 178,000      862,000      4.36        0.47 2.04 20,300         88,700         43.3        0.51 2.44 220,000      1,060,000  

0.5 2.62        0.61 2.94 16,100         77,200         14.6        0.60 2.90 86,800         422,000      1.03        0.53 2.16 5,530            22,300         18.2        0.60 2.86 108,000      521,000      

0.6 1.20        0.69 3.31 8,280            39,800         4.49        0.72 3.49 32,300         157,000      0.019     0.63 2.31 121                 443                 5.71        0.71 3.45 40,700         197,000      

0.7 0.384     0.78 3.81 3,010            14,600         1.70        0.85 4.11 14,500         69,800         0.001     0.74 4.21 6                       37                    2.08        0.84 4.06 17,500         84,400         

0.8 0.125     0.87 4.22 1,090            5,290            0.871     0.96 4.61 8,380            40,100         0.000     0.84 4.89 -                  4                       0.996     0.95 4.56 9,470            45,400         

0.9 0.031     0.96 4.96 301                 1,550            0.472     1.06 5.06 5,020            23,900         -           0.00 0.00 -                  -                  0.504     1.06 5.06 5,320            25,500         

1.0 0.007     1.06 5.74 70                    378                 0.284     1.14 5.35 3,250            15,200         -           0.00 0.00 -                  -                  0.291     1.14 5.36 3,320            15,600         

1.1 0.002     1.16 6.53 23                    130                 0.151     1.23 5.63 1,850            8,500            -           0.00 0.00 -                  -                  0.153     1.23 5.64 1,880            8,630            

1.2 0.001     1.24 7.01 7                       43                    0.062     1.35 5.70 838                 3,540            -           0.00 0.00 -                  -                  0.063     1.35 5.71 845                 3,580            
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Table 7: Longonjo Mineral Resource estimate: Individual rare earth oxide grades and % of 

total REO 

Rare Earth Oxide Weathered Fresh Total Average   
Grade 

(%) 

% of 

REO (%) 

Grade 

(%) 

% of REO 

(%) 

Grade 

(%) 

% of REO 

(%) 

Lanthanum La2O3 0.404 22.61 0.319 24.50 0.341 23.89 

Cerium CeO2 0.806 45.07 0.605 46.36 0.657 45.95 

Praseodymium Pr6O11 0.089 5.00 0.064 4.92 0.071 4.95 

Neodymium Nd2O3 0.323 18.06 0.219 16.76 0.246 17.18 

Samarium Sm2O3 0.050 2.77 0.030 2.33 0.035 2.47 

Europium Eu2O3 0.011 0.63 0.007 0.53 0.008 0.56 

Gadolinium Gd2O3 0.024 1.37 0.015 1.14 0.017 1.22 

Terbium Tb4O7 0.003 0.15 0.002 0.12 0.002 0.13 

Dysprosium Dy2O3 0.012 0.69 0.007 0.55 0.008 0.59 

Holmium Ho2O3 0.002 0.11 0.001 0.08 0.001 0.09 

Erbium Er2O3 0.004 0.24 0.002 0.19 0.003 0.20 

Thulium Tm2O3 0.000 0.03 0.000 0.02 0.000 0.02 

Ytterbium Yb2O3 0.002 0.13 0.001 0.10 0.002 0.11 

Lutetium Lu2O3 0.000 0.02 0.000 0.01 0.000 0.02 

Yttrium Y2O3 0.056 3.13 0.031 2.39 0.038 2.62 

Total REO TREO 1.788 100.00 1.304 100.00 1.429 100.00 

*Above distribution is estimated for all mineralisation at a 0.10% NdPr lower grade cut 
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Appendix: JORC Code 2012 Edition Table 1.  

Section 1 Sampling Techniques and Data 

(Criteria in this section apply to all succeeding sections.) 

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. 

The database compiled by Pensana for the Longonjo Project contains 418 drill holes, and 
comprises diamond coring (DDH), reverse circulation (RC), and rotary air blast (RAB) drilling.  
The drill hole dataset used directly for Mineral Resource estimation comprised a total of 11 DDH 
holes and 365 RC holes, equating to 14,830 m of drilling.  The RAB data were used to assist 
with the geological modelling but were not used for resource estimation.  DD holes that twinned 
existing RC holes were not used directly for estimation. 

