Final report on the Satterthwaite Bloomery project 2018
Rob Philpott and Harold Mytum
with contributions by
Jeremy Bradley, Ian Brooks, Andrew Burn, Ceren Kabukcu and Matthew Ponting
Final report 29 June 2019

1

Contents
Non-technical Summary......................................................................................................................... 5
1. Introduction ....................................................................................................................................... 6
2. Historical Background ........................................................................................................................ 7
3. The raw materials ............................................................................................................................ 15
4. Charcoal – pitsteads, platforms and woodland management ......................................................... 18
5. Satterthwaite Earthwork Survey ...................................................................................................... 21
6. Geophysical survey, by Ian Brooks (see Appendix 1 – as PDF) ........................................................ 32
7. The Excavation ................................................................................................................................. 33
8. The Radiocarbon Sequence ............................................................................................................. 55
9. Test Pits ............................................................................................................................................ 59
10. Report on the analysis of the metalworking slags ......................................................................... 62
11. Report on the charcoal .................................................................................................................. 65
12. The Artefacts .................................................................................................................................. 73
13. Satterthwaite production estimates .............................................................................................. 76
14. Site Location ................................................................................................................................... 77
15. Implications for future research .................................................................................................... 81
16. Stratigraphic Matrices ................................................................................................................... 83
17. Acknowledgments.......................................................................................................................... 84
18. The operation of the project and the project brief ....................................................................... 85
19. References ..................................................................................................................................... 87

2

Illustrations
Fig. 1: Location of Satterthwaite ................................................................................................................ 7
Fig. 2: Detail from William Yates’s map 1786, ‘The County Palatine of Lancaster’ (courtesy of
Lancashire Archives) .................................................................................................................................. 9
Fig. 3: Detail of 1919 Ordnance Survey 6 in. (Lancashire Sheet VIII NW) map showing Hob Gill and
Satterthwaite Moor ................................................................................................................................. 10
Fig. 4: Map dated 1806 of the Forceforge and Bowkerstead estates showing the enclosure labelled
‘Woody Moss’, with annotation ‘Purchased by Mrs Ann Penny 1839’ (Cumbria Archives Barrow
BDX565). .................................................................................................................................................. 11
Fig. 5: Enclosure plan of Satterthwaite Commons 1845 showing Mrs Penny’s land (WPC/41/23)
courtesy of Cumbria Archive Service. ...................................................................................................... 12
Fig. 6: Iron production sites from LDNPA Historic Environment Record, plotted onto 1st edition OS map
(Satterthwaite bloomery circled red) ...................................................................................................... 14
Fig. 7: Level 3 survey plotted on modern OS map ................................................................................... 23
Fig. 8 ......................................................................................................................................................... 25
Fig. 9: Level 3 survey plotted on the Enclosure plan of Satterthwaite Commons 1845 (WPC/41/23).... 28
Fig. 10: Satterthwaite Level 3 survey on 1845 Ordnance Survey base map ............................................ 30
Fig. 11: Satterthwaite, Drone photograph of the site with Trenches I and II open, May 10 2018 (M
Simpson) .................................................................................................................................................. 31
Fig. 12: Contour survey from Total Station measurements plotted at 0.2m intervals set on site grid ... 32
Fig. 13: Location of Satterthwaite bloomery ........................................................................................... 36
Fig. 14: Trench I: Exposed surface at the base of the sequence [photo DSC_0469 24 May 2018, from W]
................................................................................................................................................................. 38
Fig. 15: Tr. I: W-facing section showing slag and charcoal deposits ........................................................ 41
Fig. 16: Tr. I: E-facing section showing charcoal and slag deposits with Pit 25 ....................................... 42
Fig. 17: Trench II S-facing section showing slag dumps ........................................................................... 44
Fig. 18: Trench III, Sections through the slag deposits ............................................................................ 46
Fig. 19: Trench III, 3D photogrammetric view of the slag deposits ......................................................... 46
Fig. 20: Trench IV plan.............................................................................................................................. 47
Fig. 21: Trench IV: 3D photogrammetric view of the consolidated surface (see plan for context
numbers) .................................................................................................................................................. 48
Fig. 22: Trench IV, section showing cut 318 with charcoal fill 317, from S [DSC_0072.Jpg].................... 49
Fig. 23: Trench V sections ........................................................................................................................ 51
Fig. 24: Trench V, E-facing section showing charcoal and fired clay deposits ......................................... 52
Fig. 25: Trench VI: after removal of charcoal 505, showing hollow 508.................................................. 53
Fig. 26: Trench VI, hollow after part-removal of charcoal deposit 505 ................................................... 53

3

Fig. 27: Radiocarbon dates for the Satterthwaite sequence, after Bayesian analysis (courtesy of Victor
Thompson) ............................................................................................................................................... 58
Fig. 28: Test pit profiles, showing depth of deposits ............................................................................... 60
Fig. 29: Location of test pits and excavation trenches............................................................................. 60
Fig. 30: Test pits 1-15, showing quantity of charcoal present, shown as a proportion of a circle
representing 100g. The upper layer of the test pit is to the left, the lower to the right ......................... 61
Fig. 31: Test pits 1-15, showing quantity of slag present, shown as a proportion of a circle representing
5000g. The upper layer of the test pit is to the left, the lower to the right ............................................ 61
Fig. 32: An example of flow-formed semi-vesicular or ‘frothy’ slag (grid shows 1 cm squares). ............ 62
Fig. 33: SEM micrograph showing an example of a typical Satterthwaite slag. ..................................... 64
Fig. 34: Proportions of wood charcoal taxa in Trench I, IV, V and VI based on fragment counts
presented in Table 1. ............................................................................................................................... 67
Fig. 35: Frequency histograms of diameter measurements in hazel and oak charcoals. ........................ 68
Fig. 36: Successive measurements of growth ring width (in mm) plotted against cambial age in hazel
(1= oldest ring, from pith; last ring corresponds to ring below bark). Grey lines trend lines from
individual specimens, black line represents group average. ................................................................... 70
Fig. 37: Hazel charcoal from Satterthwaite demonstrating improved growth in the first five years,
followed by sustained growth reduction. ................................................................................................ 70
Fig. 38: Successive measurements of growth ring width (in mm) plotted against oldest preserved ring
(RW1) towards the youngest (outermost) ring in oak. ............................................................................ 71
Fig. 39: Oak charcoal showing relatively better rates of growth up to ca. 15-16 years, followed by a
prolonged period of suppression. Cutting cycle is likely to be more than 25 years. ............................... 71
Fig. 40: Average ring with (mm) for each specimen plotted against diameter (cm). .............................. 72
Fig. 41: Earlywood vessel diameter measurements (measured in f μm, from the outermost ring) for
each specimen, plotted against diameter. .............................................................................................. 73
Fig. 42: Medieval pottery from Satterthwaite. Left: SF1 context 301. Right: SF3 context 303 ............... 75
Fig. 43: Tuyère fragment, Trench II unstratified ...................................................................................... 76
Fig. 44: Satterthwaite. The tail of the slag dump to the left, with the Hob Gill right (from SW)............. 77
Figs 45 and 46: Some of the volunteers on site with Rob Philpott and Harold Mytum, and volunteers on
the visit to the Professor Elizabeth Slater Archaeological Research Laboratories, at the University of
Liverpool .................................................................................................................................................. 84

4

Non-technical Summary

The University of Liverpool was commissioned by Rusland Horizons to undertake survey and
excavation at Satterthwaite Bloomery on Satterthwaite Moor. Topographic and geophysical survey at
Satterthwaite iron bloomery site and nearby charcoal production locations (centred on SD 3250 9160)
assisted in the identification of appropriate locations for six excavation trenches of varying sizes and
15 test pits. These investigations have identified the extent of the activities at the site and provided a
stratigraphic sequence over time. Although no in situ hearth or furnace survived, large dumps of slag,
a laid surface, and probable structural features were found in one trench, and the interior surface of a
possible charcoal store was located in another.
The plan and character of any buildings could not be ascertained with such a limited extent of
excavation, but the amount of slag and the evidence of developed infrastructure both suggest
considerable investment and either a very intensive activity in the short term or a longer-term
exploitation. A wide range of samples of both charcoal and slag taken from across the site and through
the stratigraphic sequence has allowed assessment of spatial and temporal trends. Two small
fragments of medieval pottery were recovered from the excavation. Absolute dating was provided
from the AMS determinations. These have been subject to Bayesian analysis which indicates that the
bloomery saw an intense but short-lived period of activity with a high volume of production lasting up
to 30 years, from 1275 to 1305 cal AD (68.2% confidence).
The samples of slags and charcoal have been investigated to ascertain the level and consistency of iron
smelting technology, and the woodland management regimes employed. A charcoal production site
was located, and it was sampled by excavation. This recovered in situ charcoal produced there, and
radiocarbon dating showed that this relates to a much later phase of landscape exploitation than the
nearby bloomery, probably in the 18th century. The methods of analysis for both slags and charcoal
will set new standards of analysis for medieval iron bloomery sites.
The survey, excavation, and visit to the University of Liverpool laboratories where the post-excavation
analysis is taking place together provided volunteers with the opportunity to experience the range of
activities involved in the archaeological research process; the volunteers remained highly motivated
throughout and learnt new skills. A blog shows the volunteer activities and findings:
https://satterthwaitedig.wordpress.com/

5

1. Introduction
Background to the project
The Satterthwaite Bloomery excavation arises from the ‘Lives in the Landscape’ project, undertaken in
2016-2019 as part of the community led Rusland Horizons Landscape Partnership Scheme, funded by
the Heritage Lottery Fund.
The HLF-funded project ‘Rusland Horizons: working a Lakeland Landscape’ aimed to revive traditional
skills and enable volunteers to learn about, enhance and appreciate the cultural and natural heritage.
The Satterthwaite project was one of four archaeological elements within the programme, and the
second with an excavation. The Department of Archaeology, Classics and Egyptology at the University
of Liverpool was commissioned to undertake the Satterthwaite project under the overall direction of
Professor Harold Mytum and field direction of Dr Robert Philpott.
Location
The Satterthwaite Bloomery site which forms the subject of the project is marked as ‘Ironworks’ on
the modern OS map (at NGR 332506 491606) 1.58 km WSW of Satterthwaite church at about 184m
AMSL. The site appears to be that recorded by Alfred Fell at the beginning of the 20th century as
Satterthwaite Moor, Hob Gill (1908, 172).
Topography
The site lies on Satterthwaite Common near a small stream, Hob Gill. The stream runs through a broad
valley rising up on either side to steep rocky hills, currently largely covered with Forestry Commission
coniferous plantation, now partly in the process of replanting.
The immediate site lies on a flattish tongue of land which slopes down to the east and south to the
Hob Gill. The site is relatively open ground within a managed Forestry Commission plantation, and is
surrounded by trees on three sides, and bounded by a well maintained unmetalled track to the west.
The ground cover currently consists largely of turf and low vegetation with a number of decayed
stumps from felled plantation trees. Several young regenerated trees and a thicket of brambles were
removed before the excavation began.
Modern disturbance appears to have been largely confined to ridges and furrows for tree planting by
the Forestry Commission. The planting furrows have scored the upper surface of the ground in a series
of parallel grooves which are not only visible on the surface but also have left a trace identified by the
geophysics survey. The slag heaps were distinguished by thin vegetation due to a poor topsoil
development as a result of a lack of nutrients. A small possible disturbance was noted from surface
evidence at the base of the slag heap at its easternmost point. It may represent the removal of a small
quantity of material for testing for suitability for re-processing.
Geology
The solid geology of the Satterthwaite area is dominated by the Silurian Bannisdale Formation, a silty
mudstone with subordinate siltstone and sandstone (British Geological Survey map 1:50000).
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The natural subsoil at the site consists of Devensian Stage diamicton till, a yellow sandy clay of glacial
origin.

Fig. 1: Location of Satterthwaite

2. Historical Background
Early landholding and administration
The manor of Satterthwaite (2,051 acres [830 ha]) formed part of the parish of Hawkshead within the
upland part of Furness known as Furness Fells or High Furness. Furness was one of the great feudal
baronies established after the Norman conquest and came into the hands of William I in 1066 and
probably had its forerunner in the extensive estate of Earl Tostig before the Norman conquest
(Winchester 1987, 18).
Satterthwaite was one of several historic estates or bailiwicks of the manor of Hawkshead, along with
Arnside, Colton, Graythwaite, Haverthwaite and others (Lancaster University fass website). It formed
part of the lands granted to Furness Abbey in 1163, until the dissolution of the Abbey in 1537. After
the dissolution the lordship of Furness was held by the Crown but the manor of Satterthwaite was
included in a sale of lands in 1614 (Farrer and Brownbill 1914, 380-382) and was granted by the Crown
in about 1666 to the Duke of Albemarle.
In the medieval period, Furness was divided into Furness Fells, consisting of upland forest theoretically
protected as the overlord’s hunting preserve, which was retained in hand by Furness Abbey as lord of
Furness, and Plain Furness, ‘the manorialised lowland‘ (Winchester 1987, 20). Satterthwaite was
7

included in a number of townships in High Furness which were granted free warren to the abbot in
1336 (Farrer and Brownbill 1914, 285-304), reinforcing its status as a hunting forest. This privilege
allowed the abbot to hunt certain species of game without penalty in law, as all game was the
property of the sovereign. In return the abbot undertook to protect the game against illegal hunting.
However, the forest functioned more as a resource of upland pasture for lowland communities.
Hawkshead was one of three parishes directly administered by the monks but the land was held by
customary tenants, described as ‘practically freeholders’, whose services became fixed over time
(Farrer and Brownbill 1914). The disputes that arose between abbey and tenants may provide a
context for the later enclosure of the site of the Satterthwaite bloomery, a topic which is discussed
further below.
Satterthwaite formed part of the ecclesiastical parish of Hawkshead until 1881 when the Chapelry of
Satterthwaite was promoted to its own parish but it did not encompass the township of Graythwaite.
The parish lies between two of largest lakes in England, Coniston Water to the west and Windermere
to the east.
By the 19th century the township of Satterthwaite consisted of four customary divisions,
Satterthwaite proper, in the south-west of the township, Dale Park in the centre, Grizedale to the
north-west and Graythwaite to the east, bordering Windermere.
Historic maps and documents
The area in which the medieval bloomery stands appears on historic maps in the 18th and 19th
century. One of the earliest maps which shows any detail is that of William Yates 1786, ‘The County
Palatine of Lancaster’. Yates shows Satterthwaite Common, with a trackway running east-west. By the
beginning of the 20th century the main routes in the township consisted of two north-south roads,
one on the west by Force Mills, Satterthwaite and Grizedale and across the hills to Hawkshead; the
other eastern one through Graythwaite to Esthwaite Water. Between these two a minor road leads
through the valley of Dale Park to Esthwaite Water (Farrer and Brownbill 1914, 380-382).
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Fig. 2: Detail from William Yates’s map 1786, ‘The County Palatine of Lancaster’ (courtesy of
Lancashire Archives)
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Fig. 3: Detail of 1919 Ordnance Survey 6 in. (Lancashire Sheet VIII NW) map showing Hob Gill and
Satterthwaite Moor
There is no Tithe award map for Satterthwaite. The earliest Ordnance Survey map (1st edn 6 inch: 1
mile 1:10560) shows Satterthwaite Common with the site (which is not marked) set close to the edge
of one of a series of stone-walled oval enclosures carved out of the common land of the moor.
More revealing for the land ownership is an enclosure map of Satterthwaite Common, surveyed by
John Robinson in 1845 (WPC/41/23). The map covers what is now known as Satterthwaite Moor, and
was drawn up to illustrate an agreement between the owners and proprietors of various lands in
Satterthwaite as to how the common land had been appropriated. The map shows that the site of the
bloomery lay within an oval enclosure belonging to Mrs Ann Penny, widow of Joseph Penny of
Bridgefield, Colton.
An earlier estate map dated 1806 of the Forceforge and Bowkerstead estates shows the same
enclosure, labelled ‘Woody Moss’, with a later annotation ‘Purchased by Mrs Ann Penny 1839’
(Cumbria Archives Barrow BDX565). This detached enclosure of 46 statute acres (18.6 ha) was not
physically connected to the rest of Mrs Penny’s estates. Its ownership prior to the estate maps has not
yet been traced, but ultimately as part of Hawkshead manor it goes back to the estates of Furness
Abbey.
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Enclosure of commons
Further work is needed to investigate the development of the landscape, the common land and the
enclosures. However, some general lines of enquiry may illuminate the history of the bloomery site at
Satterthwaite.
Angus Winchester has observed that there were two main phases of enclosure of the moorland in the
medieval period. The first occurred in the 13th century when colonisation of the waste and settlement
expansion saw the creation of new communities in the upland forests, often taking the form of a
dispersed scatter of farmsteads on the edge of the openfield arable in the valleys. At the same time,
great landowners, including Furness Abbey, created upland vaccaries for cattle grazing on rough
pasture (Winchester 1987, 40-42). The second phase was in a period of economic recovery in the
southern Lakes in the later 15th and early 16th centuries when growing prosperity resulted from the
development of textile and woodland industries (Winchester 1987, 51-52). The commonest form of
this later enclosure was the intake whereby individual farmers encroached onto waste to increase
their holdings. Most were small plots, no more than individual paddocks or gardens, set beyond the
extent of existing enclosure and often resulting in a halo of small fields around existing settlements
along the fell edge (Winchester 1987, 53-54). Although nominally the upland wastes were hunting
forest reserved for the lord, in practice in return for payments, the tenants could acquire rights over
the waste for pasture (Winchester 1987, 84).

