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SUPPLEMENTAL INFORMATION
Evaluation of TEXgs based SSTs

TEXse (TetraEther indeX with 86 carbon atoms) paleothermometry is based on the
cyclicity of membrane lipids in marine archaea - glycerol dialkyl glycerol tetraethers (GDGTs)
that can be converted to SST (Schouten et al., 2002). TEXg has been extensively used for
paleoclimatic reconstruction because of its ubiquitous occurrence in marine sediments and
robustness to diagenesis (Huguet et al., 2009; Kim et al., 2009). Reconstruction of SST from
TEXge requires tests to justify that temperature is a primary control on GDGT distribution. Non-
thermal factors, including input of terrigenous organic matter and methanogenic archaeal
communities and growth phases of archaea, can influence GDGT distribution and lead to a
considerable error in SST estimation (Hopmans et al., 2004; Liu et al., 2011; Elling et al., 2014).
To validate the reliability of TEXgs ' — based SST reconstruction, we use the Branched and
Isoprenoid Tetraethers (BIT) index (Hopmans et al., 2004), Methane Index (MI) (Zhang et al.,
2011), ARing Index (ARI) (Zhang et al., 2016), and %GDGT-0 (Inglis et al., 2015) to evaluate
the potential impacts of non-thermal factors and applicability of the TEXgs — SST relationship.

The BIT index is based on the relative abundance of terrestrially derived tetraether lipids
(branched GDGTs) versus the crenarchaeol (isoprenoid GDGT) produced by marine or
lacustrine organic matter (Hopmans et al., 2004). A BIT value of 0.4 is recommended as the limit
to differentiate a marine source with soil bacteria-derived GDGTs (Weijers et al., 2006). Samples
with high BIT values (BIT > 0.4) are possibly influenced by substantial input of terrestrial
organic matter and thus are not used for SST reconstruction. The BIT index is calculated using
the following equation:

B [GDGT — I] + [GDGT — II] + [GDGT — III]
~ [GDGT —1] + [GDGT — 1I] + [GDGT — III] + [Crenl]

BIT #(1)

Methanotrophic archaea Euryarchaeota that live in both moderate and extreme
environments, in terms of temperature and salinity, also produce GDGTs. The methane index is
used to differentiate the input of methanotrophic archaea from normal marine communities
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(Zhang et al., 2011). An MI value < 0.3-0.5 indicates a normal marine setting, while an MI value
of > 0.5 suggests a methane hydrate-impacted setting. The methane index is calculated using the
following equation:

[GDGT — 1] + [GDGT — 2] + [GDGT — 3]

MI =
[GDGT — 1] + [GDGT — 2] + [GDGT — 3] + [Cren] + [Cren’]

#(2),

where RI is defined as the weighted average of ring (cyclopentane) numbers in the GDGTs.
Modern marine measurements indicate a significant correlation between RI and TEXss. A
deviation (ARI) from the modern TEX3¢-RI relationship can be used to detect non-thermal
factors that are incorporated in the TEXgs index. Samples with ARI > 0.3 are likely to be
influenced by additional tetraether input. ARI is expressed as follows:

RI = 0 X [GDGT — 0] + 1 X [GDGT — 1] + 2 X [GDGT — 2] + 3 X [GDGT — 3]
+4 X [Cren] + 4 X [Cren’]#(3)

Rlpgx = —0.77(+£0.38) X TEXgg + 3.32(£0.34) X (TEXge)? + 1.59(40.10)##(4)

where ARI stands for the offset between samples (RI) and modern TEXgs-RI relationship. The
quadratic regression between Rlpgx and TEXge is derived from the global ocean data set (Zhang
et al., 2016).

The %GDGT-0 index was used to evaluate the contribution of methanogenic archaea to
the sedimentary GDGTs. Samples with %GDGT-0 values higher than 67% are potentially
influenced by additional organic sources from methanogenic Euryarchaeota (Inglis et al., 2015).
The %GDGT-0 index is calculated as,

%GDGT — 0 = (GDGT — 0/(GDGT — 0 + Crenarchaeol)) x 100 #(6)

The GDGTs distribution from the HIW core shows a wide range of BIT values (0.17—
0.88). The age of 33.85 Ma is a cut-off for separating GDGT distribution from high BIT values
(mean BIT = 0.75) in the early Oligocene to relative low BIT values (mean BIT = 0.43) from the
late Eocene (Fig. S1). This major increase in BIT values tracks the decrease in P,q values (Fig.
S1), and we infer that the samples with high BIT values are most likely the result of a eustatic
sea-level fall and thus a landward shift of organic source. The substantial high BIT values (>0.7)
during the late Oligocene indicate that these samples are less reliable for SST reconstruction due
to this significant terrigenous input. Investigation of modern soil branched GDGTs distribution
shows that temperature deviation can be greater than 2 °C when BIT values exceed 0.4 (Weijers
et al., 2006). However, further study found that in some localities (e.g., ODP sites 925 and 929),
samples with high BIT values (>0.4) show similar SST estimation as those with low BIT values
(<0.1) (Inglis et al., 2015). In the HIW core, while the early Oligocene samples exhibit relatively
high BIT values (mean BIT = 0.75), the late Eocene samples have mean BIT values of 0.43,
close to the threshold of 0.4 for a conservative SST reconstruction. We have compared SST
values between samples with BIT<0.4 and samples with 0.4<BIT<0.5. The result shows that
SSTs from samples with high BIT values did not exhibit resolvable deviation (exceeding the
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analytical error of £ 1 °C) from SSTs from samples with low BIT values (Fig. S1). In addition,
there is no correlation between the BIT values and SSTs when the BIT values are smaller than
0.5 (Fig. S2). This implies that the higher-than-threshold BIT values (0.4<BIT<0.5) may not bias
the SSTs reconstruction from TEXges. Thus, we have concluded that the late Eocene samples with
0.4<BIT<0.5 can be used for SST reconstruction. In addition, we further evaluated the potential
influence of methanogenic Euryarchaeota on the GDGTs distribution by examining the ARI,
%GDGT-0, and MI values. For late Eocene samples, the average ARI (0.38) is close to the
threshold of 0.3, and the average MI value (0.39) reaches the upper limit for normal marine
settings (0.3—0.5). However, the mean %GDGT-0 (40%) is much smaller than the threshold of
67%. Hence, we argue that the impact of methanogens is negligible.
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Figure S1 Comparison among TEXgs SSTs, BIT, and P,q values.
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Figure S2 Comparing the relationship between the BIT values and the TEXgs SST for the late
Eocene samples with BIT values between 0.4 and 0.5.
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