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Abstract. The Nam Co Drilling Project (NamCore) is a multinational and interdisciplinary research initia-
tive designed to understand long-term climatic variability and associated environmental change on the Tibetan
Plateau. The project primarily targets the timing and magnitude of Indian/East Asian monsoon variability and
its interplay with the Westerlies. Thereby, the glacial–interglacial history and dynamics at high altitude; the im-
pact of geological and environmental changes on (micro-)biological processes; the evolution and resilience of
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high-altitude ecosystems, including the deep biosphere; and geomagnetic variations during the Quaternary are
of special interest.

For in-depth investigations regarding the outlined research purposes, the (mostly) calcareous sediments of
Nam Co, one of the largest and deepest lakes on the Tibetan Plateau, were targeted within the framework of
the International Continental Scientific Drilling Program (ICDP) and cored in May–July 2024 (ICDP Expedi-
tion 5073). Altogether, 1415.45 m was drilled and 1175.99 m cored, with 950.77 m of sediment recovered (core
recovery of 80.8 %) from seven holes at one site (5073_1) situated at a water depth of ∼ 93 m, reaching a max-
imum depth of 510.2 m below the lake floor. Initial results from core descriptions and preliminary core catcher
analyses suggest that the sediments of Nam Co reflect the evolution of a dynamic high-altitude lake system
over multiple glacial–interglacial cycles. Four major lithologies are observed in the drill cores (calcareous mud,
non-calcareous mud, calcareous mud with ferric staining and sand) and grouped into five major lithological units
based on their physicochemical characteristics obtained from core catcher material. Micropaleontological results
from core catcher material reveal a general absence of diatoms, due to unsuitable growing and/or preservation
conditions, while ostracods abundances, preservation, and species composition vary, which might be linked to
environmental changes and/or changing preservation conditions. Shifts in n-alkane chain length might be at-
tributable to lake-level variations and/or glacial–interglacial cycles.

1 Introduction and scientific objectives

The Tibetan Plateau, with its surrounding mountain ranges
of the Hindu Kush, Karakoram, and Himalayas, is consid-
ered to be the Third Pole because its high-alpine ice fields
store the largest volume of ice outside of the polar regions
(United Nations Environment Programme, 2022). These ice
reservoirs and large alpine lakes contribute to the idea of the
Tibetan Plateau acting as an “Asian Water Tower” that feeds
major Asian river systems, e.g. the Brahmaputra, Mekong,
Yangtze, Yellow, Indus, and Ganges rivers. These river sys-
tems supply freshwater to almost two billion people down-
stream (Yao et al., 2022). This freshwater supply is closely
linked to the hydroclimate changes of the Asian Water Tower,
which is mainly modulated by large-scale atmospheric cir-
culation systems, such as the Indian and East Asian Mon-
soons and the Westerly Jet circulation (Fig. 1). The inter-
play between the Indian Summer Monsoon and the Wester-
lies affects the spatial and temporal distribution of precipita-
tion across the Tibetan Plateau and Southeast Asia (Kasper
et al., 2015, 2021; Yao et al., 2013). However, the underly-
ing forcing of longer-term monsoon variability remains un-
der debate because of the variable influence of precession
(e.g. speleothem and loess records; Guo et al., 2022) and ec-
centricity and obliquity (e.g. marine records; Clemens et al.,
2016) on insolation-induced land–sea temperature contrasts.
Tibetan Plateau climate is additionally affected by the im-
pacts of climate boundary conditions, e.g. ice sheet volume
and extent, greenhouse gas concentration, vegetation struc-
ture and coverage, changes in Atlantic Meridional Overturn-
ing Circulation (AMOC), on atmospheric circulation patterns
and moisture transport (Chen et al., 2021; Stevens et al.,
2018). In order to improve future climate change predictions,
it is essential to understand the timing, duration, and inten-
sity of past climatic variability in this sensitive high-altitude

setting, where records covering long geological timescales
are scarce. The isolated high-altitude setting of the Tibetan
Plateau, a result of tectonic uplift that started 65–60 Myr ago
(Ding et al., 2022), has led to unique terrestrial, aquatic, and
subsurface ecosystems that are characterized by a large num-
ber of endemic species (e.g. von Oheimb et al., 2011). The
Tibetan Plateau acted as both a source (centre of origin) and
a sink (centre of accumulation) for numerous species, with
a high net diversification between 2 Ma and 150 ka (Mos-
brugger et al., 2018). Understanding the tectonic and climatic
controls on the Tibetan Plateau and their link to species and
functional diversity, as well as the evolution of these high-
altitude, isolated ecosystems, will help unravel factors con-
trolling the resilience of life in extreme environments, includ-
ing over past glacial–interglacial cycles. In particular, long
lake sediment records offer the unique opportunity to target
sub-surface biodiversity in high-altitude, deeply buried sed-
iments, an extreme environmental setting that has not been
studied before in large-scale drilling projects (Ariztegui et
al., 2015). The activity and diversity of the sub-surface bio-
sphere are likely to be shaped by reciprocal interactions with
climate-driven changes in carbon cycling, nutrient availabil-
ity, redox conditions, and salinity variations. Understand-
ing sub-surface microbial activity is thus essential as these
feedbacks impact sediment composition through dissolution,
alteration, and precipitation of minerals (Ariztegui et al.,
2015).

To address these issues, the ICDP Nam Co Drilling Project
(NamCore) targeted Nam Co (“Co” means lake in Tibetan)
as one of the best-investigated, largest, and deepest lakes on
the Tibetan Plateau. Nam Co was identified as a promis-
ing sediment archive that could yield one of the longest and
most continuous sedimentary records from the high-altitude
region, likely spanning the last 1 million years of Earth’s his-
tory (Haberzettl et al., 2019). The Quaternary sedimentary
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Figure 1. (a) Location of Nam Co on the Tibetan Plateau, including major atmospheric circulation systems. (b) Catchment and bathymetry
of Nam Co, including major inflows (blue lines). The drill site 5073_1 (white dot) was located in the central part of Nam Co. To shorten
transfer time to the drill site, a camp was constructed on the northern shoreline. (c) Barge on Nam Co. (d) The distance between the individual
holes. Note that hole A has a larger distance to the other holes due to anchoring issues.

record in Nam Co provides the basis for addressing the fol-
lowing key scientific objectives:

i. long-term climate variability on the Tibetan Plateau and
its relation to hemispheric and global atmospheric cir-
culation patterns, including the timing and magnitude
of Indian Summer Monsoon variability and its interplay
with the Westerlies;

ii. the influence of orbital parameters, i.e. precession, ec-
centricity, or obliquity, on the Quaternary climate on the
Tibetan Plateau;

iii. glacial history and dynamics on the Tibetan Plateau us-
ing a comparison of sediment core to seismic data and
lake sediment proxies that reflect glacier growth and de-
cay over glacial–interglacial timescales;

iv. impact of geological and environmental changes on
(micro-)biological processes and evolution and re-
silience of high-altitude ecosystems under glacial–
interglacial climate variations;

v. sub-surface deep biosphere at high altitudes, assessed
qualitatively or quantitatively through the study of
microbial-community diversity and rates of elemental
cycling, including how microbial communities exploit
tectonically formed habitats such as geogenic or fault-
derived fluids and solutes to fuel their metabolism;

vi. geomagnetic changes and Earth’s paleomagnetic field
before the Holocene, capturing rates of change and the
dynamic features of secular variation, as well as testing
the importance of the Siberian flux lobe in relation to
reconstructions of the global dipole moment;

vii. tectonic history and evolution of faulting to explore the
timing of basin deformation and to validate models of
source-to-sink geomorphology.

