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DIAGENETIC HISTORY OF EARLY-MIDDLE EOCENE JDEIR
FORMATION, FARWAH GROUP, NORTHWESTERN LIBYAN OFFSHORE

Ibrahim Y. Mriheel*
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ABSTRACT

The Jdeir Formation, a shallow carbonate platform
deposit, was developed during Lower-Middle Eocene in
the northwestern Libyan offshore. The diagenesis of the
Jdeir Formation mainly involves marine phreatic, me-
teoric phreatic and burial stages. The phenomena vary
from crystalline degradation (micritisation, dissolution)
to crystalline aggradation (cementation, neomorphism).
Stylolitisation and fracturing is common, the former
mostly filled by bitumen and the later with calcite. The
result of different diagenetic histories reflects the vari-
ation in the amount and kind of porosity within the
Jormation. Porosity in the reservoir is complex and
contains primary and secondary types.

*Petroleum Research Centre, Tripoli, G.S.P.L.AJ.

Concentration of calcite spar, fracturing, compac-
tion and pressure solution caused destruction of poro-
sity.

INTRODUCTION

The Jdeir Formation, a shallow carbonate platform
deposit, was developed during Lower-Middle Eocene
in the Gabes—Tripoli-Misratah basin over extreme
northern parts of the passive continental margin of
the African Plate. This shallow platform was
bounded by restricted platform deposits of Taljah
Formation toward the then land and a deep plat-
form-basinal facies of the Hallab Formation toward
the sea side. The formation comprises the upper unit
of the Farwah Group and is the main target for
hydrocarbon exploration in the offshore area.



Diagenetic History

Lithologically, the Jdeir Formation is subdivided
into three main facies. These are, from landward to
seaward, Orbitolites-Alveolina facies, Nummulitic fa-
cies, Fragmental-Discocyclina-Assilina facies. A
fourth facies, the dolomitised limestone, is also ob-
served but it has a very limited distribution. It is
present in the extreme southwestern part of the area
(Fig. 2).

Geologic studies commenced mainly during the
last decade after a number of wells had been drilled.
Available published work on the Jdeir Formation
(Farwah Group) of the northwestern offshore Libya
is very scarce although being petroliferous, it is fairly
well studied by the operating companies e.g.,
Aquitaine, Sirt, and Agip.

Bernasconi et al. (1984) studied the petrography
and diagenesis of the Farwah Group at the Bouri oil
field and divided it into three main lithofacies i.e.
nummulitic, dolomitic and micritic and proposed a
nummulitic bank model.

Sbeta (1984) conducted a comprehensive sedimen-
tological study of the Eocene sequence in the north-
western offshore Libya and related the lithofacies to
depositional environments according to the standard
facies model of Wilson (1975). The depositional envi-
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ronments of Jdeir Formation and the relationship
between its lithofacies and structural framework of
northwestern Libyan offshore have been described in
greater detail by Etourbi, 1989.

This paper presents the diagenetic history of the
Jdeir Formation as interpreted from petrographic
analyses.

Data from fifty wells (Fig. 1) drilled in Agip NC41,
Sirt NC35A and Aquitaine 137 concessions were
utilised and cores from wells (B2, E1I-NC41, E1, and
11-NC35A) were studied. The present study employs
the stratigraphic terminology proposed by Hammuda
et al. (1985) but with an emphasis on author’s
lithologic subdivisions of the Farwah Group
{Etourbi, 1989).

STRATIGRAPHY OF THE JDEIR FORMATION

The Jdeir Formation ranges in age from Late Yp-
resian to Early Lutetian and represents the upper unit
of the Farwah Group. It is the main target for
hydrocarbon exploration in the region. The forma-
tion consists of three major facies distributed from
south (landward) to north (seaward) as given below:
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FIG. 1. Location map of the studied area.
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(1) Orbitolites-Alveolina back bank facies (southern-
most)

It comprises whitish-light brown and light grey,
medium hard to hard compact wackestone-pack-
stone occasionally grading to wackestone-mud-
stone. The facies is interpreted to have been de-
posited in a lagoon and/or a bay environment
over an open shallow platform where a moderate
water circulation of a few tens of meters depth
and normal marine water salinity predominated
the environment. This facies is structurally controlled
by the main trough of Jifarah (Etourbi, 1989) and
is absent over the Jifarah platform as well as the
“saltic” high (Fig. 2).

