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The History of Iron Processing and the Creation of Weapons in Georgia
Introduction
In ancient times on the territory of modern Georgia there was located one of the largest centers of mining and smelting production from which according to a number of scientists metallurgy is taking its start. Numerous archaeological excavations of sites of primitive man in Georgia testify that since the ancient Palaeolithic Age there had been widely used different kinds of mineral raw materials: flint, basalt, obsidian, andesite, jasper, chalcedony, sandstone, limestone, clay and other types of rock and minerals. Later metal production assumed a particular importance, such as gold, silver, bronze, copper, iron and other productions. Studies of written sources of the ancient period show that even in the VII-VIII centuries BC the main economic activity of the Georgian (Caucasian) tribes – Chalybes,  Mosiniks and Tibarens (Tubals), was mining and processing of minerals. In ancient times famous masters producing ironworks were chalybes living in the north. Herodotus ranked them among Hellenic tribes of Asia Minor. From the ancient times it is known that the very ancient Georgian tribes were skillful masters of making products from copper and iron. It is also known that the Georgian tribes Muski (Meskhi) paid a tribute to the Assyrians by giving them different products of brass, and Tibarens by giving products of silver, gold, lead, brass and iron. There is also information that in 837 BC the Assyrians deprived Tibarens of silver mines [Japaridze L, etc., 2004]. These facts indicate that mining among the Georgian tribes was developing on the base of local resources.  
Relatively a small territory of the present Georgia (69 000 sq. m) is rich in different mineral resources.  It is due to complexity of geological conditions – the presence of various geological complexes that are different by origin and composition of built up rocks and also by the variety of tectonic occurrences and mineralization processes. All the present known emergences of ore and ore minerals deposits are timed to certain stratigraphic formations, geo-tectonic units and cycles of volcanic activities. 
General issues of ancient iron metallurgy 

The first archaeological data about using metals by man on the territory of Georgia are related to late Stone Age – the time when main types of weapon and instruments of labor were wooden. In the process of producing them people were encountering nuggets of metals. While observing form changes of nuggets in processing of stone raw it occurred to our remote ancestors to use them for producing small metal things by the most primitive method – cold hammering. Later cold hammering of nuggets was already performed with preliminary annealing.

