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Mineral Precipitation Aspects within Sidi-Essaid Formation (Upper Cretaceous) Located at
Sidi-Bujdaria Village, Wadi Gherim, Ghanema, NW Libya.(Part-1)
Ismail Elforjani Shushan?, Salah Eldin M. Elgarmadi?>’Emad Eldin A. Dagdag3
!Geology Dept., Faculty of Sciences, University Elmergib-Alkoms-Libya
elforjismail@yahoo.com

Abstract

The present paper is dealt with the study of mineral precipitation aspects for samples
collected from Sidi-Essaid Formation (Yefrin Marl Mb.) deposited during the Upper Cretaceous
which is located at Sidi-Bujdaria Village, Wadi Gherim, Ghanema-Al Khoms, NW Libya. The
samples were subjected to both field and laboratory examinations. It is thought that
underground water and heated fluids sourced from the deep formations may encroached an
oyster bank at certain horizon within the outcrop section in the area of study. Mineralized fluids
then occupied the bodies of oyster fossils within the oyster bank and geode-like and
concretion-like objectives were formed. Mineral fluids enriched in calcium carbonate minerals
(CaCO0:s) gave rise to the growth of calcite, aragonite and vaterite crystals (polymorphous of the
CaCOs3 one-component system). The previously mentioned calcium carbonate minerals were
the predominant mineral crystals that constitute the mineralized objectives mentioned earlier.
Other uncommon mineral crystals found is belonged to gypsum "CaS04", siderite "FeCOs3" and
dolomite "CaMg (COs3),. Fluid impurities and/or inclusions that associate the encroachment of
the mineralized fluids within the oyster bank led to variation in both crystal colors and crystal
shape and habits. It seemed like that the process of crystallization and mineral growth has
controlled by certain factors that managed to amalgamation of varied mineral crystals to grow
with different sizes, selection in localizing small-size crystals to grow at the margin of the
geodes, while the large one localized toward the middle of the geodes, development of
twinned and zoned aspects especially for the one-component system of calcium carbonate
minerals (transformation from one phase to another), mineral alteration and cement formation
and the formation of druzy (drusy) mineral growth styles which considered as having a great
prettiness values in human's life. Recommendations made to emphasize and ensuring the usage
of more advancing laboratory techniques as well as other sophisticating quarrying tools for field
investments and development because of the high value that these objectives compromises.
Keywords: mineral precipitation aspects, Sid-Essaid Formation, Sidi-Bujdaria, Wadi Gherim,
Ghanema.
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1- Introduction

The present paper documents the aspects of mineralization and mineral precipitation
features with in certain horizons of the rock succession outcropping at Sidi-Bujdaria Village,
Wadi Gherim, Ghanema, NW Libya. Anyway, this outcrop has been studied for the first time in
much detail by Ismail F. Shushan et. al. (2024), where the succession has been divided into (9)
separate sedimentary facies according to the changes in the iron-oxide facies observed which
reflected in change in color of the rocks. Later, and during the continuous work in the same
area, it has been observed that many fossil oyster shells and other fossil fragments within an
oyster bank encountered to be affected by mineralization processes. Actually, the oyster bank
makes part of Yefren marl succession, which is the upper member of Sidi- Essaid Formation that
deposited during Upper Cretaceous. The oyster bank is found at the middle part of Sidi-Bujdaria
outcrop section and comprises of facies (2), facies (3) and probably facies (4), which are
generally consist of intercalated calcareous and calcarenitic marls having repeated hematitic
and limonitic interlayers that included tiny iron lumps and balls (Ismail F. Shusha et. al., 2024).
The following is a brief notes on mineral precipitation and mineralization aspects that have
been reported in the area of study.

