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a b s t r a c t
Using the ICDP (International Continental Scientiﬁc Drilling Program) deep lake drilling expedition no. 5022
as an example, we describe core processing and sampling procedures as well as new tools developed for
subsampling. A manual core splitter is presented that is (1) mobile, (2) able to cut plastic core liners
lengthwise without producing swarf of liner material and (3) consists of off-the-shelf components. In order to
improve the sampling of sediment cores, a new device, the core sampling assembly (CSA), was developed that
meets the following targets: (1) the partitioning of the sediment into discs of equal thickness is fast and
precise, (2) disturbed sediment at the inner surface of the liner is discarded during this sampling process,
(3) usage of the available sediment is optimised, (4) subsamples are volumetric and oriented, and
(5) identical subsamples are taken. The CSA can be applied to D-shaped split sediment cores of any diameter
and consists of a divider and a D-shaped scoop. The sampling plan applied for ICDP expedition 5022 is
illustrated and may be used as a guideline for planning the efﬁcient partitioning of sediment amongst
different lake research groups involved in multidisciplinary projects. For every subsample, the use of quality
ﬂags is suggested (1) to document the sample condition, (2) to give a ﬁrst sediment classiﬁcation and (3) to
guarantee a precise adjustment of logging and scanning data with data determined on individual samples.
Based on this, we propose a protocol that might be applied across lake drilling projects in order to facilitate
planning and documentation of sampling campaigns and to ensure a better comparability of results.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Subsampling of sediment cores is the very important ﬁrst step of
almost every stratigraphic study especially when several teams of
scientists are involved applying a large number of different and
multidisciplinary analyses. All decisions taken during subsampling
inﬂuence the entire chain of follow-up procedures and, subsequently,
all scientiﬁc results of the related projects.
For the analysis of marine sediment cores, standard procedures
were developed e.g. in the framework of the Integrated Ocean Drilling
Program (IODP) and its precursor programs ODP and DSDP to ensure
reproducible treatment of cores, high quality sampling, documentation and archiving (e.g. Weaver and Schultheiss, 1990). Cores are
usually taken in large quantities by especially designed research
vessels during interdisciplinary expeditions with participation of a
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large number of scientists and technicians. For these IODP projects,
large parts of the workﬂow are standardised to a certain degree, and
all tasks that are accomplished before, during and immediately after
an expedition are documented in the “Proceedings of the Integrated
Ocean Drilling Program” as scientiﬁc prospectus, preliminary reports
and proceedings, respectively. These documents are citeable and
accessible for all involved scientists (e.g. Backman et al., 2004;
Expedition 302 Scientists, 2005; Backman et al., 2006).
In contrast, procedures for processing lacustrine sediment cores
(coring, labelling, logging, splitting, scanning sampling and archiving)
are rather diverse (e.g. Blomqvist and Abrahamsson, 1987; Renberg,
1991; Mingram et al., 2007). International common baseline protocols
and a proceedings series where initial expedition data and technical
reports are published in greater detail do not exist so far. However, the
need to document sampling protocols and to deﬁne baseline
procedures arose when the GLAD800 (Global Lake Drilling 800 m)
was designed to accomplish the task of scientiﬁc deep drilling in lakes.
Since its ﬁrst successful drilling operation in the year 2000 (Dean
et al., 2002), this equipment was made available to the lake research
community in the framework of the International Continental
Scientiﬁc Drilling Program (ICDP). Several lake drilling expeditions
have been completed (e.g. Koeberl et al., 2005; Hodell et al., 2008;
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Zolitschka et al., 2009; Melles et al., 2011). However, workﬂow in
most ICDP deep lake drilling projects is much less standardised, if at
all, compared to IODP projects.
For sampling of long lake sediment records, two requirements
often are important: Firstly, sampling in many cases is performed in
contiguous intervals for large parts of the sediment sequence, i.e.
without any gaps. Secondly, analyses done by the involved research
groups are performed on identical samples from the same stratigraphic levels in the core, i.e. without vertical offsets, to guarantee
best possible correlation of results. Here we illustrate how these two
requirements can be implemented by presenting ﬁeld and laboratory
protocols that were applied during the drilling and sampling
campaigns of ICDP expedition 5022 (PASADO: Potrok Aike Maar
Lake Sediment Archive Drilling Project, Zolitschka et al., 2009). With
this description of a core processing procedure we intend to provide
(1) a reference for all research groups involved in the PASADO project,
(2) a guideline for other ongoing and upcoming ICDP lake sediment
deep drilling projects that may contribute to deﬁne a baseline for
sediment sampling procedures and (3) a possible incentive to test
similar procedures for sediment core sampling in ocean and terrestrial
drilling.
2. Results and discussion
2.1. Sampling philosophy of PASADO
Within the ICDP project PASADO, continuous samples were taken
for the entire composite sediment sequence (106.08 m: 5089 samples
with 2 cm spatial resolution). During sampling, the material was
simultaneously divided into seven subsamples in order to follow the
multi-proxy approach (e.g. Lotter and Birks, 2003; Birks and Birks,
2006; Villalba et al., 2009). There are several prerequisites that have to
be fulﬁlled for a successful multi-proxy sampling procedure. The four
most important are:
1) undisturbed and high quality subsamples are provided for all
involved disciplines,
2) all subsamples have to be from identical (not only comparable)
stratigraphic levels,
3) subsamples have to be of a known volume, and
4) contamination of subsamples during core cutting and sample
