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Sedimentological investigation on Holocene deposits
in the Mussafah channel

(Abu Dhabi, United Arab Emirates)

Bruno GRANIER !

Robert BOICHARD 2

Abstract: Eight macrofacies types (5) plus subtypes (3) were identified while measuring sections
along the Mussafah channel profile. These include:

e aeolian sands,

e microbial mat and microbial-laminated sediments,

e gypsum and enterolithic anhydrite, i.e., a diagenetic variation of the previous facies,

e muds with small pelecypods, and e its seagrass meadow version,

e Potamid sands, and e its cemented version, i.e., the Potamid beach-rock,

e washover fan coquina.

A complete set of analyses, including granulometry, mineral composition, clay composition, TOC, and
identification of the allochems and the microfossils, was performed on this material. The facies and
their genetic setting, i.e., the sequence of facies, provide a perspective on both the environmental and
stratigraphical significance of their distribution, both lateral and vertical, and an example of the appli-
cation of the WALTHER's law. The lower microbial mat is the mark of a transgression whereas the upper
microbial mat is the mark of a forced regression. In conclusion, the sequence of facies allows identifi-
cation of the last Holocene transgressive-regressive cycle that includes a forced regression, which pro-
bably dates back to 6,000 years BP.
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Résumé : Recherches sédimentologiques sur des dépots holocénes dans le canal de Mussa-
fah (Abou Dabi, Emirats Arabes Unis).- Huit macrofaciés (5 types et 3 sous-types) ont été recon-
nus au cours de levés de coupes sériées le long du canal de Mussafah et dans son prolongement. Il
s'agit :

e de sables éoliens,

» du tapis microbien et des sédiments a laminations microbiennes associés,

e de gypse et d'anhydrite entérolithique, soit une variante diagénétique du faciés précédent,

e de boues a petits bivalves et e de sa version d'herbier marin,

e de sables a Potamides et ¢ de leur version cimentée, soit le grés de plage a Potamides,

e de lumachelles de dépots de débordement.

Un ensemble complet d'analyses, comprenant granulométrie, composition minéralogique, fraction argi-
leuse, COT, identification des microfossiles et autres éléments figurés, a été réalisé sur ce matériel. Les
faciés et leur cadre génétique, c'est-a-dire la séquence de faciés, donnent une idée de I'importance a la
fois environnementale et stratigraphique de leur répartition, a la fois latéralement et verticalement, et

1

Dépt. STU, Fac. Sci. Tech., UBO, 6 avenue Le Gorgeu, CS 93837, F-29238 Brest (France)

bgranier@univ-brest.fr
Department of Ecology and Evolutionary Biology, The University of Kansas, 1200 Sunnyside Avenue, Lawrence,
Kansas 66045 (USA)
bgranier@ku.edu

2

TOTAL E&P, Geo-Technology Solutions, Office BA2019, TOTAL - CSTIJF, avenue Larribau, 64018 Pau (France)

robert.boichard@total.com

Published online in final form (pdf) on June 25, 2017

[Editor: Michel MOULLADE; language editor: Phil SALVADOR; technical editor: Bruno GRANIER]

Carnets Geol. 17 (3)

39



Carnets Geol. 17 (3)

fournissent un exemple d'utilisation de la loi de WALTHER. Le tapis microbien inférieur est la marque
d'une transgression alors que le tapis microbien supérieur apparait comme celle d'une régression for-
cée. En conclusion, la séquence de faciés permet d'identifier le dernier cycle transgressif-régressif
holocéne qui comprend une régression forcée débutant probablement vers 6000 ans avant J.C.

Mots-clefs :

* Holocéne ;

e Flandrien ;

e Abou Dabi ;

* Golfe persique ;
e faciés ;

e transgression ;

e régression forcée

1. Introduction

The Mussafah channel is located on the south-
eastern side of Khor Qirgishan, the lagoon borde-
ring the Abu Dhabi city island on its south-
western side (Fig. 1). This entirely artificial struc-
ture was cut inland in 1985 over a distance of
some six kilometers almost perpendicular to the
coastline, i.e., in a roughly East-West direction.

A

1 i

Bod

The Mussafah channel transect (Poster 1) has
been reconstructed from partial sections distribu-
ted over a total length of some seven kilometers
along the channel or on its axial projection. These
sections were examined in 1986 and 1987. They
are two hundred meters apart on average and
are identified on the basis of their distance from
the beginning of the transect along the channel
(Poster 1).

Figure 1: A) Location (satellite image) of the Mussafah channel, Abu Dhabi (Images © 2016 TerraMetrics, Données
cartographiques © Google). B) Enlargement of the orange rectangle with the red dotted contour of the channel in

1987 and its blue full contour in 2016.
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Figure 2: Site 14 D.

Figure 3: 0 km mark.
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Figure 4: A) Site 14 B; B) Detail of the lower microbial
mat at site 14 B.

A preliminary (unpublished) TOTAL internal re-
port was issued the next year (GRANIER, 1988) fol-
lowed by KEeNiG's PhD thesis (1991) and a set of
works that focus on the distribution of organic
matter in the Holocene sediments of Abu Dhabi
(KeNIG et al., 1990; BALTzER et al., 1994; KENIG,
2011). Six of the studied sections were examined
in greater detail, involving sediment sampling.
They correspond to -2 km, 0 km, 0.6 km, 1.6 km,
4.2 km, and 6 km marks. Field information gathe-
red in this study is supplemented by data from
two additional sections (sites 14 B and 14 D), vi-
sited in an earlier excursion in 1986, and from a
trench dug two kilometers downdip of the western
end of the channel. The studied sections are:
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Figure 5: 4.2 km mark.

-2 km mark (Poster 2),

site 14 D (Fig. 2 ; Poster 3),

0 km mark (Fig. 3 ; Poster 4),
site 14 B (Fig. 4 ; Poster 5),

¢ 0.6 km mark (Poster 6),

¢ 1.6 km mark (Poster 7),

e 4.2 km mark (Fig. 5 ; Poster 8),
e 6 km mark (Fig. 6 ; Poster 9).

Most depositional facies observed along the
Holocene Mussafah channel transect are currently
observed on the coastal margins of the inner la-
goonal areas of Abu Dhabi island where they are
roughtly arranged in "living" facies belts, as
recorded in the literature (e.g., KENDALL & Skip-
WITH, 1969a, 1969b; EvANs et al., 1973; ALSHA-
RHAN & KENDALL, 2003). The few remaining facies
correspond to the fossil or diagenetic counter-
parts of modern facies. Using an approach similar
to that of WAGNER and van der ToGcT (1973), a
complete set of simple analyses (including micro-
facies analyses) was then run to help identifying
the primary depositional macrofacies. The re-
construction of the horizontal and vertical
sequence of facies enabled us to partly unravel of
the last Holocene sedimentary cycle in the area
studied.

Carnets Geol. 17 (3)

Figure 6: 6 km mark.

2. Material and methods

More than sixty unconsolidated samples
were weighed before wet sieving and splitting
into four grain size categories:

e grains between 0.063 and 0.125 mm: silts,

e grains between 0.125 and 0.250 mm: fine
sands,

e grains between 0.250 and 2 mm: medium to
very coarse sands,

e grains larger than 2 mm: pebbles.

For each sample all of these categories were
dried, then weighted. The results are expressed
as a percentage of the original dry weight of the
sample (Table 1; Poster 10). The value for a fifth
category that groups all those particles finer than
63 um, e.g., lime mud, clay minerals, organic
matter, or sulphate salts, was back-calculated
from the difference between the above summa-
tion and the original dry weight.

Finally, discrete allochem types ranging in size
from 0.250 to 2 mm were identified using stereo-
scopic lenses and their proportion of the total po-
pulation expressed as a percentage (Table 2). By
comparison, WAGNER and van der ToGT (1973)
were only considering three categories (finer than
63 ym, between 63 um and 2 mm, larger than 2
mm).

42



Table 1: Grain sizes (%).

Stops Sample no. > 2,000 pm 250-2,000 pm 125-250 pm 63-125 pm
14B-I ABA 93 0.0 4.9 19.3 19.6
14B-II ABA 94 0.3 3.1 5.7 22.6
14B-III ABA 95 2.5 2.5 5.6 19.3
14B-1V ABA 96 0.0 12.9 52.9 29.4
14B-V ABA 97 0.0 1.7 24.3 59.0
14B-VI ABA 98 41.7 28.9 9.4 2.4
14D-1 ABA 99 2.7 24.1 10.8 12.7
14D-I1 ABA 100 0.3 1.2 2.0 11.1
14D-II1 ABA 101 0.0 2.6 12.3 29.2
14D-IIIDis ABA 102 17.5 25.6 25.1 18.3
14D-1V ABA 103 0.8 11.5 18.6 20.5
14D-V ABA 104 0.0 15.3 55.3 22.3
14E-1 ABA 105 0.0 0.1 0.1 2.4
14E-1I ABA 106 0.0 0.0 0.1 0.9
14E-III ABA 107 0.0 0.6 0.7 5.7
14E- ABA 110 0.7 1.8 2.5 6.0
0 km-A ABA 121 28.6 53.9 9.3 3.4
0.2 km-A ABA 122 25.7 13.3 18.1 5.3
0.6 km-A ABA 123 0.1 1.8 23.8 37.1
1.6 km-A ABA 124 0.0 2.6 4.8 17.3
4.2 km-A ABA 126 0.0 0.3 4.5 29.8
0.2 km-A1l ABA 127 7.3 75.2 12.2 2.3
0.2 km-A2 ABA 128 94.2 1.7 1.0 0.9
-2 km-A ABA 129 12.0 9.6 2.7 6.6
0 km-B ABA 131 0.4 18.1 9.6 14.7
0.6 km-B ABA 132 0.1 4.0 16.9 18.7
1.6 km-B ABA 133 2.6 15.8 3.8 11.6
4.2 km-B ABA 134 0.0 0.1 0.9 15.8
6.0 km-B ABA 135 0.0 2.2 5.0 19.3
-2 km-B ABA 136 0.0 3.9 1.2 6.9
0 km-C ABA 137 0.0 2.3 3.1 11.5
0.6 km-C ABA 139 0.0 4.4 19.9 24.7
1.6 km-C ABA 140 0.3 0.1 0.2 4.6
4.2 km-C ABA 141 0.0 0.0 0.5 9.1
6.0 km-C ABA 142 0.0 2.3 5.7 22.7
-2 km-C ABA 143 0.6 4.7 1.3 3.4
0 km-D ABA 144 1.3 5.2 6.0 14.1
1.6 km-D ABA 146 0.2 2.1 11.5 20.2
4.2 km-D ABA 147 0.0 0.0 1.5 6.8
6.0 km-D ABA 148 0.0 0.8 0.4 6.6
-2 km-D ABA 149 0.0 2.7 4.6 22.1
0 km-E ABA 150 8.0 22.4 21.5 29.0
1.6 km-E ABA 161 10.9 29.5 14.7 17.8
4.2 km-E ABA 162 0.0 0.0 0.3 1.6
6.0 km-E ABA 163 0.2 6.9 1.1 3.4
-2 km-E ABA 164 0.0 10.1 12.9 35.2
0 km-F ABA 165 6.8 26.5 12.3 18.9
0.6 km-F ABA 166 0.0 31.8 41.0 19.7
4.2 km-F ABA 168 0.4 1.6 6.3 19.5
6.0 km-F ABA 169 1.2 14.1 20.6 33.0
0 km-G ABA 170 0.0 15.6 44.9 20.9
4.2 km-G ABA 171 62.2 12.2 10.5 8.2
4.2 km-H ABA 173 8.5 31.8 27.0 20.5
6.0 km-H ABA 173bis 3.3 11.1 10.9 46.4
4.2 km-K ABA 176 7.5 19.7 20.3 28.1
4.2 km-L ABA 177 0.2 2.2 3.8 23.9
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Table 2: Components (250 -2,000 pm).

