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The Reynolds Cup competition is an international renown round robin event for quantitative
mineralogy and clay mineralogy, open for scientists active in academia, research institutions,
industries or commercial consulting agencies. Unlike other round-robin events, the Reynolds
Cup competition issues three mixtures of pure mineral standards that represent realistic rock
compositions. The participants can use any method or a combination of methods to obtain the
most accurate quantitative phase analysis and, apart from the winners, remain anonymous. The
quantification of mineral mixtures is very often performed by the aid of X-ray diffraction,
infrared spectroscopy or thermal analysis methods but each method requires a human
interpretation to decide on the correct identification and quantification. The primary goal of the
contest is therefore to inspire and stimulate researchers to improve their analytical techniques
and individual interpretation skills.
The Reynolds Cup was named after Bob Reynolds for his pioneering work in quantitative
clay mineralogy and his great contributions to clay science and was established in 2000 by
Douglas McCarty and Jan Srodon of ChevronTexaco and Dennis Eberl of the United States
Geological Survey (USGS). The first RC competition was started in 2002 and is currently funded
by the Clay Minerals Society CMS and the German-Austrian-Swiss Clay Group DTTG. The
success of this competition encouraged the founders to make it a biennial event so that in 2018
already the 9th edition of the Reynolds Cup was organized.
Gilles Mertens and Rieko Adriaens won the edition of 2016 and therefore were
privileged, parallel to the Eurovision song contest, to organize the latest2018 Reynolds Cup
competition. The organizers prepared ca. 100 sample sets to distribute amongst the different
participants. The three samples were prepared to match a specific rock type: (1) a sabkha deposit,
(2) a weathered marine deposit and, (3) a carbonatite deposit. The samples consist of powder
mixtures of minerals that were carefully selected and tested for their purity. The pure minerals
were passively hand ground and where necessary sieved to minus 0.125 mm (or finer for minor
components) prior to mixing. Some minerals were milled in a centrifugal mill using a 0.08 mm
screen. All materials were equilibrated at 22°C and a relative humidity of 37-39% before
weighing out the individual phases. The homogenization of the mixtures was performed by 24h
overhead tumbling, then passing the mixture through a 0.2 mm screen to destroy aggregates, and
final mixing for 24 hours by overhead tumbling in 1.2 L bottles with a few mixing balls with
different density.
In total, 88 participants registered for the competition representing universities, national
and private research institutions, industrial and consulting companies from 28 different countries.
After 3 months at the final deadline, 73 participants submitted their best quantitative result, of
which all but 3 used X-ray diffraction as a primary technique.

It is clear from the 2018 results, parallel to the results of previous contests, that huge
differences exist between the results of different participants, regardless of the used equipment
and software packages. The Reynolds Cup results of the different editions show that there is not
a unique successful approach towards accurate quantification. The winners of past Reynolds Cup
competitions have often used different procedures in preparation but also different software. For
instance some Reynolds Cup winners have used Rietveld-based software whereas others were
very successful using pattern summation software. Both approaches have clear advantages and
disadvantages and both can be successfully applied but also do not guarantee in any way an
accurate quantification. The Reynolds Cup has shown that the competence and experience of the
participant itself is much more crucial. The optimal strategy to follow in preparation, X-ray
measurements, interpretation and additional analyses very much depend on the matrix, i.e. the
sample composition and thus cannot be easily formalized in a set of hard and fast rules.
The TOP-3-finishers of the 2018 Reynolds Cup were announced at the 55th Annual
meeting of the Clay Minerals Society in Urbana-Champaign (USA) in June.
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A cathodoluminescence (CL) study showed that the “roches à quartz dihexahédriques” (sensu
Beugnies, 1969) or “porphyroïdes” in the Willerzie area (easternmost Rocroi inlier) are
rhyolitic meta-tuffs and meta-ignimbrites deposited in an aquatic environment. More than 40
samples were investigated from different localities, including the Willerzie borehole, Rocher
des Ruchons, Ruisseau des Rousseries valley (incl. Marotelle), Hauts-Buttés, Laifour and
other sites. In the Willerzie borehole, remarkable shale breccias up to 7 m thick include
rhyolite lapilli and clasts with various volcanic textures and quartz phenocrysts/splinters.
These ones attest for the close vicinity of a fossil volcanic center with explosive eruptions.
The volcanogenic horizons are interbedded within Upper Silurian to Lower Devonian
metasediments (Roche et al., 1986; Meilliez, 1988).
Quartz phenocrysts and glomerocrysts in these rocks exhibit a ubiquitous red CL emission
with a rounded growth zoning, which is typical for (sub)volcanic quartz (Fig. 1). A similar red
CL was observed in quartz phenocrysts in Silurian rhyolitic lava flow from “Piroy volcano”
(Malonne) but not in other well-known subvolcanic rocks in Belgium, where the CL is blue
(Lessines, Quenast). However, quartz grains from Upper Silurian to Lower Devonian
siliciclastics overlying the Rocroi inlier, have a different cathodofacies with blue to brown CL
colors and abundant internal textures such as “spiders” and “cobweb” (Boggs & Krinsley,
2006), which would suggest a deeper (subvolcanic to plutonic) origin. The source area of
these quartz grains is unknown. The investigated series included the “Fépin Conglomerate”,
“Arkose” and “Grès d’Haybes” (Fépin Fm.), “Arkose de Willerzie”, quartzitic to arkosic
rocks from Oignies Fm., etc. Some sandstone units in the Willerzie borehole, are also devoid
of or extremely poor in red-luminescent quartz phenocrysts. All this points to local episodic
production of volcanic material in the vicinity of the eruptive center of Willerzie.
Our study also demonstrated that CL is more reliable in discriminating/sourcing quartz
phenocrysts than do conventional optical petrography as it reveals primary and secondary
geochemical/microstructural characteristics that are otherwise hardly or not visible. Primary
characteristics include growth zoning, enigmatic cylindrical features with blue CL possibly
related to former inclusions now resorbed and irregular dark-CL patterns (“cobweb” and other
related textures). Secondary CL characteristics of the phenocrysts include overgrowths and
the development of a dark-blue CL rimming cracks due to fast cooling and forming a streak
pattern inside the phenocrysts, especially around pressure shadows. A bright-green short-lived
CL similar to that in adjacent quartz veins induced by (Variscan) tectonic stress is also
observed in microfractures. CL also highlights various rhyolitic textures in the groundmass
such as flow banding, perlites, spherulites, pumiceous structures and “snowflake”
devitrification textures, as well as alteration (kaolinite) and abundant irradiation haloes due to
REE/U/Th-bearing minerals, especially in As-Pb-Zn-Cu(-Au?) SedEx mineralized zones.
The contemporaneity between bimodal magmatism in the Rocroi inlier and Willerzie
volcanites, first hypothesized by Beugnies & Charlet (1970) has recently been confirmed

based on new geochronological data (Cobert et al., 2018). However, quartz phenocrysts from
Mairupt and Grande-Commune microgranites display a blue CL color, which is typical of
magmatic quartz. Interestingly, quartz phenocrysts in rocks from the top of Laifour plateau
and Hauts-Buttés, which are supposed to originate from an intermediate emplacement depth,
have quartz phenocrysts with both blue and red CL colors. This suggests that the red CL in
quartz phenocrysts could provide a record of particular conditions or processes of felsic
magma emplacement to the surface that still need to be elucidated.

Figure 1. Cathodoluminescence (CL) micrographs of quartz phenocrysts in magmatic and
sedimentary rocks from different locations described in the text. In (A), arrows point to quartz
overgrowth with banded-brown CL within pressure shadows. In (B), left arrow shows the
development of dark blue and bright green CL as secondary features related to deformation
and associated fluids. Right arrow points to irradiation haloes. In (E) and (F), arrows show a
dark CL “cobweb” texture, which is typical of more plutonic quartz.
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LIBS (Laser-Induced Breakdown Spectroscopy) is a versatile analytical technique based on
atomic emission spectroscopy of laser-induced plasmas. It allows fast chemical analysis of
solids, liquids and gases with no or minimal sample preparation and is virtually nondestructive (Miziolek et al., 2006; Musazzi & Perini, 2014; Galbács, 2015). Application of
LIBS to earth sciences is a rapidly growing field (e.g. Senesi, 2014) and diverse geological
and environmental materials can be interrogated with a rather simple equipment both in the
laboratory, for macro- to microanalysis, and in the field, where remote analysis is even
possible. The ability of LIBS to simultaneously detect all elements (especially light to very
light elements) down to trace levels is another attractive attribute, and routine isotope analysis
could become a reality in the next future.
Despite all these advantages, LIBS has a major drawback : its rather poor analytical
performances, especially in chemometric terms. The LIBS signal results from a complex
interplay between several factors pertaining to the analytical system and the chemical and
physical properties of the sample. Laser-matter interaction, plasma generation and their
influence on the experimental data are not yet fully understood, which, among others, results
in poor reproducibility and complicates quantitative analysis. However, raw LIBS spectra
provide geochemical fingerprints that can readily be used for material identification,
discrimination and provenance analysis in several industrial, geological and archeological
problems such as real-time monitoring/sorting of ores and sourcing raw materials.
In its current state, LIBS do not compete with well-established techniques such as LA-ICPMS in terms of accuracy, precision and detection level. Instead, it should be regarded as an
exploratory technique, typically in situations where the number of samples is so large that
conventional techniques will be exceedingly expensive or time-consuming. LIBS can also be
advantageously used for screening large sample sets for preparing further geochemical
analysis of smaller subsets. In this case, subsampling can be optimized as it has a firm,
geochemical basis. LIBS can also expand the capabilities of other analytical systems such as
LA-ICP-MS for analyzing major elements, XRF for light elements, and Raman spectroscopy,
for combining elemental and molecular (vibrational) spectroscopy.
Depending on its design, a LIBS system can be very versatile, allowing point, line, surface
and even 3D analysis of samples with a wide variety of sizes, shapes and preparation types.
For example, geochemical logging of long core sections and fast mapping of hand-sample are
possible on the same system with minimal efforts and costs (Fig. 1). The laser beam can also
be shaped as a line instead of the common circular spot, which greatly accelerates the
scanning of finely layered rocks while keeping a high stratigraphic resolution. The laboratory
system developed at UMONS can also use three different laser wavelengths (alone or in
combination) : UV (266 nm), VIS (532 nm) and NIR (1064 nm) for optimal laser-matter
coupling. Ongoing developments include micro-LIBS capability using a dedicated optical
microscope and implementation of Raman spectroscopy in the 532 nm LIBS line.