The sub-surface biosphere and how it may transform the sed-
iments was addressed in Thomas et al. (2024). Moreover,
we initially reported on the successful drilling campaign in
Henderson et al. (2024), while the extensive drilling prepara-
tions, the drilling campaign, the core opening, and the sam-
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pling parties were reported in detail in the operational re-
port (Adolph et al., 2025). Therefore, in this contribution,
we will only give a short overview of the drilling campaign,
core opening, and sampling parties. We will show initial re-
sults, including the lithostratigraphic framework, which has
been obtained from sediment core inspection and was corrob-
orated by sedimentological, geochemical, and micropaleon-
tological multi-proxy analyses on core catcher material. Ad-
ditionally, we will provide a scientific outlook on the project.

2 Study site

Nam Co is a high-altitude lake (4718 m a.s.l.) situated
in the central part of the Tibetan Plateau (90.690444° N,
30.746639° E, Fig. 1). The basin has a complex tectonic his-
tory and is located in the Paleozoic–Mesozoic “Lhasa block”,
between the Yarlung and Bangong sutures to the south and
north (Pullen et al., 2008). The collision of the Indian Plate
with the Eurasian Tectonic Plate has driven the uplift of
the Tibetan Plateau since the Eocene (e.g. Aitchison et al.,
2007; Gibbons et al., 2015). Although the timing and pace
of construction of the continental Tibetan Plateau over the
last 50 Myr remain debated (e.g. Ai et al., 2019; Ding et
al., 2014; Xu et al., 2018), geological evidence suggests that
Nam Co has been close to its present elevation since the late
Miocene (12–10 Ma; Kapp et al., 2005). During the colli-
sion, the Gangdese volcanic arc, to which the Nyainqêntan-
glha Mountains belong (S and SW of Nam Co; Fig. 1), was
exhumed. This mountain range was formed during the Cre-
taceous as a result of an Andean-type subduction (Ding et
al., 2014). Subsequent uplift associated with normal faulting
along the Gulu–Yanbaijin graben (Armijo et al., 1986) iso-
lated the Nam Co catchment from the Yarlung–Brahmaputra
drainage system. At present, the Nam Co catchment is one of
the largest endorheic basins of the Tibetan Plateau (Wang et
al., 2022).

The Nam Co basin is surrounded by several active faults,
such as the Beng Co right-lateral strike–slip fault to the north,
the left-lateral transtensional Damxung–Yanbajin fault sys-
tem to the southeast, and normal faults in the Gulu graben to
the east (Armijo et al., 1989; Chevalier et al., 2020; Taylor
and Yin, 2009). These faults are responsible for some ma-
jor regional earthquakes (Mw 7–8) across the past century,
e.g. the 1951 Beng Co earthquake (Mw 7.7) and the 1952
(Mw 7.4) and 2008 (Mw 6.3) Damxung earthquakes (e.g.
Armijo et al., 1989; Li et al., 2022; Wu et al., 2011).

The bathymetry of modern Nam Co is characterized by
two sub-basins: a larger, central basin with a maximum wa-
ter depth of ca. 99 m, on which the drilling activities were
focused, and a smaller, shallower basin with a water depth of
about 60 m in the northeast (Wang et al., 2009; Fig. 1). Nam
Co covered an area of 2017 km2 in 2022 (Zhu et al., 2025),
while the catchment area comprised a total of 10 680 km2

(Zhou et al., 2013). The drainage area includes more than

60 creeks, most of them originating from the Nyainqêntan-
glha Mountains in the south (> 7000 m a.s.l., Fig. 1; Wang et
al., 2009). Modern Nam Co is an endorheic, dimictic, olig-
otrophic, slightly alkaline, and saline lake with stable thermal
stratification during summer months (Wang et al., 2020).

The present climate of the Nam Co region is semi-arid to
sub-humid with a mean annual air temperature of approxi-
mately 0 °C. The lake experiences an average ice cover du-
ration of 90 d and is typically completely frozen from early
February to mid-May (Wang et al., 2019). The mean annual
wind speed is 4 m s−1, with prevailing wind directions from
southeast to west (Wang et al., 2019). Annual precipitation
averages around 420 mm (Anslan et al., 2020; Wang et al.,
2019). More than 90 % occurs as intense rainfall during the
monsoon season between June and September (Maussion et
al., 2014), while the period from October to May is excep-
tionally dry. As Nam Co is located in a closed basin, the
lake water balance is primarily governed by precipitation and
evaporation, with additional contributions from permafrost
thaw, glacial meltwater, and groundwater inflow. The strong
seasonality at Nam Co causes intra-annual lake level fluctu-
ations of up to ∼ 0.8 m, which, in combination with a lake
level increase of 2.2 m between 1980 and 2010 (Zhu et al.,
2025), highlights the sensitivity of Nam Co to precipitation
and evaporation dynamics. This assessment is further sup-
ported by fossil elevated lake terraces and also submerged
beach ridges (Daut et al., 2010; Wrozyna et al., 2012).

3 Drilling strategy and core site selection

Site selection was based on four joint Sino-German hydro-
acoustic surveys carried out in 2005–2006, 2014, and 2016
and recording∼ 1500 km of seismic profiles (Schulze, 2020).
This extensive grid of sediment echo sounder and multi-
channel seismic profiles helped to develop a detailed under-
standing of the tectonic framework and sediment architec-
ture of Nam Co. The seismic profiles show acoustically well-
stratified reflections, indicating several hundred metres of
sediment infill with varying thicknesses and steep faults with
a spacings of several hundred metres, indicating a strike–slip
tectonic regime (Fig. 2). These hydro acoustic surveys and
their results are described in detail in Schulze (2020) and
Haberzettl et al. (2019).

The drill site selection and coring strategy initially aimed
to build a composite sedimentary record of three overlap-
ping ∼ 150 m long sediment records from three drill sites
along a NW–SE transect using an offset drilling approach
with drilling sites at least 200 m away from faults (for de-
tails, see Haberzettl et al., 2019). Despite the relatively close
occurrence (50 km) of a large magnitude-8 earthquake in re-
lation to the drill sites, no evidence of large sediment per-
turbation has been observed that would impact the climatic
record. Generally, the drilling approach would have enabled
the recovery of a complete stratigraphy with maximum tem-
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Figure 2. Multi-channel seismic profile (Vp= 1630 m s−1) at the
NamCore 5073_1 coring site (see Fig. 1) showing several hundred
metres of sediment infill and a sufficient distance to faults. The
depth scale refers to metres below lake level (∼ 90 m).

poral resolution while minimizing drilling depths, costs, and
logistical challenges. Originally, these three sites should have
been complemented by two additional sites (Haberzettl et
al., 2019), but because drilling operations were limited to
one field season, the drilling strategy was modified to reduce
drilling time, pushing both additional sites to lower priorities
(Adolph et al., 2025).

