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Radioactive substances and ionizing radiation are used in medicine, industry, agriculture,
research, education and electricity production. This generates radioactive waste. In the
Netherlands, this waste is collected, treated and stored by COVRA (Centrale Organisatie
Voor Radioactief Afval). After interim storage for a period of at least 100 years radioactive
waste is intended for disposal. There is a world-wide scientific and technical consensus
that geological disposal represents the safest long-term option for radioactive waste.
Geological disposal is emplacement of radioactive waste in deep underground formations.
The goal of geological disposal is long-term isolation of radioactive waste from our living
environment in order to avoid exposure of future generations to ionising radiation from the
waste. OPERA (OnderzoeksProgramma Eindberging Radioactief Afval) is the Dutch research
programme on geological disposal of radioactive waste.

Within OPERA, researchers of different organisations in different areas of expertise will
cooperate on the initial, conditional Safety Cases for the host rocks Boom Clay and
Zechstein rock salt. As the radioactive waste disposal process in the Netherlands is at an
early, conceptual phase and the previous research programme has ended more than a
decade ago, in OPERA a first preliminary or initial safety case will be developed to
structure the research necessary for the eventual development of a repository in the
Netherlands. The safety case is conditional since only the long-term safety of a generic
repository will be assessed. OPERA is financed by the Dutch Ministry of Economic Affairs
and the public limited liability company Electriciteits-Produktiemaatschappij Zuid-
Nederland (EPZ) and coordinated by COVRA. Further details on OPERA and its outcomes
can be accessed at www.covra.nl.

This report concerns a study conducted in the framework of OPERA. The conclusions and
viewpoints presented in the report are those of the author(s). COVRA may draw modified
conclusions, based on additional literature sources and expert opinions. A .pdf version of
this document can be downloaded from www.covra.nl
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Summary

The Boom Clay (or Rupel Clay according to the Dutch geological stratigraphy) is selected as
potential host rock for geological disposal of radioactive waste in the Netherlands and
Belgium because of the isolating potential of low permeable, clay-rich rocks. The lateral
and depth-related heterogeneity of the Boom Clay in the Netherlands is studied in this task
and compared to the results from Belgian Boom Clay. For this purpose, 152 Boom Clay
samples were selected from 17 cores spread over the Netherlands. Subsequently,
geochemical and grain size analyses were performed and (statistically) analysed.

The results show that the samples have quite some variability, mainly in their clay, quartz,
carbonate and pyrite contents. The main part of the heavy and trace elements can be
associated with the clay mineralogy. Strontium and uranium are linked to calcite and
organic carbon respectively.

Geographically, three statistically different groups are recognized. The Boom Clay in the
southern part of the Netherlands has coarser, silty upper and lower parts. The central part
is finer grained and more clay-rich with occasional silty layers. This is consistent with the
cyclic alternation of clay- and silt-rich layers found in the Belgian Boom Clay. In the
Southeast of the Netherlands, the Boom Clay has a higher carbonate content than in the
Southwest. The Boom Clay in the north of the Netherlands is significantly different from
the Southeast and Southwest. The Boom Clay is fine grained and clay- and carbonate-rich
over the total depth interval. Both the pyrite and organic carbon content are important
parameters due to their reactivity and potential impact on the safety function ‘delay and
attenuation of releases’. The pyrite and organic carbon contents vary among the samples
but they do not show geographic or depth-related variations.

Samenvatting

De Boom klei (of Rupel klei volgens de Nederlandse geologische stratigrafie) is
geselecteerd as potentieel gast gesteente voor de geologische eindberging van radioactief
afval in Nederland en Belgié vanwege de isolerende capaciteit van impermeabele, klei-
rijke gesteentes. In deze task is de laterale en diepte-gerelateerde heterogeniteit van de
Boom klei in Nederland bestudeerd en vergeleken met de resultaten van de Boom Klei in
Belgié. Voor dit doel zijn 152 Boom klei samples van 17 kernen verspreid over Nederland
geselecteerd. Vervolgens zijn geochemische en korrelgrootte analyses gedaan en
(statistisch) geanalyseerd.

De resultaten laten behoorlijk wat variatie zien tussen de samples, vooral in de klei,
kwarts, carbonaat en pyriet content. De meeste zware en spoorelementen zijn
geassocieerd met de kleimineralen. Strontium en uranium zijn gelinkt aan respectievelijk
calciet en organisch koolstof.

Geografisch gezien zijn drie statistisch verschillende groepen herkend. De Boom klei in het
zuiden van Nederland is grover en meer silt-rijk boven- en onderin de unit. Het centrale
gedeelte is fijnkorreliger en bevat meer klei met lokaal meer silt-rijke lagen ertussen.
Deze stratigrafie is consistent met de cyclische afwisseling van klei- en silt-rijke lagen
zoals die gevonden zijn in de Belgische Boom klei. In het zuidoosten van Nederland is de
carbonaat concentratie in de Boom klei hoger dan in het zuidwesten. De Boom klei in het
noorden van Nederlands is significant anders dan in het zuidoosten en zuidwesten. Het is
fijnkorrelig en rijk aan klei en carbonaat over het totale diepte-interval. Zowel de pyriet
als de organische koolstof concentratie zijn belangrijke parameters vanwege hun
reactiviteit en mogelijke impact op de veiligheidsfunctie ‘delay and attenuation of
releases’. De concentratie van beide varieert tussen de samples maar geografische of
diepte gerelateerde variaties zijn niet geobserveerd.
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1. Introduction

1.1.Background

Clayrocks (fine-grained, low permeable material with a significant amount of clay
minerals) are investigated as potential host rock for the geological disposal of radioactive
waste in several European countries. These rock types generally have properties which are
advantageous for the retention of radionuclides, once they escape the repository. These
properties are mainly due to the high amount of clay minerals. The Boom Clay in the
Netherlands (or Rupel Clay according to Dutch geological stratigraphy) is assigned as a
potential formation for future geological disposal of radioactive waste. Within OPERA the
feasibility and long-term safety of a repository in this formation is investigated. The main
function of the Boom Clay upon disposal would be the isolation of radionuclides, and other
potentially released matter, from the biosphere. The clay should be able to prevent
significant and fast migration of the radionuclides from the waste itself, as well as any
gases or liquids produced by the waste and its potential interaction with the engineered
containment, for geological times. Furthermore, any changes in the geochemical
properties of the clay upon interaction with the waste should not be as such that heavy
metals or other harmful substances present in the (clay) minerals become mobile and
cause potential risk for groundwater quality or (subsurface) organisms.

In Belgium the Boom Clay has been studied for the purpose of geological disposal of
radioactive waste for decades. The Boom Clay in the investigated area in Mol is located at
a depth of approximately 200 - 300 m. In the Netherlands the Boom Clay reaches much
greater depth in the eastern and northern part of the country..

1.2.0bjectives

The central objective of this study is to characterise the mineralogical and geochemical
properties of the Boom Clay in the Netherlands with their geographical and depth-related
variations. Because of their importance with regard to radionuclide retention, the focus
will be on the clay minerals, The results will indicate whether the characteristics of the
Boom Clay vary significantly with location and/or depth within the Netherlands, and
whether they are different from those in Belgium.

1.3.Realization

This study is performed within task 5-2-1 of the OPERA programme, which focal point is
“geochemical properties and long-term evolution of the Boom Clay”. Furthermore, the
resulting geochemical characteristics will be used as input in several tasks under WP 6 and
WP 7, which will investigate reactive transport of radionuclides. The data is also relevant
for WP3 and WP 5, which consider physico-chemical properties and geomechanical aspects,
respectively.

Sample selection and preparation was performed by TNO supported by Utrecht University.
Analysis of the samples was performed by ACME and Qmineral. The data interpretation,
statistical analyses and literature study were performed by TNO.

1.4.Explanation of contents

In chapter 2 the sample selection and preparation are discussed. Chapter 3 gives an
overview of the different kinds of analyses performed on the selected samples as well as
the subsequent statistical analysis on the results. The results of the mineralogical,
geochemical and grain size analyses are reported in chapter 4, the results of the statistical
analysis in chapter 5. Chapter 6 presents the discussion and the conclusions.
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2. Sample selection and preparation

For this task 132 Boom Clay samples were collected from 15 different cores which are
stored at the TNO core house in Zeist, the Netherlands (Figure 1 and Figure 2). The cores
were selected based on geographical spreading and depth. For the purpose of this project,
samples from locations where the Boom Clay is deeper than 400 meter and thicker than
100 meter were preferred for comparison with the shallower Boom Clay in Belgium. Since
limited cores are available and core material is not always sufficient, shallower core
material was also sampled. Note that, due to preservation regulations at the core house
and the availability of limited sample material, each sample often represents several tens
of decimeters, and in rare cases up to many meters of core material. In general, the core
material was dried out and moldy, and some cores contained some funghi. Six samples
were taken from a core provided by COVRA. Another 14 fresh Boom Clay samples were
taken during the drilling of a new well. The location of this well cannot be provided due to
confidentiality reasons. The locations of the other drillings are shown in Figure 3. An
overview of the cores and samples is given in Appendix A. Table 7 shows an overview of the
samples per core and their average depth. In Table 8 the core length represented by each
sample is given. The samples from core XIV and XV represent very large core sections, and
one sample of core XI and one of core XVII represent large sections.

The total of 152 samples were analyzed by XRF, ICP after acid destruction and CS
elemental analyzer at ACME, Canada. Grain size distributions were measured by Qmineral
in Leuven, Belgium. Of the 152 samples 30 were selected for XRD analysis by Qmineral.

Figure 1. Photographs of the TNO core house with lower left drillings cuttings preserved in plastic
bags.
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Figure 2. A piece of Boom Clay from several hundreds of meters depth. The circular spots could be
secondary gypsum after pyrite oxidation.
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Figure 3. Map with locations of the sampled cores. The location of the recent drilling is confidential.
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3. Methodology
3.1.Geochemical analyses

3.1.1. XRF and ICP-MS

The samples were air dried (<40°C) and pulverized to a 100 mesh (149 pm) according to
the ASTM standard in a mild-steel pulverizer. The samples were subsequently analyzed by
ICP-emission spectrometry for the major oxides and by ICP-mass spectrometry for the total
set of rare earth and refractory elements as well as the precious and base metals. The
major oxides and rare earth and refractory elements were analyzed following a lithium
metaborate/tetraborate fusion and dilute nitric digestion. The precious and base metals
were analyzed following digestion in Aqua Regia.

Additionally, XRF analysis was performed for the major oxides and some rare earth and
refractory elements. In both ICP and XRF analysis the loss on ignition (LOI) is calculated,
which is the weight difference after ignition at 1000°C.

Total carbon, organic carbon and total sulfur were measured by Leco combustion
elemental analysis. The inorganic C content was subsequently calculated by subtracting
the organic C from the total C content.

3.1.2. X-Ray Diffraction (XRD)

Thirty samples were selected for XRD analysis. The selection was based on geographical
spreading and depth. Deeper samples were preferred for comparison with the shallower
Boom Clay in Belgium. In order to obtain depth profiles, the samples were chosen from 7
out of 17 cores (Appendix A, Table 7).

XRD analysis was performed by Qmineral in Leuven, Belgium. Each samples was pulverized
in a porcelain mortar and 2.7 gram of material was sampled. 0.3 gram of an internal
standard (ZnO - Zincite) was added. The mixture was pulverized in ethanol using Korund
elements and subsequently homogenized using a McCrone micronizing mill for 5 minutes.
The samples were loaded in the XRD sample holders via ‘sideloading’. The measurements
were performed with a Siemens D5000 in Bragg-Brentano configuration, equipped with a
CuKa X-ray source and a graphite monochromator.

For the mineral identification the program Eva, developed by Bruker Corporation, and
available databases (Crystallography Open Database) were used. The crystalline phases are
quantified via the Rietveld methodology. This methodology ‘calculates’ an XRD pattern
based on structure models of the identified minerals the way they are present in the
literature and the databases. The pattern is fitted as good as possible with the measured
pattern by refinement of the structure parameters. Since this methodology is not well
applicable to all clay minerals due to ‘stacking disorder’ the clay minerals are quantified
via the PONKCS method (Partial Or No Known Crystal Structures). For this method several
standards for the 2:1 clays were selected:

— Fe-poor illite-rich illite/smectite ‘mixed layer’

Fe-poor 2M; muscovite

Smectite with average Fe-content

Glauconite (d060 = 1.512A)

Glauconite (d060 = 1.515A)

The clay fraction was measured by oriented clay slides. For this purpose, 5 gram of sample
material was decalcified using a pH-buffering Na-acetate solution. Next, the organic
material was removed via oxidation with H,0, and the Fe-oxides/hydroxides using a Na-
hypochlorite solution.
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Subsequently, the separation of the clay fraction (< 2 pm) was accomplished by centrifuge.
Finally, the clays with exchangeable cations are converted to Ca-containing clays using a
saturated CaCl,-solution. The Cl ions were removed by dialysis. Dried material was mixed
with water and applied on a sedimentation plate and measured by XRD, both air dried and
saturated in ethylene glycol.

3.1.3. Interpretation

XRD analyses were performed on a subset of the samples and the (absence of) correlation
between mineralogical content and oxide/trace element concentration might provide
proxies for mineralogy of the remaining samples. Also, the (absence of) correlation
between mineralogical content and oxide/trace element concentration might give
additional insight in the composition of the complex clay mineralogy in the Boom Clay.

3.2.Grain size analyses

The samples were prepared for grain size analysis by removal of carbonate cements, Fe-
oxides/hydroxides and organic compounds to liberate the individual grains. This was done
by addition of 1.5 N HCL, reduction of Fe(lll) using oxalic acid and an Al-plate, and H,0,,
respectively. The samples were shaken for one night using an agitator and treated with
ultrasonics for one minute. The treated samples were split in 5 representative quantities
using a ‘Rotary Cone Sample Divider’.
— One fifth was used for grain size analysis via laser diffraction using a ‘Malvern
Mastersizer S Long Bed’;
— Three fifth was used for grain size analysis via Sedigraph (X-ray sedimentation
technique) using a Micromeritics Sedigraph 5100 on the fraction < 250um;
— One fifth was used to determine the fractions < 250pm and > 250um by sieving.

3.3.Statistical analyses

3.3.1. Percentile plots

Percentile plots were made in excel for a selection of oxides and trace elements and for
organic and inorganic carbon. These plots give insight in the frequency distribution of the
geochemical parameter over the set of samples. On the x-axis the percentiles and the z-
scores are shown. The latter is defined as (x-mean)/(standard deviation) and gives the
number of standard deviations from the mean (z-score at the mean is zero). The percentile
plots aid in the distinction between normal and lognormal distribution required for the
factor and cluster analysis.

3.3.2. Factor analysis

The factor analysis, performed with the statistical software program SPSS Statistics version
20, calculates which of the variables (parameters) can explain the largest part of the
original variance between the samples. It can assess which variables correlate highly with
a group of other variables, but correlate badly with variables outside of the group. The
variables with high intercorrelations might represent one underlying variable, which is
called a factor. Furthermore, it gives insight in the association between the elements.

To select parameters for the factor analysis, correlations between the variables were
checked using the correlate procedure in SPSS. Variables that do not correlate with any
other variable or that correlate highly with other variables (with R > 0.9 or R? > 0.81) were
eliminated from the dataset. Variables with many analyses below the detection limit were
also eliminated.

3.3.3. Cluster analysis

A cluster analysis is performed with the statistical software program SPSS Statistics version
20. Cluster analysis enables the identification of groups of relatively similar geochemical
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characteristics. The results will be used to assess whether geographical or depth-related
differences can be observed. The clustering is based on the ‘distance’ between selected
variables of the different samples. The distance is a measure for how far apart the
variables are. Clustering can be done in various ways. The most common method is the k-
means clustering. In this approach the number of clusters needs to be assigned a priori.
Initial cluster means are randomly chosen and samples are assigned to the clusters to
which they are nearest. Then, the cluster means are re-calculated based on the assigned
samples. Subsequently, the samples are re-assigned to the clusters based on their new
cluster means, and the cluster means are re-calculated again. This process is iterated
until the cluster means are stable or the maximum number of iterations is reached. The k-
means method uses the simple Euclidean measure for calculation of the distance between
two samples:

| J

dx_y = Iw'l Z (Xj -y, )2

I‘:I; Jj=1

Where x and y represent two values from the two different samples for the same variable,
and j = 1..... J represent all the variables included in the analysis.

For the k-means cluster analysis a selection of variables will be made. For each selected
variable, the percentile plot is used to assess whether its distribution can be better
described as lognormal instead of normal. Next, the (log)values of all selected variables
are standardized by the following equation:

Standardized value = (original value - mean) / standard deviation

Standardization is necessary to correct for different scales of the different variables.
Otherwise, the variable with the highest values, which probably will also have the largest
(absolute) spread, will dominate the clustering procedure.

Initially, strong outlying values will be removed from the dataset (assigned as ‘missing
values’ in SPSS). The clustering procedure for the corresponding samples will be performed
based on the remaining values of the selected variables. After the clusters are defined, the
missing values are restored and the total dataset is re-assighed to the defined clusters.
Cluster averages are re-calculated with this new dataset but iteration is not allowed. The
cluster averages are only slightly changed with respect to the initial clustering round. By
doing this, we can assess whether the samples with missing values are correctly assigned to
a cluster during the initial round or that the restored outlier would change its assighment.
Clustering was performed for a varying number of clusters. The results were compared and
the optimal number of clusters was selected.

3.4.Depth profiles

Depth profiles were made using Grapher software for all cores with more than 5 samples.
Based on this constraint, cores X, XlI, XIV and XV are excluded. Cores XIV and XV (and one
sample from Xl) are also the cores for which each sample represents a very large core
section (Table 8). For this purpose the most important geochemical parameters were
selected, in addition to the grain size distribution.
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4. Results chemical analyses

4.1.Chemical composition of Boom clay
The results of the chemical analyses are shown in Appendix B.

4.1.1. Data check

The oxides and several minor/trace elements are measured by two different techniques:
XRF and ICP. Both techniques should give the same results. However, three measurements
do not show similar results (Figure 4). All three measurements are from the same well:
well IX (B48G0159), samples 8, 9 and 10. These measurements are removed from the data
set.
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Figure 4. Si0, and Al,0; wt% measured by XRF versus the concentration measured by ICP. The
dashed lines represent perfect correlations.

4.1.2. Carbon, sulfur and oxide concentrations

The samples consist mostly of SiO, (45.8 - 88.6 wt%), with lesser amounts of Al,O; (1.92 -
18.8 wt%), CaO (up to 14.5 wt%), Fe,0; (1.6 - 10.5 wt%), K;0 (3.2 - 5.6 wt%) and MgO (0.3 -
2.9 wt%). The percentile plots, shown in Figure 21 in Appendix B, allow the distinction
between normal and lognormal distribution of the components. If the lognormal plot has a
better straight fit through the data than the normal plot (visually), the component was
treated as lognormal. Most of the oxides have a relatively normal distribution, except for
Ca0, MnO and SO; which have a more lognormal distribution. Na,0, K,0 and P,0Os have a
few (2, 3 and 1, respectively) high outliers. The organic and inorganic carbon content are
up to 2.5 and 3.5 wt%, respectively. About 35% of the samples has an inorganic carbon
content below 0.1 wt%.

Figure 5 (left graph) shows that a positive correlation exists between aluminium and
potassium, with a high K/Al ratio at Al,O; < ~8 wt% and a lower K/Al ratio at Al,0; > -8 wt%.
In the graph the K/Al correlations of K-feldspar, muscovite, and illite with maximum and
minimum K/Al ratio (based on compositions of KAIMgSi,O4[(OH),(H,0)] and
KALSi;010[(OH),(H,0)], respectively) are shown by the dashed lines. Illite with low
aluminium (Illiten) has a similar K/Al correlation as K-feldspar. The graph shows that an
additional Al source with low or zero K concentration, like kaolinite, is present in the high
AL, O; range. The three outliers with high potassium content (samples XI-1, XI-2 and XI-3)
also have a significantly high barium content of approximately 2000 ppm (Figure 5). No
other correlations with barium can be observed. In the other samples the barium content
varies between 100 and 500 ppm, with one exception of 800 ppm, irrespective of the K
content (Figure 5).
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Figure 5. Positive correlation between aluminium and potassium (left) and no correlation between
barium and potassium (right). Three outliers are visible (blue circles). K-f = K-feldspar, mu =
muscovite.
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AL,O; versus Fe,0; gives a R? of 0.57. Removing the one outlier with low inorganic C and high Ca0 in
the graph of CaO versus inorganic carbon gives a R? of 0.96.
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Figure 7. Graphs showing negative correlations between SiO, and Al,O; (left) and Fe,0; (right).
Removing the one outlier with high Fe in the graph of SiO, versus Fe,0; gives a R” of 0.57.
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Figure 8. Graph of Na,0 versus Al,03.

Strong positive correlations exist between MgO and Al,0; and between Fe,0; and Al,0;
(Figure 6) suggesting that Mg and Fe are associated with clay minerals. Both MgO and Fe,0;
do not correlate with inorganic carbon, indicating that dolomite (Mg,Ca(C0Os);), magnesite
(MgCOs) and siderite (FeCO;) are not prominently present. One sample (I6) has a
significantly high Fe,0; content which is not related to high Al,Os, total S or inorganic C,
suggesting the presence of either Fe-(hydr)oxide or (Fe-rich) glauconite. Strong positive
correlations exist between CaO and Sr and between CaO and inorganic C (Figure 6),
indicating CaCO; with significant Sr as substitute for Ca. One sample (IV2) has a
significantly low inorganic carbon content with a high CaO content (Figure 6). The sample
has a very high P,0s content of 8.22 wt%, suggesting the presence of apatite
(Cas(POy4);(F,CL,0H)). This sample also has the highest Sr content of 937 ppm. Part of the
Ca in apatite might be replaced by Sr. Negative correlations exist between SiO, and Al,03
and between SiO, and Fe,0; (Figure 7).

Figure 8 shows the Al,0; content versus Na,0. A wide scatter can be observed between 0
and 1.5 wt% Na0. In the lower ALLO; range the Na,O content increases, suggesting an
increasing albite content. In the higher range Na,O is irrespective of Al,0; content. Two
samples (VIII4 and VIII5) have a significantly higher Na,O value of 2.1 and 3.0 wt%
respectively which might be caused by local albite enrichment.

Both the total carbon and total sulfur content show a positive correlation with the organic
carbon content but the R? values are low (Figure 9).
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Figure 9. Organic carbon versus total carbon (left) and total sulfur content (right).

4.1.3. Trace elements

The trace elements with the highest concentrations are barium (145-2126 ppm), strontium
(70-937 ppm) and zircon (81-760 ppm). The other trace elements are generally below 250
ppm, but lead and zinc both have a few high outliers up to 750 and 450 ppm respectively.
The Sr content shows a strong positive correlation with Ca (Figure 6). Many other trace
elements (Rb, V, Ce, Ni, Co, La, Cu, Ga, Nb, Th, Pr, Eu, Gd, Cs, Y, Nd, Sm, Sc, Ta, Dy, Er,
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Figure 10. Positive correlation between organic C and U. Note that one outlier significantly
affects the R? value, which is only 0.08. Removal of the outlier increases R? to 0.59.

Yb, Tb, Ho, Lu and Tm) have a (strong) positive correlation (R? > 0.5) with Al,0;. Zircon has
a positive correlation with SiO, and a weak negative correlation with Al,0;. The remaining
trace elements which do not correlate well with Al,0; are Ba, Sr, U, Zr, Mo, Pb, Zn and As
(R* < 0.5). Cobalt, Cs and Ni show a positive correlation with Fe,0;. A positive correlation
exists between organic C and U (Figure 10). The one outlier with extreme U value is the
same outlier as in Figure 6, for which a high apatite concentration was suggested.

4.2.Boom clay mineralogy

The XRD results of the bulk rock and the clay fraction for the selected samples are shown
in Table 13 of Appendix C. The samples consist mainly of quartz (16.3 - 86.3 wt%) and clay
minerals (8.4 - 70.2 wt%, from bulk analysis). Plagioclase and K-feldspar are present in all
samples and vary between 0.3 - 5.6 and 2.2 - 11.1 wt% respectively. The carbonate
content varies strongly between the samples and consists of calcite (up to 25.9 wt¥%),
aragonite (up to 5.1 wt%) and occasionally small amounts of ankerite/dolomite and siderite.
Pyrite and anatase are present in almost all samples with values up to 6.9 and 0.9 wt%
respectively. The small amounts of gypsum in most samples can be assumed to have
formed during drilling/storage as a result of calcium reaction (from calcite) with oxidized S
from pyrite. Also jarosite is assumed to be an artifact of pyrite oxidation.

A strong negative correlation exists between the quartz and total clay mineral content and
a moderately positive correlation between quartz and feldspar (K-feldspar plus plagioclase),
e)2<cept for one outlier (Figure 11). Removal of the outlier gives a positive correlation with
R® = 0.50.

The clay mineralogy from the clay fraction analysis varies significantly. Only two samples
contain a significant amount of Fe in the 2:1 clays (see Figure 22and Table 13 of Appendix
C). Smectite and illite/smectite mixed layers (ISS) represent the largest part. The chlorite
content is very low (1-2% of the clay fraction). In general, except for a few outliers, the
samples with a high total clay content (from bulk XRD) contain more kaolinite/smectite
mixed layers (KSS) and smectite and less ISS and illite. Kaolinite and illite show a
moderately positive correlation, while illite and smectite have a moderately negative
correlation (Figure 11). Removal of the one outlier with low smectite and illite contents
results in a R? = 0.44.

XRD analyses show that the three outliers with high K;0 and Ba content (samples XI-1, XI-2
and XI-3) contain 1.6 to 2.2 wt% sylvite (KCl) (Table 13). No other samples which were
analyzed by XRD contain this mineral. The high K and Ba content suggest contamination
from drilling fluids. Sylvite is an evaporate mineral which is one of the last to precipitate
out of a solution. These three samples also contain > 1% of halite, suggesting that
formation water and drilling fluids were not removed during core preparation. The
evaporites are probably an artifact of this. Since no other samples contain such extreme K
and Ba concentrations, this artifact only occurred in core XI.
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Figure 11. Bulk analysis: quartz versus total clay (upper left) and K-feldspar plus plagioclase (upper
right). Clay fraction analysis: illite versus kaolinite (lower left) and smectite (lower right).

