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abstract. The Himmelbaach quarry is located in the Wiltz Synclinorium in Luxembourg. The rocks outcropping in 
this quarry correspond to the mid-Emsian Clervaux Shales Formation. Three different facies have been identified in the 
quarry. An argillaceous sandstone facies with oblique stratifications, cross-stratifications, herring-bones and erosive bases 
represent the first facies; the second facies is characterized by lenticular- (with connected lenses) to wavy-bedded sandy 
argillites, argillaceous sandstones and quartz arenites. The last facies corresponds to a quartz arenite with oblique 
stratification, planar laminations and mud drapes. The base of this facies shows flaser bedding and sigmoidally curved bed 
surfaces. The palaeoenvironmental study of this area is rather difficult because of the structural deformation and lateral 
variation of the facies. Due to this deformation, six partial sections (4a to 4f) were sampled here. In order to reconstruct a 
reliable vertical and lateral succession of the depositional setting, facies analysis and magnetic susceptibility were used. 
Magnetic susceptibility (MS) is generally applied as a tool for correlation in a deepwater carbonated environment. In this 
paper we used the MS technique successfully in a siliciclastic proximal setting. Analysis of MS curves as well as the 
recognition of three marker beds ((1) the last bed of argillaceous sandstones in Facies 1; (2) a thin horizon of carbonated 
sandstone within Facies 2; (3) the first appearance of the characteristics massive quartzitic beds in Facies 3) allowed the 
correlation of sections 4a, 4b and 4c. These correlations helped us to reconstruct a vertical and lateral succession of facies, 
which ultimately led to the recognition of a tide-dominated marginal-marine depositional model composed respectively 
of tidal channels (Facies 1), a tidal flat (Facies 2) and a tidal sand ridge (Facies 3). This example also shows the usefulness 
of magnetic susceptibility for small scale correlation, even in a proximal environment such as a marginal-marine setting. 
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1. introduction

The Lower Devonian is a particular period of interest 
because it is characterized by the first transgression of the 
Rheic Ocean, after the Caledonian orogeny, on the coasts 
of the Old Red Continent (Bultynck & Dejonghe, 2001). 
These transgressions are marked by siliciclastic deposits 
in the Ardenne Basin (Fig. 1A). From the Lochkovian to 
the Upper Emsian, the basin underwent various stages of 
development, which merit detailed study. One of these 
episodes is recorded in the Neufchâteau-Wiltz-Eifel 
Synclinorium (southern part of this basin, see Fig. 1A). 
Lower Devonian rocks in the Neufchâteau-Wiltz-Eifel 
Synclinorium mainly consist of up to 4000 m of quartzitic 
sandstones, siltstones and silty-sandy shales. 

Reliable reconstructions of palaeoenvironmental 
conditions are difficult due to limited outcrop exposure, 
the scattered occurrence of fossiliferous horizons and 
strong tectonic deformations. All these features also lead 
to significant difficulties in distinguishing between marine, 
brackish and terrestrial settings (Wehrmann et al., 2005). 
In this paper, we intend to bypass these difficulties by 

applying a set of new techniques for this area and to 
propose a palaeoenvironmental model. The Himmelbaach 
quarry was selected carefully to offer an interesting 
stratigraphical interval as well as the best exposure 
conditions. However, as in the whole area, the Variscan 
orogeny has strongly affected the quarry. Only short 
successions separated by faults can be studied. This active 
quarry is located at 1 km to the SE of Erpeldange (9648, 
Diekirch, Luxembourg). The GPS coordinates are N 49° 
58.448’; E 05° 57.655’.

The main goals of this study are: (1) to identify 
different depositional environments by facies analysis. 
This facies analysis is also used to correlate the several 
short sections sampled by the identification of marker 
beds; (2) to refine these correlations using bulk magnetic 
susceptibility analysis. The combination of the two 
techniques allows us to reconstruct a reliable vertical 
succession of the depositional environment in the quarry. 
Notably, MS is applied here on shallow siliciclastic 
sediments, which is relatively uncommon for this 
technique (see also Debacker et al., this volume). 
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1.1. Geological context

Luxembourg is divided into two main morphostructural 
units: the “Ösling area” (the northern third of the country), 
belongs to the Rhenohercynian Fold and Thrust Belt while 
the “Gutland area”, belongs to the north eastern margins 
of the Paris Basin (Désiré-Marchand, 1985). The Ösling 
area lies between the Rocroi and Serpont Massifs in the 
West, the Eifel region in the East and the Stavelot Massif 
in the North. The Gutland area is part of the Mesozoic 
“Trier-Luxembourg Embayment”, situated between the 
Ardenne-Eifel and the Hunsrück areas (Dittrich, 1988) 
(Fig. 1B).