Using of metals in the Caucasus has been started since the VI-V millennium BC [Courcier A. etc., 2008; Gambashidze Ir. etc., 2010]. It was copper produced by smelting of oxidized copper ore sometimes together with arsenic minerals. As it is known the presence of 0.5% arsenic in copper improves the forgeability of copper in a cold state, giving the possibility of getting tighter casts, and raises the fluidity of the alloy. So the presence of Arsenic in copper facilitated obtaining tight casts in relief casting molds, which indicates a quite high level of craftsmen’s mastery of those times. 
At present it is thought that until the wide usage of iron in the material culture of mankind the largest importance had copper and its alloys with other nonferrous metals.
In the very ancient times until people knew how to mine iron from ore, the value of iron was higher than gold. According to Strabon’s description among African tribes for 1 pound of iron was paid 10 pounds of gold and according to a historian G. Areshian among the ancient Khetis the ratio of costs of copper, silver/gold/iron was 1/160/1280/6400. In those times iron was used as a jewellery metal, from it were made very prestigious arms, thrones and other regalia of royal authorities [Arkhangelsky L., 2008]. Thus in the tomb of Pharaoh Tutankhamen was found a dagger with a blade of gold but the other dagger was with a golden handle but the blade of it was from iron.
Iron practically is not observed in a native form, so until the XII century BC the only raw material for producing iron artifacts was meteoritic iron. Heavenly origin of iron was unquestionable practically in all the ancient civilizations. Sumerians called it heavenly copper, Hittites – iron descended from the sky, ancient Egyptians - Bi-ni-pet (Benipet, Coptian –benipe), that is translated as heavenly ore or heavenly metal. In the epoch of the first dynasties of Ur in Mesopotamia iron was called an-bar (heavenly iron). In the papyrus of Ebers (early 1500 BC) there are two mentions about iron; in one of them it is said that it is metal from the city of Kezi (Upper Egypt), in the other one - heavenly produced metal (artpet). Ancient Greek name of iron, as well as North-Caucasian – Zido is connected with the ancient word, remained in Latin - sidereus (stellar from sidus –star, shiner). Meteorites are found very really and iron meteorites are only 5% of the total amount of them. For this reason heavenly source of metal does not have a practical importance. Only some individual tribes (including ancient Georgian tribe) might have got “a gift from the sky” in the kind of lump weighing several tons. 
From the XII century BC in the Mediterranean appeared iron of “terrestrial origin”, archaeologically connected with Hittites, but regionally with West Asia and the Caucasus. To the same period belongs the information about the monuments of ancient metal producing on the territory of East Georgia [Inanishvili G., 2007; Kuparadze D. etc., 2008].
Perhaps iron was one of the reasons prompting Greek-Achaeans to move to Minor Asia where they found out secrets of its production. Excavations in Athena showed that already in 1100 BC and later there were widely spread iron swords, lances, axes and even iron nails.
Quantity of iron weapons (arrowheads, spearheads, daggers and others) found in sepulchers of the monuments was steadily increasing from the end of II to the beginning of I millennium BC. It was the period of wide adoption of iron but in the middle of this millennium iron weapons completely replaced bronze ones.
It is generally known that Georgia is considered as one of the regions of early appearance of iron that become current in IX century BC though in Transcaucasia the first iron productions date from XV-XIV centuries BC. They were found in complexes of burial grounds of Samtavro and Tli. Iron objects were widely used in the south of present Georgia by settlers of Urartu as well. Traces of ferrous metallurgy were discovered in Taishebaini.
Analyzing spreading ways of producing iron objects it can be admitted that iron got to Europe by different ways: through Balkans or essentially through Caucasus and namely through Georgia.
The beginning of late Bronze Age concurred with the adoption of new methods of preparing productions that favored the growth of crafts causing the quality improvement and increasing the quantity of production. Thereby iron metallurgy in ancient Georgia arose on became apparent the basis of metal producing before the ancient times. Continuity of traditions became apparent as in spite of the   novelties connected with processing technology of iron ancient metallurgists were trying persistently to repeat the forms typical for bronze products that are testified by abundant archaeological materials from different areas of Georgia (Fig. 1).
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	Fig 1. Dagger blade; upper - iron (Brilli, Racha distr.), lower - bronze (Nigozeti, Imereti distr.). The first half of I millennium BC. Georgian National Museum. Photo by D.Kuparadze. 


About a high level of crafts development in the other region of Georgia - near the Black Sea (West Georgia) can be judged by quantity and quality of the existed archaeological materials [Inanishvili  G., 2007; Khakhutayshvili  D., 1973]. Actual data undoubtedly show that iron metallurgy was highly developed in Colchis in I century BC. Written sources have noticeable data concerning a high level of iron processing among Georgian tribes of south-west of Georgia and the modern archaeological discoveries testify a high level of iron processing in Kartli (South and Central Georgia) and West Georgia as well. 
Development stages of iron metallurgy in Georgia
Ancient centers of metal producing were located in South-West, South-East and North parts of Georgia. The first of them occupied the basin of the River Chorokhi (in the boundaries of ancient Shavsheti, Javakheti and Tao-Klarjeti) and the territory of the present Guria. The second one occupied south areas of ancient Iberia, where from the metallurgical point of view particularly interesting is the territory of the present Bolnisi (Georgia) and Alaverdi (Now Republic of Armenia) regions. The north center occupied mountainous areas of the Great Caucasus in the boundaries of Abkhazia, Svaneti, Imereti and Racha (Fig. 2). 
Centers of metallurgical production of the southern part (the Lesser Caucasus mountainous system) played a basic role throughout the antique epoch. This is an entire historical development stage of metallurgy of Georgia, lasting until the Middle Ages. During this period a metallurgical importance of the northern areas was insignificant, with the exception of gold-bearing region of Svaneti, which even then was famous as one of gold-mining centers.
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	Fig.2. Historic regions of Georgia


