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Tertiary Minerals plcTertiary Minerals plc

• Public Company. Shares trade on the AIM Market 
of the London Stock Exchange. Trading symbol “TYM”

• Developing the 100% owned Ghurayyah project since 2002 
through a wholly owned subsidiary Tertiary (Middle East) 
Ltd

Website www.tertiaryminerals.com



Ghurayyah DepositGhurayyah Deposit-- Location Location 

.
Dhuba

Saudi Arabia

FAVOURABLE INFRASTRUCTURE

• 85km from City of Tabuk 

• 55km from Red Sea Coast port  
of Dhuba

• Direct access by sealed road  
and well used 4WD tracks

• Positioned on one of World’s 
major shipping lanes



Ghurayyah Deposit Ghurayyah Deposit -- Secure Tenure Secure Tenure 

Tertiary (Middle East) Limited holds 
100% of :

• Exclusive 5 year Exploration 
Licence granted January 2002

• Exploration Licence 
extendable up to 10 years

• Right to a renewable 50 year mining 
lease 

New Mining Code enacted in 2005 to 
update mining law in line with 
international standards



Ghurayyah Deposit

~900 metre diameter granite plug outcrops above 
wadi with up to 60m local elevation …………………..

…………and continues beneath 
unconsolidated surficial wadi sands



Ghurayyah Ghurayyah -- History History 

1964 Discovery

1976/8  Government exploration including surface sa mpling, drilling 
(5 holes) and metallurgical testwork by Hazen Resea rch

1999 Drilling (13 holes) by United States Geological  Survey

2002 Tertiary acquired exclusive exploration licence

2002/3 Tertiary conducted various technical works in cluding  
resource estimation, metallurgical testwork and a 
technical / economic scoping study

2005 Preliminary Feasibility Studies commenced.



Resource Estimation Resource Estimation 

• Carried out by independent consultants - SRK Consulting 

• Based on 1999 USGS drill-data

• To Australasian Institute of Mining & Metallurgy JORC 
classification



3D Surface Geology & Drilling 3D Surface Geology & Drilling 



Inferred Mineral Resource Estimate Inferred Mineral Resource Estimate 

To 250m vertical depth:

385 million tonnes grading

• 245 grammes/tonne (0.024%) tantalum pentoxide (Ta2O5)

• 2,840 grammes/tonne (0.28%) niobium pentoxide (Nb2O5)

• 8,915 grammes/tonne (0.89%) zirconium oxide (ZrO2)

Ghurayyah also contains significant but as-yet unquantified 
amounts of uranium and yttrium (a rare-earth element) which 
may have commercial significance.



3D Inferred Minerals Resource Outline 3D Inferred Minerals Resource Outline 

Resource is a solid “cylinder” 900m in diameter and 250m deep

No internal waste



Grade Continuity Grade Continuity 

Grade continuity is remarkable – all drill holes hav e similar average 
grades close to global resource grade

Drill hole From To interv. Ta 2O5 Nb2O5 ZrO2

GH 1 0.0 300.0 300.0 315 3,460 11,628
GH 2 0.0 250.2 250.2 291 3,218 10,272
GH 3 0.0 250.0 250.0 222 3,155 9,771
GH 4 0.0 300.0 300.0 315 3,460 11,628
GH 5 0.0 250.0 221.7 218 3,110 9,910

DH 99-1 2.0 100.2 98.2 359 2,764 9,968
DH 99-2 2.0 100.0 98.0 277 2,796 10,191
DH 99-3 4.0 86.0 82.0 230 2,593 8,391
DH 99-4 2.0 100.0 98.0 245 2,687 9,100
DH 99-5 2.0 100.0 98.0 224 2,601 8,788
DH 99-6 2.0 100.0 98.0 183 2,675 9,105
DH 99-7 2.0 42.0 40.0 235 2,195 7,170
DH 99-8 2.0 250.0 248.0 218 2,049 6,643
DH 99-9 4.0 114.0 110.0 213 2,286 6,859
DH 99-10 2.0 200.2 198.2 232 2,548 7,615
DH 99-11 4.0 200.0 196.0 254 2,585 7,353
DH 99-13 4.0 150.0 146.0 229 2,723 8,141



Grade Continuity Grade Continuity –– Tantalum Tantalum 
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Grade Continuity Grade Continuity –– NiobiumNiobium
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Size Comparison Size Comparison –– Reserve/ResourcesReserve/Resources
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Ghurayyah Inferred Mineral Resource larger than both Wodgina & 
Greenbushes *

* based on information current on Sons of Gwalia website on 5 September 2005



Grade Comparison Grade Comparison -- Reserve/ResourcesReserve/Resources

Ghurayyah Inferred Mineral Resource has grade between global grade 
of reserves+resources at Wodgina & Greenbushes *

