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G 
Abstract 

New petrographical and geochemical evidence of tourmalinite pebbles from two Lower and three Middle Devonian formations 
from Belgium is presented. Petrography, REE, transition metal and microprobe data of the studied rocks suggest it are 
(meta) sediment-derived tourmalinites formed by boron metasomatism (and hydrothermal brecciation) in an intrusive setting. 
Tourmaline mineralizations within eastern Avalonia are known in south-east Ireland, the English Lake District and East Anglia. 
Based on previously suggested relations between Early Palaeozoic igneous activity in last two mentioned regions and the Bra
bant Massif, it is presumed that the Brabant Massif also underwent granite-related tourmalinization and that this was the source 
of the studied pebbles. Petrologie differences between pebbles found in Middle Devonian formations and pebbles from Lower 
Devonian formations, suggest that fluid circulation occurred on a regional scale, possibly extending into the Stavelot massif. 
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Introduction 

In Belgium tourmalinites occur as pebbles in various 
Lower and Middle Devonian conglomerates. They 
were intensively studied in the decades following their 
discovery by de la Vallee-Poussin & Renard in 1877. 
Hypotheses about their source remained very specu
lative (e.g. Stainier 1889; Anten 1921; Macar 1948). 
Later, interest in these tourmalinites waned due to 
their complicated petrography and the complete ab
sence of field relations. Up to now only Fieremans & 
De Paepe (1982) reported chemical analyses. This 
paper discusses preliminary petrographical and geo
chemical evidence of the Belgian tourmalinites (Cor
teel 2000 a &b). 

Two Lower and three Middle Devonian formations 
were sampled for tourmalinites. The Lower Devonian 
Lochkovian Fooz Formation crops out along the 
northern border of the Dinant Allochthon (Godefroid 

et al. 1994; Fig. 1), while the Burnot Formation is 
present along the northern and north-eastern border 
of the Dinant Allochthon. The latter formation is pre
sumed to be latest Emsian (Godefroid et al. 1994). 

In the Middle Devonian, tourmalinites occur in the 
Eifelian Riviere Formation, on the northern border of 
the Dinant Allochthon and the southern border of the 
Namur Par-autochthon (Bultynck et al. 1991). The 
Late Eifelian Vicht Formation crops out along the 
northern border of the Stavelot Massif, where several 
conglomeratic levels contain tourmalinite pebbles 
(Kasig & Neumann-Mahlkau 1969). The Eifelian to 
Givetian Pepinster Formation, (Hance et al. 1996), 
occasionally contains tourmalinites. 

Analytical methods 

To determine the major element contents our sam
ples were melted using the method of Medlin et al. 
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Fig. 1. Map of southern Belgium with main tectonic units and sample localities. 'Caledonides' in dark are cropping out, while the lighter 
shaded Brabant massif is mainly subcrop.The thrust zone is theVariscan Front. Sample localities: Lower Devonian: a) Ombret (Fooz Forma
tion), b) Riviere (Burnot Formation); Middle Devonian: 1) Vicht (Vicht Formation), 2) Eupen (Vicht Formation), 3) Membach (Vicht For
mation), 4) Goe (Vicht and Pepinster Formations), 5) Stembert (Vicht Formation), 6) Pepinster (Vicht Formation), 7 Tailfer (Riviere For
mation). 

(1969), except for B and F of which solutions were 
prepared following the procedure of Dietz (1975). 
The latter elements were detected with a Vitatron 
Universal Photometer, UPM and a WTW Micro
processor pH-meter equipped with an ionselective 
electrode respectively, while all other major elements 
were measured using a Perkin-Elmer 2380 Atomic 
Absorption Spectrophotometer. Solutions for deter
mining trace elements were prepared by dissolving 
melts of 500 mg sample and 1.5 mg lithium-metabo-
rate in 5 ml H N 0 3 (65%) and 1 ml H F (48%). Rb 
was detected with AES. And Cr, Co, Ni, Cu and Zn 
with AAS; the remaining trace elements were deter
mined with an Elan 5000 Perkin-Elmer ICP-MS. 

About 100 tourmalines in C-coated thin-sections 
from five selected samples were analysed with WDX 
on a CAMECA Camebax SX50 Microprobe at an 
electric potential of 15 kV, a beam current of 20 nA 
and a beam diameter between 1 and 5 jxm with a sur
face resolution of 4 to 5|im. In each measurement B, 
F, Na, Mg, Al, Si, K, Ca, Ti, Cr, Mn and Fe were de
termined and missing weight percentages were as
sumed to be H20. Accuracy of boron measurements 

were calibrated against a borosilicate glass standard 
(NIST 93a). Results yielded systematically lower con
centrations with a maximum deviation of 2%. 

