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INTRODUCTION

The succession of the exposed outcrop unites in
northwestern Libya (Fig 1) ranges from Triassic to
Late Miocene (Fig. 2).

Al Khums Formation is the only record of the
Tertiary in this area, although Tertiary strata occur
both to the southwest and to the east, in the Sirt Basin
(Barr and Weegar, 1972). Al Khums Formation
consists chiefly of a limestone, chalk and marly
limestone interbedded with thin layers of sandy
limestone and clay, much of it contains both mega
fossils and microfossils. Al Khums Formation has
been divided by Salem and Spreng (1980) into two
members named the lower An Naggazah member
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(the target of this study), and upper Ras El Manubyah
Member.

The thickness of An Naggazah Member in the
study area is approximately 95m, and unconformably
overlies Mesozoic rocks. An Naggazah Member can
be divided into two units (Salem and Spreng, 1980);
the lower Unit (1) consists predominantly of bioclastic,
biostormal, and biohermal limestone. This unit was
deposited in low areas on eroded Mesozoic rocks, so
its thickness is variable and is controlled by the
topography of pre-Miocene. Unit (2) is brownish,
yellow, marlstone, argillaceous limestone and sandy
to silty detrital limestone. Both interbedded with green
gypseferous clay beds.

The most common fossils are pectins, high spiral
gastropods, oysters, corals, bryozoans, algae and
echinoids. (Fig. 3a and b).

Previous Work

Many works have been done on Al Khums
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Formation, but most of them concentrated on a
stratigraphy and age determination.

The sediments of Al Khums were first
distinguished as Middle Miocene. Floridia (1939) and
Mann (1975) have introduced the term of Al Khums
on the Mediterranean Coast in Tripoli and suggesting
a Middle Miocene age during the regional mapping
of Libya (1975 to 1984) for IRC.

Zivanovich (1977) added more details on the lower
and upper part of Al Khums Formation exposed in
Bani Walid and Al Qaddahyah sheets.

Mijalkovic (1977), established the persistence of
Al Khums Formation from Al Khums area eastwards
as far as An Nawfliya, and all of them attributed it to
a Middle Miocene age. The formation was studied
and subsequently divided by Salem and Spreng (1980)
into two members, a lower An Naggazah Member
and an upper Ras Al Mannubya Member. Innocenti
and Pertusati (1984) studied the sediments of the
formation and determined their age as Late Miocene.
El Waer (1988 and 1991) had studied the ostracoda
in this area and agreed with the others about the
Middle Miocene age. Sherif (1991) determined the
same age in his study of the area.

MATERIALS AND METHODS

Several fieldtrips were carried out to the study
area in order to measure and log the An Nagaza
Member section. A total of 33 samples from 95 meter
exposure of this member were collected.

All samples were used for thin-section preparation,
subsequently all samples were grinded for atomic
absorption analysis in the Libyan Petroleum Institute
laboratories and stables isotopes contents in the
NERC Isotope Geosciences Laboratory, UK.

Two additional unconsolidated sandstone samples
were sieve analyzed in order to help identification of
the environment of deposition of this member. All
thin-sections were stained according to Dickson’s
(1965) technique.

The powder of these samples was reacted with
anhydrous phosphoric acid in vacuo overnight at a
constant temperature of 25oC. The CO2 liberated was
separated from water vapour and collected for
analysis in the NERC Isotope Geosciences
Laboratory, UK. Measurements were made on a VG
SIRA mass spectrometer. Overall analytical
reproducibility for these samples and standard
materials was better than 0.1% for both δ13C and
δ18O (2σ). Isotope values (δ13C, δ18O) are reported
as per mil (‰) deviations of the isotopic ratios (13C/
12C, 18O/16O) on the VPDB scale.

150 milligrams of powder were leached overnight
with 3mls of IN Romil® ultrapure acetic acid in order
to dissolve only the carbonate fraction. Each sample
was centrifuged and the supernatant liquid pipetted
into a Savillex® FEP beaker and reduced to dryness.
The residue was converted to chloride with 1μL
double quartz-distilled 6N hydrochloric acid,
evaporated until dry and then dissolved in 200 μL of
2.5N HCL. After centrifuging, 100μL of each sample
was located onto a standard Biorad® AG50-X8 cation
exchange column and eluted in 2.5N HCL. Strontium
was loaded on a single tantalum filament with
phosphoric acid. Isotope ratios were measured on a
Finnegan Triton mass spectrometer run in static mode
with mass fractionation normalized to a 87Sr/86Sr ratio
of 0.1194. At least 170 ratios were collected which
resulted in a ‘within run’ precision of better than 7 x
10-6 (2σ). Each sample was analysed twice and the
mean of the data is used in this study. Replicate
analysis (n = 25) of the international strontium isotope
standard NBS-987 yielded a mean value of
0.7102446 ± 0.0000012 (2σ). 16 determinations of
the North Atlantic Seawater standard yield a
mean87Sr/86Sr ratio of 0.7091689 ± 0.0000091 (2σ).

Fig. 1. Location map of Al Khums area.