The Ösling area is composed of a succession of 
synclines and anticlines forming the Wiltz Synclinorium 
(Luxembourgish part of the Neufchâteau-Wiltz-Eifel 
Synclinorium). The outcrops of this area date from the 
Upper Pragian to the Upper Emsian (see Fig. 1B). The 
Upper Pragian is characterized by the alternation of blue 
to grey phyllites, quartzophyllites and sandstone. The 
Lower Emsian is represented by Stolzembourg phyllites 
(E1a) and by Schuttbourg phyllites and quartzophyllites 

(E1b). The total thickness of the Upper Pragian and Lower 
Emsian formations is 3200 m. The mid-Emsian is 
characterized by a 600 m-thick succession of variegated 
shales and sandstones called the Clervaux Shales 
Formation (E2). Intercalations of beds of quartzite are 
rare in the lower part of this formation but become 
common in the upper part. Faber (1982) named the 
quartzite of the upper part of this formation “Vorlaüfer-
Quartzit” (q2). The Upper Emsian begins with the 15 
m-thick Quartzite of Berlé (q1) and is followed by a 200 
m-thick unit belonging to the Wiltz Formation (E3) (Fig. 
2), characterized by grey shales with carbonated nodules. 
Because of a lack of precise biostratigraphical framework, 
all these units have a greater lithological value than a 
stratigraphical value. Nevertheless, Kraüsel & Weyland 
(1930), Lippert (1939) and Solle (1937) have studied the 
faunistical assemblage of the Ösling area. They concluded 
that the Stolzembourg and Schuttbourg units are dated as 
being Lower Emsian; the Clervaux Shales Formation is 
more mid-Emsian and the Quartzite of Berlé and the Wiltz 
Formation are Upper Emsian units. In the Ösling area the 

figure 1. Geology and 
location of the study 
area. (A) Simplified 
geological map of the 
Ardenne and the 
Western Rheinische 
Schiefergebirge (modi-
fied after Bultynck 
& Dejonghe, 2001; 
D é s i r é - M a r c h a n d , 
1985; Kenis & 
Sintubin, 2007; Wher-
mann et al., 2005). 
Abbre-viations: AO, 
Aachen Overthrust; 
Ba, Bastogne; Di, 
Dinant; Lu, Luxem-
bourg; MB, Mals-
benden Fault; MO, 
Midi Overthrust; Pr, 
Prüm; Tr, Trier; TW, 
Theux Window; Ve, 
Vervier; XF, Xhoris 
Fault. (B) Geological 
map of Ösling. Abbre-
viations: Cl, Clervaux; 
Hi, Himmelbaach 
Quarry; Vi, Vianden; 
Wi, Wiltz.
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figure 2. Locations of the measured sections in the Himmelbaach Quarry.
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upper part of the Upper Emsian, represented by the upper 
part of the Wiltz Formation, the Wetteldorf and the 
Heisdorf units, has been eroded (Lucius, 1950; Muller, 
1980).

The Himmelbaach quarry is located in the centre of 
the Wiltz Synclinorium (see Fig. 1B). Some 40 m from 
the top of the 600 m-thick Clervaux Shales Formation is 
exposed in this quarry. This comprises the “Vorläufer-
Quartzit”. The quarry is divided into two parts (see Fig. 
2): a north eastern part and a south western part, 70 m 
ahead. The north eastern part is characterized by an 
anticline. Sections 4a (18 m-thick), 4b (10 m-thick) and 
4c (28 m-thick) were sampled in the eastern part of this 
anticline. Sections 4e (5 m-thick) and 4f (1 m-thick) 
belong to the western part of the anticline. Section 4d (4 
m-thick) is located in the south western part of the 
quarry.

1.2. Methods

Due to structural deformation (Fig. 2), six sections were 
sampled in order to reconstruct a vertical sedimentological 
sequence of the quarry. The bed by bed technique was 
applied to the sampling of these sections, taking into 
account any lithological changes. Where the beds were 
more than 1m thick, two samples were collected (one at 
the base and one at the top of the beds). This was the case 
except for the top 10 m of the 4c section, which could not 
be sampled with this precision due to difficulty in accessing 
this part. It is for this reason that the MS curve for this part 
of the section has not been drawn. 219 samples were 
collected and analysed. 