At the same time with waning a metallurgical role of South Georgia a whole number of separate iron smelting centers (Racha, village of Tsedisi) appeared in the north of Georgia basing on metals (gold and copper) producing which had been already existed in Svaneti.
Finally in XVIII and XIX centuries metallurgical production was shifted again to the South but in this case smelting  of metals, namely iron, was done in the eastern half of Georgia – Borchalo (Bolnisi) and in metal-bearing regions of Alaverdi (the present Republic of Armenia).
Such are generally three development stages of iron metallurgy of Georgia. It should be noted that metallurgical branch of production in Georgia was neither casual nor temporary. It was an organic component of economics.
The fact, that scientists of different periods are permanently emphasizing the existence of high quality technique of metallurgical production in Georgia and some of them recognize splendid art of iron and copper production created by the ancient Georgian tribes, is the strong proof that a metallurgical branch never lost its significance in the general economics of the country.
Ores
Where did ancient Georgian tribes mine metallurgical raw material?

Places of ore extraction can be several:
1. In our opinion the most accessible raw material which in literal and in figurative sense was on the surface was the Black Sea magnetic sands and sands of the Chorokhi River basin (South-West Georgia, Ajaria), which were processed by ancient settlers. An important role of the region in the development of iron metallurgy was due to natural and geological factors, large supplies and specific mineralogical composition of the sands. From the four basic ore-forming minerals there are noted three of them – hematite, magnetite and limonite. The first two contain 65-70% of iron. These sands are products of destruction of whinstone containing about 11% magnetic ironstone (iron oxide). Such iron-containing products of whinstone destruction were carried out my numerous rivers and deposited on the beach of the Black Sea. Table 1 represents averaged data of chemical analyses of the Black Sea sands samples selected by us from the beach zone of Kobuleti, Grigoleti, Ureki, Supsa and Poti. 
Table 1. Averaged data of chemical analyses of the Black Sea sands, %
	SiO2
	Tio
	Al2O3
	Fe2O3
	Feo
	P2O5
	MnO
	CaO
	MgO
	SO3
	Na2O
	K2O
	Ni
	Co
	Zn
	Ag

	50.6
	0.10
	11.5
	6.5
	4.2
	0.26
	0.24
	11.1
	6.1
	0.03
	3.1
	1.7
	0.018
	0.015
	0.02
	0.02


On the basis of literature sources and geological considerations these sands more than likely are the sands from which the famous chalybite iron was being smelted. Metal that was made from these sands (according to Aristotle) had silver color and was considered to be non-rusting.
With the concentration process of magnetite sands were connected large bath formed vessels made from coarse clay which had been discovered in the regions of ancient mooring of the beach zone of Colchis lowland. 
A high concentration of iron smelting workshops was observed in the region of the middle course of the River Choloki near the mouth of which (the north outskirts of Kobuleti) was found a large group of settlements of Colchis of the pre-antique times, settlement sites on the seaside dune and a large settlement of VI-II centuries BC. Concentration of workshops of manufacturing of iron was found in the basins of the Rivers of Khobi and Ochkhamuri. The most ancient workshop from the found ones belongs to the IX century BC.  In the interfluve of the Supsa-Choloki there were found remains of numerous settlements and a big metallurgical center numbering hundreds of iron smelting workshops (the first half of I millennium BC). 
2. A metal-bearing zone of the Lesser Caucasus mountainous system was of no small importance, particularly its eastern part covered with ore spots including iron-ore spots. By the geological research of this ore area it was quite well stated that there are concentrated not only hematite deposits (Chatakhi, Madni-stskaro and others) but manganese-hematite deposits as well (Tetritskaro, Samshvilde, Madnis-seri, Soshebi and others). There are also deposits of sulphur pyrites, copper and complex ore, which contain silver in considerable quantity. For the ancient iron metallurgy particularly valuable were abundant territories containing hematite and manganese-hematite ore. Here we can note that deposit of Poladauri (Chatakhi) was being developed till the XX century (Table 2).
Table 2. The averaged chemical composition of hematite (Poladauri – upper line) and manganese-hematite (Samshvilde – lower line) ores, % 
	SiO2
	Tio
	Al2O3
	Fe2O3
	Feo
	P2O5
	MnO
	CaO
	MgO
	SO3
	Na2O
	K2O
	Ni
	Co
	Zn
	Ag

