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Doubting radiocarbon dating from in-slag charcoal:
five thousand years of iron production
at Wetzlar-Dalheim?

Pochybné radiokarbonové datovani z dfevéného uhli uvizlého
ve strusce: pét tisic let Zelezatské vyroby ve Wetzlar-Dalheim?

Guntram Gassmann - Andreas Schafer

A Roman-Period bloomery smelting site had been excavated in the Lahn valley at Wetdar-Dalheimin central
Germany during 2006—-2012. The production unit consisted of a big rectangular workshop pit with 13 slag
pit-furnaces, two waste dumps and a small sunken hut. The stratigraphical sequence, along with abundant
pottery and small finds, allows the dating of short-lived smelting activity to a time slot around the third quar-
ter of the first century AD. As a first series of radiocarbon measurements from in-slag charcoal samples
resulted in a bewildering date range fromthe Iron Age right back into the Neolithic, a second dating series
has been undertaken. Thistime exclusively charcoal samplestaken from the bottom of the furnace pits have
been analysed. The resulting dates fit to the archaeologically derived dating. It is clear that the **C content
of thein-slag charcoal samples must have been altered already during the processin antiquity. With none
of the analysed dates younger than the archaeologically fixed date of the bloomery production unit, it is
obvious that a contamination with fossil carbon must have taken place. The wide and inconsistent date
range suggeststhat fossil carbon has entered the metallurgical systemwithin the furnacein an uncontroll-
able manner. The observed phenomenon has wide implications for other metallurgical sites with high
temperature processes under strongly reducing conditions. Charcoal samples from such sites, especially
frominside slags, might be contaminated to an unpredictable degree and produce seemingly older dates.
A first review of previously published data series calls for a reconsideration of the reliability of radiocar-
bon dates from metallurgical slags.

radiocarbon dating — methodology — charcoal samples — slag — fossil carbon

V pribéhu let 2006 az 2012 byla v tidoli Feky Lahn ve Wetzlar-Dalheimu ve strednim Némecku odkryta
lokalita s doklady vyroby Zeleza z doby rimské. Vyrobni jednotka sestdavala z velké dilenské jamy obdélniko-
vého piidorysu se trindcti pecemi se zahloubenou nistéji, dvéma odpadnimi haldami a malou polozemnici.
Stratigrafickd posloupnost spolu s hojné pritomnou keramikou a drobnymi ndlezy umozriuji datovat krat-
kodobou vyrobni cinnosti do zhruba 3. ctvrtiny 1. stol. n. I. JelikoZ prvni série radiokarbonovych mérent
provedend na kouscich drevéného uhli, které uvizlo ve strusce, vymezila ohromujict casovy tisek od doby
Zelezné aZ po neolit, byla provedena druhd datovaci série. Tentokrdt byly analyzovany vylucné vzorky dre-
véného uhli, které byly odebrdny z nistéji peci. Vysledné datovani vykazovalo shodu s datovdnim archeolo-
gickym. Vzhledem k tomu, Ze kontaminaci po exkavaci miiZeme vyloucit, je ziejmé, Ze obsah**C ve vzorcich
drevéného uhli musel byt zménén uz pri vyrobnim procesu v priitbéhu starovéku. Siroky a nekonzistentni
Casovy interval naznacuje, Ze fosilni uhlik vstupuje do metalurgického systému v peci nekontrolované.
Pozorovany fenomén md velky dopad na dalsi lokality s doklady metalurgickych aktivit, pri kterych vysoko-
teplotni procesy probihaly za silné redukcnich podminek. Vzorky drevéného uhli z takovych lokalit, zejmé-
na pak uhlikii ze strusek, mohou byt kontaminovdny nepredvidatelnym zpiisobem a zapricinit zdanlivé starsi
datovani. Prvni prezkoumdni drive publikovanych datovych rad vyzyva k prehodnocent spolehlivosti iidajit
z radiokarbonového datovani metalurgickych strusek.

radiokarbonové datovani — metodika — vzorky uhlikd — struska — fosilni uhlik
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Fig. 1. Important sites and regions of early iron production in Central and Eastern Europe with those
mentioned in the text highlighted in red (adapted from Schdfer 2009, 218 fig. 128).

Obr. 1. Lokality a oblasti vyznamné pro poznani ¢asného Zelezafstvi ve stfedni a vychodni Evropé&; mista
zminovand v textu vyznacena cervené (podle Schéfer 2009, Abb. 128).