Figure 1. Two example applications of LIBS. Left : geochemical core logging of selected
elements in the ~50 m-thick Cretaceous lacustrine clay sequence in Ber3 borehole,
Bernissart, showing some cyclicity and an enrichment in pyrite and (total) carbon in the
lower part. Right : low-resolution single-shot LIBS mapping performed on a sawn surface of
a Cretaceous chert from the Mons Basin to quickly investigate a dark-brown fibrous inclusion
(70 s acquisition time, no data processing). The absence of P and Ca indicates that the
inclusion is not a fossil bone as expected but silicified carbonaceous matter interpreted as
silicified charcoal. An unexpected phosphate-bearing zone is detected to the right.
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1. Introduction
In the framework of the construction of the new 3D geological model of Flanders (G3Dv3)
by VITO, we tested the use of gravity data for mapping at a subregional level in the Campine
Basin, hereby focusing on faults.
For fault mapping, VITO has mainly relied on 2D seismic data, and where available used
additional data such as coal mining and borehole data, surface expressions, electric resistivity
profiles and jumps in hydraulic head (Matthijs et al., 2013; cf. Deckers et al., 2018). Because
of the focus on seismic data, there is a considerable (seismic) data driven bias in fault density.
In addition, it is often difficult to correlate faults between - often widely spaced - 2D seismic
sections, in particular in the presence of fault splays and relay zones. Also fault terminations
(lateral tip lines) are difficult to position. Because of these uncertainties, the regional
structural framework is often obscured.
The additional use of potential field data can overcome many of these uncertainties. For the
Campine Basin, conventional aeromagnetic data do not provide much extra information
because of the relatively large depth to basement and the apparently, virtually non-magnetic
nature of both basin sediments and basement in this area. However, density contrasts between
basement and sediments, and the presence of intrabasinal high-density and low-density units
are promising for the use of gravity data.
2. Data and method
In 2004 the British Geological Survey (BGS) reinterpreted the gravity data of the Brabant
Massif as part of a commissioned study managed by GF Consult bvba on behalf of the
Flemish government (VLA04-3.1; Chacksfield et al., 2004). For this purpose, BGS
constructed a new, high-resolution (point distance ≤ 1km) Bouguer gravity map of Flanders,
using gravity data from the Geological Survey of Belgium. A variable density Bouguer
reduction was used for the construction of this map, and, for interpretation purposes several
short-wavelength gravity filters were produced. Since 2003 no new publicly available gravity
data have been acquired in Belgium (cf. Everaerts & De Vos, 2012).
For this study, first, a regional gravity lineament map of Flanders was constructed by
VPO using BGS Bouguer gravity and filters (VLA04-3.1; Chacksfield et al., 2004). This was
done completely independent from the mainly seismic data based fault mapping by VITO. In
a second step, VPO compared the faults mapped by VITO with the gravity data. This was

done consecutively for three subareas within the Campine Basin. Feedback was provided on
the mapped faults in terms of fault trace and trend, cross-cutting relationships and fault
terminations. Also at this stage no gravity data or gravity interpretations were passed on to
VITO. In a third step, the resulting fault map of the Campine Basin was interpreted together
by VPO and VITO, checking all available data against the gravity data. This resulted in the
final fault map for G3Dv3.
3. Results and conclusion
The incorporation of gravity data allows extending and mapping fault traces outside of the
areas covered by seismic and mine data. Individual Palaeozoic sub-basins, horsts and riftstructures can be recognized, and can often be mapped using the gravity data. The
incorporation of gravity data at a very early stage in the interpretation process quickly results
in a much better constrained regional fault framework, and in turn highlights interpretation
issues. Also the nature and significance of specific, sometimes controversial, fault structures
(e.g. Donderslag lineament) become much better understood.
As this study illustrates, even at a sub-regional level, potential field data – in this case
gravity data - should be regarded as a standard mapping tool in unexposed terrains, with a
level of hierarchy quite similar to that of seismic data.
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1. Introduction
The degree of water saturation is an important factor to freeze-thaw (FT) weathering. There is
even a material-specific critical saturation level above which the host will suffer immediate
damage when subjected to a FT cycle (Prick, 1997). Up to today, it is not fully clear which
process, accompanying crystallization in the pores, is responsible for the stress build-up.
Hence, the link between the pressure mechanism and the critical saturation degree is not fully
understood. It is believed moisture is drawn towards growing crystals (Everett, 1961; Walder
and Hallet, 1985), which enables the crystals to remain growing as long as water is able to
move to the site. Consequently, crystallization pressure on the pore walls is supposed to be
the main damaging mechanism (Scherer, 1999). However, in highly saturated rocks, there
could be an influence of trapped water in the smaller pores of the system, and hydraulic
pressures could be generated (e.g. Powers, 1945) for high rates of freezing and low
permeabilities. However, the latter is unlikely to occur within in situ building materials
(Scherer and Valenza, 2005). These theories can be supported by measuring the length change
of samples subject to a FT experiment. However, such observations only result in indirect
evidence which could lead to misinterpretations (e.g. Powers & Helmuth, 1953). Therefore, in
situ monitoring water transport during one or more FT-cycles, could deliver an extra clue in
the search for the damaging mechanisms. Cyclic FT weathering tests were performed both on
laboratory scale and on the micro-scale using X-ray computed tomography (µCT) on samples
with different degrees of saturation. Laboratory samples were monitored for length changes
and long-term decay pattern. µCT time-lapse imaging of the freezing process, was used to
study the repositioning of water/ice. Afterwards, these microscopic observations were
compared with the macroscopic weathering pattern, with a link to the saturation degree.
2. Materials and Methods
Savonnières limestone (Upper Jurassic) is a French natural building stone composed of
ooliths and shell fragments. Bentheimer sandstone (Lower Cretaceous) is found at the
German-Dutch border and is a well-sorted, homogeneous quartz arenite. FT resistivity largely
depends on the pore characteristics of a certain material. Therefore, these two stones, which
are known to have totally different pore characteristics, were selected for the experiments.
The weathering behaviour of the two natural stones was investigated in function of the degree
of water saturation. After applying 140 FT cycles to differently saturated samples, the damage
was assessed visually, microscopically and by porosity measurements. Monitoring some
proxies of the internal processes during the FT cycles (i.e. temperature evolution and length
change) were added to comprehend the internal processes.
To assess the processes within the pores, µCT was used. This technique has proven its value
within geoscience as a non-destructive imaging method (Cnudde and Boone, 2013). At the
Ghent University Centre for Tomography (UGCT) it has been possible to image a sample
subjected to FT cycles (De Kock et al., 2015) by implementing a custom-made freezing stage
(De Schryver et al., 2014). To check the feasibility of the technique and the duration of an
appropriate FT process, a Savonnières sample was imaged at several defined temperatures
during cooling. To investigate the preferred location of water/ice crystals and whether these

locations shift during the process, samples with certain defined saturations were subjected to
FT cycles on the µCT device. The samples of interest were imaged both unfrozen and frozen
and this for several FT cycles.
3. Results and discussion
Results of the weathering test show that Bentheimer sandstone and Savonnières limestone
have a different weathering pattern, independent of the saturation degree. At saturation
degrees larger than 80 %, Bentheimer will burst from the inside out, while Savonnières will
lose large parts of its edges. At lower saturation degrees, both stones remain unaffected after
140 FT cycles.
An exotherm in temperature measurements during FT cycles shows that crystallization does
occur in all samples when cooled to -15 °C. Similar to the temperature, length change curves
illustrate the crystallization event. For low saturations, the length change curve follows the
temperature curve, while for high saturations, it is clear that more stress is developed within
the pores. The way this is pronounced is however slightly different for both stones. Both,
temperature and length change curve indicate a different effect of processes in the pores for
both stones while a similar FT test is performed.
A first µCT test on a Savonnières sample shows that it is possible to monitor the change
between the unfrozen and frozen scan. When the behaviour of the pore water/ice is monitored
after several cycles, a shift is seen in the positions of the ice. Combining the results of µCT
with the proxies for ice crystallization could lead to a more uniform idea of what happens
during ice crystallization and melting within these rocks and what the influence of the
saturation degree is on the acting processes.
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1. Background
Tsunami deposits provide information on the long-term frequency-magnitude patterns of
events, which may not be covered by the historical and instrumental record. Such information
is crucial for the assessment of coastal hazards and mitigation measures against the loss of life
and assets. In order to identify tsunami deposits in the coastal sedimentary record and to infer
tsunami characteristics, a wide range of proxies has been established based on studies of
recent tsunami deposits. Microfossils (e.g. foraminifera, ostracods, diatoms) are often used to
recognize tsunami deposits, and to differentiate them from those of other processes. In terms
of foraminifera, tsunami deposits mostly contain allochthonous associations dominated by
benthic intertidal to inner shelf taxa. Specimens may originate from outer shelf to bathyal
depths; even planktonic forms may occur. Furthermore, changes in test numbers, taphonomy,
size or adult/juvenile ratios compared to background sedimentation are common (Pilarczyk et
al., 2014; Engel et al., 2016). However, dissolution of microfossils often prevent identification
and diminish their value as a proxy (Yawsangratt et al., 2012).
2. Study goals and concept
To address the problem of post-depositional alteration of microfossil associations in tsunami
deposits, high-throughput metagenomic sequencing techniques are applied by the GEN-EX
project to identify marine organisms in onshore sand layers based on their DNA remains.
Metagenomics (or environmental genomics) is related to sequencing DNA directly from the
environmental samples, where the genetic material may have been preserved in sedimentary
records covering tens of thousands of years. Metagenomics is an emerging technique in
environmental research and is used to characterize the diversity of bacterial communities but
also higher organisms such as animals, plants and fungi of recent and ancient origin in a
variety of settings, including ice, lake sediments, soils, cave deposits, and various types of
surface waters. Metagenomics can also be used to detect cryptic diversity, ultimately
providing more accurate estimates of biodiversity (Pedersen et al., 2015). Among the broad
range of organisms, foraminifera (single-celled protists) show a water depth-related zonation
in subtidal environments, and are the first to have been identified successfully in palaeotsunami deposits by their DNA (Szczuci ski et al., 2016).
The main objectives of GEN-EX include: quantifying the relationship between water
depth and the distribution of different foraminiferal taxa where known tsunami deposits are
present, using a comparative classic micropalaeontological and metagenomic approach;
assessing the potential (based on both approaches) for identifying key indicator species in
tsunami deposits in different coastal settings; and establishing how metagenomic approaches
can contribute to the differentiation between storm and tsunami deposits.