The samples were studied in thin-sections to complete 
the field observations and to allow the elaboration of a 
sedimentological interpretation. Classification of the 
rocks was based on Blatt & Tracy (1997), Mount (1985), 
Lundegard & Samuels (1980) and Williams et al. (1982). 
Visual sorting estimation was based on Longiaru (1987) 
and Pettijohn et al. (1972) and visual percentage estimation 
was based on Baccelle & Bosellini (1965). The model 
proposed in the discussion section is based on Bonnot-
Courtois et al. (2002), Carmona et al. (2009), Dalrymple 
& Choi (2007), Kazuaki et al. (2001), Mángano & Buatois 
(2004), Mc-Eachern & Bhattacharya (2004), Mc-Ilroy 
(2004), Reading (1996), Ta et al. (2002), Wehrmann et al. 
(2005) and Yang (1989).

The magnetic susceptibility value of each sample is 
the average of three measurements with a KLY-3 magnetic 
susceptibility meter (Kappabridge, Liège University). 
Each sample was weighed with a precision of 0.01 g. The 
minimum weight per sample allowed by this meter is 10 
g. These measurements allow the definition of the mass-
calibrated magnetic susceptibility of each sample and the 
construction of magnetic susceptibility curves.

Magnetic susceptibility curves are used in this paper 
for correlation purposes, as in Crick et al. (1997, 2001) 
and Ellwood et al. (1999, 2000), but at a local scale. So, 
even though the identification of the carriers of the MS 
signal is an important task, this will not be dealt with here 
because it would be of no use to our correlations. 

Correlations are made on the basis of magnetic 
susceptibility peaks, and are isochronous and facies 
independent (e.g. Ellwood et al., 2000; Da Silva, 2004; 
Da Silva & Boulvain, 2002; Mabille et al., 2008). The MS 
curves are described as a succession of trends (rise or 
decrease in MS values) separated by extreme MS values.

2. results

2.1. Description of facies (see Fig. 3 for a synthesis of 
facies)

2.1.1. Facies 1: Argillaceous sandstones with erosive 
bases
This facies consists of decimetre- to metre-thick beds of 
green medium-grained argillaceous sandstones. These 
argillaceous sandstones are represented by 80% coarse 
grains (95% quartz grains and 5% feldspar grains, both 
ranging from 80 to 115 µm) and 20% matrix (5% quartz 
grains and 15% micas, both less than 30 µm). The most 
common sedimentary structures observed in these rocks 
include planar laminations, oblique and cross-stratifications 
and herring-bone structures (Fig. 4A, B and C). Mud 
clasts and erosion structures (truncated bases) are observed 
on the lower bed surfaces (Fig. 4D and E). Moreover, this 
facies shows fining-upward sequences from argillaceous 
siltite to silty to sandy argillites with planar lamination. 
This fining-upward trend is also marked by the decreasing 
size of quartz grains within the argillaceous sandstones. 
Grain size analyses of thin-sections show a good degree 
of sorting.

figure 3. Facies characteristics of the Himmelbaach Quarry. 
The log colours correspond to the outcrop colours.
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2.1.2. Facies 2: Lenticular- (with connected lenses) to 
wavy-bedded argillites, argillaceous sandstones and 
quartz arenites

Facies 2 consists of a millimetre- to centimetre-thick 
alternation of fine to medium grained green argillaceous 
sandstones and silty to sandy argillites. The argillaceous 
sandstones are represented by 70% coarse grains (95% 
quartz grains and 5% feldspar grains, both ranging from 
60 to 110 µm) and 30% matrix (5% quartz grains and 15% 
micas, both less than 30 µm). The silty to sandy argillites 
are represented by 80% grains less than 30 µm (10% 
quartz grains and 90% micas) and 20% quartz grains 
ranging from silt to sand. The argillaceous sandstones 
pass upward to a medium- to coarse-grained brown to 
yellow quartz arenite with 97,5% coarse grains (95% 

quartz grains and 5% feldspar grains, both ranging from 
120 to 200 µm) and 2,5% micas less than 30 µm 
representing the matrix. This facies shows lenticular- 
(with connected lenses) to wavy-bedded structures (Fig. 
5A and D). The argillaceous sandstones and quartz arenites 
sometimes display small asymmetrical current ripples 
(Fig. 5D). Moreover, mud drapes are observed at the base 
of these rocks (Fig. 5B). Although individual beds show 
lateral variation in thickness, the thickness of the bedsets 
is laterally stable. Evidence of bidirectional flow has been 
observed (Fig. 5D). A palynological study of this facies 
revealed a high abundance of organic matter with tracheids 
(Fig. 5C).

