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Резюме. Неогенските седименти, запълващи Софийския грабен са поделени в две 
литостратиграфски единици - Пъстра теригенна задруга (неофициална) и Софийска група 
(официална). Последната е разчленена още на три свити – Гнилянска, Новиискърска и 
Лозенецка.

Фациесът на седиментите от Лозенецката свита на територията на гр. София е 
алувиално-блатно-пролувиален, а възрастта им се определя на дак-руман. Общата им 
дебелина е до 150 m.

За целите на инженерната геология и геотехниката седиментите на Лозенецката свита 
се поделят на два комплекса, които се различават по визуални признаци, петрографски 
и минерален състав, а оттам и по свойствата си. Почвите от долния комплекс са със 
сивосиньозелен цвят. Преобладават глинестите отложения, които са със слоеста и шистозна 
текстура, на вид са плътни, здрави, понякога са означавани като мергелоподобни. В горния 
жълто-кафяв комплекс също преобладават глинестите отложения, в които са включени 
лещи и прослойки от пясъци и чакъли.

Изследването, предмет на настоящата статия е насочено към най-горните части на 
Лозенецката свита, които се явяват среда и основа за инженерните съоръжения. Изследвани 
са 30 проби, взети от геолого-проучвателни изработки, изградени на територията на град 
София през последните години. В текста са дадени резултати от представителни образци.

Минералният състав на глинестите почви е изследван чрез рентгено-структурен 
анализ. Определени са два параметъра – кристалната решетка и интензитет на рентгеновата 
дифракция от базалните повърхнини.

Част от пробите са изследвани в Лаборатория по Геотехника на БАН, а други – 
в лабораторията по инженерна геология на Техническия университет в гр. Тампере, 
Финландия. Определени са първичните и глинестите минерали в почвените проби.

Най-често срещаните скалообразуващи минерали от изследваните глинести почви са 
плагиоклаз, K- фелдшпат (микроклин), кварц, амфибол, три-октаедрична слюда (биотит), 
дву-октаедрична слюда (мусковит), карбонати и гипс.

За определяне на глинестите минерали и в двете лаборатории пробите са подготвени 
върху неутрално на рентгенова дифракция стъкло и са изпитани при три условия - утаени 
във вода с цел ориентиране на глинестите минерали, обработени с глицерол, нагрети до 
600 ˚C. За обогатяване на пробата най-вече с глинести минерали е използвана фракция с 
диаметър, по-малък от 0,002 mm.

Най-често срещаните глинести минерали, открити до дълбочина 30 m в глинестите 
отложения на Лозенецката свита на Софийския басейн са каолинит, смектит, дву-
октаедричин илит, вермикулит и някои смесенослойни минерали - смектит-вермикулит, 
слюда-вермикулит и смектит- хлорит.

Наличието на повече каолинит в по-крайните южните части от теритерията на 
град София може да се обясни с вида и минералния състав на скалите от провинциите, 
подхранващи Софийския басейн.
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По края на басейна седиментационният товар, пренасян от бързите потоци се е състоял 
предимно от скален материал с фини фракции – първични скалообразуващи минерали, 
примесен с продукти на изветряне. При разновидностите на плагиоклаза, изграждащи 
скалите от Витошкия плутон изветрителните процеси протичат сравнително бързо. Поради 
интензивното изветряне, в краищата на басейна катионите от плагиоклаза са извлечени и 
той бързо се е превърнал в каолинит. Смектит и илит се срещат в подчинено количество 
като изветрителен продукт от фелдшпатите, а минерала вермикулит - като изветрителен 
продукт от биотит.

Сравнително по-голямо е количеството на минерала смектит в централната част от 
територията на град София. Това може да се дължи на факта, че по време на процеса на 
седиментация на изследваните утайки, в централната и най-ниска част на басейна се е 
оформила спокойна среда на седиментация – бързите потоци, стичащи се от съседните 
планини с голяма скорост, след влизането си в басейна са образували меандри и по-широки 
речни тераси. Степента на изветряне на седиментационния товар вече е била висока, тъй 
като процеса на изветряне е започнал още в подхранващата провинция. Процесите на 
промяна продължават в спокойни условия, което допринася за образуването на смектит 
за сметка на каолинита поради застоялите условия в централната част на басейна. В 
зависимост от катионния обмен е възможно част от смектита да се е преобразувала обратно 
до каолинит.

