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Abstract: The main goal of TA3 (Distributed Sample Analysis Facility-DSAF) is to provide
European and international scientist access to four world-leading geochemical laboratory
facilities to analyse planetary materials. The urgent requirement for access to these facilities
is that Europe has a unique suite of meteoritic samples and samples returned from missions.
European scientists have cooperated in, or are preparing further sample return missions.
European scientists are also involved in the analysis of lunar samples collected in Russian
and US missions. Moreover, high precision analyses are required of samples from terrestrial
sites that are the location of the development of early life on Earth and analogues of
environments on the moon and Mars. The materials of interest have highly diverse
compositions and mineralogy and require careful sample handling by experienced
researchers. The expanding planetary exploration programme is generating an increasing
demand for the analysis of rare sample material with the aim of obtaining a better
understanding of the physical-geological processes that formed specific planetary
environments and the biogeochemical processes that control the likelihood that life could
evolve or survive. These data will provide important constraints in developing future mission
goals.
To address this demand the DSAF comprises four leading national laboratories that are
recognized as world leaders in their field, all with specific expertise ranging from in situ
secondary ionization methods of solids at sub-µm scale, isotopic analysis of sub ng amounts
of individual elements and isotopic analyses of rare gases. In this reporting period projects
ranged from climate studies on Earth to better understand ocean-atmosphere-weathering,
determining the metabolic processes used by microbial communities in the early Archaean
(~3.2 Ga) on Earth and determining the timing of processes in the early accretion of
planetesimals.

1. Explanation of the work carried out by the beneficiaries and Overview of the progress
The four TA host institutions that comprise the Distributed Sample Analysis Facility (DSAF) have all
contributed to the publicity associated with the calls for access to TA facilities. This was achieved at
international conferences and through dedicated planetary science and geochemical e-mail forums.
Details of the application procedure for the TA facilities that allows rigorous appraisal of the
scientific impact is detailed in previous deliverables, the organisation of which was led by ESF. The
entire Europlanet2020-RI community has invested a large effort in making contacts with scientists
from non-inclusiveness countries.
Full details of the individual calls completed can be found at the Europlanet2020 RI website
(http://www.europlanet-2020-ri.eu/research-infrastructure/public-deliverables) along with reports
submitted and approved at the completion of the individual visit, which have been stored in a
private part of the website. The amount of data and the wide range of research performed at the
four facilities cannot be fully discussed in this summary report. Some of the highlights of the
research undertaken are outlined below along with summaries of all the visits.
The Distributed Sample Analysis Facility incorporates cutting edge technology and is managed by
scientists with leading international reputations. User group meetings are conducted in an ad hoc
manner as there is no common theme other than hosting visitors, an issue with which all the
facilities are highly experienced. Telephone/Skype are the most frequently used media to discuss
issues of method development and instrument performance although some communication can be
carried out by e-mail. Face to face meetings are conducted at international conferences,
Goldschmidt 2017 (Paris) & 2018 (Boston) and at EPSC (in 2018 in Berlin). At these meetings the
agenda addresses, long term sustainability; investment in new technology; TA visit management and
follow up support of visitors to prepare publications.
In TA Call-3, 38 individuals were named in the applications, of which 22 were female, representing
58%. This is a higher percentage than for the entire first 3 calls where there were 40 female
applicants out of 104 (~40%). Eleven (~10%) applicants for TA access have been from non EU
countries but only four from non-inclusiveness countries but, encouragingly, three of the latter
were in the last call suggesting that the message of possible access is finally being appreciated

Task 4.1: Radiogenic and non-traditional stable isotope facility: Geology and geochemistry, Faculty of Earth and
Life Sciences, VU University, Amsterdam, NL: (GGIF)
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Table 1. Visits to DAFS facility at VUA during reporting period

