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Abstract

Surficial sediments from 18 sites throughout Moknine sebkha, one of the largest urbanized sebkha in the sahel of
tunisia, were analyzed for biomarkers (n-alkanes, hopanes and steranes) to track the origin of organic inputs. A
distinct spatial distribution of aliphatic hydrocarbons in sediments was observed in Moknine sebkha which subdivide
this environment in two area. The submerged area is characterized by high concentration of OC 1%-4.9%, EOM
2%-49% CO, aliphatic hydrocarbons 1350 µg.kg-1to 3700 µg.kg-1sediment dry weight. Emerged area is
characterized by low concentration (OC<1%, EOM<12%OC and F1<1200 µg.kg-1 sediment dry weight. Several
ratios (e.g. CPI, ACL, NAR, TAR, Pr/Ph…) were used to evaluate the possible sources of terrestrial-lacustrine inputs
of these hydrocarbons in the sediments. The various origins of aliphatic hydrocarbons were generally biogenic,
including both terrigenous and cyanobacteria. The source of contamination is not petroleum. The predominance of
biogenic in combination with petrogenic hydrocarbons was indicated by the biomarkers. αβ trishomohopane C33
indicate an anthropogenic contribution (wastewater) in two stations (treated domestic wastewater (ssm1-2) and
untreate industrial wastewater ssm6). The presence of biogenic hopanes (17β(H), 21β(H)-hopanes) indicate the
biogenic origin of organic matter in the Moknine sebkha. The UCM not indicate petrogenic origin but high activities of
bacteria in highly saline system.
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Introduction
biomarkers are the indicators of depositional environments arises

from the fact that certain types of compounds are associated with
organisms or plants that grow in specific types of depositional
environments [1-3]. Lake sediments are the excellent archives of past
environmental changes. Evaluating the stored environmental
information in the sediments depends on the knowledge about the
ecosystem and the understanding of the present day lake response to
environmental variability [2]. Knowing the processes driving the
terrestrial input is essential to understand for instance carbon
deposition and nutrient input, which are linked to climate through
weathering and transport processes. On the other hand, understanding
the anthropogenic impact is key to assess the environmental status of a
lake today and in recent history.

The moknine sebkha (Tunisia) is a higly saline aquatic system
located in the sahel of Tunisia. Many study are taken in this system:
sedimentology (4-6), organic geochemistry [4-7] of sediment and
geochemical organic and mineral of the water [8]. All studies shows
that this system is oligotrophy and is subdivided in micro area
governed by the topography, the climatology and the hydrology. Our
aim was to establish possible links between organic matter input,
climatic processes and evolution of the system. To evaluate the
contribution of OM and OM origin, natural terrestrial, biogenic and
anthropogenic inputs were assessed using biomarkers such as n-
alkanes, hopanes and steranes new parameter index (e.g. NAR, TMD,
ACL…).

"NAR" (Natural n-alkane ratio) is proposed [9] to evaluate the
contribution of terrestrial inputs of hydrocarbons in the sediments. It’s

close to zero in petroleum hydrocarbons and is close to 1 in marine or
higher terrestrial plants.��� = ∑��� �19− 32 − 2∑���� �20− 32∑ �19− 32

TMD : TMD (Terrigenous Marine Discriminant) : (n-C25+ n-
C27+n-C29+n-C31+n-C33/ (nC15+n-C17+n-C19+n-C21+n-C23),
TMD (Terrestrial Marine Discriminant) is indicated from terrestrial
and marine sources with a value 1. A value > a dominant terrestrial
input, whereas a value <0.5 confirm dominant marine contribution
[10-12].

The average chain length (ACL) is another method applied to study
the source of n-alkanes in environment based on the concentration of
the odd-carbon-numbers of the n-alkanes of higher plant [13].

