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Appendix 1: Origin and mineralogy of Texas samples used in this study and number of FIB sections studied in them. Notes: * Bottom-hole corrected data; † F: Frio fault zone, W: Wilcox fault zone.
	County
	Well
	Depth 
	Temp.* 
	Pressure* 
	Fault
	Formations
	Age
	FIB
	Quartz
	Illite
	Chlorite
	Kaolinite
	Feldspar
	Oxides
	Carbonates

	
	
	(m)
	(°C)
	(bars)
	Area†
	
	
	sections
	
	
	
	
	
	
	

	Kleberg
	Alazan #159
	2813
	102
	300
	F
	Frio 
	Oligocene
	2
	●●●●●
	●●
	●
	-
	●
	●
	●

	Nueces 
	TST 470#4
	3267
	121
	590
	F
	Frio 
	Oligocene
	1
	●●●●●●
	●●
	●
	-
	-
	●
	●

	Nueces 
	Cecelia Kelly #2
	3604
	129
	660
	F
	Frio 
	Oligocene
	2
	●●●●
	●●
	●
	-
	●
	●
	●●

	Nueces 
	Cecelia Kelly #2
	3717
	135
	690
	F
	Frio 
	Oligocene
	2
	●●●●
	●
	●
	-
	●
	●●
	●●

	Kleberg
	Lavon #1
	4133
	149
	850
	F
	Vicksburg 
	Oligocene
	2
	●●●●●●
	●●
	●●
	●
	-
	-
	-

	Nueces 
	TST 346#1
	4420
	166
	800
	F
	Vicksburg 
	Oligocene
	2
	●●●●●
	●●
	●
	-
	●
	●
	●

	Nueces 
	TST 346#1
	4429
	166
	800
	F
	Vicksburg 
	Oligocene
	2
	●●●●●
	●
	●
	●
	●
	●
	●

	Live Oak
	Clay West #1
	4352
	191
	750
	W
	Navarro
	Upper Cretaceous 
	2
	●●●●●
	●●
	●
	-
	●
	●
	●

	McMullen
	Washburn R C #1
	5427
	191
	1050
	W
	Glen Rose
	Lower Cretaceous
	3
	●●●●●●
	●●
	●●
	●
	-
	-
	-

	McMullen
	Franklin #1
	5775
	204
	1150
	W
	Glen Rose
	Lower Cretaceous
	2
	●●●●●●
	●●
	●●
	●
	-
	-
	-

	McMullen
	Alamo #1
	5825
	216
	1150
	W
	Glen Rose
	Lower Cretaceous
	2
	●●●●
	●
	●
	-
	●
	●●
	●●

	McMullen
	Alamo #1
	6313
	232
	1200
	W
	Glen Rose
	Lower Cretaceous
	1
	●●●
	●
	●
	-
	●
	●●
	●●●


Appendix 2: TEM-EDX analyses of Gulf Coast chlorites (crystal rims analyses) used to test thermometers. All iron is considered as ferrous.