Ключови думи: Софийски басейн, ренгенов дифрактометричен анализ, глинести 
минерали, скалообразуващи минерали, смектит, каолинит, вермикулит, илит, хлорит, 
смесенослойни минрали, лабраторити-битовнити, ортоклази-андезини

Abstract: The study is directed towards the uppermost parts of the Lozenets Formation in Sofia 
basin being the environment and basis for the civil engineering works. Soil samples from up to 
30 m depth have been tested in order to specify the mineral composition affecting the behavior 
of clays. The results are based on X-ray diffraction. 

The most common residual minerals presented in the studied samples are plagioclase, 
K-feldspar (microcline), quartz, amphibole, tri-octahedral mica (biotite), di-octahedral mica 
(muscovite), carbonates and gypsum.

The most common clay minerals found in the upper part of the Lozenets Formation from 
the Sofia basin are kaolinite, smectite, di-octahedral illite, vermiculite and some mixed layer 
minerals such as smectite-vermiculite, mica-vermiculite and smectite-chlorite.

The relatively great amount of kaolinite in the peripheral southern parts of the territory 
of Sofia city can be explained with the type and mineral composition of the rocks from the 
provenances recharging the Sofia basin.

A relatively large amount of smectite has been established in the central part on the territory 
of Sofia city. This could be due to the fact that during the sedimentation process of the studied 
sediments, a stagnant sedimentation environment was formed in the central and lowest part of 
the basin.

Keywords: Sofia basin, X-Ray diffraction, clay minerals, rock forming minerals, smectite, 
kaolinite, vermiculite, illite, chlorite, mixed layer minerals, labradorites-bytownites, oligoclases-
andesines

Introduction
Study area
Sofia City is located in the southwestern part of the Sofia Kettle near Vitosha 
and Lyulin Mountains. Tectonically the kettle is a graben confined by tectonic 
faults from the surrounding mountains: the Balkan Mountains (Stara Planina), 
the Vakarel Heights, the Lozen Mountain and Vitosha Mount, the Lyulin, Viskyar 
Mountains and the Slivnitsa Heights. During the Neogene this complex graben 
structure was a sedimentary basin in which at different periods clayey, sandy and 
gravelly sediments of palustrine, lacustrine and alluvial origin were deposited. The 
total duration of the sedimentation cycle was 3.4 million years. It ended about 1.6 
million years ago. The thickness of the Neogene (N2, Pliocene) sediments is from 
27 m in the downtown area to 1180 m in the area of the town of Elin Pelin.

The Neogene sediments filling up the Sofia graben are divided into two 
lithostratigraphic units (Каменов, Коюмджиева, 1983) - a variegated terrigenous 
suite (unofficial) and the Sofia group (official). The latter is further subdivided into 
three more Formations: Gnilyane, Novi Iskar and Lozenets. Within the boundaries 
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of the Gnilyane Formation one can distinguish the Balshen member and within the 
Lozenets formation the Novi Han member can be distinguished.

The facies of the sediments from the Lozenets formation is alluvial-palustrine-
proluvial and their age is determined to be Dacian-Roman based on remains from 
mollusks, vertebrates, rich microflora and pollen. At the beginning of the Dacian, 
the lake in the Sofia Basin, formed during the Pontian, was filled up and started 
to become narrow and shallow. On the southeast and northwest the lacustrine 
sedimentation was gradually replaced with palustrine and alluvial. The sediments 
from that period on the Sofia territory are mainly alluvial and alluvial-proluvial.

