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ABSTRACT

Branched glycerol dialkyl glycerol tetraethers (brGDGTs) are bacterial membrane lipids
occurring in several environments, including soils, rivers and lakes, whose distribution varies with
temperature and pH, although this dependence is apparently not the same for the different producing
environments. Mixing of brGDGT sources may thus complicate palaeoenvironmental reconstruction.
The extent to which brGDGTs in a lake outflow reflect the brGDGT distribution delivered by
upstream rivers was studied for Lake Baikal (Russia), one of the largest freshwater lakes worldwide.
Fifteen brGDGTs were quantified in suspended particulate matter (SPM) of the Selenga River and its
outflow in the lake. The river and lake SPM had rather different brGDGT distributions. The riverine
brGDGT distribution was still apparent in the SPM of the lake surface water 5 km from the river
mouth, but shifts in the brGDGT distribution were already apparent in the SPM of the surface water
after 1 km. Based on the brGDGT distributions of the SPM of the Selenga outflow and that of the lake,
conservative mixing between the river and the lake brGDGT distributions could not fully explain the
observed shifts in brGDGT distributions. Both preferential degradation and in-situ production of
brGDGTs in the surface and, especially, bottom water of the river outflow were potentially
responsible. This implies that a riverine lipid distribution delivered to a lake can be modified prior to
being transported downstream. The lacustrine brGDGT distribution, that possibly reflected a mixture
of mountainous and Selenga River SPM, was not recognized in downstream Yenisei River SPM. The
watershed of Lake Baikal thus does not seem to contribute to the brGDGTs transported to the marine
system. As many large rivers have major lakes in their watershed, this has implications for

palaeoclimate reconstruction from river fan sediments globally.
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1. Introduction

Branched glycerol dialkyl glycerol tetracthers (brGDGTs) are bacterial membrane lipids found
in a variety of settings: soils, lacustrine and marine suspended particulate matter (SPM) and sediments
and hotsprings. Their source organisms probably fall within the Acidobacteria, based on
environmental (Weijers et al., 2009; Peterse et al., 2010) and culture studies (Sinninghe Damsté et al.,
2011; 2014). Their main application is as palaeoclimate proxies. In a dataset of global soils, the
structural diversity of the brGDGT components was shown to correlate with the prevailing soil pH and
mean annual air temperature (MAAT; Weijers et al., 2007a). Nine brGDGT components were
described that possess 4 to 6 methyl substituents (branches) on the linear Czs alkyl chains (Sinninghe
Damsté et al., 2000) and contain up to two cyclopentyl moieties formed by internal cyclization (Fig. 1;
Schouten et al., 2000; Weijers et al., 2006). The cyclization of branched tetraethers (CBT) and
methylation of branched tetraethers (MBT) are two brGDGT indices (Weijers et al., 2007a) that have
been successfully applied to reconstruct the palaeoclimatic changes in palaeosoils (e.g. Peterse et al.,
2011), speleothems (Blyth and Schouten, 2013), lake sediments (e.g. Niemann et al., 2012), but
initially in marine sediments (e.g. Weijers et al., 2007b; Bendle et al., 2010). Prior to their
incorporation into marine and lacustrine sediments, they were understood to be eroded from soils and
transported by rivers through upstream lakes. The brGDGT distribution was thus assumed to reflect
the distribution present in watershed soils and to remain unaltered during this process.

Contrasting brGDGT distributions between rivers, lakes and their surrounding soils provided
the first indications for in-situ production of brGDGTs in freshwater aquatic systems (e.g. Tierney and
Russell, 2009). Although the temperature dependence is different from that in soils, the distribution of
aquatic brGDGTs in lakes also varies with prevailing MAAT, and to some extent with depth and pH
(e.g. Tierney et al., 2010; Pearson et al., 2011; Sun et al., 2011; Loomis et al., 2012, 2014a). There is
thus a growing body of evidence supporting in-situ production of brGDGTs in lakes, but the niche of
the source organism has not been constrained. The concentration of lacustrine brGDGTs was shown to
increase below the lake thermocline, pointing towards a preference for environments with low O,
concentration (e.g. Sinninghe Damsté et al., 2009; Buckles et al., 2014a). However, a recent study of

brGDGTs in a temperate lake (Loomis et al., 2014b) found that brGDGTs were produced throughout
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the water column. Further possible mechanisms influencing the brGDGT distributions are shifts in
bacterial community, possibly prompted by a large shift in nutrients or by the transition between river
and lake biomes (Loomis et al., 2014b and references therein). Although in-situ production of
brGDGTs has been described to occur in rivers (e.g. Kim et al., 2012; Zell et al., 2013, 2014; De
Jonge et al., 2014a), a lacustrine in-situ produced distribution may be significantly different from that
of its inflowing river (Tierney and Russell, 2009; Buckles et al., 2014b). As large lakes are often
present in large river drainage basins, lacustrine in-situ production may result in the introduction of
lacustrine brGDGTs in downstream rivers and ultimately in marine sediments. Large lakes in the
drainage basin of river systems may thus have an effect on palaeoclimate brGDGT reconstruction for
river fan marine sediments.

The aim of this study was to investigate the extent to which the brGDGT distribution delivered
by a river can propagate in a large lake and to compare this effect with the brGDGT distribution
exported from the lake by river outflow. Furthermore, we tried to constrain the environmental
parameters that influence lacustrine in-situ production of brGDGTs. Although in-situ production of
brGDGTs in lakes has been extensively documented (e.g. Tierney and Russell, 2009; Loomis et al.,
2011, 2014b; Buckles et al., 2014a), this is the first study to evaluate the delivery and export of
riverine brGDGTs toand from a lake system. Furthermore, the above previous studies are all based on
a dataset of nine brGDGTs, as the analytical procedure used did not allow separating the recently
described 6-Me brGDGTs (De Jonge et al., 2013). The abundance of these novel brGDGTs
wasrecently shown to be high in a Siberian River system (De Jonge et al., 2014a) and to be highly
variable in a set of globally distributed soils (De Jonge et al., 2014b).