4.3.Mineralogy and geochemistry

Since only part of the samples are analysed by XRD, correlations between geochemistry
and mineralogy might provide proxies of the mineralogy for the remaining samples. Also,
correlations might give additional insight in the specific types of minerals present. A strong
positive correlation exists between K-feldspar and Al;0; at Al,O; concentrations up to 8
wt%. Above that value, K-feldspar decreases (Figure 12). The total clay content from the
bulk XRD analysis has a very strong positive correlation with Al,0; (Figure 12). The R?
increases from 0.86 to 0.89 when Al,0; is corrected for K-feldspar and plagioclase. A strong
positive correlation exists between Al,0; (corrected for Al in feldspar) and kaolinite and
AL, 05 (corrected for Al in feldspar) and chlorite (Figure 12). At Al,Os; content up to 5 wt%
the kaolinite content is stable at around 1%. Above 5 wt% Al,O; the kaolinite content
increases.
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Figure 12. Al,05 versus K-feldspar (upper left) and total clay (upper right). Al,05 (corrected for Al in
K-feldspar and plagioclase) versus kaolinite (lower left) and chlorite (lower right)
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Figure 13. Al,O; corrected for feldspar versus KSS (upper left), kaolinite (upper right), ISS (lower
left) and smectite (lower right) from clay fraction XRD.
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Figure 14. Correlations between Na,0 (corrected for Na in albite) and smectite from clay fraction
XRD analysis (left) and MgO (right).
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Figure 15. Correlation between Fe from XRF (corrected for Fe in pyrite and siderite from XRD) and
2:1 clays from XRD bulk analysis (left). Without the outlier (red circle) R? is 0.66. Correlation
between S in S-bearing minerals from XRD and total S measured by XRF (right). Without the outlier

(red circle) R? is 0.62.

Figure 13 shows the correlation between the clay fraction analysis and Al,0; (corrected for
Al in feldspar). Except for a few outliers, KSS shows a positive correlation with Al,0s, while
kaolinite shows no correlation at all. The correlation between ISS and ALO; is weakly
negative and weakly positive between smectite and AL,0;. If any, the correlation between
Ca0 and plagioclase is negative indicating that plagioclase does not contain Ca. The
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correlation between Na,0 and plagioclase is weak, but positive. A strong positive
correlation between Na,0 (corrected for Na in albite) versus smectite and MgO can be
observed (Figure 14), suggesting the association of Na and Mg with smectite. This could
indicate that the smectite type is Na-montmorillonite, but this would require further
analysis, e.g. by FTIR measurement. Positive correlations between KSS/ISS and Na are less
strong.

To assess the correlation between iron and clays, the amount of iron measured by XRF was
corrected for the amount of Fe in siderite and pyrite measured by XRD. One outlier
significantly lowers the R? value of the correlation. Without the outlier, the R* increases
from 0.49 to 0.66 (Figure 15). Corrected Fe does not show any correlation with the clay
minerals from the XRD clay fraction analysis. When plotting the S in S-bearing minerals
gypsum + jarosite + pyrite, the same sample is an outlier. When removing the outlier, the
R? increases from 0.23 to 0.62. This outlier (sample 1114) has a very high pyrite content of
6.9 wt% as measured by XRD. This indicating that the sample batch measured by XRF
contained a smaller amount of pyrite, causing discrepancy between the two analytical
techniques.

4.4.Grain size distribution

Plots of the grain size distribution from Sedigraph and Laser Diffraction are shown in
Appendix D. The results for the Sedigraph and the laser diffraction are somewhat different.
This is partially due to the fact that the distribution for the Sedigraph is measured
between 0.5 and 250 pm. The fractions < 0.5 pm and > 250 ym are calculated. The laser
diffraction measures the total range, up to 880 pym.

The distributions from both the Sedigraph and the laser diffraction show a division
between silt-rich samples and clay-rich samples. The two techniques give different peak
locations, which are for Sedigraph and laser diffraction respectively 30 - 70 pm and 80 -
150 pm for the silty samples, and ~3 ym and -8 pum for the clay-rich samples.

The group of silty samples comprises of the upper and lower parts of core Il to VI, the
lower part of cores VII, IX, X, Xlll and XVII, and core | and XVI in total. The clay-rich group
comprises of the middle part of cores Il to VI, the upper part of cores VI, IX, X, Xlll and
XVIl, and cores VIII, XI, Xll, XIV and XV in total. In Figure 16 the AlL,0; and MgO
concentrations are plotted versus the clay fraction from the laser diffraction and sedigraph.
Overall, we can conclude that the clay fraction of the Boom Clay is low.

For the sedigraph and the laser diffraction the clay fraction is defined as the wt% <2 pm
and <8 um, respectively. The value of <2 uym is the conventional definition for the clay
fraction. According to Konert and Vandenberghe (1997) the fraction <2 pym measured by
pipette methodology (as in the sedigraph) corresponds with a grain size of 8 ym by the
Laser technique. For a more detailed explanation of the different techniques, see the
report of OPERA task 4.1.1 by Vis and Verweij (2013). The graphs in Figure 16 show a
strong correlation between Al,0; and the clay fraction. This is especially true for the clay
fraction from the laser diffraction, which suggests that this technique is better for these
sediments than the sedigraph. The positive correlation between MgO and the clay fraction
is moderate. The R? is equal for both measurement techniques. The interception of the
trendlines with the y-axis might give an indication of the average amount of aluminium and
magnesium related to the non-clayminerals. For Al,O; the non-clay fraction is feldspar and
for magnesium dolomite or magnesite. For both components the interception is
significantly higher for the sedigraph.
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Figure 16. Correlation between the clay fraction and Al,05 (left) and MgO (right). The upper graphs
show the clay fraction from the laser diffraction (wt% < 8 um), the lower graphs from the sedigraph
(wt% < 2 pm).

4.5.Depth profiles

The depth profiles of all cores except X, XI, XIV and XV (< 4 samples per core) are shown in
Appendix E, Figure 25 to Figure 38. The depth interval for each core is 250 m so that the
vertical axis is the same for each profile. The actual top and bottom of the profiles differ
per core. An onset with a stretched vertical range is provided if necessary. Note that each
sample represents up to 3.5 m of core material (Table 8). A description per core is given in
the captions.
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5. Statistical analyses

5.1.Geochemical data correlation

The geochemical data from XRF and ICP was processed for use in the statistical software
program SPSS. All measurements below the detection limit are set at the value of the
detection limit divided by two, so that the sum of all these values is valid for a dataset
with normal distribution. For the trace elements, the ICP analyses are used instead of the
XRF analyses since they have less measurements below the detection limit. The trace
elements Be, Sn, W, Ag, Au, Cd, Sb, Bi, Hg, Tl, Au and Se are removed from the dataset
due to a high percentage of measurements below the detection limit. For the oxides, the
XRF data are chosen for the statistical analyses since these also include SO; and V,0s.
Correlation matrices are produced for all remaining variables. These show how well two
variables correlate (either positive or negative). Note that any outliers can significantly
affect the correlations, as was shown for the relation between P,0s, U and organic C. Due
to one sample with high P,0s and U values, a high correlation between these parameters is
calculated, while the positive correlation between U and organic C is destroyed due to this
same single outlier (Figure 10). The correlations allow the selection of a limited number of
variables for the cluster and factor analyses. The results of the correlation matrices for
high correlation values (|R| > 0.6 and correspondingly R? > 0.36) are shown in Appendix F.
Si0O, shows negative correlations with Al;0;, Fe,0; and MgO, while these oxides, in turn,
show positive correlations with each other and several other oxides (Table 15 in Appendix
F). The ALLOs content is also positively correlated with organic C. SiO, also shows negative
correlations with many trace elements except for Zr, while Al,0;, MgO, Ti,O and V,05 show
positive correlations with almost all trace elements (Table 16). K,O and Fe,0; show
positive correlations with a few trace elements. Inorganic C and CaO show strong positive
correlations with only Sr. P,0s shows a strong correlation with only U, but it should be
noted that this correlation is based on one outlier with extremely high P,0s and U values.
The correlation between U and organic C is not shown in the table because that same
outlier significantly reduces the R* value (Figure 10 and Table 16). Most trace elements
show strong positive correlations with each other. Only Ba, Sr and U do not show any
correlations with any other trace element. The trace element Zr shows an (almost perfect)
positive correlation with Hf (Table 17).

5.2.Cluster analysis

A selection of variables is made for the cluster analysis and includes all oxides, organic and
inorganic C, and several trace elements. Most trace elements are excluded since they
correlate highly with Al,0; and/or with each other. Rubidium represents all trace elements
which highly correlate with Al,0; (Table 16). Copper and Hf are excluded since they highly
correlate with Pb and Zr, respectively (Table 17). Based on the percentile plots of the
selected variables (Appendix B) the following are treated as lognormal instead of normal
distributed variables: CaO, MnO, SOs, inorganic C and all selected trace elements. For
these variables the log of the values was used in the analysis. A few high outliers from
Na,0, K,0, P,0s5, U, Ba and Pb were initially removed from the dataset to prevent that
these dominate the cluster results. Subsequently, the values of the resulting dataset were
standardized.

The cluster analyses for 6, 8, and 10 clusters give varying results. In the case of 6 clusters,
the number of samples is well divided over the clusters (3 clusters with 36 samples each,
one with 35 samples and 2 with 3 samples each). In the case of 8 clusters, the samples are
still well divided, but the results for the sample assignment to the clusters are quite
different than for 6 clusters and the average cluster compositions have significantly
changed. For the 10-cluster case, the smaller clusters of the 6- and 8-cluster cases are dis-
integrated into clusters of 1, 2 and 3 samples each. These small clusters then represent
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the samples which are outliers. This implies that the formation of separate clusters for the
outliers is more relevant than splitting up the larger clusters. Because outliers are not the
main interest of this study, the 10-cluster case becomes therefore less relevant.

In the 6-cluster case, many cores are (almost) completely represented in one of the
clusters. For the 8-cluster case the results are very different and the samples of each core
are more spread over the clusters. Therefore, the 6-cluster case is assessed in more detail.
A short description of the clusters is shown in Table 1 and the average cluster compositions
are shown in Table 2. The cluster classification is mainly based on the Al, Si and Ca
content. For each cluster the average clay and sand fraction and their spread within the
cluster are shown in Table 2. In general, a higher SiO, content corresponds to a higher sand
fraction and a high Al,0; content with a high clay fraction. However, the scatter in the clay
and sand fraction is large.

The small clusters 2 and 3 are very similar and represent silica-rich samples. Some
consistent differences in the minor components caused the separation into two clusters,
but these differences are not crucial. Hence, the two clusters can be seen as one. The four
largest clusters of the 6-cluster case are further analyzed by cluster analysis individually
(Figure 17). This allows to assess whether the samples of each core remain together when
more clusters are formed, without having the problem that the cluster means are shifting
significantly when more clusters are formed (like in the 8-cluster case) (Figure 17). The
results of the cluster analysis per cluster are shown in Appendix G. Clusters 1, 4 and 6 are
each relatively homogeneous, shown by the small variability in parameters for the sub-
clusters. Cluster 5 shows a larger variability between the sub-clusters. Four distinct sample
groups form. The top parts of cores XI, Xll, XIV and XV form a separate sub-cluster (sub-
cluster 3 in Table 20) which have the highest SiO, and lowest Al,0; content of the cluster.
Core VIII (complete) and the middle parts of cores Xl, Xll, Xlll and XV form a separate sub-
cluster (sub-cluster 2 in Table 20) with the highest Al,0; and Fe,0; and lowest CaO content
of the cluster. The top part of core | forms another sub-cluster (sub-cluster 2 in Table 21)
and has intermediate SiO,, extremely low Al,O; and high CaO. The middle part of core |,
top and bottom of core Il, and the complete fresh core form a fourth sub-cluster (sub-
cluster 3 in Table 21) with intermediate to high SiO, and intermediate Al,0; and CaO. The
remaining cores and samples are dispersed over de sub-clusters.

Table 1. Cluster description for the 6-cluster case.

Cluster N @ Cores and samples Description
samples

Upper and/or lower parts of core |
1 35 to VII, IX, X, XIlIl and main (upper)
part of core COVRA

Si-rich, intermediate Al, Fe,
Mg. High Na and K

2 3 Core IV, samples 1, 9 and 11 Very Si-rich, Al and Fe poor
3 3 Samples 119, IV7 and V10 Very Si-rich, Al and Fe poor

Cores VIII, XI, XII, XIV and XV, core
4 36 Xl 1-6, 3 samples from 3 other
cores

Si-poor, high in all
remaining oxides.

Core |, fresh core, upper part of

5 36 core ll, several samples from core Si-rich, low Al, high Ca
1%
Middle part of cores Il, I, V, VI

Si-poor, high Al, Fe, Mg and

6 36 and VI, lower sample of COVRA K. Low Ca.

core and core IX almost completely
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Figure 17. Left: schematic representation of 6- and 8-cluster case in blue en red, respectively. The
cluster averages shift significantly, and samples switch between the different clusters. Right:
representation of the separate cluster analysis for the four main clusters of the 6-cluster case.

Table 2. Cluster means for the 6-cluster case (in wt%) and corresponding average clay and sand

fraction. Spread of the clay and sand fractions within each cluster is shown in brackets.

Cluster

1 2 3 4 5 6
Si02 70.9 87.7 86.8 53.0 69.6 57.8
Al203 10.4 2.7 4.5 14.1 7.5 16.0
Fe203 4.3 3.0 2.4 6.1 4.4 5.8
Cao 0.9 1.1 0.3 5.0 4.5 0.9
MgO 1.4 0.4 0.5 2.0 1.1 1.9
Na20 0.8 0.1 0.4 1.0 0.7 0.7
K20 2.7 1.0 1.8 2.8 2.3 3.1
MnO 0.02 0.01 0.01 0.04 0.02 0.02
TiO2 0.7 0.2 0.3 0.7 0.5 0.8
P205 0.06 0.07 0.04 0.12 0.07 0.08
Cr203 0.02 0.01 0.01 0.02 0.02 0.02
S03 0.3 0.1 0.0 0.6 0.7 0.4
V205 0.02 0.01 0.01 0.02 0.01 0.03
Organic C 0.6 0.4 0.2 1.0 0.6 1.3
Inorganic C 0.1 0.2 0.1 1.1 0.9 0.1
Ba 336 178 301 272 328 312
Rb 99 36 57 118 80 141
Sr 139 89 81 320 270 148
U 2.9 1.2 1.8 3.7 2.9 4.2
Zr 352 184 364 181 418 216
Mo 0.9 1.1 0.7 1.7 1.7 1.3
Pb 10.5 4.5 11.9 19.2 7.8 18.1
Zn 53 18 19 122 35 68
As 6.8 9.1 4.5 8.0 10.7 11.6
Clay fraction 7.0 5.8 3.9 8.2 6.8 11.8

(4-14) (2-10) (4) (4-12) (0-12) (5-25)
Sand fraction 19.1 59.1 78.4 3.2 35.8 3.8

(3-45) (38-89) (76-82) (0-13) (0-91) (0-30)
Nr of samples |35 3 3 36 36 36

5.3.Factor analysis

A factor analysis, by principle component extraction, was first performed on all variables
minus the trace elements which were removed from the dataset due to a high percentage
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of measurements below the detection limit. This results into the extraction of 8
components by Kaiser Normalization (selection of components with eigenvalues > 1) which
explain 88.4% of the total variance. The component matrix is huge and complex. Therefore,
as a next step, many trace elements were removed which correlate highly with Al,O3 or
Ca0. Factor analysis on the new data set is performed using various types of component
extraction methodologies. Also, the rotation methodology is varied. In the literature there
is no consensus on which methodology to use in which case. Since the results of the
different methodologies vary only slightly and in each case more or less the same factors
are found, it does not really matter which one is used. The resulting component matrix is
shown in Table 3. Seven principal components are extracted by Kaiser Normalization,
which explain 77.1% of the total variance.

Factor 1 represents Al and thus the clay size fraction. Silicon and the sand fraction are
negatively associated. Magnesium, TiO, and V,0s are highly positively associated. The
second factor represents carbonate. The Sr content is not included in the factor analysis,
but would be positively correlated, considering the correlation between Sr and Ca0O. The
SiO, content is slightly negatively correlation with carbonate. The third component
represents organic material, associated with total S, Mo, As and U. This factor is
representative of pyrite, even though Fe,;0s3 is not associated with this factor. The trace
metals Mo and As, as well as Hg and to a lesser extent Co, Cu, Mn and Ni are commonly
pyritized in anoxic marine sediments (Raiswell and Plant 1980; Huerta-Diaz and Morse,
1992). Iron is moderately associated with the clay factor but is in general not strongly
representative of a specific component. The association of organic matter and pyrite

Table 3. Varimax rotated component matrix for the 7-factor case. The extraction method used is
the unweighted least squares method. Only loadings higher than 0.4 are shown, the loadings higher
than 0.6 are in bold.

Factor
1 2 3 4 5 6 7
Clay fraction .54
Sand fraction |-.76
Si02 -.73 -.52
Al203 .93
Fe203 .56 .52
log CaO .88
MgO .83
Na20 .42
K20 71 .58
log MnO .48 .55
TiO2 .91
P205 .73
Cr203 .66
log SO3 .58
V205 .87
Total C .84
Total S .79
Organic C .57 .61
Inorganic C .94
log Ba .88
log Hf -.89
log U .43 .84
log Zr -.88
log Mo 72
log Pb .51
log Zn .45 .65
log As .63
% of variance |27.0 12.9 9.7 9.3 7.6 5.3 5.1
Cumulative % |27.0 40.0 50.0 59.0 66.7 72.0 77 .1
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reflect the reducing conditions during the deposition or early burial of the clay (Decleer et
al., 1983). The fourth factor of Hf and Zr is representative of zircon. Hafnium is a major
trace element in this mineral (e.g. Tichomirowa et al., in press). The remaining factors
represent combinations of elements which do not have significance on their own. The
factor analysis was repeated for four factors to assess the correlation of those elements
with the main factors. The results are shown in Table 4. The same main factors are defined
as in the 7-factor case. These results imply that the main variance between the samples
can be explained by clay (and quartz), carbonate, pyrite and zircon.

Table 4. Varimax rotated component matrix for the 4-factor case. The extraction method used is
the unweighted least squares method. Only loadings higher than 0.4 are shown, the loadings higher
than 0.6 are in bold.

Factor
1 2 3 4
Clay fraction ]0.46
Sand fraction |-0.80
Si02 -0.76 -0.51
Al203 0.93
Fe203 0.67
log CaO 0.93
MgO 0.89
Na20 0.41
K20 0.78
log MnO 0.55 0.57
TiO2 0.92
P205
Cr203 0.68
log SO3 0.57
V205 0.83
Total C 0.78
Total S 0.78
Organic C 0.48 0.71
Inorganic C 0.92
log Ba
log Hf 0.86
log U 0.42
log Zr -0.43 0.86
log Mo 0.74
log Pb 0.51
log Zn 0.68
log As 0.52
% of Variance |30.6 13.6 10.9 8.6
Cumulative % |30.6 44.2 55.0 63.6

The ‘minor’ components which are more dispersed over several factors, are slightly
rearranged between the factors compared to the 7-factor case. P,Os and Ba are the only
components which are not explained by any of the factors, indicating that they are not
associated with either clay, carbonate, pyrite or zircon. The factor plots and the factor
scores per sample for the 4-factor case are shown in Appendix H. The plots are the
graphical representation of the rotated component matrix in Table 4. They show how much
of each component is explained by the different factors. The factor scores indicate how
well a sample is explained by the different factors. For example, the samples of core | all
score negative for factor 1, indicating the high quartz and feldspar content of these
samples. The samples score high on factors 2 and 4 and they are thus rich in carbonate and
zircon. The samples of the northern cores all score high on the carbonate factor and
mostly positive on the clay factor.
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5.4.Mineralogy

A correlation matrix was also produced with SPSS for the mineralogy (Appendix I). Besides
the correlations already discussed in sections 4.2 and 4.3, a strong correlation also exists
between anatase and different clay minerals. A factor analysis was not performed since N
is too low (N = 30).

Kmeans clustering was performed for 3 clusters based on the bulk XRD analyses. The
following minerals/components were eliminated: ilmenite (rare occurrence, low amounts),
total non-clay (reflected in total clay component) and 2:1 Fe-clay (rare occurrence). The
results are shown in Table 5. Clusters 1 and 2 have low quartz and feldspar and a high clay
content. The difference between the two clusters is the carbonate content which is much
higher in cluster 2. The northern cores and the middle parts of the southern cores belong
to these clusters. Cluster 3 has a high quartz and feldspar, low clay and intermediate
carbonate content. The new, fresh drilling core XVI and the upper and/or lower part of the
southern cores belong to this cluster (Table 5).

Table 5. Results of cluster analysis based on mineralogy (in wt%). *Total 2:1 clay content.

Sample | Cluster | Distance Cluster

I 4 1 4.853 1 2 3

I 8 1 2.231 Quartz 27.45 22.98 55.46
V4 1 3.482 Plagioclase |1.96 1.15 3.09
Vé 1 3.217 K-feldspar [5.50 3.69 8.26
V38 1 2.493 Clin/Heul |0.00 0.63 0.78
Xl 4 1 1.710 Calcite 0.50 11.34 2.52
Xl 6 1 2.846 Aragonite |0.42 0.45 1.52
X110 |1 2.874 Ank/Dol 0.00 0.39 0.01
I 6 2 5.637 Siderite 0.00 0.64 0.11
V8 2 5.242 Pyrite 1.29 0.65 0.70
X1 2 3.285 Anatase 0.78 0.54 0.20
Xl 2 2 2.407 Sylvite 0.00 0.96 0.00
Xl 3 2 3.798 Halite 0.18 0.63 0.05
Xz |2 4.060 Gypsum 1.49 0.36 0.58
1o |3 2.036 Jarosite 1.38 0.00 0.05
I 11 3 1.743 Chlorite 2.22 1.43 0.46
Iv7 3 2.765 2:1 clay* |49.98 47.80 24.36
V9 3 2.786 Kaolinite [6.76 6.35 1.82
V10 |3 4.108 Total clay |58.96 55.57 26.64
V11 3 4.067

V2 3 2.642

V10 3 2.391

Xl 8 3 2.608

XVI 3 1.876

XVI 3 2.582

XVI 3 2.399

XVI 3 2.222

XVI 3 2.697

XVI 3 1.986

XVII5 |3 2.609
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5.5.Mineralogy and geochemistry

Appendix J shows the correlation matrix between the mineralogy and the geochemistry.
Besides the correlations described in section 4.3 most trace elements correlate negatively
with quartz, and positively with anatase and clays. Plagioclase and K-feldspar correlate
positively with Hf and Zr, and jarosite and halite correlate well with Ba.
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6. Discussion and conclusions

6.1.Characterization

The clay mineralogy is a crucial aspect in the safety assessment of radioactive waste
storage in clay-type host rocks, as will be explained in the next section. The quantification
of clay mineralogy is difficult to assess in detail, but the analysis was performed based on
advanced interpretation techniques (Zeelmaekers, 2011). The bulk rock XRD analysis gives
a general idea of the clay mineral content. The clay fraction XRD analysis results in a more
detailed insight in the clay mineralogy. Furthermore, the clay fraction is based on grain
size (<2 pym)(see section 3.1.2 on XRD methodology). Hence, it contains very small quartz
and feldspar grains while larger clay grains are excluded from the analysis (Zeelmaekers,
2011). A combination of (bulk and clay fraction) XRD and geochemical analysis provides
additional information.

The strong positive correlation between Al,O; and the total clay fraction from bulk XRD
suggests that the bulk XRD gives a good representation of the clay mineral fraction. Hence,
the ALO; content (even if not corrected for Al in feldspar) is a good qualitative proxy for
the clay mineral fraction. This proxy allows the quantitative interpretation of the clay
fraction XRD analysis by plotting the clay mineralogy against the Al,Os.

The positive correlation between Al and K in combination with the XRD analyses shows the
presence of K-feldspar in samples with relatively low Al (and thus clay) content. In samples
with higher Al (clay) content kaolinite is present in addition to K-feldspar, which decreases
the K/Al ratio. K-feldspar has a lower content in these samples, while the illite content is
positively correlated with kaolinite (Figure 11). These correlations imply that the Al,03
content in Boom Clay can be used as an indicator for the relative amounts of K-feldspar,
illite and kaolinite if XRD analyses are not available.

The Mg and Fe content show a strong positive correlation with Al, suggesting that they are
mainly associated with clays (e.g. smectite, illite or chlorite) and not with carbonates like
dolomite or siderite. This is confirmed by the limited presence of these carbonate minerals
in the XRD analyses.

Besides clay minerals, Fe is present in (generally) small amounts of pyrite in most of the
samples and jarosite in a few of the samples. Jarosite (as well as gypsum, sylvite and
halite) have probably been formed during storage of the core due to drying and/or
oxidation. The one sample in core 1114 with very high pyrite content plots as an outlier in
the iron and sulfur graphs. This indicates that potentially the two batches of the sample,
which are analysed by XRD and XRF are slightly different. The batch analysed by XRD
seems to have had a significantly higher pyrite content than the batch analysed by XRF.
The strong correlation between inorganic carbon and CaO indicate the presence of CaCOs.
The XRD results show that CaCOs is present mainly as calcite and to a lesser extent as
aragonite, except for the samples of the fresh core (XVI) which contain rather consistent
and similar amounts of calcite and aragonite (-3 wt% each). Strontium is a common trace
element in CaCO;. The correlation factor between Sr and calcite (R* = 0.47) is much higher
than Sr and aragonite (R’ = 0.03). This is unexpected, since Sr is known to have a
preference for aragonite.

