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Serra Verde Project - Location 
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Serra Verde Project - Exploration Works - Timeline

Serra Dourada Regional and Pela Ema Deposit

DISCOVERY OF PELA EMA DEPOSIT (REE) 

Model: “Ion Adsorbed in Clay” 

(supergenic deposit type in saprolite)

PELA EMA DEPOSIT (REE) 

TOTAL RESOURCES: 911Mt@0.12%TREO

MINERAL RESERVES: 350mT@0.15%TREO



Serra Verde Project - Regional Geological Settings 
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Serra Dourada Granite
(1.6 Ga)

Serra do Encosto Granite (1.6 
Ga)

Santa Tereza Granite
(560 Ma)

Peixe Alkaline Suit (1.5 
Ga)
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Serra Verde Project - Saprolite formation, REE concentration & extraction

- Type of deposit: saprolite “ion adsorption-type”- REE mineralization.
- How is it formed? due to the weathering of REE-enriched source rocks, the liberation
and mobilization of the “REEs ions” and their preferential adsorption onto the surfaces of
clay minerals.
- What is particularly significant about saprolite “ion adsorption-type” REE
mineralization? typically contains a high proportion of “HREE”.
- Process of Extraction of REE ions: easy and low cost to extract (if compared to bedrock

mineralization) and is associated with “low levels of radioactivity”.

WEATHERING

Formation of soil and saprolite
(Serra Verde Ore)Granite with REE minerals

Millions
of years

Small crystals of Monazite and Xenotime
with REE

Time Evolution

plus, gentle hilly topography, warm and humid climate = FAVOURABLE CONDITIONS



Serra Verde Project - Process extraction/leaching
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How is the extraction of REE without extract
uranium and thorium?
• Leaching agent (AS or SC).
• It doesn’t “extract“ the radioactive material,

but seelct the REE ions through an ion
exchange, which will replace the REE ions
adsorbed (adhered to the surface) in the clays.

Reagent
-
+ H2O water = 

REE+

REE+
REE+

Na+ Cl-

REE+

Na+ Cl+

H2O

hydrometallurgy

Leaching

THE PROCESS DOESN’T GENERATE 
RADIOACTIVE WASTE.

VERY LOW COST OF “REE” 
EXTRACTION!
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Chemical by grain sizes

PROJECT - SERRA VERDE TREO Total Calculated
(ppm)Saprolite - MET001

SAMPLES:  DDH, natural humidity DATA:   23/08/2013 2872

INICIAL WEIGHT (g):   8067,60

Mesh
Weight (g) % Retained % AC

TREO distribution percentage
by grain size# (mm)

1/4'' 6,35 117,70 1,5% 1,5% 0,42%

10 2,00 1843,10 23,8% 25,3% 4,14%

18 1,00 1390,40 17,9% 43,2% 4,34%

20 0,850 82,60 1,1% 44,3% 0,33%

35 0,500 719,50 9,3% 53,6% 5,22%

70 0,212 817,80 10,5% 64,1% 9,54%

100 0,150 269,00 3,5% 67,6% 4,48%

150 0,106 349,20 4,5% 72,1% 7,54%

200 0,075 125,60 1,6% 73,7% 3,03%

325 0,045 172,60 2,2% 75,9% 4,25%

400 0,038 109,55 1,4% 77,3% 2,68%

- 400 - 0,038 1758,80 22,7% 100,00 54,03%

TOTAL 7755,85

% of loss: 3,864

Serra Verde Project - Pela Ema Deposit - Ion-adsorption type (Ionic clays)  



Serra Verde Project - Pela Ema Deposit - Drilling data
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DRILL TYPE
TOTAL

HOLES METERS

Auger Drilling (AUG) 10,415 46,521.03

Diamond Drilling (DDH) 288 5,832.45

Reverse Circulation Drilling (RCD) 270 4,063.15

Metallurgical Drilling (MET) 126 1,354.98

GRAND TOTAL 11,099 57,771.61
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Serra Verde Project - Pela Ema Deposit - TREO & HREO map in the saprolitic ore 

HREO/TREO ~27%



DATABASE COMPILATION AND PARAMETRIZATION

STATISTICS AND CONPOSITE OF THE DATA

GEOSTATISTICS AND VARIOGRAPHY

GEOLOGIC MODELLING

BLOCK MODEL DEFINITIONS

ESTIMATION

Serra Verde Project - Pela Ema Deposit - Geological Modelling Methodology
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Serra Verde Project - Mineral Resources & Mineral Reserves Estimated

Saprolite

Resource

Classification

Tonnes LREO HREO TREO ZrO2 ThO2 U3O8

Mt % % % ppm ppm ppm

Measured 22 0.15 0.06 0.21 844 93 14

Indicated 368 0.11 0.04 0.15 711 106 14

Inferred 521 0.07 0.02 0.10 564 78 11

Total
M+IND 390 0.11 0.04 0.15 718 106 14

Inferred 521 0.07 0.02 0.10 564 78 11

Notes: source: RPA - Feb,2015

1) CIM definitions were followed for Mineral Resources.

2) Mineral Resources are estimated for all the blocks within the saprolite wireframe. 

3) The date of this estimate represents drilling up to November 27, 2014.

4) A bulk density of 1.8 t/m³ was used.

5) LREO = CeO2+ La2O3+ Nd2O3+ Pr6O11+ Sm2O3.