This study describes the full suite of fifteen brGDGTs in a major river (Selenga River) that
drains northern Mongolia and southern Siberia before and after its inflow to the world’s largest
freshwater lake (Lake Baikal). We evaluate the brGDGT concentration and distribution in the Selenga
River outflow, where in-situ production and preferential degradation could possibly affect the
lacustrine brGDGT distributions. Furthermore, the distribution exported from the lake was compared
with the brGDGT distribution in both Selenga River and the mountainous Irkut River, to evaluate

whether or not riverine brGDGTs alone could explain the lacustrine brGDGT signature exported.
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2. Geographical setting

The Selenga River originates in the mountainous parts of Mongolia, draining large parts of
Mongolia and southern Siberia (442 000 km*; Fig. 2b). It is the main tributary of Lake Baikal, with a
drainage area 82% of the total drainage area of the lake. It transports 57.8 km’/yr, which accounts for
ca. 50% (Votintsev et al., 1985) of the total water input to the lake. Furthermore, it contributes ca.
80% of the total suspended solids delivered by the tributaries to the lake (Votintsev et al., 1985). The
other tributaries (Fig. 2b) drain the steep, mountainous watershed that borders the lake on the North
and the East. The lake is one of the largest in the world, containing ca. 20% of the Earth’s fresh liquid
surface water (23,000 km?). The lake water is well mixed and aerated. The chemical and biological
parameters of the Selenga River outflow have been studied by Maksimenko et al. (2008) and
Sorokovikova et al. (2012). The mixing zone was described to be biologically very active, fueled by
the riverine NO;” and PO,*". Based on changes in water chemistry and the phyto- and bacterioplankton,
the latter authors concluded that, during the summer months, the mixing zone extends from 1-3 km
downstream off the Selenga River mouth, after which a lake signature dominates. Maksimenko et al.
(2008) studied the microbial communities of the Selenga River outflow and concluded that a fully

lacustrine composition occurs between 5 and 7 km downstream of the river mouth.

3. Material and methods

3.1. Collection of suspended particulate matter (SPM)

Table 1 lists the SPM samples investigated and the locations of the sampling stations are shown
in Fig. 2. In July 2010, 100 1 of Lake Baikal water was sampled from the shoreline at the point where
it drains into the Angara River (Ba), further referred to as ‘Lake Baikal outflow’). Between 10-20 L of
the Selenga River outflow into Lake Baikal (SRM, S1, S3, S5, B1, B3, B5) were sampled later in July
2010 (Fig. 2a). It was sampled at the surface at the river mouth (Harauz tributary; SRM), and surface
and bottom waters were sampled at 1 (S1 and B1), 3 (S3 and B3) and 5 km (S5 and B5) from the river

mouth. The remaining samples were filtered using the same type of 0.7 um GF/F glass fiber filters.
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The bulk parameters of the riverine sites Y1, Y2, MIR and SR (Fig. 2) have been discussed by De

Jonge et al., 2014a and the GDGT contents have been described by De Jonge et al. (submitted).

3.2. Lipid extraction and analysis

The freezedried filters were extracted using a modified Bligh and Dyer method as described by
Pitcher et al. (2009). The samples were ultrasonically extracted 3x for 10 min using a
MeOH/dichloromethane (DCM)/phosphate buffer 10:5:4 (v/v/v). The extract was separated into a core
lipid (CL) fraction and intact polar lipid (IPL) fraction over a small silica column, using a procedure
modified from Pitcher et al. (2009), using hexane/EtOAc (1:1, v/v) and MeOH as eluents. An aliquot
of the IPL fraction was analyzed directly for CLs to check for potential carryover into the IPL fraction.
In order to analyze IPLs as CLs, half of the extract was refluxed for a minimum of 2 hin 1.5 N HCl in
MeOH. However, IPL-derived brGDGTs were often below the limit of detection, indicating that the
amount of IPLs was insufficient for quantification, so we refrain from reporting the IPL brGDGTs
composition of Selenga River and Lake Baikal. All brGDGTs were quantified against a known
amount of C4s GDGT standard (Huguet et al., 2006) added to the CL fraction before filtration through
a 0.45 um PTEFE filter and to the IPL fraction before the separation preceding the acid hydrolysis.

Fractions were analyzed using high performance liquid chromatography-atmospheric pressure
chemical ionization-mass spectrometry (HPLC-APCI-MS), as described by De Jonge et al. (2014a).
Detection was achieved in selected ion monitoring mode (SIM; Schouten et al., 2007) using m/z 744
for the internal standard, m/z 1292 for crenarchaeol and m/z 1050, 1048, 1046, 1036, 1034, 1032,
1022, 1020 and 1018 for brGDGTs. Agilent Chemstation software was used to integrate peak areas in

the mass chromatograms of the [M+H]"ions.

3.3. Calculation of GDGT-based ratios and proxies

The isomer ratio (IR) represents the fractional abundance of the penta- and hexamethylated 6-
methyl (6-Me) brGDGTs vs. the total penta- and hexamethylated brGDGTs (modified after De Jonge
et al., 2014a):

IR = (IIa’,b’,c’+IIIa’,b’,¢’)/(I1a,b,c+11Ia,b,c+Ila’,b’ ,c’+1IlIa’ b’ ,c’) 1
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The roman numerals refer to the GDGTs indicated in Fig. 1. The index includes the non-
cyclopentane containing and the cyclopentane containing components of brGDGTs II, III, II” and III".

The branched and isoprenoid tetraether (BIT) index was calculated according to Hopmans et al.
(2004):

BIT index= (la+Ila+Ila+11a’+1I1a’)/(Ta+a+11a+11a’+111a’+IV) 2

Ia, Ila, IlIa, ITa’ and Illa’ are brGDGTs and IV is the isoprenoid GDGT (iGDGT) crenarchaeol,
a source-specific GDGT for mesophilic Thaumarchaeota (Sinninghe Damsté et al., 2002; Pearson et
al., 2004).

We calculated a reconstructed pH using the modified cyclization of branched tetraecther CBT’

index (De Jonge et al., 2014b):
CBT = "“log[(Ic+11a’ +1Ib’ +1Ic’+111a’+11Ib’ +111c’)/(Ta+11a+111a)). 3

pH=7.15+1.59 x CBT’ 4
Mean summer temperature (MST) is calculated as an approximation for the summer lake water
temperature recorded by aquatic brGDGT distributions. To this end, we applied the calibration

developed by Pearson et al. (2011):

MST (°C) =20.9 + 89.1 x [Ib] — 12 x ([IIa]+ [Ha’]) - 20.5 x [IlIa] 5

Here, we explicitly state that the fractional abundances of Ila and Ila’ have to be summed, as

these brGDGTs co-eluted under the chromatographic conditions used by Pearson et al. (2011).
However, conditions did allow separation of brGDGTs Illa and IIla’, and only the first eluting one
(IITa) was used in the calibration dataset (E. Pearson, personal communication). The square brackets in
Eq. 5 indicate that we used the fractional abundance, i.e. the value relative to the sum of all the

brGDGTs (Ia+Ib+Ic+1la+I1a’+1Ib+IIb’ +IIc+1Ic’ +1Ta+11Ta’ +1ITb+I1Ib’ +1c+IIIc’).

