


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 


 
 














 
 




 
 
 
 

 
 
 
 

 
 
 
 







 
 
 














 
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




 
 

 
 











 
 










































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


























































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






























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1.     Studio paleoicnologico e sedimentologico

di dettaglio (strato-a-strato) del membro 

superiore della Fm. di Stilo - Capo d’Orlando; 

osservazioni degli icnofossili alla mesoscala e 

alla microscala. 

2.     Studio paleoicnologico strato-a-strato

della porzione basale della Fm. del Saraceno.

3.  Studi paleoicnologici preliminari su: 

Formazione di Albidona;

“Sabbie di Broglio”;

Formazione dei Trubi; 

“Calcareniti di Gerace-Bombile” (Fm. Narbone);

“Calcareniti di Le Castella” (Bacino Crotonese).

4.     Osservazioni neoicnologiche preliminari 

su bassi fondali e acquari.  

5. Campionature virtuali (con gomme  siliconiche e laser scanner)

6. Studio di confronto sulle principali icno-collezioni universitarie europee. 

7. Confronto con la Fm. Marnoso-Arenacea, Marne di Verghereto, Flysch Carpazi.

8. Database icnologico (“Ichno-App” e “Ichno Italia”).

Mod. da Bonardi et al. (2001)



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







































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


















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




























































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






























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











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









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














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 





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














































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










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





















 17 





















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






































 

 
 
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 
 
 
 
 

 




























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



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





















































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

























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















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











































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

















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
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



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




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















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

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




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


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





























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























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






























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






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
















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


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
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


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
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


























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
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









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



























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




























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






















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






















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










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














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





































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















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

















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

































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
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
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
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



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











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



























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



























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














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









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
































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
































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

















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




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



 65 






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









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




























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


























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






















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




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






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





































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






 74 








 75 

























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

















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

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










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


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













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






































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















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























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









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




































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



















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



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















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









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


























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
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






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






































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



























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



















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







 96 
























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
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










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



 99 



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
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























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







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









































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













































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













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
















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





















































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











































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

Fig. 4.x -Affioramento Bova 8 e dettaglio  

delle sezioni stratigrafiche misurate e correlate .  
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
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
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


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

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

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

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



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
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


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
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
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
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











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












































 122



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


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
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










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









































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

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
















































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





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
















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
















































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









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



























































 132









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
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








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



























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










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















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































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


















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




























































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














































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




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





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







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









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













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







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









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



















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






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

































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














































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































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





























































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










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














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










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































































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





























































 161









































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




























































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
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
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
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




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
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








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


































































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


































































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





























































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



































































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

































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










































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














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

























2 cm 15 cm 
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








5 cm 
20 cm 
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


























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









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Actually, the Saraceno Valley is listed in a SPA (Special 
Protected Area) and in a SCI (Site of  Community Interest), but 
this kind of protection is not enough; indeed, in the Saraceno 
area some illegal rubbish discharges (e.g. asbestos cement, 
washing-machines, tyres, etc.) are still present, even if the area 
is impounded by Procura della Repubblica since 2004. 
Furthermore, in the thalweg of the Saraceno River is still 
exploited an unlawful quarry, in which sandstone layers are 
extracted and merchandised under the trade name "Pietra 

grigia del Saraceno". So, this area needs more protection.

Giornate di Paleontologia
X edizione.  27-29 maggio 2010 
Arcavacata di Rende
  

CONVEGNO DELLA SOCIETÀ
PALEONTOLOGICA ITALIANA

Because of geological, sedimentological, paleontological and 
geomorphological features, which are scientifically and 
didactically important, this area has all rights to be listed as a 
Geosite. The aim of  this new geosite will be not only the 
preservation and enhancement of big and quite visible and 
recognizable geological structures (e.g. folds, faults, etc.) but 
also, and primarily, the protection and conservation of trace 
fossils, because they have an high scientific value, even if they 
have small-sized. 

Saraceno SIC (Site of Community Interest), 
delimited by the red line 

Unlawful quarry exploited in the thalweg of the Saraceno River  

The Saraceno Fm. (Vezzani, 1968) mainly outcrops in the 
Saraceno Valley and in the Satanasso Valley (Northern Calabria, 
Ionian coast). 
Recent studies indicate the Saraceno Fm. has a Miocene age, by 
Di Staso & Giardino (2002).
The Saraceno Fm. is about 500 m thick and it shows a 
lithological evolution from marls (sometimes with chertly 
nodules) to calcarenites, that represents an evolution from shelf 
to deep sea fan deposits (Sonnino, 1984). Other geological 
prerogatives of the Saraceno Fm., in the Saraceno Valley, are: (i) 
broad outcrops, more than 70 metres high and 300 metres wide, 
(ii) spectacular folds, faults and thrusts and (iii), first of all, the 
Saraceno Fm. is very rich in trace fossils. 
Furthermore, the Saraceno Valley is a good example of fiumara.

D’Alessandro et al. (1986) describe nineteen ichnogenus and 
ichnospecies, which are very well recognizable and preservated 
in the Saraceno Fm.: Chondrites (five ichnospecies), 
Cosmorhaphe lobata, Fucusopsis, Helminthoida labyrinthica, 
Paleodictyon, Palaeophycus tubularis, Phycosiphon incertum, 
Rhizocorallium irregulare, Scolicia, Taenidium annulatum, 
Taenidium satanassi, Teichichnus, Thalassinoides, Zoophycos 
(two ichnospecies). Particularly, Taenidium satanassi is a new 
ichnospecies, described for the first time by D’Alessandro & 
Bromley (1987), studying the holotype found in the Satanasso 
Valley. Taenidium satanassi was referred first to Muensteria by 
Seilacher (1958) and to Muensteria ichnosp. by D’Alessandro 
et al. (1986).

The creation of this geosite may be allowed because of its 
availability and its proximity to the tourist seaside town of 
Trebisacce. Furthermore, it may be included in a cultural 
circuit, together with an archeological site (dates from the 
Bronze Age) situated in Broglio, near the Saraceno River, 
which is already part of an Archeological Park. 

Location and geological map of study area. 1) Holocene undifferentiated; 
2) Pliocene and Pleistocene undifferentiated; 3) Albidona Formation (Oligocene-
Miocene); 4) Saraceno Formation (Miocene); 5) Crete Nere Formation (Cretaceous)

Taenidium satanassi 

3 cm 

Four different ichnospecies of Chondrites

3 cm 

Helminthoida isp. 

3 cm 



The sedimentary deposits studied in this work belong to 

the Stilo-Capo d'Orlando Formation (Oligocene–Miocene; 

Bonardi  et  al . ,  1984)  which mant les  the  St i lo  and 

Aspromonte structural units in the Calabrian Arc (South-

Eastern Calabria) (fig. 1). 

The integrated studies of sedimentological and ichnological 

facies of this formation provide fundamental data on 

paleogeographic and tectonic evolution. The most intriguing 

aspect of the Stilo-Capo d’Orlando Formation is its rapid 

upward passage, at regional scale, from conglomeratic 

alluvial, fan-delta or from conglomeratic and sandy beach 

deposits (Zomino and Pentidattilo units) to predominantly 

mudstone successions with thin sandstones beds (San 

Nicola and Bova units) deposited in shallow water or 

shelf environments, in any case below storm wave base 

(Sonnino, 1997; Dominici & Sonnino, 1998, 2009).

Recent investigations of the Stilo-Capo d’Orlando Formation 

executed by the authors in the area between Gioiosa 

Ionica and Bova revealed that the deposits of the lower 

part  of San Nicola and Bova units  include beds of 

normally-graded and parallel-stratified, rarely ripple cross-

laminated sandstone showing frequently sharp lower and 

upper boundaries. The passages from sandstone to overlying 

mudstone show diverse trace fossils not described yet from 

these deposits. Following ichnogenera have been recorded: 

Zoophycos ,  Thalassinoides ,  Ophiomorpha ,  Chondrites ,  

Cosmorhaphe, Phycosiphon, Scolicia, Nereites, Palaeophycus 

and Gyrophyllites. The last mentioned ichnotaxon has been 

found in three specimens in only one outcrop located near 

the  v i l lage  of  Bova.  Al l  ichnogenera  appear  to  be  

represented essentially by single ichnospecies. The trace 

fossils are usually hardly recognizable on fresh rock 

surfaces. The associated mudstones appear to be highly 

bioturbated, however the bioturbation structures inferred at 

fresh splitting surfaces are taxonomically indeterminable.
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The physical features of the deposits suggest deposition entirely below a storm wave base. Rarity of ripple cross-lamination and sharp tops of sandstone beds imply frequent occurrence of 

bypassing in the sedimentary area and accordingly deposition in area of growing inclination of the sea bed. The trace fossils appear to represent the Zoophycos Ichnofacies, characteristic of basin 

slope, and generally confirm the environmental inferences drown from the physical sediment features. Thus the sedimentary and ichnological features evidence a rapid and significant drowning of 

the area at the beginning of Miocene. The preliminary data show that the ichnological investigation can significantly contribute to the earlier acquired data on features and origin of the deposits.

Fig. 2 - Thin and thick arenaceous layers. Mount Linare 

Fig. 5 - Scolicia prisca. Mount Linare 

Fig. 7 - Ophiomorpha cf. annulata. 
Mount Linare 

Fig. 6 - Nereites cf. missouriensis. 
Mount Linare 

Fig. 8 - ?new ichnogenus. Mount Linare Fig. 12 - Thalassinoides isp. Agnana 

Fig. 10 - Zoophycos cf. brianteus
Agnana, Luria Valley (2) 

Fig. 9 - Ophiomorpha irregulaire and 
Thalassinoides isp. Agnana, Luria Valley (1) 

Fig. 13 - Scolicia prisca Bova, Vena Valley 

Fig. 16 - ?new ichnogenus. Bova Fig. 15 - Gyrophyllythes cf. rehsteineri. Bova

Fig. 14 - Taenidium isp.  Bova 

Fig. 11 - Zoophycos cf. insignis. Agnana

Fig. 4 - Sandstones and mudstones shelf deposits. BovaFig. 3 - Bioturbated bed surface of alternated sandstones and mudstones. 
Agnana, Luria Valley (1)

Fig. 1 - Geological sketch map of the study area 

Instytut Nauk Geologicznych, Uniwersytet Jagiellonski, Krakow

Investigations in one outcrop near Gioiosa Ionica 

town (Mount Linare), indicate a high ichnodensity 

constituted by abundant Scolicia prisca (fig. 5), 

Nereites cf. missouriensis (fig. 6), Ophiomorpha cf. 

annula ta  ( f ig .  7 )  and  a  spec i fic  t race  foss i l  

appearing to represent a new ichnogenus (fig. 8). 

The lithofacies and trace fossil assemblage point to 

deposition in ?outer shelf to upper slope channel 

environment.  

Investigations near Bova village show: 

- Vena Valley: a low ichnodensity constituted by 

Scolicia prisca (fig. 13), Nereites isp., Phycosiphon 

isp. and Cosmorhaphe isp. This ichnoassemblage 

together with lithofacies indicate a depositional 

basin depth below storm wave base.

-  w i th in  Bova  v i l l age :  a  h igh  i chnodens i ty  

constituted by Ophiomorpha isp., Phycosiphon isp., 

Z o o p h y c o s  i s p . ,  Ta e n i d i u m  i s p .  ( f i g .  1 4 ) ,  

Gyrophyllythes cf. rehsteineri (fig. 15), Chondrites 

isp.  and a ?new ichnogenus (fig. 16 comp. fig. 

8). This ichnoassemblage together with lithofacies 

indicate deposition below storm wave base.

Investigations near Agnana village show:

- Luria Valley (1): a passage between continental deposits 

(composed by lignite) and marine sandstone in the lower part 

of the succession. This passage is underlined by a dominant 

presence of Thalassinoides isp. and Ophiomorpha irregulaire 

(fig. 9).

- Luria Valley (2): rich ichnoassemblage constituted by a 

dominant presence of Zoophycos cf. brianteus (fig. 10), Nereites 

i s p . ,  T h a l a s s i n o i d e s  i s p .  A c co r d i n g  t o  l i t e r a t u r e ,  t h i s  

ichnoassemblage suggests a deep marine basin, but actually the 

lithofacies suggest a rapid sedimentation rate below storm wave 

base in a not excessively deep basin (Dominici & Sonninno 

2009). 

- within Agnana village: a low ichnodiversity but a high 

ichnodensity dominated by the abundant presence of Zoophycos 

cf. insignis (fig 11) and some Thalassinoides isp. (fig. 12).  
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Recording techniques Organisms Techniques for cementing the sediment Observation techniques  

- sequential photographs

- lighting 

- camera and video camera position

- catch organisms 

- keep organisms alive 

- stress due to artificial environment 
	 (temperature, light, oxygen, grainsize, etc.) 

- cementing the sediments 

- fill empty burrows with 
	 plaster or synthetic resin 

- X-Ray 

- sections of strengthened specimens  

ORGANISMS-SEDIMENT INTERACTIONS: OBSERVATION AND INTERPRETATION

OF ICHNITES  IN AQUARIA AND IN MODERN MARINE SEDIMENTS

The scientific study of ichnites (traces left by animals, both vertebrate and invertebrate) began more than half a century, but only recently detailed analysis and new 

methodologies have been undertaken.

New actualistic approach to correlate ichnites with the corresponding trace-makers is presented in this work.

The main purpose of this new study is aimed to observe the behaviour of organisms in aquaria and their relationship with the sediment and the sedimentation rate.

For this kind of study, the first step (figg. 1 and 4) is the construction of 

appropriate aquaria, divided into sectors, containing different sediment (natural 

bathyal mud and beach sand, colored artificial floor, etc.) more or less rich in 

organic matter. In each sector various benthic organisms (e .g .  polychaetes, 

crustaceans, molluscs, echinoids, etc.) are maintained.

The second step (figg. 2, 3, 5 and 6) is the observation of epichnia (= traces placed on the upper surface of the sediment, at the water-sediment interface) using camera 

and video footage. 

The third step is the variation of starting condition, both changing edaphic parameters (e.g. sedimentation rate, salinity, oxygen content, food availability, etc.) and simulating 

the passing of a torbidity current.

The final step is the study of endichnia (= traces left by organisms inside the sediment) using RX and/or TAC, after the consolidation of sediments using epoxy resin. 

Until now, have been made preliminary experiments using small tanks and few organisms, and only step 1 and step 2 have been made. 

In the future, larger tanks will be use, and a rich community of organisms will be maintained. 

The other methodology, more difficult, is the observation of ichnites directly 

on the seabed. For this kind of study, the instrumentation ROV is utilized. 

Obviously, the main difficulty is due to the chance of discovering ichnites 

and the chance of observing the organisms during the construction of traces.

EXPECTED RESULTS

DIFFICULTIES

OBSERVATIONS IN MODERN MARINE SEDIMENT

OBSERVATIONS IN AQUARIA

INTRODUCTION

METHODOLOGIES RULES

Fig. 4 - Construction of aquaria with sediment and 
benthic organisms 

Fig. 1 - Set of tanks containing clayey 
silt sampled in the Thyrrenian Sea, at a 
depth of 1200 m. 
Simulation of a bathyal environment (low 
sedimentation rate). 
Bed thickness: 5 cm. 
Organisms: epibenthos 

Fig. 2 - Organisms living in soft sediment: 
p o l y c h a e t e s  ( B r a n c h i o m m a  l u c t u o s u m ,  
M eg a l o m m a  c l a p a ra d e i ) ,  c o e l e n t e r a t e s  
(Anemonia  su lca ta ,  Aiptas ia  diaphana ) ,  
ascidians (Distaplia magnilarva) 

Fig. 3 - Enlargement of fig. 2. In the top 
right is visible a locomotion trace left by 
gastropod (Cerithium isp.) 

F i g .  6  -  H o m o g e n i z a t i o n  o f  s e d i m e n t s  b y  
organisms; mottled deposits

Fig. 5 - Organisms began to left traces on the top 
and within the sediment 
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- collect organisms 

 

- collect natural seabed 

- keep organisms  alive (monitor environment parameters, 

	 feed organisms - but not himself! - etc.) 

- observe and describe organism behaviour 

- recording techniques 

- choose the wine (for himself!) 

- choose artificial floors (different grainsizes and sorting; 

	 make a stratification with different grainsize, etc.) 

- make a variation of physical parameters (energy, 

	 sediment supply, turbidity, etc.) 

- describe traces (morphology, 	 penetration depth, 

	 variability  due to organism activity, relationship 

	 between different traces, etc.)

- techniques for cementing the sediment 

- make plaster or synthetic resin cast  

- interpret the traces 

- correlate the observed modern traces with trace fossils 
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TERMINI CHIAVE: Saraceno Formation, hummocky cross 
strati! cations, ichnofossils, shelf deposits, Calabria, 
Southern Italy.

The Saraceno Fm. (SELLI, 1962) outcrops mainly in the 
Saraceno Valley and in the Satanasso Valley (Northern Calabria, 
Ionian coast). It is about 600 m thick (DI STASO & GIARDINO, 2002) 
and it is subdivided into four main lithofacies (SONNINO, 1984; 
D�ALESSANDRO et alii, 1986) which show a lithological evolution 
from marls (sometimes with chert nodules) to calcarenites, to 
siliciclastic sandstones and shale, that is an evolution from shelf 
to deep sea fan deposits (SONNINO, 1984). The age of this Fm. is 
still debated; recent studies indicate that the Saraceno Fm. has 
a Miocene age (DI STASO & GIARDINO, 2002), while according to 
TORRICELLI & AMORE (2003) the Saraceno Fm. is referred to Upper 
Cretaceous. The Saraceno Fm. is characterized by richness in trace 
fossils. D�ALESSANDRO et alii (1986) describe nineteen ichnospecies, 
which are very well recognizable and preservated in the Saraceno 
Fm.: Chondrites (! ve ichnospecies), Cosmorhaphe lobata, 
Fucusopsis isp. (now named Halopoa), Helminthoida labyrinthica 
(now named Nereites irregularis), Paleodictyon isp., Palaeophycus 
tubularis, Phycosiphon incertum, Rhizocorallium irregulare, 
Scolicia isp., Taenidium annulatum (now named Cladichnus 
! scheri), Muensteria isp. (later named Taenidium satanassi and 
now named T. dieslingi), Teichichnus isp., Thalassinoides isp., 
Zoophycos (two ichnospecies). 

