
 esciencecenter.nl   h.spreeuw@esciencecenter.nl  
DOI for this poster: 10.5281/zenodo.10943274     DOI for the abstract: doi.org/10.5194/egusphere-egu24-16400

 CC-BY 4.0

How can we validate and improve 
this model for self-organised 
limestone-marl alternations?

Hanno Spreeuw1, Emilia Jarochowska², Niklas Hohmann2 and 
Johan Hidding1
1Netherlands eScience center, 2Utrecht University

Keywords: Sedimentary rhythmites, diagenetic models, limestone-marl alternations, external 
forcing, Milankovitch cycles.

Abstract
Geological evidence for self-organisation in limestone-marl 
alternations1,2 inspired Ivan L'Heureux3 to derive a reactive-
transport model for the formation of these banded patterns. This 
model not only describes reaction and advection of two minerals 
– aragonite and calcite – but also takes into account the aragonite 
dissolution zone (ADZ). The ADZ is microbially induced:  at these 
depths - modelled to extend from 50 to 150 cm -below the water-
sediment interface bacteria dissolving aragonite-bearing 
sediment are most active. In this zone calcium Ca2+ and carbonate 
CO3

2- ions are released and precipitate somewhere else in the 
sediment and cement it. The advection of these ions is governed 
by the flow of the pore water, which depends on the porosity. The 
model is special because the porosity is a dynamic quantity: it 
changes in time due to compaction, dissolution and cementation.
L'Heureux derived right-hand sides for the time derivatives of five 
quantities: the aragonite and calcite compositions,  the 
concentrations of two ions in the pore water and the porosity. We 
have attempted to reproduce the results of his model, particularly 
the oscillations, but until now we only succeeded in reproducing a 
single solution, without oscillations.

Limestone-marl alternations: if these patterns can arise through self-
organization, it would fundamentally change geological time scales 
and paleoclimate reconstructions.

Check https://github.com/MindTheGap-ERC for all our software.

We are seeking help with respect to:

1) The physical correctness of these equations.
2) The most stable and adequate numerical 
scheme for integrating them.
3) Does something similar to  a "ground truth" 
exist, i.e. a scenario, which the model should 
reproduce?  
4) Should we see oscillations in time for one or 
more of the five fields, e.g. for high initial and 
surface porosities?

Please approach one of these authors if you have 
any suggestions!
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