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ABSTRACT. A m ultidisciplinary study o f som e extensively cored boreholes together with the new 1/25.000 geologi­
cal m apping o f W allonia led us to propose a new lithostratigraphic canvas for Belgian Lorraine. This area is located on 
the N -E border o f the Paris Basin, south o f the A rdennes; the studied stratigraphie interval covers the Keuper to the 
Toarcian. Each o f the new lithostratigraphic units is interpreted by m acroscopic and m icroscopic sedim entological 
observations. D etailed palynological and claystratigraphical analyses were also perform ed, providing additional 
stratigraphical, palaeoecological and sedim entological data. The Habay Form ation (conglom erates and red m udstones) 
is a fluvial unit, w ith im m ature channel conglom erates and paleosoils. The A ttert Form ation (dolom itic marls w ith 
gypsum  and pseudom orphs) exhibits an evaporitic trend. The M ortinsart Form ation (sands and marls) corresponds to 
a restricted marine unit, evolving towards an alluvial plain (Levallois M em ber). The second cycle begins w ith the 
Jam oigne Form ation (bioturbated marls and lim estones), a m arine subtidal restricted unit, evolving towards a more 
sandy series (M etzert M ember). The base of the third cycle corresponds to the rest o f the Luxem bourg Form ation, 
com posed by a superposition o f sand waves. The Ethe Formation (lam inar m udstones and marls) marks a deepening 
o f the basin and the outset o f marine dysaerobic conditions. The Aubange Formation (bioturbated marls with sandstones 
and lim estones) is characterized by the reappearance of a normal benthic fauna. The Grandcourt Formation (lam inar 
mudstones and marls) marks a return to open marine dysaerobic conditions. The M ont-Saint-M artin Formation (marls, 
sandy m arls and oolitic ironstone) is a highly regressive unit, w hile the Longwy Form ation (lim estones) m arks the 
initiation o f  a carbonate platform.

KEYW O RDS: Lorraine, Triassic, Jurassic, boreholes, lithostratigraphy, palaeontology, palynology, petrography, clay 
mineralogy.

1. Introduction

T h e M eso zo ic  fo rm a tio n s  o f  B e lg ia n  L o rra in e , 
outcropping on approximately 800 km2, are a north-east­
ern dependence o f the Paris Basin. In spite of their li­
mited extension and their marginal localization, the study 
o f  these fo rm ations is o f  unden iab le  in te rest fo r 
palaeogeography and dynam ic reconstruction of the

sedimentary basin. The nature and the com plex geo­
metry o f sedimentary bodies indeed indicate a littoral 
environm ent characterized by a mixed sedimentation 
with a siliciclastic predom inance (Muller, 1987). The 
sequential evolution of deposits was integrated in a glo­
bally retrograding sedimentary prism. As the general 
rise o f relative sea level was sufficient to escape signifi­
cant erosion unconformities, the littoral zones were par­
ticularly able to record in detail relative sea level changes.
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Since D um ont’s precursory report (1842), studies in 
Belgian Lorraine have been alm ost exclusively devoted 
to lithostra tig raphy  and b iostra tig raphy . O nly the 
Sinemurian sand body and the Aalenian “M inette” have 
been detailed sedim entologically (i.e., Berners, 1983; 
M erten s e t a l., 1983; T eyssen , 1984; M u lle r  & 
Steingrobe, 1988; Guerin-Franiatte et al., 1991). This 
situation contrasts w ith the am ount o f w ork carried out 
by  F rench  g eo lo g is ts  in P aris B asin , in teg ra ting  
b io s tra tig ra p h y , s e d im e n to lo g y  an d  se q u e n tia l 
s tra tig rap h y  (i.e ., Vail e t al., 1987; B ourqu in  & 
G uillocheau, 1993). These works are mainly based on 
oil exploration data.

Recent hydrological studies o f boreholes perform ed by 
the Geological Survey of Belgium in Belgian Lorraine 
(Boulvain & Monteyne, 1993; Boulvain et al., 1995, 
1996) as well as the new geological mapping program 
supported by the Région W allonne unravelled the defi­
ciencies o f the existing stratigraphie canvas, partly based 
on biostratigraphy (M aubeuge, 1954) and implying the 
use o f controversial m arker beds (Mergen, 1984,1985).

The aim o f this paper is to present in a schem atic way 
the lithology of the m ain boreholes perform ed in Bel­
gian Lorraine, to  propose a lithostratigraphic re-inter- 
pretation and to present the new stratigraphie canvas 
in a coherent way. Prelim inary pétrographieal, min- 
eralogical and palaeontological observations are pro­

vided. Some sedim entological data supplem ent this 
progress report.

2. Boreholes

Except for som e famous sections, mainly located in 
the sandy Sinem urian (i.e., section o f the Côte Rouge, 
M aubeuge, 1967), boreholes constitute the principal 
geological data source for Belgian Lorraine (Fig. 1). 
F igure  2 p resen ts the syn the tic  logs o f  the m ain 
boreholes drilled during the last 20 years. D etailed 
lithological descriptions are provided in the following 
publications:
- Arion borehole 219E254: Gulinck et al. (1973);
- Latour borehole 225E189: Boulvain & M onteyne 

(1993), Boulvain et al. (1995);
- Neulimont borehole 222W 253, Saint-M ard borehole 

225W 145, Toernich borehole 219E614, Aubange 
borehole 223E493: Boulvain et al. (1995);

- V illers-devant-Orval borehole 221E87: Boulvain et 
al. (1996).

The other logs correspond to previously unpublished 
descriptions, m ade by F. Boulvain from  cuttings. D e­
scriptions are available in the GeoDoc databank of the 
G eological Survey of Belgium  (D evleeschouw er & 
Boulvain, 1997).

The lithostratigraphic canvas is sum m arized below.
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Figure 1. Simplified geological map of Belgian Lorraine.
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Figure 3. E-W schematic lithostratigraphic section of Belgian Lorraine.
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3. Lithostratigraphy

Contrary to the opinion o f M ergen (1984), we esti­
m ate that in spite o f lateral variations and geom etrical 
com plexity of the sedim entary bodies, it is both possi­
ble and necessary to propose a renewed lithostrati­
graphic canvas for the sedim entary units outcropping 
in Belgian Lorraine (Hedberg, 1970) (Figs 3 and 5). 
Figure 4 presents in a diagram m atic way the historical 
evolution o f a portion of the stratigraphie canvas.

3.1. H abay Formation

A lternation o f conglom erate (PI. 1: A), sand, clayey 
sand, conglomeratic dolomite and clay, generally brick- 
red, som etim es greenish (Fig. 5A-B). This unit, w ith a 
m arked continental character, rests unconform ably on 
the Devonian basem ent. Its thickness is, consequently, 
locally variable. The form ation outcrops in the north 
o f Belgian Lorraine. It still appears w esterly o f the 
R ossignol m eridian, down to the Chiny Forest. Its 
thickness increases gradually towards the east and the 
south to reach about 30 m at the m eridian of Attert. 
N ear the French border, the form ation displays about 
the same thickness in subsurface (Latour borehole).

U ntil now, no dating m ethod has provided a specific 
age o f the form ation. D epending on the authors, it is 
assigned a Permian or a Triassic age.

3.2. A ttert Formation

G reen ish  or pu rp lish  m arls and d o lo m itic  m arls 
(“m arnolithes” ) interbedded w ith decim etric w hite 
dolom itic lenses (PI. 1: C) with some clays, conglo­
m eratic clayey sandstone, and occasionally conglom ­
erates with dolomitic cement (Fig. 5A-B). In boreholes, 
gypsum  layers (PI. 1: B). The form ation outcrops in 
the north-eastern part o f Belgian Lorraine. Its thick­
ness seems to increase regularly from  west to east, and 
from  north to south, to reach a maximum o f some 50 
m in the neighborhoods of Attert. In the central area, 
at Habay, the form ation is only 30 m thick. It then d is­
appears west o f M arbehan. In subsurface, in the Latour 
borehole, the A ttert Form ation reaches a hundred m e­
ters, bearing increasing conglom eratic facies.