is sp.

irorb
Pelecypods
Gastropods
Ostracods

e with an accuminate posterior margin

e with longitudinal ridges or

sponge spicules
Echinoid spines
Decapods

o with smooth valves
|reticulate ornaments

Bryozoans
lAcetabularia sp.

o Miliolids
iliammina fusca

laris

. acicu

e P. planatus & M

e Sorites orbiculus

oralline algae

e Elphidium striatopunctatum
ooids

o Textularii

e Lenticulina sp.
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0.6 km-E ABA 160 3 3 3 3 = 6 - 5 - 77 8
1.6 km-E ABA 161 - 6 111 - - - - 16 - 10 4 - 60 3
6.0 km-E ABA 163 X X 2 10 6 - - 2 - * 2 X X 80 O
-2 km-E ABA 164 X X X X X X X X X X 100
0 km-F ABA 165 - - -104 - 1 8 8 4 - 2 2 64 8
0.6 km-F ABA 166 X X X X X X X 100 Od
1.6 km-F ABA 167 X X X X X X X X X X X X O
4.2 km-F ABA 168 - - - 3 - - - 2 1 - 90
6.0 km-F ABA 169 - 16 7 2 - - 21 2 - 17 - 2 - 42 21
0 km-G ABA 170 * 1 - *x * 3 3 - * X X X - 96 Od
4.2 km-G ABA 171 ¥ -2 1 3 3 4 x* 3 1 * 88 O
6.0 km-I ABA 172 X X X X X X X X X X X O
4.2 km-H ABA 173 -1 2 - 1 1 8 - - 6 =l 87 =
6.0 km-H ABA 173bis - 6 355 3 3 - 28 8 - 15 1 3 19 4
4.2 km-I ABA 174 X X X X X X X X X X O
4.2 km-] ABA 175 X X X X X X X X X X X O
4.2 km-K ABA 176 - - 11 - - - - 16 6 - 4 3 3 49 21
4.2 km-L ABA 177 - 1 5 2 3 3 75 20 - 45 8 1 14 -

Lithified samples and those allochems first
called "rounded grains", which were barely iden-
tifiable, may require petrographic thin sections
for reliable identification. In such cases only
occurrences, not percentages, are reported.

Additionally, G. Jousson analysed the minera-
logical composition of the samples by X-ray dif-
fractometers (Table 3). Identification of the clay
minerals was performed on about ten samples
only (Table 4). In addition, F. KENIG analysed the
Total Organic Carbon (TOC) of about fifteen sam-
ples (Table 5).

All the results of these analyses are compiled
in a set of tables (Tables 2-5).

3. The allochems
(larger than 0.250 mm)

Fourteen Four basic types of grains were iden-
tified: bioclasts, faecal pellets, lumps and intra-
clasts, and undetermined grains.

In this classification, the bioclasts comprise
all skeletal remains the origin of which can still be
clearly identified.

In this material we identified some faecal
pellets with a peculiar spiral structure (PI. 8, fig.
5.a-d). According to TRICHET (1967), "cette figure
d'hélice serait due a une activité digestive préfé-
rentielle dans des zones de pression accentuée
déterminées par la forme de l'intestin de I'animal”
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Table 3: Mineralogical composition (%).

N j. Q
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14B-1 ABA 93 0 27 6 5 26 0 0 0 0 6
14B-11 ABA 94 3 22 14 0 19 0 0 0 2 7
14B-1I1 ABA 95 4 20 14 9 18 0 O O 4 7
14B-1V ABA 96 0 15 46 0 3 0 0 0 5 12
14B-V ABA 97 0 0O 53 4 10 0 0 0 6 10
14B-VI ABA 98 0 55 0 0O 2 22 0 0 0 2
14D-1 ABA 99 4 39 6 5 15 0 0 0O 0 3
14D-1I ABA 100 0 20 10 12 14 0O O O 1 5
14D-III ABA 101 4 30 9 3 29 0 0 0 0 3
14D-IIIDis ABA 102 3 51 11 01 5 0 0 0 0 4
14D-1V ABA 103 2 33 7 3 25 0 0 0 4 6
14D-V ABA 104 0 24 46 0 5 0 0 0 0 12
0 km-A ABA 121 3 69 9 0 3 0 0 0 0 0.1
0.2 km-A ABA 122 3 40 11 0 12 24 0 0 0 1
0.6 km-A ABA 123 4 33 10 8 13 0 O O O 4
1.6 km-A ABA 124 0 0 14 4 13 0 35 0 3 3
3 km-A ABA 125 0 0 5 0 4 8 0 0 0 O
4.2 km-A ABA 126 0 0 14 31 12 0 0 4 3 7
0.2 km-A1 ABA 127 0 58 8 0 1 0 0 0 2 2
0.2 km-A2 ABA 128 0 70 5 0 1 0 0 0 o0 2
-2 km-A ABA 129 0 0O 5 33 14 0 0 3 2 3
-2 km-AM ABA 130 0 0 11 0 3 5 0 0 2 4
0 km-B ABA 131 5 33 7 7 15 0 0 0 o0 2
0.6 km-B ABA 132 5 26 9 22 9 0 0 0 0 3
1.6 km-B ABA 133 0 36 11 5 14 0 0 0 3 2
4.2 km-B ABA 134 0 0 20 5 9 0 0 3 5 8
6.0 km-B ABA 135 4 51 12 3 6 0 0 0 0 2
-2 km-B ABA 136 0 14 4 10 10 45 0 0 2 2
0 km-C ABA 137 3 16 9 14 16 0 0 0 3 4
0.2 km-C ABA 138 0 20 42 0 1 0 0 O 4 9
0.6 km-C ABA 139 4 33 6 14 8 8 0 0 0 3
1.6 km-C ABA 140 0 0 5 8 5 45 01 0 0 0.1
4.2 km-C ABA 141 0 0O 10 0 5 44 9 0 0 1
6.0 km-C ABA 142 0 0 5 0 5 5 4 0 0 O
-2 km-C ABA 143 0 0 6 0 6 5 8 0 0 O
0 km-D ABA 144 5 25 11 4 18 0 O 0 O 3
0.6 km-D ABA145 0.1 46 7 9 5 0 0 0O 0 3
1.6 km-D ABA 146 4 27 9 22 8 0 0 0 0 2
4.2 km-D ABA 147 0 0 7 0 5 29 25 0.1 0.1 1
6.0 km-D ABA 148 0 0 10 O 5 55 3 0 0 0
-2 km-D ABA 149 0 0 17 3 8 0 70 0 o0 1
0 km-E ABA 150 3 47 14 0 4 0 3 0 0 7
0.6 km-E ABA 160 0 10 17 15 20 0 O O 0 4
1.6 km-E ABA 161 6 43 6 19 3 0 0 0O 0 3
4.2 km-E ABA 162 0 0 5 0 5 5 01 0 0 O
6.0 km-E ABA 163 0 12 8 0 4 53 0 0 0 0
-2 km-E ABA 164 0 0 39 6 6 0 7 0 3 8
0 km-F ABA 165 2 36 11 4 12 0 0 0 0 5
0.6 km-F ABA 166 0 18 45 5 2 0 0 0 5 10
1.6 km-F ABA 167 7 50 10 5 01 0 0 0 3 4
4.2 km-F ABA 168 4 43 15 3 8 0 O O 0 3
6.0 km-F ABA 169 4 56 7 0 3 10 0 0 0 2
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0 km-G ABA 170 0 22 42 2 4 0 0 0 5 15
4.2 km-G ABA 171 0 67 9 2 3 0 0 0 0 3
6.0 km-G ABA172 0.1 57 6 3 1 0 0 0 0 2
4.2 km-H ABA 173 5 62 7 0 2 0 0 0 0 3
6.0km-H ABA173bis 5 55 8 4 1 0 0O 0 0 2
4.2 km-I ABA 174 0O 60 7 0 2 0 0O 0 0 3
4.2 km-J ABA 175 3 65 6 2 0 0 0 0 0 2
4.2 km-K ABA 176 5 48 7 15 2 0 0 0 0 0.1
4.2 km-L ABA177 11 37 15 8 4 0 0 0 1 3

[this spiral shape may be related to the preferen-
tial digestive activity of the animal in zones of in-
creased pressure determined by the morphology
of its intestine]. In the same publication, the
author provides information on their mineraliza-
tion, i.e., on the precipitation of aragonite need-
les within an organic matrix. In this material
dolomite rhombs grew in the needle mesh and
eventually replaced the aragonite (PI. 8, fig. 6).

Lumps are aggregates of grains of various
types (PI. 15, fig. 5).

Intraclasts are by-products of in situ early
lithification with a limited reworking.

"Rounded grains" are calcitic grains
commonly eroded and centripetally micritized. A
petrographic thin section may be useful to
analyse such grains. In most cases they are small
lithoclasts. We can thus identify inside them
smaller allochems with calcitic cements (Pl. 9,
figs. 1-4) and/or micritic matrices. Because all
the components of these lithoclasts are truncated
at their edges we assume that they probably
result from the dismantling of layers already lithi-
fied and that they fall under the type defined as
extraclasts. Constituent grains are commonly
benthic foraminifers (e.g., Textulariidae: Pl. 9,
figs. 1 & 3-4; Lenticulinidae: PI. 9, figs. 5-6). Thin
sections made on these initially undetermined
grains (17 thin sections) and on lithified samples
(10 thin sections) also revealed the occurrence of
ooids, ceither allochthonous (reworked from
Pleistocene or older rocks), calcitic with micritic-
microsparitic cortices (PI. 10, figs. 1-2, 4-5 & 7),
or autochthonous, aragonitic with micritic cortices
(PI. 11, figs. 4-5). Both types are quite different
from the honey-colored ooids found in the Abu
Dhabi beaches (PI. 10, fig. 3). The mineralogical
nature of these ooids was identified on thin
sections coloured with a FEiGL's solution that re-
sults in a selective colouring of the aragonite.

The largest morphological and mineralogical
diversity is obviously found within the bioclasts
with macrofaunal (e.g., pelecypods, gastropods,
echinoderms, and sponges), microfaunal (forami-

nifers, ostracodes, and Spirorbis) and phycologi-
cal remains (Rhodophyta and Chlorophyta, e.g.,
Acetabularia).

Representatives of more than ten genera of
foraminifers were identified (identifications are
based on Murray, 1966, 1970, and HOTTINGER et
al., 1993) but some forms are clearly older, re-
worked material as, for instance, large hyaline
tests referred to as Lenticulina (Pl. 9, figs. 5-6)
and agglutined tests referred to as Textulariidae
(PI. 9, figs. 1 & 3-4), both found in extraclasts.
The autochthonous forms comprise porcelaneous
tests:

e either large-sized as Peneroplis planatus
(FIcHTEL & MoLL, 1798) (PI. 6, figs. 4 pars, 5 &
8; PI. 8, figs. 3-4; PI. 9, fig. 1), which is very
common,

e as well as Monalysidium acicularis (BATSCH,
1791) (Pl. 6, fig. 4 pars) and Sorites orbiculus
(ForskaL, 1775) (Pl. 8, figs. 1-2), which are
rare,

e or small-sized miliolids as Quinqueloculina sp.
(morphological type B of MurrAy, 1966: PI. 5,
figs. 1, 6-7 & 9; morphological type F of Mur-
RAY, 1966: PI. 5, figs. 10-11), Triloculina sp.,
Spiroloculina angulata CusHMAN, 1917 (PI. 5,
figs. 8 & 12), which are common.