Diamond core samples were collected over a nominal length of 2 m within lithological units and 
core blocks.  Quarter-core samples were submitted for sample preparation. 

Samples from vertical RC drilling were collected on 1 m intervals and field composited to 2 m 
intervals, with approximately 4 kg splits collected for laboratory submission.   

RAB samples were collected on 1 m intervals and field composited to 4 m intervals, with 
approximately 4 kg splits collected for laboratory submission.   

The full length of each hole was sampled. 

Sampling was carried out under Pensana QAQC protocols, which Pensana considers follows 
best practice approaches.  Triple-tube drilling was undertaken to assist in maximising core 
recoveries for the diamond drill campaign.  During RC drilling, the drill string was cleaned by 
flushing with air and the cyclone cleaned regularly.  RC sample returns were closely monitored, 
managed and recorded, with a reference weight used to regularly calibrate the weighing scale. 

RC and RAB samples were riffle split using a 3-tier splitter, which was cleaned between every 
sample.  During the RAB drilling campaign, regular air and manual cleaning of the cyclone was 
undertaken to remove clay accumulations. 

The diamond core sample preparation and testing were performed by Nagrom (Perth).  The 
samples, which typically weighed 3 kg, were pulverised to produce a 30 g charge for laser 
ablation ICP-MS analysis.  The analytical suite included Ag, Al, Ba, Be, Ca, Ce, Cu, Dy, Er, Eu, 
Fe, Gd, Hf, Ho, K, La, Li, Lu, Mg, Mn, Nb, Nd, P, Pb, Pr, Si, Sm, Sn, Sr, Ta, Tb, Th, Tm, U, W, 
Y, Yb, Zn, and Zr. 

The RC 2 m field composites sample preparation was performed by Analabs (Windhoek).  The 
samples, which typically weighed 3-4 kg, were dried, split, and pulverised, with a 100 g pulp 
sample collected for assaying.  Assaying was performed by Nagrom (Perth), with laser ablation 
used to assay for Al, Ba, Ca, Ce, Dy, Er, Eu, Fe, Gd, Hf, Ho, K, La, Lu, Mg, Mn, Nb, Nd, P, Pb, 
Pr, S, Si, Sm, Sr, Ta, Tb, Th, Ti, Tm, U, Y, Yb, and Zn. 

RAB geological logging was used as a reference to assist in building the geological model, but 
the assays were not used to estimate the Mineral Resource.   
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Criteria JORC Code explanation Commentary 

All commercial laboratories used use industry best practice procedures and QAQC checks. 

For each hole, the entire hole length was submitted for assay. 

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.). 

The diamond drilling was undertaken using an Atlas Copco Mustang track-mounted drill rig.  
The diamond drilling was undertaken using a PQ-sized (116 mm) bit, except for LJD002 which 
was drilled to 51.85 m using PQ3 coring equipment, and then completed to 100.40 m using 
HQ3 equipment.  Diamond drilling conducted in 2019 was completed using a Sandvik 710 
track-mounted rig.    

RC drilling was completed using Super Rock 1000 or Super Rock 5000 drill rig with a face 
sampling hammer button bit of 131 mm diameter and 5 m rods.  A 131 mm diameter blade RC 
bit was used in some holes in the weathered zone (generally in the first 10 m). 

RAB drilling was carried out to blade refusal, or when samples returned wet.  The rig was 
equipped with a 4.5” blade drill bit and 3 m rods.   

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. 

The diamond core runs were marked and checked against the drillers’ core blocks to ensure 
any core loss was recorded. 

Recoveries for the diamond drill core varied from 52% to 100%, with the average being 90.8%.  
The average recovery for fresh carbonatite was 92% with a minimum of 70%.  An average 
recovery of 87% was achieved for the saprolite, and an average recovery of 89.7% was 
achieved for the transported material. 

RC recoveries were monitored closely, recorded and assessed regularly over the drilling 
program. 

Every 1 m sample from the rig was weighed using a frequently calibrated set of scales.  The 
moisture content for each 1 m interval was estimated and recorded.   

RAB recovery and metreage were assessed by comparing drill cutting volumes (sample bags) 
for individual metres.  Routine checks for correct sample depths were undertaken for every rod.  
RAB sample recoveries were visually checked for recovery, moisture and contamination.   