Very recent studies executed by the authors, con! rm 
that the lower part of the Saraceno Fm., outcropping in 
the homonymous valley, considered by TORRICELLI & AMORE 
(2003) as the type area of this Fm., shows proximal features 
of a shallow marine paleoenvironment, i.e. hummocky cross 
strati! cation and symmetrical ripples, already identi! ed by 
D�ALESSANDRO et alii (1986). A detailed stratigraphic sections, 
of about 55 m in thickness, have been recently measured. 
The misured outcrop consist of an irregular alternation 
of calcarenites (sometimes rich in cherts), calcilutite and 
shales, which is completely overturned. The trend is a general 
decrease of grain size, from the bottom toward the top. The 
calcarenitic beds show a normal grain size selection and a 

gibbous and bioturbated bottom. The top of the calcarenitic 
layers are constituted by a laminated siltstone, interpreted as 
a diluted turbiditic current or as a distal diluted tempestites 
(A. UCHMAN, pers. comm.). The shale parts are not uniform: 
colours range from green to red to grey and to black; this 
change in colours could be due to the " uctuation in oxygen 
content (A. UCHMAN, pers. comm.). Almost all shaly intervals 
are characterized by an allocthonous and an autochthonous 
shale. In the autochthonous one (black shale), small 
passive white ! lled Chondrites isp., small Planolites isp. and 
Trichichnus isp. are present (= anossic episodes). In the gray 
shale (stratigraphically located just below the black one) bigger 
Chondrites isp., Planolites isp. and also Thalassinoides isp. are 
present (= more oxygenation). So the background sediment 
is intensely bioturbated. New ichnological observations of 
the outcrop misured have allowed to recognize: Chondrites 
intricatus, Chondrites targionii, Chondrites stellaris, Taenidium 
dieslingi, Rhizocorallium isp., Zoophycos isp., Trichichnus isp., 
Pilichnus isp., ?Phymatoderma isp., and Planolites isp.

Particularly, in the debris nearly the rocky cliff, a beautiful 
and rare specimen of Chondrites, recently deposited in the 
Geological Museum of the Jagiellonian University, Kraków 
(Poland) is been collected (UCHMAN et alii, in press). It shows 
similarities with other specimens referred to Late Cretaceous 
formations (i.e. Campanian Khalenberger Formation); this 
discovery could con! rm the dating of TORRICELLI & AMORE 

(2003), at least for the lower part of the Saraceno Fm. 
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Fig. 1 - Geological sketch map of the studied area.

Fig. 3 - Dating of the Saraceno and Albidona Fms. by 
different authors.

Fig. 4 - Hummocky cross-stratification in the 
studied area. The arrow shows the polarity.

Fig. 7 - Schematic stratigraphic sec- 
tion of the Saraceno Fm.

Fig. 5- Hummocky cross-stratification in the 
studied area. The yellow arrow shows the 
polarity.

Fig. 6 - Symmetrical ripple in the studied 
area (red arrow). The yellow arrow shows 
the polarity.

Fig. 9 - Pervasive bioturbation on the strata 
ba se i n t he l ower pa r t o f t he measu red 
section. Cross-cuttings of Chondrites targionii. 

Fig. 12 - Phycosiphon hamata.Fig. 11 - Washed cast of Rhizocorallium isp. 
(Rh).

Fig. 13 - Pervasive bioturbation in the upper 
pa r t o f t he measu red sec t ion . Abundan t 
Chondrites intricatus, Planolites isp.; rare 
Taenidium dieslingi (Tae), Zoophycos isp. (Z).

Fig. 10 - Example of Chondrites intricatus 
and Chondrites targionii from the lower part 
of the Saraceno Formation.

Fig. 8 - Stratigraphic section of the lower part of the Saraceno 
Fm.

Fig. 2 - Example of the lower part of the Saraceno 
Fm. in the homonymous valley. The arrow indicates 
the polarity.

The Saraceno Formation (SELLI, 1962) outcrops mainly in the Saraceno Valley and in 

the Satanasso Valley (Northern Calabria, Ionian coast) (Fig. 1, 2). It is about 600 m 

thick; SONNINO (1984) and D'ALESSANDRO et alii (1986) subdivide it into four main 

lithofacies (Fig. 7), which show a lithological evolution from marls (sometimes with 

chert nodules) to calcarenites and to litharenites and shales, that is an evolution from 

shelf to deep sea fan deposits (SONNINO, 1984). The age of the Saraceno Formation is 

also very debated (NATOLI, 2009-2010); it is noteworthy that the Cretaceous datings 

suggest a sedimentary rate more slow than the Cenozoic one (Fig. 3). The Saraceno 

Fm. is characterized by richness in trace fossils. D’ALESSANDRO et alii (1986) describe 

nineteen ichnospecies, which are very well recognizable and preservated in the 

Saraceno Fm.: Chondrites (five ichnospecies), Cosmorhaphe lobata, Fucusopsis isp. 

(now named Halopoa), Helminthoida labyrinthica (now named Nereites irregularis), 

Paleodictyon isp., Palaeophycus tubularis, Phycosiphon incertum, Rhizocorallium 

irregulare, Scolicia isp., Taenidium annulatum (now named Cladichnus fischeri), 

Muensteria isp. (later named Taenidium satanassi and now named T. dieslingi), 

Teichichnus isp., Thalassinoides isp., Zoophycos (two ichnospecies). 

The lower part of the Saraceno Fm. crops out in the homonymous valley, that is 

considered by TORRICELLI & AMORE (2003) as the type area of this Fm. New data 

confirm that the lower part of the Saraceno Fm. shows proximal features of a shallow 

marine paleoenvironment, i.e. hummocky cross-stratification (Fig. 4, 5) and 

symmetrical ripples (Fig. 6), already identified by D’ALESSANDRO et alii (1986).

A detailed stratigraphic section, of about 55 m in thickness, has been recently 

measured (Fig. 8). The measured outcrop consist of an irregular alternation of 

calcarenites (sometimes rich in cherts), calcilutite and shales, which is completely 

overturned. The trend is a general decrease of grain size, from the bottom toward the 

top. The calcarenitic beds show a normal grain size selection, and a gibbous and 

bioturbated bottom. 

The top of the calcarenitic layers are constituted by a laminated siltstone, interpreted 

as a diluted turbiditic current or as a distal diluted tempestites. The shale colours are 

not uniform: they range from green to red to grey and to black; this change in colours 

could be due to the fluctuation in oxygen content. Almost all shaly intervals are 

characterized by an allocthonous and an autochthonous shale.

Almost all shaly intervals are characterized by an allocthonous and an autochthonous 

shale. In the autochthonous one (black shale), small passive white filled Chondrites 

isp., small Planolites isp. and Trichichnus isp. are present (= anossic episodes). In the 

gray shale (stratigraphically located just below the black one) bigger Chondrites isp., 

Planolites isp. and also Thalassinoides isp. are present (= more oxygenation). So the 

background sediment is intensely bioturbated. 

New ichnological observations of the outcrop measured have allowed to recognize: 

Chondrites targionii (Fig. 9, 10), Chondrites intricatus (Fig. 10, 13), Chondrites 

stellaris, Rhizocorallium isp. (Fig. 11), Phycosiphon hamata (Fig. 12), Planolites isp. 

(Fig. 13), Taenidium dieslingi (Fig. 13), Zoophycos isp. (Fig. 13), ?Phymatoderma 

isp.,  Pilichnus isp.  and Trichichnus isp. 

Particularly, a beautiful and rare specimen of Chondrites, recently deposited in the 

Geological Museum of the Jagiellonian University, Kraków (Poland) is been 

collected; it shows similarities with other specimens referred to Late Cretaceous 

formations (i.e. Campanian Khalenberger Formation) (UCHMAN et alii, in press); this 

discovery could confirm the dating of TORRICELLI & AMORE (2003), at least for the 

lower part of the Saraceno Fm. (see Fig. 3!)
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TERMINI CHIAVE: Formazione di Stilo � Capo d�Orlando, 
icnofossili, depositi di mare basso, Calabria, Sud Italia.

La Formazione di Stilo-Capo d�Orlando (FmSCO) 
(BONARDI et alii, 1980) è la più importante formazione 
sedimentaria dell�Arco Calabro-Peloritano. 

Ad Agnana Calabra (RC) af! ora tutta la successione 
della FmSCO, compresa tra il basamento (! lladi 
paleozoiche e sporadici lembi della copertura mesozoica), 
e le sovrastanti Argille Varicolori. La successione della 
FmSCO di Agnana Calabra, anche se di relativamente 
ridotto spessore, è nota e studiata da tempo, in quanto sono 
presenti dei livelli di lignite, sfruttati ampiamente dal 1800 
! no al 1910, e in modo ridotto e saltuario anche sino alla 
! ne della seconda guerra mondiale (MONTAGNA, 1857; DE 
STEFANO, 1903; NICOTERA & SIDOTI, 1963). Anche qui, come 
per tutta la FmSCO, la successione è chiaramente divisibile 
in un membro inferiore (unità di Zomino di SONNINO, 1997) 
costituito da depositi continentali e di transizione, e in un 
membro superiore (unità di San Nicola di SONNINO, 1997) 
con depositi schiettamente marini. 

Il membro inferiore è caratterizzato da rapide 
variazioni di potenza (tra 2 e 50 metri) e da rapide 
variazioni laterali e verticali di facies, dovute ad una 
paleogeogra! a estremamente articolata. Il contatto tra la 
base della FmSCO e il basamento non è sempre visibile, 
perché spesso coperto dal materiale di risulta delle miniere; 
dove esso è visibile, il calcare mesozoico presenta fori di 
litodomi, o è presente una breccia calcarea, riferibile a 
falda detritica. Nel membro inferiore i depositi continentali 
e di transizione, rappresentati da livelli di lignite, calcari 
con sottili intercalazioni di carbone (DOMINICI & SONNINO, 
1998), sono caratterizzati da una fauna sia continentale 
che dulcicola e salmastra. Tra i vertebrati sono stati 
segnalati Anthracotherium magnum Cuvier, Trionyx sp. e 
pesci (Serranus sp. ed altre specie dulcicole o salmastre); 
sono inoltre presenti Potamides sp., Limnaea sp., 
Planorbis sp. (DE STEFANO, 1903; NICOTERA & SIDOTI, 1963; 

KOTSAKIS, 1986). Nel Vallone Luria, al di sopra del livello 
lignitico, si instaurano depositi di spiaggia e di mare 
basso, intensamente bioturbati ad Ophiomorpha nodosa 
e a Thalassinoides isp.; i depositi di spiaggia sommersa 
contengono (in ordine di comparsa) Thalassinoides isp., 
Macaronichnus cf. segregatis ed Ophiomorpha isp. Come in 
quasi tutta la FmSCO, anche nei pressi di Agnana Calabra 
il passaggio tra il membro inferiore e quello superiore 
è marcato da un livello caotico, costituito da brecce 
caotiche, con elementi essenzialmente di ! lladi (DOMINICI 
& SONNINO, 1998). I depositi soprastanti mostrano, in 
un esteso af! oramento, alternanze pelitico-arenacee ad 
alta icnodensità, ma a relativamente bassa icnodiversità; 
l�icnofauna è costituita da Zoophycos isp., Trichichnus isp., 
Ophiomorpha isp., Chondrites isp., Nereites irregularis, 
Planolites isp., suggerendo una deposizione al di sotto 
dell�in" uenza delle onde di tempesta, ma in ambiente 
relativamente poco profondo (SONNINO, 1997; DOMINICI & 
SONNINO, 2009; CARUSO et alii, 2010). 

La successione della FmSCO af! orante ad Agnana 
Calabra è estremamente simile a quella della Formazione 
di Palizzi, descritta e de! nita da BOUILLIN et alii (1985) di 
età Oligocene medio (Stampiano), ovvero della stessa età 
proposta da KOTSAKIS (1986) per la successione di Agnana.
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RELAZIONI TRA SEDIMENTOLOGIA ED ICNOLOGIA NELLA FORMAZIONE 

DI STILO-CAPO D'ORLANDO (OLIGO-MIOCENE) NELL'AREA DI AGNANA 

CALABRA  (CALABRIA IONICA MERIDIONALE) 

Claudia CARUSO, Rocco DOMINICI & Maurizio SONNINO

La Formazione di Stilo-Capo d’Orlando (FmSCO) (BONARDI et alii, 1980) è la più 
importante formazione sedimentaria dell’Arco Calabro-Peloritano. Ad Agnana Calabra (RC) 
affiora tutta la successione della FmSCO, compresa tra il basamento (filladi paleozoiche e 
sporadici lembi della copertura mesozoica), e le sovrastanti Argille Varicolori. La successione 
della FmSCO di Agnana Calabra, anche se di relativamente ridotto spessore, è studiata da 
tempo per la presenza di livelli lignitici, sfruttati dal 1800 fino alla seconda guerra 
mondiale (MONTAGNA, 1857; DE STEFANO, 1903; NICOTERA & SIDOTI, 1963). Come per tutta 
la FmSCO, ad Agnana la successione è divisibile in un membro inferiore (unità di 
Zomino,  SONNINO, 1997) costituito da depositi continentali e di transizione, e in un 
membro superiore (unità di San Nicola, SONNINO, 1997) con depositi schiettamente marini. Il 
membro inferiore è caratterizzato da rapide variazioni di potenza (tra 2 e 50 m) e da 
rapide variazioni laterali e verticali di facies, dovute ad una paleogeografia estremamente 
articolata. Il contatto tra la base della FmSCO e il basamento non è sempre visibile, 
poiché spesso coperto dal materiale di risulta delle miniere; dove è visibile, il calcare 
mesozoico presenta fori di litodomi, o è presente una breccia calcarea, riferibile a falda 
detritica. Nel membro inferiore i depositi continentali e di transizione, rappresentati da livelli 
di lignite, calcari con sottili intercalazioni di carbone (DOMINICI & SONNINO, 1998), sono 
caratterizzati da una fauna sia continentale che dulcicola e salmastra. 
Tra i vertebrati sono stati segnalati Anthracotherium magnum Cuvier, Trionyx sp. e ittioliti (Serranus sp. ed altre specie dulcicole o salmastre); sono inoltre 
presenti Potamides sp., Limnaea sp., Planorbis sp. (DE STEFANO, 1903; NICOTERA & SIDOTI, 1963; KOTSAKIS, 1986). 

Nel Vallone Luria, sopra il livello lignitico (Fig. 2), si instaurano depositi di spiaggia e di mare basso (Figg. 4, 5), intensamente bioturbati ad 
Ophiomorpha nodosa e  Thalassinoides isp. (Fig. 2); i depositi di spiaggia sommersa contengono (in ordine di comparsa): Thalassinoides isp. (Fig. 3), 
Macaronichnus cf. segregatis (Fig. 8) ed Ophiomorpha isp. Come in quasi tutta la FmSCO, anche ad Agnana Calabra il passaggio tra il membro inferiore 
e quello superiore è marcato da un livello di brecce caotiche (Figg. 4, 6), con elementi essenzialmente di filladi (DOMINICI & SONNINO, 1998). I depositi 
soprastanti mostrano, in un esteso affioramento, alternanze pelitico-arenacee (Figg. 9, 10) ad alta icnodensità, ma a relativamente bassa icnodiversità; 
l’icnofauna è costituita da Zoophycos isp. (Fig. 11), Ophiomorpha isp. (Fig. 12), Chondrites isp. (Fig. 13), Nereites irregularis (Fig. 13), Trichichnus isp. 
(Fig. 13), Planolites isp., suggerendo una deposizione al di sotto dell’influenza delle onde di tempesta, ma in ambiente relativamente poco profondo 
(SONNINO, 1997; DOMINICI & SONNINO, 2009; CARUSO et alii, 2010). La successione della FmSCO affiorante ad Agnana Calabra è estremamente simile a 
quella della Formazione di Palizzi, descritta e definita da BOUILLIN et alii (1985) di età Oligocene medio (Stampiano), ovvero della stessa età proposta da 
KOTSAKIS (1986) per la successione di Agnana. 

Dipartimento di Scienze della Terra, Università degli Studi della Calabria, Cosenza - Italy

Fig. 1 - Colonne stratigrafiche schematiche della FmSCO in Calabria 
ionica meridionale 1: Basamento cristallino e sue coperture sedimentarie; 2: 
FmSCO (Oligo-Miocene); 3:Miocene medio-Pliocene; 4: Quaternario. 

Fig. 2 - Contatto stratigrafico tra livello lignitico 
e depositi di spiaggia. Pervasiva bioturbazione ad 
Ophiomorpha nodosa e Thalassinoides isp.

Fig. 3 - Depositi di spiaggia. Thalassinoides isp. 
con parete di lignite

F i g .  8  -  P a r t i c o l a r e  d i  F i g .  6 :  
Macaronichnus cf. segregatis (Mc) in 
depositi di spiaggia. 