They also comprise:

e two small-sized hyalin tests: Ammonia con-
vexa (CorLins, 1958) (PI. 5, figs. 10-14),
which is very common,

e a partly agglutined test with Miliammina fusca
(BraDY, 1870), a form that was collected in
the "Muds with small pelecypod shells" (PI. 5,
figs. 2 & 5),

e and Elphidium striatopunctatum (FICHTEL &
MoLr, 1798) (PI. 5, figs. 7-9), which is com-
mon, and some encrusting forms referred to
the Acervulinidae.
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Table 4: Clay minerals (%).

Stops Sample no. kaolinite illite attapulgite montmorillonite chlorite
14B-V ABA 97 14 0 40 41 5
0.6 km-B ABA 132 9 27 33 21 10
6.0 km-B ABA 135 13 35 39 0 13
1.6 km-C ABA 140 11 26 30 22 11
6.0 km-C ABA 142 12 35 41 0 12
1.6 km-D ABA 146 28 29 20 0 23
1.6 km-E ABA 161 26 37 17 0 20
4.2 km-F ABA 168 20 33 31 0 16
0 km-G ABA 170 99 0 0 0 0
4.2 km-H ABA 173 16 31 38 0 15
4.2 km-K ABA 176 20 29 19 17 15
4.2 km-L ABA 177 17 34 31 0 18
We have identified four morphotypes of
Table 5: Total organic carbon (%). ostracodes:
Stops Sample no. TOC e with smooth valves (including a significant
6.0 km-A 1.80 number of juvenile forms),
6.0 km-B ABA 135 1.00 e with longitudinal ridges: ? Cistacythereis sp.
4.2 km-E1 ABA 162-1 0.35 I !
e with reticulate ornaments: Alocopocythere re-
4.2 km-E2 ABA 162-2 0.99 ticulata ind tralica H 1978 ( PI. 5
4.2 km-K ABA 176 0.24 iculata indoaustralica HARTMANN, (PS5,
3.6 km-A 1.57 figs. 5-6), , ,
3.0 km-A 0.00 e with a dorsal bulging and an accuminate
2.6 km-A 1.00 posterior margin: Gibboborchella sp. (PI. 5,
2.6 km-B 0.58 figs. 1-2).
1.6 km-B ABA 133 0.36 The last three species are characteristic of
1.6 km-C ABA 140 0.22 the "Muds with small pelecypod shells" facies.
1.6 km-D ABA 146 0.18 Spirorbis is an annelid characterized by its
1.6 km-E ABA 161 0.18 - .
small calcareous tube, always spired and fixed on
0.6 km-E ABA 160 1.22 . . .
one side (PI. 2, figs. 1-2, 5-7; Pl. 3, fig. 1; Pl. 4,
0.2 km-B 0.00 . Lo .
~ figs. 1 & 3). This fixing side moulds the shape of
0 km-B ABA 131 0.62 . .
0 km-C ABA 137 0.36 its holder perfectly and thus offers an exact ima-
0 km-D ABA 144 0.98 ge of t'he latter with it§ finer details (PI. 2, fig. 5;
0 km-F ABA 165 1.19 Pl. 3, flgS. 1-7; Pl 4, flgS. 2 & 4)
-2 km-A ABA 129 1.88 Chlorophyta are represented by one species:
-2 km-B ABA 136 0.96 Acetabularia caliculus LaMOUROUX in Quoy & GAI-
-2 km-C ABA 143 0.97 MARD, 1824, which is still present in the area
-2 km-BL2 1.48 (GRANIER, 2012: Fig. 3.A-D). These algal remains
-2 km-BG1 0.04 are commonly found in the sediments in the form
-2 km-BG2 0.09 of hollow aragonitic tubes corresponding to the
0 km-RE 2.04 outer calcification of the algal thallus (GRANIER,
4.2 km-L ABA 177 0.86 1995: PI. 4, fig. 5-9; 2012: Fig. 5.A & 5.D; herein
4.2 km-F ABA 168 2.09

Pl. 1, figs. 4.a-c & 7), and less commonly in the
form of fertile caps (GRANIER, 1995: PI. 4, figs. 1-
2, 4 & 10; herein PI. 1, figs. 1-3) without fertile
ampulae (GRANIER, 1995: PI. 4, fig. 3). STROMEN-
GHER et al. (2010: Fig. 17.g & 17.i) misinterpreted
these tubes as "worm tubes (serpulids)". Fertile
ampula are found as nuclei in some ooids (Fig.
7). From a paleoenvironmental perspective,
Acetabularia grows on any rigid substrate, i.e.,
on bedrocks or gravel beds, on shells (GRANIER,
2012: Fig. 3.A-D), and even on larger seaweeds,
seagrasses or mangrove roots. It tolerates high
salinity levels and, given its limited photosyn-
thetic surface, it usually grows in water depths
not exceeding five meters (DAWSON, 1966).
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Figure 7: Fertile ampula of a Polyphysaceae (probably an Acetabularia sp.) as a nucleus of a Pleistocene ooid.
Sample from a geotechnical core in Pleistocene material from the Abu Dhabi offshore.

A summary of the paleoecological preferences
of the most representative benthic foraminifera
(species or groups with similar paleoecological
affinities) was compiled for the section studied.
The information gathered includes, where availa-
ble: paleobathymetry, microhabitat, oxygen pre-
ferences, temperature, and additional ecological
data (Table 1). The paleoecological preferences of
planktonic foraminifera with respect to surface
water temperature and productivity were also
summarized (Table 2).

4. The facies

Eight main facies types (5) and subtypes (3)
were identified during field work:
e microbial mat, which grades laterally into mi-
crobial-laminated sediments,
e gypsum and enterolithic anhydrite (or ?
bassanite),
muds with small pelecypods,
seagrass meadow facies,
Potamid sands,
Potamid beach-rock,
washover fan coquina,
aeolian sands.

4.1. The microbial mats

Occurrence of widespread microbial mats li-
ning the intertidal flats of the Abu Dhabi emirate
has been extensively described in the literature
(e.g., KENDALL & SKIPWITH, 1969a, 1969b; EvANs et

al., 1973; ALSHARHAN & KENDALL, 2003).

The defining feature of this facies is the occur-
rence of microbial (i.e., cyanobacterial) laminae.
The microbial-laminated appearance is more or
less obvious depending on the ratio of organic
laminae versus sedimentary laminae, on the
amount of bioturbation, and the diagenetic pro-
cesses among which in situ gypsum precipitation.

Granulometry: Grains of this facies are prima-
rily arranged into two size categories (see Poster
10): those where grain sizes larger than 0.250
mm represent 20 to 30 % of the dry weight of
the sediment (Samples ABA 129, 131, 133, and
165), and those where grain sizes larger than
0.063 mm (and smaller than 0.250 mm) repre-
sent 15 to 30 % of the dry weight of the sedi-
ment (Samples ABA 135, 137, 144, and 168).

Mineral composition: The microbial and the
microbial-laminated sediments often contain 25
to 40 % aragonite with 5 % dolomite and 5 to
15 % calcite. However, exceptionally, some sam-
ples have mostly dolomite. This enrichment in
dolomite apparently occurs to the detriment of
the aragonite:

e 33 % of dolomite versus 0 % of aragonite in

Sample ABA 129 (total 33%),

e 15 9% of dolomite versus 10 % of aragonite in

Sample ABA 160 (total 25%),

e 14 % of dolomite versus 16 % of aragonite in

Sample ABA 137 (total 30%).
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Halite presence may reach up to 30 %. Its
highest percentages are always observed in these
facies. Finally, both magnesian calcite and quartz
are common although they never exceed 5 %.

Total Organic Carbon: The organic carbon le-
vels of eight samples from this facies may be
arranged into three groups:

e 0.3-0.6 % (e.g., Sample ABA 137),
e 0.9-1.2 % (e.g., Sample ABA 160),
e 1.8-2.1 % (e.g., Sample ABA 129).

Allochems ranging in size from 0.250 to
2 mm: Intraclasts commonly represent 80 to
100 % of these grain sizes whereas extraclasts
and bioclasts can reach 10 % and 20 %, respecti-
vely.

The bioclasts consist of remains of pelecypods
and gastropods, bryozoans, worms (Spirorbis),
ostracodes (those with smooth valves), foramini-
fers (Peneroplis and Ammonia), and green algae
(Acetabularia). Exceptionally, one sample (ABA
135 with a TOC of 1.0 %) consists of 38 % bio-
clasts, half of them being Peneroplis. This makes
it a close match with one sample (ABA 142) from
the sediment immediately underlying the micro-
bial mat, and suggests a mixture of both facies.

Remarks: Comparison of several diagrams of
microbial mats shows that, as already pointed out
by MonTy (1973), their mineralisation results
more from biochemical precipitation than from
the incorporation of detrital grains (e.g., bio-
clasts). As a matter of fact, 80 to 100 % of the
allochems are intraclasts, resulting from an in
situ lithification. In thin section, these intraclasts
consists of clotted micrite. In scanning electron
microscopy (SEM), one sample (ABA 165) revea-
led many coccoid structures, 3 um large in avera-
ge, of cyanobacterial origin (Pls. 12-13).

4.2. Gypsum and enterolithic anhydrite
(or ? bassanite)

Similarly to the previous facies, the wide-
spread sabkhas of the Abu Dhabi emirate have
been extensively described by several authors
(e.g., KENDALL & SKIPWITH, 1969a, 1969b; BUTLER
et al., 1982; ALSHARHAN & KENDALL, 2003).

This facies is characterized by the abundance
either of gypsum crystals of various sizes and
shapes or of anhydrite in the form of enterolithic
layers.

Granulometry: As expected, particles finer
than 63 pm in size, which includes the sulfate
salts, are the most prevalent in this facies (Sam-
ples ABA 124, 125, 136, 141, 143, 147, 148,
149, 162 and 163) (see Poster 10).

Mineral composition: Gypsum and anhydrite
represent 45 to 70 % of the sediment. For the
most part, aragonite seems to be missing, but
two samples out of eleven contain slightly more
than 10% (Samples ABA 136 and 163). The same
generally applies to dolomite, but four samples
(Samples ABA 124, 136, 140 and 149) still con-
tain a small amount. Quartz is either missing or

present at trace levels. Only calcite occurs in all
the samples analysed. High-magnesian calcite is
missing, but low-magnesian calcite content ran-
ges from 5 to 15 %.

Allochems ranging in size from 0.250 to
2 mm: They are either extraclasts or intraclasts.
Extraclasts are found in the uppermost part of
the gypsum and anhydrite layer (Samples ABA
124, 148, 149, and 163) and are thus probably of
aeolian origin. Intraclasts of this facies are found
in the lowermost part of the gypsum and anhy-
drite layer, next to the microbial-laminated layers
(Samples ABA 130, 136, 142, 143, and 147) and
therefore merely represent a diagenetic change
of the microbial mat itself (PI. 16).

The gypsum facies is clearly a diagenetic fa-
cies (as opposed to a depositional facies). In
most cases, it developed to the detriment of the
microbial mat (see MonTY, 1973, inter alia).
Anhydrite occurred late as a replacement of
gypsum as suggested by the occurrence of ghosts
(i.e., pseudomorphs) of gypsum crystals and all
the transitional forms to a full replacement of
gypsum, as already pointed out by ILLING et al.
(1965).

