CHANTIER RGF — PYRENEES

Processus de circulations de fluides et de minéeralisations dans les Pyrénées

Philippe BOULVAIS (Univ. Rennes. 1), Jérémie MELLETON (BRGM)

04 juin 2019 - Pau

| REFERENTIEL
GEQLOGIQUE
DE LA FRANCE




FLUIDES
- ACTUELS

- PYRENEENS

- VARISQUES

R REFERENTIEL
GEOLOGIQUE
DE LA FRANCE

.............



FLUIDES ACTUELS

Aquitaine Basin

N. Pyr. frontal thrmst™==~ _

50 km

[ ] Tertiary in forelands Paleozoic basement © Hot springs and
[ 1 Pyrenean tertiary (2 (1) Granite temperatures (" C)

[ Mesozoic (2) Gneiss | 25 [ 75 Taillefer et al.,
(3) Paleoproterozoic ofluids, 2017

~ 8

[iensclences our une Terre durable

P
* i REFERENTIEL h r g m
e g GEOLOGIQUE 9"&

s J — DE LA FRANCE

BRGM — SERVICE GEUS ~



FLUIDES ACTUELS

N I T e T
.\'l(".\hf..l,’ v Orittie faulls

Gneiss-metasediment contact Z -
Connected fractures

Permeable.
fractured gng

~

¢ —1500m

REFERENTIEL

R . : B INSTITUT
; GEOLOGIQUE
s o DE LA FRANCE ‘CARNOT <
. [ | (brgm | BRGM — SERVICE G



FLUIDES ACTUELS

Max of temperature (*C)

160, W StThomas  Thyes-

lesbains  jag bains
Prats-Balaguer .

-

om =

S

g

10000 20000 30000
Distance along the Tét fault (m)

@ Qz with no steam loss w Na/Li @ Hot springs

M Qz with steam loss Na/K in the field
@ Chalcedony

St Thomas
Prats-Balaguer

REFERENTIEL
GEQLOGIQUE
DE LA FRANCE

BRGM — SERVICE G



FLUIDES ACTUELS

Max of temperature (*C)

160, W StThomas  Thyes- E
-les bains les bains Vernet-
140 Prats-Balaguer . les bains
120 Lo ” e nven. ' - —
0o g 2 . ¥
1 ool
o ®
80 o ey o
60 :' A @
40 » °
®
20
0 «
10000 20000 30000 40000

Distance along the Tét fault (m)

@ Qz with no steam loss m Na/Li @ Hot springs

W Qz with steam loss Na/K in the field
ES Chalcedony

St Thomas
Prats-Balaguer

BG3, 2018

"

A Béﬁs’cienceé@g une Terre durahle

. p

il REFERENTIEL
" o GEOLOGIQUE
7 DE LA FRANCE

/ N BRGM — SERVICE GEO




Atlantic Ocean Ly
V845,

o °
Toulouse
Studied area
Bilbao P
WESTERN
PYRENEES \

Glrona "4.

NN *«\«\
B N . ‘ : N -

Mdeiterranean sea

Silurian

0
Q
¢l &
2l e
ol o
Ak
$|s
&>
o
J

Triassic and
Cretaceous

[ Silurian phylites
. Hercynian granites
Triassic pelites/sandstones
. Cretaceous limestones zZz ol TR

Mesozoic

Hercynian \

Paleozoic
(Basement)

sciences:
\ .
REFERENTIEL ,
GEQLOGIQUE , : - !
_ DE LA FRANCE 3
f : BRGM — SERVICE GEOEQEIG A



FLUIDES PYRENEENS .
. A7\
N : Studied area [
Bilbao B

WESTERN
PYRENEES

Mdeiterranean sea

SEM-BSE images

Paleozoic
(Gavarnie nappe)

Triassic and
Cretaceous

[ Silurian phylites
S . Hercynian granites
Triassic pelites/sandstones
. Cretaceous limestones i % ------

Mesozoic

Na,O oxide wt % in mica

Hercynian \

0 100 200m

Paleozoic
(Basement)

——

a App. Clay Scié'n"cg, 2017 »

