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Abstract

Palynofacies analysis was carried out on three (3) packages of shale-cutting samples derived from a well drilled
within Gadames Basin. These included: the upper package (Carboniferous at 5,530 ft), the middle package
(Carboniferous/Devonian at 5,600 ft and 5,780 ft), and the lower package (Devonian at 6,700 ft). Two
palynofacies were identified: "P-1", involving the upper and middle packages (Carboniferous/Devonian), and "P-
2", involving the lower package (Devonian). P-1 and P-2 were considered to form one "palynofacies association"
located at a mud-dominated oxic shelf (distal shelf) and are analogous to other palynofacies from other countries
that are characterized by the dominance of terrestrial upon marine palynomorphs and moderate to low
phytoclasts and AOM respectively that typically deposited within a shoreline zone (probably fluvial-deltaic
source or marginal marine environment). Spore color index "SCI" evaluation for source rock and thermal
maturation, in turn, indicates early mature oil/gas prone (kerogen type 11>111) to post mature kerogen type 11>V
"gas prone" for the studied cutting sample packages.

Keywords: Palynofacies Analysis, Organic-rich Shale, Libyan Sahara, Palaeo-environment, Hydrocarbon

Source Rock Potential.
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1. Introduction

The term "Palynology" is that branch of science concerned with the study of pollen, spores,
and similar palynomorphs, living or fossils which was suggested by (Hyde & Williams,
1944). The term "Palynology" can be used in many fields of study such as: (Geology,
Archaeology, Palaeontology, and Medicine). Palaeopalynology has dealt before with the
study of spores and pollen grains only, but recently it comprised the study of fossilized pollen
and spore grains and microorganisms which have cutin origin organic membrane (Oskay,
2009). "Palynofacies™ is a term introduced by Combaz (1964) to describe the total organic
content of a palynolgical assemblage (ex: tracheids, woody tissue, microplankton,
microforaminiferal linings). In 1969, Staplin related these organic types to hydrocarbon
generation where later expressed geochemically by Tissot & Welte (1984). In 1995, Tyson
defined the term "Palynofacies" as: "a body of sediment containing a distinctive assemblage
of palynological organic matter which reflect specific environmental conditions or to be
associated with a characteristic range of hydrocarbon-generation potential”. He also proposed
classification for palynofacies. works of many other researchers were considered as basics in
palynofacies studies may inclue: (Burgess, 1974; Habib, 1979; Parry et al., 1981; Boulter &
Riddick, 1986; Boulter, 1994; Dabros & Mudie, 1986; Hart, 1986, 1994; Kovach, 1988;
Lorente, 1986, 1990; Van Bregen et al., 1990; Tyson, 1989a, 1990, 1993; Kovach & Batten,
1994; Sebag et al., 2006; and Weller et al., 2005). In a paleological sense, kerogen refers to
the dispersed particulate organic matter (POM) contained in sedimentary rocks that are
resistant to the palynological extraction techniques (including treatment with the inorganic
acids HCI and HF) (Pearson, 1984; and Traverse, 1988).

1.1. Location of Study Area

The area of study is located within Ghadamis Basin, North West Libya. The Ghadamis basin
is a large paleozoic intracratonic sag basin (Echikh , 1998) which covers an area of about
340,000 km?, and extends over three countries: NW Libya, also called (Al Hamada El
Hamra), Southern Tunisia (Berkine basin) and West-central Algeria (Figure 1).
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Figure 1. Location of study area (Modified from: Hedi et.al., 2001)

1.2. Purpose and Scope of Study

The purpose and scope of this paper is to describe the palynofacies characteristics observed in
the selected cutting samples from Libyan Sahara and to determine their conditions and
environment of deposition. The study is also trying to determine the hydrocarbon source rock
potential for the studied samples.

2. Materials and Methods of Study

This study is carried out using four (4) cutting samples from boreholes drilled in the region.
This included three packages from Palaeozoic organic-rich sediments. The lower package
consists of flaky silty-shale, brownish-grey in color (Devonian). The middle package consists
of sandy-shale, grey and grayish-brown in color (Carboniferous/Devonian). The upper
package consists of silty-shale to sandy-shale, grey to brownish-grey in color (Carboniferous).
The analyzed cutting samples are shown in Figure (2). The palynofacies samples were
processed in the Libyan Petroleum Institute Labs, Tripoli following procedures according to
Batten and Morrison (1983). Slides were then microscopically studied in normal transmitted
light at the Geology Department laboratory, Faculty Sciences, University Elmergib.
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Figure 2. The three analyzed packages of cutting samples