The Lozenets Formation is developed over most of the Sofia Basin. As a whole, 
its sediments are characterized by facies alteration and irregular alternation on the 
surface and in depth of clays, sandy clays, aleurolites, sands and gravel sediments 
(Каменов, Коюмджиева, 1983). The total thickness is up to 150 m. 

Outcrops can be easily identified in the southern part and especially in the 
Sofia City area. The outcrops in the Southern Park are assumed to be the stratotype 
of the formation. Alternation of gray and grayish-green bedded clays, greenish to 
rusty sandy clays and whitish to brownish equigranular sands of over 20 m total 
thickness. They belong to the upper part of the formation, outcrop in all deep 
foundation pits on the territory of Sofia and serve as foundation and environment 
for underground structures.

For the purposes of engineering geology and geotechnical engineering, the 
sediments of the Lozenets Formation, like the Pliocene sediments from other 
basins in Bulgaria can be subdivided into two complexes which differ visually 
(color, texture, mechanical composition), petrographic and mineral composition 
and hence, by their properties.

The soils from the underlying complex are grayish-bluish-green. The prevailing 
clay sediments, which have bedded and shale texture, are compact, competent in 
appearance and sometimes designated as marl-like. They have been interbedded 
by thin sandy interlayers (thickness mostly 2-3 mm) along which have developed 
bedded and micro joints playing the role of weak zones during discompaction and 
failure. 

The clay sediments also predominate in the upper yellowish-brown complex, 
where sandy and gravel lenses and interlayers are included. In some areas lime 
concretions are also encountered. The gray humus-like clay deposits (Петров, 
Илиева, 1960), which have high plasticity and swelling capacity, are typical for 
this complex too.

Previous work
The clays in the Sofia Basin have been the subject of many studies. Similar mineral 
composition of the clayey soils has been established in almost all investigations 
and published materials.

In Ilieva’s article (Илиева и др., 1961), which studies the clays at depths of 3 
to 150 m, a conclusion is drawn that despite the very similar mineral composition 
of the clays from the higher and lower complex of the Lozenets formation, illite 
and kaolinite prevail in the lower complex whereas montmorillonite (smectite) 
followed by illite predominate in the upper complex. Quartz is pointed out as 
an associated mineral and the presence of iron oxides and hydroxides has been 
identified in almost all samples. Bozhinova and Ilieva (1990) study the influence of 
mineral content and structure of some clay deposits on their mechanical properties. 
The prevalence of smectite in the lower Pl complex was found.

In her investigations on the sediments of the Sofia Basin, Yaneva (Янева, 
1997) studies the clayey soils in the three Formations of the Neogene period, 
namely, Gnilyane, Novi Iskar and Lozenets Formations. Over a large depth range 
(88 – 300 m), she found out a relationship in the distribution of the same clay 
minerals: kaolinite predominates in the Gnilyane and the lowest parts of the Novi 
Iskar Formations, whereas montmorillonite prevails within the range of the Novi 
Iskar and Lozenets Formations. Throughout the whole range illite is of secondary 
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significance and the non-clay minerals are represented by quartz, orthoclase, 
microcline, albite-orthoclase, muscovite and chlorite.

The aim of the present study
As to the clayey deposits in the vertical and horizontal directions in the basin the 
authors emphasize participation of the three clay minerals: kaolinite, illite and 
montmorillonite. The results are based on X-ray diffraction.

The study is directed towards the uppermost parts of the Lozenets Formation 
being the environment and basis for the civil engineering works. Soil samples from 
up to 30 m depth have been tested in order to specify the mineral composition 
and structural features affecting the behavior of clays. Results are presented from 
representative samples.

This paper is a concise version of the more detailed study on “Engineering 
Geological Characteristics of Clay Deposits from Sofia Basin with a View on 
Geotechnical Constructions” with description of all the samples as well as results 
from electron microscope analyses, physical and mechanical properties of these 
sediments and their behavior as a subsoil of the geotechnical constructions 
(Божинова, 2014).

Materials and methods of study
The mineral composition of the clayey soils has been studied by the X-ray 
diffraction method. Two parameters have been determined, viz. the crystal lattice 
and the intensity of the X-ray diffraction from the basal planes. 