1. The setting

During the years 20062012 a bloomery smelting site of the early Roman Period had been
excavatedintheLahnvalley inHesse, central Germany (fig. 1; Schafer 2014; cf. Gassmann —
Schéafer 2014, maps B and C with further references). The production unit at Wetzlar-Dal-
heim, Lahn-Dill-District, site C86 ‘Unterbodenfeld’ had survived well preserved in the
infill of a natural gully and could be uncovered completely using single find recording.
It consisted of 13 slag-pit furnaces with free-standing shafts typical of the Roman Period
(Pleiner 2000, 152), two waste dumps and a small sunken hut (fig. 2). The iron smelting
furnaces were situated alongside the walls in alarge rectangular workshop pit, with two
ground plans overlapping each other. The furnaces would have been used up to a dozen
times each, as dislocated slag blocks and evidence of structural repairs at the furnace bases
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Fig. 2. Wetzlar-Dalheim, Lahn-Dill-District, Germany, Site C86 ‘Unterbodenfeld’. Schematic site plan with
chronological phases (graphics A. Schafer and B. Schroth).

Obr. 2. Wetzlar-Dalheim, zemsky okres Lahn-Dill, Némecko, lokalita C86 ,Unterbodenfeld”. Schematicky
plén lokality s chronologickymi fazemi.
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Fig. 3. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. Spatial distribution of slag blocks and their frag-
ments (> 1kg). The mass of small slag fragments (n =8900) is plotted underneath. Most of the slag blocks
had been left inside the workshop pit (hatched). Only smaller pieces and fragments were deposited on the
dump orin the gully (no details available yet for sections Kand L). Graphics in figs. 3, 6-8 and 11 A. Schéfer.
Obr. 3. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Prostorova distribuce struskovych blokd
ajejich fragmentt (> 1kg). MnoZstvi malych fragmentt strusky (n =8900) je vyneseno ve spodngjsi vrstvé.
Vétsina struskovych blokd zlstala uvniti dilenské jamy (vySrafovano). Pouze mensi kusy a fragmenty byly
odklddény na haldu nebo do strouhy (detaily pro Gseky K a L zatim nejsou k dispozici).
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Conventional “C age | Delta C13 | Calibrated calendar age
(yr BP) (£ 10) (%o0) (cal AD/BC) (20)

ETH-35454| 490 | organics, charcoal? | no carbon for dating

Lab. No. |Find No. Material

ETH-35455| 2205 | organics, charcoal? | no carbon for dating
ETH-35456 | 2211 | organics, charcoal? 2825 + 50 -34.1+1.3| 1130BC (95.4%) 840BC
170BC (4.0%) 130BC

ETH-35457 89 organics, charcoal? 2010 + 45 -21.0+1.3 120BC (91.4%) 80AD
ETH-35458 | 3831 | organics, charcoal? 2015+ 45 -21.8+1.3| 170BC (95.4%) 80AD
ETH-35459 | 4241 | organics, charcoal? 2045 + 45 -21.7£1.3| 180BC (95.4%) 60AD
ETH-35460| 4421 | organics, charcoal? 1990 + 45 -26.3+1.1| 110BC (95.4%) 130AD
ETH-35461 | 3681 | organics, charcoal? 3055+ 45 -20.8 £ 1.2 | 1430BC (95.4%) 1190BC
ETH-35462 | 4215 | organics, charcoal? 3065 + 45 -21.5+ 1.2 | 1440BC (95.4%) 1210BC
ETH-35463 | 6588 | organics, charcoal? 2175 £ 45 -17.8 £1.2 | 380BC (95.4%) 100BC
ETH-35464 | 6616 | organics, charcoal? 2040 * 45 -24.9£1.1| 180BC (95.4%) 60AD
ETH-35465 | A0982 | organics, charcoal? 4695+ 70 -34.3 +1.5| 3640BC (95.4%) 3350BC
ETH-35466 | 7865 | organics, charcoal? | no carbon for dating
ETH-35467 | 6469 | organics, charcoal? 3110+ 50 -28.7 £ 1.1 | 1500BC (95.4%) 1260BC
760BC (16.7%) 680BC
ETH-35468 | 6472 | organics, charcoal? 2410 £ 45 -22.1+£1.2| 670BC (6.5%) 610BC
600BC (72.2%) 390BC
ETH-35469| 6949 | organics, charcoal? 2275 + 45 293 +1.1| 410BC (40.3%) 340BC