partitioning should be avoided as far as possible.
To accomplish these tasks as precisely and fast as possible, an
especially designed sampling assembly was developed and will be
described here. All subsequent explanations are exempliﬁed by the
PASADO project. However, all tools and procedures can easily be
adapted to any other project.
2.2. Coring and drill site laboratory
Lake drilling at Laguna Potrok Aike (Fig. 1) was carried out from
September to late November 2008. Two sites were drilled located in
the profundal plain of Laguna Potrok Aike (Fig. 1). Based on seismic
reﬂection data, site 5022-2 was identiﬁed as the most promising
drilling location and was therefore selected as the primary site for
high-resolution analyses (Zolitschka et al., 2009). During 12 drilling
days, 7 holes (core series) were drilled at both drill sites (Fig. 1) using
the containerised GLAD800 barge system equipped with a CS-1500
drill rig both provided by the non-proﬁt organisation DOSECC. In total,
510 m of lacustrine sediments were recovered. Drilling was performed
using a wireline coring system with PQ pipes (HWT Casing grade drill
rod) and a 6 5/8′′ Buttress Casing. For all except one core run where an
extended nose tool was employed, the hydraulic piston core (HPC)
tool was used. HPC as well as the extended nose used Butyrate liners
with nominal dimensions of 71.32 mm (outer diameter), 66.34 mm
(inner diameter), 3324.225 mm (length). A spacer was used to obtain
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a core length of 3000 mm with every full run. With an average
recovery rate of 94.4%, quadruplicate (site 5022-1) and triplicate (site
5022-2) cores (Fig. 1) down to a maximum depth of 101.5 m below
lake ﬂoor were taken (Table 1, Fig. 2). The different holes of each site
were drilled at a horizontal distance of 8 to 24 m (Fig. 1) with a vertical
offset of approximately 0.5 m between two core series to ensure
overlapping of gaps (Fig. 2). In order to guarantee the recovery of an
undisturbed sediment/water interface, 8 additional gravity cores (5 at
site 5022-1 and 3 at site 5022-2, Fig. 1) were taken with a modiﬁed
ETH-gravity corer (Kelts et al., 1986). From each hole up to 36
consecutive core runs were recovered. Full core runs had a length of
3 m consisting of 2.92 m sediment in the liner plus 8 cm of core catcher
at the bottom end. On board of the drilling platform, core runs were cut
into pieces with a maximum length of 1.5 m (exact length was
measured for each section) and labelled using ODP conventions
(Expedition-Site-Hole-Run-Core type-Section). Orientation of core
sections was marked using a blue cap with red tape at the top and a
transparent cap with black tape at the bottom of each section. Cores
were stored on deck at ambient temperature (5 to 15 °C) until shift
change (12 h).
The core processing procedures applied after retrieval of the cores
from the core barrel are summarised in Fig. 3. In the shore-based
laboratory, core sections were weighed and their length was measured
for the calculation of mean wet bulk density, and ﬁrst estimates of
sediment porosities (Paull et al., 1996). Magnetic susceptibility was
measured in 2 cm increments with a Multi-Sensor Core Logger (Geotek
Ltd., UK), using an 80 mm loop sensor. After measurements, cores were
stowed in cardboard boxes and stored at 4 °C in a refrigerating container
(reefer). All core section information including location (coordinates,
water depth) was entered into a database (DIS: drilling information
system). Thereby, the uncorrected top and bottom depths in the hole for
every core section were calculated. Core catcher samples were described
lithologically, photographed, and basic physical and chemical properties
were determined. Sediment water content and dry density were
measured on 1 cm3 aliquots of core catcher samples. Furthermore,
conductivity, pH, Ca 2+- and Cl−-concentrations were determined in
suspensions of core catcher samples. One 100 m long core series (50221D) was dedicated to develop an in situ sampling procedure for
geomicrobiological studies (Vuillemin et al., 2010). Whilst core 5022-1D
was drilled, all core sections were transferred to the shore immediately
after recovery from the core barrel. In the shore-based laboratory, a ca.
4 cm2 window was cut into each core section liner for sub-sampling.
Using this procedure, a total of 60 samples of fresh sediment were taken
under conditions as aseptic as possible. ATP (ATP = Adenosine-5′triphosphate) concentrations of these samples were measured on-site
immediately after windows were opened (Vuillemin et al., 2010). In the
off-site laboratory, these samples will further be used for biogeochemical analyses to assess in situ microbial activity in the sediments. Since
the cutting of windows in the core liners accelerates sediment oxidation,
this procedure should only be applied for dedicated cores that will not
be used for geochemical analyses afterwards. At the end of the drilling
operations, all samples were shipped at 4 °C to the GEOPOLAR core
repository in Bremen, Germany, for further analyses.
2.3. Core splitting and non-destructive core scanning
For the off-site laboratory procedures it was important to design a
workﬂow that accounts for the needs of all involved research groups.
At the GEOPOLAR core repository in Bremen, core processing
commenced as outlined in Fig. 3. Prior to core opening, gamma ray
attenuation and p-wave velocity measurements were performed on
whole cores with a Multi-Sensor Core Logger (Geotek Ltd., UK) at the
Alfred Wegener Institute in Bremerhaven, Germany. Subsequently,
cores were split lengthwise with a manual core splitter (Fig. 4).
Advantages of using such a manual core splitter are that (1) it is
mobile because no motorised cutting devices that would need electric
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Fig. 1. Location of Laguna Potrok Aike in southern Patagonia (blue circle on inset map of South America). Aerial photograph of the immediate catchment area of Laguna Potrok Aike
(kindly provided by Hugo Corbella, Buenos Aires) and bathymetric map of the lake with indicated coring sites. Red dots indicate the positions of piston cores, orange dots mark the
position of gravity cores. Lateral distance between coring positions of one site is between 8 and 24 m.

