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The main minerals are quartz, K-feldspar, plagioclase, 
biotite, chlorite, amphibole, and to lesser degree, white 
mica, as well as zircon, titanite, apatite, epidote and 
opaque minerals as accessory phases. Rocks inside the 
central plateau have been affected by hydrothermal alter-
ation, which become less away from the centre. Altered 
K-feldspar and plagioclase are turbid, greyish-brownish 
in plane-polarized light. The plagioclase core is altered 
to sericite, while the outer rim is colourless and pristine 
(Fig. S1a). K-feldspar show perthitic exsolution lamellae 
of plagioclase (Fig. S1b). Most of the biotite inside the 
central platau is altered to chlorite showing interference 
colours from yellow of lower order to anomalous blue in 
cross-polarized light (Fig. S1c). Less-altered plagioclase 
and K-feldspar from outside the central plateau are col-
ourless in plane-polarized light with more pronounced 
grey interference colour in cross-polarized light. Biotite 
grains are less chloritized, with a strong brownish colour 
in plane-polarized light (Fig. S1d). Many samples from 
inside the central plateau are strongly fractured, and show 
shock features, e.g., kink bands in biotite/chlorite, PDFs 
in quartz, and ladder textures in K-feldspar (Fig. S1c, e, 
f ). These features occur only in the central localities, 

where shock pressures were significant.
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Figure S1. Cross-polarized (a-c, e, g, h) and linear-polarized (b, f ) images of different mineral phases. (a) A strongly altered plagioclase with 
hetereogeneous, greyish to brownish interference colours. The interior of the grain is converted to sericite (sericitisation), a mineral phase with 
colourful interference colour of the third order. Two smaller plagioclase grains on the left side of the figure show fresh rims and strongly altered 
cores. The light grey mineral phase on the lower right side of the figure is quartz. (b) Large K-feldspar grain with perthitic exsolution lamellae 
(white arrows) and plagioclase inclusions suggesting a partly poikilitic texture of the larger host grain. Microcline twinning (yellow arrows) can be 
observed along the left rim and the lower right corner of the K-feldspar grain. (c) Shocked biotite with crossing kink bands (white arrows). This 
grain is partly altered to chlorite and thus, the colourful, second to third order interference colour of biotite is partly replaced by the anomalous 
bluish interference colour of chlorite, especially along the grain rim (yellow arrows). (d) Fresh biotite grains where some parts are greenish, indic-
ative for alteration to chlorite. A few grains show a lath-shaped habits. In the lower middle part of the figure are zircons enclosed by biotite. The 
zircons are surrounded by a dark pleochroitic rim. (e) Shocked quartz with planar deformation features. (f ) An altered K-feldspar grain showing 
ladder textures (see white arrows) in its lower right part, which are typically formed under the influence of shock pressure from an impact. (g) 



LITHOLUND THESES “NO” “AUTHOR”

3

Zircon as an inclusion in K-feldspar. To the right is quartz with brownish to greyish interference colours and anomalous blue to bluish-yellow 
chlorite. Several subparallel fractures are generated within the zircon grain, suggesting a potential influence by shock pressure. (h) Metamict zir-
con with a strongly fractured, second to third order colourful rim and a core showing greyish-brownish interference colours. The grain is enclosed 
by biotite and to the left there is K-feldspar with grey interference colours.

Figure S2. Back Scatter Electron (BSE)- (a-d) and Cathodelumines-
cence (CL) -derived (e, f ) images of different, representative zircon 
textures observed in FE-SEM analyses. (a) Prismatic, euhedral-shaped 
zircon which are predominant in the samples. (b) Round-shaped zir-
con which can be rarely observed. (c) Metamict zircon showing oscil-
lating zoning between non-metamict, fractured domains in light grey 
and metamict domains in dark grey. (d) Shocked zircon with two sets 
of parallel planar shock features which cross each other. (e) Zircon 
with an irregular CL pattern. (f ) Zircon with oscillating zoning.

Figure S3. Qualitative element analyses of metamict zircon grain 
of Fig. S2c. Grey spectrum shows the elemental composition of the 
non-metamict, fractured, light grey domain. The red spectrum repre-
sents the metamict, dark grey domain with distinct peaks for Ca, Fe 
and Na. Previous studies (e.g., Geisler et al. 2001, 2002, 2003) have 
shown that solvent cations, e.g., Ca2+, Fe2+ and Na+, are often incor-
porated in metamict zircon grains in exchange of Pb2+, U4+, REE3+, 
Zr4+, Si4+, and Hf4+ to preserve the electron neutrality. The stars in the 
SE image mark the sites where both elemental spectra were recorded.
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Figure S4. LA-ICP-MS U-Pb on zircon. The first 8 concordia plots (samples 3, 5, 9, 12, 23, 24, 25 and 45) are samples from outside from 
the central uplift, whereas the other plots showing the U-Pb data from samples taken from inside of the central uplift. The U-Pb analyses yield 
concordant to discordant data points plotting along the discordia line which forms two intercepts with the concordia curve. As clearly shown 
the U-Pb data of the samples from outside of the central uplift (samples 3, 5, 9, 12, 23, 24, 25 and 45) are generally more discordant than those 
from inside of the central uplift. The error ellipses are in 1σ uncertainties.

Figure S5. Plot 206Pb/204Pb vs 207Pb/206Pb on the example of sample 
54. The white data point mark the threshold of 206Pb/204Pb = 2446 
± 108 set at that point where 207Pb/206Pb ratio show no changes. The 
threshold placed for the 206Pb/204Pb ratio varies between each sample, 
ranging mostly between 103 and 104.

Figure S6. Lower intercept dates of zircon samples from outside (left 
side) and inside (right side) of the central plateau. There is no signifi-
cant difference in the dates between outside and inside the central pla-
teau. The known impact age = 380.9 ± 4.6 Ma (Jourdan et al., 2012; 
grey box) fall within the range of our lower intercepts.
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Low-temperature annealing on discordance of U-Pb ages
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Low-temperature annealing on discordance of U-Pb ages
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Low-temperature annealing on discordance of U-Pb ages
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Low-temperature annealing on discordance of U-Pb ages
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Low-temperature annealing on discordance of U-Pb ages
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Low-temperature annealing on discordance of U-Pb ages
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Low-temperature annealing on discordance of U-Pb ages
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Low-temperature annealing on discordance of U-Pb ages



“THESES HEADLINE”

32

PAPER I           HERRMANN ET AL.

32

 
 

 
 

Is
ot

op
ic

 r
at

io
s

 
 

 
 

 
 

 
A

pp
ar

en
t i

so
to

pi
c 

da
te

s [
M

a]
 

 
 

 

A
na

l-
ys

is
U

 
[p

pm
]

T
h/

U
20

7 P
b 

[C
PS

]
20

7 P
b/

20
6 P

b
2 S.
E

.
20

6 P
b/

20
4 P

b
2 S.
E

.
20

7 P
b/

23
5 U

2 S.
E

.
20

6 P
b/

23
8 U

2 S.
E

.

E
rr

or
 

co
rr

el
a-

tio
n 

6/
38

 
vs

 7
/3

5

A
ge

 
20

6 P
b/

23
8 U

2 S.
E

.

A
ge

 
20

7 P
b/

23
5 U

2 S.
E

.

A
ge

 
20

7 P
b/

20
6 P

b

2 S.
E

.

D
is

co
rd

-
an

ce
 [%

]

1
25

3.
0

1.
19

36
76

73
10

0
0.

10
69

30
0.

00
07

80
16

00
.0

15
00

.0
4.

47
50

00
0.

06
40

00
0.

30
35

00
0.

00
42

00
0.

87
13

60
17

07
.0

21
.0

17
24

.0
12

.0
17

45
.0

13
.0

2.
18

2
54

2.
0

0.
58

11
81

13
69

00
0.

10
96

70
0.

00
06

30
27

80
.0

49
0.

0
3.

78
10

00
0.

03
50

00
0.

25
04

00
0.

00
22

00
0.

80
32

20
14

40
.0

11
.0

15
88

.4
7.

3
17

92
.0

10
.0

19
.6

4

3
31

4.
6

1.
01

08
07

94
60

0
0.

11
67

00
0.

00
10

00
11

90
.0

45
0.

0
4.

61
00

00
0.

04
20

00
0.

28
65

00
0.

00
25

00
0.

50
99

80
16

23
.0

13
.0

17
49

.8
7.

6
19

06
.0

16
.0

14
.8

5

4
52

7.
0

0.
84

25
05

18
66

00
0.

15
63

00
0.

00
21

00
28

5.
0

13
.0

5.
21

80
00

0.
09

60
00

0.
24

21
00

0.
00

35
00

0.
70

36
00

13
96

.0
18

.0
18

50
.0

16
.0

24
08

.0
22

.0
42

.0
3

5
23

4.
6

0.
69

48
00

67
90

0
0.

10
54

00
0.

00
07

50
-6

90
0.

0
74

00
.0

4.
06

10
00

0.
04

40
00

0.
27

90
00

0.
00

28
00

0.
73

46
60

15
86

.0
14

.0
16

46
.1

8.
6

17
19

.0
13

.0
7.

74

6
36

1.
0

1.
08

31
02

93
80

0
0.

10
78

00
0.

00
11

00
27

00
.0

23
00

.0
4.

19
60

00
0.