Fig. 4: Map dated 1806 of the Forceforge and Bowkerstead estates showing the enclosure labelled

‘Woody Moss’, with annotation ‘Purchased by Mrs Ann Penny 1839’ (Cumbria Archives Barrow
BDX565).
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Fig. 5: Enclosure plan of Satterthwaite Commons 1845 showing Mrs Penny’s land (WPC/41/23)
courtesy of Cumbria Archive Service.
A process documented in High Furness from the final years of the life of Furness Abbey offers a likely
explanation for the origin and date of the Satterthwaite Moor enclosures. Towards the end of the life
of the abbey the customary tenants, who had grown used to exercising considerable freedom as
tenants of the abbey, began to enclose much of the common or pasture in High Furness without
licence from the abbey (Brydson 1908, 57-58). The latter was aggrieved that the tenants had enclosed
common pasture more widely than was permitted, so the tenants and the abbey reached an
agreement called the ‘Bounden of the Pasture’ – first in 1509 by the abbot and monastery of Furness
and the tenants, inhabitants of Furness Fells, from Ravenstie downwards (i.e. ancient parish of
Colton), followed in 1532 by one from Ravenstie upwards (i.e. the manor of Hawkshead, including
Satterthwaite). The terms are revealing. They allowed the tenants to improve but to fence their
improvements with a dyke or wall, and to have rights of common pasture to the tenements and use it
with ‘such beasts as are accounted lawful within the lordshippe’ (Brydson 1908, 58). This agreement
may represent the origin of some of the so-called ‘ancient inclosures’ carved out of Satterthwaite
moor and marked by stone wall boundaries which are recorded on the 1845 enclosure map.
The later use of the managed woodland saw great diversification of the rural economy. Tiplady and
Baverstock (2014, viii) note ‘The [Satterthwaite] area has been noted for this coppiced woodland,
grown to supply the many woodland trades, including iron production, charcoal burning, swill basket
making, tanning, hoopmaking and bobbin turning. Early bloomeries – hearths in which iron ore was
converted into iron using hand operated bellows and hammers – existed at Farra Grain, Hazel Haw,
Linstie Haw Wood and High and Low Dale Park, whilst bigger water powered bloomsmithies operated
at Cunsey and Force’.
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Early Iron Production in the Furness Area
The iron bloomery at Satterthwaite forms one small element in a complex historical and
archaeological narrative that takes in a wide sweep of issues from contemporary concerns over
deforestation and landscape transformation, industrial production and exploitation of natural
resources, through to historical themes such as monastic land ownership, exploitation of resources
and technological stability or development.
Studying the history of iron production at Satterthwaite requires us to step back and examine the
wider landscape, and to see its place within the long history of exploitation of natural resources within
the Furness region and beyond.
The Satterthwaite site is typical of a type of site considered to be medieval in date, so the
documentary and historical study focuses on that period.

Medieval iron production sites
Recognition in modern times of the scale of medieval iron production came through the work of the
Cumbrian historian and archaeologist W. G. Collingwood. Writing in 1901, he recorded about 30
known sites where ‘iron was smelted in the ancient way with charcoal’ i.e. bloomeries. Half were in
the valley of Coniston and eight on the shore of the lake (Collingwood 1901, 2, 6). He identified
another eight in the valley at Tom Gill and Stable Harvey in Blawith, another at Yewdale, with two ‘of
the later and large type at Coniston Forge (up-stream from the church) and at Low Nibthwaite; and
two others further down the Crake’ (Collingwood 1901, 2). He estimated there were fewer than 20
known bloomery sites in the abbey lands in High Furness, which he assumed were the ‘monks’
workings’ which can so far be attributed to the medieval period. Alfred Fell a few years later recorded
35 in Furness Fells, including what appears to be the present site, recorded as Satterthwaite Moor,
Hob Gill (1908, 172-173).
After a century of archaeological survey, documentary research and fieldwork, the total of ironworking
sites within the Lake District National Park had risen dramatically. Fieldwork by Mike Davies-Sheil, the
industrial and landscape archaeologist, revealed many new bloomery sites, recorded in annotated
maps drawn up in 1990 and 1995, and well over 250 are now recorded in the LDNPA Historic
Environment Record. The surveys by Mark Bowden and others (Bowden 2000) identified a series of
further sites in the region and attempted to characterise the range of sites. Few have been excavated
so detailed information on the layout and structures within a medieval bloomery remain scarce.
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Fig. 6: Iron production sites from LDNPA Historic Environment Record, plotted onto 1st edition OS map
(Satterthwaite bloomery circled red)
The visible diagnostic characteristics of these sites may be no more than scraps of slag in the stream
bed or on the lake shore (Collingwood 1901, 2), although elsewhere the mounds of slag are large and
’remarkable’; and in two places ‘there are foundations of stone furnaces yet visible’ (p. 2).
Some place-names point to the former existence of bloomeries. Arthur Fell notes Cinderstone Beck
(Dunnersdale) and Blackbeck in Stable Harvey, Rusland has Cinderhill Wood and Finsthwaite has
Cinderhill (Fell 1908, 173).
The first recorded excavation on a small bloomery in the area was also undertaken by Collingwood
who investigated a bloomery at Springs in 1897 (Collingwood 1901, 12). The site lies near the western
shore of the Lake at Torver, towards the northern end of the lake. Collingwood notes that the site was
visible as a slag-heap, ‘and looks like a long barrow’; 115 feet long by 69 wide [35 x 21 m], and had
been deposited on a slight elevation, and was nowhere more than 4 feet [1.2m] deep. The
Hoawthwaite Beck runs about 50 yards (c. 45 m) south of the mound, ‘with no great volume or fall of
water, but enough to turn a little wheel’ (p. 12). Another smaller slag heap stood on the bank of the
stream, which he took to be the site of the first hearth/bloomery, subsequently moved to drier land.
Over the past two decades recent excavations and sampling have begun to provide excavated
evidence for bloomeries, in some cases accompanied by dating evidence. So far, very few have yielded
datable material. However, a site close to Satterthwaite at Barkhouse Bank, Ickenthwaite produced
over 25 charcoal pits as well as the remains of a medieval bloomery identified in the excavation of
holes for planting native woodland. The charcoal, which had come from mature trees rather than
coppicing, gave a date of 1280-1410 AD.
As part of the Reflections on History project, 12 bloomeries dating from the 12th to mid 17th centuries
were identified in the Windermere catchment area, while no fewer than 25 iron smelting sites in total
14

including post-medieval sites, are recorded, largely clustered in the central and southern section either
side of Windermere. Four sites were investigated as part of the project. At Ghyll Head an elongated
mound of slag was recorded. There are also smaller features, including a strong dipolar magnetic
anomaly interpreted as the probable location of a furnace (Gregory and Kingston 2014, 55). At Cinder
Nab on the western shore of the lake had a kidney-shaped mound measuring 22 x 13.5 m. Geophysical
survey suggested that a depression within the mound was a furnace location. Two possible buildings
were identified from the geophysics, one a rectangular plan parallel with a bank of slag (Gregory and
Kingston 2014, 56-57).
Test-pitting and geophysical survey were used to locate features at a bloomery site at High Stott Park
where the slag heaps had been dispersed. The putative furnace base was identified as a dipolar
anomaly, while test-pitting identified areas where the slag was thought to have originated while
concentrations of clay, burnt clay and slag were also located. The last two were thought to relate to
the furnace location.
At the final site, 200m north-west of Blelham Tarn on the eastern side of Windermere, radiocarbon
dating of charcoal from key deposits indicates the bloomery was established by the mid 14th century
and was adapted for water power in the middle of the 15th century, the first date for a waterpowered bloomery in the Lake District (Gregory and Kingston 2014, 63).

3. The raw materials
Iron ore
West and south-west Cumbria has several sources of iron ore. The major deposits lie in the
Carboniferous limestone of the west coast and the southern plain of Low Furness (Bowden 2000, 4-5).
The ore there is haematite, which is low in phosphorus and rich in iron. It occurs as a replacement
deposit in Carboniferous limestone in two types, in narrow veins, and in more massive orebodies. The
orebodies occur as ‘flats’ which are tabular, and ‘sops’ which are inverted cones in form. Some occur
close to the surface, to be worked as open quarries. The deposits vary in thickness from 1-2m to 70m.
At Hodbarrow the ore was visible as veins on the shore. Other large deposits are recorded at Askam,
Roanhead and Lindal Moor (Bowden 2000, 5).
A further possible source, bog iron, is present in the fells and may have been used in the medieval
period (Bowden 2000, 5). The potential for a nearer source of iron ore to Satterthwaite has been
suggested tentatively by Ken Howarth (pers. comm.), who observes that in the Satterthwaite area
there are a number of microgranite dyke extrusions, a type of geological feature which elsewhere
yields iron ore. Only 1km from the Satterthwaite Bloomery is a hill called Iron Crag which might derive
its name from an ore source. However, this requires confirmation from further fieldwork.

Medieval Iron Exploitation
Medieval documents give insights into the character of the iron industry in Cumbria and were studied
in detail by Alfred Fell for his 1908 book The Early Iron Industry of Furness and District. In Furness, the
pre-Norman exploitation of iron in the area is shown by the place-name Orgrave, at Holmes Green,
north of Dalton in Furness, which appears in Domesday in 1086 as Ouregraue. The place-name is
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derived from OE ōra græf meaning ore-pit (Ekwall 1960, 350). The place was well known in the 13th
century for its iron mines.
Many of the early references to iron mining in Cumbria come from monastic sources as the abbey
estates contained some of the key natural resources for the industry. One of the earliest records
concerns a forge and iron-mine at Egremont given to the monks of Holm Cultram by William, third earl
of Albemarle, c. 1150 who died in 1179 (Collingwood 1901, 5; Winchester 1987, 120). The Coucher
Book of Furness Abbey, published by the Chetham Society of Manchester from 1886 onwards, records
a number of deeds which contain valuable information on early iron mining and smelting in Furness.
One of the earliest of these appears to be a grant of Roger of Orgrave, who gave to Furness Abbey the
mine ‘cum … aquae cursu ad illam scil. “mineriam lavandum”, a grant confirmed by his son Hamo in
1235 (Coucher Book of Furness, p. 229) – [therefore this implies before 1235.] ‘Roger of Orgrave gave
all the iron ore in the field of Orgrave – forever’. In about 1230 the abbey also received from Thomas
le Fleming iron mines in Elliscales (Collingwood 1901, 5).
A Coucher Book (261-268) grant records that Hugh de Moresby gave iron mines ‘tam infra praedia
mea, domicilia et aedificia quaecumque, quam extra, cum libero ingressu … ad praed. mineriam
operandum, fodiendum, et perquirendum, lavandum, purgandum, operandum, et inde cariandum
ubicunque voluerint’. [‘as much under my farmstead, dwellings and buildings wherever, as outside,
with free entry (ingressu), for working the mine of the farm, digging and acquiring, washing, cleaning,
working and then carrying wherever they might wish’].
The documents give several insights into the processes involved. Atkinson notes that the term
lavandum refers to washing the ore to remove impurities before being subjected to the heat of the
furnace. Both Atkinson and Fell suggest that this accounts for the presence of streams close to all the
known early ironworking sites (Atkinson 1887, xiv; Fell 1908, 167), rather than being evidence of the
use of water power. Why the ore was not washed at the mine to reduce the weight and bulk is
uncertain, though he notes the ore pits did not have such streams generally, and economy may not
have been the prime motive (1908, 167). The location of bloomeries beside running water had other
practical advantages, as water was essential for quenching, for working the clay used to construct the
furnace and for the domestic use of those working and living there (Fell 1908, 167; Bowden 2000, 40).
Collingwood draws attention to the significance of the term ‘cariandum’ – ‘carrying away’. A Furness
Abbey grant from William de Merton (Marton, near Dalton) (temp Richard II – 1377-1399) with ‘leave
to wash the ore and carry it away when and where they liked (Atkinson 1885, 288-299).
The character of the extraction is also suggested by the terminology. A grant by Gilbert son of Roger
de Orgrave to the Convent of Furness of six acres of land in the common field of Orgrave, includes
‘unam rodam quae tendit ad fossam ubi foditur mineria’ (Atkinson 1885, 238). Atkinson considers that
unlike in Cleveland where the iron ore was removed by a series of bell pits running along the ore
stratum or vein, here ‘the iron-stone would appear to have been dug by aid of a continuous trench,
and this of course pre-supposes that the stone lay so near the surface as to permit the earth stirred in
the process of ‘baring’ it to be thrown on either side’ (Atkinson 1885, 238, n. 5).
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The ironmaking process
Bloomery iron smelting introduced to England in the 8th century BC, and persisted until the 16th
century, and later in some areas, when it was gradually superseded by the blast furnace (Dungworth
2015, 18). Until the 16th century the production of iron took place in charcoal-fuelled smelting
furnaces – bloomeries – which produced wrought iron by the direct method. This contrasts with the
indirect method of iron production in the blast furnace which produces cast pig iron that needs further
refining to convert it to wrought iron (the process described is taken from Bowden 2000, 39-40). In the
bloomery furnace the temperature was not high enough to melt the iron (plain iron melts at 1535°C
approx.). Instead the chemical process involves the reduction of the iron oxide of the ore to create
metallic iron which forms as a spongy mass or bloom of pure metal within the furnace. The main byproduct is slag, which forms from a combination of the gangue, the worthless rock mixed with or
surrounded the wanted mineral, and some of the iron oxide. Slag becomes liquid at 1200°C and
separates from the bloom; it can then be removed from the furnace by tapping through a hole at the
base of the furnace where it collects. Another method was to allow the slag to accumulate in the base
of the furnace, often in a pit (Dungworth 2015, 20). The size of bloom is limited by the size of the
furnace. During the melting the furnace was repeatedly charged with roasted ore and charcoal to the
top (Dungworth 2015, 20). At the conclusion of the smelt, the bloom is removed either through the
tapping arch or through the top of the furnace.
The furnaces of simple bloomeries were probably ‘cylindrical clay shafts, about 1-2m in height sitting
atop a stone substructure. The furnace would have had a blowing hole to take the blast from the
bellows and a small archway on one side to allow the slag to be tapped into a hollow outside’ (Bowden
2000, 40; cf. Dungworth 2015, 20).
Besides the furnace itself other structures are likely to have been present. The ore was crushed to
increase the surface area so aiding the chemical reaction, and to remove any impurities. Preparation
of the ore required roasting on a roasting hearth to remove any moisture. After completion of the
smelting, the bloom was hammered to drive out the remaining impurities of slag in the iron. The
primary refining usually took place immediately at the bloomery using the residual heat remaining in
the bloom as re-heating the bloom to working temperature required considerable fuel. The storage of
charcoal and ore both required shelter from the weather to keep dry, and the bloomery hearth and
smithing hearth would normally have been under cover. The bloomery complex would usually also
have included a dwelling or shelter for seasonal occupation by the workers.
The bloomery site can usually be identified in archaeological survey as a simple mound of slag, while
more complex, and later, ‘bloomforges’ such as Muncaster Head could be accompanied by water
management systems and dedicated storage buildings.
In the late 15th century blast furnaces were introduced to England (Dungworth 2015, 24). They were
much larger than bloomery furnace with a stone-built tower-like structure 5-6.5m square and over 6m
high. The height created a more reducing atmosphere which could produce an iron-carbon alloy (cast
iron) which would melt at a lower temperature. The key innovation was large water-powered bellows
which gave a powerful blast of air and enabled higher temperatures to be attained. The water
management systems were intended as sources of power, for bellows and forge hammer.
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4. Charcoal – pitsteads, platforms and woodland management
The fuel of the medieval bloomeries was charcoal, and the extensive broad-leaved woodland in
Cumbria ensured that it remained so in the blast furnaces as late as the 20th century in the region,
even when other industries in England and Wales had long since adopted coke (Bowden 2000, 22).
Early iron production required large quantities of fuel and the medieval industry had a profound
impact on the vegetation and land-use of the Furness Fells, devastating the woodlands of the region.
Fell (1908, 164-5) records the fact that some of the bloomeries are located high on the hills and
commons, far from present supplies of charcoal, and argues that the iron was initially made in Low
Furness in the early years of the Abbey’s exploitation of the resources, but with depletion of the
woodlands there production of iron was transferred to the woodland of Furness Fells. When the
woods immediately around the mine were expended, the smelting process was moved to the source
of the fuel, to the woodland where the charcoal was burnt. As the woodlands were progressively
denuded the bloomeries were relocated. The greater density of the ore made it far less bulky than the
charcoal and it was more efficient to carry the heavy ore to the source of the fuel.
Collingwood estimates the charcoal from more than an acre of wood was needed to smelt two tons of
iron, so the impact on woodlands of monastic production was considerable. On the eastern side of
Coniston Water Collingwood sees a progressive clearance of the woodland for charcoal burning, and
the replacement by sheep in ‘parks’, which were sheep farms rather than deer parks (1902).
The character of the woodland by the mid-16th century is captured in a Dissolution document. The
Furness Abbey certificate of 1537 records the revenues of the abbey as well as details of its lands and
possessions which occupied most of Furness. ‘There ys moche wood growing in Furneysfells in the
mounteynes there as Byrk Holey Ashe Ellers [elder] Lying lytell short okes and other Undrewood1 but
no tymber of any valewe wherein the Abbotts of the same late Monastery have been accustomed to
have a Smythey and sometime two or thre kepte for making of Yron to thuse of their monastery’
(cited in Fell 1908, 104). The document went on to say that the commissioners had let to William
Sandes and John Sawrey the woods – or the birches, elder, hazels, old rotten trees and other
underwoods to maintain three smithies (Fell 1908, 104). Other craft industries had also grown up in
the woods, which provided an annual income for the Abbey, making cups, dishes, saddle trees,
cartwheels by coopers and turners; also making of charcoal ‘according as hath always ben accustumed
to be made in the said woodes‘ (Fell 1908, 105).
By the time of Elizabeth I the woods of High Furness were becoming severely depleted and attempts
were made to protect and preserve the resources. In part this was managed by use of dead wood or
old rotten trees (Fell 1908, 165). In 1564 an Act of Parliament was passed which sought to prevent
destruction of the Queen’s woods by ‘iron smithies’ but also by customary tenants taking wood for
fuel, animal fodder and felling and cutting the underwood for other purposes (Fell 1908, 101), and the
same act abolished the three bloomsmithies which had been established in the mid 16th century in
the Furness Fells (Bowden 2000, 6). However, it granted the customary tenants liberty to make coles
[i.e. charcoal] (Fell 1908, 128).