power are needed. (2) No swarf is produced during splitting. (3) It is
built from off-the-shelf components that can easily be ordered and
replaced if necessary. The manual core splitter uses a sledge with an
especially designed combination of blades. With this device, the
Butyrate liners used for the PASADO project and also PVC liners e.g.
used in UWITEC corers (UWITEC, Austria) including caps and tape at
the liner ends are cut without producing swarf of liner material that
would be potential contaminants if they get in contact with the
sediment inside of the liner. Instead, by using the specialised manual
core splitter, only one elongated ﬂake of plastic is produced at the
outside face of the core liner and can easily be removed before the
separation of the two core halves is done. How other types of plastic
liners (polystyrene, ABS, etc.) are cut with the core splitter still has to
be tested. However, a test run with a Plexiglas tube suggests that for
very brittle types of plastic, this splitting technique probably will not
work. Also, if core liners are heavily deformed, strongly bent or partly
destroyed (e.g. imploded during the coring process), the core splitter
does not operate properly. In such cases, it is more appropriate to use
a different splitting tool such as a vibration saw.

A prototype of the manual core splitter was built already in the
1990s at the sedimentology laboratory of the Swiss Federal Institute of
Aquatic Science and Technology (EAWAG) and is still in use there (M.
Sturm, pers. comm.). The manual core splitter used for the PASADO
project is equipped with aluminium half pipes of different diameters
to allow splitting of plastic core liners up to 160 cm in length and from
63 up to 90 mm in diameter. Depending on the core diameter,
different pairs of sledges have to be mounted. Each sledge holds a
combination of four blades. These blades are arranged in such a way
that their distance to the core is progressively reduced from the ﬁrst to
the last blades (Fig. 4). The ﬁrst blade is a rolling blade that produces a
groove mark. This mark guides the second blade, which is a strong,
diamond-shaped cutter that cuts out a single elongated ﬂake of liner
material that is collected in the pocket of the sledge (Fig. 4). This
blade, however, does not cut through the liner completely but leaves a
very thin portion of the liner wall uncut. This thin remaining portion is
then cut without producing any ﬂakes by the two following rolling
blades that are mounted closer to the liner. The pair of sledges is
moved along the core by a chain-drive that is powered by hand using
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Table 1
Summary of site and hole information for all cores drilled during expedition no. 5022 (PASADO). HPC: Hydraulic piston coring tool, EXT: extended nose tool, Gravity core: Corer after
Kelts et al. (1986).
Exp-site hole

Hole depth (m)

Coring device

Latitude (°S)

Longitude (°W)

Water depth (m)

Core recovery (m)

Core recovery (%)

5022-1A
5022-1B
5022-1 C
5022-1D
5022-1E
5022-1F
5022-1G
5022-1H
5022-1J
5022-2A
5022-2B
5022-2C
5022-2D
5022-2E
5022-2F
All
Piston

88.05
71.00
62.30
100.35
1.16
1.22
1.06
0.94
1.10
88.51
21.12
101.45
0.96
1.04
0.97
541.23
532.78

all HPC
all HPC
all HPC
all HPC
Gravity core
Gravity core
Gravity core
Gravity core
Gravity core
all HPC
all HPC. last run: EXT
all HPC
Gravity core
Gravity core
Gravity core

