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Appendix S1: Supplementary Text

S1-1: DSDP Sites 534 and 603: Site description and age model construction

Two proto-Atlantic sites are studied here, DSDP Site 603, Hole B (lower continental rise off Cape
Hatteras: 35°29.66' N; 70° 01.70' W) and DSDP Site 534, Hole A (Blake Bahama Basin: 28° 20.6' N, 75° 22.9'
W). Both archives record low-latitude, warm (> 32 °C; Littler et al., 2011), open marine settings on the
continental slope or abyssal plain east of North America. The sedimentary rocks themselves primarily consist
of pelagic bioturbated chalks interbedded with more-organic rich laminated marls and sandstones—mudstones,
likely including sporadic distal turbidite layers (Sheridan et al., 1983b; van Hinte ef al., 1987). Robust
calcareous nannofossil biostratigraphy exists for both sites (Covington and Wise, 1987; Bergen, 1994;
Bornemann and Mutterlose, 2008), enabling stratigraphic correlation with other Berriasian—Hauterivian
archives. Magnetic polarity timescales have also been generated for the two records (Ogg et al., 1987); however,
both sites also feature large uncertainties in the lower Valanginian chron boundaries between M14 and M11A.

Age models for the two sites were previously constructed by Littler ez al. (2011), based on the published
magnetostratigraphy for the two records and the determined ages of Early Cretaceous chron boundaries (Ogg,
1987, Gradstein et al., 2004). However, the lack of a precise record of chrons M14-M11A at either Site 534 or
Site 603 necessitated a simplified age model assuming constant sedimentation rates for ~30—40 m of strata
between M15n and M11r.2r, which included the crucial strata that document the run-up to and onset of the
Weissert Event. In recent years, the Valanginian—Hauterivian geological timescale has been increasingly refined
via cyclostratigraphic analyses of stratigraphic sites (chiefly from the Vocontian Basin; e.g., Charbonnier et al.,
2013; Martinez et al., 2013, 2015, 2023), anchored against radioisotopic dating of bentonite layers (e.g.,
Aguirre-Urreta et al., 2008, 2015, 2017). These new anchors enable refinement of the age models for
Valanginian strata at Sites 534 and 603.

Aside from the chron boundary data, stratigraphic constraints for Site 534 and Site 603 are based on
calcareous nannofossil biozone data, together with carbonate carbon isotope (8'°Cea) information
representative of global trends (Covington and Wise, 1987; Bergen, 1994; Bornemann and Mutterlose, 2008).
Durations of 2.84 Myr, 2.01 Myr, and 1.91 Myr have been proposed for the Valanginian calcareous nannofossil
zones NK3A, NK3B, and NC4A, respectively, following cyclostratigraphic analyses of four Vocontian Basin
records (Martinez et al., 2023). Alternatively, slightly different lengths of zones NK3A and NK3B (of 1.46 Myr
and 1.9 Myr) have been suggested, based on a floating astrochronological timescale for a separate Vocontian
Basin record (Charbonnier et al., 2013). Importantly, the Martinez astrochronological timescale has
subsequently been anchored to U-Pb radioisotopically determined ages of bentonite layers just above the lower—
upper Hauterivian boundary at Agua de la Mula (Neuquén Basin, Argentina). The combined cyclostratigraphic
and radioisotopic data give precise dates for the Berriasian—Valanginian boundary (137.06+£0.19 Ma), the
Valanginian—Hauterivian boundary (131.254+0.19 Ma), and the calcareous nannofossil boundaries, at least in
the Vocontian Basin (Martinez et al., 2013, 2015, 2023). Here, it is assumed that the dates and durations for
Valanginian calcareous nannofossil biozones determined for stratigraphic archives from the Vocontian Basin
(from Martinez et al., 2023) can also be applied to the relatively nearby proto-Atlantic region.

Unfortunately, a similarly precise cyclostratigraphic age model based on calcareous nannofossil
biostratigraphy does not currently exist for the Berriasian Stage, and the ages and durations of the NK2A and
NK2B calcareous nannofossil zones are unknown. Consequently, for strata below the base of the NK3A Zone,
magnetic chron boundaries are retained as the major stratigraphic constraints, using the updated geomagnetic
timescale (Gradstein et al., 2020). For Site 603, the M16r—-M16n, M16n—-M15r, and M15r-M15n chron
boundaries are combined with the NK2B-NK3A, NK3A-NK3B, NK3B-NC4A, and NC4B Zone boundaries
to form a continuous, robust, timescale for the entire studied interval. The established ages of these stratigraphic
horizons are used as anchor points for the studied record, with a constant deposition rate assumed for the
sedimentary layers in between (Table S1).