Thirty samples were tested. The samples were taken from test pits designed 
to test the foundation bed for buildings during recent years. The interpretation of 
some diagrams was complicated by the presence of ferric compounds. The most 
representative results are given below.

Part of the samples have been studied at the Geotechnical Laboratory of the 
Bulgarian Academy of Sciences using the X-ray diffractometer system D500 
SIEMENS under the following conditions: CuK-α monochromatised beam with a 
graphic monochromator , 40 kV, 30 mA, scanning velocity of 1˚/min in the area of 
2θ = 2° - 80° using an automatic aperture. 

The mineral composition determined at the Laboratory of Engineering 
Geology of Tampere University of Technology was studied by using Philips PW 
1840 Diffractometer with CuK-α radiation and Ni-filter. Diffraction diagrams were 
plotted using a velocity of 2˚/min, usually between 2θ = 3° - 65°, i.e. 29.425 Å – 
1.43 Å.

For identification of the clay minerals the specimens in the two laboratories 
were prepared on a neutral X-ray diffraction glass and tested under the following 
three conditions: 

- Settled in water for the clay minerals to be oriented; 
- Treated with glycerol; 
- Heated up to 600°C.
A fraction less than 0.002 mm in diameter was used to enrich the sample mostly 

in clay minerals.

Results of the studies on the mineral composition
Parent minerals
The clayey soils result from physical and mostly chemical weathering of the bedrock. 
Therefore, in the samples tested, rock forming minerals of varied amounts were 
identified together with the clay minerals. The rock forming minerals in the clay 
are also called residual (primary) minerals. To determine them, it is not necessary 
to heat or treat the sample with glycerol. These minerals were identified from test 
samples settled in water. The most common residual minerals presented in the 
studied samples are plagioclase, K-feldspar (microcline), quartz, amphibole, tri-
octahedral mica (biotite), di-octahedral mica (muscovite), carbonates and gypsum.
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In case of the presence of reflection peak at approximately 3 Å, the sample was 
treated with 10% HCl acid to prove the presence of carbonates in the soil.

The rock-forming minerals alter to different weathering products according to 
the degree of weathering and increased leaching conditions.

Light color parent minerals like plagioclase, K-feldspars and muscovite at the 
first stage of weathering alter to di-octahedral smectite and/or di-octahedral illite 
or mixed layer illite-smectite minerals. At the second stage of weathering, if K 
has already been leached away from illite, it turns into kaolinite and if Na and/
or Ca have been leached away, then the smectite also turns into kaolinite. If the 
weathering environment had been re-enriched in Na, Ca and/or K, the reaction might 
be reversible – from kaolinite to smectite or illite. At the third stage of weathering 
when SiO2 has been leached away the weathering product will be bauxite. 

As a dark-colored rock forming mineral, biotite weathers at the first stage into 
tri-octahedral illite, chlorite and/or vermiculite and/or mixed layer illite-chlorite-
vermiculite minerals. 

Amphibole transforms to 3-octahedral smectite, chlorite and/or mixed layer 
smectite-chlorite minerals, respectively. 

If SiO2 is leached away, the next weathering stage is the formation of ferric 
oxides and hydroxides which very often impart a reddish-brownish color to the 
weathered deposits.

Clay minerals
To identify different clay minerals, some of their basic properties were taken 

into account. (Grim, 1961, 1968; Grim, Rowland, 1942; Millot, 1970).
The various clay minerals have similar silicate structures, i.e. the structures 

of phyllosilicates: the silica tetrahedron SiO4 polymerized into sheets and the 
octahedrals Al(OH)3 (di-octahedral) or Mg(OH)2 (tri-octahedral) to units of layer 
structures. A combination of one octahedral and one tetrahedral layer determines 
the structural plan of the kaolinite group of minerals (1:1 type).

