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Figure S1. Molecular structure and names of iso- and brGDGTs used in GDGT indices and proxies presented in this study. BrGDGTs with
one (as in ITa and ITa") and two (as in IIla and IITa’) additional methyl groups may also include one or two rings (i.e., IIb-c, ITb-¢’, IlIb-c and
IIb-c’; structures not shown).
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Figure S2. Frequency distribution of (a) BIT index (b) IReme and (c) rescaled MST Pearson et al. (2011), Baxter et al. (2023) values
throughout the 250-kyr DeepCHALLA sequence (grey) and in the section 180 - 0 ka (black).
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Figure S3. Pearson correlation (R value) matrix between time series of GDGT concentration, indices and principal component (PC) scores
over the complete 250-kyr DeepCHALLA sequence (n = 906 samples with defined values for all variables). R values in bold are significant
at p < 0.001, those in regular type at < 0.01, and those crossed out reflect lack of significance at the p < 0.01 level.
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Figure S4. As Fig. S3 but for the period 250-180 ka only (n = 117).



PC1 (brGDGTs)

PC2 (minor isoGDGTSs)
PC1 (minor isoGDGTSs)
PC2 (isoGDGTs)

PC1 (isoGDGTs)

PC2 (all GDGTs)

PC1 (all GDGTs)

MST

MBT',,,.

MBT',,,.

TEX,,

DC

CBT'

IRSMe
%GDGT-2
fICREN']
GDGT-0/cren
BIT index

Conc. brGDGTs

Conc. GDGT-0

Conc. minor isoGDGTs

250 - 144 ka

0.4 -0.24 0.4

. &3 -0¢2 0.31

-045 o1 E-o.as 0.28

-0.43-0.27 -0.5 -0.43 04 -0.19

-o.42.—().<16 042 0.62 -0.33 0.27

-0.34 0.2 -0.33-0<{9-0.33-0.31 OX6 .
025 0.27 -0:08 0.27 05 OX4 0.43 .

0.2
-0.32 0.54 -0.31 0.2 -0.31-0.32 —0.41. 0.64 . Pearsoq% R

0.56 —0.27 0.38 -0.33 0.56 -0.34- 0.4 - 05
0.32 0.31 —0.19.—0.44 0.11 =0.42-0<{2-0.24-0.34 0.34 —0.29 00
0.4 0.43 0.63 0X0 -0.36 0.11 -o.3e—c>.<23—0.27.
. 0.3 0.53 . 0.22 -0.35 0.18 -0.35 -3 -0.35
-008-041 X1 07 X OXM4 02 020 01 OX1 - 08 -042-041

0.16 OX6 -001-003 OB OX4 OX7
0.62 0)X2 -041-042-0.15-045 -007 M1

OX7 035 02 0.39 -047 -2 OX(1 -041-0<6
X1 0.55 -0.32 0.6 -048-002 0.43 -1 OX7

0.59 043 04 -0.31-0.35-0.42 X2 -0.25 0.26 —0.29.—0.25.—0.<27 -062 0.56 —0.31 0.22

-004-007 X8 02 0.33 0.25 0X7 0.43 0.32
.—o.15—<)09—(»(;1 -005 0.3 025 OXB 0.27 0.28

..-0.48—0.21 -004-0<6 0.42 0.37 0.26 0.4 0.4

Conc. cren. ...-0.51 -0.23-005-045 0.41 0.35 0.28 0.41 0.4

Q
o
. \5_,0
@(\O 00(\
o°°o.

Figure S5. As Fig. S3 but for the period 250-144 ka only (n = 219).
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Figure S6. As Fig. S3 but for the period 180-0 ka only (n = 789).
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Figure S7. As described in Fig. S3 but for the period 144-0 ka only (n= 687).