Remark: Gypsum may fill former intergranular
pores, including locally Avicennia mangrove
roots, be present in calcareous sandy and pebbly
sediments (e.g., samples ABA 98 or 175), and
form large crystals behaving like a poecilitic ce-
ment (PI. 16, fig. 2).

4.3. Muds with small pelecypods

In the field, burrows are frequently reported
from this predominantly muddy facies.

Granulometry: Besides the abundance of small
pelecypods and foraminifers (Peneroplis and
Ammonia), and the activity of burrowing orga-
nisms, which are the main producers of faecal
pellets, the sediment is either a sandy to silty
mud (Samples ABA 94, 132, 139, 142 and 146)
or a muddy sand (Samples ABA 123, 161, 169,
173bis and 176), eventually pebbly (see Poster
10).

Mineral composition: It is variable, apparently
depending on the vertical position of the sample
within the facies:

e shallower (Samples ABA 95, 100, 123, 132,

139 and 146), aragonite varies from 20 to

40 % and halite from 10 to 20 %;

e deeper (Samples ABA 161, 169, 173, 173bis,

176 and 177), aragonite varies from 40 to

60 % and halite is lower than 5 %. Such

fluctuations may result either from the origi-

nal mineral composition or from diagenetic
changes.

Magnesian calcite rarely exceeds 5 % (Sample
ABA 177); calcite varies from 5 to 15 %. Dolomi-
te may be missing (Samples ABA 142, 169 and
173), or may reach significant levels (i.e., up to
22 % for samples ABA 132 and 146). Quartz is
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always very scarce (less than 5 %). Exceptional-
ly, one sample (ABA 142) contains 59 % gypsum.

Total Organic Carbon: The five samples analy-
sed (ABA 142, 146, 161, 176 and 177) have va-
lues ranging between 0.2 and 0.8 %.

Allochems ranging in size from 0.250 to
2 mm: Within this range of grain sizes there are
lumps, bioclasts and faecal pellets, which may be
common (up to 5 %) or even abundant (15-20
%). The bioclasts consist mostly of pelecypods,
on the one hand, and of foraminifers, on the
other hand. The latter are Peneroplis planatus
and Ammonia beccarii. Rather uncommon forms
are exclusively or almost exclusively found in this
facies. This is particularly true for Miliammina
fusca (BraDY, 1870), a Miliolidae with an aggluti-
nated test, and some ostracodes: Alocopocythere
reticulata indoaustralica HARTMANN, 1978 (Pl. 5,
figs. 5-6), ? Cistacythereis sp. (Pl. 5, figs. 3-4)
and Gibboborchella sp. juv. (Pl. 5, figs. 1-2).

Remark: This facies is close to the "lamelli-
branch mud - type no. 10" of WAGNER and van der
ToGT (1973).

There are actually two foraminiferal subfacies:
one with numerous Peneroplis and few Ammonia
(samples ABA 142, 161, 169, 173, 173bis and
177) and the other inversely proportional (sam-
ples ABA 123, 132, 139 and 146) that respective-
ly correspond to the deeper and shallower sam-
ples in the various sections studied. Thus it is
highly likely that changes in the mineral composi-
tion reported above for this type of facies are lar-
gely determined by their original skeletal compo-
sition.

4.4, Seagrass meadow muds

Seagrass meadows of the Abu Dhabi lagoons
are documented in the literature (e.g., EVANs et
al., 1973).

In the field sections, this facies is primarily
distinguished from the surrounding more or less
sandy and pebbly muds by the crowding of root
traces and by the occurrence of Anodontia (Luci-
nid bivalve mollusc) shells fossilized in their living
position.

Only two samples (ABA 140 -1.6 km- and ABA
177 -4.2 km-) were collected in this facies. All
their key features, i.e., mineral composition (in-
cluding the clay minerals), TOC, granulometry,
and nature of the sand-sized allochems, signifi-
cantly differ.

Remark: An additional sampling in living sea-
grass meadows (ABA 383, 384 and 406) suggest
that there is no unique facies for seagrass mea-
dows. These seagrasses can grow on any soft
substratum, either muddy or sandy and even
slightly pebbly, and do not significantly modify it.
They merely introduce a subfacies that may be
difficult to distinguish from the surrounding facies
as there is no specific mineral, biological or orga-
nic signature (other than root tracks) for this
type of environment.

4.5. Potamid sands

Occurrences of Potamid sands in the Abu Dha-
bi lagoons are common in the literature (e.g.,
Evans et al., 1973).

These calcareous sands are characterized by
the abundance of Cerithideopsilla conica (BLAIN-
VILLE, 1829), a Potamid gastropod that has a wide
range of salinity tolerance from freshwater to
hypersaline environments (PLAZIAT, 1993).

Granulometry: 70 to 80 % of the sediment
consists of silt and sand (Samples ABA 102, 150
and 173) (see Poster 10).

Mineral composition: Aragonite represents 50
to 60 % of the sediments and calcite only 5 to
15 %. Dolomite is missing. Magnesian calcite, ha-
lite and quartz represent 5 % each, on average.

Clay minerals: One sample (ABA 173) was
analysed. Clay minerals include 38 % attapulgite,
31 % illite, 16 % kaolinite, and 15 % chlorite.

Allochems ranging in size from 0.250 to
2 mm: They consist of bioclasts, lumps and intra-
clasts. The bioclasts comprise remains of gastro-
pods and pelecypods, ostracodes (those with
smooth valves), foraminifers (Peneroplis and
Ammonia), and green algae (Acetabularia). The
common occurrence of epiphytic faunas, such as
some worm (Spirorbis) and bryozoan calcitic
tests, is evidence for large seaweeds or sea-
grasses that were not fossilized.

Remark: This facies is close to the "gastropod
sand - type no. 6" of WAGNER and van der ToGT
(1973). The components of the intraclasts and
lumps are bound together by a fibrous fringing
cement consisting mostly of aragonite needles
(PI. 15, figs. 5-6).

4.6. Potamid beach-rocks

Such beach-rocks are reported from areas
next to Abu Dhabi island (e.g., EvAns et al.,
1973) and from Khor al Bazam (e.g., ALSHARHAN &
KENDALL, 2003).

These layers record early lithification. We
identified at least three of them: two in a lower
position and one in an upper position. However,
only the upper one was sampled (ABA 145, 167,
172, 174 and 175).

Mineral composition: Aragonite represents 45
to 65 % of the sediments and calcite only 5 to
10 %. Dolomite occurs in three out of four sam-
ples and reaches a maximum of 10 %. Magnesian
calcite, halite and quartz represent 5 % each, on
average.

Allochems ranging in size from 0.250 to
2 mm: These allochems are similar to the
assemblage found in the Potamid sands, i.e.,
they consist of bioclasts, lumps and intraclasts.
The components of the lumps are commonly
peloids, i.e., ovoid micritic allochems without any
internal structure. Most often such grains result
from the micritization of bioclasts. Exceptionally,
we also found micritic ooids in this facies. These
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ooids and the peloids are both aragonitic. The
primary distinction between them is that cortices,
i.e., concentric structures, are visible in the ooids
(PI. 11, figs. 4-5) but are missing in the peloids.

Texture: The Potamid beach-rock is either a
grainstone of peloidal lumps and foraminifers
(less than 10 % grains larger than 2 mm) or a
gastropod floatstone with grainstone matrix.

Remark: Lithification results from cementation
by radially-arranged fibers of aragonite (PI. 14,
fig. 7). The mineral compositions of both the
Potamid sands and the Potamid beach-rocks are
almost similar. The only difference lies in the
occurrence of dolomite in the lithified layers of
the Potamid beach-rocks. The coarse components
are the same. Thus, both facies correspond to the
same depositional environment. For instance, one
sample (ABA 171), the gravel-sized allochems of
which represent more than 60% of the total dry
weight, corresponds to an early stage of lithifica-
tion of these Potamid sands. The lesser or greater
extent of lithification is the sole responsible for
the identification of a diagenetic subfacies: the
beach-rocks.

4.7. Washover fan coquina

These coarse bioclastic sands are characte-
rized by the occurrence of a cross-bedding with
low-angle laminae (5 to 10°) inclined toward the
lagoon. Two coquina ridges are found in the
eastern end of the Mussafah channel transect, in
the first 200 meters of the transect.

Granulometry: Allochems larger than 0.250
mm (medium and coarse sands, and gravels)
represent more than 60% of the total dry weight
(samples ABA 98, 121, 127 and 128).

Mineral composition: Aragonite represents 55
to 70 % of the sediments and calcite never
exceeds 10 %. Dolomite is missing. Magnesian
calcite was identified in one sample only (ABA
121). Halite and quartz are present but they ne-
ver exceed 5 % each. Exceptionally, in this fa-
cies, one sample (ABA 98) contains 22 %
gypsum.

Allochems ranging in size from 0.250 to
2 mm: Bioclasts represent more than 60 % of
this grain-size category. The remaining allochems
are intraclasts made of more or less cemented
bioclasts. On average there are 30 % of both
gastropod and pelecypod shells, from 10 to 15 %
foraminifers (three quarters of them are Penero-
plis), 10 % Acetabularia, from 5 to 10 %
Spirorbis, and up to 5 % bryozoans.

Remark: According to REINECK & SINGH (1973),
"the washover fan is made up of several supe-
rimposed sandy blankets of successive whash-
over fans (...). Each sandy blanket begins with a
shell-rich layer, which possesses an erosive
contact to the lower sediments. In the shelly
horizon shells of macro-invertebrates from diffe-
rent biocenoses are mixed together. Then a san-
dy layer follows with well developed evenly lami-

nated sand". That definition matches the
description of the material studied, i.e., a poorly
sorted assemblage of shells including Brachi-
dontes, Tellina, Cerithium, Mitrella, Potamids,
Trochidae, etc.

4.8. Aeolian sands

In the field they consist partly of a modern
(uppermost Holocene) sand blanket (sample ABA
164) and partly of the Pleistocene sandy sub-
stratum.

Granulometry: Fine sand, i.e., with grain sizes
ranging from 0.125 to 0.250 ym, represents from
40 to 55 % of the total dry weight for samples
from the unconsolidated Pleistocene cross-bed-
ded sands (samples ABA 96, 104, 166 and 170).
Silts prevail in both the massive Pleistocene
sands (sample ABA 97) and the modern aeolian
blanket (sample ABA 164).

Mineral composition: This facies is characte-
rized by the occurrence of 40 to 50 % calcite and
10 to 15 % quartz, plus 5 % feldspars, bringing
the amount of siliciclastics to 15-20 %. Magne-
sian calcite is missing. Dolomite may reach or
surpass 5 %. Halite represents 5 % in average.
One sample - one of the Holocene sand (ABA
164) - contains 7 % anhydrite.

Clay minerals: Only two samples (ABA 97 and
170) were analysed for clay.

The clay mineral composition of the first
sample (ABA 97), which corresponds to the finer
Pleistocene sediment (silt), consists of 40 % atta-
pulgite, 41 % montmorillonite, 14 % kaolinite,
and 5 % chlorite.

The second sample (ABA 170), from the coar-
ser Pleistocene sediment (fine sand), contains
exclusively kaolinite (99 %).

As a distinguishing criterion, in relation to the
other samples analysed, both samples share the
absence of illite. In addition they contain very
little, if any, chlorite.