3. DNA extraction
DNA will be analysed in two types of material – modern extant foraminifera and sediments
(tsunami deposits and adjacent layers). DNA extracted from single foraminiferal specimens
will be followed by whole genome amplification to obtain sufficient DNA concentrations.
Either part of the nuclear 18S rRNA region or the mitochondrial genome (mtDNA) will be
amplified, before high-throughput sequencing of the amplicons. Sequences will be edited and
aligned, and their identity verified by BLAST (Altschul et al., 1990) searches in Genbank and
the Forambarcoding project (http://forambarcoding.unige.ch). A project-specific database of
18S and mtDNA data of the identified recent foraminifera will be constructed.
Sampling of tsunami deposits and DNA extraction follows the protocol of Szczuci ski
et al. (2016). Suitable primers will be developed from our reference database of recent
foraminifera to amplify overlapping short fragments of 18S or mtDNA of the target species.
Amplicon concentration will be quantified and prepared for high-throughput sequencing.
Sequence data will be analysed with different bioinformatics pipelines (e.g. QIIME),
including quality control, removal of barcodes and adaptors, identification and removal of
chimeric and redundant sequences, and comparisons with our own and open access databases
of 18S data for defining Operational Taxonomic Units with 95% and 97% similarity cut-offs.
4. Study area
One of the study areas, where the eDNA approach is applied, are the Shetland Islands,
exposed to the mega-tsunami triggered by the early Holocene Storegga submarine slide off
the coast of Norway. Sediment run-up of more than 25 m left a distinct landward-thinning
sand layer with an erosive lower contact, large rip-up clasts, fining-upward sequences and
marine diatoms in near-shore lakes and coastal peat lowlands. In addition to sediments
associated with the Storegga tsunami, two younger tsunami deposits dated to c. 5 and 1.5 ka
(Bondevik et al., 2005) are investigated. Sampling for the planned foraminiferal analyses and
eDNA extraction of the deposits and their source area, comprising along the beach and
subtidal area to the central shelf area is scheduled for the second half of March 2018.
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1. Introduction
High-temperature X-ray diffraction is a technique used to determine the mineralogy of a
sample at various, non-ambient, temperatures. It allows the measurement and visualisation of
dehydration and oxidation processes, phase transformations (Wahl et al., 1961;
Montanari, 2004; Zamporti et al., 2012), reaction processes and crystallite growth (Natter et
al., 2001). The approach was tested on two distinct materials, i.e. raw clays used for ceramic
production and phosphate minerals. Four clay samples from Westerwald (Germany) were
chosen: a Fe-rich illite clay, a red, a yellow and a white clay. In addition, two natural
phosphate samples were selected: alluaudite [Na2MnFe2+Fe3+(PO4)3] from Townsite, Pringle,
South Dakota, USA (sample TOW-01; Hatert, 2002), and triphylite [LiFe2+(PO4)] from the
Palermo pegmatite, New Hamshire, USA. Mineral transformation and vitrification processes
were followed from 30 to 1250°C.
2. Methods
The in situ HT-XRD experiments were performed with a Bruker D8 Advance Eco instrument
equipped with a Linxeye XE detector and a modular temperature chamber (MTC). Each
powdered sample was placed directly on a platinum rhodium (PtRh) alloy strip combined with
a thermocouple. XRD patterns were recorded in the 8-70° 2 range with a step width of 0.02°.
Samples were heated with a rate of 30°C/min and were kept at the desired temperature for 5
minutes before analysis. Each sample was first analysed at room temperature and then heated
at 300, 600, 900, 1100, 1150, 1200 and 1250°C. Mineral proportions were then quantified
using Topas software.
3. Results
The difference between the white, yellow and red clays lies in the temperature of appearance
and the abundance of some minerals (Fig. 1). The white clay does not contain any Fe-bearing
minerals. It is composed of kaolinite, illite, quart and rutile. The red and yellow clay contain
hematite and goethite respectively. During the heating process, the first mineral
transformation observed in Fe-bearing clays is the dehydration of goethite to hematite
occurring between 30 and 300°C. The second transformation, observed in all studied clays, is
related to the dehydroxylation of kaolinite into metakaolin (amorphous) between 300 and
600°C. At 1100°C, the illite totally disappeared and a large amount of mullite is formed. At
higher temperature cristobalite is formed at 1100°C for the red clay and at 1200°C for the
yellow clay but it is not observed in the white clay. Fe-rich illite clay, used for its good
vitrification properties at low temperature is different from the three other samples. It is less

stable, resulting in a lower dehydroxylation temperature (between 600 and 900°C). At higher
temperature spinel was observed from 1100°C in this sample.

Figure 1 : Evolution of mineral proportions of clay samples with temperature

Heating experiments on phosphates are currently being processed. They will allow to shed
some light on the variation of unit-cell parameters of alluaudite- and triphylite-type
phosphates over heating. Moreover, accurate determination of phosphate proportions at
different temperatures will help us to better understand the stability features of these minerals.
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1. Fossils not protected by law
In Belgium, fossils are not protected by law (Gerrienne, 1999) leading to the unfortunate situation
that in active quarries and at building sites, thousands of fossils are destroyed every day. Many of
those are relatively insignificant finds, but they also may include possible major scientific
discoveries. With no government organization dealing with it, assessing and saving Belgium’s
paleontological heritage is in the hands of a small number of highly motivated professional and
citizen paleontologists who are scouring active quarries and building sites after hours and during the
weekends.
2. Many important finds although no support
In the past two decades, this small group of highly motivated paleontologists was responsible for an
impressive number of important new discoveries. To cite only some of their discoveries: more than
a dozen cetacean skeletons, many of them leading to the description of new species, several new
finds of decapod crustaceans, amongst them also several species new to science, many first
recordings of species of shark teeth and some new species, a very large number of new species of
trilobites, the oldest known Belgian mosasaur skeleton, new finds of Frasnian placoderm fish, the
largest collection of bed-by-bed collected upper Frasnian cephalopods, a new crinoid Lagerstätte
and so on and on. Each of these motivated paleontologists will however tell you that what they were
able to rescue was only a small portion of what they had been able to rescue if a bit more support
was on hand. This support could have been a better status to discuss with contractors at building
sites or quarry operators, some financial support during excavation (cf. professionalism), and not
unimportantly, more help of professional paleontologists quickly identifying important finds from
less important ones, or supplying skills and know-how to e.g. excavate complete vertebrate
skeletons.
3. Time for action?
A major question to tackle is whether or not we leave the situation as it currently is. This is, do we
leave the saving of important Belgian paleontological heritage only in the hands of volunteers?
From the money point of view, one could argue that still a large number of important specimens are
rescued from destruction at no cost. But on the other hand, a much larger amount of important
specimens got irreversibly lost, or, and by lack of professional support, parts or even whole
specimens became lost by inadequate excavation and conservation.
Isn’t it time that the Belgian geo and paleo communities unite themselves to stand up and
ask for more attention for the safekeeping and safeguarding of Belgian paleontological heritage?
And shouldn’t we ourselves explore the best possible options to propose to our policy makers,
instead of waiting until the policy makers awake themselves? To stimulate the discussion, the
author proposes to change nothing to the existing laws, but to ask our government(s) to supply
funds for the hiring of two or more professional paleontologists whose major task would be to
rescue and to facilitate the rescue (e.g. with the help of volunteers) of important paleontological
specimens in quarries and on building sites. Considering where today the know-how of fossil
excavation, identification and conservation is found, next to the already existing networks for
working with volunteers, doing outreach and press communications, the author proposes the RBINS
as the best possible workplace.
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1. Introduction
DOV (Flanders Soil and Subsurface Database, https://www.dov.vlaanderen.be) is a unique
partnership of different departments within the Flemish Government, initiated in 1996.
Together with other actors they contribute from their expertise to an extensive database with
information about the subsoil. These data can range from geotechnics to geology and
groundwater. The webservice DOV explorer is continuously expanded with new features,
such as the ‘Virtual Borehole’.
However, the above mentioned services focus on the interactive and human-readable
querying and visualization of the data. In this new era of data science it was deemed
appropriate to create an API in addition that supports machine-based extraction and
conversion of the data. This enables the integration of DOV data in larger data processing
pipelines and supports the reproducibility and/or repeatability of research studies. This API is
being developed in a community effort, coordinated by DOV, and is called pyDOV.
2. PyDOV
2.1. General information
The pyDOV API is a Python package hosted on GitHub [online: https://github.com/DOVVlaanderen/pydov]. PyDOV provides in the first place a convenient wrapper around the XML
export of the DOV explorer and related applications, in combination with the available DOV
webservices. By combining the information of these web services, different data request use
cases can be automated. Currently the API is being developed for the following data types [In
Dutch]: boringen (102741), sonderingen (74667) , formele stratigrafie (98021), gecodeerde
lithologie (10396), geotechnische coderingen (11051), hydrogeologische stratigrafie (9911),
informele hydrogeologische stratigrafie (16), informele stratigrafie (65946), lithologische
beschrijvingen (92475), quartaire stratigrafie (14580), and groundwater screens (7361). The
numbers indicate the xml permlinks that are currently present for each data type. PyDOV can
be further expanded to include the data of the 67082 records of subsoil samples, unlocking a
vast amount of analysis data.
2.2. Example use case
PyDOV gives access to borehole data and related (hydro)geological interpretations. One can
for example retrieve all the hydrogeological interpretations available for the Ypresian aquitard
system to examine if and how much difference there could exist between interpretations. This
illustrates the uncertainty of the depth-interval where the Ypresian aquitard system is defined
(see Figure 1). Apparently only 12 of the 1790 boreholes present in the Ypresian aquitard

