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LITHOGEOCHEMISTRY OF THE DINANTIAN STRATA OF THE
CAMPINE-BRABANT BASIN (NORTHERN BELGIUM)'

by
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(9 figures and 14 tables)

ABSTRACT.- The geochemical distribution patterns of Mg, Sr, Na, Zn, Pb, Fe, Mn, organic carbon and
K in the Dinantian carbonates of the Campine-Brabant Basin have been investigated. The distribution is
influenced by the mineral content of clays, organic material, sulphides and oxides and by the processes of
dolomitization, calcite cementation, neomorphism and karstification. Mg, Na, Fe and K are enriched in
clayey limestones. During dolomitization Mg, Na, Mn, Fe and Zn were supplied and Sr was removed. The
concentration of Fe and Mn is high in the strata with an important terrigenous component. They are mainly
related to Fe- and Mn- oxyhydroxides. However, their contents are also high in veins, which formed as a
result of stress periods, and in late diagenetic cemented, recrystallized and karstified limestones.

Numerous factors which influence the geochemical distribution in carbonate rocks, have been
distinguished and interpreted by a combination of sediment petrographical and diagenetic investigations
and a statistical treatment of geochemical data.

RESUME.- Les modeéles de distribution géochimique de Mg, Sr, Na, Zn, Pb, Fe, Mn, carbone organique
et K dans les carbonates du Dinantien dans le bassin de la Campine, ont été examinés. Cette distribution
est influencée par le contenu minéralogique des argiles, de la matiére organique, des sulfures et des
oxydes, et par les processus de dolomitisation, de néomorphisme et de karstification. Mn, Na, Fe et K sont
enrichis dans les calcaires argileux. Durant la dolomitisation, Mg, Na, Mn, Fe et Zn furent apportés et Sr fut
emporté. Les teneurs en Fe et Mn sont élevées dans les couches a apport terrigéne appréciable.
Cependant, ces teneurs sont également importantes dans les veines, formées au cours de périodes de
haute tension, et dans les calcaires recristallisés, karstifiés et cimentés tardivement.

De nombreux facteurs qui influencent la distribution géochimique dans les carbonates, ont été
distingués et interprétés par combinaison d‘approches différentes: pétrographie sédimentaire,
investigation diagénétique et traitement statistique des analyses géochimiques.

1.- INTRODUCTION hypersaline and deep sea rock types (Veizer &
: Demovic, 1974). However, although high concen-
The last fifteen years, lithogeochemistry of trations of Fe and Mn have been used as an
carbonates has been extensively used in paleo- indication of the proximity of the continent{Pascal,
environmental studies (Veizer & Demovic, 1974; 1979; Coulon, 1979), the study of Parker et al.
Kranz, 1976; Veizer et al., 1977, 1978; Pascal, (1985) showed that diagenetic alteration can
1979; Coulon, 1979; Swennen, 1986; Swennen, destroy the primary signature. One of the most
et al, 1986) and in geochemical prospections obvious results of the lithogeochemical investi-
(Russell, 1974; Gwosdz & Krebs, 1977; Swennen gations was the recognition of the large influence
& Viaene, 1981; Herbosch et al., 1983; Préat et al.,
1983; Erickson et al., 1983; Dejonghe, 1985, '7‘Commun/cationprésentée/e5décembre 1989, manuscrit recu en
1987a,b; Swennen, 1986; Van Oyen & Viaene, fevrier 199

. . X N 2 Katholieke Universiteit Leuven, Fysico-chemische geologie, Celes-
1988; Clifford et al., 1988). High Sr concentrations tiinentaan 200C, B-3001 Heverlee, Belgium.

have been interpreted as an indication for 3 Senior research assistant N.F.W.0.
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Fig. 1.- Location of the borehole which are geochemically
investigated. The barbed lines mark the northern and southern
border of the Dinantian strata
(Bo: Booischot; Ha: Haien; He: Heibaart; Ke: Kessel;

Lo: Loksbergen; Po: Poederiee; Tu: Turnhout).

of the non-carbonate phase on the distribution of
trace elements in carbonate rocks (e.g. Barber,
1974; Pascal, 1979; Swennen et al, 1986;
Dejonghe, 1987a).

The aim of this study is to discuss the
geochemical distribution patternsinthe Dinantian
carbonates of the Campine-Brabant Basin. The
importance of a petrographical knowledge of the
analysed samples and of the selection of the
samples, which are statistically treated, will be
illustrated.

The Dinantian carbonates of the Campine-
Brabant Basin are known from several boreholes.
Seven boreholes have been investigated {fig. 1).
The sedimentology and the facies description of
the Dinantian of the Campine-Brabant Basin have
been discussed by Muchez et al. (1987a) and
Muchez (1988). The results are summarized in
table 1. Details of the analysed samples are given
in the discussion of the geochemical distribution
patterns.

2. METHODS

Each five meter, a representative sample of the
rocks has been taken. When important lithological
variations occurred, a more detailed sampling was
carried out.