Highlight (16-EPN2-009): Analogues of the mantles of rocky solar system planets: Petrogenetic
processes in lithospheric sulphides (Jason Harvey).
The U-Th-Pb isotope system has three parent daughter decay systems with different half-lives and
hence is a very powerful tool to understand the early formation and subsequent differentiation of
planetary bodies. The Pb isotope ratios of terrestrial magmas are relatively radiogenic compared to
the Pb isotope ratios derived from chondritic material. This relationship is termed the Pb paradox –
the observation that a reservoir of unradiogenic Pb in the Earth has yet to be somewhere within the
Earth’s interior. One possible explanation could lie in base-metal sulphides that reside within Earth’s
mantle.
The chalcophile nature of Pb means that base-metal (Fe-Ni-Cu) sulphides
likely represent a major repository for Pb in planetary interiors, yet the
precise analysis of Pb isotopic compositions of 50 to 500 µm diameter
sulphide grains recovered from the mantle of planetary bodies has
previosuly been hampered by the difficulty in processing aliquots of Pb in
the picogram to nanogram range. Recent development of a low blank
207
Pb/204Pb double spike technique and use of a Triton Plus thermal
ionisation mass spectrometer (TIMS) equipped with a 1013 Ohm amplifier
to measure the low abundance 204Pb isotope at the Vrije Universiteit
now allows Pb isotope analyses of minute peridotite-hosted sulphide
grains. This project therefore aimed to assess if the analysis of individual
sulphides was possible.
Figure 4.1.1. False colour
overlay of Fe, S and Si
distribution in a typical
altered sub-continental
lithospheric
mantle
sulphide from Kilbourne
Hole, NM. Orange areas
depict relatively fresh
sulphide, green areas
are Fe oxy-hydroxides
and turquoise areas
have been infiltrated by
a Si-rich melt / fluid.
Field of view 300 x 500
microns

This study reports the Pb isotope composition and Pb elemental
abundance of 20 base-metal sulphides recovered from a single
harzburgite xenolith from Kilbourne Hole, New Mexico, USA. In addition
to partial oxidation to Fe-oxy-hydroxides, many of the sulphides had also
subsequently interacted with a siliceous melt / fluid, obscuring their
primary mineralogy and textures still further (Figure 4.1.1). As such,
these sulphides were considered to be as challenging a target material as
could reasonably expected for meteorite-hosted sulphides. Sulphide
masses ranged from 17 to 171 µg, yielding Pb aliquots of 0.14 ng to 7.45
ng Pb. Blank measurements were consistent at 65 pg Pb, meaning that in

the two smallest samples up to 45% of the measured Pb came from making the measurement itself.
However, the mean blank contribution in the remaining samples was only 11%. Pb isotope ratios
obtained were ubiquitously radiogenic, plotting to the right of the 4.57 Gyr “geochron” (age of the
Earth), suggesting that, in this harzburgite sample at least, despite a wide range of Pb abundances
being retained in mantle base-metal sulphides, sulphides from the sub-continental lithospheric
mantle are unlikely to be a significant
source of unradiogenic Pb and thus do
not represent a solution to the first Pb
paradox (figure 4.1.2).

Importantly this study has validated that
samples of this type, if encountered in
irreplaceable extra-terrestrial material
would not present a serious analytical
hurdle for a similar study to be
performed in other differentiated rocky
bodies in the solar system
Figure 4.1.2. Pb isotope compositions of the samples from
this study. Analytical uncertainty smaller than symbol size.
Unlike some sulphides recovered from oceanic peridotites,
the samples from this study all yielded unradiogenic Pb
compositions

Task 4.2: Radiogenic, non-traditional stable & rare gas isotopes. Le Centre de Recherches
Pétrographiques et Géochimiques (CRPG-CNRS), Nancy, France:

[Ion probe facility (IPF) - Helium and Nitrogen isotope facility (HNIF)- Stable and Radiogenic
Isotope Facility (SRIF)]
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Reduced Silicate Melts:
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Table 2. Visits to DAFS facility at CRPG, Nancy, France