Fig. 2. East-west cross-section through Gharyan Al Khums area
(after Fatmi and Sbeta, 1991).
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PETROGRAPHY

The vertical variation in lithology of An Nagaza
Member of the Al Khums Formation can be divided
into various lithological units or lithofacies started with
sediments resulted from transgression onto a
Cretaceous surface of moderate relief. Generally,
these sediments are of fossiliferous, reef-bearing with
basal sand and limestone (Salem and Spreng, 1980).
Five lithofacies can be distinguished on bases of field
observation; faunal diversity and petrographic analysis
(see also Fig. 12). These lithofacies in ascending
order are as following:

Lithofacies 1: This lithofacies overlying
Cretaceous sediments of Ain Tobi Member of the
Sidi as Said Formation and is characterized by
transgressive sandstone at its base (Fig. 3c and d).
Lithofacies 1 exhibits 13 metres of yellowish, highly
fossiliferous (gastropods, bivalves, echinoderms,
foraminifera and algae) and irregularly to
horizontally bedding marly limestone. The lower
2m of Lithofacies 1 are mainly sandstones
composed of quartz grains scattered and float in
fine micrite matrix (Fig. 4a and b).

Quartz grains are fine to medium-grained, well
rounded to subrounded, rarely subangular, calcareous
and unicrystalline. This sandstone containing scattered

fossils including (plecypods, foraminifera,
echinoderms, corals and gastropods, Fig. 4c). The
sand is conglomerate in places, containing flat pebbles
and cobbles of limestone. The main non-skeletal
allochems occurred in Lithofacies 1 are ooids and
pellets (Fig. 4b). They are observed only in the lower
part. Ooids are of different size or poorly sorted (very
fine to medium) with relatively thin cortices coating
detrital quartz nuclei. The early ooids laminae fill in
depression on the surface of quartz grains and are
absent from angular corners. Ooids with no nucleus
seem to be partially and/or completely micritized to
form pellets. The skeletal allochems of Lithofacies 1
consist also of large single crystals of echinoderm
with early syntaxial calcite overgrowth cement (Figs.
4d and 5a). Small transverse cross-sections of
echinoderm spins showing single calcite crystal
structure are also observed and scattered within
micrite matrix (Fig. 5b). Large fragments of red
coralline algae are also present, some of them are
well preserved (Fig. 5c) with very thin micrite walls
separating small cells and others are fractured.

Both uniserial and biserial and various shapes of
miliolid foraminifera are observed within sediments
of Lithofacies 1 and are surrounded by micrite
envelopes and their typical chambers are filled by
sparry calcite (Figs. 5d and 6a). Poorly preserved
pryozoa fragments are scattered throughout the

Fig. 3. Field views showing common fossils in An Nagaza sediments (a and b) and the basal sandstone and conglomerate of the An Nagaza
Member (c and d)



84 Mahmoud T. Elbakai, Aisha, K. Shalghum and Lila I. Hafez

upper part of this lithofacies. Rare transverse sections
of brachiopod spins with thick foliated walls (Fig. 6b)
are also occurred. No visible porosity observed in
most of these sediments.

Sediments of this lithofacies exposed to many
diagenetic events; such as cementation and
micritization. Lithofacies 1 can be classified as

bioclastic wackestone dominated by sandstone at the
lower part.

Lithofacies 2: This lithofacies composed of 20
meter of yellowish-grey, irregularly to massively
bedded and hard limestone. Sediments of Lithofacies
2 consist of algae, corals, and plecypods, these

Fig. 4 Microphotographs from An Nagaza Member of the Al Khums Formation. a) Microphotograph showing quartz grains. b) Microphotograph
showing ooids within micrite matrix. c) Microphotograph showing different types of foraminifera. d) Microphotograph of uniserial forams
and echinoderm plates with syntaxial overgrowth cement.

Fig. 5. Microphotographs of An Nagaza Member of the Al Khums Formation: a) Microphotograph of echinoderm plates with syntaxial
overgrowth cement. b) Microphotograph showing plates of echinodem and numulites. c) Microphotograph showing good preserved
coraline algae. d) Microphotograph of gastropoda shells with micrite envelope. Note also interparticle porosity.
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organic accumulations thicken locally to form
biohermal structure (Salem and Spreng, 1980). Corals
are concentrated in the lower part of the lithofacies
(Fig. 6c), while echinoderms, bryozoans and
plecypods locally form coquinal masses in the upper
part. The most common skeletal particles are small,
longitudinal and not very well preserved red algae
(Fig. 6d). Different sizes of mainly rounded and
well preserved echinoderm plates and cross-
sections of crinoid spins are also common (Fig.
7a). All cemented by calcite, mainly of syntaxial
overgrowth type.

Bryozoa fragments are observed in Lithofacies
2, their cells are separated by thin walls of micrite.
These cells are mainly filled by drusy mosaic calcite
cement. Some of the bryozoan fragments are
influenced by pressure solution event. Cells of
bryozoans are similar in the shape to the bees cells
(Fig. 7b). Corals are relatively unaltered and
illustrating high initial intragranular pore spaces.
Some of these pores are filled by sparite.

Miliolids, Numulites (Fig. 7c), fusulinds and biserial
forams are rarely observed within sediments of
Lithofacies 2. They are mainly characterized by thick
micrite walls and their chambers are filled by different
texture of calcite.

Quartz grains are the only non-carbonate
constituents observed in Lithofacies 2. They are fine,
moderately sorted and subrounded unicrystalline
grains scattered throughout matrix. Lithofacies 2 can

be classified as packstone, becoming grainstone at
the top.

Lithofacies 3: This lithofacies begins with sandy
limestone. Sand grains are mainly composed of fine,
subrounded to subangular quartz grains, scattered
throughout the whole lithofacies. The thickness of
Lithofacies 3 is 27 metres and it is characterized by
very common echinoderms. These echinoid plates
are still with their original structure and well preserved
spins are also occurred (Figs. 7d and 8a), some of
them have syntaxial calcite overgrowth cement.

