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A new 40Ar–39Ar age from volcanic events in the Rosso Ammonitico Veronese as a tie-point for the Late Jurassic
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SUPPLEMENTARY MATERIAL

Mineralogical and elemental analyses

Clay minerals were studied using XRD on oriented mounts after decarbonation of the crushed rock with 0.2 M HCl. The <2 µm clay fraction was separated by sedimentation and centrifugation. X-ray diffractograms were obtained using a Brucker D4 diffractometer with CuK radiation and Ni filter (40 kV, 25 mA). Clay minerals were identified using the position of the (001) series of basal reflections on the three X-ray diffractograms, following international nomenclature (Moore & Reynolds, 1997). Geochemical data were obtained using ICP techniques after total LiBO2 and HNO3 digestion (Nancy CRPG Laboratory). Major and trace elements were analyzed by ICP-OES and ICP-MS, respectively. Ten major and 43 trace elements were determined in whole-rock samples of both bentonites and detrital clays.

Sanidine preparation for AB4 dating

About 2 kg of bentonite from the AB4 layer at the Kaberlaba section was processed as follows: 1) to eliminate the clayey fraction, the sample was repeatedly washed in deionised water; 2) the 80µm to 125 µm size fraction, free of clays, was isolated (2 g) and leached in HAc solution and ultrasonically cleaned for 30 min at 60°C; 3) after several rinses in distilled water, this fraction was dried; 4) the magnetic fraction was eliminated using a hand REE magnet; 5) light minerals were separated from heavy minerals using Sodium PolyTungstate heavy liquid (SPT) calibrated in density at 2.8; 6) K-feldspars were then concentrated using SPT calibrated at 2.54-2.57. After several rinses with distilled water, the remaining minerals (<2 mg) presented a reddish coating and sanidines displayed secondary overgrowth. A weak leaching for 10 min in a 7% HF solution, cleared the sanidines of this overgrowth. Using the remaining fraction, about 50 small (<100 µm) transparent sanidines were carefully handpicked under a binocular microscope (40x magnification) in an alcohol solution with a 10ml micropipette. The biggest sanidines were selected and loaded along with ACs in a single pit on an aluminium disk. They were all irradiated for 90 minutes (Irr-34) in the 1 tube of the OSIRIS reactor (CEA Saclay, France). After irradiation, about 30 single grains were transferred using a micropipette into a single well, hosted in a copper sample holder, and loaded into a differential vacuum Cleartran( window. These grains were step-heated (8 steps) using a defocused 25 W CO2 laser (Synrad(). Gas clean-up was achieved by two GP 110( (ZrAl) getters operating at 250°C. Argon isotopes were analysed using a VG5400 mass spectrometer operated in ion-pulse counting mode with a single muliplier (Balzers( SEV 217 SEN). Calculated sensitivity is about 1.32·10-12 mol.V-1. Procedural blanks were measured every two to four steps depending on the unknown beam size. For a typical 15 min static blank, typical backgrounds are about 1.5 to 2.0·10-17 and 4.0 to 5.0·10-19 mol. for 40Ar and 36Ar, respectively. Precision and accuracy of the mass discrimination correction were monitored by weekly measurements of air argon of various beam sizes (Nomade et al., 2010). Nucleogenic production ratios used to correct for reactor-produced Ar isotopes from K and Ca are those presented in Nomade et al. (2011).
Table S1: Selected chemical analyses of major element expressed as oxides in wt.%, and trace elements expressed in µg.g-1 determined by ICP-OES and ICP-MS for bentonite layers (ABx and SBx) and pyroclastic deposits from the Mandrica area (Bx data from Bonev & Stampfli 2008). Average MORB values are from Pearce et al., (1982).

