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Supplementary Text

834Spyr and sea level dependence

Over the first 500 m of IODP borehole 1352 (i.e., shelf location), 8**Syy: values are
low and relatively invariant in the sandstone layers, whereas mud(stone)/marlstone
layers are characterized by higher 5°*S,yr values and variability. We also note that in
most of the cases, the highest 3**S,yr values are observed at the contact between the
sandy and muddy units. To explore this lithological dependence, we used the high-
resolution foraminifera §'%0 record available over the first 500 m. We found that the
muddy layers were rapidly accumulated over (glacial) periods of sea-level regression,
as a result of decreasing accommodation space on the shelf. River mouths (the Waiau
River and other coastal rivers) advanced towards the shelf edge, supplying clay to the
upper slope, and increasing the sedimentation rate at the study site by a factor of ~6
(average value) relative to interglacial periods. Consequently, the diagenetic system
became more burial-dominated, where MSR exhausts the porewater sulfate reservoir,
leading to a progressive 3*S enrichment of the residual sulfate (and product sulfide)
with depth in the sediments due to Rayleigh distillation.

Rapid elevation of sea level due to ice-sheet melting during the termination of ice ages
inundated the shelf, generating ample space to accommodate the pro-deltaic deposits.
The coastline and associated terrigenous deposits migrated landward, initiating the
deposition of transgressive units until maximum flooding occurred. At times of
maximum sea level, fine-grained terrigenous sediment no longer reached the upper
slope, and sediment accumulation was maintained by smaller fluxes of pelagic skeletal
material, as supported by downcore variation in Ca/Sr and Ca/Ti ratios, leading to the
deposition of sandy-mud layers. As a result, during interglacial intervals,
sedimentation rates were lower than 0.2 m/kyr, resulting in good communication
between the porewater and the overlying seawater.
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Fig. S1. Age model construction. (A) Time (Ma) versus depth in borehole (m), using
chronostratigraphic information (36-38). Dashed vertical lines show the location of the
Marshall Paraconformity. (B) Oxygen isotope records. The reference benthic 3'%0 record
LRO04 (32) is shown in black at the top. The planktonic foraminifera (N. flemingi) 5'30 record
from the offshore IODP 1352 borehole (37, 38) is shown in red in the middle. The planktonic
foraminifera (Uvegerina spp) 8'30 record from the onshore ODP 1123 borehole (36) is shown
in blue at the bottom.
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Fig. S2. Variations in wt.% of highly reactive Fe in the deep core. (A) HCl-extracted Fe!!
(Fe''uci) represents unsulfidized Fe!'. (B) HCl-extracted Fe'! (Fe''ci) represents metastable
Fe'! hydroxides, interpreted here to reflect post-coring oxidation of AVS and pyrite. (C)
Dithionite-extracted Fe" (Fegi.ct) represents crystalline Fe' (oxyhydr)oxides. (D) Oxalate-
extracted Fe (Feoxa) represents magnetite. (E) Chromium-reducible S-bound Fe!' (Fecrs)
represents pyrite; (F) The iron sulfide pool (pyrite + AVS) prior to post-sampling oxidation
(Corr.Fepyr), determined by adding Fe''ici and Fecrs (see Materials and Methods for details).
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Fig. S3. Shelf and deep basin pyrite 5**S values (red and blue, respectively, this study)
and interpolated 534S values of seawater sulfate (yellow; ref. 11) over the last 40 Myr.
Filled markers have strong stratigraphic age constraints (foraminiferal 3'%0 measurements),
whereas empty markers have less robust age constraints (biostratigraphic and/or
magnetostratigraphic tie-points). Also shown in purple are previously published 6**S values
of total reduced inorganic sulfur (TRIS, ref. 71). For global climatic context, deep-sea records
of 8'80 (34, 41; light circles and dark line, respectively) are shown. Note the change of scale
of 8180 associated with the change of timescale between the middle and rightmost parts of
the figure, shown as the inner gray y axis on the right.
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Fig. S4. Depth profiles of geochemical records for IODP 1352 (left) and ODP 1123
(right). (A) 8"Cor; (B) Total organic carbon (TOC); (C) **Spyr; (D) Pyrite content
(uncorrected in dark blue, corrected in grey); (E) Calcium carbonate content (CaCO3).
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Fig. S5. Scatter plots of geochemical data. (A) 3'3Core vs. total organic carbon (TOC); (B)
834Spyr vs. uncorrected pyrite content; (C) Uncorrected pyrite content vs. TOC; (D) 63*Spyr vs.
8"3Corg, (E) 8*Spyr vs. sedimentation rate (m ky™'); (F) 83*Spy:r vs. calcium carbonate content.
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Fig. S6. Glacial — Interglacial bimodal distribution. (A) Shelf and basin A,y over the last
2 Myr. Glacial sensu stricto, interglacial sensu stricto and intermediate data from the shelf
core are shown in dark blue upside-down triangles, dark red triangles and orange circles,
respectively. Data from the basinal core are shown in light blue diamonds. For global climatic
context, deep-sea records of 8'80 (34, 41) are show in the dark line and light gray circles. (B)
Histograms of 8**Spy: in the basinal (light blue) and shelf (red) boreholes. The shelf data are
further divided into interglacial sensu stricto (dark red) and glacial sensu stricto (dark blue).
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Fig. S7. Concentration and 3**S depth profiles of porewater sulfate and pyrite in the
offshore ODP borehole 1123. Porewater sulfate data are from ref. 53.
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Fig. S8. Box and whisker plots. (A) 3'*Corg, (B) TOC, (C) Apyr and (D) Uncorrected pyrite
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GEOCHEMICAL RESULTS OF I0DP 317 - SITE 1352 & ODP 181 - SITE 1123