Rock analyses for Mg, Sr, Na, Zn, Pb, Fe, Mn
and K were made by a Varian Techtron atomic
absorption spectrometer. The insoluble residue
(IR) was determined gravimetrically after a HCI
{12.5N) attack. The organic carbon (Corg) content
was measured by the Walkiey and Black method

Table 1.- Sedimentation environment of the different Visean
stages and sub-stages in the Campine-Brabant Basin.

Stage or substage Sedimentation environment
and borehole

Lower Moliniacian

Booischot Evolution of open marine subtidal to
restricted, intertidal and supratidal

Kessel Restricted and supratidal

Loksbergen Open marine subtidal

Halen Shallow, open marine subtidal

Turnhout Lower part: intertidal to very shallow subtidal
Upper part: shallow, open marine subtidal

Heibaart No or very limited sedimentation

Upper Moliniacian

Booischot Lower part: restricted, intertidal and

supratidal

Upper part: restricted and open marine subtidal

Kessel Lower part: evolution from open marine subtidal

to intertidal
Upper part: shallow, open marine subtidal
Halen Cyclic sedimentation: from open marine subtidal
to restricted
Subtidal sedimentation, but mostly eroded
Shallow, open marine subtidal

Turnhout
Heibaart

Reworked seguence

Halen Open marine subtidal, conglomerates and
breccias

Turnhout Cryptalgal sediments in subtidal environment
(above wave base)

Livian

Heibaart Open marine subtidal (below wave base)

Lower. Warnantian .
Halen Cyclic sedimentation: from open marine subtidal
to restricted

Turnhout Cryptalgal sediments in subtidal environment
{above wave base)

Heibaart Lower part: subtidal at or just below wave base
Upper part: development of a reef mound

Poederiee Cyclic sedimentation: core, flank and top

facies of reef mounds

Upper. Warnantian .
Halen Open marine subtidal and restricted
Turnhout Open marine subtidal

(Allison, 1965). This method has the disadvantage
of also oxidizing partly or completely other consti-
tuents such as sulphides within the carbonate
rocks. The analytical procedure hasbeendescribed
by Van Orsmael et. a/. (1980), Van Orsmael (1982)
and Swennen et al., (1986). Analytical precision at
the 95 % confidence level, determined by 50 repli-
cate analyses, is better than 10 percent for most of
the analysed elements (Van Orsmael et a/., 1980).

The lithogeochemistry of the Dinantian strata
of the Campine-Brabant Basin was also studied by
Op de Beeck (Swennen et al., 1982a). The results
of that study have been used and processed with
the new data.

In several geochemical studies (Veizer et al.,
1978; Parker et al, 1985; Swennen, 1986;
Dejonghe, 1987a; Van Oyen & Viaene, 1988), the
data have been logarithmically transformed,
because lithogeochemical distributions often
display a lognormal distribution (Ahrens, 1954).
The choice of logarithmic or non-transformed data
is based on the Shapiro-Wilk (n<51) and the
Kolmogorov D {(n>50) tests. In this study the
logarithmically transformed variables are pre-
ceeded by a capital letter L (e.g. LMn).

Zonations in dolomite crystals visible under
cathodoluminescence were analysed on an
Applied Research Laboratories model ‘AMX’
electron microprobe for caicium, magnesium, iron
and manganese. The detection limit for CaCO3;,
MgCO; and FeCO; is 0,08 mol%, 0,08 mol%, 0,09
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mol% and O,11 mol% respectively. Their stan-
dards are respectively calcite, magnesite, rhodo-
chrosite and siderite.

3.- RESULTS AND INTERPRETATION

The geochemical data of each borehole are
given in a geochemical profile. Furthermore, the
data are subdivided according to lithostratigra-
phical units,and carbonate mineralogy (limestone
versus dolomite). Often the lithostratigraphical
units correspond with the biostratigraphical units.
A dolomite contains more than 10% Mg. Of
selected groups of samples a histogram, the
median (m) and the range (5-95 %) of the variables,
correlation matrix and a factor analysis (Varimax
rotated) were calculated. In most of the selected
groups, the anomalous samples have been
omitted. The correlations were evaluated by
bivariate plots. The results of the correlation
matrix are presented by the element associations.

Sparitic matrix

Micritic or microsparitic matrix
Dolqsparite

Dolomicrite or dolomicrosparite

Sandstone

Shale

Marl

Dolomicrite or dolomicrosparite with

— internal structures
Conglomerate D Missing cores
LM Lower Moliniacian

AAAAA Breccia fragments
@ Lithoclasts UM Upper Moliniacian
(=)

<O Limestone nodules

=) Li Livian

55555 Silicification LW Lower Warnantian
Cam. Campanian UW Upper Warnantian
rew. Reworked sequence

T.D. Total depth of the borehole

*k Anomalous samples or veins

A Disconformity

Fig. 2.- Legend of the lithological logs in the geochemical
profiles.

Table 3.- Factor analysis of the IR-rich Moliniacian carbonates
{Mg < 3 %) in the Booischot boreole (n = 21).