Precipitation and formation of minerals: many researchers has discussed about the
precipitation and formation of minerals, among these were: Brimhall et.al., (1987), Fritz, B., and
C. Noguera, (2009), Amiri, M., and N. Sattary, (2004), Paraskeva et.al., (2000), Read, M. H.,
(2006), Jones Trevor, (2019) and Hoffmann, Joachim, (2010). Mineral crystals form when a
medium contains and transports mineral-making ore releases and deposits the mineral ore.
Minerals can form under an numerous varied geologic conditions (eg: volcanic activities,
sediment formation, oxidation processes, crystallization from magma, precipitation from
chemical solutions and fluids). Formation of minerals from hot material: takes place when the
magma (a molten mixture of substances hotter than 1000°C) cools slowly inside the earth, the
mineral crystals will have enough time to grow and become large and create coarse texture of
the resulted rock. Very fine and glassy rock textures result when molten magma cools rapidly at
shallower depths in the earth's crust and when reaches the surface through volcanic eruptions.
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Formation of minerals from solutions: takes place when water on the earth contains chemical
elements mixed into solution and form chemical solutions. Several processes can cause these
elements to combine when conditions become favorable and form finally solid mineral
deposits. Formation of minerals from salt waters: this happen when water containing
dissolved salts and minerals evaporates it leaves behind solid precipitate of minerals (eg.: sea
water as halite and calcite and other evaporate minerals, calcium-rich spring water at bottom
of such lakes). Formation of minerals from hot underground water: happens when nearby
underground water to magma become heated and reacted with rocks around it which then
picks up the dissolved particles that pass through open spaces and cavities of the rocks then
cools and precipitate solid minerals. If this water passes through the cracks and fractures of the
rock, then mineral veins will form. If the water flows through cavities and holes (open spaces)
of the rock, then different varieties of mineral precipitation could take place including
concretions, nodules and geodes as will.
2- Location of Study Area

Sidi-Bujdaria outcrop section is located along the Mediterranean Sea coast, northern west
Libya and is situated along the shoreline stripe limited between Al-Khoms Region to the east
and Bsiess Region to the west between latitudes E-W as: 14°00" and 14°15" as well as
longitudes N-S as: 32°30" and 32°45"(Figure-1).
3- Aims of Study

This paper aims to document the possible observed mineralization and mineral precipitation
aspects encountered within Sidi-Essaid Formation (the upper member: Yefren Marl) at Sidi-
Bujdaria outcrop section, Wadi Gherim, Ghanema Region. The paper is also trying to explain the
differences in the mineralization mechanisms took place inside fossil bodies or geode-like
objects encountered within the Oyster bank.
4- Method of Study

The present work will include several stages in order to achieve the scope of the study
already mentioned in the previous topic, these are as follows:
1- Field investigations: Is the principal stage of this work and is conducted in the field where
mineralized samples collected and put carefully in special containers to be subjected to lab
studies. Since this is the first time where this outcrop section is subjected for such detailed
studies, we tried to document all mineralization features possible in the area using our
traditional tools for digging and tunneling.
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Figure-1: Location of the study area (Google Earth)

2- Lab investigations: The selected mineralized samples is subjected to cleaning, sorting
(Figure-2) and then photographically documented using highly defined (HD) digital camera, to
give better and high quality images. Magnified Microscope studies using a " Binocular
Stereoscope" is applied for the mineralized samples at Geology Department in Alkhoms.

Figure-2: A to D: cleaning stage using plain water and other cleaning tools. E to H: sorting stage
of the mineralized samples.
5- Stratigraphy of the Study Area

The area of study is covered by rock units limited between the Late Triassic and Quaternary.
The stratigraphic succession of study area actually forms a part of Al-khoms area which has
been presented by Mann (1975). Table (1) summarizes the stratigraphy of the study area.

http://tarbawej.elmergib.edu.ly 404



/_\ (é}-‘ﬂ‘ EVIESY .
‘ Journal of Educational | 2024 dud2.17 gl 4801 Jolas
L, ISSN: 2011- 421X 2025 plo 26 suall

w Arcif Q3

Table (1) The stratigraphic succession of Al-Kkhoms and adjacent areas (After Mann, 1975)