The A ttert Form ation is dated from  Late Triassic. This 
Form ation is laterally equivalent to the upper “M arnes 
irisées” in the Paris Basin or to  the upper “Bunte 
M ergel” in Luxem burg (Hary & Muller, 1967). These 
fo rm ations are usua lly  in te rp re ted  as an “organic 
desert” and are characterized as an im portant blank 
for palynology (Roche, 1994). The first m iospore-rich 
bed below the Rhaetian sandstone shows a Carnian 
assem blage, as described  in the “G rès à ro seaux” 
(Biard, 1963; Van der Eem, 1974 m Schuurman, 1977). 
The vertebrate fauna discovered in the upper Bunte 
M ergel at M edernach favors a Late Triassic age (?Late
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Figure 4. Evolution of stratigraphie concepts in Belgian Lorraine.



8 Frédéric BOULVAIN et al.

L a to u r

4 5 9  -

4 6 0

461  -

4 6 2

4 6 5 .5  m

1 8 7  -  N eu lim o n t

1 88  -

L a to u r

T '  T  T —.T.

1 89  -

1 90  -

191

192

1 9 3  -

Habay

H abay-la-V iellle

1 9 3 ,5  m -

ZZL

s a n d s to n e

dolom ite

_t \ |  dolom itic mari 

lim estone

mari

c a lc a re o u s  silts tone

E-1 -.- d s ilts tone

c laystone  

ferrug inous c rust

1 m

3 4 5

3 4 6  -

3 4 7

3 4 8  -

3 4 9

3 5 0  -

351 -

3 5 2  -

3 5 3

3 5 4  -

3 5 5

3 5 7 ,5  m

D

V ille rs-d ev an t-O rv a l

101 -

102

103

104

1 0 5  -

iTîifrÿg

1 0 6 ,5  m -

O)
o
E
(D

C  am m onite

a ,  c ro s s ­
' s ^  bedding

p elecypods

®  crinoids

bioturbation

Figure 5a. Examples of lithologies of Belgian Lorraine formations and boundaries of these units in some selected boreholes. 
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Norian), as this assem blage closely resem bles those 
found in the Knollenm ergel in Germany (Duffin, 1993; 
Cuny et al., 1995).

In subsurface, in the Cam pine Basin, the Gruitrode, 
Bullen and Bree M em bers consist o f sandstone, con­
glom erate and siltstone with a continental facies. The 
“M uschelkalk” and the “Keuper” are characterized by 
lim estone, dolom ite and evaporite. Upwards, the Sleen 
and Aalberg Form ations, dated from  Rhaetian to Lias, 
consist o f dark clay and m arl w ith some clayey lim e­
stone levels (Dusar et al., 1987; W outers & Vanden­
berghi, 1994).

3.3. M ortinsart Formation

A lternation o f grey to  greenish sandstone, sand, silt 
and black or greenish clay (PI. 1 : D; PI. 3: A). Locally, 
some dolom ite, gravelly beds, bone-beds and lignite 
(Fig. 5C-D). This unit is capped in the east o f Belgian 
Lorraine by w ine-colour clay (“Argiles de Levallois”), 
and in the w estern part o f the area by a pebbly hori­
zon. The form ation is a dozen meters thick near Habay 
and A ttert (Fig. 5C) (central area). In the western area, 
west of Rossignol, it is transgressive on the Paleozoic 
basem ent and is characterized by a reduced thickness. 
Thickness does not increase strongly towards the south 
since , c lo se  to  the  F rench  border, in  the  L atou r 
borehole, it rem ains less than 20 m (Fig. 5D). The 
“Argiles de Levallois” disappear w esterly o f a NNE- 
SSW  line passing through Lischert (M aubeuge, 1992).

The form ation is dated Rhaetian sensu lato, on the ba­
sis o f the presence o f pelecypod Rhaetavicula contorta, 
a  characteristic fossil o f the M ortinsart Form ation. 
R haetian sensu lato  on the basis o f palynom orphs 
(Schurmann, 1977; A dloff & Doubinger, 1982; Roche, 
1994; Rauscher et al., 1995) and o f vertebrates. The 
m arine com ponents o f the vertebrate assem blage dis­
covered in the M ortinsart Form ation at H abay-la- 
V ieille (D uffin  et al., 1983) and A ttert (Duffin & 
Delsate, 1993) closely resem ble the typical Rhaetian 
vertebrate fauna from Holwell (Duffin, 1980) and Aust 
(Storrs, 1994) in England.

3.4. Jam oigne Formation

B io tu rba ted  dark  grey  m arl w ith  dec im etre-th ick  
clayey-sandy limestone or sandstone beds (increasingly 
frequent towards the top of the unit) (PI. 1: E). The 
Warcq M ember, capping the form ation at the contact 
w ith the Luxem bourg Formation, consists o f light grey 
clayey sand or sandstone (Fig. 5E-F). Locally, m ica­
ceous sandstone and gravel beds are observed at the 
base of the Jam oigne Form ation (Fig. 5G). Fauna and 
bioturbation are quite abundant. The form ation out­
crops in Belgian Lorraine with a rather constant thick­

ness o f about 45 m. The thickness gradually increases 
towards the south to reach 70 m  in boreholes close to 
the French border. In the west, the Jam oigne Form a­
tion is transgressive on the Rhaetian (Rossignol M em ­
ber) and on the Palaeozoic basem ent (M uno M ember) 
with a more arenaceous and fossiliferous facies.

The Jam oigne Formation is only Hettangian in age in 
eastern  B elgian  L orraine, covering the P siloceras  
planorbis, A lsatites liasicus and Schlotheimia angulata  
am m onite Zones; in the w estern part, the form ation 
also includes the W arcq M em ber (Arietites bucklandi 
Z one) and thus extends to the L ow er S inem urian  
(M aubeuge, 1954; M ergen, 1984; G uérin-Franiatte & 
Muller, 1986).

This form ation was subdivided as various “A ssises” 
by D um ont and later authors on a biostratigraphic ba­
sis: nam ely the H elm singen or H elm sange, Ansart, 
Jam oigne ss. and Warcq Assises. Some are not included 
here because of criteria for their definition; the M em ­
ber o f W arcq is redefined on a pure lithostratigraphic 
basis.

3.5. Luxem bourg Formation

A lternation o f sandy lim estone and sand with cross­
bedded stratifications; locally, hom ogeneous sand, 
m assive sandstone and lum achelles (Figs. 5F-H; PI. 2; 
A). The form ation, a hundred meters thick, com prises 
four members: at the base, the M etzert M em ber (PI. 1 : 
F), a grey to yellow sandy unit (locally  sandstone: 
“Clairefontaine facies”); then, above a slight angular 
unconformity, the Florenville, Orval and Virton M em ­
bers, consisting o f alternating yellow to orange sand 
and sandy lim estone. These m em bers are differenti­
ated from one another only when separated by marl 
horizons (respectively, the Strassen and Posterie M em ­
bers, Fig. 5H). West o f the m eridian o f Prouvy, these 
marl horizons becom e thin layers that are very diffi­
cult to correlate. On the other hand, at the east of the 
m eridian o f Arion, the same marl horizons thicken 
quickly and pass to the Arion Formation. The Stockem 
M ember, which consists o f clear sand, is probably a 
weathering facies of Virton or H ondelange M embers.