	22,8
	0,37
	5,7
	56,0
	8,80
	0,14
	0,11
	0,6
	1,7
	trace
	0.9
	0.1
	0.025
	0.009
	0.020
	0.005

	60,0
	0,19
	0,7
	16,6
	0,32
	0,08
	0,20
	10,7
	0,7
	trace
	1.0
	0.3
	0.017
	0.006
	0.016
	0.002


Undoubtedly ores of Poladauri (Chatakhi) deposit were commercial exploitation objects from time immemorial. According to the data of Professor K.E.Gabunia on the 70 km2 area mapped by him in 1933 there were registered about 30 individual sections of pinnacles and   there almost in each one there were found traces of ancient mine working and iron smelting.  Lots of such “monuments of old times” were found in the beginning of the XX century. All the researchers confirm that in the southern regions of Georgia there are scattered a lot of old fallen underground workings around of which there is observed enormous amount of slag.
3. In the development history of “Georgian” metal fabrication a considerable role is played by scarn deposits of iron with gold of Dzama (the central part of Ajara-Trialeti folded system, administrative region – Shida Kartli). Here rich massive magnetite ores [Kuparadze M., 1966] are sharply prevailing over the other types of ores (copper and gold-bearing ores). Basic parts of ore bodies are formed from magnetite containing up to 60 % of iron.
In the sixties of the last century in the vicinities of the village of Tkemlovani near the pinnacles there were found ancient furnaces and enormous amount of slag, remained after smelting of iron productions. Unfortunately the discovered workshops were wiped out by time and local population. Therefore we think that it is reasonable to organize new expeditions and carry out new researches in this exclusively interesting and insufficiently studied region. 
4. Iron deposits of Abkhazia, Svaneti and mountainous Samegrelo, as well as ore occurrences of mountainous Racha and Imereti, near which there were found ancient metallurgical workshops [Kuparadze D. etc., 2008].

Among such places in Abkhazia where iron productions were found we must note the following ones: Kulanurkhva, Eshera, Sukhumi Mountain, Guadikhu, Merkheuli, Machara, Kelasuri and others. In the second half of the XX century there were found lots of metal working places even in the mountainous part of Abkhazia. There were discovered about 60 small ore occurrences of iron and found old mine openings. 
By the geological structure of the deposit the region of Chuberi metallurgy is analogous to the region of Sanchara. The ores of Sanchara as well as of Chuberi have a very high concentration of iron within the range 91-95%. Smelting of iron was done in Upper Imereti in the outskirts of the villages of Tkibuli, Satsiri, Ochjola and Sormoni where there are small deposits of brown ironstone and iron ochre, known to the present day. In the outskirts of the village of Tkibuli the main object of exploitation was iron ochre as boulder in clay marls. Extraction of such ores was chiefly done from the surface layer of the deposit, as in the deep depth water was appearing.    Iron was being smelted from the low iron content ore, with the content no more than 17%. Remains of metal-working manufacturing were discovered in Navardzeti, Melikldeshi and in other objects of Imereti.
In a larger scale metal-working manufacturing was organized in Racha. Even in the XX century Tsedisi iron was not only used in Racha, but it was brought to the other regions of Georgia as well as to the regions of North Caucasus. The ore base was represented as a deposit of shining ore, red iron ore and limonite which were deposited in irregular forms connected with each other with thin lodes and veins. The prevailing mass of the ore was constituted by red iron ore.   
As it is seen from the above presented view ancient metal-working workshops of Kvemo Kartli, Ureki, Lias, Jvari, Sarkine ,s Mtskheta, Chuberi, Navardzeti, Pichvnari, Anaseuli, Kulevi, Sukhumi and etc. were not only satisfying demands of their own country in producing cold steel arms, but these high quality objects, including iron utensils for household were exported from Georgia to markets of other countries. Based on the fact that the quality of this products has always been very good, the trend of exports was in force until the XX century A.D. (Fig. 3)
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	Fig. 3. Typical Tiflis (Tbilisi) dagger. Damascus steel. Master Giorgi Eliazarashvili. 1850. National Museum of Georgia. Photo by the authors.