Fig. 9 - Membro superiore della FmSCO: alternanza pelitico-arenacea. 

Fig. 12 - Ophiomorpha isp. Fig. 11 - Zoophycos isp. 
Fig. 10 - Membro superiore della FmSCO: alternanza pelitico-
arenacea. La scala è 10 cm.  

Fig. 5 - Particolare di Fig. 4: livelli con-
glomeratici in depositi di spiaggia.  
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Fig. 4 - Depositi di spiaggia, sormontati da depositi brec-
ciosi caotici.  

Fig. 6 - Particolare del contatto tra depositi 
di spiaggia e depositi brecciosi caotici.  

Fig. 13 - Chondrites isp. (Ch), 
N e re i t e s  i r reg u l a r i s  ( N e )  e   
Trichichnus isp. (Tr).    

Ne

Ch

Tr

Mc

Fig. 7 -  Depositi  di  spiaggia con lamine oblique. L'area 
cerchiata si riferisce alla Fig. 7.  
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ABSTRACT

Relations between a sedimentary-tectonic event and 
Ichnology: an example in the Stilo-Capo d�Orlando Formation 
(Oligo-Miocene) nearby Bova (Southern Ionian Calabria)

Nearby the Bova village (southern Ionian Calabria) the contact 
between the lower continental member and the upper marine member 
of the Stilo � Capo d�Orlando Formation crops out. This transition is 
underlined both by sinsedimentary faults and slump deposits. The 
sedimentological and ichnological study of a stratigraphic section 
have allowed to suppose a shallow marine depositional environment, 
which paleodepth was most probably located below the main wave 
base.

KEY WORDS: Stilo-Capo d�Orlando Fm, Ichnofossils, Oligo-
Miocene, deltaic deposits.

RIASSUNTO

Nei pressi di Bova (Calabria ionica meridionale) af� ora il passag-
gio tra il membro inferiore (continentale) e quello superiore (marino) 
della Formazione di Stilo � Capo d�Orlando. Tale passaggio è carat-
terizzato sia da faglie sinsedimentarie che da sottili livelli di slump. 
Lo studio sedimentologico ed icnologico di una sezione stratigra� ca 
ha permesso di ipotizzare un ambiente deposizionale schiettamente 
marino, ma di relativa bassa profondità, anche se sicuramente al di 
sotto della profondità dell�effetto delle onde.

PAROLE CHIAVE: Formazione di Stilo-Capo d�Orlando, Oligo-
Miocene, slump, icnofossili, depositi di piattaforma.

INTRODUZIONE

La Formazione di Stilo � Capo d�Orlando (FmSCO; 
Oligo-Miocene; BONARDI et alii, 1980) (Fig. 1) può essere 
divisa, in grande, in due membri; il passaggio tra il membro 
inferiore e quello superiore è istantaneo, ed è marcato da 
depositi di instabilità di ridotto spessore (SONNINO, 1997; 
DOMINICI & SONNINO, 2009; CARUSO & SONNINO, in questo 
volume). Nell�area di Bova (RC) questa instabilità è 
testimoniata sia da faglie sinsedimentarie sia da livelli di 
slump (SONNINO, 1997) potenti al massimo 3 metri, e che 
spesso mostrano �stili� differenti. 

Fig. 1 - Carta geologica schematica della Calabria meridionale e 

localizzazione dell�area di studio. 1: Basamento cristallino e sue 

coperture sedimentarie; 2: F. Stilo � Capo d�Orlando (Oligo-Miocene); 

3: Miocene medio � Pliocene; 4: Quaternario; 5: localizzazione 

dell�area di studio.

� Geological sketch map of the southern Calabria and location of the 

study area. 1: Basement (metamorphic and intrusive rocks) and related 

sedimentary covers; 2: Stilo � Capo d�Orlando Fm (Oligo-Miocene); 3: 

Middle Miocene-Pliocene; Quaternary; 4: study area.

Presso Bova è stato condotto uno studio di dettaglio 
di un af� oramento relativamente poco potente (circa 3 
metri), che si estende lateralmente per circa 15 metri; esso 
è costituito essenzialmente da un�alternanza arenaceo-
pelitica, ricca in tracce fossili.

STRATIGRAFIA E SEDIMENTOLOGIA

L�af� oramento della FmSCO presso Bova (loc. Garino) 
è diviso in tre settori da due faglie normali; nonostante 
il loro presumibile scarso rigetto, non è possibile una 
correlazione degli strati tra i tre settori. L�af� oramento è 
orientato N-S, ed è grosso modo parallelo al verso delle 
paleocorrenti (N 330°, N 340°, N 345°). 

Nel settore di sinistra (settentrionale) è presente un 
livello caotico; esso è caratterizzato dalla presenza di un 
blocco di conglomerato (di dimensioni di circa 5 x 1 m), 
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imballato in una arenaria totalmente priva di strutture, 
con brandelli di strati arenacei ed alcuni ciottoli; la base di 
questo livello non è visibile. Nel settore centrale, studiato 
in dettaglio, è presente un livello di slump (v. infra). Nel 
settore di destra (meridionale) non è presente alcun livello 
caotico o di slump, e gli strati di arenaria sono piano-
paralleli e ricchi di evidenti strutture sedimentarie (ripples, 
lamine convolute, water escape). 

Il settore centrale è costituito da un�alternanza 
di strati di arenaria ! ne o media e di strati pelitici, di 
potenza centimetrica o decimetrica (Figg. 2 e 3). Lo slump 
è costituito da porzioni di strati piegati, immersi in una 
matrice grossolana; sono inoltre presenti alcuni ciottoli di 
! lladi, graniti e dioriti. La sua potenza varia da 30 a 60 
centimetri, ed il suo tetto è estremamente irregolare, dovuto 
anche all�erosione dello strato soprastante. Superiormente 
gli strati arenacei mostrano una tendenza a raggiungere 
nuovamente la tabularità, con rapide variazioni di potenza 
e chiusure laterali verso Nord. 

ICNOLOGIA

Tutto l�af! oramento è intensamente bioturbato, ma lo 
studio di dettaglio è stato condotto solo in corrispondenza 
della porzione centrale.

Naturalmente la possibilità di osservazione è stata 
limitata dalla condizione di af! oramento degli strati; 
infatti per alcuni è stato possibile l�osservazione sia 
sulla sezione che sulla super! cie, mentre per altri è stato 
possibile vederne solo la sezione. Inoltre la visibilità delle 
tracce è stata esaltata o ridotta o addirittura annullata 
dall�alterazione irregolare della roccia.

Le bioturbazioni dell�af! oramento di Bova sono 
sia indistinte sia ! gurative. Le prime sono presenti in 
abbondanza in tutto l�af! oramento, e si manifestano nella 
mancanza di laminazioni e strutture sedimentarie negli 
intervalli arenitici e in �chiazze� siltose negli intervalli 
pelitici. 

Per quanto riguarda la bioturbazione ! gurativa, 

Fig. 2 - Bova, loc. Garino. Porzione centrale dell�af! oramento della Formazione di Stilo � Capo d�Orlando e localizzazione delle sezioni misurate. 

Gli intervalli della scala sono lunghi 20 cm. 

� Bova, loc. Garino. Central part of the Stilo � Capo d�Orlando Formation outcrop and location of the measured stratigraphic sections. The scale 

intervals are 20 cm long.
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Fig. 3 - Correlazione delle sezioni misurate e distribuzione degli icnofossili. 

� Correlations between the measured stratigraphic sections and the distribution of the ichnofossils.

l�icnoassociazione è costituita da una relativamente alta 
icnodensità a (in ordine di abbondanza): Chondrites cf. 

intricatus (Fig. 4 E), Schaubcylindrichnus freyi (Fig. 4 C), 
Trichichnus isp., Planolites isp., Zoophycos isp. (Fig. 4 B), 
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Nereites cf. missouriensis, Gyrophyllites cf. rehsteineri (Fig. 

4 F), tracce tubolari incertae sedis (Fig. 4 D), Scolicia cf. 

strozzii (Fig. 4 A), ?Taenidium isp.

L�icnodiversità presente negli intervalli sottostanti 

allo slump risulta molto bassa: le uniche tracce ! gurative 

riconosciute sono riferibili agli icnogeneri Trichichnus 

e Chondrites (queste ultime di dimensioni inferiori a 

1 millimetro, sia con riempimento passivo più chiaro 

del sedimento circostante, che con riempimento attivo, 

scuro). La mancanza di altri icnogeneri può esser dovuta 

ad ambienti poveri di ossigeno, nei quali Chondrites 

(categoria etologica Chemichnia) ben si adatta, o, più 

Fig. 4 - Esempi di icnofossili della sezione stratigra! ca studiata. A: Scolicia cf. strozzii; B: Zoophycos isp.; C: Schaubcylindrichnus freyi; D: tracce 

tubolari incertae sedis; E: piccole e sottili Chondrites cf. intricatus a riempimento passivo; F: Gyrophyllites cf. rehsteineri.  

� Examples of ichnofossils from the studied stratigraphic sections. A: Scolicia cf. strozzii; B: Zoophycos isp.; C: Schaubcylindrichnus freyi; D: 

tracce tubolari incertae sedis; E: small and thin passive ! lled Chondrites cf. intricatus; F: Gyrophyllites cf. rehsteineri.
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semplicemente può essere dovuta all�esposizione non 
ottimale dell�af� oramento. 

Gli icnofossili rinvenuti subito al di sopra dello slump 
sono riferibili al solo icnogenere Planolites. Superiormente 
compaiono, nell�ordine, gli icnogeneri Trichichnus, 
Nereites, Zoophycos, Scolicia, Schaubcylindrichnus, 
Gyrophyllites, ?Taenidium e Chondrites. Il tetto dell�ultimo 
strato af� orante contiene la maggiore icnodiversità 
ed icnodensità di tutta la successione; su di esso sono 
presenti (in ordine crescente di abbondanza): Nereites 
isp., ?Taenidium isp., Gyrophyllites cf. rehsteineri, 
Zoophycos isp., Chondrites cf. intricatus; queste ultime 
sono pervasive su tutta la super� cie, hanno dimensioni 
inferiori ad 1 millimetro, ed hanno riempimento passivo 
(chiaro). Sono anche presenti tracce tubolari, di ancora 
incerta collocazione sistematica, caratterizzate, in sezione 
longitudinale, da una morfologia a cuneo che si chiude 
ad una delle estremità. Queste tracce sono state rinvenute 
nella stessa FmSCO anche a Monte Linare (CARUSO et alii, 
2010; CARUSO & SONNINO, in questo volume). 

Questa maggiore icnodiversità presente al tetto 
dell�ultimo strato può essere imputata al ristabilimento 
di condizioni ambientali più stabili e tranquille, oppure 
all�esposizione ottimale dello strato, che consente di poter 
osservare un�ampia super� cie. 

CONCLUSIONI

La breve successione del membro superiore della 
FmSCO studiata presso Bova presenta varie caratteristiche 
sedimentologiche, che permettono di riferirla ad un 
ambiente deposizionale schiettamente marino, ma di 
relativa bassa profondità, anche se sicuramente al di sotto 
della profondità dell�effetto delle onde.

La successione è stratigra� camente posta circa 10 
metri sopra il passaggio tra i conglomerati (di ambiente 
continentale) e la successione arenaceo-pelitica 
(schiettamente marina) (SONNINO, 1997), e questa ridotta 
distanza non permette di interpretare questi depositi come 
depositi profondi. Tutti gli strati sono assimilabili a depositi 
da processi gravitativi, ma non devono necessariamente 
essere di grande profondità. In� ne, la ridotta potenza 
degli intervalli a slump fa presupporre che non vi fosse 
suf� ciente profondità per coinvolgere grandi volumi di 
sedimento.

Anche i dati icnologici confermano questo modello. 
L�icnoassociazione ritrovata può esser ricondotta sia 
alla Cruziana Ichnofacies (distale) che alla Zoophycos 
Ichnofacies, in quanto i limiti tra le due ichnofacies non 
sono ovviamente netti. Bisogna tuttavia sottolineare che la 
Cruziana Ichnofacies indica una profondità compresa tra 
il limite inferiore delle onde normali ed il limite delle onde 
di tempesta (MACEACHERN et alii, 2009). 

Considerate separatamente, le tracce fossili 
rinvenute possono avere un range spaziale piuttosto 
elevato: Zoophycos è ormai considerata un icnogenere 
ubiquitario, che può trovarsi da ambienti di mare poco 

profondo a bacini epeirici, a lagune (MACEACHERN et alii, 
2009) o addirittura in ambienti tidali (BAUCON & AVANZINI, 
2008); Schaubcylindriuchnus frey è tipico di ambienti di 
piattaforma esterna profonda, ma è stato rinvenuto anche 
in ambienti di mare basso o in ambienti batiali (MILLER, 
1995); Gyrophyllites è segnalato frequentemente in depositi 
! ysch-like (SEILACHER, 2007). 

La differente distribuzione di icnospecie al di sotto ed 

al di sopra del livello a slump potrebbe fare ipotizzare una 

variazione dei parametri eda� ci, seppur modesta, anche se 

non è da escludere che questa differenziazione sia causata 

dalle differenti esposizioni di af� oramento.
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RELAZIONI TRA UN EVENTO TETTONICO-SEDIMENTARIO E L'ICNOLOGIA: 

UN ESEMPIO NELLA FORMAZIONE DI STILO - CAPO D'ORLANDO 

(OLIGO-MIOCENE) A BOVA (CALABRIA IONICA MERIDIONALE)

Fig. 3 - Correlazione delle sezioni misurate e distribuzione degli icnofossili. 

Fig. 5 - Superficie di strato (top) intensamente 
bioturbata.  

Fig. 6 - Scolicia cf. strozzii.    

Fig. 7 - Schaubcylindrichnus freyi.   

Fig. 8 - Nereites isp. (Ne) e Scolicia prisca 
(Sc).   

Fig. 11 - Tracce tubolari incertae sedis.    Fig. 12 - Zoophycos isp.    Fig. 13 - Chondrites cf. intricatus (Ch).   

Fig. 9 - Taenidium isp. (Tae). Fig. 10 - Gyrophyllites cf. rehsteineri.   

Fig. 2 - Settore settentrionale e centrale dell'affioramento di Bova (loc. Garino) e localizzazione delle sezioni misurate. 

Fig. 4 - Slump. Settore centrale dell'affiora-
mento di Bova.    

La Formazione di Stilo – Capo d’Orlando (FmSCO; BONARDI et alii, 1980) può essere divisa, in grande, in due 

membri; il passaggio tra il membro inferiore e quello superiore è istantaneo, ed è marcato da depositi di 

instabilità di ridotto spessore (SONNINO, 1997; DOMINICI & SONNINO, 2009) (Fig. 1). Nell’area di Bova (RC) 

questa instabilità è testimoniata sia da faglie sinsedimentarie sia da livelli di slump (SONNINO, 1997) potenti al 

massimo 3 metri, e che spesso mostrano “stili” differenti. 

L’affioramento della FmSCO presso Bova è costituito da un’alternanza arenaceo-pelitica potente circa 3 m 

(Figg. 2, 3). Esso è orientato N-S, ed è  parallelo al verso delle paleocorrenti. Nel settore Nord è presente un 

livello caotico caratterizzato dalla presenza di un blocco di conglomerato (5x1 m), con brandelli di strati 

arenacei ed alcuni ciottoli. Nel settore Sud non è presente alcun livello caotico o di slump, e gli strati di 

arenaria sono piano-paralleli e ricchi di evidenti strutture sedimentarie (lamine convolute, water escape). Il 

settore centrale è costituito da un’alternanza di strati di arenaria fine o media e di strati pelitici, di potenza 

centimetrica o decimetrica, in cui è presente uno slump (Fig. 4) costituito da porzioni di strati piegati, immersi 

in una matrice grossolana; sono inoltre presenti alcuni ciottoli di filladi, graniti e dioriti. La sua potenza varia 

da 30 a 60 cm, ed il suo tetto è estremamente irregolare. Superiormente gli strati arenacei mostrano una 

tendenza a raggiungere nuovamente la tabularità, con rapide variazioni di potenza e chiusure laterali verso 

Nord (Fig. 3). 

ICNOLOGIA

Lo studio icnologico di dettaglio è stato condotto sul settore centrale 

dell'affioramento di Bova. L'osservazione delle tracce fossili è stata limitata dalla 

condizione di affioramento degli strati (osservazione in sezioni di strato e/o su 

superfici di strato). La visibilità delle tracce è stata esaltata, ridotta o annullata 

dall’alterazione irregolare della roccia.

Le bioturbazioni dell’affioramento di Bova sono (i) indistinte, (ii) figurative: 

(i): presenti in abbondanza in tutto l’affioramento, si manifestano nella mancanza 

di laminazioni e strutture sedimentarie negli intervalli arenitici e in “chiazze” 

siltose negli intervalli pelitici; 

(ii): l’icnoassociazione è costituita da una relativamente alta icnodensità a (in 

ordine di abbondanza): Chondrites cf. intricatus (Fig. 13), Schaubcylindrichnus 

freyi (Fig. 7), Trichichnus isp., Planolites isp., Zoophycos isp. (Fig. 12), Nereites 

cf. missouriensis, Gyrophyllites cf. rehsteineri (Fig. 10), tracce tubolari incertae 

sedis (Fig. 11), Scolicia cf. strozzii (Fig. 6), ?Taenidium isp. (Fig. 9). 