* based on information current on Sons of Gwalia website on 5 September 2005
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Contained TantalumContained Tantalum-- Reserve/ResourcesReserve/Resources

Contained Tantalum greater than both Wodgina & Greenbushes *

* based on information current on Sons of Gwalia website on 5 September 2005
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1970’s Metallurgical Testwork1970’s Metallurgical Testwork

Previous Testwork carried out in late 1970’s by Hazen 
Research on limited budget comprised:

1.   Mineral separation & concentration testwork by:

• Gravity
• Magnetics
• Flotation

2. Minerals concentrate processing using 
chlorination & solvent extraction



1970’s Metallurgical Testwork1970’s Metallurgical Testwork

Hazen 

1. Concluded that magnetic separation and flotation gave    
similar results

2.   Produced mineral concentrate by flotation with:

• 86% recovery of tantalum
• 89% recovery of niobium 

to a concentrate grading 0.21% Ta2O5 and  4.1% Nb2O5

3. Produced separate purified tantalum and niobium products 
with overall recoveries of 77% for Ta  & 80% for Nb by 
chlorination, leaching and solvent extraction



2002 Metallurgical Testwork2002 Metallurgical Testwork

Work carried out by Tertiary Minerals at Lakefield Research 
(Canada) included:

• Mineralogical examination
• Crushing and grinding testwork
• Gravity separation
• Flotation concentration
• Magnetic upgrading

Using 300kg master sample made-up from  6 separate drill 
holes. 



2002 Metallurgical Results2002 Metallurgical Results

Dominant tantalum and niobium bearing minerals:

• fine-grained columbite

• yttrium-bearing pyrochlore 

• contain tantalum and niobium in the approximate 
ratio 1 to 12 and some uranium and thorium

• accompanied by coarse grained zircon

Mineralogy of the deposit differs to traditional pegmatite 
sources of tantalum and requires different processing
routes for extraction of marketable products



2002 Metallurgical Results2002 Metallurgical Results

Best mineral concentration results obtained using flotation 
- giving a bulk tantalum-niobium-zircon-rare earth 
concentrate :

82%5.85%Nb205

85%0.45%Ta205

Overall RecoveryGrade Metal (oxide)



High Gradient Magnetic separation (HGMS) resulted in 
rejection of zircon to separate concentrate and a tantalum-
niobium-rare earth concentrate  assaying:

Unknown6.3%Y2O3

65%25.5%Nb205

71%1.84%Ta205

Overall RecoveryGrade Metal (oxide)

2002 Metallurgical Results2002 Metallurgical Results

Concentrate also contains significant levels of uranium and thorium.



2002 Testwork Summary2002 Testwork Summary

•Improvements achieved during 2002 compared to the 
earlier testwork include:  

• Up to 90-times upgrading of the tantalum and 
niobium values contained in the rock. 

• Up to 9-times improvement to the concentrate grade 
produced in the 1970’s testwork on which previous  
evaluations of the Ghurayyah deposit were made. 

• Results achieved using industry standard flotation and 
magnetic separation equipment 

• Recoveries for tantalum and niobium compare favourably 
with those published for other commercial mining   
operations



2002 Testwork Summary2002 Testwork Summary

Further optimisation of concentrate grades is possible but further significant 
upgrading is limited by fine grain size of columbite and complex mineral 
intergrowths:
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Future Metallurgical TestworkFuture Metallurgical Testwork

Future work will focus on :

• Optimising flotation reagent schemes

• Gravity pre-concentration

• Magnetic pre-concentration

With the objective to reduce capital and operating costs



Economic & TechnicalEconomic & Technical
Scoping StudyScoping Study

Carried out by Tertiary Mineral’s consultant –
St Barbara Consulting with

• Mine design and mining costs by SRK Consulting

• Infrastructure and capital costs estimates –
GMB Minerals Engineering Consultants

• Saudi financial input from Merchant Bridge Ltd 
and British Offset



Scoping Study Scoping Study -- ParametersParameters

BASE CASE

• Open Pit Mining – c. initial rate of 1.5 million tonnes per 
annum & on-site processing

• Production of 600,000 lbs Ta205 and approx. 6,000,000 
lbs Nb2O5  in concentrate

• Separation of zircon concentrate

Scoping Study also considered various downstream 
processing options



Concentrate Production Concentrate Production 

Run of Mine Ore

Ta-Nb Concentrate

Ta205 1.84%

Nb205  25.5%

Crushing/Grinding
Flotation/Magnetic separation Zircon Concentrate

Spec to be determined

Different Processing OptionsDifferent Processing Options



Concentrate Processing OptionsConcentrate Processing Options

Ta-Nb Concentrate

Acid Leach 

Aluminothermic reduction

“ATR Alloy”
(Ta-Nb Ferro-alloy)
Ta 5.5%

Nb 49.5%

Fe  39.5%

Ta K-salt

MARKET

Solvent Extraction

Nb oxide

Ferroniobium

Convert

Nb K-salt

Reject Slag 
Containing
U +Th etc..



