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What is CoCaRDE?

COld-water Carbonate Reservoir systems in Deep Environments

CoCaRDE is a Industry-Academia partnership to
consolidate and amplify mound research and
capacity building founded and cofounded by
ERC, EC, ESF and national founding sources

A large network of European, Canadian, Russian
and Moroccan scientist.



Recent and ancient Carbonate Mounds
In Morocco

e 2 days of workshop and discussions on recent
and ancient carbonate mounds in Morocco
and in Europe

* 5field seminar days in outcrops of carbonate
mounds and carbonate factories from
Ordovician to Jurassic ages in the Central High
Atlas and eastern Anti-Atlas at many localities
in Morocco



How to define a mound?

e Carbonate mounds are morphological features
formed through complex interactions between
biological and geological processes under
suitable hydrodynamic conditions
— The composition of the mound deposits varies

e Coral

* Bryozoans

* Sponges

e Algal-bacterially mediated mud mounds



Mound initiation

a. Hydraulic theory
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Maps of Morocco

| Vélez- Malaga A3 .,-_'ﬁl'lf-_",‘""'{”g!iﬂ
J/ i o YA Eran e o
Qi .'"Maluga Ejido
Cadiz Alboran
Gibraltar Sea
Tangler
I\ > M oT‘etouan o
Laqachq |'| o0 o Sk
AT ,largj_q‘,iw Hoceima A
Kaar AR o
Sare ..il'(’;" & o]
& 2 ,,;Tazs < Taourid Ou i
eﬂo"m ‘ vaince T
VRSB [0 OFea' '3, Jerada
] ORabat™ ' 5§ “OFés | A7/ h '

0° l‘lohammnam"“ekﬂe

Cns:thlanca 4
El Jaddao )

© Satlato Knour-bga &
Fkuh fen

Essaouira
it

Risssni

Béchar) -
0 0.3
Kénadza

2 -xTar'oudant

adro 0. ©
Q90 43 5liea e
Teima * ) ”

Tiznit B "Tm' ok

°, At Talo"’

Gu“"“ 0 g Taghjic




Recent mounds on the Morrocan margin
Presentation by Dierk Hebbelen, MARUM

e Atlantic margin:
— Smaller than other known Atlantic coral mounds
— Found at 500 to 1000 m water depth

— Only growth during last glacial period, now all dead and only
,coral graveyards” present

e Mediterranean margin:
— Both mounds and ridges
— Found at 200 to 400 m water depth

— Alive coral framework growth continued after a long period of
now growth approx. 14 kyr ago.

e Reason:

— Ocean productivity, at time beeing insufficient to support large
coral frameworks at the Atlantic margin



Ancient carbonate mounds in Morocco

* The Upper Ordovician carbonate mounds and
associated deposits of Anti-Atlas

e The Silurian mound from Meseta domain, Middle
Atlas

e Devonian carbonate mounds from Anti- and
Middle Atlas

e Carboniferous biogenic mounds of Hammou
Ghannem

e The Jurassic carbonate mounds from central High
Atlas



The Upper Ordovician carbonate mounds
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The Silurian mound from Meseta
domain, Middle Atlas

: _’Basal umt A Ilmestone Iayersanterbedded leth mar1s SRS
Mlddle unit, B: Massw‘é hmeston’e with tughtly packed brachlopods
Upper unit, C Masswe Ilmestone wuth stromatollthlc structures
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Stromatolithic structures

Monospecific chemosymbiotic

brachiopods
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From a few meters to 100 m in diameter, from 20 to 55 m, s;ce'eep
asymmetrically. flanks, almost 50.individual mounds in all growth stages
No clear core or lateral facies, abundant dense fossil accumulations in
certaln layers some beelng markedly monospeC|f|c




Devonian carbonate mounds from
Anti- and Middle Atlas

Hollard mound
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Carboniferous biogenic mounds of
Hammou Ghannem
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Corefacies: massive limestone, plenty crinoids, live position, few corals in the base, stromatactics
Flanks: Layers with prefered orientation, fewer crinoids, less diagenetic, no onlap
Intepretation: First large corals and crinoid, growing fast, the flanks grow at the same time (slow)
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Sum up ancient carbonate mounds in

Morocco
Hydraulic origin
 The Silurian  The Upper
carbonate Ordovician
mound carbonate
. bryozoan
e Devonian
mounds
carbonate

e Carboniferous
biogenic mounds

e The Jurassic
biogenic mounds

mounds?



Thanks to ESF and
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to th’e organizers of CoCaRDE

And to all the participants.....
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