	 
	AZ#159 - 9230
	 
	ST#470-4 - 10717
	 
	CK#2 - 11924
	 
	CK#2 - 12196

	 
	chl10
	chl17
	chl30
	chl28
	 
	chl27
	chl29
	chl30
	 
	chl47
	chl50
	chl54
	 
	chl20
	chl18
	chl19
	chl21

	T°C
	102
	102
	102
	102
	
	121
	121
	121
	
	129
	129
	129
	
	135
	135
	135
	135

	SiO2
	32.68
	32.37
	32.04
	31.37
	
	32.59
	34.47
	32.37
	
	31.99
	31.49
	31.27
	
	32.15
	33.26
	32.93
	32.87

	TiO2
	0.14
	0.06
	0.00
	0.00
	
	0.07
	0.03
	0.14
	
	0.19
	0.10
	0.00
	
	0.05
	0.28
	0.14
	0.00

	Al2O3
	25.69
	25.69
	25.34
	26.19
	
	22.92
	23.86
	25.29
	
	26.55
	27.48
	26.02
	
	26.24
	26.17
	26.91
	25.91

	FeO
	28.65
	28.77
	30.40
	31.75
	
	35.57
	32.88
	32.60
	
	31.69
	30.84
	32.49
	
	31.81
	31.02
	31.02
	31.07

	MnO
	0.00
	0.00
	0.00
	0.00
	
	0.00
	0.00
	0.00
	
	0.00
	0.00
	0.00
	
	0.00
	0.00
	0.00
	0.00

	MgO
	12.16
	12.57
	11.67
	10.06
	
	8.19
	8.01
	8.80
	
	8.56
	9.55
	9.29
	
	9.75
	8.66
	8.76
	9.44

	CaO
	0.28
	0.07
	0.05
	0.00
	
	0.10
	0.03
	0.27
	
	0.12
	0.00
	0.09
	
	0.00
	0.37
	0.11
	0.11

	Na2O
	0.00
	0.00
	0.04
	0.24
	
	0.00
	0.14
	0.00
	
	0.27
	0.00
	0.21
	
	0.00
	0.00
	0.00
	0.00

	K2O
	0.40
	0.47
	0.47
	0.39
	 
	0.57
	0.58
	0.53
	 
	0.61
	0.53
	0.62
	 
	0.00
	0.25
	0.07
	0.66


	 
	LA#1 - 13559
	 
	ST#356-1 - 14501
	 
	CW#1 - 14277
	 
	WR#C1 - 17805

	 
	chl23
	chl20
	chl11
	chl17
	 
	chl36
	chl34
	 
	chl13
	chl14
	chl32
	chl31
	 
	chl13
	chl18
	chl16

	T°C
	149
	149
	149
	149
	
	166
	166
	
	191
	191
	191
	191
	
	191
	191
	191

	SiO2
	29.63
	29.27
	29.00
	28.56
	
	31.31
	29.79
	
	28.58
	28.01
	27.67
	27.38
	
	32.48
	32.26
	31.33

	TiO2
	0.00
	0.00
	0.00
	0.00
	
	0.00
	0.07
	
	0.00
	0.22
	0.09
	0.09
	
	0.03
	0.00
	0.05

	Al2O3
	25.44
	25.41
	25.58
	26.78
	
	26.69
	27.97
	
	30.60
	28.57
	28.73
	28.39
	
	27.69
	26.79
	27.05

	FeO
	40.44
	41.24
	41.75
	40.32
	
	27.02
	27.19
	
	34.14
	37.35
	37.50
	37.58
	
	30.94
	31.06
	32.08

	MnO
	0.00
	0.00
	0.00
	0.00
	
	0.00
	0.00
	
	0.00
	0.00
	0.00
	0.00
	
	0.00
	0.00
	0.00

	MgO
	3.63
	3.28
	3.25
	3.40
	
	14.53
	14.59
	
	5.84
	5.53
	5.60
	5.96
	
	7.92
	9.20
	9.25

	CaO
	0.15
	0.03
	0.13
	0.30
	
	0.00
	0.00
	
	0.51
	0.00
	0.02
	0.35
	
	0.12
	0.21
	0.00

	Na2O
	0.47
	0.46
	0.00
	0.31
	
	0.16
	0.00
	
	0.00
	0.00
	0.38
	0.00
	
	0.55
	0.02
	0.06

	K2O
	0.24
	0.32
	0.29
	0.33
	 
	0.28
	0.40
	 
	0.33
	0.32
	0.00
	0.25
	 
	0.28
	0.46
	0.17


	 
	FR#1 - 18946
	 
	AL#1 - 19110
	 
	AL#1 - 20711

	 
	chl26
	chl30
	chl28
	chl29
	 
	chl17
	chl18
	chl27
	chl25
	 
	chl31
	chl28
	chl29

	T°C
	204
	204
	204
	204
	
	216
	216
	216
	216
	
	232
	232
	232

	SiO2
	31.71
	31.49
	31.42
	30.93
	
	28.61
	28.29
	28.59
	28.07
	
	31.03
	30.06
	29.71

	TiO2
	0.00
	0.07
	0.08
	0.20
	
	0.04
	0.00
	0.00
	0.07
	
	0.21
	0.00
	0.00

	Al2O3
	24.73
	24.35
	24.19
	24.45
	
	29.35
	29.13
	28.58
	28.83
	
	22.60
	23.02
	23.34

	FeO
	26.51
	27.31
	27.16
	28.05
	
	31.80
	32.38
	31.28
	31.40
	
	34.64
	36.84
	36.60

	MnO
	0.00
	0.00
	0.00
	0.00
	
	0.00
	0.00
	0.00
	0.00
	
	0.00
	0.00
	0.00

	MgO
	16.60
	16.07
	16.37
	15.44
	
	9.96
	9.47
	10.73
	11.20
	
	10.62
	9.53
	9.50

	CaO
	0.00
	0.19
	0.13
	0.09
	
	0.14
	0.15
	0.15
	0.00
	
	0.00
	0.00
	0.04

	Na2O
	0.00
	0.00
	0.00
	0.24
	
	0.00
	0.00
	0.27
	0.00
	
	0.21
	0.01
	0.23

	K2O
	0.45
	0.52
	0.65
	0.61
	 
	0.10
	0.58
	0.40
	0.43
	 
	0.68
	0.55
	0.58


Appendix 3: TEM-EDX analyses of Gulf Coast illites (crystal rims analyses) used to test thermometers. All iron is considered as ferrous.

