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® (Classifications of uranium deposits follow
two general approaches, focusing on:

e descriptive features such as the geotectonic
position, the host rock type, the orebody
morphology; ...... . « geologic classification »

® or on genetic aspects : « genetic classification »




1991 TAEA uranium de

1) Unconformity-related
2) Sandstones
3) Quartz-pebble conglomerates
4) Veins
5) Breccia complexes
6) Intrusive
7) Phosphorites
8) Collapse breccia pipes
9) Volcanic
10) Surficial
11) Metasomatites
12) Metamorphic
13) Lignite-coal
14) Black shales
15) Other types (carbonates)

Deposits were conventionally listed in order of economic ranking
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2012 « Red Boo

1) Unconformity-related

2) Sandstones

3) Hematite breccia complexes
4) Quartz-pebble conglomerates
5) Veins

6) Intrusive

7) Volcanic and caldera-related

8) Metasomatites

9) Surficial

e10) Collapse breccia pipes

e11) Phosphorites

e12) Other types (metamorphic, limestones, coal)

e13) Rock types with elevated U content (pegmatites, granites,
black shales)




TAEA 2013 classification of uranium
deposits

e The 2013 IAEA classification is a combination
between the IAEA classification used in the Red
Book since 1991 and the Dahlkamp (1993, 2009)
classifications:

main types of deposits,  sub-types and
classes have been retained
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o/AEA-NEA Red Book (2012): « Uranium deposit : a mass of
naturally occurring mineral from which uranium could be
exploited at present or in the future »

o/AEA-UDEPOQO Database:

egeological database first
eno economic connotation: geological resources
e¢ tU minimum, no restrictions for the grade

o deposits/districts in  countries listed end of 2013




IAEA 2013):(3 assification

1. Intrusive

2. Granite-related

3. Polymetallic hematite breccia complex
4. Volcanic-related

5. Metasomatite

6. Metamorphite

7. Proterozoic unconformity

8. Collapse breccia pipe

9. Sandstone

® 10. Paleo quartz-pebble conglomerate
e 11. Surficial

e 12. Coal-lignite

e 13. Carbonate

® 14. Phosphate

e 15. Black shales




IAEA 2013 classification
1. Intrusive

3. Polymetallic hematite breccia complex
4. Volcanic-related
5. Metasomatite

7. Proterozoic unconformity

8. Collapse breccia pipe

9. Sandstone
10. Paleo-quartz pebble conglomerate
11. Surficial

14. Phosphate
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11. Surficial

9. Sandstone

10. Paleo-quartz pebble conglomerate
8. Collapse breccia pipe

7. Proterozoic unconformity

12. Coal-lignite

13. Carbonate

14. Phosphate

15. Black shales

etamorphic
1.1. Intrusive anatectic

5. Metasomatite
6. Metamorphite
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2. Granite-related

4. Volcanic-related

1.2. Intrusive plutonic

3. Polymetallic hematite breccia complex
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Number of der

9. Sandstone

2. Granite-related

4. Volcanic-related

6. Metamorphite

7. Proterozoic unconformity

1. Intrusive

5. Metasomatite

10. Paleo quartz-pebble conglomerate
11. Surficial

14. Phosphate

15. Black shales

12. Coal-lignite

8. Collapse breccia pipe

3. Polymetallic hematite breccia complex
13. Carbonate




Monzogranite Carbonatite ~ Pegmatite
8 Peralkaline syenite Alaskite

»

Dahlkamp, 2009

100 to 200 m

Two sub-types:
-1.1. Intrusive anatectic (pegmatites-alaskites)
-1.2. Intrusive magmatic

- granite-monzonites

- peralcaline complexes

- carbonatites




> - Granite T

Intragranitic Perigranitic

Vein  Episyenite In (meta)sediments In metasediments
monometallic polymetallic

| v/
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Dahlkamp, 2009

2 sub-types :
*2.1. Intragranitic
® 2.2. Perigranitic




oxide breccia complex
(Olympic Dam)




Structure-bound Strata-bound

Surficial Intrusive Intracaldera Exocaldera
fracture fill vein

ca. 100 m+

100-200m

Si-Al-rich rhyolite Mafic ~—----4 Pyroclastic - Fault
intrusion flow breccia -~-n-~-4  |acustrine facies

Rhyolitic outflow facies of ash- [~ - =] Intracaldera pyroclastic [TLLE>] Basement U mineralization
flow tuff (welded tuff, vitro- :227.2:1  and lake (moat) facies % 3
phyre, lapilli tuff, ignimbrite)