ACL values of leaf wax components are calculated from the
following equations [14]:��� = 25�25 + 27�27 + 29�29 + 31�31 + 33�33�25 + �27 + �31 + �33

ACL could reflect past changes in vegetation. In the warmer
climates, plants produce a longer-chain of n-alkanes [15]. The ACL is
very useful in the identification of the environmental changes of a
particulate ecosystem. The ACL of plant lipids preserved in various
sediments (lake, ocean, soil…) has been widely adopted to reconstruct
past changes in climate and environment during the late Quaternary
[16-22].

Therefore, the material maturity can be numerically assessed using
the carbon preference index (CPI) [23-25] as follow:��� :   1/2 ∑�25− �33∑�24− �32 + ∑�25− �33∑�26− �34

Jo
ur

na
l o

f C
oastal Zone Managem

ent

ISSN: 2473-3350

Journal of Coastal Zone Management Chairi, J Coast Zone Manag 2018, 21:2
DOI: 10.4172/2473-3350.1000463

Research Article Open Access

J Coast Zone Manag, an open access journal
ISSN:2473-3350

Volume 21 • Issue 2 • 1000463

mailto:chairi_ra@yahoo.fr


Values of CPI will be >1 since odd number n-alkanes dominate, but
as maturity increases, the odd number predominance is reduced and
the index approaches 1.

The presence of mature and/or petrogenic terrestrial input can also
be monitored using hopanes and steranes [25]. These compounds are
two additional classes of semi volatile organic compounds which are
derived from the cell membranes of prokaryotes [26,27] and
eukaryotes [28] respectively, and are common constituents of crude oil
[29,30] show that hopane and sterane have a distinct configuration
such as derived from petrogenic (crude oil and derived products) or
biogenic sources (vascular plants, algae, bacteria). ββ-hopane
configuration is biogenic; αβ-hopane configuration is
thermodynamically stable and dominates in petroleum. These
compounds are resistant to chemical, photochemical and microbial
degradation [29,31], hopanes and steranes have been used as signature
or marker compounds to help identify sources of organic matter in
lake sediments [32-34], the extent of biodegradation [35], and as
tracers of vehicle exhaust in the atmosphere (given their specificity to
lubricating oils used in diesel and gasoline engines) [36-38].
Information regarding hopanes and steranes in the Great Lakes is
scarce.

Sterane biomarkers likely represent the diagenetic product from
biomolecules in microorganisms, with hopane representing molecular
fossils from algae [39]. Hopanes are derived from cell membranes of
prokaryotes (heterotrophic bacteria and also phototrophic
cyanobacteria), and they are characterized by numerous maturity-
sensitive stereoisomers [26]. Steranes are derived from eukaryotic cell
membrane sterols, mainly from algae and higher plants. Both hopanes
and steranes are commonly used as a fingerprint of petrogenic input to
the environment [40].

In Hypersaline lakes anoxic conditions are developed if saline deep
water is covered with water of lower density. Sediment that were
deposited under these conditions often contain high relative
concentrations of gammacerane, which is a biomarker generally
associated with water column stratification [41,42]. To evaluate
environment conditions hopane index will be calculated by ratio
(gammacerane/C31hopane).

In general, C27 and C29 steranes are indicative of an algae and
higher plant source of organic matter. The ratio of C27/C29-steranes
>1 specifies the predominance of organic matter input from marine
algae, while <1 indicates a preferential higher plant input [43].

Material and Methods

Study area
The Moknine sabkha, between Mahdia (Southeast) and Moknine

(Northwest), is separated from the Mediterranean Sea by a 4–6 km
wide littoral barrier (Figure 1).

Figure 1: The Moknine sabkha, between Mahdia (Southeast) and
Moknine (Northwest), is separated from the Mediterranean Sea by
a 4–6 km wide littoral barrier

This type of endorheic depression, commonly found in Tunisia and
on the sahelian platform, results from Quaternary tectonic events. The
sabkha was formed by the subsidence of post-Villafranchian
monoclinal and synclinal zones. It is roughly diamond shaped because
of combined faults and calcareous cliffs up to 4 m high on the
northern, eastern and southern edges. The sabkha, with a total area of
ca. 50 km2, is devoid of obvious relief but slightly slopes eastward and,
to a lesser extent, northward. Thus, the bottom is ca. 9 m below sea
level in the eastern part and only 4 m below sea level in the
southwestern part [8].