Based on pre-site surveys (e.g. Dietze et al., 2014; Dober-
schütz et al., 2013; Kasper et al., 2012, 2015), predominantly
fine-grained sediments were expected given the water depth
of ∼ 93 m and a drilling location in the centre of the lake
(Fig. 1). However, the recovered sediment sequence was in-
tercalated by up to meter-thick unconsolidated medium to
coarse sand deposits, which (i) frequently collapsed into the
borehole, (ii) required large volumes of bentonite and poly-
mer conditioned drilling fluids for stability, and (iii) required
continuous use of rotary-drilling coring tools.

As a consequence, the coring operations team revisited
the seismic stratigraphy and opted not to drill the two addi-
tional shallower-depth sites on the NW–SE transect as seis-
mic data indicated the presence of potentially more extensive

coarse-grained strata at these near-shore sites (Adolph et al.,
2025; Haberzettl et al., 2019). Drilling at these sites would
have likely resulted in even more challenging drilling opera-
tions with limited depth advance and reduced core recovery.
Therefore, the operational decision was taken to focus solely
on site 1 (5073_1, Fig. 1), which promised a recovery of a
continuous sediment record of at least 300–450 m b.l.f. (me-
tres below the lake floor) (Fig. 2, Adolph et al., 2025).

4 Drilling, logging, and scientific on-site operations

Drilling at high altitudes in rural Tibet required extensive
preparations and planning. Following months of online meet-
ings, major operational planning was advanced during and
after site visits in China in June and September 2023 with
the drilling contractor and manufacturers for the platform
and work boat. After these meetings, further communications
with manufacturers for the drill pipes, the camp contractor,
and other service providers further developed the operational
plan (Adolph et al., 2025). The soft sediment coring tools,
used in numerous previous ICDP lake drilling projects, were
purchased from QD Tech, Inc., and were shipped from the
United States. Downhole logging probes were shipped from
the Institute of Applied Geophysics (LIAG), Hanover, Ger-
many, and a downhole logging winch from the ICDP Op-
erational Support Group, GFZ Helmholtz Centre for Geo-
sciences, Potsdam, Germany. A campsite and a simple wharf
were constructed on the remote northern shore of Nam Co,
thus reducing boat transportation time between camp and the
barge at the drill site significantly (Fig. 1).

Drilling commenced on 6 June, with the first core on
deck on 7 June, and concluded on 17 July 2024. The
drill rig and associated equipment and drilling personnel
were contracted through Sichuan Huafeng Drilling Co., Ltd.,
Chengdu, China. The Hydraulic Piston Corer (HPC) used
in 5073_1_A and 5073_1_B was only suitable for the up-
per ∼ 12 m b.l.f. of fine-grained sediment (Fig. 3). Penetra-
tion into sediments and core recovery below 12 m b.l.f. were
impossible with the HPC due to the presence of coarser and
particularly more consolidated sediments below that depth.
The Extended Nose Corer (EXN) was tested in 5073_1_C
but resulted in a damaged EXN drill bit and unsatisfactory
core recovery. The Alien Coring Tool (ALN) was found to
be the only coring tool suitable to advance, with the highest
possible core recovery at sediment depths below 12 m b.l.f.
(5073_1_C to 5073_1_G, Table 1, Fig. 3). ALN core recov-
ery was high in fine-grained lithologies and even recovered
some sand beds throughout the stratigraphy. However, de-
spite the occurrence of the thick coarse-grained strata and
the use of rotary coring tools, core recovery and core qual-
ity were excellent in fine-grained lithologies. While complete
recovery of the coarse-grained deposits was not possible, the
project succeeded in the retrieval of representative core sec-
tions from these lithologies. A Non-Coring Assembly (NCA)
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Table 1. Summary information about the drilled holes during the NamCore drilling (HPC denotes Hydraulic Piston Corer, EXN denotes
Extended Nose Corer, ALN denotes Alien Coring Tool). Sediment core recovery is given, excluding core catchers.

Expedition_ International Generic Longitude Latitude Drilled Max. cored Total cored Core Core Drill Downhole
Site_Hole Sample Number (IGSN) (° N) (° E) length depth∗ length∗ recovery recovery tool Logging

[WGS 84] [WGS84] (m) (m) (m) (m) (%)

5073_1_A ICDP5073EHG0001 90.690444 30.746639 11.02 10.22 10.93 10.03 91.4 HPC No
5073_1_B ICDP5073EHH0001 90.691028 30.747139 11.68 11.68 10.32 10.42 100.5 HPC No
5073_1_C ICDP5073EHI0001 90.691083 30.747139 38.91 37.43 42.00 25.82 61.3 EXN, ALN No
5073_1_D ICDP5073EHJ0001 90.691139 30.747139 193.83 193.83 168.40 131.53 77.6 ALN Yes
5073_1_E ICDP5073EHK0001 90.691220 30.747070 285.95 285.95 282.00 238.43 83.8 ALN No
5073_1_F ICDP5073EHL0001 90.691280 30.747020 363.86 363.86 183.00 152.43 82.4 ALN Yes
5073_1_G ICDP5073EHM0001 90.691380 30.747090 510.20 510.20 479.34 386.69 79.9 ALN No

Total 1415.45 1175.99 950.77 80.8

∗ Note that the driller’s depth for the sediment–water interface was sometimes slightly negative, which can cause an offset between maximum cored depth and total cored length.

Figure 3. Sediment cores from the NamCore drilling site. Colours
indicate coring tools. White parts are either (i) not recovered due
to unsuitable lithologies (mostly sand), (ii) core catchers, (iii) noble
gas samples, or (iv) reamed using a non-coring assembly (NCA).

was used to drill without core recovery to reach start depths
of interest, generally near the depth where coring concluded
in a previous hole.

All sediment cores were recovered in standard plastic lin-
ers with a 66 mm inner diameter and 3 m length. The bottom
face of the sediment core was examined for lithology, and
depths were recorded. The drilling fluid was drained from
the core liners by gently tipping the cores, and the cores were
split into two to four sections (maximum core section length

≤ 1.5 m) based on the total length of the recovered sediments,
gas cracks, and sections cut for noble gas sampling. Material
for microbial and sediment biogeochemistry, such as sedi-
mentary ancient DNA (sedaDNA) and methane concentra-
tion, was sampled at core section cuts immediately after split-
ting (for more details, please see Adolph et al., 2025). Sedi-
ment core sections were then capped, sealed, measured, and
labelled according to the ICDP standard protocols, includ-
ing orientation arrows. Core catcher material was bagged,
labelled, and stored in cool boxes. Cores were kept verti-
cal until transport to the onshore camp during shift changes.
Once ashore, labels were verified, and caps were resealed if
needed.

Core catcher processing was performed daily in the on-
shore lab. Smear slides were prepared and examined under
natural and polarized light. Munsell Soil Colours were deter-
mined using an x-rite CAPSURE RM200 spectrophotometer.
Subsamples were collected for further analysis at home labo-
ratories, including sedimentology, geochemistry, mineralogy,
micropaleontology, and luminescence dating. For the upper
10 m of the sediment sequence, porewater was extracted at
20 cm intervals using Rhizon samplers through a hole drilled
into the liner. Below, porewater was extracted from pristine
and cleaned core catcher samples using a hydraulic press.
A detailed description of drilling preparations and technical
and on-site operations is published in the operational report
(Adolph et al., 2025).