Rare uniserial and biserial forams are observed
in Lithofacies 3. Algae are not common (some of
them are completely micritized) and bryozoa cross-
sections exhibit fenestral structure, whereas large and
very common bryozoan fragments have thick fibrous
walls (similar to brachiopod structure) and shows
honey-comb structure-like (Fig. 8b). All cells are filled
with drusy mosaic cement. Gastropods occur as
transversal or longitudinal section within Lithofacies
3. Their chambers are filled by either drusy cement
or micrite and outlined by thin micrite envelopes (Fig.
8c). In the upper part of this lithofacies, large
fragments of corals composed of typical rounded
chambers are common. Some of these chambers are
filled by micrite and their outlines are sparite, whereas
others are filled by sparite with micrite envelopes
outlining them. Rare valves of ostracoda enclosed
drusy calcite cement are also observed in the upper

Fig. 6. Microphotographs of An Nagaza Member of the Al Khums Formation: a) Microphotograph of gastropoda shells with micrite
envelope. b) Microphotograph showing foliated mollusk fragments. c) Field view of a large corals. d) Microphotograph of well preserved
coraline algae.
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part of this lithofacies. Sediments of Lithofacies 3
can be classified as biomicrite sandy packstone.

Lithofacies 4: The 16 meter thick sediments of
this lithofacies are characterized by brownish-yellow
marlstone, argillaceous limestone, and sandy to silty
detrital limestone, interbedded with green, gypsiferous
clay beds. Lithofacies 4 is the most fossiliferous beds

in the entire Al Khums Formation. The common
fossils are pectons (Fig. 8d), highly spired gastropods,
corals, echinoderms (Fig. 9a) and shallow marine
foraminifera. Corals of Lithofacies 4 represented by
large fragments exhibit very thick walls with wavy
micrite laminae and various chamber sizes.
Chambers are outlined by micrite envelopes and
mainly filled by drusy calcite cement. Longitudinal

Fig. 7. Microphotographs of An Nagaza Member of the Al Khums Formation: a) Microphotograph showing echinoderm plates and may
show influence of compaction on particle grains. b) Microphotograph showing typical structure of bryozoan fragment. c) Microphotograph
showing well preserved foraminifera. d) Microphotograph of echinoderm plates and foraminifera + quartz grains. Note the fracture caused
by physical compaction.

Fig. 8. Microphotographs of An Nagaza Member of the Al Khums Formation: a) Microphotograph showing echinoderm spins (in the centre
of photo) with common quartz grains. b) Microphotograph showing typical structure of bryozoan fragment. c) Microphotograph showing
well preserved echinoderm spins and transverse section of gastropoda. d) field view showing highly fossiliferous layer.



Petrography, Diagenetic Aspects and Isotopes 87

plates of echinoderm are not common and composed
of single calcite crystal; some of them are well
preserved.

Transverse section of highly spired gastropods also
occurred. They are replaced by non-ferroan calcite.
Common, shallow marine uniserial forams are
observed at the uppermost part of Lithofacies 4.
Forams are outlined by micrite envelopes and filled
by recrystallized calcite cement. Sediments of
Lithofacies 4 are dominated by bioclastic sandy
packstone/grainstone.

Lithofacies 5: The 20 meter thick limestone of
this lithofacies may represent shallower marine
sediments compared with Lithofacies 4. Lithofacies
5 consists of cross section of bryozoans, with drusy
mosaic cement filling chambers. Rare uniserial,
biserial and miliolid forams are also observed. Very
well preserved longitudinal and rounded plates of
echinoderm occurred within the whole lithofacies and
exhibit syntaxial calcite overgrowth cement (Fig. 9b).
Very common large fragments of corals occur and
showing thick wavy micrite walls.

The non-skeletal particles occurred in this facies
are ooids. They are rounded and poorly sorted, some
of them are enclosed single and foliated crystal of
calcite (probably of coral fragments) or quartz grain
(Fig. 9c), whereas others are partially or completely
micritized. Sediments of Lithofacies 5 can be
correlated (on bases of constituents) with those of

Lithofacies 1. The top of this lithofacies is dominated
by marly limestone with very common algae and
branched bryozoans (Fig. 9d). Quartz grains of
Lithofacies 5 are moderately sorted, rounded to sub-
rounded and unicrystalline. This lithofacies can be
classified as biomicrite sandy wackestone/packstone.

DIAGENESIS

The sediments of the Al Khums Formation,
particularly the An Nagaza Member) were exposed
to several different diagenetic processes. These lead
to modification of their original textural and
compositional characteristics.

Micritization

Here, blue green algae bore into skeletal material
in the shallow marine environment. The borings, re
filled with micrite after death of the algae. This
process continued and the margin of a shell fragment
may become completely replaced by micrite (Fig.
4c) to form micrite envelope (Adams et al, 1984,
Bathurst, 1975). Micrite envelopes developed on
possibly brachiopod (Fig. 9c), brayozoa shells (Fig.
8b) and foraminifera (Figs. 5d and 6a).

Repeated formation of micrite envelopes, may lead
to the production of a grain completely micritized with
no remaining recognizable structure.

