Science Advances
RAYAAAS

Supplementary Materials for

Accelerated mafic weathering in Southeast Asia linked to late
Neogene cooling

Germain Bayon et al.

Corresponding author: Germain Bayon, gbayon@jifremer.fr

Sci. Adv. 9, eadf3141 (2023)
DOI: 10.1126/sciadv.adf3141

The PDF file includes:
Supplementary Text
Figs. S1 to S4
Legends for tables S1 to S8

References

Other Supplementary Material for this manuscript includes the following:

Tables S1 to S8



Supplementary Text

Grain-size separation procedure

Following our sequential leaching procedure, different grain-size fractions of U1482 detrital
sediments were separated by differential centrifugation, using parameters (duration, rpm) defined
with the freeware Sedicalc (70). First, 25 ml of ultrapure (MQ) H20 were added to the 50 ml
centrifuge tube (TO) containing the bulk detrital residue, shaken vigorously, and centrifuged for 2
min at 200 rpm. The 25-ml surpernatant was transferred into a clean centrifuge tube (T1).
Another 25 ml MQ-H-O was added to the residue in TO, mixed thoroughly again, and centrifuged
for another 2 min at 200 rpm. This latter supernatant was discarded and the remaining residue in
TO, corresponding to the medium-coarse silt-size fraction (10-63 pum), was placed in an oven for
drying. Tube T1 was shaken thoroughly and centrifuged 2 min at 1000 rpm. The supernatant was
transferred in a new tube T2, while the remaining residue in T1, corresponding to the fine silt (4-
12 um) fraction was rinsed in 25 ml before being dried. The same procedure was repeated at 2000
rpm, 3000 rpm and 4000 rpm, yielding residual fractions corresponding to coarse clays (1-4 um ;
stored in T2), clays (0.4-2 pum ; in T3) and fine clays (<0.8 um ; in T4), respectively. Note that
the final 25 ml MQ-H-O rinse in T3 was not discarded but transferred instead to T4. The validity
of our protocol for grain-size separation was assessed using a suite of various river and marine
sediment samples (n=8 ; Fig. S1), including one sample from Site U1482 (U1482A 1H1 145/150
cm). Following differential centrifugation, particle-size analyses of test samples were performed
using a Mastersizer 3,000 laser diffraction particle size analyzer. The general good agreement
observed for particle size distribution measurements in all test samples demonstrates the
reproducibility of our separation procedure (Fig. S1). In this study, three separate grain-size
fractions were analysed for provenance studies : coarse-medium silts (10-63 um), fine silts (4-12
pm), and fine clays (<0.8 pm).

Preservation of bottom-water Nd isotopic signatures in bulk foraminiferal separates

Rare earth element (REE) abundances were used to assess the reliability of measured Nd
isotopic ratios in studied grain-size fractions and bulk foraminiferal separates as provenance
tracers. Rare earth element concentrations are reported in Fig. S2, normalized to the World River
Average Silt (WRAS; 18). Bulk foraminiferal separates exhibit shale-normalized patterns typical
of seawater, exhibiting negative Ce anomalies and heavy-REE (HREE) enrichment relative to the
light-REE (LREE). While foraminifers at Site U1482 show generally very good to excellent
preservation down to 370 mbsf (17) and display similar shale-normalized patterns, the samples
corresponding to the 4-8 Ma time interval (between ~165 and 370 mbsf) display less pronounced
negative Ce anomalies (Ce/Ce* =0.99 £ 0.09, 1 SD ; n=26) than those from the 0-4 Ma period
(Ce/Ce* =0.77 £ 0.17 ; n=20) (Fig. S2). This observation indicates that early diagenetic alteration
progressively occurs with depth, accompanied by partial dissolution of biogenic calcite and Fe-
Mn oxyhydroxide coatings, possibly followed by minor calcite overgrowth. Diagenetic alteration
of foraminifers at Site U1482 is also associated with minor REE loss downcore, as inferred from
slightly lower average Nd concentrations in the 4-to-8 Ma samples (Nd = 0.73 + 0.23 pg/g, 1 SD;
n=26) compared to the last 4 Ma period (Nd = 0.92 £ 0.21 pg/g; n=20) (Table S5). Importantly,
the absence of any authigenic Nd addition in studied foraminiferal fractions provides reassuring
evidence that they most likely still faithfully record the Nd isotopic composition of bottom waters
at the time of sediment deposition (22).




of residual authigenic phases (secondary phosphate minerals)

At Site U1482, fine clays (<0.8 um) from the 4-to-8 Ma time interval display relatively flat
shale-normalized REE patterns, with Nd/Ybn =1.04 £ 0.13 (1 SD ; n=26) typical of river clays
worldwide (18). In contrast, fine clays deposited over the last 4 Ma are characterized by slight
LREE depletion relative to HREE (with Nd/Ybn = 0.82 £ 0.09 ; n=20), i.e. a geochemical
signature typical of volcanogenic sediments (18), hence consistent with the presence of mafic
material transported by the Indonesian Throughflow (see Discussion in the main text). While
most fine silts (4-12 um) generally exhibit flat shale-normalized REE patterns, a few fine-silt
samples and all medium-coarse silt fractions (10-63 pm) at Site U1482 display pronounced
HREE enrichment relative to LREE (Fig. S2). These particular HREE-enriched patterns indicate
the presence of heavy accessory minerals such as zircon (18), brought from nearby Australia via
aaeolian transport. This is consistent with the evidence that the degree of HREE-enrichment in
both fine and coarse silt fractions, as inferred from Nd/Ybn, displays a negative correlation trend
with Zr abundance (Fig. S3A). While the presence of zircon strongly influences the sedimentary
REE budget of silt-size fractions at Site U1482, grain-size variability and the presence of
accessory minerals has limited influence on Nd isotope ratios in fine-grained detrital sediments
(18, 71). Importantly, this means that the application of Nd isotopes to zircon-bearing silt-size
fractions at Site U1482 can still provide reliable information on sediment provenance.