	 
	AZ#159 - 9230
	 
	ST#470-4 - 10717
	 
	CK#2 - 12196
	 
	LA#1 - 13559

	 
	m18
	m42
	m43
	 
	m27
	m26
	m24
	 
	m22
	m23
	m24
	 
	m30
	m37
	m39
	m31

	T°C
	102
	102
	102
	
	121
	121
	121
	
	135
	135
	135
	
	149
	149
	149
	149

	SiO2
	54.98
	54.98
	54.87
	
	62.04
	61.23
	61.46
	
	59.40
	58.47
	55.79
	
	54.57
	51.71
	52.95
	55.79

	TiO2
	0.15
	0.35
	0.16
	
	0.03
	0.22
	0.31
	
	0.35
	0.26
	0.26
	
	0.35
	0.39
	0.51
	0.38

	Al2O3
	32.85
	34.42
	34.26
	
	25.33
	25.94
	23.97
	
	29.77
	30.21
	32.59
	
	31.55
	32.36
	32.55
	31.28

	FeO
	3.31
	1.49
	1.32
	
	3.40
	3.18
	3.87
	
	1.98
	1.67
	2.00
	
	2.12
	3.59
	2.87
	2.17

	MnO
	0.00
	0.00
	0.00
	
	0.00
	0.00
	0.00
	
	0.00
	0.07
	0.00
	
	0.00
	0.00
	0.02
	0.00

	MgO
	1.68
	1.16
	1.22
	
	2.85
	2.86
	3.47
	
	2.10
	1.80
	1.47
	
	1.96
	3.04
	2.32
	2.44

	CaO
	0.00
	0.23
	0.00
	
	1.07
	0.86
	0.89
	
	0.00
	0.00
	0.00
	
	0.00
	0.00
	0.09
	0.00

	Na2O
	0.00
	0.14
	0.32
	
	0.31
	0.06
	0.28
	
	0.26
	0.30
	0.24
	
	0.00
	0.13
	0.16
	0.45

	K2O
	7.03
	7.24
	7.85
	 
	4.97
	5.66
	5.74
	 
	6.14
	7.21
	7.65
	 
	9.44
	8.78
	8.52
	7.49


	 
	ST#356-1 - 14501
	 
	CW#1 - 14277
	 
	WR#C1 - 17805
	 
	FR#1 - 18946

	 
	m47
	m14
	m46
	m13
	 
	m2
	 
	m27
	m35
	m33
	m31
	 
	m6
	m4
	m5
	m3

	T°C
	166
	166
	166
	166
	
	191
	
	191
	191
	191
	191
	
	204
	204
	204
	204

	SiO2
	54.44
	50.27
	51.51
	49.27
	
	56.43
	
	54.83
	54.23
	52.22
	52.67
	
	52.40
	51.89
	52.75
	51.25

	TiO2
	0.38
	0.15
	0.61
	0.33
	
	0.00
	
	0.72
	0.70
	0.68
	0.87
	
	0.36
	0.41
	0.45
	0.51

	Al2O3
	32.33
	36.66
	34.39
	37.07
	
	34.37
	
	27.32
	27.80
	27.24
	27.81
	
	29.32
	29.26
	28.48
	29.70

	FeO
	3.14
	3.37
	2.66
	2.98
	
	2.66
	
	5.20
	5.28
	6.44
	5.53
	
	4.78
	5.06
	4.69
	4.80

	MnO
	0.00
	0.00
	0.00
	0.04
	
	0.00
	
	0.00
	0.00
	0.00
	0.00
	
	0.00
	0.00
	0.00
	0.00

	MgO
	2.15
	1.58
	1.53
	1.54
	
	0.66
	
	2.77
	2.64
	3.18
	2.75
	
	2.83
	2.62
	2.80
	2.82

	CaO
	0.00
	0.00
	0.01
	0.00
	
	0.28
	
	0.05
	0.00
	0.00
	0.00
	
	0.00
	0.12
	0.00
	0.00

	Na2O
	0.64
	0.07
	0.62
	0.00
	
	0.40
	
	0.54
	0.35
	0.00
	0.20
	
	0.14
	0.00
	0.38
	0.00

	K2O
	6.92
	7.89
	8.67
	8.77
	 
	5.20
	 
	8.57
	9.00
	10.23
	10.18
	 
	10.16
	10.64
	10.45
	10.92


	 
	AL#1 - 19110
	 
	AL#1 - 20711

	 
	m34
	m38
	m36
	m35
	 
	m22
	m39
	m33

	T°C
	216
	216
	216
	216
	
	232
	232
	232

	SiO2
	50.04
	50.13
	50.31
	49.63
	
	55.29
	55.34
	53.22

	TiO2
	0.01
	0.00
	0.08
	0.16
	
	0.51
	0.14
	0.55

	Al2O3
	34.12
	33.57
	33.64
	34.36
	
	27.30
	31.45
	29.43

	FeO
	5.60
	6.14
	5.66
	5.93
	
	4.99
	1.71
	3.84

	MnO
	0.04
	0.00
	0.00
	0.00
	
	0.00
	0.00
	0.00

	MgO
	1.53
	1.61
	1.47
	1.31
	
	2.36
	2.00
	2.08

	CaO
	0.00
	0.38
	0.00
	0.00
	
	0.02
	0.00
	0.00

	Na2O
	0.00
	0.36
	0.61
	0.71
	
	0.00
	0.00
	0.00

	K2O
	8.66
	7.82
	8.24
	7.89
	 
	9.55
	9.37
	10.88


Appendix 4: Description of chlorite and illite thermobarometers

We give below a short review of existing thermometers, before applying them.

Chlorite thermometry

Empirical chlorite thermometers