Fig. 9. Field view and microphotograph of An Nagaza Member of the Al Khums Formation: a) field view showing large and well preserved
echinoderms. b) Microphotograph showing echinoderms, numulites and micritized grains. c) Microphotograph showing well preserved
coraline algae, micrite envelopes, drusy mosaic cement and quartz grains. d) Field view showing a layer of algae and branching bryozoans.
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Cementation

The sediments of the An Nagaza Member exhibit
four types of cementation. They are syntaxial
overgrowth cement, isopachous cement, drusy mosaic
cement and meniscus calcite cement.

Syntaxial overgrowth cement: The syntaxial
calcite overgrowths exist frequently around
echinoderm debris (Figs. 4d and 5a). They exist in
form of rims of variable thicknesses and of clean,
coarse and bladed crystals with optical continuity with
the grains (Evamy and Shearman, 1965).

Isopachous cement: It appears as a rim of
crystals of equal thickness on grains such as
foraminifera (Fig. 10a). This cement exhibits a radial-
fibrous fabric, and it may originally have been
aragonite, details of the texture having been lost during
inversion to calcite or during dissolution.

Drusy mosaic cement: This type of calcite cement
exhibits different crystal sizes, and it occurs as a drusy
filling in many skeletal cavities of fossils, such as
foraminifera tests, mollusk or bryozoans. The crystal
size of the drusy mosaic cement increases towards the
centre of cavities (Figs. 5d and 6a; 7b; 9c).

Meniscus cement: Meniscus cement is irregularly
distributed and it is precipitated in the vadoze zone
as a result of water being held by capillarity between
grains where it is concentrated. The crystals of this

type of cement are fine to very fine mainly non-
ferroan calcite at the grain contacts (Fig. 9c).

Compaction

The rocks of An Nagaza Member were likely
subjected to only shallow burial. Mechanical
compaction, i.e. grain to grain suture contact (Fig.
7a) and chemical compaction (Fig. 7d) are frequent
and were the major diagenetic processes that existed
in the shallow burial environment. The fractures within
the carbonate and quartz grains probably resulted
from physical compaction, during which they were
filled by sparite or micrite respectively.

Dissolution

Dissolution and leaching features are present in
all carbonates of the Al Khums Formation (An
Nagaza Member). Dissolution resulted in the
development of several types of porosity including
interparticle or intergranular (see Fig. 4a), and moldic
which mainly filled by later calcite cement (see Figs.
5d and 6a).

GEOCHEMISTRY RESULTS

Trace elements

Table 1 presents the results of the chemical
analyses of the carbonates of samples selected from

Fig. 10. a) Microphotograph of foraminifera from An Nagaza Member of the Al Khums Formation with probably isopachous cement.
b) Field view showing different orientation of corals resulted from reworking. c) Cumulative curves illustrating sediments of beach environment.
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An Nagaza Member of the Al Khums Formation.
The variations in concentration of the elements
analyzed reflect the diversity of their mineralogical
compositions.

Fe contents in Lithofacies 1 range from 1000 to
9000ppm, with an average 4000ppm. The highest Fe
content is concentrated at the base of Lithofacies 1,
just above the sandstone bed where marl and clay
increase. This may indicate that Fe concentration is
mainly controlled by clay minerals. Fe concentration
decreases significantly at the middle part of the
Member (Lithofacies 2 and Lithofacies 3). It
increases again towards the top of the Member
(Lithofacies 4 and Lithofacies 5, Fig. 11).

Mn concentration increases from Lithofacies 1
(average 87ppm) to Lithofacies 2 (average 95ppm),
but decreases towards the top of the Member (Fig.
11), averaging 71ppm and 62ppm in Lithofacies 3
and Lithofacies 5 respectively, with the lowest value
observed in Lithofacies 4 (average 53ppm).

The lowest value of Mg was seen in Lithofacies

2 (average 2400ppm), whereas all other lithofacies
exhibit more or less similar values.

Sr contents in all lithofacies are low with highest
value recorded in Lithofacies 2 (average 196ppm).
Generally, Sr contents increases from Lithofacies 1
(average 126ppm) to Lithofacies 2 (average 196ppm)
and started to decrease towards Lithofacies 3
(average 77ppm), but increases again towards the
top of the Member in Lithofacies 4 and Lithofacies 5
(89 and 127ppm in average respectively, Fig. 11).

Na concentrations in An Nagaza Member are low
with highest value was observed in Lithofacies 2
(average 86ppm), whereas, the Na values in other
lithofacies are 70ppm,55ppm, 34ppm and 50ppm in
Lithofacies 1, 3, 4 and 5 respectively.

Isotopes

Oxygen Isotopes:  Oxygen values for
sediments of Lithofacies 1 (Table 2) vary from -
3.9 to -7.5 ‰ (PDB). They are generally
decreasing upward (Fig. 12), with maximum value
recorded at the bottom of the lithofacies (-3.9‰),
whereas the minimum being at top of the lithofacies
(-7.5‰). The range narrows considerably at the
middle of the lithofacies (-5.4 to -7.2‰). Oxygen
isotopes do not vary greatly and exhibit narrow
range in sediments designated as Lithofacies 2.
They range from -5.2 to -7.8‰ (Fig. 12), with
highest value observed at 22 metres (-5.2‰).