Allochems ranging in size from 0.250 to
2 mm: They almost exclusively consist of "roun-
ded grains". In petrographic thin sections, they
appear to be calcitic ooids, bioclasts and extra-
clasts. These bioclasts are echinoid spines,
various remains of gastropods and pteropods,
calcareous red algae (Corallinales and Sporoli-
thales), and foraminifers (primarily Textulariidae,
Lituolidae and Lenticulinidae, and secondarily
Peneroplis and forms close to Acervulinidae).

5. Some notes on "algae"

As reported above, "algae" occur in most
facies. However there are some forms that we
have not mentioned yet:

Coccolithophorids: Under Scanning Electron
Microscopy, specimens of Miliammina, i.e., a
genus ascribed to the Mililiolidae but with an
agglutinated test, revealed that few coccoliths,
i.e., the disc-shaped plates the assembly of which
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forms a coccosphere around the planktonic uni-
cellular Haptophyta alga, are parts of the forami-
niferal shell.

Diatoms: Frustules, j.e., the siliceous valves
around Bacillariophyta unicellular algae, either
recrystallized as calcite or in the form of empty
molds, were observed on the fixation face of
tubes of Spirorbis (PI. 3, figs. 2-5 &7; PI. 4, fig.
2). In our material, we identified pennate forms,
which have benthic life habits and commonly
grow on larger algae.

Rhodophyta: Very few sections ascribed to
Rhodophyta are observed in the Holocene lithified
samples. Hoewever, besides the diatom frustules
(PI. 3, figs. 2-5 & 7; PI. 4, fig. 2), we identified
Lytophyllum-like structures on the fixation face of
a Spirorbis tube (Pl. 4, figs. 1-4). David M. JOHN
(personal communication, May 6, 2017) suspects
one of them "might well be" Lithophyllum
kotschyanum UNGER, 1858, which "is certainly
also reported to be far the most common species
elsewhere along the southern coast of the Ara-
bian Gulf" (see JoHN, 2012), but he also adds it is
"impossible to be certain" from the image.

In addition, Rhodophyta remains, including
geniculate coralline algae (Pl. 10, fig. 6), are
commonly found inside "rounded grains", i.e.,
inside the small Pleistocene (?) extraclasts.

Another algal specimen observed in one sam-
ple (ABA 129) looks like red algae, i.e., a pluri-
cellular structure with pit connections (PI. 14, fig.
1). Brian Wysor (personal communication, April
29, 2016) suggested it could be Bostrychia
arbuscula HARVEY, 1855.

Cyanobacteria: They are the main contribu-
tors to the microbial mats (MonTYy, 1973, inter
alia). David M. JoHN (personal communication,
May 13, 2016) suggested that some of our speci-
mens (Pl. 14, figs. 2-3) resemble interwoven
filaments of Coleofasciculus chthonoplastes (Go-
MONT, 1892). As is documented in our material by
the intraclasts (Pls. 12-13), lithification results
more from biochemical precipitation processes
than from grain trapping. In association with fun-
gi, some cyanobacteria also play a destructive
role (e.g., RiouLT & DANGEARD, 1976), i.e., bioero-
sion (PI. 11, fig. 3; PIl. 14, fig. 6).

Large (brown, red or green) seaweeds: With
their anchoring organs or rhizoids, they colonize
either pebbly or rocky substrates. Although they
are not fossilized, these forms played a conside-
rable role in sedimentation:

e they form in turn the substrate of many
epiphytic organisms (Acetabularia, pennate
diatoms, Spirorbis, Peneroplis, etc.),

e they provide a source for organic matter.

Seagrasses: They are not algae, but phane-
rogams with roots. They commonly colonize
loose, muddy or sandy, substrates. In the same

way as for the large seaweeds, they form in turn
the substrate of many epiphytic organisms (BEA-
VINGTON-PENNEY et al., 2004).

6. Discussion and conclusions

Among the eight facies described above, two
are of diagenetic origin:

e Gypsum and enterolithic anhydrite (§ 4.2.):

This diagenetic facies affects the uppermost
half meter of sediments in the eastern part of the
transect and gets gradually thinner towards the
lagoon. It is partly controlled by the modern
topography (Poster 1). This type of diagenesis
affects both the Holocene aeolian sands (§ 4.8.)
and the microbial mats (§ 4.1.). From the lagoon
up the coastal sebkha, gypsum is gradually
replaced by anhydrite. In addition, it appears that
dolomite always occurs as a replacement of ara-
gonite, an unstable polymorph of calcium carbo-
nate CaCOs;: see, for instance, the mineral com-
position of the microbial mats and also SEM
photomicrographs of faecal pellets (e.g., Pl. 8,
fig. 6);

e Potamid beach-rocks (§ 4.6.):

They results from the early lithification of
Potamid sands (§ 4.5.) by aragonitic cement in a
marine phreatic setting. There are several beach-
rocks clearly distinguishable on the basis of their
position and tilt (Poster 1). The lower beach-
rocks are partly sub-horizontal whereas the upper
beach-rock is sloping downwards toward the
lagoon.

Furthermore the seagrass meadow muds,
which are characterized by root tracks, are mere-
ly a subfacies of the muds with small pelecypods.
As already discussed above, both facies only
differ by their outer appearances: allochems, gra-
nulometries and mineral compositions are similar.
The reconstruction of the Mussafah channel tran-
sect allows us to identify two discrete seagrass
meadows (Poster 1):

e a lower meadow, the location of which may
be related to the close occurrence of a small
Pleistocene slope,

e an upper meadow, the location of which may
be related to the close occurrence of wash-
over crests.

The virtual vertical sequence of facies
comprises from base to top:
e seagrass meadow muds,
muds with small pelecypods,
Potamid sands,
microbial mats,
aeolian sands, roughly corresponding to
laterally adjacent facies belts from the
shallow lagoon to the tidal flat. It would be a
perfect illustration of the WALTHER's law if
there was no sedimentary break!
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Figure 8: The model (see text for comments).

Although differential compaction of muds and
calcareous sands due to mud dewatering and
sand cementation caused difficulties in the se-
quential interpretation, three discrete sedimenta-
ry patterns have been identified in the sequence
of facies observed on the Mussafah channel
transect (Poster 1):

1) a transgressive, retrogradational,
deepening upward pattern: It starts at a sharp
contact of a relict microbial mat on the underlying
Pleistocene aeolian sands. This basal organic-rich
layer is followed by Potamid sands, then by muds
with small pelecypods. The full sequence can be
observed at sections located from 0 km to 1 km
from the transect origin. Beyond these sections
the basal microbial mat is missing. From 2.2 km
to 4.4 km, lower seagrass meadow muds are
interposed between Potamid sands and muds
with small pelecypods. Both thick Potamid sands
and seagrass meadow sediments pinch out land-
ward due to a topographic change between 2.0
km and 2.4 km from the transect origin. Note
that the transgression here was probably not
smooth and gradual but rather a pulsed pheno-
menon. The maximum of the transgression is
possibly recorded by the washover fan coquina on
the eastern (landward) side of the transect
(Poster 1);

2) a regressive, progradational, shal-
lowing upward pattern. Kenig (2011) referred
to a "regressive microbial mat" but did not enter
into the details regarding the sequence of events.
This regressive trend is clearly divided into two
parts:

2A) a normal regression. This part is not
easy to characterize due to dominantly muddy
facies. However, it ends locally, i.e., from 0.6 km
to 1.8 km from the transect origin, with the
upper seagrass meadow muds;

2B) the direct superposition of microbial mats
on these upper seagrass meadow muds without
interposition of Potamid sands is indicative of a
significant downward shift of facies, i.e., it is the
mark of a forced regression. At sections located
from 3.2 km to 4.4 km from the transect origin,
Potamid sands are overlain by microbial mats,
which in turn are overlain by the Holocene aeo-
lian sands. Beyond the 5.8 km mark, lagoonal

tidal channels in the coa

————

muds are interposed between Potamid sands and
microbial mats.

In conclusion, both microbial mats, the lower
and the upper, have discrete significances in
terms of relative sea-level trends. The lower
microbial mat is the mark of a transgression
(Kenig, 2011) whereas the upper microbial mat is
the mark of a forced regression.

The relative sea-level fall corresponding to
this last forced regression can be estimated on
the basis of the position of the upper microbial
mats. It is at least 1.6 m, which is the topo-
graphic difference of these microbial maps at the
0.4 km and 7.2 km marks.

The amplitude of a transgression and that of
a regression are estimated on the basis of the
horizontal shifts, respectively landward and
seaward, of the shoreline (i.e., the mean high
water line). It can be approached through pecu-
liar sedimentary facies found in shallow-water
settings that provide evidence for water en-
croachment along the innermost side of the
lagoon. Considering that microbial mats thrive in
the upper intertidal zone, the shoreline shift
during the regressive interval can be estimated
soley on the basis of the location of the upper
microbial mats. These upper microbial mats are
found in almost all sections along the transect,
starting from the - 2 km mark. Consequently, the
last forced regression corresponds at least to a 5
km lateral shift, a result that is in general agree-
ment with observations made by geologists who
preceded us in the same area (SHEARMAN, 1966,
inter alia).

In the case of the Abu Dhabi lagoons, which
are sited on the southern margin of an epiconti-
nental sea, the amplitude of the progradation
and that of the retrogradation in this ramp
system can be estimated on the basis of the hori-
zontal shifts, respectively lagoonward and (open)
seaward, of the rollover line of the coastal
oolitic barrier (i.e., the mean low water line on
the open marine side of the barrier). The last
forced regression led to a limited lateral seaward
shift of the modern oolitic barrier in the range of
some tens of meters only. The existence of the
barrier and its effectiveness at protecting and
isolating the lagoon have probably significantly
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impacted the depositional environments and the
nature of the sediments in the Mussafah area
during the Holocene transgressive-regressive
cycle. According to some authors (PURSER &
Evans, 1973: Fig. 11), the coastal barrier settled
on a preexisting ridge, i.e., a fossil relative high,
which "has influenced all subsequent physio-
graphic processes" (KassLEr, 1973). However,
further investigations on the coastal barrier and
under the lagoon waters are required to test
further this hypothesis.