———— 2= 0,65 ---->2 0,45 and < 0,65
Variable Factor 1 Factor 2 Factor 3 Communaliities
LMg 01 0.87 0.22 0.80
LSr 0.86 0.28 - 0.22 0.84
LNa 0.82 - 0.11 - 0.37 0.81
LZn - 0.34 0.08 .80 0.76
LFe 0.88 0.25 - 0.19 0.87
Mn - 0.12 0.80 - 0.37 0.79
LCorg 0.52 0.23 0.70 0.82
LIR 0.92 - 0.16 0.10 0.89
LK 0.91 0.01 .03 0.83
explained 48 18 17
variance
(%)

The element associations are not given in this
paper. They can be obtained from the authors on
request. The calculations were carried out by SAS
computer programs. The statistical treatment of
the geochemical data has been carried out onthe
thick units with a large availability of core samples.

3.1.- LOWER MOLINIACIAN STRATA

3.1.1.- IR-rich limestones
a.- Booischot borehole

Within the lithogeochemical profile of the
Booischot borehole (fig. 3), three important
lithological units can be distinguished: a dolostone
unit, a clay-rich carbonate unit with sandstone
layers and a limestone unit. In this paragraph we
focus on the clay- and sandstone-rich unit. The
geochemical profile is very irregular. High Sr, Fe,
Mn, IR and K contents occur compared with those
in other units (table 2). The Mg distribution shows
two populations; a first with a Mg content lower
than 0,6% and a second with a Mg content
between 1,6% and 2,1 %. LNa (+), LFe(+), LIR (+),
LK (+) and LSr (-) are present in factor 1 of the
factor analysis (table 3). This association explains
48% of the total variance. The elements in the
second and third factors are LMg(+), Mn(+) and
LZn(+), LCorg+) respectively. Each of them
explains more than 16 % of the total variance.

Na, Fe and K are associated with the clays,
which form an important part of the insoluble
residue (IR). Furthermore, the clayey horizons
contain hematite nodules. Sr is negatively
correlated with IR and thus more incorporated in
the calcite lattice than adsorbed on clays (Barber,
1974; Dejonghe, 1987a). In the correlation matrix,
no relationship exists between Mg and Mn. This
illustrates that the factor analysis can group
elements without a clear explanation. Therelation
between Zn and Corgin factor 3 can be explained by
the oxidation of sulphides in the analytical
procedure and by the preferential adsorption of Zn
on organic material (Vine & Tourtelot, 1970).
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Fig. 3.- Geochemical profile of the Dinantian in the Booischot borehole (legend see fig. 2).
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Table 4.- Factor analysis of the Moliniacian strata (Mg < 1%)in
the Kessel borehole (n = 24).

Variable Factor 1 Factor 2 Factor 3 Communaiities
LMg 0.49 .36 0.76
Sr - 0.67 0.298 0.68
LNa 0.92 0.07 - 0. .85
LZn - 0.16 0.02 o 0.81
LFe 0.89 0.23 - 0.85
Mn - 0.05 0.95 - 0.91
LCoreg 0.1z 0.76 0.77
LIR 0.84 - 0.16 0.85
LK 0.94 0.07 0.88

explained 44 20 18

variance
(%)

However, recent studies indicate that Zn is mainly
associated whit Fe-oxyhydroxides (Robinson,
1981; Scott, 1986). It should be noticed that one
sample (a sandstone) whith a low Zn and a high
Corgcontent prevents a positive correlation in the
correlation matrix.

b.- Kessel borehole

A few samples areanomalous in Zn and Pb(fig.
4; 622m and 588-587 m). The anomalous Zn and
Pb contents are associated with an organic-rich
horizon (622 m) and with a conglomerate at 588-
587 m. In both horizons pyrite and sphalerite have
been recognized. In the conglomerate, sphalerite
occurs in the pores of the recrystallized matrix.
These anomalous samples and those with a Mg
concentration higher than 1% have not been used
in the statistical treatment.

The Fe, Mn, IR and K concentrations are often
very high (fig. 4). Sr(-), LNa(+), LFe(+), LIR(+),
LK(+)andto a lesser extent Mg(+) contribute to the
44 % of the variance of the firstfactor (table 4). The
second factor indicates a correlation between

LCorgand Mn, and the third factor between LZn and
LMg.

The very high Fe, Mn, IR and K contents
indicate an important continental influence. This
is also attested by petrographic observations. The
association of Na, Fe and K with IR is interpreted as
adsorption and incorporation of the three
elements in the structure of clay minerals.
Furthermore, hematite nodules are present in the
clayey horizons. Also Mg can be adsorded on clay
(Pascal, 1979). Mn is partially transported in water
as an organic complex (Yariv & Croos, 1979); this
explain the association of Mn and Corg in factor 2.
Van Orsmael (1982) concluded from his study that
the Corg content in limestones is useful as a
measure for the reducing conditions of the
sedimentation environment. In mildly reducing
conditions, Mn-oxyhydroxides break downand Mn
(Il) is adsorbed to calcite in carbonate rocks
(Thompson et al., 1986). These reducing condi-
tions are an alternative explanation for the
association of Mn and Corg. The weak association
of Zn and Mginfactor 3 can notbe interpreted with
the present data.
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3.1.2.- Limestones
a.- Loksbergen borehole

The concentrations of Mg, Na, Zn, Fe, Mn, IR
and K in Lower Moliniacian limestones (fig. b) are
much lower than those in the boreholes of Kessel
and Booischot. Two factors are apparent in the
factor analysis (table 5). The first factor includes
LMg, LSr, LCorg, LIR, LK and to a lesser extent LNa
and LZn, and the second LNa, LFe and LMn.

