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Infl uence of initial aperture variability on conduit development in 
hypogene settings
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Abstract. Th e development of gypsum maze caves in hypogene settings is examined by process-based 
numerical modelling using a coupled continuum-pipe fl ow model. Th e model scenarios are largely 
based on fi eld observations compiled from the gypsum karst terrain of the Western Ukraine. Th is 
area hosts the world’s largest maze caves in gypsum and provides a well documented example of 
hypogene speleogenesis under artesian conditions. Building on previous studies that revealed the 
basic speleogenetic mechanisms in this type of setting, this work aims to examine the infl uence 
of the variability of the initial apertures on dissolutional growth of fi ssures and the evolving cave 
systems. To this end, the initial apertures were spatially uncorrelated and lognormally distributed 
and the infl uence of the coeffi  cient of variation of the aperture data (σ/μ) was investigated in several 
scenarios on the basis of a set of four realisations. It is found that a small degree of heterogeneity leads 
to cave patterns similar to those obtained with uniform initial apertures. However, with increasing 
heterogeneity the karstifi cation process decelerates and a signifi cant amount of variability between 
the diff erent realisations follows. In an ensemble average sense, the aperture variability is determining 
the temporal development of the cave patterns and generally decelerates the karstifi cation process, 
but appears to be of minor relevance regarding the general structure and geometric properties of the 
evolving cave patterns.
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1 Introduction

Karst aquifers are important water resources, widespread and usually intensively utilized. 
Flow in karst aquifers is concentrated along discontinuities such as fi ssures and solution 
conduits. Solution conduits develop where discontinuities are widened due to natural dis-
solution of rock. Together with the surrounding fractured porous rock, these conduits form 
a complex and heterogeneous fl ow system. Th e adequate characterisation of geometric and 
hydraulic properties of karst conduit systems poses great challenges to hydrogeologists. 
One approach to tackle this challenge is to improve our understanding of interdependency 
between hydraulic and chemical processes involved in speleogenesis, and the geometry of 
the resulting cave patterns. Th is paper aims to examine the evolution of solution conduits 
and its interrelation with the hydrogeological environment in hypogene settings by  process-
based numerical modelling.

Several models have been developed to describe the diff erent porosity and permeability 
components in karst aquifers, among which the triple porosity model appears to be the 
most modern one (Worthington et al. 2000). Primary porosity is created during the for-
mation of the rock itself (matrix porosity), secondary porosity (fracture or fi ssure porosity) 
is mainly formed due to mechanical forces (e.g., faulting and folding) and tertiary  porosity 
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