Its position was structurally controlled by paleohighs
(Etourbi, 1989), namely “saltic” uplift and Jifarah
platform (Fig. 2).

(3) Fragmental-Discocyclina-Assilina fore bank facies
(northernmost)

It is comprised of a thick sequence of light grey and
tan to bluff, medium to coarse grained, medium hard
wackestone-packstone with intercalated levels of
grainstone. The facies is associated with abundant
Nummulites and echinoderm fragments and is char-
acterized by the presence of Discocyclina spp. Assilina
spp., and Operculina. The fore bank facies was de-
posited on the northern flanks of the outer platform
(Etourbi, 1989) probably at the shelf slope margin
(Fig. 2).
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FIG. 2. Facies, structural setting and depositional environment of Jdeir Fm. and its equivalents (Taljah Fm. and Hallab Fm.).

(2) Nummulitic bank facies (central)

This facies consists predominantly of light brown-
grey, medium hard, nummulitic packstone-grainstone
and wackstone-packstone. Levels of wackestone-
mudstone are present occasionally. The nummulitic
bank facies was deposited at the outer platform in a
water depth ranging from wave base to low tide level.

The Jdeir Formation is generally unconformably
overlain by the Harshah Formation in the southern
part and overlain by the Ghalil Formation toward
the northern parts (Bouri oil field) of the area. It
overlies the Bilal Formation in the north and in the
south. In N1 and K1-NC41 wells it overlies uncon-
formably the Late Cretaceous deposits.
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DIAGENESIS

This section presents a brief outline of the
main diagenetic process and their products which
were recognized in the course of the petrographic
study of the Jdeir Formation. Detailed petrography
and relationship between the depositional environ-
ment and diagenesis is to be the aim of the later
research.

The different diagenetic events and their response
to both time and diagenetic setting in the studied
sections of the Jdeir Formation are shown in Fig.
3
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FIG. 3. Diagenetic events observed in the Jdeir Forma-
tion in relation to time and diagenetic environments.

The term diagenesis in this study refers to all
natural processes acting on sediments since their
initial deposition to the time of erosion. These in-
clude, dissolution, replacement, neomorphism,
cementation, micritisation, and compaction. Other
processes such as metamorphism and weathering are
excluded from the definition.

To avoid confusion and/or further repetitive work,
the reader is referred to (Longman, 1982 p. 92-105)
for the classification of the diagenetic environment.
For the main characteristic products of each environ-
ment, the reader is referred to Longman (1980 p.
461-487); Wilson (1975 p. 69-71); Flugal (1982 p.
62—95), Bathurst (1975) and Scoffin (1987 p. 89-130).
The porosity classification of Choquette and Pray
(1970) is used in this study.

The Jdeir Formation underwent severe dia-
genetic processes which have altered the original
components and texture since the time of their
initial deposition until the present time. The
diagenetic history of Jdeir Formation commenced
in the early marine phreatic environment as most
of the carbonate rocks started their diagenetic
history there, then passed via a fresh water phreatic
environment to the last stage, the burial phase.
The previously mentioned diagenetic environments
have been distinguished one from another by their
own characteristic processes and the resultant
features such as procésses enhancing porosity

initiation (dissolution) and processes obliterating
the porosity (cementation).

In this section the processes are described and
subsequently their effects on the Jdeir Formation
explained.

MARINE PHREATIC
Micritisation

This is one of the first stages of diagenesis seen in
these sediments and it occurred during deposition.
Micritisation of grains by boring algae and fungi
result in the formation of a micrite envelope similar
to those described by Bathurst (1966, 1975) and
Kendall and Skipwith (1969). This has been observed
throughout the studied sections except in the well
E1-NC35A, where it has been observed mainly in the
upper portion (Fig. 4). The process goes on centripe-
tally within the grain and may completely convert it
to micrite. These encrusting algae and boring organ-
isms micritize the outer portions and occasionally the
inner portions of the bioclastics as has been observed
in Recent sediment of Abu Dabi by Kendall and
Skipwith (1969).

FIG. 4. Micritized molluscan envelope formed by fungi
or algae boring, adjacent to echinoderm fragments rimed
by syntaxial overgrowth.

Bathurst (1966, 1975) and Kobulk and Risk (1977)
believe that this processes takes place in a marine
phreatic zone, while May and Perkins (1979) consider
it happens from near the sediment-water interface to
a meter beneath the interface.