Despite the relative incompleteness of our
study, i.e., some subject areas have not been
fully addressed and we were missing absolute
radiocarbon datings, our sedimentological ana-
lyses have documented a transgressive-regres-
sive sequence of facies in relation to relative sea-
level changes. Recently, STROMENGHER et al.
(2010) who investigated a 0.7 km long transect
(compared our 9 km transect) provided these
invaluable radiocarbon ages. According to these
data, the Holocene sediments of the upper part of
our transect range in age from 6,600 = 40 to
4,950 £ 60 years BP (minimum range) and the
youngest Pleistocene aeolian sandstones are
dated at 23,490 £ 130 years BP. This information
helps to better constrain our interpretation in
time. The reversal point of the relative sea-level
rise (transgression and normal regression) to the
fall (forced regression) takes place somewhere
between 5,000 and 6,500 BP. That is in agree-
ment with several reports that places it at about
6,000 years BP (geological reports) or at about
4,000 years BC (archaeological reports) at the
"climax of the Flandrian transgression" (BARTH,
2001, inter alia). The following relative sea-level
fall is estimated to be not less than 1.5 m (1.8 m
according to Kenig, 2011) with an associated sea-
ward shift of the shoreline of some 5 km (forced
regression), whereas the coeval seaward shift of
the rollover line of the lagoon barrier might have
been of some tens of meters only (effective pro-
gradation): Fig. 8.
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Figure 10: [by courtesy of Jean-Claude PLAZIAT, Mussafah, February 1987]: A-F) top of the Potamid beach-rock. B
corresponds to the red frame of A. Erosion of the Potamid shells (A-B, F) documents an early lithification followed by
mechanical abrasion. By contrast cementation of the more diverse assemblage of shells found above the erosional
surface (A-B, D) is probably not an" early diagenetic event", i.e., lithification took place within the sedimentary pile;
C) gypsiferous open burrows in the Potamid sand above the Potamid beach rock; E) gypsiferous open burrows (as in

C) and surficial erosion of the early lithified Potamid beach rock.
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Figure 11: [by courtesy of Jean-Claude PLAZIAT, Mussafah, February 1987]: A) microbial mats infilling on bottom of
a residual pond in a former tidal channel; B) healed desiccation cracks in the living microbial mat; C-D) smooth to
felted surficial appearance of the microbial mat.
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Figure 12: [by courtesy of Jean-Claude PLAZIAT, Mussafah, February 1987]: A) The upper Potamid beach-rock at the
edge of Mussafah channel near 7.2 km mark; B-C) modern sand blankets created by sediment transport from the
channel to its edges (washover fans) during storm events. There, plants bearing yellow flowers (cf. orobanche /
broom-rape) are parasites of Salicornia (Arthrocnemum spp.), a well-known halophyte plant.
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Figure 14: [by courtesy of Jean-Claude PLAZIAT, Mussafah, February 1987]: A-B & D-E) the muddy seagrass
meadow facies with roots and a few rhizomes. In A, the pelecypod Anodontia edentula (LINNAEUS, 1758); C)
polygonal pattern after ? desiccation cracks of the upper microbial mat.
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Plates

Plate 1: Acetabularia

Figs. 1-2: Calcified cap of an Acetabularia sp. viewed from above. The scars of the fertile ampulae are visible on
these caps;

Fig. 3: Cailcified cap of an Acetabularia sp. viewed from the side. The scars of the fertile ampulae are visible on the
upper corona structure whereas the lower corona structure is well-preserved. Below the cap, along the calcareous
coating of the thallus, scars arranged in a whorl correspond to the bases of sessile sterile laterals;

Fig. 4: These three broken specimens of Acetabularia sp. document the measurement variations between discrete
specimens within the same species (a and c) as well as those observed within a single specimen (b);

Fig. 5: To the left, tangential section of an Acetabularia cap with some pores (arrows) connecting the thallus cavity
and the corona structure at the base of the fertile ampulae. To the right, oblique section of an Acetabularia thallus
that displays discrete layers within its aragonitic coating. The feature that favoured the coating breakage (arrow) is
visible in very few specimens. Sample ABA 175, 4.2 km - J;

Fig. 6: Detail of figure 7. Several microstructures are visible on the outer surface of the thallus calcareous. Some
correspond to selective dissolution of the aragonitic cortex, i.e., dissolution microcraters and crests related to crypto-
gamic and microbial borings (small arrows) and others to calcified coccoid structures (large arrows);

Fig. 7: Calcified anchoring organ of an Acetabularia thallus.
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Plate 2: Spirorbis

Fig. 1: Axial section of a Spirorbis tube. Sample ABA 172, 6 km - G;

Fig. 2: Oblique section of a Spirorbis tube. Sample ABA 172, 6 km - G;

Fig. 3: Section of annelid tubes with a free encrusting basal surface molding a formerly rigid, non-fossilized support.
Senegal, Well Br 1, Core 32, Box 3, Lower Cretaceous;

Fig. 4: The most common form of bryozoans found in the area;

Fig. 5: Encrusting basal surface of a Spirorbis tube. On the right side the vertical imprint corresponds to a relief
structure on the formerly rigid, non-fossilized support;

Fig. 6: The tube of this Spirorbis specimen, the opening of which is visible, has longitudinal crests and transverse
grooves on its outer side;

Fig. 7: Spirorbis tubes on an Acetabularia thallus.
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Plate 3: Spirorbis and Diatoms

Fig. 1: Encrusting basal surface of a Spirorbis tube molding its non-fossilized support, a large piece either of sea-
weed or of seagrass;

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

tube.

2: Detail of figure 1 with the imprint of a diatom frustule;

3: Diatom frustule, replaced by calcite, on the encrusting basal surface of a Spirorbis tube;
4:
5
6
7

Detail of the imprint of a diatom frustule visible on figure 2;

: Imprint of another diatom frustule on the encrusting basal surface of a Spirorbis tube;
: Encrusting basal surface of a Spirorbis group;
: Diatom frustules replaced by calcite and various imprints visible on the encrusting basal surface of a Spirorbis
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Plate 4: Spirorbis and Rhodophyta (Photos Hermes BRITO, UNESPEtro)

Fig. 1: Encrusting basal surface of a Spirorbis tube molding encrusting Rhodophyta;

Fig. 2: Detail of figure 1 with the imprint of diatom frustules (yellow arrows);

Fig. 3: Encrusting basal surface of a Spirorbis tube molding encrusting Rhodophyta, probably a Lithophyllum;
Fig. 4: Detail of the Rhodophyta.

[All scales represent 100 pm]
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Plate 5: Ostracods and small benthic Foraminifers

Figs. 1-2: Gibboborchella sp. 1) left valve; 2) dorsal view.

Figs. 3-4: ? Cistacythereis sp. 3) right valve; 4) dorsal view.

Figs. 5-6: Alocopocythere reticulata indoaustralica HARTMANN, 1978. 5) left valve; 6) dorsal view.

Figs. 7-9: Elphidium striatopunctatum (FICHTEL & MoLL, 1798). 7) apertural view; 8) lateral view; 9) profile view;

Figs. 10-14: Ammonia convexa (COLLINS, 1958). 10) dorsal view; 11) apertural view; 12) oblique ventral view; 13)

dorsal view; 14) ventral view.
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Plate 6: Foraminifers

Fig. 1: Elphidium sp., equatorial section. Sample ABA 171, 4.2 km - G;

Fig. 2: Elphidium sp., axial section. Sample ABA 174, 4.2 km - I;

Fig. 3: Elphidium sp., subequatorial section. Sample ABA 174, 4.2 km - I;

Fig. 4: Monalysidium acicularis (BATSCH, 1791), and regular and aberrant forms of Peneroplis planatus (FICHTEL &
MoLL, 1798);

Fig. 5: Peneroplis sp., tangential section. Sample ABA 166, 0,6 km - F.

Fig. 6: Ammonia sp., oblique section. Sample ABA 171, 4.2 km - G;

Fig. 7: Ammonia sp., sub-axial section. Sample ABA 175, 4.2 km - J;

Fig. 8: Peneroplis sp., equatorial section. Sample ABA 167, 1.6 km - F.
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Plate 7: Foraminifers: Miliolidae

Fig. 1: Encrusted and bored test of a Quinqueloculina sp., morphological type B of MURRAY, 1966;
Fig. 2: Miliammina fusca (BRADY, 1870). The agglutinate consists of various small bioclasts, e.g., microforaminifers
(figure 3) and coccoliths (figure 4);

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

3:
4: Detail of figure 2, a coccolith in the agglutinate of Miliammina fusca (BRADY, 1870);
5: Miliammina fusca (BRADY, 1870);

6:
7
8

Detail of figure 2, a microforaminifer in the agglutinate of Miliammina fusca (BRADY, 1870);

Quinqueloculina sp., morphological type B of MURRAY, 1966;

: Quinqueloculina sp., morphological type B of MURRAY, 1966;
: Spiroloculina angulata CUSHMAN, 1917;
9:

Quinqueloculina sp., morphological type B of MURRAY, 1966;

10: Quinqueloculina sp., morphological type F of MURRAY, 1966;
11: Quinqueloculina sp., morphological type F of MURRAY, 1966;
12: Spiroloculina angulata CuSHMAN, 1917.
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Plate 8: Foraminifers and faecal pellets

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1:

Sorites orbiculus (FORSKAL, 1775);

2: Sorites orbiculus (FORSKAL, 1775);

3: Peneroplis planatus (FICHTEL & MoLL, 1798);
4:

5: Faecal pellets with a spiral structure;

6:

Peneroplis planatus (FICHTEL & MoLL, 1798);

Diatom frustule in a faecal pellet. Dolomite rhombs are present within the surrounding mesh made of arago-
nitic needles.
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Plate 9: Extraclasts

Fig. 1: To the left, the subaxial section of an agglutinated Textulariid test represents the main part of an extraclast
found in the basal holocene Potamid beach-rock; to the right, the honey-colored section of foraminifer is ascribed to
a Peneroplis sp. Sample ABA 167, 1.6 km - F;

Fig. 2: Subequatorial section of an agglutinated Lituolid test in an extraclast found in the Pleistocene sands. Sample
ABA 96, 14 B - 1V;

Fig. 3: Subaxial section of an agglutinated Textulariid test in an extraclast found in the Pleistocene sands. Sample
ABA 104, 14D - V;

Fig. 4: This subaxial section of an agglutinated Textulariid test represents two thirds of an extraclast found in the
Pleistocene sands. The apical part of the test and the calcitic cement within the foraminifer chambers show evidence
of mechanical abrasion. Sample ABA 170, 0 km - G;

Fig. 5: Axial section of a Lenticulina sp., probably part of an extraclast found in the Pleistocene sands. Sample ABA
170, 0 km - G;

Fig. 6: Subequatorial section of a Lenticulina sp. with micritic fills in its chambers found in a Holocene anhydritic
layer. The outer part of the test shows evidence of mechanical abrasion. Sample ABA 124, 1.6 km - A.
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Plate 10: Extraclasts

Fig. 1: This extraclast, i.e., a lithoclast found in the Pleistocene sands, is made of calcitic ooids mostly bonded by
clotted micrite. Sample ABA 104, 14 D - V;

Fig. 2: Calcitic ooid found in the Holocene anhydritic layer (? aeolian sands). Sample ABA 124, 1.6 km - A;

Fig. 3: Aragonitic ooid from a sampling at the modern beach in Abu Dhabi. Borings resulting from the activity of
several types of organisms, including microbes, are common. Sample ABA 120, Le Méridien (hotel), Abu Dhabi;

Fig. 4: Calcitic ooid found in the Holocene anhydritic layer (? aeolian sands). It consists mostly of calcite sparite with
a mosaic pattern. Few concentric micritic layers are still preserved. Sample ABA 124, 1.6 km - A;

Fig. 5: Calcitic ooid found in the Holocene anhydritic layer. Sample ABA 124, 1.6 km - A;

Fig. 6: Section of a geniculate corallinale found in the Holocene anhydritic layer. Sample ABA 124, 1.6 km - A;

Fig. 7: Calcitic ooid found in the Holocene anhydritic layer. In place of the ooid nucleus there is a secondary drusy
calcitic sparite indicative of dissolution of the primary aragonitic nucleus. Sample ABA 124, 1.6 km - A.
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Plate 11: Allochems

Fig. 1: Gastropod shell in the basal Potamid beach-rock. Fibrous cement has grown on the inner side of the shell.
Structureless grains, i.e., peloids, and grains with a fuzzy zoning, possible micritic ooids, are also found in the former
body cavity. Sample ABA 145, 0,6 km - D;

Fig. 2: Because the surrounding grains are not truncated, this structure observed in the upper Potamid beach-rock
can be interpreted either as a burrow or as a root mold. Sample ABA 174, 4.2 km - I;

Fig. 3: Microborings, either fungal or microbial, in a shell. The arrow points to a halo of corrosion surrounding a fila-
ment. Sample ABA 171, 4.2 km - G;

Fig. 4: This aggregate found in the Potamid sands consists of several micritic grains. The arrowed micritic ooid
differs from the peloids due to its clear concentric structure. Sample ABA 171, 4.2 km - G;