1

Underwood is scrubby wood or small trees growing under taller trees.
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The decay of woodland was arrested, and only three years later an account of the John Braddyll,
Surveyor of the Duchy Woods (Duchy of Lancaster) and others in 1567, illustrates the condition and
species growing in the woods. For Satterthwaite and Grizedale, ‘of 860 acres of hollin ashe thorn hazel
and birch underwood 40 timber trees 400 saplings 200 plants and 100 dotered2 oaks’ (Fell 1908, 1089).
Elsewhere in Furness the woodland was managed to preserve and protect the trees. In 1537 a dozen
small woods in Low Furness formerly belonging to the abbey were managed on the ‘classic system of
coppice with standards’ (Winchester 1987, 105), where large fair oaks were reserved for timber while
the underwoods were cut for fuel in rotation, providing a regular income from sales of wood.
Winchester suggests coppicing began as early as the mid-14th century (Winchester 1987, 105), but
how widespread this was in medieval Cumbria is uncertain. He suggests that the strict rotation of
coppicing which supplied the post-medieval charcoal industry was not found widely in the medieval
period (1987, 104). This receives some support from the analysis of charcoal from Ickenthwaite which
suggests no sign of coppicing in the late 13th/early 15th century (J Hodgson pers. comm.).
Making charcoal is first referred to in the Coucher Book of Furness Abbey. Hugh de Morisby was
granted pasture … which have carried stone mineral and coals (carbones) for the maintenance of the
hearth aforesaid (Fell 1908, 128). Medieval references to charcoal or ‘colepittes’ or pots suggests that
the charcoal was made in holes in the ground and in large walled-hearths. This practice is said to have
continued up to about 1450 when a change to surface-built burning to accommodate larger quantities
was adopted (https://historicengland.org.uk/listing/the-list/list-entry/1019095). There are references
in parish records of the Manor of Hawkshead to colliers between 1564 and 1665-6 (when Duke of
Albemarle was granted the manor of Hawkshead).
The manufacture of charcoal also leaves distinctive archaeological traces. Fell states ‘the making
charcoal in circular piles appears to have been the method adopted in Furness from the earliest times,
and to have undergone no alteration or improvement’ (1908, 133). Similar techniques of charcoal
manufacture have been used in other areas, such as Epping Forest in the 1950s (Hunt 2004, 125), and
the practice was taken to Pennsylvania in 17th century for iron production. The process of making
charcoal continued into the 20th century in Furness when it was described by Arthur Ransome in
Swallows and Amazons (1933).
Fell observes that ‘charcoal burnings’ were used in the early days of the woodland bloomeries. The
pitstead was a circular clearing 20-30 feet [6-9 m] in diameter, level, and usually in a sheltered
location, close to a water supply. They were used to ensure a dry floor for the burning. In spring and
summer the wood was cut, the thinner pieces two feet long, the thicker three, and stacked round
ready for burning or ‘coaling’ in late summer and autumn. A stake was placed in the centre of the
pitring or pitstead and pieces of wood piled up around the central stake, near vertical at the centre,
sloping more gently on the outside. A second layer was added and the wood packed tightly to avoid air
pockets, and covered with grass, rushes, and leaves and spread a thin layer of marl on top. The stake

2

The ‘dotered oaks’ were decayed or trees stripped of their top or branches; dead or topped trees;
the term is connected with the word ‘dotard’, Forests and Chases in England and Wales, c. 1000 to c.
1850: A Glossary of Terms and Definitions http://info.sjc.ox.ac.uk/forests/glossary.htm#D Langton and
Jones)
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was removed, and wood fuel placed in the void and set on fire, and the opening closed with turf. The
aim to exclude most of the oxygen, so the pile of wood smouldered rather than burned, and to drive
off moisture, methane, hydrogen tar, and volatile compounds in the wood. After 24 hours the
covering material was raked off and the charcoal gradually opened out, covered with marl and cooled
with water to prevent re-ignition (Fell 1908, 133).
Slow charring reduces the hardwood timber to a fraction of its original weight. Fell (1908) considered
it to reduce to 25%, although Crew and Crew suggest a lower figure of 1:7 or about 14% (1995, 50).
Charcoal burns with a slow, steady but hot flame and is low in impurities. Hardwoods were preferred
as they produced higher quality charcoal, and charcoal provides about twice the energy of an
equivalent weight of wood (Hunt 2004, 123).
Charcoal burning was a seasonal activity. Woodcutting began in about November and continued to
April, although oak was reserved to spring as rising sap made bark-peeling easier. Charcoal burning
lasted from August to November. The charcoal burners’ huts were simple temporary constructions
formed of three main poles joined at the apex, with smaller poles and roofed with turves. They leave
little or no archaeological trace as unlike more permanent bark-peelers’ huts which have a stone
hearth and chimney and often side walls (Bowden 2000, 25-26).
A number of features interpreted as charcoal burning platforms (CBPs) defined as “an area of
flattened or compacted ground used for charcoal burning” (Forum on Information Standards in
Heritage (FISH) (http://thesaurus.historicengland.org.uk)) were recorded in the east of the National
Archaeological Identification Survey (NAIS) Upland Pilot: Lakes and Dales project area at Barbon Park,
Barbondale, Cumbria (Hazell et al. 2017, 178). Sites were identified from aerial photographs and lidar
scanning.
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5. Satterthwaite Earthwork Survey
Andrew Burn
Introduction
This Level 3 survey was undertaken as part of the HLF-funded project ‘Rusland Horizons: working a
Lakeland Landscape’. It consisted of a week of volunteer-focused and archaeologist-led field survey,
focusing on the upstanding earthwork remains of what was suspected to be a medieval bloomery site
as described above.
The survey methodology is outlined below and was undertaken by a rotating team of volunteers of the
course of five days in April 2018. The survey was supervised by Andrew Burn BA MCIfA, who also led a
team of volunteers on a short Level 2 survey (Historic England 2017) of the surrounding landscape, the
results of which are also outlined below. This Level 2 survey was not comprehensive, only dealing with
accessible paths and woodland tracks, but yielded interesting initial results.
The earthwork survey, in conjunction with the geophysical survey provided targets for trenching and
test pitting as part of the intrusive investigation of the site.
Methodology
The earthwork survey was undertaken in line with the guidance for Level 3 survey as outlined in
Understanding the Archaeology of Landscapes; Second Edition (Historic England 2017).
A Level 3 record provides an enhanced and integrated, multi-disciplinary record of an archaeological
field monument or landscape, resulting from the process of field investigation. This is often enhanced
in one or more ways by additional specialist research or fieldwork such as geophysical survey,
fieldwalking programmes, specialist assessment of artefacts, the analytical recording of standing
structures, and excavation. A distinguishing characteristic of this Level is that the enhancement will be
included in the design of the project or task and will form an integrated part of the resulting record
and analysis (rather than being simply an information set that has been consulted, or a separate
event). Taken to its logical conclusion, this Level extends to an all-inclusive ideal of interdisciplinary
investigation.
The Level 3 record provides a quality of description, interpretation, graphical depiction and analysis
beyond the scope of a Level 2 entry. It must include the core monument data. Level 3 investigation is
in this case used only for one selected monument, specifically the bloomery site, reflecting its
importance, and where a specific management need has been identified. An accurately located,
measured survey was produced at an appropriate scale (at 1:500), designed to represent adequately
the form and complexity of the monument, and additional documentary and cartographic material
were also generated as part of the background research and analysis.
The survey was undertaken using tape and offset measurements within a grid of fixed control points,
accurately located using mapping grade GPS to within 1cm. This level of accuracy was maintained
throughout the survey and the same control grid used for the geophysical survey that followed.
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The Level 3 record consists of:
• Description of the core monument record
• The written account of the earthworks
• Survey drawings: accurate location of the monument(s) at scales of 1:10,000 and 1: 500
• Site plan at a scale of 1: 500 or larger.
• Ground photography: as appropriate
Survey Area
The Level 3 survey was contained within the red line boundary shown on Figure 7. This area was
located within a cleared area along a raised spur of land to the north of the Hob Gill and immediately
to the east of the forestry track. Initial site inspection quickly identified a small area of earthworks on a
raised platform within the eastern part of the red line shown on Figure 7. This was the focus of the
Level 3 survey.
The Level 2 survey covered an area to the east of the red line on Figure 8 and highlighted several
features of interest which are included in the description below.
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Fig. 7: Level 3 survey plotted on modern OS map
Core Monument
The monument that had previously been interpreted as the core of the bloomery site was identified as
a linear series of earthworks, running approximately north-south for 39m. These earthworks were at
the eastern end of the spur of land to the north of the Hob Gill, immediately before a significant drop
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off in height of up to 3m. This eastern end of the site had a large quantity of visible surface slag. The
earthworks on this spur suggested a complex of buildings and multiple phases of activity, possibly
indicating a long period of use and reuse of the site, either for smelting or for reworking of the slag
heap. The survey focused on this complex of earthworks and the tape and offset measurements were
used to record form and function. This area was designated as Area A for the purposes of the
investigation.
To the west of the main area of earthworks was a complex of low earthwork traces, complicated by
overgrown felled tree stumps and areas of later disturbance. This area was also included within the
Level 3 survey to give context to the main area of earthworks and was designated Area B.
The area at the base of the slope of the spur, alongside Hob Gill is designated Area C. This was
included as several earthworks were identified in this area.
Survey Results
Level 3 Survey
AREA A
Description of the earthworks
Area A contained the principal area of earthworks. The survey focused on a single main base line
which bisected these. The survey quickly established multiple phases and so the following narrative is
broken down into phases for interpretation purposes. All earthworks and features discussed in the
below text are identified on Figure 8.
Phase I
The earliest phase of activity on the site, as shown through the earthwork stratigraphy was a long
rectangular structure (Feature A1) approximately 13.75m long, with a central hollow and surrounded
on the south, east and west by low earthwork banks. At the south-western corner was a sub-circular
depression (Feature A2) approximately 1.5m in diameter. This seemed to have been hollowed into the
bank. Although this feature appeared to have been hollowed into the bank, the condition of both
features suggests that they are contemporary and Feature A2 was deliberately built into the bank of
A1.
A1 sat on top of the natural spur, with what has been interpreted as a slag heap (Feature A3) dropping
off sharply towards the Hob Gill to the east and south. It is possible that this A3 was created as part of
the construction and operation of a small bloomery within A1. However, the large amount of slag
visible and size of A3 suggest that there may have been more than a single bloomery site or that the
site was in operation for a relatively long time.

24

Fig. 8: Detailed Level 3 survey showing mound and earthworks (scale width of frame approx. 30m)
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In addition to the main structure (A1) and the slag heap (A3), a possible flue, running down the slope
into Area C and the Hob Gill was identified (A4). This narrow channel or flue was approximately 0.5m
wide and seemed to connect A1 and A2 directly with the Hob Gill. It was interpreted as either a
channel for tap slag or a possible water management feature.
Phase II
To the north of A1 was another subrectangular complex of earthworks, clearly overlaying A1 and the
natural spur. The main structure of this complex (A5) was approximately 20m in length (north-south)
and 8m in width. This structure also seemed to have a hollow at the southern end suggesting that this
platform may have initially been a building associated with A1 to the south. However, the increased
height and more substantial form of this earthwork suggest that it may have in fact been a later phase
of activity.
Associated with structure A5 was a track (A6), running diagonally down the natural spur to the foot of
the slag heap A3 to the south. This track was well worn and had eroded the eastern edge of A1,
suggesting that it related to a subsequent phase of activity. The track may have been related to the
use of later structure A5, however it may have also been a well-worn sheep track.
Phase III
The last identifiable phase in Area A was another sub-rectangular structure (A7) built on top of A5
roughly 6m north to south by 5 m east west. This structure was the highest part of the earthworks and
initially thought to be the focus of the site; however, the survey of the monument indicated that this
was in fact a much later phase of activity within the site. Structure A7 again appeared to have a
subcircular hollow within the centre that suggested this was a structure. While the outer bank of A7
was well defined, the central hollow was truncated by a large tree stump that made interpretation
difficult.

AREA B
Area B is located to the west of area A and appeared to be much more level. The area runs between
Area A and the forestry track, to the north of the line of Hob Gill. While the area was devoid of large
earthworks as found in Area A, there were more subtle features that were identified by the survey.
Phases were not discernible within this area, as there were no key stratigraphic relationships
identifiable. However, the following features were recorded.
A large terrace, excavated into the slight natural slope and immediately to the west of A1 and A2, was
the most prominent feature identified. This Hollow (B1) was approximately 10m wide and terraced
into the slight slope to the north by 6m. Within this area a large amount of charcoal was identified on
the surface; this observation, along with the proximity to a possible furnace location A2, suggested
that this may have been a charcoal burning platform, or storage area. The northern edge of B1 also
appeared to have been enclosed by a low 0.2m high bank (B2) which created a semi-circular enclosure
around its northern edge.
In the northern half of Area B, a low and truncated possible platform was identified (B3). This platform
measured 12.5 m east–west and 6m north–south. Along the northern edge, it dropped off more
steeply, with the natural topography of the spur. It was observed to have plough furrows, relating to
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forestry plantation, cutting diagonally across the earthwork. This actually helped to define the
earthwork, as it did not fit the pattern of the ploughing or of the natural topography. Given the
truncation from forestry activity, it was difficult to identify the most likely phase that B3 related to;
however, it is not unreasonable to suggest that it may have related to the activity relating to Phase III
and Feature A7.
AREA C
The principal feature within Area C was the Hob Gill itself (HG1), it was noted that at the point
immediately to the west of Area A, the stream appears to have been canalised and diverted. It is not
clear whether this was a planned diversion and canalisation, or if it was in fact as a result of the
growth and expansion of the slag heap A3 that caused it to be a necessity. It is possible that it was
planned, not least because feature A4 directly links the earliest identified activity on the site, with the
canalised course of the Hob Gill. The original course of the Hob Gill was also identified to the east of
A3, again this appeared to be overlain by the slag heap. This feature is discussed further below (O1).
Other features
Other than the core features identified by the earthwork survey, there were several other features
which may provide context to the site, which were picked up by the Level 3 survey. These are
described below and they are also marked on Figure 8.
A linear hollow (O1) was identified running east, away from the slag heap, approximately parallel to
the Hob Gill. Initially this was thought to be a continuation of A6, the track running down the slag heap
A3 or a forestry track. However, further investigation of the route of this ‘track’ and the results of the
wider walkover survey, suggest that this feature was in fact the original course of the Hob Gill. It was
clear that at some point the stream had been diverted and canalised, and that the slag heap (A3)
overlay the original course of the stream. What was not clear was exactly when this happened,
whether it was part of the original development of the bloomery or whether it was in fact part of later
reuse of the site or reworking of the slag heap. The fact that the original course was so clearly overlain
by the slag heap suggests the former to be true, but only analysis of the stratigraphy of the slag heap
can confirm this for sure.
In addition to O1, a track, was identified to the north of the edge of Areas A and B (O2). This may have
been a hollow-way formed during the operation of the site, or a much later feature relating to
movement through the landscape after the site was disused. It followed contours and skirts around
major features, which also leaves the possibility that it relates to the movement of livestock.
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Fig. 9: Level 3 survey plotted on the Enclosure plan of Satterthwaite Commons 1845 (WPC/41/23)
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Interpretation
The earthworks that have been recorded suggest a discrete complex used for industrial activity, most
likely the smelting of iron in a bloomery furnace. All the required resources are proximal to the site;
there is clear access to water, wood for charcoal and a suitable flat and elevated position for the site
along the spur of land running alongside the Hob Gill. It may be that iron ore itself came down from
the nearby “Iron Crag” marked on the Ordnance Survey mapping 1km to the south west of the site,
although this has not yet been confirmed and material may have been brought in from elsewhere. The
Hob Gill itself has been diverted and canalised to allow the expansion of the site, and to accommodate
the large slag heap A3, although it is not entirely clear at what point this may have happened within
the site’s history. The possible flue or gulley linking A2 with the Hob Gill, directly indicated the
importance of this water course, with the complex and how it must have been utilised in the ongoing
operation of the site.
The site clearly has several phases of activity, although A1 and A2 are the best candidates for a
bloomery furnace location, with all other features stratigraphically overlaying these and presumably of
later date. Despite being later in date it cannot be ruled out that A5-A7 and B2 are related to
ironworking. It may be however that these features represent later, post-medieval, reuse of the site,
potentially for a more agricultural then industrial purpose. Only excavation and analysis will shed
further light on what that may be.
In Area B the earthworks are more graded, not least by the significant impact of historic forestry
activities. This has made interpretation of B3 difficult, although it is clearly a platform for some kind of
structure. Associating this with a specific phase is more difficult as the clear relationships are not
visible on the surface. However, given the graded nature of the earthworks, it may be more
appropriate to associate them with the earlier phases of the site.
B1 is easier to identify as an area for either storage of or burning to create charcoal. The large
deliberately created flat space, along with a discernible surface scatter of charcoal and a much darker
soil, makes this interpretation much more convincing.
Conclusions
The Level 3 survey has helped understand the general layout and phasing of the site and made a
definitive descriptive and illustrative record of the earthworks. The analysis of this record has helped
confirm the form and function of the site as a bloomery, likely dating to the medieval period. It has
also highlighted that the site was likely reused over time or occupied for a long period and developed
throughout this time.
All of the key components of a bloomery site have been identified on the surface, and likely candidate
for intrusive investigation recommended, namely the charcoal platform B1 and the possible bloomery
furnace A2. These features are the most likely to yield positive results and further our understanding
of the site. It is also recommended that feature A7 and A3 are investigated in order to gain insight into
the reuse of the site and the stratigraphy and formation of the slag heap deposits. This will also
possibly shed light onto how the site developed and evolved over time.
The Level 3 survey of the site has not just made a permanent record of the earthworks, but has
presented interpretations that will be tested during the excavation and information for the future
management of the site.
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Fig. 10: Satterthwaite Level 3 survey on 1845 Ordnance Survey base map
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Fig. 11: Satterthwaite, Drone photograph of the site with Trenches I and II open, May 10 2018 (M
Simpson)
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Fig. 12: Contour survey from Total Station measurements plotted at 0.2m intervals set on site grid