330BC (55.1%) 200BC

ETH-35470 | 7093 | organics, charcoal? | no carbon for dating

ETH-35471| 7118 | organics, charcoal? | no carbon for dating

360BC (13.2%) 280BC

- i ? -
ETH-35472 | 7119 | organics, charcoal? 2120 £ 45 24.8 £ 1.1 240BC (82.1%) 20BC

ETH-35473 | 7163 | organics, charcoal? | no carbon for dating

520BC (73.3%) 340BC
310BC (22.1%) 200BC

ETH-35475 | A0592 | organics, charcoal? 2715+ 55 -31.5+1.5| 1000BC (95.4%) 790BC

ETH-35474 | A0582 | organics, charcoal? 2320+ 45 -26.8+1.1

Tab. 1. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. First set of radiocarbon measurements, taken in
2008, mostly from in-slag charcoal samples (cf. fig. 6). Calibration with Oxcal Version 3.10 (data provided
by ETH Zurich [I. Hajdas, G. Bonani]).

Tab. 1. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Prvni série radiokarbonovych méreni,
kterd byla provedena v roce 2008 povétsinou na vzorcich dievéného uhli uvizlého ve strusce (srov. obr. 6).
Kalibrovano programem OxCal Verze 3.10 (Data poskytl ETH Zurich [I. Hajdas, G. Bonani]).

indicate. The metallurgical debris from the site amounts to about 2.8 tons of bloomery
slag together with vitrified furnace wall, tuyere fragments and iron ores. Most of the about
120-150 slag blocks of 8-38 kg in weight had been left in the workshop right next to the
furnaces. Only a comparatively small number had made their way to the adjacent dumps
or the infill of the gully (fig. 3).

Judging from the small number of furnaces and the comparatively modest amount of
metallurgical waste, the smelting activities could hardly have been going on for more than
a few seasons, if not just one or two. Abundant pottery and small finds, including a fair
number of Roman imports, date the production unit at Wetzlar-Dalheim quite precisely to
a short time slot in the second half of the first century AD (Schéfer 2010, 77-81). Thus,
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Fig. 4. Wetzlar-Dalheim
C86, Lahn-Dill-District,
Germany. Furnace 6 (fea-
tures 10052/53) cutting
through pebble reinforce-
ment (feature 10042) of
Iron Age trackway. Photo-
graph B. Schroth.

Obr. 4. Wetzlar-Dalheim
C86, zemsky okres Lahn-
-Dill, Némecko. Pec 6
(objekty 10052/53) proti-
najici oblézky zpevnénou
stezku (objekt 10042)
z doby Zelezné.

from the archaeological point of view the metallurgical complex at site C86 at Wetzlar-
Daheim with itsworkshop pit and the two waste dumps clearly marks one contemporane-
ous assemblage. Taphonomic analysisisindicative of a systematic abandonment of the site.
After shutting down the last furnacesin the northwest corner of the workshop, the remain-
ing structure was refilled with cultural debris of the nearby settlement.

The workshop was found in superposition to a preceding late Iron Age trackway that
had made use of the natural gully. The small road or path, linking the nearby Lahn River
to a settlement further up the hill, was flanked by large storage pits on either side. Tracks
of cart wheels and some reinforcement with gravel and pebbles could be identified over
adistance of more than 20 metresin the loess subsoil. In a clear stratigraphical sequence,
the Roman Period slag pits cut into the Iron Age trackway underneath (fig. 4).

2. The radiocarbon dates

A first series of radiocarbon dates was analysed in 2008 with the excavation still in an
early stage (tabs. 1 and 2). The charcoal samples were directly extracted from the inside
of broken up or cut up slag blocks to make sure to date the production processitself. Apart
from these in-slag samples some ‘normal’ charcoal samples were also analysed from the
adjacent sunken hut and a Bronze Age storage pit.

