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2002 yılındı b$0ÜÎ3n disiplinler anısı Demirköy Endüstri Arkeolojisi projesi kapsamında yapılan 

çalışmalar lîüyük Dökümhane Kompleksi Ve bunun 250 m kadar batısında bulunan küçük işlikte 

geıçekleşt itilmiştir. Geç Osmanlı Dönemine taıihiencn hu dökümhane Kırklareli Demirköy İlçesinde 

yer almaktadır. Arşiv çalışmaları ile desteklenmekte olan kazıların ana amacı burada gerçekleştiril

miş olan demir üretim teknolojisinin sosyo ekonomik hoyutlannı lıelirtemektir. Makalede sözü geçen 

işliğin endüstriye! işlevlerini, demir üıetiminin nasıl ve ne koşullarda geıçekleştiğini ve işlikte ne türlü 

aktivitelerin yer aldığım saptamaya irindik çalışmalar özetlenmeklerin. Kazıklıda ele geçen veriler 

ve bu verilere bağlı çark, köriik ve çekiç sistemlerinin lekonstrüksiyonu verildikten sonra yapılan 

arkeometallıujîk araştırmaların ilk sonuçlan sunulmaktadır. Son olarak, ele geçen buluntular ve bun

ların işliği tarihlendirebilme açısından önemi vurgulanmakta ve ileriki yıkarda planlanan çalışmalara 

değin ilmektedir. 
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B A C K G R O U N D T O T H E P R O J E C T 

A mult i -d isc ip l inary and multi- institutional 
industrial archaeology projeci was initiated in 
May 2ÜG2 at DemirkÖy-Samakocuk, an Ottoman 
Period metal work ing site. H i e foundry is locat
ed in the northeastern part of Turk i sh Thrace, 
situated in the province o f Kırklareli about 20 
k in east of the Bulgarian Ix i rder and approx i 
mately 25 k m south of İğneada, the westernmost 
port-city of Tu rkey on the Black Sea coast. 
Under the auspices of the Society for Tu rk i sh 
History of Science and the direction of lite 
Museum of Kırklareli, the first season oF salvage 
excavations were started during [lie summer 
season of 2Ü03 at the deserted site of an iron 
foundry located around 4 k m from the southeast 
of the town center of Demirköy. Excavat ions 
continued through the summer of 2006. Thfe 
research w a s supp lemented by industr ial 
archaeological surface surveys conducted in the 
thickly forested area around the vicinity of this 
site. 

Tradit ionally called ' Faiih's (or The Conqueror 's ) 
Foundry" by the local inhabitants, indicating a 
probable connection wi th the reign of the 
Ottoman Sultân Mehmetl I I . w h o is k n o w n to 
have cast some of his |X>werful bronze shahee 

cannons that he used during the siege of 
Constantinople in H 5 3 somewhere wi th in the 
Üva (or Govemate ) of Udime, this large foundiy 
w a s originally identified and recorelcd in 1991 as 
a monument o[ historic interest by the then 
n e w l y establ ished Directorate of Kırklareli 
Museum, and subsequently registered as an 
archaeological conservation site by the Counci l 
for Preservation of Cultural Assets at Ed ime . I n 
June 2001 the Museum Directorate, with the 
financial assistance provided by die Turk i sh 
Ministiy of Culture, can i ed out a preliminary sa l 
vage operation involv ing the surface cleaning oí 

lite foundry site front the thick growth of bush
es and trees, and the construction of a perime¬
ter fence of Ixub-wire around approximately 
9,400 m ¿ o f [ l ie designated conservation area. 
The prel iminary operation has revealed a forti

fied rectangular residential area wi th polygonal 
Comer towers in the form o f a terraced settle
ment wi th a lower level foundiy workshop 
immediately to the south of this upper terrace. 
Tn addition to stone built wal ls preserved to a 
Few meters in height, surface c leaning also 
revealed underground vaulted canals bringing 
water ibr the operation of the foundry machin
ery from a |xx>led reseivoir behind a d ike con-
s i ructed over the Dola|x!ere stream located 
about 500 meters to the west of die site. 

T h e geography o f the Kırklareli Prov ince in 
Eastern Thrace , defined by the B lack Sea and 
tlıe Yıldız (Isıranca) Mountains, had strategic 
importance from a metallurgical point of v i ew 
throughout all |>eriods of its history. Particularly 
after the discovery of iron work ing , the region 
attained special attention due to its easily obtain
able ores of iron. Consequently, Demirköy 
developed as a major industrial center in paral¬
lel wi th The growing importance of die manu
facture of iron for the Ottoman Empi re and its 
army and navy. 

Dur ing surface surveys of 2003 and 2004. 
remains of many iron furnaces and heaps of slag 
and charcoal were identified wi th in [lie thickly 
forested area in the vicinity o f die foundiy. 
Many water structures such as dams, d ikes and 
remnants of stone and earthen water canals 
were revealed along numerous stream valleys 
T o supplement the field work, a separate team 
o f historians of science have started to research 
Ottoman archival documents, particularly on lite 
main foundry site wi th upper strata dating to 
üulian Mahmud IPs reign (1808-1839). 

H i e Museum salvage excavations, w h i c h started 
at the upper residential terrace level o f the 
foundry in 2003, have Ixren organized adjacent 
to the North precinct wa l l , on either side of the 
main gale. Dur ing the sul»sequent seasons, 
trenches measur ing 10 meters w i d e we re 
opened along the western and eastern precinci 
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watts, as wel l as the who l e length of the Nonh 
side, revealing barrack-l ike single story struc-
ttires together wi th the remains of a masjid, a 
bath house and further rooms whose functions 
have ye i to l>e identified. Th is research has also 
made İL clear thai the eniire central area of ihe 
fortified settlement w a s an open courtyard, 
w h i c h niosi probably se ived as a military exer
cise and parade ground for the small contingent 
stationed here dur ing the reign of Sultan 
Mahmud 11 in order to provide security for the 
föüilCtry workers . 