Dahlkamp

3 sub-types:

e 3.1. Structure-bound
e 3.2. Stratabound
e 3.3. Volcano-sedimentary




-
Dahlkamp, 2009 1to>10m

3 sub-types:
* 5.1. Na-metasomatite

* 5.2. K-metasomatite
*5.3. Skarn




w’ Horsetail
fracture

!Z Fault (barren)

U mineralization

Metasediment

Pegmatite

3 sub-types:
* 6.1. Stratabound

* 6.2. Structure-bound
» Monometallic veins
* Polymetallic veins

* 6.3. Marble-hosted phosphates

In sediments®

Sandy dolomitic -~ Strongly fractured
shale \ I rock
Silicious Principal fault
dolomite
Dolomitic and U mineralization
E carbonaceous shale

? |dealized after Schwartzwalder, USAj¥allafe] 1986
P |dealized after Shinkolobwe, D.R.C ahlm‘bp)ezgcggﬁs)




~Itataia-Santa
Quiteria deposit

6.3. marble-hosted
phosphate
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> Type 7 - Proterozoic UNCOMIOF

* 3 sub-types:
e ~».1. basement-hosted

e 7.2. unconformity-contact

e 7.3. stratiform fractured-controlled
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alleration and hl-aanh__r_lg
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Dissaminated
vein amnd
breccia ore

Massive high
grade ora
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Tabular Basal channel Rollfront Tecto-lithologic
T Continental Marginal-marine

. Y L :

100-200 m
1001000 m

|
100-200 m

<=7 Sandstone Mudstone E =7 Volcanic flows (basalt) , U mineralization 100-200 m
Siltstone Pyroclastics + Basement {granitic)
D - Dahlkamp, 2009

5 sub-types:
* 9.1. Basal channel

* 9.2. Tabular

* 9.3. Rollfront

* 9.4. Tectonic-lithologic

* 9.5. Mafic dikes/sills in Proterozoic sandstones
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U conglomerate beds Au-U conglomerate beds
in single-stratigraphic unit in multi-stratigraphic units

upto 12 km
Early
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Paleoproterozoic

°| Early Paleoproterozoic clastic & Archean basement U-bearing
sequences (2850-2 200 Ma) 4 (granites, greenstones) conglomerate

Dahlkamp, 200g

Two sub-types :
* 10.1. Au-dominant
* 10.2. U -dominant




Duricrusted sediments
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Four sub-types:

* 11.1. Peat-bog

* 11.2. Fluvial valley

* 11.3. Lacustrine-playa

* 11.4. Pedogenic and fracture-filled
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Stratiform Fracture-controlled

Barren ~ -~ - Pyroclastics
lignite ST (U-bearing)

Da%lkamp, 2009

Two sub-types:
* Stratiform
* Fracture-controlled




3 sub-types:

* 14.1. Organic phosphorite

Dark grey pyritic clay with fish
bones and scales

- Light grey clay with fish relics
= e ) and "mud-eater” tracks

U mineralized beds

Dahlkamp, 2009
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« Unconventional resources »

e Conventional resources are defined as resources
from which uranium is recoverable as a primary
product, a co-product or an important by-product

e Unconventional resources are resources from

which uranium is only recoverable as a minor by-
product, such as uranium associated with
phosphate rocks, non-ferrous ores, carbonatite,
black shale and lignite (Red Book 2012)




« Unconventiona

Intrusive anatectic and plutonic

. Granite-related

. Polymetallic hematite breccia complex
. Volcanic-related

. Metasomatite

. Metamorphite

. Proterozoic unconformity

. Collapse breccia pipe

. Sandstone

. Paleo-quartz pebble conglomerate
® 11. Surficial

® 12. Coal-lignite

@ 13. Carbonate

® 14. Phosphate

® 15. Black shale
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UDEPO-totd
(

Phosphate

Coal-lignite

Black shales

Sandstone

Polymetallic breccia complex
Proterozoic unconformity
Intrusive anatectic-plutonic
Paleo-quartz pebble conglomerate
Metasomatite
Volcanic-related
Metamorphite
Granite-related

Surficial

Carbonate

Collapse breccia pipe

13.700.000
7.400.000
6.650.000

2.300.000

600.000




Final remarks ......

® Revised and improved geological classification of
uranium deposits with  main types covering most
geological formations

e Detailed classification with ~ sub-types and classes

e The UDEPO Database with « deposits », useful
tool being improved regularly

e A new sub-database (UncvDEPQO) for unconventional
ressources




IAEA technical documents in preparation

® “Geological Classification of Uranium
Deposits and Description of Selected
Examples”

® “World distribution of uranium deposits -
The UDEPO Database”
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