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INTRODUCTION

This Interim Report summarises the types of slag
present on Sites 5%, 70, and 7&6. It also includes the analyses of
samples +rom the Smithy ( Bites 9% and 7é6 ). A listing of all
the slags and their identification is included as an appendix. A
proportion of slag recovered from archaeovlogical sites derives
from the ‘background’nmise‘ of residual Slagé ie. deriving from
parlier contexts or is intrusive into the site and does not
represzent ironworking activity on the site. In order to ﬁdentify
the deposits of interest the slag distributibn, both spatial and
temporal, must be examined 1n relation to the archaeclogical
evidence. The slags examined here derive from three sites and
therefore +urther interpretation will be possible when both

archaeological and =lag data are correlated.

BLAG CLASSIFICATION

The =lags recovered {ftrom archaenlogical sites can be divided
into the "diagnostic’ and "non—diagnostic’ slags. The former are

thiose that can be directly zsssociasted wiith  the romworbing




process, The ‘non-diagnostic slags’ are those that may derive
from any high temperature prbcess, including domestic hearths.
These are represented by Fuel Ash Slag, Hearth/Furnace Lining,
and F?red Clay. Fuel Ash Slag is a by-product of the high
temperature (oxidising) reaction between siliceous material @ and
the residual ash 1in the fuel. It cocurs as a low density,
vesicular slag commonly light grey or cream in colour, and often
vitrified. It is associated with the ironworking process but is
also found in domestic hearths and areas of intense burning.
Hearth/Furnace Lining is the vitrified clay lining of the
structure as a result of very high (oxidising)! temperatures.
Vitrification normally occurs in the tuyere region of the furnace
or hearth. It is not yet possible to distinguwish between hearth
and furnace lining. Fired Clay is +ired clay that has not reachéd
sufficient temperature to be vitrified, it derives from any fired
rlay structure, but in the context of slag emcludes daub.

The diagnostic slags derive from the ironworking process,
which includes smelting and smithing. The ironworking process has
been outlined e;sewhere ( eqg. R.F. Tylecote HMetallurgy iﬁ
Archaenlogy 1963, J3.6. McDonnell Tap 8lags and Hearth Bottoms in
Current Archaeoclogy Vol B8 p.81-B3 1283 ). The characteristic
smelting slag is Tap Slag, which has a flowed ‘ropey’ morphology,
but it also ocecuwrs as raked slag a mbore viscous (lower
temperature) slag, and as slag cakes which are plano—convex
accumulations of slag collected in & pit in front of the furnace.
The characteristic smithing slag is the hearth bottom a plano-
conver accumulation of slag that developed in  the smithing
hearth. Smithing slag also occcurs in randomly shaped pieces that
did net fully develop into h=arth bottoms. Cinder normally

______ that contains &

derives from  the smithing procesz=s and 12
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higher silica content, and may tend towards fuel ash slag ( ie. &
very high silica camtent)._

The Wharram Fercy slags were classified Dﬁ.thE basis of
their mprpholagy, and a few selected samples subjected to aore
detatled analvyses. The diagnostic smelting and smithing slags are
similar in chemical and _mineralogical ccomposition, and can
therefore  be difficult *to distinguish analytically and

morpheologically.

SITE 3%

The classificstion of the thirty point four kilos aof slag
recovered from the site is shown in Table 1. The majority of the

slag derives from the smithing process,

TABLE I Site 3% Slag Classification { Weiaoht in Grammes )

SMITHING SLAG L0154
HEARTH BOTTOMS 2710
CINDER 2708

El

TAF SLAG {(smelting slag) i10

FUEL ASH SLAG 1:14
HEARTH LINING B15
FIRED CLAY 2495
ORE 238
otel 20442

The tap slag was a single piece {(weight 110 grammes )in 4.6
kilos of residue recovered from Dontext 14, and is regarded &3
intrusive. Several small pieces of ‘ore’ were also recoverd from
the site, but are not consilderedg signiticant. The fired clay

orvured in =mall  guantities ( maximum 319 grammss ),  in 35
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contexts most of which included finds of slag. The majority of
the +Fired clay therefore probably derived from strugtures
associated with-ironwurking. The hearth lining alsc occured 1in
small quantities ( maximum 315 grammes ) and in association with
smithing slag and cinder.

Smithing slag occured in fourty-nine contexte seven of
which contained more than one kilo of slag, { Contexts 10, 14,
19, z20, 21, 47, and S0 ). It had a typical morphology, having an
agolomerated appearance, randomly shaped, and contained a
proportion of foreign matter, eg.-pebbles, bone etc.. The largér
deposists of smithing slag contained embryonic hearth bottoms

that were not included in the hearth bottom catalogue. HNine

hearth bottoms were recorded, and had mean values of:—
welght 00 grammes
diameter 80 millimeters
depth 29 "
Analysis Df a s0i1l sample from ccnfext 50 contained flake

and spheroidal hammer scale which derive from the smithing

process during hammering or welding.