6. Geophysical survey, by Ian Brooks (see Appendix 1 – as PDF)

The summary of the geophysical survey report notes:
‘The location of at least one, and probably more furnaces were defined together with a number of
other anomalies which may be the magnetic signal of a possible timber structure on the slag heap.
Other fainter anomalies also hint at other area of activity within the survey area. A series of linear
anomalies are assumed to be the result of forestry activities, although the magnetic strength of some
of these anomalies may suggest they are disturbing earlier anomalies’.
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7. The Excavation

Project design
The project design set out the requirements of the fieldwork and reporting for the Satterthwaite
Bloomery project, as follows:

Small-scale excavation is required at Satterthwaite in order to determine the extent and character
of the archaeological remains identified by topographic and geophysical survey. The exercise
should be considered as an extended evaluation with an opportunity to teach excavation skills to
volunteers.
The exact extent of the excavation will be agreed with the LDNPA Strategy and Partnership
Adviser on site, using the results of the topographic and geophysical surveys. The scale of the
excavation will have to take into account available time and the use of volunteers but is likely
start with one 2 X 2 metre trench at the bloomery and the excavation of a charcoal pit, both of
which could be extended if required.
It is envisaged that the following work will be required:
1. The artefact content of the topsoil should be assessed. Techniques might include measured
surface artefact collection, a series of topsoil test pits, or sampling of the topsoil from trial
trenching. The proposed strategy should be agreed with the LDNPA Strategy and Partnership
Adviser and will be expected to take account of the prevailing ground conditions on the site.
2. A programme of trial trenching across the site in order to establish the extent, date, nature and
preservation of archaeological deposits. The distribution of trenches will seek to achieve a
comprehensive coverage across the site. Topsoil removal and subsequent excavation will be by
hand.
3. A sufficient sample of features and deposits should be investigated to understand the full
stratigraphic sequence in each trench, down to natural deposits. All deposits should be fully
recorded on appropriate context sheets, photographs, scale plans and sections.
4. The evaluation should include a programme of sampling of appropriate materials for
environmental and/or other scientific analysis and a basic analysis of suitable deposits (restricted
at this stage to establishing the presence or absence of significant material). Special attention
should be paid to sampling securely dated deposits and features and specifically any waterlogged
and/or burnt deposits encountered.
5. The following analyses should form part of the evaluation, as appropriate. If any of these areas
of analysis are not considered viable or appropriate, their exclusion should be justified in the
subsequent report:
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6. Advice is to be sought from a suitably qualified specialist in faunal remains on the potential of
sites for producing bones of fish and small mammals. If there is potential, a sieving programme
should be undertaken. Faunal remains, collected by hand and sieved, are to be assessed and
analyzed, if appropriate.
7 The advice from a suitably qualified soil scientist should be sought on whether a soil
micromorphological study or any other analytical techniques will enhance understanding site
formation processes of the site, including the amount of truncation to buried deposits and the
preservation of deposits within negative features. If so, analysis should be undertaken.
Modifications of the project design
In the event, certain elements of the project design did not prove to be relevant to the excavated
deposits and were not pursued further. No intact soil profiles were identified under any of the
dumped deposits of slag; all the existing soils had been removed before dumping of slag began.
No faunal remains were seen at all during the excavation. Wet-sieved samples which may retain the
potential for fish or small mammal bones in the residues will be examined in the final analysis phase of
the project, and if present submitted to an appropriate specialist.
Analytical work undertaken for the final report
Four main areas of further scientific analysis were undertaken beyond the interim report.
1. Radiocarbon determinations for short-lived wood charcoal throughout the sequence of deposits to
provide a sound chronological framework for the development and use of the bloomery site and for
the nearby charcoal pitstead (Trench VI), with the assistance of an additional grant through the kind
offices of Eleanor Kingston. The radiocarbon sequence obtained was then subjected to Bayesian
analysis to refine further the chronology of activity on the site, by Dr. Victor Thompson, University of
Georgia, Athens, USA.
2. Analysis of charcoal for species identification and quantification, and for examination of woodland
management techniques such as coppicing, lopping or clear-felling.
3. Full analysis of the range of slags and industrial waste, consisting of 150 samples with approximately
3-5 samples per selected context (based on stratigraphic sequence and spatial patterning), to
characterise the processes undertaken at the bloomery.
4. The test pit flotation and wet sieving residues have been examined and quantified to provide a
detailed picture of the land-use across the bloomery promontory, beyond the presence/absence
model presented below.
The results of these analyses are presented below.
The excavations 30 April- 1 June 2018
The excavations were undertaken under the direction of Professor Harold Mytum and Dr Robert
Philpott between 30 April and 1 June 2018, with the kind permission of the landowner and assistance
of the Forestry Commission. Carolanne King acted as site supervisor. The community volunteers
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recruited and managed by Rusland Horizons were involved in all aspects of the topographical survey,
geophysical survey and excavation.
The location of the excavation trenches was determined by two main factors, the interpretation of
earthworks from the topographical survey, and the evidence of potentially significant anomalies
recorded in the geophysical survey after discussions by all parties. The trench locations were agreed
by the LDNPA Strategy and Partnership Adviser.
Area A: A series of five trenches (total area 21.5 m²) was excavated across the main bloomery site.
Area B: A sixth trench (Trench VI, total area 6.0 m²) was excavated to investigate a charcoal burning
site located close to the track on the edge of the forest (Trench VI) at a distance of about 165 m from
Trench I, which had been previously identified by Miles Dickinson and others.
In addition, a series of 15 test pits, each nominally 0.5m x 0.5m, was dug to examine the extent and
character of the industrial remains across the low plateau on which the site was set. The results are
presented below.
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Fig. 13: Location of Satterthwaite bloomery

Structural Narrative
The following is a summary of the main elements of the stratigraphic sequence in each trench, with an
interpretation of the significance and function of the features revealed.

Trench I
Trench I was located over a strong dipolar anomaly identified in magnetometry, extending into a
hollow area. The trench measured a nominal 3.5 m NS x 1.5 m EW on the surface but the excavated
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area narrowed at the base due to the need to batter the sides which were composed of unstable deep
slag deposits.
Phase 1: Natural subsoil
The trench was excavated as far as the upper surface of the natural subsoil, a firm yellow glacial clay
(30/40), which was reached at a maximum depth of 0.65m below the surface; into the surface of the
clay were set several subrounded river or glacial cobbles between 100-150mm long. The top of the
clay was discoloured and dirty with many fragments of ash, charcoal and slag pressed into the surface.
The exposed surface of the clay had clearly been used as a working surface during the iron-processing
phase.
Phase 2: Earliest bloomery deposits
The earliest deposits in the trench were poorly preserved and interpretation was tentative.
On the surface of the glacial till (30) at the base of the sequence were five discrete patches of black
ash, charcoal and slag closely associated with crumbly orange-brown partially fired clay.
1) The best-preserved was an oval ring of mid orange brown fired clay (41) was encountered on the
surface of the glacial till (30); the fired clay survived to a depth of only 20-30mm but formed a
continuous raised ring. The interior of the ring was a dark grey fill rich in charcoal (42). Part of the
feature lay under the western baulk. Charcoal from context 41 provided a radiocarbon date of 690
±25 BP (UCIAMS 213621).
2) An intermittent arc of partially fired orange-brown clay lumps to 80mm (27), largely set around the
outer edge of a very mixed slightly mounded deposit of black silty clay (24), containing much charcoal
including unabraded and freshly broken fragments to 50mm long, a few rounded stones to 150mm
but mostly to 70mm and many small fragments of slag to 30mm. After the removal of the low
mounded deposit 24, the fired clay rim 27 was seen to form part of a larger shallow oval deposit in
plan, extending for about 0.70m NE-SW by 0.30m, and set on the surface of the glacial till (30). The
fired clay (27) contained a few small flecks of charcoal up to 5mm within the surface, as well as a few
fragments of vitrified clay to 30mm. Charcoal from context 24 yielded a radiocarbon date of 690 ±25
BP (UCIAMS 213618), identical to that of context 41.
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Fig. 14: Trench I: Exposed surface at the base of the sequence [photo DSC_0469 24 May 2018, from W]
The deposit was considered to be possibly the heavily damaged remains of a furnace or possibly
smithing hearth but the absence of a heavily fired below-ground base to the furnace makes this very
uncertain.
3) A concentration of burnt stones (33), most measuring up to 150mm, with a maximum of 220mm,
subrounded river or glacial cobbles set in a rough circle in the top of the glacial clay (30) at the base of
trench (sealed by 11). Contained within but overlying the stones was a dark oval spread of charcoal
(31) under 21 in the SW part of trench, which contained 60% charcoal fragments up to 10mm with a
few fragments of fired clay furnace up to 60mm across. Context 31 (sample <105>) produced a
radiocarbon date of 650 ±25 BP (UCIAMS 213614).
4) Another discrete feature was an arc of partly fired mid orange brown clay (26/36), with paler fired
clay (28) in the interior of the arc. The fired clay only survives to the depth of a few centimetres (36)
but formed a distinct if discontinuous arc around the top edge of an oval dished hollow (29) but this
was not fully excavated as part lay under the western baulk. The south-eastern edge of the hollow had
a shallow U-shaped channel 0.17m wide tapering down to 0.12m and leading off towards the southeast for 0.43m. While superficially it resembles a slag-tapping channel, there were no obvious signs of
firing at the base of the feature. There were several rounded cobbles pressed into the boulder clay at
the base of the hollow (see plan and 3D photographs, Fig. 14).
The primary fill of the hollow (29) was a black deposit (37), consisting of 90% slag, many with fresh
breaks with many voids in the interstices, with a few pebbles to 30mm, and charcoal to 10mm. The
same deposit overlapped the north rim of the hollow and followed the underlying ground surface up
the slope to the north. Thus, either the deposit had formed within a shallow bowl-shaped hollow in
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the upper surface of boulder clay, and there was no furnace structure, or any structure had been
almost completely destroyed before the dump of slag was tipped into the hollow (29).
5) The final example was an irregular patch of charcoal in the south-east corner of the trench, lying
over the glacial till (30), (see Plan 6) but it could not be examined in detail in the time available
(allocated context number 43 in post-excavation).
This series of features of similar position at the base of the stratigraphic sequence has a number of
consistent characteristics. All except 43 are oval or circular deposits dominated by black charcoal, ash
and slag matrices with varying patterns and degrees of intactness of partly fired clay set around the
perimeter. They are all reduced to very low often discontinuous curvilinear clay deposits, suggesting
they form the heavily reduced and damaged bases of what were once more substantial structures. All
are associated with rounded stones pressed into the upper surface of the glacial till. The deposits
appear to be in situ and are set very close together without overlapping. Immediately over four of the
features a sequence of thin trampled surfaces had developed, suggesting that the structures, such as
they were, were deliberately dismantled and reduced to ground level before the area continued in use
for iron production.
Phase 3: Demolition of bloomery furnaces and slag dumping
Surfaces 20, 11, 38
Overlying the patches of charcoal and discontinuous fired clay alignments was a sequence of three
thin layers (under major slag deposit 17); one (20) consists of 80% fine fragments of slag resting
directly on a distinctive deposit of greenish grey clay (21=11), which contained much charcoal, many
fragments of fired clay to 20mm, and many small fragments of slag, most between 5-10mm (21).
Context 11 was represented by a thin greenish grey clay deposit (11), which sloped up markedly
towards the north. At the highest part of the slope in the north-west corner of Trench I a cluster of
four or five deliberately placed large stones (39) had been set within 11, the longest 300mm, rounded
and subrounded. Their function is impossible to determine with certainty although they could have
formed part of a structure associated with a trampled surface just above the glacial clay in Trench IV.
Layer 11 had developed over 38 as a stable ground surface contemporary with 20/21. Context 38
consisted of a dark grey near-black deposit, with some fragments of burnt furnace clay to 20mm, and
a dense charcoal component above the possible infilled hollow (29) and above context 37, the dump
of slag which overlies the pit 29.
Pit 25
In the NE corner of trench was a deep pit with steep sides (25), possibly oval in plan but lying partly
under the baulk. It cut through the stable working surface 11, and 23. Constraints of space meant it
could not be fully excavated but there was no obvious sign of a vitrified structure so its function
remains uncertain. The pit had been filled with a large dump of slag; this was allocated two context
numbers (10, 18) as it was excavated in two spits to separate the deposits vertically but there was no
discernible difference within the deposit.
The lower fill 18 produced a radiocarbon date of 685 ±25 BP (UCIAMS 213613).
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Slag dumps (09/17, 19)
The most substantial dump of slag consisted of large unbroken tabular fragments (09/17) which spilled
down the clay bank over a former ground surface (11/38). Context 09/17 consisted of about 90% slag,
consisting of many large platy tabular fragments of tap and furnace slag up to 300mm long with many
large voids between the fragments. The matrix also contains a few fragments of fired clay, probably
furnace wall or hearth fragments. One distinctive characteristic was fragments of tabular slag tilted on
edge (recorded separately as 15, but on excavation seen to be part of the same deposit, 09/17). The
freshness and large size of this brittle and easily fragmented material suggest it was dumped as fresh
slag direct from the bloomery from close by and was subject to little further disturbance or trampling.
During excavation the slag deposit 09 appeared to have been tipped into a void or hollow, potentially
of a former bloomery furnace as it coincided with the strong dipolar anomaly found in the geophysical
survey. However, on further excavation no such structure was identified and there may be a more
prosaic explanation within the dumping process itself: the hollow may have been created by dumping
a mound of slag a little way from the top of the slope, then infilling the hollow space between that pile
and the slope.
A series of further dumps of slag overlay 09/17, consisting of 19, a very dark grey sand silt, with a high
proportion of slag fragments measuring from 20-100 mm and occasionally to 200 mm, then 08 which
contained about 50% slag in a dark grey silty loam matrix.
One significant difference between the slag deposits appears to be in the relative freshness of the
material. The slag in 09/17 consisted of particularly obvious large platy fragments, while other
deposits were much smaller, or more broken (03, 08, 19) which may point to not only the source of
the material but also to the short distance and duration of time elapsing in carrying the slag from the
furnace to its final resting place, suggesting the furnace lay close by.
Feature 12, and fills 13, 14
Cutting through the extensive, well developed slag dump was a linear cut (12), the edge of which ran
north-south along the eastern side of the trench. The precise edge of the cut was not easily defined
against the irregular edge of the slag deposit and the overall form of the feature in plan could not be
determined as it lay under the eastern baulk. The cut contained two contexts, 14 and 13. Context 13
consisted of at least 50% charcoal with some fine slag in the matrix, up to 20mm but mostly smaller,
and a few rounded or subangular stones to 25mm. Context 14 had a higher charcoal content, with up
to 80% charcoal, with intact roundwood fragments to 30mm across, a few fragments of slag to 50mm,
and occasional stone fragments with a few small lenses of greenish grey clay within the deposit, as
well as a few lumps of fired clay (probably furnace wall) to 50mm. The distinctive characteristic was
the high charcoal content, including some large roundwood fragments along with many smaller pieces
and powdery fines. Although the fairly straight edge suggests a possible gully, the evidence from
context 318 in the neighbouring Trench IV to the west raises the possibility that it formed one edge of
a wider cut hollow into which charcoal had been deposited.
A large charcoal-rich deposit (05) sealed the upper fill (10) of pit 25.
An observation which is consistent with the interpretation of the negative feature as a larger hollow is
the presence of a thin layer of slag close to the base of the cut, lying above charcoal but also sealed by
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a very similar charcoal, which appears to be a lens of slag. This was not allocated a separate number
but appears to be a lens within 13/14.
The fill in the southeast of the trench contained a dumped deposit of partially fired brown clay in an
arc (07), with a black charcoal-rich core (13), the latter being one of fills of the linear feature (12)
extending along the eastern side of the trench.
Two radiocarbon dates were obtained for this part of the sequence. The charcoal layer 13 produced a
radiocarbon date of 660 ±25 BP (UCIAMS 213616), the charcoal rich deposit 05 was dated to 680 ±30
(UCIAMS 213617).

The latest bloomery deposits
Slag dumps 04, 02, 03
Under the topsoil a clearly defined oval area 04 was identified, which corresponded with the position
of the dipolar anomaly identified in the geophysical survey. It consisted of differential deposition of
slag, smaller and more fragmentary than the earlier deposits of 09/17, or 19. To the east, north and
south-east a band of very dark grey silt with much charcoal was deposited. To the south of 04 was 06,
a slag deposit with a very slightly different matrix, a little darker and with smaller slag fragments. The
differences may have no more significance than the near-contemporary dumping of different waste
components from the ironworking process.
The uppermost deposits associated with the bloomery consisted of contexts 02 and 03, a very dark
grey silt loam with some roots and much slag, divided spatially into two to differentiate finds from the
northern (02) and southern (03) areas of the trench. The topsoil (01), a very dark grey silt loam,
contained many turf roots as well as a significant quantity of slag, mostly 20-60mm but occasionally up
to 150mm.