3. Geologic Setting and Stratigraphic Section of the Study Area

Echikh (1998) considered one of the geologists who studied the sedimentary basins from
North Africa that represent provinces of hydrocarbon accumulation in Libya, Tunisia, and
Algeria. Palaeozoic rocks in Ghadamis Basin play an important role in generating and
trapping the petroleum oils and become a petroleum province in Libya. Ghadamis basin is
bounded on the north by Talemzane, Tatahouine and Nafusah arches. To the east, the
boundary is not as well defined due to the complicating NW-SE trending faults system of Sirt
basin, which is separated from Ghadamis basin by Hun graben. On the south, the Al Qargaf
arch and Ahara dome (in Algeria) separate Ghadamis from Murzug and Illize basin
respectively and on the west by Amguid El Biod high (Figure 1). The stratigraphic section has
a maximum thickness 15,000 — 17,000 ft at the depocentrc of the basin. It is composed of two
sedimentary mega-cycles. Paleozoic and Mesozoic-Tertiary divided by a major angular
unconformity of Hercynian movement (Figure 3).
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Figure 3. The stratigraphic section of Ghadamis Basin (Echikh, 1998).

4. Palynofacies Analysis Studies

Before discussing the results of palynofacies analysis of the selected cutting samples in the
study area, it is better to define the classification of the different palynofacies terms
introduced by (Tyson, 1993, 1995; Carvalho, 2001; van der Zwan, 1990; Ergovac & Kostic,
2006; Batten, 1996; and Tschudy, 1969). The following tables will refer to planyofacies terms
and classification (Tables 1-4).

Table 1. Classification of amorphous organic matter (AOM) (Tyson, 1995; and Carvalho, 2001)

AOM Group Origin Description
Structureless material.
Colour: yellow-orange-red; orange-brown; grey.
Heterogeneity: homogeneous; with "speckles";
AOM Derived from phytoplankton  clotted; with inclusions (palynomorphs, phytoclasts,
Or degradation of bacteria. and pyrite).
Form: flat; irregular; angular; pelletal (rounded
elongate/oval shape).
Derived from biodegradation  Structureless particle, homogenous, rounded, sharp
of plants to diffuse outline, non-fluorescent

Humic Gel
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Table 2. Classification of the phytoclast group (phyt) (van der Zwan, 1990 and Carvalho, 2001)

- L Palynomaceral Coal Maceral
Phytoclast Group Origin Description Group Equivalent
Black particle from
Opaque Equidimensional woodmaterial.Long
4 (0-Eq) axis less than twice
d the short axis. Without
internal biostructures Palynomaceral 4 Inertinite
Black particle from Y
Lath (O-La) qudmaterlaI.Lon_g
Derived from th axis more than twice
Crved irom the 1 4o short
lignocellulosic -
- Brown particle from
Wood trachieds terrgsst?'?;sh(;f her woody tissue with Palynomaceral 2
Trans- with pits (Tw) ghe visible internal y
| plants or fungi.
ucent structures. -
. Brown particle from Vitrinite
V\_lood tra_chleds woody tissue without Palynomaceral 1
without pits (Tp) .
internal structures.
Thin cellular sheets,
Cuticle (Cu) epidermal tissue, in Palynomaceral 3 Cutinite
some case with visible
stomata
Individual filaments of
Fungal hyphae Derived from mycelium of
(Fh) fungi vegetative phase of
eumycote fungi.
Table 3. Classification of the Palynomorph Group (pal),(Carvalho, 2001)
Palynomorph Group Origin
Terrestrial palynomorph produced by pteridophyte plants and
Spores funai
ungi.
Sporomorph .
P P Terrestrial palynomorph produced by Gymnosperm and
Pollen -
Angiosperm plants.
Foraminiferal test linings Organic linings of benthic Foraminifera.
Zusliilr i Scolecodonts Mouth parts of some oolychaete worms (mostly marine).
Acritarchs Sn"!al_l _mlcrofossns of unknown and probably varied biological
affinities.
Dinoflagellate Cysts Resting 'cysts produced QUrlng the sexual part of the life cycle of
Class Dinophyceae survives.
Phytoplankton

Prasinophytes

Chlorococcale Algae

Fossilising structures produced by small quadriflagellate algae

Exclusively colonial freshwater algae (Botryococcus and
Pediastrum
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Table 4. Classification of sedimentary organic matter (based on Tyson, 1995 and
Ergovac & Kostic, 2006)