The Mg, Sr, Corg, K, IR, Na, Zn association can
be explained by the difference in lithology. An
alternation of micritic and coarse-grained lime-
stones exists inthe Lower Moliniacian strata of the
Loksbergen borehole. Micritic limestones are
richer in Mg, Sr, clays and organic matter than the
coarse-grained limestones, which can contain up
to 40 volume percent Sr-poor cements. Further-
more, the exchange of ions in micrites is less
efficient than in grainstones (Pingitore, 1982). The
first element association will be defined as the
micrite association factor. A similar element
association has been interpreted as a shielding
effect of organic material (Swennen, et a/., 1982b;
Swennen, 1986). Because the micrites contain
more organic material than the coarse-grained
limestones, the leaching of Sr and Mg during
diagenesis is less effective. However, the Corg
content in the Loksbergen borehole is very low and
can not explain the observed differences in
concentration.

During diagenesis, Mn and Fe concentrations
increase. The distribution coefficients of Mn and
Fe are larger than 1 (Michard, 1968, Veizer, 1974).
These elements have been used to characterize
the textural maturity of imestones. The removal of
Sr and Na is associated with this process (Brand &
Veizer, 1980). Especially Sr and Mn are useful
diagenetic indicators, because of their widely
divergent partition coefficients, their association
with the carbonate lattice, and their large
compositional differences in marine and meteoric
water (Kinsman, 1969). The association of Na with
Fe seems peculiar. However, Brand & Veizer
(1980) found in their factor analysis of originally
high Mg-calcites, Na in their diagenetic equilibra-
tion factor. Three processes can contribute to the
association of Na, Fe and Mn: concentration of Na
by membrane filtration (Hitchon et al.,, 1971),
increase of the Mn and Fe concentration in pore
waters due to the admixture of meteoric waters
(Brand & Veizer, 1980) or due to the change of
redox potential in the subsurface (Evamy, 1969;
Moore & Druckman, 1981). These processes
influence the concentrations of the elements in
the pore water in the subsurface.

From the geochemical profile and the petrogra-
phy of the samples, a relation between the
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Table 5.- Factor analysis of the Lower Moliniacian stratainthe
Loksbergen borehole (n = 21).

Variable Factor 1 Factor 2 Communaliities
LMg 0.87 - 0.36 0.88
LSr 0.88 0.06 - 0.75
LNa 0.50 0.69 0.73
LZn 0.55 0.39 0.45
LFe 0.02 0.97 0.94
LMn - 0.18 0.95 0.93
LCorg 0.91 - 0.02 0.83
LIR 0.75 0.09 0.586
LK 0.78 0.14 0.60

explained 435 29

variance

(%)
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Fig. 5.- Geochemical profile of the Visean in the Loksbergen
borehole (legend see fig. 2)

Table 6.- Factor analysis of the Lower Moliniacian limestones
in the Turnhout borehole (n=52).

Variable Factor 1 Factor 2 Factor 3 Communaiities
Mg 0.62 - 0.20 0.21 0.47
Sr 0.43 - 0.65 - 0.09 0.62
Na 0.78 0.05 0.32 0.71

LZn 0.02 0.68 - 0.33 0.57
LFe 0.77 0.29 0.02 0.68
L¥Mn 0.70 0.23 - 0.25 0.61
Corx 0.23 0.65 0.25 0.54
IR 0.24 0.65 - 0.18 0.51
LK 0.13 - 0.086 0.91 0.85

explained 27 21 14

variance
(%)

samples with a high Fe, Mn and Na content and the
presence of small Fe-rich veins in these limestone
cores is apparent. So, the second factor probably
represents the equilibration of the subsurface
fluids with the existing geochemical conditions.
Moreover, the geochemistry of the fluids is
probably the result of a long interaction between
the rocks and the pore waters. When the samples
with a high Na, Fe and Mn content are omitted
from the statistical treatement, Fe and Na occur in
the first micrite association factor.

b.- Turnhout borehole

The trace element concentrations in the Lower
Moliniacian pure limestones are low (table 2 and
fig. 6). The homogeneous pattern is disturbed at
2662-2663 m by high Mg, Na, Zn, Pb, Fe, Mn and
Corg contents. These samples have not been used
in the processing of the data. The high trace
element concentrations are associated with a
dolomite vein, rich in sphalerite, pyrite and galena.
The high Corg content is probably due to the
oxidation of the sulphides in the analytical method.

In the factor analysis an association of Mg, Na,
LMn and LFe is apparent(table 6). Factor 2 groups
Sr(-), LZn(+), Corg(+) and IR(+). Factor 3 mainly
contains IR.

The association of Mg, Na, Fe and Mn in one
factor can not be explained unequivocally. The fact
that Mn is not correlated with Mg possibly
suggests that two processes played a role in the
association. A first process groups Na, Fe, Mn and
a second Mg, NaandFe. The association of Mg, Na,
Fe canbe interpreted as a diagenetic equilibration
factor sensu strictu (see paragraph 3.1.2.a).

