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Flood Basalt % Granodiorite % Tonalite %

Albite 23 Quartz 25 Quartz 25

Anorthite 22 Albite 25 Albite 27.8

Diopside 19 Anorthite 19 Anorthite 10.76

Hedenbergite 18 K-feldspar 13 Orthose 1.19

Ilmenite 6 Phlogopite 4 Phlogopite 8.5

Crypto-cristalline 

matrix
12 Annite 8 Annite 6.5

Amphibole 6 Amphibole 5

. Diospide 9

Hedenbergite 6

sum. 100 sum. 100 sum. 99.75

Percentage (surface) of various minerals determined by image analysis

Flood Basalt % Granodiorite % Tonalite %

Plagioclase 45 Quartz 25 Quartz 25

Clinopyroxene 37 Plagioclase 44 Plagioclase 39.0

Oxides 6 K-feldspar 13 K-feldspar (?)

Crypto-cristalline 

matrix
12 Biotite 12 Biotite 16

Green 

horblende
6 Amphibole 5

Clinopyroxene 15

sum. 100 sum. 100 sum. 100.0

Major elements composition (wt.%) 

Flood Basalt % Granodiorite 2% Tonalite 3%

SiO2 49.2 65.6 67.5

TiO2 3.49 0.57

Al2O3 12.98 15.9 15.97

Fe2O3  * 14.53 5 3.7

MnO 0.18 0.08 0.06

MgO 5.17 1.65 1.64

CaO 9.14 3.75 3.96

Na2O 2.17 3 4.67

K2O 1.00 3.75 1.87

H2O 1.99 0.15 0

P2O5 0.41 0.17

sum. 100.28 sum. 98.95 sum. 99.51 �
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Isua BIFs (IF-G)

WR SM IM1 IM2 WR SM IM1 IM2 WR SM IM1 IM2 WR
SiO2 (%) 30 0.6 0.47 0.41 70 52 71 33 81 60 46 33 41

TiO2 0.003 0.003 0.006 0.004 0.003 0.007 0.003 0.004 0.002 0.004 0.008 0.007 0.01

