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Abstract

Igneous rocks are economically important with wide variety of uses.
They were widely used by ancient civilizations and gained more
applications today. They are mainly used in construction and
ceramic industries, as sources of ore and minerals, and as several
compounds associated to various chemical and technological
applications. The wide outcrops of several igneous bodies in the
Gharyan volcanic province according numerous forms and eruptive
styles, gives the opportunity to endeavor geochemical and
mineralogical characterization of varied samples with diverse
mineralogies. This characterization involving chemical and DRX
analyzes and thin section observation is mandatory to evaluate and
classify these rocks and to decide if some of them can be subject for
potential industrial uses. This is a key objective that will contribute

1 Copyright © ISTJ b gine okl (3 gia
Al 5 o glall 4 sall dlsall



http://www.doi.org/10.62341/efsa4594

International Science and Volume 34 ) Ryl p glll A0 g

Imtrwaational beimrs mad Taviasiags demraal

ﬁg:ﬁﬁﬂ:m‘ Part 2 Alsal) I S T -J %

July 2024 55
£2024/7 /30 :fubh fdsall o W pdi iy a2024/6 /30 sguoth A8l adiud A

to the Libyan industrial development and promote the usage of local
geological resources.

Keywords: igneous rocks, geochemistry, mineralogy, industrial
valorization, Gharyan volcanic province
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Introduction

The Tertiary-Recent volcanic events in northwestern Libya were
extensively developed between Gharyan and Tripoli and led to the
establishment of several volcanic features in Gharyan volcanic
province made of extrusive phonolitic rocks (Fig. 1). Previous
studies attribute these rocks to four main groups based on their
petrology, eruptive style and spatial distribution: the flood basalts,
the phonolite domes, the late volcanic centres and the volcaniclastic
rocks. The flood basalts are the most voluminous and represent over
90% by volume of the igneous activity of the volcanic eruptions.
They have been divided into two main groups remarkably
homogeneous in composition but related to two igneous activities
(Busrewil and Wadsworth, 1996); the old lava series forming a
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laterally extensive lava plateau of about 3000 km? southeastern
Gharyan city, and the young lava series resulted from tardive
revivals of lava flows. The phonolites and trachytes outcrop in few
localities as individual domal-shaped intrusions through the
sedimentary cover with smooth circular to short oval contours. Rare
phonolitic bodies are elongated which suggest the magma intrusion
through structural discontinuities (Piccoli, 1970; Almond et al.,
1974; Busrewil and Wadsworth, 1996).

The late volcanic centres represent minor volcanic vents and
associated intrusions and can lie over the lava plateau. They form
isolated distinct dark hills or cluster of hills rising above the lava
plateau and the Mesozoic sequence (Busrewil and Wadsworth,
1980). The volcaniclastic rocks are mainly made of black
fragmentary products of explosive eruptions (Piccoli, 1970;
Gray,1971; Almond et al., 1974). These volcaniclasts are locally
intruded by basanitic dykes (e.g. Kabdet Al Jamal, southwest of Kaf
Tekut). According to Busrewil and Wadsworth (1996) the internal
structure of these volcaniclastic material don’t suggests that they
have been transported and indicates that they have been formed
initially by vent opening during phreatomagmatic explosions.
Relatively tardive dykes appear as vertical to near vertical resistant
walls in the area. Scattered occurrences of necks or feeders of mafic
dykes and pyroclastic deposits with occasional presence of mantle-
derived Iherzolitic nodules are associated to vent of explosive
eruption that rapidly transported a mixture of magma and
accidentally caught xenoliths of peridotite in the rising magma from
a great depth (Busrewil and Wadsworth, 1996).
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Fig. 1: Major Tertiary-recent magmatic rocks of Libya (modified after
Goudarzi, 1970).

Data and Methodology
Forty samples of igneous rocks sampled from the Gharyan volcanic
province have been gathered and located using GPS. These samples
were subject of XRF and XRD analysis to determine their
elementary chemical composition and crystalline structure. Some
thin sections were also performed for some specific samples in goal
to study their petrology and to reveal the origin and evolution of the

rock.
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The samples were classified based on the chemical results. And
some samples will be selected for industrial essays depending on the
expected industrial usage of the material.