S5LAG ANALYSES

Ironworking slags normally comprise of three mineral phases.
Firstly iron silicate, normally Favalite ( 2Fel.5i0 ), secorndly
free iron oxide, normally Wuastite ¢ Fel 1, althougﬁ Magnetite ¢
Fe 8 ) may also be present. The third phase is a glassy phase
th;t4 contains silica, iron oxide, alumina, and alkali metal
oxides. The auantity.s texture and chemical composition of the
phases can indicate the genesis of the slag, and in particular

whether it is a smelting or smithing slag.

Two samples { WF1 and W2 ) of smithing slag were randomly



chosen from context 50 for detailed analyses. They were sectioned

and prepared in the usual manner.

The

polished sections were examined under the reflected

light microscope to determine the mineral texture and approximate

phase composition.

which in

contained

dritites

untypical of smithing slags, but is uwunusual.

percentage of

oOxilde

was combined with silica to form silicate.

The micro-structure D%_NPI was silicate laths

parts became massive, suwrounded by a glassy phase which

crystalites of another phase. There was no free iron
anide present, but there were inclusions of metallic iron.
Eample F2 had a similar microstructure but contained fine den-—

of iron oxide. The low iron oxide content is not

The absence or 1ow
free iron oxide indicates that most of the

iron

This =uggests

heavy fluxing ( with sand } of the iron during forging.

The approximate phese compositions are shown in Table 11,

TaBRLE 11X SMITHING SLAG FHASE COMPOSITION ( MEAN OF 5 READINGS )
Silicate % Iron Oxide % Glase %

Sample WF1L 75 - 25

Sample WFZ &5 5 0

Elemental

electron
systenm.

area at
obtained

The

showed

calculation to

SLC a

analysis was carried ouvt using the scanning

microscope with the Link energy dispersive analysis

Bulk analyses were obtained using a raster scan of an

magnifticatipns of about 200 times., Spot analyses were

for each phase. -
Bulk Analyses of sample WF1 ( Bulk 1 and 2, Table III ),

low iron oxide content particuwlarily in Bulk 1. A

delermine the theogretical minerals Fformed {from

composition resulted in no  excess iron oxide, which

Lh
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accords with the metallographic analyses. The analysis of the

silicate showed it to be Fayalite ( ZFe.SiD ), contaihing sSOoOme

-\
-

Calcium silicate. The glass analysis shows a high silica
content, this would suggest that the crystalites observed in the
Dptical. study to be fayalite or orthoclase { potassium aluminium

silicate [ ¥ A1 DO . 2Z25i0 . The anélyses ( Bulk 1 and Blass )

2 2

a

show & high phosphorus content that would be untypical in
smelting slags.

The analyses of WP2 show a higher iron oxide and lower
calciuwm oxide content ( Bulk 1 and 2 ). The tﬁearetical
ctalculations show an excess of free iron oxride in Bulk 1 which
accards with the metallegraphic study, while Bulk 2 shows an
exvess of silica. Tﬁe silicate 15 Fayalite containing very little
calcium. The glass composition is similar to that in WF1. The
iron oxide was analvysed and the minor oxides total 4.5%. The low
iron content ( &68.4% as Fe ) indicates that the oxide 1is not
wustite ( Fell ) but either Magnetite ( Fe 0 ) or ‘Hematite {

3 4
Fe O }y and hence either {formed,. under slightly oxidising

-
2 3

conditions or was oxidised after formation, during cooling. The
fine dendritic structuwe would =uggest the former, which are‘
conditions expected in a smithing hearth.

Conclusions

The slag Ffrom Site 59 was morphologically identified as
emithing slag. This conclusion is supported by the chemical and
mineral analyses. The type and guantity of slag indicates the

presence of a period of intense smithing activity on the site.

-




TARLE III ANALYBES OF SAMFLE WFI (WEIGHT % OXIDE)

BULK 1 BULE 2 SILICATE GLASS

NaO D5 0.1 0.0 0.8
FgO o.1 0.4 0.5 Q.0
Al O 5.1 P 11.0

5i0 Z4.6 20,2 8.4 40.0
F O 4.2 0.8 o.0 8.9
25

g 0.1 0.0 0.0 0.1
D 4.1 1.2 0.0 2.0
Ca0 13,5 4.4 G. 0 15.5
TiO 0.5 | 0.3 0.2
Vo 0.0 0.1 0,0 0.0
25

Cro 0.0 0.9 0.7 0.0
Mn0 0.1 0.1 I 0.0
Fel 37.8 S7.5 60,1 22.7
TOTAL  100.4  100.4  ®6.5  108.%



TABLE IV

Nad
MgD

Al D

< T
£

5i0
-

ANALYSES OF SAMPLE WF2 ( WEIGHT % OXIDE )

BULE 1

SILICATE GLASS

0.0

0.0

0.7

IRON OXIDE

0.5 0.3
0.0 0.0
8.5 1.7
44,4 1.6
2.1 Q.3
0.1 0.1
F.6 0.1
8.8 0.0
0.2 0.3
0.0 0.3
0.6 0.0
.0 0.1
2207 87.%
28.1 2.4




SITE 70

Site 70 produced a small guantity of smithing slag {( 140
grammes ) from context 2, and 20 grammes of cinder from context
19. This quantity. is not significant and is regarded as the

background level expected on a site.