All GDGTs isoGDGTs Minor isoGDGTs brGDGTs
GDGTs GDGTs GDGTs GDGTs
-02 -0.1 0.0 0.1 -02 -01 00 01 02 03 -015 -0.10 -0.05 000 005 0.10 -0.050 -0.025 0.000 0.025 0.050
@ 0.031¢ isoGDGT-1 0.01 02{e Oweme cwo o g 0.04
] 0.05 cren 3#WNLL. . is0GDGT-0
£ / F 01 01
3 . , 0:00 0.00 o o 0.02
o _5 =8 3] [
» gL 000 @ 835 55 35
< 32 § o2 gE0° b 8
4 2z 3 5003 -0013% 9% oz o}
4 88 5S¢ TIPA SE S&oo 000 @
< o3 o3 1sQGNGT -2 801 -}
I 4 -005 a & @ 2
B m o -0.05
Q -0.06 e B -0.02 isoGDGT-3
@ -02 -0.02
2 -0.1
a -0.10 °
-050 -0.25 000 025 -05 0.0 05 -0.4 -02 0.0 0.2 -02 -01 00 01 02
Sediment Horizons Sediment Horizons Sediment Horizons Sediment Horizons
PC1 (91.3%) PC1(99.7%) PC1(74.3%) PC1 (65.1%)
GDGTs GDGTs GDGTs 60GTs
-01 0.0 0.1 0.2 -0.2 -01 0,0 0,1 -92 0,0 0.2 -010 -0.05 000 005 0.0
b . cren B 0.025 0642 02 . 0.8
02 d iS0GDGT-0 f 024 h
1Ib 0.05
0.1 - 00 0.000 04 0.04
o o 2 cren’ 0.1 0.1
s ¢ N 3 g 8% £
© &€& >
& 2500 % o0 § 25 § a5 g5 |. 8
9N 5= o sla P @ Ss . -0.0255 gg " igoGDGT:1 & gg 0.0 0.00 &
a []
T . isoGDGT-0 @-0.1 iS0GDGT-1 £&o00 -% 00 &%
isoGDGT-3
-0.05 ~0.050 -0.1
02 . -0.04
0.2 na
-0.2 isoGDGT-2 -0.1
-02
-0.5 0.0 05 -075 -0.50 -0.25 000 025 -10 -05 0.0 05
SPM Samples SPM Samples SPM Samples SPM Samples
PC1(87.5%) PC1(94.2%) PC1 (84%) PC1 (65.2%)
Seismic Stages Lithofacies Depth (m)
* Stage | o mm-scale laminated e 0 10 20 25
© Stage ll mm-cm alternated 20 a5 %0 .
A Stage lll cm-scale banded
o Stage IV 5 ® 60 ® 70 ® 80
o StageV

Figure S8. Principal component analysis (PCA) biplots of the fractional abundances of GDGTs in the DeepCHALLA sediment sequence and
in suspended particulate matter (SPM) from modern-day Lake Chala. From left to right, biplots of all GDGTs in (a) DeepCHALLA sediments
and (b) SPM, isoGDGTs in (c¢) DeepCHALLA sediments and (d) SPM, minor isoGDGTs (i.e., isoGDGT-1, -2, -3 and the crenarchaeol
isomer) in (¢) DeepCHALLA sediments and (f) SPM, and brGDGTs in (g) DeepCHALLA sediments and (h) SPM. Loadings of individual
GDGTs contributing at least 1% to variability among samples on either PC1 or PC2 (or both) are shown as arrows. In the top panels, sediment
horizons from depositional stages I-V are presented by different symbols, and colored according to lithofacies. Red numerals I-V represent
the average PC scores of samples from those respective depositional stages. in the bottom panels, SPM samples are colored according to
depth in the watrer column. Note the different scales of PC axes for individual samples (sediment horizons or SPM) and variables (GDGTs).
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Figure S9. Periodicity analysis of the BIT index in the 250-kyr DeepCHALLA sediment sequence. Indicated on top are the timing of three
major phases in lake ecology as registered in fossil diatom assemblages (Tanttu, 2021), the lithofacies category of each sediment horizon
(colored bar) and the depositional stages (V-I) based on seismic stratigraphy Maitituerdi et al. (2022). Subsequent panels show (a) lake level
reconstruction based on seismic stratigraphy (Maitituerdi et al., 2022), (b) the BIT index time series in light grey with green and pink curves
representing the time series after band-pass filtering with periods similar to those of orbital precession and obliquity, as revealed by wavelet
analysis, and (c) visual representation of wavelet analysis using a morlet function, with warm and cold colors reflecting high and low values
of the power spectrum. Also shown is the timing of the marine isotope stages (MIS; Lisiecki and Raymo (2005)), for reference. Panels (d)
and (e) summarize the BIT-index wavelet spectra in the complete DeepCHALLA sequence (250-0 ka) and in the section 180-0 ka only, to
highlight more pronounced precession and obliquity cycles in the latter. The red stippled line in (d) and (e) represents the 95% confidence
interval; dominant frequencies are labelled at the top of the maxima.
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Figure S10. As Fig. S9 but for the ratio between 6-Me and 5-Me brGDGTs (IR¢ne)-
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Figure S11. As Fig. SO but for mean summer temperature (MST) reconstructed using the (Pearson et al., 2011) calibration of brGDGTs in
globally distributed lake sediments, and with (e) representing the period 160 - 0 ka.
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