The pioneer chlorite thermometer proposed by Cathelineau and Nieva (1985) and refined by Cathelineau (1988) is based on a linear increase of IVAl content with temperature, as observed from the Salton Sea hydrothermal field, where the pressure gradient is negligible compared to the thermal gradient. Cathelineau (1988) refined the first equation of Cathelineau and Nieva (1985) as follows:

T °C = 321.98 IVAl – 61.92 (on a 14-oxygens anhydrous basis).

Several authors (e.g. Shau et al. 1990; De Caritat et al. 1993; Jiang et al. 1994; Essene and Peacor 1995) have criticized the use of this equation as a thermometer, firstly because the chlorite analyses used for the equation calibration were suspected to be contaminated by other mineral phases, and secondly because the IVAl content of chlorite also depends on the bulk-rock composition. The latter point implies that the thermometer should not been used for other rock composition than that used for its calibration. In order to take bulk-rock composition effects into account, Kranidiotis and McLean (1987) introduced a tentative correction based on the XFe = Fe/(Fe+Mg) ratio:

T °C = 106 (IVAl + 0.7 XFe) + 18 (on a 28-oxygens anhydrous basis).

Jowett (1991) proposed a further modification of the above equation:

T °C = 319 (IVAl + 0.1 XFe) – 69 (on a 14-oxygens anhydrous basis and XFe < 0.6).

Later studies by Hillier and Velde (1991; Eq.1), Zang and Fyfe (1995; Eq.2), and Xie et al. (1997; Eq.3) confirmed the positive correlation between temperature and IVAl content, and led to the proposition of new empirical relations constrained using various sets of natural data: 

T °C ≈ 249.56 IVAl – 320.28 (on a 28-oxygens anhydrous basis) 

(1)

T °C = 106.2 [IVAl – 0.88 (XFe – 0.34)] + 17.5 (28-oxygens basis) 
(2)

T °C = 321.98 [IVAl + 0.133 (0.31 – XFe)] – 61.92 (14-oxygens basis) 
(3)

Chlorite thermodynamic models

Walshe (1986), Vidal et al. (2005) and Inoue et al. (2009) proposed several thermodynamic or semi-thermodynamic models to estimate P-T formation conditions from chlorite compositions. These models differ by the choice of the end-member components and activity-composition relationships, and by the P-T data used to constrain the activity models. Moreover, Walshe (1986) and Inoue et al. (2009) neglected the non-ideal contributions, whereas Vidal et al. (2005) considered them. In fact the non-ideal nature of the di-trioctahedral substitution is responsible for a miscibility gap between the di/trioctahedral sudoite and the tri/trioctahedral clinochlore-daphnite chlorite end-members. In Vidal et al. (2005), symmetric interactions were assumed as Margules parameters for WAlMg, WAlFe, W□Fe, W□Mg and W□Al are determined by calculation and experimentation (e.g. Vidal et al. 2001, 2006; Parra et al. 2005). The calculation of the ideal part of end-member activities requires the distribution of cations in the structure to be specified. According to the chlorite structure (Bailey 1988; Holland et al. 1998) with 6 types of sites identified (tetrahedral sites, T1 (x2) and T2 (x2); octahedral sites, M1, M2 (x2), M3 (x2) and M4, with M3-M4 in the brucite sheet), two assumptions are possible: the ordered distribution (Vidal et al. 2005) or the random mixing (Walshe 1986).