04
10

00
0.

28
14

00
0.

00
24

00
0.

41
99

20
15

98
.0

12
.0

16
72

.4
8.

0
17

60
.0

18
.0

9.
20

7
62

3.
0

0.
69

66
29

15
13

00
0.

17
32

00
0.

00
66

00
31

6.
0

36
.0

3.
94

00
00

0.
11

00
00

0.
17

29
00

0.
00

73
00

0.
38

45
20

10
23

.0
40

.0
16

13
.0

21
.0

25
29

.0
63

.0
59

.5
5

8
23

2.
0

0.
64

22
41

69
20

0
0.

10
83

20
0.

00
07

30
22

00
.0

10
00

.0
4.

29
70

00
0.

04
10

00
0.

28
74

00
0.

00
27

00
0.

74
54

90
16

28
.0

14
.0

16
91

.2
7.

9
17

69
.0

12
.0

7.
97

9
53

8.
0

1.
43

49
44

11
46

00
0.

12
00

00
0.

00
20

00
80

0.
0

71
.0

3.
73

20
00

0.
06

20
00

0.
22

54
00

0.
00

53
00

0.
65

46
00

13
10

.0
28

.0
15

77
.0

13
.0

19
52

.0
30

.0
32

.8
9

10
34

4.
0

0.
96

80
23

88
00

0
0.

11
07

10
0.

00
09

20
24

60
.0

48
0.

0
3.

96
50

00
0.

04
30

00
0.

25
97

00
0.

00
33

00
0.

75
64

70
14

88
.0

17
.0

16
28

.2
8.

7
18

09
.0

15
.0

17
.7

4

11
40

4.
0

0.
81

18
81

10
81

00
0.

11
17

70
0.

00
09

80
15

40
.0

34
0.

0
4.

34
70

00
0.

09
80

00
0.

28
36

00
0.

00
71

00
0.

93
47

70
16

06
.0

35
.0

17
01

.0
18

.0
18

25
.0

16
.0

12
.0

0

12
28

6.
0

0.
76

04
90

86
60

0
0.

10
43

60
0.

00
05

50
-1

00
0.

0
24

00
.0

4.
49

80
00

0.
04

50
00

0.
31

19
00

0.
00

31
00

0.
84

92
20

17
49

.0
15

.0
17

28
.8

8.
2

17
02

.2
9.

6
-2

.7
5

13
30

5.
0

1.
19

01
64

87
30

0
0.

10
51

20
0.

00
06

90
20

00
.0

20
00

.0
4.

25
70

00
0.

03
90

00
0.

29
31

00
0.

00
30

00
0.

79
12

70
16

56
.0

15
.0

16
83

.6
7.

4
17

14
.0

12
.0

3.
38

14
64

8.
0

0.
85

64
81

14
14

00
0.

10
72

20
0.

00
07

50
23

90
.0

25
0.

0
3.

40
80

00
0.

05
80

00
0.

22
89

00
0.

00
34

00
0.

90
66

80
13

28
.0

18
.0

15
04

.0
13

.0
17

51
.0

13
.0

24
.1

6

15
32

0.
6

0.
66

68
75

83
70

0
0.

10
73

00
0.

00
12

00
19

00
.0

14
00

.0
4.

16
80

00
0.

05
50

00
0.

28
08

00
0.

00
38

00
0.

66
27

90
15

94
.0

19
.0

16
66

.0
11

.0
17

49
.0

20
.0

8.
86

16
33

1.
0

1.
17

82
48

10
37

00
0.

10
47

70
0.

00
06

80
22

00
.0

17
00

.0
4.

60
30

00
0.

04
10

00
0.

31
75

00
0.

00
26

00
0.

64
30

40
17

77
.0

13
.0

17
48

.8
7.

4
17

10
.0

12
.0

-3
.9

2

17
33

4.
0

0.
63

62
28

90
60

0
0.

10
85

00
0.

00
12

00
33

00
.0

13
00

.0
4.

17
40

00
0.

05
90

00
0.

27
80

00
0.

00
44

00
0.

72
94

20
15

81
.0

22
.0

16
68

.0
12

.0
17

73
.0

20
.0

10
.8

3

18
55

9.
0

1.
02

32
56

13
27

00
0.

11
31

00
0.

00
17

00
22

70
.0

52
0.

0
4.

10
40

00
0.

06
10

00
0.

26
17

00
0.

00
48

00
0.

66
67

60
14

98
.0

24
.0

16
54

.0
12

.0
18

46
.0

27
.0

18
.8

5

19
44

2.
0

0.
60

02
26

12
23

00
0.

11
20

00
0.

00
10

00
20

70
.0

83
0.

0
4.

31
00

00
0.

04
30

00
0.

27
85

00
0.

00
20

00
0.

42
62

70
15

83
.0

10
.0

16
93

.9
8.

2
18

31
.0

17
.0

13
.5

4

20
88

3.
0

0.
98

18
80

18
39

00
0.

14
68

00
0.

00
23

00
32

3.
0

15
.0

3.
37

70
00

0.
05

30
00

0.
16

75
00

0.
00

38
00

0.
71

04
80

99
8.

0
21

.0
14

97
.0

12
.0

23
07

.0
27

.0
56

.7
4

21
32

5.
0

0.
63

69
23

83
80

0
0.

10
59

20
0.

00
09

60
20

0.
0

19
00

.0
4.

19
90

00
0.

03
90

00
0.

28
66

00
0.

00
26

00
0.

50
80

20
16

24
.0

13
.0

16
72

.6
7.

6
17

26
.0

16
.0

5.
91

22
34

3.
0

0.
69

38
78

85
70

0
0.

10
83

00
0.

00
12

00
22

00
.0

10
00

.0
4.

17
90

00
0.

05
00

00
0.

27
94

00
0.

00
36

00
0.

65
51

40
15

88
.0

18
.0

16
70

.0
10

.0
17

68
.0

20
.0

10
.1

8

23
39

5.
0

0.
57

72
15

10
41

00
0.

11
80

00
0.

00
15

00
10

60
.0

11
0.

0
4.

38
30

00
0.

07
70

00
0.

26
76

00
0.

00
42

00
0.

65
43

60
15

28
.0

21
.0

17
07

.0
15

.0
19

26
.0

25
.0

20
.6

6

24
22

9.
0

0.
51

65
94

68
10

0
0.

10
54

90
0.

00
07

00
48

00
.0

30
00

.0
4.

45
60

00
0.

03
40

00
0.

30
63

00
0.

00
23

00
0.

63
37

70
17

22
.0

11
.0

17
22

.0
6.

4
17

22
.0

12
.0

0.
00

25
70

4.
0

1.
72

15
91

19
51

00
0.

16
28

00
0.

00
44

00
27

5.
0

25
.0

4.
65

30
00

0.
09

60
00

0.
21

36
00

0.
00

61
00

0.
47

87
80

12
50

.0
33

.0
17

60
.0

18
.0

24
62

.0
46

.0
49

.2
3

26
11

80
.0

1.
23

13
56

13
51

00
0.

12
07

00
0.

00
27

00
53

6.
0

56
.0

2.
05

90
00

0.
06

50
00

0.
12

52
00

0.
00

54
00

0.
86

13
20

75
9.

0
31

.0
11

31
.0

21
.0

19
55

.0
41

.0
61

.1
8

27
42

8.
0

1.
09

81
31

10
62

00
0.

10
55

00
0.

00
08

50
28

00
.0

22
00

.0
3.

95
10

00
0.

03
90

00
0.

27
09

00
0.

00
27

00
0.

64
03

30
15

45
.0

14
.0

16
23

.5
7.

9
17

21
.0

15
.0

10
.2

3

28
28

8.
0

0.
70

83
33

74
20

0
0.

11
61

00
0.

00
23

00
14

30
.0

25
0.

0
4.

21
90

00
0.

08
70

00
0.

26
28

00
0.

00
50

00
0.

50
51

00
15

04
.0

26
.0

16
76

.0
17

.0
18

93
.0

35
.0

20
.5

5

29
29

9.
0

0.
71

90
64

71
90

0
0.

12
51

00
0.

00
15

00
64

5.
0

90
.0

3.
55

90
00

0.
08

10
00

0.
20

57
00

0.
00

47
00

0.
89

07
00

12
05

.0
25

.0
15

38
.0

18
.0

20
29

.0
21

.0
40

.6
1

30
28

9.
9

0.
71

05
90

85
50

0
0.

10
60

80
0.

00
08

10
10

00
.0

20
00

.0
4.

48
60

00
0.

04
20

00
0.

30
64

00
0.

00
29

00
0.

68
82

00
17

22
.0

14
.0

17
28

.5
7.

6
17

31
.0

14
.0

0.
52

31
34

6.
0

0.
77

16
76

92
20

0
0.

10
70

10
0.

00
07

70
60

0.
0

36
00

.0
4.

01
00

00
0.

04
00

00
0.

27
20

00
0.

00
30

00
0.

71
75

50
15

50
.0

15
.0

16
35

.1
8.

1
17

47
.0

13
.0

11
.2

8

32
36

2.
0

1.
00

00
00

12
75

00
0.

14
29

00
0.

00
61

00
79

0.
0

15
0.

0
6.

14
00

00
0.

35
00

00
0.

30
70

00
0.

00
69

00
0.