I N T R O D U C T I O N T O T H E I N D U S T R I A L 

A R C H A E O L O G I C A L R E S E A R C H 

Demirköy is located in the metalliferrous zone 
o f the Isıranca Mountains in the northeastern 
part o f Turk i sh Thrace , in the province of 
Kırklareli. T h e region has ample supplies o f the 
three main ingredients for iron production: 
extensive woodlands for charcoal production, 
perennial l ivers to operate waterwheels, w h i c h 
in turn power bel lows and forging hammers 
necessary for the industrial production, and 
good-quality iron ore in the form of local 
si l iceous hematite and magnetite sands (Ryan 
i960) . In addition to iron, the copper ore 
depösfts around the Dereköy-Şükrüpaşa and 
Demirköy-İkiztepe regions are k n o w n to have 
been Crucial since prehistory. Archaeological 
research has shown that copper metallurgy in 
Bulgaria began in the fifth mi l lennium B C 
(Todorova 1999) Producing faads from mala
chite was also wide ly practiced by the inhabi
tants of sixth and fifth mi l lennium settlement of 
Aşağıpınar (Ö/d oğan. Parz inger 2000). 
Magnetite and sil iceous hematite mineralization 
around Demirköy w a s probably what initiated 
the iron metallurgy in the region, probably as 
early as die Hel lenist ic-Roman Periods (Wagner. 
Öztunalı 2000). The research project described 
here deals w i th the metal production activities 
that took place at the Main Foundry and an adja
cent smal l workshop in the Late Ottoman 
Period. Although excavations at both locales 
yielded Jiltle archaeological evidence that pre

dates ihe nineteenth century,2 written docu

ments suggest that the facilities in the area may 

already have faen in use centuries before this 

T w o different Types of iron were produced in 
the Ottoman Empire during the eighteenth and 
nineteenth centuries: cast iron and wrought iron 
(Aydüz 2006, Agoston 2005). Wrought iron w a s 
produced by the reduction of iron in sol id state 
in bloomery furnaces. After consolidation of the 
slag incrusted spongy b l oom by forging, 
wrought iron, used mainly for domestic or farm
ing purposes including objects l ike horseshoes 
and nails, w a s obtained. Cast iron, however , 
was produced in m u c h more efficient blast fur
naces requing somewhat more sophisticated 
technical skil ls, and major capital investments, 
as was the case in the Main Foundry complex in 
Demirköy. Cast iron was the raw material for 
military use, especially in The manufacture of 
cannon balls. In fact, the late seventeenth cen
tury a rch iva l documents re ferencing the 
Demirköy (Samakov ) foundry descril>e the site 
as a place where cannon balls were cast for die 
Ottoman artillery The term "he lon, " w h i c h 
appears often in the archival documents refers 
to die cast (pig) iron that was produced togeth
er w i th wrought iron around Samakov. Among 
the documents that clarify the term "he lon" w e 
find one ( C B H , 1ÇU/8966. Nov. 12, 1719) that 
ment ions the de l i very of cast " h e l o n " to 
SamakOV, Nevrekob and other foundries v i a the 
shipyard. Another document ( C B H . , 462/19295, 
March 10, 1818) contains information about a 
sunken sh ip sail ing from Iğneada, the seaport of 
Samakov and Tor i iye, w h i c h contained 228 
pieces of "helon" . A third document ( C B H . , 
83/3989) Sept, 30, 1818) contains instructions 
that the "helon11 sent to the shipyard from 
Samakov and To i i l ye should be cast in three 
sizes, wh i l e a final document (C AS., 944/40967, 
Nov. 20, 1815) states that the "he lon" that came 
from Samakov was broken into pieces at the 
Uaskoy foundry. The documents verify' that 
"he lon" w a s used to cast cannon balls or chain 
Shots whereas wrought iron w a s used to mantı-
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feÖtiTç sh ip anchors by foiging. In addition to 

iron production, copper smell ing w a s also 

actively practiced in the area between Demirköy 

a ne I Ba laban. 

The interdisciplinary nature of the project rec
ognizes that a full comprehens ion of the 
processes of manufacture at the workshops 
requires explicit investigations in the full array of 
arehaeometallurgical materials present Including 
ores, slags, furnace fragments, ingots, f inished 
products as weft as the types of furnaces. Wirl i 
an industrial archaeological focus in mind, the 
Demirköy Project aims to understand not only 
the technologies utilized in the mines a n d metal 
workshops but also the set-up of waterwheels 
a n d other power generating components thai 
drove the system. Th is (lata is being combined 
wi th informal ion on the social, economic and 
pol it ical background acquired from textual 
sources. 

Bo th the archiva l documentat ion a n d the 
archaeological studies showed that magnetite 
sand w a s one of die main ores used. Several 
highly purified magnetite sand storage areas 
were discovered during excavations Magnetite 
sand is still visibly available in the river sedi
ments and can fa easily enriched from the 
si l iceous gang by simple wash ing in a sluice, 
wh i ch was also the enrichment method used 
since antiquity. T h e magnetite ores found in 
storage pits were highly pure wi th over 7 0 % iron 
content. 

The industrial archaeology research at Demirköy 
began in 2002 Initially, to understand the extent 
and the nature o f metallurgical activity at 
Demirköy, intensive surface surveys were con
ducted in the vicinity of the Main Foundry. Th is 
research yielded more titan seven smaller Work
shops wi th in a ten k m range (fig. 1). T f a 
research also discovered over twenty intact or 
partially destroyed furnaces k n o w n as "vigne" or 
" f a k n e ' at these peripheral workshops and 
large numbers of slags, furnace fragments, 
ingots and ore samples were collected for analy

ses (Danışman, Tanye l i 3 0 0 0 , Surveys also 
made clear [hat water in this entire area was 
channeled through a network of artificial canals 
(some of w h i c h were underground) constructed 
along (he natural contours of the adjacent hi l l 
sides. At die workshops, this water w a s led into 
waterwheels , to generate the hydraul ic power 
necessary to drive Ihe forging hammers and fal
low-systems. These natural resources coupled 
with a thickly forested landscape, from w h i c h 
fuel w a s supplied for the furnaces, made this an 
ideal loeale for the workshops . 