− 51.96412
− 51.96412
− 51.96403
− 51.96384
− 51.96348
− 51.96331
− 51.96302
− 51.96263
− 51.96408
− 51.97062
− 51.97060
− 51.97038
− 51.97048
− 51.97048
− 51.97048

− 70.37599
− 70.37588
− 70.37596
− 70.37596
− 70.37682
− 70.37667
− 70.37640
− 70.37616
− 70.37610
− 70.37554
− 70.37538
− 70.37562
− 70.37577
− 70.37577
− 70.37577

97.87
97.89
N/A
N/A
98.00
98.00
98.00
98.00
98.00
N/A
N/A
94.72
94.62
94.62
94.62

74.67
64.25
62.09
93.94
1.16
1.22
1.06
0.94
1.10
87.78
21.12
98.74
0.96
1.04
0.97
511.04
502.59

84.80
90.49
99.66
93.61
100.00
100.00
100.00
100.00
100.00
99.18
100.00
97.33
100.00
100.00
100.00
94.42
94.33

Hole depth Site 5022-1
1B
1C
1D

Hole depth Site 5022-2
0
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(core potentially disturbed)
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Fig. 2. Core series diagram for sites 5022-1 and 5022-2 showing all core sections, the vertical offset between the different holes of one site, and sections where core disturbance or
loss occurred due to drilling artefacts.
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Fig. 3. Process chart of the workﬂow in the PASADO project starting chronologically with the retrieval of cores on the coring platform, the tasks to be completed in the on-site ﬁeld
laboratory and the tasks scheduled for the off-site laboratory at GEOPOLAR in Bremen until sampling. Tasks written in grey were performed only for selected cores.

a crank attached to a simple gearbox at one end of the core splitter
(Fig. 4). For splitting, the core liner is locked in the manual core
splitter by ﬁxing the lid tightly with adjustable clamps (Fig. 4). These
are adjusted such that they produce a slight pressure on the core liner

in vertical direction, which facilitates the splitting process. When the
core is removed again from the splitter, the front and back face of the
caps have to be split with a cutter, and the core is then ready for
separation in two halves.

a

b

c

d

Fig. 4. Manual core splitter used for core splitting without producing swarf that could possibly contaminate the sediment. a) View of the open core splitter charged with a 1.50 m long
core. b) Closed core splitter ready to cut. Adjustable clamps put slight pressure on the core for better cutting results. c) Sledges that hold the combination of blades for core cutting.
Distance between blades decreases from front to back of the sledges. d) Close-up of one sledge showing the diamond-shaped cutting blade, the 3 rolling blades and the pocket where
the liner ﬂake is captured.
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Depending on the sediment texture, either two 0.5 mm thick,
sharpened plates of phosphorous bronze are used for the separation of
very soft sediments, or, for the separation of sections with harder
sediments, a tightly adjusted guitar string or a potter sling are used. In
case that core halves are not equally ﬁlled with sediment after
separation e.g. due to coring artefacts, the core half which is ﬁlled
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more completely with sediment is labelled as working (W) half
whereas the remaining half is regarded as the archive (A) half.
The sediment surface of the W-half is then cleaned using a sharp
blade with rounded edges to avoid scratching of the sediment surface
so that sedimentary structures become visible most clearly. In order to
avoid offsets in the determination of the depth in a core section that

Fig. 5. Sampling plan for the composite proﬁle (CP) of site 5022-2 and outside of CP considering the requirements of the different research groups involved in the PASADO project.
Samples A to F are taken in PVC-tubes with colour-coded lids. The remaining sediment is stored in a separate vial (sample G) for potential future sample requests. Cavities left
behind by sampling of the archive half were ﬁlled with closed-cell foam.
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may arise from different groups deﬁning different “0” positions in core
sections, e.g. 0 = (1) top of the cap or (2) upper end of the liner or (3)
beginning of the sediment, a common reference level needs to be
deﬁned. For the PASADO project, the top of the cap of each section was
deﬁned as reference level for all following measurements, sampling,
etc., by pushing the core against a stopper that marks the “0” position
in special core cradles. These are equipped with tape measures on
both sides and were subsequently used for working on the cores (e.g.
description, photography, sampling, etc.). Immediately after core
splitting, and before oxidation could render the sediment colour,
digital photographic close-ups were taken from the W-half with a
digital camera image scanner (SmartCIS, Smartcube) with a resolution
of 500 dpi (50 μm) in 10 cm steps. Single pictures are automatically
stitched together by the SmartCIS software. Subsequently, the core
surface was covered with transparent cling ﬁlm (Glad® ClingWrap),
and sediment colour spectra (400 to 700 nm) were recorded every
5 mm with a handheld colour spectrophotometer (X-rite DTP-22).
The cling ﬁlm from the W-half was removed again for major and trace
element analyses with an ITRAX core scanner (COX analytical
systems, Croudace et al., 2006). With this scanner, a 250 dpi line
scan image and a laser triangulation of the core surface were
performed. Subsequently, XRF-scanning with a resolution of 5 mm
was carried out using a Mo X-ray tube for elements with atomic
numbers greater than 22 and, during a second run, using a Cr X-ray
tube for light elements with atomic numbers between 12 and 22.
Contemporaneously with the Mo X-ray tube run, a digital Xradiography was acquired with a resolution of 400 μm. Subsequently,
the core was again covered with cling ﬁlm for measurements of
magnetic susceptibility in 5 mm increments using a Bartington MS2
magnetic susceptibility metre with a MS2F-sensor mounted on a
custom-designed, automated scanner as described by Funk et al.
(2004). Finally, transmission seismograms were recorded in 5 mm