AGE FORMATION MEMBER THICKNESS(m) DESCRIRTION
Recent Valley | - - Grevels and boulders
Deposits
Eolian Deposits - 10-20 Coastal calcareous
sandstones
- Eolian materials
Q Eoilian Marine 10 intercalated with
U Deposits gravels & rare
A calcareous shells
T - Clay & sandy limestone
E 1-3 associated with salt &
R Sabkha Deposits gypsum crystals
N = Calcarenite with
A Qargaresh 30-40 sporadic siltstone lenses
R - Siltstone &
Y conglomeratic
Jefara 15 sandstone with
calcareous &

gypsiferous shells
- Consolidated & loose

Qasar Al-Haj gravel with
25 intercalcations of
calcareous shells
- Limestone, marly-
MIO- Alkhoms 100 limestone,
CENE conglomerate, sandy-

calcarenite, clay
- Dolomitic limestone to

Nalut 200 dolomite with chert
LATE- nodules
CRETA Marl, claystone with
CEQOUS Yefren Marl 380 gypsum  crystals &
oysters
Sidi Assed Dolomitic limestone to
Ain Tobi 30-45 dolomite with quartz &

quartzite interbeddings

- Sandstone & mudstone
TRIA- Abu Shaybah 150-160 interbedded with
SSIC calcareous beds &
conglomerate

6- Presentation of mineral precipitation and mineralization aspects within the area of study

The following is a presentation of the mineralized samples collected from the area of study.
We trying through this part of the research to reveal the most important aspects of mineral
precipitation occurred and in the meantime we will focus on displaying the differences between
each type of these aspects, which later on will be discussed under discussion topic.
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Figure-3: Mineralized oyster fossil.

Note the remaining original shell material (reddish-brown

color) and the replaced material instead with growing mineral crystals. A: ventral side view: B

dorsal side view. Note the variation in crystal siz

e and colors.
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Figure-4: Another mineralized oyster fossil s

hell, photo taken from different sides. Note

differences in mineral crystal form and color. A: Right side view, while B: is the left side view.
Note the growing of dolomite crystals on the surface of the shell (minute yellow crystals on the

B.

lower left and right curved parts in views A and

-

le =22 cm

ca

Figure-5: Another big-sized mineralized oyster fossil shell, photo taken from different sides.
Note differences in mineral crystal form and color, the original material remains of the shell and
the dolomite growing crystals on the lower curved part of shell's surface in B. A: right side view,

while B shows the left side view of fossil shale.

http://tarbawej.elmergib.edu.ly

406



S9! EVIESY ) .
Journal of Educational | 2024 42,17 ysall wll Jelas
ISSN: 2011- 421X 2025 ylo 26 sdall

Figure-6: A side view of the big-sized oyster fossil shell from Fig.-4. A: ventral side view, while B:
represents close-up view of the damaged part at the crater zone shown in photo A. Note
difference in mineral crystal habit and color between inside of the crater and surrounding zone.
Remains of the original shell material appeared in reddish-brown color which is usually made-
up of aragonite. Note the conchiodal fracture (at right—B) of the precipitated minerals on the
outer surface of the oyster body (just beneath the eroded original material of the shell) which
may denote cherty or S|I|ceous mlnerals

Figure-7: Close-up views of crystal habits of the precipitated minerals within oyster fossil shells.
Note difference in the color of the crystals as well as their sizes and mode of crystallization.
Agglomeration of multi-varied mineral crystal habits. Most mineral crystals appear anhedral.

— SRt
||||||||||l||||T||||||||||||||
Figure-8: Close-up views of crystal habits and forms of the precipitated minerals within oyster
fossil shells. Note difference in the color of the crystals as well as their sizes and mode of

http://tarbawej.elmergib.edu.ly 407
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crystallization. Hexagonal and tetragonal crystal forms are evident. Most minerals appear
anhedral.

Scale =18 coe..

[a]

T.m.n*..‘.

Figure-9: Close-up views of large mineralized oyster shell fossil. A: ventral view and B: dorsal
view. Note the limonitic chips (lower left and lower right in B), agglomerates (central part in A)
and minute crystals of dolomite (close to umbo area of the shell, in A) within the crystallized
minerals.