The arrangement of two tetrahedral silica sheets, added on both sides of the 
central octahedral sheet is described as 2:1 type of layer structure. This kind of 
structure is found in the smectite mineral group and hydromica (illite) groups of 
clay minerals. 

In the chlorite minerals an additional octahedral layer is located between 2:1 
units so that there are two tetrahedral and two octahedral layers. This structure is 
described as 2:2 layer structure. 

In vermiculite an extra octahedral layer exists which consists of hydrated Mg 
that has not crystallized.

The layers in the clay minerals are held together by different forces in the 
different minerals but the bonding between the layers is weaker than the bonding 
within the layers. The spacing between the basal planes of the layer structured 
clay minerals is very important for the clay mineral classification and for their 
determination by X-ray diffraction. It changes differently in different clay minerals 
as a result of the different reaction to chemical attack, heat or water content change.

The most important information on clay minerals could be recorded by X-ray 
diffraction employed to an oriented air-dried specimen. Inspection of the d-values 
of the peaks from the diffractogram indicates the main groups of the minerals and 
the peak height of the area gives the approximate relative proportion. 

The peak of 7 and 3.5 Ǻ in the diffractogram of the air-dried specimen shows 
reflection of kaolinite of the first and second order. The same basal reflection also 
belongs to second and third order chlorite minerals. To confirm the presence of one 
of these minerals, the specimen has to be heated to above 550˚ C. When heated to 
that temperature, the crystal structure of kaolinite is destroyed and the reflections 
disappear. 

First order chlorite most often shows a peak at around 14 Å and when heated, 
its structure is not destroyed. The reflection peaks still remain. This is a way to 
distinguish kaolinite from chlorite.

The main swelling clay minerals are smectite, vermiculite and plenty of mixed 
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layer minerals. For their identification the change in the basal space is used. When 
increasing the humidity the lattice expands thus causing changes in the angular 
position and intensity of the diffraction. 

Organic compounds are used to fix the basal spacing. The most commonly 
used are ethylene glycol and glycerol. As glycerol has a lower vapor pressure and 
evaporates less readily, it is chosen to be employed to the air-oriented specimens. 

The basal reflection of an untreated specimen of smectite, vermiculite or 
swelling chlorite shows a peak at around 14 Å. When treated with glycerol, smectite 
takes two mono layers of it between the sheets and develops a peak at around 
17 -18 Å (MacEwan, 1944) . After glycerol treatment, vermiculite exhibits basal 
spacing of about 15 Å. Thus smectite is distinguished from vermiculite. 

Chlorite may be identified by heating the soil specimen. If the oriented specimen 
is heated up to 550˚C, smectite and vermiculite exhibit a reflection at about 9.7 Å 
as the water in the interlayer space evaporates and the basal planes move closer 
to each other. The first order reflection of chlorite remains at 14 Å (Millot, 1970).

The first and most important reflections of di-octahedral illite are at 9.9 Å;  
4.9 Å; 4.47 Å; 1.50 Å (close to those of muscovite). Accordingly, those of tri-
octahedral illite are 10.0 Å; 3.3 Å; 1.54 Å (close to those of biotite). Neither 
glycerol treatment nor heating has any influence on the peak positions.
X-Ray analyses of the samples
Sample 1 was taken at a depth of 7.20 – 7.40 m at Lozenets Residential District/RD 
from the Sofia City territory. The soil is from the upper complex of Pliocene. The 
X-ray diagrams are given in Fig. 1. According to the diffractogram of the sample, 
the following rock forming minerals are identified: plagioclase, K-feldspars, quartz 
and some carbonates. 

Additional testing was made for the area of 55-65˚ establishing a small reflection 
at 1.54 Å. This shows that the mica mineral is biotite or 3-octahedral illite.

In the diagrams of the oriented specimen from sample 1, peaks at 3.55 Å and 
7.13 Å are marked which could be chlorite or kaolinite. In the diagram of the heated 
specimen all these peaks disappear. Since chlorite should also make a peak at 14 Å 
when heated and no peak of chlorite appears at 14 Å, then the peaks of 3.55 Å and 
7.13 Å indicate the presence of kaolinite. 