3.4. Environmental parameters and bulk geochemical analysis
The pH and temperature of the river and lake water were measured immediately after sampling,

except for the sample SR, whose parameters were measured after transport. The particulate organic
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carbon (POC) and 8"*Cpoc content of the river and lacustrine SPM samples were measured on the filter

using a Flash 2000 Organic Elemental Analyzer.

3.5. Numerical analysis

Principal component analysis (PCA) based on the correlation matrix was performed using the R
software package for statistical computing. We performed an unconstrained Q-mode PCA on the
standardized relative brGDGT values in SPM from the Selenga River, Lake Baikal and mountainous
Irkut River, using 11 brGDGTs. The brGDGTs Ilc, Illc, IIc’ and IIc’ were excluded from this
analysis, as they were absent from 4 to 7 sample sites. The brGDGT scores were calculated
proportional to the eigenvalues, and the site scores were calculated as the weighted sum of the species
scores. The environmental parameters (point measurement of water pH and temperature) were plotted
a posteriori in the resulting ordination space, in case a significant correlation (p>0.05) with the

principal components (PCs) was present.

4. Results

The brGDGT distribution of the SPM in the Selenga River was determined, before and after its
outflow into Lake Baikal. The river SPM was collected ca. 150 km before its inflow into the lake
(SR). The transect in the outflow comprised 7 sites, the Selenga River Mouth (SRM), the surface
water at 1, 3 and 5 km from the outflow (S1, S3, S5) and the bottom water at 1, 3 and 5 km from the
outflow (B1, B3, B5). A shoreline SPM sample from a site in Lake Baikal (Ba) not directly influenced
by the river, close to the point where the lake water flows into the Angara River, allowed contrasting
the Lake Baikal distribution exported with the Yenisei river system further downstream, before (Y1)
and after (Y2) the contribution of the Angara River. Furthermore, the brGDGT distribution of the
SPM of a mountainous river (i.e. the Irkut River; MIR) was evaluated to constrain the influence that
similar mountainous rivers that drain into the lake may have on the lacustrine brGDGT distribution.
The sites and bulk parameters for the organic matter (OM) in SR, MIR, Y1 and Y2 have been reported
by De Jonge et al. (2014a), while the GDGT concentrations and distributions have been reported

previously by De Jonge et al. (submitted).
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4.1. Environmental and bulk OM parameters

The Selenga River, Lake Baikal and the Mountain River are contrasting waterbodies, as
reflected in both the temperature and bulk POC content, and to a lesser extent in the pH and bulk
8" Cpoc values (Table 1). The inflow of Selenga River into the lake is characterized by a strong
gradient in water temperature (Fig. 3A), decreasing from 25 °C in the river and 22.5 °C at the river
mouth to 11.3 °C at S5. The bottom water is on average 6°C colder than the surface water. The coldest
water in the Selenga outflow system (5.2 °C) was the bottom water at 5 km distance. The Lake Baikal
outflow sample (Ba) had a temperature of 6.7 °C. The pH remained more constant in the outflow
system (Fig. 3B), with a river water pH of 8.4, while the outflow system had a pH that varied around
8.0 pH units. The POC varied between 6.4 and 1.1 mg/l, with the highest values in the river. A clear
downstream trend was observed (Fig. 3C), POC decreasing as the river flows further in Lake Baikal.
The POC content of the bottom water (2.5-1.1 mg/l) was always lower than for the corresponding
surface water, although the difference was most pronounced near the shore. The §'*Cpoc values (Fig.
3D) showed that the lake bottom water to have an increasingly negative value downstream (down to -
29.7 %o) compared with the river SPM (-27.6 %o). Surface water in the outflow system also had more
negative value of 8"3Cpoc than the river, except for the sites 3 and Skm from the river mouth, that had
a comparable value as the river mouth (-28.6 to -28.4 %o). The shoreline lake site had an offset, much
less negative 8'"*Cpoc value (-24.0 %o). The mountainous Irkut River differed from the lowland Selenga
River, as it has the lowest POC content in the (0.1 mg/l), a much lower pH (5.6) and a lower water
temperature (10.8°C). On the other hand, the §'*Cpocvalue of -27.8 %o was comparable to that in the
Selenga River. The Yenisei River before and after the inflow of the Angara River had a neutral pH
(7.5-7.9), a temperature between 11 and 12 °C, and the one measured 8"°Cpoc value (-30.5 %) was

slightly more negative than for both the Selenga River and Lake Baikal systems.

4.2. GDGT amounts and distribution
The amounts and distribution of crenarchaeol and the brGDGTs are listed in Table 2. SPM of

the Selenga River and the river mouth had a low amount of crenarchaeol (0.3-0.5 pg/g POC; Fig. 4B),
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which increased slightly in the outflow surface water (up to 0.5 pg/g POC). SPM of the bottom waters
contained a higher amount of crenarchaeol (0.9-3 pg/g POC), with the highest amount 3 km from the
delta. The lake outflow and the Yenisei River SPM had a low crenarchaeol concentration, between 0.2
and 0.3 pg/g POC. The amount of brGDGTs was highest at the Selenga River Mouth (10-12 pg/g
POC; Fig. 4A), substantially higher than in the river itself (4 ng/g POC), although this was measured
in a different month and can thus not be directly compared. The brGDGT concentration decreased in
the surface water of the outflow system to 0.6 pg/g POC. The mountainous Irkut River had the highest
POC-normalized brGDGT concentration at 15 pg/g POC. The brGDGTs in the bottom water varied
between 2 and 10 pg/g POC, with the highest values 3 km from the Selenga River Mouth. The lake
outflow had the lowest amount of brGDGTs, with 0.1 pg/g POC. The abundance in the Yenisei River
SPM varies between 10 and 21 pg/g POC (De Jonge et al., 2014b).

Typical examples of brGDGT distributions in the SPM are shown in Fig. 5. The distribution in
the Selenga River Mouth (Fig. 5A) was dominated by 6-Me pentamethylated brGDGTs, and relatively
abundant cyclopentane-containing brGDGTs (17%). It was markedly different from that in the lake
outflow (Fig. S5E), which was dominated by 5-Me and 6-Me hexamethylated brGDGTs, and a lower
contribution of cyclopentane-containing brGDGTs (5%). The brGDGTs in the Selenga outflow
seemed to have intermediate distributions (Fig. 5B-D), while the mountain river had a distribution
comparable with that of the lake outflow (Fig. SE-F). The distribution in the Yenisei River samples
(Fig. 5G-H) was dominated by 6-Me brGDGTs, the hexamethylated compounds in particular
dominated.