Preliminary results and expected essays

The results of chemical analysis of 25 samples are presented in
Table 1. These results were analyzed using TAS diagram (Total
Alkali -vs Silica) in goal to show the composition and assign
names/class to the studied igneous rocks samples (Le Bas et al.,
1989). The established TAS diagram (Fig. 2) permitted to identify
three main rock types: Basalts, Trachyte and Phonolites. Trachytes
and phonolites are silica-undersaturated with a normative nepheline
between 3.2 to 22.6 wt %, whereas the basalts are sub-saturated. The
trachytes and phonolites differ chemically from the basalts by
greater richness in total alkalis, whereas the basalts are richness in
iron and magnesium oxides compared with the trachytes and
phonolites. The trachytes are distinguished from the phonolites
relatively by less contents of total alkalis (Max:13.14 wt%) and by
more contents of silica (Min: 61.04 wt%). Most of trachytic and
phonolitic analyzed samples have more Na,O than K>O which
resulted in the appearance of distinctive sodic minerals such as
nepheline, sodalite, sodium-rich clinopyroxene and alkali
amphibole.

Trachytes are clear, rough igneous rocks used as ornamental and
building stone and also in mosaics design and flooring since the
prehistoric age (Pereira and Baltuille, 2014). Phonolites are fine-
grained felsic igneous rocks lacking quartz, with felsics comprising
10-60% foids and alkali feldspar/total feldspar >0.9. Phonolites are
used as a raw material in various fields of industry, as a dimension
stone, aggregate for gravels, ceramics, and glass production and also
in agriculture (Hidalgo-Herrador, 2021). Basalt rocks are the most
common volcanic rock type (up over 90%). Basalt is a dark-colored,
fine-grained, igneous rock composed mainly of plagioclase and
pyroxene minerals. It is a hard, dense, safe (non-carcinogenic),
durable rock with excellent engineering properties. This popular
rock is used for aggregates, road bases, stone architecture,
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foundations, industry of basalt fibers, cast basalt, fertilizers and
more (Chowdhury et al. 2022).

Table 1. Major and CIPW data for the studied samples of Gharyan
igneous rocks.

TRACHYTES PHONOLITES BASALES

TIE | Ti6 | T24 | Pho | Ph6 | Ph7 | PhI0| Phi2 | Ph13 | Phi7 | Phis | Phol | Phe2 | Phes| Ph26 | Phas | Phao | Pha7 | Pha2 | Phid| B31 | B3s | B3s | B36 | Bas
si02 |[ 6115 [ 62.04[ 6189 [ 57.65[ 60.84 | 60.12 | 59.36 | 57.78 | 57.13 [ 5875 | 59.54 [ 58.89 [ 58.87 [ 61.16 | 59.01 | 60.06 | 61.01 | 60.84 [ 59.87 [ 60.36 | 52.16 | 4546 | 5436 | 49.13 [ 5188

Sample No

AL203 | 1926 | 1889 | 18.56 | 2024 | 18.56 | 17.64 | 19.87 | 1889 [ 2026 | 20.78 | 19.79| 19.75 | 18.76 | 20.46 | 1958 | 1858 | 1926 | 17.85 | 19.85 | 1936 || 1245 [ 1423 | 13.45 | 1426 | 1434