Examination of a large set of surface sediments [5,6] indicated a
progressive decrease in particle size, especially for the west and
southwest areas, from the periphery to the centre of the sabkha.
Peripheral surface samples are therefore sandy (2000-50 µm), while the
samples from intermediate locations correspond to mixtures of silt
(50-2 µm) and sand, and central samples to mixtures of clay (<2 µm)
and silt. These studies also indicated that the sediments of the sabkha
are exclusively of lacustrine origin and no marine influence was
observed, as confirmed by the presence of shells of gastropods
corresponding to typical continental species [5].

Generality
Autumn and winter are the rainy seasons, when the sebkha is partly

flooded to a maximum water depth of ca. 3 m in the central and
eastern parts, whereas the western part remains emerged. There is
almost no rain in summer 30°C, a large part of the sabkha being dry
then. A wastewater treatment plant was introduced on the northwest
edge in 1983. Domestic and industrial (textile and pottery works)
wastewater, ca. 3300 m3 per day, is bioepurated. Water at the outlet of
the plant contains some sludge, and analysis of organic and inorganic
components [5] showed the following concentrations (mg/l): dissolved
organic carbon (250), nitrate (9), ammonium (17) and phosphate (15).
Owing to the resulting flow of treated water discharged to the sabkha,
part of the northwest zone remains flooded even in summer.
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Moknine sebkha receives water mainly through precipitation and
water from a catchment area estimate to be about 850km2. The sebkha
loses water only through evaporation due to its endorheic nature [7].

Samples
Surface sediments were collected by shovel in steel. The sediments

were immediately wrapped in Al foil and kept frozen until analysis.
Sections were homogenised and a part was directly dried at 40°C for
TOC measurement on aliquots. The remainder was submitted to wet
sieving to eliminate coarse debri. The <63 µmm fraction was dried at
40°C and used for lipid extraction, and hydrocarbon isolation and
analysis. The overlying cyanobacterial mat carefully separated from the
underlying sediment and also dried at 40°C.

Organic carbon
TOC was determined using coulometry with a Coulomat 702 SO/

CS (Ströhlein) and 30–40 mg dry sediment for OM-rich samples and
80–100 mg for OM-poor samples. Aliquots were decarbonated with 2
N HCl (at room temperature for limestone removal and at 60°C
overnight for dolomite removal) before being combusted at 1300°C.

Extraction and analysis for lipid biomarkers
Dry sediment or cyanobacterial mat samples were extracted with

dichloromethane (250 ml for 20 g) for 18 h at 50°C using a soxhlet
apparatus. In addition to lipid components, the extracts contained
large amounts of sulfur. For sulfur removal, the extracts were first
concentrated under vacuum to ca. 2 ml and eluted with
dichloromethane from a column containing freshly prepared Cu–Zn
amalgam. The purified extracts were dried (solvent removal under
vacuum) and weighed for quantification. F1 fraction was separated
from the total lipid fraction using column chromatography (Pasteur
pipettes filled with 60 mesh silica gel, elution with 5 ml nhexane for F1
and weighed after solvent evaporation under vacuum.