The weakly negative correlation between Ca and plagioclase suggests that the plagioclase
is Na-rich (albite). This is also shown by the position and intensity of the X-ray diffraction
peaks. The correlation between Na and plagioclase is weak but positive, suggesting that
another source of Na is present besides albite. The Na content correlates with Mg,
suggesting that Na/Mg-montmorillonite is the smectite variant present or that Na and Mg
are adsorbed to the smectite mineral surface.
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Most of the trace elements are highly associated with Al,0;, MgO, TiO, and V,0s. The
correlation matrix between the mineralogy and the trace elements shows that these trace
elements are highly associated with anatase (TiO,), clay and kaolinite. V,0s is associated
with clay and anatase and is probably a trace element in these minerals. Unclear is
whether the trace elements have a preference for specific clay types. Cs, Ga, Pb, Ni and
As are correlated with chlorite.

In Decleer et al. (1983) the results of a very similar statistical study are published for the
Belgian Boom Clay for the clay products industry. The strong positive correlation between
the chemical constituents of clay minerals and the clay size fraction, and their negative
correlation with SiO,, quartz and the sand fraction was also found in the outcrops in the
clay pits of Sint-Niklaas, Terhagen and Kruibeke (Belgium). Furthermore, they also
concluded the presence of CaCOs; by the strong correlation between CaO and CO,
(inorganic carbon in our study).

Table 6 shows a combined overview of the cluster analysis and the grain size and
mineralogy interpretations. The clustering analysis based on the bulk rock XRD mineralogy
is very consistent with the factor analysis. The factor analysis shows that the main part of
the variance between the samples can be explained by four factors: clay content,
carbonate, pyrite and zircon. The clay factor represents also the (inverse) quartz and
feldspar contents since these are highly negatively correlated with clay. The (weak)
negative correlation between carbonate and the SiO, content from the factor analysis was
also observed in some of the depth profiles shown in Appendix E. Decleer et al. (1983)
found the same factors, except for zircon since trace elements were not measured.
According to their analysis, a positive correlation exists between the clay minerals and
pyrite and organic carbon. This correlation is not as clear in the samples of our study.

The six clusters from the cluster analysis based on the geochemical composition are mainly
defined by the clay (e.g. ALO;), quartz (SiO,) and carbonate (CaO and inorganic C)
components. Furthermore, the organic C content is generally low in the clusters with high
Si0,. The clustering also shows a clear correlation with the grain size distribution. The
samples of the cluster with high quartz, plagioclase and K-feldspar and low clay content all
have a grain size distribution with a clear peak between 30 and 70 um (Sedigraph). This is
comparable to samples from Belgium (Honty, 2008). The samples of the cluster with low
quartz and feldspar contents and high clay content have a much lower grain size. The
correlations between quartz and SiO, and between Al,0; and total clay are almost perfect,
indicating that these oxides can serve as a proxy for the quartz and clay content. CaO and
inorganic C are almost perfectly correlated with calcite, indicating that these can serve as
a proxy as well.

The clustering analysis based on the geochemical composition resulted in a clear
geographical and depth-related subdivision of the different cores and samples. All samples
of the cores in the northern part of the country, except the lower 4 samples of core Xlll,
form a separate cluster. The samples have a low SiO, content and they are rich in Al,05,
Fe,05, CaO, MgO, Na,0, inorganic carbon and Sr. The Ca0, inorganic carbon and Sr content
are representative of high CaCO; contents of the samples and the high MgO is
representative of the montmorillonite and/or chlorite content. All these samples fall into
the group of lower grain sizes and the few samples analyzed by XRD (except for sample XllI
2) in the mineralogy cluster with low quartz and feldspar but high clay and calcite content.
The upper and/or lower parts of the cores in the southern part of the country, as well as
the lower part of core Xlll in the northern part of the country, form a separate cluster
which is rich in SiO,, intermediate in Al,0;, Fe,0; and MgO. They have intermediate to
large grain sizes. Only few of the samples in this cluster were analyzed by XRD, and these
belong to the cluster with high quartz and feldspar and low clay content. The carbonate
content is intermediate.
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The middle parts of the southern cores form a separate cluster with a very low SiO, and
high Al,O;, Fe,0; MgO and K,0 contents, indicating high clay content. The main difference
with the cluster of the cores in the northern part of the country is that these samples have
a low CaO0, inorganic carbon and Sr content, and they are therefore low in CaCO;. The few
samples of the cluster which are analysed by XRD show low quartz and carbonate and high
clay content, which is consistent with the geochemical clustering. Assuming that these
samples are representative of the cluster, the high K,O content does not seem correlated
to K-feldspar or sylvite and is probably the result of potassium-rich illite or muscovite.

The cores in the most eastern region of the country, core | (except for 2 samples in the
lower part of the core), the upper part of core Il and several samples of core IV form a
separate cluster together with the fresh core (XVI). This cluster has a relatively high SiO,
content and intermediate Al,0;, Fe,0;, CaO, MgO, Na,0 and K;O. It has a similar
composition to the cluster of the upper and/or lower parts of the cores in the southern
part of the country, except that it has a higher CaO content and slightly lower Al,0Os.
Hence, the carbonate content is higher and the clay content lower. The grain size
distributions show peaks around 30-70um (Sedigraph) and low clay fraction content (max
12%). The few samples analyzed by XRD (mainly from the fresh core) fall in the mineralogy
cluster with high quartz and feldspar and low clay content.

The two remaining clusters each contain three samples with very high SiO, content. They
probably represent sandy layers within the Boom Clay, which is also reflected by their
coarse grain sizes. The two clusters have not very distinct differences and can be
considered as one. Four of the samples in these clusters are from core IV, the other two
are from cores Il and V. These cores are all in the province of Limburg.

Based on the clustering, combined with the grain size and mineralogy analyses the cores
are divided into 3 groups (Table 6). Overall, we have a clear division between the northern
and the southern part of the Netherlands. The northern part is much more clay-rich, is fine
grained and relatively homogeneous with depth. The samples have a relatively high
carbonate content. In the southern part of the country the Boom Clay is more silty. Here,
the upper and/or lower parts of the Boom Clay are coarser grained and contain more
quartz and feldspar. The middle parts of the Boom Clay are finer grained and more clay-
rich with an occasional sandy layer. In the southeastern part, the Boom Clay is in general
more sandy and carbonate-rich than the southwestern part. This results in the division of
the following groups: North, Southeast and Southwest (Table 6).

Geochemical and grain size analyses of Boom Clay samples in Belgium are presented in
Honty (2008). The samples in this study were taken from the Mol-1 borehole and from the
HADES URL location, both located in Mol. The depth range of the samples is 204.3 - 286.7
m. The upper and lower parts of the cores are coarse silt, the middle part is more clay rich.
Core lll south of Tilburg, being most closely located to Mol and having a depth range of 340
- 485 m, has a similar grain size distribution with depth.

XRD analyses were performed on part of the samples from Mol. These analyses were
performed by two different laboratories for cross analysis. The upper part of the Boom
Clay is more quartz-rich with concentrations around 50 wt% and K-feldspar and plagioclase
contents between 6 - 11 and 2 - 4 wt%, respectively. This is consistent with the samples of
cluster 1 and 5 in our analysis. Also the total clay content and clay mineralogy is similar.
The lower part of the Belgian cores have lower quartz and feldspar and higher clay mineral
contents, which is similar to clusters 4 and 6 in our analysis but the 2:1 clay content can
reach higher values in the Dutch samples. The lowest part of the core from Mol was not
analyzed by XRD but the results of the grain size analysis (silty) indicate quartz contents in
the higher range.

Hence, the Boom Clay in Mol has silty upper and lower parts and a fine grained, clay-rich
middle part. The same depth relation is observed in the southern cores Il, Ill, V and VII.
The Belgian Boom Clay samples are all carbonate poor with contents < 1.2 wt%, while the
carbonate content in the Dutch samples is up to 26 wt%. The samples with high carbonate
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content all belong to clusters 4 and 5 which represent the northern and part of the
southeastern cores.
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Table 6. Overview of clusters and characteristics. * IV8 fits better with cluster 4.

Core Location/group Cluster 1 Cluster 2 + 3 Cluster 4 Cluster 5 Cluster 6

| Southeast 10,12 1-9, 11, 13

1l Southeast 6 11 9 1-3, 10 4,5,7,8

[l Southeast 2,10, 11 6 1 3-5,7-9

\% Southeast 3,4 1,7,9,11 2,6,8%,10 5

\" Southeast 2-4,9, 11, 12 10 1,5-8

Vi Southeast 1,2,4-6 3 7-12

Vil Southwest 6,7 1 8 2-5

VI North 1-10

IX Southwest 11,12 1-7

X Southwest 1-4

Xl North 1-3

Xl North 1-8

Xl North 7-9 1-6 10

Xiv North 1-4

XV North 1,2

XVI unspecified 1-14

XVl Southwest 1,3-6 2

Nr. of samples 35 6 36 36 36

Description i]l:”(g;” I:Ar;t.ermgﬁla'\’i: Very Si-rich, Al and Fe Si-poc')r., high in all Si-rich, low Al, high Si-poor, high Al, Fe,
and K poor remaining oxides. Ca Mg and K. Low Ca.
intermediate clastic (very) high clastic, low clastic, high clay intermediate clastic, low clastic and

Mineralogy and clay and low low clay and and carbonate high carbonate and carbonate, high clay
carbonate content carbonate content content low clay content content

Grain size intermediate - high IEETHECIENE = VEny o high low

high
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6.2.Implications for geological radioactive waste disposal

Clayrocks are investigated as potential host rock for the geological disposal of radioactive
waste due to their low porosity, high cation exchange capacities (CEC) and high specific
surface areas of the clay minerals (Altmann et al., 2012). These characteristics, which are
mainly defined by the clay minerals, influence the diffusion of potentially released
radionuclides through the sediment. The high CEC is mainly due to the presence of
smectite. The results for this task of the OPERA program show that the mineralogical clay
content of the Boom Clay is much larger in the northern part of the Netherlands than in
the south. The smectite content in the XRD clay fraction analysis reaches the highest
values (>50 wt%) for the samples in the north.

The presence of pyrite in the Boom Clay is important. Oxidation of pyrite as a result of the
excavation of a repository, or due to gamma radiolysis of the interstitial water can result
in the formation of hematite and sulfuric acid, thereby reducing the pH of the pore water
(Ladriere et al., 2009). Changes in pH of the pore water will affect the gas-water-rock
interactions of the Boom Clay and correspondingly the geomechanical properties. These
effects need to be investigated. However, during excavation of the repository, oxidizing
conditions will probably be limited due to installation of concrete walls. The carbonate
content of the Boom Clay, which is particularly high in the northern part of the
Netherlands, is an important factor in acidifying environments because of its buffering
potential. The results of the factor analysis show that pyrite is one of the factors which
determine the variance between the different samples. The pyrite content of the Boom
Clay varies considerably but it does not show a geographical or depth-related dependence.
The organic carbon content of 0.1 to 2.5 wt% is similar to the values in the Belgian Boom
Clay samples which have an average of 1.7 wt% (Decleer et al., 1983). Organic carbon in
immature sedimentary rocks is usually dominated by kerogen, i.e., the complex high-
molecular fraction of sedimentary organic matter that is insoluble in non-polar solvents,
alkali and non-oxidizing acids. Upon heating from radioactive waste, the immature kerogen
may release components, like hydrocarbons, ketones and alkanoic acids, and complex
radioactive elements released from the repository (Deniau et al., 2004). The factor
analysis showed that organic carbon is associated with pyrite. Thus, like pyrite, the organic
carbon content does not show a geographical or depth related dependence. Hence, the
potential effects of pyrite oxidation and of thermal stress on kerogen is relevant for
radioactive waste storage in Dutch Boom Clay, regardless of the location of the repository.
In the Belgian Boom Clay, pyrite and also organic matter are mainly enriched in the black
beds of the Belgian Putte Member. Unfortunately, a stratigraphic sequence is not (yet)
available for the Dutch Boom Clay to confirm this correlation in the Netherlands.

In the Boom Clay in Belgium (Figure 18), up to 18 horizons have been found with the
presence of septarian carbonate concretions (Figure 19; De Craen et al., 1999). These
concretions formed as a result of bacterial activity during early diagenesis (De Craen et al.,
1999). They have typical flattened spheroidal shapes with a thickness of 10-20 cm and a
diameter of 30-100 cm and vertical, partly open cracks which formed as a result of either
dewatering or physical compactional stresses and tension failure (de Craen et al., 1999b).
These septarian concretions have not yet been identified and analyzed in the Netherlands.
Their presence can be expected, at least in the south of the Netherlands. According to De
Craen et al. (1999), the processes which involved the deposition of the concretions were
active over large areas and they were insensitive to sedimentary facies. Hence, the
presence in the north of the Netherlands is possible. These septarian layers might
influence fluid flow at the reservoir scale, forming more or less continuous, horizontal high
permeability layers within the low permeable Boom Clay member. However, this has not
been observed in the studies on Belgian Boom Clay so far (de Craen and Vandenberghe,
personal communication). Nonetheless, the effect of these septarian layers should be
further investigated in (reactive) transport modelling.
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Figure 18. The Boom Clay as it appears in a quarry near Antwerp (Belium) showing its horizontally
layered structure.

Figure 19. A typical carbonate concretion in the Bo
(Belgium).
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6.3.Limitations and considerations

For the purpose of this task within the OPERA program, we had to use core material from
the core house of TNO in Zeist. These cores have been drilled at different times over the
past few decades. Over time, drilling fluids and core preparation methodologies have
evolved. This implies that the sample material has experienced varying conditions of
drilling and preparation. These conditions might have had an impact on the mineralogical
analyses of the material and possibly the organic content. The nature and extent of this
impact is currently not well known.

Furthermore, these cores have been stored at the core house in oxidizing conditions.
Oxidation reactions are thought to have prevailed, resulting in the presence of varying
amounts of gypsum, halite, sylvite and jarosite, as explicitly observed in some samples.

For future research we advise to focus on fresh material from new drillings. A drilling fluid
with minimal (and known) geochemical influence should be selected or developed for this
purpose. This material should be analysed in detail as well for reference reasons. Also, the
sample material should immediately be stored in anoxic conditions.

Besides the possible geochemical impact of drilling, preparation and storage it should be
noted that the material which was sampled for this task represents varying interval lengths
of the core. The core house regulations with regard to preservation of core material limit
the sampling options. Each sample used for this task represents between 10 cm and 37 m
of core material, but the main part of the samples represent <3.5 m of core material.

The samples were divided in two batches for geochemical analysis at ACME and for XRD
and grain size analysis at Qmineral. Some heterogeneity between the two batches could
not be prevented as was shown by the mismatch in pyrite and FeO content in sample IlI-4.

With the clay and silt variations with depth, in the South of the Netherlands and in Belgium,
in mind, we recommend the development of a detailed stratigraphic characterization. This
would allow more considerate sample selection for future research.
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Figure 20. Maps with locations of the boreholes in
Roman numbers (left) and original borehole names
(middle) and a table with an overview of the wellbore
names and numbers (right).
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Table 7. Overview of depth (m) of selected samples. The samples in orange are analysed by XRD. * The data from XRF and ICP are inconsistent and
removed from the dataset.

vikovi X XU Xmo X

1 498 396 340 168 153 45 88 454 21 93 610 432 613 584 500 27
2 511 414 346 186 168 53 100 460 23 94 620 625 649 510 79
3 519 434 364 208 183 60 119 489 25 95 630 453 638 520 72
4 540 452 125 507 27 9% 640 660 73
5 561 459 398 233 213 75 141 50 29 98 650 477 540

6 586 476 84 167 529 31 660 76
7 607 495 95 175 541 33 670 504 560

8 624 507 106 182 553  35* 680 [514 570

9 645 520 116 562 37 523 580

10 672 534 124 575 39 537 585

11 697 539 134 41 590

12 77 . 143 43 600

13 736 610

14 620

42 of 106
OPERA-PU-TNO521-1



Table 8. Core length represented per sample in meters.

Xl
1 3.0 25 1.0 00 1.0 1.0 00 20 50 9.0 00 37.2
2 1.0 25 1.0 00 1.0 1.0 0.0 80 00 00
3 3.0 25 1.0 30 1.0 1.0 0.0 0.0 0.1
4 3.0 2.0 20 30 1.0 06 0.0 0.0
5 35 2.0 30 00 1.0 0.0 0.0
6 31 1.3 20 00 1.0 0.0 0.0
7 3.0 2.0 1.0 00 1.0 0.0 0.0
8 33 15 20 00 1.0 0.0 00
9 3.0 05 0.0 1.0 0.0
10 3.0 2.5 0.0 1.0 00
11 0.6 3.0 1.0 0.0
12 3.0 1.0 00
13 0.8 0.0
14 0.0
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Appendix B

Table 9. Whole rock XRF data (wt%).