SMALL W O R K S H O P E X C A V A T I O N S 

In the summers of 2005 and 2006 two seasons 
of excavat ion took place at Kabakçıma Tarlası, 
tine of the mettil production workshops associ
ated wi th the Main Foundry. Investigations at 
Kabakçının Tarlası Or die Small Workshop, 
located ahoul 250 meters northwest öf the main 
facilities of the Demirköy Foundıy revealed a 
copper and an iron smell ing furnace as wel l a i 
the neçfösafy infrastructure for metal produc
tion. Located along a steep hillslope. less than 
50 meters İhım the Dolapdere stream, the Smal l 
Workshop foundry was designed to make max
imum Lise of the water sources of the area. 

Based on wal ls and furnace ruins that were par
tially visible before the start of the excavations, 
as we l l as the research done to date, it seems 
thai the area was partitioned into several units, 
designated here as Area I through Area 6 (fig 
2). The total encltised area at this location mea
sures nearly ÛÜ x 20 meters. O u r excavations 
have succeeded in i tconst meting the basic set
up of the Small Workshop facilities associated 
with two large furnaces: Furnace l-T and F2. 
located respectively in Areas I and 411. Th i s arti
cle continues to describe the archaeological ev i 
dence that a l lows us to make a reliable assess
ment of the w a y in wh ich the facility w a s 
designed, engineered and perhaps most impor
tantly, h o w it was used. W h e n combined wi th 
archaeomctallurgical analyses conducted on the 
ore. the slag, and Ihe manufactured tools (see 
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be low) , w e are able to gain important insights 
on the scale and system of the industrial pro
duction here. Provided IxHow is a summary oF 
the work that has faen clone in the different 
areas over the past two seasons and the prelim
inary interpretations that can fa drawn regard
ing the function 6 f the finds recovered. 

A R E A S 1 & 5 

Area 1 Forms a rough square (approximately 22 
x 20 meter*), and is enclosed by heavy stone 
wal ls on all four sides. Excavat ions and clearing 
conducted in this area indicate the presence of 
an entrance From the south. Th i s is in line wi th 
our expectation that there was a road along the 
south side o f [he complex. Th i s wou ld al low the 
goods manufactured in the wo ikshop to fa' 
loaded on transportation vehicles. 

The northern wal l of Area I functions as a 
retaining wal l against the hill-slope and is pre
served to a height of over 3.5 meters. All wal ls 
in this part of tile workshop were made of 
undressed stones and held together wi th lime 
cement and a framework of longitudinal and 
transversal wcxx l en beams, none of w h i c h are 
now preserved. Th i s stone construction enclos
es furnace F l and the surrounding features. 

Excavat ions in Area 1 conducted in 2005 by a 
team from Kskisehir Anatolia University under 
the direction of instructor A. Deveci focused on 
c lca i ing the immediate surroundings of the fur
nace a n i l removing the large amounts of rubble 
and fallen debris that had accumulated. One of 
the great challenges here was freeing the hir-
nace and deposits from thickly intertwined tree 
roots. Even though this circumstance hindered 
the complete excavation of the furnace and sur
rounding areas, work conducted in the northern 
area a l l owed reconstructing the w a y in w h i c h 
the furnace system must have funct ioned 
( H a n g m a n et a t 2007). 

Vi'ater tapped from a canal running above the 

n o n h e m retaining wal l was directed into a smal l 

channe l and led into a wa ierwhee l . T h e small 
feeder channel , located in an area designated as 
Area 5, was cleared in 2006 over the ful! dis
tance between the main canal and the retaining 
wa l l to establish its slo|X\ size and width. 
Although somewhat msubstantially constructed, 
this canal must undoubtedly have sufficed in 
carrying t lie water necessary to set the water-
whee l in motion and ultimately to |x>wcr the 
fallows. It is possible tltat the water was deliv
ered through Lin enclosed wooden chute as was 
not uncommon in Turkey (Cresswel l 1993:201¬
202; Danışman 1977; Donners et a l , 2002). The 
actual whee l wou ld have been placed in a 
sunken trough set into the floor of the main 
chamber of Area 1 immediately northeast of die 
fumace F t . H i e preseived height of the retain
ing walk at nearly four meters, may roughly cor
respond w ith tlte height of Che no-longer pre
served wa ierwhee l . Overshot waterwheels . indi
cated here by the fact that water was fed from 
alx>ve, operate we l l even wi th a limited water 
supply because the weight of the water sets the 
whee l in motion, making this design one of the 
most efficient methods to power a mill (Denny 
2004: Howard 1983:27; Reynolds 1983:106). 

Based on hisftxical archives o f similar furnace 
constructions, this mill probably powered a 
double fallow system wh ich w o u l d have been 
located immediately west of the wa i e rwhee l and 
north of the furnace £fig. 3 ) Factors of preser
vation made it unfeasible to recover fallows. 

Although only partially excavated, the results öf 
the excavation in Area 1 and a carefully placed 
sounding in the northeastern corner indicate the 
presence of a canal, which began at the sunken 
tnXlgh Into wh i ch the wheel was set, and proba
bly extended beneath the floor towards [he south 
of the building. Excavations exposed the begin
ning of the canal and much effort was devoted to 
clearing the accumulated fill to define the walls 
of litis consimciion. Again, tree roots had dam
aged parts of the canal considerably, complicat
ing the task of further exposing it. 

Excavat ions a n d laboratory researoh (see be low) 
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indicate that the Furnace F l in Area 1 functioned 
as a copper furnace. Even though it was not 
possible to study the furnace in detail due its 
very fragile state of preservation, numerous cop
per slag and metal fragments we re recovered 
w h e n the shaft oF the furnace w a s cleared. W e 
have evidence that copper production was of 
importance based on data from other parts of 
the site. D u r i n g excava t i ons at the Main 
Foundry, for example , one section of a two-
piece copper mold for casting small solid lead 
cannon balls was recovered. Copper production 
at Demirköy was probably for local consump
tion. Copper, however , w a s also a strategic 
metal for the Ottomans since they preferred 
more expensive bronze cannons. T o produce 
bronze, however, Ottomans had to import tin. 
w h i c h at times was difficult to achieve. 

