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GLVFRQWLQXLWLHV� �/LEHUW�� ������ *URHVVHQV�� ������� 1DPHV� ZHUH�
JLYHQ�E\�TXDUU\PHQ�WR�HDFK�VHW��FRPPRQO\�H[SUHVVLQJ�D�FKDUDFWHU�
of the rock (colour, hardness, purity ...). The base of the formation 
is named “Grisou” beds, a c. 6 m-thick light-coloured, hard, often 
dolomitised unit of little interest for quarrymen (Groessens, 
������ +DUG\�� ������� 7KH� ³*ULV�EHF´� SUHVHQWV� D� ZKLWLVK� VKDGH�
XQSOHDVDQW�RQFH�SROLVKHG�DQG�LV�RYHUODLG�ZLWK�WKH�³*URV�EDQF´��
DQ������P�WKLFN�PDVVLYH�XQLW�LQWHQVLYHO\�TXDUULHG��,W�LV�JHQHUDOO\�
RYHUODLG� ZLWK� WKH� ³%DQFV� PLQFHV´�� ZKLFK� DUH� D� VXFFHVVLRQ� RI�
metre-thick beds and then with the “Dure croûte”, a decimetre-
WKLFN�VOLJKWO\�VLOLFL¿HG�EHG�WKDW�FDQ�EH�FRUUHODWHG�IURP�TXDUU\�WR�
TXDUU\�LQ�WKH�HQWLUH�&6$��,Q�VRPH�SODFH�RI�WKH�&6$��LW�LV�RYHUODLG�
ZLWK�WKH�³%DQFV�GH���SLHGV´��ZKLFK�JURXSV�D�YDULDEOH�QXPEHU�RI�
WKLQ�EHGV��$ERYH�� OD\� WKH�³%DQFV�EOHXV´�DQG� WKH�³%DQFV�QRLUV´�
ERWK� SUHVHQWLQJ� D� GDUNHU� FRORXU�PDNLQJ� WKHP�YHU\� YDOXDEOH� DV�
RUQDPHQWDO� VWRQH��7KH�³%DQF�GH�GpVVHUUH´�±�DOVR�FDOOHG�³)ORUL�
EDQF´� ±� HQGV� WKLV� VXFFHVVLRQ� ZLWK�PHWUH�WKLFN� EHGV� EHORZ� WKH�
0DUWLQULYH�)P�

Similarly, the Soignies Mbr of the Ecaussinnes Fm (i.e. “Petit 
*UDQLW� GH� 6RLJQLHV´��ZDV� GLYLGHG� LQ� DERXW� ��� EHGV� VHWV�ZKLFK�
DUH�� IURP� WKH�EDVH� WR� WKH� WRS� �*URHVVHQV��������+LER��������� D�
VHW� RI� VXE�PHWULF� EHGV� RYHUODLG� ZLWK� WKH� ����P�WKLFN� FULQRLGDO�
JUDLQVWRQH� RI� WKH� ³*URV� EDQF´�� WKH� ³1RLU� EDQF´� DQG� WKH� ³%RQ�
��PqWUHV´��7KH�³/LWpH�j�GDOOHV´��DQ�DUJLOODFHRXV� OLPHVWRQH�ZLWK�
calcite geodes and the “Pas de Loup”, a bioclastic limestone 
yielding large Asteractinella expansa sponges DUH� WKHQ�RYHUODLG�
with a 4 m-thick set of thin beds comprised of (light) blueish 
SDFNVWRQH��$ERYH� WKH�6RLJQLHV�0EU�� WKH�VHGLPHQWDWLRQ�FKDQJHV�
WR� DQ� DOWHUQDWLRQ� RI� WKLQO\�EHGGHG�� ¿QH�JUDLQHG� DUJLOODFHRXV�
limestone beds and marlstone interbeds forming the Thiarmont 
0EU�RI�WKH�0DORQ�)RQWDLQH�)P��³5DFKHV´�RI�WKH�TXDUU\PHQ��3RW\�
et al., 2001). These facies are rather fossiliferous (crinoids, rugose 
corals, brachiopods, trilobites, etc.), but the crinoidal content is 
ORZHU�WKDQ�LQ�WKH�6RLJQLHV�0EU��+RZHYHU��WKH�ERXQGDU\�EHWZHHQ�
WKH� WZR� PHPEHUV� LV� WUDQVLWLRQDO� ZLWK� SURJUHVVLYH� LQWHUFDODWLRQ�
of argillaceous interbeds of increasing thickness upwards. The 