Some sandy beds are cemented by dolomite. These 
beds are commonly composed of well-sorted quartz grains 

figure 4. Facies 1. A: Argillaceous 
sandstone with oblique stratifications 
(os) (C4-01a); B: Argillaceous sandstone 
with through stratifications (C4-31); C: 
Argillaceous sandstone with planar 
laminations (pl) passing upward to 
herring bones (hb) (C4-33); D: Mud 
clasts in argillaceous sandstone (section 
4b); E: Erosive bases in an argillaceous 
sandstone unit (section 4b); F: Thin 
section of a bimodal argillaceous 
sandstone (C4-01a: crossed nicols).
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and dolomite crystals ranging from 80 to 120 µm. In these 
beds, unbroken brachiopods shells (Fig. 5E) and 
cricoconarids with rare entire bryozoans are observed. 
Locally, coarser and more poorly-sorted laminae are 
observed. These laminae are characterized by quartz 
grains and carbonated fragments of brachiopods, serpula, 
cricoconarid mollusca, bryozoans and crinoids, ranging 

from 80 to 220 µm (Fig. 5F). Mud balls also occur in these 
laminae.

This facies shows a variable presence of bioturbation, 
ranging from intense (Fig. 5G) to nearly absent. Trace 
fossils are dominated by Planolites isp. and Thalassinoides 
isp., with rare Palaeophycus isp., Spirophyton sp. and 
Diplocraterion sp.

figure 5. Facies 2. A: Lenticular-bedded to wavy-bedded quartz arenite in a pelitic unit (section 4c); B: Mud drapes in a quartz arenite 
(C4-77); C: Tracheid; D: Lenticular-bedded argillite with small asymmetrical current ripples in a coarse-grained laminae (lacr), arrows 
indicate flow directions (C4-168); E: Unbroken shell of brachiopod (br) in a well sorted carbonated sandstone (C4-50, crossed nicols); 
F: Carbonated sandstone with structure typical of tempestites (tmp) (C4-134b); G: Higly bioturbated shale (Planolites isp. (pl) and 
Thalassinoides isp. (Th), section 4c).

figure 6. Facies 3. A: 
Quartz arenite with 
oblique stratifications 
(C4-188); B: Quartz 
arenite with planar 
laminations (C4-111); C: 
Channelized structure in 
a quartzitic unit (section 
4a); D: Quartz arenite 
with mud drapes (md) 
and mud clasts (mc) (C4-
95); E: Quartz arenite 
with bioturbated mud 
drapes (md) (palaeo-
phycus isp. (pa)) (C4-
117a).
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2.1.3. Facies 3: Quartz arenites with mud drapes
This facies is represented by decimetre- to metre-thick 
beds of medium to coarse grained quartz arenite with 
oblique stratification or planar laminations (Fig. 6A and 
B). The quartz arenite is represented by 99% coarse grains 
(95% quartz grains and 5% feldspar grains, both ranging 
from 150 to 200 µm) and 1% micas less than 30 µm 
representing the matrix. Locally, argillaceous horizons or 
laminae were observed between these beds. Channelized 
structures occur (Fig. 6C) as well as beds with sigmoidal 
contacts. Mud drapes and mud clasts are common (Fig. 
6D and E). Cross-stratifications are also present. The 
intensity and diversity of bioturbation is commonly low. 
Scarce Thalassinoides isp. and Planolites isp were 
identified. This facies is represented at the top of the 4a 
section by beds of quartz arenite. Laterally, variation 
appears with the intercalation of wavy-bedded silty- to 
sandy argillite corresponding to Facies 2 between these 
quartz arenites.