Figures 5-6 show some of the analysed slag blocks and display the very astonishing
results of this first series of AMS-radiocarbon measurements.! Taking only the six dates
from slag blocks that derive directly from inside the early Roman workshop pit, the date
range of the analyses reaches from the later Neolithic (A0982), through the Bronze Age

1 Thanks are due to |. Hajdas and G. Bonani (ETH Zurich) for the radiocarbon measurements (cf. Hajdas
et al. 2004) and for some helpful comments on an earlier draft. Some of the in-slag charcoal samples from
this data set seem to have been quite low in carbon content (I. Hajdas, ETH Zurich, pers. comm.), other
samples handed in did not contain any carbon for dating (cf. tab. 1). Due to sample size the tree species
could not be established.
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7.7 kg 2,3kg

A0982 A0582 (frgm.) 7119 (frgm.) 6616 (frgm.)
=
0 20cm

8,7 kg 10,3 kg

6472 6949

Fig. 5. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. Range of slag blocks from the Roman-Period
smelting site dated by radiocarbon analysis. The charcoals extracted from inside the slags yielded dates from
the later Neolithic (A0982), the Bronze Age (6469), the Hallstatt to early La Téne Periods (6472, A0582, 6949),
the later La Téne Period (7119) and the late Iron Age/Early Roman Period (6616). Drawing P. Thomas;
photographs A. Schéfer.

Obr. 5. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Skala struskovych blokii z lokalit s doklady
Zelezarské vyroby datovanych radiokarbonovou metodou do fimského obdobi. Kousky dievéného uhli vy-
jmutého ze strusek byly datovany do mladsiho neolitu (A0982), do doby bronzové (6469), halstatské az rané
doby laténské (6472, A0582, 6949), mladsi doby laténské (7119) a pozdni doby Zelezné/doby Fimské (6616).

(6469; A0597) to the Early Iron Age (6472; A0582) and the Later Iron Age (7119). Four
of these slag blocks were dumped in alayer of debris stratigraphically superseding the slag
pit of furnace 1 after its abandonment and destruction. Three more samplesin slag blocks
from the infill of the gully (6588; 6949) and from the western dump (2211) produced dates
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gznze Age 3681 | ETH-35461
rage Pit

Peatae 10001 | 4215 | ETH-35462
Slag Dump i =]
ey 2211 | ETH-35456 Slag
AD982 ETH-35465 }&—+ 3640-3B50 tal. BC Slag
T 6469 | ETH-35467 Slag
P A0se7 | ETH-38475 Slag
Eeat Jggﬁ. ;:_' 6472 | ETH-35468 — Slag

eal

Feat. 10034: | AD582 ETH-35474 e Slag
7119 | ETH-35472 — Slag

Driling | ETH-28483
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Gl 6949 | ETH-35469 e Slag
Feat 10006,B | ©588 | ETH-35463 Slag
6616 | ETH-35464 Slag

4241 | ETH-35459
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Fig. 6. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. Results of the first series of radiocarbon measure-
ments, taken in 2008, mostly from in-slag charcoal samples (in red). 2c standard deviation (data provided
by ETH Zurich [I. Hajdas, G. Bonani]).

Obr. 6. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Vysledky prvni série radiokarbonovych
méfeni, pofizenych v roce 2008, povétSinou provedenych na vzorcich dfevéného uhli uvizlého ve strusce
(Cervené). Smérodatnd odchylka 2o (data poskytl ETH Zurich [l. Hajdas, G. Bonani]).

of the Bronze Age and the Later Iron Agerespectively. Only one of theten samples (6616),
located furthest north in the gully, produced alate Iron Age/early Roman Period date in
accordance with the archaeological evidence. While the in-slag samples yielded these
astonishing results, the ‘normal’ charcoal samplestaken from the sunken hut and the Bron-
ze Age storage pit matched the archaeologically derived dating. Two more samples, pro-
cessed a few years previously, also produced Roman Period dates and did not derive from
slags. One was taken from a drilling core from inside the working pit close to one of the
furnaces (core 70). The other derives from the infill of an archaeological feature immedi-
ately north of our excavation trench. There, tuyere fragments, slags and charcoal may be-
long to another production unit further up the hill and were collected there in 2003 during
rescue work in afreshly cut cable trench along the road.