Results 

Thin-section microscopy of the pebbles allowed the 
recognition of three petrographical groups, which all 
consist mainly of tourmaline and quartz with at maxi
mum 10% accessory minerals, mostly rutile and some 
zircon and iron oxides. Occasionally muscovite, 
sphene, chloritized biotite and fibrous chlorite are al
so encountered. In all three distinguished types veins 
occur, mainly made up by quartz, but tourmaline and 
to a lesser extent accessory minerals, are also present. 
Pebbles belonging to the first group display a poikilo-
blastic texture, in which the host crystals are large 
quartz grains. They enclose several grains of greenish 
tourmalines and some accessory minerals (rutile), 
which contitute about 10% of the rock volume. One 
of these specimens shows a banded pattern, caused 
by an alternation of tourmaline-rich and tourmaline-
poor zones. 
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crystals, often lath-like and occasionally forming radi
al aggregates occur too. Concentric zonations are not 
uncommon in larger grains. 

Nearly half the tourmalinites of this group display a 
banded pattern, even macroscopically visible in a few 
pebbles. It results from an alternation of tourmaline-
rich zones and zones dominated by equigranular 
quartz. Some samples of this group show a mudrock-
appearance with a matrix consisting of the fine
grained tourmaline-rich texture typical for this group. 
This matrix encloses clastic quartz grains, constitut
ing about 15 %. In a number of veins, small euhedral 
tourmalines lie enclosed in larger quartz crystals 
causing a poikiloblastic texture. 

With the exception of one partly poikiloblastic rock 
of the Riviere Formation all breccias and poikiloblas
tic textures among our pebbles were sampled at the 
Lower Devonian outcrops that yielded tourmalinites, 
situated on the northern side of the Dinant Al-
lochthon. Group-3 samples with a mudrock appear
ance were only encountered in Middle Devonian 
conglomerates, nearly exclusively in the Vicht Forma
tion, along the northern border of the Stavelot Massif. 

Table 1 shows the concentrations of major and mi
nor components of 8 selected tourmalinites. Table 2 
shows some representative microprobe analyses of 
tourmaline. Structural formulas are based on the for
mula XY3Z6(B03)3Si6018(OH,F)4, modified from the 
formula proposed by Hawthorne & Henry (1999). 
Normalisation is based on 31 O-atoms. Si-deficiency 
is compensated by Al in tetrahedral position (T) and 
full occupancy of the Z-site was sought, adding Fe in 
case of an Al deficit. Remaining Al and/or Fe are put 
in the Y-position together with Mg, Ti, Cr and Mn. 
Ca, Na and K are restricted to the X-site. In the tour
maline classification of Hawthorne & Henry (1999), 

Table 1. Whole rock analyses in weight % of the oxides of 8 tourmalinites; standard deviations are 2 %. 

Sample 

Si02 
A1203 
Fe203 
MgO 
CaO 
Na20 
K20 
MnO 
Ti02 
B203 
F 
H 2 0 -
H 2 0 + 

total 

FO.l 

45.73 
22.18 
10.86 
4.65 
0.73 
1.61 
0.03 
0.07 
0.80 
7.66 
0.15 
0.25 
2.51 

97.21 

PGM.2a 

55.57 
22.33 

8.13 
1.44 
0.24 
0.79 
0.04 
0.10 
1.07 
6.51 
0.06 
0.22 
1.48 

97.97 

BC.2 

38.96 
28.96 

8.71 
5.95 
0.52 
1.94 
0.07 
0.05 
1.10 
8.71 
0.08 
0.29 
2.38 

97.69 

TLC.2a 

60.06 
19.98 
8.15 
1.54 
0.22 
0.91 
0.02 
0.05 
0.95 
6.04 
0.13 
0.29 
1.15 

99.47 

VE.3 

58.78 
22.56 

6.38 
2.20 
0.40 
0.87 
0.53 
0.10 
1.01 
5.91 
0.06 
0.29 
1.45 

100.51 

VM.4 

65.89 
16.68 
3.85 
3.86 
0.39 
1.08 
0.05 
0.03 
0.68 
5.09 
0.17 
0.21 
1.69 

99.65 

VM.5 

74.29 
13.14 
3.86 
1.57 
0.18 
0.51 
0.10 
0.02 
0.74 
4.00 
0.07 
0.25 
1.13 

99.84 

VP.4 

63.65 
18.83 
7.05 
1.71 
0.27 
0.88 
0.06 
0.05 
0.84 
5.08 
0.23 
0.18 
1.38 

100.20 
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Fig. 2. Photomicrograph under parallel polarisors of a tourmalinite 
of the type 3 texture illustrating the typical fine grained 'structure
less' texture of tourmaline and quartz. The darker grains are mainly 
rutile and some opaques. Note in the lower left corner the remark
able occurrence of a flattened annular shaped quartz zone. This 
phenomenon was encountered in several samples of this type but 
we were unable to recognise or explain it. Scale bar is 500 nm. 

The second group contains samples which exhibit a 
brecciated texture. They consist of tourmaline and 
fragments of tourmalinites lying in a groundmass of 
equigranular quartz grains. In parts of these samples 
where only tourmaline or aggregates of it occur, a 
poikiloblastic appearance is present. As in some rocks 
of group 1, tourmaline exhibits a large variation of 
colours and shapes and is regularly zoned. Tourmalin
ite fragments strongly vary in size (100 ^m to several 
mm) and show different textures, some of which re
semble group 3. 