Alloying of iron in ancient Georgia
In our opinion in those times the main alloying additive was manganese (Mn), deposits and small occurrences of which are in big amounts in Georgia. Besides manganese ore often is mentioned in ancient oral and written stories of old residents. For example, in describing a metalworking operation of the end of the XVII and the beginning of the XIX centuries in the village of Tsedisi (Racha) was pointed that while performing the working process of iron ore a master was putting a black stone into the furnace. This black stone called “Pasha” by them was manganese ore. The smelting process of Tsedisi iron was well documented. Smelting was carried out simultaneously in several furnaces which resembled an ordinary smith’s hearth (without forms). Iron ball yield did not exceed 19-20% mass of the base ore or 15% of pure iron. The ordinary duration of heat was about 6 hours when the ratio between ore and coal was 1:4. Each furnace was served by one master and two workers blowing the bellows and etc. In historical documents of the XIX century which are kept in the Local History Museum of Oni (Racha) is mentioned about Konstantin (Kosta) Maisuradze from Tsedisi, a high class iron-working master, legends about professionalism and fantastic physical force that is popular in Racha at present too.
For testing our hypothesis the National Museum of Georgia gave us several products from iron (VII-VI century BC) and droplets of metal from the workshops of that period, found in Borjomi gorge. Spectrometric researches of these samples showed that the content of manganese in them ranges 1.45%-4.65%. It means that on the territory of the present Georgia in the process of obtaining metal even in the VII century BC manganese was used. It should be noted that in these samples besides the basic components, such as iron (96-98%) and manganese (1, 5-4, 65%), there were found other components, such as silver (0,18%-0,31%) and copper (0,89%-0,98%).
For the presence of Manganese we also carried out a test on magnetite sands of the Black Sea shore of Georgia (Gonio-Poti section). Researches showed that manganese content (MnO) was: 0,2% (Gonio), 0,3% (Kobuleti), 0,6% (Grigoleti) и 0,4% in Poti region. It means that on some sections of the Black Sea shore of Georgia iron ore (that was processed by Chalybes) initially contained manganese. Therefore the iron smelted from these sands might have been alloyed independently of the wish of masters and if there had been the necessity of alloying with manganese there must not have been any problem for the ancient masters as in the region of ancient Greek Fazis (the city of Poti) in the delta of the Rioni in the basin of which there is a large quantity of occurrences and deposits of manganese, there was accumulated enough manganese for alloying.
The territory of Georgia is rich with comparatively small reserves of ore occurrences with hematite (Fe2O3) and manganese-hematite mineralization. So manganese steel might have been smelted from these ores.
In order to state the possibilities of using manganese-hematite ores for producing high quality steel by ancient metallurgists we studied a small ore occurrence in South-East Georgia near the village of Samshvilde (Municipality of Tetri-Tskaro, Kvemo Kartli region). In Fig. 4 there is shown a local extraction on daylight surface. Here there are clearly distinguished orange layers of hematite (levels A) and brown-black manganese-hematite (levels B) ores. Besides if the content of hematite (Fe2O3) in hematite ores (A) comes up to 17%, but manganese is practically absent (less than 0.2%), then the content of iron in manganese-hematite ores (B) drops to 11% and the content of MnO rises up to 52%. So for producing high quality ore the layers of these rocks should have been mixed carefully. The correlations of components in the furnace prepared for the smelting process could have been defined only by experiments of masters-metallurgists.
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	Fig. 4. Manganese-hematite deposit. Samshvilde.  [Kuparadze D., Pataridze D., 2013]