Category Constituent/Source
Derived from high degradation of phytoplankton or
AOM : .
bacteria of organic matter
Structurless : Degraded higher plant debris, humic cell-filling
- Humic gel -
Organic Matter material
. Derived from higher plants of tropical and subtropical
Resin
forest
Opaque Charcoal, Biochemically oxidized wood
Phytoclast Translucent Cuticle, cortex tissue of root/stem, woody tissues
Fragmentary (Gymnosperm/Angiosperm tracheids)
Particle/Clast Animal-derived fragments (esp. Arthpod exo-skeletal,
Zooclast organic linings of bivalve shells and ostracode
carapaces)
Structured
Organic Matter Sporomorph Spores and pollen
Discrete Zoomorph Foraminiferal test linings, scoledonts, chinitnozoa
individual or Palynomorph Dynocysts, acritarchs, botryococcales
Phytoplankton
colonial entity

5. Presentation of Palynofacies Results

Studies on the organic matter comprised within the three selected packages of rock sample
cuttings in the area of study has been done on (10) thin-sections. The upper package is
represented by thin-sections (1 to 3, see appendix), tables (5 to 7), the middle package is
represented by thin-sections (4 to 6, see appendix), tables (8 to 10) while the lower package
represented by thin-sections (7 to 10, see appendix), tables (11 to 14). The results are
presented briefly as follows:

A) Palynofacies results of the upper package: (thin-section; 1, 2, & 3):

Table 5. Summary of percentages of organic matter groups & sub-groups (thin-section-1)

Organic Matter Group % Organic Matter Sub-group %

AOM 30

Amorphous Organic Matter (AOM) 5 Humic Gel 25
Resin 45

Opaque 25

Phytoclast (Phyt) 5 Wood Tracheid 5
Cuticle 70

Spores & Pollens 75

Palynomorph (Pal) 90 Algal Remains 10
Microforaminiferea 15

Faculty of Marine Resources, Alasmarya Islamic University, Libya. E-60



JOURNAL OF MARINE SCIENCES & ENVIRONMENTAL TECHNOLOGIES
VYol. 7, Issue No. 2 (December-2021)

Palynofacies Analysis of Selected Ovganic-rich SAales ............ccccoecvercvecencnns ISSN (Tn:nt) : 24135267
ISSN (Online): 2706-9966

Table 6. Summary of percentages of organic matter groups & sub-groups (thin-section-2)

Organic Matter Group % Organic Matter Sub-group %

AOM 30

Amorphous Organic Matter (AOM) 5 Humic Gel 30
Resin 40

Opaque 30

Phytoclast (Phyt) 15 Wood Tracheid 10
Cuticle 60

Palynomorph (Pal) 80 Spores & Pollens 100

Table 7. Summary of percentages of organic matter groups & sub-groups (thin-section-3)

Organic Matter Group % Organic Matter Sub-group %
AOM 80
Amorphous Organic Matter (AOM) 20 Humic Gel -
Resin 20
Opaque 40
Phytoclast (Phyt) 30 Wood Tracheid 10
Cuticle 50
Spores & Pollens 80
Palynomorph (Pal) 50 Palynodebris 20

B) Palynofacies results of the middle package: (thin-section; 4,5 & 6)

Table 8. Summary of percentages of organic matter groups & sub-groups (thin-section-4)

Organic Matter Group % Organic Matter Sub-group %
AOM 100
Amorphous Organic Matter (AOM) 5 Humic Gel -
Resin -
Opaque 60
Phytoclast (Phyt) 15 Wood Tracheid 20
Fungal Hyphae 20
Spores & Pollens 75
Palynomorph (Pal) 80 Algal Remains 15
Microforaminiferea 10

Table 9. Summary of percentages of organic matter groups & sub-groups (thin-section-5)

Organic Matter Group % Organic Matter Sub-group %

AOM 100
Amorphous Organic Matter (AOM) 5 Humic Gel -
Resin -

Opaque 25

Phytoclast (Phyt) 15 Wood Tracheid 75
Fungal Hyphae -

Spores & Pollens 80

Palynomorph (Pal) 80 Algal Remains 10
Dinoflagelates 10
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Table 10. Summary of percentages of organic matter groups & sub-groups (thin-section-6)

Organic Matter Group % Organic Matter Sub-group %

AOM 30

Amorphous Organic Matter (AOM) 20 Humic Gel 70
Resin -

Opaque 90

Phytoclast (Phyt) 30 Wood Tracheid 10
Spores & Pollens 30

Palynomorph (Pal) 50 Algal Remains 50
Microforaminiferea 20

C) Palynofacies results of the lower package: (thin-section; 7, 8, 9, & 10)