Fig. 15: Tr. I: W-facing section showing slag and charcoal deposits
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Fig. 16: Tr. I: E-facing section showing charcoal and slag deposits with Pit 25
Discussion
Within the modern topography, the trench was located near the top edge of a hummocky but broad
flattish area before it slopes down to the Hob Gill to the south. However, this is somewhat misleading
as the depth of dumped slag on the flat plateau area has substantially modified the original ground
surface.
Interpretation of the heavily disturbed curved lines of fired clay at the base of the sequence is difficult.
In each case these may have represented the poorly preserved base of a furnace wall of which the
superstructure had been completely destroyed, leaving only vestigial remains of the structure. The
example with charcoal in the centre (41) is perhaps the most convincing example but in no case is this
certain.
The curved clay features were set close together, almost contiguous. This may indicate the sequential
replacement and rebuilding of one by another close by, although it is not inconceivable that they were
in contemporary use, before a more radical change in use when the whole area was used for dumping
slag.
The features then appear to have been set against the prevailing ground slope. In this location, if they
were furnaces, they would have caught the prevailing wind so increasing the natural draught over the
cylindrical shaft and enhancing the updraught which in turn would increase the efficiency of the
smelting process. It would also have simplified charging the shaft with ore and charcoal from the
upslope.
However, this interpretation must be regarded as problematical. If indeed any were heavily damaged
furnace bases, they do not take the form of the highly fired and vitrified solid clay bases which are
typically recorded elsewhere (e.g. Holcombe Valley near Bury, Lancashire, excavated in 2018; or Llywn
Du and other North Wales sites published by Crew). It is difficult to account for the lack of such
features here. One possibility is that the furnaces were demolished and the superstructure was almost
completely removed leaving only the fragmentary traces of fired clay and stones on the reduced
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ground surface. Alternatively and perhaps more likely, the oval fired clay features may not have been
the remains of bloomery furnaces but served some other purpose, such as ore roasting hearths or
smithing hearths, which did not result in a highly vitrified base. It is just possible they are the remnant
of superterranean furnaces (P. Gethin pers. comm.). At present no fully satisfactory alternative
explanation can be offered.

Trench II
Trench II, measuring 3m east-west by 1m north-south, was excavated into the deep slag deposits
which had accumulated on the eastern side of the steep slope down from the main promontory. The
eastern end of Trench II lay just over 3m from the edge of Hob Gill.
The trench had two main aims: to determine the depth of the slag deposit, and to find the ground
surface for pollen sampling in order to determine the woodland environment prior to iron production
and slag dumping on this part of the site.
Phase 1: Pre-bloomery deposits
The earliest layer encountered in Trench II consisted of clean bright yellow glacial till (107), which had
been exposed directly to tipping of slag.
Phase 2: Bloomery slag tipping
Initial tipping of slag took place directly onto the clean exposed boulder clay surface, indicating that
the turf and topsoil had been removed before the dumping began. A large number of fragments of
slag from the overlying slag dump had been pressed into the top of the clay subsoil (106). The lack of
both a stable turf and topsoil layer and also of any inwash of sediment from the slope to the west
suggested that removal of the topsoil and turf took place shortly before the start of tipping.
The primary slag deposits 120, 119 and 118
The lowest deposit 106 is coated with fine particles of clay obscuring any minor differences between
the character of the slag deposits.
From context 117 to 109 a sequence of lenses of dark grey fine crushed slag like 108 was encountered
(111, 113, 115, 116, 118, 120) alternating with dumps of coarser larger fragments (similar to 103;
contexts 109, 110, 112, 114, 117, 119). The fine detail of the sequence of deposition was only revealed
in section by differential drying as the porous coarse slags lost moisture more quickly than the finer
slags. The fine slag deposits are shallow lenses on average about 50mm deep. The angle of slope of
the tipping lines which are higher at the eastern end of the downslope ran counter to expectation if
material was simply dumped at the top and rolled down to settle on the face of the slope. The buildup was probably therefore caused by accumulation against some obstacle at the base of the slope.
The uppermost layers, which were the final deposits of slag dumped on top of the developed slag
heap, were more homogeneous, with 104 consisting of an estimated 90% slag, overlain by a similar
deposit (103).
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Slight differences are evident between the slag deposits but it requires further investigation to
determine to what extent these are chance variations within a mixed layer or whether they represent
genuine differences in the ironworking technology or manufacturing process. Equally, it is uncertain
whether the discrete deposits represent tipping of slag from different parts of the same contemporary
process, or to what extent they reflect differences in dumping over a longer period of time.
Phase 3: Post-bloomery topsoil development
The uppermost slag deposits were overlain by an organic silt deposit (102) underneath the developed
topsoil (101). The topsoil was thin over the slag heap (depth 40-90mm) reflecting the hostile ground
conditions for vegetation growth, with the slag parent material low in nutrients and resistant to
weathering to form a soil.

Fig. 17: Trench II S-facing section showing slag dumps

Discussion
In Trench II, as in Trench V, before the dumping of slag began, the turf and topsoil had been removed,
reducing the surface to the boulder clay. There was no sediment inwash either through flooding from
the nearby Hob Gill stream or from colluviation (hillwash) down the slope. Nor was there any
accumulation of soil on the clay through vegetation regeneration and decay, or a turf line above the
clay. The lower slag deposit (106) was coated with fine film of clay particles suggesting either periodic
inundation from the nearby stream overflowing the bank or infiltration of clay-rich ground water
through intermittent raising of the water table.
One unexpected discovery which emerged as the trench sections dried out was the evidence of tip
lines consisting of small deposits of slag, perhaps no more than individual basketfuls, which had been
dumped on the slope. However, the angle of tipping of these small lenses ran counter to expectation,
as all the tip lines rose up higher on the downslope end, indicating that they must have been tipped
against some obstruction at the base of the slope. It is uncertain whether this was a fence or low
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revetment such as a turf wall, or simply an initial bank of slag dumped at the base of the slope as a
barrier. The effect was to prevent the dumped slag from reaching the Hob Gill immediately to the east
of the site. Examination of the stream bed showed virtually no slag in the stream, and only one large
piece was recovered from many metres downstream in an informal search. Ian Brooks pointed out
that in the notoriously litigious medieval period tenants and landowners jealously guarded their rights
and the monks and their workforce (whether free or tenants) may have been keen to avoid polluting
the stream or impeding the water flow of this important communal resource which might have caused
friction with neighbours downstream. The fact that the slag lay immediately on top of natural clay
subsoil indicated that the turf and topsoil had been removed before dumping began. It is conceivable
that this area had been stripped of topsoil, for use for clay digging for material for the furnaces, while
the turf also represented a useful resource for roofing or fuel.
This implies a degree of forward planning and organisation of the site, which might imply an intention
for long-term exploitation.
The trench cut through the lower part of a very large slag deposit which had been dumped around the
edge of what appears to be a natural scarp. The volume of the slag deposit is impossible to determine
without knowledge of the original ground surface. However, the height of the slag deposit at up to
3.0m extending over an arc of 37m NS by up to EW indicates an extensive accumulation of bloomery
waste, representing either production over a considerable time or a high intensity of production, or a
combination of both.

Trench III

Trench III was located on a local high point within an area which appeared on the surface to contain
possible structural earthworks, with a low roughly subrectangular bank visible on the surface (see
topographical survey). The trench was located to investigate the interior and the bank of the feature.
The trench measured 3.5 m NS x 1.5 m EW. On excavation, the deposits were seen to consist entirely
of dumps of slag so a narrow slot trench was excavated to see if the ground surface could be
identified. Excavation was halted at a depth of 0.60m below the surface when a consistent dump of
slag was seen to continue at that depth.
The entire sequence consisted of dumps of slag, showing little differentiation within the dump. As in
Trench II, excavating and recording in plan the complex interleaved layers of very similar material
within the slag deposits proved difficult. However, tip-lines and minor differences between deposits
within the sequence of dumping were more obvious in section so the principal record was made from
the two sections. The tip-lines in the section show that the main direction of dumping was from the
south towards the north.

Discussion
Although the topographical survey prior to excavation suggested that this area appeared to be a prime
candidate for structures on the surface, the trench demonstrated conclusively that no structure was
present and the excavated sequence consisted entirely of dumps of slag. The excavation does provide
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a valuable warning over the need for caution in interpreting superficial earthworks within major waste
dumps without excavation to test the surface remains.
A linear hollow visible on the surface and represented by contexts 210 and 220 is surface disturbance
caused by Forestry Commission tree planting.

Fig. 18: Trench III, Sections through the slag deposits

Fig. 19: Trench III, 3D photogrammetric view of the slag deposits
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Trench IV
A trench measuring 3.5 m EW x 2.0 m NS was opened immediately adjacent to Trench I with two main
aims: to gain further information on the deposits visible within Trench I, and to investigate an area
which could be seen to contain much visible charcoal in an eroded patch on the ground surface.
Phase 1: Pre-bloomery
A narrow slot trench 0.75m EW x 1.85m NS was excavated at the eastern end of the trench, close to
Trench I, to avoid damaging the well-preserved floor (see below). The boulder clay was not reached in
this slot although the presence of the stones and slag (315) suggests that the clay did not lie far below
this trampled deposit, as occurred in the neighbouring Trench I to the east.
Phase 2a: Consolidated surface
The earliest deposits were revealed in the narrow slot at the eastern end of the trench. They consisted
of a hard surface of stone and slag (315), sloping down from north to south (same as 21 in adjacent
Trench I).
Context 313 was a mid greenish grey clayey deposit on which were many fragments of orange fired
clay, from a hearth or furnace wall. The deposit 313 was considered to be the continuation of the
identical layer 11 in Trench I only 0.50m to the east.

Fig. 20: Trench IV plan
47

Fig. 21: Trench IV: 3D photogrammetric view of the consolidated surface (see plan for context
numbers)

Phase 2b: Iron slag dumping
Over the surface 315 and 313 a substantial dump of iron slag had been deposited. Although effectively
the same deposit, it was excavated in two spits (lower 314, upper 312). The matrix consisted of 7090% slag, mostly medium-sized slag pieces up to about 60mm but occasionally larger, with some
charcoal, and was up to 0.13m deep.
Phase 2c: Charcoal storage area
Into the top of the dump of slag (312) a shallow hollow (318) had been dug and filled with a dense
black charcoal-rich deposit (317, probably same as 305). Context 317 was also investigated in the
narrow slot trench on the eastern edge of the consolidated surface and consists of an intense black
deposit rich in charcoal (80%) with fine grains and fragments of charcoal up to 10mm long, and
occasionally larger; there were also a few stones to 30mm (same as 305). The charcoal layer, and the
cut in which it had been deposited, extended under the area of the floor (304, 307-311).
Context 317 had charcoal suitable for radiocarbon dating (sample 101), which produced a date of 620
± 25 BP (UCIAMS 213615).
It appears that the area was used for charcoal storage. As a permeable material the slag base would
have provided a solid well-drained foundation to keep the charcoal dry. The charcoal was stored close
to the bloomery for ease of use, suggesting that furnaces lay close to this location at this time.
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Fig. 22: Trench IV, section showing cut 318 with charcoal fill 317, from S [DSC_0072.Jpg]

Phase 2d: Consolidated slag floor
On top of the charcoal layer (305, 317), a dense consolidated floor had been constructed, consisting
largely of broken slag fragments, along with some pieces of stone, and occasional fired clay lumps
(304, 307-311 inclusive).
Across the surface there are subtle variations where slightly different construction materials had been
used. The surface was indurated, with consolidated slag and furnace fragments and four or five
limestone pebbles. An outer ring of slag fragments was set at a higher level around the perimeter with
a fine charcoal-rich material in the interstices. The upper surface of the component pieces had been
subject to intense heat.
One clearly defined dished feature (307) within the hard slag surface looked to be a small roasting
hearth in diameter about 0.60m. Next to the dished hollow (307) was a trapezoidal area in plan (308)
with a series of large tap slag fragments along the edge and smaller slag fragments on the interior
creating a slightly dished area, 0.50m NS x 0.45m EW but merges with 309 to the west. The area of 309
has a black silty clay matrix with many fragments of slag, mostly under 30mm, some highly vitrified,
with a small number of larger tap slag fragments. A large buff stone measuring 250 x 160mm and laid
flat and a cobble 150 x 150mm nearby may be padstones (see Figs 20 and 21). This area has a higher
proportion of small fragments of slag than the rest of the surface. To the NW of this zone the line of
slag dips down and forms a slightly raised linear edge to the SE.
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Also within the floor, context 310 consisted of an area of mixed slag and flat tabular tap slag, with dark
purplish grey slag formed c. 80% of the matrix, measuring up to 120mm long but mostly in the range
20-50mm; there were about 20% subangular stones some light buff with traces of pinkish burning
(maximum stone size 120mm but mostly 50-80mm). Context 311, adjacent to 307 and 310, has a black
matrix within a consolidated slag surface, with a wider variety of slag and components, size 100200mm of purplish slag, but 90°angled break with difference in surface coloration. The boundary with
310 was arbitrary.
Within 309, an alignment of a large flat stone, a rounded cobble and a flat large fragment of tap slag,
spaced evenly might conceivably have formed structural padstones which could have supported light
posts. There were slight hints that the surface may have lain within a building, particularly an
alignment on the north-western edge of the surface, which together with a slight but distinct rightangled break in slope, suggest an interior surface.
Amid all the dark brown stone and slag fragments in 307, a small group of three rounded white
limestone pebbles measuring up to 80mm across had been set together in a group on the edge of the
dished hollow (307). The selection and positioning as a tight group was clearly purposeful. On one
level it may be no more than an aesthetic recognition of the similarity of attractive white stones, just
as people have a tendency to pick up smooth white pebbles. But the possibility of a deeper symbolic
significance, now unrecoverable, cannot be dismissed.
Above the consolidated floor (304, 307-311), but also extending to the east beyond the floor was a
layer of black silty clay (303) containing much very fine charcoal and 25% slag of which a few large
fragments measured up to 200mm. This deposit produced two sherds of pottery probably 12th-14th
century in date, one above the stone floor (see Bradley, medieval pottery report, below). The
possibility of a domestic function cannot be entirely ruled out.
The slag surface (304) lay only a centimetre under the modern ground surface at its highest point, and
the present uneven surface may have resulted in part from subsidence and settling over a slag deposit.
The topsoil (300) consisted of turf roots and tree roots in a fine greasy silt deposit, black with charcoal.

Trench V
Trench V was a small test-pit measuring 1m² designed to investigate an area of the site to add to the
understanding of potential zoning of activities. It lay in an area where test pitting had revealed a
charcoal and slag deposit at some distance from other trenches.
Phase 1: Pre-bloomery
The lowest deposit consisted of yellow glacial till (405).
Phase 2: Bloomery phase
The earliest deposit above the boulder clay was a dense concreted layer of iron-rich material (404);
which included some large fragments of slag and a few of stone. Whether (404) is slag or roasted ore
requires scientific analysis. A substantial deposit of charcoal fines (particles too small to be used in the
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bloomery furnace) with a few larger fragments, measuring up to 0.26m thick, lay over the iron-rich
layer. This appears to have been deposited as a foundation or base for a deposit of charcoal (402),
between 0.10-0.13m thick. The latter was sealed by a patchy, less compact deposit of slag (403).
Context 402 (sample 58) yielded a radiocarbon date (UCIAMS 213620) of 685 ± 25BP, placing it firmly
within the main phase of iron processing in Trenches I and IV.
Phase 3: Post-bloomery disuse
Above 403 was a 0.10m depth of black clay silt (401), rich in charcoal, with some slag, burnt clay and
stones. The fine dark grey/black topsoil (400) also included some small fragments of slag, up to 0.10m
long but mostly smaller.

Fig. 23: Trench V sections
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Fig. 24: Trench V, E-facing section showing charcoal and fired clay deposits

Discussion
As in Trench II, the ground surface in Trench V had been cleared of turf and topsoil before the exposed
boulder clay surface was used to dump slag. The turf was a valuable resource in its own right, for fuel,
for damping down and excluding oxygen from a charcoal burning clamp, and as a building or roofing
material. The upper layer of clay may also have been removed for industrial purposes.
In Trench V a layer of iron slag appears to have been laid down over the clay as a foundation for the
charcoal. The density of the charcoal deposit, and lack of mixing with other material, makes it likely
that the area was dedicated to the storage of charcoal close to the furnaces within the bloomery
complex. It is certain that some kind of shelter would have been necessary to prevent the fuel from
getting wet and becoming unusable. At the medieval bloomery site of Llywn Du in North Wales a
cruck blade was found suggesting a substantial structure, barn-like, in which the bloomery was housed
(Crew and Mighall 2009, 473). The trenches at Satterthwaite were too limited in scope to identify with
certainty structural elements, so the form of any structure is unknown. Such an investment may not
have been present here but in the absence of concrete evidence, the form of any structure is
unknown.
A further possible charcoal storage area was identified in Trench IV. It is not known whether these
were in contemporary or successive use.
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Trench VI
Trench VI was located away from the main site at a distance of 163m south of Trench I and was
excavated to investigate a charcoal-burning area which stood beside the modern track on a narrow
strip of open ground beside the Forestry Commission coniferous plantation. It consisted of a long
narrow trench 5.0 m NS x 1.0 m EW, which was expanded to 2.0m x 1.6m to the north-east to
investigate the feature revealed in the main trench.