T

- S '-.. N — ; e ;_,(.,-_E

Figure-10: Close-up views of crystallized minerals as apart from previous Figure (9). Note the
limonitic chips aragonite mineral precipitates. Big botryoidal to prismatic habits of crystals were
shown at (A). Combination of more than one crystal habit is shown at (A and B), which may
include prismatic, tabular and botryoidal. Note that crystals appear as euhedral and anhedral.

Amoung the minerals observed are: calcite, aragonite, vaterite and siderite.

e [~ B =
_ o =2 =

e
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Figure-11: Close-up views of large mineralized oyster shell fossil. A and B ventral views. Note
the limonitic minute crystals of dolomite within the crystallized minerals of calcite, aragonite,
vaterite as well as siderite in both A and B.
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Figure-12: Close-up views of large mineralized oyster shell fossil shown on Figure (11). A and B
ventral views. Note the difference in color, size and form of the crystallized minerals in both A
and B.
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Figure-13: Close-up views of the crystallized minerals as a part of Figure (11). Note the different

crystal form of the crystalized minerals, the change of mineral colors and the arrangement and
position of the crystalized minerals with the appearance of cement material. Note the
appearance of tabular and prismatic euhedral crystals of siderite and aragonite

1=

= -0 . >~ = e gt
Figure-14: Close-up views of the crystallized minerals as a part of Figure (11). Note the different
crystal form and size of the crystalized minerals, the change of mineral colors and the
arrangement and position of the crystalized minerals with the appearance of cement material
compared with previous photo in Figure (13). Note the presence of reddish brown siderite and

multi-varied colored aragonite, calcite and vaterite crystals. Also note the inhomogeneous and

http://tarbawej.elmergib.edu.ly 409



/’\ G271 Ao ‘
‘ Journal of Educational | 2024 dud2.17 gl 4801 Jolas
“ ISSN: 2011- 421X 2025 plo 26 suall

| — Arcif Q3

disordered growth of crystals. (an amalgamation of varied mineral crystals). A druzy
mineralization style is shown here.
lossalannsl,

S e

e S

A T Faw
Figure-15: Close-up view of the crystallized minerals as a part of Figure (11). Note the different
crystal form and size of the crystalized minerals, the change of mineral colors and the
arrangement and position of the crystalized minerals with the appearance of cement material
compared with previous photos in Figures (13) and (14).Note the presence of reddish brown

siderite and multi-varied colored aragonite and calcite crystals.

Scale =8.5 cr

Figure-16: Close-up view of the crystallized shell fossil of an oyster. A: ventral side, B: dorsal
side. Note the attached wing to the shell, which could be a part of other fossil body within the
oyster bank. Note the massive limonite precipitation mineral (yellowish orange). Prismatic and
tabular | crystal habits of pink, rose, smokey, pale-green and colorless minerals could be quartz

and calcite.

1..,
o

v
e

g
-

ik

=85 cm

- : 3 .2 — =
Figure-17: Close-up view of the crystallized shell fossil of an oyster. A and B: ventral sides. The
same mineralized oyster shell fossil from Figure (16). Note the massive limonite precipitation
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m Syl dme )

; Journal of Educational | 2024 dud2.17 gl 4801 Jolas
* ‘ ISSN: 2011- 421X 2025 ply 26 ddall

Arcif Q3

mineral (yellowish orange). Prismatic and tabular | crystal habits of pink, rose, smoky, pale-
green and colorless minerals could be calcite.

Figure-18: Close-up view of a mineralized oyster fossil shell. A: ventral side, B: dorsal side. Note
the different crystal form and size of the crystalized minerals, the change of mineral colors and
the arrangement and position of the crystalized minerals with the appearance of cement
material.
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Figure-19: Close-up view of large mineralized oyster fossil shell. A: ventral side, B: dorsal side.
Note the mineralization aspects.