Absence of broken envelopes indicates that the
dissolution and void-filling were completed before
compaction, or both have occurred after the early
(pressure-solution) phase of compaction similar to
that described by Bathurst (1964).



Fibrous Calcite Crust

Isopachous crusts of fibrous calcite are observed in
the upper parts of well E1I-NC35A and are believed
to be a very early post-depositional submarine ce-
ment (Becher and Moore, 1979) of the phreatic envi-
ronment. Folk (1974) believes that the high Mg/Ca
ratios found in normal marine water is responsible
for these fibrous habits of marine calcite cement. A
thin rim of calcite crystals (normal to grain surface)
surrounding grains as observed in some thin sections
is followed by blocky calcite which represents differ-
ent stages of cementation, as discussed below.

Intraclasts which preserve a generation of radial-
fibrous (Fig. 5) or -prismatic cement not observed in
the host sediment have been observed only in one
sample. This is interpreted not as a Jdeir Formation
cement, but one formed in a laterally equivalent
environment, which was the provenance of the intrac-
lasts. This interpretation is similar to that of Schofield
(1982).

FIG. 5. Early radial fibrous cement around lithoclasts in
grainstone. Well E1-NC35A, PPL.

METEORIC PHREATIC
Neomorphism

The dissolution and reprecipitation of the aragon-
ite of shells (mainly molluscs) as a mosaic of sparry
calcite is very rare in the upper parts of Jdeir Forma-
tion at well EI-NC35A. In some intervals, Jdeir Lime-
stone is observed associated with recrystallisation of
some portions such as micritic matrix into microcrys-
talline calcite (Fig. 11). Relics of the original grains
can be faintly seen.

Neomorphism is defined by Folk (1%65) as trans-
formation between one mineral and itself or a poly-
morph which results in the growth of new crystals
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that are larger or different in shape from the previous
crystals. Carbonate minerals are very suceptible to
such recrystallisation. Neomorphism in the lime-
stones described in this paper was proceed by micrite
enlargement, a process by which crystals that
measure only a few microns in diameter enlarge to a
size measuring tens of microns in diameter. This
micrite enlargement creates neomorphic products
similar to cement in crystal size. The new crystals are
known as pseudospar (Folk, 1965) or neospar
(Nichols, 1967 and Flugal, 1982). Depending on water
chemistry and rates of water flow, micrite may recrys-
tallize and neomorphose to coarser grains in a fresh
water phreatic environment or in a fresh water
vadose environment (Longman, 1980; Flugal, 1982).

This type of diagenesis has been observed in some
of the studied sections of Jdeir Formation. The size
distribution of the individual crystals is usually ran-
dom and devoid of any regular pattern. This neos-
parite exists as isolated patches and thus appears to
be floating in the rock. The parts of limestone which
have undergone extensive micrite enlargement dis-
play relic patches of non replaced micrite. These
patches reveal that the limestone originally was a
micrite rather than a sparite.

Dissolution

Evidence of extensive dissolution is found in most
of the studied sections of Jdeir Formation. It has a
broad range of intensity and generally increases the
pore system. Dissolution forms solution vugs and
moldic voids (Fig. 6) which are locally interconnected
by the enlargement of the basic intergranular poros-

ity.

FIG. 6. Packstone showing good moldic and vugy poros-
ity. Note syntaxial overgrowths around echinoderm. Well
EI-NC354, XN.

As a matter of fact, the dissolution process has
created a vast amount of vugy and moldic secondary
porosity. In some intervals of Jdeir Formation, it
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reaches more than 20% of mesopore size which in
turn has enhanced its reservoir potential and the
entrapment of hydrocarbon in the northwestern
Libyan offshore. Similar hydrocarbon entrapment
was discovered toward the Tunisian offshore in the
nummulitic facies of El-Garia Formation within the
same secondary porosity type (see Bishop, 1975).

Cementation

Syntaxial overgrowths on echinoderm fragments
and/or crinoid fragments (Fig. 7) have been described
in many sections of Jdeir Formation. Syntaxial
calcite growing in optical continuity with echinoderm

FIG. 7. Syntaxial overgrowth around echinoderm frag-
ments adjacent to equant mosaic cement of non-ferroan
calcite. Well EI-NC35A, XN.

fragments generally surrounds the grains and is elon-
gated along the C-axis similar to that described by
Evamy and Shearman (1965, 1969). Because of the
large crystal nucleus and absence of competitive crys-
tal growth, they grew much faster than cements
around adjacent non-echinoderm grains and locally
lead to a polkilotopic texture as described in Bathurst
(1975). Lucia (1962) and Evamy and Shearman (1975)
have found that the volume of rim cement on
echinodermal grains normally exceeds the volume of
cement mosaic on the associated multicrystalline
grains. These syntaxial overgrowths are developed in
a meteoric phreatic environment, and Longman
(1980) suggests that, although syntaxial overgrowths
form most commonly in fresh water phreatic environ-
ment, they may also form, but rarely, in vadose and
deeper subsurface diagenetic environments.