To study the variance in the brGDGT distribution of the lake and the rivers in its watershed
(Selenga and Irkut), a PCA was performed, based on the fractional abundances of brGDGTs in the
Selenga River, Lake Baikal and the mountainous Irkut River (n = 10). Most brGDGTSs containing two
cyclopentanes, i.e. Ilc, IIc’, Illc and Illc’ were excluded, as they were absent from 4 to7 samples. The
first three PCs accounted for a large part of the variance (almost 90%), being 41%, 25% and 21%,
respectively. The first PC highlighted the correlation of a group of minor brGDGTs with positive
values on PC1 (Ib, Ic, IIb, IIIb, I1a’, 1Ib’, IIIb’) and, to a lesser extent, brGDGT Ia (Fig. 6A). The

brGDGTs Ila and Illa had negative values on PC1. PC2 revealed that brGDGT Illa’, and to a lesser

10
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extent Ila’ and IIb’, showed a negative correlation with Ic, IIb and IIIb (Fig. 6A). BrGDGT Ia had a
positive score on PC3, while IIIb and IIIb’ had a negative score (Fig. 6C). The similarity in the
brGDGT distributions at each site could be evaluated comparing their scores on the first three PCs.
The similar scores for the Selenga River, Selenga River Mouth and the surface water 1 km from the
river mouth, indicated that the brGDGT distributions were similar (Fig. 6B, D). Moving downstream
(S3, S5) the scores on PC1 decreased, and the scores on PC2 and, especially, PC3 increased. The
distribution for S3 (Fig. 5B) indeed showed increased fractional abundances of the 5-Me brGDGTs Ia,
IIa and IIla, at the expense of decreased fractional abundances of 6-Me brGDGTs. This was also
apparent from the IR ratio (Table 2; Fig. 8A) that decreased downstream in the Selenga outflow
surface water. Compared with the overlying surface water, SPM of the bottom water had an increased
score on PC2, reflecting a decrease in brGDGT Illa’, coupled with an increase in brGDGTs Ila and
IITa, that dominated the distributions of B3 and BS5, respectively (Fig. SC, 5D). This resulted in lower
IR values (Table 2; Fig. 8A) of the bottom water vs. the overlying surface water. The brGDGT
distribution in the lake outflow, was most similar to that in the mountainous Irkut River, as reflected in
the similar scores on PC1 and PC3. However, on PC2, the lake outflow sample had more negative
values, caused by a larger fractional abundance of Illa and Illa’ (Fig. 5E).

The point measurement of water temperature had a significant correlation with the PCs (p<0.05)
and were plotted a posteriori in the PCA. The water temperature values had a positive score on PCl,
and a negative one on PC2. The point measurements of water pH showed no significant correlation

with the PCs (p < 0.05).

5. Discussion

5.1. Characteristics of Selenga River outflow

During the sampling period (September 2011), the Selenga outflow system was characterized by
a warmer surface layer that extended to at least 5 km in Lake Baikal. Although a strong thermal bar is
usually present during the start of the summer (Sorokovikova et al., 2012), its stability generally
breaks down later in summer. The temperature profile shows that there was no complete stratification

of the Selenga River outflow water during the sampling, and partial mixing caused the bottom water

11
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temperature to warm, especially near the shoreline (Fig. 3A). The 8"°Cpoc values of the Selenga River
and River Mouth SPM (-27.5 to -28.5%o0) are indicative of a dominant terrigenous signature, probably
derived from soil or terrigenous vegetation (typically -27%o; Michener and Lajtha, 2007). Although
large blooms of phytoplankton were described to be present in the mixing zone of the river inflow
(Sorokovikova et al.; 2012), this apparently has little impact on the §"*Cpoc values in the Selenga
outflow surface SPM (Fig. 3D). This may be due to the similar §°C signature of the lake
phytoplankton and the terrigenous organic matter (OM), as the former varies between -27 and -29.5%c
(Yoshii et al., 1999). Bottom water SPM, however, shows increasingly negative &"°Cpoc values,
possibly reflecting the slightly more negative 8'*Cpoc values of lacustrine phytoplankton, compared to
the Selenga River, as the highest abundance of lake phytoplankton was in the bottom waters at 5 km
distance (Sorokovikova et al., 2012). Alternatively, this may be caused by a shift in the microbial
community (Maksimenko et al., 2008; Sorokovikova et al., 2012), possibly with an increased
contribution of organotrophic bacteria. Increased amounts of such bacteria in the bottom water have
been described, with maximum abundance in the bottom water at 5-10 (Maksimenko et al., 2008) or
14 km from the Selenga River mouth (Sorokovikova et al., 2012). They may thrive on the easily
hydrolysable OM entering the near-bottom layers from decomposition of the spring algae (Votintsev
et al., 1975). The shoreline lake SPM probably does not reflect an open water lacustrine end member.
Here, the POC is substantially more enriched in '°C, but this probably reflects the contribution of a
isotopically enriched OM derived from macrophytes (5'°C between -19 and -5%o; Yoshii, 1999) and
benthic algae (5'°C between -12 and -5%o; Yoshii, 1999), as the SPM was sampled in a shallow

setting.

5.2. Changing GDGT abundance in the Selenga River outflow

As the Selenga River is the main source for SPM in Lake Baikal, its iGDGT and brGDGT
distribution is expected to contribute to the lacustrine GDGT signature. The iGDGT crenarchaeol is
present only in a low abundance in the river water. As it is a tracer for mesophilic Thaumarchaeota
(Sinninghe Damsté et al., 2002), this fits with a reported absence of archaea from the river water

(Maksimenko et al., 2008). The amount of archaea increases in the lake (Maksimenko et al., 2008) and
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the increase is mimicked by a slight increase in the amount of crenarchaeol in the outflow surface
water (Fig. 4B). The downstream trend in the brGDGT concentration in the outflow is different, being
highest in the river mouth, and decreasing in the surface water of the river outflow system (Fig. 4A).
The decrease in brGDGT concentration in an outflow system is similar to studies where brGDGTSs are
traced in river outflows in marine environments (e.g. Hopmans et al., 2004; Zell et al., 2014; De Jonge
et al., submitted). The decrease in POC-normalized concentration of riverine brGDGTs after their
inflow into Lake Baikal can be a result of dilution in the lacustrine environment due to in-situ
produced OM, or to degradation in the active biological system of the river outflow (Maksimenko et
al., 2008; Sorokovikova et al., 2012). However, the brGDGT concentration in the bottom water 3 and
5 km from the river mouth, exceeds the surface water concentration. At 3 km from the outflow, the
crenarchaeol concentration in the bottom water also exceeds the concentration in the surface water,
(i.e. a fivefold increase).

