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Supplementary Note. 1

Sedimentary setting

Samples from ODP Leg 201 — site 1229E were analyzed in this study (Supplementary Fig.
1). The drilling site is in the Salaverry basin on the shallow continental shelf of the Peru Margin,
located within the modern OMZ at ~150 m water depth, where oxygen concentrations in bottom
waters are between >5 umol L' (refs 1, 2, 3; Supplementary Fig. 7). Strong offshore Ekman
transport leads to coastal upwelling of cold, nutrient-rich water into the upper thermocline,
promoting high surface primary productivity along the western edge of the Peru margin* > 6. The
resulting enhanced flux of sinking organic matter leads to rapid depletion of oxygen in the water
column and elevated delivery of organics to the sediments of the continental shelf. As a result, the
region is characterized by an intense OMZ that impinges on the continental shelf between ~50 and
500 m water depth’.

All samples investigated in the present study are from the core E from the depth interval
between 0 and 44 m. Sediments are characterized by alternations of olive-green well-laminated
diatom ooze and a silty-clay diatom ooze with elevated organic matter content. According to
Skilbeck and Fink (2001), two main erosional surfaces associated with coarser silt and fine sand
are present in Hole A, 201-1229A-2H-6 and 201-1229A-6H-2. After careful cross-correlation of
the magnetic susceptibility in hole A, D and E (Supplementary Fig. 1) it turns out that the section
201-1229A-6H-2 is located below 45 m and is, therefore, not within the depth interval studied here.

Close visual (picture) examination of the core 201-1229A-2H-6 reveals the presence of a grey clay



layer, but unlike in the deeper sections reported in Skilbeck and Fink (2001; e.g., 201-1229A-11H-
6 or 201-1229A-14H-4), there is no evidence of shell debris or phosphatic hard ground, which are
characteristic erosional features at the study site. Furthermore, according to our age model and the
one developed by Schrader (1992) for Hole 681A (same drilling site), irrespective of whether one
performs a depth cross-correlation, this section seems to be deposited during an interglacial
interval. Hence, it is unlikely that an erosional feature affected the hole location during a period of
high sea level. Instead, we propose that the greenish facies indicate a period of forced regression,
without erosion at the study site, during the MIS7 lowstand.

Porewater chemistry reveals sulfate depletion through the top 30 m below sea-floor (mbsf)
with a upper sulfate-methane transition zone (SMTZ) between 25 and 35 mbsf and a deep SMTZ
around 90 mbsf®. Dissolved sulfide was detected throughout the entire core attesting to ongoing

microbial sulfate reduction®.
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Supplementary Fig. 1: Age model construction. Shown are (a) Reference benthic oxygen isotope
record LR04 from ref. 10; (b) the reference 6'*0 of planktonic foraminifera (G. ruber) from the
Eastern Pacific TR163-19 core, published in ref. 11; (¢) the reference primary production

reconstruction (based on marine diatom assemblage) from the ODP 112 site 681A, published in
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ref. 12; (d) log(Ca/Ti) used to track glacial and interglacial periods (data from ref. 13); (e) linear
sedimentation rate as reconstructed from our depth-age correlation. Grey vertical bands represent
glacial intervals, white bands correspond to interglacial periods. Vertical red dashed lines reflect
glacial terminations (T) with timing according to ref. 4. Grey dashed vertical lines reflect marine

stages according to ref. '°,
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Supplementary Fig. 2: Age model comparison between this study (green dots and dashed line)
and previously developed age-depth correlation in the ODP 112 site 681A (same location, black
dots) from ref. 12.
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depth correlation between holes A-E and holes D-E, respectively.
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Supplementary Fig. 4: ODP Leg 201 — site 1229 depth profiles of geochemical records. (a) 8'°N
from this study (green dots); (b) Total Nitrogen (TN) from this study (green circles); (¢) 83Core
from this study (green dots) and from ref. 8 (dark green dots); (d) Total organic carbon (TOC) from
this study (green circles) and from ref. 8 (dark green circles); (€) 8**Spyr from this study (green dots)
and from ref. !¢ (pale green dots); (f) Total reduced sulfur (TRS) from this study (green circles) and
prior to post-sampling oxidation (green dots) determined by adding Fe'''tic1 and Fecrs - also shown
are TRS from ref. !¢ (pale green dots); (g) HCl-extracted Fe! (light black dots) represents
unsulfidized Fe!" and HCl-extracted Fe'' (black dots) represents metastable Fe! hydroxides,
interpreted here to reflect post-coring oxidation of AVS and pyrite; (h) Dithionite-extracted Fe'!!
(Fedi-ct) represents crystalline Fe'! (oxyhydr)oxides (green dots) and from ref. !¢ (pale green dots);
(i) Oxalate-extracted Fe (Feoxa) represents magnetite (green dots) and from ref. !¢ (pale green dots);
(j) Total Fe (green dots) and from ref. !¢ (pale green dots); (k) Highly reactive (Feur = Fe'yci +
Fediot + (Fecrs +Felncr) + Feoxa) over Total Fe (green dots) and from ref. ¢ (pale green dots); (1)
The iron sulfide pool (Fecrs +Fe'uci) prior to post-sampling oxidation over Highly reactive Fe