Al2O3 0.09 0.05 0.09 0.15

Fe2O3 69.9 94.7 89.6 94.2 30.1 47.2 19.0 62.6 19.1 16.2 50.6 64.9 53.98*

MnO 0.03 0.02 0.04 0.03 0.05 0.08 0.03 0.07 0.003 0.08 0.06 0.03 0.04

MgO 0.006 2

CaO <DL 1.5 2.5 1.8 <DL 0.7 1.1 1.8 0.07 1.4 1.5 1.4 2
Na2O <DL <DL 0.02 0.03

K2O <DL <DL <DL 0.01

P2O5 <DL <DL <DL 0.06

SUM 100 96.9 92.6 96.4 100 100 91.2 97.8 100 76.2 96.3 98.3 100

Ba (ppm) 12 25 0.10 10 5 10 30 10 3 10 6 11 2

Sr 1.6 6 0.06 2 1 2 2 2 2 2 3 2 3

Th 0.1 1 0.03 0 0.1 0.4 0.3 0.2 0.03 0.4 0.2 1 0.1

Zr 1.02 1 0.02 1 1 2 1 1 0.07 1 1 7 1

Ti 19.6 39 1 15 19 43 27 19 11 26 22 51 8

Y 2.7 7 0.02 3 2 2 3 2 0.7 2 2 2 9

Cu 6.6 24 0.2 13 75 80 12 58 16 101 40 74 10

V 37.6 75 2 41 1 30 42 9 0.4 24 70 35 2

Cr 7.4 160 0.4 109 5 4850 41 4 8 2395 10020 4455 4

Mn 232 294 0.1 168 364 594 209 221 20 571 629 480 3

Co 0.7 2 0.03 1 3 11 1 353 0.6 9 21 12 29

Ni 5.6 114 0.4 34 7 1967 44 10 4 2545 8565 3196 23

La (ppm) 1.9 3 6 3 0.7 2 0.5 3 0.9 4 3 3 2.8

Ce 4.2 5 11 5 1 1 2 2 1 2 3 2 4

Pr 0.5 0.5 1 0.5 0.1 0.1 0.2 0.2 0.1 0.2 0.3 0.3 0.4

Nd 1.8 2 6 2 0.5 0.5 1 0.6 0.6 0.9 1 1 1.8

Sm 0.4 0.6 1 0.5 0.1 0.08 0.1 0.1 0.06 0.1 0.3 0.3 0.4

Eu 0.2 0.2 0.5 0.2 0.07 0.07 0.09 0.1 0.05 0.1 0.2 0.1 0.4

Tb 0.08 0.1 0.3 0.1 0.02 0.02 0.02 0.03 0.02 0.02 0.03 0.03 0.1

Dy 0.5 0.6 1 0.6 0.2 0.2 0.1 0.1 <DL 0.1 0.2 0.2 0.8

Ho 0.06 0.1 0.2 0.1 <DL 0.02 0.04 0.05 0.01 0.04 0.05 0.03 0.2

Er 0.22 0.3 0.7 0.3 0.1 0.08 0.07 0.1 0.06 0.05 0.1 0.10 0.6

Tm <DL 0.01 0.0 0.01 <DL 0.00 0.00 0.00 <DL 0.00 0.01 0.01 0.1

Yb 0.1 0.2 0.5 0.3 0.07 0.10 0.2 0.08 <DL 0.06 0.1 0.1 9

Lu <DL 0.04 0.06 0.04 <DL 0.01 0.02 0.01 <DL 0.02 0.01 0.01 0.09

Sum (13 REE) 10 13 28 12 3 5 4 6 3 7 8 7 7

Y/Ho 45 29 33 30 77 49 45 61.7 82 51 56 45

Mean BIF (Isua)

La/La* 0.81 1.83 1.19 1.44 1.60 7.81 3.83 -1.1 1.97 1.56 1.65 3.66 2.32

Eu/Eu* 1.35 1.31 0.74 0.44 2.54 0.86 0.71 2.5 7.16 2.06 2.27 2.94 2.17

Ce/Ce* 0.90 1.27 1.01 1.09 1.35 1.47 1.52 6.72 1.07 0.68 0.92 0.96 1.24

Pr/Pr* 1.06 0.9 1 0.96 0.86 0.83 0.8 0.65 0.97 1.21 1.04 1.02 0.93

Er/Er* 1.13 1.09 1.13 1.17 1.7 0.89 1.13 1.12 0.67 1.06

* anomalies calculated following Bohlar et al. (2004, 2005)

610 625 640
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Label S Mn Fe Co Ni Cu Zn As