The peak at 14 Å in the diagram of the untreated specimen could be the peak of 
vermiculite, smectite or chlorite. When the specimen was treated with glycerol, this 
peak moved partly to 17 Å which presupposes the presence of smectite and partly 
stays almost in the same place but to a little lower degree. Therefore, it could be 
evidence that there is vermiculite or chlorite in sample 1, most likely vermiculite. 

The diffractogram after heating a specimen of the same soil proves definitely 
the presence of vermiculite – all the peaks move to 9.81 Å. This means that 14 Å. 
reflection in the untreated soil sample belongs to both smectite and vermiculite.

Sample 2 is taken at a depth of 6.00 – 6.30 m from Mladost Residential District 
from the territory of Sofia City. It represents the lower complex of Pliocene. 
The X-ray diagrams are given in Fig. 2. The diagrams show the presence of the 
following rock forming minerals: K feldspars, plagioclase, quartz and a little 
amount of carbonate. 

Peaks at 3.55 Å and 7.13 Å presuppose the presence of kaolinite or chlorite. 
Heating the specimen of sample 3 destroys these peaks and confirms the presence 
of kaolinite and excludes chlorite in the soil sample. 

When the specimen is untreated there is a peak of reflection at 14 Å. After 
treating with glycerol it moves a little to 16.35 14 Å. This means that a pure 
smectite mineral is not present (the peak of smectite moves to 18 Å.). It is possible 
to assume the presence of mixed layer minerals such as smectite-vermiculite. The 
heated specimen proves that both smectite and vermiculite may be present, most 
probably as mixed layered minerals. Upon heating, the peak moves from 14 Å to 
9.8 Å. 
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Fig.1. X-ray diagram of sample 1: a) settled in water, b) treated with glycerol, c) heated to 550°C.

As no peak at 10 Å in the untreated specimen occurs, it is assumed that mica 
minerals are not present in sample 2. A possible explanation is that all biotite 
minerals have altered to vermiculite.

Sample 3 is taken at a depth of 2.50 - 2.70 m at Strelbishte RD from the 
territory of Sofia City. The sample is from Quaternary clay. The X-ray diagrams are 
given in Fig. 3. This untreated specimen shows the presence of the rock forming 
minerals plagioclase, K-feldspar, quartz, mica, amphibole and some carbonate. 
When a specimen was tested between 2θ 55 and 65 degrees, the results showed 
that mica exhibits a peak at 1.54 Å which means that the mica mineral is biotite or 
3-octahedral illite.

The principal clay mineral is in this sample proved to be kaolinite according to 
its diffractogram.

In the diagram of the untreated specimen there are peaks at 12.26 Å and 14.47 
Å. After treating with glycerol, the 14.47 Å peak becomes diffused and looses its 
intensity. The same happens to the peak at 12.26 Å. When the specimen is heated, 
a very sharp peak occurs at 9.81 Å. This is the peak of mica which has increased its 
intensity. All that mean, that the peak at 12.26 Å shows the presence of mixed layer 
biotite-vermiculite. The mica mineral is most probably biotite because it seems to 
alter to vermiculite instead of illite. The peak at 14.47 Å is pure vermiculite. No 
smectite was identified.
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Fig. 2. X-ray diagram of the sample 2: a) settled in water, l) treated with glycerol, c) heated to 550̊ C.

Sample 11 is taken at a depth of 13.30 – 13.60 m from borehole 1515 (Serdika 
Metro Station) from the territory of Sofia City. The color was determined visually 
as dark grayish to olive greenish. It represents the so-called lower grayish-blue Pl 
(N2) complex. The X-ray diagrams of that sample are given in Fig. 4.

The rock forming minerals are represented by quartz, plagioclase, K-feldspar 
and biotite.