Drusy cement mosaics (Fig. 8), increasing in crystal
size regularly to the centre of the former void-space,
are not common. The pore-filling calcite is commonly
an equant mosaic of non ferroan calcite (Fig. 9). The
morphology of these crystals is similar to those de-
scribed by Longman (1982), i.e. crystals of void-filling
cement which are optically continuous over large

gl

FIG. 8. Geopetal infilled by drusy mosaic of non-ferroan
calcite cement. Well EI-NC35A, XN.

FIG. 9. Grainstone composed largely of dasycladacean
algae and cemented by equant mosaic of non-ferroan cal-
cite. Well 11-NC35A, PPL.

areas and showing almost irregular boundaries. They
were probably deposited in the fresh water phreatic
environment during exposing of Jdeir Formation to
subaerial conditions.

BURIAL PHASE
Coarse Crystalline Calcite

Coarse crystalline calcite (Fig. 10) found in the
Jdeir Formation probably formed during deep burial
of sediment at a relatively late stage in their dia-
genetic history. These calcite crystals are commonly
euhedral and partly fill the voids which remained.
This cement is Fe-poor which indicates it formed in
an oxidizing setting, which could include the deeper
subsurface as described by Sultan (1985). Land (1971)
observed the more rapid pore filling of coarse calcite
in the phreatic environment than in the adjacent
vadose environment.
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FIG. 10. Coarse crystalline non-ferroan calcite filling the
voids adjacent to Nummulites. Well EI-NC35A, XN.

Stylolites and Fractures

Several generations of stylolites affect the Jdeir
Formation. The observed pressure-solution phenom-
ena throughout most of the studied sections are
represented by horizontal stylolites of simple or
primitive wave-like type and sharp-peak type. The
seams of the stylolites usually consist of residues of
dark organic matter or bituminous substance occa-
sionally with small-sized quartz grains. The maxi-
mum amplitude observed is 1 cm although the length
of the stylolites peaks is variable and ranges down to
1 mm.

Dunnington (1967) suggested that undersaturated
pore fluids play a role in the formation of stylolites
and are necessary for solution-compaction processes.
This requires increased overburden pressure or
undersaturated water from an outside source (Becher
and Moore, 1979). Solution resulted in the formation
of stylolitic boundaries between clasts in response to
the overburden pressure. Compaction and tight pack-
ing of clasts could be the result of this pressure
solution (Longman, 1980).

Stylolitisation significantly affects carbonate reser-
voirs by providing pathways for hydrocarbon migra-
tion as is clearly indicated by the residue of bitumens
(Fig. 11) found along most stylolites in the present
area. Stylolites were formed after burial probably
from dissolution associated with decarboxylation (the
release of CO, during thermal maturation of organic
matter and hydrocarbon generation) (see Longman,
1982).

At the Bouri oil field stylolites are frequently
associated with open microfractures. The observed
microfractures within Jdeir Formation at well
E1-NC35A are predominantly associated with the
lime wackestone intervals and resemble calcite
veining (Fig. 12). The most characteristic features
of most of them are their sharp edges and the type

FIG. 11. Stylolites stained with oil in nemorphosed mic-
ritic substrate. Well T1-NC35A, XN.

of infill which is wusually pink-stained non-
ferroan calcite, although, in a few instances, second-
ary silica is substituted for small amounts of
the calcite mineral in the vein. The fractures are
generally small ranging up to several centimetres
in length and ranging from 0.3mm to 0.7mm in
width. Some of the fractures run parallel to each
other and a few show cross-cutting relationships.
In a few samples, however, they tend to cut bio-
clasts with recognizable “microdisplacement”. At
the Bouri oil field, stylolites are frequently associated
with the open microfractures (Bernasconi et al.
1984). The microfractures within are interpreted as
mechanical fractures that developed after lithifica-
tion, probably during localized uplift or compres-
sion. It is, however, difficult to assess the potential
contribution of these microfractures to production.
It is likely that the very small scale fractures which
are often measured in centimetres would not en-

FIG. 12. Mudstone showing cross-cutting fractures rep-
resented by calcite veins. Note that some parts of the calcite
vein are replaced by authigenic silica. Well E1-NC35A,XN.
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hance the permeability of the reservoir significantly.
The contribution of the large fractures to perme-
ability can be expected to be significant provided
these are open under reservoir conditions.