A R E A S 2, 3, 4A 

No excavat ion has yet been conducted to clari
fy the function of Areas 2 and 3, Similarly. Area 
4A also awaits systematic excavations, as to dale 
only some clearing wo rk of the western wal l 
and removal o f shrubs has been done. Th is 
established thai, like Area !. this is also enclosed 
by stone wal ls, of w h i c h the northern one acts 
as the reiaining wal l againsi ihe hill-slope. 
Excava i ions in 2005 and 2006 focused on clear
ing lite large b loom iron furnace in Area 4 B and 
understanding how the surrounding workshop 
w a s used (fig. 5). Research conducted in 20G6 
indicates that Area 4A and 4 B were originally 
buil i as one single enclosure. T h e two parts. 4A 
and 4B , were later separated by a much nar
rower wa l l , yet a w i d e (1.80 meter) doorway 
pennittcd passage between these two areas. As 
our excavat ions yielded no other entrance to 
Area 4B , all the fuel, ore, b loom and iron wou ld 
have had to pass through this doorway, eluci
dating its i ndusi rial-sized width. The iess sul> 
stantiai thickness oFthis partition wal l ( indicated 
on plan as Irocus 55) and the fact that it has 
faen constructed at a n angle that is not exactly 
perpendicular to the wa l l s it connects to sug
gests that the separation between Areas 4A and 

411 was not pan of the original building plan but 
was a decis ion w h i c h was made in a later use-
phase of the structure. Th i s Ls confirmed by the 
fact that Locus 55 abuts -and is no[ I xmded tCF 
the wal ls Li is constructed falween (i.e. Locus 53 
and Locus 57) , Constructed much less carefully 
than exterior wal ls, Locus 55 lacks the frame
wo rk o f wooden beams. 

Preliminary' clearing wo rk in Area 4A yielded no 

indications for furnaces in this area. Whether 

there were other i ron-working installations can 

only fa established through future excavation. 

Suifacc cleaning in Arca 4A yielded the pres

ence of a red-brieky deposit, presumably rem

nants o f nxif-ri les. indicating thai this large area 

had been roofed. T h e sandy ground surface 

across [his area contains pate lies wi th high con

centrations of magnetite. At present it is uncer

tain whether these [latches are remnants of in 

situ deposits or they represent accumulations 

resulting from slope-wash. Tf the former holds, 

this wou ld mean that Area 4A w a s a locale 

where lite iron ore, to fa used in the nearby fur

naces, w a s stored. 

A R E A 4B & A R E A 6 

T h e most intens ive excavat ions in the 

Kabakymtn Tartas; workshop facility we re tn 

Area 4 B . tocated in the easternmost section of 

the complex where a bloom iron furnace (F2) 

was investigated. The enclosed section of Area 

4 B measures 17.5 by 7 meters and. as men

tioned above, w o u l d have faen reached from 

the doorway through Area 4A. Excavat ions have 

not yet faen concluded, but have reached a 

point whe r e the main layout is clear; w e n o w 

understand not only the furnace, the canals and 

the waterwheel systems but also some oF the 

basic activities that took place wi th in this work 

shop complex. The furnace in Area 413, and pre

sumably other areas in the workshop complex, 

had multiple use phases (see the phasing sec

tion be low) . Undoubtedly, use-phases that our 

excavations we re unable to reach lie beneath/ 
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The furnace was set dose to the eastern enclo
sure wa l l , roughly in the middle fatween the 
north and south wal ls . The narrow space 
fatween furnace and enclosure wal l w a s filled 
in a n d coveted wi th flagstones that created two 
sets of ste|3s. leading Lip to ihe top of the fur
nace both front the south and (he north, l-'rom 
the top, the iron ore and charcoal w o u l d have 
l ieen charged into the furnace. 

Hie l op and exterior of the exceptionally we l l -
preserved furnace have been cleared, but the 
interior remains to be excavated. We arc thus 
unable to comment on its inner Features at this 
time. T h e furnace a[ its base (i.e. the leve] to 
wh ich it Ls currently excavated) measures ca. 3 
by 4 metéis. H i e overall dimensions and style of 
this furnace resemble that oFa "StückoFen" .style 
b loomeiy furnace (Tylecote 1987, Tomas 19991-
It is built oF undressed rocks, covered on tap by 
flat (slate-l ike) stones. The top is not complete
ly preserved, but these cover stones indicate thai 
the h imace did not reach much higher original
ly. Th i s is one indication that this w a s a 
bloomery fumaee and not a high blast furnace. 
Several slag samples from the tap hole of the 
furnace and various places in area 413 were ana
lyzed as wel l as fragments obtained from the 
bloom iron ingots recovered from the area. A 
COCal of six of these ingots were found to date, 
each weighing between 61 -71 kg. 

Research indicates that the furnace complex in 
Area 415 was powered by a dual waterwheel 
system. T h e waterwheels were located in a 
canal called Area 6, immediately east of Area 4 B 
(fig. 4 ) . Water wou ld have been channeled into 
the canal from the artificial waterways that fol
lowed the hil lslopcs north of the workshop . H i e 
location of [he water canal outside the eastern 
enclosure 4 B is notable as it contrasts wi th the 
western workshop of Area I , where the water-
wt iee l (s ) were located inside the workshop , The 
canal was excavated from the point near the 
northeastern comer of Area 4 i i where there was 
a vertical drop of at least 2.10 meters, until the 
southeastern comer of the workshop complex . 

alter w h i c h the sides of the canal could no 
longer be detected. T h e exterior o f the eastern 
enclosure wa l l of Area 4 B (U l cus 52) fomied 
one o f the sides of the canal. Preserved in places 
on (he exterior of the stone wall w a s a layer o f 
plaster, presumably remnants or the wateipniof-
ing materia] to prevent the water from seeping 
into the workshop compounds o f Area 4 B . 
Located about one meter to the east, parallel ing 
this wa l l , w a s either a freestanding or a low 
retaining wa l l . Th i s tatter construction was also 
reinforced wi th timber beams placed in hori
zontal slots. H i e base of the sand and stone-
filled canal in Area 6 has not yet been reached. 