(green dots) and from ref. !¢ (pale green dots).
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Supplementary Fig. 5: Geochemical and isotopic data from ODP leg 201 — hole 1229. (a) §'°N
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vs. total nitrogen (TN); (b) 8'*Corg vs. total organic carbon (TOC); (¢) !°N vs. total organic carbon
(TOC); (d) 8°*S vs. total reduced sulfur (TRS); (e) Total reduced sulfur (TRS) vs. total organic
carbon (TOC); (f) 6**S vs. 8°Corg, (g8) 3**S vs. Feur/Fer ratio; (h) 8**S vs. Fepyr/Fenr ratio; (i)
Fenr/Fer vs. Fenr/Fer ratio; (j) 8**S vs. sedimentation rate in m ka™!; (k) 3°*S vs. Ba/Al (an indicator

of the sulfate methane transition zone, SMTZ); and (1) **S vs. CaCOs.
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Supplementary Fig. 6: '80Lros- 834Spyr cross-plot. The three samples located within the modern
sulfate-methane transition zone (SMTZ; dotted black outline) are excluded from the linear

regressions of 8°*Spyr on 3'80rro4. Oxygen isotope data are from ref. 10.
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Supplementary Fig. 7: Slope bathymetry profiles and cross-sections of dissolved oxygen
concentration (uM) published in ref. 17 at 11°S (top) and 12°S (bottom). Also shown are the
location of cores previously published over the Peru margin. Symbols denote references in which

the core chemistry (solid or porewater) were published: # to ref. 18, * to ref. 19, ! to ref. 20.
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Supplementary Fig. 6: Peruvian shelf geochemical records compilation. Shown are (a) Total
organic carbon (TOC); (b) Aqueous sulfide concentration; (¢) Aqueous sulfate in porewater
concentration; (d) 6**S of aqueous sulfate (triangles) and pyrite (dots); (e) Methane concentration
in porewater; (f) Rate of sulfate reduction (refs. 9, 19; top axis) and methanogenesis (refs. 9, 19;
bottom axis) with archaeol concentration (ref. 13; black line) and 83 Carcheaot (refs. 13, 21; dots).
The colors and symbols are as follows: @ refers to ref. 16, # to ref. 18, ~ to ref. 19, * to ref. 22, $
to ref. 23. Locations of the cores are in Fig. 1a. Please note discontinuous depth scale in panels b,

cande.
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TABLE
Supplementary Table 1: Depth, estimated age, and associated geochemical information from

samples from the ODP 201 — site 1229 borehole E.