Fig. 5: The arrowed micritic ooid is part of an aggregate found in the Potamid sands. The fringing aragonitic cement
is weakly developed. Grains are mostly bonded by micritic bridges. Sample ABA 171, 4.2 km - G.
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Plate 12: Coccoids in a microbial mat

Figs. 1-3: Scattered or aggregated calcified coccoid structures in the lower microbial mat. Sample ABA 165, 0 km -F.
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Plate 13: Coccoids in a microbial mat

Fig. 1: Coccoids in the lower microbial mat. Scattered or aggregated calcified coccoid structures, in association with
filamentous structures (arrows), are more or less easily discernible. Sample ABA 165, 0 km - F;
Figs. 2-5: Scattered or aggregated calcified coccoid structures in the lower microbial mat. Sample ABA 165, 0 km -F.
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Plate 14: Miscellanea

Fig. 1: A calcitic structure, probably a red alga, possibly Bostrychia arbuscula HARVEY, 1855, found in a mostly dolo-
mitic intraclast of the lower microbial mat. Sample ABA 129, 2 km - A;

Fig. 2: A calcitic structure, probably a filamentous cyanobacteria, possibly Coleofasciculus chthonoplastes (GOMONT,
1892), found in a mostly dolomitic intraclast of the lower microbial mat. Sample ABA 129, 2 km - A;

Fig. 3: Same as in figure 2. Note the possible connection of two filaments (arrow);

Fig. 4: Isolated filament found in a mostly dolomitic intraclast of the lower microbial mat. Sample ABA 129, 2 km -
A;

Fig. 5: Dolomite (? cement) in a lump. Sample ABA 176, 4.2 km - K;

Fig. 6: Detail of the mineralization of an Acetabularia's thallus with a dense network of (? fungal or microbial) micro-
borings extending from the outside of the calcareous coating;

Fig. 7: Fibrous cement from the upper Potamid beach-rock. Sample ABA 172, 6 km - G.
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Plate 15: Diagenesis

Fig. 1: "Rounded grain" with scattered calcite crystals (cement). Sample ABA 134, 4.2 km - B;

Fig. 2: Detail of some crystals of figure 1 documenting dissolution traces, i.e., spiky calcite sensu FoLK et al. (1985).
Sample ABA 134, 4.2 km - B;

Figs. 3-4: Calcite crystals with dissolution traces, i.e., spiky calcite sensu FoLK et al. (1985). Sample ABA 134, 4.2
km - B;

Fig. 5: Aggregate of grains. Sample ABA 173, 4.2 km - H;

Fig. 6: Detail of figure 5 showing the arrangement of the fibrous cement on individual grains of this aggregate. Sam-
ple ABA 173, 4.2 km - H.
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Plate 16: Gypsum

Fig. 1: Lower microbial mat sandwiched between the Pleistocene aeolian sands below and the Holocene lithified
Potamid sands above. 0.8 km;

Fig. 2: Microforaminifer embedded in a gypsum poecilitic crystal. Sample ABA 175, 4.2 km - J;

Fig. 3: Random sections of lenticular gypsum crystals. Sample ABA 105, 14E (circa 5.2 km) - II;

Fig. 4: Polygonal sections of gypsum crystals partly converted into anhydrite. Sample ABA 147, 4.2 km - D;

Fig. 5: Felted anhydrite with more or less discernible (arrows) polygonal patterns indicative of replacement of a gyp-
sum precursor. Sample ABA 147, 4.2 km - D.

92



93



Carnets Geol. 17 (3)

94



Carnets Geol. 17 (3)

Poster 1: Mussafah channel transect
WEST

TS
@ 6%
ERRTRRRRRIHIKK
RIS
(ERRAIKS
: SRIEEEES
R RRRTII TR R R RS
SBRIRKKIILIANRRS TSR RIIIKRIIIKIIIKIIIKRIIHNKS KA 25 m
GRS TSRS Jo% .
L e I R RRRILIRHIIKIILLRIILLKS
R IIKRRLKRE X XIHAARIRAAH 74X < RS h
SIS soss s Gypsum and/or Anhydrite Sssseesisss washover sand
LR R e e o o o KRR and gravel

5 0:0’0%:0::2::0’ SRR LRRLRKRRRRIRRRRRHKALRHKLRAKKKKS

<
SRS - ;
X upper, microbial mats 74(5 A 4

upper seagrass
meadow muds

aeolian sands

X2

" 4 n
KRR ‘evaporites
_________________________________ TR X ey RRRRRKS
7 .
HIGH TIDE (TR 1.5 m
. ERRILRLRESE s . : .
RIS TIIINNS microbial mats
S ERRRRLLIARRS L
TR IR 7 TSI
RTLIRAALLLL OIS Saleleeetst

QL

upper Potamid beachrock

seagrass meadow muds

1.0m

SYENEY.

lower %eagrass r/neadolw muds,

0 h

Potamid sands
and beach-rocks
coquina (washovers)

. 105m

LOW TIDE
erosional surface
U 0.0m
° ° ° ° ° ° ° ° root traces
A A )
7 km 1 km 0 km burrowing

95



Poster 2:- 2 km (February 1987)

LITHOLOGY

0 50% 100% O

X-RAY DIFFRACTION ANALYSES

50%

E164 ||

0.5m

TOTAL ORGANIC CARBON

y

5

H !

) 1% 5% i

i ’,'

C143 [0S [ B!

1.0m—v-~._._. P YN
——— e e e

" B136 - 0.96 | |
XX XX X X X X v
4= > K

T~ | a2 i L

G g
v . S
/
[ /
\ vt .
. d NG 4
l.
) vt i .
| . ' A
I LIRS
' [
H 1 .
H '

£ = [ <osum ]
I - s ]
[ ] 125-250um ]
[ ] 250-2.000 pm |:|
- > 2.000 pm

gypsum cementation -
m anhydrite burrows |:|
microbial mat root traces |:|

]

sand Potamids

[

high-Mg calcite
aragonite
low-Mg calcite
dolomite
undefined
halite

gypsum

anhydrite

quartz & feldspars

ALLOCHEMS
0 50% 100%

|:| faecal pellets
|:| bioclasts
[ o,

- “rounded grains”

BIOCLASTS (250 - 2.000 ym)

or reticulate ornaments
« with-an accuminate posterior margin

Foraminifers:

* Miliolids
* Peneroplis planatus & Monalysidium acicularis

* Sorites orbiculus
* Elphidium striatopunctatum

Acetabularia sp.
Spirorbis sp.
Pelecypods
Gastropods
Ostracodes:

* with smooth valves
« with-longitudinal ridges
* Miliammina fusca

* Ammonia convexa
* Textulariid

* Lenticulina sp.
Coralline algae

O thin section in“rounded grains”
O standard thin section

[ImcO= ® [ hinids



Poster 3:Site14D (April 1986)

sand Potamids

quartz & feldspars

LITHOLOGY
0m —] 1 r-;--ll !
Rt L
R
..-..:" 3 ‘ 1km
XXXXXXXX GRAIN SIZES X-RAY DIFFRACTION ANALYSES ALLOCHEMS BIOCLASTS (250 - 2.000 pm)
0 50% 100% O 50% 100% O 50% 100%
[ ] ] l l [] - o000 [ )
199 — ! 5 raw ey —
XX XXX X X X ‘ : :
0.5m- - P
] 1100 ] | LN [ I1leee oo o .
el
——— : SR :
=== o | I BN [ feleld ! R ?
H. .. - - : NN AN
.. | uibis102 L | | - I |/| . | e[l 11 NHN i I e ®
= = >— i —c =
=== W03 ] 11 el 1IN 5 1 I
S N ! - E
1555 vios | | | o 000 c o0 o 000
R I o
. 2 £
|:| <63 um - high-Mg calcite |:| faecal pellets 8 g 2 é
) S et
m -
|:| 63-125pum |:| aragonite I:I bioclasts o 'g é ; 5 E:J
= © = S Q
[ ] 125-250um [  lowMgcalcite [ ] tumps, . s E g £ 28588
© O = = < 'S o v
_ : " I v e 35 - (o%] S Qo t wn @©
|:| 250-2.000 um |:| dolomite - rounded grains S 2 ) [ s = % o @ g 9 E S % 5 JO
mEEmUUMOQ—:m&m'éhk.EE:EEfU
->2.000pm undefined %gmsgaaggoug.agsgagggsg
= o Q9 > 0 U e F=lrs S Y 2 SN .=
c N S = et ccovec EOCSI = E o5 =
gypsum cementation - halite ® 0-1% =] IS g\‘a}.gi FEEE-EgEE Qs Efs.é S S
co G VU g0 PV o0=2QARAcarEg09
. I]SA) I.IJOM<V’)0.UO.. e LL ¢ o o ¢ o o o o U
m anhydrite burrows |:| gypsum 0 5-10%
microbial mat root traces |:| anhydrite B 10-20% O thin section in “rounded grains”
1 >20% O standard thin section

97



Poster 4: 0 km (February 1987)

LITHOLOGY

Om_w

GRAIN SIZES

Qe 0 50% 100%
' N

.
s
\
\

5’ Y N DY

e TOTAL ORGANIC-CARBON

B S
0.5 m - Bt 0 1% EL

! L
=i o| B3 062 |‘ |‘|

~ ~ ~ 137 036

D144 | 098

1.0 m V//————=

10 Eso [ | |

=g Fes

. G170 | [ ]
P |:| <63 um

|:| 63- 125 pm

|:| 125-250 pm

|:| 250 - 2.000 pm

- > 2.000 ym
gypsum cementation
m anhydrite burrows
microbial mat root traces
sand Potamids

X-RAY DIFFRACTION ANALYSES ALLOCHEMS
0 50% 100% O 50%
: o,

high-Mg calcite
aragonite
low-Mg calcite

dolomite

JEln

undefined
halite
gypsum
anhydrite

quartz & feldspars

BLON

- “rounded grains”

® 0-1%
I 1-5%
0 5-10%
B 10-20%
[ >20%

100%

O thin section in“rounded grains”
O standard thin section

1km
BIOCLASTS (250 - 2.000 pm)
e B[ H[e oo h1 0| e ]
oo | | [ I ) ® [ ) )
ol e oo | i
oo Jooo ° [ )
el le ]l RN Il e i i
£
oo o ljlee [ Shle 1 1
€
S 888811 s 8 $ E°°°
S
v % .2 =
v 2 = S
o€ 8 S g
m.-gwcu S <
V- E 3 3 g3
2T 8 < 3S .58
o >5 5 € SS3 25 2 @
) < 5 S S £ 'S Q5
S 2 238 0 4 SO 8 H 2 o
2 gww O0=%Hg U= S v S T T =
W2 S wDo T LHOoD- 0P , 3 S E=LC 0
308388020508 cE2E2gsS_3c
2 309 L X0 0 =5 CEoSSYLE2DR=
CmNB U - L C UV C ._.\\:‘: Kallit i~
E0Q08 e s EE-EEEEQASERSSC
[(J] "'_(Um 5 — o
HeECICAEGe BB B EgsitiSie SISISlE

98



Carnets Geol. 17 (3)