The F1 apolar fraction containing the n-alkanes was dried with N2
and redissolved in heptane. GC analysis of the hydrocarbon fractions
were performed using: a HP 5880A series gas chromatograph with a 30
m 0.25 mm i.d. SP 2100 column, programmed from 100°C to 300°C
(held 10 min) at 4°C /min, He as carrier gas, injector temperature 25°C
and detector temperature 300°C GC–MS analysis was performed using
an Agilent Technologie 6890 N gas chromatograph (same column and
chromatographic conditions as above) coupled to an Agilent 5973
Network mass spectrometer (electron ionisation at 70 eV, cycle time
2.24 s, range, m/z 35–600). The relative abundances of n-alkanes were
determined by way of peak integration in the GC traces [corrected for
the hump when an unresolved complex mixture (UCM) was present]
and by integration of peaks in m/z 57 and 71 chromatograms for
samples with no significant UCM. Quantification of the target
compounds was determined using the hexatriacontane (C36) as
internal standard. sterane and hopane relative abundances were
determined by integration of peaks in m/z 191 and 217/218.

Result and Discussion
The emerged area represent the sediments in the western and

southwestern parts of the sabkha (4 m below sea level). This zone is
permanently emerged and represents the control area for this study.
Sediment is composed essential by sandy facies. The lowest mass and
OC fluxes occurred in southwestern (<1%), EOM not exceed 9%OC in

average and the hydrocarbon fractions (F1) is about 3-4%EOM (tab.1).
Such features are thought to reflect permanent emersion and
desiccation which result in extensive oxidative degradation of the OM
[44-47]. There is a low density of Salicornia arabica.

The submerged area includes the northeast area near the treatment
wastewater plant (CO: 0.91-2.19, EOM 6%-26%, F1 0.47-7.86%), the
northwest area, the marshy area and the center of the sebkha. The
northwest area, ca. 6 m below sea level is influenced by treated water
discharged from the wastewater treatment plant. As a result, the zone
is permanently flooded, but with a weak water depth of only ca. 10 cm
in summer. This zone is more rich organic matter than the emerged
zone (tab). The northwest zone is covered with a dense and thick (ca. 3
cm) cyanobacterial mat. This area is directly influenced by discharge
from the Soltane Oued (CO: 4.9%, EOM: 9%CO, F1: 2.67%EOM). The
vegetation in the zone is dominated by cyanobacterial mats along with
some reed (Phragmites sp.) clumps. The marshy eastern area of the
sabkha , ca. 8 m below the sea level, is permanently inundated, with a
maximum water depth of a few m (CO: 1.13-1.74, EOM: 2-49%CO
and F1: 0.6-3.7% EOM). The center of the sebkha ca 9m below the sea
level, is inundated in autum, winter and spring. In summer the halite
deposition is about 30cm after water evaporation (CO: 0.51-0.79%,
EOM: 1-22%CO, F1: <7%EOM). The center of sebkha is devoid of
vegetation.

n-alkanes
A bimodal distribution with maxima of comparable intensity at

C18–C19 on one hand and at C25 on the other characterize sample in
emerged area. The distribution of the lower molecular weight (LMW
<nC22) show no odd or even carbon predominance. Such a
distribution indicates a bacterial origin. High molecular weight
(HMW>C22), predominantly odd numbered, C23–C33 n-alkanes with
a maximum usually at C27, C29 or C31 are typical for epicuticular
waxes of higher plant [7]. The long chain, C24–C33, n-alkanes exhibit
a significant odd/even predominance (Figure 2).

Figure 2: More distributions of n-alkanes were described the
submerged area.

A bimodal n-alkane distribution (Figure 2) with a maximum at C17
and a wide, bell-shaped, maximum in the C22–C27 range
characterized the zone influenced by wastewater plant. The alkanes in
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cyanobacterial mat extracts commonly exhibit a rather complex
distribution. The maximum between C16 and C20 (LMW<C22), with
no significant odd or even predominance, reflects bacterial and
cyanobacterial contributions [45]. For the higher molecular weight
(HMW>C20) compounds, the complex distribution is probably a
result of contributions from alkanes from higher plants along with a
moderate bacterial degradation for these long chain compounds.