The presence of the following minerals has been established in the area of 
reflection of clay minerals: smectite, kaolinite, di-octahedral mica (illite or sericite) 
and traces of mixed layer smectite-chlorite. The studies in the region between 
55 and 65 degrees show that in this sample both di- and tri-octahedral mica 
minerals are present. The di-octahedral mica mineral is sericite or illite since those 
minerals are weathering products of K-feldspar whereas the tri-octahedral mica is 
unweathered biotite. The low reflection peak at around 12 Å in the diagram of the 
heated specimen indicates presence of small amounts of smectite-chlorite mixed 
layer minerals.

Sample 12 was taken at a depth of 18.30 – 18.90 m from borehole 1529 (Serdika 
Metro Station) from the territory of Sofia City. The color is grayish-blue. The soil 
refers to the lower Pl (N2) complex. The X-ray diagrams are given in Fig. 5.

The rock forming minerals identified are quartz, plagioclase, K-feldspar and 
small amounts of gypsum. The content of clay minerals is similar to that of sample 
11: peaks corresponding to smectite, kaolinite, di-octahedral mica (illite or sericite) 
and traces of mixed layer smectite-chlorite can be observed. 
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Fig. 3. X-ray diagram of sample 3: a) settled in water, b) treated with glycerol, c) heated to 550̊ C.

Sample 19 was taken at a depth of 3.60 – 4.20 m from borehole 1533 (Serdika 
Metro Station) from the territory of Sofia City. The color is light gray. The sample 
is representative of the upper Pl (N2) complex. The X-Ray diagrams are given in 
Fig. 6.

The sample shows a mineral content of rock-forming and clay minerals similar 
to that in samples 11 and 12 except for the higher content of smectite.

Sample 33 was taken at a depth of 12.2 – 12.5 m from borehole 1548 (Serdika 
Metro Station) from the territory of Sofia City. The color of the sample is light 
brown. It is representative of the upper Pl (N2) complex. The X-ray diagrams are 
given in Fig.7.

The residual minerals found in this soil are quartz, plagioclase, K-feldspar, 
gypsum and carbonate. The clay minerals are smectite, sericite or illite and 
kaolinite. Smectite is determined to be the principal clay mineral in the sample.

Sample 4 was taken at a depth of 6.00 – 6.60 m from a borehole at Vladayska 
St., next to the Ministry of Agriculture from the territory of Sofia City. The visually 
determined color is olive green. The soil sample is representative of the lower N2 complex. The X-ray diagrams are given in Fig. 8.

The diffractogram of the untreated specimen shows the presence of quartz, 
plagioclase and K - feldspar as rock-forming minerals. No carbonates were 
identified. The clay minerals are represented by kaolinite, di-octahedral mica 
(sericite or illite), smectite and vermiculite.

Sample 5 was taken at a depth of 17.60 – 18.00 m from borehole 12 (Vasil 
Levski Stadium Metro Station) from the territory of Sofia City. The color,  
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Fig. 4. X-ray diagram of sample 11: a) settled in water, b) treated with glycerol, c) heated to 550̊ C.

Fig. 5. X-ray diagram of sample 12: a) settled in water, b) treated with glycerol, c) heated to 550̊ C.



Geological Institute, Bulgarian Academy of Sciences ©   101

Fig.6. X-ray diagram of sample 19: a) settled in water, b) treated with glycerol, c) heated to 550̊ C.

determined visually, is dark gray to graphite-grayish. The sample represents the 
lower N2 complex. The X-ray diagrams are given in Fig. 9. 

The rock forming minerals in that sample are quartz, plagioclase, biotite and 
very small amounts of K- feldspar and carbonate.

The clay minerals in that sample are kaolinite, di-octahedral mica (sericite 
or illite), smectite and vermiculite. To specify the mica minerals, an additional 
diffraction study from 55 to 65˚ was carried out. According to the diffractogram 
both micas, biotite and illite (sericite), are present in the soil sample. The smectite 
and vermiculite minerals are practically absent.

Conclusions
The most common clay minerals found in the upper part of the Lozenets Formation 
from the Sofia Basin are kaolinite, smectite, di-octahedral illite, vermiculite and 
some mixed layer minerals such as smectite-vermiculite, mica-vermiculite and 
smectite-chlorite. 

