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Abstract

Sand has become the most used natural raw material after water in the century we
live in. In parallel with the rapid population growth, the need for sand used in
different areas, especially in the construction sector, is increasing. Sand
consumption is increasing every year in the world and causes irreversible damage
to lakes and stream beds. As in many areas, the world is rapidly consuming natural
building materials and is looking for alternatives. For this reason, the properties of
the raw materials that are used / can be used as an alternative should be known.
Basaltic scorias used as sand-gravel quarries around Karapinar are used in the
construction sector due to their lightness. In macroscopic samples of basaltic
scorias in red and black color, very few phenocrysts of mafic minerals (olivine and
pyroxene) are observed. Olivines are black colored, pyroxenes are greenish black
and prismatic. The rock is very porous, low density, and its SiO, content is 44.40%.
Considering the macro properties, the rock has an aphanitic porphyritic texture
according to the grain state.
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Kum — Cakil Ocagi Olarak Kullanilan Karapmar (Konya)
Civarindaki Bazaltik Ciiruflarin Petrografik ve Jeokimyasal

Ozelikleri

Ozet Anahtar Kelinéﬁlri;
Kum yasadigimiz ylzyllda sudan sonra en c¢ok kullanilan dodal hammadde Kum
durumuna gelmistir. Hizla nifusun artmasina paralel bir sekilde buytyen sehirlerin, Gakil
insaat sektdri basta olmak Uzere farkli alanlarda kullanilan kum ihtiyaci da Bazalt
artmaktadir. Diinya da her gegen yil kum tilketimi daha da artmakta géllerde ve V?(lg‘:‘anr')zlrr;?

dere yataklarinda geri donisumu olmayan tahribatlara neden olmaktadir. Dinya,
birgcok alanda oldugu gibi dogal yapi malzemelerini hizla tiketmekte ve bunlara
alternatifler aramaktadir. Bu nedenle alternatif olarak kullanilan/kullanilabilecek ham
maddelerin petrografik, jeokimyasal, fiziksel ve jeoteknik &zelikleri bilinmelidir.
Karapinar civarinda Kum — Cakil ocadi olarak kullanilan bazaltik curuflar hafif
olmalari nedeni ile insaat sektériinde kullaniimaktadir. Kirmizi ve siyah renkli olan
bazaltik ctruflar makroskobik numunelerde ¢ok az miktarda mafik minerallere (olivin
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ve proksen) ait fenokristaller icerir. Olivinler siyah renkli, proksenler ise yesillimsi
siyah renkli ve prizmatik sekillidirler. Bu kayaclar bol gézenekli, diisik yogunluklu
ve SiO; igerigi % 44.30-44.50 ‘dir. Makro 6zellikleri g6zdniine alindiginda curuflar,
tane durumuna goére afanitik porfirik doku gosterirler.
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INTRODUCTION
In the 21st century, sand has become the second most used natural raw material after water

in the world. As a result of the rapid increase in population, cities that grow very quickly
cause sand shortages in the world on a global scale. This situation suggests that with the
political and economic crises that may occur on a global scale, there is very little time left for
this famine to turn into a major environmental crisis. Sand is used in many areas in our daily
life, from glass making to construction, from road and asphalt construction to the production
of electronic devices, from marine filling to shale gas extraction. In addition to the general
use, sand is required especially for paper, plastic, paint, cosmetic products, wine, toothpaste
production. The very fine-grained sand found on beaches and deserts is of great use to human
activities. The fact that the sand required for construction in Dubai is imported from abroad
shows that the sand in the deserts is not very useful. Although approximately 4 billion tons of
sand is formed every year in the world according to the characteristic rock and mineral
properties of the region, a certain amount of it is available for needs. With the growth of
cities, new buildings and construction sites are needed and 200 tons for a detached house, 3
thousand tons for a hospital, and 10 thousand tons of sand are needed for a 1 km highway.
According to the data of the United Nations, 54 percent of the human population in the world
lives in cities. It is thought that this rate will continue to increase rapidly and reach 66 percent
by 2050. Since 2010, 15 billion metric tons of sand have been consumed every year in the

world [1]. The amount of sand used by China only from 2011 to 2014 is equal to the total
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amount of sand used by the USA during the 20th century. This sand consumption in the world
causes destruction that is difficult to recycle, especially in stream beds and lakes. Many
countries in the world, especially China, import sand from various countries, especially
Vietnam [1,2].