The L uxem bourg F orm ation  is clearly  d iachron ic 
(M aubeuge, 1965; G uérin-Franiatte & Muller, 1986; 
G uérin-Franiatte et al., 1991). In eastern Belgian Lor­
raine, it encom passes the Upper H ettangian and the 
base of the Sinem urian, from  Schlotheimia angulata  
to A rietites bucklandi am m onite Zones; in the western 
part o f the area, this form ation extends from  the Lower 
to  the  U p p erm o st S in em u ria n , from  A rn io c e ra s  
Sem icostatum  to Echioceras raricostatum  am m onite 
Zones.
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This formation was introduced in Belgium  by Dum ont 
( 1842). Because of its diachronic character, it was later 
subdivided in various “A ssises” on a biostratigraphic 
basis. The unitary character o f the form ation was re­
defined by G uerin-Franiatte et al. (1991). Some units, 
partially corresponding to old “assises” , were redefined 
as m em bers w ith new lithostratigraphic lim its (M em ­
bers o f M etzert, Florenville, Orval, Virton, Stockem). 
The other “assises” are abandoned.

3.6. Arion Formation

Grey marl, silty marl, bioturbated clayey-silty to sandy 
lim estone (PI. 2: B). A bundant fauna. The form ation 
has a thickness o f  about 60 m  close to Arion. M ore to 
the west, its thickness decreases very quickly, the for­
m ation being represented only by marl beds in the 
Luxem bourg Form ation (corresponding successively 
to Strassen and Posterie M em bers, PI. 2: C). A  late 
western extension o f the marly-sandy facies constitutes 
the H ondelange M em ber (Fig. 51), w hich overlies the 
Luxem bourg Formation.

In eastern Belgian Lorraine, in Arion area, the Arion 
F o rm a tio n  e x ten d s  fro m  th e  L o w er S in em u ria n  
(Arnioceras semicostatum  am m onite Zone) to the top 
o f the Lower Pliensbachian (Prodactylioceras davoei 
Zone) (M aubeuge, 1954; M ergen, 1984). To the west 
o f the region, the A rion Form ation is exclusively  
Pliensbachian in age. In the Rabais-Ethe area, it cov­
ers the Uptonia jam eson i and Tragophylloceras ibex 
Zones (M ergen, 1984).

All authors have highlighted the difficulty to estab­
lish, east o f Arion, in this sandy-clayey-lim estone unit 
(Lorraine facies), subdivisions other than b iostra ti­
graphic ones. We thus use the nam e Arion Formation 
here as a global unit and subdivide it into members 
whenever possible to do so on a lithostratigraphic ba­
sis (see intercalations in the Luxem bourg Formation)

3.7. E the Formation

Grey m arl and silty clay, often lam inar (PI. 2: D). Lo­
cally, limonitic nodules (Fig. 5I-J). The thickness of 
the form ation varies between 20 and 25 m in the west 
o f the Belgian Luxem bourg. In Eastern area, it can 
reach about 50m.

The Ethe Form ation is lim ited to P liensbachian, and 
generally corresponds to the Prodactylioceras davoei 
Zone (M aubeuge, 1954).

3.8. M essancy Formation

Grey silty or silty-sandy lam inar m arl (Fig. 5J). The 
boundary betw een E the and M essancy Form ations

corresponds to the first sandy bed. In the area of 
M essancy, the form ation reaches approxim ately 35 m 
in thickness. In the w est o f Belgian Lorraine, M essancy 
and Aubange Formations together total between 35 and 
40 m. In Latour borehole, M essancy Formation has a 
thickness of 8 m.

The M essancy Formation is dated Upper Pliensbachian 
Am altheus m argaritatus am m onite Zone (M aubeuge, 
1954, 1971).

3.9. Aubange Formation

Grey sandy marl w ith centim etric to pluri-decim etric 
lenses o f lim estone and clayey-sandy lim estone (Fig. 
5J-K). Locally, lim onitic crusts o r conglom erate (PI. 
2: E). Fauna is relatively abundant and bioturbation 
generally high. A pluri-decim etric coquina bed is al­
m ost always present near the top o f  the form ation, 
under the O ttem t Member. The extrem e top o f the for­
m ation is locally constituted by bluish marl with blue- 
grey lim estone nodules (Ottem t Member, see Boulvain 
et al., 1995), or by blue-grey marly lim estone beds 
(Saint-M ard) towards the west. In the western part o f 
B elg ian  L o rra in e , the th ick n ess  o f  A ubange and 
M essancy Form ations varies between 35 and 40 m. It 
reaches approxim ately 45 m for Aubange Formation 
alone towards the east. In Latour borehole, the form a­
tion seems to be reduced in favour o f Ethe, M essancy 
and/or G randcourt Form ations.

T h e  A u b a n g e  F o rm a tio n  is d a te d  fro m  U p p e r 
Pliensbachian to Lower Toarcian Pleuroceras spinatum  
Zone to Dactylioceras tenuicostatum  Zone (M aubeuge, 
1954, 1971; Delsate, 1990).

3.10. G randcourt Formation

Generally bitum inous grey clay and marl with a thin 
silty-calcareous lam ination (Fig. 5K; PI. 2: F) and 
lam inar lim estone nodules (“Schistes Cartons” M em ­
ber), passing to the top to sandier lam inated marl, rich 
in septaria. O ccurrences o f centim etric to decim etric 
lim estone beds. The form ation outcrops in the south 
o f Belgian Lorraine, with a thickness of approxim ately 
40 m  in the w estern area. It thickens towards the east 
to reach about 60 m near the Luxem bourg border.

The G randcourt Form ation is Toarcian, from  H erpo­
ceras fa lc iferum  Zone to Grammoceras thouarcense 
Zone (Delsate, 1990; Laenen, 1991).

3.11. M ont-Saint-M artin Formation

Clayey sandstone (“Supraliasic Sandstone”), followed 
by ferruginous m arl including several iron oolite beds, 
and ending with sandy marl. Locally, coquina beds.
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The formation crops out in the extrem e south o f Bel­
gian Lorraine. It presents a thickness of approxim ately 
40 m in the eastern area, hut is strongly reduced to­
wards the west.

The M ont-Saint-M artin Form ation is dated from  U p­
p e r  T o arc ian  to  L o w er B a jo c ia n  G ra m m o cera s  
thouarcense Z one  to H yperlioceras d isc ites  Zone 
(M aubeuge, 1947, 1972).

3.12. Longwy Formation

Orange yellow sandy lim estone, follow ed by shelly 
lim estone w ith locally  cong lom eratic  layers with 
bioclastic lim estone clasts. The base of the formation 
corresponds to the first lim estone deposit superposed 
on M o n t-S a in t-M a rtin  or, to w ard s the w est, on 
Grandcourt Formations. Its top coincides with the base 
o f the “M am es de Longw y” . Longwy Form ation crops 
out in the extrem e south o f Belgian Lorraine. The for­
mation is about 50 m  thick in the eastern area. Its thick­
ness gradually thins towards the west, w ith no possi­
bility of giving any value.

The Longwy Form ation is dated from  Lower Bajocian 
H y p e r lio c e ra s  d is c ite s  Z o n e  to  S te p h a n o c e ra s  
ham phriesianum  Zone (M aubeuge, 1951, 1954).

4. Petrography

This synthesis is based on the m icroscopic study of 
m ore than 150 thin sections from  the Latour (Fig. 6), 
Neulim ont and Villers-devant-Orval boreholes (Fig. 7). 
The classification used is from  D ott (1964). For car­
bonate rocks, we refer to D unham ’s classification  
(1962). As thin sections were obtained from  the most 
hardened sedim ents, their description can therefore 
induce a certain skew in characterizing the clayey for­
mations.

4.1. Habay Formation

Lithic conglom erate or grayw acke w ith a predom inate 
dolom itic or clayey-silty matrix. The coarse fraction 
is ill-sorted, with subangular pebbles and grains of 
quarzite, quartzophyllade, quartz, schist, and clayey 
sandstone. The m ajority o f grains are covered by an 
iron-oxide coating. Pedogenetic structures are rela­
tively frequent: rhizom orphs (PI. 3: B), dolom ite with 
ce llu lo u s  s tru c tu re , m ic ro co d ia ce ae , lith o c la s ts , 
glaebules, “m ottles” (see W right, 1994).