As no significant decrease in POC concentration was observed at B3 and B5 (Fig. 3C), we infer
that the increase in GDGTs at these sites is not an artifact of the normalization to POC. Although they
are produced by different source organisms, both crenarchaeol and brGDGTs have been described to
be produced in-situ in the lacustrine environment. Crenarchaeol was shown to be an abundant
compound in the marine environment (Sinninghe Damsté et al., 2002), but also in most medium-sized
and large lakes studied (Blaga et al., 2009), as it is produced by marine and freshwater
Thaumarchaeota (e.g. Sinninghe Damsté et al., 2002, Pearson et al., 2004). These NHs oxidizing
Archaea have a preferred niche in the oxycline/thermocline and nitrocline of the water column of lakes
(e.g. Pouliot et al., 2009; Llirds et al., 2010; Auguet et al., 2011; Blaga et al., 2011; Schouten et al.,
2012; Woltering et al., 2012; Buckles et al., 2013), where they can outcompete NHs-oxidizing
bacteria. The presence of an increased supply of decomposed algal matter in near-bottom water layers,
resulting in increased NH3 concentration (e.g. Jewell and McCarty, 1971), can possibly fuel the
crenarchaeol production in these deeper layers. Also in-situ production of brGDGTs has been
observed in lacustrine environments, based on shifts in the distribution and increased abundance (e.g.
Tierney and Russell, 2009). BrGDGT producers in soils are believed to be heterotrophic bacteria (e.g.

Pancost and Sinninghe Damsté, 2003; Weijers et al., 2010). Thus, the in-situ production at these sites
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can possibly be linked to enhanced heterotrophic activity in the bottom water. Indeed, the amount of
organotrophic bacteria was shown to be slightly increased in the bottom water at 5-10 km from the
Selenga River Mouth (Maksimenko et al., 2008).

To trace the transport of bacterial OM (soil-derived and/or river-derived) in the marine system,
the BIT index was developed (Hopmans et al., 2004), expressed as the abundance of the non-
cyclopentane containing brGDGTs, relative to the abundance of crenarchaeol. In the Selenga outflow,
the concentration of brGDGTs is the dominant driver for the changing BIT index (Fig. 4C), as it
correlates with the amount of brGDGTs (1* = 0.63). The index decreases with increasing distance from
the river mouth. The decrease is to be expected, and has been observed in front of several river
outflows in the marine system (e.g. Hopmans et al., 2004; Zell et al., 2014; De Jonge et al., submitted).
The slightly increased values in the bottom water reflect the increased amount of brGDGTs there
compared with the surface outflow water. The value for the lake outflow (0.22), is lower than reported
values for sediment cores from the lake, where Holocene values vary between 0.3 and 0.6 (Fietz et al.,
2011), although the difference can still be related to interlaboratory differences that can influence the
values obtained (Schouten et al., 2009, 2013). Overall, the brGDGT abundance decreases significantly
in the river outflow, while the crenarchaeol abundance remains stable. However, in-situ production of
both crenarchaeol and brGDGTs within the bottom water is likely. Based on the distance from the
river mouth, the increase is possibly fueled by increased degradation of phytoplankton material in the

bottom water (Maksimenko et al., 2008; Sorokovikova et al., 2012).

5.3. Changing brGDGT distributions in the outflow of Selenga River and Lake Baikal

The distribution in the Selenga River and the River Mouth is distinctly different from the
shoreline lake SPM that is presumably transported further downstream to the Yenisei River (Fig. SA,
F). Downstream changes in the fractional abundance of all 15 brGDGTs can be seen in the
distributions (e.g. Fig. 5A-E) and the PCA based on the fractional abundances (Fig. 6). To evaluate
whether the downstream changes are due exclusively to linear mixing between a riverine (SRM) and
lacustrine (Ba) endmember, we plotted the data in a triplot based on the fractional abundance of three

major brGDGTs (Fig. 7). It captures the majority of the variance, as the three brGDGTs have high
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scores on the first three PCs (brGDGTs Illa, IIla’ and Ia, respectively). In the case that linear mixing is
the only mechanism causing the shift in brGDGT distribution in the Yenisei outflow, and if the two
endmembers (lacustrine, riverine) are well represented by the Ba and SRM samples, distributions that
result from conservative mixing of these endmembers alone should fall on the thick black line in Fig.
7. However, both surface and bottom water SPM along the Selenga outflow transect do not fall on this
mixing line. Compared with the Selenga River Mouth, the surface outflow water shows a stepwise
increase in the fractional abundance of IIla, and a decrease for Ia and IIIa’. Bottom water SPM also
shows an increase in Illa (in B1, but especially B3 and B5) and a decrease in Ia and Illa’. The increase
in Ia correlates well with a decrease in Ib, ITa’ and IIb’ (r* = 0.57, 0.90 and 0.96, respectively).
Possible explanations for the offset from the linear mixing line are preferential degradation of a
brGDGT pool that was enriched in the Ia, Ib, IIa’, IIb’ and IIIa’, or the in-situ production of IIla in the
outflow. Although the brGDGT distribution in the river reflects a mixture dominated by in-situ
produced brGDGTs, a small contribution from soil-derived brGDGTs could be present. As the riverine
OM will be more easily degraded (e.g. Blair and Aller, 2012), a soil-derived brGDGT sub-pool could
become more dominant during degradation of the OM delivered by the river. However, especially in
the bottom water, in-situ production of brGDGTs is probable, based on the increased brGDGT
concentration. In-situ production of brGDGTs in lacustrine systems has been described in several
studies, both for the lake water column or sediments. Unfortunately, these studies do not allow
discussing changes in the abundance of 5- and 6-Me brGDGTs separately, although the relative
abundance of the 6-Me brGDGTs, expressed as the isomer ratio (IR, Eq. 1; Fig. 8A) shows strong
changes downstream. The contrasting behavior of the 5- and 6-Me brGDGTs is also reflected in their
dissimilar scores in the PCA (Fig. 6A, C) and ideally they should therefore be studied separately when
discussing aquatic brGDGT distributions.