L’icnodiversità negli intervalli pre-slump è molto bassa: sono presenti solo gli 

icnogeneri Trichichnus e Chondrites di piccole dimensioni. Negli intervalli post-

slump compare dapprima solo l'icnogenere Planolites (Fig. 3); superiormente 

compaiono, nell’ordine, gli icnogeneri Trichichnus, Nereites, Zoophycos, 

Scolicia, Schaubcylindrichnus (Fig. 7), Gyrophyllites, ?Taenidium e Chondrites. 

Il tetto dell’ultimo strato affiorante contiene la maggiore icnodiversità ed 

icnodensità di tutta la successione; su di esso sono presenti (in ordine crescente di 

abbondanza): Nereites isp. (Fig. 8), ?Taenidium isp. (Fig. 9), Gyrophyllites cf. 

rehsteineri (Fig. 10), tracce tubolari incertae sedis (Fig. 11), Zoophycos isp., (Fig. 

12) e Chondrites cf. intricatus (Fig. 13); queste ultime sono pervasive su tutta la 

superficie, hanno dimensioni inferiori ad 1 mm ed hanno riempimento passivo 

(chiaro). Questa maggiore icnodiversità presente al tetto dell’ultimo strato può 

essere imputata al ristabilimento di condizioni ambientali più stabili e tranquille.

Claudia CARUSO & Maurizio SONNINO 

Dipartimento di Scienze della Terra, Università degli Studi della Calabria, Cosenza - Italy
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Fig. 1 - Colonne stratigrafiche schematiche della FmSCO in Calabria 
ionica meridionale 1: Basamento cristallino e sue coperture sedimentarie; 2: 
FmSCO (Oligo-Miocene); 3:Miocene medio-Pliocene; 4: Quaternario. 
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ABSTRACT

Sedimentological and ichnological observations on the 
Stilo � Capo d�Orlando Formation (Oligo-Miocene) in the Monte 
Linare area (Gioiosa Ionica, Southern Calabria)

The sedimentary succession outcropping on the east side of 
Mount Linare (Gioiosa Ionica, Southern Calabria) belongs to the 
Stilo � Capo d�Orlando Formation, and represents the transition 
between the lower and the upper members of the same formation. 
This succession can be divided into three intervals; the lower one is 
arenaceous, the others are arenaceous-conglomeratic and breccious. 
The transitions between the intervals are marked by sub-horizontals 
erosional surfaces. An ichnological study is been carried out on the 
lower interval, and the detailed analysis of the found ichnoassemblages 
and of the  sedimentary facies has allowed to recognize a transitional 
environment (delta), cut off by a sudden increase of energy, during  a 
great instability phase.

KEY WORDS: Stilo-Capo d�Orlando Fm., Ichnofossils, Oligo-
Miocene, deltaic deposits.

RIASSUNTO

La potente successione che af� ora sul � anco Est del Monte Lina-
re (Gioiosa Ionica, Calabria meridionale) appartiene alla Formazione 
di Stilo � Capo d�Orlando, e rappresenta il passaggio tra il membro in-
feriore e quello superiore della formazione stessa. La successione af-
� orante può essere divisa in tre intervalli; quello inferiore è arenaceo, 
mentre quello intermedio e quello superiore sono da arenaceo-con-
glomeratici a brecciosi. I passaggi tra i tre intervalli sono marcati da 
super� ci erosionali, sub-orizzontali. Nell�intervallo inferiore è stato 
eseguito uno studio icnologico, e l�analisi di dettaglio delle icnoasso-
ciazioni rinvenute e delle facies sedimentarie ha permesso di ricono-
scere per la successione un ambiente di transizione (delta), troncato 
da un improvviso aumento di energia in un momento di grande insta-
bilità, testimoniato dall�intervallo intermedio e da quello superiore.

PAROLE CHIAVE: Formazione di Stilo-Capo d�Orlando, icno-
fossili, Oligo-Miocene, depositi deltizi.

LA FORMAZIONE DI STILO � CAPO D�ORLANDO

La Formazione di Stilo � Capo d�Orlando (FmSCO) 
è la più importante ed estesa formazione sedimentaria 

dell�Arco Calabro-Peloritano. Essa si estende dalla Calabria 
centrale ionica sino ai Monti Peloritani in Sicilia (Fig. 1).

Fig. 1 - Schema geologico della Formazione di Stilo - Capo d�Orlan-

do con indicazione dell�area di studio. 1: Basamento cristallino e sue 

coperture sedimentarie; 2: Formazione di Stilo � Capo d�Orlando; 3: 

Miocene medio � Pliocene; 4: Quaternario; 5: localizzazione dell�area 

di studio. 

� Geological sketch map of the Stilo � Capo d�Orlando Formation and 

location of the study area. 1: Basement (metamorphic and intrusive 

rocks) and related sedimentary covers; 2: Stilo � Capo d�Orlando Forma-

tion; 3: Middle Miocene-Pliocene; Quaternary; 4: study area.

Essa è stata de� nita da BONARDI et alii (1980) come la 
successione sedimentaria compresa tra le unità tettoniche 
del basamento cristallino (e la loro eventuale copertura) e 
le Argille Varicolori. Sia in Calabria che in Sicilia, tuttavia, 
alcuni Autori pongono, tra la base della FmSCO e le unità 
cristalline, altre formazioni. In Calabria, ad esempio, 
BOUILLIN et alii (1985) istituiscono la Formazione di Palizzi, 
e BONARDI et alii (2002) la Formazione di Pignolo; in Sicilia 
viene distinto un �Conglomerato Rosso� (LENTINI et alii, 
2000). 

L�età della FmSCO è compresa tra l�Oligocene sup. (zona 
NP 23 e NP 24 secondo MINZONI et alii, 1993; Cattiano sup. 
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secondo CAVAZZA et alii, 1997) e il Burdigaliano (NN1+NN2 
secondo MINZONI et alii, 1993; 17 Ma secondo CAVAZZA et 
alii, 1997).

La FmSCO, in tutta la Calabria, è sempre nettamente 
divisibile in un membro inferiore ed un membro superiore. 
Il membro inferiore è essenzialmente conglomeratico-
arenaceo (unità di Zomino e unità di Pentedattilo secondo 
SONNINO, 1997) ed è costituito da depositi continentali 
(! uviali, palustri, lacustri, conoidi alluvionali) e da depositi 
di transizione (di spiaggia e deltizi) (DOMINICI & SONNINO, 
2009), molto bioturbati (Ophiomorpha cf. irregulaire, 
Macaronichnus segregatis, Thalassinoides isp., ecc.) (CARUSO 
et alii, 2010). Il membro superiore è rappresentato da una 
successione pelitico-arenacea o pelitica (unità di San Nicola 
e unità di Bova secondo SONNINO, 1997), schiettamente 
di ambiente marino, di relativa bassa profondità, anche 
se sempre sotto la profondità dell�in! uenza delle onde 
(SONNINO, 1997; DOMINICI & SONNINO, 2009). Normalmente 
questi depositi sono intensamente bioturbati (in ordine 
di abbondanza decrescente) a Chondrites isp. Trichichnus 
isp., Zoophycos isp., Planolites isp., Phycosiphon isp., 
Thalassinoides cf. suevicus, Ophiomorpha cf. annulata, 
Nereites cf. missouriensis, Gyrophyllites cf. rehsteineri, 
Scolicia prisca, Scolicia cf. strozzii, Cosmorhaphe isp. 
(CARUSO et alii, 2010).

I due membri sono spesso separati da un livello 
di brecce o da un intervallo a slump. Ad esempio ad 
Agnana Calabra i due membri sono separati da un livello 
di brecce caotiche, potente circa 2 metri (DOMINICI & 

SONNINO, 1999; DOMINICI et alii, 2001); presso Bova il 
passaggio è sottolineato da slump, poco potenti, e da faglie 
sinsedimentarie (SONNINO, 1997; CARUSO & SONNINO, 2011); 
nella Fiumara di Montebello (presso Mélito di Porto Salvo) 
i due membri sono separati da alcuni debris-! ow, potenti 
da 20 centimetri a un metro. Questi depositi testimoniano 
un momento di instabilità, interpretato come risposta ad 
un istantaneo approfondimento del bacino.

STRATIGRAFIA E SEDIMENTOLOGIA

Tra Gioiosa Ionica ed il Monte Linare, nonostante l�in-
tensa tettonica, è riconoscibile tutta la successione della 
FmSCO. Il basamento è costituito da " lladi devoniane, 
alle quali segue il membro inferiore, costituito da un livel-
lo di conglomerati, brecce ed arenarie rosse, potente sino 
a circa 20 metri e da conglomerati ! uviali e di conoide 
alluvionale. Il membro superiore è costituito da alternanze 
arenaceo-pelitiche. A Monte Linare (Fig. 2) af" ora il pas-
saggio tra il membro inferiore e quello superiore, ed è rap-
presentato da una successione potente circa 50 metri; la 
base di questa successione è elisa tettonicamente, e quin-
di essa appoggia direttamente sulle " lladi del basamento. 
L�af" oramento è grosso modo parallelo all�andamento del-
le paleocorrenti, che sono dirette verso Sud.

La successione af" orante può essere divisa in tre in-
tervalli (Figg. 2 e 3); quello inferiore (A) è arenaceo; quello 

Fig. 2 - Fianco Est del Monte Linare. Le lettere corrispondono agli intervalli della sezione stratigra" ca (Fig. 3).

� East side of Mount Linare. The letters correspond to the intervals of stratigraphic section (Fig. 3).
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Fig. 3 - Sezione stratigra! ca generale di Monte Linare e sezione di dettaglio dell�intervallo inferiore (A) con distribuzione degli icnofossili. bio: 
bioturbazione indistinta; Th: Thalassinoides cf. suevicus; Ne: Nereites cf. missouriensis; Tr: Trichnichnus isp.
� Mount Linare global stratigraphic section (on the left), and detailed stratigraphic section and ichnological distribution of the lower interval (A). 

Bio: indistinct bioturbation; Th: Thalassinoides cf. suevicus; Ne: Nereites cf. missouriensis; Tr: Trichnichnus isp.
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intermedio (B) e quello superiore (C) sono da arenaceo-
conglomeratici a brecciosi. I passaggi tra i tre intervalli 
sono marcati da super! ci erosionali, suborizzontali.

L�intervallo inferiore (A in Figg. 2, 3), potente circa 20 
metri, è costituito da potenti intervalli arenacei, composti 
da amalgamazione di strati decimetrici o metrici, con li-
velli di clay chips da centimetrici a decimetrici; sono talora 
presenti livelli centimetrici di brecce o microconglomera-
ti, ed alcuni blocchi di granito, con diametro sino ad un 
metro circa. In alcuni casi questi blocchi mostrano un evi-
dente effetto �barriera� alla corrente, e, pur non riuscen-
do a costruire strutture a pebble cluster, creano un effetto 
ombra, evidenziato ad esempio da livelli inclinati di clay 
chips. Gli intervalli arenacei sono separati da intervalli 
arenaceo-pelitici, potenti circa un metro; in essi gli strati 
arenacei e gli strati pelitici hanno una potenza da centi-
metrica a decimetrica, e sono caratterizzati da un�intensa 
bioturbazione.

L�intervallo intermedio (B in Figg. 2, 3), potente cir-
ca 10 metri, è caratterizzato nella sua parte inferiore da 
super! ci erosive, inclinate tra 20° e 25° e sottolineate da 
livelli brecciosi, costituiti essenzialmente da clasti di ! lla-
de di dimensione sino a 50 centimetri. L�inclinazione delle 
super! ci erosive (10°-15°) diminuisce verso l�alto, ! no ad 
orizzontalizzarsi, e rimangono evidenti i livelli a brecce di-
scontinui, con basi erosive.

L�intervallo superiore (C in Figg. 2, 3) è potente circa 
15 metri, ed è formato da brecce clinostrati! cate (con an-
goli sino a 25°) in strati metrici, costituite essenzialmen-
te da blocchi spigolosi di ! llade e, subordinatamente, da 
blocchi di granito.

ICNOLOGIA

Nella successione di Monte Linare, l�intervallo A (Figg. 
2, 3) è particolarmente ricco di bioturbazioni sia indistinte 
che ! gurative, mentre gli altri intervalli B e C sono ste-
rili. Lo studio icnologico ha trovato alcuni limiti, dovuti 
sia all�esposizione, non sempre ottimale, delle super! ci di 
strati! cazione, sia perché sovente la maggior parte delle 
tracce non si è rivelata tassonomicamente identi! cabile.

L�intervallo A af! ora sia lungo la parete Est del Mon-
te Linare, messa a giorno da una frana avvenuta circa 10 
anni fa, sia lungo un taglio stradale sul versante opposto. 
In questo intervallo sono state rinvenute le seguenti tracce 
fossili: Trichnichnus isp. (contenute prevalentemente nelle 
peliti), Scolicia prisca (Fig. 4 A), Nereites cf. missouriensis 
(Fig. 4 B), Ophiomorpha annulata (Fig. 4 C), Planolites isp., 
Thalassinoides cf. suevicus e tracce centimetriche tubolari 
di ancora incerta collocazione sistematica, presenti al tet-
to degli intervalli arenitici. Queste ultime sono caratteriz-
zate, in sezione longitudinale, da una morfologia a cuneo 
che si chiude ad una delle due estremità (Fig. 4 D).

Nei primi 2,5 metri della sezione stratigra! ca (Fig. 3), 
misurata lungo la parete Est del monte, è presente quasi 
esclusivamente una bioturbazione indistinta, che si mani-
festa nella mancanza di laminazioni e strutture sedimen-
tarie negli strati arenitici e in �chiazze� siltose negli strati 
pelitici. In corrispondenza delle alternanze arenarie-peliti, 
presenti circa a metà e al tetto dell�intervallo A, compaio-
no tracce fossili centimetriche e tassonomicamente iden-
ti! cabili; l�icnoassociazione sembra però impoverita: sono 
presenti pochi Nereites, qualche Thalassinoides, frequenti 
tracce tubolari (icnosp. nov.?) ed abbondanti Trichichnus. 
La bioturbazione indistinta è invece sempre abbondante 

negli strati pelitici ed al tetto degli strati arenitici.
La presenza della bassa icnodiversità può essere attri-

buita a: (i) esposizione non sempre ottimale degli strati, 
(ii) locale impoverimento dell�icnofauna dovuto a varia-
zioni casuali nella colonizzazione del fondale da parte 
degli organismi trace-makers, (iii) condizioni ambientali 
sfavorevoli allo sviluppo di una comunità bentonica diver-
si! cata. Quest�ultima possibilità sembra essere avvalora-
ta da GANI et alii (2009), per i quali i depositi di prodelta 
dominati dall�in" uenza " uviale, costituiti da alternanza di 
peliti e areniti, presentano una bassa icnodiversità, dovuta 
probabilmente ad una stretta ! nestra di colonizzazione e 
soprattutto ad un ambiente stressato. L�icnodiversità subi-
sce un sostanziale impoverimento in prossimità dei delta 
�river-dominated� a causa di rapide ed imprevedibili va-
riazioni dei parametri ambientali (salinità, ossigenazione, 
tasso di sedimentazione) con conseguente intorbidimento 
delle acque, ! no all�interfaccia deposizionale. In tali con-
dizioni sfavorevoli, se non proibitive, si ha un basso indice 
di bioturbazione, una distribuzione sporadica della bio-
turbazione, una bassa icnodiversità, un forte decremento 
degli organismi ! ltratori/sospensivori, una riduzione della 
taglia degli icnogeneri; riescono a sopravvivere solo le ic-
nospecie opportuniste, che mostrano una grande capacità 
di variare le loro abitudini alimentari a seconda del tipo e 
della disponibilità dei nutrienti (MACEACHERN et alii, 2005).

I potenti livelli arenitici dell�intervallo A (Fig. 3) sono 
bioturbati solo al tetto, mentre al loro interno non è stata 
rinvenuta alcuna bioturbazione, a causa della rapidissima 
sedimentazione che ha impedito la colonizzazione del fon-
dale. 

I potenti depositi conglomeratico-arenitico-brecciosi 
degli intervalli B e C sono privi di tracce fossili, a causa 
dell�altissima energia e dell�alto tasso di sedimentazione, 
con conseguente intorbidimento dell�acqua, che ha reso 
l�ambiente ostile per gli organismi infaunali (GANI et alii, 
2009).

CONCLUSIONI

I tre intervalli studiati della successione di Monte Li-
nare, e appartenenti alla FmSCO, sono contraddistinti da 
caratteristiche tra loro molto differenti. Come già ricorda-
to, essi sono tra loro separati da nette super! ci erosive, an-
che se planari e grosso modo parallele alla strati! cazione.

Per una corretta interpretazione, ci si è riferiti anche 
a caratteri tipici delle successioni della FmSCO, chiara-
mente osservabili in numerose aree di af! oramento. Essi 
sono essenzialmente: (i) la FmSCO è divisibile in una uni-
tà inferiore ed una unità superiore, nettamente differen-
ti per litologia e per ambienti deposizionali; (ii) in tutta 
la Calabria ionica le variazioni laterali di facies dell�unità 
inferiore sono estremamente rapide; (iii) nella stragrande 
maggioranza degli af! oramenti in cui è possibile vedere 
il passaggio tra l�unità inferiore e quella superiore, esso 
è marcato da depositi riferibili ad improvvisa instabilità.

Nell�af! oramento di Monte Linare, l�ambiente di de-
posizione dell�intervallo inferiore (A) può essere riferito ad 
un ambiente deltizio, ed in particolare i potenti intervalli 
arenacei possono rappresentare il fronte deltizio mentre 
le alternanze pelitico-arenitiche possono rappresentare la 
zona di prodelta. L�intervallo B, e soprattutto l�intervallo C, 
mostrano un improvviso aumento di energia, ed un pas-
saggio da un ambiente deltizio ad un altro, caratterizzato 
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Fig. 4 - Esempi di icnofossili di Monte Linare: A: Scolicia prisca; B: Nereites cf. missouriensis; C: Ophiomorpha cf. annulata; D: tracce tubolari 

incertae sedis.  