Stratigraphic interval | Base (mbsf) | Top (mbsf) |Thickness (m)] Start (Ma) End (Ma) [Duration (kyr)] Time by strata (kyr/m)
NC4A 1486.075 1445.885 40.19 132.00 130.09 1910 47.52
NK 3B 1519.66 1486.075 33.585 134.01 132.00 2010 59.85
NK 3A 1545.465 1519.66 25.805 136.85 134.01 2840 110.06
M15n (below NK3A) 1553.46 1545.465 7.995 138.02 136.85 1170 146.34
M15r 1558.02 1553.46 5.16 138.48 138.02 462 89.53
M16n 1572.055 1558.02 13.435 139.65 138.48 1167 86.86

Table S1: Determined ages, durations, and stratigraphic depths of anchor points used to construct the
Berriasian—Valanginian timescale for Site 603.

It has been hypothesized that uppermost Berriasian strata in cores 81-82 at Site 534 feature a hiatus
(~1250 mbsf; Sheridan et al., 1983a), based on seismic reflectance data. It should be noted that this hiatus has
not been clearly detected in the recovered sedimentary material from cores 81-82, likely resulting from the
incomplete recovery of core 81. However, the presence of a stratigraphic gap within those strata is consistent
with the sharp shift to higher '*’Os/"**Os; values recorded between 1251.82 mbsf and 1247.86 mbsf at Site 534,
with this jump not documented at Site 603.

The postulated position of the hiatus places it entirely within the NK2B Zone and M15 chron, hindering
determination of the amount of unrecorded late Berriasian time at Site 534. However, whilst the position of the
M15r-M15n boundary is not precisely constrained, previously published data suggest that it is no higher than
1253.42 mbsf (Ogg, 1987), in which case the hiatus falls within M15n. As the lowest strata that can be identified
as part of M15n with some degree of confidence, 1253.42 mbsfis taken as an approximate position of the M15r—
M15n boundary (age 138.02 Ma). The rate of sediment deposition is then calculated for M15r using this anchor
point and the better defined M16n—M15r boundary at 1263.43 mbsf (138.482 Ma). Extrapolating this
sedimentation rate into M15n gives an age of 137.95 Ma for the uppermost sample from below the hiatus
(1251.82 mbsf). Determining a sedimentation rate for strata between the hiatus and the NK2B-NK3A boundary
is more difficult. If the sedimentation rate calculated for strata immediately below the hiatus is also applied to
those directly above it, the lowest sample from above the disconformity (1247.86 mbsf) can be dated to 137.36
Ma. However, if the sedimentation rate determined for NK3A is extrapolated down to the hiatus, 1247.86 mbsf
has an age of 137.96 Ma. With no further information available, for each depth the mean age from these two
age models is taken for strata between the hiatus and the NK2B-NK3A boundary.

The full set of anchor points and sedimentation rates used to construct the age model for Site 534 are
shown in Table S2. However, the assumptions inherent in this age model, and the possible presence of other
cryptic hiatuses in Berriasian strata at Site 534 (potentially hinted from the presence of graded sediment layers
deposited by distal turbidites; Sheridan et al., 1983b), mean that the determined ages for samples deposited
below the NK3A Zone at that site should be treated with caution. The upper Berriasian hiatus has not been
detected at Site 603, nor is any other disconformity visible, suggesting that the presented age model for that site
is more robust.

Stratigraphic interval | Base (mbsf) | Top (mbsf) [Thickness (m)] Start (Ma) End (Ma) [Duration (kyr)| Time by strata (kyr/m)
NC4A 1161.315 1123.68 37.635 132.00 130.09 1910 50.75
NK 3B 1208.415 1161.315 47.10 134.01 132.00 2010 42.67
NK 3A 1236.79 1208.415 28.375 136.85 134.01 2840 100.09
NK 2B (above HIATUS) 1247.46 1236.79 10.67 Sedimentation rate assumed to be the same as NK 3A or M15r
M15r 1263.43 1253.42? 10.01 138.48 138.02 462 46.15
M16n 1269.425 1263.43 5.995 139.65 138.48 1167 194.66
M16r 1276.59 1269.425 7.165 140.19 139.65 537 74.95
M17n 1283.665 1276.59 7.075 140.49 140.19 306 43.25

Table S2: Determined ages, durations, and stratigraphic depths of anchor points used to construct the
Berriasian—Valanginian timescale for Site 534.




