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Stromatolites

Introduction :

* Microbes are actively involved in the generation and
accumulation of carbonate sediment.

* Nucleation of carbonate... Formation of structures... 1 Bhoms

Mediate bio-erosion... Re?d 2003: Shgrk Bay S.tr.omatolites: Microfabrics and Diaz, 2017 : Microbially mediated
Reinterpretation of Origins organomineralization in the formation of ooids

* Early bio-erosion and micritization : destruction of the
initial grain microstructure.

Questions :

Which are the favorable conditions for

micritization ? and where ?
Micritisation

. Reid & Macintyre (1998)

*  Which microbes are the primary agent of

micritization ? Processes ? A Micritization — process by which
original fabrics of carbonate grains are
* Driver for the development of microporosity ? altered to cryptocrystaline texture by

repeated algal coring and filling of the
bores holes with micritic precipitates.
(Bathurst, 1966)

Mud production ?

* Micritize sediment in laboratory ?

Lower cretaceous reservoir (UAE)
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Study area : shallow marine carbonate
Objectives : fundamental understanding of the syn- environment, lagoon, intertidal area. L
sedimentary micritization process in shallow b AN A multidisciplinarity approach
marine settings. Where micritisation occured ? b 5.3
IntenSity ? Microbes involved ? Sedimentology Microbiology Geochemistry
d," g y - Facies - Diversity - lIsotope
4 . B Fo ‘15 ‘;. - Mineralogy - Isolation - Carbonate
Apgroach : ‘abigh « - . . Abu Dha _"-' e - Granulometry - Incubation system
{ § S 3 Rk ! - Bio-component - eSEM - Sediment.
g W Lagoon y
Sedimentology, microbiology, diagenesis, . AT e & I - SEM ’ rates
geomicrobiology, geochemistry, rock imaging... - e 8/ ‘\Vl
MethOdS . i : Ly ’:& Sediment
o Pore water
* Field : Sampling cores of sediment in various - mions

shallow marine lagoons around the Arabian
plate

§ cores

Subsamples
Water every 10 an

{Intertidal
zone)

* Laboratory: identification of sedimentological
features and microbial diversity. Document and (1)  Red Sea : Al-Kharrar Lagoon (Rabigh, Kingdom Saudi Arabia)

compare between locations (2) Southwest Arabian Gulf : Fahid Lagoon, Abu Dhabi (UAE)
k- (3) Center Arabian Gulf : Ras Tanura, (Kingdom Saudi Arabia)
(4) Arabian Sea : Bar Al Hikman Peninsula (Oman)

Sediment Sampling protocol
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Rabigh Lagoon ' - Abu Dhabi Lagoon

1) Environmental conditions :

Al-Kharrar Lagoon (Rabigh, KSA, Kingdom
Saudi Arabia)

* Central Red Sea coast

* 20kmlong, 5 km large

* One narrow shallow inlet (North)

* Salinity : 38.9%0 to 45.4%o

*  Water Temp. : 25°C t0 30.6 °C (i pubaietal., 2017)

* Low mangrove cover intertidal area

* Tide:0,20-0,30m

Khawr as Sadiyat, Abu Dhabi (UAE)

* South west part of Arabian/Persian Gulf
* Barrierisland, lagoons, tidal channels

* Highly restricted lagoon

* Abundant mangrove coverage

* Salinity : 35%o0 to 39%.

*  Water Temp. : 19.3—26.9 C (perderson et al. 2021)
e Tidel-2m
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Rabigh_C3 Bi°"1ﬂn::ﬂ§22:m”ems Abu Dhabi Granulometry Bioclast and components
. . vineraioay Tsorem .C3 Sorting on thin section
2) Sedimentary facies : g o . 2 -
_ EE |, gfd | & 3 £ B2 N ) _
§ ENC8 | Guoeig |22 ouf |3 SE.Bs @ EgE £323F | z2£§ £ 3
S 7;33 225332 S_EE 'gu?,'g ‘E°§fg_‘3‘§°_~5§ — g ‘Ehm - N £
E| cson | oo | Do | ceeem |gd 282 |SRziciBilsl | € EQSE (2o | "™ | $3E [£3 SE.B. 2
2 2 2 I ECSED | g 983 |8ET| p.E | EE3 |S08885T8 4
’ 1T ! gl Core | "mSV |2BH 222 | 582 |53STfg8LE5%
Al- Kharrar Lagoon (Rabigh, Saudi Arabia) H ©|coor | mmmm |525] Q3E | == 2858885828
| ————— 0% 100% 0% 100%] 0% 100 %
Mainly very fine sand (<250 pm) 0 e m+ I 1
e ——— [— -
* No vertical facies changes —— UNE I
|
* Low mud (< 20%) ———— L |
. . . I s o | S
* Component : mainly undifferentiated (80- i
90%), bivalves, gastropods and coral/reef | p— L PR
fragment EEEEE S P |
* Mineralogy : Aragonite, calcite (10%; XRD) BT
— D:m P |
Khawr as Sadiyat (Abu Dhabi, UAE) T iam