Group 3 represents about 85 % of our samples. 
They have a fine to medium grained texture made up 
of intergrown tourmalines and irregular quartz spots 
(Fig. 2). Tourmaline is the most important compo
nent (45 - 85 % of the rock volume). It is predomi
nantly green and mainly anhedral, although euhedral 
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Table 2. Major element compositions in weight % of the oxides of 12 tourmaline grains and their calculated formulas based on 31 O-atoms. 

Sample FO!.13a3 FO!.13b' FO!.4c BC1.30a BC1.24-26aVMla.4a VMla.25b TLC4a.5al TLC4a.5a2 TLC4a.24a VM6b.lb VM6b.l7a 

Na20 
K 2 0 
Si02 

A1203 
FeO 
MnO 
MgO 
CaO 
Ti02 
Cr203 
B203 
F 
H 2 0 

1.95 
0.00 

37.12 
31.34 

6.06 
0.00 
8.31 
0.81 
0.63 
0.03 
9.41 
0.15 
4.21 

2.36 
0.02 

36.64 
30.83 

9.99 
0.05 
6.18 
0.21 
0.22 
0.00 
9.38 
0.07 
4.07 

1.04 
0.19 

36.69 
33.24 

9.09 
0.06 
5.39 
0.38 
0.14 
0.01 
9.55 
0.13 
4.08 

1.53 
0.05 

36.25 

33.25 
10.98 
0.09 
3.41 
0.41 
0.70 
0.07 
9.01 
0.15 
4.10 

0.96 
0.01 

36.51 
34.79 
11.32 
0.07 
2.10 
0.06 

0.20 

0.00 

8.58 

0.02 

5.40 

2.19 
0.00 

36.13 
31.49 

9.05 
0.01 
6.31 
0.59 
0.63 
0.03 
9.44 
0.31 
3.81 

0.93 
0.00 

35.96 
35.55 

9.02 
0.03 
3.48 
0.46 
0.30 
0.04 
8.86 
0.10 
5.28 

1.99 
0.02 

36.92 
32.36 

6.76 
0.00 
7.27 
0.72 
0.35 
0.06 
9.31 
0.24 
4.01 

1.82 
0.01 

36.78 
31.33 

5.83 
0.02 
8.13 
1.40 
0.94 
0.04 
8.71 
0.29 
4.69 

2.14 
0.01 

36.59 
32.12 

8.52 
0.02 
6.31 
0.32 
0.23 
0.06 
9.26 
0.05 
4.37 

1.02 
0.04 

35.39 
34.97 
13.23 
0.07 
1.38 
0.21 
0.10 
0.02 
9.04 
0.10 
4.42 

1.63 
0.02 

35.86 

35.14 
10.27 
0.01 
3.31 
0.33 
0.21 
0.02 
9.03 
0.17 
3.99 

Total 100.00 100.00 100.01 100.00 100.00 100.00 100.00 100.01 100.00 100.00 100.00 100.00 

Formula 
Si 
Al (tetr.) 
B 
A1(Z) 
Fe(Z) 
A1(Y) 
Fe(Y) 
Mg 
Ti 
Cr 
Mn 
Ytot 
Ca 
Na 
K 
Xtot 
OH 
F 

6.066 

0 

2.655 

6 

0 

0.036 

0.828 
2.024 
0.077 
0.003 
0 
2.969 
0.141 
0.618 
0 
0.758 
4.588 
0.076 

6.096 

0 

2.695 

6 

0 

0.046 

1.39 
1.532 
0.027 
0 
0.007 
3.003 
0.037 
0.76 
0.004 
0.801 
4.513 
0.037 

6.038 

0 

2.712 
6 

0 

0.448 

1.252 
1.322 
0.018 
0.002 
0.009 
3.05 
0.067 

0.332 

0.041 
0.44 
4.484 
0.068 

6.035 
0 
2.589 
6 

0 

0.525 
1.529 
0.847 
0.088 
0.009 
0.012 
3.01 
0.073 
0.494 
0.01 
0.577 
4.556 
0.078 

5.997 
0.003 
2.432 
6 

0 

0.733 

1.554 
0.514 
0.024 
0 
0.009 
2.835 
0.01 
0.305 
0.002 
0.317 
5.913 
0.008 

5.997 
0.003 
2.706 
6 

0 

0.156 
1.257 
1.562 
0.079 
0.004 
0.001 
3.059 
0.105 
0.703 
0 
0.809 
4.215 
0.161 

5.859 
0.141 
2.493 

6 
0 
0.684 

1.229 
0.845 
0.036 
0.005 
0.004 
2.804 
0.081 
0.292 
0 
0.373 
5.739 
0.05 

6.053 
0 
2.634 

6 

0 

0.252 
0.927 

1.777 
0.044 
0.007 
0 
3.006 

0.126 
0.632 

0.004 

0.762 

4.387 

0.125 

6.008 

0 

2.454 

6 

0 

0.031 
0.797 
1.978 
0.116 
0.005 
0.003 
2.929 
0.245 
0.577 
0.003 
0.825 
5.111 
0.15 