increments on an extended Multi-Sensor Core Logger (Geotek Ltd.,
UK). After this last step of non-destructive analyses, cores were sealed
in evacuated and gas-tight tubular ﬁlm to prevent drying and surface
oxidation of sediments, and stored in D-tubes at 4 °C in the cold room
until sampling begun.
On the A-half of the core, macroscopic core descriptions were done
and smear slides were prepared from the main lithologies. Core
descriptions were done on A4 printouts (VCD: visual core description)
next to a core photograph of each section. Description was done using
the following categories: rock type and class, grain size, structure,
texture and components. Colour was given as Munsell color.
Description sheets were then scanned as a backup, and all lithologic
information was immediately typed into an online core database
system (DIS = Drilling Information System, Conze et al., 2007), and
thereby made available to participating scientists. However, when the
database system allows a direct description as a digital document, this
has to be regarded as the preferred procedure because it minimises
errors that might arise from transcribing handwritten documents.
After core description was completed, the A-half was covered with
cling ﬁlm, sealed and stored away like the W-half.
2.4. Reference proﬁle and sampling plan
After completion of non-destructive core analyses, the logging data
conﬁrmed that site 5022-2 comprises the longer and less disturbed
record when compared to site 5022-1. Thus, detailed high-resolution
sampling commenced for the key site 5022-2, whereas site 5022-1 was
reserved for paleomagnetic studies, OSL dating, biogeochemistry
sampling, and pore water chemistry (Fig. 5).
For site 5022-2, all core sections of core series 5022-2A, -2B, and
-2C were correlated by means of macroscopic sedimentary structures.
This was accomplished by arranging parallel core sections side by side

a

b

c

d

Fig. 6. Core sampling assembly (CSA) for a controlled partitioning of split core sections of up to 160 cm in length into parallel slices of equal thickness. a) Divider with mounted slot
bracket ready for sediment partitioning. b) Core with slot bracket removed. Discs divide the core section that is part of the reference proﬁle (down to the white PVC-label) into 2 cm
thick slices. c) Core section divided by sharpened stainless steel discs with sample numbers written on the chamfered end. Note: cracks in the core surface were present before discs
were introduced. d) Holder with aluminium half pipe that allows adjusting for different core diameters.
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correlation was uncertain, MSCL and XRF proﬁles as well as the highresolution core photographs of the unoxidised sediment surface were
used to support or falsify the macroscopic correlation. White PVClabels (Fig. 6) were placed in the core to mark the exact levels where
sampling has to stop in one core and switch to the next section in the
composite proﬁle. These white labels were also used to indicate which
core section will be the next to continue the subsampling process of

along the long hallway at the GEOPOLAR building. Such a procedure
became necessary for the PASADO cores because, due to thick
packages of redeposited sediment, the distance between correlation
levels sometimes was more than 5 m. This, however, could also be
done using digital images on a computer. Whenever possible such a
procedure would be the preferred way for correlation between holes
because it keeps core disturbance at a minimum. At places where

a

D-scoop technical drawing with dimensions
71.32 mm
66.34 mm
64.34 mm

Extruders

20 mm

32.17 mm

32.17 mm

14 mm
13 mm
2,65 cm3

0.5 mm
Skids (1.0 mm)
Butyrate liner
(2.5 mm)