Vidal et al. (2005, 2006) model. Vidal et al. (2001) first proposed a chlorite model based on thermodynamic data. The model was subsequently rearranged by Vidal et al. (2005), with addition of the Fe-amesite end-member, and then by Vidal et al. (2006), with modification of some thermodynamic parameters. These authors suggested that the chlorites are partially ordered. With this ordered model, they assumed that IVAl is restricted to T2, vacancies to M1, VIAl fills M4 first then M1 and eventually M2-M3, Fe-Mg fills M2-M3 then M1. In addition, the Fe/Mg ratio is considered equal in the M1 and M2-M3 sites. Vidal et al. (2005) focused on metamorphic chlorites where Si < 3 apfu (O = 14) and on the chlorite + quartz assemblage. They chose 5 appropriate end-member components (Table of appendix 4): clinochlore (Clin), daphnite (Daph), Fe-amesite (Fe-Am), Mg-amesite (Mg-Am) and Mg-sudoite (Mg-Sud). The Fe-sudoite component was not further considered, because of the lack of thermodynamic and experimental data. Thus, Vidal et al. (2005, 2006) constrained a thermobarometer on the basis of the chlorite + quartz assemblage using the following equilibria:

2 Clin + 3 Mg-Sud = 4 Mg-Am + 7 Qz + 4 H2O



(4)

4 Clin + 5 Fe-Am = 4 Daph + 5 Mg-Am




(5)

16 Daph + 15 Mg-Sud = 20 Fe-Am + 6 Clin + 35 Qtz + 20 H2O

(6)

4 Daph + 6 Mg-Sud = 5 Fe-Am + 3 Mg-Am + 14 Qtz + 8 H2O

(7)

Vidal et al. (2005) and Vidal et al. (2006) propose to estimate a minimum XFe3+ = Fe3+/Fetotal based on the achievement of convergence of reactions 4 to 7 at a given pressure, and a maximum XFe3+ when the equilibrium convergence is lost. Vidal et al. (2006) have shown that the minimum Fe3+ content calculated in this way was compatible with qualitative XANES measurements and can be used as an approximation of the actual Fe3+ content. Moreover, the difference between estimates of the minimum and maximum XFe3+ ratios is small in the low-T contexts. In order to apply Vidal et al. (2005, 2006) formalism, we assumed that aqz = 1 and aH2O = 1, which is ensured by the presence of quartz and seems reasonable for low-T chlorite of diagenetic and hydrothermal origin (Inoue et al. 2009), and accounts for the low-carbonate content in the rocks. 

Walshe (1986) model. Walshe (1986) developed an ideal model with an ordered cation distribution in tetrahedral sites and a disordered distribution in octahedral sites, with IVAl restricted to T2 sites and Fe-Mg-VIAl in M* sites. He proposed a chlorite solid-solution thermometer (Table of appendix 4) with Al-free chlorite (Afch), clinochlore (Clin), chamosite (Chm), and pyrophyllite-gibbsite (Pyr) as end-members, and assuming ideal activities. This choice of end-members ignores Si-poor compositions (Si < 3 apfu) and therefore excludes many low-T chlorite analyses unless, practically, negative mole fractions of the Al-free chlorite component are considered. This established model circumvents the pressure effect, because Walshe (1986) used assumed P data to calculate the thermodynamic parameter of end-members or used analyses of geothermal system samples (Salton Sea and Broadlands). In fact, the chlorite+quartz formation reaction, which is independent of aAl/a3H+ in the fluid, was calibrated, through the equilibrium constant K, on authigenic crystals of the Salton Sea geothermal system, where the pressure variations are negligible compared to temperature variations (Cathelineau 1988). For the chlorite + quartz assemblages, the following equilibrium can be written:

6 Clin + 14 Qz + 8 H2O(l) = 5 Afch + 3 Pyr.

If aqz and aH2O are set to 1, the equation becomes a linear relation between T and the chlorite + quartz equilibrium constant as log K = A/T + B (with A = ΔH/[2.303R] and B = ΔS/[2.303R]):
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Following the recommandation of Inoue et al. (2009), Fe3+ can be assigned to all M* sites in the disordered model of Walshe (1986). 
Inoue et al. (2009) model. Inoue et al. (2009) reappraised the two previous models and suggested that chlorites are disordered at T < ~250 °C. Following this assumption, the authors calibrated a new thermometer with a random mixing approach. They set the model on temperature, and neglected the pressure effect. Inoue et al. (2009) chose more end-members than Vidal et al. (2005) in order to take into account analyses with Si > 3 apfu. They used the terms ‘chamosite’ instead of daphnite, ‘corundophilite’ instead of amesite, as they argued that amesite is a 7 Å phase. They also considered the fictive chlorite component with a serpentine composition defined by Walshe (1986) like Al-free chlorite end-member. The model was calibrated for the magnesian system and finally involved four end-members: Al-free chlorite (Mg-Afch), corundophilite (Crdp), chamosite (Chm) and sudoite (Mg-Sud). As with Walshe (1986), IVAl was restricted to T2 sites, and VIAl-Fe-Mg were distributed randomly over the M* sites (Table of appendix 4). Inoue et al. (2009) limited the thermometer to the ideal part of activities, leading to the following equation for the formation of the chlorite + quartz assemblage:

3 Mg-Sud + Mg-Afch = 3 Crdp + 7 Qz + 4 H2O

and finally to the following expression for T, with activities of quartz and water assumed to be 1:


[image: image3.wmf]273

00003904

.

0

000513

.

0

00293

.

0

1

2

-

+

-

=

°

X

X

C

T


where 
[image: image4.wmf]Afch

ideal

Sud

ideal

Crdp

ideal

a

a

a

K

X

log

log

3

log

3

log

-

-

=

=


The disordered model of Inoue et al. (2009) assumed that Fe3+ could be assigned to all M* sites. 

Illite thermobarometry

Empirical illite thermometer

The chemical composition of illite is mainly dependent on P, T, the bulk rock composition and fluid composition. The increasing interlayer content (K + Na + Ca) is often correlated to the increase of burial P-T conditions. This reflects the phenomenon of illitization, which transforms a low-charge smectite into a high-charge illite (e.g. Cathelineau and Nieva 1985; Lanson and Besson 1992; Battaglia 2004; Dubacq et al. 2010). The presence of interlayer vacancies is accounted for by the introduction of a pyrophyllite end-member in the mica solid solution. Cathelineau (1988) observed, on samples from three different geothermal fields, a trend between interlayer occupancy and temperature, described by the following equation:
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where XPyr represents the pyrophyllite molar fraction, calculated from the substitution vector K-1 IV[SiAl]. Actually, the molar fraction calculation of each end-member is more complex and must take into account all observed substitution vectors simultaneously. From a chemical point of view, Cathelineau (1988) underlined the difficulty to find a general trend between the temperature of crystallization and the cation occupancy. He showed that each studied geothermal field (Los Azufres, Coso and Salton Sea) has its own evolution of K content with temperature and concluded that no general relation between the mineral composition and the temperature of crystallization could be proposed. However, Battaglia (2004) proposed an empirical illite thermometer directly based on K content with a new correction accounting for the Fe-Mg content:

T °C = 267.95 (K + |Fe - Mg|) + 31.50  (11 oxygens basis).

The author claimed that this relation is applicable for all geothermal fields, with an error on temperature calculation around 7%. In this case, the Fe-Mg content is considered as an indicator of the variation of rock composition.

Illite thermodynamic model of Dubacq et al. (2010)

Parra et al. (2002) proposed and calibrated a model representing the phengite-quartz equilibrium, calculated from activity of chosen end-members and taking into account the non-ideal part of activity coefficients. Dubacq et al. (2010) extended this model to smectite, illite, interlayered smectite-illite and mica by considering the T–hydration relationship, the pressure and the rock composition, and using multi-equilibrium thermobarometry. This model was the first attempt to provide a unique set of 2:1 phyllosilicates thermodynamic properties in a solid-solution model relevant from diagenetic to metamorphic conditions. 