68
76

60
17

23
.0

34
.0

19
63

.0
46

.0
22

12
.0

71
.0

22
.1

1

33
42

6.
0

0.
70

42
25

12
22

00
0.

12
17

00
0.

00
22

00
11

20
.0

14
0.

0
4.

44
60

00
0.

05
00

00
0.

26
64

00
0.

00
54

00
0.

56
13

50
15

21
.0

28
.0

17
21

.1
9.

1
19

71
.0

31
.0

22
.8

3

Sa
m

pl
e 

58



LITHOLUND THESES “NO” “AUTHOR”

33

 
 

 
 

Is
ot

op
ic

 r
at

io
s

 
 

 
 

 
 

 
A

pp
ar

en
t i

so
to

pi
c 

da
te

s [
M

a]
 

 
 

 

A
na

l-
ys

is
U

 
[p

pm
]

T
h/

U
20

7 P
b 

[C
PS

]
20

7 P
b/

20
6 P

b
2 S.
E

.
20

6 P
b/

20
4 P

b
2 S.
E

.
20

7 P
b/

23
5 U

2 S.
E

.
20

6 P
b/

23
8 U

2 S.
E

.

E
rr

or
 

co
rr

el
a-

tio
n 

6/
38

 
vs

 7
/3

5

A
ge

 
20

6 P
b/

23
8 U

2 S.
E

.

A
ge

 
20

7 P
b/

23
5 U

2 S.
E

.

A
ge

 
20

7 P
b/

20
6 P

b

2 S.
E

.

D
is

co
rd

-
an

ce
 [%

]

34
46

2.
0

0.
69

26
41

12
02

00
0.

11
02

00
0.

00
11

00
20

60
.0

29
0.

0
4.

14
60

00
0.

07
00

00
0.

27
19

00
0.

00
43

00
0.

82
85

30
15

50
.0

22
.0

16
62

.0
14

.0
18

05
.0

16
.0

14
.1

3

35
69

2.
0

1.
07

36
99

22
20

00
0.

17
52

00
0.

00
40

00
20

4.
0

11
.0

5.
30

80
00

0.
06

40
00

0.
22

29
00

0.
00

59
00

0.
54

57
20

12
95

.0
31

.0
18

68
.0

10
.0

25
91

.0
38

.0
50

.0
2

36
82

0.
0

0.
96

34
15

22
10

00
0.

11
49

60
0.

00
08

00
13

16
.0

69
.0

4.
45

40
00

0.
05

50
00

0.
28

07
00

0.
00

37
00

0.
86

19
60

15
94

.0
19

.0
17

23
.0

11
.0

18
77

.0
13

.0
15

.0
8

37
59

4.
0

0.
90

90
91

16
10

00
0.

11
34

20
0.

00
08

40
14

20
.0

11
0.

0
4.

29
10

00
0.

05
60

00
0.

27
36

00
0.

00
32

00
0.

82
81

60
15

61
.0

17
.0

16
90

.0
11

.0
18

53
.0

13
.0

15
.7

6

38
34

8.
0

1.
19

25
29

87
20

0
0.

11
56

00
0.

00
11

00
18

10
.0

44
0.

0
3.

78
50

00
0.

06
50

00
0.

23
86

00
0.

00
53

00
0.

91
80

30
13

77
.0

28
.0

15
85

.0
14

.0
18

87
.0

18
.0

27
.0

3

39
45

1.
0

0.
72

94
90

13
08

00
0.

11
58

00
0.

00
11

00
17

20
.0

24
0.

0
4.

47
70

00
0.

09
10

00
0.

27
97

00
0.

00
46

00
0.

89
70

90
15

88
.0

23
.0

17
21

.0
17

.0
18

90
.0

16
.0

15
.9

8

40
95

3.
0

0.
98

21
62

24
30

00
0.

10
76

20
0.

00
07

10
43

50
.0

63
0.

0
4.

29
00

00
0.

14
00

00
0.

28
70

00
0.

00
85

00
0.

97
93

20
16

31
.0

44
.0

16
82

.0
25

.0
17

58
.0

12
.0

7.
22

41
71

0.
0

0.
83

09
86

14
78

00
0.

12
32

00
0.

00
15

00
69

4.
0

31
.0

3.
49

00
00

0.
10

00
00

0.
20

54
00

0.
00

66
00

0.
86

73
10

12
02

.0
35

.0
15

18
.0

22
.0

20
02

.0
22

.0
39

.9
6

42
25

3.
6

0.
68

13
88

70
50

0
0.

11
52

20
0.

00
09

60
95

0.
0

42
0.

0
4.

13
90

00
0.

05
60

00
0.

26
04

00
0.

00
34

00
0.

79
40

00
14

91
.0

18
.0

16
59

.0
11

.0
18

79
.0

15
.0

20
.6

5

43
19

1.
4

0.
45

82
03

54
20

0
0.

11
61

00
0.

00
13

00
18

10
.0

52
0.

0
4.

48
60

00
0.

06
40

00
0.

28
04

00
0.

00
32

00
0.

65
50

50
15

93
.0

16
.0

17
28

.0
12

.0
18

96
.0

20
.0

15
.9

8

44
26

4.
2

0.
68

47
09

80
10

0
0.

10
60

70
0.

00
07

40
-2

00
.0

22
00

.0
4.

22
50

00
0.

04
20

00
0.

28
88

00
0.

00
24

00
0.

72
53

90
16

35
.0

12
.0

16
77

.9
8.

2
17

31
.0

13
.0

5.
55

45
35

6.
9

0.
65

11
63

96
50

0
0.

10
74

40
0.

00
08

60
27

00
.0

28
00

.0
4.

19
40

00
0.

03
60

00
0.

28
28

00
0.

00
24

00
0.

55
04

60
16

05
.0

12
.0

16
73

.3
7.

3
17

57
.0

15
.0

8.
65

46
55

5.
0

0.
97

47
75

16
45

00
0.

13
17

00
0.

00
22

00
55

3.
0

44
.0

5.
32

00
00

0.
13

00
00

0.
29

04
00

0.
00

48
00

0.
72

20
10

16
43

.0
24

.0
18

67
.0

21
.0

21
14

.0
30

.0
22

.2
8

47
68

5.
0

1.
56

20
44

24
23

00
0.

19
18

00
0.

00
38

00
15

9.
2

6.
9

5.
61

00
00

0.
19

00
00

0.
21

23
00

0.
00

72
00

0.
82

92
90

12
39

.0
39

.0
19

09
.0

29
.0

27
51

.0
32

.0
54

.9
6

48
48

5.
2

0.
68

34
30

12
58

00
0.

10
62

40
0.

00
09

60
18

00
.0

44
00

.0
4.

10
90

00
0.

05
80

00
0.

27
95

00
0.

00
39

00
0.

79
01

00
15

88
.0

20
.0

16
55

.0
12

.0
17

35
.0

17
.0

8.
47

49
57

1.
0

1.
08

40
63

15
92

00
0.

11
70

70
0.

00
09

40
13

40
.0

13
0.

0
4.

48
80

00
0.

05
40

00
0.

27
80

00
0.

00
43

00
0.

87
77

40
15

80
.0

21
.0

17
27

.1
9.

8
19

11
.0

15
.0

17
.3

2

50
18

41
.0

0.
89

35
36

31
69

00
0.

13
32

00
0.

00
12

00
43

8.
0

13
.0

2.
61

40
00

0.
04

40
00

0.
14

32
00

0.
00

33
00

0.
91

65
90

86
2.

0
18

.0
13

06
.0

13
.0

21
38

.0
16

.0
59

.6
8

51
44

6.
0

0.
83

85
65

14
17

00
0.

11
02

70
0.

00
08

40
24

80
.0

46
0.

0
4.

55
70

00
0.

05
60

00
0.

29
91

00
0.

00
37

00
0.

80
68

90
16

86
.0

18
.0

17
40

.0
10

.0
18

02
.0

14
.0

6.
44

52
15

36
.0

0.
79

68
75

32
72

00
0.

10
77

70
0.

00
06

40
31

50
.0

24
0.

0
3.

52
40

00
0.

06
10

00
0.

23
59

00
0.

00
39

00
0.

92
71

90
13

64
.0

20
.0

15
30

.0
14

.0
17

63
.0

11
.0

22
.6

3

53
35

8.
7

0.
64

78
95

97
60

0
0.

11
07

00
0.

00
10

00
32

00
.0

12
00

.0
4.

19
60

00
0.

04
50

00
0.

27
52

00
0.

00
29

00
0.

60
87

60
15

67
.0

15
.0

16
73

.2
8.

9
18

09
.0

17
.0

13
.3

8

54
55

1.
0

0.
92

55
90

13
91

00
0.

11
07

00
0.

00
10

00
26

20
.0

94
0.

0
4.

20
20

00
0.

05
30

00
0.

27
36

00
0.

00
21

00
0.

62
52

60
15

59
.0

11
.0

16
72

.0
10

.0
18

09
.0

17
.0

13
.8

2

55
24

9.
0

1.
40

16
06

63
00

0
0.

10
89

10
0.

00
09

70
20

30
.0

41
0.

0
4.

24
40

00
0.

04
70

00
0.

28
22

00
0.

00
30

00
0.

65
89

00
16

02
.0

15
.0

16
81

.3
9.

1
17

78
.0

16
.0

9.
90

56
17

3.
5

0.
85

87
90

44
40

0
0.