c

b

Extruders for
two sub-samples

D-scoop with two
sample
compartments

d

Oxidation
front
Skids

Extruder

e

f

Smeared sediment at the inner
face of the liner is left behind

Oriented
sample
Tracks of the skids
Sample
tubes
Fig. 7. D-shaped sample scoop (D-scoop): a) technical drawing with dimensions given for application with Butyrate liners and PVC-tubes. b) Photograph of the D-scoop with 2
compartments, extruders and skids on the outside face of the sampler are visible. c) D-scoop pushed into the sediment against a separation disc. d) D-scoop ﬁlled with sediment.
Note oxidation front at the surface of the split core face. e) Sampled sediment core with the disturbed sediment close to the liner wall left behind as a result of the skids welded to the
outer face of the D-scoop. Note that tracks of the skids are still visible. f) Subsampling of the sediment inside the D-scoop with PVC tubes of 13 mm inner diameter. Samples are either
stored in the tubes or transferred into a vial with an extruder.
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the composite proﬁle. As a result an initial reference proﬁle consisting
of 99 core sections with a preliminary composite depth scale was
compiled for site 5022-2. According to the reference proﬁle, a
sampling plan was elaborated that considered the requirements of
all different research groups involved in the project (Fig. 5). Due to the
volumetric restrictions (inner diameter of the core was 66.34 mm)
both core halves had to be sampled in order to fulﬁl the needs of all
involved research disciplines. From the A-half, a U-channel was taken,
which with some restrictions can be regarded as part of the archive
sediment record for the PASADO project, since only non-destructive
rock- and paleomagnetic analyses will be performed on it. In the
trench that was left behind from U-channel trepanning, samples for
pigment analyses, thin section preparation, grain size analysis and
micro-magnetic properties were taken. The trench was then ﬁlled
with PE-foam, and the A-half was covered with cling ﬁlm, sealed and
stored in the cold room as described above. In terms of core curation it
is of course preferable to preserve the A-half of the core completely
and undisturbed by sampling whenever possible. For the W-half, a
scheme with contiguous samples in 2 cm increments (the total
volume of sediment half-disc is 34.6 cm 3) was developed (Fig. 5).
These samples were taken with a specially designed core sampling
assembly (CSA) according to the scientiﬁc needs of involved research
groups.
For site 5022-1, core series, 5022-1A, 1B and 1C were sampled
with 6.0 cm 3 PVC-cubes for rock- and paleomagnetic studies.
Continuous series of PVC-cubes were taken from the centre of the
core. Core series 5022-1D that was used for geomicrobiological
sampling in the on-site lab was not split following the procedure
outlined above. Instead, sections that were not disturbed by the onsite subsampling windows were selected for OSL dating and thus
split and sampled under red light. Samples of 10 to 25 cm thickness
were taken from the W-half of this core for OSL age determinations,
and were sealed in opaque plastic bags. The sampled W-halves as
well as the non-sampled corresponding A-halves were subsequently
photographed digitally to document the exact positions of OSL
samples. This allows us to determine the exact correlation with
parallel cores from site 5022-1 as well as with the composite proﬁle
of site 5022-2. All core sections from 5022-1D that were not chosen
for OSL sampling were then also opened under red light. The A-half
was immediately vacuum sealed in black tubular ﬁlm to conserve
the possibility for a later additional OSL sampling, whereas the Whalf was photographed digitally, sealed and stored at 4 °C. Through a
thorough correlation of cores from Site 5022-1 with the composite
proﬁle from Site 5022-2, the OSL chronology will eventually be
available for both sites.
2.5. Core sampling assembly (CSA)
The CSA can be used when the sediment volume of the W-half of a
core has to be sampled completely. If only small, discontinuous
samples are to be taken, other sampling tools are more appropriate, as
they allow a better preservation of the remaining sediment. The CSA
was designed to satisfy the needs of all research groups that are
analysing discrete samples in the framework of the PASADO project.
These volumetric samples need to be of high quality, from identical
stratigraphic levels and without contamination from adjacent
sediment. To meet these requirements, the CSA consists of two
separate devices: a divider and a D-shaped sampling scoop (D-scoop).
Advantages of using a divider for soft sediments are that the
partitioning of the core is (1) faster and (2) more precise (sediment
discs are equally thick) than using a ruler and freehand positioning of
discs. With the divider, a split core is partitioned into slices of similar
thickness by inserting thin (0.5 mm), sharpened, stainless steel discs
with a comb-like positioning device (Fig. 6). The positioning device is
a 20 mm thick PVC plate with slots exactly every 1 cm (slot bracket)
allowing for individual sample steps of 1 cm or multiples of this. It can