Depth in

borehole 198 CaCOs "N ™ 5"*Corg TOC 5**Spyr FeSz Dpye

(%o (%o (%o (%o

(mbsf) (Ma) (wt. %) VAIR) (wt. %) VPDB) (wt. %) VCDT) (wt. %) VCDT)
IODP 317 - SITE 1352
0.02 0.00 33 7.1 0.09 -22.2 0.62 -46.3 0.29 67.6
6.00 0.02 11 4.4 0.12 -22.6 0.22 -6.5 0.40 27.8
27.20 0.06 23 4.6 0.10 -25.5 0.15 -3.2 0.11 245
46.28 0.08 11 ND 0.02 -26.0 0.11 -6.6 0.27 27.9
55.38 0.10 15 4.0 0.03 -25.5 0.23 -7.7 0.16 29.0
62.98 0.12 15 4.4 0.15 -211 0.29 -42.9 0.28 64.2
64.36 0.13 26 4.7 0.13 -22.0 0.28 -24.6 0.18 45.9
73.50 0.14 12 4.0 0.12 -23.4 0.15 9.4 0.47 11.9
81.00 0.18 13 4.1 0.03 -24.9 0.19 -11.5 0.34 32.8
86.50 0.21 43 5.3 0.02 -23.7 0.14 -34.3 0.08 55.6
89.00 0.21 19 4.7 0.04 -23.6 0.36 -34.5 0.16 55.8
92.00 0.22 30 4.6 0.01 -24.5 0.15 -39.5 0.16 60.8
94.13 0.22 41 5.0 0.02 -24.6 0.16 -15.1 0.09 36.4
97.99 0.24 55 5.2 0.12 -22.0 0.46 -26.9 0.32 48.2
99.00 0.25 17 4.1 0.11 -21.5 0.25 -7.9 0.54 29.2
108.00 0.28 14 3.6 0.03 -25.3 0.27 -17.3 0.14 38.6
113.60 0.33 22 4.6 0.10 -22.3 0.27 -36.8 0.42 58.1
121.00 0.35 12 4.2 0.13 -23.0 0.23 -3.2 0.44 24.6
130.16 0.36 14 3.9 0.03 -25.0 0.25 -7.9 0.20 29.2
145.98 0.39 19 3.8 0.03 -24.6 0.27 -28.7 0.19 50.1
154.01 0.41 18 3.6 0.03 -24.4 0.33 -42.9 0.15 64.3
161.50 0.44 17 3.4 0.03 -25.5 0.24 17.6 0.41 3.8
168.10 0.49 21 4.5 0.04 -23.7 0.36 -28.7 0.12 50.1
187.62 0.58 17 4.1 0.02 -26.0 0.19 -38.4 0.18 59.8
200.00 0.62 49 4.6 0.02 -23.2 0.21 -19.3 0.16 40.8
203.00 0.64 15 4.1 0.04 -241 0.42 1.8 0.32 19.6
206.60 0.70 54 5.2 0.15 -21.7 0.56 -26.3 0.14 47.7
219.00 0.75 15 3.5 0.03 -25.7 0.26 -2.5 0.17 24.0
228.00 0.76 13 4.5 0.15 -211 0.23 -13.2 0.67 34.6
245.02 0.78 42 4.9 0.02 -23.9 0.14 -37.7 0.09 59.2
248.00 0.82 16 3.7 0.03 -25.3 0.27 -27.0 0.29 48.4
249.49 0.86 47 5.6 0.04 -22.6 0.48 -39.3 0.20 60.8
250.60 0.87 16 3.7 0.03 -25.5 0.23 4.7 0.32 16.8
272.35 0.92 14 3.9 0.15 -24.0 0.23 1.9 0.97 19.7
280.74 0.95 44 4.6 0.17 -22.2 0.57 -37.5 0.06 59.0
295.50 1.03 19 4.0 0.04 -24.3 0.35 -30.3 0.16 51.8