10
77

10
0.

00
07

80
50

0.
0

12
00

.0
4.

19
60

00
0.

03
90

00
0.

28
17

00
0.

00
21

00
0.

63
55

90
16

00
.0

10
.0

16
72

.5
7.

8
17

58
.0

13
.0

8.
99

57
25

3.
0

0.
62

45
06

75
10

0
0.

10
79

00
0.

00
10

00
46

00
.0

18
00

.0
4.

66
70

00
0.

06
20

00
0.

31
35

00
0.

00
47

00
0.

78
56

90
17

57
.0

23
.0

17
60

.0
11

.0
17

62
.0

17
.0

0.
28

58
11

76
.0

0.
99

23
47

28
21

00
0.

12
09

00
0.

00
12

00
83

7.
0

61
.0

4.
04

10
00

0.
09

70
00

0.
24

22
00

0.
00

56
00

0.
86

93
50

13
95

.0
29

.0
16

35
.0

19
.0

19
65

.0
17

.0
29

.0
1

59
15

71
.0

0.
98

40
87

27
32

00
0.

11
50

00
0.

00
11

00
90

6.
0

50
.0

2.
84

60
00

0.
05

80
00

0.
17

90
00

0.
00

35
00

0.
88

76
80

10
61

.0
19

.0
13

65
.0

15
.0

18
78

.0
17

.0
43

.5
0

60
31

9.
6

0.
52

65
96

72
60

0
0.

10
58

00
0.

00
15

00
40

00
.0

18
00

.0
4.

41
00

00
0.

08
30

00
0.

29
95

00
0.

00
50

00
0.

64
56

60
16

88
.0

25
.0

17
13

.0
16

.0
17

26
.0

26
.0

2.
20

Sa
m

pl
e 

58
 (c

on
tin

ue
d)

In
cl

ud
ed

 in
 c

al
cu

la
ti

on
 o

f t
he

 c
on

co
rd

ia
 p

lo
t a

cc
or

di
ng

 to
 q

ua
lit

y 
cr

it
er

ia
.

In
cl

ud
ed

 in
 th

e 
ca

lc
ul

at
io

n 
of

 th
e 

m
ea

n 
di

sc
or

da
nc

e.

33

Low-temperature annealing on discordance of U-Pb ages
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Low-temperature annealing on discordance of U-Pb ages
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Low-temperature annealing on discordance of U-Pb ages
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Low-temperature annealing on discordance of U-Pb ages
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Low-temperature annealing on discordance of U-Pb ages
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Low-temperature annealing on discordance of U-Pb ages



“THESES HEADLINE”

50

PAPER I           HERRMANN ET AL.

50

 
 

 
 

Is
ot

op
ic

 r
at

io
s

 
 

 
 

 
 

 
A

pp
ar

en
t i

so
to

pi
c 

da
te

s [
M

a]
 

 
 

 

A
na

l-
ys

is
U

 
[p

pm
]

T
h/

U
20

7 P
b 

[C
PS

]
20

7 P
b/

20
6 P

b
2 S.
E

.
20

6 P
b/

20
4 P

b
2 S.
E

.
20

7 P
b/

23
5 U

2 S.
E

.
20

6 P
b/

23
8 U

2 S.
E

.

E
rr

or
 

co
rr

el
a-

tio
n 

6/
38

 
vs

 7
/3

5

A
ge

 
20

6 P
b/

23
8 U

2 S.
E

.

A
ge

 
20

7 P
b/

23
5 U

2 S.
E

.

A
ge

 
20

7 P
b/

20
6 P

b

2 S.
E

.

D
is

co
rd

-
an

ce
 [%

]

1
28

3.
0

0.
92

57
95

47
10

0
0.

12
67

00
0.

00
16

00
82

0.
0

24
0.

0
5.

33
00

00
0.

11
00

00
0.

30
26

00
0.

00
52

00
0.

74
42

70
17

03
.0

26
.0

18
70

.0
17

.0
20

53
.0

23
.0

17
.0

5

2
55

1.
0

0.
75

49
91

70
30

0
0.

10
67

00
0.

00
14

00
-3

00
.0

35
00

.0
4.

28
60

00
0.

07
60

00
0.

29
55

00
0.

00
59

00
0.

76
21

50
16

68
.0

29
.0

16
88

.0
15

.0
17

40
.0

24
.0

4.
14

3
51

5.
0

0.
90

29
13

65
40

0
0.

11
14

00
0.

00
30

00
11

00
.0

18
00

.0
4.

36
00

00
0.

10
00

00
0.

28
63

00
0.

00
76

00
0.

45
68

40
16

28
.0

40
.0

17
01

.0
20

.0
18

18
.0

50
.0

10
.4

5

4
40

8.
7

1.
24

05
19

58
60

0
0.

10
55

00
0.

00
13

00
11

00
.0

25
00

.0
4.

50
40

00
0.

05
70

00
0.

31
03

00
0.

00
33

00
0.

48
64

90
17

42
.0

16
.0

17
30

.0
11

.0
17

25
.0

21
.0

-0
.9

9

5
57

3.
0

0.
41

48
34

79
70

0
0.

10
68

00
0.

00
16

00
29

00
.0

19
00

.0
4.

51
80

00
0.

06
90

00
0.

30
72

00
0.

00
52

00
0.

59
86

30
17

25
.0

26
.0

17
32

.0
13

.0
17

48
.0

28
.0

1.
32

6
33

0.
0

0.
57

90
91

44
60

0
0.

10
71

00
0.

00
15

00
40

0.
0

17
00

.0
4.

33
80

00
0.

07
70

00
0.

29
25

00
0.

00
43

00
0.

63
05

40
16

53
.0

21
.0

16
99

.0
14

.0
17

47
.0

26
.0

5.
38

7
58

1.
0

0.
63

51
12

83
60

0
0.

10
65

00
0.

00
09

80
-6

00
00

.0
15

00
0.

0
4.

59
20

00
0.

05
50

00
0.

31
30

00
0.

00
39

00
0.

68
86

90
17

55
.0

19
.0

17
46

.0
10

.0
17

38
.0

17
.0

-0
.9

8

8
12

66
.0

0.
82

70
14

18
12

00
0.

10
57

00
0.

00
09

80
-2

00
00

0.
0

40
00

00
.0

4.
60

30
00

0.
06

30
00

0.
31

58
00

0.
00

41
00

0.
76

61
70

17
68

.0
20

.0
17

48
.0

11
.0

17
24

.0
17

.0
-2

.5
5

9
19

9.
3

0.
89

36
28

26
45

0
0.

10
74

00
0.

00
11

00
36

0.
0

46
0.

0
4.

16
40

00
0.

08
50

00
0.

28
07

00
0.

00
57

00
0.

85
23

00
15

93
.0

29
.0

16
61

.0
17

.0
17

51
.0

20
.0

9.
02

10
32

9.
0

0.
64

83
28

55
70

0
0.

12
03

00
0.

00
26

00
83

0.
0

18
0.

0
5.

30
00

00
0.

14
00

00
0.

32
38

00
0.

00
68

00
0.

60
15

10
18

07
.0

33
.0

18
69

.0
24

.0
19

52
.0

39
.0

7.
43

11
43

3.
8

0.
70

28
58

65
72

0
0.

10
36

70
0.

00
09

50
14

00
.0

17
00

.0
4.

56
50

00
0.

04
30

00
0.

32
00

00
0.

00
34

00
0.

54
43

40
17

88
.0

17
.0

17
43

.1
8.

2
16

86
.0

17
.0

-6
.0

5

12
13

2.
7

4.
76

26
22

18
50

0
0.

11
41

00
0.

00
40

00
70

0.
0

52
0.

0
4.

53
00

00
0.

16
00

00
0.

29
38

00
0.

00
98

00
0.

43
47

40
16

58
.0

48
.0

17
32

.0
28

.0
18

66
.0

58
.0

11
.1

5

13
84

7.
0

0.
65

76
15

17
48

00
0.

14
23

00
0.

00
15

00
35

0.
0

12
.0

6.
07

20
00

0.
06

60
00

0.
30

99
00

0.
00

35
00

0.
50

82
90

17
42

.0
17

.0
19

84
.8

9.
5

22
52

.0
19

.0
22

.6
5

14
12

94
.0

1.
78

51
62

14
67

00
0.

11
82

00
0.

00
14

00
10

12
.0

85
.0

3.
44

30
00

0.
05

10
00

0.
21

25
00

0.
00

43
00

0.
84

51
10

12
41

.0
23

.0
15

12
.0

12
.0

19
25

.0
21

.0
35

.5
3

15
10

71
.0

0.
92

53
03

14
12

00
0.

10
45

40
0.

00
09

40
91

00
.0

38
00

.0
4.

02
00

00
0.

06
70

00
0.

27
90

00
0.

00
47

00
0.

82
25

30
15

85
.0

24
.0

16
36

.0
14

.0
17

09
.0

17
.0

7.
26

16
48

8.
0

0.
76

22
95

74
30

0
0.

10
37

70
0.

00
09

10
30

0.
0

15
00

.0
4.

46
50

00
0.

04
90

00
0.

31
17

00
0.

00
36

00
0.

67
99

00
17

48
.0

18
.0

17
24

.2
8.

8
16

91
.0

16
.0

-3
.3

7

17
61

7.
0

1.
11

66
94

95
10

0
0.