Loomis et al. (2014) have shown that cyclopentane-containing brGDGTs and penta- and
hexamethylated brGDGTs can be produced in the water column of a temperate lake, both in the
surface water and bottom water. A study (Buckles et al., 2014a) of the partially anoxic Lake Challa
showed that penta- and hexamethylated brGDGTSs were produced in the oxic part of the water column,

but mainly in the suboxic part, and found some evidence suggesting their production in sediments.
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Furthermore, the authors showed that in-situ production of IIla (and/or IIla’) and IIb (and/or IIb’)
occurred in the Loch Lomond (Scotland), although they could not pinpoint whether the production
was localized in the sediments or in the water column. Indications were also found for in-situ
production of penta- and hexamethylated brGDGTs in the suboxic sediments of Sand Pond (USA;
Tierney et al., 2012). Overall, previous studies agree on the production of highly methylated and
cyclopentane-containing brGDGTs by brGDGT producing bacteria occupying a variety of niches
within the lacustrine environment. This is in line with the postulated in-situ production of Illa in the
Selenga Outflow. As Ilc, IIc’, Illc and IlIc’ were below detection limit in 4-7 samples, an increase in
their fractional abundance could not be established.

We have shown that the distribution in the Selenga River outflow cannot be explained solely by
mixing of a riverine end member and a lacustrine endmember. However, the source of the brGDGT
distribution in the lacustrine endmember (Ba) still remains to be constrained. Besides being in-situ
produced, a second possible source for the brGDGT distribution in Lake Baikal is brGDGTs delivered
by other rivers that account up to 50% of its water volume, and up to 20% of the total suspended solids
(Votintsev et al., 1985). Although we did not sample the SPM from such rivers within the watershed,
we sampled the brGDGTSs in the headwater of Irkut River, a mountainous river in a nearby and similar
location (Fig. 2), for which we postulate that it should approach the brGDGT distribution in the
northern and eastern rivers of the watershed of the lake and in the headwaters of Selenga River. The
distribution in the SPM of this mountainous river and that of the lacustrine endmember are rather
similar (Fig. SE, F), as confirmed by their similar scores on PC1 and PC3 (Fig. 6B, D). Although
linear mixing (Fig. 7, dotted line) between the distributions in the mountain river and the Selenga
River, approaches the lacustrine distribution, a small decrease in the fractional abundance of Ia and
Illa, or an increase in Ila’, 1Ib’ and Illa’ is needed to explain the distribution in the lake.
Unfortunately, it is impossible to determine whether preferential degradation or in-situ production of
brGDGTs is the more probable explanation.

Another issue is how the lake water affects the brGDGT composition of downstream Yenisei
river water. The distribution in the latter (Figs. 5G-H; Fig. 7) is distinctly different from that of the

lake outflow (Fig. S5E; Fig. 7) with a much larger fractional abundance of 6-Me brGDGTs. This
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dominance becomes even more evident after the inflow of the Angara River, that drains lake water
into the Yenisei River. The signature of the latter (Figs. 5G-H; Fig. 7) is more similar to that of the
Selenga River (Fig. 5A; Fig. 7). This indicates that riverine in-situ production of brGDGTs, a process
reported to be dominant for brGDGT distribution in the whole Yenisei River (De Jonge et al., 2014b),
already operates in the Angara River. This is confirmed by the two orders of magnitude higher
concentration of brGDGTs in the Yenisei River SPM than in the lake. As the lacustrine brGDGT
distribution is not present in downstream SPM, we postulate that brGDGTs sourced from the
watershed of the lake, including the Selenga River watershed, should not contribute significantly to

the brGDGT distribution transported by the Yenisei River and delivered to the marine system.

5.4. Environmental controls on brGDGT distributions in the Selenga River outflow

The lacustrine sedimentary brGDGT distribution of lakes covering a latitudinal or altitudinal
range responds to overlying air temperature (e.g. Tierney et al., 2010; Sun et al., 2011; Pearson et al.,
2011; Loomis et al., 2012) and to seasonal changes in water temperature (e.g. Loomis et al., 2014a).
Similar to the soil calibrations, these authors found an increase in Ia in warmer lake settings, and a
decrease of penta- and hexamethylated brGDGTs. Furthermore, some authors found evidence that pH
has an influence on the brGDGT distributions (Tierney et al., 2010; Loomis et al., 2014a; Schoon et
al., 2013), while others found no indication of this (Pearson et al., 2011; Loomis et al., 2014b).

The measured environmental parameters (point measurements of pH and water temperature)
have been plotted a posteriori in the ordination space (Fig. 6A), in the case of significant correlation (p
< 0.05) with the PC. The value of this vector in the ordination space is based on the correlations
between the values of the environmental parameters at the sites, with the site scores on the PCs and
thus revealing their relationship with individual brGDGTs. Their direction indicates for which samples
their values are increased, and with which brGDGT correlations are present. The measured water
temperature values correlated significantly with the site scores on the first two PCs (p < 0.02). The
increase in fractional abundance of Ila and IIla in the Selenga outflow results in a negative correlation
with the measured water temperature as the temperature decreases strongly in the Selenga River

outflow (* = 0.34 and 0.64, respectively). The measured water temperature follows a positive
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correlation with the fractional abundance of Ila’ and IIb’ (* = 0.75 and 0.59, respectively). The
measured pH values do not correlate significantly with the main trends in the brGDGT distribution.

As the change in brGDGT distribution seems to be related to water temperature, we evaluate the
performance of a MST calibration based on the fractional abundance of lacustrine brGDGTs (Pearson
et al., 2011; Eq. 6). However, to date, no lake calibration has been based on the extended dataset of 15
brGDGTs. Although this calibration excluded IIla’ (E. Pearson, personal communication), it included
the pentamethylated 6-Me brGDGTs, that vary strongly in the Selenga River outflow. The
reconstructed MST for the outflow surface water varies between 18 and 20 °C (Fig. 8B). The bottom
water values, except for sample B3 (17-19 °C; Fig. 8B), reflect the same temperature as the surface
values, within the RSME of the calibration (2 °C; Pearson et al., 2011). As the absolute water
temperature decreases from 25 to 12 °C (Fig. 3A), the reconstructed temperature values only give a
muted response to this large decrease in temperature. The muted response to the temperature shift
measured in-situ is a phenomenon also recognized by Loomis et al. (2014a). Although major shifts in
the fractional abundance of the penta- and hexamethylated brGDGTs occur in the Selenga outflow,
this is thus not reflected in the reconstructed temperature. This is caused by the combination of 5- and
6-Me pentamethylated brGDGTs. The Pearson et al. (2011) calibration is based on the air MST, that
varies between 10.6 and 15.4 °C in the Lake Baikal watershed, based on 5 climate stations (De Jonge
et al., 2014a). In this respect, the reconstructed MST overestimates the MST measured in the
watershed.