4.2. A ttert Formation

Sandstone (seldom litharenite), w ith occasionally con­
glom erate with a gypsum  or dolom itic cem ent (Latour) 
p assin g  to  sandy  d o lo m ite . L oca lly , b io tu rb a ted

claystone with silty or sandy lam inae are observed 
(Neulim ont). The coarse fraction, always ill-sorted, 
includes subangu lar to subrounded  quartz  grains, 
quarzite fragm ents and uncom m on schist debris. The 
other grains com prise lithoclasts (dolomitic mudstone) 
and peloids. Som e pedogenetic structures arc obser­
vable. A nhydrite occurs as fractured nodules with a 
gypsum  filling.

4.3. M ortinsart Formation

Fine grained sandstone, quartzwacke and siltstone with 
clay-dolom itic m atrix (PI. 3: C), as well as sandy and 
silty dolom ite. The sorting o f the detrital fraction is 
medium to good. Bioturbation (rhizomorphs?) deforms 
the detrital laminae. Lithoclasts and peloids are fre­
quent.

4.4. Jam oigne Formation

At the base of the form ation, the Rossignol M em ber is 
charac terized  by w ell-so rted  sandstone w ith  sub ­
rounded quartz grains. This m em ber is overlain by a 
hom ogeneous series o f locally dolom itic clayey-silty 
lim e s to n e  (p a c k s to n e ) ,  c o m p ris in g  w e ll-so r te d  
subangular to subrounded detrital quartz with an aver­
age diam eter o f 60 pm. In addition to m any peloids, 
an abundant fauna o f crinoids and pelecypods is char­
acteristic. B ioturbation is ubiquitous. The average d i­
am eter o f quartz increases gradually upward.

Warcq M ember: this unit is characterized by a large 
scale coarsening upward (60 to 150 pm) associated with 
an increase of the detrital fraction. The m atrix of the 
sandy lim estone and lim estone (packstone) is gener­
ally m icrosparitic, som etim es sparitic, seldom  clay- 
dolom itic. The abundant peloids are accom panied by 
some pelecypods and crinoids.

4.5. Luxem bourg Formation

Florenville, Orval, V irton M em bers: not easily d is­
crim inated petrographically, these units are character­
ized by calcareous sandstone and sandy lim estone in 
which subangular to subrounded quartz is well-sorted 
w ith an average diam eter o f about 200 pm. C alcare­
ous grains include peloids, pelecypods and bioclasts. 
Crinoids are less com m on. Locally, som e oolites and 
proto-oolite- rich beds are observed (Villers-devant- 
Orval, PI. 3: D and Neulim ont). These sandy lim estone 
(g ra in s to n e )  a re  g e n e ra lly  ce m e n ted  by  a c le a r  
equigranular sparitic calcite, often syntaxic developed 
on crinoids. M any fossils (gastropods, pelecypods) 
w ere partially dissolved before cem entation; they of­
ten form  coquina beds. Locally, a first generation of 
fibrous cem ent is preserved (especially  in  V illers- 
d ev a n t-O rv a l b o re h o le ). In s tea d  o f  a ce m e n t, a
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m icrosparite indicating a less perm anent w ater agita­
tion (packstone) is also observed: this is especially the 
case in Latour borehole. A t the base o f F lorenville 
M em ber or at the top o f W arcq Member, one notes the 
occurrence of beds com posed by a coarser sandy frac­
tion, som etim es ill-sorted, and accom panied by frag­
m ents o f quarzite (Neulim ont) or by lithoclasts with 
oolites (Latour, whereas oolites are lacking as indi­
vidual grains).

4.6. A rion Formation

In the H ondelange M ember, a progressive decreasing 
o f abundance and o f grain size of quartz is observed: 
sandy lim estone pass upward to clayey-silty limestone. 
The sorting of the detrital fraction is not as good as in 
Luxembourg Formation, whereas the content o f opaque 
fragm ents (coaly debris) increases. The bioclastic frac­
tion  is dom inated  by peloids and pelecypods. The 
m ic ro sp a r itic  m a tr ix  is c layey . T he p e lo id -r ic h  
bioturbated m icrosparitic packstones of the Strassen 
M em ber are characterized by a 90 pm diam eter sandy 
fraction.

4.7. Aubange Formation

T he hardened  layers show  a ra ther hom ogeneous 
m icrofacies consisting o f clayey-silty lim estone, o f­
ten laminar, wherein quartz (15 to 30% o f grains, with 
an average diam eter near 40 pm) is accom panied by 
m icas, opaque m inerals and glauconite. Locally, the 
detrital fraction may be coarser and is accom panied 
by bioclasts (crinoids, pelecypods). Frequent burrows 
deform ed silty laminae.

5. Palynology

The physicochem ical processing includes the follow ­
ing stages:
- acid attack with HC1 (30% ); dissolution o f carbona­

tes; rinsing by two centrifugations;
- acid attack with HF (40%); dissolution o f silicates; 

rinsing by two centrifugations;
- cleaning of the maceration in a diluted solution (20%) 

o f hot HC1;
- filtration by m illipore system  on a metal sieve with 

a 12 pm mesh;
- for some samples: m oderate oxidation (5 to 10 ‘) in 

H N 03  and additional filtration to 12 pm.

The addition o f a given am ount of a m arker (spores of 
lycopod) after HF attack m akes impossible to estimate 
the concentration of m iospores per gram o f sediment.

As for the pétrographie study, the results are synthe­
sized, form ation by form ation. The 175 sam ples come

from  Latour (Fig. 8), Villers-devant-Orval, Neulim ont, 
Toernich, Aubange and Saint-M ard boreholes.

5.1. M ortinsart Formation.

Rhaetipollis germ anicus-nch  assem blage characteris­
tic o f R haetian . R are occu rrence o f the typ ically  
Rhaetian Rhaetogonyaulax rhaetica. Palynofacies is 
dominated by continental organic matter, carbonaceous 
debris and m iospores; rare phytoplankton, represented 
by R ha eto g o n ya u la x  rhae tica  and acan thom orph  
acritarches. In N eulim ont boreho le  (157,9 m  and 
157,10 m), the upper part o f the form ation is charac­
te rized  by m ore aquatic  palyno facies (R h a eto g o ­
nyaulax rhaetica), open to continental supplies and 
favourable for conservation of lipidie organic matter.

5.2. Jam oigne Formation

M iospores assem blage typical o f  H ettangian-S ine- 
murian: predom inance o f Classopollis with significant 
presence o f H eliosporites reissingeri. No significant 
cysts o f dinoflagellate. Alternation o f palynofacies with 
a m o rp h o u s  o rg a n ic  m a tte r, p h y to p la n k to n  and  
carbonaceous rem nants, and palynofacies bearing a 
more continental influence, dom inated by carbona­
ceous fragm ents. N ear the base o f the form ation oc­
curs a palynofacies o f sapropelic type (Villers-devant- 
Orval: 150,9 m, Neulim ont: 142,5 m), w hich evolves 
upwardly towards a facies with a m arked oxidizing 
c h a ra c te r . P re se n c e  o f  rew o rk e d  c a rb o n ife ro u s  
miospores.

5.3. Luxem bourg Formation

D iversified  m iospore assem blage w ith b isaccates, 
Cerebropollenites, Q uadraeculina  and Classopollis. 
No significant cysts o f dinoflagellate. Palynofacies low 
in organic matter, dom inated by carbonaceous frag­
ments and m iospores associated with acanthom orph 
acritarchs and rare polygonom orphs. Presence of re­
worked carboniferous m iospores.