Geophysical downhole logging was carried out for
5073_1_D and 5073_1_F (Table 1), covering the upper
363.86 m b.l.f. The measurements included (i) an acoustic
borehole imager; (ii) a dipmeter (caliper, deviation, and devi-
ation direction plus the dip of geological strata); (iii) resistiv-
ity (near- and far-field); (iv) magnetic susceptibility (Fig. 4);
(v) spectrum gamma radiation including U, Th, and K con-
centration; (vi) seismic velocity; and (vii) salinity and tem-
perature of the borehole fluid.
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Figure 4. Comparison between magnetic susceptibility data from downhole logging, whole-round measurements, and mass-specific mag-
netic susceptibility from core catcher material. Downhole logging and whole-round magnetic susceptibility are shown for hole D (blue lines)
and hole F (black lines). Mass-specific magnetic susceptibility is a combination of holes C to G, indicated by coloured symbols (C shown by
blue square, D shown by orange triangle, E shown by green star, F shown by yellow circle, G shown by black cross). Depths for core data
are plotted using the “scaled” depth convention, which fits core recovery > 100 % into the drilled interval using a compression algorithm,
equivalent to the IODP CSF-B depth scale, expressed in metres below the lake floor (m b.l.f.).

5 Initial laboratory analysis, sediment core
handling, and sediment core description

Before sampling, all drilling-related data were transferred
to the ICDP mobile Drilling Information System (mDIS)
database, which holds all drilling-related and sampling data
and ensures data quality and depth scale control for the whole
science team.

5.1 MSCL core scanning and permanent curation

During and after the drilling operations, the sediment core
sections were transported to the Institute of Tibetan Plateau
Research, Chinese Academy of Sciences, Lhasa, for whole-
core multi-sensor logging (MSCL-S, Geotek Ltd.). Mea-
surements included loop sensor magnetic susceptibility and
gamma density at 1 cm resolution. Subsequently, sediment
core sections were transported to the Institute of Tibetan
Plateau Research, Chinese Academy of Sciences, Science
City Campus, Beijing, for permanent curation in a repository
under refrigerated conditions at +4 °C.

5.2 Core opening, core description, and undrained
shear strength

The first core-opening party took place from 8 to 16 Febru-
ary 2025 at the Institute of Tibetan Plateau Research, Chi-
nese Academy of Sciences, Science City Campus, Bei-
jing. Guided by the loop sensor magnetic susceptibility data
(Fig. 4), the focus was on opening an overview of the en-
tire stratigraphic sequence using sediment core sections from
holes 5073_1_A, 5073_1_B, 5073_1_E, and 5073_1_G.
Sediment core sections were split lengthwise into working
and archive halves. The archive half was used for undrained
shear strength measurements using a handheld penetrometer
(Eijkelkamp Inc.) with a measurement interval of< 1 m. The
penetrometer was vertically pushed 5 mm into the split core
surface. Due to variations in sediment compaction over the
entire sediment sequence, we used different tips.

The working half’s surface was cleaned for optical imag-
ing using a high-resolution line scan camera (Geoscan-VI
camera on an MSCL-S instrument, Geotek Ltd.). The sed-
iment core section description was recorded in PSICAT (v.
1.2.6) and included (i) the lithology; (ii) the predominant
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grain size; (iii) the type, thickness, and contact of beddings;
(iv) sedimentary textures; and (v) specific sedimentary fea-
tures (e.g. sand layers, sand lenses, fractures, coring arte-
facts). Lithological changes were confirmed by smear slide
analysis, and carbonate content was tested with HCl. Ad-
ditionally, samples for 14C dating and µCT analyses were
taken.

During the second core-opening and first sampling party
from 5 to 18 May 2025, the remaining sediment core sec-
tions were split, photographed, and described. Moreover, we
established a preliminary splice down to ∼ 250 m based on
lithological marker layers and whole-round magnetic sus-
ceptibility, which will be refined in the future by XRF scan-
ning results and point sensor magnetic susceptibility. This
initial splice was used as the framework for sampling the sed-
iment core sections and for spectrophotometer measurements
(Konica Minolta CM-2600d Spectrophotometer). Samples
were taken in regular intervals for sedimentology, (micro)-
biogeochemistry, micropaleontology, palynology, oxygen,
carbon and sulfur isotopes, sedaDNA, and sedimentary pig-
ments. Spectrophotometer measurements were carried out at
a 1 cm resolution for the upper 30 m and at a 2 cm resolu-
tion below. Additionally, the sediment cores were sampled
for dating purposes, e.g. 14C and 10Be dating.

During a second sampling party from 22 to 26 Septem-
ber 2025, we aimed to sample U-channels for core sec-
tions down to ∼ 30 m for paleomagnetic analysis and hyper-
spectral imaging. However, we were only able to extract U-
channels to a depth of∼ 12 m because sediments below were
already highly consolidated. Additionally, we took more ma-
terial for 14C dating. For more details on the core-opening
and sampling parties, see the corresponding operational re-
port (Adolph et al., 2025).

5.3 Core catcher analysis

5.3.1 Sedimentology and geochemistry

To obtain an initial overview of sedimentological and geo-
chemical changes, 255 core catcher samples from 5073_1_C
to 5073_1_G were analysed in the Physical Geography lab-
oratory of the University of Greifswald, Germany. Visible
reflectance spectroscopy (VIS-RS) was applied using a Kon-
ica Minolta CM-2600d spectrophotometer (8 mm spot, D65).
Basic colorimetric parameters (L*a*b*) and reflectance
spectra (360–740 nm measurement range in 10 nm steps)
were exported from the SpectraMagic NX software (Konica
Minolta). The first derivative reflectance spectra were used
to determine the initial sediment mineralogical composition,
particularly at 555 nm, which may be indicative of hematite
(e.g. Balsam et al., 2007).

To determine grain size variations, subsamples from the
spectrophotometer analysis were taken and decalcified with
hydrochloric acid (4 mL HCl (10 %)). In addition, the or-
ganic material was removed by applying hydrogen perox-

ide (1 mL H2O2 (10 %), 2 mL H2O2 (35 %)) to the aliquots
that were also heated to 70 °C in a water bath. Residues were
placed overnight in an overhead shaker. Subsequently, sam-
ples were measured using a laser diffraction particle size
analyser (Fritsch Analysette 22) in several runs until a re-
producible signal was obtained. The first reproducible run
was used to calculate grain size statistics using GRADIS-
TAT (v. 9.1; Blott and Pye, 2001). Magnetic susceptibility
was measured on freeze-dried, coarsely crushed sediments
at both low (0.46 kHz) and high (4.6 kHz) frequencies using
a Bartington MS2B sensor following the protocols of Dear-
ing (1999). Mass-specific magnetic susceptibility was calcu-
lated by dividing low-frequency measurements by their dry-
mass bulk densities. Dry-bulk density was estimated using
the dried sample weight and its volume after compressing the
sediments in the sample cup. Frequency-dependent magnetic
susceptibility is expressed as a percentage.