� Examples of ichnofossils from Mount Linare: A: Scolicia prisca; B: Nereites cf. missouriensis; C: Ophiomorpha cf. annulata; D: incertae sedis 

tubular burrows.

da grande instabilità.
Questa interpretazione è avvalorata dall�icnoassocia-

zione presente (Scolicia prisca, Thalassinoides, Nereites cf. 
missouriensis, Ophiomorpha cf. annulata). L�icnodiversità 
è molto bassa, e ciò potrebbe essere sintomo di un am-
biente oligotro! co, ad alto tasso di sedimentazione e forte 
variabilità dei parametri eda! ci (e.g.: ossigenazione, sali-
nità, nutrienti, energia idrodinamica); pertanto l�ambiente 
doveva essere fortemente ostile ad organismi ! ltratori/so-
spensivori, e gli unici organismi capaci di poter sopravvi-
vere in questi ambienti così mutevoli sono i depositivori/
detritivori e/o le specie opportuniste, R-selettive (MACEA-
CHERN et alii, 2005).
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ABSTRACT

Field and laboratory techniques to reproduce trace fossils

Field and laboratory techniques for the reproduction of trace 
fossils are described. In fact, studying trace fossils sometimes 
becomes necessary to produce an image or a copy of the track itself, 
regardless of photographic reproduction. Copy can be reproduced in 
the laboratory, but sometimes this work must be carried out directly 
in the � eld. 

Two techniques applied in the � eld are here analyzed: (i) hand-
drawing, that consists in tracing the morphology of the ichnofossils 
on a transparent sheet, using different colours to group the diverse 
type of trace fossils; (ii) use of two different kinds of silicon rubber, 
to create a negative of trace fossils. This last technique, long used to 
reproduce faithful casts of body fossils in the laboratory, has been 
applied here for the � rst time in the � eld (at least in Italy) to replicate 
trace fossils of marine invertebrates. 

In the laboratory the laser scanning technique has been used to 
capture 3D-images of trace fossils, in order to highlight details that 
are unreadable using only the camera, and then to create a database 
of 3D-images about the traces of marine invertebrates.

KEY WORDS: ichnofossils, reproduction, hand-drawing, casts, 
laser scanning technique.

RIASSUNTO

In questa nota vengono illustrate tecniche di terreno e di labo-
ratorio per la riproduzione di tracce fossili. Infatti, nello studio delle 
tracce fossili talora diventa necessario produrre un�immagine o una 
copia della traccia stessa, che va ben oltre la riproduzione fotogra� ca; 
la copia può essere realizzata in laboratorio, ma talora questo lavoro 
deve essere effettuato direttamente sul terreno. 

Per quanto riguarda il terreno, vengono descritte due tecniche: 
(i) disegno a mano, che è consistito nel ricalcare la morfologia del-
le tracce fossili su un foglio trasparente, utilizzando colori differenti 
per raggruppare i diversi tipi di tracce fossili; (ii) utilizzo di gomme 
siliconiche, di due tipi differenti, per creare un negativo delle tracce 
fossili. Quest�ultima tecnica, da tempo utilizzata per riprodurre calchi 
fedeli di resti fossili in laboratorio, è stata qui applicata per la prima 
volta sul terreno (almeno in Italia) per riprodurre tracce fossili di in-
vertebrati marini. 

In laboratorio è stato invece utilizzato il laser scanner per acqui-
sire immagini in tre dimensioni delle tracce fossili, in modo da poter 
evidenziare piccoli particolari, e creare quindi un database di imma-
gini 3D riguardante le tracce di invertebrati marini.

PAROLE CHIAVE: icnofossili, riproduzione, disegni a mano, 
calchi, laser scanner.

INTRODUZIONE

Nello studio degli icnofossili alcune volte non è 
possibile eseguire un�analisi completa ed esaustiva sul 
terreno, e spesso non si possono trasportare i campioni 
in laboratorio, specialmente se di grandi dimensioni. Da 
qui la necessità di riprodurre arti� cialmente gli icnofossili, 
sia ricalcandone i contorni su fogli trasparenti (Fig. 1), sia 
eseguendo degli stampi (Figg. 2-4) in gomma siliconica, 
e successivamente dei calchi in resina o gesso. Per gli 
icnofossili campionati invece, è possibile approfondire 
il loro studio sottoponendoli al laser scanner (Fig. 5) per 
acquisire delle immagini in 3D e creare un database sulle 
tracce fossili di invertebrati marini.

Queste tecniche di riproduzione di tracce fossili 
possono dare risultati maggiori rispetto a quelli che si 
ottengono con una fotocamera. Infatti, sul terreno, non 
sempre le condizioni di luce sono favorevoli, per cui su 
una super� cie di strato con tracce fossili i particolari di 
esse o le zone in ombra o troppo illuminate non sono ben 
distinguibili in fotogra� a.

RIPRODUZIONE DELLE TRACCE FOSSILI SUL TERRENO

DISEGNI A MANO

La rappresentazione di fossili (e di tracce fossili) con 
il disegno a mano libera è una delle tecniche più antiche, 
e senza dubbio anche una delle più importanti; il disegno 
naturalistico (tra cui appunto anche la rappresentazione di 
fossili e di tracce fossili) permette infatti di mettere in giusto 
rilievo le caratteristiche ed i particolari più importanti 
dell�oggetto di studio, talora non risolvibili neanche con 
la fotocamera. Contrariamente a quanto avviene per un 
disegno effettuato in laboratorio, il disegno sul terreno 
presenta maggiori dif� coltà, ma diventa indispensabile 
quando le super� ci di esposizione sono molto ampie, e 
comunque quando non è possibile prelevare il campione 
contenente il fossile o la traccia fossile da studiare. Inoltre, 
i costi di questa tecnica di riproduzione sono irrisori, 
mentre il tempo di realizzazione dei disegni dipende dalle 
dimensioni e dalla complessità della super� cie da ricalcare 
e, ovviamente, dalle capacità dell�operatore.

Questa tecnica è stata applicata al tetto di uno strato 
arenaceo, molto bioturbato, della Formazione di Stilo - 
Capo d�Orlando af� orante a Monte Linare (Gioiosa Ionica, 
RC) (CARUSO & SONNINO, 2011). Sulla super� cie di strato 
sono preservate sia tracce � gurative, con morfologia 
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ben de! nita e paratassonomicamente classi! cabili, 
di dimensioni centimetriche, sia tracce indistinte di 
dimensioni millimetriche. In particolare, tra le tracce 
! gurative, sono presenti tracce tubolari di ancora incerta 
collocazione sistematica (CARUSO et alii, 2010; CARUSO & 
SONNINO, 2011).

Sulla super! cie di strato è stato ! ssato un foglio di 
poliestere trasparente (Fig. 1), e si è potuto: (i) differenziare 
le zone in rilievo (tracce in epirilievo convesso) dalle 
zone concave (tracce in epirilievo concavo), utilizzando 
pennarelli di diverso colore; (ii) evidenziare la presenza di 
particolari tracce; (iii) conteggiare il tipo ed il numero di 
tracce ricadenti su una determinata super! cie. Il lavoro 
non è stato semplice, poiché si è lavorato su una super! cie 
inclinata di circa 40°, e molto irregolare per via dell�intensa 
bioturbazione. I primi risultati non sono stati eccezionali 
(Fig. 1), ma sono comunque tali da incoraggiare ad af! nare 
la tecnica per migliorare la resa.

In questo lavoro viene illustrata questa tecnica, 
applicata per la prima volta sul terreno (almeno in Italia), 
per riprodurre calchi di tracce fossili di invertebrati 
marini. Si è scelto di utilizzare questa tecnica per diverse 
ragioni: (i) per evitare di prelevare campioni di icnofossili 
dagli af! oramenti studiati; (ii) per la dif! coltà di prelevare 
lastre di roccia di qualche metro quadrato; (iii) per avere 
la possibilità di analizzare i calchi in laboratorio, sotto 
condizioni di luce favorevoli e con la dovuta attenzione; 
(iv) per poter arricchire la collezione didattica di icnofossili 
del Dipartimento di Scienze della Terra dell�Università 
degli Studi della Calabria; (v) per non violare la legge che 
protegge il patrimonio paleontologico e che prevede, tra 
l�altro, particolari obblighi anche per la raccolta a ! ni 
scienti! ci.

Produrre calchi (o meglio stampi negativi) sul terreno 
è stato abbastanza dif! coltoso rispetto ad eseguirli in 
laboratorio. Sostanziali differenze sono state riscontrate tra 
il lavoro in laboratorio e quello sul terreno: in laboratorio 
(i) l�oggetto da riprodurre (resto fossile di qualsiasi 
dimensione, tracce fossili, ecc.) può essere manipolato 
e posto in una posizione comoda per l�operatore (a 
cominciare dal poterlo posizionare in orizzontale sul 
tavolo di lavoro); (ii) si ha a disposizione una bilancia 
elettronica di precisione ed una piastra vibrante, per 
un esatto dosaggio e miscelazione dei componenti; (iii) 
non si hanno problemi legati al tempo di preparazione 
e vulcanizzazione dei prodotti (che può essere di 24 o 
addirittura 48 ore); (iv) si hanno a disposizione acqua, 
energia elettrica, ecc. Sul terreno, invece, non è mai 
possibile avere tutte queste facilitazioni, ed il lavoro deve 
essere concluso in tempi relativamente brevi (al massimo 
8-10 ore).

Applicazioni sul terreno. Direttamente in campo sono 
state sperimentate le tecniche di riproduzione di tracce 
fossili con l�uso di due tipi diversi di gomme siliconiche: 
(i) spennellabile; (ii) a stucco. Ciò allo scopo di capire 
quale dei due tipi di gomma rendesse meglio i particolari 
e le sottili morfologie delle tracce fossili, e quale delle 
due gomme fosse più comoda da utilizzare sul terreno. 
In particolare sono state utilizzate le seguenti gomme: 
(i) gomma spennellabile RESIL 3483 + catalizzatore 
SILASTIC 83 NW + catalizzatore super rapido SILASTIC 
81 VF NW + Thixo; (ii) gomma a stucco RESIL STUC + 
catalizzatore a pasta.

Queste tecniche sono state applicate su due tracce 
fossili signi! cative rinvenute su due differenti super! ci 
di strato di arenaria af! oranti lungo la successione 
stratigra! ca di Monte Linare della Formazione di Stilo-
Capo d�Orlando (CARUSO et alii, 2010; CARUSO & SONNINO, 
2011). Su una super! cie di strato sono presenti due tracce 
tubolari che si intersecano tra loro, di incerta collocazione 
sistematica, probabilmente appartenenti ad un nuovo 
icnogenere (CARUSO et alii, 2010; CARUSO & SONNINO, 2011), 
su un altro strato è presente la traccia Scolicia prisca 
(traccia di attività biologica attribuibile ad un echinide). 

Prima di poter procedere all�utilizzo delle gomme 
(sia di quella spennellabile che di quella a stucco) per 
creare lo �stampo� delle tracce fossili, è stato necessario 
pulire con cura le super! ci di strato con una spazzola, 
e successivamente è stato necessario consolidarle. Per 
il consolidamento sono state utilizzate quattro perle 
di polivinil acetato diluite in circa un litro di nitro. La 
soluzione (molto liquida per consentire una maggiore 
penetrazione nella roccia), preparata preventivamente in 
laboratorio, è stata applicata sulle due super! ci di strato 

Fig. 1 - Disegno a mano di tracce tubolari incertae sedis.
- Hand-drawing of incertae sedis tubular burrows.

STAMPI IN GOMMA

Già da tempo vengono realizzati in laboratorio calchi 
arti! ciali di resti fossili in gesso, resina, araldite, ecc., 
opportunamente colorati al ! ne di renderli molto simili 
agli originali; questa tecnica è stata inventata soprattutto 
per arricchire le collezioni museali e rendere fruibili alla 
collettività resti fossili rari o unici, e/o per non dover 
esporre in museo reperti troppo fragili o troppo pesanti. 
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Fig. 2 - Calco negativo di tracce tubolari incertae 

sedis mediante gomma spennellabile. 
- Cast of incertae sedis tubular burrows by using 

silicon brush rubber.

mediante spennellature.
Una volta asciugato il consolidante (dopo circa 

un�ora e mezza), la super! cie di strato da trattare è stata 
leggermente unta spennellando un sottilissimo velo di olio 
di vasellina, giusto per facilitare il successivo �strappo� 
delle gomme. Appena asciugata la vasellina (circa 15 
minuti) si è proceduto alla stesura delle gomme.

La gomma spennellabile è stata applicata sulle due 
tracce tubolari di incerta collocazione sistematica (Figg. 2, 

La gomma a stucco è stata applicata su Scolicia 
prisca (Fig. 4). Per ricoprire un�area di circa 20x12 cm 
sono stati necessari 100 g di gomma + 5 g di catalizzatore 
(quest�ultimo dosato preventivamente in laboratorio). 
Il tempo di lavorabilità è di circa 15 minuti (BORSELLI & 
LANDINI, com. pers.); la gomma catalizzata è stata applicata 
sulla traccia fossile spalmandola accuratamente a partire 
da una estremità, ! no alla copertura totale della traccia.

La vulcanizzazione di entrambe le gomme è avvenuta 

3), mentre sulla traccia Scolicia prisca è stata spalmata la 
gomma a stucco (Fig. 4).

Per quanto riguarda la gomma spennellabile (Fig. 2), 
è stato usato il catalizzatore super rapido SILASTIC 81 VF 
NW aggiunto al catalizzatore SILASTIC 83 NW in modo 
da accelerare la vulcanizzazione, a causa della necessità di 
lavorare velocemente sul terreno; entrambi i catalizzatori 
sono stati dosati utilizzando siringhe sterili. Inoltre è stato 
utilizzato il Thixo in modo da non far �colare� la gomma 
dalle super! ci di strato, inclinate di circa 40°. La quantità 
necessaria per riprodurre il negativo (stampo) delle due 
tracce tubolari (ricoprendo un�area di circa 40x20 cm) è 
stata di 200 g di gomma SILASTIC + 5 cc di catalizzatore 
normale + 5 cc di catalizzatore super rapido + 4 gocce 
di Thixo. Il tempo massimo di lavorabilità della gomma 
catalizzata con aggiunta di Thixo è di circa 15 minuti 
(BORSELLI & LANDINI, com. pers.), ma già a metà di esso si è 
proceduto alla spennellatura (Fig. 2 A), poiché la mistura 
risultava omogenea.

dopo circa due ore (Fig. 2 B), trascorse le quali si è potuto 
procedere al loro distacco mediante la tecnica dello 
�strappo� (Figg. 2 C, 4 C).

Risultati da stampi in gomma. L�applicazione della 
tecnica di riproduzione delle tracce fossili sul terreno 
mediante l�uso di gomme siliconiche non è stata semplice. 
Rispetto alla sua esecuzione in laboratorio, sul terreno si 
sono avuti diversi svantaggi, dovuti alla dif! coltà di misura 
delle percentuali di gomma e di catalizzatore da usare ed 
ai tempi necessariamente più brevi di vulcanizzazione. 
Il prodotto ! nale è stato di qualità inferiore a quello 
ottenibile in laboratorio.

Questa tecnica di riproduzione ha costi abbastanza 
elevati a causa del massiccio utilizzo di prodotti chimici 
quali diluenti, consolidanti, gomme siliconiche e 
catalizzatori, a cui bisogna sommare gli strumenti di 
lavoro (set di spatole monouso, set di pennelli monouso, 
guanti monouso, mascherine, contenitori sterili, bilancia 
digitale, set di siringhe monouso, ecc.), per il solo lavoro 
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Fig. 3 - Particolare del negativo in gomma 
spennellabile delle tracce tubolari incertae sedis. 
- Detail of the brush rubber negative cast of the 

incertae sedis tubular burrows.

Fig. 4 - Calco negativo di Scolicia prisca 
mediante gomma a stucco.  
� Negative cast of Scolicia prisca by using silicon 

Resil Stuc rubber.
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Fig. 5 - Acquisizione dell�immagine del campione di Lorenzinia isp. (Formazione di Albidona) con laser scanner. A: posizionamento del 
campione sul piedistallo del laser scanner; B: visualizzazione ScanStudio HD; C: visualizzazione MeshLab.   
- Image capture of the specimen Lorenzinia isp. (Albidona Formation) by using laser scanning tecnique. A: positioning of the sample on the laser 

scanner pedestal; B: ScanStudio HD display; MeshLab display.

di terreno. A questi bisogna aggiungere il costo del gesso 
o della resina (+ il relativo catalizzatore ed il carbonato di 
calcio) per realizzare in laboratorio, a partire dallo stampo 
in gomma, il calco positivo della traccia fossile da studiare.

I tempi di realizzazione, su piccole super! ci (Figg. 2, 
4), sono di circa 6 ore totali (dalla preliminare pulitura 
delle super! ci allo �strappo� della gomma).

La gomma spennellabile RESIL 3483 ha riprodotto 
fedelmente le due tracce tubolari prese in considerazione, 
ma la sua preparazione è stata molto scomoda, non 
avendo a disposizione la strumentazione di laboratorio (a 
parte una piccola bilancia digitale a batterie, con errore 
strumentale signi! cativo che si aggira attorno a qualche 
grammo), mentre la gomma a stucco RESIL STUC ha 
riprodotto solo in parte i sottili caratteri morfologici di 
Scolicia prisca, ma la sua preparazione ed applicazione 
sulle tracce è stata più facile e veloce.