LOlI Si02 AlI203 Fe203 CaO MgO Na20 K20 MnO TiO2 P205 Cr203 Ba Cu Ni Pb Sr Zn Zr SO3 V205 SUM
11 6.15 755 514 318 463 0.77 0.72 174 0.02 052 0.06 0.012 0.03 0.003 <0.001 <0.001 0.024 0.003 0.069 0.861 0.011 98.45
12 13.17 60.9 4.32 36 1362 081 058 12 0.03 045 005 0.01 0.02 <0.001 <0.001 <0.001 0.033 0.003 0.059 0.96 0.009 98.72
13 6.23 76.7 543 356 397 085 0.68 169 0.02 053 0.06 0.015 0.03 0.005 <0.001 <0.001 0.02 0.004 0.063 0.232 0.01 99.73
14 6.75 744 558 3.21 48 086 0.78 179 0.02 049 0.05 0.014 0.04 <0.001 <0.001 <0.001 0.025 0.004 0.053 0.614 0.01 98.79
15 12.22 604 567 491 108 1.09 0.89 201 0.02 043 0.08 0.017 0.04 <0.001 <0.001 <0.001 0.061 0.003 0.069 1.013 0.015 98.59
16 7.46 705 4.08 1045 2.08 1.44 038 207 003 0.2 036 0.018 0.02 <0.001 <0.001 <0.001 0.009 0.005 0.019 0.266 0.03 99.04
17 577 75.7 7.03 488 169 094 0.78 26 001 045 0.07 0.015 0.04 0.002 <0.001 0.003 0.02 0.003 0.046 0.117 0.015 100.01
18 7.17 703 7.96 6.3 225 115 0.77 286 0.02 0.51 0.07 0.019 0.04 <0.001 <0.001 <0.001 0.021 0.003 0.053 0.324 0.017 99.42
19 855 686 101 436 3.27 1.16 0.76 261 001 0.63 0.06 0.016 0.04 <0.001 0.001 <0.001 0.02 0.006 0.036 0.315 0.015 100.18
110 | 5.17 776 7.76 329 1.02 096 0.72 259 0.02 0.52 0.07 0.015 0.03 <0.001 0.001 <0.001 0.02 0.003 0.034 0.204 0.015 99.72
111 7.7 77 7 335 071 072 05 183 0.01 052 0.06 0.014 0.03 <0.001 <0.001 <0.001 0.005 0.004 0.031 0.313 0.018 99.43
112 6.28 745 9.78 3.49 136 1 0.64 2.46 0.01 0.68 0.04 0.017 0.03 <0.001 <0.001 <0.001 0.009 0.006 0.029 0.131 0.02 100.26
113 |1338 58 114 463 6.19 142 0.56 249 0.02 0.65 0.06 0.016 0.03 <0.001 0.002 <0.001 0.023 0.007 0.023 0.525 0.021 98.85
Ini 831 69.3 8.05 4 49 113 08 247 0.02 055 0.07 0.018 0.05 <0.001 <0.001 <0.001 0.027 0.004 0.043 0.48 0.015 99.61
12 498 774 7.69 328 126 082 081 2.67 0.02 0.55 0.07 0.015 0.04 <0.001 <0.001 <0.001 0.014 0.003 0.042 0.225 0.014 99.61
N3 |11.24 614 1127 428 563 152 085 261 002 0.7 0.09 0.014 0.03 <0.001 0.001 0.002 0.031 0.006 0.024 0476 0.02 99.7
4 |11.51 55.8 1791 6.68 0.67 2.17 0.81 3.27 0.02 0.86 0.08 0.023 0.04 <0.001 0.005 <0.001 0.013 0.009 0.013 0.177 0.034 99.8
5 1125 57 1697 664 066 2.03 0.78 3.24 0.02 0.81 0.09 0.021 0.04 <0.001 0.005 <0.001 0.012 0.009 0.015 0.212 0.032 99.56
16 881 733 916 392 028 091 053 208 0.01 056 0.06 0.019 0.04 <0.001 0.006 <0.001 0.006 0.005 0.028 0.103 0.017 99.67
7 |11.04 63.1 1348 525 0.75 143 066 276 0.01 0.76 0.07 0.024 0.03 <0.001 0.002 <0.001 0.004 0.008 0.018 0.275 0.028 99.38
118 9.08 62.7 15.73 4.92 04 171 0.77 326 0.02 088 0.06 0.022 0.03 <0.001 0.002 <0.001 0.015 0.008 0.02 0.139 0.029 99.62
9 |117.54 459 1359 643 997 286 0.72 292 0.04 0.66 0.06 0.013 0.02 <0.001 0.002 0.001 0.031 0.006 0.011 0.221 0.02 100.73
o0 | 538 80.6 6.02 381 114 068 05 172 0.02 046 0.04 0.016 0.04 <0.001 <0.001 0.018 0.008 0.01 0.048 0.195 0.014 100.44
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11 | 2.34 886 4.04 162 034 034 042 164 <0.01 031 0.03 0.011 0.03 <0.001 <0.001 0.004 0.013 0.002 0.034 0.041 0.007 99.69
11 83 679 1029 364 342 124 0.76 28 0.02 0.65 0.08 0.016 0.04 <0.001 0.005 <0.001 0.024 0.005 0.028 0.533 0.016 99.11
nm2 | 794 69.2 10.28 3.54 26 136 079 286 002 0.69 0.08 0.014 0.04 <0.001 0.001 <0.001 0.015 0.007 0.032 0.528 0.015 99.36
ms3 |11.21 585 16.27 536 046 216 0.84 331 0.02 0.82 0.07 0.023 0.05 <0.001 0.007 <0.001 0.014 0.009 0.019 0.594 0.026 99.09
4 |10.54 584 1636 557 0.87 203 082 331 002 092 0.07 0.022 0.04 <0.001 0.005 0.002 0.013 0.009 0.018 0.589 0.031 98.99
s |13.69 554 169 6.06 05 192 084 3.13 0.02 0.87 0.11 0.024 0.04 <0.001 0.005 <0.001 0.017 0.009 0.017 03 0.034 99.51
e |12.62 523 1553 814 293 231 08 291 005 0.84 0.19 0.018 0.04 <0.001 0.003 <0.001 0.02 0.009 0.016 1.012 0.028 98.69
7 |12.09 58.2 15.68 598 044 185 0.77 3.02 0.02 0.83 0.09 0.019 0.03 <0.001 0.003 0.001 0.02 0.012 0.021 0.502 0.026 99.03
g |12.07 56.1 17.84 6 047 211 0.88 3.26 0.02 0.87 0.11 0.022 0.04 <0.001 0.005 <0.001 0.015 0.011 0.016 0.166 0.032 99.75
e |11.65 56.6 17.09 5.51 1.8 204 09 319 002 0.89 0.07 0.021 0.04 <0.001 0.005 0.002 0.018 0.009 0.016 0.291 0.03 99.78
11110 6.8 714 1106 401 074 13 091 277 002 0.7 0.05 0.016 0.04 <0.001 <0.001 0.003 0.013 0.006 0.035 0.281 0.018 099.77
i1 | 5,72 754 825 427 137 102 0.82 244 002 0.61 0.06 0.019 0.04 <0.001 0.002 <0.001 0.011 0.005 0.063 0.083 0.017 100.02
Iv1i | 353 875 276 231 248 038 015 1.1 <0.01 0.24 0.04 0.011 0.02 <0.001 <0.001 <0.001 0.017 <0.001 0.035 0.291 0.01 100.48
Iv2 | 394 675 192 173 1333 033 048 089 0.01 0.2 822 0.007 0.03 <0.001 <0.001 <0.001 0.087 0.003 0.032 0.321 0.008 98.63
Iv3 | 603 753 901 284 116 128 042 244 0.02 0.7 0.05 0.014 0.03 <0.001 <0.001 <0.001 0.019 0.004 0.035 0.356 0.015 99.29
Iv4 | 753 73.1 10.02 3.6 043 119 045 247 001 0.72 0.07 0.017 0.03 <0.001 <0.001 <0.001 0.009 0.006 0.033 0.244 0.015 099.64
Iv5 | 897 67 1132 522 158 132 041 249 001 0.7 0.05 0.018 0.03 <0.001 0.003 <0.001 0.014 0.007 0.026 0.669 0.025 99.14
V6 83 758 776 364 072 0.82 0.29 1.74 <0.01 0.47 0.05 0.016 0.03 <0.001 0.003 <0.001 0.014 0.005 0.025 0.184 0.015 99.62
Iv7 | 267 881 421 1.78 0.4 032 0.26 1.56 <0.01 032 0.03 0.007 0.02 <0.001 <0.001 <0.001 0.012 0.001 0.023 0.023 0.006 99.65
IVv8 |14.22 53.6 10.87 4.22 10.04 187 041 249 0.03 061 0.05 0.011 0.03 <0.001 <0.001 0.002 0.034 0.006 0.012 1.217 0.017 98.46
IVv9 | 431 874 23 345 041 033 015 098 0.01 0.12 0.02 0.005 0.02 <0.001 <0.001 <0.001 0.009 0.002 <0.002 0.092 0.009 99.55
IV10 | 936 659 534 422 922 058 046 1.75 0.01 0.45 0.03 0.018 0.03 <0.001 <0.001 <0.001 0.028 0.002 0.041 2.208 0.011 97.36
Iv11 | 3.29 88.2 3.18 3.35 05 041 012 085 0.01 0.17 0.15 0.01 0.01 <0.001 <0.001 <0.001 0.007 0.002 0.002 0.047 0.012 100.22
vi |10.95 61.8 14.28 528 095 199 0.84 3.15 002 08 0.07 0.021 0.04 <0.001 0.005 <0.001 0.018 0.008 0.02 0.319 0.023 100.2
V2 775 69 1113 4.18 1.7 148 09 284 0.02 0.76 0.17 0.014 0.04 <0.001 0.001 <0.001 0.02 0.006 0.03 0.121 0.018 100.01
V3 7.01 725 10.27 3.98 0.7 139 087 287 002 064 008 0.017 0.04 <0.001 0.001 <0.001 0.015 0.005 0.036 0.196 0.016 100.39
Va 959 633 1336 494 104 19 0.89 3.08 003 0.87 0.08 0.021 0.05 <0.001 0.003 <0.001 0.014 0.012 0.025 0.405 0.021 99.19
V5 |11.75 57.1 16.52 5.88 138 2.04 0.84 3.11 0.03 091 0.11 0.023 0.04 <0.001 0.004 0.001 0.017 0.009 0.018 0.283 0.03 99.68
vé |12.27 533 1863 641 091 235 095 34 002 089 0.1 0.024 0.04 <0.001 0.005 0.001 0.016 0.012 0.015 0.628 0.036 99.24
V7 |12.78 545 17.56 6.78 0.72 2.03 096 3.06 0.02 0.82 0.09 0.024 0.04 <0.001 0.002 0.003 0.012 0.01 0.017 0.212 0.029 99.36
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v8 |12.78 61.1 1416 5.1 035 152 081 267 002 0.74 0.07 0.023 0.03 <0.001 0.003 <0.001 0.014 0.008 0.017 0.401 0.023 99.32
V9 9.4 644 1352 46 099 161 095 298 0.01 0.81 0.06 0.018 0.04 <0.001 0.002 <0.001 0.013 0.007 0.022 0.333 0.02 99.35
vio | 3.05 83.7 515 377 028 069 055 225 0.01 04 005 0.017 0.03 <0.001 0.001 <0.001 0.009 0.001 0.041 0.035 0.011 99.92
vii | 741 707 7.74 6.79 156 156 108 204 0.03 0.77 005 0.022 0.04 0.001 0.003 <0.001 0.022 0.007 0.032 0.167 0.023 99.83
V12 | 692 721 938 466 092 164 131 192 0.02 094 0.07 0.017 0.03 <0.001 0.001 <0.001 0.022 0.007 0.027 0.159 0.02 99.97
vilt | 6.03 77.7 8.42 317 035 1.26 0.55 262 0.01 0.58 0.05 0.014 0.03 <0.001 <0.001 <0.001 <0.002 0.003 0.029 0.138 0.014 100.82
vi2 | 724 731 993 359 041 14 057 273 002 064 0.05 0.014 0.04 <0.001 0.001 <0.001 0.01 0.005 0.032 0.212 0.017 99.68
Vi3 |13.07 57.5 10.15 3.98 8.42 2 0.45 2.42 0.02 0.56 0.06 0.013 0.03 <0.001 <0.001 <0.001 0.033 0.005 0.019 0.986 0.018 98.7
vi4 | 842 70.6 104 3.8 0.44 154 061 269 0.01 0.63 0.06 0.014 0.04 <0.001 0.002 <0.001 0.009 0.005 0.024 0.36 0.019 99.19
vi5 | 759 71.1 1065 382 0.86 1.58 0.62 2.77 0.02 0.68 0.06 0.016 0.03 <0.001 0.003 <0.001 0.013 0.005 0.037 0.708 0.018 99.77
vie | 6.87 724 101 358 0.84 1.42 0.65 275 0.01 0.65 0.06 0.019 0.03 <0.001 0.003 <0.001 0.008 0.005 0.026 0.482 0.016 99.34
vi7 110.16 62.4 149 501 0.61 1.84 0.62 3 0.02 0.77 0.08 0.022 0.03 <0.001 0.003 <0.001 0.015 0.007 0.018 0.323 0.031 99.49
vig |13.25 599 1411 574 029 172 0.62 286 0.02 0.71 0.07 0.026 0.04 <0.001 0.006 <0.001 0.005 0.008 0.021 0.301 0.025 99.37
Vi9 |13.33 59.2 1474 575 034 181 0.61 294 0.02 0.78 0.06 0.025 0.04 <0.001 0.003 <0.001 0.007 0.009 0.02 0.168 0.03 99.6
Vilo | 12.8 54.8 1584 6.1 206 194 0.65 3.03 001 0.85 0.08 0.026 0.02 <0.001 0.004 <0.001 0.009 0.01 0.017 1.259 0.03 98.18
vi11 1095 60.2 154 543 059 192 0.69 3.16 0.02 0.84 0.05 0.02 0.03 <0.001 0.001 <0.001 0.012 0.008 0.019 0.415 0.027 99.31
Vvi12 11035 604 142 519 194 224 0.69 321 002 0.72 0.05 0.017 0.03 <0.001 0.003 <0.001 0.016 0.007 0.018 0.817 0.022 99.02
Vill |16.76 46.2 13.04 4.44 112 221 038 264 004 0.7 0.1 0.017 0.03 <0.001 0.003 <0.001 0.043 0.007 0.012 1.172 0.02 97.75
vil2 | 11.05 60.6 1529 499 072 19 053 3.1 0.02 091 0.09 0.021 0.05 <0.001 0.005 <0.001 0.011 0.008 0.021 0.182 0.028 99.21
Vil3 |16.22 52.7 1549 733 064 18 044 3.01 0.02 087 0.11 0.024 0.04 <0.001 0.007 <0.001 0.012 0.01 0.02 0.621 0.031 98.69
vil4 | 1051 59.8 16.08 539 043 189 064 3.22 0.02 096 0.09 0.025 0.04 <0.001 0.005 <0.001 0.014 0.008 0.022 0.114 0.028 99.1
VII5 |13.79 556 1695 6.17 047 198 069 3.16 0.02 0.88 0.09 0.023 0.04 <0.001 0.005 0.001 0.017 0.009 0.018 0.194 0.031 99.85
vile | 467 77 819 356 059 094 083 253 0.02 065 0.06 0.015 0.03 <0.001 <0.001 <0.001 0.014 0.004 0.056 0.11 0.015 99.1
vilz | 482 771 829 366 047 096 084 256 0.02 063 0.04 0.018 0.03 <0.001 0.004 <0.001 0.01 0.003 0.035 0.181 0.014 994
vilg | 618 736 831 3.89 201 099 084 249 0.02 059 0.06 0.015 0.04 <0.001 <0.001 <0.001 0.02 0.004 0.038 0.439 0.016 99.02
villl | 11.9 55.7 14.28 6.24 35 214 119 3.02 0.02 0.74 0.17 0.02 0.04 <0.001 0.006 0.001 0.021 0.009 0.018 0.386 0.025 98.9
vin2 | 12.67 543 1425 585 4.05 219 116 3.02 003 0.77 0.13 0.019 0.04 <0.001 0.006 <0.001 0.024 0.031 0.014 0.719 0.025 98.45
vins3 1357 51 1583 657 476 224 108 312 01 0.79 0.12 0.024 0.03 <0.001 0.013 0.001 0.022 0.012 0.012 0.545 0.028 99.21
vili4 | 13.44 515 1551 651 3.67 21 211 294 006 0.77 0.14 0.022 0.04 <0.001 0.008 <0.001 0.026 0.007 0.013 0.998 0.026 98.83
VIII5 | 14.44 509 1484 6.18 396 204 298 281 0.06 0.75 0.16 0.018 0.03 <0.001 0.009 <0.001 0.027 0.001 0.012 0.377 0.026 99.17
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ville | 123 542 16.11 6.99 216 225 1.15 3.09 004 0.81 0.15 0.025 0.04 <0.001 0.005 0.001 0.017 0.028 0.015 0.3 0.029 99.26
vinz7 1231 541 1519 696 2.69 212 111 298 005 0.79 0.15 0.018 0.04 <0.001 0.004 <0.001 0.019 0.013 0.016 0.87 0.028 98.54
VI8 | 1232 535 1545 6.79 285 217 114 311 0.05 0.81 0.11 0.022 0.04 <0.001 0.006 <0.001 0.023 0.01 0.017 0.731 0.027 98.36
vine | 1245 532 161 6.74 3.01 216 1.07 3.12 004 08 0.24 0.023 0.04 <0.001 0.008 0.002 0.021 0.013 0.013 0.64 0.027 98.99
vinio| 11.7 54.7 1492 7.58 227 21 114 295 0.04 0.79 0.15 0.021 0.03 0.001 0.006 0.001 0.013 0.009 0.017 0.645 0.03 98.33
IX1 | 12.6 59.6 1494 581 066 1.65 0.82 2.88 0.02 0.83 0.11 0.021 0.03 0.001 0.005 <0.001 0.013 0.008 0.022 0.335 0.024 99.95
IX2 |15.97 53.1 16.6 598 0.62 1.87 059 3.08 002 0.89 0.08 0.026 0.03 <0.001 0.005 0.001 0.01 0.009 0.018 0.59 0.028 98.85
IX3 |12.88 53.4 1796 5.5 255 201 043 32 002 091 0.08 0.025 0.03 <0.001 0.003 0.001 0.018 0.009 0.015 0.441 0.034 98.98
IX4 |10.59 59.1 16.95 523 056 198 0.44 3.29 0.02 0.93 0.06 0.022 0.04 <0.001 0.004 0.001 o0.01 0.01 0.02 0.318 0.028 99.23
IX5 |18.68 48.4 1883 6.72 066 1.59 0.29 291 0.02 0.89 0.06 0.022 0.04 <0.001 0.004 0.003 0.012 0.007 0.013 0.346 0.036 99.07
IX6 | 12.8 559 1742 562 123 2.04 033 3.03 002 0.85 0.07 0.03 0.04 <0.001 0.009 0.002 o0.01 0.01 0.017 0.425 0.031 099.34
IX7 |12.17 55.2 16.22 486 395 193 035 3.06 0.02 0.89 0.07 0.018 0.03 <0.001 0.004 <0.001 0.023 0.008 0.016 0.449 0.027 98.7
IX11 | 8.26 69.6 10.85 485 0.48 1.47 0.59 2.77 0.02 0.68 0.06 0.016 0.04 <0.001 0.001 <0.001 0.016 0.006 0.036 0.097 0.018 99.66
IX12 | 8.21 68.2 1201 488 045 1.59 0.52 288 0.02 0.72 0.05 0.012 0.04 <0.001 0.003 <0.001 0.01 0.007 0.031 0.14 0.02 99.58
X1 991 639 1278 5.04 143 192 045 3.05 002 0.72 0.07 0.018 0.04 <0.001 0.003 <0.001 0.015 0.007 0.027 0.781 0.021 099.34
X2 836 686 1089 414 181 137 05 291 001 0.64 0.06 0.018 0.04 <0.001 0.002 <0.001 0.018 0.005 0.033 0.421 0.016 99.38
X3 8.7 64.4 1454 5 0.8 187 048 3.23 0.02 0.79 0.06 0.017 0.04 <0.001 0.002 <0.001 0.01 0.007 0.023 0.065 0.024 99.93
X4 7.18 723 9.7 391 071 123 062 288 0.02 061 0.07 0.017 0.04 <0.001 0.002 <0.001 0.014 0.005 0.033 0.147 0.016 99.28
X5 9.07 62.7 1454 511 1 21 049 3.27 0.03 0.82 0.07 0.019 0.04 <0.001 0.002 <0.001 0.004 0.007 0.016 0.316 0.024 99.2
X1 |15.14 521 12,78 551 3.87 199 098 541 0.02 0.75 0.11 0.018 0.22 0.002 0.005 <0.001 0.019 0.002 0.016 0.531 0.018 98.89
Xl2 1533 50.2 14.08 564 482 206 113 557 003 0.76 0.11 0.016 0.2 <0.001 0.005 <0.001 0.026 0.002 0.016 0.144 0.021 99.97
XI3 |15.56 47.6 14.8 6 598 211 0.97 558 011 0.74 0.17 0.021 0.21 <0.001 0.006 <0.001 0.033 0.002 0.01 0.135 0.025 99.83
X1 | 138 56 1161 457 632 183 092 227 0.02 0.72 0.11 0.011 0.04 <0.001 0.002 <0.001 0.03 0.005 0.022 1.259 0.015 098.23
X2 |11.89 555 103 706 813 1.44 0.71 211 0.05 0.58 0.17 0.02 0.08 0.005 0.005 0.019 0.033 0.046 0.012 1.422 0.016 98.01
X3 |11.14 59.8 897 646 7.44 123 0.71 171 0.05 0.49 0.12 0.017 0.04 0.005 0.002 0.02 0.029 0.045 0.01 0.5 0.017 98.21
X4 |11.07 59.3 1335 475 444 191 092 286 0.02 0.74 0.11 0.016 0.03 <0.001 0.003 0.004 0.026 0.009 0.016 0.105 0.024 99.52
X5 |14.01 50.7 1291 591 843 195 091 262 0.05 0.69 0.12 0.016 0.04 <0.001 0.004 <0.001 0.045 0.008 0.014 0.748 0.021 98.32
Xll6 | 13.8 503 1564 6.7 542 226 103 3.02 01 08 0.18 0.015 0.04 <0.001 0.009 0.001 0.029 0.012 0.011 0.443 0.028 99.33
X7 1524 47 17.26 6.33 6.12 219 098 296 0.04 0.79 0.11 0.02 0.03 <0.001 0.005 0.001 0.036 0.012 0.011 0.496 0.027 99.02
X8 |12.84 52,5 1757 6.44 271 226 109 322 002 0.87 0.1 0.019 0.03 <0.001 0.006 0.002 0.019 0.012 0.013 0.446 0.03 99.7
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X1 |14.17 523 1469 5.7 539 202 092 3.05 002 0.79 0.07 0.02 0.03 <0.001 0.007 <0.001 0.034 0.027 0.013 0.735 0.026 99.21
X2 [16.46 458 105 432 1451 15 089 198 004 06 008 0.016 0.03 <0.001 0.004 <0.001 0.071 0.007 0.013 2.128 0.019 96.75
X3 | 148 514 13.21 5 869 1.89 098 257 004 0.71 0.1 0.016 0.03 <0.001 0.005 <0.001 0.048 0.009 0.014 0.16 0.022 994
X4 [11.52 569 16.23 596 156 222 107 3.2 003 085 009 0.018 0.03 <0.001 0.006 0.002 0.026 0.012 0.014 0.199 0.026 99.71
Xnus | 13.03 509 1795 791 216 249 1.08 3.28 0.06 0.89 0.33 0.025 0.04 <0.001 0.007 0.004 0.028 0.014 0.012 0.044 0.036 100.07
Xue | 124 55 171 599 159 218 118 3.13 0.02 082 0.07 0.019 0.04 <0.001 0.005 0.001 0.029 0.014 0.015 0.089 0.027 99.51
Xz | 93 654 1285 483 043 164 12 3.03 0.01 079 0.07 0.019 0.04 <0.001 0.002 0.001 0.019 0.008 0.026 0.195 0.026 99.67
Xnse | 882 681 1019 571 031 154 116 3.2 001 0.7 0.06 0.026 0.04 <0.001 0.003 <0.001 0.021 0.007 0.037 0.327 0.021 99.9
X9 | 68 727 884 4.97 03 145 1.09 298 0.01 0.71 0.05 0.026 0.03 <0.001 0.002 <0.001 0.015 0.004 0.056 0.344 0.022 99.95
Xi1o|13.97 54 1719 6.56 028 226 1.1 335 0.02 084 0.07 0.025 0.04 <0.001 0.004 0.002 0.024 0.01 0.014 0.168 0.041 99.72
Xiv1l | 114 59.6 1225 559 306 178 12 26 002 0.72 0.13 0.03 0.04 <0.001 0.003 0.003 0.022 0.008 0.02 0.705 0.019 98.42
Xl\v2 | 11.79 57.7 126 548 4.04 188 1.12 263 002 074 01 0.031 0.04 <0.001 0.003 0.003 0.026 0.011 0.021 1.022 0.02 98.14
XIV3 |12.26 569 1264 596 3.75 188 109 26 002 0.75 0.11 0.033 0.04 <0.001 0.004 0.002 0.03 0.009 0.019 1.421 0.018 98
XIVv4 1349 513 1637 6.76 3.98 221 1.04 3 0.06 08 0.11 0.027 0.03 <0.001 0.007 0.001 0.034 0.012 0.013 0.746 0.027 99.2
Xv1l | 1155 59.1 10.06 524 631 197 093 247 0.02 06 0.12 0.017 0.03 <0.001 0.001 <0.001 0.025 0.006 0.019 0.563 0.017 98.37
Xv2 1398 53.8 1139 4.6 1002 162 091 199 006 059 0.1 0.015 0.03 <0.001 0.004 <0.001 0.05 0.007 0.014 0.445 0.02 99.1
Xvi1 | 6.68 723 6.83 441 323 109 093 249 0.01 041 0.07 0.015 0.04 <0.001 <0.001 <0.001 0.021 0.003 0.034 0.36 0.012 98.51
Xvi2 | 6.65 727 6.79 428 338 104 089 245 0.01 042 0.07 0.016 0.04 <0.001 <0.001 <0.001 0.021 0.003 0.033 0.148 0.012 98.7
XVI3 | 6.26 744 7.11 4.14 27 103 09 25 001 045 0.07 0.016 0.04 <0.001 <0.001 <0.001 0.015 0.003 0.038 0.22 0.01 99.61
Xvi4 | 726 708 728 436 386 111 0.97 244 0.02 047 0.07 0.017 0.03 <0.001 0.001 <0.001 0.019 0.004 0.038 0.553 0.015 98.65
XVIi5 | 6.86 713 7.27 423 369 108 093 246 0.02 048 0.08 0.017 0.04 <0.001 <0.001 <0.001 0.022 0.003 0.04 0.371 0.012 98.44
Xvie | 6.72 711 7.3 408 356 107 091 25 002 051 0.07 0016 0.03 <0.001 0.001 <0.001 0.02 0.003 0.038 1.08 0.01 979
Xvi7 | 6.7 716 754 402 312 109 091 255 001 0.53 0.07 0.016 0.03 <0.001 0.001 <0.001 0.028 0.005 0.041 0.835 0.011 98.21
Xvig | 6.94 70.7 794 422 331 121 092 257 001 055 0.08 0.012 0.03 <0.001 0.001 <0.001 0.021 0.004 0.036 0.878 0.016 98.46
XVi9 | 7.24 67.7 834 594 3 125 084 251 002 051 0.08 0.015 0.04 <0.001 0.002 <0.001 0.013 0.005 0.028 1.418 0.013 97.48
Xvi10 | 7.51 66.8 8.2 6.3 378 131 085 25 003 052 0.08 0017 0.03 0.009 <0.001 <0.001 0.022 0.005 0.03 1.998 0.013 97.9
Xvil1 | 762 69 883 506 342 132 09 251 0.02 054 0.08 0.016 0.04 <0.001 <0.001 0.002 0.019 0.004 0.032 0.489 0.016 99.32
XVi12 | 739 69.2 8.4 503 375 125 086 247 0.02 051 0.09 0.012 0.04 <0.001 0.001 <0.001 0.024 0.005 0.033 0.679 0.015 98.96
Xvi13 | 746 693 884 517 282 121 08 24 0.02 052 0.08 0.018 0.04 <0.001 <0.001 <0.001 0.018 0.005 0.027 0.623 0.017 98.66
XVi14 | 766 69.3 8.8 5.12 26 117 0.78 239 0.02 0.51 0.08 0.015 0.04 <0.001 0.002 <0.001 0.009 0.005 0.025 1.02 0.016 98.46
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Xvii1| 879 644 1332 539 134 182 117 288 0.02 0.77 0.06 0.015 0.04 <0.001 0.002 <0.001 0.016 0.009 0.018 0.202 0.022 100.02
Xvil2 | 11.35 576 15.07 7.15 178 207 064 285 0.03 0.77 0.06 0.016 0.03 <0.001 0.003 <0.001 0.012 0.009 0.015 0.294 0.028 99.39
XVII3 | 648 73.6 879 4.84 0.6 109 083 262 001 057 0.08 0.014 0.04 <0.001 0.002 <0.001 0.011 0.018 0.04 0.376 0.015 99.56
Xvii4 | 718 718 9.7 438 059 126 0.79 267 001 056 0.06 0.015 0.04 <0.001 <0.001 <0.001 0.014 0.005 0.03 0.087 0.019 99.07
Xvil5| 85 678 1158 483 044 159 112 278 002 0.7 0.05 0.021 0.04 <0.001 0.007 <0.001 0.009 0.006 0.025 0.215 0.017 99.39
Xvile | 708 704 1031 492 048 135 095 281 0.02 066 0.08 0.019 0.04 <0.001 <0.001 <0.001 0.011 0.012 0.033 0.208 0.017 99.13
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Table 10. Leco (Total C, Total S and organic C) and ICP-ES results (in wt%).

TOT/C TOT/S C/ORG Si02 Al203 Fe203 MgO Ca0 Na20 K20 Tio2 P205 MnO Cr203 LOI
11 1.04 0.47 0.14 76.55 5.27 3.2 0.77 4.61 0.7 1.9 0.53 0.07 0.02 0.012 6.2
12 3.2 0.26 0.07 61.2 4.29 3.53 0.81 13.37 0.53 1.45 0.44 0.05 0.03 0.011 14.1
13 1.04 0.38 0.21 76.53 5.6 3.59 0.85 4.02 0.69 1.81 0.56 0.07 0.02 0.015 6
|4 1.16 0.34 0.2 75.02 5.7 3.19 0.86 4.91 0.77 1.94 0.51 0.06 0.02 0.014 6.8
15 2.56 0.5 0.31 61.67 5.83 4.96 11 10.95 0.88 2.3 0.46 0.09 0.02 0.016 11.5
16 14 0.23 0.25 71.44 4.16 10.28 1.44 2.08 0.39 211 0.2 0.35 0.02 0.019 7.4
|17 0.58 0.6 0.31 75.46 7.12 4.82 0.95 1.69 0.75 2.72 0.46 0.08 0.01 0.016 5.8
18 0.78 1.17 0.39 70.42 8.01 6.26 1.15 2.24 0.76 2.93 0.53 0.07 0.01 0.016 7.4
) 1.23 1.12 0.63 68.07 10.14 4.29 1.15 3.27 0.73 2.69 0.65 0.06 0.01 0.015 8.7
110 0.63 0.44 0.5 77.54 7.86 3.26 0.95 1.02 0.69 2.62 0.53 0.08 0.01 0.014 5.3
111 0.94 1.03 0.94 77.26 7.11 3.36 0.73 0.71 0.49 1.85 0.51 0.06 <0.01 0.015 7.8
112 0.73 0.72 0.59 74.14 9.97 3.45 1 1.37 0.63 2.56 0.69 0.05 0.01 0.014 6
113 2.85 0.98 1.58 59.26 11.47 4.6 14 6.28 0.52 2.55 0.65 0.09 0.02 0.015 13
I 1.43 0.6 0.44 69.73 8.11 3.9 11 4.82 0.77 2.54 0.55 0.08 0.02 0.015 8.2
112 0.52 0.74 0.36 77.4 7.88 3.26 0.83 1.27 0.79 2.71 0.56 0.08 0.01 0.014 5
I3 2.02 1.08 0.89 61.13 11.35 4.25 15 5.68 0.8 2.66 0.7 0.1 0.02 0.017 11.6
4 1.62 1.83 1.54 54.26 17.68 6.76 2.1 0.66 0.78 3.39 0.84 0.09 0.02 0.021 13.2
5 1.49 1.7 1.39 56.49 17.12 6.52 2.02 0.65 0.74 3.26 0.81 0.09 0.02 0.02 12.1
116 1.58 11 1.57 73.26 9.15 3.86 0.91 0.27 0.52 2.09 0.56 0.07 <0.01 0.017 9.2
7 2.39 1.57 2.33 63.42 13.56 5.29 1.43 0.74 0.64 2.76 0.77 0.08 0.01 0.022 11.1
118 0.98 0.63 0.89 61.61 15.55 4.83 1.67 0.38 0.73 3.24 0.86 0.06 0.02 0.018 10.9
119 3.23 0.99 0.76 45.18 13.58 6.2 2.77 9.83 0.67 3.14 0.66 0.07 0.04 0.014 17.7
II'10 0.59 0.97 0.36 79.87 6.14 3.78 0.69 1.15 0.48 1.76 0.47 0.05 0.01 0.013 5.4
11 0.23 0.28 0.2 88.88 4.08 1.6 0.35 0.33 0.41 1.64 0.31 0.05 <0.01 0.009 2.2
1 1.25 0.78 0.67 68.43 10.47 3.61 1.24 3.44 0.74 2.84 0.66 0.09 0.01 0.015 8.3
12 0.93 0.61 0.53 69.23 10.34 3.47 1.35 2.62 0.76 2.82 0.67 0.1 0.01 0.016 8.4
I3 0.85 1.14 0.83 58.69 16.31 5.45 2.16 0.47 0.82 331 0.82 0.07 0.02 0.018 11.7
4 0.93 1.26 0.85 58.69 16.78 5.65 2.03 0.89 0.79 3.36 0.93 0.09 0.02 0.019 10.5
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1.64 1.36 1.62 55.96 16.94 6.15 1.89 0.54 0.82 3.18 0.88 0.12 0.02 0.02 13.3
2.04 0.79 1.08 52.86 16.09 8.25 2.33 2.93 0.78 2.99 0.84 0.2 0.05 0.019 12.5
1.28 0.89 1.27 58.78 16.05 5.99 1.86 0.47 0.74 3.03 0.85 0.09 0.02 0.02 11.9
1.45 0.85 14 54.72 17.7 5.96 2.07 0.45 0.84 3.24 0.87 0.11 0.02 0.022 13.8
1.27 0.75 0.96 56.08 17.21 5.52 2.01 1.78 0.87 3.24 0.89 0.08 0.02 0.018 121
0.47 0.52 0.35 71.37 11.12 3.98 1.29 0.73 0.88 2.78 0.71 0.06 0.01 0.015 6.9
0.62 0.27 0.24 75.53 8.16 4.12 0.99 1.36 0.8 2.49 0.6 0.05 0.02 0.015 5.7
0.67 0.23 0.15 86.42 2.62 2.24 0.37 2.4 0.12 1.11 0.22 0.08 <0.01 0.01 4.3
0.73 0.3 0.16 68.35 1.95 1.74 0.34 13.58 0.49 0.98 0.22 8.12 0.02 0.009 4