Table 11. Summary of percentages of organic matter groups & sub-groups (thin-section-7)

Organic Matter Group % Organic Matter Sub-group %
AOM 90

Amorphous Organic Matter (AOM) 5 Humic Gel -
Resin 10

Phytoclast (Phyt) - - -
Spores & Pollens 60

Palynomorph (Pal) 95 Algal Remains 20
Dinoflaglagellates 20

Table 12. Summary of percentages of organic matter groups & sub-groups (thin-section-8)

Organic Matter Group % Organic Matter Sub-group %
AOM 50
Amorphous Organic Matter (AOM) 4 Hug:;r?el 5_0
Phytoclast (Phyt) 1 Opaque 100
Spores 80
Dinoflagellates 10
Palynomorph (Pal) 95 Acritarchs 5
Algal Remains 5

Tablel3. Summary of percentages of organic matter groups & sub-groups (thin-section-9)

Organic Matter Group % Organic Matter Sub-group %
AOM 95
Amorphous Organic Matter (AOM) 5 Humic Gel 5
Resin
Phytoclast (Phyt) 5 Wood Tracheid 100
Spores & Pollens 85
Palynomorph (Pal) 90 .
Algal Remains 15
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Tablel4. Summary of percentages of organic matter groups & sub-groups (thin-section-10)

Organic Matter Group % Organic Matter Sub-group %

AOM 40

Amorphous Organic Matter (AOM) 25 Humic Gel 40
Resin 10

Opaque 95

Phytoclast (Phyt) 15 Cuticles 5
Spores & Pollens 90

Palynomorph (Pal) 60 Algal Remains 10

Tablel5. Characteristics of the organic matter particles that constitute Carboniferous cutting samples
(upper package), {slides: 1, 2, 3}

Organic Matter Organic Matter Descrioti
escription
Group Sub-group
C AOM Yellowish-brown. reddish-brown, brown.
A AOM Humic Gel Reddish-brown, yellowish-brown, dark-brown.
R Resin Reddish-brown, dark-brown.
B Lath & equdimensional, black, angular, sub-angular,
Opaques
O Phtoclasts sub-rounded.
N (Phyt) Tracheids Dark-brown, reddish-brown, brownish-black.
I y Cuticl Yellowish-green, brownish-green, yellow, brownish-
F uticles Yellow, yellowish-brown.
E Spores & Pollens  Reddish-brown, yellowish-brown, brown.
g Palynomorphs Algal Remains Dark-brown to brownish-green.
U (Pal) Foraminiferea Yellowish-brown
S

6. Discussion of Palynofacies Results (Note: check "Appendix™ for figures &
tables)

Referring to Figure (14) which summarizing the average percentages of organic material
constituents (Av.OMC %) and Figure (15) which representing the Ternary AOM-phytoclast-
palynomorph plot for the three studied rock packages that inferred from palynofacies analysis
results of Carboniferous, Carboniferous-Devonian and Devonian cutting sample packages in
the area of study mentioned before, the following notes could be extracted:

The upper and middle rock cutting sample packages (Carboniferous and Carboniferous-
Devonian) showed similarity in (Av.OMC%). These are characterized by palynomorphs
dominant (up to 70%) of total particulate organic matter (POM), with low to moderate AOM
(up to 10-12%) and phytoclasts (up to 18-20. This represents the "Palynofacies-1", "P-1". In
"P-1", Palynomorphs of terrestrial origin are the dominant forms (up to 75%) with marine
palynomorphs of (about 25%). The color of palynomorphs varied from yellow, yellowish-
brown, reddish-brown to brown (thermal maturity depending on "SCI" varied as "immature,
mature and over mature, see text and Table-18). AOM showed semi-rounded and diffused-
edges shapes with color varied from yellowish-brown, reddish-brown to dark-brown and
sometimes black (thermal maturity depending on "SCI" varied as mature and over mature).
Opague particles were rectangular to equant and corroded and with, brownish-black to black
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colors (thermal maturity depending on "SCI" fall within over-mature zone). The other
phytoclasts showed yellowish-green, brownish-green and brownish-yellow colors (thermal
maturity depending on "SCI" varied from immature to mature). Palynofacies -1 may suggest a
type H1>11 kerogen "gas/oil prone (Zobaa et al., 2013 and Atta-Peters & Achaegakwo, 2015)
as well as a type IlI>IV kerogen "gas prone" (Joao Graciano et al., 2011). The color of
palynomorphs varied from yellow, yellowish-brown, reddish-brown to brown (thermal
maturity depending on "SCI" varied as "immature, mature and over mature, see text and Table
18). AOM showed semi-rounded and diffused-edges shapes with color varied from yellowish-
brown, reddish-brown to dark-brown and sometimes black (thermal maturity depending on
"SCI" varied as mature and over mature). Opaque particles were rectangular to equant and
corroded and with, brownish-black to black colors (thermal maturity depending on "SCI" fall
within over-mature zone). The other phytoclasts showed yellowish-green, brownish-green and
brownish-yellow colors (thermal maturity depending on "SCI" varied from immature to
mature). Palynofacies -1 may suggest a type I11>11 kerogen "gas/oil prone (Zobaa et al., 2013
and Atta-Peters & Achaegakwo, 2015) as well as a type 111>V kerogen "gas prone™ (Joao
Graciano et al., 2011).