Figure-20: Close-up view of large mineralized oyster fossil shell. A: dorsal and side, B: ventral
side. Note the different crystal form and size of the crystalized minerals, the change of mineral
colors and the arrangement and position of the crystalized minerals with the appearance of
cement material. This photo is same mineralized fossil in Figure (19). In (B) note the
precipitation of calcite crystals (pale green) along the outer part of the shell valve, while the
prismatic crystals of vaterite enclosed by aragonite (grey conjured by reddish-brown) to the
middle.
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Figure-21: Close-up view mineralized crystals from oyster fossil shell in Figure (20). A and B:
dorsal sides. Note the different crystal form and size of the crystalized minerals, the change of
mineral colors and the arrangement and position of the crystalized minerals with the
appearance of cement material. This photo is same mineralized fossil in Figure (20).

Figure-22: A stereomicroscope view of mineralized crystals from oyster fossil shell in Figure
(20). A and B: dorsal sides. Note the different crystal form and size of the crystalized minerals,
the change of mineral colors and the arrangement and position of the crystalized minerals with
the appearance of cement material. This photo is same mineralized fossil in Figure (20). Note
the hopper crystal habit of calcite surrounded by other calcite and or vaterite crystals in the left
image or view. Aragonite appears reddish-brown.

Figure-23: A stereomicroscope view of mineralized crystals from oyster fossil shell in Figure
(20). Left and right: dorsal sides. Note the different crystal form and size of the crystalized

http://tarbawej.elmergib.edu.ly 412
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minerals, the change of mineral colors and the arrangement and position of the crystalized
minerals with the appearance of cement material. This photo is same mineralized fossil in
Figure (20). Note the fibrous crystal habit of gypsum having brown to orange color that
surround calcite, aragonite and vaterite crystals. Note the massive gypsum stratum at right
margin of the left view.

7- Discussion

From the previous presentation of the varied crystallized samples found in Sidi-Bujdaria
Village at Ghanema Area, we can denote two kinds of crystallized objects. The first is in the
form of concretion-like, where the complete body of the oyster fossils become crystallized
(Figures 3,4,5 and 6). The second is in the form of geode-like, where the individual valves
received mineralized solutions and growth of crystals took place (Figures 9, 10, 11, 12, 16, 17,
18, 19, 20 and 21). The change in the color of the crystals as well as the significant crystal
structure alterations observed on the concretion-like and geode-like samples is resulted from
the impurities within solutions that form the crystals. Too many impurities within a crystal
lattice can produce crystals with small to large inclusions during crystallization which can alter
the shape of the crystals as well.

Calcium carbonate mineral crystals (CaCOs) include crystals of calcite, aragonite and vaterite
were evident and occupy approximately the whole crystallized geode-like and concretion-like
fossil bodies encountered within Sidi-Bujdaria outcrop. Many crystallized fossil bodies showed
the existence of these three mineral crystals. These minerals are polymorphous of the CaCO3
one-component system. Aragonite (orthorhombic system) and vaterite (hexagonal system) are
the metastable phases of calcite (trigonal system). Calcite is the most stable phase of CaCOs3 at
surface conditions whereas aragonite is considered the most stable phase of CaCO3 at grater
depths from the earth's surface. Vaterite mineral is first known by the German Mineralogist "
Heinrich Vater" (Zhou Gen et.al., 2010). Vaterite mineral exists at ambient conditions at the
surface of the earth. Because of its less stability than either calcite and aragonite, vaterite has
higher solubility than either of these phases. Consequently, once vaterite exposed to water, it
converts to calcite (at low temperature) or it may converts to aragonite (at high temperature ~
60°C) (Zhou Gen et.al., 2010). Vaterite is usually colorless (Fig. 22, Fig. 23). and can be produced
as the first mineral deposit repairing natural or experimentally-induced shell damage in some
aragonite-shelled mollusks. Subsequent shell deposition occur as aragonite (Zhou Gen et.al.,
2010).

The crystal habit of these mineral crystals in the present study is varied and include: granular,
hopper, tabular, botryoidal and conchiodal in special cases only.