Poster 5: Site 14B (April 1986)

| | i [ 1
LITHOLOGY I ~Lmemny ]
l_--...-
0Om g~~~ [
i HEN
GRAIN SIZES X-RAY DIFFRACTION ANALYSES ALLOCHEMS BIOCLASTS (250 - 2.000 um)
1 ﬁ 0 50% 100% O 50% 100% O 50% 100%
< 1 | 10000 11 mele
0.5m ‘ N .
TOTAL ORGANIC CARBON™ ™",
( 1% : %
. 95 ceecoec |1 RN le el i
. 94 e leo|]l |l [0C[ a el e
= = =
=== 193 oo jJoooo ° ) °
10m- -~
V96 _ L o o oo 000
- £
2l
Lo e ' \ S
P o ? g n S ?
g w2 g 3
- high-Mg calcite - faecal pellets _g. % oy \g *g
gypsum cementation |-| <63 pm ) ) 1= =) 2 = B
[ ] aragonite [ ] bioclasts 2582 SS .3 S
anhydrite % % | burrows 63-125pm : St e 2s S 28
m Y |-| M - low-Mg calcite I:l lumps, .. % 2T O g ' S § S c g a %
=== microbial S e BE8g8 =SRS888_IZ25
microbialmat[ ] rootwaces [ 125250 um g0 I rounded grains” 228088y Sc g EESEEELST
. n = » c T S 38539
sand Potamids 250 - 2.000 pm 59838528822 E=E=ESYST53E
|-| H undefined ® 0-1% 'E%Sgsa‘g%ssgsE.Q.EE.@EEBE:
B - 2000 s S N L
o = (o] |5
! I el 0 5109 ElelaEGriCe B B P HiES oo o el ol
- 0
- gypsum B 10-20% O thin section in “rounded grains”
(] >20% O standard thin section
|:| anhydrite
- quartz & feldspars

99



Poster 6: 0.6 km (February 1987)

LITHOLOGY e
om—p~—r—~——
/ ‘r /\: N 1km
J v vy ',
07
A
47000 GRAIN SIZES X-RAY DIFFRACTION ANALYSES ALLOCHEMS BIOCLASTS (250 - 2.000 pm)
o N 0 50% 100% O 50% 100% O 50% 100%
IR IS | 1 K (17 | | o100l 1Ole O
= e \ 1 E
0.5 m - \ . \ . :‘. ::
! L
B132 i 1 e[lellle o[eoe NI
Tos 2 | — Jelle o NHeeoe NI
o | m 1 . 5 I
TOTAL ORGANIC CARBON % | :
1om4 & & | Dus Sy | ] O O  oooao = I R = R R
o~ 0 1% NN |
1 E160 [N 122 ] L[ ] i1l le _ (e 0e
e \ '-,' eoaepmnTIIIERIEET ety el @
IR A N TR B o -1 ©
A s ] | | i :
/ 4 o
. . (] o = 0 (] 00O
|:| <63 um - high-Mg calcite L % o §
. v 20 S S
|:| 63-125pm |:| aragonite _83 5 o = 2
. a = e % tJ'j S 3
[ ] 125-250pm [ low-Mg calcite 2558 2 5SS ,§58
. 1 H " Q‘ > .6 B E E § E é ‘E Q‘ w
|:| 250 - 2.000 ym |:| dolomite - rounded grains 2 o % ER § . S %g S & o 2 S
S .ok« S 5 52
->2.000pm undefined m%éi:’%%%&?‘:@ﬁgg@‘s'ggg;’%ﬁ
5083823359282 c£8383338
[/ | gypsum [TT 7] cementation B haiite ® 0-1% EGNSSOESES LS ELSSeESEET
I £ SBSI¥REEE 05523 E835 8
1-5% ] SO Qo () o) UL AW~
anhydrite % | burrows w0ooa<<una Vo 7 | O R
RG] anhydri urrow 0 oypsum 0 s-10%
microbial mat root traces |:| anhydrite B 10-20% O thin section. in”rOl.Jnded grains”
[] >20% O standard thin section
sand Potamids - quartz & feldspars

100



Carnets Geol. 17 (3)

Poster 7: 1.6 km (February 1987)

LITHOLOGY [
1km
GRAIN SIZES X-RAY DIFFRACTION ANALYSES ALLOCHEMS BIOCLASTS (250 - 2.000 pm)
0 50% 100% O 50% 100% O 50% 100%
voe [N = 1 | °, o b o4
TOTAL ORGANIC CARBON:':
1%
B133 o000 oo ° XX
C140
1.0m— ./
D146 T [ e 1] 1 0eee | [l
B E161 0.18 | | l I | . - ° Ol Hleee o Hileoe l o
i [ <63um Py f
. e Py f j £
[ ] 63-125um é Lo = o
i LG s g
ey L] 125-250um o ol W DOOooo 500 0/ ooo | o
= £
AR [ 250- 2.000 ym o g " S
- - > 2.000 ym - high-Mg calcite _g% =t \g E
v .= [ O
. vEEZR S =
|:| aragonite % ‘_é 8 .g § EJ © % §
5 >:= 5 = 3 23S :
! low-Mg calcite o 3T o g N S = S 3 s w
= ) . S S 28 0 u S 89 8 7 = >
A %) = ey )
gypsum cementation |:| dolomite - aecal pellets g2 S %§ 2 % g gc_:u R .- § .g S §’g 2%
= 4 c T S S SgS U
m anhydrite burrows - bioclasts B 833 3 299058 EsE=EcSySTSS3E
undefined ES8SSECEEPsE2SSEESEES
microbial mat root traces lumps, ... S I2>2YS5T 8B TT5T5SSa 800 806
B e [ ] tume C8EESP5833563023FTvaIwlIs
sand Potamids - “rounded grains” ® 0-1%
[ ] gypsum I 1-5%
I:l anhydrite [ 5-10%
B 10-20% O thin section in“rounded grains”
- quartz & feldspars 0 >20% O standard thin section

101



D)
N~
-
-~
9
Q
a
()
S
Q

sebje auljei0)

*ds bulinonua7

pienIxa] .

== WN}0IPUNAOIDLIIS WnipIyd|F «

O DX3AUOI DIUOWILUY/ «

$NJN21QJ0 $3}110G

Ol supinopp g smpupid g «

® DISNY DUILIWIDIJIA «

- SPIJOIIA +

:s19jlulwelo

uibiew Jold3sod a1eUILINDIIE UR YIM «
SjuSWeulo 33e|ndi3al 10

sabpu [euipnyibuo| Yyum .

S9A|BA YIOOWS YIIM «

SpodesIsp

spodousen

spodAdsjad

‘ds siqionds

‘ds bupjnqp3adY

sueozoAig

spodedag

spluyd3

000
]

k 1km
[I

oo

oo

1

un]
o

°
e
e e []

o

o
H0e 1l
O

F

Ooooao

ee 111
ODooQoao

°
4

BIOCLASTS (250 - 2.000 pm)

o

100%

50%

ALLOCHEMS

0

100%

50%

undefined

- halite

- high-Mg calcite
|:| aragonite
- low-Mg calcite
|:| dolomite

X-RAY DIFFRACTION ANALYSES

—~
N °
Q
“ e %
> .| ................‘....T.v....l......\.\...l :\\\\n‘l.\‘-\ MMMM [ ]
R | RN B —
s sy A w
u o \\\\\\ \\\\\\\\\\\\ :
,Fr_ (1R —— : 5,
5 O E o v 3B
\\\\\\\\\ > § &£ S
) BN LR A ey
\\\\\ ©
gy 222 5 2 82 %
& : ;|
m Amn : = BN
R o vl |
k O o 2 :
©
N :
] R z3z g E B E B g & e ¢ 3
T < Jém = & T T = < S 2 28 5
g < L &
oo ~ 111,
[ . P _
fvm ,\l“ M\w ...>O. . q_ﬂo - ._/A.NA\/A.A N m
1 (e} 1 ~ ! \ . E . ) ) _\.AA / ;
v 9 ! R : )
m ' / v L E .Kw __.\AA«
ﬂ = _.,. <~ /’ e Wo | \
o LW __ | | _ _m _ T T T L _m T T T T
(a S £ :
0 —

02

1

O thin section in“rounded grains”

O standard thin section

1-5%
10-20%

® 0-1%

|
0 5-10%

[
O >20%

- faecal pellets
- bioclasts
|:| lumps, ...
- “rounded grains”

0 oypsum
‘:l anhydrite
- quartz & feldspars

[ 63-125um
[ ] 125-250um
[ 250-2.000pm
B - 2000pm



Carnets Geol. 17 (3)

Poster 9: 6 km (February 1987)

— I 2 i
] [ L ]
1km
LITHOLOGY GRAIN SIZES X-RAY DIFFRACTION ANALYSES ALLOCHEMS BIOCLASTS (250 - 2.000 um)
0m—= 4 0 50% 100% O 50% 100% O 50% 100%
D148 (o] g i P Lo I o}
-F=———=+ FE163 o ° i (
———o A
=
— 1 B135 ] : | a Dt i [ | I i
_ C142 ) 0 | f [ |
F169 oo [l e 0 o Jeo
G172 Q 1% ) OoOooao oo | Oo
TOTAL ORG:ANlC CARBON
0.5m !
N oL i '. ; c
- . H173 oy i =. o
: B ; =. 5
1 . H173bis i 1] | [T e JO1le SO0 B He
. : 5 §
. . . + 9 -
| I [ <63um B high-Mg calcite [ ] faecal pellets $ 23 S S
| : - 5 g < > &
» i [ ] 63-125um |:| aragonite [ ] bioclasts ISl [E % 2 g 3
2® © ¢ S S X o
- - i lumps, ... . c c C .= O N w o f
|:| 125-250 pm - low-Mg calcite |:| p o ; _g 5 g § § _g % 'g a %
- i “rounded grains” S seLod = 2 G 4 5 O
[ ] 250-2.000 um [ ] dolomite R g no L 888 068885 Ss8sEEes
mvc\moovEC:C'E%EEO::Etw
->2.000pm undefined 5 98352203285 =EcyvoTS=232c¢C
=2 0 Q098 L X0 U +— EOBUgE"‘J"—
E 8o S g EEEEs=SaSESRET
/g | gypsum TT 7| cementation halite C o>V T BB ss 5SS < - 0 = Y 3 5
7] T L] e EECAECE B B Y BEISIC Y SEGeIE
m anhydrite burrows - gypsum ® 0-1%
————— . . . I 1'5%
é“g microbial mat root traces |:| anhydrite 0 5-10%
sand Potamids - quartz & feldspars B 10-20% O thin section in“rounded grains”
0 >20% O standard thin section

103



Carnets Geol. 17 (3)

Poster 10: Grain sizes

- 3 8 835883888
o 3 8 85883888
-5 8 88883

2

83 125

B3 125 250 2000 pm

8
B

- 388583838838
- 3885838388 %
-3 88 5883388 E

250 2000 pm

o
@
4

125 250 2000 pm

-3 8 B B588388 8
-3 885883888

a2
-
2
]

25  2000pm

100 100 100
20 80 20
80 80 0
0 0 70
60 60 60
50 50 50
40 40 a0
30 30 0
20 20 20
10 10

° 0 i 6 2000 pm

2

125 250 2000 pym

2

B3 125 250 2000 pm

2
-3 8 & 5883 ds8 s g

63 125 250 2000 pm

2

uncategorized

aeolian sands
“evaporites”

microbial mats

muds with small pelecypods

seagrass meadow muds

- 38853833888
- 388853833888

2

g
3

Potamid sands

washover coquina

BERERITE

g ¥

3
- 38 8 858838 8
- =¥ 8 & 882 dsg s B

104



	Sedimentological investigation on Holocene deposits in the Mussafah channel (Abu Dhabi, United Arab Emirates)
	1. Introduction
	2. Material and methods
	3. The allochems (larger than 0.250 mm)
	4. The facies
	5. Some notes on "algae"
	6. Discussion and conclusions
	Bibliographic references
	Plates
	Posters



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