Although the brGDGT distribution at B3 is generally comparable with that in the other river
outflow samples, it results in a substantially lower reconstructed temperature (15 °C; decrease of 4
°C), because of the larger fractional abundance of Ila. This decrease in reconstructed temperature is
not related to a decrease in water temperature (Fig. 3A). As strong shifts in the abundance of nutrients
have shown to cause shifts in brGDGT distributions that are probably related to shifts in the microbial
community (Loomis et al., 2014a), the low reconstructed temperature values can be due to the
presence of a distinct brGDGT producing bacterial community associated with an increased amount of

phytoplankton-derived detritus.
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We also tested the performance of the most recent soil pH calibration (De Jonge et al., 2014b) in
this aquatic setting. To this end, a pH reconstruction was performed using the CBT’, a ratio based on a
dataset where all 15 brGDGTs were quantified separately. The reconstructed pH (Egs. 3 and 4) has
absolute values (7-7.5) that only slightly underestimate the pH measured in the river and lake water
(7.9-8.9), especially when taking the residual error of 0.5 pH units into account. The reconstructed pH
shows a slight decrease in the Selenga outflow surface water, that is an intensified response compared
with the measured values. In the outflow system, sample B3, with a reconstructed pH of 6.5 has the
largest offset with the measured pH (7.9). The brGDGT signature at the site, which is most probably
influenced by an in-situ produced brGDGTs, thus fails to reconstruct the in-situ measured pH.
Furthermore, although the mountainous Irkut River has a lower pH than the lake, the brGDGT
distributions are fairly similar. Overall, this environmental dataset indicates a limited influence of pH
on the aquatic brGDGT distributions, as all reconstructed pH values vary around 7-7.5, and do not

correlate with the measured values.

6. Conclusions

We have traced the Selenga River brGDGT signature during its outflow into Lake Baikal and
compared the brGDGT signature with the outflow from Lake Baikal and the brGDGT distribution in
the Yenisei River SPM. The signature for the Selenga River is characterized by a dominance of 6-Me
brGDGTs Ila” and IIIa’ (Selenga River endmember). Although the Selenga River delivers the largest
part of the suspended matter to Lake Baikal, the brGDGT distribution delivered by it is drastically
different from the lacustrine brGDGT distribution, that shows an increased amount of brGDGT Ila and
IlTa (lacustrine endmember). As linear mixing of these two endmembers can not explain the shifts in
the Selenga Outflow brGDGT distribution, we postulate that in-situ production of brGDGTs or
preferential degradation takes place in the Selenga outflow. The presence of active archeael/bacterial
communities in dynamic river outflow systems in lakes can thus possibly influence the brGDGT
distribution encountered in lake sediments, especially as the extent of these outflow systems changes
within and in between years. The brGDGT distribution of the lacustrine endmember can be produced

in-situ in the lake, or can be caused by a contribution from brGDGTs derived from mountainous rivers
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in the Selenga watershed, that is dominated by non-cyclopentane containing penta- and
hexamethylated brGDGTSs (mountain river endmember).

Furthermore, the brGDGT distribution in the Yenisei River, both before and after the inflow of
the Angara River that drains Lake Baikal, was studied. This distribution was found to be dissimilar to
the lacustrine endmember, indicating only a limited contribution from the lacustrine brGDGTs to the
Yenisei River distribution. The dominance of 6-Me brGDGTS, similar to the brGDGT distribution
encountered in the Selenga River, indicated that the lacustrine brGDGT signature is overwritten by in-
situ produced riverine brGDGTs (De Jonge et al., 2014a; submitted). The watershed of Lake Baikal
thus does not contribute significantly to the brGDGT pool transported by the Yenisei River. Large
lakes are a common feature in river watersheds globally and this study indicates that their presence can
result in the absence of brGDGTs sourced in areas upstream of these lakes. This has to be taken into
account when interpreting palaeoclimate reconstructions based on brGDGTs from river fan sediments.
This study therefore has several implications for the use of lipid-based palaeoclimate proxies, both in

lacustrine and marine sediments.
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716  Tables
717 Table 1
718 Sampling station data (n.d., not determined; n.a., not available).

Site Latitude Longitude Depth bsl  Distance SRM  Sampling Measured Measured POC 813?2%8
(°N) (°E) (m)* (km)® date pH temp (°C) (mg/1) G 1

SR® 51.72833 107.4628 0.5 -150 06-07-2010 8.4 25.0 6.4 2782
SRM 5227318 106.2547 0.5 0 20-07-2010 8.1 225 5.9 2%2
S1 5227852 106.2444 0.5 1 20-07-2010 8.1 15.0 5.1 2885
S3 52.29025 106.2226 0.5 3 22-07-2010 8.1 13.0 2.0 -2%6
S5 5230313 106.1998 0.5 5 28-07-2010 8.0 113 1.5 -23/@%
Bl 52.27852 106.2444 6 1 20-07-2010 7.9 9.3 2.5 2929
B3 5229025 106.2226 17 3 20-07-2010 7.9 6.6 1.1 2%(1)
B5 52.30313 106.1998 25 5 28-07-2010 8.0 52 13 2932
Ba 51.89194 104.8233 0.5 105 01-07-2010 8.8 6.7 1.3 2%%2
MIR: 51.94533 100.78839 0.5 na. 11-07-2010 5.6 10.8 0.1 2785
YIe 58.00992 93.11680 2.0 n.a. 25-8-2009 n.d. 12.0 0.03 b.%gg
Y2¢ 58.13147 92.75405 3.0 1500 29-9-2009 n.d. 11.0 0.09 -3G.38
739

740

741  *Below surface water level; ® estimated downstream distance relative to Selenga River mouth, so upstream samples thus have negative values,® samples

742 reported by De Jonge et al., 2014b and De Jonge et al., submitted.
743

744
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745
746
747

757

758

Table 2

Fractional abundance (% of total) and concentrations of CL. brGDGTs and crenarchaeol in SPM of Selenga River and its outflow into Lake

Baikal, in the Mountainous Irkut River and in the Yenisei River (b.d.1., below detection limit).

