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Abstract:

The primary objective of this study is to assess the viability of using Libyan basalt to produce
high-quality basaltic cementitious materials, specifically basalt powder and fiber. The
investigation focuses on basaltic rocks (including olivine basalt, alkali olivine basalt, and
olivine tholeiite) sourced from seven key locations in Libya: Bani Walid, Qasr Ash Shwayrif,
Jabal Al Hasawnah, Sabha, Al Fuqaha, Zallah, and Abu Naim. Methodology involved
analyzing major oxide concentrations (Si02, AI203, Fe203, MgO, CaO, Na20, and K20)
from 65 samples dated from the Eocene to Pleistocene. Results indicate that the chemical
composition of the examined basalt is generally unsuitable for producing high-quality basalt
powder or fiber. Specifically, major oxide levels often fall outside the required parameters for
consistent melting and pozzolanic action, leading to subpar mechanical properties and
instability in fibers. Despite these limitations, the basalt may be beneficial for other
applications such as soil amendment. To enhance material quality for industrial use, the study
recommends mixing the basalt with other materials to achieve ideal chemical ratios or
employing acid leaching to adjust its composition for better processing.
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1. Introduction

Basalt is used in the cement industry as an economical and sustainable alternative to raw
materials like clay or limestone, or as a powdered supplementary cementitious material that
improves the strength, durability (acid/sulfate resistance), and workability of concrete while
lowering transportation costs and CO> emissions. Basalt powder offers pozzolanic activity,
improving mechanical properties (e.g., Uncik and Kmecova, 2013; Dobiszewska and
Beycioglu, 2017, 2020; Chindaprasirt et al.,, 2025), and basalt fibers reinforce concrete,
increasing crack resistance and overall performance, contributing to greener construction
practices (e.g., Wei et al., 2011; Lipatov et al., 2015; Khan and Cao, 2019; Liu ef al., 2022;
Geng et al., 2025).

There are substantial Cenozoic basalts in Libya (e.g., Schult and Soffel, 1973; Zivanovic,
1977; Jurak, 1978; Seidl and Rohlich, 1984; Woller, 1984; Gundobin and Yevdokimov, 1985;
Vesely, 1985; Zikmund, 1985; Nemeth et al., 2003; Farahat ef al.,, 2006; Cvetkovic ef al,,
2010; Hamouda et al., 2014; Alashkham et al., 2024). Paleomagnetism (Schult and Soffel,
1973), petrogenesis (Cvetkovic et al, 2010; Lustrino et al., 2012), petrography and
geochemistry (Farahat ef al., 2006; Abdel-Karim et al., 2013; Alashkham et al., 2024) have
been the main topics of earlier research on Libyan basalt.

Evaluating the feasibility of producing basaltic cementitious materials (powder and fiber)
from the Libyan basalt is the purpose of this research. The basalt was assessed in seven areas
(Bani Walid, Qasr Ash Shwayrif, Jabal Al Hasawnah, Sabha, Al Fuqaha, Zallah, and Abu
Naim, Fig. 1). The basalt age ranges from Eocene to Pleistocene (Zivanovic, 1977; Jurak,
1978; Seidl and Rohlich, 1984; Woller, 1984; Gundobin and Yevdokimov, 1985; Vesely,
1985; Zikmund, 1985).
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Fig. 1: Location map of the studied basalt.
2. Methodology

The chemical analysis data of basalt (65 samples) found in Zivanovic (1977), Jurak (1978),
Seidl and Rohlich (1984), Woller (1984), Gundobin and Yevdokimov (1985), Vesely (1985),
and Zikmund (1985) were used in this study. The major oxide (SiO2, TiO2, A1>O3, Fe> O3, FeO,
MnO, MgO, Ca0O, NaxO, K»0, SOs, P>Os, and Cl) concentration was the main focus of the
investigation.

3. Results and Discussion

The studied basalt is divided into three types: (1) Olivine basalt (OB); (2) Alkali olivine
basalt (AOB); and (3) Olivine tholeiite (OT) (Table 1). The chemical analysis data shows
that Si0», Ti0,, AlbO3, MnO, and Na>O exhibit a slight difference in concentration (43.09-
49.36%, 1.56-3.25%, 11.10-17.7%, 0.11-0.2%, and 2.2-3.9%, respectively), while there is a
clear variance in the concentration of Fe,Os, FeO, MgO, CaO, K»O, and P,Os (1.47-9%, 3.23-
10.6%, 3.82-12.35%, 0.6-12.05%, 0.44-1.66%, and 0.16-1%, respectively). The
concentrations of Cl and SO3 were not determined in many samples.