6.031 
0 
2.636 

6 

0 

0.24 

1.174 
1.55 
0.028 
0.007 
0.003 
3.002 
0.057 
0.684 

0.003 

0.744 

4.805 
0.027 

5.909 
0.091 
2.606 

6 

0 

0.79 
1.847 
0.343 
0.012 
0.002 
0.009 
3.004 
0.038 
0.331 
0.009 
0.378 
4.926 
0.053 

5.948 
0.052 
2.586 
6 

0 

0.816 
1.425 
0.819 
0.026 

0.002 

0.001 
3.09 
0.059 
0.525 
0.004 
0.588 
4.419 
0.09 

most measured grains fall in the groups of alkali tour
maline, based on the X-site constituents. Further 
classification based on the other sites cannot be 
made, because Li content, 0 2 7 0 H and He3+/Fe2+ ra
tios cannot be determined with the used technique. 

Fig. 3 displays a negative correlation between Fe 
and Mg, reflecting the reciprocal substitutions of 
these elements along the schorl-dravite series in the 
analysed grains. The sum of these elements also ex
hibits a negative interdependence to the Al contents 
(Fig. 4), meaning that a deficit of Fe + Mg is compen
sated by Al3+/Li+ in the Y-position. According to the 
vector representation in Fig. 3, however, such elbai'te 
substitutions appear to be of minor importance in our 
samples. Although the microprobe analyses were per
formed on tourmalines from the three petrographical 
groups we distinguished, the results do not reflect this 
division. Considering the stratigraphical distribution 
of the samples it appears that tourmalines in tourma-
linites from theVicht Formation (VM.la andVM.6b) 

are more aluminous than tourmalines in the other 
analysed pebbles (Figs 3 & 4). 

Microprobe measurements also allow comparison 
of the composition of tourmalines from the fine 
grained tourmalinite mass and tourmalinite-frag-
ments with that of other textural environments such 
as tourmalines in veins or dispersed in the larger 
quartz minerals. Major element abundances reveal no 
difference between tourmalines from different textur
al frameworks. 

Nevertheless the relation between Fe and Mg can dif
fer within one specimen according to the context of 
the concerned grains (Fig. 5). We notice e.g. for the 
analyses of tourmalines in veins (Fig. 5a) of the sam
ple TLC.4a and to a lesser extent FO.l , a more nega
tive correlation between both elements than in other 
measured crystals within the same thin-sections (Fig. 
5b). 

In Fig. 6 the microprobe results are plotted in vari
ation diagrams for tourmalines proposed by Henry 

200 Netherlands Journal of Geosciences / Geologie en Mijnbouw 82(2) 2003 

https://doi.org/10.1017/S0016774600020746 Published online by Cambridge University Press

https://doi.org/10.1017/S0016774600020746


(• FO.l 
L D I n BC.l 

VMla 
TLC.4a 
VM.6b 

1 2 

Fig. 3. Number of atoms of Fe vs. Mg per formula unit (based on 
microprobe measurements) of tourmalines in five different sam
ples. LD: Lower Devonian samples; MD: Middle Devonian sam
ples. Vectors from London & Manning (1995). 
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Fig. 4. Numbers of atoms of Fe+Mg vs. Al per formula unit (based 
on microprobe measurements) of tourmalines in five different sam
ples. LD: Lower Devonian samples; MD: Middle Devonian sam
ples. 

and Guidotti (1985).These diagrams reveal granitoid 
origins for the analysed tourmalines in samples BC.2 
and VM.6b and a (meta) sedimentary nature for those 
of sampleTLC.4a, while tourmalines from FO.l plot 

b 
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Fig. 5. Numbers of atoms of Mg vs. Fe per formula unit (based on 
microprobe measurements) of tourmalines in veins (a - upper Fig
ure) and in other textural surroundings (b - lower Figure). LD: 
Lower Devonian samples; MD: Middle Devonian samples. 

in both these areas. For VM. 1 a the two diagrams are 
inconsistent. Variations among tourmalines within 
one sample occur but can again not be related to the 
textural context of the grains. Within zoned grains 
however there is a tendency towards more Mg-rich 
external zones and higher Fe-contents in the cores 
(Fig. 7a). Measurements along traverses in zoned 
tourmalines (Fig. 7b) show that the composition be
tween core and rim does not vary equally in all sam
ples. 