The variation in oxygen isotopes is very limited
in Lithofacies 3. They range from -7.9 to -7.1‰),
with a mean value of -7.5‰. Similarly, no great
changes in the oxygen isotope values recorded in
sediments of Lithofacies 4. They range from -7.4
to -5.9‰, with an average of -7.0‰. The range is
quite wide of the oxygen isotope values in
Lithofacies 5, from -7.3 to -2.2‰, with an average
of -5.5‰. The highest values are observed at the
middle of the lithofacies which correspond with
decreasing 87Sr/86Sr (Fig. 12).

Carbon Isotopes: The δ13C- values of the
lithofacies of the An Nagaza Member (Table 2)
analyzed cover a wide range (-8.1 to 0.0‰), typical
of carbonates formed in a near by continental
environments, where decaying organic matter serves
as a significant source of carbon for the dissolved
inorganic carbon pool (Mayayo et al, 1996).

The lightest  δ13C- values are found at the base
of Lithofacies 1, with values from -8.1 to -3.3‰, and
a mean of -4.7‰. Fig. 12, obviously shows that the

Table 1. Chemical analyses (ppm) of selected samples from
An Nagaza Member.
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δ13C getting heavier towards the top of the lithofacies.
Carbon isotope values in sediments of Lithofacies 2
range from -5.6 to -2.3‰, with an average of (3.8‰).
The highest value is observed at the bottom of the
lithofacies. Generally,  δ13C- values in Lithofacies 2
becoming lighter toward the top.

 δ13C- values in both Lithofacies 3 and
Lithofacies 4 cover narrow range (-3.6 to -1.1‰)
and (-2.4 to 0.0‰) respectively. Lithofacies 3 shows

slightly enriched carbon isotope values toward its top,
on the other hand, δ13C- values in sediments of
Lithofacies 4 are gradually depleted towards the top.
Lithofacies 5 exhibits slightly wide range of  δ13C-
values (-6.9 to -2.1‰), with an average of -4.9‰.
The δ13C- values of Lithofacies 5 getting lighter
towards the top of the facies. Generally, δ13C- values
are heavier towards the top of the member (Fig.12),
with exception of Lithofacies 5, where the values

Fig. 11. Fe, Mn & Sr contents.
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are slightly lighter. It has been noticed that the highest
values of δ13C for most samples are opposite to the
lowest values of δ18O (Fig. 12).

Strontium Isotopes: Strontium isotope ratios
presented in Table 3 ranges from 0.708438 to
0.708692. Corresponding ages have been calculated
using the regression equations developed by Miller
et al. (1991a) and Oslick et al. (1994). The former
are based on the geomagnetic and polarity timescale
of Berggren et al. (1985) whereas Oslick et al.
(1994) also use the magnetic timescale of Cande and
Kent (1992) to facilitate comparison with other
studies. In each age calculation the measured 87Sr/
86Sr ratios for the An Nagaza Member samples have

been normalized to the relevant values obtained for
the NBS 987 international isotope standard (0.710252
Miller et al and 0.710256 Oslick et al).

DISCUSSION AND INTERPRETATION

Environment of deposition: Desio (1971)
mentioned the early Miocene transgression and the
uplift of the area in the Late Miocene which resulted
in the emergence of the area from the sea. Various
fossils are indicative of shallow, neritic environment
(Mann, 1975). The abundance of shallow water
foraminifera as well as thick-shelled oyster, corals
and the coralline algae with silisiclastic material
suggest the shallow marine environment and were
supplied into an outer neritic setting during Early
Miocene.

Presence of horizons of limestone conglomerate
and reworked fossils indicate periodic sea level rise
and fall or times of increased wave action (Salem
and Spreng, 1980). Furthermore, occurrence of ooids
in the sediments of both Lithofacies 1 and Lithofacies
5 supporting the periodic sea level fluctuation and
the mean temperature exceed 18OC. The grain
supported nature of most of the lithofacies suggests

Table 3. Age determination (Ma) of the selected samples
from An Nagaza Member.

Table 2. Carbon and oxygen isotopic analyses of the selected
samples from An Nagaza Member.
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that the An Nagaza sediments were deposited in a
medium to very high-energy marine environment.
Vertical lithofacies variations and the presence of
algae and branching bryozoans dominant lithofacies
at the top of An Nagaza (Fig. 9d), suggest repeated
shallowing upwards and elevated salinity. Corals and
abundance of fossils indicate a warm water
environment and probably normal salinity.

According to the results gained from the sieve
analysis of two samples (standard deviation and

skewness, Fig. 10c) the sandstones in the base of
Lithofacies 1 seem to be deposited in a high-energy
beach environment. The dominance of sandy grains
in certain levels and less dominance in others of the
An Nagaza sequence may also indicate fluctuation
of sea level. Silisiclastic material is inferred to be
recycled from older formations, perhaps exposed on
nearby land areas, which were easily mobilized by
marine coastal erosion during Miocene transgression.

Warm water, normal marine, moderate- to high-

Fig. 12. Isotopes concentration of the An Nagaza Member (see Fig. 11. For symbols).
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energy, middle to outer neritic shelfal area, with
reefoidal development, is postulated for An Nagaza
sequence during Miocene. In summary, the complete
succession of the An Nagaza sediments is interpreted
as a transgressive sequence over the Cenomanian
deposits, passing from marginal marine possibly to
fully marine deposits.

Diagenesis: The diagenetic features of the An
Nagaza sediments of the Al Khums Formation seem
to have occurred in different diagenetic
environments. These are marine phreatic, mixed
marine-meteoric and meteoric (Fig. 13).