Carbonate content was determined on ground and ho-
mogenized samples by the Scheibler method using 1–2 g of
sample material, depending on a pre-test. Loss on ignition
(LOI550) was determined on freeze-dried samples by heating
the sediment to 550 °C for 3 h in a muffle furnace for holes
5073_1_C to 5073_1_F and the lower part of 5073_1_G.

X-ray fluorescence (XRF) and X-ray diffraction (XRD)
analyses were carried out in the Physical Geography labora-
tory of Friedrich Schiller University, Jena, Germany. Freeze-
dried material from 161 core catcher samples was ground
in an agate mortar and quantitatively sieved to < 40 µm for
homogenization. XRF was performed by using a handheld
Bruker S1 TITAN 800-Graphen using the Geo Exploration
Calibration set (three phases with 30 s measurement time
each). For quality control, standard material by Bruker (CS-
M2 800N12862) and a certified standard (LGC 6187 river
sediment) were measured. Only elements with values 10
times larger than the error and no values below the limit of
detection were considered to be reliable (i.e. Al2O3, SiO2,
and K2O (all calculated as oxides) and Ca, Ti, Fe, Rb,
and Sr). XRD was performed using a Bruker D8 Discover
equipped with an Eulerian cradle, a single Goebel mirror, and
a Vantec 500 area detector at a distance of 28 cm for high
2-Theta resolution. X-rays were produced with a Siemens
Copper X-ray source at 40 mV and 40 mA. For data collec-
tion, the Bruker GADDS software was used. Data process-
ing, including integration, underground removal, phase iden-
tification, and quantification, was performed with the Bruker
DiffracEva tool (version 4.1). All diffractograms contained
quartz; thus, this mineral was used to enhance accuracy by
adjusting the diffractograms to the quartz peaks of the mea-
sured range from 6 to 80° 2-Theta.

Altogether, 137 samples were measured for total carbon
(TC), total inorganic carbon (TIC), and total nitrogen (TN) at
the Institute of Tibetan Plateau Research, Chinese Academy
of Sciences, China. TC and TN were measured with a vario
MAX cube elemental analyser, and TIC was measured with a
Shimadzu TOC (total organic carbon)-VCPH. The TOC was
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calculated by subtracting TIC values from TC measurements.
The molar TOC /TN ratio was calculated based on molecu-
lar weights.

After the core-opening and sampling parties, the core
catcher material and results were re-evaluated. The ones con-
taminated with either drill mud and/or re-cored material (i.e.
much softer than the surrounding core material) were ex-
cluded from the results.

5.3.2 Micropaleontology

Diatom analysis (∼ 3–18 m sample resolution) was car-
ried out at the Institute of Geosystems and Bioindica-
tion, TU Braunschweig, Germany. Samples originated from
5073_1_D, 5073_1_E, 5073_1_F, and 5073_1_G and cov-
ered the entire sediment sequence. A total of 84 smear slides
were prepared and analysed with a Zeiss Axio Imager.M2
microscope equipped with a Plan-Apochromatic oil immer-
sion objective (× 100/NA1.4) and an AxioCam HRc camera
at 1000× magnification. Selected samples were additionally
subjected to a complete diatom preparation (Krahn et al.,
2021).

Ostracod analysis was carried out on 43 core catcher
samples (∼ 3–35 m sample resolution) at Friedrich Schiller
University, Jena, Germany. For each sample, the sediment
weight was recorded (10–15 g), and the material was washed
through 200 and 63 µm sieves using tap water. The> 200 µm
fraction was examined for ostracods and associated micro-
fossils under a low-power stereomicroscope (Zeiss STEMI
DV4). Ostracods were semi-quantitatively assessed and as-
signed to one of four abundance categories based on the es-
timated number of valves per sample of similar volume: 0,
> 10, > 100, and > 1000. The taphonomic state of ostracods
was qualitatively evaluated and assigned to one of the fol-
lowing categories, describing the preservation state of the
valves: (a) very well preserved, i.e. not abraded translucent
shells; (b) well preserved, i.e. with minor traces of abrasion
or corrosion and fragmentation; (c) compacted; (d) corroded,
i.e. opaque shells with etched surfaces; (e) strongly cor-
roded, i.e. opaque shells with dissolution traces like holes and
rounded margins; and (f) stained, with blackish or brownish
coatings. Ostracod specimens were documented photograph-
ically (Keyence VHX-6000 Digital Microscope) for refer-
ence, and taxonomic identifications were carried out using
established regional faunal keys from publications (Akita et
al., 2015, 2016; Echeverría-Galindo et al., 2021; Peng et al.,
2021; Wrozyna et al., 2009).

5.3.3 n-alkanes

n-alkane analysis was carried out at the Institute of Tibetan
Plateau Research, Chinese Academy of Sciences, China. Al-
together, 155 core catcher samples (0.02–20.1 m sample res-
olution) were analysed. Approximately 8–18 g of lyophilized
sediment was extracted, depending on sediment properties

and organic matter content, with larger amounts being used
for sandy and/or silty samples. Procedural blanks were anal-
ysed after every 10 samples, and selected low-response ex-
tracts were reanalysed after concentration to confirm com-
pound detectability above background level. Each homog-
enized and lyophilized sample was ultrasonically extracted
four times with a solvent mixture of dichloromethane (DCM)
and methanol (MeOH; 9 : 1, v/v). Sulfur was removed from
the total lipid extract (TLE) by adding activated copper. All
TLEs were saponified and separated into three fractions us-
ing silica gel column chromatography and n-hexane (apolar
hydrocarbons, including n-alkanes), DCM (neutral lipids),
and MeOH (polar compounds) as respective solvents. The
hydrocarbon fractions were re-dissolved in n-hexane and
subjected to measurement on an Agilent 7890A gas chro-
matography (GC) equipped with a flame ionization detector
(FID) and an Agilent DB-5 column (30 m length× 0.25 mm
bore× 0.25 µm film thickness). Compound identification and
quantification were achieved by comparison of the reten-
tion time and peak area with an external standard (DRH-
008S-R2, AccuStandard; 20 ppm, 1 µL injection volume),
respectively. Paq, as a proxy for submerged and floating
aquatic macrophyte input, was calculated following Ficken
et al. (2000). The average chain length (ACL) was calcu-
lated according to Poynter and Eglinton (1990). The terrige-
nous / aquatic ratio of hydrocarbons (TARHC) was calculated
following Bourbonniere and Meyers (1996).

6 Initial coring, core description, core catcher
results, and interpretation

6.1 Coring and magnetic susceptibility results

In total, 1415.45 m was drilled and 1175.99 m was cored
from seven holes at one site, 5073_1 (Table 1, Fig. 3) while
recovering 950.77 m of sediments with an overall core recov-
ery of 80.8 %. The maximum depth reached 510.2 m b.l.f. in
5073_1_G (Table 1). Core recovery was particularly low be-
tween 486.2–435.2 m b.l.f., likely due to intercalated, poorly
consolidated coarser strata, contrasting in terms of their rhe-
ology substantially with the more consolidated fine-grained
lithologies. Overall, the sediments are highly consolidated
below 321 m b.l.f. Between 321–242 m b.l.f., sediments are
recurrently poorly consolidated and coarse-grained, result-
ing in a higher core loss (Fig. 5). Generally, core recovery
was higher in the upper 242 m b.l.f. (Fig. 3) because of pre-
dominantly fine-grained sediments (Figs. 3 and 5).