Fe203¢ [ 234 | 282|284 | 252 | 233 [ 194 [ 197 | 250 [ 224 | 253 | 248 | 252 | 248 | 106 [ 277 | 264 | 178 | 220 | 169 | 158 || 1026 1187 1101 [ 914 | 1131
2 Na20 654 | 696 [ 747 | 702 [ 896 | 9.08 | 857 | 936 | 924 | 949 | 919 | 855 | 9.59 | 7.63 | 9.50 | 7.65 | 867 | 938 | 602 | 882 || 139 | 250 [ 151 [ 085 | 143
£
= K20 588 | 567 [ 567 | 636 [ 634 | 640 | 613 | 590 | 6.02 | 555 | 578 | 591 | 604 [ 623 | 5104 | 595 | 613 | 584 | 628 | 614 || 135 072 [ 148 [ 036 | 155
s Mz0 024 | 021|008 | 018 | 005 [ 007 | 0.05 [ 008 [ 0.09 | 011 [ 003 | 0.04 | 014 | 010 [ 012 | 008 | 005 | 0.04 | 008 | 005 [ 1149( 1166| 772 | 1195 | 783
- Ca0 100 [ 104 | ro1 | 100 [ 101 | 098 | 101 | 1.10 | 1.00 | 101 | 080 | 102 | 101 [ 100 | 077 | 1o1 | 102 | 100 | 101 | 1ol | 810 | 800 [ s00 [ s02 | 803
Ma0 013 | 020 019 | 013 | 013 [ 014 | 024 [ 021 [ 022 | 018 [ 023 | 020 [ 020 | 012 [ 023 | 019 | 017 [ 020 | 013 [ 017 | 014 | 015 | 016 | 015 | 014
ot T69 | 160 | 0.3 | 290 | 152 | 188 | 0.95 | 188 | 183 | 102 | 140 | 132 | 114 | 0.41 | 110 | 180 | 05 19 | 116
Total | 98.52 | 99.43 | 95.09 | 95.00 | 99.75 | 98.24 | 9541 | 98.03 | 99.42 | 99.24 | 98.20 | 95.12 | 95.17 | 95.22 | 98.02 | 98.72 | 98.2 95.80 | 95.17
An 46 | 36 [037] 52 [ 000 0.00 ] 0.00 | 0.00 | 000 [ 000 | 000 | 000 [ 0.00 [ 3.25] 0.00 | 0.00 847 | 76
Ne 48 | 32 | 623 [ 000 I 950 | 182 | 188 4226|179 | 178 | 162 | 108 | 180 | o. 000 | 000
Di 04 | 14 [ 30 [ 28 | 34 | 23 | 28 | 49 36 | 36 | 403 | 055 | 34 | 3 0.00 | 000
< Or 359 | 343 | 343 | 395 | 382 | 9 5 [ 20 399 | 364 | 368 | 376 | 313 | 364 | 372 | 33, 16 | 906
E b SIS | 543 | 538 | 397 | 387 | 389 | 359 | 258 382 | 381 | 349 | 460 | 411 | 46 37 | 1199
z Wo 000 | 0.00 [ 055 [ 0.00 [ 053 | 099 | 110 | 0.00 2 [ 0.00 | 050 | 026 | 046 | 0.00 | 039 | 130 | 0.65 | 140 | 1.60 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
3] o1 060 | 0.87 | 0.00 | 088 | 000 | 000 | 0.00 | 0.16 020 | 000 | 0.00 | 0.00 | 034 | 000 | 000 | 0.00 | 0.00 | 0.00 [ 288 | 228 | 0.00 | 0.00 | 000
Ac 0.00 | 0.00 [ 0.00 [ 000 | 442 | 430 | 445 | 447 444 000 | 000 [ 0.00 | 447 | 245 | 442 | 446 | 443 [ 445 | 0.00 | 000 [ 0.00 | 0.00 | 0.00
mt 3 | 227 | 222 | 000 | 228 | 000 | 0.00 | 0.00 000 | 057 | 0.00 | 040 | 0.00 | 1.00 | 000 | 0.00 | 0.00 | 0.00 [ 214 | 214 | 213 | 221 | 215
Q 000 | 0.00 | 0.00 | 0.00 | 000 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 000 | 0.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 456 | 254 | 179

Trachytes are clear, rough igneous rocks used as ornamental and
building stone and in mosaics design and flooring since the
prehistoric age (Pereira and Baltuille, 2014). Phonolites are fine-
grained felsic igneous rocks lacking quartz, with felsics comprising
10-60% foids and alkali feldspar/total feldspar >0.9. Phonolites are
used as a raw material in various fields of industry, as a dimension
stone, aggregate for gravels, ceramics, and glass production and in
agriculture (Hidalgo-Herrador, 2021). Basalt rocks are the most
common volcanic rock type (up over 90%). Basalt is a dark-colored,
fine-grained, igneous rock composed mainly of plagioclase and
pyroxene minerals. It is a hard, dense, safe (non-carcinogenic),
durable rock with excellent engineering properties. This popular
rock is used for aggregates, road bases, stone architecture,
foundations, and industry of basalt fibers, cast basalt, fertilizers and
more (Chowdhury et al. 2022).
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Fig. 2. Total alkalis vs. Silica (TAS) diagram performed for the studied
samples (LeBas et al 1986).

We are working now with the "Building materials, Ceramic and
Glass Technical Center" to perform some physicochemical
characterization tests to select the best sample as raw material to be
used in the potential industrial essays.

Conclusion and recommendation

Regarding all the above-mentioned potential usages of the igneous
rocks class identified in the Gharyan volcanic province, especially
for basalt which undergoes a flourishing global market valued at
$310 million in 2022 (according to the Allied Market Research,
Report A15885), the Libyan igneous rocks are considered valuable
geological resources that can be developed and exploited in various
industrial and technological usages. Such development is
encouraged by the sustained availability of these resource in terms
of quality and quantity and also the geotechnical conditions that
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seem mainly favorable for safe and economically benefitable
industry.
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