305.60 1.12 23 4.6 0.04 -23.5 0.40 -22.2 0.41 43.8
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347.00
351.60
361.00
364.00
372.00
375.25
396.00
412.20
421.00
424.00
443.50
446.28
447 .57
455.38
463.57
469.74
480.00
484.76
490.00
498.01
583.00
587.99
657.97
661.10
679.80
700.90
716.00
749.73
788.85
846.17
882.21
905.40
926.27
978.00
1049.33
1092.83
1114.95
1165.44
1227.49
1283.90
1317.79
1327.00
1330.40

1.18
1.19
1.23
1.25
1.30
1.31
1.34
1.36
1.41
1.47
1.50
1.51
1.56
1.59
1.60
1.66
1.68
1.71
1.74
1.75
1.77
1.79
2.88
2.89
3.01
3.01
3.05
3.08
3.11
3.17
3.24
3.33
3.67
3.75
3.79
3.91
4.08
4.18
4.23
4.37
4.84
5.45
5.75
5.83
5.86

36
16
10
17
15
15
13
39
17
27
22
14
37
39
33
18
12
23
36
16
60
14
19
24
18
15
39
29
40
22
28
13
19
30
29
56
24
11
40
43
50
36
25
44
20

4.5
4.0
3.9
4.0
3.2
3.6
3.4
5.0
41
3.8
4.6
3.7
4.4
3.7
4.3
3.7
3.8
41
4.0
3.3
3.7
3.8
3.0
ND
3.0
3.6
3.6
3.1
3.1
2.8
29
3.0
29
29
2.8
2.6
2.7
2.2
2.6
24
2.7
29
2.0
1.9
2.1

0.15
0.03
0.16
0.03
0.03
0.03
0.03
0.15
0.16
0.04
0.05
0.03
0.14
0.04
0.17
0.03
0.03
0.03
0.02
0.03
0.13
0.14
0.14
ND
0.15
0.14
0.02
0.14
0.02
0.02
0.03
0.15
0.14
0.03
0.03
0.02
0.03
0.12
0.11
0.13
0.13
0.12
0.12
0.02
0.10

-22.9
-23.5
-23.2
-24.3
-24.7
-23.8
-24.6
-22.8
-22.2
-22.6
-22.6
-23.9
-22.5
-21.1
-21.8
-24.6
-23.9
-23.7
-22.0
-241
-24.0
-22.6
-24.8
-23.5
-23.7
-23.9
-22.8
-23.1
-23.0
-23.4
-22.6
-24.3
-24.7
-23.4
-24.0
-23.6
-24.8
-22.2
ND
-22.4
-23.3
-24.8
-22.7
-23.5
-22.2