From the collection of cold arms of the National Museum of Georgia we were able to get one more exhibit for studying. It was a sword of the X-XI centuries (Fig. 5). The research has just begun and there has been already revealed one interesting fact. In the fragment of the handle except iron (99%) there was discovered 1% of zinc (Zn). This fact testifies our idea about the qualification of metallurgists of those times and their continuous attempts to find an improved mix formula for steel, the more especially as the raw material for these “attempts” could have been easily found in Georgia, both in the South (Bolnisi region, Madneuli), as well as in its north part (Shida Kartli , Samachablo, the village of Kvaisa). 
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	Fig. 5. The sword. X-XI century AD. Georgian National Museum. Photo by the authors.


As we have already mentioned the metal produced from the Black Sea magnetite sands had silver color and was non-rusting. Aristotle wrote: “It is said about completely specific origin of Chalybes iron that it is produced from the sand brought by rivers, this sand is washed and smelted on fire or washed several times and then smelted adding some so-called firestone which is in great amounts in their country”.
For a long time we had been trying to find a reason of exceptional properties of metal produced from these sands, as even on the basis of chemical analyses these sands are “poor” iron ore (See Table 1). One of the possible versions for explaining of this phenomenon was borrowed by us from the review [Natural Resources…., 1958], where it is pointed that in these sands – “in individual sections of the seaside apart from iron attention is drawn to high concentration of vanadium and zircon”. In these regions the average content of vanadium  comes up to 0.08-0.1%. These data are testified by our re​se​ar​ches as well. The Black Sea magnetite sands are disintegration products of effusive rocks and con​sist of small grains of magnetite, titanium-magnetite or ilmenite and fragments of other rocks. In addition as it is known, basites and ultrabasites (i.e. effusive rocks containing SiO2 - 37-51%) in their turn consist of chemical elements which contain in some portions such small components as vanadium, moly​bdenum and chromium. These rocks in their turn contain chromium - 0.5% [Onuma K., Tohara T., 1984].
Thus steel smelted by Chalybes was alloyed by nature and had excellent properties. This way of producing iron from the naturally alloyed ore used by Chalybes cannot be a general method of producing metals; however it stimulated the further development of metallurgy of iron. 
From the history of processing and alloying of metals of the XX century we must remember that there is also existed special cutlery steel (Table 3), to the content of which are specially added chromium, vanadium, molybdenum and others [The secret…]. During World War II supplied the USSR American allies with a lot of technical equipment’s, including cars “JEEP”, a frame of which was considered to be non-rusting because metal for producing the body of these cars contained a small quantity of vanadium + chromium. This is a partial explanation of the Chalybes steel problem.
Table 3. Chemical composition of some cutlery steel of the world, %
	Steel
	C
	Cr
	Co
	Cu
	Mn
	Mo
	Ni
	N
	P
	Si
	S
	W
	V