Si ritiene però che si possano ottenere stampi (negativi) 
di buona qualità anche sul terreno, af! nando la tecnica e 
con una migliore organizzazione, ad esempio preparando 
già in laboratorio " aconi con quantità esatte di prodotto.

RIPRODUZIONE DELLE TRACCE FOSSILI MEDIANTE
LASER SCANNER

Per provare a riprodurre le tracce fossili è stata utilizzata 
anche la tecnica del laser scanner. Si tratta di uno strumento 
che consente di riprodurre digitalmente gli oggetti in 3 
dimensioni, scansionandone con un raggio laser tutti i lati.

Si è scelto di riprodurre le tracce fossili mediante laser 
scanner: (i) per avere una visione tridimensionale delle 
stesse; (ii) per aver indicazione delle strutture in rilievo o 
delle cavità (non apprezzabili da semplici fotogra! e 2D); 
(iii) per poter creare un database di immagini 3D per tutti 
gli icnofossili rinvenuti durante il lavoro di terreno.

Metodologie. Per questo lavoro è stato utilizzato lo 
strumento 3D Scanner Next Engine (risoluzione 0,4 mm) 
con la collaborazione della dott.ssa I. Alfano (Università 
degli Studi della Calabria). È stato necessario lavorare in 
condizioni di luce costante e bassa luminosità, in modo 
da ottenere un�acquisizione costante ed una restituzione 

reale dei colori. 
La tecnica è stata sperimentata su due campioni di 

icnofossili: (i) icnogenere Lorenzinia proveniente dalla 
Formazione di Albidona (Calabria ionica settentrionale) e 
(ii) icnogenere Halimedides proveniente dalla Formazione 
dei Trubi (Calabria ionica meridionale; CARUSO et alii, 
2011). Il campione di Lorenzinia (dimensioni: 16x11 cm) 
è costituito da elementi morfologici radiali, in iporilievo 
positivo (ovvero convessi rispetto alla super! cie inferiore 
dello strato campionato), ognuno con spessore di circa 
5 mm, mentre Halimedides (dimensioni: circa 4x0,7 
cm) è costituito da un elemento tubolare irregolare ed 
esternamente ornamentato con tubercoli di spessore di 1 
mm (CARUSO et alii, 2011). 

I due campioni sono stati poggiati sullo strumento 
porta-campioni, posto ad una distanza di circa 30 cm dal 
laser scanner (Fig. 5A). 

Dei due campioni sono state eseguite dapprima 6 
scansioni (ad ogni scansione, il piedistallo porta-campione 
è ruotato di 60°) e poi altre 3 scansioni (ad ogni scansione, il 
piedistallo è ruotato di 120°) dopo aver tiltato leggermente 
i campioni di un certo angolo per cercare di colpire con il 
laser anche i punti di sottosquadro. 

Per ogni scansione effettuata, il laser scanner ha 
realizzato dapprima una foto per acquisire la texture 
dell�oggetto, e successivamente ha iniziato a scansionare 
mediante laser. 

Per visualizzare in 3D le immagini acquisite, è stato 
utilizzato ScanStudio HDTM (che è il software in dotazione 
del laser scanner 3D Scanner Next Engine) (Fig. 5B) ed il 
software Mesh Lab 1.3.0 a licenza gratuita (Fig. 5C).

 

Risultati laser scanner. Il laser ha impiegato circa 
un�ora per l�acquisizione di ogni campione. 

I risultati preliminari hanno evidenziato che il 
campione di Lorenzinia ha ottenuto una restituzione 
più dettagliata dei particolari, mentre il campione di 
Halimedides era troppo piccolo per poter ottenere risultati 
apprezzabili. Quindi, con l�utilizzo del laser scanner 3D 
Scanner Next Engine (risoluzione 0,4 mm) i campioni 
più grandi di 10x10 cm ottengono migliore risoluzione e 
completezza di informazioni. 

Riassumendo, il sistema utilizzato ha dato i seguenti 
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risultati: tempo d�acquisizione lungo, risoluzione media. 
Il costo non è quanti! cabile, in quanto l�utilizzo dello 
strumento è stato gratuito.

Nonostante i problemi dovuti alla bassa risoluzione, 
ovviamente risolvibili utilizzando laser scanner a maggiore 
risoluzione, i risultati preliminari sono stati abbastanza 
soddisfacenti. 
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TECNICHE DI TERRENO E DI LABORATORIO 

PER LA RIPRODUZIONE DI TRACCE FOSSILI

Claudia CARUSO & Maurizio SONNINO  

DISEGNI A MANO

Questa tecnica è stata applicata al tetto di uno strato arenaceo, molto bioturbato. Sulla superficie di strato sono preservate sia tracce 

figurative, con morfologia ben definita e paratassonomicamente classificabili, di dimensioni centimetriche, sia tracce indistinte di 

dimensioni millimetriche. Sulla superficie di strato è stato fissato un foglio di poliestere trasparente (Fig. 1), e si è potuto: (i) differenziare 

le zone in rilievo (tracce in epirilievo convesso) dalle zone concave (tracce in epirilievo concavo), utilizzando pennarelli di diverso colore; 

(ii) evidenziare la presenza di particolari tracce; (iii) conteggiare il tipo ed il numero di tracce ricadenti su una determinata superficie. 

Il lavoro non è stato semplice, poiché si è lavorato su una superficie inclinata di circa 40° e molto irregolare per via dell’intensa 

bioturbazione. 

RIPRODUZIONE DELLE TRACCE FOSSILI SUL TERRENO

Esempi da Monte Linare (F. di Stilo - Capo d'Orlando, Oligo-Miocene)

STAMPI IN GOMMA

Si è utilizzata questa tecnica per riprodurre (per la prima volta sul terreno) calchi di tracce fossili di invertebrati marini, per (i) evitare di 

prelevare campioni di icnofossili; (ii) difficoltà di prelevare lastre di roccia; (iii) avere la possibilità di analizzare i calchi in laboratorio; 

(iv) poter arricchire la collezione didattiche (v) non violare la legge (sic!) che protegge il patrimonio paleontologico e che prevede, tra 

l’altro, particolari obblighi anche per la raccolta a fini scientifici. 

Produrre calchi (o meglio stampi negativi) sul terreno è più difficoltoso rispetto ad eseguirli in laboratorio, sia perché non si hanno a 

disposizione alcune strumentazioni e sia perché il lavoro deve essere concluso in tempi relativamente brevi (al massimo 8-10 ore).

Sono stati sperimentati due tipi diversi di gomme siliconiche: (i) gomma spennellabile RESIL 3483 + catalizzatore 

SILASTIC 83 NW + catalizzatore super rapido SILASTIC 81 VF NW + Thixo; (ii) gomma a stucco RESIL STUC + 

catalizzatore a pasta. 

Queste tecniche sono state applicate su due tracce fossili significative (tracce tubolari incertae sedis e Scolicia prisca). 

Lavoro preliminare: pulitura delle superfici di strato con una spazzola e consolidamento con polivinil acetato diluito in 

nitro. Applicazione di un sottilissimo velo di olio di vasellina, per facilitare il successivo “strappo” delle gomme. 

Stesura delle gomme: (i) la gomma spennellabile è stata applicata sulle due tracce tubolari (Fig. 2); la quantità 

necessaria per riprodurre il negativo (stampo) delle due tracce (ricoprendo un’area di circa 40x20 cm) è stata di 200 g di 

gomma SILASTIC + 5 cc di catalizzatore normale + 5 cc di catalizzatore super rapido + 4 gocce di Thixo; (ii) la 

gomma a stucco è stata applicata su Scolicia prisca (Fig. 4); per ricoprire un’area di circa 20x12 cm sono stati necessari 

100 g di gomma + 5 g di catalizzatore (quest’ultimo dosato preventivamente in laboratorio). 

Fase finale: vulcanizzazione delle gomme in circa due ore (Fig. 2B) e distacco mediante la tecnica dello “strappo” 

(Figg. 2C, 4C).

La riproduzione delle tracce fossili mediante laser scanner dà: (i) una visione tridimensionale; (ii) indicazione delle strutture in rilievo o delle cavità (non apprezzabili da semplici 

fotografie 2D); (iii) la possibilità di creare un database di immagini 3D. 

Strumento utilizzato per l'acquisizione dati: 3D Scanner Next Engine (risoluzione 0,4 mm). La tecnica è stata sperimentata su due campioni di icnofossili: (i) icnogenere 

Lorenzinia (Fig. 5A) proveniente dalla Formazione di Albidona (Calabria ionica settentrionale) e (ii) icnogenere Halimedides proveniente dalla Formazione dei Trubi (Calabria 

ionica meridionale). Il campione di Lorenzinia (dimensioni: 16x11 cm) è costituito da elementi morfologici radiali, in iporilievo positivo, ognuno con spessore di circa 5 mm, 

mentre Halimedides (dimensioni: circa 4x0,7 cm) è costituito da un elemento tubolare irregolare ed esternamente ornamentato con tubercoli di spessore di 1 mm. 

Visualizzazione in 3D delle immagini acquisite: è stato utilizzato ScanStudio HDTM (software in dotazione del laser scanner 3D Scanner Next Engine; Fig. 5B) ed il software 

Mesh Lab 1.3.0 a licenza gratuita (Fig. 5C). Il laser ha impiegato circa un’ora per l’acquisizione di ogni campione. 

Risultati preliminari: il campione di Lorenzinia ha ottenuto una restituzione più dettagliata dei particolari, mentre il campione di Halimedides era troppo piccolo per poter ottenere 

risultati apprezzabili. Con l’utilizzo del laser scanner 3D Scanner Next Engine (risoluzione 0,4 mm) i campioni più grandi di 10x10 cm ottengono migliore risoluzione e 

completezza di informazioni. 

RIPRODUZIONE DELLE TRACCE FOSSILI MEDIANTE LASER SCANNER

RINGRAZIAMENTI  

Gli autori ringraziano V. BORSELLI 	 e F. 

LANDUCCI (Lab. Restauro Paleontologia 

Vertebrati, Museo di Storia Naturale, 

Università degli Studi di Firenze) per 

l’insegnamento delle tecniche di riproduzione 

in gomma e resina, e la dott.ssa I. ALFANO 

(Università degli Studi della Calabria) per la 

collaborazione nell’acquisizione delle 

immagini al laser scanner. 

I tempi di realizzazione, su piccole superfici (Figg. 2, 

4), sono di circa 6 ore totali (dalla preliminare pulitura 

delle superfici allo “strappo” della gomma). 

La gomma spennellabile RESIL 3483 ha riprodotto 

fedelmente le due tracce tubolari prese in 

considerazione, ma la sua preparazione è stata molto 

scomoda. 

La gomma a stucco RESIL STUC ha riprodotto solo in 

parte i sottili caratteri morfologici di Scolicia prisca, ma 

la sua preparazione ed applicazione sulle tracce è stata 

più facile e veloce.

Fig. 1 - Disegno a mano di tracce tubolari 
incertae sedis. Monte Linare, Formazione 

di Stilo - Capo d'Orlando.

Fig. 5 - Acquisizione dell’immagine del 
campione di Lorenzinia isp. (Formazione di 
Albidona) con laser scanner. A: 
posizionamento del campione sul piedistallo 
del laser scanner; B: visualizzazione 
ScanStudio HD; C: visualizzazione MeshLab.

Fig. 3 - Particolare del negativo in gomma 
spennellabile delle tracce tubolari incertae sedis.

A

B

Fig. 2 - Calco negativo di tracce tubolari 
incertae sedis mediante  gomma spennellabile. 

Monte Linare, Formazione di Stilo - Capo d'Orlando.

A B

DC

Fig. 4 - Calco negativo di Scolicia prisca mediante gomma a stucco. 
Monte Linare, Formazione di Stilo - Capo d'Orlando.
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BA C

Dipartimento di Scienze della Terra, Università degli Studi della Calabria, Cosenza - Italy



Rend. Online Soc. Geol. It., Vol. 17 (2011), pp. 53-57, 4 � gs., (DOI: 10.3301/ROL.2011.22)
© Società Geologica Italiana, Roma 2011

Preliminary ichnological observations on the Trubi Formation (Lower�Middle Pliocene) 
near the village of Palizzi Marina (southern Ionian Calabria)

C. CARUSO (*), M. SONNINO (*) & A. UCHMAN (**)

____________________
(*) Dipartimento di Scienze della Terra, Università degli Studi 

della Calabria, 87036 Arcavacata di Rende (CS), Italy.
E-mail: claudia.caruso@unical.it; m.sonnino@unical.it
(**) Institute of Geological Sciences, Jagiellonian University, 30-063 

Kraków, Poland. E-mail: alfred.uchman@uj.edu.pl

RIASSUNTO

Osservazioni icnologiche preliminari sulla Formazione dei 
Trubi (Pliocene inferiore � medio) nell�area di Palizzi Marina 
(Calabria ionica meridionale)

Lungo tutta la fascia ionica della Calabria centrale e meridionale 
af� ora, in maniera più o meno continua, una successione 
sedimentaria di età pliocenica (Zancleano � Piacenziano), costituita 
da un�alternanza ritmica di marne e calcari (questi ultimi ricchi in 
foraminiferi planctonici, foraminiferi bentonici e coccoliti), assimilata 
alla siciliana Formazione dei Trubi. 

Nei pressi dell�abitato di Palizzi Marina (RC) è presente uno 
degli af� oramenti calabresi più conosciuti di questa formazione. In 
questo lavoro vengono illustrate le prime osservazioni sulle tracce 
fossili rinvenute nella porzione centrale di questa successione. 
L�icnoassociazione rinvenuta è riconducibile alla Zoophycos 
Ichnofacies, confermando gli studi precedenti che stabilivano per 
questa formazione un paleoambiente di scarpata-bacino, ad una 
profondità di deposizione di circa 800-1000 m, determinato sulla base 
del contenuto in foraminiferi planctonici e bentonici.

PAROLE CHIAVE: icnofossili, Formazione dei Trubi, Pliocene, 
Calabria. 

ABSTRACT

Alongside the central and southern Ionian Calabria, a Pliocene 
(Zanclean � Piacenzian) sedimentary succession crops out more or 
less continuously. This succession, assimilated to the Sicilian Trubi 
Formation, is constituted by a rhythmic alternation of marls and 
limestones, these last very rich in planktonic and benthic foraminifers 
and in coccoliths. 

Near the village of Palizzi Marina (RC) one of the fairly well 
known Calabrian outcrops of this formation occurs. This paper 
describes the � rst observations on the trace fossils recognized in the 
middle part of this sedimentary succession. 

The ichnoassemblage belongs to the Zoophycos ichnofacies, con-
� rming previous studies which proposed an open marine slope-basin 
depositional paleoenvironment, at a depth of 800-1000 m, inferred on 
the basis of planktonic and benthic foraminifers.

KEY WORDS: ichnofossils, Trubi Fm, Pliocene, Calabria.

INTRODUCTION

The Trubi Formation is a transgressive sedimentary 
body, of about 100 m in thickness, cropping out in the 
southern Ionian Calabria, and covering in onlap the older 
stratigraphic units (CAVAZZA et alii, 1997). The base of this 
formation is referred to the Miocene-Pliocene boundary 
(CITA, 1975). This formation is typically constituted by 
a rhythmic alternation of 20-30 cm thick limestones 
with intrabasinal white coloured carbonate components 
(predominantly foraminifers and coccoliths), and of marls 
with extrabasinal grey coloured siliciclastic components 
(CAVAZZA et alii, 1997).

This rhythmic sedimentation, brought about by 
astronomical precession, could be originated from the 
alternate predominance of decreased carbonate production 
in the surface waters and increased dilution of river-
supplied terrigenous material (grey beds), and of more 
arid and cooler conditions (white beds) (DE VISSER et alii, 
1989). According to THUNELL et alii (1991), the rhythmic 
sedimentation pattern is related to changes in surface 
water productivity and the white carbonate beds are related 
to intensi� ed winds associated with precession maxima; 
these factors brought about an increased upwelling, higher 
productivity, and limestone deposition. 

The study area (Figs. 1, 2) is located near the village 
of Palizzi Marina (GPS coordinates: N37°55.410�; 
E016°00.774� ± 4 m; altitude 43 m a.s.l.). In this outcrop, 
� rst observations on ichnological content were recently 
made. 

ICHNOLOGY

First observations on the trace fossils recognized 
mainly at the central part of the rhythmites characterizing 
the Trubi Fm, were recently made along an outcrop located 
near Palizzi Marina village. This outcrop is fairly well known 
from a micropalaeontological and geochemical point of 
view (THUNELL et alii, 1991). In other outcrops of the Trubi 
Fm (mainly in Sicily), foraminiferal, palynological, stable 
isotope, geochemical, clay mineralogy and granulometric 
data were collected (DE VISSER et alii, 1989), as well as 
biomagnetostratigraphic and astrocyclostratigraphic ones 
(CASTRADORI et alii, 1998). 

This paper intends to provide a modest contribution 
on the recognition of the depositional palaeoenvironment 
using trace fossils.
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The ichnoassemblage identi! ed in the study area 
is quite rich; at least eight different ichnogenera have 
been recognized: Chondrites, Halimedides, Pilichnus, 
Planolites, Rhizocorallium, Thalassinoides, Trichichnus 
and Zoophycos. This ichnoassemblage seems to be typical 
of the Zoophycos ichnofacies. 