Another particular feature of our results is the evidence that a few silt-size fractions display
markedly higher REE abundances than typical fine-grained sediments (Fig. S2). The fact that
these particular REE-bearing samples are associated with mid-REE (MREE) enrichments
indicates the presence of residual authigenic mineral phases, most likely phophates. Secondary
REE-bearing phosphate minerals such as florencite typically form during early-diagenetic
processes at continental margins. These minerals are ubiquitous components of shallow-marine
sandstones of all ages in western Australian sedimentary basins, where they typically occur as
small (<20 pm) discrete rhombohedral crystals or as overgrowths on quartz or zircon grains (72,
73). By inference, their presence in silt-size detrital fractions at Site U1482 probably relates to
wind-blown inputs from nearby Australian sedimentary basins. Because these early-diagenetic
REE-bearing minerals were initially formed in the marine environment, their Nd isotopic
composition is likely to depart substantially from associated detrital mineral phases. This is
illustrated in Fig. S3B by the fact that medium-coarse silt fractions characterized by high REE
abundances (XREENn) systematically display more radiogenic Nd isotope (end) compositions. The
presence of such residual REE-bearing authigenic phases in studied grain-size fractions could
result in biased inferences on sediment provenance based on Nd isotopes. Therefore, all samples
associated with anomalously high REE abundances and mid-REE enrichments (see the orange
lines in Fig. S3) were excluded from the discussion based on Nd isotopes. This includes one fine
clay fraction (1H1_145/150) ; eigth fine silt fractions (2H1, 3H1, 22H4, 26H4, 27H4, 28H4,
34H4, 37H4) ; and eight medium-coarse silt fractions (2H1, 3H1, 22H4, 23H4, 25H2, 26H4,
27H4, 34H4).



Quantifying relative source contributions using end-member mixing modeling

Quantitative constraints on past provenance changes at Site U1482 were obtained using
mixing models combining eng and (Nd/Yb)n end-member compositions for northwest Australian
felsic detrital inputs and Indonesian mafic sediments (Table S7). Because REE abundances in
NW Australian detrital inputs are strongly influenced by the presence of zircons, separate end-
members were defined for zircon-depleted (4-12 um) and zircon-bearing (10-63 pum) silt-size
fractions, both characterized by similar Nd isotopic compositions, but showing markedly differing
(Nd/Yb)n ratios. Average end-member compositions for NW Australian sediment sources were
determined using the mean engand (Nd/YDb)n values for the 4.1 — 7.2 Ma time interval at Site
U1482, hence integrating the long-term compositional variability observed between the 7.7-5.7
Ma arid period and the onset of more humid conditions after 5.1 Ma. End-member compositions
for mafic sediment sources exported by the Indonesian Throughflow, presumably less likely to be
influenced by grain-size effects, were estimated from values for marine and riverine fine-grained
sediments (21, 69, This study). Note that normalization values for REE abundances correspond to
the World River Average Silt (WRAS; 18).
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Fig. S1.

Particle-size analyses of detrital fractions separated by differential centrifugation from various
river and marine fine-grained sediments.
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Fig. S2.

Shale-normalized REE patterns of studied grain-size detrital fractions and bulk foraminiferal
separates at Site U1482. The shale reference values used for normalization correspond to the
World River Average Silt (WRAS; 18). The orange lines represent samples exhibiting relatively
high REE abundances and mid-REE enrichments, which indicate the presence of early-diagenetic
phosphate minerals presumably transported with aeolian dusts from nearby Australian
sedimentary formations (72, 73) and associated with distinctive Nd isotopic compositions (see
Fig. S3B). In the manuscript, these samples were hence excluded from the discussion based on
Nd isotopes.
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Late Neogene evolution of the marine Sr isotope curve. (A) Seawater 8Sr/®Sr curve for the last 5
Ma, showing a break in slope between ~4.5 and 2.5 Ma (59). Orange dashed line indicates the
theoretical baseline Sr isotope curve used for numerical modeling. (B) Detrended seawater
87Sr/%Sr curve used to provide quantitative constraints on the riverine Sr flux from Indonesian
islands required to explain the seawater 8’Sr/%Sr “plateau’ between ~4.5 and 2.5 Ma.



Supplementary Tables captions

Table S1 : Mass accumulation rates of clay and silt-size fractions, and Nd isotopic compositions of

foraminiferal separates and grain-size detrital fractions at Site U1482

Table S2 : Rare earth and trace element abundances in fine clay (<0.8um) detrital fractions at Site
U1482

Table S3 : Rare earth and trace element abundances in fine silt (4-12 um) detrital fractions at Site
U1482

Table S4 : Rare earth and trace element abundances in coarse silt (10-63 pum) detrital fractions at
Site U1482

Table S5 : Rare earth and trace element abundances in bulk foraminiferal separates (>125 pum) at
Site U1482

Table S6: Nd isotopic compositions of fine-grained detrital river sediments in Northwestern

Australia and the Indonesian region

Table S7: Three-component mixing models: Nd isotope and (Nd/Yb)n values of detrital end-

members.

Table S8 : Parameters used for mass balance modeling of seawater Sr isotopes.
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