The magnetic susceptibility from (i) downhole logging,
(ii) whole-round sediment cores, and (iii) core catcher ma-
terial shows repeated shifts between lower and higher val-
ues. In particular, the downhole logging magnetic suscep-
tibility in the upper ∼ 70 m is low. Generally, we observe
widely similar trends across the depth dimension for the up-
per 356.35 m b.l.f. Given that the downhole logging depth
provides an accurate depth scale, the correspondence of the
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Figure 5. Lithological framework of site 1 across the different boreholes (A–G) based on initial sediment core descriptions. Blank (white)
areas indicate sections with no recovery. Four major lithologies were detected, as given in the “Lithology” caption. The inset shows examples
of sediment core colour and key sedimentary features (e.g. faults, sand layers and lenses). Note the missing colour change between calcareous
and non-calcareous mud.

similar trends in the depth dimension between core and bore-
hole measurements suggests a highly accurate depth control
of the drilling depths recorded (Fig. 4).

6.2 Lithological framework

Based on the lithology (Fig. 5) and analyses on core catcher
material (Fig. 6a–u), the sediment sequence can be divided
into five major lithological units distinguished primarily by
shifts in (i) carbonate content, (ii) grain size, (iii) colour, and
(iv) frequency-dependent magnetic susceptibility.

Unit 1 (510.12–435.58 m b.l.f.) is characterized by a high
core loss and large gaps (Fig. 5), which might have been
caused by sediments with sand contents of up to 53 % in the
unit’s upper part but may also be related to limitations of
the drilling equipment and coring tools used for the recovery
of these highly consolidated sediments (Fig. 6h). Available
sediment core sections are characterized by a shear strength
of > 600 kN m−2. The recovered sediment is mostly mas-
sive, silty to sandy calcareous mud, intercalated repeatedly
by strongly consolidated carbonate layers. Carbonate miner-
alogy indicates calcite in all samples. Low-magnesium cal-

cite (LMC) and high-Mg calcite (HMC) occur mostly in
the lower part (Fig. 6g). Smear slide analysis also suggests
aragonite and monohydrocalcite (MHC). Iron-bearing min-
eral species likely cause subtle ferric staining in unit 1 (a*,
FDS555 in Fig. 6a–b). At 487.18 m b.l.f., TIC and carbonate
are maximal (8 % and 61 %, Fig. 6d–e), while the frequency-
dependent magnetic susceptibility reaches its maximum of
10.9 % (kfd, Fig. 6c). TOC is around 1.4 %, with a TOC /TN
of 21 (Fig. 6q–r). In concert, these parameters suggest a ter-
rigenous input (e.g. Dearing et al., 1996; Meyers and Ishi-
watari, 1993), which is supported by the presence of organic
macro remains, likely of non-aquatic origin and possibly re-
lated to a very low lake level.

Unit 2 (435.58–321.15 m b.l.f.) is predominantly com-
posed of silty to sandy calcareous mud with a few non-
calcareous mud intervals in between (Fig. 5). The sediment
structure varies between massive and finely laminated at
the decimetre scale, with fine to medium bedding being the
most prevalent structure observed. The calcareous mud in-
tervals have a TIC content of up to 3.5 % (Fig. 6e). Car-
bonate mineralogy indicates calcite and LMC in almost all
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Figure 6. Initial results from the NamCore core catchers. Samples from the individual holes are marked by different symbols in different
colours. The sediment sequence is divided into five major sedimentological units (1 to 5). Chemical elements are only shown for elements
> 1 %. XRD results were carried out on the same samples as XRF (see Ca) and suggest the varying presence of calcite, low-magnesium
calcite (LMC), and high-magnesium calcite (HMC). Please note the axis breaks in CaCO3 and Ca, the logarithmic scale for shear strength
and mean grain size, and the inverted axis for ACL27–31.
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samples, while HMC only occurs above 390.01 m (Fig. 6g).
The sediments are repeatedly intercalated by thin sand lay-
ers and lenses, as well as pieces of gravel, tentatively iden-
tified as dropstones. Such sand layers were not present in
the core catchers; consequently, the mean grain size only
ranges from 2 to 16 µm (Fig. 6i–j). However, in concert with
the frequency-dependent magnetic susceptibility remaining
mostly above 2 % below 356.51 m b.l.f. (kfd, Fig. 6c), this
may indicate a high terrigenous input, although it is reduced
compared to the strata below. Similarly, the TOC has its max-
imum content of 2.1 % with a TOC /TN of 32 (Fig. 6q–r),
suggesting a predominance of terrestrial organic matter at
398.39 m b.l.f. (Meyers and Ishiwatari, 1993). In particular,
the topmost part of unit 2 (384.47–324.24 m b.l.f.) has a dis-
tinct red hue related to ferric staining (a*, FDS555, Fig. 6a–
b). Shear strength remains high but shows more variability
compared to unit 1.

Unit 3 (321.15–242.07 m b.l.f.) predominantly consists of
very fine to medium sand, interspersed with calcareous and
non-calcareous mud intervals (Fig. 5). Calcareous mud inter-
vals comprise predominantly calcite as the main carbonate
phase (Fig. 6g). Frequency-dependent magnetic susceptibil-
ity is up to 4.2 % from 321.15 to 265.97 m b.l.f. (Fig. 6c), sug-
gesting an increased terrigenous input. Above, a few layers
comprise somewhat elevated organic matter content (TOC,
LOI550, TN in Fig. 6o–q) and suggest a predominant terres-
trial organic matter source (TOC /TN > 20, Fig. 6r; Mey-
ers and Ishiwatari, 1993). The sand content is up to 77 %
(Fig. 6i), which suggests a significant shift in the environ-
mental conditions, possibly to generally lower lake levels
and/or increased glacier melt and/or increased fluvial input.
These partly opposite interpretations need to be refined based
on a more complete dataset in the future. Due to the high sand
content, the sediments have a low shear strength (Fig. 6h).
However, the mass of these massive and extensive sand lay-
ers likely contributed to the strong consolidation of the sedi-
ments below.

Unit 4 (242.07–127.66 m b.l.f.) is characterized by re-
current shifts between calcareous and non-calcareous mud
(Fig. 5), also reflected in TIC, CaCO3, and Ca contents
(Fig. 6d–f). These shifts are not recognizable in colour
and/or lightness variations (Fig. 5), i.e. unlike other lacus-
trine settings, where such optical variation is typical (e.g.
Adolph et al., 2024, 2023; Debret et al., 2011). Carbon-
ate mineralogy suggests an abundance of calcite, LMC, and
HMC recurrently (Fig. 6g). Compared to the calcareous
mud intervals in unit 2, ferric staining is rarely observed
(a* mostly < 0, Fig. 6b). TOC is generally < 0.5 % in all
but one instance at 221.44 m b.l.f. (1.9 % TOC, Fig. 6q).
Grain size is highly variable between the core catcher sam-
ples in this unit. Coarser grain sizes prevail in 5073_1_G to
209.39 m b.l.f. compared to in 5073_1_E, where sand only
prevails to 253.05 m b.l.f. (Fig. 6i–j). Shear strength gradu-
ally decreases, and frequency-dependent magnetic suscepti-
bility is constantly low (< 2 %, Fig. 6c, h). In concert with

a generally decreased sand content, this suggests an overall
decreased terrigenous input compared to units below.