The ichnogenera Zoophycos (Fig. 3A-D), Rhizocorallium 
(Fig. 3E-F), Thalassinoides (Fig. 4A), Chondrites, 
Halimedides (Fig. 4 B), Pilichnus and, Planolites, are mainly 
present at the top of the carbonate layers (white beds), 
while the mineralized (both ferruginous and manganese 
oxide) ! llings of some Halimedides (Fig. 4 C), Trichichnus, 
the tubular burrows (Fig. 4 D-E), and the faecal pellets are 
present principally on the top of the marlstone layers (grey 

Fig. 1 - Geological sketch map of the southern tip of Calabria. 1: Miocene; 2: Pliocene (including the Trubi Fm); 3: Quaternary; 4: Study area. 

 � Schema geologico della punta meridionale della Calabria. 1: Miocene; 2: Pliocene (compresa la Fm dei Trubi); 3: Quaternario; 4: Area di studio.

Fig. 2 - Rhythmic alternation of limestones and marls, outcropping near the village of Palizzi Marina (RC).

- Alternanza ritmica di calcari e marne af! oranti nei pressi di Palizzi Marina (RC).

beds with siliciclastic components). 
Until now, no direct correlation have been made 

between the content of trace fossils and the Milankovitch 
climatic changes in the Trubi Fm. A ! rst possible 
explanation could be that probably the high content of 
organic matter (e.g. planktonic and benthic foraminifers 
and coccoliths) in the carbonate white layers favoured the 
colonization of the substrate by endobenthic organisms. 

As mentioned, the ichnoassemblage seems to belong to 
the Zoophycos ichnofacies, so it con! rms previous studies 
which proposed an open marine slope-basin depositional 
palaeoenvironment, at a depth of 800-1000 m, inferred 
on the basis of planktonic and benthic foraminifers 
(CASTRADORI et alii, 1998).
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Fig. 3 - Examples of ichnofossils from the study area (Trubi Fm, Palizzi Marina). A-D: four different expressions of Zoophycos isp.; E: 

Rhizocorallium isp. in cross cutting; F: Rhizocorallium isp.

� Esempi di icnofossili dell�area di studio (Fm dei Trubi., Palizzi Marina). A-D: quattro vedute differenti di Zoophycos isp.; E: Rhizocorallium isp. 

in sezione; F: Rhizocorallium isp.
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Fig. 4 - Examples of ichnofossils from the study area (Trubi Fm, Palizzi Marina). A: Thalassinoides isp. B: Halimedides isp.; C: mineralized ! ll-

ings of Halimedides isp. D: weathered �lag� of the mineralized ! llings (ferruginous and manganese oxides) of the tubular burrows and faecal 

pellets; E: mineralized long and narrow tubular burrow.

� Esempi di icnofossili dell�area di studio (Fm dei Trubi, Palizzi Marina). A: Thalassinoides isp. B: Halimedides isp.; C: riempimenti mineralizzati 

di Halimedides isp. D: �lag� dei riempimenti mineralizzati (ossidi di ferro e manganese) di tane tubolari e pallottole fecali; E: lunga e stretta tana 

tubolare mineralizzata.
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The Trubi Formation is a transgressive sedimentary body, of about 100 m in thickness, cropping 

out in the southern Ionian Calabria, and covering in onlap the older stratigraphic units (CAVAZZA 

et alii, 1997). The base of this formation is referred to the Miocene-Pliocene boundary (CITA, 

1975). This formation is typically constituted by a rhythmic alternation of 20-30 cm thick 

limestones with intrabasinal white coloured carbonate components (predominantly foraminifers 

and coccoliths), and of marls with extrabasinal grey coloured siliciclastic components (CAVAZZA 

et alii, 1997). This rhythmic sedimentation, brought about by astronomical precession, could be 

originated from the alternate predominance of decreased carbonate production in the surface 

waters and increased dilution of riversupplied terrigenous material (grey beds),  and of  more arid  

and  cooler conditions  (white beds) (DE VISSER et alii, 1989). 

According to THUNELL et alii (1991), the rhythmic sedimentation 

pattern is related to changes in surface water productivity and the 

white carbonate beds are related to intensified winds associated with 

precession maxima; these factors brought about an increased 

upwelling, higher productivity, and limestone deposition.

The study area (Figs. 1, 2) is located near the village of Palizzi 

Marina (GPS coordinates: N37°55.410’; E016°00.774’ ± 4 m; altitude 

43 m a.s.l.). In this outcrop, first observations on ichnological content 

were recently made.

Fig. 3 - Examples of ichnofossils from the study area (Trubi Fm, Palizzi Marina). A-
D: four different expressions of Zoophycos isp.; E: Rhizocorallium isp. in cross 
cutting; F: Rhizocorallium isp.

Fig. 4 - Examples of ichnofossils from the study area (Trubi Fm, Palizzi Marina). 
A: Thalassinoides isp. B: Halimedides isp.; C: mineralized fillings of Halimedides 
isp. D: weathered “lag” of the mineralized fillings (ferruginous and manganese 
oxides) of the tubular burrows and faecal pellets; E: mineralized long and narrow 
tubular burrow.

Fig. 1 - Geological sketch map of the southern tip of Calabria. 1: Miocene; 2: Pliocene (including the Trubi Fm); 3: 
Quaternary; 4: Study area. 

First observations on the trace fossils recognized mainly at the 

central part of the rhythmites characterizing the Trubi Fm, were 

recently made along an outcrop located near Palizzi Marina village. 

This outcrop is fairly well known from a micropalaeontological and 

geochemical point of view (THUNELL et alii, 1991). In other outcrops 

of the Trubi Fm (mainly in Sicily), foraminiferal, palynological, 

stable isotope, geochemical, clay mineralogy and granulometric data 

were collected (DE VISSER et alii, 1989), as well as 

biomagnetostratigraphic and astrocyclostratigraphic ones 

(CASTRADORI et alii, 1998). The ichnoassemblage identified in the 

study area is quite rich; at least eight different ichnogenera have 

been recognized: Chondrites, Halimedides, Pilichnus, Planolites, 

Rhizocorallium, Thalassinoides, Trichichnus and Zoophycos. This 

ichnoassemblage seems to be typical of the Zoophycos ichnofacies.

The ichnogenera Zoophycos (Fig. 3A-D), Rhizocorallium (Fig. 

3E-F), Thalassinoides (Fig. 4A), Chondrites, Halimedides (Fig. 4 

B), Pilichnus and, Planolites, are mainly present at the  top of the 

carbonate layers (white beds), while the mineralized (both 

ferruginous and manganese oxide) fillings of some Halimedides 

(Fig. 4 C), Trichichnus, the tubular burrows (Fig. 4 D-E), and the 

faecal pellets are present principally on the top of the marlstone 

layers (grey beds with siliciclastic components). Until now, no 

direct correlation have been made between the content of trace 

fossils and the Milankovitch climatic changes in the Trubi Fm. A 

first possible explanation could be that probably the high content 

of organic matter (e.g. planktonic and benthic foraminifers and 

coccoliths) in the carbonate white layers favoured the colonization 

of the substrate by endobenthic organisms. 

The ichnoassemblage seems to 

belong to the Zoophycos 

ichnofacies, so it confirms 

previous studies which proposed 

an open marine slope-basin 

depositional palaeoenvironment, 

at a depth of 800-1000 m, 

inferred on the basis of 

planktonic and benthic 

foraminifers (CASTRADORI et alii, 

1998).

ICHNOLOGY
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RIASSUNTO

Tracce fossili nelle areniti (Pleistocene, Calabriano) 
af! oranti a Bombile (Calabria ionica meridionale)

Nelle areniti di età calabriana, af� oranti presso Bombile 
(Calabria), è presente un�intensa e pervasiva bioturbazione. Lo studio 
condotto su tali depositi, pur se di tipo preliminare, ha permesso di 
identi� care almeno cinque icnogeneri: Bichordites, Macaronichnus, 
Thalassinoides, Ophiomorpha e Conichnus.

PAROLE CHIAVE: bioturbazione, icnologia, ichnofabric a 
Bichordites, Pleistocene, Calabriano, Calabria, Italia 
meridionale. 

ABSTRACT

In this paper, preliminary ichnological observations have been 
performed in the Pleistocene (Calabrian) arenites, outcropping nearby 
the village of Bombile (Calabria, Southern Italy). These deposits show 
an intense and pervasive bioturbation, the study of which allowed the 
identi� cation of at least � ve ichnogenera: Bichordites, Macaronichnus, 
Thalassinoides, Ophiomorpha and Conichnus.

KEY WORDS: bioturbation, Ichnology, Bichordites ichnofabric, 

Pleistocene, Calabriano, Calabria, Southern Italy.

INTRODUCTION

Nearby the village of Bombile (Ardore, southern Ionian 
Calabria, Fig. 1), a wonderful Pleistocene outcrop of 
siliciclastic-bioclastic arenites, showing spectacular cross-
bedding structures (sand-waves), occurs. The bioclasts 
include abraded bivalve shells, brachiopod shells and 
echinoderm fragments and foraminiferal tests (CAVAZZA et 
alii, 1997). 

This outcrop is well exposed in a cliff, which is 40 
m high. The bedding sets, about 3 m thick, separated 
each others by sharp erosive surfaces (Fig. 2), indicate 

unidirectional migration (palaeocurrent towards ESE) 
of large sand-waves with rectilinear crest (CAVAZZA et alii, 
1997). 

The ichnological observations have been carried out 
nearby the Grotta della Madonna locality, southwestern 
side of Bombile village; GPS coordinates: N38°12.23´; 
E016°10.22´ ±  8 m; altitude 270 m a.s.l.

Fig. 1 - Geological sketch map of the central sector of the southern 

Ionian Calabria with the location of the study area. 1: Miocene; 2: 

Plio-Pleistocene; 3: Holocene; 4: Study area. 

- Schema geologico del settore centrale della Calabria ionica meridionale 

con ubicazione dell�area di studio. 1: Miocene; 2: Plio-Pleistocene; 3: 

Olocene; 4: Area di studio.

ICHNOLOGY

Preliminary ichnological observations of the Bombile 
outcrop have allowed to recognize an intense and 
pervasive bioturbation due to the presence of Bichordites 
cf. monastiriensis (Fig. 3A), Macaronichnus cf. segregatis, 
Thalassinoides isp., Ophiomorpha isp. and Conichnus isp. 
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(Fig. 3B). These trace fossils are attributed, in literature, 
to the activity of infaunal vagile deposit-feeding organisms 
(respectively: echinoids, polychaetes, decapod crustaceans) 
and to epifaunal predators (anemones). 

In the Bombile outcrop, Bichordites cf. monastiriensis 
(grazing-crawling trace, produced by irregular echinoids, 
referred probably to Echinocardium cordatum), 
considered r-selected (COLELLA & D�ALESSANDRO, 1988), 
is estimated to be the dominant ichnospecies. It follows 
the bedding surfaces, in places completely obliterating 
the physical primary structures (if present in origin) 
of the individual layer, while the other trace fossils cut 
the strati! cation casually. Because of the dominant 
presence of this ichnospecies, the primary sedimentary 
fabric is almost transformed into a new one, called the 
Bichordites ichnofabric (D�ALESSANDRO & UCHMAN, 2007); 
this ichnofabric is related to a brief colonization window 
due to rapid progradation of the foresets (DE GIBERT, J.M., 
2006; DE GIBERT & GOLDRING, 2008). 

Many past studies considered the sand-waves and the 
meniscate trace fossils of spatangoid echinids as typical of 
a shallow marine environment (COLELLA & D�ALESSANDRO, 

Fig. 2 - Partial view of the Bombile outcrop (Madonna della Grotta locality). Pleistocene cross-bedded siliciclastic-bioclastic arenites. The scale 

is 1 m long. 

- Veduta parziale dell�af! oramento di Bombile (località Madonna della Grotta). Areniti silico-bioclastiche a festoni (Pleistocene). La scala è 1 m.

1988; UCHMAN, 1995). The presence of Macaronichnus 
cf. segregatis could con! rm that the deposition of the 
bioturbated sand-waves of Bombile occurred in a shallow 
subtidal palaeoenvironment (CLIFTON & THOMPSON, 1978). 
But COLELLA & D�ALESSANDRO (1988) discovered bathyal 
corals and bathyal brachiopods, associated with echinoid 
meniscated burrows (Bichordites) in similar deposits 
nearby Monte Torre (southern Ionian Calabria), about 
20 km away from the Bombile outcrop. So, the Bombile 
sand-waves could be interpreted as bathyal deposits, with 
high hydrodynamic energy, high sedimentation rate and 
high oxygen content, originated by strong currents in a 
palaeostrait between the Tyrrhenian and the Ionian Seas; 
this palaeostrait was probably active during the Calabrian. 
Similar conditions have been veri! ed even in the present-day 
Strait of Messina (COLELLA & D�ALESSANDRO, 1988; SANTORO 
et alii, 2002). At the present time, similar environments are 
typically dominated by spatangoid echinids, which are 
adapted to the high hydrodynamic energy, getting food supply 
both from the continuous sedimentary deposition and from 
the deep water upwelling, conditions that occurred often in 
the strait areas (COLELLA & D�ALESSANDRO, 1988).
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Fig. 3 - Intense bioturbation in the Bombile arenites. A: Bichordites cf. 

monastiriensis; B: Conichnus isp. The scale is 10 cm long. 
- Intensa bioturbazione nelle areniti di Bombile. A: Bichordites cf. 
monastiriensis; B: Conichnus isp. La scala è 10 cm. 

Fig. 4 - Bombile arenites. The small protusions are mostly different 

sections of Bichordites cf. monastiriensis. On the top left side of the 

picture, an unusual large vertical trace fossil is present. The scale is 

1 m long. 

- Areniti di Bombile. Le piccole protrusioni sono per lo più sezioni dif-

ferenti di Bichordites cf. monastiriensis. In alto a sinistra è presente 

una grande ed inusuale traccia fossile. La scala è 1 m.  
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Nearby the village of Bombile (Ardore, southern Ionian Calabria, Fig. 1), a wonderful Pleistocene outcrop of 

siliciclastic-bioclastic arenites, showing spectacular cross-bedding structures (sand-waves), occurs. The bioclasts 

include abraded bivalve shells, brachiopod shells and echinoderm fragments and foraminiferal tests (CAVAZZA et alii, 

1997).

This outcrop is well exposed in a cliff, which is 40 m high. The bedding sets, about 3 m thick, separated each others 

by sharp erosive surfaces (Fig. 2, 3), indicate unidirectional migration (palaeocurrent towards ESE) of large sand-

waves with rectilinear crest (CAVAZZA et alii, 1997).

The ichnological observations have been carried out nearby the Grotta della Madonna locality, southwestern side of 

Bombile village; GPS coordinates: N38°12.23´; E016°10.22´ ± 8 m; altitude 270 m a.s.l.

Preliminary ichnological observations of the Bombile outcrop have allowed to recognize an intense and pervasive bioturbation due to the presence of Bichordites cf. 

monastiriensis (Fig. 4, 6, 7), Macaronichnus cf. segregatis, Thalassinoides isp., Ophiomorpha isp. and Conichnus isp. (Fig. 5). These trace fossils are attributed, in literature, to 

the activity of infaunal vagile deposit-feeding organisms (respectively: echinoids, polychaetes, decapod crustaceans) and to epifaunal predators (anemones). 

In the Bombile outcrop, Bichordites cf. monastiriensis (grazing-crawling trace, produced by irregular echinoids, referred probably to Echinocardium cordatum), considered r-

selected (COLELLA & D’ALESSANDRO, 1988), is estimated to be the dominant ichnospecies. It follows the bedding surfaces, obliterating the physical primary structures of the 

individual layer, while the other trace fossils cut the stratification casually. 

Because of the dominant presence of this ichnospecies, the primary sedimentary fabric is almost transformed into a new one, called the Bichordites ichnofabric (D’ALESSANDRO 

& UCHMAN, 2007); this ichnofabric is related to a brief colonization window due to rapid progradation of the foresets (DE GIBERT, 2006; DE GIBERT & GOLDRING, 2008). In this 

outcrop, a remarkable unusual large vertical trace fossil has been recently observed (Fig. 7). 

Many past studies considered the sand-waves and the meniscate trace fossils of spatangoid echinids as typical of a shallow marine environment (COLELLA & D’ALESSANDRO, 

1988; UCHMAN, 1995). The presence of Macaronichnus cf. segregatis could confirm that the deposition of the bioturbated sand-waves of Bombile occurred in a shallow subtidal 

palaeoenvironment (CLIFTON & THOMPSON, 1978). But COLELLA & D’ALESSANDRO (1988) discovered bathyal corals and bathyal brachiopods, associated with echinoid meniscated 

burrows (Bichordites) in similar deposits nearby Monte Torre (southern Ionian Calabria), about 20 km away from the Bombile outcrop. 

be interpreted as bathyal deposits, with high hydrodynamic 

energy, high sedimentation rate and high oxygen content, 

originated by strong currents in a palaeostrait between the 

Tyrrhenian and the Ionian Seas; this palaeostrait was 

probably active during the Calabrian. Similar conditions have 
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Fig. 3 - Partial view of the Bombile outcrop 
(Madonna della Grotta locality). Pleistocene cross-
bedded siliciclastic-bioclastic arenites. The scale is 1 
m long.

Fig. 2 - Panoramic view of the Bombile outcrop 
(Madonna della Grotta locality). Pleistocene cross-
bedded siliciclastic-bioclastic arenites. 

Fig. 7 - Bombile arenites. The small 

protusions are mostly different sections of 

Bichordites cf. monastiriensis. On the top 

left side of the picture, an unusual large 

vertical trace fossil is present. The scale is 1 

m long. 