Fig. 25: Trench VI: after removal of charcoal 505, showing hollow 508

Fig. 26: Trench VI, hollow after part-removal of charcoal deposit 505
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Phase 1: Pre-industrial use
The subsoil (504) was not excavated fully to the boulder clay. However, the yellowish-brown clayey
consistency of 504 indicated that glacial till formed the underlying natural subsoil here as in Area A.
Phase 2: Charcoal burning
On excavation the charcoal-burning feature took the form of a shallow dished hollow (508) in the clay
subsoil 504, only 60mm deep and 1.23m NW-SE by 0.82m, although it was not fully excavated as it
extended outside the trench to the north-east. The primary fill (505) was a dense dark grey to black
clay silt containing about 80% charcoal, including many large unabraded pieces of roundwood up to
50mm long and much fine material. Two stones measuring up to 0.10m long lay on the northern edge
with a few smaller stones in the fill.
The dense charcoal deposit was evident immediately under the topsoil. The charcoal fill was excavated
in spits as no sharp and clear distinction was evident in plan or section between the fills 505, 503 and
502, although the proportion of charcoal increased toward the base of the hollow.
A possible posthole 507, of elongated oval plan with a shallow U-profile and flat base, 0.44m by 0.25m
by 60mm deep, was filled with dark brown black clay silt (506), consisting of 75% charcoal and a few
angular pebbles. It was sealed by 503 and cut through 504. The very shallow cut suggests that if it
were a post-hole it was either heavily truncated or the post did not penetrate deeply into the ground,
virtually resting on the surface.
Although the dense mass of charcoal indicates the area was apparently used for burning charcoal the
base of the hollow appeared to be little altered by heat, with only faint traces of burning present.

Discussion
Discussions of charcoal burning in Cumbria focus on a traditional form, the pitstead. This consisted of a
platform which on reasonably level ground is often characterised by a low bank, and on sloping
ground usually terraced into the slope often with a stone revetment at the front edge, measures on
average 7m in diameter (ranging from 5.5-8.0m (Bowden 2000, 24; Hazell et al. 2017), and has a
central posthole to take a timber upright, known locally as the ‘motty peg’, around which the cut
timber was carefully stacked ready for firing. In Furness, the low bank around the pitstead was created
by repeated raking out of charcoal from the central platform and mounding up around the burning
area. The pitstead was already in use from the earliest accounts of charcoal burning in the 16th and
17th centuries and remained unchanged to the end of charcoal burning in the 1960s (Bowden 2000,
23). Two radiocarbon dates from the charcoal in Trench VI indicated that the platform was in use
between the late 17th and early 20th century. Context 505 (UCIAMS 213612) and context 503
(UCIAMS 213619) produced dates of 190 ± 25 cal BP and 135 ± 20 cal BP respectively. Thus, there is no
temporal connection between this charcoal platform and the medieval bloomery.
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An alternative form of charcoal production was in use in the medieval period in a number of areas of
Britain. The dry wood was stacked within a pit dug into the ground. At Satterthwaite the base of the
feature consisted of a slight shallow dished hollow in the subsoil, only a few centimetres deep, so
there was no pit of the kind in use in the medieval period. However, it did not take the form of a
classic pitstead platform.
The wealth of charcoal fragments, including many neatly cut fragments of roundwood, provide an
indication of species and woodland management regimes.

8. The Radiocarbon Sequence
A series of ten samples of charcoal were submitted to the University of California Irvine Keck Carbon
Cycle AMS Program for radiocarbon dating.
Context

Phase

Sample

Taxon

Weight

Notes

505

29

Corylus sp.

0.737g

Branchwood with pith and bark. 10-15 growth rings (11)

18

77

Quercus deciduous.

0.599g

Branchwood with pith and bark. 15-20 growth rings. (20)

31

105

Alnus sp.

0.081g

Mature wood.

317

101

Quercus deciduous.

0.048g

Wood with bark. More than 20 rings.

13

45

Ilex aquifolium

0.184g

Branchwood with pith and bark. 5-10 rings (6).

5

30

cf. Ilex aquifolium

0.485g

Juvenile wood with bark. 16 rings.

24

Corylus sp.

0.293g

Wood with bark. 15-20 rings (16)

503

Corylus sp.

0.168g

Wood with pith and bark. 8 rings

Alnus sp.

0.035g

Roundwood with pith and bark. <5 rings.

Betula

0.267g

From heavy residue

402

58

41

142

Table 1: List of taxa and samples submitted to the University of California Irvine Keck Carbon Cycle
AMS Program for dating

The radiocarbon sampling had two principal aims. The first was to establish the date of the iron
smelting and the duration of the activity; the second was to establish the date of the charcoal burning
platform in Trench VI and to assess the duration of use. The dates would indicate whether the
charcoal platform was contemporary with the nearby iron bloomery or belonged to a different phase
of activity.
The second aim was achieved by sampling from the base of the deposit (context 505), which was
securely sealed and not likely to be contaminated, and the overlying layer (503), to provide some
potential chronological separation of the deposits.
The first aim was achieved by dating deposits from the base, intermediate point and top of the
depositional sequence in Trench I. Additional samples were dated from charcoal-rich deposits in
Trenches IV and V to establish the dating of deposits across the site.
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The samples were selected where possible for their short-lived growth to avoid the problem of dating
‘old wood’ where the organic age of the tree may be considerably older than its cutting date. Only one
sample, from context 31, was mature wood; another from 317 was wood with bark with over 20 rings;
the remainder had 20 or fewer rings.

UCIAMS #
213618
213621
213613
213620
213617
213616
213614
213615
213612
213619

Sample name
SAT 18; context 24
SAT 18; context 41; 142
SAT 18; context 18; 77
SAT 18; context 402; 58
SAT 18; context 5; 30
SAT 18; context 13; 45
SAT 18; context 31; 105
SAT 18; context 317; 101
SAT 18; context 505; 29
SAT 18; context 503

14C

Fraction
Modern

±

D14C (‰)

±

age
(BP)

±

0.9178
0.9177
0.9185
0.9185
0.9189
0.9214
0.9223
0.9260
0.9768
0.9836

0.0025
0.0024
0.0024
0.0024
0.0030
0.0024
0.0024
0.0027
0.0026
0.0024

-82.2
-82.3
-81.5
-81.5
-81.1
-78.6
-77.7
-74.0
-23.2
-16.4

2.5
2.4
2.4
2.4
3.0
2.4
2.4
2.7
2.6
2.4

690
690
685
685
680
660
650
620
190
135

25
25
25
25
30
25
25
25
25
20

Table 2: Radiocarbon determinations for the Satterthwaite samples (radiocarbon concentrations are
given as fractions of the Modern standard, D14C, and conventional radiocarbon age, following the
conventions of Stuiver and Polach (1977)).

All six dates in the Trench I sequence fell within the range 690 ± 25 to 650 ± 25 BP. The close similarity
of the dates throughout the sequence suggests a relatively rapid phase of dumping on top of the
features at the base of the sequence. The earliest deposit, 41, gave the oldest date in the sequence, at
690 ± 25 BP. The most recent context, 5, near the top of the sequence is closely similar at 680 ± 30 BP.
Other intermediate dates fell into a narrow range which at 2 σ overlapped with both the top and
bottom dates, supporting the idea that the infilling was achieved rapidly with very little time elapsing
between the deposition of top and bottom layers.
Within the stratigraphic sequence, there are minor variations. The same early date 690 ± 25 BP as 41
was obtained from a stratigraphically later deposit, context 24. The dumping of slag in a pit towards
the later part of the sequence, context 18, has a date of 685 ± 25 BP, while the charcoal-rich deposit
towards the top of the sequence, context 5, yielded a date of 680 ± 30 BP. The charcoal deposit 13
produced a date of 660 ± 25 BP, a little more recent than the deposit 5 which seals it, but both lie
within the date range indicated by the radiocarbon determinations at 2 σ.
There is one date from context 31 which appears on the face of it anomalous. This is near the base of
the sequence and might have been expected to yield a date close to that of context 41 but the
determination at 650 ± 25 BP lies within the span of date ranges for the overall sequence and is not a
significant departure.
The latest date in the sequence at 620 ± 25 BP in Trench IV comes from context 317, a charcoal
deposit sealed by the consolidated surface in Trench IV (contexts 304, 307-311). This implies that the
charcoal storage area, and the overlying surface, may be some decades later in date than the deep
deposit of iron smelting slag found to the east in Trench I.
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The charcoal storage area in Trench V represented by context 402 produced a date of 685± 25,
suggesting it was in contemporary use with the slag dumping, and hence with the iron smelting, which
was creating the deep slag deposit in Trench I.
Determining the absolute dates for the iron smelting activity is a little less straightforward. A
characteristic of the radiocarbon curve at this part of the medieval period is a wiggle which means that
the intercept on the curve has two potential date ranges at about 600 years BP. In each case for the
main bloomery site, the dates therefore have the double peak.
There are three possible interpretations: all the dates belong to the earlier peaks, all the dates belong
to the later peaks, or one or more dates belong to the earlier peaks and the remainder to the later.
Only one of the dates (context 317) falls into the trough between the two peaks but its triple peak
spans the whole range, one of which matches the earlier peak, and a double peak which spans the
later peak. As the two sets of peaks are consistently separated by the same trough, it may be argued
that the dates all belong to one or other of the peaks, rather than being mixed. The wider peaks are
the earlier within an overall date range for the determinations of 1270-1320 CalAD. The narrow peaks
span 1345-1390 CalAD due to the long range of context 31, though most lie within the range 13551390 CalAD. Most of the samples have higher probability values for the dominant earlier peaks.
Context 5 for instance has 60.4% probability of a date at 1270 (1316 CalAD), with 35.0% probability at
1355 (1390 CalAD). The exception is context 31 where there is a slightly higher probability for 1348
(1393 CalAD) at 52.5%, over 42.9% for 1282 (1322 CalAD). However, given the stratigraphic position of
context 31 within the sequence, and the consistency of dates above and below 31 in the matrix, it is
reasonable to prefer the earlier date.
The argument that the earlier peak should be preferred receives corroboration from the two small
pottery sherds. Jeremy Bradley tentatively assigns these to a sandy ware tradition represented at sites
in Lancashire and South Cumbria, notably Priory Gardens, Cartmel. The pottery from the Cartmel site
has been dated to the mid-12th to mid-14th century, which Bradley suggests may apply also to the
Satterthwaite sherds. If correct, the pottery supports the case for the earlier radiocarbon peaks at
Satterthwaite.
Bayesian analysis of the early sequence was kindly undertaken by Dr Victor Thompson, Director,
Laboratory of Archaeology at the University of Georgia, Athens, Georgia.
Overall, the Bayesian analysis indicates that the earlier peaks represent the more likely date for the
ironworking activity on the site, with an overall date range of 1275-1305 CalAD for the span of activity
on the site. The earlier of the two peaks is considered to be more likely to be correct in each case. This
suggested the duration of activity could be as short as 15/20 years (1285-1305) and as long as 35 years
(1275-1310) – see boundary start and end dates on Fig. 27).
The charcoal burning platform in Trench VI is chronologically much later than the iron smelting activity
and is not connected with the medieval bloomery. The radiocarbon curve for these samples also
produces multiple peaks; the middle peak of the three has the highest probability. Context 505 yielded
a date at the intercept of 1731 (1809 cal AD), while 503 has an intercept date of 1799 (1892 cal AD).
Together the two dates suggest charcoal burning in the 19th century.
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Fig. 27: Radiocarbon dates for the Satterthwaite sequence, after Bayesian analysis (courtesy of Victor
Thompson)
Indices
Amodel
141.8

Name

Modelled
(BC/AD)

Unmodelled (BC/AD)
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%
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%

Aoverall
138.8
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%
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1275

1295

68.2

1270

1380

95.4

Acomb

A

L

P

C

Sequence
Boundary Start 1

98.4

Sequence 1
R_Date 31

1285

1390

68.2

1280

1395

95.4

1280

1295

68.2

1275

1380

95.4

77

99.1

R_Date 24

1275

1380

68.2

1265

1385

95.4

1280

1295

68.2

1275

1380

95.4

130.7

99.4

R_Date 13

1285

1385

68.2

1275

1395

95.4

1280

1295

68.2

1280

1380

95.4

116.8

99.2

R_Date 18

1275

1380

68.2

1270

1390

95.4

1285

1300

68.2

1280

1385

95.4

126.7

98.4

R_Date 41

1275

1380

68.2

1265

1385

95.4

1285

1300

68.2

1280

1385

95.4

115.3

98.4

R_Date 5

1275

1385

68.2

1270

1390

95.4

1285

1305

68.2

1280

1385

95.4

130

98.4

1285

1305

68.2

1280

1390

95.4

98.3

0

15

68.2

0

35

95.4

98.6

Phase 18-41

Boundary End 1
Span

Table 3: Bayesian calibration of Satterthwaite radiocarbon dates
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9. Test Pits

A series of 15 test pits was dug across the level area of the site to investigate the character of the
stratigraphy and spatial extent of the industrial processing. The methodology of the test-pitting is
discussed below. The plans at Figs. 30 and 31 show the location of each test pit together with a symbol
denoting the quantity of two key industrial waste indicators, slag (red), and/or charcoal (blue). The
quantities are measured as absolute weights. On the charcoal plan, each circle represents 100g
charcoal; where there are two circles the upper layer is to the left, the lower to the right. For the slag,
where the material is much denser, the whole circle represents 5000g.
Examination of the test-pitting indicates that there is a significant fall-off in the presence of charcoal at
the southern, western and northern margins of the test-pitting area. Charcoal is present in two main
areas. One focuses around Trench V with its dense charcoal layer. There is a strong concentration at
TP14 and lower but still relatively high totals in TP10, TP9, and TP8. The test-pits reinforce the
interpretation of this area as dedicated to charcoal storage, which appears to have extended over an
area of at least 10m south-east by north-west. There is a sharp cut-off to the south with a very low
level of charcoal in TPs 4, 1, 2, 3, 5, and 6, suggesting these lie beyond the edge of the charcoal storage
area. The other area with a high concentration occurs in TP7 with a significant increase in charcoal at
both upper and lower levels. This is explained by the proximity of Trench IV to the east, which was also
characterised by substantial charcoal layers. This too appears to be an area where charcoal was stored
or utilised.
The distribution of slag is concentrated in the central area of the promontory, with high totals along
the north-south line in TP9, TP8, TP7, TP2 and TP14, but rather lower quantities on the margins. Testpits in the vicinity of Trenches IV and I have fairly high levels of slags as might be expected from one of
the main slag deposition areas. It appears that slag dumping was largely confined to the eastern and
central areas of the promontory. To the west, there is a sharp fall-off with slag at very low levels or
entirely absent from the westernmost pits (TP6, TP5, TP3 and TP15). In both charcoal and slag
deposition these test-pits suggest the area was not intensively used, or dumped on, during the
operation of the bloomery, and this appears to define approximately the core of the industrial
processing area.
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Fig. 28: Test pit profiles, showing depth of deposits

Fig. 29: Location of test pits and excavation trenches
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Fig. 30: Test pits 1-15, showing quantity of charcoal present, shown as a proportion of a circle
representing 100g. The upper layer of the test pit is to the left, the lower to the right

Fig. 31: Test pits 1-15, showing quantity of slag present, shown as a proportion of a circle representing
5000g. The upper layer of the test pit is to the left, the lower to the right
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Discussion
The slag heaps at Satterthwaite bloomery are on a substantial scale, measuring no less than approx. 37
x 30m, and up to 3 m deep. The slag and industrial waste appear to have been dumped in an arc
around the sloping edge of the natural topographical feature of a low promontory, although it is
evident even from the small-scale trenching that the dumping has considerably modified the original
topography. Without a terrain model of the original topography, it is not possible to estimate the
volume or weight of slag, However, the size of the slag heaps implies a substantial scale of production,
either an industry practised for a long time – over decades if not centuries - or a more intensive but
shorter-lived activity.
While the identification of several phases of activity within the excavated trenches is consistent with a
long period of activity resulting in reorganisation of the activities on the site, such localised changes
identified only with very restricted trenches could have occurred within a relatively short space of
time.

10. Report on the analysis of the metalworking slags
Dr Matthew Ponting
Sample selection
An initial macroscopic examination of the slag specimens retrieved for the excavation revealed that
the majority had a clear ‘flow-formed’ morphology that suggested that the slags were formed from a
liquid slag that solidified as it was tapped-out from the furnace. These are therefore ‘tap-slags’ and as
such are diagnostic of smelting rather than forging (HE 2019, 23). Closer scrutiny suggested that there
are three distinct morphological types based on the degree of observed vesicularity; these have been
labelled accordingly as ‘dense’, ‘semi vesicular’ and ‘highly vesicular’. The vesicular or ‘frothy’ slags
suggest high air pressure in the furnace while the slag was liquid and is unusual in bloomery slags.

Fig. 32: An example of flow-formed semi-vesicular or ‘frothy’ slag (grid shows 1 cm squares).
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Six samples were selected from each of the three morphological types from three contexts (10, 17 and
37) amounting to a total of 54 samples. All of the samples were from Trench 1.
These selected samples were subsequently prepared for analysis by resin encapsulation, followed by
grinding and polishing to provide a uniformly flat surface. This surface was then analysed and
examined using portable x-ray fluorescence (pXRF) and scanning electron microscopy (SEM).
Analysis
The slag samples were analysed by two complementary methods; hand-held portable x-ray
fluorescence (pXRF) using a Thermo Niton XL3t instrument and scanning electron microscopy with
energy dispersive analyser (SEM-EDS). The pXRF instrument provides bulk analyses of small areas of
the slag blocks, whilst the SEM-EDS is able to analyse the individual micro-structural components of
the slags.
Results
The results of the pXRF analyses provide a good overview of the bulk composition of each slag type
and from these results it was clear that there is there is no significant variation between the three
morphological types.
Type
dense
semivesicular
highlyvesicular
dense
semivesicular
highlyvesicular
dense
semivesicular
highlyvesicular
Average
St.
deviation.