	Sample
	Sr
	K2O
	Rb
	Ba
	Th
	Ta
	Nb
	Ce
	P2O5
	Zr
	Hf
	Sm
	TiO2
	Y
	Yb
	Cr
	Al2O3

	AB1
	39.9
	1.90
	53.9
	42.3
	11.3
	0.71
	3.44
	26.5
	0.24
	132
	4.29
	7.66
	0.30
	33.9
	1.75
	10.1
	12.8

	AB2
	70.2
	2.06
	57.5
	68.1
	16.8
	0.89
	4.58
	52.7
	0.72
	130
	3.92
	18.7
	0.29
	94.3
	3.66
	15.7
	9.89

	AB3
	76.1
	2.73
	74.1
	93.2
	14.2
	0.83
	9.70
	57.0
	0.58
	118
	3.68
	20.9
	0.44
	90.1
	3.50
	25.6
	9.55

	AB4
	26.9
	1.08
	31.3
	32.8
	29.9
	4.77
	7.89
	20.4
	0.09
	88.6
	4.4
	3.13
	0.14
	13.2
	0.86
	<3
	14.1

	AB5
	10.3
	1.94
	90.1
	27.1
	29.5
	1.80
	6.01
	5.6
	0.03
	115
	4.39
	0.84
	0.17
	4.25
	0.31
	<3
	16.9

	SB1
	47.5
	1.82
	45.8
	49.8
	11.1
	0.67
	3.10
	91.0
	0.31
	102
	3.56
	9.02
	0.29
	43.5
	2.59
	<3
	12.5

	SB2
	51.7
	2.20
	65.6
	51.7
	11.7
	0.76
	4.51
	30.3
	0.26
	104
	3.66
	9.61
	0.37
	37.9
	1.81
	14.3
	11.5

	SB3
	24.8
	1.99
	102.1
	39.1
	24.8
	5.37
	8.02
	15.8
	0.06
	80.7
	4.61
	2.33
	0.16
	10.2
	0.90
	<3
	14.0

	SB4
	65.7
	1.10
	35.2
	46.3
	18.3
	1.20
	4.45
	23.3
	0.17
	49.0
	2.14
	5.93
	0.13
	28.9
	1.73
	<3
	8.70

	SB5
	56.3
	1.09
	43.1
	70.0
	16.4
	0.90
	4.29
	33.4
	0.21
	58.7
	2.26
	6.85
	0.17
	32.0
	1.85
	<3
	9.26

	SB6
	59.8
	0.63
	22.3
	64.5
	15.1
	0.65
	2.97
	22.4
	0.14
	54.0
	1.96
	4.61
	0.11
	21.5
	1.27
	<3
	6.95

	B10
	29
	0.08
	2.3
	16
	2
	1.23
	1.7
	6.53
	0.07
	53
	1.38
	1.34
	0.68
	14.0
	1.70
	38
	16.2

	B37
	158
	0.2
	6.7
	15
	2
	1.46
	1.4
	4.46
	0.07
	34
	0.84
	1.06
	0.48
	15.4
	1.40
	38
	13.6

	B125
	181
	0.02
	1
	9
	0.7
	0.74
	1.3
	6.53
	0.06
	52
	1.22
	1.37
	0.59
	15.1
	1.52
	47
	17.2

	B129
	56
	0.11
	1
	9
	0.24
	1.13
	1.2
	2.67
	0.04
	20
	0.5
	1.13
	0.44
	12.5
	1.36
	440
	13.2

	B37a
	45
	0.19
	1.6
	9
	3
	0.35
	1
	0.26
	0.01
	12
	0.15
	0.12
	0.23
	5.2
	0.51
	652
	11.4

	B47a
	32
	0.21
	1.7
	9
	3
	0.51
	1.1
	1.56
	0.01
	15
	0.16
	0.34
	0.23
	7.6
	0.56
	753
	12.5

	B110
	17
	0.11
	2.5
	19
	0.44
	1.02
	1.1
	3.5
	0.05
	36
	1.31
	0.68
	0.56
	10.8
	1.3
	156
	17.5

	B145
	18
	0.01
	1
	9
	0.25
	0.34
	1.0
	1.81
	0.02
	15
	0.85
	0.91
	0.34
	9.8
	1.05
	536
	16.6

	B42
	8
	0.01
	1
	9
	3
	0.59
	1.7
	3.78
	0.05
	34
	0.62
	0.79
	0.52
	13.4
	1.11
	310
	11.9

	B42a
	43
	0.84
	39
	118
	2
	0.52
	1.9
	8.45
	0.07
	57
	1.46
	0.93
	0.55
	10.0
	1.02
	465
	15.5