	O–1
	0,95
	0,50
	–
	–
	1,25
	–
	0,3
	–
	–
	0,5
	–
	–
	0,3

	W–1
	1,20
	0,2
	–
	–
	0,30
	0,1
	0,2
	–
	–
	0,30
	–
	0,5
	0,1

	W–2
	1,15
	0,2
	–
	–
	0,30
	–
	0,2
	–
	–
	0,30
	–
	 –
	0,25

	52100
	1,05
	1,45
	 –
	–
	0,35
	 –
	–
	–
	25,0
	0,25
	0,0
	–
	–

	AUS–6
	0,60
	13,75
	–
	–
	1,0
	 
	0,5
	–
	0,0
	1,0
	0,0
	–
	0,20

	MRS–30
	1,1
	14,0
	–
	–
	0,5
	40,0
	–
	 
	–
	1,0
	–
	–
	0,3

	Hitachi Blue Super Steel
	1,45
	0,40
	–
	–
	0,25
	0,40
	–
	–
	0,0
	0,15
	0,0
	2,25
	0,5

	Sandvik 12C27
	0,6
	13,5
	–
	–
	0,4
	–
	–
	–
	0,0
	0,4
	0,0
	 –
	 –

	Vascowear
	1,1
	7,8
	 
	–
	0,3
	1,6
	–
	 
	 
	1,2
	–
	1,1
	2,4


In recent years according to European and Russian experts of arms and private collectors Georgian cold steel arms (as ancient, as well as medieval) were of exclusive quality because of the presence of molybdenum in it.
Among alloyed steel especially distinguished is Damascus steel or simply damask.
Over a period of several years we have been discussing the question of damask with lots of specialists and collectors of cold arms. According to many of them “Georgian damask” and arms produced from it are distinguished because it contains about 0.6% molybdenum as an alloying additive. We are not talking about metalwork from Indian or Turkish iron slabs produced by a famous Georgian master of damask George Eliazaroshvili (later Eliazarov), but we mean damask being smelted directly in Georgia.
This assertion of competent experts made us think of the sources of crude ore for producing damask steel in Georgia. The question to be solved was whether this raw material was local or imported from other countries.
Thus we started to search for iron ore containing molybdenum. We took samples as from the Black Sea magnetite sands, as well as from ores of South-East Georgia (Kvemo Kartli).
It must be noted that in geological literary sources there is the information about the presence of molybdenum in the scarn iron deposit of Dzama (South Georgia, region of Shida Kartli). Molybdenum forms small accumulations there, disseminated deposits and threadlike streaks [Kuparadze M., 1966]. They are mainly observed in Garta section in secondary quartzites and scarns (rock arisen near the magmatic intrusion if enclosing rocks sharply differ from intrusive rocks by chemical composition), as well as in intrusive rocks bordered with hydrothermally zones.
Molybdenum deposits are also on the south slope of the Caucasian Ridge (Fig. 6), in Racha (in close proximity of the iron ore deposit of Tsedisi), on the slope of Karobi. Karobi deposit was exploited until the middle of the XX century. There are also known several occurrences of molybdenum in Adjaria and South-East of Georgia (Kvemo Kartli), near the village of Mamulo in close proximity of which there are iron ore, gold-copper and lead-zinc deposits in Marneuli and Tetri-Tskaro. It must be noted that on the territory of Georgia there are other iron ore occurrences which we have not studied yet, so we cannot exclude the presence of molybdenum in iron ores from other regions as well. So there is nothing strange in the presence of small concentration of molybdenum in Georgian damask steel.
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	Fig. 6. Molybdenite. Karobi Mt., Racha district. The Southern Slope of the Great Caucasus Mountain Ridge. Photo by D. Kuparadze


To satisfy our curiosity concerning the question of alloying additives we carried out chemical analyses of several artifacts from the National Museum of Georgia. They were a knife (Fig. 7) and a metal clasp – a fibula from a burial place in Chitakhevi, dated to the VII century BC. The chemical analyses showed that except for iron both samples contain molybdenum in quantity: of 0.036% (in the knife) and 0.046% (in the fibula). In these samples was also defined the presence of silver: 0.175% in the fibula and 0.194% in the knife.
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	Fig. 7. A knife. Iron. South Georgia. Chitakhevi. VII century BC. Georgian National Museum. Photo by D. Kuparadze.