2.2. Description of magnetic susceptibility curves (see 
Fig. 7)

The values of section 4a range from 20x10-9 m³/kg to 
120x10-9m³/kg. The highest values are observed for the 
lower part of the curve and range from 65x10-9 m³/kg to 
180x10-9 m³/kg. Six extreme values are observed: (a) 
164.70x10-9 m³/kg, (b) 187.60x10-9 m³/kg, (c) 80.25x10-9 
m³/kg, (d) 156.20x10-9 m³/kg, (e) 3.35x10-9 m³/kg and (f) 
5.11x10-9 m³/kg (respectively from bottom to top).

For section 4b, the values range from 50x10-9 m³/kg to 
90x10-9 m³/kg. Three extreme values were recorded from 
bottom to top: (a) 92.69x10-9 m³/kg, (b) 94.41x10-9 m³/kg 
and (c) 58.58x10-9 m³/kg.

Section 4c is characterized by values ranging from 
20x10-9 m³/kg to 100x10-9 m³/kg and three extreme values 
are observed: (d) 149.50x10-9 m³/kg (e) 6.46x10-9 m³/kg 
and (f) 8.13x10-9 m³/kg (respectively from bottom to 
top).

The values of sections 4d, 4e and 4f range respectively 
from 20x10-9 to 80x10-9 m³/kg, 10x10-9 to 100x10-9 m³/kg 
and 0 to 80x10-9 m³/kg.

3. discussion

3.1. Correlations

Facies analysis allows us to identify three marker beds 
(see Fig. 7). These marker beds represent limits between 
facies or particular horizons within these facies. The 
marker beds are: (1) the last argillaceous sandstone beds 
in the top of Facies 1 (M.b.1), which were identified and 
correlated in sections 4a and 4b; (2) the thin horizon of 
carbonated sandstone beds with accumulations of bioclasts 
within Facies 2 (M.b.2) (see 2.1.2.) is a good marker for 
correlating sections 4a and 4c; (3) the first appearance of 
the massive quartzitic bed (Facies 3) (M.b.3) which is 
observed in the top of section 4a and in the lower part of 
section 4c. Sections 4d, 4e and 4f are too thin to be 
correlated using this method.

Analysis of magnetic susceptibility curves leads to the 
identification of several trends and peaks (extreme values) 
in sections 4a, 4b and 4c. All these features allow us to 
make the following correlations (see Fig. 7): 

In section 4b, trends 1 and 2 and peaks a, b and c from 
section 4a are identified. However, this section does not 
display peak d at the top of trend 2, suggesting that this 
trend is not completely represented. If we look at the peak 
b in section 4a and 4b, we can see that this peak occur in 
argillite in section 4a and in sandstone in section 4b. This 
may sugest that MS signal is facies independent event in 
a siliciclastic deposit. 

For section 4c, trend 3 and peaks e, d and f are 
present.

The low thickness of sections 4d, 4e and 4f does not 
allow us to recognize any tendency or peaks on the MS 
curves that can be correlated with the other sections.

3.2. Facies interpretation

3.2.1. Facies 1: Argillaceous sandstones with erosive 
bases
The presence of oblique stratification passing upwards to 
planar laminations, added to the presence of cross-
stratifications and herring-bones, indicates variations in 
flow velocity and direction (Collinson & Thompson, 
1989). The presence of mud clasts, although not exclusive 
from tidal settings, also suggests a tidal influence 
(Carmona et al., 2009; Dalrymple & Choi, 2007; 
Wehrmann et al., 2005). The occurrence of erosive bases, 
oblique stratification and a fining-upward trend fits with a 
channelized geometry (Collinson & Thompson, 1989; 
Reading, 1996). All these characteristics indicate that 
Facies 1 represents tidal channels.

