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ПРЕДГОВОР 
 

PREFACE 

Четвртиот Конгрес на Геолозите на Маке-
донија требаше да се одржи минатата, 2020 го-
дина, но поради пандемијата на КОВИД-19, 
Конгресот беше одложен за ова 2021 година, со 
надеж дека пандемијата ќе помине и дека ќе мо-
жеме во нормални околности да го одржиме 
Конгресот. Меѓутоа пандемијата на КОВИД-19 
продолжи и во текот на 2021 година а со тоа и 
одржувањето на Конгресот на геолозите на Мак-
едонија стана неизвесен и во тековната 2021 го-
дина, затоа организациониот одбор на конгресот 
одлучи собраните конгресни материјали да би-
дат објавени во посебно издание на ГЕОЛОГИ-
КА МАКЕДОНИКА (2021) и со тоа да бидат 
затворени активностите околу 4-от Конгрес на 
Геолозите на Македонија. 

4-от Конгрес на Геолозите на Македонија 
претставува континуитет во конгресните актив-
ности на Македонското Геолошко Друштво и 
основа прави пресек на достигнувањата на гео-
логијата во Македонија помеѓу двата конгреса. 

Македонското геолошко друштво како 
асоцијација на сите геолози и истражувачи од 
сферата не гео-науките во Македонија уште од 
своето формирање во 1952 година па се до денес 
во својот фокус на интерес ги има гео науките 
како интегрален дел во развојот на општеството 
и во развојот на планетата Земја во целина. 

Гео-науките во иднината ќе се занимаваат 
со изучувањето на динамиката на самата плане-
та Земја, односно клучните двигатели и процеси 
кои управуваат со еволуцијата и однесувањето 
на планетата, како клучни елементи за стратеш-
ките планирања за развојот на Планетата и за-
чувувањето на нејзините посебности како што 
се: динамиката на движењето на луѓето, дина-
миката на промените во диверзитетот на фло-
рата и фауната (екологија), а посебно внимание 
ќе се посвети на оние еко-системи кои ги насе-
луваат неколкуте најоддалечени места на оваа 
планета, чиј радиус е 6370 km, ќе заземаат цен-
трално место во иднината на Земјата, начинот на 
кој реагираат на (глобалните) животни и кли-
матски промена. 

Како резултат на Првиот Закон на термоди-
намика кој се однесува на зачувување на енер-
гијата во системот, сите модификации на балан-
сот на енергијата (и масата) во внатрешноста на 
планетата мора да имаат ефект на површината 
на планетата и нејзината биосфера, вклучувајќи 
го и општеството. Поседувањето на соодветно 

 The fourth Congress of the Macedonian geol-
ogists was supposed to take place last year, 2020, 
but due to the COVID-19 pandemic, the Congress 
was postponed for this year, 2021, hoping that the 
pandemic will pass so that we could hold the Con-
gress under normal conditions. However, the 
COVID-19 pandemic continued to spread in the 
course of 2021 and as a result of it, the holding of 
the Congress of the Macedonian geologists proved 
to be uncertain in the current 2021. So, the Organ-
izing Committee of the Congress decided to publish 
the collected Congress materials in a separate pub-
lication GEOLOGICA MACEDONICA (2021) and 
with that, to close the activities around the fourth 
Congress of the Macedonian geologists. 

The fourth Congress of the Macedonian geol-
ogists presents a continuity in the Congress activi-
ties of the Macedonian Geological Society and ba-
sically shows the achievements of geology in Mac-
edonia between the two Congresses. 

The Macedonian Geological Society, as an 
Association of all the geologists and researchers in 
the field of the geological sciences in Macedonia, 
has had the geological sciences in their focus of 
interest since its establishment in 1952 until today, 
as an integral part in the development of the society 
as well as within the development of our planet in 
general. 

In the future, the geological sciences will be 
focused on studying the dynamics of the very planet 
Earth, i.e. the key moving forces and processes that 
govern the evolution and the behavior of the planet, 
as crucial elements for the strategic planning of the 
development of the Planet and preserving its parti-
cularity, such as the movement of the people, the 
dynamics of the changes in the diversity of the flora 
and fauna (ecology). A special attention will be paid 
to those eco-systems that have been populated at the 
most distant places on this Planet, whose radius is 
6370 km. They will take the central place in the 
future of the Earth, the way in which they react to 
the (global) living and climatic changes. 