Highlight (17-EPN3-074): Tracing Metabolic Pathways Of Archean Microbial Communities. (Sami
Nabhan).
This project investigated the metabolic processes used by microbial communities in the early
Archaean (~3.2 Ga) on Earth. Multiple sulphur isotopic compositions were determined on 6 pyrite
and 3 barite samples from the Moodies Group, banded iron formation in the Barberton Greenstone
Belt, South Africa (Figure 4.2.1). Due to the generally reducing Archean environments detrital pyrite
is a common accessory mineral in sedimentary rocks, whereas sulphate minerals like barite or
anhydrite are sparse (Figure 4.2.2). The Moodies Group is one of few cases in the Archean rock
record where not only sulphides but also sulphates are preserved. To date, it is the only known
locality of Paleoarchean age with terrestrial strata containing sulphates not limited to barite but also
containing anhydrite. However, parts of the BGB experienced a late hydrothermal mineralization
event that led to post depositional formation of mainly pyrite and arsenopyrite. To obtain a full
picture of biogenic processes involved in the formation of the Moodies sedimentary rocks we
included one sample that clearly contains pyrite of hydrothermal origin and measured the S-isotopic

composition of some detrital pyrite. This approach is important to distinguish between pre-, synand post-depositional sulphur processes and to evaluate the role of microbial mediation in the
formation of the oldest known anhydrite to date.

Figure 4.2.1: Location of the Moodies Group within the Barberton Greenstone Belt, South Africa.
Modified from Bontognali, T.R.R. et al. (2013).

Figure 4.2.2. Polished banded ironstone rock from Moodies Formation. A) Chert layer; B) laminated magnetite
and haematite. C) Siliciclastic layer. Modified from Bontognali, T.R.R. et al. (2013).

The secondary ionisation mass spectrometry data were corrected against several standards to
ensure that the Δ33S and Δ36S variations were reproducible. Extreme care was taken with cross
calibration because of the unusual Δ33S values of the sulphates, with a mean of ca -0.2‰. Such
values are the highest detected for any Archean sulphates and can either be explained by mixing

processes with so called juvenile sulphate or by a change in the atmospheric photo-oxidation
process that cause the mass independent fractionation observed throughout the Archean. Late
diagenetic or metamorphic/hydrothermal processes for the formation of the examined sulphate
were excluded based on sedimentological field evidence (Nabhan et al., 2016). The S-isotopic
composition of the clearly late stage hydrothermal pyrite included in this SIMS session confirm this,
since they mainly carry a slightly positive MIF signal of 0.13‰ and are about 1.1‰ lighter in their
δ34S composition.
We demonstrate that the sulphate of the Moodies paleosols was a food source for sulphate reducing
microbes that have triggered the formation of pyrite measured in a prior session with the same Δ 33S
values as the sulphate but with up to 35‰ lighter δ 34S composition. We can also confirm a trend
that has been previously observed but could not be explained of Δ33S values of sulphate becoming
higher with time in the Paleoarchean (Roerdink et al., 2012). Such changes in the sulphur MIF- signal
are commonly explained as linked to changes of photochemical reactions and UV shielding in the
Archean atmosphere (Guy et al., 2012; Muller et al., 2016). However, since the observed trend
seems to be accompanied by an increasing number and diversity of forming sulphates steadily
developing over a period of ca 300 Ma it is also possible, that microbial sulphide oxidation was
thriving and hence the controlling process.
References:
Bontognali, T.R.R. et al. (2013). Siliciclastic associated banded iron formation from the 3.2 Ga Moodies Group,
Barberton Greenstone Belt, South Africa. Precambrian Research 226 (2013) 116–124.
Nabhan, S. et al. (2016). Climatic and geochemical implications of Archean pedogenic gypsum of the Moodies
Group (~3.2 Ga), Barberton Greenstone Belt, South Africa. Precambrian Res., 275, 119-134.
Roerdink, D.L. et al. (2012). Multiple sulfur isotopes in paleoarchean barites identify an important role for
microbial sulfate reduction in the early marine environment. Earth Planet Sci Lett, 331, 177-186.
Guy, B.M. et al. (2012). A multiple sulfur and organic carbon isotope record from non-conglomeratic
sedimentary rocks of the Mesoarchean Witwatersrand Supergroup, South Africa. Precambrian Res., 216219, 208-231.
Muller, É. (2016). Multiple sulfur-isotope signatures in Archean sulfates and their implications for the
chemistry and dynamics of the early atmosphere. Proc. Nat. Acad. Sci., 113, 7432-7437.