REFERENTIEL
: GEQLOGIQUE
P —_— DE LA FRANCE

BRGM — SERVICE GEOE
S —



Bulk i ! 50 - 16 pm

—— PPW12-07 (damage zone) TGA=127.4 £ 0.9 Ma

FLUIDES PYRENEENS BRI

TGA=69.8204 Ma

Age [ Ma ]

= 4 raleased [ % )

TGA= 683 + 0.4 Ma 2-0.5um
TGA=113.91 0.6 Ma TGA= 506 £ 0.4 Ma
TGA= B8.5 + 0.5 Ma '

SEM-BSE images

[i]
=
=

@

o
L=

4 # " " e "

Cumulative *ar released [ % ]

TGA=47.6 1 0.6 Ma
TGA= 169102

REFERENTIEL
GEQLOGIQUE
DE LA FRANCE
BRGM — SERVICE G




FLUIDES PYRENEENS

S

e rt,ﬁ2004, S ancy

REFERENTIEL
GEOLOGIQUE
DE LA FRANCE




FLUIDES PYRENEENS

xeroiime-1

4 fragments

Scharer et al., Tefra Nova, "099%

REFERENTIEL
GEOLOGIQUE
DE LA FRANCE




FLUIDES PYRENEENS

Rocher du Bari
110+8 Ma

Trimouns
112-97 Ma

L

gk

NPF

i

Andorra
v

} |:] Mesozoic & Tertiary sediments Orthogneiss
",
l:l Low-grade Paleozoic Gneissic basement

High-grade mica schists,
migmatites, anatectic granites

<

Fig. 7. Calcium chemical mapping of the monazite grains “star’ and ‘punk’ obtained by clectron microprobe. “Star” lies within a quartz matrix, ‘punk” at
the contact between calcite (left) and albite.

REFERENTIEL
GEQLOGIQUE
DE LA FRANCE

Hercynian granitoids O talc/chlorite occurences

Salvezines
117.5+0.4 Ma

Lansac

f} Albitites sampling Sites

* Other Albitite occurences

R ey

% _France
1 &

'/ Spain

oS

98+2 Ma

Col de la Bataille

= fr ®
Perpignan

(@)
=
diterranean Sea

3

Figueras

-0

BRGM — SERVICE GEO¥



FLUIDES PYRENEENS

. LAN 03-25 BN
T N e le herd : Salvezines % France /
Ab. R R N Rocher du Bari 117.5+0.4 Ma . ]
1 w,& 1108 Ma .50, S~
‘ . Foix Trimouns Lansac Tha
> 112-97 Ma 98+2 Ma

Col de la Bataille

Perpig.nan

e

(@)
=
diterranean Sea

Mz
(star)

&

.é

Figueras

f} Albitites sampling Sites

2ment * Other Albitite occurences

anitoids O talc/chlorite occurences

<

9 2Ma

oy "Pb/*Th

Fig. 7. Calcium chemical mapping of the monazite grains *star’ and ‘punk’ obtained by electron microprobe. *Star’ lies within a quartz matrix, ‘punk” at

the contact between calcite (left) and albite. s /‘,'
NG 230
& s __2m Mo , %
| 40 80 > 120 L, - OO0~
- ’ + T TS
O = + + + +
©.000 1002 aom 1L0e 000 YOL0 amz oo

Poujol et al., J.'Geol. Soc., 2010 % ' ‘ se‘ﬁm paur une Terre durable

[ ] A
: * — REFERENTIEL ,
e and o GEQLOGIQUE
&\ﬁ o DE LA FRANCE %
/ ;’ ‘ BRGM — SERVICE GEO® Mﬂnem




FLUIDES PYRENEENS

. Sedimentary ophicalcite
=1 = = e T ,_—-\F\ ) M - —————
2 3 4 5 8 ’ P N inicin "
\.\
- T France o