10
54

40
0.

00
08

30
-1

40
00

.0
13

00
0.

0
4.

72
90

00
0.

04
60

00
0.

32
55

00
0.

00
33

00
0.

70
15

10
18

16
.0

16
.0

17
71

.0
8.

2
17

19
.0

14
.0

-5
.6

4

18
71

7.
0

0.
55

92
75

10
00

00
0.

10
56

00
0.

00
12

00
20

00
.0

14
00

.0
4.

16
90

00
0.

05
00

00
0.

28
63

00
0.

00
39

00
0.

60
10

50
16

23
.0

19
.0

16
66

.9
9.

8
17

21
.0

22
.0

5.
69

19
10

75
.0

1.
40

46
51

15
32

00
0.

11
43

00
0.

00
15

00
16

10
.0

18
0.

0
4.

48
50

00
0.

05
20

00
0.

28
55

00
0.

00
46

00
0.

54
63

40
16

18
.0

23
.0

17
26

.7
9.

7
18

62
.0

24
.0

13
.1

0

20
16

83
.0

1.
38

44
33

21
43

00
0.

11
11

70
0.

00
09

30
27

00
.0

58
0.

0
3.

81
70

00
0.

06
20

00
0.

24
85

00
0.

00
47

00
0.

90
49

80
14

29
.0

24
.0

15
95

.0
13

.0
18

16
.0

15
.0

21
.3

1

21
60

0.
0

0.
68

00
00

89
00

0
0.

10
58

00
0.

00
09

10
24

00
.0

28
00

.0
4.

49
00

00
0.

04
10

00
0.

30
59

00
0.

00
29

00
0.

57
24

70
17

22
.0

14
.0

17
28

.1
7.

6
17

25
.0

16
.0

0.
17

22
22

8.
6

0.
44

00
70

32
98

0
0.

10
48

00
0.

00
13

00
29

0.
0

72
0.

0
4.

42
60

00
0.

05
80

00
0.

30
70

00
0.

00
40

00
0.

56
21

90
17

27
.0

19
.0

17
18

.0
11

.0
17

06
.0

23
.0

-1
.2

3

23
66

4.
0

0.
79

66
87

10
95

00
0.

11
61

00
0.

00
21

00
18

30
.0

75
0.

0
5.

00
50

00
0.

09
90

00
0.

31
27

00
0.

00
44

00
0.

43
86

30
17

53
.0

22
.0

18
19

.0
17

.0
18

88
.0

32
.0

7.
15

24
33

2.
8

0.
77

13
34

53
27

0
0.

11
16

00
0.

00
12

00
11

70
.0

71
0.

0
4.

78
40

00
0.

05
50

00
0.

30
93

00
0.

00
31

00
0.

49
45

40
17

37
.0

15
.0

17
80

.0
9.

7
18

19
.0

20
.0

4.
51

25
85

3.
0

0.
70

45
72

11
03

00
0.

11
09

00
0.

00
13

00
19

00
.0

10
00

.0
4.

18
00

00
0.

08
80

00
0.

27
43

00
0.

00
58

00
0.

85
07

80
15

61
.0

30
.0

16
67

.0
18

.0
18

11
.0

21
.0

13
.8

0

26
42

1.
0

0.
93

82
42

67
30

0
0.

10
80

40
0.

00
07

40
-8

00
00

0.
0

17
00

00
.0

4.
75

90
00

0.
06

30
00

0.
31

72
00

0.
00

37
00

0.
84

27
30

17
75

.0
18

.0
17

75
.0

11
.0

17
66

.0
12

.0
-0

.5
1

27
54

4.
0

1.
39

70
59

88
90

0
0.

10
95

00
0.

00
10

00
35

00
.0

16
00

.0
5.

01
20

00
0.

06
20

00
0.

32
99

00
0.

00
32

00
0.

62
40

10
18

37
.0

15
.0

18
21

.0
10

.0
17

90
.0

17
.0

-2
.6

3

28
10

87
.0

1.
24

19
50

12
52

00
0.

11
73

00
0.

00
17

00
15

00
.0

35
0.

0
3.

61
00

00
0.

11
00

00
0.

22
44

00
0.

00
86

00
0.

94
66

30
13

08
.0

46
.0

15
45

.0
23

.0
19

10
.0

26
.0

31
.5

2

29
85

5.
0

1.
31

81
29

12
49

00
0.

10
55

40
0.

00
08

60
19

00
.0

36
00

.0
4.

25
10

00
0.

04
10

00
0.

29
26

00
0.

00
32

00
0.

68
59

10
16

53
.0

16
.0

16
84

.5
7.

9
17

21
.0

15
.0

3.
95

30
29

7.
0

1.
92

59
26

43
50

0
0.

11
15

00
0.

00
15

00
60

0.
0

12
00

.0
4.

68
00

00
0.

11
00

00
0.

30
47

00
0.

00
67

00
0.

83
06

40
17

12
.0

33
.0

17
57

.0
21

.0
18

19
.0

25
.0

5.
88

31
42

8.
0

0.
76

63
55

60
00

0
0.

10
83

00
0.

00
11

00
15

00
.0

15
00

.0
4.

14
20

00
0.

05
90

00
0.

27
65

00
0.

00
39

00
0.

74
27

30
15

73
.0

20
.0

16
60

.0
12

.0
17

68
.0

19
.0

11
.0

3

32
10

59
.0

0.
83

38
05

17
30

00
0.

11
52

00
0.

00
11

00
16

30
.0

13
0.

0
4.

81
00

00
0.

07
00

00
0.

30
16

00
0.

00
30

00
0.

71
10

10
16

99
.0

15
.0

17
84

.0
12

.0
18

80
.0

17
.0

9.
63

33
23

0.
1

0.
61

84
27

32
65

0
0.

10
64

00
0.

00
13

00
51

0.
0

85
0.

0
4.

27
20

00
0.

06
50

00
0.

29
20

00
0.

00
45

00
0.

68
15

40
16

50
.0

23
.0

16
86

.0
13

.0
17

35
.0

23
.0

4.
90

Sa
m

pl
e 

69



LITHOLUND THESES “NO” “AUTHOR”

51

 
 

 
 

Is
ot

op
ic

 r
at

io
s

 
 

 
 

 
 

 
A

pp
ar

en
t i

so
to

pi
c 

da
te

s [
M

a]
 

 
 

 

A
na

l-
ys

is
U

 
[p

pm
]

T
h/

U
20

7 P
b 

[C
PS

]
20

7 P
b/

20
6 P

b
2 S.
E

.
20

6 P
b/

20
4 P

b
2 S.
E

.
20

7 P
b/

23
5 U

2 S.
E

.
20

6 P
b/

23
8 U

2 S.
E

.

E
rr

or
 

co
rr

el
a-

tio
n 

6/
38

 
vs

 7
/3

5

A
ge

 
20

6 P
b/

23
8 U

2 S.
E

.

A
ge

 
20

7 P
b/

23
5 U

2 S.
E

.

A
ge

 
20

7 P
b/

20
6 P

b

2 S.
E

.

D
is

co
rd

-
an

ce
 [%

]

34
35

9.
0

0.
89

41
50

65
50

0
0.

13
54

00
0.

00
22

00
57

0.
0

43
.0

5.
89

00
00

0.
13

00
00

0.
31

60
00

0.
00

51
00

0.
61

01
30

17
68

.0
25

.0
19

52
.0

19
.0

21
61

.0
31

.0
18

.1
9

35
46

0.
0

0.
60

32
61

68
10

0
0.

11
42

00
0.

00
20

00
20

40
.0

96
0.

0
4.

53
80

00
0.

08
40

00
0.

28
94

00
0.

00
48

00
0.

52
66

80
16

42
.0

25
.0

17
35

.0
15

.0
18

66
.0

31
.0

12
.0

0

36
57

2.
0

0.
74

47
55

87
60

0
0.

10
76

00
0.

00
10

00
19

00
.0

19
00

.0
4.

50
60

00
0.

05
90

00
0.

30
32

00
0.

00
39

00
0.

73
50

20
17

09
.0

19
.0

17
30

.0
11

.0
17

57
.0

17
.0

2.
73

37
53

0.
0

1.
02

07
55

56
20

0
0.

10
71

00
0.

00
12

00
30

00
.0

24
00

.0
4.

10
30

00
0.

04
80

00
0.

28
06

00
0.

00
39

00
0.

58
61

10
15

93
.0

20
.0

16
53

.3
9.

6
17

46
.0

21
.0

8.
76

38
56

7.
0

0.
89

94
71

63
50

0
0.

10
58

00
0.

00
10

00
-1

30
0.

0
18

00
.0

4.
28

30
00

0.
05

50
00

0.
29

45
00

0.
00

40
00

0.
74

87
00

16
63

.0
20

.0
16

88
.0

11
.0

17
25

.0
18

.0
3.

59

39
78

0.
0

1.
11

02
56

85
50

0
0.

10
74

00
0.

00
17

00
21

00
.0

31
00

.0
4.

34
50

00
0.

07
60

00
0.

29
73

00
0.

00
63

00
0.

66
12

30
16

76
.0

31
.0

16
99

.0
15

.0
17

54
.0

28
.0

4.
45

40
22

3.
3

0.
84

72
91

25
68

0
0.

10
76

00
0.