The lower rock cutting sample package (Devonian) showed quite different
(Av.OMC%). It is characterized by palynomorphs dominant too of total (POM), (but the
amount is increased up to 85% as compared to the upper and middle packages which was
about 70%). AOM was low to moderate (up to about 10%). Dramatic decrease in the amount
of phytoclasts was distinct here (up to about 6%) as compared with upper and lower packages
(18 to 20%). This represents the "Palynofacies-2", "P-2". In P-2, Palynomorphs of terrestrial
origin are also the dominant forms (up to about 80%) with marine palynomorphs of (about
20%). The color of palynomorphs varied from yellow, yellowish-brown, yellowish-green to
dark-brown (thermal maturity depending on "SCI" varied as " immature, early-mature and
over- mature, see text and Table-18). AOM showed also semi-rounded and diffused-edges
shapes with color varied from yellowish-brown, reddish-brown to dark-brown (thermal
maturity depending on "SCI" varied as early-mature to over-mature). Opaque particles were
rectangular to corroded and were black, (thermal maturity depending on "SCI" placed within
over-mature zone). The other phytoclasts showed yellow, yellowish-brown and dark-brown
colors (thermal maturity depending on "SCI" varied from immature, early-mature to post-
mature). Palynofacies-2 may also suggests a type I11>11 kerogen "gas/oil prone (Zobaa et al.,
2013 and Atta-Peters & Achaegakwo, 2015) as well as a type III>1V kerogen “gas prone”
(Joao et al., 2011).

Paleoenvironmental interpretation of the studied cutting samples packages in the area of
study could be inferred from the palynofacies investigations using AOM-Phytoclast-
Palynomorph (APP) ternary diagram or plot proposed by (Tyson, 1995), Figure (15). Cutting
sample packages which reflect Palynofacies Assemblages 1 and 2 (PA-1 & PA-2) are located
in field (V) (Figure 15) which is interpreted as being indicative of mud-dominated oxic shelf
(distal shelf). Both are dominated by palynomorphs with predominately miospores and few
dinoflagellate (dinocysts) and algal remains (see results). This may suggest deposition in the
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vicinity of fluvio-deltaic source (marginal marine environment as well) (Joao Graciano et al.,
2011). This is comparable with palynofacies-1 from Albian-Cenomanian succession of the
Epunsa-1 well, onshore Tano Basin,western Ghana which was reported by (Atta-Peters &
Achaegakwo, 2015). Palynofacies Assemblages 1 and 2 (PA-1 & PA-2) from the study area
are also comparable with palynofacies type3 from sediments found in northern Tierra del
Fuego, Argentina reported by (Quattrocchio et al., 2006) who suggested a nearshore marine
environment for them. According to (Martinez et al., 2008), the high percentages of
continental palynomorphs may indicate varied and abundant vegetation associated with
shoreline. A delta top setting may propose by (Zavattieri et al., 2008) for sediments with high
percentage of sporomorphs in relation to other palynomorphs. Zobaa et al. (2013), stated that,
the high abundance of spores and pollens may reflect a distal deposition within the nearshore
zone (probably outer shelf). According to (Ibrahim, 2002), dominant palynomorphs associated
with common phytoclasts and opaques, with few marine palynomorphs and AOM suggested a
shallow, nearshore marine environment.