Triple-tube barrels and short runs were used in the diamond drilling process to ensure 
maximum core recovery.  RC sample weights were compared against expected weights for the 
drill diameter and geology.  Drill pipes and cyclone were flushed and cleaned regularly. 

Some short intervals (typically 1–3 m) of reduced sample recovery occurred in the soft 
weathered zone.  Data analysis has not identified any significant relationship between recovery 
and grade. 

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. 

The entire length of each hole was geologically logged by trained geologists.  All relevant 
features, such as lithology, mineralogy, weathering, structure, texture, grain size, alteration, 
veining style and mineralisation, were recorded in the geological log. 

All logging was qualitative.  All diamond core trays and RC chip trays were photographed. F
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Criteria JORC Code explanation Commentary 

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. 

Quarter-core was taken for laboratory submission.  The diamond core samples were cut on site 
by an experienced field technician using a diamond saw.  The less competent material, such 
as transported and weathered material, was quartered using a knife.   

The 1 m RC samples and 2 m field composites were riffle split using a 3-tier splitter.  All samples 
were riffle split when dry.  Wet samples were sun-dried in a protected environment prior to 
splitting and sub-sampling. 

The samples were prepared using conventional industry practices, which involved oven drying 
the full 3-4 kg sample, splitting to a representative 1 kg sample, pulverising to 85% passing 
75 microns and splitting to a representative sample pulp. 

Field duplicates, certified reference materials (CRMs) and blanks were inserted at random, with 
a resultant average frequency of 1 in 30 samples.     

The laboratories also conducted and reported their own internal QAQC checks, including assay 
and preparation duplicates.  The QAQC results do not show evidence of significant sampling 
issues.   

The sample sizes are considered suitable for the disseminated mineralisation style and grain 
size of material sampled.  Repeatability of assays was observed to be good. 

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 analysis was carried out by an accredited independent assay laboratory: Nagrom 
Laboratory, in Perth, Western Australia. 

Diamond core samples were assayed for Ag, Al, Ba, Be, Ca, Ce, Cu, Dy, Er, Eu, Fe, Gd, Hf, 
Ho, K, La, Li, Lu, Mg, Mn, Nb, Nd, P, Pb, Pr, Si, Sm, Sn, Sr, Ta, Tb, Th, Tm, U, W, Y, Yb, Zn, 
and Zr by LA ICP-MS (Laser ablation inductively coupled plasma mass spectrometry) analysis. 

RC samples were assayed for Al, Ba, Ca, Ce, Dy, Er, Eu, Fe, Gd, Hf, Ho, K, La, Lu, Mg, Mn, 
Nb, Nd, P, Pb, Pr, S, Si, Sm, Sr, Ta, Tb, Th, Ti, Tm, U, Y, Yb, and Zn, by LA ICP-MS.   

The assay technique is considered to give total analyses.  No geophysical or portable analysis 
tools were used to determine assay values stored in the database. 

In addition to the laboratory’s internal QAQC protocols, CRMs and blanks were included at 
random with the field samples at an average of 1 of each type for every 30 primary samples.   

Samples were selected periodically, and screen tested to ensure pulps are pulverised to the 
required specifications.   

Independent laboratory checks were performed by SGS Laboratories, Perth, Western Australia 

Analysis of QAQC data results indicates acceptable levels of accuracy and precision.   

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. 

Significant intersections were verified by Pensana management staff. 

Sixteen diamond holes were completed as twins to RC drill holes, with collars sited 
approximately 3 m from the twin.  Analysis of geology and assay results between RC and 
diamond drilling techniques shows a good correlation between the holes and drilling 
techniques, except for two holes where a short-range variation in geology intersected was 
observed. 

Field data were logged into an OCRIS logging package and uploaded to the main, secure 
database in Perth.  The data collection package has built-in validation settings and look-up 
codes.  All field data and assay data were verified and validated upon receipt.  The database 
is managed offsite by an independent and professional database manager. 
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Criteria JORC Code explanation Commentary 

Data collection and entry procedures were documented, and training was given to all staff. 

Scans of original field data sheets are stored digitally without alteration. 

Digital data entry is checked and validated against original field sheets if not entered directly. 