system in Flanders have had more than 1 hydrogeological interpretation. The uncertainty on
the position of the top of the Kortrijk Formation is largest with a median of about 6.5 m. A
more detailed (spatial) analysis can be performed but in this case it is deemed more
appropriate to point to the possibility of including another data source provided by DOV: the
(hydro)geological models.
The presence of the Ypresian aquitard system in Flanders is defined following the
Hydrogeological code of the subsoil in Flanders (HCOV). One can quantify the uncertainty
related to the depth interval of the aquitard system by making use of pyDOV in combination
with other Python packages for spatial analysis. Figure 2 shows the difference between the
top, respectively bottom of the model definition and the interpretations from borehole data.
Such information can be used in a first step of data exploration to highlight knowledge gaps
and focus attention to these problem areas (code:
https://gist.github.com/pjhaest/aaab1f7a323feeece08868541395236e.js)

Figure 1:the difference (as standard deviation σ) of the upper boundary, respectively lower
boundary between hydrostratigraphical interpretations of the same borehole

Figure 2: the locations of the boreholes with a hydrostratigraphical interpretation of the
Ypresian aquitard system (indicated by the black solid line). The size and color of the dots
indicate the difference in depth between the interpretations from borehole data and the model
following the HCOV code.
3. Conclusions
The machine-based availability of the data hosted by DOV can potentially serve a diverse
community of researchers, consultants, modelers, and students. As such, a community-based
effort is deemed most appropriate to develop and maintain these functionalities as an open
source package. Everybody is welcome to contribute.
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1. Introduction
Transport through materials potentially used in radioactive confinement barriers (Boom Clay,
cement paste) depends strongly on their 3D microstructure. To predict transport and related
processes at time and spatial scales beyond experimental data, numerical simulations are
necessary. This, requires an accurate description of the 3D microstructures involved. For Boom
clay and cement paste, 3D imaging by µCT does not have sufficient resolution to describe the
microstructure in a needed quality. In the last years, various microstructure modeling platforms
have been developed, such as HYMOSTRUC and CEMHYD3D to model cement paste. While
those modelling platforms provide accurate estimates of the evolution of the material in 3D over
time, they do not describe the microstructure well (Ravi Patel et al., 2016). We present a new
hierarchical-multiresolution-multiphase simulated annealing algorithm for porous media
reconstruction, which uses 2D-SEM images to generate 3D microstructure realizations
(Lemmens et al., in preparation). We evaluate the reconstruction methodology by calculating
diffusion coefficients with a pore-scale transport model through the 3D structures using a lattice
Boltzmann approach.
2. Methodology
The basic simulated annealing (SA) reconstruction of Yeong and Torquato (1998) uses a
simulated annealing process to minimize the energy, E, of a system. In the context of porous
media reconstruction, E encodes the deviations of the generated image from the Training Image
(TI) based on one or more structural descriptor values. To generate the reconstructions within
this work we use the two-point probability function and the lineal–path function (Torquato,
2013).
The SA reconstruction process starts with a random structure that honors the different
phase fractions found in the TI. Once the energy E of the system is determined, the algorithm
starts to swap pixels from various phases. After each swap, the energy E’ of the new state is
determined and the energy difference ∆𝐸 = 𝐸 ′ − 𝐸 is calculated accordingly. The new state is
then accepted with the Metropolis probability p(∆E).
SA classically suffers from a large computational demand, due to the pixel switching
process. This problem becomes more prominent when there are more than 2 phases considered
in the reconstruction process. Therefore, it is often not possible to do multiphase reconstructions
with SA. To make SA feasible for multiphase reconstruction, our algorithm combines two
different approaches. Firstly, the algorithm uses a hierarchal approach which simulates one
phase after another and is represented in Fig. 1a. Once a phase is simulated, the corresponding
pixels are frozen and cannot be swapped anymore. Secondly, the algorithm uses a
multiresolution approach to speed up the reconstruction (Fig. 1b). By doing so, the TI is
coarsened and reconstructed on a lower resolution first. Hence, the individual pixels are grouped
into clasts within fewer iterations. Once the structure has been generated on the coarse

resolution, the structure is refined. At the fine resolution, only changes at the interface of
particles are necessary to account for the difference in resolution.

Fig. 1 Approaches to make multiphase reconstruction feasible with simulated annealing. a) Hierarchal approach: In this
approach one phases is simulated after another. b) Multi resolution approach: In this approach the TI is initially coarsened and
first reconstructed at a coarse resolution and refined afterwards.

To generate 3D reconstructions from a single SEM image an isotropic medium is assumed.
Using this assumption the structural descriptor for the third dimension can be deduced, from
taking the average of the other two main directions. To validate the quality of the simulation
results, the generated 3D microstructures are used for diffusivity calculations using a Lattice
Boltzmann approach (Ravi Patel, 2016) and compared to values measured in the laboratory.
3. Findings
The presented algorithm can be used to efficiently generate 3D structures of cement-based
materials (Fig. 2b) using a single SEM image as TI (Fig. 2a). The suggested hierarchicalmultiresolution approach does not only increase the computational performance of the algorithm
by up to one order of magnitude, but it also improves the reconstruction quality. The
reconstructions are especially characterized by proper continuity between consecutive slices
(Fig. 2c), which is often problematic in other approaches. Preliminary diffusion simulation
results, based on the generated 3D model, show a good agreement to values measured in the
laboratory.
While the method works well for homogenous materials, further development is need for
heterogeneous materials such as Boom Clay, as the algorithm struggles in reconstructing the
bedding behavior.