0.53
0.29
0.33
0.26
0.20
0.27
0.20
0.58
0.42
0.34
0.39
0.24
0.64
0.43
0.47
0.20
0.28
0.27
0.21
0.24
0.46
0.25
0.27
0.57
0.27
0.24
0.17
0.37
0.16
0.21
0.26
0.44
0.32
0.28
0.22
0.24
0.30
0.25
ND
0.43
0.46
0.41
0.54
0.25
0.24

-32.0
-25.7
-30.2
-3.3
-8.0
-29.4
-23.4
-24.2
-24.9
-32.1
-17.0
-31.4
-19.6
-19.8
-271
-24.6
-27.5
-12.7
-21.5
-20.6
-221
10.6
-25.5
-36.3
-21.1
-20.8
-35.8
0.1
-16.9
-36.0
-30.3
-10.3
3.3
-36.4
-21.9
-30.5
-28.7
-34.0
-36.1
-27.5
-21.1
-8.5
19.6
7.5
7.7

0.19
0.26
0.34
0.28
0.24
0.15
0.41
0.14
0.30
0.40
0.35
0.36
0.44
0.29
0.24
0.29
0.00
0.42
0.38
0.31
0.24
0.29
0.23
0.24
0.14
0.08
0.15
0.40
0.09
0.13
0.20
0.31
0.52
0.34
0.39
0.30
0.57
0.65
0.28
0.43
0.42
0.11
0.55
0.89
0.83

53.6
47.3
51.8
24.9
29.7
51.1
45.1
45.8
46.6
53.7
38.7
53.1
41.3
41.5
48.8
46.3
49.2
34.4
43.3
42.3
43.9
11.2
47.4
58.2
43.1
42.7
57.8
21.9
38.9
58.0
52.4
32.4
18.9
58.5
441
52.7
50.9
56.3
58.4
49.8
43.6
31.1
3.1
15.2
15.0



1419.03
1477.75
1496.48
1577.55
1637.70
1697.33
1714.39
1760.66
1924.24

ODP 181 - SITE 1123

0.76
0.94
1.14
1.34
1.54
1.78
1.94
2.14
2.33
2.54
2.74
3.04
3.14
3.38
3.54
3.73
3.96
4.14
4.34
4.49
4.63
4.77
5.02
5.19
5.38
5.59
5.79
6.03
6.18
6.42
6.58
6.78
6.98
7.30

9.92
11.50
13.33
13.46
14.25
16.70
17.03
18.04
36.00

0.02
0.02
0.03
0.03
0.03
0.04
0.04
0.05
0.05
0.05
0.06
0.06
0.06
0.07
0.07
0.08
0.09
0.09
0.10
0.10
0.11
0.11
0.12
0.12
0.13
0.14
0.14
0.15
0.15
0.16
0.16
0.16
0.17
0.17

57
38
33
68
72
57
59
64

45
26
41
37
40
52
50
40
59
65
65
53
50
54
64
66
60
56
63
63
57
63
69
66
75
69
69
71
70
65
65
69
58
62

3.0
3.1
3.4
2.6
3.1
2.8
3.9
3.3
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.01
0.02
0.02
0.09
0.10
0.01
0.09
0.02

ND

0.07
0.05
0.05
0.05
0.06
0.06
0.06
0.03
0.04
0.04
0.03
0.05
0.07
0.05
0.04
0.02
0.04
0.04
0.04
0.04
0.04
0.05
0.04
0.04
0.03
0.03
0.04
0.05
0.03
0.04
0.04
ND
0.04
0.05

-24.8
-25.0
-25.5
-26.2
-22.0
-26.6
-23.4
-25.4
ND

-21.6
-21.7
-21.5
-21.8
-21.6
-21.5
-21.5
-21.9
-21.6
-221
-21.7
-21.7
-22.0
-21.5
-22.2
-221
-21.8
-221
-23.4
-24.2
-23.2
-23.7
-24.9
-23.9
-24.5
-23.7
-22.9
-23.8
-23.6
-22.8
-22.9
ND
-23.2
-23.4

0.11
0.21
0.27
0.29
0.27
0.10
0.13
0.19

ND

0.52
0.34
0.38
0.34
0.31
0.41
0.40
0.21
0.33
0.21
0.26
0.46
0.47
0.39
0.22
0.23
0.28
0.25
0.22
0.24
0.22
0.32
0.20
0.26
0.17
0.29
0.32
0.35
0.34
0.46
0.38
ND
0.36
0.28