0.68 0.4 0.45 75.97 9.19 291 1.28 1.2 0.42 2.44 0.66 0.04 0.01 0.013 5.7
0.7 0.74 0.67 72.4 9.94 3.53 1.15 0.43 0.44 2.44 0.7 0.04 0.01 0.015 8.7
1.31 1.51 11 66.77 11.41 5.25 1.33 1.58 0.4 2.54 0.7 0.04 0.01 0.018 9.8
1.16 1.17 1.09 76.25 7.84 3.66 0.8 0.74 0.28 1.76 0.48 0.04 <0.01 0.015 8

0.24 0.42 0.18 88.53 4.19 1.69 0.32 0.38 0.26 1.56 0.28 <0.01 <0.01 0.007 2.7
2.84 0.83 0.74 54.48 11.11 4.3 1.88 10.28 0.38 2.6 0.59 0.04 0.03 0.012 14.1
0.75 0.87 0.71 87.76 2.28 3.41 0.34 0.4 0.16 0.96 0.11 <0.01 <0.01 0.005 4.5
2.18 1.37 0.43 67.95 5.59 4.35 0.62 9.7 0.47 1.88 0.46 <0.01 0.01 0.012 8.8
0.39 0.37 0.28 88.11 3.14 3.2 0.41 0.5 0.12 0.85 0.18 0.13 <0.01 0.006 33
1.22 0.85 1.19 61.99 14.2 5.25 1.97 0.97 0.82 3.18 0.79 0.06 0.02 0.018 10.6
0.84 0.46 0.61 69.22 11.22 4.13 1.47 1.7 0.89 2.96 0.77 0.14 0.02 0.017 7.3
0.61 0.54 0.48 72.27 10.16 3.9 1.36 0.69 0.84 2.86 0.65 0.08 0.01 0.016 7

0.9 1.18 0.82 63.94 13.54 4.92 1.96 1.07 0.89 3.21 0.89 0.06 0.02 0.018 9.3
1.69 0.65 1.34 56.68 16.73 5.95 2.03 1.42 0.82 3.18 0.92 0.1 0.02 0.02 11.9
1.15 0.81 1.06 53.64 18.82 6.47 2.35 0.91 0.94 3.46 0.89 0.08 0.02 0.021 12.2
1.54 1.36 1.42 54.48 17.8 6.88 2.04 0.73 0.96 3.19 0.85 0.07 0.02 0.022 12.8
1.68 1.09 1.65 60.83 14.23 5.2 1.52 0.35 0.78 2.67 0.73 0.04 0.01 0.021 134
0.89 0.61 0.76 64.9 13.59 4.61 1.6 1 0.92 2.96 0.81 0.04 0.02 0.016 9.3
0.25 0.17 0.19 83.22 5.15 3.82 0.68 0.28 0.54 2.25 0.4 0.05 0.01 0.013 35
0.82 0.53 0.21 70.65 7.86 6.83 1.57 1.58 1.05 2.1 0.79 0.02 0.03 0.021 7.3
0.47 0.39 0.27 72.04 9.46 4.6 1.62 0.92 1.32 2.01 0.94 0.07 0.02 0.017 6.8
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Vil
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Vi4
VI5
VI 6
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VI8
VI 9
VI 10
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VI 12
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0.57 0.41 0.54 76.8 8.37 3.11 1.23 0.34 0.53 2.64 0.58 0.03 0.01 0.014 6.2
0.65 0.56 0.62 73.31 9.85 3.5 1.38 0.41 0.56 2.77 0.65 0.04 0.01 0.015 7.4
2.78 0.77 0.98 57.9 10.34 3.96 2 8.64 0.44 2.52 0.58 0.05 0.02 0.015 134
0.77 0.7 0.75 70.95 10.42 3.77 1.52 0.45 0.6 2.71 0.63 0.03 0.02 0.015 8.8
0.79 0.77 0.75 70.52 10.7 3.88 1.57 0.85 0.62 2.77 0.66 0.03 0.02 0.017 8.2
0.9 0.62 0.84 72.79 10.24 3.6 14 0.85 0.62 2.73 0.64 0.04 0.01 0.014 6.9

1 0.82 0.98 62.28 14.98 4.99 1.83 0.63 0.61 3.05 0.77 0.06 0.02 0.019 10.6
1.47 1.27 1.44 60.15 14.16 5.74 1.71 0.28 0.61 2.9 0.71 0.05 0.02 0.021 13.5
1.83 1.27 1.81 59.2 14.52 5.65 1.76 0.35 0.59 2.97 0.78 0.03 0.02 0.022 13.9
243 1.53 2.17 55.83 16.25 6.44 1.96 2.16 0.64 3.08 0.82 0.07 0.02 0.026 12.5
0.97 0.94 0.96 59.88 15.48 5.36 1.9 0.6 0.69 3.23 0.84 0.04 0.02 0.019 11.8
1.06 0.84 0.85 60.56 14.59 5.32 2.26 2.03 0.7 3.36 0.73 0.03 0.02 0.017 10.2
3.02 0.66 0.91 47.27 12.98 4.65 2.23 11.57 0.35 2.83 0.66 0.1 0.04 0.014 17.1
1.03 0.75 1.02 59.68 15.32 4.86 1.85 0.73 0.5 3.15 0.92 0.09 0.02 0.019 12.7
2.24 2.03 221 52.99 15.95 7.44 1.81 0.65 0.43 3.06 0.86 0.12 0.02 0.022 16.5
0.92 0.58 0.88 59.82 16.51 5.47 1.9 0.42 0.61 3.25 0.96 0.1 0.02 0.02 10.7
1.44 1.14 14 55.62 17.28 6.14 1.97 0.47 0.67 3.19 0.88 0.09 0.02 0.022 13.5
0.31 0.24 0.22 77.54 8.43 3.79 0.98 0.59 0.79 2.56 0.63 0.07 0.02 0.017 4.4
0.26 0.3 0.2 77.68 8.53 3.73 0.98 0.47 0.81 2.6 0.63 0.05 0.02 0.014 4.3
0.61 0.45 0.3 74.87 8.52 3.9 0.99 2.07 0.82 2,51 0.59 0.07 0.02 0.014 5.5
1.5 0.88 0.83 56.34 14.74 6.33 2.16 3.56 1.17 3.16 0.76 0.17 0.03 0.018 11.4
1.69 0.99 0.91 55.05 14.66 6.01 2.2 4.2 1.15 3.04 0.76 0.13 0.03 0.018 12.5
19 0.73 0.8 51.22 16.22 6.79 2.28 4.9 1.06 3.19 0.78 0.13 0.1 0.018 13.1
1.65 0.96 0.95 52.07 15.87 6.6 2.13 3.77 2.08 3 0.76 0.13 0.05 0.017 13.3
1.53 0.66 0.71 51.19 15.05 6.32 2.07 4.05 291 2.94 0.74 0.16 0.06 0.016 14.3
1.5 0.96 1.06 54.06 16.66 7.03 2.27 2.22 1.13 3.18 0.83 0.13 0.04 0.022 12.2
1.36 1.39 1 54.67 15.68 6.96 2.17 2.78 11 3.12 0.8 0.15 0.05 0.019 12.3
1.47 1.07 0.88 54.73 16.03 7 2.2 2.97 1.12 3.16 0.82 0.11 0.05 0.019 11.6
1.51 0.91 0.96 53.82 16.59 6.75 2.16 3.1 1.03 3.15 0.81 0.22 0.04 0.018 12.1
1.33 1.75 1.01 55.28 15.34 7.72 2.1 2.35 1.12 3.08 0.8 0.16 0.04 0.019 11.8
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1.43 1.4 14 59.4 15.06 5.81 1.65 0.68 0.79 2.92 0.83 0.11 0.02 0.02 12.5
2.5 1.34 2.46 53.78 16.89 6.11 1.89 0.64 0.55 3.07 0.87 0.08 0.02 0.025 15.9
1.67 0.6 1.24 53.96 18.39 5.59 2.03 2.61 0.41 3.25 0.9 0.1 0.02 0.022 12.5
1.11 0.52 1.07 59.16 17.12 5.34 2.02 0.57 0.42 3.33 0.92 0.06 0.02 0.02 10.8
1.26 2.2 1.23 49.15 19.18 6.86 1.62 0.66 0.29 3.01 0.9 0.07 0.01 0.021 18.1
1.45 0.88 141 56.08 17.56 5.67 2.03 1.27 0.32 3.08 0.87 0.08 0.02 0.018 12.8
1.37 0.42 0.67 55.78 16.78 5.02 1.95 4.1 0.33 3.14 0.88 0.07 0.02 0.019 11.7
0.68 0.58 0.66 70.18 10.9 4.72 1.45 0.48 0.57 2.86 0.68 0.06 0.01 0.016 7.9
0.64 0.44 0.6 68.79 12.13 4.82 1.59 0.45 0.51 2.93 0.74 0.07 0.01 0.017 7.8
0.77 0.85 0.73 64.66 13.02 5.02 1.92 1.46 0.44 3.11 0.72 0.08 0.02 0.017 9.4
0.78 0.49 0.58 69.26 11.09 4.1 1.37 1.84 0.48 2.97 0.63 0.07 0.01 0.018 8

0.67 0.56 0.62 64.74 14.63 4.89 1.86 0.8 0.47 3.34 0.8 0.08 0.02 0.018 8.2
0.52 0.61 0.49 73 9.91 3.86 1.23 0.71 0.6 2.95 0.61 0.08 0.02 0.016 6.9
0.76 0.5 0.65 63.3 14.95 5.03 2.09 1.01 0.48 3.32 0.83 0.08 0.02 0.018 8.7
3.02 1.01 2.38 52.8 13.01 5.43 2.01 3.94 0.88 5.75 0.75 0.12 0.02 0.018 14.9
2.74 0.86 1.65 49.53 14.09 5.58 2.03 4.8 1.03 6.22 0.76 0.12 0.03 0.017 15.4
2.63 0.69 1.19 47.14 14.81 5.9 2.06 5.96 0.9 6.13 0.73 0.19 0.1 0.017 15.7
3.42 1.26 2 56.96 12.04 4.66 1.85 6.43 0.91 243 0.73 0.12 0.02 0.015 13.6
2.88 0.95 1.06 56.08 10.43 7.39 1.42 8.24 0.68 2.22 0.58 0.18 0.05 0.021 12.3
2.99 1 1.45 60.69 9.14 6.46 1.24 7.61 0.69 1.88 0.51 0.13 0.05 0.017 11.3
1.87 0.7 0.82 59.44 13.49 4.77 1.89 4.46 0.89 2.93 0.74 0.12 0.02 0.017 11.1
2.78 131 0.7 51.17 13.11 5.93 1.97 8.55 0.9 2.72 0.71 0.13 0.04 0.016 14.5
231 0.56 0.75 50.72 15.89 6.76 2.28 5.53 1.01 3.14 0.8 0.18 0.1 0.018 133
2.59 0.7 1.06 47.15 17.46 6.57 221 6.21 0.95 3.06 0.77 0.11 0.04 0.018 15.2
1.7 0.78 1 52.38 17.7 6.62 2.27 2.77 1.05 3.24 0.82 0.11 0.03 0.019 12.8
2.03 1.16 0.89 52.32 14.82 5.8 2 5.48 0.9 3.09 0.77 0.08 0.02 0.018 14.5
3.86 1.12 0.41 46.47 10.77 4.43 1.51 14.77 0.84 2.42 0.59 0.09 0.03 0.014 17.9
2.73 0.72 0.71 51.56 13.01 5.08 1.9 8.75 0.96 2.82 0.71 0.11 0.04 0.015 14.8
1.42 0.72 1.11 56.89 16.49 6.09 2.26 1.58 1.02 3.27 0.86 0.1 0.03 0.02 11.2
1.7 0.37 0.92 50.56 17.99 7.84 2.45 2.18 1.06 34 0.88 0.33 0.06 0.021 13
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X6
X7
X8
X9
Xl 10
XIv1
XV 2
XIv3
XV 4
Xv1
XV 2
XVi1
XVI 2
XVI3
XVl 4
XVI'5
XVI 6
XVI7
XVI 8
XVI9
XVI 10
XVI 11
XVI 12
XVI 13
XVI 14
XVIl 1
XVII 2
XVII 3
XVil 4
XVII'5

OPERA-PU-TNO521-1

1.33 0.88 1.11 54.94 17.46 6.03 2.19 1.63 1.18 3.27 0.84 0.08 0.02 0.019 12.2
0.82 0.8 0.83 65.51 13.06 4.96 1.66 0.42 1.19 3.16 0.81 0.08 0.02 0.019 8.9
0.68 0.87 0.67 67.98 10.39 5.76 1.56 0.32 1.13 3.26 0.68 0.07 0.01 0.023 8.6
0.48 0.51 0.47 72.55 8.99 5.09 1.48 0.29 1.05 2.99 0.67 0.07 0.01 0.022 6.6
1.34 1.38 1.33 53.93 17.54 6.63 2.26 0.29 1.08 3.47 0.84 0.08 0.02 0.024 13.6
1.86 1.8 1.34 60.4 12.52 5.54 1.78 3.13 1.18 2.71 0.74 0.15 0.02 0.032 11.6
2.01 1.52 1.25 58.76 12.9 5.46 1.88 4.13 11 2.73 0.75 0.11 0.02 0.03 11.9
2.07 2.14 1.42 57.79 13.03 6.06 191 3.9 11 2.68 0.76 0.12 0.02 0.032 12.4
1.85 0.6 0.84 51.29 16.59 6.8 2.2 4.05 1.01 3.06 0.8 0.11 0.06 0.026 13.8
2.38 0.98 0.8 59.62 10.16 5.21 1.97 6.38 0.92 2.59 0.61 0.13 0.02 0.015 12.2
2.87 0.54 0.43 53.62 11.36 4.5 1.59 10.06 0.83 2.29 0.59 0.11 0.05 0.013 14.8
1.36 0.6 0.65 73.17 6.96 4.38 1.08 3.23 0.91 2.55 0.43 0.06 0.01 0.016 7

1.34 0.59 0.83 73.84 6.94 4.2 1.04 3.38 0.87 2.53 0.43 0.06 0.01 0.015 6.5
1.21 0.58 0.61 74.51 7.14 4.04 1.02 2.7 0.88 2.56 0.45 0.07 0.01 0.016 6.4
1.53 0.7 0.66 71.54 7.32 4.36 1.11 3.87 0.93 2.49 0.48 0.08 0.02 0.017 7.6
1.43 0.75 0.72 72.25 7.4 4.21 1.09 3.78 0.91 2.5 0.48 0.08 0.02 0.017 7.1
1.36 0.75 0.63 72.24 7.36 4.15 1.07 3.64 0.89 2.53 0.49 0.07 0.01 0.017 7.4
1.32 0.72 0.58 72.63 7.73 4.22 1.09 3.19 0.89 2.61 0.52 0.07 0.01 0.018 6.9
1.44 0.88 0.66 7141 8.12 4.4 1.2 3.38 0.91 2.62 0.52 0.08 0.02 0.017 7.1
1.46 2.42 0.72 69.03 8.44 5.95 1.24 3.05 0.82 2.54 0.51 0.05 0.02 0.016 8.2
1.65 2.66 0.78 67.11 8.31 6.41 1.33 3.84 0.85 2.53 0.51 0.07 0.02 0.016 8.8
1.59 1.33 0.79 68.9 8.87 5.05 1.29 3.37 0.89 2.63 0.54 0.07 0.02 0.018 8.2
1.67 1.56 0.76 69.25 8.57 5.03 1.25 3.84 0.85 2.59 0.53 0.07 0.02 0.017 7.8
1.68 1.84 0.98 70.1 8.75 5.13 1.17 2.82 0.78 2.46 0.52 0.07 0.02 0.017 8

1.56 2.01 0.92 69.73 8.95 5.28 1.19 2.68 0.77 2.43 0.52 0.09 0.02 0.014 8.2
0.78 0.69 0.56 64.16 13.68 5.42 1.85 1.37 1.16 2.97 0.78 0.07 0.02 0.015 8.4
0.75 0.6 0.51 58.36 15.4 7.21 2.1 1.8 0.63 2.87 0.78 0.07 0.03 0.016 10.6
0.41 1.01 0.39 73.97 8.93 4.99 1.12 0.61 0.81 2.69 0.57 0.09 0.01 0.015 6.1
0.37 0.46 0.36 72.98 10.05 4.49 131 0.61 0.8 2.84 0.59 0.07 0.01 0.016 6.1
0.37 0.53 0.35 68.85 11.75 4.88 1.6 0.44 11 2.86 0.71 0.06 0.01 0.015 7.6
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XVII 6 0.38 0.56 0.36 71.56 10.46 4.98 1.36 0.48 0.93 2.86 0.64 0.09 0.01 0.015 6.5

55 of 106
OPERA-PU-TNO521-1



Table 11. ICP-MS results (in ppm)

Ba Be Co Cs Ga Hf Nb Rb Sn Sr Ta Th U Vv W Zr Y La Ce Pr Nd Sm

Il 310 <1 510 22 6 209 117 545 <1 3185 06 72 25 57 0.7 7599 171 211 473 509 205 3.81
12 245 <1 58 21 48 171 102 458 <1 350.8 0.8 58 32 47 10.7 662.7 146 199 441 475 19 3.44
I3 283 <1 58 26 62 196 115 571 <1 2753 1 71 28 65 <0.5 7414 156 224 526 536 212 336
14 307 <1 57 25 62 145 101 582 <1 33.7 0.7 68 22 55 <0.5 5973 157 221 518 553 22 3.84
I'5 290 3 81 33 67 185 93 679 <1 7185 06 83 27 64 <05 7112 181 28 67.2 7.12 26 4.92
16 150 3 96 19 4 56 47 621 <1 1426 02 62 1.7 161 05 2131 113 25 82.4 7.19 283 5.04
17 346 3 72 34 84 134 95 83 <1 1606 0.7 7 25 80 1.1 5222 152 249 658 66 253 479
18 345 <1 79 41 10 14 106 932 <1 1839 07 69 26 86 0.8 5618 196 30.7 86.1 804 346 5.7
19 316 6 88 64 12 103 133 1017 1 2347 1 85 38 94 1.2 3782 189 27 578 65 236 4.35
110 336 <1 69 55 87 106 116 893 <1 1316 07 68 33 73 1 4193 169 25 543 576 237 436
11 253 7 44 74 77 72 107 80 1 91.7 07 7 45 78 <0.5 350.6 19.7 222 444 55 206 3.83
112 310 <1 78 121 109 9 12.8 1067 1 1128 08 86 24 95 1.1 3086 199 293 542 6.46 244 451
113 233 4 126 173 135 52 13 130 3 2509 07 93 39 140 1.7 2341 207 279 522 635 249 436
i 455 7 76 38 91 126 113 784 <1 2706 0.7 74 23 74 <0.5 4713 187 249 575 633 249 4.16
12 405 <1 57 34 86 124 113 767 <1 1326 07 67 25 69 <0.5 4305 153 233 528 549 197 3.91
I3 322 3 96 7.4 144 81 147 1144 <1 3531 09 101 3 110 0.8 3069 233 307 66.6 7.28 272 517
Ina 302 9 15.6 137 221 52 181 1693 2 1533 13 128 38 176 16 1775 251 409 846 973 351 6.48
II'5 317 7 143 14 211 48 18 170.8 2 1473 12 12 31 169 1.7  189.7 26 39.1 782 9.06 36,6 6.08
16 267 3 58 69 103 83 107 906 <1 913 09 75 63 90 13 2911 189 251 504 6.03 242 438
17 282 3 96 119 17 65 153 1427 2 1284 09 111 61 160 1 233 262 349 695 857 328 59
18 327 3 12 15.6 183 6.4 165 1588 1 136 14 114 32 150 11 2267 239 374 748 85 284 6.12
119 210 3 121 146 166 46 135 154 2 3533 1.1 9.6 33 104 0.8 1454 195 30 57 6.66 259 4.62
1110 425 <1 52 6 66 144 9 65.6 <1 1115 07 62 31 58 0.6 5019 132 194 40.7 455 167 3.06
11 327 <« 29 33 41 85 61 508 2 77 05 42 17 35 <05 368 88 13 26.7 289 108 201
i 360 <1 83 62 126 89 135 949 <1 2375 09 8 27 82 <0.5 3142 183 261 59.1 6.44 245 447
12 344 3 95 58 104 89 127 991 <1 2009 1 89 31 84 <0.5 3523 222 296 618 6.85 275 4.97
13 450 <1 163 112 193 7 18 142.8 2 1473 12 126 37 137 08 2144 229 383 837 885 34 6.48
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na 383 7 17.6 106 202 7.1 207 1413 2 165.6 1.5 134 35 180 1 236.9 279 425 877 972 375 6.56
s 337 4 143 106 204 6 18.7 1425 4 159.4 1.2 125 35 210 19 206 266 409 812 952 357 7.2
e 400 3 14 11.6 194 56 193 1334 2 2331 1.2 128 36 156 1.2 2048 262 40.8 878 963 344 7.04
nz 320 7 126 9.8 192 71 191 134 1 166.1 1.2 136 41 159 1 231 284 421 912 992 353 7.2
ns 310 <1 147 122 218 54 212 1546 2 1646 1.4 137 38 172 16 2107 293 435 899 10.16 36.8 6.85
1o 324 3 152 116 20 51 19.6 146.8 2 2207 11 129 36 164 09 2065 241 432 855 978 383 7.14
1o 364 6 113 6.1 12.7 87 151 1026 2 148.4 1 96 25 9 0.9 3582 193 297 59.7 6.84 246 47
i1 339 <1 91 45 9 16.1 111 824 <1 1352 06 71 28 91 0.6 6363 19.2 277 578 672 26 4.63
Vi 151 <1 39 15 25 89 59 341 <1 1347 03 31 15 52 <0.5 3827 9.1 146 384 395 158 2.68
V2 256 <1 19 1 21 9 41 268 <1 936.8 0.2 2.7 283 45 <0.5 3515 14 193 391 455 189 3.42
V3 343 <« 84 57 105 91 134 944 1 1488 09 84 28 86 0.6 3634 182 279 541 634 221 4.45
V4 333 <1 74 71 111 9.7 13.6 1089 2 1404 1 88 3.6 95 1.2 3584 229 295 59 6.79 254 527
V5 324 <« 89 96 141 84 144 1271 <1 158.8 1 99 49 128 1 287.1 246 33 60.6 7.51 28 4.96
IV6 277 <« 5 66 97 74 99 86 <1 1214 06 69 54 88 1.3 2687 171 235 439 542 20 4.04
v7 291 <« 27 25 43 67 53 52 <1 706 03 38 15 39 <0.5 2583 9.1 142 269 3.15 119 2.43
IvV8 296 4 94 8 141 49 133 1218 <1 362.4 0.8 82 4 106 12 1618 194 289 53 6.38 225 4.4
) 239 <« 38 1.7 32 21 28 387 <1 605 02 12 08 44 1.1 812 41 65 128 143 5 1.14
V10 317 <« 53 34 67 118 87 621 <1 3009 05 59 1.8 68 0.5 4618 124 202 461 502 203 3.51
Vi1 145 <1 57 22 35 24 42 353 <1 703 04 36 12 64 05 877 11 135 276 329 129 261
Vi1 320 <1 142 81 164 62 138 122 1 1764 09 106 32 123 05 2316 199 33.7 758 781 265 5.83
V2 356 <1 133 58 126 7.8 144 1019 <1 1879 1 87 33 98 0.7 3123 253 308 645 738 29 5.24
V3 346 <1 84 56 113 103 131 998 <1 1409 0.7 92 33 80 0.6 38 221 304 602 7.04 268 532
va 487 <1 123 91 168 67 188 1266 2 1676 1.1 116 36 119 19 2759 247 344 721 789 275 5.65
V5 317 4 135 111 197 57 198 1431 4 2053 13 121 31 162 1.3 2034 274 42 813 95 338 6.46
V6 290 <1 164 124 221 44 191 1543 2 1904 13 138 34 194 13 1615 247 43.6 915 1034 37 7.32
V7 271 <1 13.8 123 221 59 192 1495 1 1983 1.2 131 38 176 11 1875 262 431 861 999 392 7.24
V8 278 4 105 92 171 57 163 1243 1 1615 1 106 54 134 1 2379 251 35 719 833 296 593
V9 316 10 11.7 87 163 7.4 166 121 1 1831 1.1 109 34 108 08 265 212 325 657 7.65 278 5.25
V10 285 4 65 25 51 114 7.8 668 <1 944 06 49 22 57 <05 467 112 194 433 468 169 3.25
Vi1 328 4 173 4 103 111 116 775 2 2158 07 7.6 21 116 13 380 17.8 247 512 587 222 406
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V12 262 1 145 47 121 7.8 137 777 2 2157 09 86 27 105 09 3104 258 292 574 674 239 498
Vi1 335 <1 65 55 97 93 124 927 2 89 09 75 29 69 0.7 3528 183 248 493 578 213 4.4
Vi 2 353 <1 76 65 12 10 135 1069 1 96 1 9 36 88 <0.5 3701 211 287 603 6.75 247 455
Vi3 281 2 86 68 135 53 11.6 1039 6 3659 08 79 41 88 0.8 2143 19 279 55,6 641 229 451
Vi4 331 <« 87 73 122 76 131 105 1 99.7 09 88 33 88 0.5 2812 197 284 575 65 231 434
VIS5 333« 86 7 123 9.9 131 1042 2 1011 1 91 31 94 1 378.1 20 302 609 6.89 259 4.61
Vi6 333 5 85 65 116 84 127 995 <1 1014 07 82 35 91 <0.5 290.8 20.6 286 562 6.33 259 4.65
vI7 302 2 13 103 18 55 156 128 2 105.8 1 114 32 166 1.1  227.6 242 384 79 889 358 6.4
vig 289 5 162 116 171 68 161 1381 3 955 1 115 6.8 142 1.2 2584 237 371 756 862 346 591
VI9 301 <1 113 124 185 6.6 176 1527 3 958 12 119 69 159 1.2 2377 269 407 764 923 35 6.4
VI10 254 <1 139 131 201 66 167 1525 2 1153 13 135 82 167 15 2079 27 42 82 9.88 31 7.05
Vil 314 <« 125 111 192 6.6 189 1446 2 107.1 1.2 121 44 142 0.7 2406 253 386 763 87 326 6.04
VIi12 288 2 146 96 171 6 143 1416 2 1419 1 108 3.1 130 1.1 2259 222 339 708 7.85 29 5.44
Vil 252 5 135 84 154 45 147 1116 3 4707 09 95 4 117 <05 1451 20.7 311 694 755 265 526
Vi 2 375 <« 14 86 18 73 187 1218 2 1153 1.2 114 36 151 07 240 257 391 823 91 351 657
Vi3 290 2 123 104 187 54 188 1296 3 1327 1 12 36 169 1.2 2133 27 39.7 849 962 356 6.87
vir4 335 2 135 92 191 7.8 206 133.8 <1 1262 1.2 122 42 164 <05 2613 27.1 406 89.8 957 391 6.87
ViI'5 301 7 13 11.8 20 7 189 1433 1 1315 1.2 128 41 162 <05 2207 26 413 884 9.63 342 691
Vi e 353 <1 87 43 87 138 123 756 <1 1116 08 81 22 75 <0.5 560.4 202 27.2 554 633 234 4.42
vii7 365 <1 73 44 9 96 11.8 805 <1 107.1 06 7 24 74 <0.5 4103 18 243 495 561 205 4.02
Vi 8 351 5 97 44 92 106 112 791 <1 1468 07 71 21 80 <0.5 417.2 173 255 545 6.02 205 4.34
Vi1 320 <1 147 94 171 5 152 131.8 2 2387 1 104 39 129 59 18 21 35 772 822 27 5.85
Vil 2 348 2 156 9.1 17.4 5 154 1269 1 2704 11 103 35 133 <05 177.1 219 351 763 827 327 6.07
Vi3 319 7 262 104 19.7 49 153 1302 <1 299.2 09 12 35 157 <0.5 1749 235 384 853 894 319 6.45
viir4 324 <1 23 94 18 4.9 16.1 1245 <1 2543 1 11 35 141 <05 177 224 369 818 837 309 6.06
VIl 5 293 4 207 84 18 52 16 124 <1 2566 0.8 109 3.1 142 <05 1704 21 36 80.3 859 345 584
Vil 6 360 2 208 103 20 46 155 1382 2 2086 1 121 34 166 0.7 189.2 238 386 837 92 353 6.43
vz 308 2 18.7 101 194 49 159 1316 <1 2302 0.8 114 35 155 <05 195 242 369 812 877 341 63
Vi g 298 <1 19 9.5 186 5.5 16.3 1346 <1 2304 1.2 113 33 155 <05 1949 232 383 827 87 345 6.03
Vs 308 2 215 9.8 195 45 153 1351 <1 2464 11 119 34 160 0.9 1866 247 389 855 9.15 32.8 6.42
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VI 10 304 <1 196 98 184 56 159 1264 <1 205.8 0.9 101 3.3 151 <05 2169 244 366 783 838 31.1 585
X1 285 <1 104 92 17 7 17.6 1238 <1 99.4 1.1 111 33 127 <05 2301 241 359 763 837 336 5.8
IX'2 280 2 121 107 199 56 168 1399 1 103.3 1 124 56 151 <05 2057 244 377 765 89 309 6.49
IX'3 296 1 171 12 216 53 187 145 2 1885 1.1 125 64 189 <05 1857 27.1 412 888 968 364 7.01
X4 326 <1 173 111 208 57 177 1457 <1 1183 1.2 121 4 162 <05 2279 233 384 825 9.05 333 6.43
IX'5 309 4 13.1 88 218 47 165 1202 1 111 1.2 115 39 189 <05 1635 225 40.6 781 9.13 345 651
IX6 296 <1 17.9 107 219 45 20 140 <1 130.7 1.2 116 33 165 <0.5 187.4 244 412 866 918 322 6.88
X7 298 <1 158 95 199 54 181 1348 4 2456 13 113 38 141 <05 1993 238 376 796 861 35 6.29
IX11 361 <1 125 6 12.8 108 139 1028 2 119.1 1 94 26 95 <05 3921 22 288 659 7.1 261 5.04
IX12 354 <1 132 68 136 87 146 1084 1 1139 1 10 27 101 <0.5 3357 20 314 66 724 275 497
X1 332 1 124 81 151 69 147 1206 <1 1343 1 105 23 108 <05 283 223 319 713 775 287 553
X2 351 <1 115 63 126 95 127 1038 4 1615 09 98 3 92 <0.5 3718 187 327 701 772 261 513
X3 350 <1 139 84 18 72 164 1306 4 1212 09 112 3 122 <05 266.6 224 363 772 831 312 6