Micritization: Micritization is one of the early
diagenetic processes and is inferred to have taken
place in shallow marine environment. Micritization
has preferentially affected shallow-water deposits and
was most prevalent in low energy deposits.
Micritization formed by combination of boring (by
algae) and precipitation where the ambient waters
are super saturated by calcium carbonate (Bathurst,
1966, 1975; Hook et al, 1984).

Micritization of skeletal grains in the An Nagaza
sediments form micrite envelopes, which played an

important role in preserving the fossil fragments
during diagenesis. These envelopes have varying
thicknesses and likely formed strictly within the
marine phreatic environment near the sediment-
water contact. The boundary between the micrite
envelope and cement filled the molds and chambers
of forams are irregular. This characteristic can be
used to distinguish micrite envelopes from micrite
coating around skeletal fragments. Also it can be
taken as an evidence that this process occurred by
blue-green algae (Adams et al, 1984).

Compaction and Cementation: Lack of
compaction in ancient carbonates is a sign of early
cementation (Pray, 1960; and Steinen, 1978) and a
shallow burial. Cementation in the An Nagaza
deposits predates the mechanical compaction, as
indicated by the random orientation of the
components. In the uncemented beds, foraminifer’s
tests are broken and the components show a
preferred orientation due to wave and current action,
boring and mechanical compaction. Biogenic
reworking would have destroyed any primary
sedimentary structure within the beds. Chemical
compaction through pressure dissolution is not able
to rotate allochems such as corals (Bathurst, 1987;
Figs. 6c and 10b); hence only mechanical compaction
is suitable to explain this phenomenon. Pressure
dissolution seems to play a minor role in the diagenesis
of the examined sediments.

The diagenetic system in shallow-water
carbonates with high initial aragonite content such
as An Nagaza sequence is thought to be dominantly
open (Bathurst, 1987 and Ricken, 1993). Relatively
low aragonite content of the cemented (uncompacted)
layers, in combination with the relatively high
abundance of recrystallized allochems, shows that
these layers were diagenetically altered. The onset
of cementation in the carbonate layers is probably
related to a formerly higher content of unstable
carbonate components. In few examples, fracturing
probably due to currents activity or mechanical
compaction occurred after the development of
syntaxial overgrowths on echinoid plates and
postdates the formation of drusy non-ferroan spary
calcite cement. These fractures remained open and
unfilled by any cement, which taken as an evidence
of later occurrences.

Syntaxial overgrowths form a minor cement phase
restricted to echinoid plates or spins present in
different facies of An Nagaza Member. Syntaxial
overgrowths usually formed after Micritization (Fig.

Fig. 13. Different diagenetic features during time and diagenetic
environments detected in the An Nagaza Member.
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13), and may either pre- or post-dates dissolution of
aragonite.

The timing relationship of this cement phase
relative to other diagenetic events suggests
precipitation in a marine to meteoric or very shallow
burial environment.

In the coral-rich facies non-ferroan isopachous
cement is present around the bioclasts (Fig. 10a).
This cement has often been overgrown by bladed or
blocky cement, and may be replaced by equant, non-
ferroan spary calcite, suggesting alteration of original
aragonite. Isopachous cement is most likely represents
early marine cement lost by dissolution, followed by
recrystallization. This suggests the influence of
meteoric water onto the sediments. The occurrence
of recrystallization more than the leaching, is probably
indicative of submarine precipitation, where nearly
all of the pores were permanently filled with sea
water. This conclusion is consistent with the
suggestions of Land and Goreau (1970) and Marshal
and Davis (1981).

Non-ferroan drusy calcite spar is the most
common type of cement in the An Nagaza lithofacies,
partially or completely occluding intergranular or
biomoldic porosity (Figs. 5a and b and 6a). Drusy
cements were precipitated after the formation of
micrite envelopes. Where aragonite has been
dissolved, drusy cements are often better developed
between the bioclasts rather than within the biomolds.
This suggests that dissolution coincide with the
formation of drusy cements in the meteoric phreatic
zone (Tucker and Wright, 1990). It is considered likely
that calcite for the spar was derived from marine
aragonitic bioclasts or cements. Equant, non-ferroan
calcite spar is a minor cement phase replacing
aragonitic bioclasts or micrite matrix in some
sediments of the An Nagaza. It is inferred from the
partial replacement nature of this cement that it
formed in a shallow pre-burial or possibly meteoric
environment.

Meniscus cement is composed of very small size
crystals and occurred at the grain contacts. This type
of cement is attributed to meteoric environment and
it can forms from marine pore waters in the intertidal
and supratidal zones as well as from meteoric waters.

Trace Elements: Strontium concentration in
diagenetic carbonates ranges from 20ppm to more
than 10,000ppm (Land, 1973; Kimbell and Humphrey,
1994). Samples of the An Nagaza sediments have
strontium concentration range from 28ppm to 500ppm
(Table 1) typically reflects formation from a diagenetic

fluid whose composition has been modified by the
aragonite to calcite transformation.

Strontium concentration of a diagenetic carbonate
samples such as An Nagaza may be a consequence
of any combination of a variety of factors, including
diagenetic fluid composition, temperature, biological
effects, precipitation-rate, extent of recrystallization,
type of mineral-solution reaction and crystal growth
(Banner, 1995).

The low concentration of Sr and Mn in almost all
samples of the An Nagaza Member could be
attributed to the diagenetic effects produced by
meteoric solutions which, in open systems, modify
the chemical composition of carbonates in this way
(Brand and Veizer, 1980; and Mayayo et al, 1996).