5.4. Arion Formation

M io sp o re  assem b lag e  w ith  b isa cc a te s , C ereb ro ­
pollenites, Quadraeculina  and Classopollis. No sig­
nificant cysts o f dinoflagellate. Palynofacies rich in 
carbonaceous fragm ents with rare m iospores, associ­
ated with some acanthom orphs acritarchs. A lternating 
w ith  th is  fac ies , occu rs  a p a ly n o fac ie s  r ich e r  in 
palynom orphs w herein organic m atter is better p re­
served. Reworked carboniferous miospores are particu­
larly abundant at certain levels. Globally, the unit ex­
hibits a detrital palynofacies dom inated by oxidized 
woody fragm ents.
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5.5. Ethe Formation

M iospore assem blage with bisaccates, Cerebropolle- 
nites, Q uadraecu lina , C la sso p o llis  and C hasm a- 
tosporites. No significant cysts o f dinoflagellate. This 
palynofacies is very rich in lipidie organic m atter of 
continental origin: extrem ely high concentrations in 
m iospores and particularly bisaccates; diversified as­
sem blage of m iospores, rich in triletic ornam ented 
spores. The continental fraction also includes unaltered 
w o o d y  f ra g m e n ts  as w e ll as b la c k  an d  b ro w n  
carbonaceous remains. The aquatic fraction is repre­
sented by a diversified assem blage o f acritarchs includ­
ing acanthomorphs, prism atom orphs and punctually by 
netrom orphs and Tasmanaceae and Botryococcus.

5.6. Aubange Formation

M io sp o re  assem b lag e  w ith  b isa cc a te s , C erebro- 
pollenites mesozoicus, Quadraeculina anellaeformis, 
C la sso p o llis .  sp p ., C h a s m a to sp o r ite s  spp . and  
R e titr il ite s  spp. A bu n d an t N a n n o c era to p sis  spp. 
Palynofacies with well preserved organic m atter and 
abundant pyrite. As for the Ethe Form ation, organic 
m atter o f continental origin dom inates through high 
concentration o f m iospores, particularly o f bisaccates, 
v a rio u s  assem b lag e  o f  m io sp o re s  r ich  in tr ile te  
ornam ented spores. The continental fraction also in ­
cludes unaltered woody fragm ents, b lack and brown 
carbonaceous remains and rods o f pyrofusinite. Aquatic 
organic fraction is represented by a diversified assem ­
blage of acritarchs including acanthom orphs (M icrhy­
str id ium  spp. and B a ltisphaerid ium  sp .), p rism a­
tom orphs (Veryhachium irregulare), cysts of dinofla- 
gellates (N annoceratopsis) and B otryococcus. The 
O ttem t M em ber is characterized by a palynofacies as­
sociating carbonaceous fragm ents with abundant de­
graded acanthomorph acritarchs (monospecific assem ­
blage?) associated with degraded m iospores (Classo­
po llis  spp., bisaccates, Cerebropollenites m esozoicus  
and Chasmatosporites spp.). Reworked carboniferous 
miospores are particularly abundant.

5 .7. G randcourt Formation

The “Schistes cartons” are characterized by an assem ­
b lage o f  S p h erip o llen ite s  spp ., C erebropo llen ites  
mesozoicus, Chasmatosporites sp. and bisaccates sp. 
T h e  a q u a tic  p a ly n o m o rp h s  are  re p re s e n te d  by  
Tasm anites  sp. C hitinous basal structures o f fo ra ­
m inifera are observed. This palynofacies is character­
ized by dom inant am orphous organic m atter associ­
ated w ith Tasmanites sp. and Spheripollenites  spp. 
F ra g m en ts  o f  p y ro fu s in ite  and o th e r  m io sp o re s  
(C erebropollen ites m esozo icus, C hasm atosporites  
spp.) are also present. In the upper part o f the form a­
tion (“M am es de G randcourt” ), one notes an evolu­

tion o f the palynofacies by a progressive reduction in 
am orphous fraction and, correlatively, by an enrich­
ment in continental elements.

6. Vertebrates

Tables 1 and 2 show the distribution of vertebrate fos­
sils in the different M esozoic form ations from  Belgian 
Lorraine.

6.1. M ortinsart Formation

Several im portant bone-beds distributed w ithin this 
form ation yield particularly diversified vertebrate m i­
cro-remains. The mixing of marine and terrestrial com ­
ponents suggests a deltaic sedim entation. The fauna is 
dom inated  by m arine com ponen ts, w ith a typ ical 
R haetian  fac ies  asso c ia tio n : a sim ila r m ix ing  o f 
hybodonts and early neoselachian sharks can also be 
observed, am ong others, in the B ritish Rhaetian locali­
ties o f Holwell (Duffin, 1980) and A ust(S torrs, 1994). 
The com position of the bony fish assem blage rem ains 
uncertain, as isolated teeth are rarely diagnostic in this 
group: the only O steichthyes that can be recognized 
with an acceptable degree of certainty is Sem ionotidae 
Sargodon tomicus. Fossils o f m arine reptiles are rare 
and non-diagnostic. The terrestrial com ponent is very 
d iv e rs ified , in c lu d in g  tee th  o f  p te ro sa u rs  (E u d i- 
m orphodon), ornithopod and prosauropod dinosaurs, 
carnivorous archosaurs, sphenodontids, cynodonts and 
early m am m als (am ong the oldest in the world). The 
rem ains o f terrestrial vertebrates all belong to small 
anim als, not exceeding one m eter in length, that prob­
ably did not suffer from  the Rhaetian transgression, 
which induced a dim inution o f surface of the em erged 
land.

6.2. Jam oigne Formation

Terrestrial vertebrates are not represented in Jurassic 
form ations of Belgian Lorraine (with the single ex­
ception o f one theropod tooth from  the G randcourt 
Form ation at A ix-sur-Cloie).

In the Jamoigne Formation, fossils o f vertebrates include 
teeth o f hybodont and neoselachian sharks, carnivorous, 
pholidophoriform  and semionotiform actinopterygians 
and isolated bones of ichthyosaurs and plesiosaurs.

6.3. Luxem bourg and Arion Formations

Hybodont sharks and holocephalans (chimaerae) are 
particularly diversified in the Luxembourg Formation 
of Belgian Lorraine, although neoselachian sharks are 
minor. M arine reptiles are represented by forms well 
adapted for life in open sea, including the medium-sized 
ichthyosaur Ichthyosaurus, the very large ichthyosaur
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T a x a
Mortinsart 

Fm (1)
Jam oigne 

Fm (2)
Luxembourg 
Arion Fm (3)

Aubange 
M essancy Fm

Grandcourt 
Fm (1)

Longwy 
Fm (5)