-23.9
-28.9
-20.9
-16.7
-31.3
-44.8
-36.5
-36.0
-36.3

-45.7
-46.6
-560.7
-50.8
-562.0
-51.5
-51.8
-52.4
-62.3
-52.4
-63.2
-51.8
-51.4
-63.3
-63.6
-562.0
-52.4
-62.2
-562.6
-51.4
-562.0
-47.1
-62.7
-46.6
-50.4
-50.9
-62.7
-62.7
-53.1
-51.2
-51.8
-63.2
-54.2
-62.9

0.18
0.41
0.37
0.23
0.20
0.30
0.22
0.18
0.01

0.03
0.00
0.04
0.02
0.05
0.05
0.08
0.04
0.07
0.06
0.06
0.06
0.02
0.13
0.12
0.05
0.06
0.07
0.08
0.05
0.05
0.02
0.07
0.01
0.01
0.05
0.07
0.07
0.11
0.07
0.08
0.10
0.10
0.05

46.6
51.5
43.7
39.5
54.2
67.7
59.4
59.0
59.4

66.9
67.8
72.0
72.0
73.3
72.7
73.0
73.7
73.6
73.7
74.5
73.1
72.7
74.6
74.9
73.3
73.7
73.5
73.8
72.7
73.2
68.4
73.9
67.9
71.6
72.2
74.0
74.0
74.4
72.5
73.1
74.5
75.5
74.2



7.50
7.70
7.90
8.10
8.30
8.50
8.71
8.80
8.98
9.20
9.39
9.60
9.77
10.00
10.24
10.40
10.60
10.80
11.02
11.18
11.36
11.47
11.76
11.86
12.06
12.26
12.46
12.66
12.86
13.08
13.28
13.36
13.58
13.76
13.96
14.16
14.36
14.56
14.76
14.96
15.16
15.36
15.56
29.61
31.87

0.18
0.18
0.19
0.19
0.20
0.20
0.21
0.21
0.21
0.22
0.23
0.23
0.24
0.24
0.25
0.25
0.26
0.26
0.26
0.27
0.27
0.27
0.28
0.28
0.28
0.29
0.29
0.29
0.30
0.30
0.30
0.31
0.31
0.31
0.32
0.32
0.32
0.33
0.33
0.34
0.34
0.35
0.35
0.70
0.76

64
52
52
44
48
60
62
63
67
48
55
57
69
68
57
55
59
63
30
25
50
55
71
64
75
75
76
68
63
71
77
76
79
77
68
66
58
69
78
63
52
66
67
68
60

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.03
0.04
0.04
0.09
0.05
0.04
0.04
0.04
ND
ND
0.05
0.05
0.03
0.03
0.05
0.05
0.04
0.03
ND
ND
0.05
0.05
0.03
0.02
0.02
0.02
0.02
0.03
0.03
0.02
0.03
0.02
0.02
0.02
0.02
0.03
ND
0.02
0.02
0.03
0.04
0.04
0.04
0.03
0.05

-23.8
-23.1
-23.3
-22.0
-23.3
-22.9
-23.2
-22.4
ND
ND
-22.6
-23.0
-23.5
-23.2
-22.4
-22.8
-22.7
-22.9
ND
ND
-22.9
-22.5
-23.1
-23.3
-23.3
-23.8
-23.0
-23.4
-23.3
-23.5
-23.5
-23.9
-23.5
-23.7
-23.8
-24.0
ND
-23.9
-25.0
-23.3
-23.4
-23.2
-23.2
-22.4
-22.5

0.26
0.35
0.38
0.63
0.32
0.21
0.20
0.25
0.11
0.16
0.31
0.25
0.15
0.19
0.27
0.32
0.24
0.21
0.17
0.16
0.34
0.30
0.18
0.24
0.18
0.14
0.19
0.23
0.23
0.20
0.20
0.17
0.14
0.15
0.17
0.21
0.10
0.15
0.13
0.23
0.24
0.28
0.24
0.17
0.32