In the northwest are, the silty/ sandy facies, show a unimodal
moderately degraded waxy hydrocarbons from higher plants. The
latter should originate from detritus discharged distribution with
maxima at C18–C20 and some odd/even predominance for the long
chain C25–C31 components (Figure 2). This distribution reflects a
major contribution from alkanes of bacterial origin, along with a
substantial contribution from the Soltane Oued that directly influences
the ssm7 area (Figure 1) and from the Phragmites growing in the area.
However, the former source should predominate since the alkanes
produced by Phragmites show maxima at C27 and C29 [46,47]
whereas these two compounds are not especially abundant here.

The marshy area shows cyanobacterial mats and a dense vegetation
of halophilic plants, mostly composed of bushes of Zygophylum album
and Atripex inflate (angiosperm) show a bell-shaped distribution from
C20–C32, with no odd or even predominance, maximizing at C23–
C25 (Figure 2). On the contrary, the shortest compounds, in the C15–
C18 range, show a substantial predominance of the odd numbered C15
and C17 n-alkanes. Such a distribution indicates that cyanobacterial
mat hydrocarbons conspicuously predominate over higher plant
components.

The center of sebkha are composed only by clay facies covered by
halite in summer. The n-alkanes exhibit roughly unimodal
distributions, with a maximum in the C16–C20 range. There is also a
substantial contribution of long chain components maximizing around
C22– C25 and some odd predominance in the C27–C31 range (Figure
2). n-C17/n-C29 ratio range between 0.2-0.66 in emerge area and
1.83-5.3 in immerged area. n-C29 is abundant in land plants and n-
C17 is prominent in marine organisms, the ratio of these two alkanes
reflects the relative contributions of allochthonous and autochthonous
hydrocarbons to the sediments [48]. Hydrocarbons molecular weight
subdivide this environment in two areas one is characterized by the
abundance of high plant and the other by the biomass living in the
sebkha.

In surface sediment and cyanobacterial mats from submerged area a
peak of squalane (isoprenoide in C30) was identified, often found in
cyanobacterial mats [45,49-51] and a precursor for steroids and
triterpenoids [52]. It has also been associated with biological processes
such as heterotrophic decomposition and methanogenesis [53,54].
Thus, it is not possible to attribute a source for this compound at
present [45].

The UCM considered to be the result of many coelutions of
structurally complex isomers and homologues of branched and cyclic
hydrocarbons is also present and range from C15 to C33 in unimodal
or bimodal shape (Figure 2). The presence of a hump in the GC
chromatograms is the sign of a petroleum input and/or the presence of
biodegraded complex mixture of hydrocarbons [9] like in coastal
marine environments sediments [15,55-57]. The lack of oil
contamination in the samples was confirmed by looking for the
presence and the configuration of steranes and hopanes in m/z 217 and
191 chromatograms.

Indexes
The NAR ratio was close to 1, CPI range from 3 to 4, ACL is about

28.5 and TMD varied between 3-5. All indexes are indicated a
contribution from higher plant components and moderate bacterial
degradation in emerged area (Table 1).

Sample taken near wastewater plant are characterized by the index
values (CPI: 1.18-1.79, NAR: 0.7-0.78, TMD:0.7-0.9, ACL:27.21-28.55)
which is agree with the major contribution of aliphatic hydrocarbons
from the cyanobacterial. In the northwest, (CPI: 1.71, ACL: 27.21,
TMD: 0.35, NAR: 0.78), marshy area (CPI: 1.05, ACL: 27.3, TMD:0.3 ,
NAR: 0.75) and center, indexes data prove that immerse zone is the
dominated by the original biomass of the sebkha (cyanobacteria and
bacteria).

Both CPI and ACL are obtained using the n-alkanes data derived
from higher plants, therefore, CPI and ACL are expected to correlate
[15]. In the present study, the correlation between the CPI and ACL
values show that there is no correlation between CPI and ACL (r =
0.023 in emerged area and 0.25 in submerged area); which may be
attributed to the fact that both CPI and ACL were not from the same
source of higher plant. It was also noted that when two (or more) n-
alkanes that are characterized by different values of ACL or CPI, their
ratio values usually varies nonlinearly and disproportionately [15].