The distribution of Mg in limestones, which
underwent an intensive diagenesis does not
represent the original Mg distribution, but the
result of dissolution and precipitation processes
(Videtich, 1985). If the original Na and Fe
concentration follow this redistribution pattern,
their association with Mg can be explained. Notice
also that these three trace elements are often
associated in dolomite crystals. Dolomite rhombo-
heders are present as small inclusions in the
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Table 7.- Factor analysis of the dolomites in the Booischot
borehole (n = 14).

Variable Factor 1 Factor 2 Factor 3 Communaliities
Mg - 0.86 0.16 0.01 0.76
Sr - 0.51 - 0.01 - 0.87 0.71
Na 0.20 - 0.93 - 0.07 0.91
LZn 0.53 0.43 0.16 0.49
LFe 0.37 0.00 0.89 0.94
LMn - 0.40 0.30 - 0.76 0.83
LCoreg 0.24 0.85 0.05 0.97
LIR 0.91 - 0.02 0.09 0.84
LK 0.84 0.20 0.38 0.88

explained 36 23 22

variance
(%)

bladed calcite cements in the Lower Moliniacian
strata. Their presence may cause this Mg, Na, Fe
association.

The concentrations of Zn, IR and Corg are very
low; therefore an interpretation of their distribu-
tion pattern has not been worked out.

3.1.3.- Dolostones
a.- Booischot borehole

The thick dolostone unit contains two anomalous
samples (fig. 3): a breccia at 682m with a low Mg
content and the sample at 695m with an IR
content of 12,8%. These two samples were not
further treated. The Mn and Fe concentrations are
high and the Sr content low (table 2). The factor
analysis (table 7) groups Mg(-), LIR(+)} and LK(+)
and to a lesser extent Sr {-) and LZn(+)} in factor 1,
NA(-) and LCorg{+) in factor 2 and LFe(-}, LMn(-)and
Sr (-) in factor 3.

Low Sr concentrations in dolomites can be
explained by the influence of subsurface meteoric
water flow during the dolomitization process
(Choquette & Steinen, 1980; Dunham & Olson,
1980; Tucker, 1983; Baum et a/., 1985). Land
(1980) and Hardie (1987) however, showed that
the interpretation of the composition of the
dolomitizing fluids based on the Sr concentration
is not valid.

High Mn concentrations in carbonates are not
the result of a normal marine diagenesis. Churnet
et al. (1982) interpreted high Mn and Fe contents
as an indication for a mixing zone dolomitization.
High Mn and Fe contents also occur in dolomites,
which did not underwent meteoric influences
(Taylor & Sibley, 1986; Burns & Baker, 1987).
Anomalous Fe and Mn values are derived from
Mn- and Fe-oxyhydroxides and coatings on detrital
minerals (Caroll, 1958; Berner, 1970). The Fe and
Mn are released during diagenesis (Caroll, 1958;
Curtis, 1967; Burns & Baker, 1987) and incor-
porated.in the dolomite lattice. Geochemically, no
argument is in favour for one of these processes.

The negative correlation between IR, K and Mg
simply indicates that the strata rich in insoluble

Table 8.- Factor analysis of the dolomites in the Halen borehole

(n=35).
Variable Factor 1 Factor 2 Factor 3 Communalities
Mg ~ 0.80 - 0.33 0.38 0.88
Sr - 0.06 0.85 - 0.11 0.74
LNa 0.51 - 0.18 0.58 0.62
LZn 0.75 - 0.43 0.12 0.76
LFe 0.986 - 0.11 0.01 ° 0.93
LMn 0.98 0.01 - 0.04 0.986
LCore 0.88 0.09 0.21 0.82
IR 0.18 0.86 0.19 0.81
LK - 0.12 0.13 0.89 0.83
explained 46 20 15
variance
(%)

Table 9.- Microprobe analysis of zoned dolomite crystalsinthe
Halen borehole.
b.d. = below detection limit.

Depth and Cat0Os MgCOs FeCOs | MnCOa
occurrence
mol% moi% mol% mol%
1331.m
core 52.82 45.01 0.15 0.09
52.18 44,73 0.40 0.44
ist brown-yellow 56.03 38.97 1.24 1.00
zone 56.72 39.06 0.62 1.77
dark zone 54.83 39.33 1.92 0.862
55.48 38.91 1.86 0.85
2nd brown-yeliliow 53.22 42.04 0.36 0.42
zone 55.30 40.99 1.21 0.56

1167 m

core 52.73 45.52 b.d. 0.17
52.52 44.97 b.d. b.d.

1st brown-yellow 56.78 40.09 0.37 0.27

zone 57.28 39.93 0.37 0.30

dark zone 55.58 39.14 3.29 0.61

2nd brown-yellow 56.70 39.70 0.48 0.26

zone

residue, contain less dolomite. The association of
Na and Corgin factor 2 can not be explained. Notice
that a limited number of samples has been
analysed. Factor 3 indicates that the enrichment of
Fe and Mn in the dolomite is associated with a
decrease in the Sr content.

b.- Halen borehole

In the geochemical profile of the Halen
borehole (fig.7), several samples of the dolo-
sparites between 1366 and 1185m have a Mg
content lower than 10%. These samples contain
Fe-rich calcite veins or are breccias withan Fe-rich
matrix. They were omitted from the processing of
the geochemical data of the dolostone unit.