Figure 3.�0LFURIDFLHV�IURP�WKH�2XUWKH�)P�DQG�6RLJQLHV�0EU��D��0)��FULQRLGDO�JUDLQVWRQH�UXGVWRQH��2XUWKH�)P��5R\VHX[�TXDUU\��5,;�����GRPLQDWHG�E\�
FULQRLGV�DQG�VRPH�EUDFKLRSRGV��E��0)���FULQRLGDO�DQG�SHORLGDO�JUDLQVWRQH��2XUWKH�)P��'RULQQH�TXDUU\��'RU�����F��0)���FULQRLGDO�SDFNVWRQH��6RLJQLHV�
0EU��*DXWKLHU�:LQFT]�TXDUU\��*:�����ZLWK�IUDJPHQWV�RI�FULQRLGV��EUDFKLRSRGV�DQG�EU\R]RDQV��G��0)���ELRFODVWLF�SDFNVWRQH�ZDFNHVWRQH��2XUWKH�)P��
5R\VHX[�TXDUU\��5,;�����ZLWK�UDUH�EUDFKLRSRG�IUDJPHQWV��GDUNHU�DUHDV�UHVXOW�RI�ELRWXUEDWLRQ��H��0)���ELRFODVWLF�PXGVWRQH��2XUWKH�)P��*ULVSLHUUH�TXDUU\��
2XIIHW��*UL������I��FDOFLWH�SVHXGRPRUSK�DIWHU�DQK\GULWH�LQ�D�ZDFNHVWRQH��EDVH�RI�WKH�0DUWLQULYH�)P��/D�3UpDOOH�TXDUU\��3Up����

Debout & Denayer 2018 
Geologica Belgica
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n) are well-represented in the Ourthe Fm and could be one of the 
principal predators of crinoids as they are presently (Baumiller et 
al., 2008). The sessile guild comprised brachiopods (Leptagonia 
sp. �)LJ�� ��M��� SURGXFWLGV� V�O��� VSLULIHULGV� V�O��� Undispirifer, 
Mesochorispira konincki (Fig. 13e-f)), rugose corals (Cyathaxonia 
cornu (Fig. 9c), Caninia cornucopiae (Fig. 9e), Caninophyllum 
patulum (Fig. 9a), Siphonophyllia cylindrica (Fig. 9b), Zaphrentites 
cf. crassus (Fig. 9f), Sychnoelasma konincki (Fig. 9d)), tabulate 
corals (micheliniids, syringoporids (Fig. 9g-h)), bryozoans (Fig. 
12c) and sponges (Asteractinella expansa (Fig. 13h-i)).

Based on the proportions of columnals of each morphology 
GHVFULEHG�DERYH�DQG�ZLWK�WKH�K\SRWKHWLF�DVVXPSWLRQ�WKDW�WKH\�DUH�
associated to the different taxa as suggested by parataxonomy (see 
�������D�WLHULQJ�PRGHO�FDQ�EH�SURSRVHG�IRU�WKH�%HOJLDQ�7RXUQDLVLDQ�
encrinites (Fig. 14). In comparison with the tiering model 
SURSRVHG�E\�$XVLFK�	�%RWWMHU���������������WKH�)OXFWLFKDUDFLGDH��
WKH�5KRGRFULQLWLGDH��Dierocalipter and Rhysocamax�OLYHG�LQ�WKH�
WLHU�������ĺ�����FP���WKH�([FHVLRGLVFLGDH�DQG�WKH�3ODW\FULQLWLGDH�
SUREDEO\�RFFXSLHG�WKH�WLHU��������ĺ�����FP���7KHQ�WKH�WLHU��������
ĺ������FP��ZDV�SUREDEO\�RFFXSLHG�E\�ORQJ�VWHPPHG�FULQRLGV��
such as Stiberostaurus, Graphosterigma and the Cyclomischidae. 
As suggested by the proportion of measured diameter of 
FROXPQDOV�� WKH� SURSRUWLRQV� RI� LQGLYLGXDOV� LV� DSSUR[LPDWHO\�
FRQVWDQW� IURP� RQH� TXDUU\� WR� WKH� RWKHU�� ������� RI� WKH� FULQRLG�
community occupied the tier 2, 20-30% occupied the tier 3 and 
¿QDOO\��������RI�WKH�FULQRLGV�RFFXSLHG�WKH�WLHU����

The nekton was mainly comprised of holocephalan and 
hybodontid chondrychthians whose teeth are common in the 
Tournaisian encrinites (Fig. 13a-c). Actinoceratoid cephalopods 
(Rayonnoceras ?, Fig. 13d) were occasional dwellers of the crinoid 
meadow. A great amount of bioturbation is present throughout the 

Soignies Mbr and the Ourthe Fm, but these endobenthic traces 
KDYH�QRW�EHHQ�LGHQWL¿HG�DQG�VWXGLHG�

7KH� HQYLURQPHQW�ZDV� FOHDUO\� GRPLQDWHG� E\� WKH� VXVSHQVLRQ�
feeders but the occurrence of nektonic and benthic macrophages 
witnesses the complexity of the ecosystem of the crinoidal 
meadows despite the crinoid dominance.