Vermiculite was not identified in previous studies (Илиева и др., 1961; Янева, 
1997; Janeva et al, 2002). In some DTA analyses presented by Илиева и др., 
(1961) the endothermic peaks at around 200˚ were interpreted to be caused by 
montmorillonite. According to Uusinoka (1975) vermiculite might also have an 
endothermic peak in the same area.
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Fig. 7. X-ray diagram of sample 33: a) settled in water, b) treated with glycerol, c) heated to 550̊ C.

In this study vermiculite occurs as a first weathering product of biotite or as a 
mixed layer mineral together with biotite – biotite-vermiculite. The mixed layer 
minerals of smectite-vermiculite were also identified in the X-ray diagrams. This 
permits us to assume that part of the vermiculite mineral also weathers to smectite.

Smectite-chlorite mixed layer minerals were found in very small amounts and 
probably result from the weathering of amphibole.

The relatively great amount of kaolinite in the peripheral southern parts of the 
territory of Sofia City can be explained with the type and mineral composition of 
the rocks from the provenances recharging the Sofia Basin.

One area serving as a province of the clay minerals in the basin is the 
Vitosha pluton. It is composed mainly of gabbroic rocks (gabbro, anorthosites), 
monzonites, leucosyenites and granosyenites (Димитров, 1942). Monzodiorites 
and quartzdiorites are determined at the contact between gabbro and monzonite. 
The major rock-forming mineral phases are plagioclase, K-feldspar, amphibole and 
clinopyroxene.

Plagioclase feldspars span much of the crystallization history of the Vitosha 
pluton. It is the most abundant mineral occurring in all types of the Vitosha 
pluton. They have different compositions in the different rock types. In gabbro 
the plagioclases are labradorites-bytownites. In monzonites and syenites they are 
oligoclases-andesines (Piroeva at al., 2014)

The huge quantities of sediments carried by the rivers in their upper stream 
contained a considerable amount of coarse-grained material which was deposited 
before reaching the basin. Along the periphery of the basin the sediments transported 
by those streams consisted mainly of rock with fine fractions – primary rock 
forming minerals mixed with weathering products. In the varieties of plagioclase 
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Fig. 8. X-ray diagram of sample 4: a) settled in water, b) treated with glycerol, c) heated to 550̊ C.

composing the Vitosha pluton, the weathering processes are relatively fast. Due 
to the intensive weathering, the plagioclase cations were leached thus turning it 
quickly into kaolinite. It is the most common weathering product in the southern 
part of the city. Smectite and illite are encountered in relatively smaller amounts 
as a weathering product of feldspars and vermiculite as a weathering product of 
biotite. The material thus deposited in the peripheries and higher parts of the basin 
is not much more different than the material in the recharge provenances. The 
deposition of more kaolinite would be possible under better leaching condition in 
the environment.

A relatively large amount of smectite has been established in the central part on 
the territory of Sofia City. This could be due to the fact that during the sedimentation 
process of the studied sediments, a stagnant sedimentation environment was formed 
in the central and lowest part of the basin: a lake or flood terraces of the braided 
rivers flowing down from the neighbouring mountains. Fast streams running down 
from the adjacent steep uplifted part of the terrain at high speed flowed into the 
basin where they formed meanders and wider river terraces.

In the central and plane part of the kettle, the rivers meandered and their speed 
was much lower. The flow rate was low and the rivers could not transport traction 
load. The degree of weathering of the sedimentary load was already high since 
the weathering process began earlier in the recharge provenance. The processes 
of change continued in stagnant conditions thus contributing to the formation of 
smectite at the expense of kaolinite due to the stagnant conditions in the central part 
of the basin. It seems likely that some kaolinite has turned back to smectite because 
of the calcium cations, which were not permitted to leave the environment.
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Fig. 9. X-ray diagram of sample 5: a) settled in water, b) treated with glycerol, c) heated to 550̊ C.
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