00
13

00
-9

20
.0

77
0.

0
4.

33
30

00
0.

05
80

00
0.

29
29

00
0.

00
37

00
0.

60
56

10
16

55
.0

19
.0

16
98

.0
11

.0
17

56
.0

21
.0

5.
75

41
46

9.
0

0.
77

18
55

57
90

0
0.

10
80

00
0.

00
12

00
70

0.
0

23
00

.0
4.

62
10

00
0.

04
80

00
0.

30
98

00
0.

00
31

00
0.

45
08

10
17

39
.0

15
.0

17
52

.0
8.

6
17

63
.0

20
.0

1.
36

42
30

4.
9

0.
81

66
61

32
82

0
0.

10
67

00
0.

00
11

00
25

00
.0

41
00

.0
4.

09
60

00
0.

04
80

00
0.

27
90

00
0.

00
32

00
0.

59
11

90
15

86
.0

16
.0

16
51

.8
9.

4
17

44
.0

19
.0

9.
06

43
37

3.
0

0.
74

26
27

43
20

0
0.

10
45

00
0.

00
10

00
-9

70
0.

0
66

00
.0

4.
35

60
00

0.
05

60
00

0.
30

31
00

0.
00

34
00

0.
63

39
50

17
06

.0
17

.0
17

02
.0

11
.0

17
06

.0
19

.0
0.

00

44
16

9.
1

1.
43

11
06

18
86

0
0.

10
63

00
0.

00
15

00
15

0.
0

41
0.

0
4.

22
80

00
0.

06
80

00
0.

29
10

00
0.

00
45

00
0.

61
96

10
16

45
.0

23
.0

16
78

.0
14

.0
17

29
.0

26
.0

4.
86

45
69

8.
0

0.
89

97
13

82
20

0
0.

10
60

00
0.

00
14

00
-2

40
00

.0
20

00
0.

0
4.

38
00

00
0.

06
40

00
0.

30
06

00
0.

00
49

00
0.

59
65

60
16

92
.0

24
.0

17
08

.0
12

.0
17

28
.0

25
.0

2.
08

46
32

3.
8

1.
64

29
89

40
60

0
0.

10
96

00
0.

00
13

00
20

0.
0

24
00

.0
4.

67
70

00
0.

06
40

00
0.

31
21

00
0.

00
45

00
0.

68
36

70
17

50
.0

22
.0

17
61

.0
11

.0
17

90
.0

22
.0

2.
23

47
24

2.
0

1.
30

57
85

28
60

0
0.

10
52

00
0.

00
12

00
18

0.
0

82
0.

0
4.

36
30

00
0.

04
90

00
0.

30
36

00
0.

00
33

00
0.

58
39

00
17

08
.0

16
.0

17
06

.3
9.

4
17

12
.0

20
.0

0.
23

48
27

6.
6

0.
71

18
58

38
61

0
0.

12
48

00
0.

00
18

00
80

0.
0

16
0.

0
5.

03
00

00
0.

08
20

00
0.

29
23

00
0.

00
26

00
0.

45
83

10
16

52
.0

13
.0

18
21

.0
14

.0
20

24
.0

26
.0

18
.3

8

49
10

50
.0

0.
84

19
05

11
39

00
0.

10
73

60
0.

00
09

80
30

00
.0

14
00

.0
4.

08
70

00
0.

04
90

00
0.

27
72

00
0.

00
33

00
0.

70
52

20
15

79
.0

17
.0

16
50

.0
9.

7
17

52
.0

17
.0

9.
87

Sa
m

pl
e 

69
 (c

on
tin

ue
d)

In
cl

ud
ed

 in
 c

al
cu

la
ti

on
 o

f t
he

 c
on

co
rd

ia
 p

lo
t a

cc
or

di
ng

 to
 q

ua
lit

y 
cr

it
er

ia
.

In
cl

ud
ed

 in
 th

e 
ca

lc
ul

at
io

n 
of

 th
e 

m
ea

n 
di

sc
or

da
nc

e.

51

Low-temperature annealing on discordance of U-Pb ages



“THESES HEADLINE”

52

PAPER I           HERRMANN ET AL.

52

 
 

 
 

Is
ot

op
ic

 r
at

io
s

 
 

 
 

 
 

 
A

pp
ar

en
t i

so
to

pi
c 

da
te

s [
M

a]
 

 
 

 

A
na

l-
ys

is
U

 
[p

pm
]

T
h/

U
20

7 P
b 

[C
PS

]
20

7 P
b/

20
6 P

b
2 S.
E

.
20

6 P
b/

20
4 P

b
2 S.
E

.
20

7 P
b/

23
5 U

2 S.
E

.
20

6 P
b/

23
8 U

2 S.
E

.

E
rr

or
 

co
rr

el
a-

tio
n 

6/
38

 
vs

 7
/3

5

A
ge

 
20

6 P
b/

23
8 U

2 S.
E

.

A
ge

 
20

7 P
b/

23
5 U

2 S.
E

.

A
ge

 
20

7 P
b/

20
6 P

b

2 S.
E

.

D
is

co
rd

-
an

ce
 [%

]

1
77

.0
0.

41
55

84
61

00
0.

16
80

00
0.

06
20

00
-1

10
.0

36
0.

0
5.

40
00

00
2.

10
00

00
0.

29
00

00
0.

15
00

00
0.

26
94

50
15

60
.0

66
0.

0
17

80
.0

29
0.

0
22

30
.0

68
0.

0
30

.0
4

2
0.

4
1.

42
85

71
24

0.
30

00
00

0.
13

00
00

14
.0

21
.0

10
.4

00
00

0
3.

90
00

00
0.

27
40

00
0.

08
10

00
0.

19
81

60
15

50
.0

40
0.

0
24

20
.0

30
0.

0
33

20
.0

61
0.

0
53

.3
1

3
1.

2
0.

22
68

91
14

2
0.

41
00

00
0.

13
00

00
7.

8
5.

3
8.

90
00

00
4.

50
00

00
0.

20
00

00
0.

13
00

00
0.

89
56

00
11

00
.0

67
0.

0
19

90
.0

62
0.

0
37

90
.0

42
0.

0
70

.9
8

4
0.

0
3.

06
66

67
65

0.
70

00
00

0.
70

00
00

24
.0

24
.0

85
.0

00
00

0
85

.0
00

00
0

0.
89

00
00

0.
89

00
00

1.
00

00
00

41
00

.0
41

00
.0

45
00

.0
45

00
.0

47
00

.0
47

00
.0

12
.7

7

5
40

0.
0

0.
87

50
00

30
00

0
0.

13
90

00
0.

01
00

00
48

0.
0

19
0.

0
5.

12
00

00
0.

67
00

00
0.

27
70

00
0.

03
90

00
0.

84
24

60
15

50
.0

20
0.

0
18

30
.0

11
0.

0
22

10
.0

14
0.

0
29

.8
6

6
0.

4
0.

07
95

45
37

0
0.

66
10

00
0.

09
40

00
14

.0
3.

2
75

.0
00

00
0

28
.0

00
00

0
0.

84
00

00
0.

32
00

00
0.

93
63

90
37

00
.0

11
00

.0
41

80
.0

50
0.

0
46

40
.0

22
0.

0
20

.2
6

7
71

6.
0

0.
64

80
45

78
70

0
0.

10
82

00
0.

00
13

00
27

00
.0

21
00

.0
4.

81
00

00
0.

10
00

00
0.

32
25

00
0.

00
65

00
0.

77
01

50
18

04
.0

30
.0

17
82

.0
18

.0
17

64
.0

22
.0

-2
.2

7

8
19

96
.0

0.
86

22
24

16
94

00
0.

11
13

00
0.

00
19

00
20

00
.0

22
0.

0
3.

77
00

00
0.

10
00

00
0.

24
59

00
0.

00
64

00
0.

78
51

70
14

16
.0

33
.0

15
81

.0
21

.0
18

19
.0

30
.0

22
.1

6

9
12

42
.0

0.
82

04
51

12
28

00
0.

10
50

00
0.

00
24

00
74

00
.0

59
00

.0
4.

35
00

00
0.

15
00

00
0.

30
30

00
0.

01
10

00
0.

79
97

80
17

03
.0

55
.0

17
01

.0
30

.0
17

06
.0

42
.0

0.
18

10
19

00
.0

0.
61

10
53

19
29

00
0.

10
57

00
0.

00
30

00
-1

00
0.

0
84

00
.0

4.
40

00
00

0.
19

00
00

0.
30

30
00

0.
01

30
00

0.
78

74
70

16
99

.0
63

.0
17

03
.0

36
.0

17
16

.0
50

.0
0.

99

11
88

8.
0

1.
34

79
73

82
10

0
0.

11
50

00
0.

00
17

00
15

30
.0

84
0.

0
3.

55
00

00
0.

10
00

00
0.

22
66

00
0.

00
76

00
0.

85
94

10
13

12
.0

39
.0

15
32

.0
23

.0
18

78
.0

26
.0

30
.1

4

12
46

7.
0

1.
36

18
84

49
20

0
0.

10
46

00
0.

00
21

00
16

00
.0

17
00

.0
4.

36
00

00
0.

13
00

00
0.

30
20

00
0.

00
85

00
0.

75
83

10
16

98
.0

42
.0

17
00

.0
24

.0
16

99
.0

38
.0

0.
06

13
29

60
.0

1.
38

17
57

33
10

00
0.