be ﬁxed on top of the core half which rests in a core holder (Fig. 6).
The latter is equipped with aluminium half pipes of different
thicknesses and, thus, can be adjusted for different core diameters.
The discs are chamfered at the upper edge to ease pressing them into
the sediment. This is easily done in soft, ﬁne-grained sediments.
Introducing them through the slots (every second slot was chosen for
PASADO sampling) guides them into the sediment exactly perpendicular to the surface of the cut core section. In our case this produces
exactly 2 cm thick slices and a cutting plain that is exactly parallel to
the bedding if no inclined sediment layers were cored. After all discs
are in place, sample numbers are noted on the chamfered rim of the
discs, the slot bracket is removed, and the slices can then be sampled
continuously with the D-scoop starting from the top of the core
(Fig. 7).
Advantages of using the D-scoop for sampling ﬁne-grained soft
sediments are (1) disturbed sediment at the liner wall is discarded
during the sampling process, (2) the utilisation of the available sediment
is optimised because all except the disturbed sediment is sampled in one
step, and (3) subsamples are volumetric when using PVC tubes, can be
oriented and are identical samples, i.e. all layers present in the 2 cm
thick sediment slice are also represented in every subsample. For the
PASADO project, a D-scoop adapted to the inner diameter of ODP-type
Butyrate liners (66.34 mm) and with a sample thickness of 2 cm was
built (Fig. 7). A slightly modiﬁed D-scoop is also used for taking 1 cm
thick samples of the same cores. Also D-scoops for sediment cores with
an inner diameter of 59 mm or 86 mm as they are used in many lake
research laboratories that work with coring devices like e.g. the UWITEC
piston corer (Schultze and Niederreiter, 1990), the UWITEC freefall
corer or the HTH corer (Renberg and Hansson, 2008) are in use at the
GEOPOLAR laboratory. The D-scoop facilitates the sampling procedure,
and at the same time, a higher precision and better reproducibility of

Table 2
List of quality ﬂags used during sampling of PASADO cores to document the condition of
each sample and/or sub-sample and to give a ﬁrst classiﬁcation of the sediment
character.
Quality ﬂags for sediment character (core halves)
This is a preliminary judgement based on visual core inspection only
A
Sample is from a section with original, undisturbed sediments
H
Sample is from a section with potentially redeposited sediments
P
Sample is from a section with deﬁnitely redeposited sediments
Quality ﬂags for entire sediment half discs
D
Sample disturbed
G
Sample in good shape and completely full
N
Sample not completely full
C
Sample has cracks and parts were shifted (note details under “remarks”)
K
Sample contains crack and nothing was shifted
L
Sharp lithological change within sample (note depth of change under
“remarks”)
M
Sample was merged between two sections (note depth and sections under
“remarks”)
T
Sample contains tephra
R
Sample contains disturbed sediment from the rim of the liner
Z
Sample collected as one piece in a plastic bag, no sub-sample available
Quality ﬂags for sub-samples
F
Sub-sample full and of good quality
U
Sub-sample full, but exact volume unknown
N 50% Sub-sample not full, but more than 50%
b 50% Sub-sample not full, but less than 50%
Y
Sub-sample material very coarse (coarse sand and/or gravel)
O
Sub-sample oriented
W
Sub-sample not taken (sediment is still in the liner)
X
Sub-sample missing or sample tube empty
Quality ﬂag only for pollen sample
S
Contains sediment surface (possibly contaminated with pollen from air)
Quality ﬂag only for “remains” sample
E
Existing
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sampling is achieved. The D-scoop was also used as the standard
sampling tool in the interdisciplinary project SALSA (South Argentinean
Lake Sediment Archives and Modelling, Zolitschka et al., 2006;
Haberzettl et al., 2007). It is a D-shaped shufﬂe-like device made
entirely from stainless steel of 0.5 mm wall thickness with a handle at
the top, ﬂat end (Fig. 7). For reasons of stability, it is divided into two
equally sized compartments by a central division bar. Combining the Dscoop and small PVC tubes, several subsamples with known volumes
can be taken simultaneously from exactly the same stratigraphic level in
the core (Fig. 7). With the Butyrate liners used in the PASADO project,
the total volume that is available in a 2 cm thick slice of one core half is
34.6 cm3. However, only 31.0 cm3 are sampled with the D-scoop to
account for tolerances and possible deformation of the liners, and to
exclude the probably disturbed sediment that is directly adjacent to the
inner surface of the Butyrate liner. Within ca. 2 mm distance of the inner
wall of the liner, the sediment in most cases is protracted down-core by
frictional drag during the coring process and, thus, should not be
sampled (Ericson et al., 1961). Sampling of this disturbed sediment is
avoided with the D-scoop by skids that are mounted at its outer face
(Fig. 7).
The sampled volume of 31.0 cm 3 is then divided into 6
volumetric and 1 non-volumetric subsamples. Volumetric subsamples are taken by pushing 6 PVC-tubes (Fa. K. + C. Weiss
GmbH, inner diameter: 13 mm, volume: 2.65 cm 3) into the sample
compartments of the D-scoop (Fig. 7). When tubes are capped with
colour-coded lids (e.g. transparent = bottom, colour = top), a later
orientation of the subsample is possible. In each of the two
compartments of the D-scoop, an extruder ensures that all of the
sampled sediment is completely transferred into the respective
sample container (Fig. 7). For the PASADO project, the 6 volumetric
subsamples were used for biological proxies as well as for analyses
of chemical and physical properties and for the determination of dry
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bulk densities (see Fig. 5 for details). After all subsamples were
taken, the remaining sediment in the D-scoop was collected and
stored as “remains” sample available for further, not yet determined
analyses. Subsequently, sample tubes could easily be labelled,
colour-coded by caps available in six different colours, sorted and
shipped to the respective project partners.
In all sampled cores, cavities left behind by any kind of sampling
were ﬁlled with closed-cell PE-foam in order to avoid collapsing of the
sediment that remains in the core liner. Sampled cores were stored
vacuum-sealed in gas-tight tubular ﬁlm at 4 °C.
The described sampling procedure with the CSA works well in ﬁnegrained soft sediments. There are, however, a number of sediment
types that can be encountered in lake sediment studies where the
described partitioning and sampling with D-scoop and PVC-tubes will
be impossible. For sediments that e.g. are very coarse-grained,
compacted, lithiﬁed, peaty, or contain a lot of macrofossils, alternative,
more appropriate sampling techniques have to be selected.
2.6. Application of sampling procedures
Using the procedures outlined above, the 99 core sections of the
PASADO reference proﬁle from site 5022-2 were sampled in
consecutive 2 cm steps. During sampling of the cores, the reference
proﬁle was continuously updated according to the actually sampled
levels. A total of 5089 samples with 35,623 subsamples were taken.
They are currently analysed by the different research groups involved
in the project. Before starting the sampling of the reference proﬁle, a
list of quality ﬂags was deﬁned that was used (1) to document the
condition of every sample and subsample, and (2) to allow a ﬁrst
classiﬁcation of the sediment character (Table 2). In order to
guarantee a precise adjustment of logging and scanning data with
data determined on individual samples at a later stage, it is important