7. Conclusion

Based on palynofacies analysis, the three packages of cutting samples inspected in this paper
were classified into tow palynofacies. Palynofacies-1 "P-1", comprises the upper and middle
packages that belong to Carboniferous (collected at depth of 5,530 ft, silty to sandy-shales,
greyish to brownish-grey) and Devonian (collected at depths of 5,600 ft and 5,780 ft, sandy-
shales, grey and greyish-brown). This was dominated by palynomorphs (up to 70% from the
existed "POM") associated with phytoclasts and AOM (up to 18-20% and 10-12%
respectively). Palynofacies-2, "P-2", involves the lower package of the cutting sample
belonging to Devonian (collected at depth of 6,700 ft, flacky, silty-shales, brownish-grey). It
was dominated by palynomorphs too (up to 85% from the existed "POM") associated with
diminished amount of phytoclasts (up to about 6%) and moderate amount of AOM (up to
about 10%). In general, "P-2" has been subjected to a lit bit lower terrestrial/freshwater influx
than "P2".

The tow palynofacies (P-1 & P-2) discussed here was considered to form a one
"palynofacies association” located at mud-dominated oxic shelf (distal shelf). Concerning
palynofacies implications for paleoenviroment, "P-1" and "P-2" from the area of study were
very comparable with many palynofacies from the world which suggesting deposition within
a variety of very close paleoenvironments which may include: vicinity of fluvio-deltaic source
(marginal marine environment as well), a nearshore marine environment, shoreline setting , a
delta top setting, a distal deposition within the nearshore zone (probably outer shelf) and
shallow, nearshore marine environment.

According to spore colour index (SCI) which determines source rock potential for
hydrcarbons and levels of thermal maturation of the "POM" within rock samples, in general,
"P1" and "P2" probably comprises early mature kerogen type II>111 " oil/gas prone™ to post
mature kerogen type I1>1V "gas prone”. This was also due to the dominance of terrestrial
palynomorphs, moderate phytoclasts and low AOM within the palynofacies studied here.
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8. Recommendations

More intensive palynofacies studies were recommended to run including sufficient number of
cutting samples at varied depths involving additional wells. Vitrinite reflectance is also
recommended to insure the source rock potential for hydrocarbons.
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Figure 4. The organic matter that constitute the upper package rock sample (thin-section-1)
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Figure 5. The organic matter that constitute the upper package rock sample (thin-section-2)

(Mag. X40)

Figure 6. The organic matter constituents in the upper package rock sample (thin-section-3)

(Mag. X40)
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Figure 7. The organic matter constituents in the Middle package rock sample (thin-section-4)

(Mag. X40)
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Figure 9. The organic matter constituents in the Middle package rock sample (thin-section-6)
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Figure 10. The organic matter constituents in the Middle package rock sample (thin-section-7)
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Figure 12. The organic matter constituents in the Middle package rock sample (thin-section-9)
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Table 18. Shows spore color index (SCI) used to describe organic thermal maturation (OTM) for the
analyzed cutting samples within the study area, (after Lucas and Omodolor, 2018)

Organic Sporespollen | Spore
thermal Calor color
maturity index
(SCI)
IMMATIURE 1
2
MATURE | 3
MAIMN PHASE LS
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PETROLEUM
GENERATION 5
DRY GAS 6
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BARREN 7
2
g
10
Lower package [Devonian) “slides: 7,8,9,107 Unper gackage (Carhoniferaus)slides: 1,2,3” Middle package [Carboniferous-Devonian) “slides: 4,5,6”
BADM =95% @ aow =10%
BPhyt =55% B Aom=12% mPhyt = 20%
opal =B85% B Phyt = 18% opal =70%

OpPal =70%

Organic Matter Groups Average Constituents (%) Organic Matter Groups Average Constituents (9] Organic Matter Groups Average Constituents (%)

Figure 14. The average organic material constituents (%) of the three groups (AOM, Phytoclast,
Palynomorph) in the area of study (A: upper package "Carboniferous”, B: middle package
"Carboniferous-Devonian”, C: lower package "Devonian").
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Figure 15. Shows the ternary AOM-phytoclast-palynomorph plot (APP) for the organic material
groups constituted in the upper, middle and lower package cutting samples in the area of study
(modified from Tyson, 1995); [ I: Highly proximal shelf or basin, I1: Marginal dysoxic-anoxic basin,
I11: Heterolithic oxic shelf (proximal shelf), 1V: Shelf to basin transition, V: Mud-dominated oxic
shelf (Distal shelf), VI: Proximal suboxic-anoxic shelf, VII: Distal dysoxic-anoxic shelf, VI11: Distal
anoxic shelf, IX: Distal suboxic-anoxic basin].
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