Silicification

Evidence of replacement by authigenic silica is rarely
found in a few thin sections in the form of anhedral
replacement of bioclasts (Fig. 13), void-infilling and in
few cases secondary silica substitution of small inter-
vals of calcite minerals in veins.

FIG. 13. Bioclasts replaced partially by authigenic silica
in grainstone. Well EI-NC35A, XN.

Silicification took place after submergence follow-
ing sub-aerial exposure, however, the source of silica
which replaced parts of the component allochems in
the Jdeir Formation is unknown.

Hydrocarbon Occurrence

The hydrocarbon accumulations in the north-
western Libyan offshore have mainly been discovered
in carbonate reservoirs ranging in age from Late
Cretaceous to Early Tertiary.

The Early Eocene nummulitic facies of the
Jdeir Formation and the dolomitic facies of the
Jirani Formation (Farwah Group) are the main
reservoir rocks in the investigated area. A major
hydrocarbon accumulation, discovered at the
Bouri oil field produces from both the Jdeir
Formation and the Jirani Dolomite. The Tellil
Group of Middle-Late Eocene age and the Alalgah
Formation of Cenomanian age are considered to
be the second carbonate reservoirs, particularly in
the central and the southern parts of the Libyan
offshore.

As yet, all of the hydrocarbon plays were found in
structural traps of anticline type. Detailed investiga-
tion of facies distribution and the relationship be-

tween its environment of deposition and diagenesis
will undoubtedly enhance the exploration of the
stratigraphic traps at the studied area.

The main source rocks of hydrocarbon at the
Libyan offshore are the micritic facies of the Bilal
Formation (Farwah Group) and the Maastrichtian-
Paleocene Al Jurf Formation. The latter is considered
to be mainly gas-borne over all the studied area.

The organic carbon content of the micritic facies of
Bilal Formation ranges from 0.5-2.3% of amorphous
type. The overall source potential of the Farwah
Group corresponds to the zone of oil and gas win-
dow. The Farwah Group in the northern parts of the
Libyan offshore contains oil-borne organic matter
which becomes gradually gas-borne southward where
the main Trough of Jifarah is located. This can be
explained because in these southern parts the geohyd-
rothermal gradient is high as the Farwah Group
occupied deep areas (structurally low land or trough)
therefore, the thermal maturation is very high and
any oil generated would not be preserved as liquid as
the heat would transfer it into a gas or condensate
state.

Oil generation in the Libyan offshore basin com-
menced after the Miocene and is still continuing
(Benelli et al., 1985). These authors have distinguished
three areas of hydrocarbon generation. In the north-
ern parts, oil generation occurred in the Farwah
Group and that of gas and condensate in the Al Jurf
Formation of Late Cretaceous-Paleocene age. Only
gas and condensate with minor oil were generated by
the Al Jurf Formation and Farwah Group in the
central southern parts. A third oil-bearing sequence
existed in the southeastern part but its source rock is
yet not known.

From the diagenetic point of view, the hydrocar-
bon generation and migration is undoubtedly the last
diagenetic stage, which affected the Jdeir Formation.
The decreasing of CO, during thermal maturation of
the organic matter with the source rocks increased
the dissolution diagenetic processes and consequently
enhanced the formation of the secondary porosity.

SUMMARY AND CONCLUSIONS

Petrographic evidence reveals that diagenesis of the
Jdeir Formation was complex and included: the mar-
ine phreatic (micritisation and fibrous rim cement),
meteoric phreatic (equant sparry calcite, drusy ce-
ment, neomorphism, dissolution and syntaxial over-
growth), and burial diagenesis (coarse blocky calcite
cement, fractures, stylolites, silicification and hydro-
carbon).

The result of different diagenetic histories reflects
the variation in the amount and kind of porosity
within the formation. Concentration of calcite spar,



52 Mriheel

fracturing, compaction and pressure solution caused
porosity destruction. Porosity in the reservoir is
complex and contains primary and secondary types.
These different types may have been modified by
solution and cementation.
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