Composite depth at core top (m)
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Fig. 8. Photograph of the composite proﬁle of Site 5022-2. The 106.08 m of sediment are shown as 3 m sections (labels on the left side). Numbers at the top of each section denote the
composite depth at the top of the respective sediment interval. White intervals mark gaps related to core loss due to drilling problems or core catchers. Note that the core diameter is
exaggerated by approximately 147% versus core length.
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to clearly deﬁne a sampling protocol of how certain cases shall be
handled that might be encountered during sampling. In our context,
three cases are of particular importance (all quality ﬂags are listed in
Table 2):
(1) When the 2 cm sampling arrives at the end of a section in the
reference proﬁle and the remaining last sample has a thickness
of less than 2 cm, it is merged with the ﬁrst sample that
immediately follows in the next section if there is no gap (e.g.
core catcher) in between (quality ﬂag: M). For example, a
0.5 cm thick last sample is merged with the ﬁrst 1.5 cm of the
next section to yield a 2 cm thick sample.
(2) Cracks of less than 3 mm thickness were treated as being part
of the sample i.e. were not shifted but labelled with the
respective quality ﬂag (quality ﬂag: K).
(3) If cracks of more than 3 mm thickness are encountered, the
material below the crack was shifted by a given number of mm
to make it a complete 2 cm sample (quality ﬂag: C).
The exact and consistent handling of these three different cases is
important given the fact that they all have an inﬂuence on the
calculation of the composite depth, which is done based on the
documented quality of each sample after sampling is completed.
Using this detailed documentation, the composite proﬁle with a ﬁnal
composite depth scale reaching down to 106.08 m composite depth
(mcd) for Site 5022-2 was established (Fig. 8).
After the PASADO drilling campaign was ﬁnished in late 2008, the
next ICDP deep drilling project was carried out in spring 2009 at Lake
El'gygytgyn, Siberia. The sampling procedure including manual core
splitter, core sampling assembly (divider and D-scoop) and the
quality ﬂag scheme as proposed above was adopted by the Lake
El'gygytgyn Science Team, of course slightly adapted to meet their
speciﬁc needs (Brigham-Grette and Melles, 2009; Brigham-Grette
et al., 2009; Melles et al., 2011).
3. Conclusions
Contiguous sampling with a spatial resolution of 2 cm or less is
tedious and labour intensive especially when long sediment
sequences have to be sampled. Yet, it is the only way to obtain
continuous multidisciplinary records of proxies for which discrete
samples are necessary. With the presented procedures and tools like
the CSA, a contiguous sampling process of long sedimentary
sequences can be performed fast, precise and efﬁcient. This method
is designed for interdisciplinary studies where many identical
subsamples need to be taken contiguously with a resolution of 1 cm
or more from long sediment core sequences. This was successfully
applied to two ICDP deep lake drilling projects and is therefore
suggested as a guideline for protocols in similar projects, but also for
any other sediment record to be studied in a multidisciplinary
manner. In this context, we stress the necessity for consistent and
well-documented procedures for future projects. A common protocol
would be desirable to facilitate planning and documentation of
sampling campaigns and to ensure the comparability of results. In
view of the increasing number and importance of sediment core
studies with continuous sampling not only for lake drilling but also for
ocean and terrestrial drilling projects, the described methods
potentially are of interest for a large group of scientists working
with sediment records.
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