3.2.2. Facies 2: Lenticular- (with connected lenses) to 
wavy-bedded argillites, argillaceous sandstones and 
quartz arenites
The presence of lenticular and wavy-bedded structures 
suggests a tide-dominated environment. The coarse-
grained laminae were deposited during current action 
periods, whereas the fine-grained laminae were deposited 
during calm periods (Carmona et al., 2009). The occurrence 
of mud drapes in the coarse-grained laminae reveals that 
mud material was deposited during slack water (Carmona 
et al., 2009). Tidal current activity is also suggested by the 
bidirectional pattern of the flow. A transition, in the coarse-
grained laminae, from argillaceous sandstones to quartz 
arenite suggests an increase in the energy of the 
environment. The important quantity of organic matter, 
particularly of tracheids, points to a proximal trend in this 
environment. Moreover, according to Holland & Elmore 
(2008) and Ta et al. (2002), the presence of non-broken 
brachiopods shells and cricoconarids with rare entire 
bryozoans is due to biological activity, which is galvanized 
by the emergence of the environment during low tides. 
However, the occurrence of fragments of brachiopods, 
serpula, cricoconarid mollusca, bryozoans and crinoids, 
the poor sorting of the material, as well as the presence of 
mud balls, also indicate storm activity and these beds 
might be interpreted as tempestites.
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figure 7. Lithological and MS logs with the position of the marker beds and the characteristic patterns of the MS curves. Trends, events 
and peaks on the MS curves are respectively represented by red arrows, red lines and red letters. Abbreviations: M.b.1, Marker bed 1: 
last argillaceous sandstone bed on top of Facies 1; M.b.2, Marker bed 2: thin horizon of carbonated sandstones beds within Facies 2; 
M.b.3, Marker bed 3: first apparition of the massive quartzitic beds.
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Finally, variations in bioturbation intensity indicate a 
variable environmental stress. The poorly bioturbated 
units could suggest a salinity stressed environment. In this 
case, rises in bioturbation intensity would indicate periods 
of normal conditions (Carmona et al., 2009; Mc-Eachern 
& Bhattacharya, 2004 and Mc-Ilroy, 2004). Facies 2 is 
interpreted as representing a tidal flat.

3.2.3. Facies 3: Quartz arenites with mud drapes
The presence of cross-stratification combined with mud 
drapes indicates variations in flow velocity and direction 
(Willis et al., 1999), corresponding to environments with 
a strong tidal influence (Carmona et al., 2009). The 
presence of mud clasts supports this interpretation 
(Dalrymple & Choi, 2007; Wehrmann et al., 2005). The 
relatively high frequency of oblique stratifications 
suggests a predominant bedload transport (Collinson & 
Thompson, 1989; Carmona et al., 2009). The lateral 
intercalations of Facies 2 within this facies indicate a 
lenticular shape of the quartz arenite succession (Dürkoop, 
1992; Faber, 1982). On the basis of facies succession (Fig. 
7), this facies is considered to be deposited seaward of 
Facies 1 (tidal channels) and Facies 2 (tidal flat). The high 
percentage of quartz grain, its distal position compared to 
the other facies, its lenticular shape and the occurrence of 
tidal structures suggest that Facies 3 represents a tidal 
sand ridge (Kazuaki et al., 2001).

3.3. Sedimentary model

The model proposed in this paper corresponds to a 
marginal-marine tide-dominated environment. According 
to Antun (1950), the identification of Spirophyton sp. 
indicates a marine to brackish water setting corresponding 
to a littoral to sublittoral environment. Franke (2006) also 
observed these ichnofossils in the Clervaux Shales 
Formation and described them as a reoccupation facies 
fauna in a tidal flat. Indeed, he observed the presence of 

both, marine and fresh water fauna in this formation. 
Moreover, the variation in bioturbation intensity observed 
in Facies 2 (see 2.1.2.) suggests stress conditions typical 
of marginal-marine environments. Intensively bioturbated 
horizons reflect normal condition whereas poorly 
bioturbated horizons reflect a salinity stressed condition 
(Carmona et al., 2009; Mc-Eachern & Bhattacharya, 
2004; Mc-Ilroy, 2004). 

Although tidal influence can be established on the 
basis of physical sedimentary structures and associated 
facies, identifying whether tidal facies were formed in a 
delta or estuary setting is not straightforward because 
these facies occur in both environments.

Traditionally, geomorphologists have distinguished 
emergent from submergent coasts on the basis of falling 
and rising sea levels (Johnson, 1919). Fisher et al. (1969) 
classified coasts according to these principles. This 
classification was enhanced by many authors from 
Galloway (1975) to Dalrymple et al. (1992). All of these 
authors suggested that the transformation of one type of 
coast into another is due to change in the nature of 
sedimentary supply and the fluctuation of relative sea 
level. According to this classification, transgressive trends 
are more favourable to the development of an estuary than 
of a deltaic setting.