6) HREO = Eu2O3+ Gd2O3+ Yb2O3+ Dy2O3+ Er2O3+ Ho2O3+ Lu2O3+ Tb4O7+ Tm2O3+ Y2O3.

7) TREO = LREO+ HREO.



Serra Verde Project - REE weight distribution
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Serra Verde Project - REE value (NSR) distribution - sales & potential revenues
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Serra Verde Project - Sensitivity to cut-off grade - Measured and Indicated 
Resources
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Source: RPA-Feb 2015

386
373

322

288

234

156

100

62

39
24

16 11

390 390 387 382

360

341

301

226

160

110

74

49
33

23

30 30 30 31
33 34

37

42

47

52

58

65

71

77

35 35 36 36 37 38
40

44

49

54

59

65

71

78

0

10

20

30

40

50

60

70

80

90

0

50

100

150

200

250

300

350

400

450

0 5 10 15 20 22 25 30 35 40 45 50 55 60

A
ve

ra
ge

 N
SR

 (
$

)

To
n

n
e

s 
(m

il
li

o
n

s)

NSR ($)
Tonnage Lower Case Tonnage Base Case Tonnage Best Case

Lower Case Ave. NSR Base Case Ave. NSR Best Case Ave. NSR



Serra Verde Project - Sensitivity to cut-off grade – Inferred Resources
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Source: RPA-Feb 2015
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Serra Verde Project - Pela Ema deposit - Mineral Reserves (Mining)
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Source: RPA (Feb, 2015)

PELA EMA - MINERAL RESERVES ESTIMATED

Reserve 

Classification

Tonnes LREO HREO TREO

Mt % % %

Proven 22 0.15 0.06 0.21

Probable 329 0.11 0.04 0.15

Total P&P 350 0.11 0.04 0.15



Serra Verde Project - Pela Ema deposit - Additional Potential over the current 
Resources & Reserves Parameters
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Source: by RPA (May & July, 2014)



17

Serra Verde Project X World Competitors - Advantages & similarities

Comparative - Serra Verde Project versus Competitors

Details
Serra Verde/Pela Ema Deposit                             

(Ion adsorbed in Clays)
Southern China deposits                                             
(Ion adsorbed in Clays)

Tantalus Project - Madagascar/Africa                                                             
(Ion adsorbed in Clays)

Intrusive Rocks - form of occurence Granites/Batholith >100 km2* Granites/Stocks <100 Km2 Syenites & Granites/Stocks <100 Km2

Mineralized bodies Continuous Discontinuous Discontinuous

Granite (bedrock) - TREO grade (%) 0.12 - 0.16% 0.025 - 0.04% 0.08%

Saprolite - TREO grade (%) 0.1 – 1.0% 0.03 - 0.3% 0.08%

Saprolite - HREO/TREO ratio 25 - 60% 25 - 50% 19%

Mining method strip mining - no blasting strip mining - no blasting/in situ leach. strip mining - no blasting

TREO - Extraction Sodium Chloride Ammonium sulphate Sodium Chloride & ammonium sulphate

*Serra Dourada Granite > 500 km2

* Serra do Encosto Granite > 100 km2

• SOUTHERN CHINA: HREE Reserves are

550,000 tonnes; production ~40,000 t/year -

more 14 years production;

• PELA EMA DEPOSIT: actual HREE Resources

around 227,000 ton; It has potential for 3X

more in whole project.
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Serra Verde Project X World Competitors - comparisons - Concentrate 

LOCATION
SERRA VERDE XINFENG XUNWU LONGNAN

BRAZIL CHINA CHINA CHINA

DEPOSIT TYPE Ion Adsorbed in Clay Ion Adsorbed in Clay Ion Adsorbed in Clay Ion Adsorbed in Clay

TREO AVERAGE GRADE 
(%)

0,15 0,05 0,05 0,05

REE IN CONCENTRATE % ppm % ppm % ppm % ppm

La 32,1% 481,41 26,2% 131,00 43,4% 217,00 1,8% 9,10 

Ce 4,2% 63,53 1,9% 9,50 2,4% 12,00 0,4% 2,00 

Pr 5,9% 88,77 6,0% 30,00 9,0% 45,00 0,7% 3,50 

Nd 19,3% 289,74 21,1% 105,50 29,7% 148,50 3,0% 15,00 

Sm 3,3% 49,50 4,5% 22,50 3,9% 19,50 2,8% 14,00 

Eu 0,2% 2,39 0,7% 3,55 0,5% 2,55 0,1% 0,50 

Gd 3,2% 47,94 4,8% 24,00 3,0% 15,00 6,9% 34,50 

Tb 0,5% 7,70 0,8% 3,85 TRACE TRACE 1,3% 6,50 

Dy 3,2% 47,90 4,1% 20,50 TRACE TRACE 6,7% 33,50 

Ho 0,7% 10,27 0,8% 4,00 TRACE TRACE 1,6% 8,00 

Er 2,0% 30,45 2,0% 10,00 TRACE TRACE 4,9% 24,50 

Tm 0,3% 4,47 TRACE TRACE TRACE TRACE 0,7% 3,50 

Yb 1,8% 27,09 1,6% 8,00 0,3% 1,50 2,5% 12,50 

Lu 0,3% 3,95 0,2% 1,00 0,1% 0,50 0,4% 2,00 

Y 23,0% 344,89 25,1% 125,50 8,0% 40,00 65,0% 325,00 

TOTAL 100,0% 99,8% 100,3% 98,8%