Selachii
Lissodus minimus •

Lissodus cfr.pattersoni •
Lissodus sp. •

Hybodus delabechei •
Hybodus reticulatus • •

Hybodus cf. raricostatus •
Hybodus cf. medius •

Hybodus cfhauffianus •
Acrodus nobilis •

Acrodus anningiae •
Polyacrodus cloacinus •

Polyacrodus holwellensis •
Pseudodalatias barnstonensis •

Vallisia coppi • o
“Hybodus ” minor • Y

Nemacanthus monolifer •
Synechodus rhaeticus •

Synechodus occultidens • •
Synechodus enniskilleni • •

Synechodus sp. •
Sphenodus sp. •

Synechodontiformes indet. • •
Welcommia terencei •

Protospinax sp. • •
Squalogaleus sp. •

Heterodontus sarstedtensis •
Palaeobrachaelurus c f  .alisonae •

Annea maubeugei •
Agaleus sp. •

cf. Chiloscyllium •
Orectolobiformes indet. •

Pseudocetorhinus pickfordi •
Scyliorhiniformes indet. •

Jurobatos cappettai •
cf. Spathobatis •

Batomorphii indet. •
Chimaeropsis foussi •
Halonodon warneri •

Myriacanthus paradoxus •

Actinopterygii
“Birgeria” type of teeth •

“Saurichthys” type of teeth •
“Gyrolepis” types of teeth & scales •

“Colobodus” type of teeth •
Acidorhynchus sp. •
Sargodon tomicus •

Lepidotes sp. • •
Dapedium sp. ? •

Tetragonolepis sp. •
Pycnodontiformes indet. •

Leptolepis normandica •
Pholidophoriformes indet. • •
Pachychormiformes indet. •

Saurostomus sp •
Dipnoi indet •

Table 1 - Distribution of selachian and actinopterygian fossils in the different Mesozoic formations from Belgian Lorraine. Main 
references: (1) Duffin et al. ( 1983); Duffin & Delsate (1993); Delsate (1995). (2) Lepage etal. (1984); Delsate & Lepage (1990). 
(3) Casier (1959); Duffin ( 1984); Delsate & Duffin (1993); Duffin & Delsate ( 1995). (4) Casier ( 1965); Delsate et al. (1989); 
Delsate ( 1990. 1999); Delsate & Lepage (1991); Godefroit & N olfi 1991); Thies (1993); Delsate & Godefroit (1995); Delsate & 
Thies (1995);. (5) Delsate (1993a, b, 1994).
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Taxa Mortinsart 
Fm (1)

Jamoigne
Fm

Luxembourg 
Arion Fm (2) Ethe 

Fm (3)
Grandcourt Mt-St-Martin 

Fm (4) Fm (5)

M arine reptiles
Ichthyosaurus communis •

Temnodontosaurus platyodon •
Leptonectes cf. tenuirostris •

Stenopterygius sp. •
Ichthyosauria indet. • •

Elasmosauridae indet. • •
Pliosauridae indet. •
Plesiosauria indet. • •

Sauropterygia indet. •
Steneosaurus sp. •  •

T errestrial diapsids
Eudimorphodon ranzii •

Ornithischia indet. •
Prosauropoda indet. •

Carnivorous archosaurs indet. •
Carnivorous dinosaurs indet. •

Clevosaurus sp. •
cf. Diphyodontosaurus sp. •

Therapsids - mammals
Lepagia gaumensis •

Gaumia longiradicata •
Gaumia ? incisa •

Pseudotriconodon sp. •
Microscalenodon nanus •

Habayia halbardieri •
Thomasia woutersi •
Thomasia antiqua •

Mojo usuratus •

Table 2 - Distribution of tetrapod fossils in the different Mesozoic formations from Belgian Lorraine. Main references: (1) 
Wouters et al. (1984); Hahn. Lepage & Wouters (1987); Hahn, Wild & Wouters (1987); Hahn et al. (1988); Butler & MacIntyre 
(1994); Delsate (1995); Duffin (1995); Godefroit (1999). (2) Godefroit (1993, 1995a. 1995b); (3) Godefroit (1992); (4) Godefroit 
(1994); (5) Godefroit (1994).

Temnodontosaurus, large long-necked (elasmosaurids) 
and short-necked (pliosaurids) plesiosaurs.

6.4. Ethe, Aubange and M essancy Formations

Vertebrate fossils are uncom m on and fragm entary in 
Pliensbachian form ations from Belgian Lorraine. Only 
one fragm en tary  padd le o f  the large ich thyosau r 
Leptonectes has been discovered in the Ethe Form a­
tion. Shark teeth are more diversified in the upper part 
(Toarcian) of O ttem t M em ber o f Aubange Formation, 
with both hybodont and neoselachian representatives, 
together with sem ionotiform s and indeterm inated car­
nivorous actinopterygian teeth.

6.5. G randcourt Formation

N um erous, d iversified  and w ell-p reserved  ac tin o ­
pterygian fishes have been discovered in the “Schistes

cartons” o f G randcourt Formation: this ichthyofauna 
is currently being studied by D. Delsate. This level also 
contains fragm entary fossils o f marine reptiles: m e­
dium -sized ichthyosaur Stenopterygius, elasm osaurid 
plesiosaurs and m arine crocodiles. Shark teeth are par­
ticularly diversified in the thin Coeloceras crassum  
phosphatized layer o f G randcourt Formation. A very 
im portant phase o f evolutive radiation can be observed 
at this level for the neoselachians, leading to a com ­
plete turn-over o f the selachian faunas at least in the 
north-eastern part o f Paris Basin (Delsate, 1993a).

6.6. M ont-Saint-M artin and Longwy Formations

Vertebrates are not frequent in these formations. Only 
several fragm ents o f snout belonging to m arine croco­
diles have been discovered in the M ont-Saint-M artin 
Formation. Shark teeth have been occasionally discov­
ered in the Longwy Form ation.
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7. Clay m ineralogy and m ineralostra- 
tigraphy

A detailed XRD analysis o f the raw m aterial and of 
the clay fraction (the less-than-tw o m icrons) o f 180 
sam ples w as carried  out by T eerlynck (1998) and 
D o sq u e t (1 9 9 9 ) f ro m  th re e  b o re h o le s  (L a to u r, 
N eulim ont and Toernich). The investigated samples 
were the m ost clayey in com position, and system ati­
cally duplicate the samples studied for their palyno- 
logical content by M .Roche. The stratigraphical inter­
vals range from  A ttert Form ation to G randcourt For­
mation.

The samples were investigated in parallel in two forms 
: as random  powder o f the raw m aterial and as the clay 
fraction, w hich was extracted after décarbonatation 
(w ith  co ld  0 ,1 N  HC1) and , w hen  n eed ed , a f te r  
desulphatization (by washing with hot water). The clay 
fraction was then prepared as oriented aggregates, fol­
low ing the sed im en ta tio n -o n to -s lid e  m ethod . No 
chem ical pre-treatm ent was applied in order to pre­
serve the original in situ clay com position. The ori­
ented aggregates were analysed in sequence and in 
three forms: as air dried, N , glycolated, EG, and heated 
(500°C) samples. Com plem entary but com bined cation 
saturation with L iC l and KC1 were added for clay min­
eral analysis, and the requested x-ray record in se­
quence of the follow ing states : LiN- LÍ300 -LÍ300G1 
(glycerol), and K N-K110-K110EG. These post-treat­
m ents w ere indicated for obtaining a m ore accurate 
qualitative identification as well as to give genetic in­
fo rm a tio n  ab o u t sw e llin g  c lay  c o m p o n en ts  like 
smectite, illite-sm ectite and, in some levels, chlorite- 
smectite mixed layers. Punctually, an acid attack with 
boiling 4N  HC1 confirm ed occurrence o f kaolinite 
m ixed with chlorite.

Figure 9 provides the m ineralogical results obtained 
by XRD analysis o f both types of preparation. The 
following m inerals in the bulk sam ples were identi­
fied: quartz (3-66% ), feldspars as p lag ioclase and 
orthoclase (0-8% ), calcite (com bined cem ent/m atrix 
and non extracted fossils) (0-90% ), dolom ite (lacked 
generally but occurred up to 50% at the upperm ost part 
o f A ttert Form ation); gypsum  (absent or present, but 
only in traces in som e sam ples) and total clay and 
phyllosilicate content (4-88% ).

The quantitative estim ation o f the clay com ponents in 
the oriented aggregates was based on the intensity of 
diagnostic basal reflections w ithout introducing any 
correction factors : here- only the quantitative trend 
supported by clay m inerals throughout the entire se­
ries was considered, and not their absolute percent­
ages.

The overall clay m ineral com position concerned: (a) 
illite (I) (10-70% ) occurring either as w ell-crystallized 
illite-m ica with an acuate (001) reflection at 10A (Tai) 
or as a m ore or less degraded m ineral characterized by 
distended interlayers and better corresponding to an 
illite with enlarged foot (II); (b) kaolinite (K) (0-78% );
(c) undifferentiated or total smectite (Smt) (3-50% ) ;
(d) random  m ixed layer illite-chlorite (10 -14c) with 
illite layers and distended interlayers behaving like a 
chlorite (3-22% ); (e) generally a Fe-chlorite (C), but 
this variety was substituted for M g-chlorite in some 
sam ples from  A ttert Form ation; here the latter variety 
becam e associated with a more or less ordered chlorite- 
sm ectite mixed layer; this mixed layer com prised be­
tw een 45 and 55%  o f sm ectite layers, probably of 
saponite, and was often associated with palygorskite.