The broad date range of this first dating series with some clearly unacceptable results
brought usto hand in another series of samplesfor radiocarbon dating also directly related
to the smelting activities. Thistime we restricted our samplesto charcoal fragments from
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1400 BC 1200 1000 800 600 400 20 AD 200
Features within
Workshop Pit Find No.| Lab. No.
Furnace 01 A1726 | DeA-10966 S
Furnace 03 B2571 | DeA-10952
Fumace 03 B2572 | DeA-10954 —
Fumace 04 B2570 | DeA-10956 —p—
Fumace 04 B2621 DeA-10958
Fumace 05 B2939 | DeA-10960
Fumace 05 B2o68 | DeA-10962 ——
Fumace 07 B3845 | DeA-10964 ——
Fumace 09 B3716 | DeA-10979 ——
Fumace 09 B3749 | DeA-10981
Fumace 10 B3731 | DeA-10969
Furnace 12 B6516 | DeA-10971 ——
Fumace 12 B6565 | DeA-10873
Layer 10021 A4797 | DeA-10984 ——
Layer 10021 B3970 | DeA-10986
Layer 10096 B4033 | DeA-10975 ——
1400 BC 1200 1000 800 600 400 200 AD 200

Fig. 7. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. Results of the second series of radiocarbon mea-
surements in 2017. The charcoal samples were exclusively taken from the bottom layers within the slag
pits of the bloomery furnaces and from two additional charcoal-bearing layers inside the workshop pit.
20 standard deviation (data provided by Isotoptech Zrt., Debrecen [I. Futé, M. Molnér, V. Mihaly]).
Obr. 7. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Vysledky druhé série radiokarbonovych
méfeni z roku 2017. Vzorky dfevéného uhli byly vylu¢né odebirdny ze spodnich vrstev zahloubenych nistéji
Zelezéfskych peci a ze dvou dalsich vrstev obsahujicich dfevéné uhli uvnitf dilenské jamy. Smérodatna
odchylka 2o (data poskytl Isotoptech Zrt., Debrecin [l. Futé, M. Molnar, V. Mihély]).

the bottom of the slag pits of as many furnaces as possible.? The resulting radiocarbon
dates consistently back up the archaeological dating of the production unit, all staying
within the two centuries around the turn of the Christian era (fig. 7).2 The location of all
samples on site addressed in this paper can be seenin fig. 8.

3. Discussion

The two dating series feed the suspicion that we had uncovered a severe methodol ogical
problem in radiocarbon dating of in-slag charcoal samples. The clear discrepancy of thetwo
data sets rules out any effect of the old-wood theory, ‘ the perpetual bug bear of archaeolo-

2 Four tree species were represented in the 16 samples: Quercus (11), Fagus (3), Tilia (1), Carpinus (1).

3 Thanks are due to I. Futé, M. Molnar, V. Mihaly (Isotoptech Zrt., Debrecen) for the radiocarbon measure-
ments. (cf. Molndr et al. 2013a; 2013b).
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Fig. 8. Wetzlar-Dalheim C86, Lahn-Dill-District, Germany. Location of charcoal samples referred to in the
text.

Obr. 8. Wetzlar-Dalheim C86, zemsky okres Lahn-Dill, Némecko. Nélezova poloha vzorkd dfevéného uhli,
na které je v textu odkazovéno.
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gists’ (Hendrickson —Hua — Pryce 2013, 45), asthe most common remedy for radiocarbon
results that are too old to match the archaeological record. While we do not want to rule
out the odd old oak tree ending up in a charcoal burning fire, it is to be rendered wholly
impossible that it was only their charcoals being trapped in the slags inside the furnace
while contemporary charcoals gathered at the bottom of the slag pits. What ismore, the use
of branches and smaller treesin charcoal production for metallurgical purposesisregular-
ly to be found in archaeological contexts’, while the valuable timbers of large trees were
carefully selected for building and construction.

The enormous range of dates in our first radiocarbon sequence for the very short-lived
smelting activities at Wetzlar-Dalheim C86 points to a contamination of the sampleswith-
inthe slag blocks. To avarying degree the dates obtained tend to be (much) older than the
dates expected from the archaeol ogical record. Thereisnot one measurement younger than
the expected date of deposition in the earlier Roman Period. Asall other samplesfrom our
site that were not extracted from a slag block do not show any significant deviations from
the expected time range, we can rule out a contamination of the specimens after deposition
aswell as during or after sampling.

So we are clearly left with a problem inherent in the carbon of the charcoal samples
from inside the slags themselves. The temperatures within a bloomery furnace reach up to
1250 °C. Fayalitic bloomery slag has a liquifying point between 1150-1200 °C. The char-
coals trapped in such slags would have been subjected to very high temperatures for sev-
eral hoursin aclosed system under highly reducing conditions.