Hopanes
The m/z 191 mass chromatograms of the saturated hydrocarbon

fractions of all the analyzed samples show moderate abundances of
pentacyclic. Hopanoids are important biomarkers for indicating
organic matter that was derived from bacteria [26]. Their composition
and distribution are similar in most of the samples and mainly consist
of C27 to C34. 17,21β(H)-hopanes with C29β and C30β hopanes as
major compounds in emerged and submerged areas. The
configuration17α (H),21β(H) trishomohopane (C33H58) are detected
only in sample SSM1, SSM2 and SSM6 taken in immerged area
contaminated by respectively treated wastewater and untreated
wastewater.

However, the relative abundance of C29 hopane is generally less
than that of C30 hopane in most of the analyzed samples, with
C29/C30 ratios ranging from 0.11 to 0.6 in emerged area and from
0.11-1.21 in immerged zone. The low ratio can be explained by mixed
organic sources. C29 is more abundant in the edge and C30 in the
center of the sebkha. The predominance of C30 hopane is often
associated with clay sediment [58]. which is in agreement with the
sediment facies of the Moknine sebkha.

The oleanane, which is an important land plant derived biomarker
[3]. was identified in low proportion in samples taken in perephery,
supporting the presence of terrigenous organic matter input in the
sediments. Oleanane is a pentacyclic triterpene which is originate from
angiosperm like zyggophylum album and salicornia Arabica more
abundant in edge of the sebkha. 18α(H)-Oleanane is described that the
bioindicator or ideal molecular fossil for tracking the angiosperm
lineage because its relative presence and relative concentration (also
called the oleanane index) in Cretaceous and Tertiary sediments.

Gammacerane is present in all the samples analysed. The proportion
of C30 increase from the periphery to the edge of Moknine system
indicating input of organic matter in highly saline aquatic
environment. Gammacerane is widely believed to have been derived
from tetrahymanol in bacterivorous ciliates living at the boundary of a
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high-salinity water layer with an upper layer of less saline water [41].
The abundance of C30 indicates that the organic materials were
originated mainly from hypersaline environments [39].

Steranes
The steranes are another biomarkers group which are derived from

sterols more abundant in higher plants and algae and rare in
prokaryotic organisms [59,60]. The relative proportions of the C27,
C28 and C29 regular steranes in sediments might provide valuable
paleoenvironmental information [43]. The abundance of the regular
steranes (C27, C28 and C29) differ from emerged area and submerged
one depending upon the type of organic matter input to the sediment
(Figure 2). The compounds detected in surface sediments are (ββC27)
cholestane and (ββC28) methylcholestane and (ββC29)
ethylcholestane. The most abundant tetracyclic component in the

emerged area are C29. C27 and C28 are present in low proportion. The
ratios of C27/C29-steranes are in the range of 0.52-0.87 (Table1)
further indicating an abundance of organic matter with higher plant
origin in all surface sediments from the moknine sebkha. The
dominance of C27 steranes would indicate a preponderance of marine
phytoplankton, whereas a dominance of C29 would indicate a strong
terrestrial contribution, and C28 steranes might indicate a heavy
contribution by lacustrine algae. C27 is more abundant in the
submerged area than emerged area. However Volkman [59]
subsequently noted that certain marine organisms contribute to C29
regular steranes. Also Nichols PD [61] observed that large amounts of
C29 sterols are produced by marine diatoms during the spring bloom
in freezing Antarctic waters. Therefore, these biomarker
interpretations should be used with caution.