Fig. 2 Cement paste images a) Training image. b) 3D reconstruction, c) 2 consecutive slices.
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The Boom Clay is considered to be a potential host rock for the geological disposal of
radioactive waste. To predict the transport, and related processes, of radionuclides through
such waste confinement barriers, numerical simulation is necessary for performance
assessment at temporal and spatial scales beyond those of experimental data, and the
demonstration of in-depth process understanding. This does require an accurate and realistic
description of the 3D microstructures involved, however.
For Boom Clay, 3D imaging by µCT does not provide sufficient resolution to describe
neither the porosity, nor the pore connectivity. To obtain a 3D representation of the
microstructure at higher resolution, it is therefore necessary to use 3D FIB-SEM tomography,
or generate statistically representative 3D reconstructions based on 2D BIB-SEM images
(Lemmens et al., in preparation). Imaging methods based on SEM require drying of the
samples, which can damage the clay-rich micro-fabrics. Desbois et al. (2009,2017) however
developed the use of FIB–cryo-SEM and BIB-cryo-SEM to investigate wet-preserved microfabrics in clay-rich geomaterials by quenching the original fluids by cryogeny. Preliminary
comparison between wet-preserved and dried 2D micro-fabrics imaged by BIB-cryo-SEM
suggests the drying induces a collapse of the inter clay aggregate porosity (Desbois et al.,
2017). Therefore, we assume that the pore collapse observed in 2D by Desbois et al. (2017)
affects (i) the 3D-microstructure and potentially also (ii) the transport properties of Boom
Clay.
This contribution presents a first attempt at relating the images of wet-preserved and
dried states of a sample, targeting the development of a correction procedure. Such a
procedure would allow to assess the effects of the pore collapse on the transport properties
numerically, by 3D reconstruction and simulating effective properties for both states of a
single sample.
We construct a multivariate training image (TI) here, and test the use of multivariate
multiple point statistics simulations by direct sampling DS (Mariethoz et al., 2010), to
reconstruct the wet-preserved state conditional to the dried sample image. The multivariate TI
features two different variables. The first variable is an image of a wet preserved sample and
the second variable the corresponding image at the dried state. The individual patterns within
the wet state TI and the relationship between the 2 variables are then used to generate the
representation of the wet state. In the reconstruction process the secondary variable (dry
stated image) is already known and DS uses this information as indirect conditioning data to
guide the simulation of the wet state representation.
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In light of the numerical modeling of sediment generation project, aimed at simulating the
chemical and mechanical weathering of crystalline parent rocks to sediments, digital
petrography has been applied to characterize parent rock’s properties such as grain size
distribution and texture. Such a characterization is necessary to initialize a parent rock in the
sediment generation model (SedGen) after which it weathers to sediment.
By using circular polarized light, grain outlines as well as mineral identity are more
clearly distinguishable, not only by eye but also by image analysis software (Higgins, 2010).
Circular polarized light is obtained by inserting two quarter lambda plates into a petrographic
microscope perpendicular to each other and at 45° of the polarizers. Resulting interference
colors are at their maximum for the respective section through the crystal. Due to the circular
occurrence of the polarized light, extinction does not take place, except for minerals with
their optical axis perpendicular to the thin section surface. By taking multiple images at low
magnification (e.g. 32x) and stitching them together afterwards, a high resolution image of
the entire thin section can be obtained while minimizing time spent. The images can then be
analyzed on a computer with minimal further petrography work at a microscope required.
This allows for faster observation of principal minerals’ identity, crystal boundaries and
texture in general. It also enables the user to create a digital archive of thin sections. With
image analysis software a specified number of crystals within a digitized thin section can be
outlined and analyzed for 2D grain size parameters. Modal mineralogy can also be analyzed.
The digital petrography approach has been applied to thin sections of granitoid parent
rocks (Heins, 1992). Two dimensional grain size data could be obtained for 300 crystals per
thin section (50 per mineral class) which allows for an estimation of the 2D crystal size
distribution. These data will allow a reanalysis of interfacial frequency data gathered by
Heins and will enable a characterization of crystal size distributions for granitoid rocks which
will serve an important purpose in the initialization of parent rock during the Sediment
Generation model (SedGen). Granitoid rocks have been selected as test data for SedGen, as
they represent the most common type of igneous rock at the Earth's surface and tend to
produce large quantities of sand. Digital petrography can of course be applied to a whole
range of parent rocks as well as to the resulting sediments. More modern microscopes would
even enable a semi-automated setup of the approach described here.
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1. Introduction
Geological deformation processes have been studied traditionally by observing the surface
expression of the resultant structures, complemented since several decades with remote
sensing and subsurface imaging by e.g. drilling and geophysical techniques. Scaled laboratory
modeling is a common technique to simulate deformation processes and study their dynamics
in a controlled environment. Whereas early efforts focused on qualitative descriptions of
observed structures, model deformation is increasingly quantified by using advanced imaging
and image analysis (laser scanning, Structure-from-Motion (SfM) photogrammetry and
Digital Image Correlation (DIC); Galland et al., 2016).
For granular crustal analogues, typical laboratory monitoring techniques are limited to
quantifying 3D deformation at the model surface, to recording the final deformation state in
sliced and digitized model cross-sections (e.g. Ravaglia et al., 2004), or to quantifying 2D
deformation along a quasi-interior vertical cross-section at the model side-wall where friction
effects could affect deformation rates (e.g. Ruch et al., 2012). The use of transparent gelatin
as a crustal analogue enables an interior view, but this limits the model rheology to idealized
elastic deformation (Kavanagh et al., 2013). Granular materials enable simulation of elastoplastic crustal behavior, but the model interior itself remains a black box, its deformation
studied only through indirect inferences, similar to nature.
To surmount this issue, we used X-ray Computed Tomography (XCT) to dynamically
image and quantify the interior deformation of laboratory experiments in 4D (i.e. 3D + time),
as applied to analogue magma intrusion.
2. Methodology and results
We constructed a model with contrast-rich X-ray CT images by characterising the physical
properties of a range of analogue materials. We use golden syrup as a magma analogue, and
granular sand-plaster mixtures at varying mixture ratios to represent upper crustal rocks of
varying strengths. We dynamically image ongoing fluid intrusion in the granular host in 4D
by using wide beam X-ray Computed Tomography at UZ Brussel, and visualise the geometric
development of the induced deformation structures. We then use advanced Digital Volume
Correlation to calculate incremental and cumulative volume displacements and strains
throughout the experimental space and time, as was done for compressive tectonics
experiments by Adam et al. (2013).
We demonstrate that the characterised physical properties of our granular sand-plaster
mixtures display complex elasto-plastic rheology. Our experiments show how golden syrup
intrusions of contrasting geometries are formed in granular host material of varying strength.

These laccoliths, cup-shaped sheet intrusions and dykes induce contrasting surface
deformation and strain field characteristics in 4D.
3. Discussion and conclusion
By imaging laboratory experiments of analogue magma intrusion in an elasto-plastic granular
host material, we gain an unprecedented insight in the structural and dynamic aspects of
intrusion-induced deformation of the Earth’s upper crust. Our experiments confirm the
dominant role of host rock strength and rheology on the geometry and dynamics of magma
intrusion in the Earth’s upper crust, similar to the findings of Schmiedel et al. (2017).
The major novelty of our approach is that it extends 4D monitoring and quantification
of structural deformation beyond the model surface by enabling a full quantification of the
entire model volume over time. The presented methodology makes it now possible to observe
the temporal development of fracture systems in the host material in 3D. Importantly, the
displacement and strain fields can be monitored throughout the model volume over time, and
not only at the model surface.
This unprecedented internal perspective helps understanding how tectonic and
volcanic processes affect their host material of varying strength, and shed light on the
mechanical behavior of the heterogenic upper crust. We demonstrate that this technique helps
validating more idealized geodetic and inversion models currently used to interpret tectonic
and volcanic geodetic data, or a more complete comparison with passive mapping of
subsurface structures, such as sills and dykes in sedimentary basins.
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1. Introduction
VITO is currently building a new 3D geological model, called G3Dv3-model, ordered by the
Bureau for Environment and Spatial Development – Flanders. The model will cover all the
different Late Paleozoic to recent (hydro)geological units that are present in Flanders. In the
eastern part of Flanders, the strata are strongly faulted and deformed by multiple tectonic
phases of both compression and extension. To model this geologically complex area, large
amounts of existing 2D seismic and borehole data were combined, locally supported by 20th
century coal mining information and topographic and gravimetric data. Based on these
datasets, horizons and faults were interpreted on seismic sections and modelled into 3D
horizons and fault planes in the time-domain.
2. Methodology
In a next step, the horizons and fault planes had to be converted from the time-domain
towards the depth-domain. To accomplish this, the first comprehensive 3D velocity model of
Flanders was developed. The workflow to construct the model was based on the “V0-k
method” (Japsen, 1993), which assumes a linear increase in acoustic velocity with depth. To
make the model as accurate as possible, suitable velocity functions and – maps were
constructed for each of the modeled geologic horizons. Based on these maps, a 3D velocity
cube was then derived and used to convert the faults to the depth domain.
2.1. Time-depth conversion of the horizons
Two different data sources can be used to derive acoustic velocity maps for the horizons.
First, they can be based on rough acoustic velocity data (such as sonic logs and well shoots)
measured along boreholes within a specific stratigraphic unit. Secondly, they can be
calculated based on the ratio of the depth of the stratigraphic unit in boreholes and the twoway-travel time of the same unit on the seismic data. Depending on the data-availability for
the different units, one of these two methods was applied:
- For the uppermost Paleozoic to Cenozoic units, there are a lot of borehole data and
relatively few acoustic velocity data. The seismic interpretation of these units is furthermore
quite reliable due to the limited structural complexity and strong control by the many
borehole data. Therefore, we used the time-surfaces and depths of the different layers in the
boreholes to extract interval velocities at each borehole location and to create the acoustic
velocity maps for the uppermost Paleozoic to Cenozoic units.
- For the Upper Paleozoic (Carboniferous) interval, there are less boreholes and a relatively
large number of acoustic data. The seismic interpretations of these units are furthermore less
reliable due to the high structural complexity and limited control by the few borehole data.
Therefore, we used sonic and well shoot interval velocities to create velocity maps.
In addition, previous studies have shown that the Carboniferous strata are currently
overcompacted in most of the study area, meaning that they were once buried deeper than
they are now (Muchez et al., 1987; Langenaeker, 1992; Fermont et al., 1994; Van Keer et al.,
1998; Helsen and Langenaeker, 1999; Langenaeker, 2000; Hildenbrand et al., 2004). Since
deeper burial implies higher compaction and acoustic velocities, overcompaction has to be
taken into account in the acoustic velocity models. This was accomplished by first adding the
difference between the current and maximum burial depth for the different boreholes
(extracted from Ferket, 2006; Ferket et al., 2010) to the current burial depth and thereafter

correcting this to account for later decompaction. These corrected depths were subsequently
used to derive the velocity model for the Carboniferous.
2.2. Time-depth conversion of the faults planes
In a second step, the velocity maps for the different horizons were linearly interpolated into a
3D velocity cube to convert the fault planes from the time-domain to the depth-domain. This
3D voxet - with a resolution of 500 m x 500 m x 10 miliseconds two-way-travel time - was
first divided in units restricted to the horizon boundaries. Next, a linear function defining the
instantaneous velocity as a function of time was applied to interpolate the velocities for each
unit and assign the calculated values to the correct voxels.
3. Conclusion
The combined 3D velocity model can now be used to directly convert geological horizons
and fault planes in Flanders from the time- to the depth domain, while guaranteeing a perfect
fit between both.
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1. Introduction
Fundamental understanding of the pore network of cementitious materials and mudrocks is key
to understanding transport processes, solid-fluid interactions and their intrinsic controls. While
transport is influenced by the accessibility and interconnectivity of the pore system, gas storage
is affected by the phase- and sorption behavior of supercritical fluids in confined space. Various
analytical methods exist to study pore networks but the simultaneous assessment of pore
structure accessibility and phase behavior at different pore sizes is reserved to a small number of
techniques like neutron scattering. Small angle neutron scattering (SANS) is an interface
phenomenon which results from the difference in phase density and associated scattering length
density. This technique is capable of covering length scales from nano- to micrometers, and is
not restricted to the fluid-accessible pore space like fluid invasion techniques. These attributes
make the technique attractive to combine with supercritical fluid penetration into pore space
because it allows to study the mutual dependence of pore structure, pore size and phase behavior.
This contribution provides insight into the accessible pore space of cementitious materials and
mudrocks and the phase behavior of supercritical deuterated methane as a function of pressure
and pore size.
2. Theory
The coherent scattering cross section (I(Q)) is measured as a function of the momentum transfer
vector (Q) and it is directly proportional to the neutron scattering contrast (∆ρ2). For the
materials studied here, this contrast is the difference in scattering between pores and matrix.
When pores are filled with a substance, like deuterated methane, the scattering contrast changes.
Empty or air-filled pores have very low contrast while the contrast of CD4 filled pores depends
on its density. For an ideal porous material, a continuous decrease in coherent scattering cross
section is expected, when the scattering length density (SLD) of the CD4 in the pores approaches
that of the matrix, i.e. at the matching point (Fig. 1). Furthermore, the proportionality I(Q) ~ ∆ρ2
predicts a linear variation of the square root of I(Q) with fluid density for a homogeneous twophase system. According to Melnichenko et al. (2006) any deviation from this linear relationship
indicates the presence of a third, either higher or lower density phase. This observation can thus
be used to discriminate a two-phase system from a three-phase system and essentially the phase
behaviour at different Q-ranges and associated pore sizes (Radlinsky et al., 2000).
3. Methodology
Two cement- (OPC-I) and five mudrock thick-sections (1 x Opalinus Clay, 3 x Posidonia shale
and 1 x Eagleford shale) were investigate by means of combined small angle neutron scattering
gas sorption experiments at the KWS3 and KWS1 instruments of the Jülich Center for Neutron