It is at this point in the process that the contamination must have occurred. The only
explanation for aradiocarbon date getting older than the true date of the original sample
is the addition of fossil carbon. So we have to conclude that our in-slag charcoal samples
from Wetzlar-Dalheim have been contaminated with fossil carbon to a varying and unpre-
dictable degree.

4. Implications

If thisistrue for our site, there could be similar problems at other sites where high tem-
perature metallurgical processes have been dated by radiocarbon analysis from charcoals
within slags. Asthis short note cannot present a systematic survey of radiocarbon datings
from metallurgical contexts, we will only pick out afew sites and regionsto show the range
of possible implications (seefig. ). It isnot our intention to offend any of our colleagues
but to raise awareness of amethodological problem in radiocarbon dating that has been
there right from the beginning, but has not been addressed to date and has always been
explained away with the help of ‘the old wood story’.> One could even argue that the ‘ old

4 Thiébault 2002; Tegtmeier 2009 (Iron Age, Middle Ages); S6lIner et al. 2014, 55-57 (Iron Age); Overbeck
2011, 287-293 (13"—14" cent. AD); Nelle 2003 (post medieval; more likely related to glass making).

5 It may be noted, that one of the largest laboratories for radiocarbon analysis in the world already for an
number of years explicitly does not recommend in-slag charcoal samplesfor radiocarbon dating: [...] ‘many
times the charred material found in slag originates from very large “old” trees that were used in the fires for
smelting operations. As such, the wood can be several hundreds of years old when it is burned and this old
wood (charcoal) ends up in the slag yielding a much older age than the actual time of manufacture. We have
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Fig. 9. Roth Valley, Bavarian Suebia, Germany. 52 AMS-radiocarbon measurements (1c standard deviation)
from 28 bloomery production sites of the region (after Ambs - Gassmann - Wischenbart 2001, 25, fig. 13).
Obr. 9. Povodi feky Roth, Bavorské Svébsko, Némecko. 52 AMS-radiokarbonové méfeni (smérodatna od-
chylka 1c) z 28 lokalit s doklady Zelezafské vyroby v daném regionu (podle Ambs - Gassmann - Wischenbart
2001, 25, fig. 13).

wood effect’” has up to now severely inhibited any serious scientific discussion on inter-
preting (too) old dates, especially from charcoal s taken from inside metallurgical slags.

The first example we would like to draw attention to is from an Iron Age smelting
region in southern Germany, south of the Danube in the Roth-valley in Bavarian Suebia.
Here a large series of 53 AMS-radiocarbon dates were published in 2001 (Ambs — Gass-
mann —Wischenbart 2001, 23ff., tab. 3, 25, fig. 13). The samples all derive from charcoals
extracted from bloomery slags from 28 smelting sites of the region. Apart from three dates
reaching back to the Hallstatt-Period calibration plateau, the samples very consistently show
adate range between the 4" to 2™ centuries BC (fig. 9). So in this case there does not seem
to be a problem. Another example where no alterations were discernible may be quoted
from the region around the La Téne-Period oppidum of Manching in Bavaria (Gassmann —
Schéfer 2013, 355, Tab. 2).

A very important early iron production district in Germany is the Siegerland region
only about 50 km north of the Lahn valley. From early in the twentieth century onwards

seen this several timeswhen working with this type of sample, and it iswhy we typically don’t recommend
thistype of material for radiocarbon dating.” (http://www.radiocarbon.eu/carbon-dating-blog/1067/charred-
-material-dating/ [last call 28.10.2017, 18:40]).
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Fig. 10. “C-dates (2o standard deviation) from sites investigated between 2002 and 2007 in the north-
-western part of the Siegerland, Central Germany (after Stéllner et al. 2014, 54, fig. 11).