The median of Na, Zn, Fe and Mn (table 2) is
high. One important group appears in the factor
analysis (table 8): LFe(+), LMn +), LZn{+), LNa(+),
LCorg (1) and LMg(-).

The high Fe and Mn values can be explained by
a mixing zone dolomitization or by the release of Fe
and Mn from terrigenous components during
diagenesis (see paragraph 3.1.3a). Under catho-
doluminescence, the dolomite crystals show a
complex zoning around a uniform orange lumi-
nescent core (Muchez, 1988). The zones are less
stoichiometric than the core and are richer in Mn
and Fe (table 9). The association of Fe, Mn, Zn and
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Fig. 7.- Geochemical profile of the Dinantian in the Halen borehole (legend see fig. 2).
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Na in factor 1 could indicate that their concentra-
tions increase during the growth of the dolomite
crystals. The most evolved dolomites have an
idiotopic habit and form a porous framework. In
these pores, organic material is present. This
explains the positive correlation between the
organic material and Fe, Na, Mn and Zn. Na
however, is not only associated with the
dolomites, it also occurs in association with the
clays (factor 3). It should be remarked that an
association of Na with dolomite not necessarily
implies an incorporation of this element in the
dolomite lattice. Important quantities of Na occur
in fluid inclusions in dolomites (Weber, 1964).
Fluid inclusions are abundant in the dolomites of
the Halen borehole.

The association of Sr and IR in factor 2 is not
clear. However, the IR content is low and hence
also the accuracy.

3.2.- UPPER MOLINIACIAN STRATA

a.- Booischot borehole

The geochemical profile of Upper Moliniacian
strata in the Booischot berehole is very irregular
and shows unusually high Zn, Pb, Mn, Mn, Corg, Fe
contents and low Mg and Sr concentrations (fig. 3).
The Zn and Pb anomaly occurs over a larger
interval than the Fe and Mn anomaly. Three
factors occur inthe factor analysis (table 10). The
first factor contains Mg(-), Sr(-), LZn, LPb, LFe,
LMn, and the second LNa, LK and LCorg and to a
lesser extent Mg and LFe, and the third LIR.

The high Zn, Pb, Mn, Fe, Corg and the low Mg
and Sr concentrations are associated with intense
recrystallized and karstified horizons in the Upper
Moliniacian strata. Zn, Pb and Fe occur as
sulphides in veins and pores. The difference in the
extent of the anomalous intervals can be explained
by the fact that the very high Fe and Mn values are
associated with the karstified horizons and high Pb
and Zn concentrations with the karstified and
recrystallized limestones. The recrystallization
occurs over a larger interval than the karstifi-
cation. The second factor is characterized by Na,
Corg K, Mg and Fe which probably represent the
micrite association factor (see paragraph 3.1.2.a).

b.- Halen borehole

The geochemical profile shows an irregular
distribution of, Fe, Mn, Corg, IR and K (fig. 7). Two
samples with a high Mg content occur at 1002 and
1004 m. These samples have been left out from the
processing of data, as well as the sample with an
IR content of 36.20%. Three factors are differen-
tiated in the factor analysis (table 11). Factor 1
groups LMg(-), Sr{-), LFe(+), LMn(+), factor 2
LCorg(+), LK(+), Sr(+) and factor 3 LZn{-+), LCorg(+)
and IR{+).

Table 10.- Factor analysis of the Upper Moliniacian strata in
the Booischot borehole (n =23).

Variable Factor 1 Factor 2 Factor 3 Communalities
Mg - 0.84 0.47 0.04 0.93
Sr - 0.84 0.33 - 0.27 0.94
LNa 0.00 0.82 0.34 G.79
LZn 6.85 0.42 - 0.07 0.90
LPb 0.89 0.19 - 0.09 0.84
LFe 0.68 0.45 0.17 0.69
L#¥n 0.91 0.21 - 0.08 0.87
LCoreg 0.27 0.84 - 0.23 0.83
LIR - 0.00 0.21 0.9 0.91
LK 0.04 0.82 0.27 0.75
explained 43 29 iz
variance
(%)

Table 11.- Factor analysis of the Upper Moliniacian strata in
the Halen borehole (n=23).

Variable Factor 1 Factor 2 Factor 3 Communalities
LMg - 0.73 0.27 0.43 0.79
Sr - 0.83 0.46 0.14 0.91
LNa 0.28 0.82 - 0.11 0.76
LZn 0.03 - 0.04 0.93 0.86
LFe 0.92 0.34 0.05 0.96
LMn 0.96 0.24 - 0.05 0.98
LCore - 0.30 0.68 0.58 0.88
IR - 0.28 0.42 0.46 0.47
LK 0.01 0.91 0.17 0.86
explained 36 29 18
variance
(%)

The samples at 1004 and 1002 m are partially
dolomitized limestones. The irregular distribution
pattern of Sr, Fe, Mn, Corg IR and K can be
explained by the presence of an Fe-rich matrixand
allochems in some packstones and grainstones
and of clayey horizons. Factor 1 contains the
elements Fe and Mn, which increase during
diagenesis, and Sr and Mg, which are removed.
High Mn and Fe concentrations suggest that
diagenetic equilibration (recrystallization) occurr-
ed in meteoric waters (Hutcheon et al/.,, 1985;
Machel, 1986) or in a fluid enriched in Mn and Fe,
due to the reduction of Mn- and Fe-oxyhydroxides
(Caroll, 1958; Burns & Baker, 1987).

