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The knowledge of the geometry of fracture and vein networks is essential in sub-surface research. 
Discontinuities such as fractures, joints and veins are potential sites for fluid transport and have 
important implications for the hydraulic properties of rock. The distribution of fractures is 
commonly studied in numerous papers. Most fracture distributions, however, are not applicable to 
the spatial distribution of veins in alternating sequences. Although it is well known that fracture 
spacing is mainly controlled by lithology and by bed thickness (cf. Ladeira & Price 1981) and to a 
lesser extent depends on the degree of deformation already experienced by rock and on the 
interference of adjacent competent layers, it is not always clear to what extent these properties 
influence vein spacing.  

This field-based study focuses on the spatial distribution of quartz veins in a siliciclastic 
metasedimentary multilayer sequence of early Devonian age in the High-Ardenne slate belt 
(Belgium, Germany). The latter serves as an analogue for the study of vein networks in the 
subsurface, in order to gain insight into a time-integrated history of compartmentalized fluid flow 
through the crust during low-grade metamorphism. Quartz veining in the study area is related to the 
latest stages of the Rhenohercynian basin development, i.e. predating the Late Palaeozoic main 
Variscan fold-and-cleavage development (Kenis et al. 2008, Van Noten et al. 2008). The veins 
studied are confined to brittle psammitic layers and terminate at the contact with the ductile layer, 
i.e. slates. Veins display parallel arrays across the whole study area, demonstrating the presence of a 
regional consistent stress field during vein formation.  

We compare the spacing of planar veins in thin (< 1m) undeformed metasedimentary sequences, 
where quartz commonly occurs as elongate-blocky ataxial crystals indicating that these veins are 
Mode-I cracks, with (i) the spacing of lensoid veins in shortened sequences (i.e. mullions); (ii) 
published fracture distributions in greywacke and limestone; and  
(iii) spacing of veins in boudinaged layers. Figure 1 shows the average spacing of those veins which 
affect the whole bed thickness. The range of spacing along a single bed is indicated by error bars.  

The vein-spacing distribution shows following trends: 

(i) average vein spacing increases with increasing bed thickness;  

(ii)  vein spacing versus bed thickness shows a quasi-linear relationship in the realm of thin 
 layers (< 40cm); 

(iii) planar veins in segments which are not showing the mullion morphology are wider 
 spaced than intermullion veins. This relationship however only accounts for thin beds  
 (< 40cm); 

(iv)  vein spacing reaches towards a maximum value with increasing bed thickness;  

(v)  there is no real trend in the variation of vein density (expressed by the error bars)  towards 
thicker units. 
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These observations demonstrate that absolute vein spacing within a single rock type is strongly 
influenced by bed thickness in thin sedimentary sequences but will become interdependent of bed 
thickness towards thicker units. Vein-spacing distribution therefore shows similarities with spacing 
distribution of fractures, supporting the idea that during initial development of the veins individual 
veins are ‘aware’ of the existence of adjacent veins and that the rock can be saturated by the 
presence of veins. The presence of crack-seal microstructures moreover supports the fact that vein-
filling material is weaker than the host rock allowing to thicken the initial vein.  

 

 
Figure 1: Spacing distribution of quartz veins in thin alternating metasedimentary sequences 
compared to vein-spacing distribution in mullions and in boudinaged layers (Price and Cosgrove, 
1990) and to fracture distribution in greywacke and limestone (Ladeira and Price, 1981). I = 
thickness of interlayers in between two competent beds. 
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