Scoping Study Scoping Study -- ResultsResults

Positive Mining & Processing Characteristics

• The deposit allows for >200 years production at 1.52 
million tonnes per annum

• Mining 1.52 mtpa of ore by open-pit, <5% waste during 
years 1 to 115. Mining costs will be low

• 7 different metallurgical process routes (flowsheets) 
have  been evaluated

• A metallurgical testwork program has been developed to   
further optimise the mineral recovery and enhance the 
economics for the project.



Open Open PitablePitable
Entire resource expected to be 
mineable by low-cost open pit methods

c. 10 million tonnes 
outcrops above 
wadi level

Up to 60m local elevation above wadi level



Possible starter pits based on outcrops alone

• Tonnage contained in the outcrops and their subsurface
expression is estimated to be ~ 30 million tonnes. This allows
low risk, inexpensive mining start-up

Scoping Study Scoping Study -- ResultsResults

Estimate 10 million tonnes
outcrops above Wadi level

Estimate 20 million tonnes
below Wadi level

Wadi level



How these starter pits may develop to the full 
size pit

• Possible open-pit mine development within the perimeter of 
the Ghurayyah deposit up to 115 years.

Scoping Study Scoping Study -- ResultsResults

- 250m below Wadi level

Estimate 10 million tonnes
outcrops above Wadi level

Estimate 20 million tonnes
below Wadi level

Wadi level

Estimate 10 million tonnes
outcrops above Wadi level

Estimate 20 million tonnes
below Wadi level

Wadi level
Estimate 10 million tonnes
outcrops above Wadi level

Estimate 20 million tonnes
below Wadi level

Wadi level



Positive Financials

• Capital cost estimates for project start-up US$ 76 – 100 
million (flowsheet dependent)

• High Net Present Values  (flowsheet dependent)

• Project IRR’s  all >25% (flowsheet and price dependent)

• Favourable project financing regime in Saudi supports    
project development including through Government funding  
schemes, the Al Yamama Programme & the BAE Project    
Finance Initiative

Scoping Study Scoping Study -- ResultsResults



Project FinancingProject Financing

AL YAMAMA PROGRAMME

• A £1 billion economic offset agreement arising from UK 
military sales to Saudi Arabia (British Aerospace)

i.e. an obligation to re-invest funds back into Saudi    
Arabia

• Managed by British Offset, a joint initiative of the British 
Ministry of Defence & BAE Systems

• Includes the British Aerospace Project Finance Init iative



Project FinancingProject Financing

Illustration – BAE Project Finance Initiative

Costs

Ghurayyah –BAE finance initiative (illustration only)

Saudi Industrial Development Fund 50%

Commercial Bank Loans 25%

Project Equity 25%

BAE Project Finance
(SIBOR + 0.375%)

12.50%

+

Equity Contribution 12.50%

e.g. Project equity loan is available, to foreign investors, from BAE Systems 
for up to half of the equity contribution required

JV Share of Project Capital



Project Development ScheduleProject Development Schedule
Phase 2a & 2b (Pre-feasibility Study) (2005 – 2006)

• Further development of mineral processing  flow-sheet to produce Ta

& Nb concentrate

• Resource definition drilling, collect >100t ore sample

• Production of up to 500kg of mineral concentrate for further

processing testwork including alloying trials

Phase 3 (Bankable feasibility study) (2006 – 2007)

• Bulk production of marketable products

• Pilot Plant Operation >1,000 t ore sample

Evaluation stage Ore required 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Phase 2a Pre-feasibility Study - metallurgical testwork 2 tonne
Phase 2b Pre-feasibility Study - drilling & mineral concentrate production100 tonne
Phase 3 Bankable feasibility study 1,000 tonne
Permiting / Finalise Financing
Construction (including early ordering of long-lead items)
Commissioning
Production at design capacity    � � � � �

20062005 2009 201020082007



Ghurayyah Ghurayyah –– Key Point SummaryKey Point Summary

• World’s largest deposit of tantalum

• Existing resources sufficient for 200 years of 
production at Scoping Study Base Case production    
rate

• Remarkably uniform grades of tantalum and niobium  

• Low cost mining

• Various production opportunities, including downstream    
processing

• Favourable Scoping Study and attractive terms for    
project financing will ensure project implementation if      
feasibility studies are successful
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