6. Discussions

Judging from the columnal morphologies, all the species and 
genera of crinoids that comprised the crinoidal meadow in the 
2XUWKH� )P� ZHUH� DOUHDG\� SUHVHQW� DW� WKH� WRS� RI� WKH� <YRLU� )P��
generally characterised by a peloidal and crinoidal grainstone 
�0)����7KH�JUHDW�DPRXQW�RI�SHORLGV�DW� WKH�WRS�RI�WKH�<YRLU�)P�
FRXOG� EH� DWWULEXWHG� WR� D� UHODWLYH� DEXQGDQFH� RI�PDFURSKDJHV� LQ�
WKH� FULQRLGDO�PHDGRZ�� SUHYHQWLQJ� RU� GLOXWLQJ� WKH� DFFXPXODWLRQ�
RI� FROXPQDOV�� $W� WKH� WUDQVLWLRQ� EHWZHHQ� WKH� <YRLU� DQG� WKH�
Ourthe formations the rate of columnal production increased 
H[SRQHQWLDOO\��HQDEOLQJ� WKH�GHSRVLW�RI�D� WUXO\�PDVVLYH�FULQRLGDO�
OLPHVWRQH��7KH�SDVVDJH�IURP�WKH�<YRLU�)P��767��WR�WKH�2XUWKH�
)P� �+67�� DOVR� UHFRUGHG� DQ� LQFUHDVH� LQ� K\GURG\QDPLF� VHWWLQJV�
that also explain the drastic decrease of peloidal content.

3HDNV� LQ� WKH� FXUYH� RI� PD[LPXP� FROXPQDO� GLDPHWHU� DUH�
FRUUHODWHG�WKURXJKRXW�WKH�&6$��)LJV�����������LQ�WKH�³%DQFV�PLQFHV´��
top of “Gris Banc” and in the “Bancs noirs”. Those maxima can be 
explained by hydrodynamic effects but it has to be noted there is no 
correlation with the columnal erosion index (CEI).

During the Tournaisian, S Belgium is located at a latitude of 
���6��*RORQND��������ZLWKLQ�WKH�KXUULFDQH�DUHD��<DR�HW�DO����������
The crinoidal meadows were regularly swept by tropical storms and 
cyclically by hurricanes of higher intensity. Indeed high fragmentation 
of skeletons, rounded fragments of shells and hummocky cross-

Figure 13.�0DFURIDXQD�UHPDLQV�IURP�WKH�%HOJLDQ�7RXUQDLVLDQ�HQFULQLWH��D��XQGHWHUPLQHG�GRUVDO�VSLQH�RI�XQGHWHUPLQHG�K\ERGRQWRLG�FKRQGU\FKWKLDQ��*DXWKLHU�
:LQFT]�TXDUU\��6RLJQLHV��3$8/J�*:�����E��LVRODWHG�WRRWK�RI�WKH�KRORFHSKDODQ�FRQGU\FKWKLDQ�Helodus�VS���6SULPRQW�TXDUU\��3$8/J�635����������F��LVRODWHG�
tooth of Deltodus sublaevis��6RLJQLHV�TXDUU\��3$8/J�6*1����������G��XQGHWHUPLQHG�DFWLQRFHUDWRLG�FHSKDORSRG��Rayonnoceras?), undetermined quarry in the 
2XUWKH�YDOOH\��KLVWRULFDO�FROOHFWLRQ�3$8/J��������������H�I��Spirifer (Mesochorispira) konincki��XQGHWHUPLQHG�TXDUU\�LQ�WKH�2XUWKH�YDOOH\��KLVWRULFDO�FROOHFWLRQ�
3$8/J��������������J��XQGHWHUPLQHG�VWUDSDUROOLG�JDVWURSRG��6SULPRQW�TXDUU\��KLVWRULFDO�FROOHFWLRQ�3$8/J��������������K�L��Asteractinella expansa sponge 
LQ�WUDQVYHUVH�VHFWLRQ��L�LV�D�FORVH�XS�YLHZ�RI�WKH�VSLFXOHV���*DXWKLHU�:LQFT]�TXDUU\��6RLJQLHV��³3DV�GH�/RXS´�EHG��KLVWRULFDO�FROOHFWLRQ�3$8/J���������������M��
Leptagonia�VS���*DXWKLHU�:LQFT]�TXDUU\��6RLJQLHV��3$8/J�*:!�������N��SKLOOLSVLG�WULORELWH��6RLJQLHV�TXDUU\��3$8/J�6RL�������������
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The grain-supported microfacies MF1-3 all display features 
that point to a tempestite origin: a random orientation of the 
grains, the poor sorting, lack of grading and dark colour. The 
disarticulation of the skeletal elements and the erosion of the 
crinoid columnals (cf. CEI) also support a multiple reworking 
E\�VXFFHVVLYH�K\GURG\QDPLF�HYHQWV��WKRXJK�LW�FDQ�EH�H[SODLQHG�
by other taphonomic processes. Sedimentary structures such 
DV� KXPPRFN\� FURVV�VWUDWL¿FDWLRQV� RQ� WRS� RI� EHGV� DQG� WKH�
concentration of bioturbations in some horizons also indicate 
that the sediment accumulated as amalgamated tempestites. The 
amalgamation is suggested by the absence of the grading usually 
REVHUYHG� LQ� LQGLYLGXDO� WHPSHVWLWHV� DQG� E\� WKH� KRPRJHQHLW\� RI�

