How can we validate and improve
this model for self-organised
lLimestone-marl alternations?
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£ 77| Limestone-marlalternations: if these patterns can arise through self- B

1N etherla ndS eSCience ce nte r’ ZUtreCht U N ive rSity organization, it would fundamentally change geological time scales j

and paleoclimate reconstructions.

1 Description
Sijo9l Keywords: Sedimentary rhythmites, diagenetic models, limestone-marl alternations, external The model describes the evolution of the concentrations of five variables:
fO I Ci N g . M I lank O VitC h C yC [e S. 1. Solids: two minerals which dissolve and (re)precipitate from/to the same

solutes. They are expressed as proportions of the solid phase, and must
accordingly be non-negative, and their sum must be smaller or equal to
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one.
a) C¢c - Proportion of calcite in the solid phase
(a) p p
(b) C4 - Proportion of aragonite in the solid phase
Time 2. Solutes ¢, where k € {Ca,CO3}
Ab StraCt Sea floor (a) ¢cq - calcium concentration in pore water

(b) ¢co, - carbonate concentration in pore water

Geological evidence for self-organisation in limestone-marl

. . . . . 3. Porosity ¢
alternations®Z inspired lvan L'Heureux3 to derive a reactive-

Equation numbers refer to the equations in the original publication.

transport model for the formation of these banded patterns. This 5
model not only describes reaction and advection of two minerals 5 pye— 2 Equations
— aragonite and calcite — but also takes into account the aragonite P Dissolution 0= 02 DAl — CoICA s — 1105 a) + ACACe(Qper — 1]
dissolution zone (AD/Z). The ADZ is microbially induced: at these g Zone ” o (40)
depths - modelled to extend from 50 to 150 cm -below the water- S O?%’OC:O.O.C: 3 5
sediment interface bacteria dissolving aragonite-bearing § gi 0 = Uy ot Paldll = CelCelfire —1fino) + CaCelfina - ”ﬁz‘)ﬂ
sediment are most active. In this zone calcium Ca%* and carbonate |
CO5% ions are released and precipitate somewhere else in the © Calcite b= W bt %8% (gbdk%i") +
sediment and cement it. The advection of these ions is governed ® Aragonite Da =9 (5 o) (Ca(@a — 1Om) — Ao — aOne)]  (42)
by the flow of the pore water, which depends on the porosity. The ® Insolubles (terrigenous material) T AT e e
. . . . . ey e The third equation solves for two quantities, ¢, being a rescaled concentra-
mOdel 1S Sp@Clal because the pOfOSlty IS a dynamIC quantlty- It tion of dissolved species, Ca and CO3. Both these quantities appear in the
changes in time due to compaction, dissolution and cementation. definitions of ©; (which are therefore functions of x).
L'Heureux derived right-hand sides for the time derivatives of five 9 e 0 oy, T2 i Da(1-0) Ca(©pa — 1Opa) — ACe(Qpe — maipc)
quantities: the aragonite and calcite compositions, the : oo o (43)
concentrations of two ions in the pore water and the porosity. We /' We are seeking help with respect to:
have attempted to reproduce the results Of hlS model, particularly | | % S':?QQSW Distributions after 13190 years, with Phi(surface)=0.6, Phi(Initial)=0.5
the oscillations, but until now we only succeeded in reproducing a 1) The physical correctness of these equations. @g - v ca
iIngle solution, without oscillations. 2) The most stable and adequate numerical : £ 3 H Loce
>Ing ’ scheme for integrating them. S ., 3 > cCa
3) Does something similar to a "ground truth" : . 2 3 R
exist, i.e. a scenario, which the model should ;Z: e ? 104 ¥
reproduce? : 2 05 - 2
4) Should we see oscillations in time for one or S S A t“““"""‘w
1) "Limestone-marl alternations as environmental archives and the role of early more of the five fields, e.g. for high initial and S 0-- \Y:
diagenesis: a critical review", by Hildegard Westphal (2006). surface porosities? . - 5
2) "Self-organized rhythmic patterns in geochemical systems"”, by lvan L'Heureux ¢ Hm';l,fm § N v
(2013) Please approach one of these authors if you have E 20291 . :.v
3) "Diagenetic Self-Organization and Stochastic Resonance in a Model of any suggestions! - § 0.0 - u | ———————————
Limestone-Marl Sequences", by Ivan L'Heureux (2018). 0 100 200 300 400 500
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Check https://github.com/MindTheGap-ERC for all our software.

Acknowledgments: Funded by the European Union (ERC, MindTheGap, StG project no

: ] 101041077). Views and opinions expressed are however those of the author(s) only and do
esciencecenter.nl © h.spreeuw@esciencecenter.nl

not necessarily reflect those of the European Union or the European Research Council.
DOI for this poster: 10.5281/zenodo.10943274 DOI for the abstract: doi.org/10.5194/egusphere-egu24-16400 Neither the European Union nor the granting authority can be held responsible for them.

Sharing is CC-BY 4.0

encouraged