Trace element abundances (in ppm) are given in 
table 3. According to North American Shale Com
posite (NASC) normalised plots of rare earth element 
(REE) concentrations our samples belong to three 
different groups (Fig. 8), of which only one coincides 
with one of the categories we distinguished based on 
petrographic characteristics. It concerns the sample 
FO.l , which has a brecciated texture and exhibits an 
uncommon REE-pattern. Samples of petrographic 
groups 1 and 3 show two different types of REE cur
vature. The first one falls quite close to the normalis
ing values, suggesting a shaly nature for the concern
ing pebbles while a second type resembles this pat
tern but displays a minor depletion of the heavy rare 
earth elements (HREEs) for some samples and a con
siderable depletion of the light rare earth elements 
(LREEs) for all of them. The higher Si02-contents of 
these rocks (Table 1) probably cause the minor over
all depletion but are unable to explain the supple
mentary LREE depletion. NASC-normalised multi
element diagrams of incompatible elements all show a 
depletion of the elements to the left of the graphs 
(Fig. 9). 

Since those are easily dissolvable in water this sug
gests a hydrothermal activity during the tourmaliniza-
tion of the samples. Similar patterns in all three 
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Fig. 6. Ternary diagrams of element concentrations (in molecular proportions) of tourmalines analysed with microprobe. Fields after Henry 
& Guidotti (1985). LD: Lower Devonian samples; MD: Middle Devonian samples. 

a - upper Figure: Al-Fe-Mg: 1) Li-rich granitoid pegmatites and aplites; 2) Li-poor granitoids and their associated pegmatites and aplites; 3) 
Fe3+-rich quartz-tourmaline rocks (hydrothermally altered granites); 4) Metapelites and metapsammites coexisting with an Al-saturating 
phase; 5) Metapelites and metapsammites not coexisting with an Al-saturating phase; 6) Fe3+-rich quartz-tourmaline rocks, calc-silicate rocks 
and metapelites; 7) Low-Ca metaultramafics and CR,V-rich metasediments; 8) Metacarbonates and metapyroxenites. 
b - lower Figure: Ca-Fe-Mg: 1) Li-rich granitoid pegmatites and aplites; 2) Li-poor granitoids and associated pegmatites and aplites; 3) Ca-
rich metapelites, metapsammites and calc-silicate rocks; 4) Ca-poor metapelites, metapsammites and quartz-tourmaline rocks; 5) Metacar
bonates; 6) Metaultramafics. 

groups for Zr, Hf andTi might be caused by the min
erals zircon and rutile, which occur in comparable 
amounts in the analysed specimens and contain a 
considerable number of these atoms. 

Although most transition metals are generally clas
sified as compatible elements, we compared transition 
metal plots of unaltered rocks with their tourma-
linised equivalents (Figures 9 a-c) of data from three 
different settings available in literature. Concerning 
the metapelitic rock types represented we notice in 
one case a relatively unchanged situation (Fig. 10c) 

and in the other a minor (overall) depletion (Fig. 
10b). In the granitic rocks of Fig. 10a B-metasoma-
tism causes a considerable change in transition metal 
plot. Fig. lOd reveals that our samples are closest to 
the tourmalinised metapelites. 

Discussion 

Precursors 

Considering the tourmalinization circumstances of 
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10 > 
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Fig. 7. Ternary diagrams of element concentrations (in molecular proportions) of zoned tourmalines analysed with microprobe. Fields (after 
Henry & Guidotti, 1985) and symbols as in Fig. 6. 
a - upper Figure: Ca-Fe-Mg analyses of cores and rims, arrows pointing from core to rim. 
b - lower Figure: Al-Fe-Mg traverses through zoned grains, arrows pointing from core to rim. 

our samples we notice the occurrence of zoned tour
malines. Many authors interpret their presence in 
tourmalinites as an indication for hydrothermal activ
ity (e.g. Benvenuti et al. 1989), which is also support
ed by the low concentrations of the easily dissolvable 
elements (Fig. 9). Furthermore Bajwah et al. (1995) 

measured strong depletions of K, Rb and Ba in tour-
malinized granites relative to the unaltered intrusion 
and attributed these depletions for the two last men
tioned elements to a metasomatic proces. Since the 
data of Fig. 9 refer to whole rock-analyses this implies 
that the hydrothermal solutions penetrated complete-

Table 3. Trace element contents in ppm of 8 tourmalinites. Standard deviations for Cr to Rb are 2%, others are rounded off according to their 
standard deviation. La„ anYbn are normalised to the CI chondrite of Sun & Mc.Donough (1989). 

Sample 

Cr 
Co 
Ni 
Cu 
Zn 
Rb 
Y 
Zr 
Nb 
Cs 
Ba 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
Hf 
Ta 
(La/Yb)n 