The Na, Corg, K association is a clay-organic
carbon factor. Shielding by organic matter and the
contrast in ion exchange and initial Sr concen-
tration between fine- and coarse-grained rocks
explains the presence of Sr in second factor. The
association of Zn and Corg can be explained by
oxidation of sulphides during the analytical
procedure. Their limited association with IR can
not explained.

3.3.- LOWER WARNANTIAN STRATA
a.- Heibaart borehole

For the geochemical distribution of the Lower
Warnantian limestones, special attention has
been given to the distribution patterns of the
elements in the reef mound between 1225 m and
1102 m (Muchez et a/., 1987b).
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Table 12.- Factor analysis of the Lower Warnantian lime-
stones in the Heibaart borehole (n = 33).

Variable Factor 1 Factor 2 Factor 3 Factor 4 Communalities
LMg - 0.41 0.67 0.30 0.24 D.76
LSr - 0.08 0.05 0.95 0.04 0.91
Na 0.04 0.07 0.07 0.94 0.89
LZn - 0.08 0.61 - 0.60 - 0.20 0.78
Fe 0.82 - 0.03 - 0.23 0.19 0.78
LMn Q.73 0.05 0.46 - 0.05 0.78
LCarg 0.36 0.67 0.02 - 0.13 0.59
LIR 0.69 - 0.12 - 0.08 - 0.54 0.79
LK - 0.10 0.83 - 0.07 017 0.45

explained 23 19 18 15

variance
(%)

Two samples with anomalous concentrations
are obvious in the geochemical profile (fig. 8). The
first sample at 1187 misa calcite vein with high Fe
and Mn contents. High Fe and Mn concentrations
in veins indicate the importance of meteoric water
and/or modified formation waters under reducing
conditions in the precipitation of calcite (Hutcheon
et al, 1985; Moore, 1985). The second at 1126 m
is a clay-rich karst infilling with a very high Na, Zn,
Pb, Fe, Corg, IRand Kvalue. Inthefurthertreatment
of the data these two samples are omitted. Due to
the omnipresence of very small calcite veins in the
limestones, veins also have been analysed with
the bulk rock. Fe, Mn and IR occur together in
factor 1 of the factor analysis (table 12), explaining
23 % of the total variance. Factor 2 contains LMg,
LCorg, LZn and LK. LZn{-); LMn(+) and especially
LSr(+) are associated in factor 3. Factor 4
comprises Na (+) and IR(-).

The association of Fe and Mn in factor 1 is
interpreted to represent the equilibration of
basinal fluids with existing geochemical condi-
tions and the interaction between rocks and pore
waters (for discussion see paragraph 3.1.2a). The
petrographic study showed the occurrence of
authigenic quartz crystals in the micritic limestone
and in Fe-rich calcite veins. This propably causes
the association of insoluble residue (authigenic
quartz) within this factor 1. Factor 2 is the micrite
association factor. When a factor analysis is
carried out without the two samples with high Sr
values (calcite veins with a Sr content > 500 ppm),
Sroccurs in factor 2. This is in agreementwith the
micrite association interpretation. This illustrates
the usefulness to carry out petrographical
research. These data are a necessity to unravel the
variability in the geochemical distribution pattern.
Factor 3 is determined by two Sr-rich calcite veins
at 1170m and 1140 m. These veins have a low Zn
concentration explaining the negative correlation
between Sr and Zn. If the two samples are left out
(which should be done), factor 3 does not develop
in the factor analysis. The high Sr content in the
veins indicates higher Sr concentrations in the
fluids precipitating the calcite. This can be the
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Table 13.- Factor analysis of the Lower Warnantian limesones
in the Poederlee borehole {(n =40).

Variable Factor 1 Factor 2 Factor 3 Communalities
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result of the neomorphism and the removal of Sr
from the limestones. High Sr concentrations can
also occur during deep burial diagenesis, when
basinal fluids migrate upwards along faults
(Prezbindowski, 1985). The negative association of
Na and IR in factor 4 is not clear. The diagenetic
overprint on the reef mounds largely influences
the geochemical distribution pattern in these
limestones.

b.- Poederlee borehole

The geochemical profile shows several hori-
zons with anomalous concentrations (fig. 9).
Anomalous high Mg, Na, Fe, Mn, Corg and low Sr
values occur in dolomite veins. Furthermore, two
types of calcite veins can be distinguished:

- a first type with high Sr values and enriched in
Fe and Mn;

- a second type with very high Fe and Mn
concentrations.