The laboratory reported the assay data in elemental form and were converted into oxide form 
during data storage and management using the following conversion factors: 

 La to La2O3  –  1.1728 

 Ce to CeO2  –  1.2284 

 Pr to Pr6O11  –  1.2082 

 Nd to Nd2O3  –  1.1664 

 Sm to Sm2O3  –  1.1596 

 Eu to Eu2O3  –  1.1579 

 Gd to Gd2O3  –  1.1526 

 Tb to Tb4O7  –  1.1762 

 Dy to Dy2O3  –  1.1477 

 Ho to Ho2O3  –  1.1455 

 Er to Er2O3  –  1.1435 

 Tm to Tm2O3  –  1.1421 

 Yb to Yb2O3  –  1.1387 

 Lu to Lu2O3  –  1.1371 

 Y to Y2O3  –  1.2699. 

Intersection grades are reported as NdPr (the sum of Nd2O3 and Pr6O11) as well as total REO, 
which includes all of the oxides listed above. 

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 survey data have been collected and reported using the WGS84 UTM Zone 33S grid 
system.   

A digital elevation model (DEM) covering the Project area was prepared by Core GPX using 
data acquired from Ortho-Ready Standard Level 2A WorldView-3 stereo imagery captured in 
September 2018.  Ground control points were surveyed by Geosurveys using RTK DGPS 
equipment.  The DEM covers an area of approximately 3.5 × 3.5 km centred over the Project 
region.  For modelling purposes, SRK extracted a sub-area of approximately 335 ha centred 
over the drilling and extending slightly beyond the planned model limits.      

On completion of the drilling program, the drill hole collars were surveyed by Geosurveys using 
RTK DGPS equipment.  The majority of holes are vertical, with no downhole survey completed.  
A spirit level was used to confirm that the drill rig mast was vertical prior to drilling each hole.  
Angled holes at -60° to the south or east and were surveyed at 5 m intervals using a downhole 
gyro tool.  The collar set up was checked on every hole by measuring the angle of the mast is 
vertical using a spirit level clinometer.  Prior to use for resource modelling, the drill hole collars 
were registered to the DEM, with the final collar elevations derived from the topographic data. 

Data spacing and 
distribution 

 Data spacing for reporting of Exploration Results. The drilling was conducted on a nominal hole spacing of 100 × 50 m (north × east), with the 
central zone infilled to 50 × 50 m.  The peripheral parts of the deposit in the north and far west 
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Criteria JORC Code explanation Commentary 

 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. 

remain at a 100 m × 200 m drill hole spacing.  Samples were collected over 2 m downhole 
intervals.  The drill spacing is considered suitable for the identification and definition of zones 
of NdPr and REO mineralisation at a confidence level sufficient to allow the assigned 
classification of the Mineral Resource.   

The 1 m RC drill samples were combined in the field after riffle splitting to prepare 2 m 
composite samples for submission to laboratory. 

The use of 2 m composites is considered adequate for the resource estimation for this style of 
mineralisation.   

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. 

The high grade NdPr mineralisation at Longonjo occurs as a sub-horizontal blanket of 
disseminated mineralisation averaging 20 m or more in thickness and with good lateral 
continuity.  The vertical drilling and 2 m sampling are considered appropriate for this style of 
mineralisation. 

No significant sampling bias is considered to have been introduced by the drilling orientation.   

Sample security  The measures taken to ensure sample security. Sample security is managed by Pensana.  After collection from the drill site, the samples are 
stored at camp in locked sea containers.   

A customs officer checks and seals the samples into containers on site before transportation 
by the Company directly to the preparation laboratory.  The preparation laboratory submits the 
samples to the assay laboratory by international air freight, with the samples again being 
inspected by customs and sealed prior to despatch. 

The laboratories audit the samples on arrival and report any discrepancies back to the 
Company.  No such discrepancies occurred. 

Audits or reviews  The results of any audits or reviews of sampling 
techniques and data. 

SRK has completed a site visit and conducted a review of the primary and QAQC data.  The 
database is compiled by an independent consultant and is considered by the Company to be 
of sufficient validity to support the results reported.  In addition, from time to time, the Company 
carries out its own internal data audits. 
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Section 2 Reporting of Exploration Results 

(Criteria listed in the preceding section also apply to this section.) 