The major components of basalt powder are SiO», Al,O3, Fe,O3, MgO, Ca0O, NaO, and K>O,
while MnO, P>0Os, SOs, and Cl are the minor components (Table 2). The major oxide
concentrations in the majority of the basalt samples are either much greater or lower than the
typical chemical composition of basalt powder (Table 1 and Fig. 2). Overall, this indicates
that the studied basalt is inappropriate for producing high-quality basalt powder, resulting in
substandard performance, inconsistent fusion, or poor pozzolanic activity. However, other
applications, including soil improvement, may benefit from the tested basalt.

The chemical composition of basalt fiber is shown in Table 3. The chemical composition of
the studied samples and basalt fibers is obviously different, as Fig. 3 illustrates. The chemical
composition of basalt fiber needs specific levels of SiO; for strength, Al,O; for stability, and
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controlled K»O, Na>O, MgO, CaO, TiO; to ensure good melting, formability, and resistance
to alkaline environments. The unsuitable chemical composition of the studied basalt will lead
to poor mechanical properties, instability, and property dispersion.

4. Conclusions and Recommendations

This study aimed to evaluate the possibility of manufacturing basaltic cementitious materials
(powder and fiber) from the Libyan basalt. The basalt was studied in Bani Walid, Qasr Ash
Shwayrif, Jabal Al Hasawnah, Sabha, Al Fuqaha, Zallah, and Abu Naim. Olivine basalt,
alkali olivine basalt, and olivine tholeiite are the three kinds of the examined samples. The
basalt has a chemistry that falls outside the narrow window required for producing high-
quality, consistent basalt fiber or powder, necessitating adjustments or deeming it unsuitable.
Soil amendment is one of the potential uses of the studied basalt. The following steps are
recommended to improve the quality of the examined basalt: (1) Mixing with other types of
basalt or materials to obtain the ideal chemical composition; and (2) Modifying the
composition of the basalt, for example, through acid leaching, can adjust properties for better
processing.

Table 1: Chemical analysis data (concentration in wt%) of basalt in the Bani Walid, Qasr
Ash Shwayrif, Jabal Al Hasawnah, Sabha, Al Fuqaha, Zallah, and Abu Naim sheets (after
Zivanovic, 1977; Jurak, 1978; Seidl and Rohlich, 1984; Woller, 1984; Gundobin and
Yevdokimov, 1985; Vesely, 1985; Zikmund, 1985)
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Rock

Sample No.

Sample No.

Sheet Age . ) i SiO, TiO, AlLO; Fe;O; FeO MnO MgO
type in the sheets in this work

OB 34 S1 48.95 220 14.79 552 594 0.17 5097

OB 35 S2 47.84 197 13.54 5.67 584 0.16 797

AOB 36 S3 4550 248 1343 573 6.62 0.17 9.25

Jabal Al Hasawnah Tertiary AOB 37 S4 46.16 3.10 1498 448 750 0.19 642
AOB 40 S5 43.09 2.81 11.52 5.69 693 0.17 12.35

OB 43 S6 48.58 2.49 1648 5.18 436 0.14 3.82

AOB 44 S7 4488 3.25 1432 391 853 0.18 748

AOB 7 S8 4733 1.71 1439 254 977 0.16 7.67

AOB 8 S9 47.45 1.64 14.08 242 984 0.16 9.76

AOB 9 S10 47.46 1.70 14.64 334 9.18 0.18 8.25

AOB 10 S11 4772 1.58 1434 2.66 7.84 0.16 8.74

AOB 11 S12 4798 1.65 14.09 326 885 0.15 7.87

oT 12 S13 4825 1.56 1445 298 873 0.14 833

OB 13 S14 48.41 1.83 1549 3.75 732 0.15 6.70

Al Fugaha Tertiary AOB 14 S15 4792 1.69 1427 325 882 0.16 8.63
OB 15 S16 48.03 1.56 1525 196 9.61 0.18 8.19

AOB 16 S17 48.22 1.70 13.75 1.63 10.06 0.17 9.23

OB 17 S18 48.58 1.61 1471 1.72 974 0.17 8.09

OB 18 S19 48.67 1.67 1433 1.85 985 0.16 842

oT 19 S20 48.87 1.71 1437 182 997 0.17 8.62

oT 20 S21 48.97 1.70 1426 1.47 10.28 0.16 8.58
OB 21 S22 4929 1.73 14.00 1.77 9.78 0.16 10.10

OT 22 S23 4936 1.75 14.00 190 9.60 0.15 9.96
AOB 1 S24 46.37 2.62 11.27 231 10.13 0.16 10.48
AOB 2 S25 46.20 2.38 11.10 191 10.60 0.17 11.37

AOB 3 S26 45.64 224 1238 3.10 9.79 0.19 9.02

oT 4 S27 4848 195 14.12 573 559 0.15 644

OoT 7 S28 46.04 226 1326 3.06 945 0.16 8.87

Sabha Tertiary AOB 8 S29 4548 2.56 1474 482 7.00 0.20 6.81
AOB 10 S30 46.52 1.88 14.04 4.04 746 0.16 642