PLFURIDFLHV� WKURXJKRXW� WKH�GHSRVLWV��6HLODFKHU�	�$LJQHU��������
Puga-Bernabéu & Aguirre, 2017). Consequently, it is considered 
that the entire “Petit Granit” facies was deposited under the fair-
ZHDWKHU�ZDYH�EDVH�DQG�ZLWKLQ�WKH�VWRUP�ZDYH�]RQH�

7KH� UHODWLYHO\� KLJK� HURVLRQ� �FI�� &(,� ����� RI� WKH� FROXPQDOV�
would suggest a transportation, but predation and bioerosion 
FDQQRW�EH�H[FOXGHG��WKRXJK�UDUHO\�REVHUYHG�LQ�WKLQ�VHFWLRQ��$W�WKH�
opposite, the lack of sorting pleads for a limited transportation 
DQG� LV� EHWWHU� H[SODLQHG� E\� VKRUW�OLYLQJ� KLJK�HQHUJ\� FRQGLWLRQV�
ZKLFK�DUH�KRZHYHU� FRPSDWLEOH�ZLWK� WKH�DFWLRQ�RI� VWRUPV��:LWK�
such limited transportation, the crinoid elements acted as (para-)
autochtonous sedimentary particles produced and accumulated 

Figure 9. Corals from the Belgian Tournaisian encrinites: a: Caninophyllum patulum��LQ�WUDQVYHUVH�VHFWLRQ��76���/D�3UpDOOH�TXDUU\��&KDQ[KH��3$8/J�
3Up���������� E��Siphonophyllia cylindrica��76��3RQW�GH�%RQQH�TXDUU\�� �3$8/J�3G%�������F��� F��Cyathaxonia cornu��76��*DXWKLHU�:LQFT]�TXDUU\��
6RLJQLHV� �3$8/J�*:��,,D��� G�� Sychnoelasma konincki�� 76�� *DXWKLHU�:LQFT]� TXDUU\�� 6RLJQLHV� �3$8/J�*:�������F��� H�� Caninia cornucopiae, 
WUDQVYHUVH�VHFWLRQ��6RLJQLHV�TXDUU\��3$8/J�6*1�������D���I��³Michelinia megastoma” in longitudinal section, growing on a Zaphrentites cf. crassus, 
76��/D�3UpDOOH�TXDUU\��&KDQ[KH��3$8/J�35(������J��SROLVKHG�VODE�RI�³3HWLW�*UDQLW�GH�6RLJQLHV´�ZLWK�D�ODUJH�FRORQ\�RI�Syringopora sp., Soignies quarry 
�3$8/J��������������K��SROLVKHG�VODE�RI�³3HWLW�*UDQLW�GH�6RLJQLHV´�ZLWK�D�ODUJH�FRORQ\�RI�³Michelinia megastoma” in TS, note the holes, probably left 
after the decay of a soft-bodied symbiont, Soignies quarry (PAULg-20180111/2).

D’anciens coraux, 
coloniaux ou solitaires
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