As a result of the First Law of the thermody-
namics, which refers to preserving the energy within 
the system, all the modifications of the energy 
balance (and the mass) in the interior of the planet 
must affect the surface of the planet and its bio-
sphere, including the society as well. Possessing the 
appropriate knowledge and better understanding of 
such processses at a higher level is a precondition 
for comprehending the processes of the occurrence 
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знаење и подобро разбирање на таквите процеси 
на подлабоко ниво е предуслов за разбирањето 
на процесите за појавата на човечки и други 
форми на живот на површината. Од сите сфери 
во Земјиниот систем, една (гео сферата) е осо-
бено премалку застапена во програмите за ис-
тражување на планетата Земја во иднината. Се-
која амбиција подобро да се разберат механиз-
мите кои ги покренуваат промените во животна-
та средина, што е очигледно важно, е нецелосно 
и најверојатно погрешно ако не се вклучат нај-
релевантните дисциплини од сферата на гео-
науките бидејќи промените во гео сферата ги 
покренуваат промените во животната средина 
на оваа планета. 

Многу аспекти поврзани со Земјата често се 
главен фокус за широк спектар на гео научници 
кои секојдневно се занимаваат со науките за 
Земјата. За време на минатите декади, гео на-
учниците проучувале широк спектар на теорет-
ски и применети аспекти на Земјата и изградиле 
огромна база на знаење, која може да обезбеди 
многу одговори на прашањата за истражување 
кои се релевантни за гео науките во иднината. 
Дел од оваа база на знаење се геолошките записи 
кои се откриени при истражувањата на Антарк-
тикот во неколкуте претходни декади, и кој мо-
же да се користат како соодветна природна ре-
ференца за идни климатски промени во однос на 
отпорноста на екосистемите и човештвото под 
голема разновидност на атмосферски и климат-
ски услови. 

Гео научниците направиле значаен напре-
док во развојот на особено релевантните модели 
за предвидување на случувањата во литосферата 
и атмосферата и преку тие огромни достигну-
вања во истражувањето сега ги разбираат најго-
лемиот дел од механизмите и времето на случу-
вањата на поголемите, помалите до оние на 
нано-ниво процеси на Земјата. Кога дискути-
раме за иднината на Земјата, нејзината геосфера, 
атмосфера, хидросфера и биосфера, не можат да 
се игнорираат резултатите на таквите значајни 
истражувања. 

Гео-научниците може значајно да допри-
несат да се даде осврт на сите приоритети под 
темата: Динамична планета. Всушност, не може 
да се даде осврт на најголемиот дел од овие 
приоритети (>65%) под темата Динамична пла-
нета, без виталните знаење на заедница на науч-
ните од областа на гео науките. 

Затоа и IV-от Конгрес на геолозите на 
Македонија треба да биде посветен на теми кои 
се исклучително важни за еволуцијата и развојот 
на самата планета Земја. 

Организационен одбор 

of human and other forms of life at the surface. 
Considering all the spheres within the Earth system, 
one of them (the geo-sphere) has been particularly 
little represented in the programs for the exploration 
of the Earth system in the future. Each ambition and 
effort to better understand the mechanisms that are 
moving forces for the changes in the environment, 
which is obviously very significant, is incomplete 
and most probably wrong if the most relevant 
disciplines in the sphere of the geological sciences 
are not included, because the changes within the 
geo-sphere are moving the changes within the envi-
ronment of this planet.  

Many aspects related to the Earth have been a 
major interest for a wide spectrum of geo scientists 
who are continually working on the sciences about 
the Earth. In the course of the past decades the geo 
scientists were studying a wide scope of theoretical 
and applied aspects of the Earth and they have 
established an enormous knowledge base which can 
provide many answers to the questions considering 
the exploration, answers that are relevant for the geo 
sciences in the future. A part of this knowledge base 
presents the geological records that were found out 
in exploring the Antarctic during the last decades. 
They can be used as an adequate natural reference 
for the future climatic changes in relation to the 
resistivity of the eco-systems and the humanity 
under a great diversity of the atmospheric and 
climatic conditions.  