	B152
	30
	0.05
	1
	30
	2.1
	4.67
	3.4
	14.9
	0.07
	116
	4.02
	2.70
	0.32
	22.2
	3.08
	2
	12.8

	MORB Pearce1982
	120
	0.15
	2
	20
	0.2
	0.18
	3.5
	10
	0.12
	90
	2.40
	3.3
	1.50
	30
	3.40
	250
	12.8


Table S2: Complete 40Ar/39Ar analytical dataset obtained for the AB4 ash layer (D1: mass discrimination per amu based on a power law; Heating time: 8 min; J=0.0006846 ±0.00000137 (1, standard deviation).

	N
	Power

W
	40Ar Moles
	40Ar

V
	±1

V
	39Ar

V
	± 1

V
	38Ar

V
	± 1

V
	37Ar

V
	± 1

V
	36Ar

V
	± 1

V
	D1
	%1
	% 40Ar*
	Age

ka
	± 1

ka

	1
	2.5
	1.767 E-14
	1.339 E-02
	1.741 E-05
	1.012 E-04
	7.284 E-07
	1.680 E-05
	4.872 E-07
	2.478 E-07
	8.747 E-08
	5.663 E-07
	5.097 E-08
	1.00876
	0.1
	99.00
	156.75
	1.13

	2
	3.0
	3.285 E-14
	2.489 E-02
	1.991 E-05
	1.905 E-04
	8.573 E-07
	2.945 E-05
	3.829 E-07
	1.875 E-07
	9.750 E-08
	1.943 E-07
	3.692 E-08
	1.01293
	0.1
	99.89
	156.72
	0.71

	3
	3.5
	5.476 E-14
	4.149 E-02
	4.978 E-05
	3.225 E-04
	9.353 E-07
	4.883 E-05
	7.325 E-07
	2.083 E-07
	1.225 E-07
	1.755 E-07
	5.142 E-08
	1.01922
	0.1
	99.92
	155.47
	0.50

	4
	4.0
	4.765 E-14
	3.610 E-02
	3.971 E-05
	2.784 E-04
	5.568 E-07
	4.151 E-05
	6.642 E-07
	1.281 E-07
	1.191 E-07
	1.764 E-07
	4.939 E-08
	1.01716
	0.1
	99.90
	156.37
	0.39

	5
	5.0
	4.347 E-14
	3.293 E-02
	4.281 E-05
	2.546 E-04
	6.620 E-07
	3.911 E-05
	7.040 E-07
	4.434 E-08
	3.756 E-08
	2.130 E-07
	5.282 E-08
	1.01595
	0.1
	99.86
	155.77
	0.47

	6
	5.5
	2.697 E-14
	2.043 E-02
	1.839 E-05
	1.560 E-04
	1.163 E-06
	2.332 E-05
	3.731 E-07
	1.795 E-07
	7.772 E-08
	3.050 E-07
	7.229 E-08
	1.01113
	0.1
	99.65
	156.77
	1.16

	7
	6.5
	1.910 E-14
	1.447 E-02
	2.460 E-05
	1.121 E-04
	8.408 E-07
	1.478 E-05
	3.133 E-07
	2.199 E-07
	8.422 E-08
	1.001 E-07
	8.408 E-08
	1.00910
	0.1
	100.00
	155.15
	1.18

	8
	fusion
	1.974 E-14
	1.475 E-02
	2.213 E-05
	1.088 E-04
	6.637 E-07
	1.963 E-05
	6.871 E-07
	3.369 E-07
	1.169 E-07
	2.076 E-06
	5.398 E-08
	1.00919
	0.1
	96.21
	156.74
	1.02


	 
	
	Age (Ma)
	± 2 (analytical) Ma
	± 2 (Renne et al., 2010 optimization approach) Ma
	MSWD
	