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 Longonjo Project is located within Mining Title certificate No. 298/05/01/T.E/ANG-
MIREMPET/2020 dated 5 May 2020, which is granted for a 21 km2 area for an initial period of 
15 years (renewable up to 35 years), which fully encompasses the Longonjo carbonatite 
deposit, proposed open pit mine, processing plant, tailings storage facility and all associated 
infrastructure.  Pensana owns an 84% holding in the Project along with state owned agency 
Ferrangol (10%) and other Angolan partners (6%).  The concession is in good standing and 
no known impediments exist.   

Exploration done 
by other parties 

 Acknowledgment and appraisal of exploration by other 
parties. 

Previous workers in the area include Black Fire Minerals and Cityview Corporation Ltd. 

Geology  Deposit type, geological setting and style of 
mineralisation. 

The Longonjo NdPr deposit is a rare earth enriched carbonatite with particularly high grades 
occurring within the weathered regolith zone from surface as a result of the dissolution of 
carbonate minerals and residual enrichment.  Mineralisation also occurs within the underlying 
fresh rock carbonatite.   

Mineralisation is disseminated in style.  The Longonjo Carbonatite is a subcircular and sub-
vertical explosive volcanic vent (diatreme) approximately 2.6 × 2.4 km in diameter.  Primary 
rock types include carbonatite lava and magma, extensive mixed carbonatite - fenite breccia, 
and tuffaceous deposits.   

The iron-rich weathered zone that is host to the higher-grade mineralisation discovered to date 
extends over much of the carbonatite. 

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 

o 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 

No new exploration results are included in this Mineral Resources report. 

All exploration results have been fully reported previously in ASX announcements: 

 24/08/2017: Positive diamond drilling results at Longonjo 

 10/09/2018: First results confirm new areas for further high grade NdPr 

 31/10/2018: First drill results extend NdPr mineralisation at Longonjo 

 29/11/2018: Second drill results at Longonjo extend mineralisation 

 27/12/2018: New drill results extend NdPr Mineralisation at Longonjo 

 17/01/2019: Wide high-grade intersections from surface. 

 15/05/2019: High-grade intersections confirm thick blanket of NdPr 

 24/06/2019: Final RC results confirm and extend high-grade NdPr 

 08/07/2019: Diamond drilling reports spectacular NdPr intersections 

 13/01/2020: High-grade drill results at Longonjo NdPr Project 
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Criteria JORC Code explanation Commentary 

the report, the Competent Person should clearly 
explain why this is the case. 

 16/03/2020: High-grade drill results expected to upgrade resource 

 06/04/202: Further high-grade drill results expected to extend mine life 

 13/07/2020: Further high-grade drill results at Longonjo 

 04/08/2020: Final drill results include further high-grade intersections  

Data aggregation 
methods 

 In reporting Exploration Results, weighting averaging 
techniques, maximum and/or minimum grade truncations 
(e.g. 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 clearly stated. 

No new exploration results are reported.  A cut-off grade of 0.20% NdPr oxide was used for 
the reporting of intersections and 0.40% NdPr oxide for high grade ‘Highlights’ in the reports 
listed above.  No upper grade cuts have been applied for the reporting of intersection grades. 

Intersections are reported as length-weighted averages above the specified cut-off grade.  
Length-weighted grade averages for REO and NdPr are presented. 

Intercepts may include a maximum of 2 m internal dilution. 

No metal equivalent values have been used for the reporting of these Exploration Results. 

Relationship 
between 
mineralisation 
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 
(e.g. ‘down hole length, true width not known’). 

The mineralisation occurs in sub-horizontal layers and the majority of the drillholes are 
predominantly vertical.  As such, the mineralised zones are approximately orthogonal to the 
drill holes, and the reported drill hole intercepts can be considered true thicknesses. 

A small number of drill holes were drilled at -60° to the south or east to test subvertical fenite – 
carbonatite contacts and mineralised carbonatite dykes in peripheral areas of the carbonatite.  
Intersections in weathered rock, where a sub-horizontal dispersion of mineralisation is 
observed, are 0.866 × intersected width.  The true width in the sub-vertical fresh rock is 
approximately half the intersected width. 

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. 