Such are general issues of alloying of metals in ancient Georgia. 
In conclusion it must be noted that no additives to a base ore can replace visions and intuitions of a master controlling receiving and processing of metal. As an example we can give a story of a contemporary Georgian master of forging iron Temur Sulkhanishvili. It is about one master of forging and smelting of iron, Platon Vatsadze, who in the XIX century (in the flourishing period of the Georgian damask) lived and worked in Racha. For producing metal he was gathering dust from one road and added it to iron. In this way he produced non-rusting arms. We need only to admire this old man’s intuition. Of course he could not have known that this road dust had been of bauxite origin – aluminum ore, containing aluminum hydroxide, iron and silicon oxides, which is used as a flux in ferrous metallurgy.
It should be noted that today the restored cottage Damascus steel production masters blacksmiths in Georgia. One such exhibit you can see in Figure 8. In order to learn the secrets of the Georgian metalworking, we are writing this article.
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	Fig. 8. The work of modern Georgian artists of metal.

a) Dagger "Tavadi", 2011. The idea of this project: Gocha Lagidze. Design: Irakli Megrelishvili and Gocha Lagidze. Steel: Zaqro Nonikashvili. Materials: damask steel. Silver (925) - 710 gr., Gold (24K) - 5 gr.; Enamel. Technique: embossing, engraving, enamel, gilding;

b) Metal pattern on the blade. Size: 500x56 mm.  Photos by G. Lagidze.


Summary:
In all the centuries arms was and remains as a main engine for technical progress: from stone arms in ancient times up to modern ballistic rockets and all benefits of civilization as ancient, as well as modern, are basically by-products originated from new ideas, opinions and technologies.
Over the centuries-old history of humanity cold arms and metal productions for decoration played a special role in life. The creation and perfection of it belong to lots of generations and schools. Eternal striving of people to widen their habitation area would have been impossible without perfection of old and creation new kinds of arms.  For this reason it was necessary to develop an infrastructure, to find new sources of raw materials and energetic, water and other resources.
South Caucasus, particularly Georgia has not got large supplies of metal mineral deposits; however on its whole territory, small compared to our Planet, there are scattered ore occurrences and mineral deposits of broad spectrum. South Caucasus is rich with water resources; practically it is completely (with exception of east Azerbaijan) covered with woods. Coal deposits are close to clay deposits and etc.
What was necessary for smelting of metals and their further processing?
Diligence, skill, ability and desire for learning were essential. As it is seen from the above presented materials, our ancestors had all these properties. It is testified by the rich archaeological material, ancient legends and myths. At present cold arms, in particular dagger is a main accessory of traditional Georgian men’s clothes.
Georgian metal and blade were widely spread as in the ancient world, as well as in comparatively recent times. Schools of gunsmiths were permanently expending the range of their products and improving their quality, paying a big attention to decor. Even as if an ordinary saber or dagger differed from each other by decoration of a handle, sheath and etc.
Cold arms were produced mainly in a mountainous part of Georgia, but welding damask could be done only in a few cities. Especially valuable beyond Caucasus were arms produced in Tbilisi. In the XVIII century mountainous people of Caucasus and Iran were supplied with sabers and daggers from Tiflisi.  Up today among collectors blades produced by such masters of Tbilisi as Eliazaroshvili and others are in a great demand.
In the conclusion we must note the highest professional level of Mr. Zakro Nonikashvili, a great master of iron smelting and forging and creating cold arms by ancient Georgian traditions. In Fig. 9 can be seen a damask work-piece smelted from the ore (which we brought from the regions), proving the possibility of creation of metal by ancient methods in primitive furnaces.
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	Fig. 9. A damask steel feed smelted by steelmaker Z.Nonikashvili . Photo by D. Kuparadze
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