All samples of An Nagaza Member have high
concentration of Fe (more than 1000ppm). This
means that all samples are not exclusively carbonate
and contain appreciable amounts of clay minerals and
quartz grains.

Isotopes: The evaluation of the isotope values is
somewhat complicated by the fact that bulk samples
always contain different carbonate phases, organic
carbon and components.

As σ18O values depend mainly on the temperature
during precipitation (Morse and Mackenzie, 1991).
Swart (2000) showed that the changes in the σ18O
of pore waters along the Bahamas transect resulted
from the recrystallization of metastable carbonates
in the presence of a geothermal gradient.

The different fractionation factors of calcite and
aragonite minerals would lead us to expect a shift
towards lighter σ18O values in calcitic beds.
However, the opposite is observed, the aragonitic beds
are depleted in σ18O.  σ18O enrichment in the more
cemented beds is consistent with a temperature
decrease (Fig. 14) as indicated by Erez and Luz
(1983).

It is evident that the σ18O values can be sensitive
indicators of the degree of alteration of the initial
metastable minerals comprising the matrix, which was
probably formed from a mixture of aragonite and high-
Mg calcite and the benthic fossils such as aragonitic
mollusks and high-magnesium calcite forams
(Shaaban, 2004).

The present CaCO3 components (all are low-Mg
calcite) represent the ultimate and product of the
stabilization of the initial metastable CaCO3 mineral
phase. The close and depleted σ18O values of both
rock matrix and benthic fossil particles indicate that
fabric components probably suffered diagenetic
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stabilization from freshwater dominated solutions
undersaturated with respect to both high-Mg calcite
and aragonite (Shaaban, 2004). This is true if we
apply the following equation given by Hoefs (1973)
on samples taken from An Nagaza sequence:

Z= a (σ13C+50) + b (σ18O+50); where a= 2.048
and b= 0.498. Carbonate with a Z value above 120
would be classified as marine; those with a Z value
below 120, as freshwater types. Most of the An
Nagaza samples exhibit a Z values below 120, which
suggest the strong influence of the freshwater
solution.

Oxygen isotope data, compiled in Table 2, range
from -2 to -7.9‰. These values are, possibly lower
than expected from Miocene marine carbonates
(Jacobs et al, 1996) and suggest that there may have
been exchange with isotopically lighter meteoric water
at one or more times in the past which has been
approved by using the Hoefs (1973) equation. It may
be argued that sample no. SN30 also suffered
reworking. σ18O values of An Nagaza facies are
significantly depleted (Table 2) compared to marine
carbonate shells (Woo & Khim, 2006). Processes
that can cause the depletion in σ18O for early
diagenetic carbonates in marine silisiclastic deposits
are summarized by Morad et al (1996); the influx of
meteoric water, the oxidation of organic matter in
sulphate-reduction zone, the interaction between
seawater and sediments, the upwelling of hot fluids
to near-surface, and the recrystallization or
replacement of early carbonate cements during burial.

Neritic carbonates are enriched in 13C compared
to pelagic counterparts by 2-5‰ (Milliman, 1974).
Hence, lithofacies (2, 3 and 4) with high neritic
carbonate content display high σ13C values whereas;
pelagic-rich lithofacies (1 and 5) have relatively low
σ13C values.

The carbon isotope data range from 0.0 to -8.1‰.
It is more difficult to assess the stability of the carbon
isotopes because in marginal marine environment the
carbon isotopes can be controlled by a number of
factors. However, the relatively smooth change from
low σ13C values in the bottom of the sequence (SN1
and SN2) to higher values, more typical of open
marine water, and return to a low σ13C value in the
top (SN33) may be an indication that a primary signal
is preserved. This may be caused by a move from a
restricted basin with high productivity, to more marine
conditions, and back again (see the environment of
deposition discussion section).

The Sr isotope composition of the An Nagaza
samples of the Al Khums Formation corresponds to
that of Early Miocene age. The calculated ages vary
from 17 to 21 Ma, but not, as would be expected, in
a systematic fashion which suggests that the
carbonate samples may not be well preserved. The
data scatter widely, suggesting mixing between a less
radiogenic (marine) and more radiogenic meteoric
components. Miller et al (1991a) related the changes
of Sr isotopic in late Eocene to Miocene to glaciations
and deglaciations of the Antarctica Craton. They
explained the higher rate of change of 87Sr/86Sr during
the early Miocene by an increase in the frequency
of glaciations and the lower rate of change in the
Middle Miocene by the development of a permanent
ice cap in east Antarctica. Hodell et al (1991) and
Raymo (1991) attributed the bulk of the Late
Neogene 87Sr/86Sr increase to mountain uplift.

Sea Level Fluctuation: A σ18O decrease at the
lower Miocene indicates that there was a large (more
than 50m) glacioeustatic event (Miller, et al, 1991b).
A σ18O decrease occurred in the middle of the Early
Miocene suggest or may reflect glacioeustatic
lowering of sea level and to the permanent ice sheet
on Antarctica. Oslick et al, 1994 found that the
increases in Sr isotopes are empirically linked to the
oxygen isotope record. Oslick et al (1994) suggested
that both mountain uplift and ice volume fluctuations
contributed to the Neogene Sr isotopic signal.
However, in the An Nagaza samples, the decrease
of σ18O and increase of Sr isotopes could be
attributed to the mountain uplift and glacioeustatic
lowering of sea level.