references OC EOM%OC F1(mg/kg) CPI ACL TAR NAR LMW/HMW TMD Pr/Ph nC17/nC29 C29/C30 C27/C29

ssmk1 0.91 22 1370 1.63 28.55 0.11 0.7 0.9 0.79 1.73 4.21 1.21 0.87

ssmk2 1.22 26 1430 1.45 28.5 0.15 0.75 0.9 0.83 1.5 4.53 1.05 0.84

ssmk3 1.95 21 1470 1.46 28.45 0.12 0.71 0.9 0.79 1.7 3.75 0.98 0.82

ssmk4 1.52 23 1450 1.45 27.54 0.11 0.72 0.87 0.79 1.53 2.75 0.94 0.75

ssmk5 2.19 16 786 1.18 27.25 0.11 0.75 0.89 0.79 1.62 3.85 1.08 0.66

ssmk6 1.62 14 1900 1.39 28.1 0.24 0.71 0.89 0.9 1.45 5.3 0.76 0.66

ssmk7 4.90 19 2670 1.71 27.21 0.29 0.78 1.13 0.35 1.71 3.52 0.11 0.70

ssmk8 1.74 18 1630 1.59 27.15 0.27 0.8 1.1 0.75 0.71 1.94 0.97 0.78

ssmk9 1.13 19 1610 2.47 27.18 0.27 0.79 1.2 0.8 0.89 1.9 1.15 0.82

ssmk10 1.48 2 3700 3.69 28.55 0.29 0.78 1.05 0.69 0.38 1.83 0.98 0.87

ssmk11 0.50 6 2170 3.11 28.65 8.5 0.87 0.28 3.8 0.50 0.66 0.21 0.25

ssmk12 0.47 5 1150 3.65 28.45 9.11 0.9 0.3 4.2 0.50 0.45 0.15 0.37

ssmk13 0.52 4 1040 2.40 28.52 9.2 0.83 0.35 4.2 0.4 0.48 0.25 0.48

ssmk14 0.60 12 800 3.28 28.48 8.5 0.8 0.28 3.8 0.38 0.52 0.6 0.18

ssmk15 0.46 12 1090 3.45 28.6 9.4 0.9 0.32 4.3 0.25 0.2 0.11 0.15

ssmk16 0.74 8 910 4.00 28.65 8.45 0.82 0.15 3.8 0.32 0.23 0.18 0.38

ssmk17 0.86 12 1300 3.51 28.5 7.25 0.75 0.12 3 0.30 0.28 0.45 0.24

ssmk18 0.99 6 790 3.24 28.52 9.75 0.92 0.2 5 0.20 0.34 0.6 0.41

Table1: organic carbon and hydrocarbon parameters in surface sediments from Moknine sebkha OC: total organic carbon , EOM: total extract
hydrocarbon, F1: aliphatic hydrocarbon fraction, CPI: Carbon preference index, TMD: Terrigenous Marine Discriminant, NAR: Natural n-alkane
ratio, ACL, LMW/HMW, Pr: pristane, Phytane C29/C30 hopane, C27/C29 steranes, nC17/nC29 alkanes.

Conclusion
The biomarkers study in the surface sediment from the evaporate

system of Moknine reveled the presence of many hydrocarbons sources
reflected by the different distribution mode of n-alkanes. The essential
sources is cyanobacteria and another bacteria characteristic of highly
saline environment. The high plant dominate the edge of the sebkha
and the emerged area where the facies is sand or sand-slity. All index
prove the mixed origin of Moknine sebkha OM. ACL index indicate

that about 150 years (1 mm/year of sediment deposit in the sebkha),
the climate is arid in this region.

hydrocarbons in the moknine system are mostly derived from the
biomass. you not find an indice of petrol infiltration in the phreatic
nape of Moknine. OM is immature in early diagenesis. halophyte plant
can gener biopetrol like the pilote station in emirate. UCM is not
indicate pollution but is the result of bacteria activities. In order to
more prove the biogenic origin of hydrocarbons in the sebkha it is
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suggested to analyze the alkenes because are not present in crude oils.
Alkenes generally have a biogenic origin although they may be found
in refined petroleum products. They are sometimes present in large
amounts in many organisms such as algae, phytoplankton, crustacean.
Most frequently alkenes found in sediments are mono and poly
unsaturated linear alkenes, phytadienes and squalene.
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