. 10km
’ﬁx Tos de la Coustette TouoLse A
(e el 2 -
Chainons B : Lherz ,C‘—\h

1.0ligocéne and post=-Oligocene; 2, Mesozoic and Eocene; 3, Paleozoic Basement; 4, area of HT-LP Pyrenean me- serpentinizing conditions

lamorphlsm 5, peridotite; 6, main external thrusts; 7, North Pyrenean Fault (NPF)
- ’ % :. 9 : ) ; X - Ma l l I10£')Ma 10;Mal 104;,Ma

Albian

3 :
- z
¢ May nlnrn ! - -
E ‘ O Tarbes [ and Aulus basin bodies| o =
'-‘»_ R Bagronies basin C’ ,"7 o
- . estiac, Caussou, Urs
® D~ Bestiac, C u =z
. Fig. 2a Ballcogues basn w
=N = e o Fabriés et al. (1991)
£ 7 < alkaline magmatism
R0, ot Souchavls bas! = (Montigny et al, 1986)
e o Ercée]  Fig, 2b NPF . o Time span at optimal

Cenomanian Turonian Coniacian

Sedimentary reworking
\eS in Cenomanian flysch

0km \'\‘id‘d“d\:x‘ oa\G

1050 950 C

30km < (Fabriés et al., 1998)

Time span at optimal ; .
alkaline magmatism

serpentinizing conditions :
- e — (Monigny et al, 1986)
Depth

T T T T T T T T T T T T T T T T T T T

117Ma 109 Ma 96'Ma 9'Ma

WESTERN Peridotite

Aptian Albian Cenomanian Turonian Coniacian

Clerc et al., arth _.m |

-4 REFERENTIEL \ ‘h
o i h GEOLOGIQUE
}K/:/ﬂ - DE LA FRANCE - A
/ ! BRGM — SERVICE GEO¥ ~

;‘

e ences our une Terre durable




FLUIDES PYRENEENS

P

REFERENTIEL
GEQLOGIQUE
DE LA FRANCE




FLUIDES PYRENEENS

Baaler KePyrentan Auahas i soon fize =
PR Lt n

s
>

EBRO BASIN ) N : — o B

:
| - b
& \
. - i
e

-—

N

e clencesw une Terre durable

-
§ER

Corre et al.; Pet.,

o

&
Zhram-

BRGM — SERVICE “ - Mﬂh\
L\, S —— \

REFERENTIEL
GEQLOGIQUE
DE LA FRANCE




FLUIDES PYRENEENS

] Albian Neozomian
4 (Flysch Ncir) {mars)

s~ B Callova-Oxtfordian, 0
B (biack dolostones)

REFERENTIEL
GEQLOGIQUE
DE LA FRANCE

Saraillé
1242m

Il Lias I:l Tnassic
L (imestonas and mans) {op hite)

 evaparites and
rauhwacka)

p—

o Triassic (meta-
| e l l Talz-chlonte schist §

Paleczoic basemeni

U- zolte

BRGM — SERVICE G



FLUIDES PYRENEENS

NW BCOR 35 Saraillé Bcor100  SE
BCOR 34 | BCOR99 “:“'-/_ ~___BCOR 101

NW Saraillé SE

1242m

Albian, Flysch Noir

A

= Basement e e S
R ——
‘Serpentinized Iherzolite

|
f ] Albian Neozomian Lias l:l Triassic Paleczsic basement ™ T
1 (Flysch Ncir) (marls) (imestonaes and mars) (op hite) : o - Pe— =
I Upper Aptizn | j Callova-Oufordian | Yriassic (meta- I I'nl: chiarite schist j Liverzole 5 | i J
e thack 35305tMme] B oveocrites snd a - - Talc-chlorite schist | Triassic (meta-avaporite Jurassic Neocomian ‘ Upper Aptian ..

rauhwacka)

talc/chlorite-rich layer | and rauhwacke) ' (dolamitic marhles) (maris) | {pure marblasy

-,

REFERENTIEL
GEQLOGIQUE

DE LA FRANCE "4



FLUIDES PYRENEENS ST e

Talc-chiorite schist I 1 Triassic (mela-evaporite Jurassic Neocomian Upper Aptian
(alc/chlorte-rich layer) and rauhwacke) (dolornitic marbles) (marls) (pure marbles)