Science at Garching, Germany. The samples were fitted into a high-pressure cell and the
scattering behaviour was recorded as function of pressure between 1 and 460 bar at 30°C and
50°C. The data of both instruments were merged after buffer and background correction
resulting in a continuous scattering curve. For the assessment of phase behaviour, the individual
scattering length densities of the samples were calculated based on quantitative XRD data, for
the matrix, whereas the SLD of the gas was calculated from the equation of state provided by
NIST.

Fig. 1 Sketches demonstrating the qualitative relationship between the structure of fluid saturated porous media and
associated SANS patterns as a function of pressure (P1<P2<P3<P4). I(Q) gradually reduces with increased fluid
pressure (density) due to decreasing neutron contrast between the fluid saturated pores and the solid matrix (left to
right). At pressure P3 the fluid SLD matches that of the solid matrix resulting in I(Q)≈0 independent of the Q-value.
At P4 the scattering contrast rises again due to increasing densification and resulting scattering contrast (cf.
Melnichenko et al., 2012).

4. Findings.
The preliminary analysis reveals a clear, but sample dependent relationship between phase
density and Q-range. The formation of a third phase is observed from a deviation of data from
the predicted linear relationship of the square root of I(Q) and ρCD4 (Fig. 2A). This third phase is
considered to be an adsorbed phase characterized by a higher fluid density in the system
providing new interfaces resulting in no apparent contrast match. However, the Q-dependence
demonstrates the influence of the pore size on phase behaviour which is likely to be associated
with a change in mechanism as a function of pressure and pore size (Fig. 2B). Thus, this
observation may have considerable implications on the gas storage capacity and how such
systems should be understood in future.

Fig. 2 (A) Representative plot of I(Q)-1/2 vs.ρCD4 of hardened cement paste (w/c = 0.5); (B) Comparison of bulk
density (ρpore) of CD4 as a function of pressure as predicted from the EoS and the experimental results in a hardened
cement paste (w/c = 0.5).
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1. Scientific Importance
Molecular hydrogen (H2) is under recurrent investigation as a replacement for metallurgical
coke as a reducing agent in steel production. This technology would combine economic and
ecologic benefits: (1) H2 can be readily produced by hydrolysis of water, ensuring a broad
availability; (2) the costs of H2 generation may be reduced by using surplus renewable energy
during periods of low demand; (3) process-bound emission of greenhouse gases (CO2 and
CO) can be avoided; (4) direct reduction of iron ore by H2 allows production of low carbon
steels (Pineau et al., 2006, 2007). Furthermore, temporary underground storage of hydrogen
in depleted oil and gas reservoirs is likely to become increasingly important for chemical
industry demands and peak-shaving in the energy supply grid (Reitenbach et al., 2015).
Mineral coatings of hematite are a very common feature in conventional (sandstone) oil and
gas reservoirs. A thorough understanding of the reactivity of the hematite-H2 reaction system
is of paramount importance for both of the aforementioned applications.
Reduction of hematite to elemental iron has been studied extensively, yet the use of
hydrogen gas has not often been addressed, and only few studies have investigated this
process at temperatures below 400°C. Earlier studies on the kinetics of the hematite-H2
reaction system relied almost exclusively on thermo-gravimetric analysis (TGA). TGA yields
little to no information on the driving mechanism of the reactions and the pressure
dependence of the reaction cannot be addressed by open system experiments at atmospheric
pressure. Moreover, TGA experiments do not allow unambiguous distinction of the different
reduction steps (i.e. hematite  magnetite  wustite  native Fe).
This study aims at making precise predictions on the technical feasibility of new
applications for hydrogen gas and to obtain a better fundamental understanding of the kinetics
of each of the reaction steps using novel experimental approaches. This research is part of the
H2_ReacT project (BMBF Geo:N 03G0870).
2. Experimental Approach and Results
The experimental data is collected from two different setups, the first consisting of stainless
steel batch reactors connected to a H2 pressure regulator (closed system), and the second setup
containing a flow through reactor system linked to a gas chromatograph (open system). Both
setups are temperature-controlled up to 350°C and designed for isobaric batch experiments
(first setup) and continuous H2 flow experiments (second setup). The reactants used are
high-purity hematite and magnetite. Mineral phases of the reactants and the reduction
products are characterized quantitatively by X-ray powder diffraction. Changes in specific
surface area and pore characteristics are analyzed by N2 physisorption.
At temperatures below 400°C, the reaction is considered to proceed by a consecutive
two-step mechanism, i.e. hematite  magnetite  elemental Fe. However, first results of our
low-temperature tests in the batch and flow reactor systems show that both reactions proceed
simultaneously. Additionally, the back reaction of magnetite with the produced water appears
to occur in parts of the reaction vessels, affecting the overall reaction progress. Variation of

the flow rate in flow through experiments as well as the pressure in batch experiments showed
that the reduction reaction is very sensitive to the H2 and water vapor pressure (fugacity).
Unless the water produced from hematite is removed from the system, only one reduction step
from hematite to magnetite can be observed. Chemical removal of the water (e.g. by
admixture of CaO reacting to portlandite, Ca(OH)2) increases the rate of the initial reduction
reaction to values much faster than previously reported by e.g. Nabi & Lu (1974),
Shimokawabe et al. (1979), Sastri et al. (1982) or Pineau et al. (2006).
3. Conclusion and Future Investigations
Our experiments on the hematite-H2 reaction system show that water fugacity exerts a major
control on reaction progress. To the best of our knowledge, there is currently no literature that
addresses this effect in any detail. Reaction rates can be increased substantially by keeping the
fugacity of the produced water vapor low. Specific experimental observations suggest that
different reductions steps proceed (at least to some extent) simultaneously rather than
consecutively, and that a back reaction of produced water with the reaction products controls
the apparent kinetics of the system.
Our future research on this topic will focus on: (1) the effect of H2 and water partial
pressure on the reaction kinetics; (2) the quantification of the reagent/product composition
in-situ and with a high time resolution.
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1. Thermal conductivity
Thermal conductivity (TC) [W/m.K] is a quantitative sediment/rock property that determines
where and how much heat flows through a rock/reservoir. In geothermal exploitation, TC
determines the efficiency of heat transport in a reservoir, with high values being preferential
for good production. In middle- to high nuclear waste storage, the knowledge of TC of pelitic
host rock is of prime importance to determine the spacing necessary between waste batches.
Storage galleries need to be sufficiently spaced to allow the released heat to be sufficiently
dispersed, thus avoiding temperature increase above detrimental levels. Rock or sediments
with higher TC are thus preferred.
TC is a tensor property and depending on the rock material studied and its
mineralogy, it may exhibit a strong anisotropy, especially in clay-rich rocks. TC anisotropy is
a function of primary (mineralogy, deposition) and secondary (compaction, tectonic
deformation) features affecting rock fabric (Davis et al. 2007). The knowledge of TC
anisotropy of laminated and pelitic rock (that potentially may be useful as host rock for
nuclear waste in Belgium) is however rather poor and forms the subject of this study.
2. Aim
We aim to develop a methodology beyond the state-of-the-art to measure, investigate and
explain the 3D anisotropy of thermal conductivity in pelitic rock. A petrophysical study is
performed on four pelitic rock formations (Fm): i.e. the Deerlijk Fm (DEE, Silurian cover),
Fauquez Fm (FAU, Ordovician) and Asquempont Member of the Oisquercq Fm (OIS,
Cambrian) in the SW part of the Brabant Massif (Belgium) and the Ronquières Fm (RON) in
the northern part of the Brabant Massif. Samples were selected from borehole cores available
at the core store of the Geological Survey of Belgium (GSB).
3. Methodology
TC measurements were made using the Thermal Conductivity Scanner (TCS; Popov et al.,
1983) available at the GSB. The TCS employs a moving heat source that is preceded and
followed by two temperature infrared sensors, respectively referred to as cold and hot
sensors. When the TCS moves along a straight line below a cut rock sample (painted black to
ensure homogeneous absorption of heat) heat is conducted in a plane normal to the scanline.
The cold and hot sensors measure initial and heated rock sample temperature, respectively.
An apparent TC of the plane normal to the line scan is calculated from the sample
temperature gradient and the gradient produced between standards with known TC. Three
repetitive measurements along the sample line ensure statistical accuracy and reproducibility
of the apparent TC value. The TCS accurately samples TC values at mm resolution making it
possible to study and isolate layering, inhomogeneities and mineral layers.