Six substitutions are identified in the smectite-illite-mica compositional field, the Tschermak, the ferro-magnesian, the di-trioctahedral, the VIAl = Fe3+, the paragonitic (XIIK = XIINa), and the pyrophyllitic (XII[Na,K] IVAl = XII(IVSi) substitutions, where IV, VI and XII indicate tetrahedral, octahedral and interlayer sites, respectively. The model involves nine end-members, one of which has several levels of hydration (Table of appendix 4): muscovite (Musc), paragonite (Pg), Mg-celadonite (Mg-Cel), Fe-celadonite (Fe-Cel), phlogopite (Phl), annite (Ann), pyrophyllite (Prl), hydrated pyrophyllite (Prl(1H2O, (2H2O, (4H2O, (7H2O) and margarite (Mrg). 

To calculate the activity of each end-member, six types of crystallographic sites were considered according to the 2:1 phyllosilicates ideal structure: T1 (x2) and T2 (x2) tetrahedral sites, M2 (x2), M3 (x2) and M1 octahedral sites, and A* interlayer sites, with A1, A2, A3 and A4 corresponding to the different interlayer sheets according to the hydration and water layers. Moreover, an ordered distribution of cation was assumed: IVAl is restricted to T2, VIAl to M2-M3 and vacancies to M1. Fe and Mg have a preference for the M1 sites, but they can also occupy the M2-M3 sites. Finally, K, Na, Ca and water are only assigned to A* sites. 

According to the results obtained previously by Parra et al. (2002), Dubacq et al. (2010) considered the non-ideality of cationic exchanges by using symmetric Margules parameters on M1 and A sites only for W□K and W□Na, and with asymmetric Margules parameters on A in the others cases. Three independent equilibria and their hydrated equivalent can be written for any smectite, illite or mica + quartz + water equilibrium:

3 MgCel(mH2O + 2 Prl((m+1)H2O = 2 Musc(mH2O + Phl(mH2O + 11Qz + (2m+4)H2O

3 FeCel(mH2O + 2 Prl((m+1)H2O = 2 Musc(mH2O + Ann(mH2O + 11Qz + (2m+4)H2O

Prl((m+1)H2Onw = Prl((m’+1)H2Onw + (m - m’)H2O

where (m+1) and (m’+1) are the maximum and minimum amount of water in interlayer, with m and m’ varying from 0 to 6 and 0 to 3 according to the number of water layers (noted nw). A pressure–temperature relation is obtained simultaneously with the hydration state.
A scanning transmission X-ray microscopy (STXM) and X-ray absorption near edge-structure (XANES) study of Bourdelle (2011, PhD) showed that phyllosilicates of the Gulf Coast have a Fe3+/(Fe3+ + Fe2+) ratio higher than 50%. Taking ferric iron into account implies an increase of calculated vacancies. Fe3+ is assumed to replace VIAl, and is therefore restricted to the M2-M3 sites in Dubacq et al. (2010) model.

Illite-chlorite assemblages

Walshe (1986) model

Walshe (1986) envisaged a heterogeneous equilibrium between one chlorite and one mica end-member defining a chlorite + mica + quartz + K-feldspar + water equilibrium. The author chose to represent the mica phase with a muscovite structure and a random-mixing cation distribution and ideal activities (Table of appendix 4). Walshe (1986) calibrated the following reaction:

6 Clin + 6 K-Feld + 2 Qz + 2 H2O = 6 Musc + 5 Mg-Afch.

Assuming that aQz = aK-feld = aH2O = 1, a new thermometer is defined as:
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Multi-equilibrium approach: combination of Vidal et al. (2005, 2006) and Dubacq et al. (2010) models

The non-ideal ordered models for illite-micas (Dubacq et al. 2010) and chlorites (Vidal et al. 2005, 2006) can be used simultaneously to deduce T and P simultaneously, assuming the achievement of local equilibrium between chlorites and illites. This is what was applied in this study to a series of Gulf coast samples.
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Table of appendix 4: Ideal activities of solid-solution components used in the calculation of the thermobarometers for chlorite and illite. Xj,s is the mole fraction of the j cation on the s site.
	End-members (abbreviations)
	Chemical formulae
	Ideal activities

	Vidal et al. (2005) model – Chl+Qz
	
	

	Clinochlore (Clin)
	(AlMg5)(Si3Al)O10(OH)8
	aClin = 4 (XMg,M1)(XMg,M2+M3)4(XSi,T2)(XAl,T2)

	Daphnite (Daph)
	(AlFe5)(Si3Al)O10(OH)8
	aDaph = 4 (XFe,M1)(XFe,M2+M3)4(XSi,T2)(XAl,T2)

	Mg-Amesite (Mg-Am)
	(Al2Mg4)(Si2Al2)O10(OH)8
	aMg-Sud = 64 (X□,M1)(XAl,M2+M3)2(XMg,M2+M3)2(XSi,T2)(XAl,T2)