FO.l 

119 
22 
62 
24 
33 
11 

144.2 
107.6 

11.3 
<0.1 
10 

5.5 
16.7 
2.9 

14.1 
7.15 
2.64 
3.76 

22.82 
4.53 

12.48 
1.76 

11.27 
1.66 
2.4 
0.8 
0.35 

PGM.2a 

136 
11 
38 

9 
54 

6 
31.6 

124.7 
17.7 
<0.1 
11 
53.5 

117.1 
12.5 
43.8 

7.32 
1.53 
1.06 
5.66 
1.16 
3.29 
0.47 
3.35 
0.45 
3.2 
1.3 

11.46 

BC.2 

140 
20 

101 
8 

19 
8 

18.9 
167.8 

12.6 
<0.1 
33 
32.9 
82.6 

9.0 
34.1 
6.37 
0.95 
0.77 
3.72 
0.72 
2.32 
0.38 
3.32 
0.55 

3.9 
1.0 
7.09 

TLC.2a 

117 
7 

33 
11 
32 

6 
26.2 

119.9 
18.4 
<0.1 

9 
8.8 

23.9 
2.8 

11.2 
3.05 
0.77 
0.79 
4.88 
0.96 
2.98 
0.44 
3.33 
0.43 
3.0 
1.2 
1.90 

VE.3 

134 
6 

41 
9 

32 
25 
40.1 

121.6 
18.6 
<0.1 

104 
56.1 

126.4 
14.0 
52.4 
10.31 

1.87 
1.58 
8.24 
1.55 
4.15 
0.58 
3.96 
0.50 
3.2 
1.3 

10.16 

VM.4 

141 
9 

43 
7 

16 
4 

19.2 
119.6 

16.2 
<0.1 
18 
10.8 
34.4 

4.2 
17.3 
3.89 
0.80 
0.69 
3.56 
0.68 
1.99 
0.26 
2.17 
0.32 
3.3 
0.9 
3.57 

VM.S 

98 
7 

28 
7 

21 
8 

17.7 
234.6 

14.4 
<0.1 
36 

5.8 
20.8 

2.4 
9.7 
2.26 
0.49 
0.53 
3.20 
0.68 
2.10 
0.34 
2.68 
0.40 
5.9 
1.0 
1.54 

VP.4 

97 
5 
9 

12 
16 
6 

30.1 
142.9 

16.5 
<0.1 
21 
16.2 
35.4 

4.0 
15.2 
3.30 
1.03 
0.78 
4.97 
1.09 
3.29 
0.47 
3.33 
0.48 
3.7 
1.2 
3.49 
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Fig. 8. REE plot of 8 selected tourmalinites, normalised to the 
North American Shale Composite (NASC) values of Gromet et al. 
(1984). Samples marked with an (*) are from Lower Devonian for
mations, others from Middle Devonian formations. 

Ba Ta La Ce Nd Sm Zr Hf Eu 

Fig. 9. Multi-element diagram of 8 selected tourmalinites nor
malised to the NASC values of Gromet et al. (1984). Symbols as in 
Fig. 8. 

ly into the rocks instead of just along the veins, where 
most zoned tourmalines occur. 

The banded pattern in pebbles from groups 1 & 2 
suggests a sedimentary precursor (London & Man
ning, 1995). Because REEs are generally considered 
relatively immobile during hydrothermal activity they 
should be examined first when trying to discover the 
precursors of the studied tourmalinites. Since Slack et 
al. (1993) demonstrated that REE abundances from 
metasediments can remain largely unchanged during 
tourmalinisation, the three samples close to the nor
malising values of the NASC in Fig. 8 indicate a sedi
mentary nature of the parent material. Regarding 

-a 
N 

O 
a 

0.01 
V 

• Bajwah 
- ^ - Fortey 

o 
—— —D-

~*~ 

Steven 
FO.1 (group a) 
aver, group b 
aver, group c 

D. 

Ti Cr Mn Fe 

Element 

Co Ni 

Fig. 10. a - c) Transition metal plots of tourmalinites (full circles) 
and their unaltered precursors (open triangles), normalised to the 
NASC values of Gromet et al. (1984). Unaltered precursors: a) 
granite, b) slightly metamorphosed pelites, c) metapelites. Data 
from: a) Bajwah et al. (1995), b) Fortey & Cooper (1986), c) 
Steven & Moore (1995). d) Analogous plots as in Figures a-c, rep
resenting the tourmalinites of Figures a-c and averages of the three 
sample types distinguished in the REE and multi-element plots. 

their petrography, we can assume that the four sam
ples which exhibit a LREE depletion (Fig. 8), derive 
from an analogous parent material as these three 
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samples. The gradually increasing depletion of the 
LREE with decreasing atomic number is probably 
due to a longer exposure to hydrothermal processes. 
Slack et al. (1996) reported that longer tourmaliniza-
tion times are able to deplete selectively the LREEs 
and thus create a difference in REE fractionation val
ues, as we observe in these two groups of samples 
(Table 3). 