Appropriate plans and sections are included in the accompanying documentation and the 
exploration reports listed above. 

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. 

No new Exploration Results are included in this Mineral Resource report. 
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Criteria JORC Code explanation Commentary 

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. 

Previously reported evaluations of the NdPr mineralisation at Longonjo, including the 
September 2017 maiden Mineral Resource estimate and drilling program results, the February 
2019 Mineral Resource estimates, and the November 2019 Mineral Resource estimates are 
contained within previous ASX releases. 

Further work  The nature and scale of planned further work (e.g. 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. 

Mineralisation remains open in several directions including over a substantial area within fresh 
rock at depth.  Further drilling will be planned to test these extensions and the potential to 
expand the current Mineral Resource. 

Appropriate diagrams are provided in the accompanying documentation. 

Extensive metallurgical testwork, including operation of a pilot plant is in progress in support of 
a Bankable Feasibility Study based on the weathered zone mineralisation at Longonjo to 
produce an NdPr-rich rare earth carbonate. 
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Section 3 Estimation and Reporting of Mineral Resources 

(Criteria listed in Section 1 and where relevant in Section 2, also apply to this section.) 

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. 

The drill hole data for the Longonjo Project are stored in a secure central OCRIS database 
managed by Expedio. 

All assay and survey data loading was done by electronic transfer from checked primary data 
sources.  Most geological logging data were entered onto templates for direct import via the 
OCRIS interface.  Any manually entered data were cross-checked.   

The Longonjo data were provided to SRK as database extracts in MS Excel tables.  The 
datasets were checked by SRK for internal consistency and logical data ranges prior to using 
the data for Mineral Resource estimation.   

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. 

Competent Person (CP) sign-off for the Mineral Resource estimates has been performed 
Rodney Brown, who is a full-time employee of SRK.  Rodney Brown conducted a site visit in 
August 2019, which provided an opportunity to examine and discuss the geology and some 
aspects of the field programs with Pensana staff. 

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. 

The main controls on mineralisation were interpreted by Pensana in section and linked to form 
a 3D geological model.  The geological interpretation is considered consistent with drilling and 
mapping data, and with site observations.  The interpreted setting is also consistent with the 
generally accepted understanding within the mining community for this style of mineralisation. 

Lithology definition was primarily based on a combination of geological logging and 
geochemical data, with boundaries typically corresponding to distinct changes in physical and 
geochemical characteristics.  Because the main mineralisation is hosted within carbonate, the 
domain geometry is complex in places, and the irregular weathering profile has a significant 
impact on grade and lithological continuity. 

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. 

 As described in Section 1, the mineralisation is hosted within and upon a carbonatite pipe, 
with elevated REO concentrations occurring both within the weathered and fresh 
carbonatite, and in the colluvial cover material.  Mineralisation has been modelled over an 
irregular area that has lateral extents of approximately 2.6 km in the east-west direction 
and 1.9 km in the north-south direction.  The defined resources have an area extent of 
approximately 200 ha.     

 For resource modelling, a total of three main domains, and two sub-domains were defined:      

 Colluvium covers approximately 80% of the resource area, and has an average thickness 
of approximately 4 m, with a maximum thickness of approximately 12 m. 

 Weathered carbonatite covers essentially all of the resource area and has an average 
interpreted thickness of approximately 20 m, and a maximum thickness of 70 m.   
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Criteria JORC Code explanation Commentary 

 A saprock zone that in places represents a transitional contact between the weathered 
and fresh carbonatite, with an average interpreted thickness of approximately 10 m. 

 Fresh carbonatite was intercepted in approximately 90% of the holes and has been 
interpreted over the full resource extents.   None of the drilling intersected the base of the 
fresh carbonatite and, for estimation purposes, the modelling base was set to immediately 
below the base of drilling.  This resulted in an average interpreted thickness of 25 m.  In the 
central area, some of the infill drilling was extended an additional 50 m, giving an 
interpreted thickness of approximately 75 m.    

 High calcite domain.  Intersections with elevated calcite concentrations were identified in 
the oxide domain in four drill holes.  These were modelled separately because of the 
potentially impact of calcite on processing. 