Despite the assumptions inherent in these timescales (particularly for Berriasian strata), when §"*Cearp
and nutrient indicator taxa trends generated by Bornemann and Mutterlose (2008) are plotted against time using
these age models, they show excellent comparability. Furthermore, the calculated ages of strata that record the
base of the carbon isotope excursion (134.65 Ma and 134.74 Ma for Sites 603 and 534, respectively) are broadly
consistent with the most recently determined date for the onset of the Weissert Event based on cylostratigraphic
durations of nannofossil zones (134.56+0.19 Ma; Martinez et al., 2023). Thus, the timescales used for these
sites in this study appear to be reliable, especially for the Valanginian part of the record.

S1-2: Analytical methodology

Seventeen samples from Site 603 and twenty-two from Site 534 were analyzed in this study. Most studied
samples consisted of fine-grained laminated calcareous rocks with some organic matter present, plus five very
carbonate-rich pale chalks from Site 534 also analyzed. Some strata that fall within or include turbiditic
mudstones were also investigated, including the uppermost four samples from Site 603, and it cannot be
discounted that other samples had been affected by similar sediment remobilization and transport. However,
these thin turbidite layers still likely record a primary seawater osmium-isotope composition, as any
remobilization and transport must have taken place on a small scale and over a brief geological time interval,
shorter than the residence time of osmium in the ocean (10s kyr; see Peucker-Ehrenbrink and Ravizza, 2000).
A previous study of turbiditic sediments across the Ordovician—Silurian boundary at Dobs Linn has highlighted
their capacity to faithfully record seawater osmium-isotope trends (Finlay et al., 2010). Indeed, for the
Cenomanian—Turonian transition, the geologic time interval that has been most studied for osmium isotope
trends across the highest number of globally distributed stratigraphic archives, the same overarching trends in
8705/'%0s;) are generally documented. This consistency is irrespective of variability between different sites or
within a single récord in’terms of either their sedimentary facies (e.g., organic-rich’shales vs calcareous marls
or nearshore vs distal pelagic sediments) or redox settings (spanning well oxygenated to euxinic) (see e.g., Du
Vivier et al., 2014, 2015; Jones et al., 2021).

Geochemical preparation of the sedimentary rock samples from was performed at Durham University (UK),
following digestion and purification procedures adapted from Selby and Creaser (2003) and Cumming et al.
(2013). Briefly, Re and Os were leached from powdered bulk sedimentary rock samples via Carius-tube
digestion with Cr''0;-H,SO4 over 48 hours at 220 °C. Following digestion, Os purification was achieved
through solvent extraction by CHCl; and microdistillation into HBr, whilst Re was purified using NaOH and
acetone solvent extraction and anion chromatography. Concentrations and isotopic compositions of Re and Os
were determined by isotope dilution and negative thermal ionisation mass spectrometry (N-TIMS) on a
ThermoScientific Triton, with in-house standards used to monitor analytical reproducibility (see Nowell ef al.,
2008; and supplementary information in Du Vivier et al., 2014, and Sproson et al., 2022). Procedural blanks
were 11.3+3.8 pg for Re and 0.096+0.081 pg for Os, with a '*’0s/'*0s ratio of 0.206+0.017 (15; n = 9).
Analytical precision for the lab was monitored through repeated analysis of 50 pg DROsS and 125 pg ReSTD
solution standards, which yielded a mean '®’Os/'**Os ratio of 0.16087+0.00014 (1o; n = 11) and '"*’Re/'*Re
value of 0.59832+0.00075 (1o; n = 7) over the course of the study, consistent with long-term running averages
0f 0.1608+0.0006 (15; n = 850) and 0.5986+0.0015 (15; n = 740), respectively.

As outlined in the main text, the past seawater Os isotope composition at the time of deposition ('*’Os/"**Os;))
was determined using the estimated age of the sample (see section above on age model construction) and the
measured modern-day '*’Os/'**Os and '*"Re/'*Os ratios (Cohen et al., 1999). To calculate the initial sedimentary
concentration of osmium at the time of deposition prior to any production of post-depositional radiogenic '*’Os
(i.e., total Os minus radiogenic '®’Os), the "’0s/'®0s, ratios were combined with Os molar abundances,
assuming '*?Os/'®*Os of 3.08261 (c.f., Percival et al., 2021).