Each core was cut in two orthogonal sections perpendicular to bedding and oriented
parallel to either dip or strike. For samples in which bedding was not obvious to detect (e.g.
Oisquercq Fm), microCT scanning was used to detect subtle bedding indications. To study
TC in 3D, samples were measured along three perpendicular line scans: one oriented
(sub)normal to bedding and two within the bedding plane. Knowledge of the angle between
the line scan and the bedding plane allows conversion of measured apparent TC values along
the three linescans into the true 3D principal axes of the TC tensor. Developing and applying
this conversion in 3D and visualising the outcome of the TC tensor is advised in the TCS
manual but is hardly ever applied in thermal conductivity research and hence is innovative.
4. Results
No matter the difference in lithology, all samples of the five formations show a strong
anisotropy with significant lower (up to 60%) TC values perpendicular to bedding than in the
bedding plane. Bedding normal TC varies between 1.5-2.7 (OIS), 2.2-2.8 (FAU), 2.2-2.9
(RON) and 2.8-3.9 W/m.K (DEE) whereas bedding parallel TC ranges between 2.9-4.9
(OIS), 2.6-3.8 (FAU), 3.3-4.5 (DEE) and 2.7-4.3 W/m.K (RON). Largest anisotropy factor is
detected for OIS. Anisotropy within in the bedding plane is also detected, yet these TC
variations (up to max ~30% difference) are significantly smaller than the bedding normal
parallel versus bedding parallel TC anisotropy. Whether TC is higher along dip or strike
within the bedding plane depends on texture and microscopic fabric of the pelitic formations
rather than on mineralogy.
To investigate the relationship between mineral orientation and the TC tensor, small
cubes cut out of the cores were analysed in a Agico KappaBridge to measure the anisotropy
of magnetic susceptibility (AMS). For samples in the SW part of the Brabant Massif, the
susceptibility tensor has a dominant oblate shape indicative of a compaction fabric with
minimum susceptibility normal to bedding and alternating intermediate and maximum
susceptibility axes parallel to strike and dip in the bedding plane. The similarity of
susceptibility and TC tensors suggests that the mineralogical fabric, which in the SW part of
the Brabant Massif is mainly caused by compaction, controls the anisotropy and orientation
of the TC tensor.
5. Conclusions
In the studied mineralogically nearly identical but texturally different pelitic rock formations,
the compaction texture results in a thermal conductivity anisotropy with the bedding TC
significantly higher than the TC normal to bedding. The TC anisotropy in pelitic rock is much
higher than in fine- or coarse-grained (reservoir) rock. Although anisotropy effects in sands
or sandstones (i.e. reservoir rock) are generally expected to be rather minor due to the
dominant isotropic packing of quartz grains, the influence of mud drapes, clay or silt layers,
clasts and bedding parallel diagenetic alteration can still introduce a preferred thermal
conductivity anisotropy. Hence applying the described innovative 3D methodology for
measuring thermal conductivity in host rock or in reservoir rock should always be considered.
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Multidisciplinary research on the Lower Palaeozoic rocks in Belgium during the last 40 years
considerably advanced our understanding of the Belgian part of the Anglo-Brabant
Deformation belt. This research includes structural geology, geophysical data analysis,
detailed geological mapping, lithostratigraphy, sedimentology and biostratigraphical dating
using chitinozoans, acritarchs and graptolites, both in outcrop and on borehole rock.
Combined with the aforementioned data, recent provenance studies of the sediments and
geochemical analysis of the magmatic units have allowed refining the basin evolution, and
magmatic history, contributing to a better understanding of the tectonic evolution of the
Brabant Massif (cf. Linnemann et al., 2012).
It is now well established that the outcrop area of the Lower Palaeozoic in the Brabant
Massif contains a more than 13 km thick sedimentary succession. More accurately, it is a
composite succession, of which only some parts in outcrops have been described in detail, and
for which the total thickness assumes a vertical succession from Cambrian to Silurian. In most
parts, it is accurately dated biostratigraphically with graptolites, chitinozoans, acritarchs, and
other macrofossil groups. Hence, it represents the visible and well-studied Lower Palaeozoic
stratigraphical succession for the otherwise largely concealed eastern part of Eastern
Avalonia.
In two previous publications, the stratigraphy of this thick pile of sediments has been
synthetized and reviewed in the light of all recent studies on the Cambrian of the Brabant
Massif (Herbosch & Verniers, 2013) and on the Ordovician of the Brabant Massif (Herbosch
& Verniers, 2014).
The present study on the Brabant Massif, the third one in a series, brings together all
recent stratigraphical studies on the Silurian strata, the Orneau Group. In an addition we
summarize all recent stratigraphical studies on the Ordovician and Silurian of the different
parts of the Condroz Inlier, especially the partly unpublished studies on the Ordovician and on
the Silurian (Jan Vanmeirhaeghe, ms. PhD 2006, Jan Mortier, ms. PhD. 2014).
References
Herbosch, A. & Verniers, J., 2013. Stratigraphy of the Lower Palaeozoic of the Brabant
Massif, Belgium. Part I: The Cambro-Ordovician from the Halle and Ottignies groups.
Geologica Belgica, 16, 49-65.
Herbosch, A. & Verniers, J., 2014. Stratigraphy of the Lower Palaeozoic of the Brabant
Massif, Belgium. Part II: The Middle Ordovician to lowest Silurian of the Rebecq Group.
Geologica Belgica, 17, 115-136.
Linnemann, U., Herbosch, A., Liégeois, J.P., Pin, C., Gärtner A. & Hofmann, M., 2012. The
Cambrian to Devonian odyssey of the Brabant Massif within Avalonia: A review with new
zircon ages, geochemistry, Sm-Nd isotopes, stratigraphy and palaeogeography. Earth-Science
Reviews, 112, 126-154.

Roughness description and characterisation of major fractures in Coniacian chalk at
Wellington quarry (Arras, France).
Marie-Laure WATTIER1, Sara VANDYCKE1, Françoise BERGERAT2, Fanny DESCAMPS1
& Jean-Pierre K. TSHIBANGU1
1
UMons, Mining Engineering Department of the Faculty of Applied Sciences, 53 rue du
Joncquois, 7000 Mons, Belgium.
2
Sorbonne Universités, UPMC Univ Paris06, CNRS, Institut des Sciences de la Terre de
Paris, France
1. Introduction
A dozen meters below the city of Arras lies a vast network of about 20km of tunnels initially
resulting from the intense production of chalk by room-and-pillar method since the XVIth
century. The network was further developed into warrens in the First World War. The
architecture of the widespread complex lying under the city clearly benefits from an
intelligent use of the main tectonic structures present within the Upper Cretaceous Coniacian
chalk rock mass.
The objective of our study was to establish a description of chalk fractures from the
small-scale (sub-millimetric) up to the macroscopic scale, associating the analytical
quantitative description of joints and faults in terms of roughness, together with qualitative
observations of the geological features, within the related tectonic system.
2. Work process
In the southern-most parts of the Wellington quarry complex, the primary networks of
subvertical joints and faults, orientated 105-125°N and 160-180°N, allowed for relatively easy
rock removal during quarry production and provided planar pillar walls for a naturally stable
structure. So, natural fractures can be directly observed and characterised along the galleries.
Samples were hence collected at 12 different spots.
Once in the lab, small cylinders were cored from collected blocks. Series of cylinders
were broken in half - by tensile (Brazilian) or shear method, to be compared with natural
fractures. On the natural surfaces, fault planes striations, ridges, twist hackles and plumose
structures were observed. After visual classification, all samples were scanned with a highprecision laser to digitize the 109 fracture surface topographies (30x30mm square grids with
172µm spacing in X and Y directions, Z accuracy +/-30µm). Systematic computation of
roughness indices was conducted using 3 statistical parameters and 2 fractal dimensions. The
roughness indices calculated are: 𝑅𝑎𝑚 , the average height of asperities above the median, its
associated standard deviation σa, the root-mean-square parameter Z2, the fractal dimensions
for the semi-variogram Dvar and for the yardstick rule Dyard.
3. Results summary and highlights
Additionally to the roughness indices computations, all the observed fractures were classified
visually in terms of texture (granularity) and fracture surface waviness. Z2 and Dyard provide
the most consistent results in comparison to visual observations.

Lab-generated fractures display distinctively higher roughness indices than natural
fractures (see Fig.1): average Z2 varies from 1.22 down to 0.41 and Dyard goes from 1.0104
down to 1.0039. This matches visual observation and is particularly true for natural fault
planes that present significantly smoother surfaces, as also seen on samples, with marked
oxidation and weathering.

Fig.1 Roughness indices Z2, Dyard and Dvar for lab-generated fractures (F=sheared cylinders, J=tensile split
cylinders) and natural fractures (F= faults, J=joints). Shear 1, 2 &3 correspond to shear tests with increasing
lateral confinement. Normal faults Fn, shear faults Fs, subvertical joints J, diaclastic joints Jd and stratigraphic
joints Js are also detailed. The number of samples used for the calculations is noted at the base of each category.