NW

Serpentinization + taic/dinochlore 5 Infiltraticn of brines /3y Closed system evolution in Albian marls
minaralization derivad from Triassic evaportes =/ (Boulvais, 2016)

N

Albian, Flysch Noir

S—

.!
- o = l ! :.’o' .,
@ Basement e A __;-..?’""""Q,;. | _— S =
e — o R e P
P R ey e
c e E . . -
‘Serpentinized Iherzolite
] Alblan Neozomian Lias D Tnassic Pualecenic basement e v
! (Flysch Ncir) (mars) (imestones and mars) (op hite) } o =
l Upper Aptizn | j Callova-Oufordian | riessic (meta- I I'-nl: chiarite schist j Liverzolte 5 | i J
s [ B (biack dolcstones] L] evaporites and & é Talc-chlorite schist | Triassic (meta-avaporite Jurassic Neocomian ‘ Upper Aptian

rauhwacka)

talc/chlorite-rich layer | and rauhwacke) ' (dolamitic marhles) (maris) | {pure marblas)

- sﬁ?\'

sciences
7] b

REFERENTIEL
GEQLOGIQUE
DE LA FRANCE



FLUIDES PYRENEENS

Saraille ¢

\ ﬁé‘n'ﬁcientes

REFERENTIEL Corre et al., M|n Pet., 2018 \ 4 rg

w une Terre durable

= un TITUT
GEQLOGIQUE .
DE LA FRANCE ‘ CARNOT o m\ y
] (brgm | BRGM — SERVICE GE - N.BRGM.
L\, T — .



FLUIDES PYRENEENS

Saraille ¢

clences our une Terre durable

weame COrre et al., Min. Pet., 2018

GEOLOGIQUE

DE LA FRANCE gm
BRGM — SERVICE GE BRGM

S ——




FLUIDES PYRENEENS

IBERIA MARGIN
necking domain exhumed mantle domain
brittle, proximal margin ductile, distal margin

domains

seawater  cover décollement detached pre-rift

: : > Urdach-like seafloor
cataclastic-metasomatic sole Sedlmen rs (See com paniOn paper

Lagabrielle et al., submitted)

unserpentinized mantle

exhumed subcontinental mantle
crust-mantle detachment

. . Saraillé-like seafloor
tectonic breccia
talc-chlorite schists
albitite veining Urdach-like seafloor

talcification .
dynamic +
seawater static carbonation

seawater

unserpentinized mantle
-~

" Lagabri

Lagabrielle et al. BSGF, submitted fig.14-SAR

REFERENTIEL
: GEQLOGIQUE
...... : 4 DE LA FRANCE




FLUIDES VARISQUES (I\/IINERALISATIO*NS)

REFERENTIEL /

GEOLOGIQUE /
DE LA FRANCE QQQ
-




MINERALISATION W

Océan
Atlantique

Toulouse
®

N
T

™ o

Carcassonne
L]

Minéralfsatiansia W

France

“ \ \
—_— A

\
Prmmpalemen ess arns,

D

N =
o~ it

_—=d s v,

7 S
Espagne

—

Bois d'Escalere

Typologie des indicesdeW  Géologie
@  Champ-filonien I Permien Gabbros, diorites, tonalites Roc-Jalere
®  Coméenne Carbonifére I Leucogranites alumineux 100 km
®  Dissemine dans granite Devonien i Migmatites paradérivées
3t a I | Monzogranites, granodiorites
® Inconnu [ silurien Il s oains O
Placer ["] Ordovicien Orthogneiss
Skarn | Cambrien
®  Stratiforme [0 Infracambrien @ b r ol

Vic & Tourliere (2016

. P
/ REFERENTIEL
Sy GEOLOGIQUE ,-ns
e \/ﬂ o DE LA FRANCE :
/ i ancm

BRGM — SERVICE GEO i

ﬁensclences our une Terre durable



MINERALISATION W

—

* Sulfures massifs + scheelite grossiére "N\, Failles inverses dextres Aurdole de métamorphisme
abendante + or : X de contact
Skams a silicates calcigues, scheclite

Sulfures massifs + or - fine rare et sulfures disséminés B Granodiorite de la Fourque

~ .
\l)}h\ de levcogranite o = Limite des minéralisations 3 W ou Au [ Marbres de Salau

- L=l

REFERENTIEL
GEQLOGIQUE

ﬁ DE LA FRANCE
/ V ;/,.