The geo scientists have achieved a significant 
advancement in the development of the particular 
relevant modules for predicting the occurrences 
within the lithosphere and the atmosphere. Owing to 
that vast achievement in exploring, they can now 
understand the greatest part of the mechanisms and 
the time of the occurrences of the greater, the small-
ler to those at the nano level processes of the Earth. 
When we discuss about the future of the earth, its 
geosphere, atmosphere, hydrosphere and biosphere, 
we cannot ignore the results of such significant 
exploration. 

The geological sciences can significantly con-
tribute for providing a review to all the pri-orities of 
the Subject: Dynamic planet. In fact, a review 
cannot be provided to the greatest part of these 
priorities (>65%) under the subject the Dynamic 
planet, without taking into consideration the essen-
tial knowledge of the association of the scientists 
from the field of the geo sciences. 

Accordingly, the fourth Congress of the Mace-
donian geologists should be dedicated to subjects 
that are exceptionally important for the evolution 
and the development of the very planet Earth. 

Оrganizing board 
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SHOCKED QUARTZ IN THE SAMPLES FROM ARCHEOLOGICAL LOCALITY STOBI 

Ivan Boev, Blažo Boev 

Faculty of Natural and Technical Sciences, Institute of Geology, “Goce Delčev” University in Štip,  
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A b s t r a c t: Shock quartz (shock metamorphic quartz) occurs in the processes of shock metamorphism or 

impact metamorphism. Shock metamorphism or impact metamorphism describes the effects of shock-wave related 

deformation and heating during impact events. The formation of similar features during explosive volcanism is gener-

ally discounted due to the lack of metamorphic effects unequivocally associated with explosions and the difficulty in 

reaching sufficient pressures during such an event. The paper presents the results of examinations on a sample from the 

archaeological locality Stobi and they indicate that it is a shock quartz, occurrence of spherical shapes in the sample. 

Key words: quartz, shocked, metamorphism 

ШОК КВАРЦ ВО ПРИМЕРОЦИТЕ ОД АРХЕОЛОШКИОТ ЛОКАЛИТЕТ СТОБИ 

А п с т р а к т: Шок кварцот (шок метаморфниот кварц) се појавува во процесите на шок метаморфизмот 

или импакт (ударниот) метаморфизам. Во трудот се прикажни резултатите од испитувања на примерок од 

археолошкиот локалитет Стоби и истите укажуваат на тоа дека се работи за шок-кварц, појава на сферни 

облици во примерок 

Клучни зборови: кварц, метаморфизам, шок  

INTRODUCTION 

Stobi is one of the most researched archaeolog-

ical localities in the Republic of North Macedonia 

located in the central part of the country, at the 

mouth of Crna Reka (Erigon) into Vardar (Axios), a 

few kilometers south of the settlement Gradsko. It 

covers an area of about 20 hectares. The oldest data 

is found in the records of the Roman historian Titus 

Livius, according to which Stobi originates from the 

Hellenistic period, more precisely from 197 BC. 

(Wiseman, 2004, 1973). According to archaeologi-

cal data from previous research, this urban settle-

ment was built at the earliest in 3-2 century BC, alt-

hough there are some ceramic findings that point to 

a much earlier period (7-5 century BC) (Mikulčić, 

2003). 

Due to its favorable location, on the Via 

Egnatia road, which led from the Danube to the Ae-

gean, this urban settlement was a significant strate-

gic, military, economic and cultural center (Ale-

ksova, 1997). 

The old episcopal basilica is the first church 

that was built in the ancient city of Stobi. The 

church was built literally in the shadow of the an-

cient theater, which at the time, in the first half of 

the fourth century, was still active and served the 

ancient inhabitants of Stobi for performing various 

theatrical performances. That was the period when 

all the religions in the Roman Empire were equal, 

and in Stobi the pagan temples, the theater, the Jew-

ish synagogue and the oldest Christian church func-

tioned at the same time.  

The Christian religion was declared equal to 

the others in 313, with the publication of the Milan 

Edict by the Roman Emperors Constantine I the 

Great and Licinius. Immediately afterwards, episco-

pal centers throughout the Roman Empire began to 

be formed and temples of the new religion were 

built. In Stobi, as early as the first quarter of the cen-

tury, the bishopric was founded, which was led by 

Bishop Budius - one of the participants of the first 

ecumenical council held in 325 in Nicaea. 

The Old Episcopal Basilica headed by Bishop 

Budius was most probably built then. After the con-

struction of this church, the era of mass baptism and 

acceptance of the Christian religion began in Stobi. 