748

Site Fractional abundance (%) BrGDGTs Crenarchaeol IR BIT pH*
la b I IIb Ma Hb Illc IHa Ib I’ Ia’ Ib I’ (ug/g POC)  (ug/g POC) O
SRP 12 5 1 068 4 75 8 04 bdl 24 7 04 24 1 bdl 4 0.2 068 093 75 73f
SRM 13 5 1 071 3 75 7 03 01 25 8 03 23 1 03 12 04 071 096 75 20
S1 14 5 1 070 3 75 8 04 005 25 7 03 21 1 03 10 0.4 070 096 75 749
S3 17 7 1 05 5 71 12 bdl bdl 18 6 bdl 19 b.dl bdl 1 0.4 056 071 7.1 20
S5 18 5 bdl 052 4 70 16 bdl bdl 17 5 bdl 17 bdl bdl 0.6 0.6 052 045 70 732
Bl 14 6 1 056 4 72 12 05 bdl 20 6 03 18 1 bdl 6 0.9 056 0.84 72 19
B3 16 4 1 043 3 65 23 04 bdl 11 3 bdl 11 1 bdl 10 2.7 043 077 65 733
B5 12 5 2 045 6 69 23 1 03 11 4 04 17 1 1 2 0.8 045 063 69 17
Ba 10 2 bdl 044 2 70 26 bdl bdl 10 1 bdl 32 bdl bdl 0.1 0.2 044 022 70 754
MIR® 11 2 04 051 2 69 24 03 bdl 15 2 03 20 1 bdl 15 0.1 051 099 69 13
Y1t 4 3 1 071 2 15 04 01 18 3 bdl 36 1 0.1 10 03 071 097 75 138
Y20 9 3 04 08 2 79 04 01 19 7 02 42 2 04 21 0.2 080 099 79 19
7190

areconstructed pH and MST; °reported by De Jonge et al., 2014b and De Jonge et al., submitted.
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Figure captions
Fig. 1. Chemical structures of branched GDGTs (I-I1I) and crenarchaeol (IV). The chemical structures of the

hexa- and pentamethylated brGDGTs with cyclopentyl moiety(ies) IIb', IIc', IIIb' and Illc' are tentatively assigned.

Fig. 2. Map of the Southern part of Lake Baikal, with the sample sites indicated. Insert a shows the distribution of
the SPM samples collected in the Selenga River outflow. Insert b shows, i) the extent of the watershed of Lake

Baikal, where all rivers that drain into Lake Baikal are indicated in orange and ii) the Southern part of the Yenisei
River watershed, where all rivers that drains into the Yenisei River (and the Yenisei River itsself) are indicated in

blue.

Fig. 3. Figure plotting the environmental variables of Lake Baikal and its inflowing rivers; measured water
temperature (°C, A), measured water pH (B), measured concentration of POC (pg/l, C) and the stable carbon
isotopic value of the bulk OM, 8*Cpoc (%o, D). The shaded areas indicate riverine samples, where orange denotes
the Selenga River, and grey denotes the Irkut River. Surface water is indicated by round symbols, bottom water is
indicated with triangles. Please note that the x-axis, where the distance to the Selenga River Mouth is plotted is
broken, as to allow the Selenga River, the Lake Baikal sample and the Mountain River to be plotted on the same

axis. Selenga outflow samples, collected in the same sampling campaign, are connected.

Fig. 4. The concentration of CL brGDGTs (ug/g POC, A) and crenarchaeol (ug/g POC, B) and the BIT-index
values (C), in Lake Baikal and its inflowing rivers. The shaded areas indicate riverine samples, where orange
denotes the Selenga River, and grey denotes the Irkut River. Surface water is indicated by round symbols, bottom
water is indicated with triangles. Please note that the x-axis, where the distance to the Selenga River Mouth is
plotted is broken, as to allow the Selenga River, the Lake Baikal sample and the mountainous Irkut River to be

plotted on the same axis. Selenga outflow samples, collected in the same sampling campaign, are connected.

Fig. 5. The fractional abundance (FA), expressed as the percentage of the total of the 15 brGDGT compounds, of
the CL (A-F) fraction of selected samples: Selenga River Mouth (SRM, A), the surface water at 3 km distance
from the outflow (S3, B), the bottom water at 3 km from the outflow (B3, C), the bottom water at 5 km from the
outflow (BS5, D), the shoreline Lake Baikal setting (Ba, E), the Mountainous Irkut River (IR, F), the Yenisei River
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before (Y1, G) and after the Angara River inflow (Y2, H). The color of the bars refers to the structure of the

brGDGTs, and is referred to in the legend.

Fig. 6. PCA based on the standardized fractional abundances of the Lake Baikal brGDGTs and the inflowing
Selenga and Irkut Rivers. Panel A and B plot principal component 1 (PC1) against PC2, panel C and D plots PC1
against PC3. The scores of the brGDGT compounds are indicated in panel A and C, and the scores of the sites are
plotted in panels B and D. Surface waters are indicated with round symbols and connected with the corresponding
bottom waters (triangular symbol) with a grey line. The correlation of the measured water temperature (Temp)

with the PCs is plotted a posteriori in the ordination space (panel B), indicated with a dotted line.

Fig. 7. Truncated triplot, based on the fractional abundances of the brGDGTs Ia, Illa and IIla'. The sum of the
fractional abundances amounts up to 100%. The round symbols indicate surface water of Lake Baikal and
inflowing rivers. The triangles indicate Lake Baikal bottom waters, while the diamonds indicate the brGDGT
distribution in the Yenisei River. The full black line covers brGDGT distributions that can be explained by linear
mixing between the Selenga River Mouth (SRM) distribution and the Baikal outflow (Ba) distributions. The
dotted line covers brGDGT distributions that can be explained by linear mixing between the Selenga River Mouth

(SRM) distribution and the mountainous Irkut River (MIR) distributions.

Fig. 8. The isomer ratio IR [Eq. 1] (A), the reconstructed MST [Eq. 5] (B) and the reconstructed pH [Eq. 3 and 4]
(C) are plotted. The shaded areas indicate riverine samples, where orange denotes the Selenga River, and grey
denotes the mountainous Irkut River. Surface water is indicated by round symbols, bottom water is indicated with
triangles. Please note that athe x-axis, where the distance to the Selenga River Mouth is plotted is broken, as to
allow the Selenga River, the Lake Baikal sample and the Mountain River to be plotted on the same axis. Selenga

outflow samples, collected in the same sampling campaign, are connected.
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