Karapinar is geographically located in Central Anatolia. Many polygenetic and
monogenetic volcanoes developed in the region during the Upper Miocene-Quaternary as a
result of the processes of convergence and collision of the Eurasian and Arabian plates in the
Middle Miocene [3- 6]. This volcanic activity in Central Anatolia is represented between
Karapinar (Konya) - Hasandagi (Aksaray) with basalt-andesite rocks, scoria cones, lava
flows, and products in the form of maars [7].

In parallel with the growth of the construction sector, which is one of the dynamic sectors of
our country, the demand for sand - gravel, stabilized and similar materials, which are the most
important tools for the sector, has increased significantly in recent years [8]. For this reason, it
IS necessary to determine alternative sandpits and meet the demand for sand and gravel
economically. Pyroclastics, which are used as sand-gravel quarries in the borders of the
Karapinar (Konya) district, are used as an alternative and are highly demanded in the region.
These are preferred in the construction sector as very light building materials due to their
porosity [9]. In this study, the geochemical and petrographic properties of the samples taken

from the borrow pit (Kesmez Quarry) in the region were investigated.

MATERIAL AND METHOD
Three black colored and three brownish Scoria deposites were taken from the area in the

northwest of Kesmez Village (Karapinar-Konya) which is thought to be used as sand and
gravel. Randomly selected one brownish-red and two black scoria samples were analyzed.
These samples were taken from fresh, undissociated surfaces. Kesmez Quarry is located

approximately 4 km northwest of Kesmez Village, south of Konya - Adana ring road (Figure
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1). Thin sections for the petrographic examination of these rocks were made in the "Thin
Section Laboratory of the Konya Technical University Faculty of Engineering and Natural
Sciences Department of Geological Engineering” and they were examined under the Nikon
brand Polarizing microscope., Whole-rock major oxite and some trace element analyzes were
carried out in the "Middle East Technical University Central Laboratory”; XRD (X-Ray
Diffraction) analyses, SEM-EDX images were carried out at the Selguk University Advanced

Technology Research Application Center.

— - —
ActLake -

Kesmez
Open-pit

"~ KRP2

Figure 1. a) Location map of Kesmez quarry (The map is taken from Google Maps). b) View from Kesmez
quarry. ¢) an example taken from the Kesmez quarry. d) KRP2 sample taken from the Kesmez quarry

RESULT AND DISCUSSION

General Geology

In the region, Cihanbeyli formation is located at the bottom, which is bedded close to the
horizontal, and consists of light white-gray marl, clayey limestone, and tuff alternation in
some areas (Figure 2). This formation presents quite wide-spreading in and around the study
area. In the northeast of the study area, undifferentiated basalts and andesites belonging to the
lower members of the Karacadag volcanics lie over the Cihanbeyli formation. Young

volcanics, which play an active role in the formation of the morphology of the region, mostly
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consist of basalt, andesitic basalt, trachybasalt, and pyroclastics. The units in the study area
are covered with Quaternary alluvium [10].

Volcanics in the region are generally composed of basalt, basaltic andesite volcanics
overlying pyroclastics that are not welded. Volcanics, which are partially observed as plains
in large areas, present a porphyro-aphanitic texture. Dark gray-blackish colored and locally
amygdaloidal texture is observed in the hand sample of basalts. Within these basalts, rock
fragments of trachyte-trachyandesite composition varying in size from 0.3-4 cm are also
observed. Another rock group presenting a porphyro-aphanitic textural feature in the study
area and the surrounding area is andesites and trachyandesites. Andesites can be distinguished
from other rock groups by the light pink color they show in the hand sample, and
trachyandesites by their gray color and flow textures [7].

Describe and discuss the results here and/or the finding/contents of your study.
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Figure 2. Geology map of the study area and its surroundings (partially modified from [7])
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Petrographic and Geochemical Evaluation
Macroscopic Features
Red Scoria

The brownish red-colored scoria samples (Figure 1c) taken from the Kesmez quarry area
of Karapmar District (Konya) Kesmez Village are mostly fine-grained. Very few phenocrysts
of mafic minerals (olivine and pyroxene) are observed in these rocks. The fine-grained cut of
the red scoria deposites is the "paste phase". These are very porous (Figure 1c, Figure 5 a, b,
¢, and d). Olivines, one of the mafic minerals rarely observed in these rocks, are black and
prismatic. Pyroxene are greenish-black colored and prismatic. The SiO, content of red scoria
deposites is 44.40%. With this feature, these rocks are of "basic" composition. They have a
massive appearance and present a "porous structure” (Figure 1c). In addition, their density is
low. Considering their macro properties, these rocks have"aphanitic porphyritic texture"
according to grain state.
Black Scoria