Task 4.3: Radiogenic & stable isotopes. Open University, Milton Keynes, United Kingdom:
[NanoSIMS 50L- Laser Fluorination System (LFS)- Compound Specific Stable Isotope Analysis (SIA)]
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Table 3. Visits to DAFS facility at OU during reporting period

Highlight (17-EPN3-017): Fate Of Carbon During Earth's Core Formation. (Ingrid Blanchard & Eleanor
Jennings).
Carbon is an element of great importance in the Earth, because it is intimately linked to the presence
of life at the surface, and, as a light element, it may contribute to the density deficit of the Earth’s
iron-rich core. Carbon is siderophile at low pressures and temperatures, as shown by a very high
metal-silicate partition coefficient (Dmet-sil > 100, Dasgupta 2013). Based on this behavior, it should be
stored mainly in the Earth’s core. Nevertheless, we still observe the existence of carbon at the
surface, stored in crustal rocks and associated with the presence of life, and in the mantle, as shown
by the exhumation of diamonds. The presence of carbon in the crust and mantle could be the result
of the arrival of carbon during late accretion, after the process of core formation ceased, or because
of a change in its metal–silicate partitioning behavior at the conditions of core formation (e.g. P >40
GPa and T >3500 K). Previous studies reported metal–silicate partitioning of carbon based on
experiments using large volume presses up to 8 GPa and 2200 °C (Li et al., 2016). In this study, we
have performed the first laser-heated diamond anvil cell experiments in order to determine carbon
partitioning between liquid metal and silicate at the extreme conditions of Earth’s core–mantle
differentiation. We performed 6 successful metal–silicate partitioning experiments between 41 and
71 GPa and 3500 and 4100 K. We recovered our samples using the Focused Ion Beam technique and
welded a 2–3 μm thick slice of each sample onto a TEM grid (Figure 4.3.1) . Major elements were

analyzed by electron microprobe, whereas the concentrations of carbon in the silicate were analyzed
by nanoSIMS at the Open University. The two phases (metal and silicate) are extremely small (each
are less than 10 microns). We were able to measure the abundance of carbon in the silicate and in
the metallic phase of our 6 samples. This required careful synthesis of standards containing various
amount of carbon using a piston-cylinder apparatus. We thus have obtained metal–silicate
partitioning results for carbon at PT conditions relevant to planetary core formation, where C
remains strongly siderophile in all experiments. We will integrate our results into state-of-the-art
core formation models (Rubie et al., 2015, 2016) in order to determine carbon concentrations in the
core and bulk silicate Earth (BSE) at the end of accretion.

Figure 4.3.1 shows total ion image of a FIB slice from one of the diamond anvil experiments. Inner
dark region shows position of molten metal region, surrounded by lighter melted and equilibrated
silicate region with the outer mid blue region showing un-equilibrated silicate material. The two red
squares show the position of analyses of equilibrated (upper left) and un-equilibrated (lower right)
silicate. The sample is gold coated in order to facilitate charge dissipation during analyses, and
therefore only very subtle differences are apparent in this imaging mode. Note scale is bar is 4 µm.
References:
Dasgupta, R. (2013). Ingassing, Storage, and Outgassing of Terrestrial Carbon through Geologic Time. Reviews
in Mineralogy and Geochemistry 75, 183-229.
Li, Y. et al., (2016). Carbon and sulfur budget of the silicate Earth explained by accretion of differentiated
planetary embryos. Nature Geoscience 9, 781–785.
Rubie, D.C. et al., (2015). Formation of the Earth’s core. In: Stevenson, D. (Ed.), Treatise on Geophysics –
Evolution of the Earth, second ed., vol. 9. Elsevier.
Rubie, D.C. et al.,(2016). Highly siderophile elements were stripped from Earth’s mantle by iron sulfide
segregation. Science 09 353, 1141-1144.