Rises and falls of global sea-level, affecting the
oxygen isotopic composition of sea-water. Thus, there
should be a casual link between the record of σ18O
in sea-water and the sedimentary record of sea-level
fluctuations. Indeed, the composite isotope record of

Fig. 14. Cross plot between temperature and oxygen isotope.
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the An Nagaza sequence does show several eustatic
episodes at the time of deposition (Fig. 12) that are
consistent with the geological record of ice-sheets
evolution (Abreu and Anderson, 1998). In particular,
negative excursions of the σ18O values should
correspond to high sea-level stands and less negative
or positive excursions to low sea-level stands.
Furthermore, light σ13C observed in sediments
deposited during low sea-level, while less negative
or positive σ13C observed within sediments deposited
during sea-level rise.

σ18O values record of the An Nagaza sequence
are all negative indicating high sea-level stands during
Early Miocene. At the beginning, sea transgressed
over Cenomanian rocks, but its level was low as
indicated by dominance of sandstone influx into the
sequence, common shallow water fossils, depleted
σ13C and less negative values of σ18O, followed by
relatively high stand for a short time (Fig. 12). This
were succeeded by short lived regression of sea-
water, followed again by sea-level rise for a
considerable period of time as indicated by thick
sequence of sediments rich in fossils of relatively deep
marine (Fig. 12). At the end of the An Nagaza
sequence, regression event took place followed by
high sea-level stand.

In summary, the depletion of oxygen isotopes of
the An Nagaza sediments were influenced by the
following: 1- Temperature (Fig. 14), where less
negative σ18O values consistent with decrease of
temperature. 2- Diagenesis, including alteration of
aragonite and high Mg-calcite to low Mg-calcite. 3-
Lowering of sea-level during Miocene period. 4-
Influx of meteoric water into the carbonate of the
An Nagaza Member.

CONCLUSION

This study dealt with petrography and diagenesis
of the An Nagaza Member of the Al Khums
Formation in NW Libya. A total of 33 samples were
collected for petrographic, stable isotopic and trace
elements analysis. The samples of the An Nagaza
were divided into five lithofacies; started with
sediments resulted from transgression onto a
Cretaceous surface of moderate relief. These
sediments are of fossiliferous, reef-bearing with basal
sand and limestone (Salem and Spreng, 1980).
Lithofacies of the An Nagaza Member are mainly
grain-supported and dominated by sandy packston
to grainstone.

Various fossils present in the An Nagaza
lithofacies are indicative of shallow, neritic
environment. Furthermore, the abundance of
silisiclastic material suggest the shallow marine
environment and were supplied into an outer neritic
setting during Early Miocene. The complete
succession of the An Nagaza Member is interpreted
as a transgressive sequence, passing from marginal
marine to fully marine deposits.

The lithofacies of the An Nagaza sequence
exposed to several different diagenetic events, which
include both early and late stages. These lead to
modification of their original textural and
compositional characteristics. The diagenetic events
occurred within this sequence including; micritization
(formation of micrite envelopes and complete
micritization), cementation (syntaxial overgrowth on
echinoderms, isopachous, drusy mosaic and rarely
meniscus), compaction and dissolution.

Micritization and formation of micrite envelopes
are thought to be the first diagenetic event occurred
within the An Nagaza sediments. They played an
important role in preserving the fossil fragments
during diagenesis. This process took place in the
marine phreatic environment. The timing relationship
of the syntaxial overgrowth cement phase relative to
other diagenetic events suggests precipitation in a
marine to meteoric or very shallow burial
environment. Non-ferroan drusy calcite spar is the
most common type of cement in the An Nagaza
lithofacies. Drusy cements were precipitated after
the formation of micrite envelopes and are often better
developed where the aragonite has been dissolved.
This suggests that dissolution coincide with the
formation of drusy cements in the meteoric phreatic
zone (Tucker & Wright, 1990).

The isotopes analysis of the An Nagaza samples
shows that the oxygen isotope values range from -
2.2‰ to -7.9‰ and carbon isotope values range from
0 to -8.2‰. Oxygen and carbon isotopes indicate
that the sequence of the An Nagaza had exposed to
sea-level fluctuation. Oxygen values are depleted;
possibly because of exchange with isotopically lighter
meteoric water at one or more times in the past. The
smooth change from low σ13C values in the bottom
of the sequence (SN1 and SN2) to higher values,
more typical of open marine water, and a return to
low σ13C value in the top (SN33) may be an indication
that a primary signal is preserved. This may be caused
by a move from a restricted basin with high
productivity, to more marine conditions, and back
again.
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The Sr isotope composition of the An Nagaza
samples of the Al Khums Formation corresponds to
that of Early Miocene age. The calculated ages vary
from 17 to 21 Ma. The changes of Sr isotopic in late
Eocene to Miocene are related to glaciations and
deglaciations of the Antarctica Craton (Miller et al,
1991a). Hodell et al (1991) and Raymo, 1991
attributed the bulk of the Late Neogene 87Sr/86Sr
increase to mountain uplift. The Sr isotope increases
of the An Nagaza samples may be related to both
glaciations and deglaciations of the Antarctica Craton
and to the mountain uplift.

Low Sr concentration in the An Nagaza sediments
typically reflects formation from a diagenetic fluid
whose composition has been modified by the
aragonite to calcite transformation. This low
concentration may be caused by extent of
recrystallization and crystal growth. High Fe
concentration of all samples indicates that they are
not exclusively carbonate.
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