The black-colored scoria samples (Figure 1d) taken from the sand-gravel pit in the Kesmez
region are mostly fine-grained. Very few phenocrysts of mafic minerals (olivine and
pyroxene) are observed in these rocks. The "paste phase" forms the fine-grained cut of black
scoria with abundant pores. Olivines in black scoria are generally in the form of subhedral
prismatic crystals and black in color. Pyroxene are prismatic in shape and greenish-black in
color. These rocks are of "basic™ composition according to their SiO, content (44.30% -
44.50%). These rocks have a massive appearance and porous structure (Figure 1d). These
have a low density. Considering the macro properties, black scoria have"aphanitic porphyritic

texture™ according to grain state.
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Microscopic and Geochemical Properties

Thin sections and geochemical analyzes ( major oxite, some trace elements and XRD
analyzes) were performed from the black scorias taken from the Kesmez quarry. Therefore,
black scorias have been interpreted with the help of macro observations, thin sections, and
geochemical analysis. As red scorias have a very soft and dispersible feature, thin sections of
these samples could not be made, but geochemical analyzes (major oxite, some trace elements
and XRD analyzes and SEM EDX analysis were made from these samples. Therefore, red
scorias were interpreted with the help of macro observations and geochemical analysis.
The main element (major) and some trace element chemical analysis results of red scoria and
black scorias are given in Table 1. According to the results of this analysis, the CIPW norm

values of these rocks were calculated (Table 1).

Table 1. Major oxide and some trace element oxide amounts (%wt), major element and some trace element
amounts (%wt), and CIPW norm values (%wt) of red scoria and black scoria.
Q: Quartz, A: Alkali feldspar, P: Plagioclase, F: Feldspatoid

Major Oxide and Some Trace Element Major Element and Some Trace Element CIPW N 0
Oxide Amounts (% Wt.) Amounts (%owt.) orm values (Yowt.)
Red Black Black Red scoria] Red Black Black Red | Black | Black
scoria scoria scoria scoria | scoria scoria scoria | scoria | scoria
KRP1 KRP2 KRP3 KRP1 | KRP4 | KRP2 KRP3 KRP1| KRP2 | KRP3
SiO, 44.4 44.5 44.3 O 46.8 52.29 46.5 47.0 Kuvars - - 0.02
AlLO;, 18.0 18.7 185 Si 20.3 13.77 20.4 20.2 Zirkon - 0.01 0.03
CaO 115 115 117 Al 9.33 6.83 9.74 9.63 Anortit 29 30.84 | 27.48
Fe.O(t) 9.84 9.66 9.77 Ca 7.97 8.95 8.04 8.07 Hipersten| 13.1 | 12.36 | 21.80
MgO 6.04 5.86 5.43 Fe(t)| 6.63 5.79 6.57 6.58 Albit 26.3 | 26.12 | 24.58
MnO 0.233 0.189 0.164 Mg| 3.58 3.27 3.49 3.22 Sanidin | 5.79 55 5.61
K.O 0.979 0.929 0.953 Mn| 0.174 - 0.142 0.122 Olivin 761 | 771 -
Na.O 3.22 3.2 3.0 K 0.79 0.66 | 0.754 0.768 Apatit 0.65 0.7 0.65
TiO, 1.09 1.05 1.12 Na 2.36 3.07 2.35 2.19 Ilmenit 2.07 1.99 2.13
P.O. 0.284 0.3 0.283 Ti| 0631 059 | 0.612 0.649 Korund | 1.19 | 131 2.62
Cr,0O, 0.051 0.041 0.0431 P 0.121 - 0.128 0.12 Magnetit| 4.76 4.67 4.73
Zro, - 0.015 0.0166 Cr | 0.0336 - 0.027 0.0285 Kromit 0.07 | 0.06 0.06
Sro 0.085 0.086 0.0876 zr - 0.011 0.0119 Pirit 0.02 - 0.02
NiO 0.017 0.017 0.0141 Sr | 0.0685 - 0.07 0.0709 Halit 0.09 | 011 0.09
ZnO 0.011 0.011 0.0094 Ni [ 0.0129 - 0.013 0.0107 Tenardit | 0.05 | 0.02 0.02
CuO 0.007 0.007 0.0076 Zn | 0.0085 - 0.008 0.072 Kalsit 9.51 8.8 10.42
Co, 4.18 3.87 4.58 Cu | 0.0056 - 0.005 0.058 Total 100.24 | 100.21 | 100.26
Cl 0.047 0.062 0.0547 C 112 2.58 1.04 1.23 Q 0 0 0.02
SO. 0.031 0.01 0.0131 Cl | 0.0461 - 0.061 0.0531 A 5.79 55 5.61
Total 100.015 | 100.006 100.046 S 0.012 220 | 0.004 0.0051 P 55.3 | 56.96 | 52.06
Tot.| 99.993 | 100.00 | 99.970 100.089 F 0 0 0
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Red Scoria