Magmatisme
calco-alcalin
(granodiorites)

Croiite supérieure

‘ "/;_\_/
a

W skm

———/_ I

Leucogranites .
295+2 Ma —') 289 +2 Ma

Scheelite
& grain grossier

Croiite moyenne

inféricur
graphiteux

Pyrrhotite

Marbre inférieur massive > Lumiére naurelle
graphiteux

Skarn a silicates calciques, scheelite
fine et sulfures disséminds

Sulfures massifs, scheelite grossiére et or

o~

ST) N
Géosciences pour une Terre durable

SERVICE GEO¥



MINERALISATION AU

Océan
Atlantique “ Toulouse
) - L ]

France

{
Espagne

Typologie des indices d'or ~ Géologie
I permien

Carbonifere

Filon

® Filonnet

Devonien iori i
B Inconnu Gabbros, diorites, tonalites

I Placer B Silurien [ Leucogranites alumineux
®m Skarn __| Ordovicien | Migmatites paradérivées

. Cambrien = i iori - i
B Stratiforme i | Monzogranites, granodiorites calco-alcalins

~ Infracambrien Orthogneiss

Vic & Tourliere (2016 ‘ - : ﬁensclences our une Terre durable
REFERENTIEL £

e hrg

BRGM — SERVICE GEOBQEA! - MBRGM



MINERALISATION AU

)

“\__

\ iy,
Gold veins « ‘

-——
\_

- -

VI:Sf‘?;loteCmperatures — . \ >
- Pic de,temperature ass0Cié - ;:i\‘
e __-aux circulations. ™\

@ 550-600 C

hydrothermales a I’Srigin’g N

<52

-

Canigou dome  Attachment Baillestavy Glorianes-Serrabona

migmatite core zone shear zone shear bands Est I m e g raC .

W

e 5 desCirculations awlferes

12,00 14,00 ! X . : e\

( 4
VN
| L .
‘ l
(4 \
\ T -500m \_‘ ;
! 5 | -1500m ), -,_\
| N\
i R A N
T ! -2500m \
|

-3500m

REFERENTIEL
GEQLOGIQUE
DE LA FRANCE i

BRGM — SERVICE G



MINERALISATION PB-ZN-GE

Océan
Atlantique “ Toulouse
: ®

Carcassonne
L ]

.

ConS|deres commede type
Sedex pour la plupart'y,

N

France - XA - AL _

Espagne' i -Bentaillou NS e ,A 7 ' NN T PreSGﬂCG@&bleﬂg\
N T A R :mlneraux aGe. %

Mail de Bulard

Indices Zn-Pb Géologie

B Permien [ Gabbros, diorites, tonalites

Carbonifére I Leucogranites alumineux

® Pb-Zn
Zn
Zn-Pb+ Cu
Zn, Pb + Ag
Zn,Pb + Ge, Ga,Cd I Ordovicien ] Orthogneiss
Cambrien

[ Infracambrien

| Devonien Migmatites paradérivées
ranites, granodiorites

_— = Monzo
[ silurien calco-alcalins

ﬁensclences our une Terre durable

Vic & Tourliere (2016) | |
e A@h rg

DE LA FRANCE
< BRGM — SERVICE GED '.