Associated minerals with calcite, aragonite and vaterite may include massive and granular
siderite (FeCO3) since balls and other forms of iron existing within bed horizons of the studied
outcrop at Sidi- Bujdaria are known, therefore solutions bearing iron may combine with
carbonates in the solution and to form siderites under favorable conditions. Small
rhombohedral dolomite crystals "CaMg (COs)," were observed in limited specimen, Calcite
forms a limited solid solution with dolomite at all temperatures.
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Other crystal habit such as fibrous and massive gypsum and siderite were observed under the
stereoscope images (Fig-22 and 23).

Crystallization of minerals in these oyster fossils has been taken place under the influence of
many factors such as: fluid impurities, enrichment of fluids by certain minerals, the rate of
crystallization (slow or rapid), the available space where the growth of crystals token place and
the regularity and type of introduced fluid solutions from time to time. These factors resulted in
creation of the following: 1- The localization of small-size crystal along the margins of the
fossilized oyster valves, while the large crystal has grown in the central parts (Figs. 9, 11, 12, 15,
16, 17, 18, 20 and 21). 2- The integration of more than one mineral to crystallize and grow, 3-
The dissolution and alteration of early crystalized minerals and formation of cementing material
to enhance the preexisted interlocked crystals. This may lead to recrystallization of such
minerals (Figs. 11, 12, 13, 14, 15, 18, 20, 21, 22 and 23). 4- Formation of mineral crystal twins
such as those observed in the calcium carbonate minerals in this study (vaterite-calcite twins
and vaterite-aragonite twin) which sometimes appear as zoning includes more than one
mineral phase. These include twin or zoning systems observed in (Figs: 7, 8, 10, 11, 12, 13, 14,
15, 20, 21, 22 and 23). 5- Formation of special type of mineral crystals called as " druzy or drusy
or druse), which refers to a particular type of mineral formation that showcases a layer of tiny
crystals covering a host mineral's surface. In the present study, the druzy mineral style is
observed to line the outer margins of the mineralized fossil geodes such as those in ( Figs: 3, 5,
6, 9, 11, 12). Figure-14 is a close-up view which represents a good example of this style of
mineralization which added more prettiness to the formed geodes.

8- Conclusions

Referring to the previous discussion the mineralization found in the study area is resulted due
the invasion of mineralized fluids formed by underground water after their reaction with other
heated fluids sourced from deep formations. As a result the oyster fossil bank found within
certain horizons at Sidi-Bujdaria outcrop section has altered and geode-like and concretion-like
entities is formed. The predominated composition of the mineralized fluids is thought to be of
calcium carbonate minerals (CaCOs) which include calcite, aragonite and vaterite. Other rare
minerals that observed within the mineralized forms may include dolomite " CaMg (CO3);
crystals, siderite (FeCOs) and gypsum (CaSQ04.2H,0). The variation in crystal colors and crystal
habits of the crystallized minerals may denote the existence of such fluid inclusions and/or
impurities within the mineralized fluids. The crystallized minerals appear to be effected by
several factors during the process of crystallization which included, fluid impurities, fluid
enrichment, rate of crystallization, the space available for mineral's growth and the regularity in
the flow of the introduced mineral fluids. As result, a variety of mineral aspects were designed
for the mineralized samples at Sidi-Bujdaria outcrop section, which include: amalgamation of
the grown mineral crystals, the selection in localizing the growth of small and large size mineral
crystal, formation of twinned and zoned mineral crystals, cementation of the crystallized
mineral crystals and the formation of druzy or drusy mineral growth. The studied samples in
this current study could represent part of natural beauty or prettiness that could utilized for
human's life prettification.
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Recommendations

The authors of this paper ensure for using more advanced laboratory techniques such as "XRF"
"x-ray fluorescence" and "SEM" "scanning electron microscopy" for more detailed study of
mineral crystals. For field investments, we ensure utilization of sophisticated quarrying tools to
complete exploring the mineralized objectives that are economically interested.
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