Fig. 6 - Bombile arenites. The protusions 

are mostly different sections of Bichordites 

cf. monastiriensis. The scale is 10 cm long. 

Fig. 1 - Geological sketch map of the central sector of the southern 
Ionian Calabria. 1: Miocene; 2: Plio-Pleistocene; 3: Holocene; 4: 
Study area.
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INTRODUCTION

The marine terraces outcropping along Ionian Sea
coastline of northern Calabria represent a result of an
uplift during  Middle-Upper Pleistocene, related to a
regional-scale process and also to a smaller-wavelength
component of shortening, interpreted by Ferranti et al.
(2009) as local tectonic structures. 

Several Authors suggest that the terraced marine
deposits form several orders of terraces related to alluvial
and nearshore-marine environments (Cucci and Cinti,
1998; Santoro et al., 2009). 

Preliminary results of a sedimentological-stratigraphic
study, integrated with ichnological data and well-logs
analyses, are herein introduced, in order to improve the
comprehension of sedimentary processes and
stratigraphic setting of the study area. 

GEOLOGICAL SETTING

The study area is located on the northern Ionian coast
of Calabria, SW of Trebisacce village, in Broglio Hill,
between the Saraceno “Fiumara” and the Marzuca
“canale” (Fig. 1). In Broglio Hill an important
archeological site of the Middle Bronze Age is present. 

The Plio-Pleistocene succession overlies the Saraceno
Fm. (SaFm) (Cretaceous?, Miocene? in age) which
represents an arenaceous-pelitic alternation, intensely
bioturbated (Caruso et al., 2011). The SaFm is overlaid,
along an angular unconformity surface, by Marly Clays
of Torrente Straface (Pliocene-Lower Pleistocene) which
passing upward to continental-marine lithofacies related
to terrace marine deposits. 

In Broglio area, Santoro et al. (2009) mapped 5 marine
terraces from 200-220 m asl (t6) to 33-50 m asl (t2).

The type-section of the terrace 6 includes, above a lag
conglomerate, massive fine sand grading to a pebble
conglomerate with laminated sand intercalations. These
deposits are attributed to a beach environment, and are
abruptly surmounted by few meters of alluvial or fan
conglomerate. The terrace 5 is strongly eroded and
locally reduced to narrow ridge-tops underlain by the
Lower Pleistocene claystone. The terraces 4 displays
larger-scale interfingering between the various beach

depositional environments, and is marked by a
characteristic 2 m-thick layer of alluvial conglomerate
within the upper-beach pebble conglomerate wedge. The
type-section of terraces 3 is formed by a regressive-
transgressive cycle which includes massive fossiliferous
sand, attributed to a lower shoreface environment,
unconformably covered by an alluvial conglomerate. The
continental deposit is in turn surmounted by a beach
pebble conglomerate.

The base of terrace 2 deposits is marked by lag
conglomerate above Pleistocene claystone. The lag
conglomerate contains large blocks, which is covered by
a regressive sequence including, moving from bottom to
top, massive clayey sand and laminated medium to
coarse sand.  

DATA ANALYSES 

This work consisted in a geological survey (scale
1:5000) and a sedimentological-ichnological analyses of
14 stratigraphic sections and of 4 vertical well-logs. In
the study area, the Plio-Pleistocene succession could be
represented by a composite type section (Fig. 2)
characterized by 4 lithofacies, organized in two
Unconformity-Bounded Stratigraphic Units (UBSU). 

The base of the first UBSU is a mudstones and silty
mudstones (lithofacies A). It’s characterized by
homogeneous grey to dark mudstone containing bioclasts. 

This mudstone has been observed at the base of the
stratigraphic sections 1 and 6, and inside the vertical
logs, where it reaches 73 m in thickness (L2); the
mudstone overlay the Saraceno Fm. The lithofacies A is
interpreted as a deposit of an outer shelf, evolving to
nearshore system. 

The lithofacies A is overlain by a thin bioturbated
sandy layer, which passing upward to lag conglomerate
formed by aligned, rounded pebble-cobble to boulder
gravel (lithofacies B) (Fig. 3a); lithofacies B evolves
upward to medium-coarse sand, characterized by wavy,
cross and herringbone-like laminations (lithofacies C).
The lithofacies A ends with a 1 m-thick silty-mustone
layer. Stratification is totally absent, probably obliterated
by the intense bioturbation (Ichnofabric Index is 40-60%
according to Droser and Bottjer, 1989). This layer
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contains sparse body fossils, among which pectinids
(?Chlamys sp.), gastropoda (?Turritella sp.) and serpulids
(Ditrupa sp.) are prevalent. In this layer, a rich number of
trace fossils is also present. Trace fossils penetrate from
the overlying sandstone bed, and reach the base of the
mudstone layer, until about 1 m deep.  

Burrows are arranged typically vertical, horizontal or
steeply inclined with a “J”-shaped morphology (Fig. 3 b-
c). Cross-sectional shape of the burrows is sub-circular.
Some burrows show blunt rounded blind terminations.
Absence of any compaction of the burrows suggests that
the sediment was still stiff/firm when burrowing started.
Ichnodensity is relatively high; burrows are about 15 cm
far each others. 

Ichnodiversity is very low; the recognizable trace fossils
belong only to ?Spongeliomorpha isp. and Thalassinoides
isp. in the mudstone layer, and Ophiomorpha cf. nodosa
in the overlying coarse sand layer. 

Trace fossils are filled with sandstones (Spongeliomorpha)
or microconglomerate (Thalassinoides) deriving from the
overlying beds. Burrow diameter is a proxy for body size.

Thalassinoides burrows reach about 8 cm in diameter and
several cm in lenght. Spongeliomorpha burrows are smaller:
diameters range from about 0.8 cm up to 2 cm. Almost all
trace fossils seem to be not branched (except some
Thalassinoides). All Spongeliomorpha burrows are
completely oxidated. The outer surfaces of the burrows are
covered by scratches (bioglyphs), even if poorly preserved,
which appear as sharp ridges, without the classical
rhomboidal pattern. These scratches preserved on the
tunnel walls suggest that the tunnels were dug in stiff mud.
Possible trace-makers: stomatopods and marine
astacideans which construct simpler burrows with limited
branching (De Gibert and Ekdale, 2010) or ghost schrimps.

The UBSU is closed by medium to fine sand with wavy
lamination and graded cm-thick sand levels with some
dm-thick beds of oriented sub-angular/sub-rounded
pebbles and cobble with a poorly sorted matrix of
granule, sand, silt, and mud (lithofaces D). The
lithofacies B and C are interpreted as lower foreshore
deposits evolving to shoreface deposits, influenced by
occasional high-energy stream events (lithofacies D).

Fig. 1 - Geological schetch map of the study area with the location of stratigraphic sections and well-logs. 



The UBSU-1 is closed by an abrupt erosional surface
which marked the onset of the UBSU-2.

It starts with a conglomerate clast- and matrix-
supported (coarse sand) which is characterized by
rounded and discoidal aligned and imbricated pebbles,
cluster structure, and vertically oriented clasts
(lithofacies E).

The lithofacies E passes upward to poorly laminated
medium sand with some graded cm-thick bed of
bioclastic sand and rounded aligned and imbricated
small pebbles (lithofacies C-1). The lithofacies E and C1
represent the second cycle, which is characterized by a
well-developed foreshore deposits (lithofacies E) and a
shoreface not influenced by stream feed (lithofacies C1).

The UBSU-1 and UBSU-2 are truncated by a
prominent erosional surface related to a clast-supported
and poorly sorted (pebbles to boulders) breccia
(lithofacies F). There is a general imbrication NW diping.

The lithofacies F represents an alluvial fan system. 

CONCLUSIONS

Integrated analysis of surface and subsoil data has
allowed to define the complex geologic-stratigraphic
setting of Broglio Hill. In this work, 2 UBSU are
reconstructed, related to nearshore and alluvial fan
environments controlled by relative sea-level change. In
details, in the UBSU-1 the shoreface shows an influence
by stream flow and the foreshore deposits are less
developed rather than UBSU-2. The well-logs data show
an irregular and tectonized contact between Torrente
Straface Marly-Clay and Saraceno Fm.

Trace fossils allow to recognize a depositional hiatus as
consequence of relative sea-level changes and
sedimentation recovery in shoreface environment.
Mudstone bed is completely colonized by trace-makers,
which reached considerable deep (about 1 m) in search
of organic matter to ingest, and in order to locate
protective domiciles, far from the hight hydrodinamic
energy of the water-sediment interface.

The presence of Spongeliomorpha suggests that the
trace-makers organisms penetrated from soft sediment
(sand - lithofacies B) into a firmground mud (lithofacies
A). 

The dimensions and deep tier of the burrows, as well as
the low ichnodiversity, may suggest that an high
hydrodinamic energy and an high oxygen content
characterized the stressed paleoenvironment, in which
only opportunistic trace-makers could colonize the
sediments.
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Fig. 2 - Composite type section of the deposits outcropping in
the study area. 1 = Ophiomorpha isp., 2 = Spongeliomorpha isp.;
3 = Thalassinoides isp.; 4 = bioclasts. 
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Fig. 3 - a. Close-up view of the bioturbated silty-mudstone bed (upper part of lithofacies A and bottom of lithofacies B), Canale
Marzuca. b. Thalassinoides isp.; c. Spongeliomorpha isp.  
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A framework for the development of an ichnological
database, called “IchnoBase” is herein introduced. It
consists on a number of digital applications focusing on
the main trace fossils discovered in some sedimentary
formations outcropping in Calabria, Southern Italy. The
framework aims at designing and implementing an
advanced database and knowledge system that combines
high-resolution images with appropriate meta-data,
making use of textual information, computer vision and
pattern matching algorithms. The main features of the
resulting applications consist of computer-aided insertion
and querying of data concerning sedimentary formations
and related trace fossils, and (semi)automatic image
classification.  

The ichno-database paves the way to the implementation
of a wide set of digital applications, based on different
platforms and interfaces, such as displaying and
systematically describe trace fossils discovered, for
example, in the Stilo - Capo d’Orlando Formation,
Saraceno Fm., Albidona Fm., Trubi Fm, “Gerace-Bombile
Calcarenites”, “Le Castella Calcarenites” and so on.
Scientific full-text publications about ichnology and
sedimentology can be downloaded via external links. 

The two main applications based on IchnoBase are
“IchnoWiki” and “IchnoApp”. 

IchnoWiki is a web-based system for the cooperative
classification and the storage of ichnological information,
on a global scale. The system is open to all ichnologists
(Researchers and Ph.D. students), and might lead to one

of the major and largest collection of ichnological data. To
our knowledge, currently there is no such complete ichno-
database available worldwide.  

IchnoApp is an application for mobile devices
(smartphones/tablets) that can be distributed via the main
online stores; it is closely related to IchnoWiki, since it
allows one to access the wide ichnological database on the
move, and can be used as a powerful and versatile tool
while “working on the field”. For instance, when
discovering a new or unknown ichnofossil, a scientist can
take a picture by means of his mobile device, and
automatically make IchnoApp classify it by means of
proper comparison between the trace fossils images
already stored in the database; the new ichnospecies/
ichnogenenus (i.e., picture and systematic description)
can be inserted into the IchnoBase on the fly. 

IchnoApp is addressed to ichnologists and students of
Earth Sciences, but on the scientific bases the aim of
popularizing the discipline should lead to include a wider
range of users.  

As an application, IchnoBase implies provides
management costs, like any other. Development and
updates require a significant amount of funds, in order to
ensure a free distribution, especially among institutions
and students. Ichnology is a relatively young discipline,
almost unknown to the general public, and poorly taught
in universities; thus, such a mobile, user-friendly, easily
accessible database will be an important tool for scientific
and popularization purposes.  
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The Stilo - Capo d’Orlando Formation (FmSCO) crops
out along a narrow zone extending from the central
Ionian Calabria (Fig. 1) up to the Peloritanian Mounts in
Sicily; according to Bonardi et al. (1980) this
sedimentary sequence is placed between the tectonical
units, belonging to the crystalline basement, and the
Argille Varicolori, and its age ranges from Upper
Aquitanian to Langhian. The FmSCO is distinguishable
into a continental conglomerate-arenaceous lower
member and a marine pelitic-arenaceous upper member,
which is intensely bioturbated (Dominici and Sonnino,

2009; Dominici et al., 2001; Caruso et al., 2010; 2011). 
In Agnana Calabra these two members are separated

by a chaotic breccia layer, ranging from 1.20 m up to 7 m
in thickness; it marks the passage between the
continental facies and the bluntly marine one. In the
Vallone Luria nearby Agnana Calabra village, the
sedimentary succession (Fig. 2) starts from bioturbated
sandstones in which Ophiomorpha nodosa is the only
recognized ichnospecies; these sandstones are alternated
with continental lignite layers, centimeter to decimeter
(up to 80 cm) in thickness; an high ichnodensity of
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Fig. 1 - Geological schetch map of Southern Calabria and location of the study area. 
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Thalassinoides isp. burrows marks these lignite layers.
Towards the top, shallow marine deposits start,
consisting of a body sandstone, 2 m thick, intensely
bioturbated with Ophiomorpha nodosa and
Thalassinoides isp., up to 10 cm in diameter (Fig. 3a);
these ichnofossils are preserved both in cross-section
and in positive “false hypichnia” (sensu Monaco
andCaracuel, 2007) with three-dimensional interlace net.

Thalassinoides burrows, inside the lignite layers, are
passively filled by arenite, while Ophiomorpha burrows,
in the sandstone bed, are lined by a coal wall (Fig. 3a). In
both lithologies, burrows have elliptical cross-section
shape, probably due to sediment compaction. Trace-
makers could be crabs or lobsters, which reached the
base of the marine sandstone event bed, in search of
organic material buried in the swamp deposits. Similar
suites of Thalassinoides isp. and Ophiomorpha nodosa
have been discovered in comparable lithofacies (Upper
Cretaceous Ferron Sandstone, Muddy Creek Canyon,
Utah), interpreted by Hasiotis (2011) as delta front
shoreface deposits capping coastal plain swamp deposits.
This poor ichnoassemblage may belong to the
Teredolites/Skolithos Ichnofacies. 

Upwards, ichnoassemblages and deposits evolve toward
beach deposits, about 7 m thick, constituted by several
layers in which imbricate pebbles are frequent, and
arenites, showing oblique lamination. The last one are
moderately bioturbated; Thalassinoides isp.,
Macaronichnus cf. segregatis (Fig. 3b) and Ophiomorpha
isp. (Fig. 3c) are the only ichnotaxa recognizable.
According to Kotake (2007), this ichnofossil might suggest
shoreface deposits. Furthermore, M. segregatis was
reported both in shallow marine sandy sediments, affected
by high hydrodynamic energy, in tropical environments,
and also in medium-high latitude intertidal deposits
(especially in present-day environments). Probably, his
presence is linked to seasonal upwelling of food rich cold
waters. So, M. segregatis may be a good palaeoclimatic
indicator (Quiroz et al., 2010).

The sedimentary succession continues with
conglomerates, of about 3 m in thickness, and very coarse
sandstones, 2 m thick, not bioturbated, containing thin
layers of oriented pebbles. These deposits are followed by
breccia deposits, that here (in the Vallone Luria
succession) reach about 2.40 m in thickness; breccias are
followed by pelitic-arenaceous chaotic deposits (mud
flow and debris flow) containing decimeter angular lithic
fragments of phyllite and some injection dickes; these
deposits and are bioturbated with Thalassinoides cf.
suevicus and Ophiomorpha isp. (Fig. 3d). 

These last deposits may be interpreted as a phase of
tectonic instability. 

On the top, and suddenly, the sedimentary succession
evolves toward bluntly marine deposits, constituted by
interbedded pelitic-arenaceous deposits; they are rich in
trace fossils (high ichnodensity), even if the ichnodiversity
is relatively low. The main recognizable ichnotaxa are:
Ophiomorpha isp. (Fig. 3e, 3i), Nereites irregularis (Fig. 3f),
Zoophycos isp. (Fig. 3g), Trichichnus isp. (Fig. 3h),
Chondrites isp., Planolites isp. Physical features and
ichnoassemblage suggest a deposition below wave base, in
stable conditions and in proximal shelf environment
(Dominici and Sonnino, 2009; Caruso et al., 2010; 2011). 

The sedimentary sequence of Agnana ends with thin
facies, predominantly bioturbated shales. 

So, the Vallone Luria deposits may represent a swamp-
coast-basin paleoenvironment, formed as a result of a

Fig. 2 - Stratigraphical section of Vallone Luria, Agnana Calabra.
1 = indistinct bioturbation: 2 = Chondrites isp.; 3 = Macaronichnus
cf. segregatis; 4 = Nereites irregularis; 5 = Ophiomorpha; 6 =
Planolites isp.; 7 = Thalassinoides isp.; 8 = Trichichnus isp.;
Zoophycos isp.; 10 = ichnodensity (1 = rare; 2 = present; 3 =
frequent; 4 = abundant); 11 = coal; 12 = bioclasts. 



rapid transgression, probably induced by tectonics. 
Thus the sedimentary and ichnological features

evidence rapid and significant drowning of the study
area during the Oligo-Miocene age. 
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Fig. 3 - Main ichnofossils discovered in Vallone Luria. a) Th = Thalassinoides isp., Oph = Ophiomorpha nodosa ; b) Mac = Macaronichnus
cf. segregatis; c-d-e-i) Oph = Ophiomorpha isp.; f) Ne = Nereites irregularis; g) Zo = Zoophycos isp.; h) Tric = Trichichnus isp. 