O u r c la im that the canal contained waierwhee ls 
is supported by several lines of evidence. The 
data available for the northern waterwheel , 
w h i c h w o u l d have been located close to the 
vertical drop in the canal , are perhaps most con
vincing. Here our excavations discovered a U -
Shaped iron strip or brace wi th regularly spaced 
nails wh i ch wou ld presumably have held the 
wooden segments of the waterwheel together. 
Its span of at least 42 c m provides some insights 
into the width of the waterwheel . T h e presence 
of this waterwhee l is also supported by the dis
covery of a break or hole in the eastern exterior 
wal l of Area 4A (Locus 52) , close to where the 
metal whee l brace was found. Th i s w o u l d have 
faen die orifice through w h i c h the ax le of the 
waterwheel entered the workshop . A final piece 
oF evidence is the discovery of a pedestal or 
platform ( L O C L I S 67) north of the furnace on to 
w h i c h this axle must have faen secured (fig. 6 ) , 

No remains have l>een found so far of a possi
ble second waterwheel . but its location can fa 
reconstructed from a similar support feature 
south oF the furnace (Locus 21), 'Hie pedestal to 
anchor the ax le of the southern water whee l lies 
at approximately the same distance from (lie 
eastern wal l as Locus 67. H i e feature l ines up 
wi th two vertical slits, one in each of the two 
sides of the canal . These may have held posts 
thai wou ld have supported the waterwheel . 
Several meters after the second waterwheel , the 
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water may have flowed the final 50 meters or so 

to the small Dolapdere stream in the valley IxH-

lom in a channe l without built sides. 

Although pa i l of the same system, the two 
wate iwhee ls wou ld have powered very differ
ent facets of the furnace complex. H i e ax le of 
the northern water whee l was connected to a 
dual fallow system w h i c h wou ld have directed 
air into the furnace to achieve the temperatures 
necessary for the smell . The bel lows themselves 
were , unsurprisingly, not preserved, but a ca. 40 
c m long iron tuyere, or nozzle portion of the 
bel low thai w a s inserted into the furnace, was 
found near the entrance dig, 71. I h e fallows 
w e i t worked by a rotating axle with cams con
nected to the first wate iwhee l . The abovumen-
tioncd stone-built platform directly opposite the 
hole in the enclosure wait (see above), probably 
served as a support for the end of die rotating 
shaft. O u r excavations also discovered an open
ing at the back o f the Tumace in the north into 
wh ich the tuyere wou ld have been placed. 

Tlic- southern wa i c rwhee l wou ld have driven a 
forging hammer powered by a rotating shaft, 
T w o rock-l ined pestholes and a stone-built plat
form in front of the tap hole of the Furnace can 
l>est fa understood as the supports lor this forg
ing hammer system (fig. 9 ) . The lap hole at the 
southern side o f the furnace wou ld have served 
to al low slag to flow out of the furnace. The 
mechanically powered hammer w a s necessary 
in the iron mak ing process to consolidate tile 
iron in the bloom and drive out slag, charcoal 
and other impurities. 

The hammer head wou ld have been of iron, and 
pfobably weighed 50-200 kilos, it is not impossi
ble thai the pit thai was found in the immediate 
vicinity of the p i n h o l e s (of which the fill was 
quite loose, suggesting that ihe pil was of recent 
date) was dug to search For and possibly even to 
illegally retrieve the hammer head. 

The posthoJes were dug from a level approx i 
mately HO cm abOVe the base of the furnace, into 

a compacted clay fill wh i ch contains very few 
finds ( in contrast to the soil matrix e lsewhere in 
the workshop wh ich contains high concentra
tions o f roof-tile fragments, charcoal and ash) . 
Th i s appears to be a n artificial platform, rough
ly square, set in the southeastern corner of the 
workshop. T h e western edge o f ihi.s platform 
w a s observed in the excavations, but its exact 
northern extent w a s not recognized, probably 
because it was first exposed in a narrow lest 
trench dug in 2005. The surface oF the platform, 
covered wi th possible debris from forging, 
appears to have been lined wi th flagstones of 
the Same type as cove i tx l the lop of the furnace. 
Many of these we re found, disturbed but lying 
flat, in a layer at the level Of the highest stones 
o f tlie stone-lined postholc. Th i s same layer 
yie lded a rectangular iron slab wi th extensions 
protruding from the short ends (Fig. 8 ) . Its func
tion is unknown , but one possibility is that is 
w a s a counterweight for the forging hammer. 

A n oven or hearth located by the southwestern 
comer of the furnace wou ld probably have 
been used to reheat the bloom wh i l e work ing it 
into u consolidated wrought iron bar. Th i s sug
gests that the area south and southwest of the 
furnace w a s selected for the forging and shap
ing of the consolidated iron. Ye t our evidence 
indicates that the main installations of Area 413 
were for the pr imaiy stages oF iron production, 
Like tlie smelt ing of the iron ore in the furnace 
and (he forging of the bloom to create wrought 
iron, The production and finishing of iron arti
facts must have taken place elsewhere, perhaps 
in Areas 2 and 3 ( w h i c h await excavaEion in 
future yearn) or further away, perhaps even in 
Istanbul. 

PHAS ING 

There are indicaiions thai Ehe Smal l Workshop 
was built over a period of time and thai facilities 
were added w h e n necessary. Architectural 
observations suggest that Areas I and A were 
not built at the same time, even though they are 
connected through Areas 2 and 3; Ehe wal ls of 
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Area 1 are bonded wi th l ime cement, whereas 

those of Area 4 are dry-stone wails. Be ing more 
substantial in construction and thickness, one 

presumes that Area 1 was constructed initially 
hut farther research and stratigraphie observa
tions are necessary to conf irm this observation. 
The excavation of Areas 2 and 3 w i l l also help 
clarify this question, 

In addition to differences jn the general phasing 
of tlie complex, there are a n u m f a r of modifi
cations wi th in Area 4 B that suggest that there 
were at least two phases of use in the work 
shop. First, there is evidence that the platform 
into w h i c h ihe postholes 63 and 64 were placed 
doçs not faking to the original phase. Th i s is 
d e a r because a layer that is very rich in charcoal 
covers much of the southern .side of the work 
shop: it runs against the furnace and under the 
plaifomt. It appeals in the sides of the robfar's 
pit described above as a CA, 3 cm thick charcoal 
lens. The re must therefore have been a use-
phase of the workshop predating the platform, 
hut further excavation is necessary to establish 
whether There was also an earlier forging ham
mer installation. 