-51.8
-54.0
-54.6
-62.9
-63.6
-63.5
-52.4
-62.9
-63.7
-62.7
-62.3
-562.6
-562.8
-52.4
-562.8
-63.4
-63.4
-62.3
-63.3
-62.5
-63.6
-63.8
-63.4
-63.0
-62.2
-62.3
-63.7
-62.5
-62.3
-63.3
-62.5
-63.7
-52.4
-53.1
-562.8
-52.4
-63.0
-51.4
-52.4
-63.2
-51.4
-63.2
-62.1
-51.9
-51.3

0.04
0.16
0.27
0.21
0.17
0.25
0.11
0.20
0.11
0.08
0.06
0.07
0.05
0.06
0.11
0.13
0.09
0.06
0.19
0.07
0.26
0.37
0.35
0.36
0.09
0.28
0.64
0.45
0.11
0.27
0.42
0.21
0.17
0.12
0.38
0.29
0.17
0.05
0.41
0.21
0.11
0.15
0.31
0.06
0.15

73.1
75.2
75.9
74.2
74.9
74.8
73.7
74.2
75.0
74.0
73.6
73.9
74.1
73.7
74.1
74.7
74.8
73.6
74.7
73.8
74.9
75.1
74.7
74.4
73.5
73.6
75.0
73.8
73.6
74.6
73.8
75.0
73.7
74.4
74.2
73.8
74.3
72.7
73.7
74.5
72.8
74.6
73.5
73.3
72.7



35.98 0.87 32 ND 0.02 -23.5 0.14 -50.1 0.04 71.6

37.50 0.91 74 ND 0.02 -24.0 0.15 -48.8 0.01 70.3
38.99 0.95 46 ND ND ND 0.02 -48.8 0.03 70.3
57.88 1.23 10 ND 0.03 -24.0 0.17 -24.9 0.00 46.5
58.44 1.25 69 ND 0.08 -22.4 0.53 -47.5 0.14 69.1
68.12 1.66 53 ND 0.05 -22.8 0.30 -48.1 0.00 69.8
70.08 1.79 53 ND 0.04 -23.1 0.25 -46.9 0.05 68.6
97.36 2.72 66 ND 0.03 -22.9 0.22 -45.2 0.00 67.2
120.43 3.33 63 ND 0.02 -23.7 0.15 -43.8 0.17 65.9
152.00 4.23 62 ND 0.02 -23.6 0.13 -42.5 0.02 64.7
206.90 5.75 79 ND 0.01 -24.2 0.08 -38.9 0.00 61.6
350.45 9.92 71 ND 0.01 -26.9 0.09 -37.9 0.00 60.6
463.96 13.59 73 ND 0.01 -25.1 0.07 -38.9 0.00 61.7
515.89 17.09 80 ND 0.01 -25.3 0.03 -33.8 0.00 56.7
599.07 32.24 81 ND 0.01 -28.5 0.03 -30.1 0.00 52.8

Table S1. Depth, estimated age, and associated geochemical information of samples from
the IODP 317 —ssite 1352 and ODP 181 — site 1123 boreholes.

FE SPECIATION RESULTS OF ODP 181 - SITE 1123

Cumul.

depth in Age Fe'lyc Fe'llyy Fedi-ct Feoxa Fecrs Corr.Fepy:r

borehole

(mbsf) (Ma) (wt. %) (wt. %) (wt. %) (wt. %) (wt. %) (wt. %)

ODP 181 - SITE 1123

29.61 0.70 0.16 0.16 0.12 0.12 0.03 0.19
31.87 0.76 0.20 0.12 0.15 0.14 0.07 0.19
35.98 0.87 0.13 0.11 0.16 0.13 0.02 0.13
37.50 0.91 0.1 0.07 0.13 0.16 0.01 0.08
38.99 0.95 0.10 0.04 0.05 0.06 0.01 0.06
57.88 1.23 0.16 0.02 0.20 0.15 0.00 0.02
58.44 1.25 0.16 0.04 0.16 0.28 0.07 0.1
68.12 1.66 0.10 0.01 0.16 0.34 0.00 0.02
70.08 1.79 0.11 0.01 0.14 0.20 0.02 0.04
97.36 2.72 0.15 0.07 0.17 0.25 0.00 0.07
120.43 3.33 0.12 0.03 0.1 0.16 0.04 0.07
152.00 4.23 0.08 0.07 0.07 0.26 0.01 0.08
206.90 5.75 0.12 0.07 0.10 0.16 0.00 0.07
350.45 9.92 0.20 0.02 0.06 0.20 0.00 0.02
463.96 13.59 0.18 0.02 0.06 0.11 0.00 0.02
599.07 32.24 0.17 0.03 0.07 0.19 0.00 0.03