Unit 5 (127.66–0 m b.l.f.) is composed of predominantly
silty to sandy calcareous mud (Fig. 5), which is massive
to finely laminated and partly interspersed with sand lay-
ers, sand lenses, and sometimes pieces of gravel (assumed
to be dropstones). The carbonate content gradually increases
to values of up to 4.5 % TIC at the top of the sediment record
(Fig. 6e). Carbonate mineralogy shows an abundance of cal-
cite, LMC, and HMC, with varying concentrations at differ-
ent depths (Fig. 6g). Organic matter content is often < 0.5 %
TOC but has excursions too, e.g. 1.1 % at 77.01 m b.l.f.
(Fig. 6q). Grain size is mostly < 10 µm in 5073_1_D, while
5073_1_G shows excursions to coarser grain sizes and an in-
creased sand content (Fig. 6i–j).

Even though the distance between most holes is predom-
inantly < 12 m (Fig. 1), we repeatedly observed (i) differ-
ences in thickness between similar lithologies, (ii) vary-
ing manifestations of lithological features (e.g. sand lay-
ers and lenses), and (iii) variations in grain sizes between
the holes. In particular, 5073_1_G generally exhibits coarser
grain sizes and thicker sand layers throughout the entire
record compared to the other holes (Fig. 5). This observation
is supported by the overall trends in the mean grain size and
sand percentage, where 5073_1_G is generally at the higher
end of the grain size range compared to other holes (Fig. 6i–
j). The difference is less pronounced in unit 3 due to the gen-
erally coarser-grained sediments, but it is particularly visible
in unit 2. This may suggest that 5073_1_G might have been,
for example, located closer to a primary source of clastic in-
put and/or in an area with a stronger current activity and/or a
steeper slope section prone to sediment gravity flows, which
all might have allowed for the deposition of coarser clastic
material. The cause of this offset and its consequence for in-
terpreting the sediment record needs to be further explored,
but such major deviations have not been observed in other
parameters (Fig. 6).

6.3 n-alkanes

n-alkanes have been widely applied in paleoenvironmental
research (e.g. Kou et al., 2024; Mügler et al., 2008; Strobel
et al., 2022; Strobel et al., 2024). Lacustrine sediments of-
ten contain a mixed signal of n-alkanes from aquatic and
terrestrial sources, which can be distinguished by their n-
alkane chain length (e.g. Ficken et al., 2000; Strobel et al.,
2021). Traditionally, long-chain n-alkanes (i.e. n–C27–C31)
are thought to be produced by higher terrestrial plants, while
short- and mid-chain n-alkanes (i.e. n–C15–C25) are pro-
duced by algae and aquatic macrophytes (e.g. Sachse et al.,
2012). However, this n-alkane source attribution is not al-
ways trivial because some aquatic plants can also synthesize
larger quantities of longer-chain n-alkanes (e.g. Strobel et al.,
2021).
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The Paq ratio differentiates between the relative contri-
bution of submerged and/or floating aquatic macrophyte in-
put (n–C23, n–C25) against terrestrial plant input (n–C29, n–
C31) to lake sediments (Ficken et al., 2000) and has been
used to reconstruct the paleohydrological evolution of lakes
and peats (e.g. Günther et al., 2016; He et al., 2014; Seki
et al., 2009). Here, the Paq ranges from 0.10 to 0.73, with
an average of 0.36 (Fig. 6u). In the lower part of the se-
quence (equivalent to unit 5, 510.12–435.58 m b.l.f.), Paq re-
mains relatively low (average of 0.28), with minor short-term
fluctuations. Between 435.58–321.15 m b.l.f., values show a
slight increasing trend to values up to 0.35 and moderate
variability. From 321.15 to 242.07 m b.l.f., Paq exhibits sev-
eral short-lived excursions up to 0.60, followed by a grad-
ual decline from 242.07 to 116.20 m b.l.f., where the val-
ues decrease from about 0.5 to 0.2. Above 116.20 m b.l.f.,
Paq shows a gradual increasing trend toward the top of the
core. Some studies have demonstrated that environmental
factors, including temperature, light availability, salinity, and
nutrient conditions, may affect the Paq ratio (Deegan et al.,
2005; Rooney and Kalff, 2000). Therefore, its environmental
significance should be evaluated with respect to lake basin
morphology (Rooney and Kalff, 2000). Based on modern n-
alkane distributions in large and deep lakes on the Tibetan
Plateau (Kou et al., 2020; Wang et al., 2012), the Paq could be
influenced by a combination of water temperature and lake-
level variations, with the influence of temperature being more
pronounced during periods of high-lake-level stands.

The ACL27–35 index is usually used to characterize the
chain length distribution of long-chain n-alkanes (Poynter
and Eglinton, 1990). Here, the ACL27–35 shows compara-
tively minor fluctuations, mostly ranging from 28.7 to 30.9,
with an average chain length of 30.0 (Fig. 6t). In the lower
part of the record (510.12–435.58 m b.l.f.), values range from
29.5 to 30.0, with only slight variations. A slight decrease to
∼ 29.5 is observed between 435.58 and 321.15 m b.l.f., fol-
lowed by an increase and enhanced oscillations from 321.15
to 242.07 m b.l.f. The upper part of the sequence (242.07–
0 m b.l.f.) shows relatively stable ACL27–35 values (∼ 29.8–
30.2), indicating limited variation in long-chain n-alkane dis-
tributions and a persistent vegetation pattern. Eley and Hren
(2018) suggested that the ACL is related to the mean annual
vapour pressure deficit (VPD), indicating its potential as a
proxy for atmospheric moisture conditions. This can be at-
tributed to the main function of plant epicuticular wax, which
is to maintain the leaf’s water balance. During phases of en-
hanced evaporation, i.e. drier climatic conditions, long-chain
n-alkanes are preferentially synthesized to reduce cuticular
water loss associated with evaporation (Riederer and Mark-
staedter, 1996). Therefore, the ACL27–35 is negatively corre-
lated with atmospheric moisture; i.e. a longer n-alkane chain
length could indicate drier climatic conditions, which could
also translate into glacial–interglacial cycles (Fig. 6; Eley and
Hren, 2018; Kou et al., 2024) but needs to be validated in fu-
ture investigations.