10
84

00
0.

00
15

00
51

00
.0

18
00

.0
4.

53
90

00
0.

08
80

00
0.

30
29

00
0.

00
53

00
0.

73
48

50
17

04
.0

26
.0

17
35

.0
16

.0
17

67
.0

25
.0

3.
57

14
11

38
.0

0.
82

07
38

99
51

0
0.

11
04

00
0.

00
23

00
37

00
.0

19
00

.0
3.

79
00

00
0.

14
00

00
0.

24
82

00
0.

00
79

00
0.

82
81

30
14

27
.0

41
.0

15
84

.0
29

.0
17

99
.0

38
.0

20
.6

8

15
16

90
.0

0.
89

94
08

15
00

00
0.

11
56

00
0.

00
24

00
11

30
.0

14
0.

0
3.

81
00

00
0.

11
00

00
0.

23
93

00
0.

00
72

00
0.

75
24

90
13

80
.0

37
.0

15
88

.0
24

.0
18

78
.0

37
.0

26
.5

2

16
34

9.
1

0.
78

60
21

38
70

0
0.

10
50

00
0.

00
15

00
11

00
.0

17
00

.0
4.

22
30

00
0.

09
40

00
0.

29
11

00
0.

00
63

00
0.

79
53

40
16

44
.0

31
.0

16
72

.0
18

.0
17

09
.0

27
.0

3.
80

17
73

9.
0

1.
28

55
21

71
40

0
0.

10
70

00
0.

00
14

00
31

00
0.

0
25

00
0.

0
3.

77
00

00
0.

09
50

00
0.

25
56

00
0.

00
64

00
0.

85
39

50
14

64
.0

33
.0

15
82

.0
20

.0
17

42
.0

24
.0

15
.9

6

18
13

90
.0

1.
10

43
17

12
79

00
0.

10
89

00
0.

00
19

00
27

00
.0

17
00

.0
3.

52
00

00
0.

10
00

00
0.

23
35

00
0.

00
53

00
0.

79
17

40
13

51
.0

28
.0

15
27

.0
23

.0
17

74
.0

32
.0

23
.8

4

19
39

2.
7

1.
07

58
85

45
50

0
0.

11
96

00
0.

00
24

00
91

0.
0

72
0.

0
4.

69
00

00
0.

13
00

00
0.

28
60

00
0.

00
75

00
0.

71
05

60
16

20
.0

38
.0

17
63

.0
23

.0
19

46
.0

35
.0

16
.7

5

20
68

8.
0

0.
73

25
58

90
10

0
0.

10
94

00
0.

00
21

00
-8

00
00

.0
16

00
0.

0
4.

78
00

00
0.

14
00

00
0.

31
67

00
0.

00
74

00
0.

74
09

10
17

71
.0

36
.0

17
74

.0
25

.0
17

85
.0

37
.0

0.
78

21
14

40
.0

1.
47

91
67

14
21

00
0.

11
37

00
0.

00
15

00
19

40
.0

49
0.

0
3.

70
20

00
0.

06
90

00
0.

23
87

00
0.

00
53

00
0.

96
43

40
13

78
.0

28
.0

15
68

.0
15

.0
18

53
.0

24
.0

25
.6

3

22
18

20
.0

0.
88

46
15

15
00

00
0.

12
13

00
0.

00
33

00
10

10
.0

14
0.

0
3.

48
00

00
0.

14
00

00
0.

20
97

00
0.

00
79

00
0.

80
32

70
12

25
.0

42
.0

15
13

.0
32

.0
19

60
.0

48
.0

37
.5

0

23
77

3.
0

0.
51

48
77

72
40

0
0.

10
78

00
0.

00
21

00
17

00
.0

24
00

.0
3.

68
00

00
0.

14
00

00
0.

24
65

00
0.

00
94

00
0.

84
61

00
14

17
.0

49
.0

15
59

.0
30

.0
17

61
.0

36
.0

19
.5

3

24
73

7.
0

0.
59

43
01

77
20

0
0.

10
73

00
0.

00
16

00
-2

20
0.

0
56

00
.0

4.
02

70
00

0.
08

30
00

0.
27

39
00

0.
00

56
00

0.
71

63
50

15
59

.0
28

.0
16

35
.0

17
.0

17
46

.0
27

.0
10

.7
1

25
45

6.
0

0.
55

48
25

55
80

0
0.

10
57

00
0.

00
20

00
-7

00
.0

23
00

.0
4.

53
00

00
0.

12
00

00
0.

31
20

00
0.

00
71

00
0.

71
99

20
17

48
.0

35
.0

17
29

.0
22

.0
17

15
.0

34
.0

-1
.9

2

26
10

10
.0

1.
01

98
02

91
50

0
0.

11
32

00
0.

00
23

00
16

30
.0

28
0.

0
3.

67
00

00
0.

18
00

00
0.

23
50

00
0.

01
00

00
0.

88
81

30
13

56
.0

52
.0

15
41

.0
40

.0
18

42
.0

37
.0

26
.3

8

27
66

1.
0

0.
91

98
18

79
00

0
0.

10
87

00
0.

00
14

00
37

00
.0

31
00

.0
4.

33
70

00
0.

09
60

00
0.

29
03

00
0.

00
56

00
0.

80
49

40
16

42
.0

28
.0

16
96

.0
18

.0
17

73
.0

23
.0

7.
39

28
20

40
.0

0.
65

19
61

23
40

00
0.

10
78

00
0.

00
16

00
31

00
.0

18
00

.0
4.

57
00

00
0.

13
00

00
0.

30
80

00
0.

00
90

00
0.

88
94

70
17

28
.0

44
.0

17
43

.0
25

.0
17

63
.0

29
.0

1.
99

29
26

90
.0

1.
24

16
36

21
90

00
0.

10
85

00
0.

00
16

00
22

50
.0

24
0.

0
3.

20
30

00
0.

07
70

00
0.

21
48

00
0.

00
62

00
0.

85
69

40
12

52
.0

33
.0

14
56

.0
19

.0
17

71
.0

27
.0

29
.3

1

30
13

00
.0

1.
08

30
77

12
85

00
0.

10
32

00
0.

00
14

00
13

00
.0

27
00

.0
3.

81
00

00
0.

10
00

00
0.

26
62

00
0.

00
63

00
0.

85
29

10
15

18
.0

32
.0

15
89

.0
22

.0
16

78
.0

26
.0

9.
54

31
22

03
.0

0.
82

56
92

15
07

00
0.

10
69

00
0.

00
14

00
93

9.
0

50
.0

2.
60

80
00

0.
08

40
00

0.
17

64
00

0.
00

52
00

0.
89

71
90

10
45

.0
29

.0
12

94
.0

24
.0

17
44

.0
25

.0
40

.0
8

32
11

11
.0

0.
93

60
94

11
28

00
0.

10
34

00
0.

00
30

00
19

00
.0

40
00

.0
4.

13
00

00
0.

18
00

00
0.

28
80

00
0.

01
10

00
0.

71
37

70
16

28
.0

55
.0

16
49

.0
35

.0
16

70
.0

52
.0

2.
51

33
16

70
.0

0.
79

04
19

12
65

00
0.

11
68

00
0.

00
35

00
10

60
.0

35
0.

0
3.

26
00

00
0.

13
00

00
0.

20
44

00
0.

00
91

00
0.

69
08

10
11

96
.0

48
.0

14
71

.0
32

.0
18

93
.0

54
.0

36
.8

2

Sa
m

pl
e 

71



LITHOLUND THESES “NO” “AUTHOR”

53

 
 

 
 

Is
ot

op
ic

 r
at

io
s

 
 

 
 

 
 

 
A

pp
ar

en
t i

so
to

pi
c 

da
te

s [
M

a]
 

 
 

 

A
na

l-
ys

is
U

 
[p

pm
]

T
h/

U
20

7 P
b 

[C
PS

]
20

7 P
b/

20
6 P

b
2 S.
E

.
20

6 P
b/

20
4 P

b
2 S.
E

.
20

7 P
b/

23
5 U

2 S.
E

.
20

6 P
b/

23
8 U

2 S.
E

.

E
rr

or
 

co
rr

el
a-

tio
n 

6/
38

 
vs

 7
/3

5

A
ge

 
20

6 P
b/

23
8 U

2 S.
E

.

A
ge

 
20

7 P
b/

23
5 U

2 S.
E

.

A
ge

 
20

7 P
b/

20
6 P

b

2 S.
E

.

D
is

co
rd

-
an

ce
 [%

]

34
16

60
.0

0.
54

15
66

10
44

00
0.

11
28

00
0.

00
18

00
12

00
.0

38
0.

0
2.

57
10

00
0.

08
50

00
0.

16
44

00
0.

00
51

00
0.

86
24

80
98

0.
0

28
.0

12
85

.0
24

.0
18

38
.0

30
.0

46
.6

8

35
0.

1
0.

98
93

62
40

no
 v

al
ue

N
A

N
no

 v
al

ue
N

A
N

no
 v

al
ue

N
A

N
no

 v
al

ue
N

A
N

N
aN

no
 v

al
ue

N
A

N
no

 v
al

ue
N

A
N

no
 v

al
ue

N
A

N
#V

A
LU

E!

36
10

00
.0

1.
29

00
00

95
90

0
0.