Moreover, although not completely elucidated 
by the excavations, there is evidence tint the 
furnace w a s re-used following a col lapse phase 
of the workshop roof. A layer of blackened 
charcoal-fi l led soi l , indicative of furnace use, 
overl ies a deposit of br ick col lapse across must 
of the extent of Area 413. In line wi th the idea 
lhat lite furnace was reused is (he fact that the 
roof-Mies near the high traffic main doorway to 
the compound are relatively more compacted 
than those o f other surrounding areas. 

A R C H A E O M E T A I L U R G I C A L A N A L Y S E S 

Because slag samples directly reflect the nature 
o f the technology utilized in a smelting furnace, 
our efforts have most extensively facn directed 
towards understanding their elemental and m in 
eral composit ion. A total of 26 slag samples 
we re Investigated by S E M - E D X and X R D to 

determine the microsiructure, mineral content 
and composition ol different phases. The distri
bution of the Three main components of slags 
(namely SiO>, AhCfy and FeO ) is s h o w n as a 
ternary diagram in (fig. 10). ' Ihe majority of the 
slags 115 samples ) were of fayalithic type ( rep
resented by square marks ) that form during 
hloomery furnace operations. Nine sktg samples 
(represented by circular marks ) we re glassy in 
nature and arc byproducts of blast furnaces 
where cast iron is produced. Finally, there were 
two [represented by triangular marks ) , w h i c h 
are tentatively classified as refining slag. Further 
study is being carried out for their positiv e iden
tification. W h e n the distribution of different 
types o f s lag samples is considered, it becomes 
apparent that most of the fayalithic slags come 
From the peripheral workshops as we l l as from 
around the excavated Furnace (F2 ) of the smal l 
workshop area. It can be conc luded that 
wrought iron production, mainly for domestic 
consumption, was an important component of 
iron production at Dcmi ikdy . The glassy slag 
samples, however, were collected in the w o r k 
shop o f the Main Foundry as wel l as from the 
slag heaps to the south of this area. It is clear 
that cast iron was produced in the two partially 
destroyed smelting furnaces in this area. Though 
no excavat ion has faen carried out at the work 
shop of the Main Foundry, it is still possible to 
see the foundations of a complex infrastructure. 

Excavat ions at the Small Workshop in 2005 and 
2006 were fortunate to a recover cast iron ingot 
(merchant bar) as wel l as blooms from the 
bloomery furnace as these are direct prtxlucts 
from the smelting furnace, Th is unrefined metal, 
straight from the furnace, can yield technical 
information about the furnace conditions and 
help us understand the smelting processes. The 
microstructure of Ehe ingots as we l l as several 
cast and wrought iron objects were also studied 
by examining (he polished and etched surfaces 
wi th 5EM and optica] microscope. T h e 
microstructure (if this 38 kg somewhat itxriangu-
lar (46 x 13 x 8 cm ) ingot discovered in Area 1 
is an excellent example of gray cast iron (fig. I I ) . 
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The sample lias about 3 % carbon with graphite 
flakes arranged in f lower clusters. Th is is the iron 
type used in casting mil iuuy ordinance in the 
Form of cannon balls or projectiles. 

T h e back-scattered electron image of one of the 
60-70 kg blooms found in Area 4 B -depicting 
the spongy structure characteristic of blooms- is 
s h o w n in (fig. 1 2 ) . The light gray areas represent 
the ferritic mass whereas the med ium and dark 
gray areas are the extensive slag inclusions. The 
carbon content of this b loom is Q.23%, and it is 
heterogeneously distributed in the Ferritic phase. 
The forging hammer that was located in front o! 
the F 2 furnace in Area 4 B was probably used to 
consolidate such blooms to convert it to usable 
wrought iron. We took a small section of this 
b loom to fa forged in a blacksmith shop. In the 
back-scattered electron image of the consolidat
ed b loom (fig. 1 3 ) w e see that it still contains 
considerable slag inclusions, especially a long 
the polygonal grain boundaries. The .sample has 
a mi ld steel character wi th the perlitic structure 
appearing towards the edge of the sample. Th is 
is due to higher levels of carbon that has dif
fused into the matrix during production and 
heating for forging. Nails from the excavat ion 
were the most abundant metal artifacts recov
ered during the excavations. T h e back-scattered 
electron image of one of the nail samples shows 
very similar microstmcture to That of the consol
idated bloom Iron (fig M ) . 

T h e archaeomeia l lurg ica ] s tudies at the 
Demirköy project are at a preliminary stage. 
On ly a few metallurgical materials have faen 
anaiymd so far and the regional surveys are still 
incomplete. However , the textual, field and 
material analyses collectively indicate that both 
wrought iron and cast iron were produced at 
Demirköy. H is still not clear whether the cast 
iron produced was used only for casting objects 
or whether some of it was converted to wrought 
iron by decarburization in the finery. 

l i t e relationship between the main foundry and 

the |X.'riphcral workshops is also not very clear. 