The old church, as early as in the second half of the 

fourth century, was remodeled and extended to the 

east in order to receive more believers. 

https://en.wikipedia.org/wiki/Impact_events
https://en.wikipedia.org/wiki/Supervolcano
https://en.wikipedia.org/wiki/Metamorphism
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The interior of the Old Episcopal Church was 

lavishly decorated with floor mosaics and wall 

paintings that visually and symbolically transferred 

Biblical messages to believers (Figure 1)

.  

Fig. 1. Part of the mosaics in Stobi 

In the explored part of Stobi, several architec-

tural objects have been discovered and studied, 

which are profane and sacred buildings with public 

function, then private houses (palaces), baths, 

thermal baths, the antique theater, part of city walls, 

streets, the forum, main entrance to the city, as well 

as the casino where the sample analizyed in this 

paper was found. 

The casino represented a hall the floor of 

which was covered with a mosaic with geometric 

motifs. In the middle there was an eight-angled 

fountain, covered with marble plates and gambling 

chairs arranged around it. In its composition, the 

casino also had a bath with sitting places and a small 

swimming pool with running water to refresh the 

guests (Figures 2 and 3). 

 

Fig. 2. View of the casino in Stobi 
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Fig. 3. Remains of intarsia in the casino in Stobi 

METHODS OF TESTING 

The analyses were made with a scanning elec-

tron microscope TESCAN SEM VEGA3 LMU with 

an Oxford EDS detector. 

X-ray tests were performed on the Siemens D 

500 diffractometer with computer software support, 

with Cu monochromatic radiation at 40 KV / 30 mA 

with an automatic variable input shutter. The 

determination of the mineral phases was carried out 

using the DIFRAK 11 program package in the 

EVAL and IDR programs. 

The quantitative determination of the presence 

of the mineral phases was performed by using the 

Peter and Kalman method with predefined calibra-

tion coefficients for certain mineral phases. 

The preparations for X-ray diffraction were 

recorded in the range 2 0 = 3- 60o. 

Thermal research was done on the Derivato-

graph Q-1500-D under the following conditions: 

– Sample weight 500mg 

– Sensitivity by TG 200 mg 

– Sensitivity by DTA 250 μV, DTG 500 μV 

– Heating speed 10 ° C / min 

– Temperature range of measuring from 15-

20° C to 1000°C 

– Inert matter Al2O3 

– Environment in the furnace - air without tur-

bulence

OBTAINED RESULTS AND COMMENTS 

For a detailed mineralogical examination, a 

single blue-green sample was taken and examined 

using the methods of electronic microanalysis 

(SEM-EDS) and X-ray diffraction (XRD). 

From the examinations that were carried out 

with the methods of electronic microanalysis (Table 

1, Figure 4) it can be concluded that it is a SiO2 

compound having Na, Mg, K impurities

T a b l e  1 

Chemical composition of quartz (SEM-EDS) 

Element % 1 2 3 4 5 6 

Si 45.71 46.33 45.98 45.32 46.23 46.11 

O 52.21 51.55 52.43 52.92 51.76 51.34 

Na 0.50 0.70 0.83 0.91 0.89 0.65 

Mg 0.32 0.40 0.44 0.51 0.55 0.39 

K 0.81 0.92 0.88 0.79 0.95 0.96 
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Fig. 4. SEM-EDS of the SiO2 compound from the sample from Stobi 

Figure 5 shows the roentgenogram of this 

sample and from it it can be clearly seen that it is 

quartz. Figures 6 and 7 show SEM-EDS photo-

graphs of the quartz sample from Stobi, with very 

clearly visible circular shapes present in this samp-

le.The occurrence of these circular shapes unambi-

guously points to the fact that it is the so-called 

shock-quartz (Figure 8). 

Fig. 5. Roentgenogram of quartz from the archaeological locality Stobi 

         

Fig. 6. SEM-EDS photograph of quartz 

 

 

Fig. 7. SEM-EDS photograph of quartz 
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Fig. 8. Shock quartz (shock metamorphic quartz) 

CONCLUSION 

The conducted trials of the sample originating 

from the casino on the Stobi archaeological lo-

cality using the X-ray diffraction methods and 

methods of electronic microanalysis indicate 

that this is a sample constructed from quartz - a 

particular kind of quartz that occurs in the pro-

cesses of shock -metamorphism (impact meta-

morphism). 
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