MINERALISATION PB-ZN-GE

v 1
Galena § "".“1 ] Qtz
i N
B deformation ." .‘." overgrowth

twins

Wil

_ N\ Fault (9]

Sphalerite 2

S0-51 cleavage

Dip
« Horizontal dip

‘ @
so-1 n=32 S S\ [ Deformed
’ ::e;:::;dgjﬂ&lclnvage P N Ge.b.earinP - “*\" 9 '/)‘ crystals
Measured . Measured Fold minerals ‘\“\\‘ ‘ ‘. i
Sl 1YY Recrystallized
a0 s "Q‘.“@ 50 um T Crystals

I Ocvonion (d5-7)

[ Devonian (d1-4)
[y Siturian

{Black-shales)
B Late-Ordovician (06)
(Grey schists)

7 Late-Ordovician {o5)

(Grey schists, conglomerates |
[ Cambro-Ordovician
(Schists and banded pelites)

b) e Argut-Pale de Rase deposits
L.} dm-m sandstone layers stratigraphic A

SSw =3 mm silstone bands in schist pasion ; NNE
Pale Bidau deposit \ 9 decollement level
52 cleavage stratigraphic  on Silurian black-schists
1200m ~~ fault position ;
1100m |

e

e e IV
"./ P‘oq'e‘mueaiﬂ

Importance du métamorphisis

déformation de}é_g |6 foFmal

WiCugerone et al. (2018): Jﬁ%—

Lithologies Stratiform mineralization Vein mineralization

Thin beds Pyrite 1 —
i (i o ] (with framboid relicts) [ auartz Galena
B soaevite 1 I corvonate [ Ryrite 2:Chalcopyrite-

\.
ShE """ Coarse beds
e I 52 [ s

REFERENTIEL
GEQLOGIQUE

. }K/:/ﬂ - DE LA FRANCE
/s

(] ;‘ﬁéﬂn"s"cienceé our une Terre durable
&
P

brgm..

{ lﬁaném. R

SERVICE GEO® \

NG



MINERALISATION PB-ZN-GE -

Stage 1 - Sedimentation

Pb-Zn mineralizations Lithologies - Example of Siludan—————————
Permian granite Late O
5 Bossost —
Type 1 disseminated Type 1 Gmbeds] — —
& - Devonian schist and limestone disseminated stra;;:phic — AT T T I il
8 l:l Typeszn siratabound (511)51. paratel E Silurian black shale iz succession Urets Beds e e

Anglas
Uzious

- Type 2b vein S2 parallel

Arre ﬂ Late-Ordovician schist and

micro-conglomerates I\J Stage 2a - F, folds __~ IS

=

. S2 trajectories

B bk Cambro-Ordovician schist and tat _ VicodaMamaes
& rajectories marbles ——
o SO trajectories . 5 — =
Margalida 1© gy ] Bossost area
E ,
Kel -
© B
E N Siilurian black smﬁ
> = — thrust
Late Ordovican  ~ = b
Type 2a Pierrefitte area competent socks =
stratabound B
mineralization -
eralizatio N Stage 2a - F, folds S
c
.9
©
E
Kl
() =
O + L
N X ¥ /
Pale Bidau- Victoria : = . e
Bentaillou Argut-Pale Solitaria Liat N Stage 2b - Doming + late deformation (D,) S
de Rase Urets Pierrefitte ; e Pale Bidau Bentaillou Liat - ,?nsfo": et Margalida
e ~—— =~ A\ ¥~ Victoria

Importane ?

Cugerone et al. (2018). Minerals «— Hydrothornai

-

* N B REFERENTIEL g
e el GE0LOGIQUE
?9 M”78 Dt LA FRANCE
7.
o/




. .« Dphilippe.boulvais@univ-re
2l ey ns@ey - - 4melleto rgm.fr

- : 3 <’ béusciences poar vile lerve duruble
\ \ Ny \ o > Fi1—v g
4 REFERENTIEL & ' I |
GEQLOGIQUE B o ‘ " |

DE LA FRANCE




" CHANTIER RGF - PYRE

Introduction

—
I zg REFERENTIEL \\
I GEOLOGIQUE
DE LA FRANCE



SURTITRE (FACULTATIF)
Titre de |la slide

Accroche pour introduire brievement le sujet de la slide.
Texte de la slide, paragraphe simple.

Intertitre

Texte de la slide, paragraphe simple.

Intertitre

Texte de la slide, paragraphe simple.

- Enumération niveau 1
- Enumération niveau 1
> Enumération niveau 2
= Enumération niveau 3
= Enumération niveau 3
> Enumération niveau 2
- Enumération niveau 1 @hﬁéuw,wu,un,h,,idum
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