The peripheral workshops do not have any vis
ible architectural features except the furnaces. It 
appears that only smelt ing w a s performed at 
these small sites. They could have been private
ly owned by the local population and could 
have been operated seasonally or whenever 
there was a demand for iron. The iron produced 
by the peripheral workshops was probably sold 
to lite centrally-located Main Foundry, wh ich 
was controlled by the government authorities. 
T h e foundry must have l ieen the place where 
ski l led metal smiths performed the necessary 
refinement and actually supervised the casting 
of the requested artifacts, 

F I N D S 

Excavat ions across the Small Workshop areas 
yielded Few artifacts (apart from roof-tile frag
ments). Iron was by far the most common raw 
material, especially in Area 413, and nails were 
the most prevalent find In addition to the recov
ered tuyere piece, iron slab and waterwheel 
brace fragment (see, for example , figs. 7 and 9) , 
as described above, among die most significant 
iron artifacts w e can count a smal l hammer-head 
about 1 0 cm in size, a sol id iron sphere wi th a 
diameter of ca. 5 cm, and a hook for clothes o r 
other possessions. Some potceiy and clay pipes 
providing general dating information were also 
recovered. 

The ceramics and clay pipes from the 2006 sea
son excavations at the Smal l Workshop were 
analyzed by Katie Johnson from the University 
of Chicago, Fragments of about 14 vessels -most 
of w h i c h were storage vessels or water jugs-
were recovered. G i v en the fact that the vessels 
are representatives o f forms that showed little 
change for centuries, it is impossible to pin them 
down chronologically to a single phase. Ye t 
analyses conducted on the pipes by Johnson 
provided more definite results. Based on facto;* 
such as the shape of the bowl , s ize of the air
hole and the presence o f a producers stamp, 
she was able to assign most to the end (or sec
ond half) of the nineteenth or the beginning o f 
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the twentieth century. 
This assignment is in line with dates of Import
ed bricks yielded by the excavations, Stamped 
with the word COWKN on one sitle, numerous 
examples of a yd low-colored firebrick were 
recovered I»y rfa excavations in Anwt 4B (fig, 
15). Research indicates thai these bricks were 
produced by Joseph Cowen and Company, 
located in lilayrion-on-Tyne in the northeast of 
England between 1823-1904 (Gurcke 1987:71). 
Refractory firebricks withstand high tempera
tures without inciting or "spalling" Ixii also have 
low thermal conductivity that saves energy. In 
furnace F2 they appear to have been used to 
ck»se the tjack and front of the furnace. 
Excavations indicate that these bricks would 
have faen replaced occasionally. Their presence 
therefore need rex provide a date few the core 
miction of the furnace but at least a terminus 

[Xtst quern through which the furnace was in 
operation. Given Out the span during which the 
bricks were in use cover* a period of close To 
eighty years, our excavations are in search of 
more exact date sources such as coins or other 
specific finds. 

A R C H I V A L R E S E A R C H 

A large number of documents located at (he 
Prime Ministry's Ottoman Archives and the 
Archives of the Topkap; Palace Museum were 
studied as pari of the Demirktiy-Samakocuk 
foundry7 excavations and research, litis collabo
ration makes the Demirkoy Project among the 
first excavation projects in Turkey that is sup
ported by investigations in the Ottoman 
archives. Although these documents contain lit
tle detailed technical knowledge, they do, 
nonetheless, yield information on "In- adminis
trative and operational systems of the foundry , 
the manner in which fuel and ores were 
obtained, as well as Insights into the production 
processes and transportation methods. Many 
documents regarding the socio-economic condi
tions of the region, and the way in w hich the 
central authority approaches thus industrial 
enterprise have been carefully examined. 

Research shows that the Royal Arsenal and the 
Royal Cannon Poundry required wrought and 
cast iron to supply the Ottoman armed forces 
particularly during times of war. Given its prox
imity to Istanbul Samakocuk played a crucial 
role in supplying die much needed iron. 

We find documents dating to as early as the I6'h 

century that refer to the mining activity in this 
region. The document mentioned by 
Derrvschwan in which a mining region near the 
Black Sea is discussed likely refers to 
Samakocuk (Habinger. 1923) Another, dated 
1586. also makes a reference to Samakocuk and 
states that the Aya Tudor village anil the mines 
in its vicinity, previously property of Han/ade 
Sultan, 'were subsequently annexed as Imperial 
property " Inm furnace locales were required to 
supply the Royal Arsenal wiih given amounts of 
iron annually, as a special tax. However, ckicu-
menis show that towards the end of the 17* 
century the region had liegun to fall behind in 
meeting this requirement. This is followed by a 
document dated 4 March Ki96 ilhnulemin-
Maadin. *152). which indicates that the State 
was erecting a cannon ball casting foundry. The 
document goes on to explain that until its com¬
pletion the existing furnaces in the vicinity were 
required to process and transport 500 kantuts (a 
unit weight of atxiut 120 pounds or 60 kilos) of 
ore. 

Between the late 16* and the 20* centuries, ihe 
State sustained regular production here. Mast 
documents from this period discuss the trans
portation oF iron to Istanbul for the Royal Arsenal 
and the Royal Gannon Foundry, yet to date only 
one document with information regarding the 
procurement of Samakocuk iron for construction 
purposes has heen discovered. Found in the 
Topkapi Palace Museum Archive, this document 
describes the construction expenses for the 
Nuiuosmaniye Mosque and mentions that 
"Igneada" iron was being used (TSMA. EX 9069, 
yp. la) With all probability the iron referred 
must liave txren produced JI Samakocuk and 
Torii)v (or TurolyaTiamdi Bey) and then trans-
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ported through the Igneada harbor. 
T h e archives contain detailed data on the devel
opment and the problems of the iron industry' of 
Samakocuk during the 18 * and I9 1 ' 1 centuries. 
One document mentions the appointment of a 
certain Y u s u f Agha, to rebuild the Samakocuk 
Foundry in 1819 so that it cou ld meet the 
requirements of the Royal Cannon Foundry, tire 
Royal Bomb-shel l Factory, and the defense cas
tles ( H A T or Imperial Decree, 1254/48494, 19 
October 1819Ï. Dating to 1820-21. w e find a 
document requesting the construction of a n ew 
furnace among the exist ing three furnaces at the 
Samakocuk foundry and a n additional three fur
naces at another appropriate location (C.ÎKTS. 
or Cevdet Economics , 478, 14 J u n e 1821). Y u s u f 
Agha was instructed, at around this time, to pro
tect the foundry (wi th 150 soldiers) against the 
G r e ek upr is ing ( C AS. or Cevdet Military, 
506/21123, 1 J u n e 1821). In addition to the pro
duction of wrought iron and cast iron the above-
mentioned reorganization marks the beginning 
of cannon ball casting in the region ULAT., 
244/13742, 31 Oc to f a r 1822). These cannon 
balls, produced and cast at the Samakocuk 
foundry, we re sent to the Roya l Cannon 
Foundry, as we l l as to fortifications in the v ic in
ity ( C A S . , 563/23640. 24 August 1825). 