 High apatite domain.  Intersections with elevated apatite concentrations were identified in 
the vicinity of the oxide/ fresh interface in 25 drill holes.  These were modelled separately 
because of the potential impact of apatite on processing.   

Estimation and 
modelling 
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. 

The Mineral Resource estimates were prepared using conventional block modelling and 
geostatistical estimation techniques.   

A single model was prepared to represent the defined extents of the mineralisation.  The 
resource modelling and estimation study was performed using Datamine Studio RM®, 
Supervisor®, and X10®.   

Kriging neighbourhood analyses (KNA) studies were used to assess a range of parent cell 
dimensions, and a size of 25 × 25 × 2 m (XYZ) was considered appropriate given the drill 
spacing, and grade continuity characteristics.  Sub-celling down to 5 × 5 × 1 m was applied to 
enable the wireframe volumes to be accurately modelled.   

The lithology wireframes were used as hard boundary estimation constraints.   

Probability plots were used to assess for outlier values, and grade cutting was applied to a 
small number of samples.   

The parent cell grades were estimated using ordinary block kriging.  Search orientations and 
weighting factors were derived from variographic studies.  Unfolding and dilation were used to 
reproduce more accurately some of the grade trends in the profile.  Dynamic anisotropic 
searching was used to adjust the local lateral search orientations to match the ring structure of 
the carbonatite pipe more closely.   

A multiple-pass estimation strategy was invoked, with KNA used to assist with the selection of 
search distances and sample number constraints.  Extrapolation was limited to approximately 
half the nominal drill spacing.    

Local estimates were generated for a total of 33 elements expressed in oxide form.  These 
included the rare earth elements, the major gangue elements, and a suite of minor elements 
that could potentially have processing or marketing implications.  Estimates were also prepared 
for several derived constituents, including TREO, HREO, LREO, and NdPr.   

A complete list of constituents is included in the accompanying resource estimation summary.   

Model validation included:  
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Criteria JORC Code explanation Commentary 

 The process of validation, the checking process used, 
the comparison of model data to drill hole data, and use 
of reconciliation data if available. 

 Visual comparisons between the input sample and estimated model grades 

 Global and local statistical comparisons between the sample and model data 

 An assessment of estimation performance measures including kriging efficiency, slope of 
regression, and percentage of cells estimated in each search pass 

 A check estimate using nearest neighbour and inverse distance cubed interpolation. 

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

The Mineral Resource estimates are expressed on a dry tonnage basis.  In situ moisture has 
been measured from diamond core prior to oven drying.  The average moisture content for the 
three main weathering groups are:  

 Transported: 24% 

 Weathered saprolite: 29% 

 Fresh rock (including saprock): 3% 

A description of density data is presented below.    

Cut-off parameters  The basis of the adopted cut-off grade(s) or quality 
parameters applied. 

A total NdPr Oxide cut-off grade of 0.1% has been used for resource reporting. 

The range of Mineral Resource cut-off grades has been selected for transparency and to 
facilitate a comparison with the November 2019 estimates (NdPr represents approximately one 
fifth of total REO, and therefore a cut-off grade of 0.2% NdPr = 1% REO). 

Cut-off grades are based on assumptions made by Pensana that are considered realistic in 
terms of considerations of long-term historical and predicted NdPr prices, processing and 
mining costs and the demand for the NdPr products. 

Higher cut-off grades of 0.6–0.8% NdPr have been included for the weathered material 
mineralisation to reflect the typical geological grade distribution of this material type, which is 
expected to form the early years’ feed in the Bankable Feasibility Study currently in progress. 

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. 

Mine planning studies conducted as part of a November 2019 Preliminary Feasibility Study 
indicate the mineralisation will likely be exploited using conventional selective open pit mining 
methods, using small-scale hydraulic excavator mining and dump truck haulage.  No blasting 

is expected to be needed as the weathered zone is soft material, and the blanket‐style 
morphology of the main mineralised zones indicates that stripping ratios, ore loss and dilution 
are expected to be low.  It is anticipated that both ore and waste will be excavated on 2.5 m 
flitches (5 m benches).  Mining dilution assumptions have not been factored into the resource 
estimates. 
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Criteria JORC Code explanation Commentary 

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. 

