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(after Milési et al., 2004)

14 deposits studied

Baratoux et al., 2011
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Orogenic gold deposits

Le Mignot et al., in review, EGeolGoldfarb et al., 2001

 Ebournean orogeny



Emplacement conditions

determined from mineral parageneses

3 main types detected



Morila type 450 – 550°C
2FeAsS

FeAs2 + FeS + 1/2S2

Apy - Po - Löe



Pampe

Aspy2

AuPbS

Au PbS

Au

Au

PbS

Aspy2
Cpy

chlorite

albite
ankeritePy2

Nassara type 
<300°C

Pampe type ~ 
375°C

FeS2

FeS2 + As

FeAsS + 1/2S2

Apy - Py

Py



OROGENIC 
GOLD DEPOSITS
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- Gaoua district
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Fluid inclusion evidence

Solid-bearing H2O fluid inclusion 
with salts and a chalcopyrite crystal

High temperature (>400°C)
high salinity (>30 wt% NaCl eq) 
orthomagmatic fluid

Porphyry stage

H2O and H2O-CO2
fluid inclusions

Low temperature (<200°C)
moderate salinity (13-24 wt% NaCl eq) 

hydrothermal fluid

L

V

Orogenic stage

5 µm

Cpy

SEM SE

- Gaoua district



Farallon Negro (Argentina)

Santa Rita (NMex)

Morenci (Az)

Red Mtn (Az)

Grasburg (Indonesia)

Calabona (Italy)

Porphyry systems
elsewhere in the world



Sulphide distribution

py

…back to orogenic deposits!



200 μm

Gold

Gold intimately associated with pyrite (or apy)

2cm



Sulphide evolution

Konkera

Apy

Py
Py

Tabakoroni

As-rich 
bands

PyRZ-rim

50μm

PyRZ-core

several generation of py and apyAs distrubution 

Bepkong



Syama MW4b-2 Invisible gold

Py rim  = 8 ppm Au; 0.6 wt% As Py core  = 134 ppm Au; 3.10 wt% As

LA-ICP-MS



Visible gold (Au0)

Invisible gold (Au1+)

Au
 p

pm

As wt%

Buesicham Au = 601 ppm

Py
Apy

Wassa Au = 7,4 ppm

Reich et al., 2005

Tabakoroni Au = 2,59 ppm

Invisible gold
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Microprobe and LA-ICP-MS analyses of pyrite and chalcopyrite
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34S
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63Cu
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82Se
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125Te
197Au
208Pb
209Bi

Pyrite 1

seconds

c
o
u
n
t
s

Ni (ppm) 4,41 385,7 4,92 1,78 1,19 145,6
Cu (ppm) 0,2 0,6 0,21 0,22 0,22 0,18
As (ppm) 4,9 0,287 9,42 5,88 11,28 17,8
Se (ppm) 38,26 100,62 35,81 33,54 52,25 71,49
Ag (ppm) 0,0057 0,0061 0,0079 0,0076 0,0074 0,0054
Sb (ppm) 0,203 <0,073 0,063 <0,062 0,164 <0,056
Te (ppm) 0,11 0,204 0,037 0,0211 25 <0,0039
Au (ppm) 0,00122 <LOD <LOD 0,00365 0,00405 <LOD
Pb (ppm) 0,00346 0,00371 0,00067 0,00127 <0,00044 0,00055
Bi (ppm) 0,0077 0,00084 0,00026 0,00586 0,00013 0,00096

Pyrite 1

orogenic
pyrite

- Gaoua district

Porphyry
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sample S19-267.5A-C4-1 S19-267.5A-C8-1
Ni (ppm) 2,39 2,45
Cu (ppm) 163,94 77,1
As (ppm) 6,93 11,69
Se (ppm) 34,84 36,11
Ag (ppm) 0,0472 0,139
Sb (ppm) 0,183 0,95
Te (ppm) 5,13 19,07
Au (ppm) 0,334 2,22
Pb (ppm) 0,0629 0,566
Bi (ppm) 0,696 4,47
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Chalcopyrite 2 

SAMPLE
S44-

249-C1-
2

S44-
249-
C2-1

S44-
249-
C3-1

S44-
346-
C1-2

S44-
346-
C3-1

S44-
346-
C2-1

Ni (ppm) 25,70 2,36 1,63 3,89 2,49 2,22
Cu (ppm) 3491149 352197 351523 339379 342389 351170
As (ppm) 4,80 1,06 0,37 0,14 0,36 0,10
Se (ppm) 1719,73 182,98 152,79 219,94 176,49 183,99
Ag (ppm) 32,74 4,97 2,43 2,32 2,92 1,92
Sb (ppm) 528,10 164,60 23,42 75,16 108,21 40,72
Te (ppm) 3,54 1,46 0,24 0,15 0,23 0,13
Au (ppm) 0,61 0,23 0,01 0,34 0,16 0,11
Pb (ppm) 21,69 8,48 0,60 1,13 1,52 0,65
Bi (ppm) 10,95 2,56 0,29 0,49 0,61 0,27

Orogenic
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Dolerite

Au*10 As/100

Bi

Tabakoroni - barren

Geochemical signature of mineralized vs barren zones – Footprinting?

Pyroclastite

Tabakoroni - mineralized
Syama - mineralized
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PETROGRAPHIC RESULTS
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Pr-H2O-CO2-salt
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PRESURE 

SHADOWS

Cyclic pressure 
variations vs. 
continuous 

pathway 
(Sibson, 2004 and refs. 

therein)
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By Femtosecond Laser Ablation-Time of Flight-Inductively Coupled Plasma Spectrometry 

Example of early D2 aqueous fluid inclusions
1

2
3

Elemental analysis of fluid inclusions

1: albitized diorite dyke
2: sheared quartz 
3: undeformed quartz

20 µm
Inata deposit



Elemental analysis of fluid inclusions

Selection of elements 20 µm

No Ca, No K!

High Na  albitization

Ni, Co, Cr, Mn, Fe

Fe, Cu, Pb, Bi, Sb, As

Au, Ag



Elemental analysis of fluid inclusions

20 µm

Fe, Cu, Pb, Bi, Sb, As

Ni, Co, Cr, Mn, Fe

Au = 4.0 ppm
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Experimental synthesis of Au-As bearing pyrite
How does Au - As intake into pyrite work? 

(collaboration G. Pokrovski, GET, Toulouse)

False-colour SEM BSE image

py with 2500 ppm Au



Thanks for the attention
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