	Plateau age
	(8/8)
	156.1
	0.44
	0.89*
	0.72
	

	Inverse Isochron

(40Ar/36Ar)Int
	(8/8)
	156.1

336±102 (2)
	0.48
	0.90
	0.75
	

	
	
	
	
	* R value of 0.04229± 0.00006 between ACs-2 and Fcs (Nomade et al., 2005)
	
	


Table S3: Standard and blank values used for each step

	Interfering Isotope production ratios (Nomade et al., 2011)
	Standard ACs

	(40Ar/39Ar)k (4.026 ± 1.5) E-03
	J: 0.0006846 ± 0.00000137 (2)

	(36Ar/37Ar)Ca (4.045 ± 0.16) E-04
	Age 1.2056 Ma 

	(39Ar/37Ar)Ca (4.17 ± 1,9) E-04
	

	(38Ar/37Ar)Ca (1.29 ± 0.4) E-04
	Irradiation time 1h30 min (IRR 31)
	 

	Atmospheric argon ratios
	
	 

	(40Ar/36Ar)A 296 ± 0.74
	Reactor Osiris 70Mw (France)

	(40Ar/38Ar)A  0.1880 ± 0.0001
	 Lab number : N 986
	 

	Decay constants (Renne et al., 2011)
	 
	 

	40K e         (5.787 ± 0.016)E-11 a-1
	
	

	40K b         (4.89548 ± 0.0134)E-10 a-1 
	 
	 

	
	
	

	40Ar
	40Ar
	± 1
	39Ar
	± 1
	38Ar
	± 1
	37Ar
	± 1
	36Ar
	± 1

	1,29E-17
	9,776E-06
	1,955E-07
	1,473E-07
	7,144E-08
	6,888E-08
	4,243E-08
	1,606E-07
	9,893E-08
	9,832E-08
	3,343E-08

	1,29E-17
	9,776E-06
	1,955E-07
	1,473E-07
	7,144E-08
	6,888E-08
	4,243E-08
	1,606E-07
	9,893E-08
	9,832E-08
	3,343E-08

	1,53E-17
	1,158E-05
	4,748E-07
	4,420E-07
	9,724E-08
	3,852E-08
	3,813E-08
	1,931E-07
	9,153E-08
	5,312E-08
	4,834E-08

	1,53E-17
	1,158E-05
	4,748E-07
	4,420E-07
	9,724E-08
	3,852E-08
	3,813E-08
	1,931E-07
	9,153E-08
	5,312E-08
	4,834E-08

	1,53E-17
	1,158E-05
	4,748E-07
	4,420E-07
	9,724E-08
	3,852E-08
	3,813E-08
	1,931E-07
	9,153E-08
	5,312E-08
	4,834E-08

	1,53E-17
	1,158E-05
	4,748E-07
	4,420E-07
	9,724E-08
	3,852E-08
	3,813E-08
	1,931E-07
	9,153E-08
	5,312E-08
	4,834E-08

	2,32E-17
	1,757E-05
	4,393E-07
	6,543E-07
	1,786E-07
	3,911E-08
	3,872E-08
	3,067E-07
	7,668E-08
	1,184E-07
	4,404E-08

	2,32E-17
	1,757E-05
	4,393E-07
	6,543E-07
	1,786E-07
	3,911E-08
	3,872E-08
	3,067E-07
	7,668E-08
	1,184E-07
	4,404E-08


Figure S1: 1- Subdiscosphinctes richei, Kaberlaba section. 2- Gregoryceras cf. fouquei, Kaberlaba section. 3- Otosphinctes nectobrigensis, Kaberlaba section. 4- Passendorferia (Enaytes) birmensdorfensis, Kaberlaba section. 5- Dichotomosphinctes cf. elisabethae, Echar section. 6- Paraspidoceras (Struebinia) sp., Kaberlaba section. Scale bar = 1 cm.
[image: image1.jpg]



Figure S2: Bentonites plotted on selected discrimination diagrams: (a) volcanotectonic contexts, Wood et al. (1980) and (b) magmatic affinities, Winchester and Floyd (1977). 
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