X4 363 <1 108 49 117 91 131 934 <1 1059 0.8 91 24 77 <05 361.1 221 297 651 7.19 284 464
X5 371 <« 14 8 165 57 176 122 2 113 1 109 3.1 135 <05 2184 233 342 749 816 314 586
X1 2126 9 92 76 153 56 143 1084 <1 2412 09 101 55 93 <0.5 2133 196 303 709 7.23 287 5.08
X12 1970 1 125 7.7 16 55 155 1135 3 286.5 1 108 4.7 117 2.8 1788 218 34 784 73 264 499
X3 2064 1 198 91 178 42 162 1219 3 3389 1 121 4 135 22  153.6 23.8 381 88 8.14 32 5.69
X1 455 1 74 58 132 72 144 861 2 356.8 1 98 52 78 1 252 201 296 654 638 261 4.28
Xl 2 802 3 126 62 126 42 117 878 5 402.2 08 84 34 98 12.2 1556 17.8 287 59.4 6.02 232 4.28
Xl 3 461 1 113 5 116 4 104 719 3 3234 08 79 34 85 78 150 153 24 49.1 5.01 187 3.39
Xl 4 310 3 131 76 153 6 147 1129 3 299.5 1.1 11 31 109 1.6 1986 212 338 709 7.18 259 478
Xl 5 281 <1 153 7.7 146 56 146 1055 2 486.9 1 105 2.8 112 23 1862 199 326 717 7.09 28 4.99
Xl 6 296 1 261 87 176 48 163 1205 2 356.7 1.1 122 38 150 2.1 1646 23.8 407 975 886 338 621
X7 273 <« 272 101 187 43 157 1242 2 409.7 1 125 41 153 1.8 140 211 39 929 866 332 6.19
Xil 8 312 4 231 106 193 54  17.7 1349 3 2803 1.1 131 36 164 1.6 1687 23 41.6 90.8 873 35 6.15
X1 285 3 145 9.7 16.6 46  16.6 130.1 2 406.7 1.1 116 3.8 138 1.4  166.6 209 361 759 7.76 301 5.25
Xl 2 231 <1 11.8 6.6 123 5.2 123 921 2 783 0.7 8.6 29 96 1.2 169.6 20.4 292 59.1 6.33 266 461
Xl'3 260 <1 148 7.5 146 4.1 14 108.3 2 4953 09 97 29 112 1.8 1619 183 323 69.8 6.98 259 4.89
Xl 4 294 2 17 103 182 48 169 1405 3 2452 11 12 29 148 19 1805 221 386 831 834 31 5.69
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XI5 317 4 232 11 203 43 188 143 3 3085 1.1 137 58 189 25 1624 29.2 46.1 105.6 10.08 37.5 7.33
Xlll'6 285 4 204 9.6 196 48 152 1277 3 2858 1 12 39 140 1.9 163.7 20.2 378 828 811 33 5.64
X7 328 2 121 68 136 7.9 13.9 1102 2 209.8 1 102 3 128 1.1 2825 20.8 32.6 66 7.02 257 479
Xl'8 313 <1 10.6 5.3 1.6 10 11.4 1024 1 1886 0.8 83 26 129 0.8 357.8 179 283 583 6.39 231 4.43
X9 296 2 95 43 97 135 109 925 1 175.8 0.7 87 24 106 08 5355 17.6 283 625 6.48 25 4.7
Xl 10 268 2 141 119 198 5.1 16.4 1563 3 228 1 127 3.8 227 14 1679 249 412 839 895 332 658
XIV1 327 2 93 6 13.6 6.2 13.7 951 2 259.7 1 99 45 91 1.2 2334 182 295 656 636 228 4.4
XV 2 315 3 105 67 138 62 145 968 2 2789 08 99 39 99 27 2103 191 303 669 6.63 233 445
XIvV3 288 <1 95 65 144 51 14 971 2 263.6 09 102 42 9 1.5 2036 191 296 651 631 235 4.46
XIV 4 268 4 196 92 176 45 157 1172 2 312 1 112 34 141 1.8 1573 202 355 81.8 769 294 5.65
XV1 235 <1 75 51 104 58 99 805 3 293 06 78 4 72 1.4  207.3 15 263 65.8 573 209 3.94
XV 2 235 1 129 58 125 43 109 823 2 4532 07 87 26 94 1.7 1553 157 278 604 6.02 216 45
XVI1 375 <1 63 35 87 96 85 76 <1 2416 05 63 25 61 1 3713 149 219 594 6.07 212 417
XVI 2 374 3 67 32 78 108 79 754 <1 2475 05 58 25 58 0.5 4062 148 225 583 58 24 4.24
Xvi3 388 3 63 34 89 123 9 77 1 2123 04 64 27 63 1.4 4318 145 246 598 6.15 232 4.18
Xvi4 372 <« 73 38 9 9.7 93 764 <1 2805 07 7.4 27 65 0.8 3924 153 251 625 656 274 463
XVI5 356 <1 68 37 86 105 91 78 <1 2717 06 73 25 65 1 4193 147 245 607 655 228 463
XVI6 366 <1 7 36 81 101 95 767 3 2602 08 61 27 59 0.6 409 161 24 59.6 6.13 229 4.2
Xvi7 386 <1 69 39 88 103 10 803 <1 2355 07 69 28 68 1.1 4216 172 254 597 622 254 434
AR 365 3 69 45 85 97 10 822 1 2314 06 69 25 66 1.2 4136 162 236 561 599 255 4.28
Xvi9 341 3 85 45 95 86 104 852 20 1988 0.6 6.8 26 67 0.6 3248 156 23.8 547 585 222 457
XvI10 343 <1 87 46 89 95 94 816 <1 2237 06 66 31 67 0.6 3466 18 235 545 578 224 398
Xvi11 348 <1 82 51 10 10 104 873 <1 2199 07 74 26 74 0.7 393 172 255 565 598 253 4.33
XVI12 336 3 84 47 99 81 105 844 <1 2392 07 79 36 71 1.1 356 17.6 259 584 632 276 4.89
XVI13 318 <1 76 5 107 75 96 868 2 1926 06 7.4 38 76 11 2982 165 23.4 522 592 209 4.16
XVI14 298 <1 76 5.1 109 6.9 107 827 2 166.3 1 6.9 39 87 2.9 2725 17.7 244 508 597 22.7 4.43
XVil'1 294 1 1.1 71 142 6.1 15 1022 2 169.6 09 9.7 26 113 13 2054 174 311 648 6.32 226 4.48
XVII 2 250 4 139 8 16.7 48 148 1153 2 1689 1.1 10 25 131 1.5 157.8 173 321 699 672 253 4.84
XV 3 336 1 92 38 9 9.5 101 753 <1 113 07 72 25 75 0.8 3676 144 249 549 553 216 4.05
Xvil 4 348 <1 95 45 97 88 104 838 1 1217 07 72 24 80 11 3144 153 251 569 543 225 3.98
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XVII 5 297 1 9.9 5.9 127 7 12 947 2 98.1 0.8 8.7 2.4 86 0.9 252.2 153 284 593 569 205 3.94
XVII 6 320 3 9.7 4.9 103 8.8 111 877 1 107.8 0.7 8.6 2.7 81 0.8 323.3 17 272 579 574 216 4.42
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Table 12. ICP-MS results (in ppm) (continued). * values in ppb.

Eu Gd Tb Dy Ho Er Tm Yb Lu Mo Cu Pb Zn Ag Ni As Au* Cd Sb Bi Hg T Se Ni Sc
1 0.66 3.28 045 3 0.67 196 035 219 032 07 3 4 31 <01 104 117 05 <01 0.2 <0.1 <001 <0.1 <05 <20 5
12 0.57 2.83 043 251 055 194 028 18 03 03 46 36 26 <01 96 66 21 <01 <01 <01 <001 <01 <05 <20 4
I3 0.68 3.02 045 2.8 057 1.82 028 205 036 03 43 47 34 <01 119 76 27 <01 <01 <01 <001 <01 <05 <20 5
I4 0.65 3.18 047 277 061 1.6 028 176 028 05 41 69 31 <01 116 73 11 <01 01 <01 <001 <01 0.6 <20 5
IS 0.83 396 059 337 061 217 031 201 033 04 41 58 28 <01 149 112 27 <01 01 <01 <001 <01 05 25 6
16 1 371 051 25 046 121 017 1.23 016 03 2 65 42 <01 11.2 169 1.1 <01 0.2 <01 <0.01 <0.1 <05 <20 7
17 09 371 055 297 065 1.74 024 197 026 04 47 61 26 <01 156 124 08 <01 01 <01 <0.01 <01 <05 23 7
I8 1.06 4.33 067 3.88 071 2 033 247 032 1 6 71 32 <01 183 287 08 <01 0.1 <01 001 <01 <05 22 9
19 094 4 0.63 355 0.73 224 032 237 033 32 96 94 39 <01 222 77 07 01 01 <01 002 01 09 36 10
110 0.8 372 055 331 076 205 031 226 034 23 86 64 29 <01 184 43 21 <01 01 03 <001 02 <05 29 7
111 0.76 3.48 0.56 3.13 0.69 212 031 243 033 68 107 59 33 <01 201 116 13 05 02 02 002 02 15 25 7
112 0.83 405 0.6 346 082 236 033 237 03 09 75 93 38 <01 169 43 2 01 <01 01 002 <01 07 27 9
113 1 424 063 34 065 209 027 239 032 38 119 133 40 <01 346 15 13 02 01 02 006 03 1.1 49 11
I 0.81 357 058 347 067 191 031 184 033 06 63 69 32 <01 16 7.4 <05 <01 <01 <01 0.02 <01 <05 22 8
12 0.78 3.25 0.51 2.97 059 1.68 028 2 027 05 57 63 27 <01 135 9.7 <05 <0.1 01 <0.1 002 <01 <05 <20 7
I3 1.06 4.8 072 419 0.86 265 04 275 042 13 117 122 45 <01 251 49 17 <01 01 01 002 <01 06 37 11
14 147 593 092 584 097 306 042 307 043 07 246 195 70 <01 469 126 09 <01 01 03 004 01 13 65 17
s 131 535 088 461 098 281 044 261 04 04 246 17 75 <01 44 9 11 <01 01 02 0.03 01 17 55 16
16 0.87 3.89 0.6 333 072 226 032 21 033 84 184 8 42 <01 275 144 07 05 03 01 004 02 28 34 9
17 1.18 494 085 493 1.01 29 043 298 044 27 222 121 66 <0.1 349 137 09 06 03 02 004 02 37 47 14
IF: 121 533 08 51 094 273 044 289 044 02 146 142 57 <01 254 44 <05 01 01 02 002 <01 07 43 15
) 09 401 063 366 074 226 033 208 033 15 114 127 34 <01 228 48 0.7 01 <01 02 003 <01 06 37 12
II'10 0.59 246 0.39 242 051 1.45 025 1.85 028 1 26.7 2153 90 <01 122 133 <05 <0.1 0.2 <0.1 0.02 <0.1 <05 <20 6
1 034 169 026 1.81 031 1.08 014 146 017 07 7 29 22 <01 7.7 4 <05 <01 02 <0.1 <0.01 <0.1 <05 <20 3
i 0.96 4.13 0.62 3.89 0.67 2.05 0.33 208 032 09 125 99 42 <01 23 58 06 01 01 <01 002 <01 05 29 9
12 1.04 425 066 43 076 244 041 25 041 03 131 103 49 <0.1 253 41 05 0.1 <01 <01 002 <01 <05 32 9
ns3 1.22 542 0.81 462 099 273 041 263 041 05 235 194 68 <01 435 74 23 01 01 02 004 02 11 55 15
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1ha 14 58 091 559 111 32 047 356 047 03 202 188 60 <01 371 113 <05 01 02 02 005 02 09 55 16
s 157 566 089 526 097 3.09 037 263 043 06 281 197 68 <01 442 203 15 02 02 03 006 01 16 52 16
e 146 566 092 553 1.06 3.02 042 312 042 03 232 174 64 <01 359 8 07 02 01 02 006 01 1 56 16
1z 1.55 5.79 098 577 1.03 3.42 044 291 045 1 281 174 90 <01 385 86 1 01 01 02 004 01 15 50 16
e 151 62 094 512 1.08 3.13 047 325 043 04 321 189 78 <01 466 98 11 03 02 02 006 01 15 60 17
e 144 533 087 508 093 311 043 296 043 03 201 173 71 <01 338 64 <05 02 01 02 003 01 09 54 17
10 0.93 3.75 063 3.37 079 248 033 224 038 03 109 102 50 <0.1 223 6.8 <05 <0.1 <01 <0.1 002 <01 <05 33 10
i1 094 356 062 3.85 075 243 035 251 04 01 68 61 31 <01 14 94 08 <01 <01 <0.1 <001 <01 <05 <20 8
Vi 051 217 03 194 031 118 013 12 013 03 4 26 13 <01 59 58 0.7 <01 <01 <0.1 <0.01 <0.1 <05 26 3
v2 0.68 3.22 046 241 056 155 02 141 019 11 81 43 26 <01 68 34 <05 <01 04 <01 <001 <01 <05 <20 2
V3 093 353 059 33 0.63 211 029 22 034 08 89 83 33 <01 171 47 <05 <01 <01 0.1 001 <01 <05 25 8
V4 0.97 45 069 421 0.81 244 039 244 043 15 111 88 39 <01 23 53 06 <01 <01 01 001 <01 <05 31 9
V5 1.02 4.82 075 443 092 276 041 269 044 46 157 127 48 <0.1 303 136 1 02 02 02 001 <01 05 41 11
Ve 0.83 3.39 052 291 0.64 2.01 025 196 031 61 126 6.6 36 <0.1 226 127 <05 05 03 <01 <001 01 13 34 8
V7 044 18 03 164 03 1.07 016 135 018 12 48 31 16 <01 6 4 <05 <0.1 <0.1 <0.1 <0.01 <0.1 <05 <20 3
V8 09 397 06 342 075 207 03 205 03 26 7.6 139 27 <01 159 6 <05 01 <01 02 <0.01 01 <05 39 11
Vo 0.24 097 0.5 0.69 0.16 0.36 006 0.34 0.07 2.8 9 32 23 <01 71 57 <05 01 02 <01 <0.01 <0.1 <05 <20 3
V10 0.72 2.88 044 232 057 155 024 168 026 06 49 56 19 <01 104 12.7 <05 <0.1 <01 <0.1 <001 <0.1 <0.5 <20
Vi1 059 2.68 0.38 1.81 048 1.23 0.17 097 017 03 57 76 19 <0.1 9.6 158 <05 <01 0.1 <01 <001 <0.1 <05 <20 4
Vi 118 508 072 379 083 203 036 224 032 07 218 165 66 <01 345 99 <05 01 01 02 0.04 <01 <05 46 14
V2 1.16 494 075 441 086 27 041 278 044 0.2 138 118 45 <01 267 81 <05 01 02 01 0.02 <01 <05 37 11
V3 1.07 444 071 458 081 238 038 237 039 05 128 101 38 <01 212 41 <05 <01 <01 01 <0.01 <0.1 <05 23 9
V4 112 4.81 075 503 1 287 043 296 044 04 177 142 94 <01 293 45 <05 <01 <0.1 0.1 0.03 <01 <05 53 13
Vs 138 6.04 095 538 1.08 3.08 046 324 044 04 232 192 59 <01 394 10 <05 <01 01 03 0.03 <01 <05 58 16
Ve 155 6.63 096 573 1.03 3.06 042 283 043 02 24 218 73 <01 463 125 <05 01 02 03 004 01 05 62 18
V7 155 6.17 094 448 11 282 043 305 042 08 281 205 77 <01 412 108 <05 02 02 03 005 01 12 58 17
Ve 117 511 078 464 092 257 04 29 042 29 287 143 57 <01 332 123 <05 03 02 02 005 <01 16 56 14
V9 111 456 072 439 0.86 213 0.36 232 039 06 156 141 54 <01 263 55 <05 01 <01 02 002 <01 <05 39 13
V10 0.66 274 04 242 041 137 019 133 021 03 59 36 20 <0.1 83 55 <05 <01 <01 <01 <001 <0.1 <05 <20 5
V11 094 403 06 3.76 078 2.05 034 234 033 04 112 111 60 <0.1 268 123 <05 <0.1 <01 <0.1 001 <01 <05 37 11
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V12 1.05 475 08 49 092 304 044 321 04 03 132 106 55 <01 271 39 <05 0.1 <01 <01 <001 <0.1 <05 36 11
Vi1 0.87 3.86 059 357 071 2 033 217 032 2 112 77 30 <01 189 3.7 <05 <01 <01 <01 001 <01 <05 30 7
vi2 0.95 4.02 0.64 415 075 241 035 247 038 17 116 91 36 <01 212 37 <05 <01 <01 <01 001 <01 <05 34 9
Vi3 093 395 062 342 069 1.96 029 21 032 1 124 111 34 <01 248 4 0.7 <01 <0.1 <0.1 0.02 <01 0.6 33 10
vi4 0.88 3.86 0.61 359 076 215 031 196 031 14 143 103 39 <01 281 38 08 <01 01 0.1 <001 <01 0.6 38 10
vI5 1.08 4.05 067 4.11 0.84 219 037 249 035 1.6 137 104 41 <0.1 269 3.7 <05 <01 01 01 002 <01 <05 38 10
vi6 0.97 426 063 412 075 236 035 224 037 27 147 11 42 <01 279 45 <05 02 01 0.1 002 <01 <05 45 9
vi7 1.21 552 078 459 0.92 274 039 269 04 02 239 174 62 <0.1 333 119 08 01 01 02 004 01 08 52 14
vig 1.28 5.07 0.77 412 09 246 039 246 037 5 281 127 65 <01 378 20 <05 05 02 02 003 01 19 57 14
vi9 1.3 559 0.87 502 103 288 046 289 04 52 228 158 62 <01 338 131 <05 03 01 02 002 01 19 46 15
vi10 1.48 576 097 539 1.08 325 045 282 044 25 262 149 63 <0.1 378 145 13 05 02 02 003 01 22 59 17
Vi1l 1.29 528 0.83 471 101 268 043 283 044 15 166 159 61 <01 262 61 <05 02 01 02 002 01 08 47 15
vi12 1.01 451 067 3.82 078 227 036 223 031 1.7 137 138 48 <0.1 248 7.2 <05 02 <01 02 001 01 <05 47 14
Vil 112 458 073 367 084 216 035 219 034 03 163 153 54 <01 311 72 <05 02 <01 02 0.03 01 <05 48 13
Vi 2 136 5.28 0.84 474 098 292 045 274 043 03 207 189 72 <0.1 357 127 <05 02 <01 02 003 01 08 47 14
Vi3 1.47 6.05 092 4.87 111 323 048 318 047 1.2 327 206 80 <01 506 125 <05 04 02 03 006 01 29 68 15
vii4 1.47 59 092 5 118 293 048 345 046 03 26 20 70 <01 356 102 <05 0.2 <01 02 006 02 07 52 16
ViI'5 148 53 089 46 091 29 045 276 047 0.7 288 198 74 <0.1 412 114 <05 02 <01 02 006 01 2 60 16
Vi e 0.89 3.82 057 319 066 211 033 235 031 01 77 75 38 <01 152 7.1 1 <0.1 <0.1 <0.1 <001 <0.1 <05 23 8
vii7 0.79 338 054 329 069 213 034 199 033 03 84 81 34 <01 158 7 <0.5 <0.1 <0.1 <0.1 0.01 <01 <05 <20 7
Vi 8 0.85 3.75 057 3.08 062 1.86 03 196 03 03 9 87 37 <01 189 127 <05 <01 0.1 <01 <001 01 <05 29 8
Vil 1.25 532 075 427 0.83 235 042 264 031 14 202 194 85 <0.1 513 66 19 02 <01 03 006 02 07 63 14
Vil 2 1.28 499 075 4.84 0.85 245 0.37 257 037 1 223 238 360 <01 545 58 64 02 <01 02 004 01 09 63 14
Vi3 139 534 085 4.16 087 25 041 26 036 06 236 227 106 <0.1 793 74 13 03 <01 03 008 02 14 93 16
viir4 1.28 5.06 0.77 435 0.88 236 0.37 237 035 1 23 271 107 <01 639 91 07 02 <01 02 009 02 06 73 16
VIl 5 132 514 076 3.72 079 234 032 221 032 05 223 195 8 <01 558 7.8 11 01 <01 02 006 02 09 70 15
Vil 6 134 534 082 463 099 255 04 235 037 1.1 23.6 225 277 <01 541 108 <05 02 <0.1 02 011 02 05 66 17
vz 1.23 525 081 464 097 276 038 261 04 14 22 19.7 110 <0.1 528 124 <05 02 <01 02 005 02 08 65 16
Vi g 131 522 08 441 089 248 044 253 04 13 233 206 8 <01 63 113 <05 03 <0.1 02 004 01 11 73 16
Vs 136 5.39 0.87 4.13 1 278 039 271 036 1 233 317 124 <01 599 115 <05 02 <01 02 0.07 02 07 70 17
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VI 10 117 518 079 402 085 268 04 28 038 14 224 203 8 <01 604 148 <05 02 <0.1 02 005 02 11 72 16
X1 13 529 082 48 096 3.13 043 274 039 13 282 186 63 <0.1 388 118 <05 03 <01 02 003 02 18 51 14
X2 1.29 552 0.83 445 099 287 042 247 042 41 341 182 75 <0.1 452 126 <05 04 02 02 003 02 32 59 16
IX3 137 588 0.89 4.78 1.08 293 044 303 046 03 232 219 69 <01 34 114 <05 03 <01 02 005 02 1 63 18
IX4 1.34 533 0.85 4.83 1 281 043 269 043 02 224 223 70 <01 319 95 08 03 <01 02 005 02 <05 51 16
IX5 135 517 079 45 081 264 04 241 038 1.6 254 26 59 <0.1 374 271 09 05 01 03 004 03 15 56 17
IX6 139 577 086 503 096 28 038 268 039 06 233 215 8 <01 415 73 <05 03 <01 02 005 01 13 59 16
IX7 131 574 082 439 095 255 039 264 039 01 192 19 67 <01 316 72 <05 02 <01 02 004 01 <05 45 15
IX11 096 41 066 374 076 231 038 222 038 02 107 114 50 <01 23 75 <05 01 <01 <01 0.02 <01 <05 31 10
1X12 0.96 4.41 0.68 426 076 214 034 252 035 01 123 131 53 <01 247 69 <05 <0.1 <01 <01 002 01 <05 35 11
X1 1.18 453 073 432 078 244 039 238 032 05 196 151 60 <0.1 394 7.6 <05 01 <01 02 004 02 <05 46 11
X2 1.02 433 0.67 391 0.72 238 034 234 033 03 149 153 47 <01 254 8 <05 <0.1 <01 <01 002 01 <05 31 10
X3 1.24 522 079 434 0.87 269 039 232 038 02 179 191 54 <01 296 7.8 11 <01 <01 02 003 01 <05 44 13
X4 1.05 467 07 3.83 0.78 213 037 234 034 04 125 109 41 <01 273 83 <05 02 01 <01 002 <01 <05 34 8
X5 1.14 4.89 077 479 0.86 254 037 243 037 02 202 176 64 <01 365 74 <05 01 <01 02 005 01 <05 46 13
X1 1.03 4.08 0.65 4.28 0.77 226 033 217 035 45 172 129 71 <01 424 86 <05 03 02 01 003 02 13 50 12
X12 1.13 454 083 394 094 278 042 256 042 28 187 134 67 <01 451 71 19 03 01 02 005 02 11 58 14
X3 1.27 522 097 415 1.07 305 046 256 04 11 221 161 71 <01 619 61 22 02 01 02 005 01 05 76 15
X1 09 379 074 347 087 231 039 205 041 55 167 94 60 <01 317 87 23 03 02 01 003 01 19 35 11
XIl 2 093 3.57 072 3.08 079 235 0.37 214 036 56 1003 623.8 434 01 729 111 29 05 04 03 004 04 07 8 10
Xil 3 073 3.14 061 282 061 1.96 029 1.7 03 68 1083 726.1 444 01 454 135 29 07 54 04 004 05 12 56 9
Xil 4 1.07 443 087 397 098 269 043 238 042 02 213 413 71 <01 362 29 13 <01 <01 02 004 <01 06 46 13
XI5 1.07 431 086 3.8 093 282 043 24 038 0.7 203 192 58 <01 466 61 14 02 01 02 005 01 11 64 13
X6 1.42 555 1.06 495 1.13 3.16 048 269 045 03 291 248 92 01 902 58 13 03 01 02 006 02 08 102 17
X7 131 522 095 4.28 103 277 044 243 042 05 286 313 95 <01 655 54 1 02 <01 03 007 02 1 76 19
Xil 8 135 541 101 447 105 294 049 267 043 02 262 222 81 <01 469 78 08 02 <01 03 004 02 07 62 19
X1 119 446 087 382 1 289 044 245 041 04 221 161 283 <01 579 38 12 03 <01 02 016 01 06 65 14
Xi 2 0.98 412 0.77 3.69 0.83 251 037 247 04 02 178 112 80 <01 349 47 17 02 <01 02 007 <01 0.7 43 11
Xli'3 1.02 409 079 368 0.89 25 038 222 035 02 172 15 75 <0.1 447 49 2 02 <01 02 007 01 06 57 13
Xilr4 1.23 496 091 433 1.09 301 046 247 044 02 242 181 97 <01 569 7.5 1 01 <01 03 009 01 1 69 16
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XI5 1.55 6.22 1.18 549 1.32 355 0.56 3.26 053 0.2 293 22 105 <01 659 59 15 04 01 03 011 02 1 8 19
Xlll'6 12 469 092 425 098 268 041 251 041 04 234 185 121 <01 424 78 13 03 <01 02 01 02 05 60 18
X7 0.99 417 0.78 3.81 093 279 041 263 041 03 15 106 60 <01 237 66 08 02 <01 01 02 <01 <05 41 13
Xl 8 0.87 3.73 071 3.39 0.81 245 0.37 232 042 04 153 94 55 <0.1 225 14 0.6 02 <01 01 015 <01 <05 27 12
X9 0.89 3.84 0.69 3.19 0.77 236 0.38 254 041 04 121 84 44 <01 172 69 09 01 <01 <01 029 <01 <05 22 10
Xlll 10 137 54 1.02 479 11 337 05 3.06 047 1 272 181 77 <01 438 179 19 02 <01 03 012 02 09 58 17
XIV1 091 3.87 0.71 3.17 081 258 039 236 036 44 185 271 73 <01 417 98 12 02 01 01 006 01 15 45 11
XIV 2 096 3.79 0.73 3.47 083 251 037 205 039 31 196 321 106 <01 436 85 11 02 <01 02 006 01 1 49 12
XIV 3 0.89 3.85 0.71 312 081 24 037 227 039 45 192 192 78 <01 447 10 05 02 01 02 007 01 13 49 12
XIV 4 1.22 4.68 084 411 091 255 04 228 043 12 261 207 9 <01 712 75 15 03 <01 03 008 02 07 78 17
XV1 0.81 3.44 061 276 066 1.89 029 175 029 47 129 93 48 <01 296 88 15 03 01 <01 007 01 06 32 10
XV 2 0.88 363 0.65 3.18 072 2.05 031 165 03 07 178 123 55 <01 414 66 18 02 <01 02 01 01 08 51 11
Xvi1 0.79 3.25 049 268 049 136 023 135 023 09 56 59 31 <01 146 92 <05 <01 01 <01 001 <01 <05 24 7
XVI2 0.86 3.47 048 2.84 046 1.67 023 159 024 08 51 57 30 <01 141 86 <05 <0.1 <01 <01 <0.01 <01 <05 24 7
Xvi3 0.86 3.44 05 35 054 173 024 178 024 08 54 65 30 <01 147 83 <05 <01 01 <01 <0.01 <01 <05 28 7
XVi4 0.89 358 049 312 052 1.53 026 195 025 08 62 7 32 <01 169 9.1 <05 <01 <0.1 <0.1 <001 <0.1 0.7 29 7
XVI'5 0.92 3.77 053 3.05 053 1.68 029 148 03 08 63 68 32 <01 16 88 <05 01 01 <01 001 <01 <05 34 7
Xvie 0.81 35 055 314 057 1.93 03 184 03 1 67 7 32 <01 175 93 <05 <01 01 <01 <001 <0.1 08 30 7
Xvi7 0.81 333 05 3.02 06 175 03 204 025 1 71 71 32 <01 172 89 <05 <01 0.1 <01 <0.01 <0.1 <05 36 7
Xvi 8 0.86 3.43 053 351 056 195 0.26 193 027 12 75 75 32 <01 182 92 <05 <01 0.1 <01 001 <01 <05 37 7
XvI9 0.76 392 055 292 06 166 026 175 023 41 142 141 47 <01 31 155 21 01 03 <01 004 <01 22 39 8
XvI10 0.86 369 056 313 06 19 029 1.87 031 5 13.7 139 44 <01 319 167 28 01 04 <01 0.05 <01 2 56 8
Xvii1 0.84 3.55 0.51 3.33 0.6 1.87 0.27 175 029 2 11.2 105 40 <01 239 11 <05 <0.1 0.2 0.1 0.03 <01 <05 42 8
Xvi12 091 361 057 331 06 179 027 1.63 029 3 106 99 39 <01 236 122 09 01 02 <01 002 <01 13 38 8
XVI13 0.83 3.8 052 294 0.6 161 027 198 027 55 15 10.6 42 <01 269 174 12 03 03 <01 0.03 <01 2 46 8
Xvii4 0.88 3.81 057 3.27 062 196 029 172 03 7.6 148 152 46 <01 27 171 78 05 04 02 003 02 19 37 9
XVil'1 0.98 3.89 0.72 339 078 241 034 231 036 04 15 134 81 <01 294 79 <05 <01 <01 02 003 <01 <05 40 12
XVII 2 1.01 413 074 38 082 238 038 237 038 05 168 165 71 <01 328 81 07 <01 <01 02 0.03 01 <05 44 14
XVII 3 0.78 339 061 294 0.7 19 033 185 034 06 106 84 18 <0.1 23.7 95 <05 <01 0.1 <01 002 <01 <05 33 8
Xvil 4 0.81 3.14 0.58 2.64 063 2 032 201 032 03 103 8 42 <01 214 7 0.6 <01 <01 <0.1 002 <01 <05 28 9
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Figure 21. Cumulative frequency, or percentile, plots for the major oxides, organic and inorganic C (in wt%) and for selected trace elements (in ppm).
Note that the scale for CaO, MnO, P,0s, SO; and the trace elements is logarithmic. Except for P,0s, these oxides and elements have a lognormal
distribution. For P,05 this gives a better view on the data. Except for one outlier in the highest range, the distribution is normal.
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Figure 22. XRD patterns from oriented preparations saturated with ethylene glycol (upper) and
from air dried oriented preparations (lower). KSS = Kaolinite/Smectite mixed layers, ISS =
lllite/Smectite mixed layers, Glau-smec = Glauconite/Smectite mixed layers.
Z* refers to the zeolites which are also found in the clay fraction. The proportion of the peak at
8 - 9 °2theta and 18 °2theta is a measure for the amount of Fe in 2:1 clay minerals. In sample