Obr. 10. C data (smérodatna odchylka 2c) z lokalit zkoumanych v letech 2002 az 2007 v severozépadni
casti Siegerlandu ve stfednim Némecku (podle Stéliner et al. 2014, 54, Abb. 11).

it had been famous for its late Iron Age bloomery production and also features a second
production phase in the Middle Ages. New research has been undertaken there in recent
years (So6lIner et al. 2009; Zeiler 2013) and a series of radiocarbon dates from several
smelting sites has been published (fig. 10; S6lIner et al. 2014, 54, fig. 11). A closer look
reveals a similarly wide range of dates as in Wetzlar-Dalheim. For the Siegerland, howev-
er, the published sequence ‘only’ goes back to the late Bronze Age, aso without a distinct
concentration of dates in the archaeologically known main production periods. The first
five dates from the beginning of the sequence were all derived from charcoals in slags.
Y et some of the dates indeed fall into the production periods expected by archaeology.
Thus the differences between the radiocarbon dates and the archaeological evidence are
not as marked and obvious as at Wetzlar-Dalheim. This may probably be true for a great
many other sites, where similar date ranges occurred without being as clearly unacceptable
as at Wetzlar-Dalheim.

The argument may be pushed further yet. We can suspect that there would be quite
anumber of unreported cases, where the dates obtained by radiocarbon analysis were too
old to be plausibly connected to iron production. Who would want to publish a* sensational’
Neolithic or early Bronze Ageiron smelting activity in Central Europe? At the beginning
of our research in the Lahn valley in 1999 we ourselves put aside a first and seemingly
isolated far too early date from charcoal within aslag from alater Iron Age smithy site
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Fig. 11. Lahnau-Atzbach, Lahn-Dill-District, Germany (excavation 2000). Radiocarbon dates from a later Iron
Age smithy with 2c standard deviation (data from ETH Zurich [l. Hajdas, G. Bonani]).

Obr. 11. Lahnau-Atzbach, zemsky okres Lahn-Dill, Némecko (arch. vyzkum 2000). Radiokarbonové datovani
(smérodatna odchylka 26) materidlu kovarny z mladsi doby Zelezné (data poskytl ETH Zurich [I. Hajdas,
G. Bonani]).

at Lahnau-Atzbach, Lahn-Dill-District (fig. 11; cf. Schéfer — St6liner 2002, 104, fig. 15).
While we used the old-wood theory to explain two dates on the Hallstatt-Period calibration
plateau (Schafer — Sdliner 2002, 99 with note 42), we left aside the middle Bronze Age
date from a small surface slag as somehow severely altered or contaminated. Thisexample
additionally raises the issue that the dating problem might also affect materials from iron
working (smithing) contexts.

More than twenty years ago, a series of very old iron production sites in Sweden were
published that astonished scholars at the time (Hjéirthner-Holdar 1993). While we do not
want to question the results in Sweden in general, it could be worth having a new and fresh
approach to them, in the light of the new evidence presented here.

Thelast case study that we want to put forward adds a global perspective and sumsup
theinherent problemsvery well. It is concerned with medieval iron production of the Ang-
korian Khmer Period (9"-15" centuries AD) in Cambodia (Hendrickson —Hua — Pryce 2013).
Here, analysis of in-slag charcoal was deliberately adopted to reconstruct the ‘ spatial his-
tory’ of over adozen iron smelting sites with substantial slag deposits within the 22 km?
large temple complex Preah Khan in Preah Vihear province, Cambodia. The decision for
the sampling strategy wasidentical to our own intentionsat Wetzlar-Dalheim, trying to make
sure to date the production process itself. At Preah Khan slag blocks or cakes were col-
lected from the surface or upper edge of the slag heaps to date the end of the production
sequence. Fifteen AMS C resultswere obtained from twelve dlag cakes, representing seven
separate slag concentrations from four different sites (fig. 12). While the archaeological
evidence presents itself rather uniformly (site topography and layout, typology of tuyeres,
slag cakes), the radiocarbon measurements cover a period of more than 600 years. Typicaly
again, no concentration of any main production period may be seen, but rather a continuous
flow, spanning the times from the early 11" to the mid-17" centuries AD (Hendrickson —
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Fig. 12. Calibrated radiocarbon ages (2c standard deviation) of in-slag charcoal samples from slag cakes
of four bloomery production sites of the Angkorian Khmer Period at Preah Khan in Preah Vihear province,
Cambodia (rearranged and altered after Hendrickson - Hua - Pryce 2013, 42, fig. 7).

Obr. 12. Kalibrované radiokarbonové stafi (smér. odchylka 2c) vzork( dfevéného uhli zataveného v kolacich
strusky ze Ctyr lokalit s doklady Zelezafské vyroby v obdobi ,Angkorian Khmer” v provincii Preah Vihear
v KambodZi (upravené a pozménéné podle Hendrickson - Hua - Pryce 2013, 42, fig. 7).