	Fe-Amesite (Fe-Am)
	(Al2Fe4)(Si2Al2)O10(OH)8
	aFe-Sud = 64 (X□,M1)(XAl,M2+M3)2(XFe,M2+M3)2(XSi,T2)(XAl,T2)

	Mg-Sudoite (Mg-Sud)
	(Al3Mg2)(Si3Al)O10(OH)8
	aMg-Am = (XAl,M1)(XMg,M2+M3)4(XAl,T2)2

	
	
	

	Walshe (1986) model – Chl+Qz
	
	

	Al-free Chlorite (Mg-Afch)
	(Mg6)(Si4)O10(OH)8
	aMg-Afch = (XMg,oct)6(XSi,tet)2  

	Clinochlore (Clin)
	(AlMg5)(Si3Al)O10(OH)8
	aClin = 59.720 (XMg,oct)5(XAl,oct)(XAl,tet) (XSi,tet)

	Chamosite (Chm = Daph)
	(AlFe5)(Si3Al)O10(OH)8
	aChm = 59.720 (XFe,oct)5(XAl,oct)(XSi,tet)(XAl,tet)

	Pyrophyllite-Gibbsite (Pyr)
	(Al4)(Si4)O10(OH)8
	aPyrophyllite = Xpyrophyllite = 5 – Σ(cationstet+oct)/2

	Muscovite (Musc) – Chl+Musc+Qz
	K(Al2)(Si3Al)O10(OH)2
	aMusc = 27 (XAl, oct)2(X□, oct)(XSi, tet)(XAl, tet)(XK, A)

	
	
	

	Inoue et al. (2009) model – Chl+Qz
	
	

	Al-free Chlorite (Mg-Afch)
	(Mg6)(Si4)O10(OH)8
	aMg-Afch = (XMg,oct)6(XSi,tet)2

	Chamosite (Chm = Daph)
	(AlFe5)(Si3Al)O10(OH)8
	aChm = 59.720 (XFe,oct)5(XAl,oct)(XSi,tet)(XAl,tet)

	Corundophilite (Crdp = Mg-Am)
	(Al2Mg4)(Si2Al2)O10(OH)8
	aCrdp = 45.563 (XMg,oct)4(XAl,oct)2(XAl,tet)2

	Mg-Sudoite (Mg-Sud)
	(Al3Mg2)(Si3Al)O10(OH)8
	aMg-Sud = 1728 (XMg,oct)2(XAl,oct)3(X□,oct)(XSi,tet)(XAl,tet)

	
	
	

	Dubacq et al. (2010) model – Chl+Qz
	
	

	Muscovite (Musc)
	K(Al2)(Si3Al)O10(OH)2
	aMusc = 4 (XAl, M2+M3)2(X□ , M1)(XSi, T2)(XAl, T2)(XK, A)

	Paragonite (Pg)
	Na(Al2)(Si3Al)O10(OH)2
	aPg = 4 (XAl, M2+M3)2(X□ , M1)(XSi, T2)(XAl, T2)(XNa, A)

	Mg-Celadonite (Mg-Cel)
	K(AlMg)(Si4)O10(OH)2
	aMgCel = 4 (XMg, M2+M3)(X□ , M1)(XSi, T2)2(XAl, T2)(XK, A)

	Fe-Celadonite (Fe-Cel)
	K(AlFe)(Si4)O10(OH)2
	aFeCel = 4 (XFe, M2+M3)(X□ , M1)(XSi, T2)2(XAl, T2)(XK, A)

	Phlogopite (Phl)
	K(Mg3)(Si2Al)O10(OH)2
	aAnn = 4 (XFe, M2+M3)2(XFe, M1)(XSi, T2)(XAl, T2)(XK, A)

	Annite (Ann)
	K(Fe3)(Si2Al)O10(OH)2
	aPhl = 4 (XMg, M2+M3)2(XMg, M1)(XSi, T2)(XAl, T2)(XK, A)

	Pyrophyllite (Prl)
	(Al2)(Si4)O10(OH)2
	aPrl = (XAl, M2+M3)2(X□, M1)(XSi, T2)2(X□, A)

	Hydrated Pyrophyllite (Prl(mH2O)
	(Al2)(Si4)O10(OH)2 . nH2O
	aPrl(mH2Onw = (XAl, M2+M3)2(Xv, M1)(XSi, T2)2  ∏(XH2O, An)(X□, An+1)
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