A metallurgical process to produce a high‐grade concentrate has been developed and 

demonstrated at bench and locked cycle testing by Pensana for the weathered zone 
mineralisation and is currently being further tested in a pilot plant.  The process uses a 2‐stage 

flotation approach. 

A second stage process to produce an NdPr-rich rare earth carbonate from the flotation 
concentrate is in development, with test work under way to determine the optimum process 
route.  A mixed rare earth (MREC), cerium depleted carbonate has been successfully produced 
in testwork. 

Fresh rock mineralisation is similar to other known deposits for which effective metallurgical 
treatment processes have been developed.  Less rigorous metallurgical testwork has been 
completed to date on the fresh material by Pensana but preliminary metallurgical testwork, 
including gravity, magnetic separation and flotation techniques, support the potential for their 
effective treatment.  The long mine life initially supported by the weathered mineralisation 
provides the Company with the opportunity to optimise these processes, which could be 
brought in at a later stage of the operation to develop the large available tonnages of this style 
of mineralisation. 

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. 

The deposit is contained within the approved mining licence boundary. 

Waste landforms are to be developed adjacent to existing landform features to minimise the 
environmental impact. 

A tailings landform is being designed for process residues to be stored. 

There is no evidence of acid rock drainage due to the oxidised nature of the mineralisation, the 
carbonate rock host, and the absence of sulphide minerals. 

Approvals for process residue storage and waste dumps have not yet been sought. 

Wet and dry season baseline studies have been completed.  An Environmental Impact 
Assessment (EIA) has been completed and submitted to Angolan authorities. 
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Criteria JORC Code explanation Commentary 

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. 

Bulk density tests were performed on a total of 231 core samples.  The tests were performed 
by recording the weight of each sample and estimating the volume from measurements of the 
core length and diameter.  The core samples were weighed prior to drying, and then again 
after oven drying at 95°C for 48 hours.  The results were grouped according to geological 
logging code, and the average value for each group was used to define a default density for 
each material type.  These defaults were then used to assign a density value to each interval 
in the estimation datasets according to the interval’s logging codes. 

The datasets were used to estimate the local dry bulk density for each parent cell in the volume 
model.  The local densities were estimated using the same domain control, estimation 
approach, and estimation parameters that were used for the local geochemical grade 
estimates.   

The drilling did not encounter any large voids, and the tonnage estimates have not been 
factored to account for any potential void occurrences.     

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. 

The classifications have been applied to the resource estimates based on a consideration of 
the confidence in the geological interpretation, the quality and quantity of the input data, the 
confidence in the estimation technique, and the likely economic viability of the material.   

Based on these considerations, the largest source of uncertainty is in the reliability of the local 
estimates and the accuracy of the lithological interpretation (both of which are influenced by 
drill hole spacing).   

A boundary was interpreted approximately half the drill spacing beyond the extents of relatively 
uniform drill coverage and used to define the lateral extents of the resource.  A model base 
was interpreted immediately below the base of drilling.   

A classification of Measured Mineral Resource was assigned to all estimates within the area 
covered with a nominal drill spacing of 50 × 50 m.  The estimates for the Fresh material in this 
area were reset to Indicated because grade continuity was not as well defined.  Indicated 
Mineral Resource was assigned to all estimates within the area with a nominal drill spacing of 
100 × 50 m, and a classification of Inferred Mineral Resource to estimates within the area with 
a nominal drill coverage of 200 × 100 m.    

Audits or reviews  The results of any audits or reviews of Mineral Resource 
estimates. 

An independent review of the Mineral Resource estimates has not been completed. 
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Criteria JORC Code explanation Commentary 

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 Mineral Resource estimates have been prepared and classified in accordance with the 
guidelines that accompany the JORC Code, and no attempts have been made to further 
quantify the uncertainty in the estimates.   

The validation checks indicate good consistency between the model grades and the input 
datasets.  The largest source of uncertainty is considered to be the local accuracy of the 
geological interpretation and grade estimates, due to the mixing of brecciated carbonatite and 
fenite material.  SRK prepared check estimates using a lithological indicator approach and 
obtained similar regional and global estimates, but some local differences.   

The Mineral Resource quantities should be considered as global and regional estimates only.  
The accompanying model is considered suitable to support detailed mine design but should 
not be used for production control or purposes that place significant reliance on the accuracy 
of the estimates for individual model cells  
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