Task 4.4: Radiogenic & non-traditional stable isotopes: Institute for Planetology; University of Münster,
Münster, Germany:
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Table 4 Visits to RNTSI facility at WWM during reporting period

Highlight (17-EPN3-036): Hf-W measurements of Barwell ‘Pebbles’: Dating early differentiation in the
Solar System (Natasha Vasiliki Almeida)
This project investigated igneous-textured inclusions in ordinary chondrites to constrain early
differentiation, timing of thermal metamorphism, and implications for impact history and mixing in
the early Solar System (Fig. 4.4.1). Characterising such inclusions allow determination of their origin
and relationship to the bulk meteorite, i.e. whether they formed on the chondrite parent body,
formed in a similar way to chondrules, resulted from impact melting, or are fragments of an
achondritic projectile. The earliest formed material in chondrites are calcium–aluminiumrich inclusions dated at ca. 4567 Myr and that chondrules formed within 2-3 Myr.
Samples of the inclusions were separated from the Barwell meteorite and three other
ordinary chondrites, previously identified at the Natural History Museum, London. Hafnium-tungsten
(Hf-W) compositions were determined on seven inclusions, ranging in mass from 102 mg to 219 mg
following procedures outlined in Kruijer et al. (2014) using a Neptune Plus Multicollector-Inductively
Coupled Plasma Mass Spectrometer (MC-ICP-MS). The Hf-W isotope system is used to provide
insight into the mechanisms of planetary accretion, specifically the timing of metal-silicate
separation. Hafnium (the parent) and tungsten (the daughter) are both notably refractory elements
and should occur in chondritic proportions (Hf/W ~ 1.1) in undifferentiated early Solar System
material (Kleine et al., 2004). If the proto-parent body (or bodies) of the inclusions was
differentiated prior to their ejection, we would expect them to exhibit radiogenic 182W excesses, as
the silicate portion of the parent body would have had a higher-than-chondritic Hf/W due to
fractionation during differentiation.

Figure 4.4.1. Photograph of the Barwell Meteorite containing large dark basaltic silicate inclusions
(black arrow) and smaller chondrules.
One Barwell inclusion showed a low concentration of Hf, resulting in a negative two-stage
model age, similarly to two Barwell inclusions studied during a previous visit. Although no
meaningful age can be calculated for these samples, the results indicate a complex formation that
will be further explored by other techniques. The six other inclusions have super-chondritic Hf/W
ratios and display radiogenic 182W excesses. The model ages for these inclusions ranges from 2.0 to
2.7 Ma after CAIs. Importantly, these inclusions define a bulk rock Hf-W isochron that more
accurately dates the timing of their formation at 2.8 ± 1.2 Ma after CAI (Figure 4.4.2).
Our results indicate that most of these inclusions formed contemporaneously with
chondrules. This combined with the similarities in Hf, W and REE concentrations suggests a genetic
link between chondrules and inclusions and has important implications for the early accretion in the
Solar System.

Figure 4.4.2. Hf-W isochron diagram of the ordinary meteorites.
References:
Kruijer, T.S et al. (2014). Nucleosynthetic W isotope anomalies and the Hf–W chronometry of Ca–Al-rich
inclusions. Earth and Planetary Science Letters. 403, 317-327.
Kleine T. et al. (2004). 182Hf-182W isotope systematics of chondrites, eucrites, and martian meteorites:
Chronology of core formation and early mantle differentiation in Vesta and Mars. Geochimica et
Cosmochimica Acta, 68, 2935-2946.
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