High Na, Zn, Pb, Fe, Mn, IR and K content
appear in the clayey breccia at 1657-1655m. Due
to the omnipresence of veins inthe host limestone,
veins were not excluded from the processed data
set. In the element association and the factor
analysis (table 13), the same variables are
associated. A first factor mainly includes LMg(+),
LSr(-), LNa(+), LFe(+), LMn{(+), Corg{+), a second
LZn(+), LPb(+), LK(+) and a third LIR({+).

The variables in the first factor are interpreted
as the enrichment of Na, Fe and Mn in dolomite
veins. Petrographically, organic material (impso-
nite) is associated with these veins. The second
factor is caused by the exceptional concentrations
of Pb and Zn in the clayey breccia at 1657-1655 m.
Authigenic quartz forms the major constituent of
the insoluble residue. The occurrence ofthelRina
separate factor suggests that the silicification
occurred independently from the other two
diagenetic processes (dolomitization and breccia-
tion).

From the discussions it can be concluded that
the main variability in the geochemical distribution
is caused by anomalous values.
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4.- DISCUSSION AND CONCLUSIONS

4.1.- INFLUENCE OF THE MINERALOGY
ON THE GEOCHEMICAL
DISTRIBUTION PATTERN

Veizer & Demovic(1974) concluded from their
geochemical study of Mesozoic limestones that
the original CaCO; mineralogy has an important
influence on the distribution pattern of Sr.
Aragonite has a much higher Sr concentration
than Mg-calcite and this difference remains after
diagenesis. From our study of mainly subtidal
deposits, this conclusion can not be confirmed.
This can be due to an original uniform mineralo-
gical composition of the limestones (e.g. high
magnesium calcites).

The studied dolomites are enriched in Na, Mn,
Fe, Zn and depleted in Sr compared with
equivalent non-dolomitized limestones. A similar
distribution has been recognized by Dejonghe
{(1987c) in Devonian dolomites of southern
Belgium. Clays in limestones influence the
distribution pattern of Mg, Na, Fe and K. The Fe, Zn
and Pb.distribution is influenced by the presence of
sulphides or Fe-oxyhydroxides,

4.2.- TRACE ELEMENTS AS
ENVIRONMENTAL AND DIAGENETIC
INDICATORS IN LIMESTONES

Na and Sr have been frequently used as
paleosalinity indicators (Veizer & Demovic, 1974;
Kranz, 1976; Veizer,1977; Veizer et al., 1977,
1978). In this study, Sr and Na can not be used as
paleosalinity indicators. The distribution pattern of

the trace elements is too much influenced by other
factors such as the micrite association, the
enrichment of Na in cements and veinlets, the
adsorption and the incorporation on and in clay
minerals and the removal of Sr during neomor-
phism.

The concentration of Fe and Mn has been
applied to deduce the continental influence in the
sedimentation environment (Friedman, 1969;
Coulon, 1979; Pascal, 1979). The concentration of
these two elements is very high in strata with an
important terrigenous supply (Lower Moliniacian
in the Booischot and Kessel borehole).However,
other processes also can enrich carbonate rocksin
Fe and Mn: dolomitization, karstification, neo-
morphism and early to late calcite cementation.
We conclude that Fe and Mn can not be used as
environmental indicators without a sediment
petrographical analysis of samples.

Parker et al. (1985) concluded that the Mn/Fe
ratio is not useful as a paleoenvironmental
indicator, because diagenesis influences this ratio
too much. In our study, high Mn/Fe ratios (>0,80)
in limestones are the result of an extensive
diagenesis under slightly reducing conclusions
{Muchez, 1988).

Mg, which is present in relatively high
concentrations in the primary sediment, can be
removed (neomorphism) or supplied (dolomiti-
zation) during diagenesis.

A summary of the most important recognized
influences onthe geochemical distribution pattern
of the elements in the carbonate rocks of the
Campine-Brabant Basin is given in table 14.

Table 14.- Summary of factors influencing the distribution of the elements in the carbonates of the Campine-Brabant Basin.

Mineralogy Occurrence and/or Influence on
process
Calcite: - sedimentary original mineralogy ?
sedimentation environment | Mg, Sr, Na, Fe, Mn
- diagenetic neomorphism Mg, Sr, Fe, Mn
cementation Mn, Fe, Na
veins Mn, Fe, Sr
Dolomite completely dolomitized Mg, Mn, Fe, Zn, Na,
limestones Sr
veins Mg, Mn, Fe, Na, Sr
Clays sedimentation environment/| on most elements

Sulphides

diagenesis

sedimentation environment/
diagenesis

sedimentation environment/
diagenesis

diagenesis/mineralization




A comparison of the distribution of the trace
elements in the Visean carbonates south and
north of the Brabant Massif has been published by
Muchez (1989).

4.3.- IMPLICATIONS

The geochemical distribution of trace elements
in limestones is influenced by the sedimentation
environments, small amounts of non-carbonate
mineral (clays, organic matter, ...), diagenetic and
epigenetic processes such as dolomitization,
neomorphism, cementation, karstification, mine-
ralization and fracturing with calcite precipitation.
These numerous factors restrict the interpretation
of trace element concentrations in sediment
petrographical and diagenetic studies and in
lithogeochemical prospections in carbonates. A
combination of petrographical and statistically
processed geochemical data, is necessary for a
better understanding of rock geochemistry.
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