S1-3: Calculating the changes in Late Berriasian radiogenic vs unradiogenic osmium influx

A basic estimation of the maximum change in input of either radiogenic or unradiogenic osmium to the marine
realm (assuming that the other was unchanged) can be made via a simple box model of the global ocean. The
residence time of osmium in seawater on the order of 10s kyr allows for this simple approach, with the fractional
increase in radiogenic osmium influx to the ocean calculated as follows (Dickson ef al., 2015; Percival et al.,
2016):

1. Fradiogenic = ("’ 08/ O8scawater — ' O8/"** OSunradiogenic )/ (7 08/ ** O radiogenic — '* 08/ ** OSunradiogenic)

2. 1 = Fragiogenic T Funradiogenic

3. AFradiogenic = ((Funradiogenic (pre-event) Funradiogenic (event)) — Funradiogenic (pre-event))/ Fradiogenic (pre-event)

Where Fradiogenic and Funradiogenic represent the radiogenic and unradiogenic fractions of the osmium flux to
seawater, respectively, and "*"Os/"™®Ossecawater, " O/ **OSradiogenic, and '*’08/"** OSynradiogenic the average isotopic

compositions of osmium in seawater (as determined analytically), radiogenic riverine runoff (1.4 today;
Peucker-Ehrenbrink and Jahn, 2001) and unradiogenic mantle-derived sources (0.13; Allégre et al., 1999).

Pre-Late Berriasian shift:

18708/1 SSOSSeawater = 0.56

Fradiogenic = (056 - 013)/(14 — 013)

1= Fradiogenic + Funradiogenic

Fradiogenic = 034, Funradiogenic =0.66

Post-Late Berriasian shift:

70s/"80seawater = 0.71

Fradiogenic = (0.71 — 0.13)/(1.4 — 0.13)

1 = Fradiogenic + Funradiogenic
Fradiogenic = 0.46,..];‘unradi0genic =0.54
Thus, AFagiogenic = ((0.66/0.54) — 0.66)/0.34
AFradioge.r;i‘c =1.62

Assuming that the input of unradiogenic Os was unchanged, runoff of radiogenic Os increased by ~62%
during the Latest Berriasian.

Alternatively, if the flux of radiogenic osmium is assumed to have been constant, the change in input of

unradiognic osmium required to have caused the documented radiogenic shift in Os isotope compositions can
be calculated as follows:

4. AFunradiogenic = Fradiogenic (pre—event)/ ((Funradiogenic (pre—event)/ Funradiogenic (event)) - Funradiogenic (pre—event))



Thus, AFunradiogenic = 0.34/((0.66/0.54) — 0.66)

AFunradiogenic =0.62

Assuming that the runoff of radiogenic Os was unchanged, input of unradiogenic Os decreased by ~38%
during the Latest Berriasian.

S1-4: Calculating the changes in average Valanginian '*’Os/'**Os composition of riverine runoff

Following the Late Berriasian shift to a more radiogenic Os-isotope composition of seawater, it is assumed
that global riverine runoff still had an average '*’Os/"**Os composition of 1.4, as is the case today (Peucker-
Ehrenbrink and Jahn, 2001). The eruption of Parani-Etendeka basalts over an area of at least 10° km? during
the Valanginian would have significantly altered the make-up of the Earth’s surface crust. Given the relatively

unradiogenic composition of Parana-Etendeka basalts (~0.13; Rocha-Junior et al., 2012), erosion of igneous
rocks from that province in place of the continental crust that they had been extruded onto should have
resulted in a change in the average '®’Os/'®*Os ratio of riverine runoff.

As outlined above, the fluxes of radiogenic osmium from riverine runoff ('"*’Os/'*Os = 1.4) and unradiogenic
Os from mid-ocean ridge activity, submarine basalt alteration, and cosmogenic material (**’Os/'"**Os = 0.13)
were as follows after the Late Berriasian rise in weathering rates:

Fradiogenic = 046, Funradiogenic =0.54

At the point of maximum basalt weathering, the oceanic '*’Os/'*Os ratio decreased to ~0.44. Assuming that
the molar flux of osmium to the ocean from riverine runoff and unradiogenic sources did not change, the
average riverine '*’Os/'®0Os composition can be calculated as follows:

_ (187 188 187 188 187 188 187 188
1. Fradiogenic = ( Os/"**Osscawater —  Os/ Osunradiogenic)/( Os/ Osradiogenic - '0s/ Osunradiogenic)

187os/lggosseawater = 0.44
0.46 = (0.44 — 0.13)/("*’0s/"®Osadiogenic — 0.13)
Thus, "*"0s/"** Osragiogenic = ((0.44 — 0.13)/0.46) + 0.13

18705/18805radi0genic =0.81



Appendix S2-2: Age-depth model for DSDP Site 603 and DSDP Site 534

DSDP Site 603 B — Lower contiental rise off Cape Hatteras DSDP Site 534 A— Blake Bahama Basin
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