Hua — Pryce 2013, 42, fig. 7). In two cases more than one sample was taken from an in-
dividual slag cake and the resulting dates all differed markedly from each other. Thethree
most ancient dates of the published sequence even derive from within one single slag.
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This last example can stand for a great many more that do show signs of ‘something
not being quite right’ but are not as disastrous not to be explainable any more. What is
more, the ageing effect for samples from the Middle Ages or the Post Medieval Period,
when more “C is still available in the sample, might not be as marked as at older sites, so
that a small amount of fossil carbon will not alter the sample too dramatically and render
the result wholly impossible.

What are the possible sources of fossil carbon to cause the contamination? The exam-
ples listed above have shown that in some cases the radiocarbon datings match with the
archaeologically derived dates and in some cases there are more or |ess severe differences.
In our first example in the Roth valley (Bavarian Suebia), where we had matching results,
it isevident that the local geology does not contain any calcium carbonate in the soils. The
Central Lahn valley at Wetzlar-Dalheim, however, features a geology rich in limestone
and loess. Both contain fossil carbon in high amounts. Under strongly reducing conditions
and at temperatures above 900 °C calcium carbonate (CaCO,) disintegrates completely
into CaO and 2CO. The CaO will react with the slag and is not important for our dating
problem.® With the carbon monoxide, however, we have a possible source of gaseous fos-
sil carbon entering the slag smelting system. We do not know exactly what happens dur-
ing the severa hourswithin the semi-liquid slag block, but it seemsto be enough time and
the right conditions to cause a contamination with fossil carbon. The most likely source
of calcium carbonate entering the furnace would be viathe furnace wall/lining or coming
in with the charge in regions with natural calcium carbonate resources. Incidentally in
some regions the iron ore itself contains fossil carbon in the form of limestone, dolomite
(CaCO,MgCO,) or siderite (FeCO,).

5. Conclusions

In recent yearsan ever growing number of seemingly old radiocarbon dates from bloomery
sites have become known. The dating seriesfrom Wetzlar-Da heim and the others discussed
above have shown the inherent problems when dating charcoal samples from inside met-
alurgical slags. The problem is aggravated as datable archaeol ogical material like pottery
or small finds is often conspicuously absent at metallurgical sites especially from survey
programmes and charcoal from slags may often be the only possibility to obtain a date.’
Our results suggest that radiocarbon analysis of in-slag charcoal samples should not be
the first —let alone the only — choice, when dating bloomery sites.® It became apparent, that
especially in regions with high fossil carbonates like in loess or limestone aress, severe
problems with contamination during the ancient reduction process could have occurred.

5 Yet, a considerable CaO content in the slag may reflect a contribution of calcium carbonate to the smelting
process: cf. Oinonen et al. 2009, 878 f.

7 Cf. the survey find of a 13.6 kg slag block from Clemency ‘Hansenbernsheck’, Luxembourg, that morpho-
logically belongsto aRoman Period slag pit furnace but yielded an Iron Age date (Gassmann — Schéifer 2017,
40 ff.; 46 fig. 37). In-slag charcoal samples of two slag tongues from the surface of a medieval slag heap in
thevicinity at Clemency ‘Lamerbierg’ yielded disparate dates from cal 570—780 and cal AD 800-1020 res-
pectively (ibid., 46, fig. 37).

8 Contrary to Park — Rehren 2011 and Hendrickson — Hua — Pryce 2013, 37.
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Thus, such datings should be judged with great caution, all the more so when only isolated
analysesof that kind are availablefor a site. Asour second dating seriesfrom Wetzlar-Dal-
heim indicates charcoal samples from the bottom layer of afurnace base may be a better
choice. The same probably appliesfor charcoal layerswithin slag heaps. For futureinves-
tigations we suggest that more emphasis should be given to typological and technological
studiesto get further hints on the chronological differentiation. The value of a slag typolo-
gy isstill not widely recognised, but will in many cases be able to provide a technological
and chronological framework for metallurgical complexesin a given region.

The methodological problem in radiocarbon dating from in-slag charcoal sampleswas
discussed above with reference to the iron technology. But of course the same problems
will occur with other metallurgical technologies, where slags were produced at high tem-
peratures under strongly reducing conditions, like in copper, lead and silver smelting.
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