As a result of the major and trace element analyzes made from sample no. KRP1, the CIPW
norm values of this rock were calculated (Table 1). In addition, the result of the XRD analysis
made from this rock is given in Figure 3. In the SEM analysis of these scoria samples, the
hollow structure is seen (Figure 7). This hollow spongy structure is independent of each other
and causes a low density. When these two chemical analysis results are evaluated together, as
mineralogical composition in KRP1 numbered sample; Plagioclase, hypersthene, and enstatite
(orthopyroxene), calcite, olivine, sanidine, biotite, clinochlore (chlorite) magnetite, ilmenite,
corundum, apatite, halite, chromite, and pyrite are observed. The chemical analysis results of
this sample can be found in [11] When evaluated in the TAS diagram [11] of, the sample

KRP1 is in basalt composition (Figure 4a).

1 b-lraw
3 | PDF 00-041-1481 (Ca.Na)({Si,Al408 Anorthite, sodian, disordered
800 | PDF 01-070-6489 MgFe(SiO4) Olivine, syn | Magnesium Iron Silicate
| PDF 01-071-6219 Na(AlSi308) albite low HF, sodium tecto-alumotrisilicate | Sodium Aluminum Silicate
| PDF 00-019-0931 KAISi308 Orthoclase
3 | PODF 01-086-1707 Ca(AI25i208) calcium tecto-dialumodisilicate, anorthite HP | Calcium Aluminum Silicate
700 | PDF 00-034-0178 Fe2+2Si04 Fayalite, syn
E | POF 00-042-0603 K{Mg,Fe+2)3(Si3A1)010(0H)2 Biotite-1M, ferrian
3 PDF 01-086-0430 Mg2(Si206) Enstatite, syn
PDF 00-060-0322 (Mg,Fe, Al)6(Si,AlMO10{0OH)8 Clinochlore, ferroan, glycolated, oriented

Counts

M %MW AN oy

2Theta (Coupled TwoTheta/Theta) WL=1.54060
Figure 3. XRD result of KRP1
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When this rock sample is reduced to the Q-A-P-F diagram [12] considering its mineralogical
composition (Table 1), it is seen that it is again in basalt composition (Figure 4b). KRP1
according to the magma series when classified in R1 - R2 diagram [13], is seen that it has
alkaline magma character (Figure 4c).
Sample no. KRP1 has dark (red) and basic composition (SiO2: 44.4%). The rock is very light
and has a low density. It also offers a porous structure (Figure 1c). These are the
characteristics of scoria from pyroclastic rocks. Considering its chemical and mineralogical
composition, the sample KRP1 is named basaltic scoria.
Black Scoria

As a result of examining the thin section made from the sample no. KRP2 under polarizing
microscope, in the rock; orthoproxene (enstatite and hypersthene) (12%), olivine (7%),
clinoproxene (diopside / augite) (3%), biotite (1%), chlorite (clinochlor) (1%), apatite (1%),
plagioclase microliths (32%), sanidine microliths (4%), volcanic glass (20%), opaque mineral
(2%) and porosity (17%) (Figure 5). Orthoproxenes in the rock show a prismatic shape and
flat extinction (Figure 5). As a result of chemical analysis, it is seen that orthopyroxene in the
rock is in the composition of enstatite and hypersthene. Clinopyroxene is occasionally
octagonal and distinctly prismatic shaped crystals (Figures 5¢ and 5d). These clinopyroxenes,
which have an oblique extinction between 43° and 45° are probably of "diopside/augite"”
composition. Olivines are generally subhedral, flat extinct, and sometimes fractured (Figure
5). A very small amount of biotite is observed in the rock. Biotites are typical with their
brown color and plate-like shapes. The paste phase of the rock is composed of plagioclase
microliths and volcanic glass. Plagioclase microliths are distinctive with low birefringence,
albite twinning, and prismatic shapes (Figure 5). Carbonation is observed in some

plagioclases. Secondary calcite minerals were formed in the rock with this alteration.
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Figure 4. Classification of KRP1 and KRP2 samples in terms of chemical, mineralogical and magma series a)
Chemical classification in TAS diagram [11] b) Mineralogical description in Q-A-P-F diagram [12], ¢) Magma
series in R1 - R2 diagram [13]. Q: Quartz, A: Alkali feldspar, P: Plagioclase, F: Feldspatoid