T he sm ectite  w as fu rth e r  de ta iled . T he v/p ratio  
(Biscaye, 1965) and R etkke’s (1981) diagram m e indi­
cated a sm ectite com ponent ranging between 35 and 
75% , confirm ing thus m ainly an occurrence of ran ­
dom  RO illite-sm ectite m ixed layers in  place o f a true 
sm ectite m ineral; this assum ption was also supported 
by the “crysta llin ity” classification  o f the sm ectite 
sensu lato (Thorez, 1976), which showed mainly E 
class, w hilst som e sam ples or intervals or form ations 
were characterized by B, C or D crystallinity classes 
(Fig. 9). Com bined Li- and K-saturation allowed to 
partition the sm ectite com ponent between, on the one 
hand, a detrital, neoform ed variety m ixed less fre ­
quently with a  transform ation m ontm orillonite (10- 
14M) 17 A, which was brought during the general trans­
gression process from  external sources, and on the other 
hand, neoform ed beidellite ( 10-14Bei)17A, which was 
episodically recycled from  coastal vertisols; the latter 
material was cannibalised during transgressive events 
or possibly developed on new coastal settings. Recy­
cling of both mixed layers are general, except in some 
intervals, and their relative contribution in the smectite 
fraction was highly variable.

The stratigraphie distribution o f clay assem blages, in­
cluding data about bulk sm ectite “crystallinity”, and 
the quantitative trends showed by feldspars perm itted 
to m ineralogically differentiate most o f the crosscut 
form ations in the three investigated cores. However, 
only data related to Latour borehole are presented in 
Figure 9.

7.1. A ttert Formation

It can be subdivided into three parts or intervals, based 
on clay assem blages and feldspar content (the latter 
being com prised betw een 0 and 10%):
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- lower interval: characterized predom inantly by an 
illite w ith acuate peak (lap), and by (10-14M )17A 
mixed layer (E class), with a lack or only traces of 
chlorite and very locally verm iculite (the latter as a 
weathering product o f a parent chlorite); one sample 
contained a feldspar content reaching 23%;

- medium  interval: characterized by illite with acuate 
or enlarged 10A peak, and by (10-14M )17A  (E 
class), with a lack on kaolinite, but occurrence of 
chlorite and of more or less ordered chlorite-smectite 
(14C -14M ) (a m ontm orillon ite  com position  was 
obtained by Li-saturation although a saponite com ­
position would have been m et (further investigation 
is needed); this mixed layer is regularly found in Trias 
o f Luxembourg;

- upper interval wherein illite w ith enlarged peak or a 
degraded (open) illite associated w ith (10-14M ) 17A 
(E class); kaolinite and chlorite are lacking in the 
clay assem blages.

7.2. M ortinsart Formation

An illite with enlarged foot and (10-14M ) 17A (E class) 
is predom inantly observed. K aolinite is weakly repre­
sented but in one single sample; its absence contrasted 
w ith its occurrence in A ttert Form ation. The feldspar 
content was around 5-6%.

7.3. Jam oigne Formation

The form ation can be subdivided in three sections or 
intervals on the basis o f the clay m inerals and feldspar 
content:

- lower interval ; characterized by an illite -m ica or an 
illite with acuate peak ; (10-14M )17A (B and C clas­
ses) w ere p redom inant in the clay assem blages. 
Kaolinite occurred in mean to abundant relative pro­
portion. The feldspar content was around 5-7%;

- medium  interval : illite w ith acuate peak; predom i­
nance o f ( 10-14M) 1 7 A (B ,C an d E classes); feldspar 
content com prised between 0 and less than 5%;

- upper interval (cf. Warcq M ember) ; illite with acuate 
peak ; m ixing o f (1014M )17A and (10-14Bei)17A 
(B and D classes). A bundant kaolinite with absence 
o f this m ineral in some samples. The feldspar con­
tent rem ained weak overall.

7.4. Luxem bourg Formation

Predom inance o f illite with an enlarged peak, and of 
(10-I4M )17A  (C and CD classes predom inant upon E

class). Very abundant kaolinite, whereas some levels 
did not contain kaolinite. Feldspar was absent or very 
w eak in content.

7.5. A rion  Form ation (H ondelange M em ber)

Illite with acuate or enlarged peak; illite-smectite mixed 
layer (C, CD or E classes). Feldspar content from  0 to 
6%.

7.6. E the Form ation

Illite with acuate or enlarged peak; m ixing o f (10- 
14M )17A and (10-14B ei)17A  (E class). K aolin ite 
m edium ly represented with fresh Fe-chlorite. Feldspar 
content com prised betw een 7 and 15%.

7.7. M essancy A n d  A ubange Form ations

Illite with acuate or enlarged peak. M ixing of illite- 
sm ectite mixed layer (E class) with predom inant (10- 
14M)17A. K aolinite generally in small am ounts. Feld­
spar content com prised between 10 and 15%.

7.8. G randcourt Form ation

This form ation can be subdivided into two intervals:

- low er in terval: illite  w ith en larged  peak  ; (10- 
I4M )17A  (E class); absence o f kao lin ite , and a 
feldspar content com prised between 5 and 15%;

- upper interval: illite with acuate or enlarged peak ; 
m ix in g  o f  (1 0 -1 4 M )1 7 A  and (1 0 -1 4 B e i)1 7 A  
(g lobally  E c lass). K ao lin ite  w ell rep resen ted . 
Feldspar content com prised between 5 and 15%.

O ne re m a rk a b le  f e a tu re  th ro u g h o u t th e  e n tire  
stratigraphy concerned the quantitative distribution of 
feldspar in three successive intervals; the m edium  in­
terval corresponded to Luxembourg Formation, but did 
not contain any feldspar, whereas the other intervals 
showed a content reaching 10% at the maximum.

The content in calcite as cem ent plus fossils was char­
acterized by an oscillatory pattern (not shown in Fig. 
9), in w hich a m axim um  coincided with the base of 
Luxem bourg Form ation. O ther maxima, but less sig­
nificant, occurred in Jam oigne and A rion Form ations, 
as well as in the basal part o f G randcourt Formation.

Dolomite, whether associated with palygorskite or not, 
was stratigraphically limited to the lower part o f Latour 
borehole (between -360 and -450 m). Sm all am ounts 
o f  d o lo m ite  w ere  e n c o u n te re d  a ro u n d  -25m  in 
Grandcourt Form ation.
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The lack o f kaolinite should be noted within some lev­
els or sam ples in Jam oigne and Attert Form ations as 
well as in the lower part o f Grandcourt Formation. The 
(10-14B ei)17A  was not represented in the clay assem ­
blages o f the basal part o f Jam oigne Form ation and in 
A ttert Form ation. This neoform ed sm ectitic com po­
nent clearly appeared as having been recycled from  
vertisols developed on the coastal plain. Its occurrence 
m atched that o f m axim a in kaolinite and seemed linked 
to clayey m aterial associated with rétrogradation and 
progradation  phases. (10-14M )17A  was lacking in 
Aubange and M essancy Formations. (14C-14M ) and 
palygorskite did not occur at certain levels o f A ttert 
Formation.

8. Sedimentological interpretation

We here propose a first global sedim entological inter­
pretation, form ation by formation. A detailed interpre­
tation that exceeds the fram ework o f this work is in 
progress, and is based on definition of lithofacies and 
on their geometry.

- Habay Form ation: river environm ent with channels 
(B ock, 1989), floodplain  and paleoso ils, m ainly 
calcrete.