11
05

00
0.

00
20

00
16

00
.0

59
0.

0
3.

63
70

00
0.

09
90

00
0.

23
90

00
0.

00
62

00
0.

75
81

20
13

79
.0

32
.0

15
51

.0
22

.0
17

99
.0

33
.0

23
.3

5

37
26

6.
0

0.
64

66
17

28
30

0
0.

10
52

00
0.

00
21

00
30

0.
0

12
00

.0
4.

24
00

00
0.

12
00

00
0.

29
04

00
0.

00
72

00
0.

73
08

70
16

45
.0

37
.0

16
72

.0
24

.0
17

07
.0

36
.0

3.
63

38
14

02
.0

0.
61

41
23

13
28

00
0.

10
96

00
0.

00
14

00
20

00
.0

65
0.

0
3.

66
00

00
0.

09
00

00
0.

24
04

00
0.

00
59

00
0.

83
73

70
13

87
.0

31
.0

15
58

.0
19

.0
17

88
.0

24
.0

22
.4

3

39
12

90
.0

1.
28

68
22

12
70

00
0.

11
95

00
0.

00
32

00
95

8.
0

98
.0

4.
24

00
00

0.
19

00
00

0.
25

44
00

0.
00

98
00

0.
74

39
00

14
58

.0
50

.0
16

80
.0

34
.0

19
38

.0
48

.0
24

.7
7

40
72

3.
0

1.
23

23
65

84
40

0
0.

11
02

00
0.

00
23

00
38

00
.0

15
00

.0
4.

65
00

00
0.

15
00

00
0.

30
48

00
0.

00
81

00
0.

75
35

70
17

12
.0

40
.0

17
47

.0
28

.0
17

89
.0

38
.0

4.
30

41
0.

4
1.

05
55

56
26

0.
05

00
00

0.
05

10
00

-1
.0

13
.0

0.
58

30
00

0.
09

30
00

0.
12

00
00

0.
13

00
00

1.
00

00
00

71
0.

0
77

0.
0

46
6.

0
59

.0
10

0.
0

19
00

.0
-6

10
.0

0

42
63

1.
0

0.
81

61
65

59
60

0
0.

11
01

00
0.

00
20

00
25

00
.0

11
00

.0
3.

65
30

00
0.

09
80

00
0.

24
05

00
0.

00
63

00
0.

74
34

50
13

87
.0

33
.0

15
56

.0
21

.0
17

92
.0

33
.0

22
.6

0

43
24

40
.0

1.
25

81
97

22
10

00
0.

11
11

00
0.

00
30

00
36

10
.0

62
0.

0
3.

68
00

00
0.

15
00

00
0.

24
10

00
0.

01
00

00
0.

79
09

50
13

89
.0

53
.0

15
57

.0
32

.0
18

02
.0

49
.0

22
.9

2

44
12

55
.0

0.
78

72
51

12
56

00
0.

10
64

00
0.

00
24

00
30

00
.0

34
00

.0
4.

22
00

00
0.

13
00

00
0.

28
71

00
0.

00
97

00
0.

72
45

10
16

24
.0

48
.0

16
72

.0
26

.0
17

36
.0

43
.0

6.
45

45
20

00
.0

1.
57

50
00

10
80

00
0.

11
08

00
0.

00
29

00
10

90
.0

14
0.

0
2.

47
00

00
0.

13
00

00
0.

16
03

00
0.

00
64

00
0.

82
25

80
95

7.
0

35
.0

12
62

.0
37

.0
18

01
.0

47
.0

46
.8

6

46
18

90
.0

1.
03

17
46

12
20

00
0.

10
78

00
0.

00
16

00
19

90
.0

24
0.

0
2.

93
70

00
0.

07
70

00
0.

19
82

00
0.

00
53

00
0.

80
29

20
11

64
.0

28
.0

13
86

.0
20

.0
17

59
.0

27
.0

33
.8

3

47
47

9.
0

0.
78

28
81

46
40

0
0.

10
64

00
0.

00
17

00
10

00
.0

10
00

.0
4.

24
50

00
0.

09
50

00
0.

28
96

00
0.

00
67

00
0.

47
80

70
16

42
.0

34
.0

16
78

.0
18

.0
17

36
.0

28
.0

5.
41

48
14

47
.0

0.
86

45
47

14
23

00
0.

10
69

00
0.

00
28

00
31

00
.0

29
00

.0
4.

54
00

00
0.

16
00

00
0.

30
80

00
0.

01
00

00
0.

72
57

60
17

24
.0

49
.0

17
28

.0
31

.0
17

29
.0

47
.0

0.
29

49
58

4.
0

0.
79

28
08

45
20

0
0.

11
06

00
0.

00
25

00
10

10
.0

93
0.

0
3.

31
00

00
0.

11
00

00
0.

21
85

00
0.

00
67

00
0.

76
44

10
12

72
.0

35
.0

14
79

.0
28

.0
17

96
.0

41
.0

29
.1

8

50
40

20
.0

0.
73

13
43

32
00

00
0.

10
54

00
0.

00
44

00
80

00
0.

0
16

00
0.

0
3.

90
00

00
0.

21
00

00
0.

27
00

00
0.

01
30

00
0.

66
40

90
15

38
.0

66
.0

16
01

.0
43

.0
16

94
.0

76
.0

9.
21

51
61

2.
0

0.
73

20
26

46
70

0
0.

11
16

00
0.

00
21

00
88

0.
0

59
0.

0
3.

43
70

00
0.

08
70

00
0.

22
39

00
0.

00
62

00
0.

73
87

70
13

01
.0

32
.0

15
09

.0
20

.0
18

17
.0

34
.0

28
.4

0

52
13

41
.0

0.
81

95
38

13
91

00
0.

10
42

00
0.

00
21

00
18

00
.0

54
00

.0
4.

57
00

00
0.

14
00

00
0.

31
64

00
0.

00
81

00
0.

73
25

80
17

76
.0

41
.0

17
36

.0
25

.0
16

90
.0

38
.0

-5
.0

9

Sa
m

pl
e 

71
 (c

on
tin

ue
d)

In
cl

ud
ed

 in
 c

al
cu

la
ti

on
 o

f t
he

 c
on

co
rd

ia
 p

lo
t a

cc
or

di
ng

 to
 q

ua
lit

y 
cr

it
er

ia
.

In
cl

ud
ed

 in
 th

e 
ca

lc
ul

at
io

n 
of

 th
e 

m
ea

n 
di

sc
or

da
nc

e.

53

Low-temperature annealing on discordance of U-Pb ages



“THESES HEADLINE”

5454

Item S2. Additional information on analytical methods

Table S2. LA-ICP-MS settings for U-Th-Pb dating, Department of Geology, Lund University

Laboratory & Sample preparation
Laboratory name LA-ICP-MS lab at Lund University
Sample type/mineral Zircon
Sample preparation Conventional mineral separation, 1 inch resin mount, 1 µm polish to finish

Imaging BSE-imaging, CL-imaging, TESCAN Mira 3, 15 kV, 18 Na, 5-15 mm 
working distance

Laser ablation system
Make, Model & type Photon machines, Analyte G2 excimer laser
Ablation cell & volume HelEx 2 sample cell
Laser wave length 193 nm
Pulse width <4 ns
Fluence 5-6 J/cm-2

Repetition rate 7-8 Hz
Spot size 18x18 µm to 20x20 µm
Sampling mode/pattern 400 µm2 single spot analyses

Carrier gas He as carrier gas, Ar and N2 as make-up gas, combined down-stream sam-
ple chamber

Background correction 25-30 seconds
Ablation duration 30 seconds
Cell carrier gas flow 0.8 l/min He and 6.5 ml/min N2

ICP-MS Instrument
Make, Model & type Bruker Aurora Elite Quadrupole ICP-MS
Sample introduction via 2 mm ID PFTE tubing with insert “squid”
RF power ca. 1300 W
Make-up gas flow ca. 0.95 l/min Ar
Detection system Single collector discrete dynode electron multiplier or DDEM
Masses measured (dwell time in 
millisecond)

202Hg (10), 204Pb (30-40), 206Pb (10), 207Pb (20-40), 208Pb (20-30), 232Th (10), 
238U (10)

Total integration time per read-
ing ~1 sec

Total scan time 120-150 milliseconds
Sensitivity 20000 cps/ppm Pb
Dead time 16 ns
Data processing
Gas blank 40 sec on peak
Calibration strategy GJ-1 as primary and 91500 as secondary reference material
Reference material info Wiedenbeck et al., (2004); Jackson et al., (2004)
Dataprocessing package used/
Correction for LIEF

Iolite software (Paton et al., 2011), baseline correction and downhole cor-
rection

Mass discrimination Standard-sample bracketing with 207Pb/206Pb and 206Pb/238U normalised to 
reference material GJ-1

Common Pb correction, compo-
sition and uncertainty No common Pb correction applied to the data

Uncertainty level Ages are quoted at 2σ absolute

Quality control/Validation

GJ-1 Wtd ave 206Pb/238U age = 601.9 ± 0.2 Ma 
(2σ, MSWD = 0.0023, n = 587)
91500 Wtd ave 206Pb/238U age = 1062.30 ± 0.97 Ma 
(2σ, MSWD = 39.6, n = 148)

PAPER I           HERRMANN ET AL.