While the REE pattern of the analysed breccia 
(FO. 1) is unusual, its transition-metal plot on the 
other hand does match the pattern of the other 
analysed pebbles (Fig. lOd). Considering that tour-
malinization of (meta) sediments only poorly affects 
transition metal contents (Figures 9 b & c), this im
plies a (meta) sedimentary precursor for this rock. The 
REE pattern of this sample (Fig. 8) should then be 
the result of LREE depletion and HREE enrichment. 
Haas et al. (1995) concluded that REE might be frac
tionated during hydrothermal processes due to differ
ent complexation of LREE and HREE in the same 
solution. Of course, this supposition remains specula
tive, since it means that in this sample the REEs - gen
erally considered as relatively immobile - should have 
migrated strongly while the transition metals, more 
easily dissolvable, should have remained largely immo
bile. A possible explanation for this contradictory be
haviour of both groups of elements is the presence of a 
complexing agent which selectively dissolved the 
REEs and not the transition metals, because the solu
bility of REEs (e.g. Bach & Irber 1998; Lewis et al. 
1998) and transition metals as well (Gallup 1998) ap
pears to depend upon complexation. 

According to London & Manning (1995) the major 
element geochemistry of a metasomatic tourmaline is 
largely determined by its precursor rather than by the 
tourmalinizing fluid. The major element relations in 
Figures 2 and 3 however are often encountered in 
tourmalinites originating in very different settings 
(e.g. Michailidis 1998; Pesquera &Velasco 1997) and 
thus provide little specific information about the orig
inal context of our samples. The results in the dia
grams of Henry & Guidotti (1985, Fig. 6), developed 
to determine tourmaline provenance, do not confirm 
completely the conclusions drawn from the petro-
graphic and trace-element data because they reveal a 
granitoid component for some of the analysed tour
maline. Since many authors (e.g. Jiang et al., 1998) 
mention that the determining factor of tourmalinite 
geochemistry depends upon water/rock ratios one 
could expect compositional differences between 
grains from different textural environments. There is, 
however, no such relation and therefore we interpret 
the granitoid component in Fig. 6 as a geochemical 
overprint of the tourmalinizing agent. 

Local model 

The possibility of a change in major element compo
sition due to B-metasomatism is supported by the in
consistency between Figs 6a & 6b for some grains in 
the samples VM. 1 a and FO. 1. This indicates that the 
geochemistry of these grains reflects both the original 
sedimentary composition and the overprint of the flu
id composition, because they plot in the granitoid 
field in one plot, and in a (meta) sedimentary field in 
the other. On the other hand, two analyses of a petro-
graphically anomalous grain, unaffected by by tour-
malinization (VMla,4a, Table 2), plot in the 
(meta)sedimentary field in both diagrams. This shows 
that the tourmaline grains only partially inherit the 
host-rock composition. 

Because we postulated that the parent rocks were 
(meta) sediments, the hydrothermal solution should 
have been relatively enriched in Fe since its influence 
in Fig. 6 is reflected in a shift from metasedimentary 
to more Fe-rich fields. Because many authors (e.g. 
Jiang et al. 1998) contribute high Fe-contents in hy
drothermal fluids to an intrusive origin this conclu
sion reveals a granitoid nature for the tourmalinizing 
agent of these samples. Moreover, a negative inter-de
pendence between Fe and Mg, as in Fig. 5 a, is inter
preted by Cavaretta and Puxeddu (1990) as an indi
cation for a granitoid origin of the metasomatic fluid. 
The increase in Mg-content accompanied by the Fe-
decrease from core to rim (Fig. 7a) provides comple
mentary evidence for this assumption because such a 
variation might reflect a late-stage infiltration of non-
magmatic water in a plutonic hydrothermal system 
(Cavaretta and Puxeddu 1990). 

The occurrence of a few hydrothermal breccias 
among our samples and the nature of the tourmalin
izing agent imply tourmalinization by a granitic fluid. 
An analogous model has been applied by Cooper et 
al. (1988) to explain the metasomatism and minerali
sation in the Crummock Water aureole. The hy
drothermal solution circulated along a vein network, 
afterwards crystallised as poikiloblastic textures, and 
penetrated from there into the country rocks, which 
were intensively tourmalinized, with retention of a 
number of their sedimentary characteristics. This 
model also explains the difference in REE behaviour 
during tourmalinization between the hydrothermal 
breccia and the other analysed samples, because it 
implies much higher water/rock ratios in the brecciat-
ed parts than for the surrounding rocks. 

Possibly the samples from the Vicht Formation 
tourmalinised further away from the intrusion since 
pebbles from this formation are clearly more alumi
nous than other group three samples (Figs 2 & 3) and 
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tourmalinites showing the appearance of mudrocks 
occcur nearly exclusively in the Vicht Formation. 
These observations reflect the precursors of these 
tourmalinites to be more aluminous and coarser 
grained than those from other samples and thus sup
port the assumption that they were derived from a 
different stratigraphic position or even another area. 