IV 9 the 2:1 clays are much more rich in Fe.
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Table 13. Mineralogy from XRD analyses, bulk and clay fraction. KSS = Kaolinite/Smectite mixed layers, ISS = Illite/Smectite mixed layers, Glau-smec =
Glauconite/Smectite mixed layers.

XRD bulk (wt%) XRD clay fraction
o £ & > N o = = o @ &
rat ~ on — on o * * —_ * — i £ © = °>. o el o E [] £
e £/ 8 £ 8§38 £ g g i EFZE S G COEyB|Eoz|8E g £
< a < N Eu' 2 [ o oa 8
o
1114 381 | 31.2 2.5 6.2 6.9 0.9 23 2.6 1.1 39.0 71| 527 473 |10 12 2 33 13 16 14
1116 410 | 229 1.5 5.3 4.7 0.6 39 0.4 0.8 0.2 1.7 1.0 49.3 79| 418 582 | 6 13 1 42 18 1 1
1118 440 | 25.4 2.1 6.4 0.7 0.5 0.8 0.7 1.4 53.9 81| 366 634 |7 12 1 38 24 9 9
M0 471 | 49.6 3.5 8.9 0.9 0.1 0.5 1.1 1.3 31.1 29| 647 353 | 8 6 1 35 34 16
11 485 | 59.6 3.7 8.6 1.1 0.6 0.2 0.2 0.3 0.3 24.0 14| 743 257 |12 5 2 27 32 22
V7 262 | 79.3 1.8 8.0 1.1 0.3 0.1 1.0 0.2 7.2 1.0 | 91.6 8.4 1 12 2 19 26 19 12
V8 277 | 28.9 2.7 142 2.1 1.5 0.8 0.3 0.1 0.1 46.2 3.0 | 50.7 49.3 | 4 5 1 27 27 7 29
V9 288 | 56.1 1.6 6.0 2.0 1.6 0.2 0.2 2.4 0.1 289 239 09| 701 299 | 3 3 1 3 6 5 79
IV1I0 294 | 48.3 2.5 6.0 16.2 5.1 0.8 0.2 1.5 0.6 17.6 1.0 | 80.6 19.3 | 6 6 2 37 29 9 11
IVi1 306 | 86.3 0.3 2.2 0.6 0.4 0.1 0.8 0.0 8.1 1.0 90.9 9.1 7 8 1 35 36 13
V2 168 | 53.3 5.6 8.3 1.6 0.1 0.4 0.2 0.7 09 253 3.6 | 70.2 29.8 | 11 7 1 31 26 24
V4 196 | 37.4 3.8 7.9 1.2 0.6 0.6 0.5 2.2 3.7 383 3.8 541 459 | 6 9 1 41 25 1 8
V6 226 | 21.9 0.8 3.5 0.5 0.9 0.3 24 2.8 3.1 51.6 12.1 33.2 668 | 6 12 1 42 11.7 10 17
\% 252 | 35.3 0.6 4.7 1.4 0.2 0.9 0.4 1.4 2.8 2.6 45.3 45| 47.6 524 | 3 14 1 38 23 9 12
V10 312 | 71.7 3.0 10.1 0.2 0.1 142 12.4 0.8| 8.0 15.0 | 2 3 1 52 1 7 25
X 610 | 25.5 1.7 39 2.1 4.0 0.4 1.0 0.5 2.0 1.2 1.6 51.8 4.3 | 42.3 57.7 | 11 8 2 36 27 16
X12 632 | 179 1.1 3.0 1.7 8.9 0.5 0.6 0.6 1.6 1.0 2.0 53.0 81| 36.8 63.1 | 4 9 1 53 15 7 11
X13 650 | 16.3 1.3 3.4 10.3 0.4 0.6 22 1.4 2.7 52.5 88| 36.0 64.0 | 4 1 1 53 1 7 15
X2 442 | 26.4 1.3 3.9 25.9 0.7 0.4 0.4 1.2 34.0 59| 58.9 41.1 3 7 1 6 1 7 12
Xlll4 465 | 25.7 1.9 4.6 2.2 1.1 0.7 1.9 0.3 1.5 53.9 6.2 | 38.4 61.6 3 8 1 56 9 8 15
Xilll6 489 | 21.6 3. 6.2 1.8 0.5 0.6 09 1.1 2.5 547 7.0 | 35.8 64.2 8 14 1 38 25 14
X8 514 | 47.6 4.8 8.8 0.4 0.3 1.1 0.8 0.0 33.9 24| 63.7 363 | 4 2 1 41 37 16
X0 537 | 211 1.0 4.4 0.9 2.5 1.8 63.1 5.2 | 29.8 70.2 5 8 1 43 18 12 13
XVIi2 510 | 51.3 2.8 9.4 1.9 2.5 2.8 0.1 0.7 0.1 0.5 27.2 09| 71.5 28.5 | 2 3 1 39 45 1
XVl4 530 | 49.2 2.8 8.1 2.9 3.0 238 0.3 09 0.2 0.5 28.0 1.4 70.1 299 | 3 4 1 44 34 14
Xvl6 550 | 499.8 3.2 111 2.4 28 2.7 0.8 0.1 0.6 25.0 1.4 731 269 | 4 2 2 33 42 17
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Figure 23. Grain size distribution plots per core from Sedigraph analysis. The numbers in the legend
indicate the fraction < 0.516 um and > 250 um. The grain size values are in reversed order for
comparison with Honty et al. (2004)
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Table 14. Clay, silt and sand volume fraction for each sample based on the sedigraph technique. The fraction of grains >250 ym is included in the sand
fraction. The grain size intervals are in accordance to those by Honty (2008).

Clay (<2 pm)  Silt (2-63 pm) sand (>63 pm) Clay (<2 pm) Silt (2-63 pm) sand (>63 pm) Clay (<2 pm) Silt (2-63 pm) sand (>63 pm)
1A 7.5 54.9 37.7 IVIA  25.5 20.5 54.0 VIl 1A 56.4 43.0 0.6
1 2A 6.4 53.3 40.3 IV2A 25.3 19.7 55.0 VII 2A 46.8 52.3 0.9
1 3A 7.8 45.5 46.7 IV3A 18.1 72.6 9.3 VIl 3A 55.1 44.7 0.2
1 4A 12.7 52.7 34.6 IV4A  17.3 75.3 7.4 VII 4A 47.9 52.1 0.0
1 5A 25.7 49.0 25.2 IV5A  13.5 80.4 6.1 VII 5A 63.4 36.5 0.0
1 6A 34.7 27.7 37.6 IV6A 9.6 63.1 27.2 VIl 6A 19.3 58.9 21.8
17A 19.4 45.6 35.0 IVZA  10.3 40.0 49.7 VII 7A 19.1 67.8 13.1
1 8A 19.7 49.8 30.5 IV8A 19.5 74.8 5.7 VIl 8A 17.8 64.6 17.6
1 9A 23.0 60.2 16.8 IVOA 16.7 49.3 34.0 VI 1A 41.1 55.3 3.6
110A 18.3 56.7 25.0 IV10A 11.3 54.6 34.1 VIII2A  41.0 55.8 3.1
111A  20.6 69.7 9.7 IV11A 18.8 16.1 65.0 VIII3A  48.4 49.5 2.1
112A  20.6 74.6 4.8 V1A  27.6 59.4 13.0 VI 4A 54.9 43.9 1.1
113A  46.8 45.9 7.3 V2A 211 75.8 3.1 VI 5A 50.3 47.1 2.6
I11A 15.3 63.2 21.5 V3A 273 64.9 7.9 VIII 6A  44.7 53.2 2.0
11 2A 26.8 56.9 16.3 V4A  35.2 64.1 0.7 VIII7A  41.6 56.4 2.0
11 3A 43.4 53.5 3.1 V5A 46.3 53.0 0.8 VIl 8A 39.7 57.9 2.3
11 4A 60.8 38.4 0.8 V6A 55.6 44.2 0.2 VII9A  47.5 49.8 2.7
11 5A 58.8 39.4 1.8 V7A  50.1 48.8 1.1 VIl 10A  39.4 58.4 2.2
11 6A 30.0 60.6 9.4 V8A 49.2 47.6 3.3 IX 1A 54.0 44.7 1.2
11 7A 39.9 59.5 0.6 VI9A  36.2 61.7 2.1 IX 2A 55.0 45.0 0.0
11 8A 55.3 43.5 1.2 V10A 14.4 37.5 48.1 IX 3A 61.6 38.0 0.4
11 9A 70.2 29.3 0.4 V1A 12.2 75.1 12.8 IX 4A 54.3 45.3 0.5
I110A 21.6 32.0 46.4 V12A  26.6 72.8 0.6 IX 5A 55.7 44.3 0.0
I111A 0.5 40.0 59.5 VI1A 21.8 68.4 9.8 IX 6A 62.6 36.5 0.8
1A 12.6 80.3 7.1 VI2A  31.6 58.5 9.9 IX 7A 50.6 49.3 0.1
1I2A  14.8 75.3 9.9 VI3A 441 49.4 6.5 IX 8A 39.4 57.5 3.1
II3A 29.6 66.9 3.5 VI4A 36.4 55.2 8.5 IX 9A 42.8 54.8 2.5
14A  29.2 70.4 0.4 VI5A 35.9 53.4 10.7 IX 10A 32.0 66.4 1.6
I 5A  45.7 53.4 0.9 VI 6A  30.2 58.9 10.9 IX 11A 23.3 61.5 15.1
Il 6A  27.9 71.4 0.7 VI7A 53.1 44.8 2.1 IX 12A 31.2 57.3 11.5
I7A  34.6 64.5 0.8 VI 8A 53.9 42.4 3.8 X 1A 47.5 49.8 2.7
11 8A  32.6 66.6 0.9 VI9A 59.5 40.3 0.2 X 2A 29.0 62.9 8.1
II9A  26.8 72.6 0.6 VI 10A 59.8 39.6 0.6 X 3A 41.6 51.9 6.5
1 10A 19.7 71.8 8.5 VI11A 57.2 42.0 0.9 X 4A 18.4 68.2 13.4
H11A 6.2 61.3 32.5 VI 12A 55.7 41.5 2.7 X 5A 33.6 66.2 0.2
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Clay (<2 pm)  Silt (2-63 pm) sand (>63 pm) Clay (<2 pm) Silt (2-63 pm) sand (>63 pm)
XI1A  27.6 70.8 1.5 XVI 1 14.5 54.1 31.4
XI2A  39.5 60.0 0.5 XVI 2 17.5 57.3 25.2
XI3A  38.7 61.1 0.3 XVI 3 18.4 53.2 28.4
XIl 1A 16.5 77.8 5.7 XVI 4 24.5 56.5 19.0
Xl 2A  37.6 55.5 6.9 XVI 5 16.7 59.2 24.1
Xl 3A 29.1 58.2 12.7 XVI 6 18.3 59.6 22.1
Xl 4A  43.5 55.1 1.4 XVI7 21.0 59.4 19.6
Xl 5A  43.3 56.1 0.6 XVI 8 19.0 60.0 21.0
Xl 6A  46.0 53.9 0.1 XVI 9 23.4 56.6 20.0
XIl 7A  55.2 44.5 0.3 XVI 10 26.0 52.2 21.9
Xl 8A 42.9 56.6 0.4 XVI 11 27.7 55.8 16.5
Xl 1A 57.4 42.3 0.3 XVI 12 23.6 59.2 17.2
Xl 2A  52.4 471 0.5 XVI 13 26.9 56.6 16.6
Xl 3A  44.0 55.6 0.4 XVI 14 25.2 55.8 19.0
Xl 4A  57.8 42.2 0.0 XVII 1 38.7 59.3 1.9
Xl 5A  63.2 36.8 0.0 XVII 2 24.8 49.0 26.2
Xl 6A 59.0 40.8 0.2 XVII 3 54.6 44.7 0.7
XI7A 411 55.9 2.9 XVII 4 22.3 51.4 26.4
Xl 8A 28.5 64.3 7.2 XVII 5 27.4 64.7 7.9
Xl 9A  29.3 60.9 9.8 XVII 6 30.3 55.1 14.6
Xl 721 27.6 0.3
XIV1A 27.4 70.9 1.7
XIV2A 30.9 67.0 2.1
XIV3A 27.7 65.4 6.9
XIV4A 41.6 56.3 2.1
XV1A 247 71.4 3.9
XV2A 448 41.7 13.5
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Figure 25. Depth profile of Core | (left) and map with location (right). Fluctuating composition
and grain size distribution with depth. The Si content is negatively correlated with Ca. The Ca
content is has high values in the top and the bottom of the core. One exceptional sample at
586m with high Fe,0; and low Zr content and grain sizes in the silty/sandy interval.
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Figure 26. Depth profile of core Il (left) and map with location (right). Silty top and bottom, fine-
grained and clay-rich in the middle. Aluminium and Fe content are synchronous, and anti-correlate
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Figure 27. Depth profile of core lli(left) and map with location (right). Relatively homogeneous core.
Slightly Si-rich, siltier top and bottom, Al and Fe-rich middle part. Kaolinite and 2:1 clay and to a
lesser extend Total S and organic C correlate with the Fe,0; and Al,0; profiles. Zircon follows the Si
profile. Calcium content is low. The grain size distribution correlates with the Si content.
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Figure 28. Depth profile of core IV (left) and map with location (right). Very silty/sandy Si-rich
top and bottom. More clay-rich in between with an occasional sitly/sandy layer. The 2:1 clay
and kaolinite, and to a lesser extend Total S and organic C, correlate with the Al and Fe
content. Local enrichment in carbonate.
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Figure 30. Depth profile of core VI (left) and map with location (right). Relatively homogeneous
with depth. The Si content decreases slightly with depth while the Fe and Al content increase
slightly. The grain size distribution follows the increased clay fraction. A local carbonate
enrichment can be observed in the top.
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Figure 31. Depth profile of core VIl (left) and map with location (right). Al,0; and Fe,0; rich top,
SiO, rich bottom. Total S correlates with Fe;0s; and Zr with SiO,. Except for the upper sample,
the core is CaO poor. The grains are badly sorted.
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Figure 32. Depth profile of core VIl (left) and map with location (right). Homogeneous over
depth. Low SiO,, high Al,0; and Fe,0;, intermediate CaO, total S and organic C content. Grain
size distribution homogeneous and well sorted.
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Figure 33. Depth profile of core IX (left) and map with location (right). Since the samp

on a small depth interval, the interval is stretched in the onset.
Fluctuating composition with depth with more clay-rich top. Local enrichment in total S,

organic C and carbonate, without correlations.

OPERA-PU-TNO521-1

o

3

N
=3

@
=4

IS
S

o
3

@
3

~
S

@
3

©
3

=
3

3

R
S

@
s

2
S

g

]
3

I~
=}

®
3

g

]
=3
3

N
=]

N
N
S

N
@
=4

)
®
=]

g

(w) HY ydaq

& seronasonie

les are all

87 of 106



Legend

—@— Si02 (wi%) > Total S (Wt%)

core X —@— Cao (wt%) = Pyrite (wt%)
—@— Fe203 (wt%) —@— TOC (wi%)

—@— A2203 (wt%) —Jil}— Zircon (ppm)

|

2:1 Clay (Wt%) W Kaolinite (wt%)

Total S (wt%)

Pyrite (wt%) Grain size distribution in ym (%)

$i02 (wt%) Fe203 (wt%)  A1203 (wt%) " 2r (ppm) Ca0 (wt%) SRR Iy
Kaolinite (wt%) Total C,; (wt%) 5 3 3 3 5§
40506070 8 0 2 4 6 8 10 0 4 B8 12 16 0 1 2 3 0 200 400 600 O 2 4 6 8 10 12 14 3 8 b g 8 5
P P S PO O R PO O O A U U PO AU TP AN FUUU YT PO FOVRY AL A L IO P N | i~
0 =0
10 = E 10
20 | E 20
30 g E 30
40 5 E- 40
50 E- 50
60 E- 60
70 é :— 70
80 5 E- 80
90 = E- 90
E - E
= 2 = | bi:
E > E
100 5 E 100
110 { f 110
S E120 §
I E E k-1
< E E 5
£ E E >
g- 130 = E 130 E
a E E 3
140 5 E- 140
150 E- 150
160 E- 160
E ! ] ! E
170 = | \ E 170
E | \ =
: P } :
180 \ I E- 180
= | E
E i 0 [ E
E B \ [ sl E
= = b1 F
190 — < | 5] E 190
E H [ 1 i E
= | 3] E
El \ =
200 / | E- 200
E t N t -
E | | E
210 = \ | E 210
- | [ E A
E w | E ¢
220 5 | ( | E- 220
E x 3 g
3 | | E
230 = E- 230
240 | E- 240
- E o P
E S
250 = — £ 250
0 20 40 60 +
2:1 Clay (Wt%) -

Figure 34. Depth profile of core X (left) and map with location (right). Since the samples are all
on a small depth interval, the interval is stretched in the onset.