Within the artificially-made series of fractures, for shear fractures, roughness increases
with higher lateral confinement, but the highest roughness values are seen on tensile fractures.
Within natural fractures, large-scale subvertical joints see the highest roughness, while other
joints are only incrementally rougher than the fault planes.
Upon observation, natural joints display a roughness comparable to that of labgenerated tensile fractured samples. However, calculated indices distinctively show a
gradation: Z2 and Dyard are representative of the trend, with respective average values of 0.32,
0.34, 0.66 and 1.79 for Z2 and 1.0027, 1.0035, 1.0083 and 1.0150 for Dyard when looking at
stratigraphic joints, small diaclastic subvertical joints, large subvertical joints and labgenerated tensile joints (in this order).
Natural fault planes appear much smoother than lab-generated shear surfaces with
average values of 0.40, 1.0031 and 1.3217 for Z2, Dyard and Dvar, and 1.05, 1.0091 and 1.3574
respectively. Roughness indices clearly rise in the following order: natural shear fault planes,
natural normal fault planes, lab-generated shear planes from tests with increasing lateral
confinement.
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1. Problem
The ability to predict the porosity of sediments with arbitrary size-roundness-sphericity
(D,R,S) distributions has remained one of the elusive goals of sedimentology. It is proposed
that this complex problem may be broken down into a series of sub-problems, which must be
resolved sequentially: (1) predict the porosity of arbitrary uniform particle assemblages (i.e.,
particles with fixed size, roundness and sphericity) under specified experimental conditions;
(2) predict the porosity of arbitrary mixtures of uniform particle assemblages under specified
experimental conditions (this is where grain-size and -shape distributions come in); (3) relate
the experimental conditions to the evolution of boundary conditions over the course of
geological time and use this to predict how porosity will evolve (this is where burial history
and diagenesis come in). Not much is known about the first sub-problem, although a
considerable amount of empirical data relevant to its resolution are available in the field of
geotechnical engineering (e.g. Cho et al., 2006), and an equation has been proposed for
smooth spheres (Yu et al., 2003), which is consistent with the range of stable packing states of
coarse uniform sphere assemblages (Weltje & Alberts, 2011). The second sub-problem has
been extensively studied in the field of powder technology (e.g. Yu & Standish, 1991, 1993).
The third poses many problems. In geology, it has been dealt with in a highly generic way
only, i.e. without specification of the properties of particle assemblages (e.g. Gluyas & Cade,
1997; Paxton et al, 2002), and is therefore regarded as essentially unresolved.
2. Solution to the first sub-problem
In this contribution a solution to the first sub-problem will be presented. Legacy data were
culled from a range of mostly geotechnical sources, published between 1938 and 2017, and
analysed in the light of a new porosity model. Analysis of this heterogeneous data set has (n =
284) been carried out by capturing the variability among experimental conditions with a
single number, termed the packing state of a particle assemblage (E). The porosity of uniform
particle assemblages corresponding to a given packing state has been termed the intrinsic
porosity. Available data permit an intrinsic porosity function to be derived for grain
assemblages in the sand-to-gravel range with any combination of roundness and sphericity
values, which have been deposited in air. With this function, the porosity of arbitrary uniform
particle assemblages can be predicted quite accurately (within about 5% relative error) if E is
known. The geological significance of the packing state E lies with the fact that it reflects the
conditions under which deposition occurs. The new porosity model treats particle properties
(D,R,S) independent from packing state. It is thus now possible to separate these effects, and
to characterize a specific set of conditions under which deposition occurs (in the lab or the
real world) in terms of a single parameter which is independent of particle properties. This is a
significant improvement over all previously proposed porosity functions, which opens the
way to rigorous prediction of initial porosities for improved modelling of sandstone
diagenesis.
3. Future work: the second sub-problem
Accurate and precise porosity prediction requires knowledge of the characteristic packing
states of depositional (sub) environments. Such knowledge is presently unavailable, despite its

obvious relevance to sedimentological, diagenetic and hydrogeological studies. Existing dataacquisition technology may be used to establish a library of characteristic packing states of
specific environments. Measurement of resinated samples to obtain in-situ porosities in
combination with the size-roundness-sphericity distributions of the particle assemblages may
be carried out by micro-CT scanning. The quality of partitioning will improve if
unconsolidated samples are taken adjacent to resinated ones. These may be used to establish
average grain density to refine the porosity estimate of the micro-CT scan. Their joint
roundness-sphericity distribution as a function of size may be characterized in more detail by
means of dynamic image analysis techniques, and their size distribution by means of laserdiffraction particle size analysis. Data integration may be carried out with dedicated
multivariate calibration algorithms (Weltje et al., 2015). Integration of the data obtained with
these three techniques on a fair number of samples from any given (sub)environment within a
single sedimentary system provides sufficient information to resolve the second (sub)problem
identified above. The data will be used to fit the parameters of the porosity model presented in
this paper, using experiments in which the porosities of samples with different grain-size
distributions have been measured (e.g. Beard & Weyl, 1973). This part of the research
program, in which the second sub-problem is resolved, will be presented in a follow-up study.
References
Beard, D.C., Weyl, P.K., 1973. Influence of texture on porosity and permeability of
unconsolidated sand. American Association of Petroleum Geologists Bulletin, 57, 349-369.
Cho, G.C., Dodds, J., Santamarina, J.C., 2006. Particle shape effects on packing density,
stiffness, and strength: natural and crushed sands. Journal of Geotechnical and
Geoenvironmental Engineering, 132, 591–602.
Gluyas, J., Cade, C.A., 1997. Prediction of porosity in compacted sands. In: Kupecz, J.A.,
Gluyas, J., Bloch, S. (Eds.), Reservoir Quality Prediction in Sandstones and Carbonates.
American Association of Petroleum Geologists Memoir 69, p. 19-28.
Paxton, S.T., Szabo, J.O., Ajdukiewicz, J.M., Klimentidis, R.E., 2002. Construction of an
intergranular volume compaction curve for evaluating and predicting compaction and porosity
loss in rigid-grain sandstone reservoirs. American Association of Petroleum Geologists
Bulletin, 86, 2047–2067.
Weltje, G.J., Alberts, L.J.H., 2011. Packing states of ideal reservoir sands: insights from
simulation of porosity reduction by grain rearrangement. Sedimentary Geology, 242, 52-64.
Weltje, G.J., Bloemsma, M.R., Tjallingii, R., Heslop, D., Röhl, U., Croudace, I.W., 2015.
Prediction of geochemical composition from XRF-core-scanner data: A new multivariate
approach including automatic selection of calibration samples and quantification of
uncertainties. Developments in Paleoenvironmental Research 17, pp. 507-534.
Yu, A.B., Feng, C.L., Zou, R.P., Yang, R.Y., 2003. On the relationship between porosity and
interparticle forces. Powder Technology, 130, 70-76.
Yu, A.B., Standish, N., 1991. Estimation of the porosity of particle mixtures by a linearmixture packing model. Industrial and Engineering Chemistry Research, 30, 1372-1385.
Yu, A.B., Standish, N., 1993. Limitation of proposed mathematical models for the porosity
estimation of nonspherical particle mixtures. Industrial and Engineering Chemistry Research,
32, 2179-2182.

Microfacies analysis of a middle to upper Frasnian succession at the Lompret quarry
(SW Belgium) documenting a transition from the Lion reef to deep marine Neuville and
Matagne environments
Marc-Aurèle WYNANTS1, Stijn GOOLAERTS2, Sofie GOUWY3, Thomas
GOOVAERTS2, Frédéric BOULVAIN1, Xavier DEVLEESCHOUWER2
1Université de Liège, Pétrologie sédimentaire, B20, Géologie, Université de Liège, Sart
Tilman, B-4000 Liège, Belgium #1.
2Royal Belgian Institute of Natural Sciences, Rue Vautier 29, B-1000 Brussels, Belgium #2.
3Geological Survey of Canada, 3303, 33rd St. NW, Calgary, Alberta, Canada #3
1. Introduction
When in 2011 quarrying extended northward at the ‘Carrière de Lompret’, Lompret,
SE Belgium, a middle to upper Frasnian succession from the Grands Breux up to Matagne
Formation became progressively accessible. Although slightly hampered by the large number
of faults with two major intersecting directions, and over a period of several years, we
succeeded in logging almost the entire stratigraphic interval. We collected a large number of
samples for microfossil, sedimentological and geochemical analyses, plus a very large
number of macrofossils. Amongst the latter are many ammonoid and nautiloid cephalopods,
crinoids, brachiopods, corals and trilobites (Ginter et al., 2017; Goolaerts & Gouwy, 2015;
Goolaerts et al. 2018; Gouwy & Goolaerts, 2015). For microfacies analysis, we sampled and
studied three sections in detail: LOK, LOL and LOM. The transition from the reefal settings
of the upper part of the Lion Member (Grands Breux Formation) to the coral and crinoid rich
lower part of the Neuville Formation was studied in the LOL section. LOK allowed to study
the upper half of the Neuville Formation and the lower part of the Matagne Formation, and
LOM several meters of nearly black Matagne Formation shales stratigraphically upwards of
the LOK sequence. The goal of the study is to establish the sedimentary paleo-environments
using microfacies analysis.
2. Deep water marine paleo-environments after deposition of the Lion reefal sediments
Almost the entire Neuville Formation succession is characterized by nodular
limestone beds. Their microfacies reveals a deep marine sedimentation environment in which
sponges were very common. Because several of the odd-shaped nodules have well-preserved
sponge remains in them, it is possible that the nodular character of the Neuville beds at
Lompret directly relates to well preserved sponges (the spicule network is generally
extremely well preserved). The sponges are predominantly abundant in the deeper
environments in between the Lion Member reefal facies. The sponge facies are occasionally
affected by storm deposits directly overlying the sponge facies and locally disturbing the
assemblage of sponges and filling the spaces in between the sponges by coarse-grained
bioclastic packstones composed of fragments of bivalves, ostracods, crinoids, trilobites,
algae, brachiopods, sponge spicules and calcimicrobes. The change from thick
(pluricentimetric) bioclastic layers towards thinner (plurimillimetric) storm deposits indicate
a rise in sea-level and a transition from proximal to distal storm layers.

The microfacies of the sparse limestone beds in the Matagne Formation correspond to
an argillaceous mudstone containing small fragments of bivalves, ostracods, goniatites and
tentaculitids. It is also enriched in organic matter and opaque minerals. A detrital fraction is
underlined by the presence of clay minerals and silty quartz. These microfacies represent the
deepest environments and are observed in the Matagne Formation indicating a water depth
below the storm wave base.
The preliminary results of our microfacies analysis suggest that the entire stratigraphic
succession was deposited on a middle to outer ramp setting at proximity of a reef mound. The
sponge facies were regularly affected by storm events. The rounded morphology of the
sponges as seen from microfacies could suggest that part of the sponge nodules were
reworked by storms and transported further offshore.
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