AOB 13 S31 47.54 1.84 14.10 5.00 6.53 0.16 6.63

OB 14 S32 47.52 227 1452 5.18 687 0.17 5.86

AOB 15 S33 4794 200 13.88 398 738 0.16 7.71

AOB 16 S34 4489 250 1294 794 498 0.18 9.55

Bani Walid Eocene-Pleistocene OB 4 S35 4520 2.10 17.70 470 9.30 0.15 6.20
OB 1 S36 46.60 2.42 1590 5.15 581 0.15 5.62

OB 2 S37 47.45 242 1490 7.27 4.13 0.15 6.32

OB 3 S38 46.10 2.35 13.50 545 6.00 0.16 9.79

Qasr Ash Shwayrif Oligocene-Miocene OB 4 S39 46.00 2.27 13.70 7.05 491 0.17 7.68
OB 5 S40 4525 235 13,50 8.86 323 0.16 7.68

OB 6 S41 4843 2.24 13.69 9.00 375 0.14 637

OB 7 S42 4578 2.63 14.64 3.16 873 0.20 9.39

oT 1 S43 48.37 1.78 14.66 3.07 877 0.15 8.84
AOB 2 S44 46.58 1.68 12.78 2.54 10.02 0.16 10.96

OB 3 S45 48.77 1.66 15.60 2.08 9.00 0.13 7.77

AOB 4 S46 47.05 1.74 1456 291 8.19 0.14 8.00

AOB 5 S47 46.57 295 12.61 2.67 948 0.16 8.27

AOB 6 S48 4691 1.95 1332 220 10.09 0.17 9.61

AOB 9 S49 48.20 2.11 1554 334 657 0.13 5.68

AOB 10 S50 46.75 190 13.81 2.18 9.76 0.16 8.76

Zallah Miocene AOB 11 S51 48.37 2.12 14.00 3.61 7.85 0.14 8.06
AOB 22 S52 4730 245 1273 2.89 837 0.15 8.34
AOB 23 S53 46.97 1.82 14.04 298 9.20 0.15 10.00

AOB 27 S54 4737 1.76 1447 3.48 832 0.15 8.2

AOB 29 S55 46.50 1.73 12.62 246 10.60 0.16 11.73

AOB 30 S56 4770 1.84 14.09 2.11 955 0.14 9.14

AOB 36 S57 46.96 1.79 13.69 221 959 0.15 9.81

AOB 37 S58 47.49 1.71 15.04 192 736 0.12 6.87

AOB 38 S59 4737 2.05 1503 3.16 7.80 0.11 8.00

AOB 39 S60 47.14 1.78 1437 2.66 923 0.15 8.52

OB 41 N 46.83 1.70 1392 3.00 920 0.15 9.22

Abu Naim Miocene-Pleistocene AOB 42 S62 47.10 1.80 14.55 2.68 9.16 0.15 8.18
AOB 44 S63 47.32 225 13.18 382 7.71 0.17 8.13

AOB 45 S64 46.46 1.83 1391 3.12 930 0.16 8.60

OT 46 S65 47.49 1.75 1429 291 927 0.17 9.15
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Table 1: Continued

Rock Sample No. Sample No.