There were many complaints about the man
agement oF Y u s u f Agha, w h o had originally 
established the foundry and had run it for a 
decade. Consequently, in 1829 V e d h i Pasha was 
appointed in his place (HAT . , 8 4 4 / 3 7 9 2 2 , 2 J u l y 

1829) . Another document of the same dale 
informs us that the cannon balls produced at the 
Samakocuk foundry were of inferior quality 
(HAT . , 5W26483» 2 J u l y 1829), In 1830» due to 
the destruction of the Foundry by a fire, cast iron 
ingots and charcoal we re sent to Beykoz for 
pnx luc tk jn . (HAT , , 538/28759» 13 Septemfar 

1830) . It is understood tliat by 1831 there were 
again 18 furnaces at Samakocuk producing cast 
iron ( C A S . , 675/28355, 22 January 1831), 

Fol lowing the fire and during the reconstruction 

process, the Admiral of the Navy Vizier Mehmed 

Tahir Pasha commissioned the building of a 

masjid at Samakocuk and appointed [he 

mosque's stal l ( C . B R or Cevdet Admiralty. 

295/15012, 21 March 1833). Th is masjid's minaret 

is still partially standing and its foundations were 

uncovered during iecent excavations. A docu

ment mentions the rebuilding of the coal depot 

at Samakocuk wh ich had burnt down in 1835-6. 

However, the foundry was srill functioning and 

copper was lequested from the Royal Mint in 

order to renew the molds to improve the cannon 

ball casting (HAT. . 385/28771. 28 April 1835). 

Another document dated 1838-9 talks alxiut the 

request for price increase by the non-muslim sub

jects in the region for each bushel of ore they 

were mining (HAT. . 85/28779, Hicri 1254). 

T h e knowledge of cast iron production, w h i c h 

was developed a l Samakocuk by master craFts¬

men sent there earlier, dift'used to other iron 

production centers through these experts. F o r 

examp le , new people we re appointed to 

Praviştc foundry in 1711 to replace 4 Vigne fur

nace masters w h o had faen employed there 

originally ( C A S . , 115/5162, 17 December 1711), 

Approximately a century later i w o master crafts

men from Samakocuk were sent to Erzurum's 

Kiğı mines to reopen them for casting ¡ron bars 

( C AS., 573/24123. 28 March 1816). In order to 

follow new developments in iron production 

and to modernize the enteq»ı ise, experts were 

brought from abroad ( C A S , , 69/3256, 10 Apri l 

1839), and one Samakocuk foundry worke r was 

sent to Eng land for training (C .NAF. or Cevdet 

Public Works , * 6 , 3 December İ838). 

It is ment ioned in the Yearbook for the 

G o v e m a t e of Ed i rne that the S a m a k o c u k 

foundry w a s very active in 1875 producing 

horse-shoes, sheet-iron and even machinery ( H . 

Sadi, 1931). Th i s can fa v i ewed as an indication 

that a certain degree of technological develop

ment was achieved at this time. However , the 

iron prtxJuction at Samakocuk must have ser i

ously stalled during the Turct>-Russian w a r of 

1877-78, 
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It is also certain thai the pnx luc i i tm here stopped 
]X.'mtiinemly :n 1916. during rite First World War. 
w h e n A concession for 99 years granted 10 an 
Engl ish fimi in 1913 was annul led. The 
Republican administration ordered an investiga
tion of the region in 1927, but no feasible ore 
reserves were discovered CI I . Sadi, 1931 > 

C O N C L U S I O N 

It is intended thai the future research :u ihe Main 

Foundry w i l l concentrate on the details of die 
lower terrace w h i c h has l x * m postponed until 
the H meter* high stone retaining wal l ( f lu fa 
secured, 9o6 the wo rk started at the MOOfld 

small foundry located about 250 meters to the 
west of the original site, k n o w n as Kabakçının 

Tarlası" by the Itx'als, is concluded. Industrial 

archaeological research at I X i u i r k o y w i l l l x i 

completed by 2010. 
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FIR- I : Map iri ptrripbtoà VCtàtÊlOfiâ ¿mniml tin- Ahm H W c t j ' ;ı> imlic-Hcd by tlx- find* »f un.1. SI.IR aixJ A f f N U . 

I I 

Fig. I-. Demirköy ridch phn Showing the various ¡IIÍU* iıt tin- Small Workshop (irai to spate), 
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Bakır Fırının Su Çarkı ve Körükleri için | Perspektif Teklifi 
Fiti. 3; IXwtrkfiy pıopcz-ıri tvcıtiitıuaiiM t"f ihe ı v ı i ı ' m l ı n l in A R J I tilrjniıiR by G / X m j j r ı u n ' 

Fig. -i: Demirktiy phmu of floml in Atıtı fı 
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Fífl- 7: Demirköy fuıvn" lr.ıgımmtıt Fig. 8: Demirköy ıt'i'Hmgtünr IrQfl ufalt. 
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Fig. 9 Demirköy stwhcrn ;Wff of Anra 4B HÉA /«bt/kitos ft.ï und û i ami the rrjhher's pil in the ivm-Rn>und 
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Fig. 12: Demirköy rix- lxtik-scjiten.il elcimin image tri a Flg. / J . Demirköy the laick-stMifred electron image ol 

bit/tını. ' â t consolidated hlootıı forged in u blacksmith shop 

Fig. H: DeflUrhiïv tl¡e Ixtck-scattetvtí ehxlnm inege | 

nail. Notice tlx- similarity iri ille mkyagtwWfe M thai iri 

the ctmsolidjted tıjoımt imn. 