Very fine to fine carbonate sand

* No vertical facies changes

*  Low mud (< 20%)

* Component : mainly undifferentiated (80-
90%), bivalves, gastropods and coral/reef
fragment

* Mineralogy : Aragonite, calcite (up to 20%;
XRD)

RA-C3 _ 10 cm depth
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3) Early diagenesis and micritisation :

Al-Kharrar Lagoon (Rabigh, Saudi
Arabia)

High breakage intensity (abrasion and
fracturing »)

60 % of grains show microborings p>
Mainly empty microborings

low occurrence of micritic rims P>

Khawr as Sadiyat, Abu Dhabi (UAE)

Subrounded to Rounded grains

low breakage intensity

93 % of the grains show microborings p>
Very common micritic envelope P

Early cements common

AB-C3 _ 20 cm depth

§D))

Abu Dhabi )eg%n

¢ \\
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SEM on thin section

. Rabigh Lagoon

o g o i =

3) Early diagenesis and micritisation

(SEM):

* Most of the grains in Abu Dhabi show
microborings and micritic envelopes

* Complex interplay between empty » and 7 ‘ o ,
filled » (cement ?) microborings St - ‘ L0
RA-C3 _surface : : | RA-C3 _surface
g, det HV curr | WD mag O }+100 pm O¢_ | det HV r WD mag

CBS 25.00kV 13 nA 9.8 mm 2000 x Teneo 3 CBS 25.00kV 13nA 9.8 mm 10000 x

* In both locations, the surface samples (0-10
cm) showed the presence of biological

materials  (web-like  membranes ,
cyanobacteries or fungal, tubular structures
>)

* In Abu Dhabi, the biological materials are
more abundant

* Only biological residue in Rabigh... A
Pt - S 23 @f‘ %
AB-C3surface § ﬁ

N 8 B Bl B AT~ o ¥
¥ | HV curr det WD mag O HFW 20 pm

2.00kV 0.10nA ETD 12.8 mm 10000x 41.4pum Teneo

-C3 _surface
OO TSSO R _

det | WD mag O HFW
2.00kv 0.10nA T1 9.5mm 20000 x 20.7 pm

0
-
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First conclusions:

Other locations to investigate

o

* Microbial grain alterations in both locations
(microborings, micritic rim) but more
common in Abu Dhabi.

* Biological features mainly observed in the
first cm of depth (0-10 cm depth)

* Balance between abrasion and bio-erosion
could be explain by environmental conditions
(organic reactions) and by surface energy (,
remobilization, traps).

Microbial diversity Experiments to reproduce micritisation

Work in progress...

AbuDabi Rabigh Class Selected

. . . I - A Dehalococcoidia substrates (1) Calf:ite crystal
* Deepen the observations of micro-textures "ﬁ'cmbLa » 0 1 T peee—— B o
(SEM'EDS, NMR...) eaturps 10 . Anaerolineae (4) Mix bioclastic sand
onSEM = I ______ Desulfobacteria (5) E inif
20 oraminifera

* Mechanics involved in the Red Sea ? Bathurst
1966 ? Reid and Macintyre, 1998 ? Ge et al 2020 ? 30-

Bacteroidia
- I I ._I_“;[ [ vnassigned TO : BEFORE incubation T1 : AFTER incubation
* Investigate the other locations (transects) sl M minicenants

. Desulfobulbia
* Link to microbial diversity (and processes)

. Alphaproteobacteria

Sva0485

60 - . Polyangia ?
e ey . . . Cyanobacteriia
* Produce micritized grains in controlled 70- — -
conditions (lab, in-situ...?) . 11 Bl syiopnonactera W e
, \ , , " ; ’ : .V Gemmatimonadetes CT-Scan/SEM CT-Scan/SEM
000 025 050 0.r5 D@D 025 0.50 0.75 1.00 < 5% abund. Thin section Thin section

Relative abundance
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Thank you