Sheet Age . _ K CaO Na,0O K,O P,0;s Cl SO,
type in the sheets in this work
OB 34 S1 1030 2.61 098 035 0.04 0.04
OB 35 S2 11.09 2.87 0.81 0.16 0.02 0.01
AOB 36 S3 11.38 2.82 097 046 0.02 0.02
Jabal Al Hasawnah Tertiary AOB 37 S4 8.45 3.59 1.66 0.68 0.03 0.03
AOB 40 S5 10.37 275 0.79 0.81 0.01 0.01
OB 43 S6 8.51 388 1.66 0.63 0.02 0.01
AOB 44 S7 946 3.05 139 072 0.02 0.03
AOB 7 S8 10.16 3.00 0.44 0.20 <0.05 0.48
AOB 8 S9 878 3.15 0.77 037 <0.05 0.30
AOB 9 S10 942 320 047 020 <0.05 0.55
AOB 10 S11 947 360 093 035 030 0.10
AOB 11 S12 9.72 320 0.83 0.27 <0.05 0.52
oT 12 S13 943 290 0.73 021 <0.05 0.28
OB 13 S14 9.59 340 0.76 037 <0.05 0.23
Al Fugaha Tertiary AOB 14 S15 926 320 0.75 026 <0.05 0.70
OB 15 S16 9.16 320 0.70 0.26 <0.05 0.48
AOB 16 S17 9.11 333 097 036 <0.05 0.35
OB 17 S18 892 330 0.78 0.22 0.05 0.77
OB 18 S19 898 330 0.75 0.24 <0.05 0.89
oT 19 S20 8.61 3.10 0.77 0.25 <0.05 0.48
oT 20 S21 8.61 320 0.76 0.25 <0.05 0.55
OB 21 S22 795 340 090 022 <0.05 0.09
OoT 22 S23 8.28 322 098 0.24 <0.05 0.05
AOB 1 S24 9.57 280 1.10 0.60 <0.05 0.09
AOB 2 S25 9.17 290 122 0.54 <0.05 0.13
AOB 3 S26 10.34 320 1.16 0.79 <0.05 0.10
oT 4 S27 9.78 330 1.07 044 <0.05 0.10
oT 7 S28 060 220 151 057 <0.05 0.10
Sabha Tertiary AOB 8 S29 879 350 145 0.70 <0.05 0.08
AOB 10 S30 10.60 3.60 1.23 0.53 <0.05 0.15
AOB 13 S31 10.97 320 099 047 <0.05 0.13
OB 14 S32 10.45 320 1.17 0.59 <0.05 0.13
AOB 15 S33 9.52 350 1.06 0.54 <0.05 0.03
AOB 16 S34 954 280 129 0.69 <0.05 0.04
Bani Walid Eocene-Pleistocene OB 4 S35 990 290 0.75 045 - -
OB 1 S36 10.27 2.86 1.28 0.68 - -
OB 2 S37 10.28 329 1.33 0.69 - -
OB 3 S38 10.11 2.81 1.14 0.63 - -
Qasr Ash Shwayrif Oligocene-Miocene OB 4 S39 11.03 3.00 1.24 0.60 - -
OB 5 S40 10.66 237 1.14 0.60 - -
OB 6 S41 12.05 2.62 1.09 0.63 - -
OB 7 S42 10.74 2.63 095 0.39 - -
oT 1 S43 8.43 320 0.66 0.28 0.04 -
AOB 2 S44 8.65 335 0.77 043 0.01 -
OB 3 S45 8.68 3.55 0.66 0.21 0.02 -
AOB 4 S46 1047 330 0.77 031 0.05 -
AOB 5 S47 10.11 295 1.15 0.62 0.01 -
AOB 6 S48 849 370 0.87 048 0.03 -
AOB 9 S49 10.49 350 1.47 0.58 0.03 -
AOB 10 S50 950 350 0.85 052 0.05 -
Zallah Miocene AOB 11 S51 8.66 3.60 136 1.00 0.03 -
AOB 22 S52 10.19 323 1.26 0.64 0.03 -
AOB 23 S53 8.51 332 0.74 034 0.05 -
AOB 27 S54 898 340 0.82 048 0.19 -
AOB 29 S55 8.12 3.10 0.56 0.24 0.02 -
AOB 30 S56 933 346 069 029 0.04 -
AOB 36 S57 9.79 330 065 044 0.03 -
AOB 37 S58 11.69 330 0.78 046 0.07 -
AOB 38 S59 9.11 350 155 049 0.03 -
AOB 39 S60 10.28 3.50 0.63 036 0.04 -
OB 41 S61 941 3.00 060 043 0.01 -
Abu Naim Miocene-Pleistocene AOB 42 562 018 3.90 0.66 043 0.14 B
AOB 44 S63 11.18 344 1.15 038 0.05 -
AOB 45 S64 9.21 350 0.67 042 0.05 -
oT 46 S65 894 3.00 0.63 045 0.03 -
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Table 2: Chemical composition of basalt powder (after Dobiszewska and Beycioglu, 2020)
Oxides Concentration (%26)

SiO, 42 .61
Al,O5 12.9
Fezo?, 14.05
MgO 7.82
CaO 13
Na,O 1.76
K,O 1.15
MnO 0.25
P505 1.8
SO5 0.07
Cl 0.1
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Fig. 2: Binary plots showing the unsuitability of the studied samples for producing high-
quality basalt powder ((a) SiO2 vs. MnO, (b) Al>O3 vs. Fe;03, (c) CaO vs. MgO, and (d)
NayO vs. K>0)). The blue line indicates the standard chemical composition of basalt
powder.
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Table 3: Chemical composition of basalt fiber (after Liu et al., 2022)

Oxides Concentration (%)
SiO, 51.6—59.3
ALO; 14.6-18.3
CaO 5.9-94
MgO 3-5.3
Nazo+K20 3.6-5.2
TiO, 0.8-2.25
F6203+Feo 9—-14
Others 0.09-0.13
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Fig. 3: Binary plots showing the unsuitability of the studied samples for producing high-
quality basalt fiber ((a) SiO2 vs. TiO2, (b) Al2O3 vs. FexO3+FeO, (c¢) CaO vs. MgO, and (d)
NayO+K>0 vs. MnO+P,05)). The red line indicates the lower limits of basalt fiber, whereas
the blue line represents the higher limits.
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