SITE 76

Bite 76 produced no smelting slag and only a small quantity
of ‘ore’ ( 60 grammes ). The classification of the 60.5 kilos of

‘emithing residue is shown in Table 1IV.

TARLE IV BITE 76 SLAS CLﬁSSIFICQTiDN { WEIGHT IN GRAMMES )

Smithing Slag S4035
Hearth Bottoms . 2415
Cinder &H10
Fuel Ash Slag 621
Hearth Lining 1947

Fired Clay 841

The greater proportion of fuel ash slag, hearth lining and
fired tlay occured in contexts containing smithing slag, hearth
bottoms or cinder, indicating that they probably derived +rom
iron smithing activity. ,

The majnrity-of the smithing slag and hearth bottoms derived
from context 70 { 40.53 kilos ), with smaller amounts From
contexts 19 (2.30 kilos), 24 ( 4.34 kilos ), 28 (1.17 kilos ),
and 63 ( 2.8B kilos ). All other contexts contained less than one

kilo of smithing slag. This distribution indicates significant

smithing activity in the area of context 70.

-
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Fraige . dR2ina]

WHRRRGM FPERCY  S1TE 5% SLAG LISTING ( WEIGHT IN GRE&MMES )

CONTEXT SHMITH HE SHMELT FAS CINDER HL. ORE
4 | 5= 0O 0 5 5 70 25
o O G O O 4% 10 O
& 796 O O 25 7 251 21
10 1905 ] ‘ ) 20 L35 400 20
12 0 O (] .0 O 1o £

14 283D BBO 110 20 476 J16 Q
15 40 0 0 O 8 130 8]
146 455 Q 0 () 45 156 €
19 1900 0 O 0 400 200 0
20 1220 450 O O O 150 O
21 237D Cl 0 Q W] F00 0
e 2RO ) 0 0 0 i i
25 530 ZHE ] 15 0 160 £
b 4% "] 0 0 ] 15 G
28 0 0 0 0 20 8] i
29 20 ] ] O O O )
30 ) 0 ) W) 0 =1 0
3 O ) O i ] O ]
29 400 510 Q S0l 5S40 140 iG
40 195 0 0 & 25 70 Q
47 2070 ] 2 a4 25 481 10
48 O 8] O S0 0 < C}
50 200 0 O 0 O 0 O
/51 240 ] O 0 110G 0 150
X &HO 0 ] 15 30 S0 O



Fage no. OO002

WHARRAM

CONTEXT  SMITH

55 O
o7 O
&l 0
&2 0

3 0
L7 G
74 O
75 0
77 &)
81 O
84 i
8% O
21 0
g4 0
%8 W
118 &
126 O
127 410
128 O
145 310
150 515
152 O
159 150G

%% Total *x¥

2015

FERCY S1TE 59 SLAG LISTING

HE

2710

SMELT

0

FAS EINDER

0

1214

O

Q

100

27086

 WEIGHT 1IN GREAFMES )

HL

310

ORE




Fage no. QD001

WHARRAM FERCY SITE 70 SLAG LISTING ( WEIGHT IN GRAMMES

CONTEXT SMITH  HE TAF FAS CINDER  HL ORE
7 140 o o O O 0 0
19 O Q O O 20 0 B ]

*# Total x*#*
140 Q O O

P2

O 0]



Fage 1.

CONTEXT

&)

16
19
20
22

——
et

D000

WHAaRRAM FERCY

SMITH

FO

A0

O

30

210

O

4340

20

3
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1170
170
30

20

SITE 76 SLAG LISTING

FAS - CINDER

1 0
29 O
O 25
O 10
25 o
O {)
] 30
45 70
0 0
0 0
10 70
0 O
18] 70
O O
O 0
110 5
15 0
10 15
] 20
0 5
(9] )]
20 ()
G 29
0O O
15 O

WEIGHT IMN GRAMMES



Fage no.

QD002

WHARRAM FERCY SBITE 76 SLAG LISTING

CONTEXT SMITH

R

5

L4

5.

Ln
+

&HE
&7
70

72
~—

74
77
B84
88
103
105

119

132

1359

40

180

10

250

HE

1400
.D
O

&)

o
0

[

0

FRS

10

i

20

O

CINDER

O

8]

Iy

O

HL

i1

( WEIGHT IN GRAMMES )

ORE



F‘age no. OOO0E

WHARRAM FERCY SITE 7& SLAG LISTING

CONTEXT &MITH  HE FAS CINDER. HL

145 0 0 = 30 5
152 70 o o o o
165 ] O 0 0O 15

#% Total *=
B407E 2415 621 &10 TBOB

( WEIGHT IN GRAMMES )
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