Relatively homogeneous composition, with slightly fluctuating Al content, which has a negative
correlation with Si and Zr. Low Total S, organic C and carbonate content. The second sample
from the bottom is siltier than the other samples.
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Figure 35. Depth profile of core Xll (left) and map with location (right).
Fluctuating composition with depth. The bottom part is more clay-rich than
the top. The grain size distribution is relatively homogeneous, but the bottom
is finer grained and better sorted. Total S, organic C and carbonate content
are intermediate and they fluctuate without any correlation between the
parameters.
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Figure 36. Depth profile of core Xlll (left) and map with location (right).
Gradually fluctuating SiO, with a Si-rich bottom (except for the lowest sample).
Zircon and the grain size distribution correlate with the SiO, profile. Fe,0s,
AlL;03, kaolinite and 2:1 clay negatively correlate with SiO,. The upper part of
the core is rich in CaO.
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Figure 37. Depth profile of core XVI (fresh drilling, location is confidential).
Relatively homogeneous composition. SiO, and Zr decrease slightly with depth,
while Fe,0;, Al,03 and total S increase slightly. Around 580 m a peak in Fe;0;
and total S is observed, which correlates with an increase in pyrite. The grain
size becomes slightly lower with depth and is poorly sorted.
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Legend
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Figure 38. Depth profile of core XVII (COVRA core) (left) and map with location (right). Note that
the shallowest sample represents the section of the core between 8.7 and 45.7 m (Table 8).
The samples show a slightly fluctuating composition. The Si and Zr show a negative correlation
with Fe and Al. Total S, organic C and Ca content are low.
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Appendix F

Table 15. Correlation matrix showing values of |R| > 0.6 for the clay and sand fraction, the oxides, carbon and sulphur.

Depth fcr':é’tion ?fa"c‘:ion Si02 | Al203 | Fe203 | CaO | MgO | Na20 | K20 |MnO | TiO2 | P205 | Cr203 |SO3 | V205 Z°ta' ;°ta' grga"ic 'C"°rga"ic
Depth
Clay fraction
Sand fraction
si02 0.76
A1203 -0.85 -0.81
Fe203 -0.70 | 0.65
CaO
Mgo -0.83 -0.87/0.90 |0.73
Na20
K20 -0.62 0.72 0.70
MnO
Tio2 -0.83 -0.69 | 0.92 0.82 0.69
P205
Cr203 0.67 0.66
03
V205 0.61 -0.73 -0.72/0.90 |0.75 0.80 0.81 0.68
Total C -0.70 0.73
Total S
Organic C -0.61 0.62
Inorganic C 0.94 0.79
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Table 16. Correlation matrix showing values of |R| > 0.6 for the oxides versus the trace elements.

f'ay. sand Si02 AlI203 Fe203 CaO MgO Na20 K20 MnO TiO2 P205 Cr203 SO3 V205 Total C Organicc  norgani
raction fraction cC
Ba 0.62
Co -0.69 -0.75 0.81 _ 0.70 0.82 0.66  0.72 0.77
Cs 0.67 -0.76 -0.69  0.87 0.76 0.78 0.82 0.65
Ga -0.85 -0.81  0.99  0.65 0.89 0.70 0.91 0.66 0.90 0.64
Hf 0.62 -0.62 -0.62
Nb -0.80 -0.71_ 0.93 0.81 0.68 0.95 0.62 0.82
Rb 0.65 -0.81 -0.72_0.94 0.85 0.71 0.87 0.62 0.87 0.62
Sr 0.89 0.62 0.78
Ta -0.76 -0.63  0.86 0.74 0.62 0.88 0.74
Th -0.83 -0.78_0.96 _ 0.64 0.88 0.72 0.93 0.68 0.88 0.60
1] 0.88
v 0.60 -0.72 -0.72 0.90 0.73 0.79 0.81 0.68 0.98
Ir 0.66 0.63  -0.66 -0.66 -0.61
Y -0.76 -0.65  0.84 0.73 0.62 0.88 0.79
La -0.79 -0.78  0.95  0.67 0.86 0.70 0.90 0.68 0.91
Ce -0.69 -0.77__0.88 _ 0.74 0.84 0.72 0.80 0.66 0.85
Pr -0.72 -0.73 0.90  0.67 0.80 0.68 0.85 0.67 0.88
Nd -0.67 -0.71_ 0.86 _ 0.65 0.76 0.66 0.80 0.62 0.85
Sm -0.72 -0.71__0.89  0.66 0.79 0.66 0.84 0.67 0.88
Eu -0.75 -0.74  0.91  0.68 0.82 0.67 0.86 0.66 0.89
Gd -0.76 -0.72_0.90 _ 0.63 0.80 0.66 0.87 0.65 0.88
Tb -0.81 0.79 0.92 0.67 0.85 0.68 0.89 0.65 0.88
Dy -0.73 0.63  0.85 0.75 0.65 0.88 0.81
Ho -0.79 0.74  0.89 0.81 0.65 0.90 0.64 0.84
Er -0.78 0.70 _0.87 0.77 0.64 0.90 0.63 0.81
Tm -0.78 0.69  0.85 0.77 0.66 0.91 0.63 0.78
Yb -0.68 0.79 0.67 0.88 0.60 0.76
Lu -0.74 0.63_ 0.80 0.70 0.61 0.89 0.62 0.73
Mo
Cu
Pb
Zn
Ni -0.72 -0.79 0.76 _ 0.70 0.77 0.70  0.64 0.68
As
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Table 17. Correlation matrix for the log values of the trace elements, showing values of |R| > 0.6.

Baf[Co [Cs Ga | Hf Nb |Rb |Sr|Ta |Th |U]|V Ir|Y La |Ce |Pr Nd |Sm |Eu |Gd |[Tb Dy |Ho |Er Tm [Yb |Lu|MofCu [Pb |Zn|Ni]|As
Ba
Co
Cs 0.65
Ga 0.80] 0.89
Hf
Nb 0.70]0.83]0.93
Rb 0.71]0.94] 0.95 0.90
Sr
Ta 0.62 | 0.78 ] 0.86 0.92 | 0.85
Th 0.7810.85] 0.96 0.95]0.92 0.88
U
\'Z 0.7710.84] 0.91 0.83]0.88 0.75]0.88
Ir 0.98
Y 0.64]0.80] 0.86 0.92 ] 0.86 0.8410.90 0.81
La 0.79]0.84] 0.95 0.94]0.92 0.85]0.97 0.91 0.91
Ce 0.81(0.70] 0.87 0.83]0.82 0.74]0.90 0.85 0.81]0.94
Pr 0.7410.80] 0.91 0.90] 0.90 0.81]0.93 0.90 0.91]0.9710.95
Nd 0.72(0.75]0.87 0.86 | 0.85 0.76 ] 0.89 0.86 0.88]0.94]0.93]0.97
Sm 0.73]10.78 ] 0.90 0.88]0.88 0.7810.92 0.89 0.90]0.96 | 0.94]0.99 ] 0.96
Eu 0.7710.80]0.92 0.900.89 0.80]0.93 0.91 0.90]0.97]0.93]0.98]0.94 | 0.97
Gd 0.75(0.81]0.92 0.91]0.90 0.82]0.92 0.89 0.94]0.960.91]0.97]0.93|0.97 ] 0.97
Tb 0.80]0.78 ] 0.91 0.89]0.86 0.81]0.94 0.88 0.8910.960.91]0.91]0.87]0.90] 0.93]0.92
Dy 0.65(0.78]0.87 0.91]0.87 0.84]0.90 0.82 0.94]0.92)0.83]0.92]0.88|0.92]0.92]0.93|0.88
Ho 0.7410.78 1 0.89 0.91]0.85 0.83]0.93 0.85 0.9210.93]0.85]/0.88]0.85]0.87]0.89]0.91]0.96 | 0.89
Er 0.68]0.76 | 0.86 0.900.83 0.83]0.91 0.82 0.92]0.92]10.82]0.86]0.82|0.85]0.87]0.88]0.94] 0.90 | 0.95
Tm 0.70]10.72 ] 0.84 0.89]0.81 0.8410.90 0.77 0.90]0.90]0.82]0.84]0.81]0.83]0.84]0.86]0.94]0.87(0.95|0.95
Yb 0.7410.80 0.89]0.80 0.82]0.85 0.77 0.93]0.86]0.76 | 0.84]0.81]0.83]0.83]0.87]0.85]0.90{0.90|0.91|0.90
Lu 0.60|0.69]0.79 0.87]0.77 0.82]0.86 0.73 0.88]0.84]0.75]0.79]0.76 | 0.78 ] 0.79] 0.80 | 0.88 | 0.85 | 0.91 ] 0.93]0.94 | 0.89
Mo
Cu
Pb 0.83
Zn 0.78]0.72
Ni 0.85|0.61]0.75 0.64 | 0.64 0.73 0.68 0.72]0.73]0.65]0.63]0.64|0.71]0.67]0.77 0.70] 0.66 | 0.68 0.63
As
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Appendix G

Table 18. Cluster means for the 6-cluster case and clay and sand fraction averages. Same as Table 2.

Cluster

1 2 3 4 5 6
Si02 70.9 87.7 86.8 53.0 69.6 57.8
Al203 10.4 2.7 4.5 14.1 7.5 16.0
Fe203 4.3 3.0 2.4 6.1 4.4 5.8
Ca0 0.9 1.1 0.3 5.0 4.5 0.9
MgO 1.4 0.4 0.5 2.0 1.1 1.9
Na20 0.8 0.1 0.4 1.0 0.7 0.7
K20 2.7 1.0 1.8 2.8 2.3 3.1
MnO 0.02 0.01 0.01 0.04 0.02 0.02
Tio2 0.7 0.2 0.3 0.7 0.5 0.8
P205 0.06 0.07 0.04 0.12 0.07 0.08
Cr203 0.02 0.01 0.01 0.02 0.02 0.02
S03 0.3 0.1 0.0 0.6 0.7 0.4
V205 0.02 0.01 0.01 0.02 0.01 0.03
Organic C 0.6 0.4 0.2 1.0 0.6 1.3
Inorganic C 0.1 0.2 0.1 1.1 0.9 0.1
Ba 336 178 301 272 328 312
Rb 99 36 57 118 80 141
Sr 139 89 81 320 270 148
u 2.9 1.2 1.8 3.7 2.9 4.2
Zr 352 184 364 181 418 216
Mo 0.9 1.1 0.7 1.7 1.7 1.3
Pb 10.5 4.5 11.9 19.2 7.8 18.1
Zn 53 18 19 122 35 68
As 6.8 9.1 4.5 8.0 10.7 11.6

. 7.0 5.8 3.9 8.2 6.8 11.8

Clay fraction (4-14) (2-10) () (4-12) (0-12) (5-25)
sand fraction | 191 59.1 78.4 3.2 35.8 3.8

(3-45) (38-89) (76-82) (0-13) (0-91) (0-30)
Nr of samples 35 3 3 36 36 36
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Table 19. Cluster 1 of 6-cluster case.

Sub-cluster

1 2 3 4
Si02 70.3 65.4 73.3 73.2
Al203 9.7 12.9 9.2 9.6
Fe203 5.3 4.9 3.9 3.8
Cao 0.7 1.0 0.3 0.9
MgO 1.5 1.7 0.9 1.3
Na20 1.1 0.8 0.5 0.7
K20 2.6 3.0 2.1 2.7
MnO 0.0 0.0 0.0 0.0
Ti02 0.7 0.8 0.6 0.6
P205 0.06 0.08 0.06 0.06
Cr203 0.02 0.02 0.02 0.02
S03 0.2 0.3 0.1 0.3
V205 0.02 0.02 0.02 0.02
Organic C 0.4 0.7 1.6 0.5
Inorganic C 0.1 0.2 0.0 0.1
Ba 303 352 267 344
Rb 89 115 91 95
Sr 167 161 91 124
U 2.5 3.0 6.3 2.9
Ir 360 278 291 382
Mo 0.4 0.3 8.4 0.9
Pb 10.1 13.9 8.0 9.4
Zn 65 63 42 47
As 8.4 6.9 14.4 5.8
Nr of samples 6 8 1 20
Table 20. Cluster 4 of 6-cluster case

Sub-cluster

1 2 3 4
Si02 47.9 53.1 56.3 50.4
Al203 14.6 15.6 11.7 12.0
Fe203 5.7 6.6 5.7 5.0
Cao 8.2 3.4 5.3 9.2
MgO 2.3 2.2 1.8 1.7
Na20 0.8 1.1 1.0 0.9
K20 2.9 3.0 2.3 2.3
MnO 0.0 0.1 0.0 0.0
TiO2 0.7 0.8 0.7 0.6
P205 0.09 0.14 0.12 0.10
Cr203 0.02 0.02 0.02 0.02
SO3 0.7 0.5 0.8 0.9
V205 0.02 0.03 0.02 0.02
Organic C 0.9 0.9 1.5 0.6
Inorganic C 1.8 0.8 1.1 2.2
Ba 255 298 231 261
Rb 130 129 93 106
Sr 410 268 301 521
U 3.8 3.6 4.3 3.1
Ir 149 180 200 175
Mo 0.7 0.8 4.7 0.7
Pb 19 23 14 16
In 117 117 153 84
As 5.3 8.3 9.6 5.9
nr of samples 4 19 9 4
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Table 21. Cluster 5 of 6-cluster case

Sub-cluster

1 2 3 4
Si0o2 76.4 68.8 71.3 57.6
Al203 7.4 4.8 7.8 10.9
Fe203 3.5 3.5 4.8 4.3
Cao 0.7 8.6 3.0 7.6
MgO 0.8 0.8 1.1 1.7
Na20 0.4 0.7 0.8 0.6
K20 1.8 1.6 2.5 2.5
MnO 0.0 0.0 0.0 0.0
TiO2 0.5 0.4 0.5 0.6
P205 0.06 0.06 0.07 0.07
Cr203 0.02 0.01 0.02 0.01
S03 0.2 0.9 0.6 0.8
V205 0.02 0.01 0.01 0.02
Organic C 1.0 0.2 0.6 1.0
Inorganic C 0.0 1.5 0.7 1.6
Ba 265 287 354 283
Rb 83 53 81 118
Sr 107 463 215 333
U 5.0 2.2 2.7 3.8
Ir 310 612 401 229
Mo 6.5 0.6 1.6 2.2
Pb 6.3 5.0 7.9 12.6
Zn 35 28 38 37
As 12.2 8.6 11.7 7.5
Nr of samples 2 7 23 4
Table 22. Cluster 6 of 6-cluster case

Sub-cluster

1 2 3 4
Si02 59.6 63.7 55.9 54.7
Al203 15.6 13.0 15.4 17.6
Fe203 5.4 5.2 6.2 6.3
Cao 1.0 0.9 0.8 0.9
MgO 2.0 1.4 1.8 2.0
Na20 0.7 0.6 0.6 0.7
K20 3.1 2.6 3.0 3.2
MnO 0.0 0.0 0.0 0.0
TiO2 0.8 0.7 0.8 0.9
P205 0.07 0.06 0.08 0.09
Cr203 0.02 0.02 0.03 0.02
SO3 0.4 0.4 0.6 0.3
V205 0.03 0.03 0.03 0.03
Organic C 0.9 1.7 2.0 1.4
Inorganic C 0.1 0.1 0.1 0.1
Ba 333 295 283 301
Rb 136 131 143 149
Sr 146 150 109 167
u 3.6 5.5 6.2 3.8
Ir 227 253 225 188
Mo 0.6 3.4 3.6 0.6
Pb 18 13 16 20
Zn 66 57 69 72
As 9.0 13.2 14.5 13.3
Nr of samples 10 2 5 19

OPERA-PU-TNO521-1

99 of 106



100 of 106
OPERA-PU-TNO521-1



Appendix H
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Figure 39. Factor plots for the 4-factor case. The closer the component is located near the factor axis, the better it is explained by that factor. For
example AL,0; lies almost on top of the x-axis in the left plot, near value 1, indicating that this component is for almost 100% explained by factor 1. In the

right plot Al,0; is close to the origin, indicating that it hardly explained by factor 3 and 4.

OPERA-PU-TNO521-1

101 of 106



Factor 1 Factor 2 Factor 3 Factor 4

Sample

tso35ese9300225335853553353ys53d
T oFT o000 RRRYRRRRYRoeoRYRYY Y Yooloooo
NG ReRAY IR egme Tvlcme ™ rx < RN, B SR
PPN RS T TP T SRS NSRRI R TP
MRIORAON L monmintalNToRN N 0T M000
NPT P T P S-S0 coaRPcRRPRRRRRRR
NQOMANTERON -0 009 0®RMNO S QNMY T® o
e e R e o e I i ol = T I o = RS UL I iy FoR e

N TN ON O o ~

= =
H””MHM”M”””““””““”1234567”112345
SSSSSSSS5555555555 XXX XXX XXX XXX

Factor 1 Factor 2 Factor 3 Factor 4

Sample

534536.7.2H29.13832.RWA”214922662.81410102.
PRSP T T TP RRPRP P |lcc RS sas®
CMNO 0l ToN =T RYAY o YNCOO Y T N, onao .
T ST PO T T PR R R =T T T PR RPN

Factor 2 Factor 3 Factor 4

Factor 1

Table 23. Factor scores for each sample. The method used is ‘regression’ (default).
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Sample Factor 1 Factor 2 Factor 3 Factor 4 Sample Factor 1 Factor 2 Factor 3 Factor 4
XI 1A 0.4 0.9 2.0 0.2 XVI1 -1.2 0.3 0.0 0.4
Xl 2A 0.7 1.2 0.6 -0.2 XVI 2 -1.1 0.1 0.1 0.7
Xl 3A 1.0 1.5 -0.4 -0.7 XVI'3 -1.1 0.1 -0.1 0.9
Xl 1A -0.3 1.6 1.9 0.3 XVI 4 -0.9 0.5 0.0 0.7
Xl 2A -0.6 1.9 1.0 -1.2 XVI'5 -0.9 0.4 0.0 0.9
Xl 3A -1.1 1.6 1.5 -1.6 XVI 6 -0.9 0.5 0.1 0.9
X1l 4A 0.4 0.7 -1.1 -0.6 X7 -0.9 0.3 0.1 0.9
XII 5A 0.2 2.0 -0.3 -0.5 XVI 8 -0.8 0.4 0.2 0.9
Xl 6A 1.0 1.5 -1.3 -0.7 XVI 9 -1.0 0.5 1.7 0.5
Xl 7A 1.0 1.4 -0.5 -1.1 XVI 10 -0.9 0.8 2.0 0.8
Xl 8A 1.3 0.3 -0.7 -0.6 XVI 11 -0.6 0.5 0.7 0.9
Xl 1A 0.7 1.0 -0.3 -0.8 XVI 12 -0.9 0.6 1.0 0.5
X1 2A -0.4 3.3 -0.7 -0.9 XVI 13 -0.9 0.3 1.6 0.2
X1 3A 0.3 1.8 -1.2 -1.2 XVI 14 -1.1 0.3 1.7 -0.1
X1l 4A 1.1 -0.2 -0.8 -0.7 XVII1 0.4 -0.4 -1.0 -0.6
XIII 5A 1.7 0.3 -1.3 -0.8 XVII 2 0.7 -0.2 1.2 -1.2
X1l 6A 1.1 -0.3 -0.5 -0.9 XVII 3 -0.5 -0.9 -0.1 0.5
Xl 7A 0.5 -1.0 -0.4 0.2 XVII 4 -0.4 -1.0 -1.0 0.0
XIII 8A 0.2 -1.1 0.1 0.8 XVII' 5 0.2 -0.9 1.2 -0.3
XIII 9A 0.2 -1.1 -0.4 1.7 XVII 6 0.0 -0.9 0.8 0.3
X1l 10A 1.3 -1.1 0.8 -0.7

XIV 1A 0.0 0.4 1.7 0.0

XIV 2A 0.2 0.7 1.3 -0.1

XIV 3A 0.0 0.6 2.0 -0.3

XIV 4A 1.0 0.9 -0.5 -0.8

XV 1A -0.5 1.4 0.3 -0.6

XV 2A -0.4 2.2 -1.1 -1.4
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Appendix |

Table 24. Correlation matrix of mineralogy showing values of |R| > 0.6. * Number of values above detection limit is below 6.

Clay %and —q  plag  Kef Clin/Heul Cal ANKE sig py St Hal  Gyp Jar  Chl

fraction fraction dol* LT

Arag

2:1
clay

Kaol

Tot_clay

Depth

Clay fraction

Sand fraction

Qtz 0.90

Plag

K-f 0.79

Clin/Heul

Cal

Arag

Ank/ dol

Sid

Py

Ana 0.70 -0.81 -0.75

Syl

Hal 0.85

Gyp

Jar 0.71 0.67

Chl -0.68 -0.67 0.73

2:1 clay 0.64 -0.89 -0.94 0.81 0.66

Kaol 0.62 -0.78 -0.81 0.85 0.71

0.79

Tot_clay 0.65 -0.90 -0.94 0.85 0.72

0.99

0.86
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Appendix J

Table 25. Correlation matrix of mineralogy and oxides showing values of |R| > 0.6. * humber of values above detection limit is below 6.

?rlaa():/tion ?raancciion Qtz Cal Ana Syl* Hal Gyp Jar* Chl Z_:[;y Kaol -crlc; ty
$i02 0.87 0.95 -0.70 0.62 -0.84 -0.79 -0.86
Al203 0.67 -0.88  -0.86 0.90 0.74 0.89 088 0.92
Fe203 | 0.67 0.73  -0.78 0.69 0.78 0.72 0.79
Ca0 0.97
MgO 0.60  -0.64 0.61 0.61
Na20 -0.60  -0.71 0.81  0.77 0.70 0.63 0.71
K20
MnO
Ti02 0.64
P205 0.68
Cr203 | 0.83 -0.78  -0.75 0.89 0.64 063 0.82 082 0.8
S03 -0.63 0.80
O3
V205 -0.62  -0.70 0.60 0.60 0.77 0.75
TOT_C 0.96
TOT_S 0.87 0.95 -0.70 -0.62 -0.84 -0.79 -0.86
grga”‘c 0.67 -0.88  -0.86 0.90 0.74 0.89 0.88 0.92
'C“°rga”‘c 0.67 -0.73  -0.78 0.69 078 0.72 0.79
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Table 26. Correlation matrix of mineralogy and trace elements showing values of |R| > 0.6. * number of values above detection limit is below 6.

fcrlaagtio ?f‘a”cciio Qz  Plag K gt‘l”/ H cal  Arag fj‘g:i’ Sid* Py Ana Sy Hal  Gyp  Jar*  Chl ii;y Kaol I&;
Sc 1069 -0.89 -0.86 0.90 072 090 0.88  0.93
Ba 0.99 0.5
Co 080 0.7 0.80 068 077 08 082
G |0.70 -0.86 -0.84 0.93 0.71  0.88 0.88  0.91
Ga  |0.66 -0.89 -0.87 0.92 0.74 090 0.89  0.93
Hf 0.62 0.73
Nb 084 079 0.87 071 079 082 082
Rb  |0.67  -0.85 -0.84 0.88 0.68  0.88 0.82 0.9
Sr 0.86
Ta 079  -0.73 0.85 0.64 073 081 077
Th | 0.64  -0.85 -0.84 0.88 0.74 0.84 0.86  0.88
U 0.70  -0.73 0.62 0.62  0.73 0.73
v 0.82  -0.77 -0.74 0.92 0.67 0.6 0.81 0.81  0.84
W 0.67  -0.70 0.65 070 0.68  0.72
Zr 0.63  0.76
Y 081 0.73 0.81 0.64 071 075 0.74
la | 0.64 -0.84 -0.82 0.86 0.69 0.82 0.85  0.86
Ce  |0.62 -0.80 -0.83 0.79 0.69 081 0.83  0.84
Pr 0.63 -0.78 -0.77 0.81 0.65 076 0.80  0.79
N |0.61  -0.76  -0.76 0.73 061 071 076 0.75
sm 0.66 -0.78 -0.76 0.81 0.66 075 0.80 0.79
Eu |0.67 -0.80 -0.78 0.83 0.67 077 0.85 0.8
Gd  |0.67 -0.80 -0.76 0.84 0.68 075 0.85  0.80
To  0.69  -0.85 -0.83 0.85 0.69 0.83 0.86  0.86
Dy | 0.60 -0.79 -0.74 0.81 0.67 072 078 0.76
Ho  0.65 -0.86 -0.80 0.87 070 0.80 0.82  0.83
Er 0.62 -0.83 -0.77 0.82 0.66 077 079  0.80
Tm  0.62 -0.83 -0.78 0.82 0.68  0.77 0.77  0.80
Yb 077 -0.70 0.81 0.62  0.67 072 0.71
Lu 0.80 -0.72 0.78 063 070 071  0.73
Mo
Cu 071  -0.80 -0.77 0.90 071 0.84 083  0.87
Pb |0.73  -0.86 -0.82 0.87 0.69 0.84 0.88  0.88
Zn 0.80  -0.78 0.72 0.77 080 074 0.8
loghs 0.89  -0.87 0.76 0.70 085 0.82  0.88
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