KRP2 is composed of crystals and volcanic glass. Therefore, according to the degree
of crystallinity rocks, "hypocrystalline tissue" is the line. Since the rock is made up of
phenocrysts, microliths, and volcanic glass, it has a “porphyritic texture” according to grain

condition. The paste phase consists of microliths and volcanic glass. Therefore, they also offer

"hypocrystalline porphyritic texture". (Figure 5).

The CIPW norm values of the rock are shown in Table 1 as a result of the major and trace
element analyzes made from sample no. KRP2. In addition, the result of the XRD analysis
made from this rock is given in Figure 6. When these two chemical analysis results are
evaluated together, as mineralogical composition in KRP2 numbered sample; plagioclase,
hypersthene, and enstatite (orthopyroxene), calcite, olivine, sanidine, biotite, clinochlore
(chlorite), magnetite, ilmenite, corundum, apatite, halite, and chromite are observed.

Therefore, the chemical analysis results of this rock are highly compatible with thin section

119



International Journal of Environmental Trends (IJENT) 2020; 4 (2),110-123

results. When chemical analysis results of KRP2 is evaluated in the TAS diagram [11], it is
seen that this rock is in basalt composition (Figure 4a).When this rock sample is plotted to the
Q-A-P-F diagram [12] considering its mineralogical composition according to both thin
section observations and CIPW norms (Table 1), it is seen that the rock is again in basalt

composition (Figure 4b).

When the sample KRP2 is classified in the R1 - R2 diagram [13]according to the magma
series, it has an alkaline magma character (Figure 4c). KRP2 numbered sample is black and
basic composition (SiO2: 44.5%). The rock is fairly light, so it has a low density. It also offers
a porous structure (Figure 1d). All these features are characteristic of scoria from pyroclastic
rocks. Considering the chemical and mineralogical composition of the rock, the sample KRP2

was named basaltic scoria.
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PDF 00-034-0178 Fe2+2Si04 Fayalite, syn

1 PDF 00-042-0603 K(Mg,Fe+2)3(Si3AI)010(0H)2 Biotite-1M, ferrian
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Figure 6. XRD result of KRP2

In the SEM analysis of these scoria samples, the hollow structure is seen (Figure 7). This
hollow spongy structure is independent of each other and causes a low density.
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Figure 7: SEM-EDX images of KRP2

Sands are not only limited to the building sector according to their usage characteristics.
Particularly, silica sands offer a wide range of use in the casting industry, treatment plants,
pipe manufacturing in the glass industry, surface cleaning, as a filter in treatment plants, the
chemical industry, and the agricultural sector [14]. Basaltic slags subject to this study are
frequently used in the construction industry in the region. It is preferred in infrastructure and
superstructure constructions due to its porosity feature. In recent years, it has been preferred
in the agricultural industry around the region, in park, garden, and landscape
work. Especially, red and black colored slags are used in park and garden arrangements as
well as their visual use as well as their mud-preventing feature. Its differences from other
sediments are that it prevents the growth of insects, fungi, and bacteria, reduces water
consumption, prevents water accumulation in heavy rains, does not hold dust and prevents

sludge formation, regulates the pH level of the soil and its decorative elasticity [15].
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4. Results

Today, we are moving rapidly towards a century in which renewable alternatives will have
to be created to replace the rapidly depleted natural resources. Alternative resources should be
found by making good use of the natural resources we have and their characteristics should be
determined very well in these resources. In this study, the region that can be operated as a
sand and gravel quarry in the Karapinar (Konya) region was investigated. The quarry opened
in the pyroclastic origin units is different from the quarries that are operated in the stream
sands that we are used to seeing or by the fragmentation of carbonate units. Hollow spongy
construction lightens the material. For this reason, the petrographic definition and
geochemical properties of the raw materials used in many areas such as filling and stabilized
materials, especially in the construction sector, have been determined. This raw material,
which is defined as basaltic scoria, is found in pyroclastics frequently seen in the region and is

used as an alternative sand-gravel quarry in the region.
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