Regional setting 

According to Steemans (1989) the north-western 
source for the Belgian Lower Devonian deposits is the 
Brabant Massif, in which no evidence for B-metaso-
matism has hitherto been recorded. Recent field ob
servations of the Burnot Formation (Corteel 2000b) 
demonstrated a fluviatile deltaic nature of the de
posits from this formation and the roundness of the 
tourmalinite pebbles in these conglomerates reveal 
that regions at considerable distance from the place of 
deposition are possible sources. Palaeogeographic re
constructions of Early Devonian times (Ziegler 1982) 
indicate that the whole area to the north, north-east 
and east of the Brabant Massif was exposed and 
might have applied material via fluviatile transport. 
Given the generally accepted palaeocurrents the 
source has to be found presumably in an area belong
ing to Eastern Avalonia. Tourmalinites within this mi-
crocontinent occur in south-east Ireland (e.g. McAr-
dle et al. 1989) and the English Lake District (e.g. 
Fortey & Cooper 1986). Both of them are associated 
with Early Devonian intrusive activity (O'Connor et 
al. 1989 and Cooper et al. 1988). Noteworthy are also 
some minor tourmaline mineralisations encountered 
in drill cores in East Anglia (Tim Pharaoh, pers. 
comm.). According to currently applied plate tectonic 
reconstructions (e.g. McKerrow & Cocks 1995), Or-
dovician to Devonian magmatic activity in south-east 
Ireland originated in the same tectonic environment 
as the Lake District and East Anglia, although Mc-
Connell & Morris (1997) mention that the exact rela
tionship between south-east Ireland and the Lake 
District has yet to be clarified. Also in the Brabant 
Massif there was some magmatic activity during Early 
Palaeozoic times (e.g. Andre & Deutsch 1986). 
Pharaoh et al. (1991) proposed that the volcanics in 
the Brabant Massif formed part of an arc extending 
from Belgium via the southern North Sea and East 
Anglia towards the Lake District. The presence of 
tourmaline mineralisations in Southeast Ireland, the 
Lake District and East Anglia suggests that B-metaso-
matism was likely to occur in other areas on the 
northern edge of Avalonia where similar magmatism 
developed in response to the closure of the Tornquist 
Sea. In this case the Brabant Massif is of course the 

most probable source given its proximity to the place 
of deposition. This assumption is supported by the 
presence of a presumed batholith (e.g. Hennebert 
1994; DeVos 1997, Chacksfield et al. 1993) underly
ing the Brabant Massif, which could have provided 
the tourmalinising hydrothermal solution. 

By Mid Devonian times a regressive phase had al
lowed the southern border of the Old Red Continent 
to shift slightly to the south causing the area of the 
Stavelot Massif to form a part of that microcontinent 
(Kasig & Neumann-Mahlkau 1969). This exposed 
other zones to erosion, which led Kennan (1983) to 
propose the Stavelot Massif as a source for the Bel
gian tourmalinites examined by Fieremans & De 
Paepe (1982). Given our assumption that pebbles 
from the Middle Devonian Vicht Formation derive 
from another area in comparison to other examined 
tourmalinites, this might indeed be possible. 

Conclusions 

Petrography, REE patterns and transition metal plots 
reveal a sedimentary precursor for the analysed sam
ples. Hydrothermal activity during tourmalinization 
can be deduced from the occurrence of zoned tour
malines and depletion of some easily dissolvable ele
ments and LREE. Negative correlations between Fe 
and Mg for tourmalines in veins together with other 
microprobe results, suggest a granitoid origin for the 
tourmalinising agent. Considering these observations 
and the three petrographical groups we propose a 
tourmalinization through intense metasomatic activi
ty by an intrusive fluid extending over a considerable 
distance into the countryrocks as a local model for 
the tourmalinization of the studied pebbles. 

The source area of the (older) Belgian tourmalin
ites probably lies in eastern Avalonia, where tourma
line mineralisations have been recorded. Based on 
previously suggested relations between some of these 
regions with other areas on the northern edge of Aval
onia (Pharaoh et al. 1991), we presume that granite-
related tourmalinization also occurred in some of 
these other areas, where magmatic activity developed 
due to the closure of the Tornquist Sea. In this respect 
the Brabant Massif is the most probable source, tak
ing into account the inferred batholith underlying it 
and its proximity to the place of deposition (e.g. Hen
nebert 1994; DeVos 1997, Chacksfield et al. 1993). 
The (different) tourmalinite pebbles in Middle De
vonian formations, might derive from different strati-
graphic levels, but also other areas, such as the 
Stavelot Massif. 
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Appendix 

Petrographic classification of samples in text and Fig
ures 

Lower Devonian samples: 
FO.l: Hydro thermal brecciated tourmalinite from 
the Fooz Formation 
BC.l: Hydro thermal brecciated tourmalinite from 
the Burnot Formation 
BC.2: Banded poikiloblastic tourmalinite from the 
Burnot Formation 

Middle Devonian samples: 
VE.3,VM.6b: Very fine grained banded tourmalinites 
from the Vicht Formation 
VM.la, VM.4, VP.4: Very fine grained tourmalinites 
from the Vicht Formation 
VM.5: Medium grained banded tourmalinite from 
the Vicht Formation 
PGM. 2a: Very fine grained banded tourmalinite from 
the Pepinster Formation 
TLC.2a: Very fine grained tourmalinite from the 
Riviere Formation 
TLC. 4a: Partly poikiloblastic, partly medium grained 
tourmalinite from the Riviere Formation 
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