Cont
ext
10

FeO
46.78

MnO
0.51

TiO2
0.37

CaO
2.38

K2O
1.72

SO3
0.05

Al2O3
10.82

P2O5
0.07

SiO2
37.28

10

43.39

0.46

0.37

2.83

1.84

0.06

11.21

0.09

39.75

10
17

47.88
51.02

0.71
0.49

0.35
0.34

2.47
2.75

1.75
1.64

0.06
0.08

10.38
10.60

0.06
0.12

36.34
32.97

17

45.98

0.55

0.38

2.51

1.73

0.06

11.01

0.09

37.69

17
37

41.53
45.77

0.69
0.59

0.41
0.37

3.24
2.61

1.89
1.75

0.07
0.05

11.25
10.53

0.11
0.06

40.81
38.26

37

46.11

0.54

0.37

2.12

1.57

0.07

11.48

0.11

37.63

37

43.05
45.72

0.55
0.56

0.38
0.37

2.36
2.59

1.74
1.74

0.07
0.06

10.71
10.90

0.10
0.09

41.03
37.97

2.67

0.08

0.02

0.31

0.09

0.01

0.35

0.02

2.34

Table 5: pXRF analyses
These results clearly show that the slags are composed primarily of iron oxide and silicon dioxide,
which represent >80 wt% in every case; other important contributors are aluminium oxide (~11 wt%),
calcium oxide (~2.5 wt%) and potassium oxide (~1.8 wt%).
For comparison, the bulk composition of smelting slag from Cinder Hill, Chorley and Stanley Grange,
Derbyshire (Challis 2002) have been included. Cinder Hill was active between the early 14th century
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and early 16th century, and the slag produced at this site is typical of a relatively high efficiency bloom
smelting process. Stanley Grange was a large Monastic bloomery site operational during the mid to
late 13th century.
Normalised comparative data
FeO
Cinder
Hill
44.94
Stanley
Grange 47.38

MnO

TiO2

CaO

K2O

SO2

MgO

Al2O3

P2O5

SiO2

1.27

nd

2.84

2.30

nd

1.71

11.35

1.30

34.29

4.45

nd

3.54

nd

nd

1.55

12.84

0.97

29.27

Table 6: Normalised comparative data for Satterthwaite
Note the similarity in both the major and minor oxide components of this material to the material
collected at the Satterthwaite site. The ore smelted at Stanley Grange was manganese rich, but was
otherwise very similar to the Satterthwaite slags, as is the later Cinder Hill material. Both slags also
have the significant levels of alumina and lime also observed in the Satterthwaite slags.

Fig. 33: SEM micrograph showing an example of a typical Satterthwaite slag.
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The microstructures of the slags were investigated by SEM-EDS to determine phase composition. This
revealed that the Satterthwaite slags are composed primarily of two distinct phases; the
photomicrograph below shows a typically observed microstructure.
In Figure 33, the light grey phase represents the main slag mineral, fayalite (Fe2SiO4, with some
substitution by Mn and Ca); whilst the dark grey phase is the ‘glassy’ matrix. There is no third phase of
wüstite (FeO) present, as is usual for bloomery smelting slags and is testament to an efficient smelting
technology that retrieved high proportions of the iron from the ore. Fayalite is an artificial mineral
that was intentionally produced to separate the silica for the iron in the ores and was intended to be
liquid at the smelting temperature of around 1100° C so that it could be removed from the furnace
during smelting, thereby making space for more fuel and ore to be added and increasing the efficiency
of the smelting process.
Discussion
The bulk elemental composition of the Satterthwaite smelting slag is fairly typical of medieval bloom
smelting slag (Tylecote 1985, 186). The macroscopic appearance of many of the slag pieces is typical of
tap slag, with a high density and a ‘ropey’ surface morphology and the ‘frothy’ appearance of some
slags is consistent with the use of powerful bellows. Tap slag will typically have a moderate wüstite
(FeO) content, which in traditional bloomery smelting, acts to reduce the viscosity of the slag, thereby
allowing it to flow freely from the furnace and separate from the developing bloom. The Satterthwaite
slag contains no discernible wüstite in its microstructure, instead containing only fayalite within a
vitreous matrix. The lack of wüstite would normally make the slag highly viscous, but the maintenance
of relatively high alumina and lime contents counter-act this, achieving a free-running slag in the range
of 1088-1205° C (Tylecote 1985, 211). The estimated liquidus temperature of the Satterthwaite slags is
around 1100° C.
The lower iron content and absence of wüstite, which represents a significant sink for iron, is strongly
suggestive of a more efficient process resulting in an improved metallic iron recovery. This was made
possible by ensuring the presence of significant levels of lime and alumina to achieve an adequately
free-flowing slag. Such slag compositions are commonly associated with the water-powered
bloomeries that are first attested in the 14th century (Tylecote 1985, 142) alongside the ‘frothy’
appearance of the slags. The fact that both features are found in the Satterthwaite slags suggest that
similar large-scale powerfully driven bloomeries were being constructed without the availability of
water power, perhaps driven by seasonal winds as suggested at Stanley Grange (Challis 2002, 40). The
lime and alumina contents of the smelting charge were balanced by the careful selection of particular
ore types that were comparatively low-grade, such as the Coal Measure Carbonate ores found in shale
beds, the more efficient process making the use of low-grade ores economically appealing.

11. Report on the charcoal
Ceren Kabukcu, with Leonardo da Fonte, Marvin Demicoli, Joseph Losh, Federico Poggiali
University of Liverpool, Department of Archaeology, Classics and Egyptology, Archaeobotany
Laboratory

Sample selection and laboratory protocols
The initial processing of soil samples from Satterthwaite was carried at the University of Liverpool, by
flotation using a light residue mesh of 250 microns. Sorting and identification of wood charcoal
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macro-remains were carried out in the Archaeobotany laboratory at the University of Liverpool. Wood
charcoal identification and dendro-anthracological analyses were carried out on the >2mm fractions
from flotation samples. Following established wood identification procedures, each charcoal fragment
was pressure fractured (using a sterile single-edged razor blade) to provide clean sections of the three
wood anatomical planes (transverse, radial and tangential) (Asouti and Austin 2005). Wood charcoal
identification was carried out using a high power, reflected light microscope (magnification ranges
x50-x600) using published wood anatomical identification keys and atlases (Schweingruber 1990,
Hather 2000) and by direct comparisons with specimens held in the wood charcoal reference
collection of the University of Liverpool Archaeobotany Laboratory. From each sample made available
for analysis, where preservation and sample sizes permitted, a minimum of 50 fragments were
identified. In some samples this identification sum was taken up to a 100 identified fragments. Our
aim was to increase spatial and temporal coverage of sampling and identifications, while at the same
time providing a representative sub-sample of examined/identified specimens across the sampled
sequence.

Results of anthracological identification
From the Satterthwaite assemblage we examined a total of 17 samples from Trench I, 1 sample from
Trench IV, 3 samples from Trench V and 8 samples from Trench VI, yielding a total of 1522 identified
fragments (see Table 1 below).
The earlier phases of site use, as depicted in Trenches I, IV and V (centred around the beginning of
14th century AD), display a clear preference for the use of oak charcoal (accounting for ca. 70%-85% of
identified fragments; see Figure 1 below), alongside a diverse range of angiosperms (broad-leaved
trees) including hazel, alder, birch, lime, holly, ash and various members of the rose family (likely
including apples, hawthorn, wild plums/cherries, rowan, etc.). In the subsequent later occupation
(dating to the 19th century AD), a clear shift to the predominant use of hazel charcoal is evident,
where the proportions of hazel charcoal jump from <10% of the wood charcoals to ca. 75% in Trench
VI.
Scientific name

Common name

Trench I

Trench IV

Trench V

Trench VI

Quercus spp.

Oak

762

39

97

26

Corylus avellana

Hazel

17

5

11

309

Alnus spp.

Alder

76

1

14

52

Betula spp.

Birch

8

3

8

Prunus spp.

Plum/cherry

32

2

Maloideae

Apple subfamily

9

Rosaceae

Rose family

2

Tilia spp.

Lime

8

1

Ilex aquifolium

Holly

4

10

Fraxinus cf. excelsior

Ash

12

Quercus/Castanea

Oak/chestnut

9

4

1

Total identified fragments

939

45

138

400

Unidentifiable/indeterminate fragments

39

5

12

3

Table 7. Fragment counts of charcoal taxon identification across different trenches at Satterthwaite.
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Deposits dating to the later phase of site use appear to be far less diverse in tree species use when
compared to the use deposits in Trench I. There is, however, no clear indication that this shift in
diversity is directly linked to woodland growth conditions and/or cultural preferences in wood cutting.
It might also be related to the spatial extent of the deposits excavated and sampled during this phase.
In both the earlier and later phases of site use fuel use (and charcoal production) appears to be
targeting predominantly one woodland species (oak in the earlier phases and hazel in the later
phases).

Fig. 34: Proportions of wood charcoal taxa in Trench I, IV, V and VI based on fragment counts
presented in Table 1.
Oak is a slower-growing and better quality wood source, whereas hazel can provide a faster re-growth
under some woodland management practices. Moreover, in both phases of site use, regardless of
diversity, the species apart from oak or hazel are predominantly shade-intolerant. Taxa such as ash,
birch, alder and some of the rose-family, prefer gaps/openings in the canopy. Their much lower
proportions in across the use of the site suggests that the species composition of the woodlands was
clearly impacted by woodland use and management practices. For example, closely planted and/or
frequently regenerating woodlands would result in a much denser canopy, preventing the spread and
establishment of light-loving species. In order to investigate the nature of woodland use, specific
management practices, cycles of cutting and past woodland growth conditions we undertook a
detailed and multi-proxy dendro-anthracological analysis on the assemblage from Satterthwaite, the
methodologies employed, and their results, are detailed in the next section.

Dendro-anthracological investigations into woodland management and charcoal production
practices
Firstly, we sought to quantify and record preserved minimum diameter of logs originally used in
charcoal production/burning events. A great proportion of the hazel charcoals at the site was in
exceptional state of preservation, containing both pith and bark, enabling us to carry out much higher
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number of measurements. Oak fragments on the other hand were predominantly fragmented and
very rarely contained bark preserved. In instances when pith and bark were clearly present, minimum
log diameter measurements were carried out by measuring the radius (direct line from pith to bark)
and multiplied by two. Radius measurements (pith to bark) were carried out using a stereozoom
microscope (magnification ranges 7x-80x) and a 5 MP microscope camera attachment. All
measurements were repeated five times to account for variability in growth across the stem (resulting
in eccentric growth). In specimens which did not contain pith and bark, a trigonometric method of
minimum wood/log diameter estimation method was employed which uses the angle of wood rays
along the outermost growth ring boundary (e.g., Paradis et al. 2013; Kabukcu 2018). In minimum
wood diameter estimation, this technique of using multiple anchor points, including wood rays
(extending from the pith to the bark) and triangulating on the growth ring (which forms along the
perimeter of the stem) was demonstrated to provide the lowest margin of error (see Paradis et al.
2013).
The results of measurements on oak and hazel charcoals display a clear difference in the range of
wood sizes used during the two distinct phases at the site. It should be noted that here the diameter
measurements are reported without correcting for shrinkage of the wood during charring (ca. 2025%). While all of the measured hazel wood (104 specimens) represent diameters under 10 cm, the
oak is derived from a more diverse range of diameters (up to 184 cm) (see Figure 2 below). In the case
of hazel, a much greater proportion of the specimens are under 4 cm in diameter, likely representing
branches as well as main shoots/stems. In the case of oak charcoals (27 measurements), a good
number of specimens are between 5-20 cm.

Fig. 35: Frequency histograms of diameter measurements in hazel and oak charcoals.
Diameter measurements (and/or qualitative estimations) is one of the most commonly applied
methods with which woodland management practices are investigated in archaeological studies (e.g.
Ludemann and Nelle 2002; Nelle 2002; Dufraisse 2006, 2008). The aim is to demonstrate uniformity of
diameters used, arguing that management practices such as coppicing and pollarding produce uniform
sized stems. The diameter dataset presented above agrees with most commonly observed
management signature in hazel charcoal, that is the presence of small, uniform diameter shoots of
hazel at Satterthwaite. While such an approach may be sufficient in depicting use of uniform sized
wood for craft production and/or in timber construction, and in the case of management for the
purpose of charcoal production this does not strictly hold true. In some cases, wood of various
diameters can be used, as long as log-splitting is carried out while loading the charcoal kilns. At
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Satterthwaite, the diameter dataset presented for oaks show the use of some larger diameter trunks,
alongside a great proportion of medium to small diameter stems. In order to investigate the possible
management of oaks during the earlier phases of occupation and characterise woodland growth
conditions for both species, we also carried out sequential growth ring-width measurements.

Growth dynamics of woodlands at Satterthwaite
Woodland management involves the creation and maintenance of anthropogenic woodland habitats,
whereby the density of woodlands stands, their species composition and cycles of regeneration are
controlled, to a great extent, by people. In the past and today, these practices can range from more
established silviculture systems (e.g., coppicing and pollarding), to the protection of woodland stands
and clearance of invasive herbaceous plants and shrubs. In most cases, woodland management relies
on the abilities of trees to regenerate from dormant buds on the trunk/stump or from root suckers.
Coppicing is one of the most common methods of woodland management for the purpose of fuel
wood harvesting and often involves the maintenance of mixtures of coppice stools and large, mature
trees (standards).
After a cycle of thinning, involving either a cycle of cutting down a patch of coppice stools or the
thinning of standards, the remaining trees experience improved growth conditions with an abrupt
increase in ring width, also referred to as growth release periods (Corcuera et al. 2006; Altman et al.
2013; Schweingruber 2007). This improved growth potential, or growth release, is sustained for a
number of years (5-10 years) and ring width remains substantially higher when compared to average
growth. Following this brief period of improved growth, a great majority of the sprouts and stems on
coppice stools display significantly reduced growth rates, due to competition for light and nutrients
induced by increased canopy density, a period described as growth suppression (Schweingruber et al.
1990; Rozas 2004; Bleicher 2014).
Amongst the hazel charcoals examined, this pattern of growth release (during the first 5 years of
growth) followed by growth suppression (in the remaining years of growth) up to cutting is clearly
displayed. In plots of successive growth ring-width from specimens with pith and bark present
(therefore age at cutting certain), this pattern is consistent across the measured specimens (see Figure
3 below). Across the hazels measured, the greatest portion of stems/shoots are cut before they reach
15 years (see also Figure 36). This short cycle of cutting is consistent with observations of hazel
coppicing in historic/modern case studies (e.g. Deforce and Haneca 2015; Fuller and Warren 1993). In
terms of the style of management, with regards to hazel, there is no clear indication for the presence
of ‘standards’ in this stand. It is likely that during this phase of site use, woodland management
focused on short-cycle cutting of densely growing hazel coppices without standards. Alternatively, if
standards were present (for example belonging to another species), these were not used in charcoal
production.
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Fig. 36: Successive measurements of growth ring width (in mm) plotted against cambial age in hazel
(1= oldest ring, from pith; last ring corresponds to ring below bark). Grey lines trend lines from
individual specimens, black line represents group average.

Fig. 37: Hazel charcoal from Satterthwaite demonstrating improved growth in the first five years,
followed by sustained growth reduction.
Growth dynamics of oak are more difficult to demonstrate from the assemblage as no fragments
contained pith and bark at the same time in a measurable way. Plots of successive ring with
measurements from the innermost (i.e., closest to pith) preserved ring to the outermost (i.e., closest
to bark) in only the small diameter specimens (i.e., <10 cm) show a general trend of reduced growth
setting in after 10 years of growth (minimum) (see Figure 38 below).
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Fig. 38: Successive measurements of growth ring width (in mm) plotted against oldest preserved ring
(RW1) towards the youngest (outermost) ring in oak.
While it is difficult to be certain on the exact timing of cutting/thinning cycles, it is likely to be between
25-40 years. This possibility is also demonstrated in a single oak fragment with preserved pith (no
bark) (see below Figure 39).

Fig. 39: Oak charcoal showing relatively better rates of growth up to ca. 15-16 years, followed by a
prolonged period of suppression. Cutting cycle is likely to be more than 25 years.
Furthermore, most oak specimens display lower than 1mm of average ring width, suggesting overall
slow growing trees/shoots. These rates are similar to those observed in the hazel specimens (see
Figure 40 below). However, oak specimens are more variable, especially in smaller diameter wood. In
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the case of oak, this could indicate the inclusion of branches as well as stem wood in the charcoal
assemblage. A further possibility is the inclusion of coppice shoots as well as more established
‘standard’ trees in the cutting cycles. Whereas hazel charcoal is likely to come from predominantly
shoots/stems from the coppice stool, with minimal inclusion of branches.

Fig. 40: Average ring with (mm) for each specimen plotted against diameter (cm).
Finally, these differences observed in diameter and growth rates between oak and hazel were
investigated through axial conduit measurements. More specifically, earlywood vessel diameter (size
of wood vessels formed during spring growth) were carried out in order to characterise potential
height of the trunks/stems. Trees transport water and nutrients longitudinally (as well as across the
width of the stem). This longitudinal transport occurs predominantly via axial conduits (vessels in
hardwoods, tracheids in softwoods). For the transport of liquids vessels connected across the length of
the stem become narrower from the base of the trunk to the apex of the tree. In other words, higher
values of earlywood vessel diameter suggest cutting close to the base of the trunk; whereas narrower
earlywood vessel diameter suggests the presence of wood from the higher portions of the trunk (close
to the apex) and branches (Anfodillo et al. 2013).
The measurements carried out on hazel and oak charcoals (see below Figure 41) suggests that hazel
charcoals were likely sourced from overall ‘shorter’ trunks, when compared to oaks. Hazel fragments
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are also consistently coming from similar height trunks (as the vessel diameter measurements are
clustered between 30-50 μm). At least some of the small diameter oak charcoals are coming from
either juvenile shoots/stems and/or branchwood (earlywood vessel diameter around 100 μm), at the
same time, there is a wider range of trunk/stem heights represented in the oak charcoals measured.
While some of these wider vessel diameters (e.g, ~100 μm) are consistent with coppice shoots, wider
vessel diameters (200-400 μm) characterise the cutting of well-established/adult stem wood
(Schweingruber 2007: 55).