The TAR represents the relative contribution of terrestrial
versus aquatic n-alkanes (Bourbonniere and Meyers, 1996).
In the lower part of the sequence (510.12–242.07 m b.l.f.),
the TAR exhibits the most pronounced variability and several
sharp peaks, with the highest values exceeding 30, indicating
strong contributions of terrestrial n-alkane input, which cor-
relates to an increased terrigenous input suggested by sedi-
mentological parameters (Fig. 6s). Three major episodes of
oscillatory rises occur at 510.12–435.58, 413.79–350.30, and
320.06–242.07 m b.l.f. Toward the top (242.07–0 m b.l.f.),
the TAR remains relatively low and stable, generally below
10, with a few minor fluctuations. High TAR values may re-
sult either from lake shrinkage, which shortens the transport
distance from the shoreline to the lake centre, or from en-
hanced run-off caused by more intense rainfalls (Meyers and
Ishiwatari, 1993), the nature of which will require more de-
tailed investigation of the NamCore sediment record.

6.4 Diatoms

We found very few diatom valves, mostly single fragments,
in 12 of the 84 investigated core catcher samples. Even af-
ter complete diatom preparation (Krahn et al., 2021) and in-
tensive examination, no additional diatom valve fragments
were found. Due to the almost complete absence of di-
atom valves in the samples examined, in-depth diatom anal-
yses based on established morphological identification using
valves have been challenging. However, paleogenetic meth-
ods (sedaDNA) could compensate for that issue, particularly
because it has already been demonstrated that such methods
can be successfully applied at other sites in Nam Co (e.g.
Anslan et al., 2020, 2022; Kang et al., 2021).

6.5 Ostracods

Ostracods are the only fossils recovered from the > 200 µm
fraction of the selected core catcher samples; no molluscs
or chironomids were identified. Their abundance and species
composition vary strongly between samples (Fig. 7a), rang-
ing from complete absence to more than 1000 valves per
∼ 10 g sediment. Approximately half of the samples con-
tain more than 100 valves (Fig. 7a). In total, six ostra-
cod taxa were identified: Leucocytherella sinensis (Huang,
1982), ?Leucocythere dorsotuberosa (Huang, 1982), ?Leu-
cocythere postilirata (Pang, 1985), Ilyocypris ?bradyi (Sars,
1890), juvenile Candona, and Ilyocypris sp. (smooth). No
more than five species occur in any single sample, possibly
suggesting an overall low ostracod diversity.

Preservation of ostracod valves is highly variable both
between and within samples (Fig. 7), ranging from
well-preserved, translucent, and non-fragmented valves
to strongly fragmented or compacted material. The co-
occurrence of multiple preservation states within individual
samples likely reflects time-averaging related to the large
sampling increments. In addition, the wide sample spacing
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Figure 7. (a) Distribution of ostracod abundances and taphonomic features (very well preserved, well preserved, compacted, etc.) along the
core depth. Symbol sizes in the ostracod column show semi-quantitative abundance classes. Qualitative taphonomic categories identified in
each sample are indicated by “x”: from a few to many. No samples were analysed from∼ 270 to 320 m b.l.f. (b) Examples for different states
of preservation of ostracod shells from core catcher samples. 1 – ?Leucocythere dorsotuberosa, well preserved (5073_1_E_067A_3); 2 –
Ilyocypris sp. with traces of etching (5073_1_E_083A_4); 3 – Ilyocypris sp., deformed by compaction (5073_1_E_070A_3).

currently precludes the identification of robust preservation
or abundance patterns that could be confidently linked to en-
vironmental changes; this issue will be addressed in future
analyses.

Below 470.43 m b.l.f., ostracods are absent (Fig. 7), which
may indicate unfavourable ecological conditions or post-
depositional loss of valves during sediment diagenesis
(Akita, 2016; Curry and Filippelli, 2010). In contrast, the
sample at 435.58 m b.l.f. contains exceptionally high os-
tracod abundances (> 1000 valves), dominated by Leuco-
cytherella sinensis with subordinate ?Leucocythere and Ily-
ocypris sp. Many of these valves are fragmented or coated,
which is consistent with the high sand content observed in
the uppermost sample of unit 5.

From 422.71 to 219.54 m b.l.f., the ostracod assemblage
is dominated by Ilyocypris sp., ?Leucocythere sp., and juve-
nile candonids. Abundances and preservation states fluctuate

throughout this interval, likely reflecting variable environ-
mental conditions (Fig. 7). Between 213.86 and 7.85 m b.l.f.,
the dominant taxa shift to L. sinensis and ?L. dorsotuberosa,
representing an ostracod fauna broadly comparable to the
modern assemblage (Wrozyna et al., 2009). Although rel-
ative abundances of taxa continue to vary within this up-
per section, preservation is generally good. Two intervals,
143.16–109.76 and 73.43–30.72 m b.l.f., are characterized by
a very poor ostracod record. In combination with the predom-
inantly fine-grained and partly non-calcareous sediments ob-
served in these intervals (Figs. 5–6), this pattern may indicate
sedimentation under profundal lake conditions.

7 Conclusions and scientific outlook

While our in-depth analyses of the recovered sediments are
just at the beginning, the initial results from lithological sed-
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iment core descriptions and various analyses on core catcher
material suggest that the NamCore sedimentary record re-
flects the evolution of a highly dynamic high-altitude lake
system. Sediments from 510.20–435.58 m b.l.f. may repre-
sent an early lake stage and/or a very-low-lake-level phase.
Coarse-grained sediments from 321.15–242.07 m b.l.f. ex-
emplify distinctly different sedimentation processes likely
related to pronounced environmental changes. Diatoms are
mostly absent from the core catcher samples, which could be
related to unsuitable growing conditions and/or preservation
conditions.

The next analytical steps will include a wide range of
geochronological, sedimentological, geochemical, geophys-
ical, and biological approaches, for which samples have al-
ready been taken during the sampling parties. The chronol-
ogy will be assembled by a combination of 14C dating,
10Be dating, magnetostratigraphy, luminescence dating, and
amino acid racemization. Granulometric, inorganic, and or-
ganic geochemical and geophysical methods are being ap-
plied to understand the (hydro)climate history of the Ti-
betan Plateau and its influence on the (micro-)biological
processes, evolution, and resilience of high-altitude ecosys-
tems during both glacial and interglacial climate conditions.
Biomarkers, palynology, and ostracods will reveal the dy-
namics of the evolving terrestrial and aquatic biota on the
Tibetan Plateau. Analyses of sediment methane concentra-
tions and their isotopic signature (C, H), sulfur isotopes,
and the composition of microbial communities in the sedi-
ments will reveal the deep biosphere diversity and activity
in these (mostly) carbonate-rich sediments. Early diagenetic
processes and ideal diagenetic mineral targets will be identi-
fied to study environmental, microbial, and fluid-emanation-
related factors contributing to post-depositional alteration of
sediment composition. Additionally, to better understand re-
dox processes, the biogeochemical cycles of redox-sensitive
elements (e.g. N, Fe, S) in Nam Co’s sediments will be ex-
plored under controlled conditions using sediment laboratory
analogues, i.e. microfluidic experiments. This experimental
approach enables non-invasive spatiotemporal monitoring of
microbially mediated redox processes at the micro-scale in
confined environments, mimicking the heterogeneous struc-
ture of sediments and, if properly engineered, their chemical
composition (e.g. Ceriotti et al., 2022). Moreover, the wa-
ter column structure and composition, as well as pore water
samples, will be analysed to assess recent and past environ-
mental conditions, as well as the physical and ecological state
of Nam Co.
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