Table S2. Variations in wt.% of highly reactive Fe from the ODP 181 — site 1123 deep
borehole.



DIGITIZATION OF BOTTCHER ET AL.
(2004) DATASET

Digitalization Cumu_l. a4
e depth in 0°*Stris
borehole
(mbsf) (%0)
SAMPLE 1
1 3.1 -49.60
2 2.97 -49.5
3 2.36 -49.6
Mean 2.810.4 -49.610.06

Age(Ma)  0.06:0.01

SAMPLE 2
1 9.1 -40.7
2 8.7 -40.8
3 8.43 -40.8
Mean 8.7t0.3  -40.8%0.06

Age(Ma)  0.21:0.01

SAMPLE 3
1 147 -38.9
2 146 -38.9
3 145 -39

Mean  146.0+1.0  -38.9:0.06
Age (Ma)  4.05:0.04

SAMPLE 4
1 324 -30.5
2 324 -30.5
3 323 -30.5
Mean 323.7+0.6 -30.510

Age(Ma)  8.87:0.03

SAMPLE 5
1 580 -46.3
2 581 -46.3
3 581 -46.3
Mean 580.7+0.6 -46.310

Age (Ma)  20.96%0.5
Table S3. Previously reported total reducible inorganic sulfur (TRIS) 8**S values. Data
are from on-board sulfur isotopic analysis (77).



Sea-level . 5% Spyr 634.8"‘"
Period fluctuation | £9° Depositional (%oo) amplitude | oo rence
(Ma) environment . changes
(m) min  max (%0)
<1.9 Shelf 46 20 66 This study
<0.02 Shelf -38 15 53 15
Plio-Pleistocene 50 to 150 m <0.5 Shelf -44 32 76 16
<0.4 Shelf -34 33 67 76
<0.5 Shelf - OMZ -32 -5 27 77
Shelf -21 47 68 19
Platform -23 2 25 79
End Permian mass 2" and 3 252 Plg:]fglrfm :23 132 ig 2(1)
extinction (EPME) (ref. 78)
shelf 0 22 22 81
Shelf -40 0 40 82
Shelf -42  -15 27 83
Shelf -14 13 27 85
Frasnian-Famennian Mass 2" and 3@ | 360 to g:z:; :18 gg gg 2675
Extinction (Late Devonian) (ref. 84) 376
Shelf 10 30 20 88
Shelf -14 20 34 88
Silurian Ireviken event 3" and 47 431 Platform -25 45 70 58
(ref. 89) Platform -25 45 70 17
Platform -22 5 27 57
Platform -25 22 47 91
Hirnantian positive Carbon ~125m 443 Platform -25 18 43 92
Isotopic Excursion (HICE) (ref. 90) Shelf -32 20 52 92
Shelf 25 25 50 93
Shelf -30 10 40 94
Stratigraphic Shelf -20 60 80 96
Steptoean Positive Isotopic evidence 500 Shelf -10 55 65 96
Carbon Excursion (SPICE) (ref. 95) Shelf -10 30 40 96
Shelf -1 -28 17 97

Table S4. Examples of Phanerozoic periods with high-amplitude 84Sy, stratigraphic
variations and variations in sea level. With large uncertainties, 2" and 3"-order sea-level
variations of hundreds of meters over 0.5 to 5 Ma duration, whereas 3" and 4%-order
variations span between 0.01 to 0.5 Ma with sea-level amplitude from tens to hundreds of
meters (78, 98). For the SPICE event, stratigraphic evidence suggests 25 to 50 m of sea-level

variation (78, 95).
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