Although the facies succession of the Himmelbaach 
quarry is transgressive, a complete palaeoenvironmental 
study of the Neufchâteau-Wiltz-Eifel Synclinorium is 
needed to document the existence of a transgressive trend 
throughout the basin. Nevertheless, Asselberghs (1944) in 
his lithological study of the Neufchâteau-Wiltz-Eifel 
Synclinorium, compared Belgian, Luxembourgish and 
German rocks. He concluded that the older succession of 
this Basin (Upper Pragian) represents a regressive phase 
in the basin history. This regression ended in the 2/3 lower 
part of the mid-Emsian with an emersion surface. After 
that began a transgression in the 1/3 upper part of the mid-

figure 8. Clervaux Shales reworked acritarchs. A, Acanthodiacrodicus sp.; B, Coryphidium sp.; C, Stelliferidium sp.; D, Striatotheca 
sp.; E, Timofeevia sp.; F, Veryhachium trispinosum groupe; G, Vulcanisphaera sp. 
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Emsian (the period of interest of this paper) continuing 
through the Upper Emsian. The hypothesis of the 
installation of an estuary in the upper part of the mid-
Emsian is therefore the most probable. In this case, the 
facies succession of the Himmelbaach quarry represents 
the middle part of a tide-dominated estuary.

3.4. Possible sedimentary provenance

The palynological study of the Clervaux Shales Formation, 
including the Himmelbaach quarry, allows the 
identification of 7 cambro-ordovician reworked acritarch 
species: Acanthodiacrodicus sp., Coryphidium sp., 
Stelliferidium sp., Striatotheca sp., Timofeevia sp., 
Veryhachium trispinosum groupe and Vulcanisphaera sp. 
(see Fig. 8). These acritarchs were previously observed in 
the Brabant and Stavelot Massifs (Breuer & Vanguestaine, 
2004; Vanguestaine, 1991, 2008; Vanguestaine & Servais, 
2002). However, the emersion of the Stavelot Massif 
probably started only during the late Emsian (Colbeaux et 
al., 1977).

Concerning the Brabant Massif, there is no simple 
answer regarding the exact timing of its deformation and 
therefore its uplift (Debacker et al., 2005). The first 
hypothesis is that the deposition of the late Emsian to 
early Eifelian Burnot conglomerate corresponds to the 
first unroofing of the massif (Debacker et al., 2005; 
Dewaele et al., 2002; Michot et al., 1973). In this case, the 
Brabant Massif as a source for the mid-Emsian Clervaux 
Shales Formation is not an option. On the other hand, 
according to Steemans (1989) and other data from 
Debacker et al. (2005) and Dewaele et al. (2002), the 
emersion of the Brabant Massif would have begun in the 
late Silurian to early Early Devonian. So the source of the 
Cambro-Ordovician reworked acritarches could be found 
in the Brabant Massif. Another possible source area is the 
Mid-German crystalline rise. To solve this question, 
palaeocurrent studies need to be undertaken in the 
Neufchâteau-Wiltz-Eifel Synclinorium. Measurement of 
the palaeocurrents in the Himmelbaach quarry is extremely 
difficult because the measurable structures occur 
principally on the stratification surface of displaced 
blocks. The oblique stratifications are not visible and not 
numerous enough to indicate a clear palaeocurrent 
direction.

4. conclusion

This paper explores the mid-Emsian detritic formation 
observed in Northern Luxembourg, in the Himmelbaach 
quarry. The study of this formation is particularly difficult 
because of strong lateral variations of facies and strong 
deformations. In order to circumvent these problems, we 
used a combination of detailed sedimentological analysis 
(6 sections studied) and magnetic susceptibility (for 
correlation purposes). Detailed facies analysis led to the 
recognition of three facies: (1) argillaceous sandstones 
with erosive bases; (2) lenticular- (with connected lenses) 
to wavy-bedded argillites, argillaceous sandstones and 
quartz arenites; (3) quartz arenites with mud drapes.

Magnetic susceptibility led to the correlation of the 3 
longer sections and to the proposal of a more consistent 
vertical and lateral facies succession. These vertical and 
lateral profiles, combined with the detailed sedimentology 
enabled us to propose a reliable palaeoenvironmental 
reconstruction of the area and of its evolution through the 
studied stratigraphic interval. Palaeoenvironments 
correspond to tidal channels, a tidal flat and a tidal sand 
ridge and represent a tide-influenced marginal-marine 
environment. The vertical succession of these environments 
allows us to identify a transgressive trend, which could 
possibly be a part of an estuary setting.

In conclusion, the combination of these techniques, 
allowed us to propose a vertical and lateral succession 
model of this strongly deformed marginal-marine 
depositional setting. We also showed that MS can be used 
with success in these very proximal (almost continental) 
settings.
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