- A ttert Formation: installation of an evaporitic lagoon 
representing a transgressive trend. The area evolved 
to a confined fluvio-littoral system.

- M ortinsart Form ation: very proxim al restricted m a­
rine environm ent (bay. lagoon) with still a relatively 
m arked evaporitic  in fluence. L evallo is M em ber 
characterizes a return to an alluvial sedim entation 
(flood plain).

A m ajor sedim entary break separates M ortinsart For­
m ation from  Jam oigne Formation. It corresponds to a 
hiatus, follow ed by a significant m arine transgression 
underlined in the west o f Belgian Lorraine by the sand­
stone o f Rossignol M em ber (Fig. 5). This break repre­
sents a transgression surface sensu Vail et al. (1987).

- Jam oigne Form ation. This unit is m ainly com posed 
by m arl, accum ula ted  in a re la tiv e ly  p ro tec ted  
subtidal coastal environm ent, but not com pletely 
p ro tec ted  from  an open  m arine in fluence . T he 
sedim ent is w ell-oxygenated (intense bioturbation). 
Organic sedimentation is dom inated by oxidized and 
reworked material.

- L uxem bourg  F o rm ation . The M etzert M em ber, 
representing the base o f the sandy body, is separated 
from  the F lorenville M em ber by a clear angular 
uncon-formity. This unconformity, observed for ins­
tance in the small valley o f Clairefontaine (M ontey­

ne, 1958) was already highlighted by Jerom e (1910). 
In several boreholes, this unconform ity seems to be 
underlined by a grain size increase and presence of 
reworking features (Figs. 6 & 7). It obviously bears 
an im portant sequential significance and apparently 
corresponds to a m ajor sequence base in Paris Basin, 
where it is dated 202 m illion years (Vail et al., 1987). 
The upper part o f the Luxembourg Formation mainly 
corresponds to an aggrading sandy body constituted 
by sand w aves, the developm en t o f  w hich  was 
studied by Berners (1983) and M ertens e ta l. (1983) 
in subtidal coastal environm ent. A ccording to these 
authors, these sands were accum ulated by NNE-SSW  
tide currents. Despite o f a great facies homogeneity, 
it is possible to laterally follow som e interesting va­
riations: if  one considers the successive shorelines 
o f  the L iassic transgression, oriented N N E-SSW  
(M aubeuge, 1954, for instance), V illers-devant-Or­
val, N eulim ont and Latour boreholes may be located 
back on a roughly proxim al-distal transect. This 
d if fe re n c e  in p ro x im a lity  seem s in d eed  to  be 
underlined by the follow ing criteria: a progressive 
replacem ent of cem ent by a microsparitic matrix and 
disappearance o f oolites.

- Arion Form ation. W ithin its interdigitations with 
L uxem bourg F orm ation  (S trassen , P osterie , and 
H ondelange M em bers) and in the area o f its full ex­
tension near Arion (Arion and Toernich boreholes), 
this unit is characterized by a reduction in grain size 
and a relative proportion o f detrital quartz grains. 
Facies evolved from  an agitated environm ent to a 
quieter environm ent; the sea-bed, m ore stable, was 
again richer in endofauna. The palynofacies suggests 
a relatively protected environm ent, like a bay.

- The contact between Arion or Luxem bourg Form a­
tion and Ethe Form ation is underlined by several 
centim etric ferruginous beds (Fig. 5). These may 
correspond to hardgrounds w ith a regional extension. 
A fter littoral conditions, which prevailed during the 
tim e o f  sandy depo sitio n , a re tu rn  to a m uddy 
se d im e n ta tio n  in E the F o rm a tio n  in d ic a te s  an 
obvious deepening o f the basin. S ilty-calcareous 
lam inae, frequent in marls and clays, could corres­
pond to distal tem pestites preserved in an environ­
m en t w here b io tu rba tion  was poorly  developed  
(weakly oxygenated sedim ent). The palynofacies 
suggests an opened environm ent, but with a deltaic 
influence.

- M essan cy  and  A u b an g e  F o rm a tio n s: a f te r  the 
suboxic episode o f Ethe Formation, these formations 
a re  c h a ra c te r iz e d  by th e  re a p p e a ra n c e  o f  an 
endofauna and progressive re-establishm ent o f a car­
b o n a te  p ro d u c tio n . H ow ever, the en v iro n m en t 
remains subtidal, by remaining located under the fair-
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w eather wave level. The deltaic influence suggested 
for the preceding unit is always present. The contri­
bution o f reworked material is significant.

- Grandcourt Formation marks a passage to a definitely 
suboxic to anoxic facies. Undisturbed sea-bed ensure 
an optim al preservation o f the organic matter. The 
general facies evolution from  the base to the top o f 
the form ation em phasizes a progressive reduction in 
bathym etry and a return to a m ore m arked continen­
tal influence.

9. Conclusions

The com pleted study o f boreholes, associated with a 
new m apping program  in the Trias-Lias o f Belgian 
L orra ine , requ ired  the es tab lish m en t o f a form al 
lithostratigraphy. Units or form ations used here were 
defined by Boulvain et al. (subm itted). They follow

classical subdivisions as m uch as possible, but avoid 
units with a biostratigraphic connotation. For each of 
these form ations, prelim inary pétrographie, minera- 
logical and palaeontological results justify  a first over­
all sedim entological interpretation. Som e significant 
surfaces w ithin the sequential architecture o f these 
form ations of Belgian Lorraine are highlighted, but the 
establishm ent o f a com plete canvas and its connection 
with the sequential subdivision of Paris Basin requires 
additional inform ation.
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PLATE 1

Typical lithologies of Belgian Lorraine formations in boreholes.

A: Habay formation, Neulimont borehole, 196,0 m: conglomerates;
B: Attert Formation, Latour borehole, 376,6 m: argillite with anhydrite nodules;
C: Attert Formation, Neulimont borehole, 175,1 m: dolomitic layers (white) in dolomitic marls “marnolithes” (purple, 

green);
D: Mortinsart Formation, Neulimont borehole, 163,8 m: bioturbated sandstone and dolomitic sandstone;
E: Jamoigne Formation, Neulimont borehole, 105,5 m: sandy marls with bioturbated limestone lenses;
F: Luxembourg Formation, Metzert Member, Neulimont borehole, 80 m: bioturbated marly sandstone.
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PLATE 2

Typical lithologies of Belgian Lorraine formations in boreholes.

A: Luxembourg Formation, Neulimont borehole, 69,5 m: sandstone ( dark yellow) and sandy limestone (grey);
B: Arion Formation, Toernich borehole, 117,1 m: bioturbated silty to sandy marl (dark yellow) and sandy limestone (grey);
C: Arion Formation, Strassen Member, Neulimont borehole, 42 m: bioturbated sandy marl;
D: Ethe Formation, Latour borehole, 154,5 m: laminar argillite with calcareous silt lenses;
E: Aubange Formation, Latour borehole, 104,5 m: conglomerate with a sandy marl matrix;
F; Grandcourt Formation, Latour borehole, 86 m: slightly bioturbated argillite with calcareous silt lenses.
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PLATE 3

A: Trench made by the I.r.Sc.nat.B. in the Mortinsart Formation, near the Brussels-Luxemburg highway exit of Habay.
Alternation of silty sand and clay.

B: Dolomitic wackestone with poorly sorted quartz grains; rhizomorph near the centre of the picture. Habay Formation,
Villers-devant-Orval borehole, 195,3 m. Crossed nicols.

C: Bioturbated sandstone with a dolomitic matrix. Mortinsart Formation, Villers-devant-Orval borehole, 164,5 m. Crossed
nicols. Same scale as B.

D: Oolithic grainstone. Luxemburg Formation, Villers-devant-Orval borehole, 49,0 m. Crossed nicols. Same scale as B.
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