AZUL90-c1-2 66.7632 0.0626 33.0033 0.1179 0.0001 <DL <DL 0.053

AZUL90-1 65.9691 <DL 33.8518 0.0457 0.0261 <DL <DL 0.1072

AZUL90-c2-1 65.8892 0.0182 34.0021 0.0054 <DL <DL 0.0133 0.0719

AZUL90-c2-2 66.1045 0.0042 33.7082 0.0243 0.0256 <DL <DL 0.1331

AZUL90-c3-1 65.9048 <DL 33.8109 0.0731 0.0299 0.0123 0.0113 0.1577

AZUL90-c4-1 66.0807 0.0104 33.8137 0.0013 0.0059 <DL <DL 0.088

AZUL90-c4-3 66.2411 0.0228 33.659 0.0027 <DL <DL <DL 0.0744

AZUL90-c5-2 66.3064 0.0287 33.5793 0.0029 0.0037 <DL <DL 0.079

AZUL90-c5-3 66.2066 0.0643 33.5767 0.0253 0.0173 0.0163 <DL 0.0934

AZUL90-3 66.0699 0.0174 33.7183 0.0916 <DL <DL <DL 0.1028

AZUL90-4 66.0748 0.0002 33.8064 0.0122 0.0101 <DL <DL 0.0964 �
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;#�	�
�������
���
�_���C�A [�AB M�MMBLBNMCB CM M�MMCX M�MNSN M�K[ M�CN A�[S A�B
;#�	�
�������
���
�_���C�B [�MC CM M�MMCS M�MCMB
;#�	�
�������
���
�_���C�N [�MK M�MMBNAKBNA CM M�MMKM M�MCAA M�CS M�NC A�X A�AA
;#�	�
�������
���
�_���C�C X�SN M�MMBAKN[[X CM M�MMKB M�MCBA M�NK M�BA A�CN M�SX
;#�	�
�������
���
�_���C�K X�[[ CM M�MMKB M�MCNA
;#�	�
�������
���
�_���C�L X�XS M�MMASNSKBK CM M�MMKK M�MCKC M�B M�ML A�AC M�[N
;#�	�
�������
���
�_���C�X X�[L M�MMAMSCA[C CM M�MMKK M�MCCB M 1M�AC M�X M�L
;#�	�
�������
���
�_���C�[ X�LX CM M�MMKX M�MCLX
;#�	�
�������
���
�_���C�S X�LK CM M�MMLM M�MC[M

;#�	�
�������
���
�_�""���C�A X�[S M�MMBXMLMK CM M�MMCS M�MNSC M�CA M�BL A�KN A�MA
;#�	�
�������
���
�_�""���C�B X�[X CM M�MMKA M�MCMN
;#�	�
�������
���
�_�""���C�N X�[B M�MMBSCNMSA CM M�MMKM M�MCAM M�N[ M�BC A�K A
;#�	�
�������
���
�_�""���C�C X�XS M�MMBN[AXSL CM M�MMKA M�MCBB M�BX M�AN A�B[ M�S
;#�	�
�������
���
�_�""���C�K X�XC CM M�MMKC M�MCNB
;#�	�
�������
���
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;#�	�
�������
���
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;#�	�
�������
���
�_�""���C�[ X�LK CM M�MMK[ M�MCL[
;#�	�
�������
���
�_�""���C�S X�K CM M�MMLA M�MC[M

;#�	�
�������""��
���
�_����C�A X�[S M�MMBLBNMCB CM M�MMCL M�MNSK M�NL M�BB A�CX A
;#�	�
�������""��
���
�_����C�B X�[A CM M�MMKA M�MCMN
;#�	�
�������""��
���
�_����C�N X�XB M�MMBNAKBNA CM M�MMKA M�MCAB M�AS M�MK A�AA M�[A
;#�	�
�������""��
���
�_����C�C X�LL M�MMASCKA CM M�MMKB M�MCBB M�MX 1M�MLS M�[L M�LS
;#�	�
�������""��
���
�_����C�K X�LX CM M�MMKC M�MCNA
;#�	�
�������""��
���
�_����C�L X�XC M�MMASNSKBK CM M�MMK[ M�MCKK M�AS M�MC A�M[ M�X[
;#�	�
�������""��
���
�_����C�X X�LK M�MMAMSCA[C CM M�MMKL M�MCCA 1M�AX 1M�NA M�NK M�CB
;#�	�
�������""��
���
�_����C�[ X�LK CM M�MMKX M�MCL[
;#�	�
�������""��
���
�_����C�S X�LN CM M�MMKX M�MC[A

M�MMLMNANBA M�MM[S M�MMMM
;#�	�
�������""��
���
�_���""���C�A [ M�MMBXMLMK CM M�MMCK M�MNSC M�CX M�NB A�LS A�AB
;#�	�
�������""��
���
�_���""���C�B X�SS CM M�MMKA M�MCMB
;#�	�
�������""��
���
�_���""���C�N X�[K M�MMBSCNMSA CM M�MMKA M�MCM[ M�CB M�B[ A�KL A�MN

;#�	�
�������""��
���
�_���""���C�C X�[A M�MMBN[AXSL CM M�MMCS M�MCA[ M�BX M�AN A�BS M�SA
;#�	�
�������""��
���
�_���""���C�K X�[B CM M�MMKC M�MCNB
;#�	�
�������""��
���
�_���""���C�L X�[X M�MMALLACCA CM M�MMKN M�MCKL M�AS M�MC A�AB M�[N
;#�	�
�������""��
���
�_���""���C�X X�SC M�MMMSLLS[A CM M�MMKK M�MCCA M�MB 1M�MB M�XK M�LN
;#�	�
�������""��
���
�_���""���C�[ X�[L CM M�MMK[ M�MCLL
;#�	�
�������""��
���
�_���""���C�S X�[L CM M�MMKX M�MC[A �
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��
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�_���C�N X�ML M�MMNMBNMCB CM M�MMLM M�MCMC 1M�BK 1M�NS M�AB M�BX
���	�
��

���
���
�_���C�C X�AA M�MMNMBNMCB CM M�MMK[ M�MCMN 1A�BA 1A�NK 1M�X[ M�NN
���	�
��

���
���
��_��C�L L�SS M�MMBSBNMCB CM M�MMKX M�MCBN 1M�NL 1M�K 1M�MC M�BA
���	�
��
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���
��_���C�X X�AX M�MMB[BNMCB CM M�MMKL M�MCBN 1M�B 1M�NK M�BX M�NX

&��	�
��

���
���
�_�""���C�A X�MB M�MMNCCLXSA CM M�MMLC M�MNSL 1M�B 1M�NK M�A[ M�B[
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��

���
���
�_�""���C�N X�MA M�MMNKCLXSA CM M�MMLN M�MCAA 1M�BA 1M�NK M�AS M�N
���	�
��

���
���
�_�""���C�C X�MK M�MMNCCLXSA CM M�MMLM M�MCMK 1M�B 1M�NK M�BB M�NB
���	�
��

���
���
��_""���C�L X�AX M�MMNCCLXSA CM M�MMK[ M�MCAX 1M�A 1M�BC M�CK M�CK
���	�
��

���
���
��_�""���C�X X�AL M�MMNCCLXSA CM M�MMLM M�MCBX 1M�MS 1M�BC M�CL M�CK

&��	�
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���""��
���
�_���C�A X�MA M�MMNMBNMCB CM M�MMLL M�MNSN 1M�BK 1M�C M�ML M�BA
���	�
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��""��
���
�_���C�N X�MX M�MMNABNMCB CM M�MMLK M�MCMC 1M�AS 1M�NN M�B M�BS
���	�
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��""��
���
�_���C�C X�AB M�MMNMBNMCB CM M�MMLN M�MCAN 1M�AX 1M�NA M�BX M�NC
���	�
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��""��
���
��_��C�L X M�MMBSBNMCB CM M�MMLN M�MCBK 1M�N 1M�CK M�MA M�BB
���	�
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��""��
���
��_���C�X X�A[ M�MMBSBNMCB CM M�MMLA M�MCNL 1M�AC 1M�BS M�NL M�CA

&��	�
��

���""��
���
�_�""���C�A X�MA M�MMBCMSXKC CM M�MML[ M�MNSA 1M�NC 1M�CS 1M�AB M�AA
���	�
��

��""��
���
�_�""���C�N X�MB M�MMBNMSXKC CM M�MMLL M�MCML 1M�NK 1M�CS 1M�AC M�A
���	�
��

��""��
���
�_�""���C�C X�AK M�MMBBMSXKC CM M�MMLC M�MCAA 1M�BX 1M�CA M�MX M�BC
���	�
��

��""��
���
��_""���C�L X�BX M�MMBBMSXKC CM M�MMLL M�MCBN 1M�AC 1M�B[ M�NB M�NK
���	�
��

��""��
���
��_�""���C�X X�BL M�MMBBMSXKC CM M�MMLL M�MCBX 1M�AK 1M�BS M�NA M�NL �
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Résumé en français :  

Ce travail multidisciplinaire vise à exploiter les enregistrements de l’évolution des 

enveloppes fluides terrestres au Précambrien. 

 Des expériences annuelles d’altération de roches en conditions précambriennes, 

support d’un modèle numérique, encadrent le temps requis pour que la pCO2 atm diminue 

de 300 PAL (Present Atmospheric Level) à 1 PAL entre 200 000 et 600 000 ans suite aux 

glaciations globales néoprotérozoïques. La consommation précambrienne de CO2atm, 

inférieure à l’Actuel, s’explique par l’absence de végétaux terrestres. 

Ensuite, la modélisation de la précipitation abiotique des cap carbonates 

néoprotérozoïques montre que le dégazage et/ou l’évaporation d’un océan riche en CO2 

expliquent la formation de ces roches au sortir des glaciations globales. 

Des BIFs archéens (Carajás, Brésil) attestent de l’oxydation incomplète du fer 

dissous océanique, alors que des grès à pyrites indiquent la pauvreté en sulfates 

océaniques. 
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