TABLE DR1. GEOCHEMICAL RESULTS OF ODP 201 - SITE 1229 - HOLE E

Depth Age CaCO3  BalAl 515N N 513Corg TOC 534Spyr TS Fe'sa  Fe"'na  Fedict Feoxa Fecrs Corr.Fepyr Fer
(mbsf)  (ka)  (wt.%) v%;z) (;Zt)‘ Vé"/[")“B) (;Zt)‘ ngE;T) (;Zt)‘ (;Zt)‘ %‘ (;Zt)‘ (;Zt)‘ (;Zt)‘ (Wt %) (;Zt)‘
0.53 0.76 15 5.4 0.7 -20.4 5.4 -28.1 1.4 0.21 0.19 0.04 0.08 0.18 0.37 1.78
1.33 1.6 13 0.61 5.8 0.7 -20.9 3.8 -22.1 1.4 0.25 0.32 0.06 0.05 0.67 0.99 2.86
2.22 2.7 15 0.47 6.1 0.7 -21.0 3.9 -20.8 1.8 0.20 0.28 0.01 0.01 0.85 1.13 3.26
2.62 9.2 17 0.45 6.4 0.3 -21.8 2.0 -24.2 0.4 0.25 0.66 0.04 0.05 0.18 0.84 2.48
2.83 13.3 13 0.45 3.6 0.1 -20.9 1.4 -29.9 1.8 0.24 0.25 0.05 0.09 0.83 1.07 291
3.88 34.0 11 0.45 3.5 0.5 -20.9 1.8 -28.1 15 0.16 0.40 0.02 0.03 0.68 1.08 2.44
4.75 59.9 19 0.54 3.8 0.2 -25.4 1.9 -32.2 0.6 0.20 0.44 0.01 0.04 0.30 0.74 1.92
5.40 64.7 13 0.54 4.9 0.3 -21.3 29 -27.6 0.5 0.18 0.41 0.03 0.04 0.21 0.62 1.97
6.00 69.1 16 0.54 4.5 0.4 -21.9 25 -24.1 0.4 0.16 0.47 0.04 0.03 0.18 0.66 1.99
6.66 87.7 18 0.54 6.6 0.4 -21.4 3.6 -16.5 0.8 0.18 0.55 0.03 0.08 0.36 0.91 2.09
8.00 123.5 16 0.59 9.4 0.4 -22.0 3.8 -13.9 0.7 0.21 0.61 0.01 0.05 0.31 0.92 2.04
8.40 130.5 21 0.61 7.0 0.3 -22.0 2.7 -22.3 0.6 0.19 0.56 0.05 0.04 0.29 0.85 2.24
8.75 139.1 17 0.73 4.8 0.2 -21.7 2.4 -27.8 1.8 0.26 0.41 0.03 0.08 0.83 1.23 3.00
8.97 155.5 31 0.54 5.3 0.3 -22.5 24 -27.6 1.0 0.21 0.56 0.02 0.07 0.48 1.04 2.46
9.15 192.0 15 0.40 7.4 0.3 -22.6 3.5 -19.8 1.3 0.16 0.32 0.02 0.07 0.61 0.93 2.05
10.10 204.9 19 0.77 8.9 0.3 -23.0 4.0 -18.1 0.6 0.18 0.46 0.04 0.09 0.27 0.73 219
12.22 225.7 17 0.77 4.9 0.3 -22.0 3.1 -25.2 1.0 0.24 0.38 0.03 0.05 0.47 0.85 2.37
13.20 238.1 28 0.39 4.9 0.6 -23.4 0.9 -32.4 0.8 0.23 0.43 0.04 0.07 0.37 0.80 2.25
13.40 2443 15 1.10 6.4 0.3 -21.2 2.4 -26.8 11 0.17 0.12 0.02 0.05 0.52 0.64 2.07
16.00 290.6 13 0.72 4.4 0.2 -23.2 1.7 -30.5 1.4 0.23 0.23 0.02 0.08 0.67 0.90 2.83
16.80 297.5 14 0.29 4.2 0.1 -23.2 1.2 -29.2 1.3 0.21 0.42 0.02 0.04 0.60 1.01 2.61
18.00 316.9 22 0.47 8.2 0.3 -23.0 2.7 -20.7 1.4 0.20 0.82 0.02 0.07 0.66 1.48 3.12
18.26 325.4 19 0.33 9.5 0.3 -22.8 4.0 -18.1 0.9 0.21 0.53 0.02 0.09 0.41 0.94 242
18.45 339.7 20 0.36 4.4 0.2 -21.8 25 -25.0 0.4 0.23 0.57 0.05 0.05 0.19 0.77 2.44
19.20 356.3 18 0.32 4.1 0.0 -22.1 2.6 -28.1 1.0 0.17 0.32 0.01 0.04 0.46 0.78 2.28
20.00 374.7 19 0.33 6.0 0.2 -21.1 34 -22.3 0.4 0.24 0.55 0.05 0.01 0.20 0.75 2.45
20.80 397.6 18 0.44 71 0.3 -22.8 3.7 -18.6 1.7 0.24 0.30 0.03 0.04 0.80 1.11 2.64
21.15 407.6 15 0.37 7.6 0.3 -23.3 3.8 -18.3 1.6 0.20 0.46 0.03 0.02 0.76 1.22 2.52
21.60 420.4 22 0.42 6.2 0.3 -22.0 25 -29.1 1.2 0.18 0.41 0.03 0.06 0.55 0.96 3.29
22.00 432.9 23 0.49 34 0.2 -21.8 2.1 -30.9 1.0 0.22 0.55 0.02 0.08 0.46 1.01 2.65
22.80 459.4 18 0.43 4.7 0.3 -21.6 25 -22.7 1.7 0.22 0.39 0.04 0.04 0.79 117 2.86
28.00 507.3 35 0.79 9.7 0.4 -21.0 4.1 -15.8 1.0 0.18 0.50 0.04 0.04 0.45 0.95 1.86
30.00 521.0 20 0.46 5.5 0.8 -20.7 6.1 -10.9 1.5 0.22 0.45 0.04 0.04 0.71 1.16 2.24
31.00 524.8 15 0.48 4.9 0.6 -21.7 6.5 -8.2 1.7 0.26 0.70 0.05 0.04 0.80 1.50 3.15
33.00 532.4 35 0.30 7.3 0.2 -21.8 15 21 1.9 0.17 0.50 0.01 0.04 0.90 1.40 2.44
37.00 549.9 16 0.40 5.0 0.3 -21.6 3.0 -23.9 1.6 0.18 0.24 0.03 0.05 0.74 0.98 2.98
39.95 592.3 17 0.36 8.9 0.2 -21.5 3.1 -19.4 1.9 0.18 0.47 0.02 0.05 0.87 1.34 2.55
41.00 597.5 19 0.42 6.7 0.3 -21.8 23 -23.8 1.3 0.29 0.68 0.03 0.07 0.58 1.27 3.03
43.00 607.4 15 0.41 5.9 0.0 -21.1 2.6 -25.5 1.4 0.21 0.57 0.00 0.02 0.67 1.23 2.57
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