Fig. 41: Earlywood vessel diameter measurements (measured in f μm, from the outermost ring) for
each specimen, plotted against diameter.
The evidence presented on the diameter, ring width and earlywood vessel measurements strongly
support that hazel was managed by means of coppicing, on a short-cycle (likely up to 15 years). For the
purposes of charcoal production from hazel, cutting was carried out on similar height and diameter
shoots at the same time. The prominent growth suppression of hazel specimens, as well as oak
specimens, could be due to severe competition for light in the woodland canopy and/or decreasing
soil fertility if woodland management was carried out with greater intensity during these phases of
occupation. The evidence presented based on oak charcoals suggest that some coppice/pollard type
management may have been practiced, however this constituted a much longer cycle of cutting in
comparison to hazel. It is also indicated that wood used during this earlier phase was sourced from
more established and taller trunks, suggesting perhaps the clearance of ‘standards’ in a managed
stand. Significantly, it appears that the abrupt change in the proportions of tree species use between
the earlier and later phases of occupation is accompanied by a significant shift in woodland
use/management practices. During the phase of oak use cutting and management cycles were longer,
and this particular species may have been favoured for its better performance as a reliable source of
fuel that enables greater temperature control. In the later phase it appears that charcoal production
and faster cutting cycles took precedence and land use practices may have become more intensive in
nature.

12. The Artefacts
Recovery of artefacts other than industrial waste was very limited. A fragment of tuyère was found in
the slag from Trench II while two small sherds of medieval pottery probably from two vessels, were
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recovered from Trench IV. Given the prevalence of treen ware, the production of which had become a
significant industry in the woods of Furness Fells at least by the 16th century, the low level of pottery
use on the site comes as little surprise.

Medieval pottery
Jeremy Bradley
Two abraded sherds of medieval pottery were recovered from the site, which weighed a total of 5g
(Fig. 42). The sherds were examined by eye and a binocular microscope. Factors such as colour
(recorded using a Munsell chart; 2009), inclusions and glaze were taken into account. Finally, the
sherds were compared with the North Lancashire/South Cumbria Fabric Series (held by Oxford
Archaeology North), as well as the medieval pottery assemblage from the recent excavations carried
out in advance of the construction of the Bay Gateway road scheme located north of Lancaster
(Bradley and Howard-Davis 2018).
Fabric descriptions
Fabric 1 (context 301; weight 1g): fine reddish-yellow (5YR 7/8) sandy fabric, containing approximately
5% well sorted quartz grains (<0.5mm) and occasional quartzite and red iron grains. Patches of
translucent reddish-yellow (5YR 6/6) glaze were visible.
Fabric 2 (context 303; weight 4g): very pale brown (10YR 8/3) sandy fabric containing poorly sorted
quartz grains (<0.5mm) with occasional red iron grains. Clear pale brown glaze (10YR 8/4), somewhat
worn, was observed on the outer surface of the fragment.
Discussion
No comparators with the two sherds of pottery recovered at Satterthwaite were found from either the
North Lancashire/South Cumbria Fabric Series or the Bay Gateway excavations (Bradley and HowardDavis 2018). However, broad similarities were found with fabrics both from the NLSC Fabric Series and
the Bay Gateway assemblage (ibid). The Bay Gateway site, thought to be part of the medieval grange
of Beaumont, and which belonged to Furness Abbey, produced pottery fabrics that were also
recovered from the site of Furness Abbey itself, as well as from excavations in the Duddon Valley
(Bradley and Howard-Davis 2018; Bradley, Harrison, and Rowland, in press; Oxford Archaeology North
2017), and was therefore thought to be appropriate to the analysis of the Satterthwaite sherds.
It was apparent, after comparison with the NLSC Fabric Series, that the two Satterthwaite sherds did
not resemble products of the from the two known production sites in the vicinity of Lancaster, Ellel
and Docker Moor, which are thought to date to the late 12th to late 13th century (White 1993;
Gibbons 1985-6). Nor were they similar to later medieval Reduced Greywares from the kilns at
Silverdale and Arnside (White 2000).
The shared characteristics between the two Satterthwaite sherds and a number of sandy and gritty
wares from the NLSC reference collection, comprised clear glaze, quartz sand and occasional red iron
inclusions. To this end, the fragments may belong to sandy ware traditions identified at sites in
Lancashire and South Cumbria, with particular emphasis on the medieval fabrics recovered from
excavations at Priory Gardens, Cartmel (Wild and Howard-Davis 2000). There are similarities with
Fabrics 1, 3 and 4 from this site, which ranged in colour from orange to white or cream, often with
grey cores, as well as containing red iron ore inclusions. A mid 12th to the mid 14th-century date has
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been applied to all of the medieval pottery from this site (ibid). The same date could equally apply to
the two sherds from Satterthwaite. A Morecambe Bay/Lune Valley source for pottery at Cartmel Priory
has been suggested (McCarthy and Brooks 1992, 34), which would not be out of the question given
that pottery from this area found its way across Morecambe Bay, as mentioned above. A more local
source was also considered for the Cartmel pottery, possibly from the vicinity of the priory itself (Wild
and Howard-Davis 2000). Again, this may be a possible source of the Satterthwaite material.
The conclusions reached for the pottery from Cartmel could easily be applied to the material from
Satterthwaite, given the similarities. That is, the pottery traditions of south Cumbria remain, as they
were in the 1990s, far from well understood, and with few published assemblages (ibid; McCarthy and
Brooks 1992, 34).

Fig. 42: Medieval pottery from Satterthwaite. Left: SF1 context 301. Right: SF3 context 303
Industrial Material
1. Fragment of a tuyère, semicircular in form, highly fired and light ceramic with concretion of iron.
Internal diameter approx. 25mm. Trench II unstratified (Fig. 43).
In addition, the site produced many fragments of highly fired clay which probably formed part of the
furnace superstructure and lining.
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Fig. 43: Tuyère fragment, Trench II unstratified

13. Satterthwaite production estimates
Crew (Crew and Charlton 2007; Crew and Mighall 2013) has estimated production rates from
experimental archaeology, and Smith (1995) has used the extensive documentation for North Wales to
consider scales of production. Together, these estimates allow a consideration of the Satterthwaite
site based on the surface and geophysical survey and the excavation data, combined with the C14
dating refined by the application of Bayesian statistics (thanks to Victor Thompson, University of
Georgia, Athens, USA).
It is likely that each smelt required 30 kg of ore (half a pony load) and 100kg of charcoal (derived from
700kg of wood). Each smelt would create 17.9 kg of slag (including smithing slag), a bloom of 8.5 kg
which would be fully refined to be 5.4 kg of iron. Most smithing to produce bar iron would be
expected to occur on-site as the heat of the bloom allows immediate smithing. If cooled down and
then worked by a smith later, far more charcoal is required to get the bloom up to temperature
again.
The total weight of slag at Satterthwaite is estimated based on the area and depth of slag at various
points in the excavation. This suggests 540 tonnes, which would be the result of 30,000 smelts. This
would require 900 tonnes of ore, and 21,000 tonnes of wood necessary to create the required 3,000
tonnes of charcoal. This produces 162 tonnes of refined bar iron.
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If the site was occupied for only 15 years, this would be a production of 10.8 tonnes per year, if 25
years it would have been 6.5 tonnes, and the maximum likely occupation of 35 years would suggest a
production of over 4 tonnes per annum. Lwyn Ddu had estimated production of 1.35 tonnes per
annum, with one furnace. This suggests at least 3 furnaces working at once at Satterthwaite, with the
maximum being 7 or 8 furnaces at once. Further consideration of the slags and the technology they
imply may adjust some of the figures in these estimates, but there is no doubt that this was a site of
significant production over no more than a generation.
One tonne of iron could produce these approximate amounts: 30,000 6-inch nails, 5,000 horse shoes,
1,000 billhooks or 300 mattock heads. The pony pack trains that probably brought the ore up to the
site from the mines could take back down the refined bars of iron back down to be converted into the
required items or sold on in the wider market.

14. Site Location
The reasons for siting the bloomery in this location at Satterthwaite require consideration. There are
two separate but related issues. The first is the short-term factors which determined the initial choice
of location. Many of the Furness bloomery sites appear to be short-lived with small localised waste
tips, with the proviso that some of these may appear artificially reduced in size due to later reworking
to retrieve smeltable metal in the post-medieval period. The second is the longer-term factors which
led to the continued large scale of production over a period of between 15 and 40 years, as indicated
by the radiocarbon dates site.
Several factors may have determined the original choice of the location of the site. While some are
elements which could be found widely within High Furness, others are more restricted in their
location.

Fig. 44: Satterthwaite. The tail of the slag dump to the left, with the Hob Gill right (from SW)
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The presence of the small watercourse of the Hob Gill, which turns a right-angled bend just below the
site, is an important element in the location but a consistent water supply in an upland landscape
noted for the highest annual rainfall in England could be found at numerous locations. Over a century
ago Atkinson and Fell recognised that almost all bloomery sites were located beside water sources,
even when the use of water power had not yet been adopted (Fell 1908, 167). The correlation has
been confirmed by subsequent fieldwork. Fell and Atkinson argued that the water was required for
washing the ore but Bowden (2000, 40) and others note that a good water supply was necessary not
only for quenching tools but also for general domestic use of the charcoal burners and iron workers.
Another resource, the diamicton glacial till, was an essential material for building furnaces and
smithing heaths. Although the clay is a widely available raw material within High Furness as a whole,
nonetheless it occurs in relatively discrete, restricted linear pockets in the valleys within the hills
between Coniston and Windermere (http://mapapps.bgs.ac.uk/geologyofbritain/home.html). The
location on a clay deposit would have been a significant advantage. The removal of the soil and turf to
expose the clean clay before dumping began in two trenches (Trench V and III) may indicate that the
upper clay deposit itself was removed for industrial use.
An elevated situation allowed the furnaces to take advantage of the wind (Fell 1908, 165-166), and
setting furnaces against the slope would enable the ironworkers to use the upper slope for charging
the furnace during operation. Good drainage was also an advantage, and the elevated tongue of land
had the advantage of falling away to three sides to provide a well-drained site.
A key resource is the availability of woodland nearby for production of charcoal to fuel the bloomery.
Many bloomery sites in High Furness appear to have been relatively short-lived, generating modest
spoil heaps. The high volume of production at the Satterthwaite bloomery, as indicated by the
exceptionally large scale of the slag generated, may have been made possible through control of the
chief variable, the charcoal fuel source. The charcoal analysis demonstrates that the woodland was
managed so that the cost and effort of investing in this location was repaid by the convenience of a
controlled environment which conserved local fuel resources. Angus Winchester has drawn attention
to medieval references to the management of coppiced woodland in Low Furness in the late medieval
period (1987, 105), but there is as yet no unequivocal sign of this in the charcoal recovered from late
medieval bloomeries in High Furness. However, other techniques of woodland management may have
been adopted which did not involve clear-felling or coppicing. The extensive excavation of late
medieval bloomeries at Llwyn Du in north-west Wales, which has seen detailed analysis of large
numbers of charcoal samples, shows that the predominantly oak woodland was managed by using
branch-wood for charcoal, lopping off established branches and pollarding rather than by coppicing
(Crew and Mighall 2013). A similar practice appears to have been operating in the Forest of Dean
where what is referred to as the ‘evil’ of debranching trees for charcoal production was condemned in
the Forest Eyre of 1270 (Hoyle 2017, 144).

Sources of Ore
The location may have had other significant advantages, because of its position on convenient
routeways to bring in the raw iron ore and carry away the manufactured iron. A major factor must
have been the ease of access by pack horse to bring in iron ore from some distance. Elsewhere there is
little doubt that the ore was transported some distance to bloomeries located where the principal fuel
sources stood. The 19th-century maps record a human landscape perhaps rather different from that of
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the monastic estate, but it is inherently likely that the trackways embedded in the 19th-century
landscape had their origins in the early routes developed during the medieval exploitation of the
woodland and fell. Later enclosure is likely to have respected earlier customary rights of way.
Another possibility is that other sources of iron were available locally and the traditional sources in
Low Furness were not necessarily supplying all the raw material to this site. Ken Howarth (pers.
comm.) has suggested that Iron Crag only 1 km south-west of the site was a possible source of iron
ore, pointing to the microgranite dyke intrusions in the Satterthwaite area, which elsewhere in
Cumbria contain haematite. There may therefore have been a particular combination of local factors
which led to the location of this site, as opposed to some of the much smaller and perhaps shorterlived bloomeries known elsewhere in High Furness. However, this remains to be tested by fieldwork.
It is perhaps significant that there is virtually no slag in the Hob Gill immediately beside the slag heaps.
If this potential ore did come from the bloomery it was narrowly selected, rather than being merely a
random selection of waste and other material which happened to get dumped in the stream.
Within these constraints of the availability of resources, at a micro-topographical level the present site
on a low promontory offered a relatively flat tongue of land close to the natural resources which
provided a well-drained but level location suitable for the construction of several buildings to house
the raw materials, personnel and livestock as well as the industrial activities of smithing and ore
roasting.

Strategic Decisions?
The large scale of production of a site such as Satterthwaite raises questions over the strategy adopted
by the abbey of Furness in managing their extensive estates in High Furness. The felling of oak
woodland for short-term charcoal production to create open ‘parks’ along the shores of Coniston, for
example, as part of a deliberate policy of opening up the lower ground for grazing initially for cattle
and later for sheep may have contrasted with the facilitation of longer-term iron production on
favoured locations such as Satterthwaite bloomery which was achieved through the controlled
management of the woodland resources. One implication of a long-term strategic view of the
bloomery might be the abbey’s willingness to invest resources at such sites in creating durable
infrastructure such as storage shelters or sheds for ore and charcoal, domestic accommodation for the
workforce, and structures to house the furnaces, even if the furnaces themselves were in need of
repeated rebuilding and replacement. Two strands of the scientific analysis have contributed towards
this research question – the charcoal for evidence of woodland management regime, and the
radiocarbon determinations to ascertain the overall duration of activity on the site.
The scale of iron production during the medieval period is a matter of some debate and merits further
research in the light of the number of bloomeries thought to be of medieval date from the Furness
region. Most researchers suggest that iron was produced on a limited and local scale. Typically, Morris
writes that the tenants of the abbey were accustomed to having ‘sufficient iron for their ploughs and
other utensils of husbandry’ (Morris 1907, 47). Bowden notes that although Furness Abbey seems to
have acquired the sole right to make iron in the district by 1273, ‘there is no evidence that the abbey
sold or exported iron, the suggestion being that the only made enough for their own use and that of
their tenants’ (Bowden 2000 6; Fell 1908 14-31, 162-174). Similarly, Winchester argues that ‘the scale
of medieval iron mining was small, sufficient to satisfy the steady, if small, demand for such necessities
as ploughshares, nails and horseshoes’ (1987, 120).
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The volume of production of iron by Furness Abbey appears to have diminished before the dissolution.
At the dissolution, the Commissioners’ Certificate of the revenues of the abbey (dated 30 June 1537)
states that ‘the Abbots had been accustomed to have a smith and sometimes two or three to make
iron for the use of their tenants’ (Fell 1908, 164). The tenants of the Abbey received a quantity of iron
each year as a right in the form of ‘livery’ iron intended for the maintenance of their ploughs and
husbandry (Fell 1908, 174). The archaic term ‘livery’, or delivery, was an allowance of provisions
apportioned to servants. A fluctuation in the volume of production of iron is also suggested by the
implication in the Dissolution statement of former rather than active use. There is no mention of
mines in the dissolution survey of Furness Abbey, and little mention in the 16th or 17th centuries
(Bowden 2000, 6).
One important question is the extent to which iron was produced for tenants’ use alone or was sold
commercially. By 1292 the ironworks were considered by Collingwood to form a lucrative part of
Furness Abbey’s income. A valuation of the ‘mineria ferri deductis necessariis et expensis’ [iron mines
after deduction of essentials and expenses] totalled £6 13s 4d, twice as much as the profits from
sheep and cattle farming (Collingwood 1901, 5-6). Holinshed’s Chronicles report a raid in 1316 when
the Scots carried away goods and prisoners, ‘rejoissing most of such iron as they had got in that
journie, for they had great want in Scotland of that kind of metall in those daies’ (Fell 1908, 163-164).
While it is conceivable that the iron production was wholly for domestic consumption on the monastic
estates, the scale of the enterprise and the large number of bloomeries identified within High Furness
raise the question of the volume of iron produced on the abbey estates. Within this sparsely
populated rural landscape, iron production may have exceeded local demand. There is no doubt that
production will have fluctuated in response to the demands for iron to support the ambitious building
programmes of the abbey and its monastic granges. Certain peaks in building activity can be identified.
In the late 13th century, the substantial stone infirmary with its octagonal kitchen was built at Furness
Abbey, and during the 14th century further building work continued there, notably alterations to the
abbot’s house and the construction of the guest house. These construction programmes must have
created a substantial demand for wood- and stone-working tools, nails and structural iron, as well as
the carts to service them.
Another significant requirement for iron would have been construction and maintenance work at the
abbey’s granges, the outlying farms through which the abbey’s estates were administered (Farrer and
Brownbill 1908; Cottam 1928). Each grange was the focus of an agricultural community, where
specialist blacksmiths, tanners, brewers, millers and others were housed to serve the community
(Cottam 1928, 71). Most of the estates were located in areas of good agricultural land and in the 12th
and 13th centuries were worked by lay brothers. There were no fewer than eleven granges in Furness
by 1292. In Low Furness the abbey lands were focused around the iron-ore districts of Orgrave,
Elliscales, Marton and Lindal. The extensive area of High Furness was served by a single grange at
Nibthwaite but the northern part of the abbey lands was probably organised from the manor of
Hawkshead (Cottam 1928, 72-73). Beyond Furness, the abbey possessed four large granges at
Winterburn and Newby in Craven, Beaumont near Lancaster and Stalmine in Amounderness (Cottam
1928, 60). Other estates were located along the coastal region west of the Duddon, and in Upper
Eskdale and Borrowdale, while in the Lune valley there were numerous land grants near Lancaster
while the most valuable of the abbey’s possessions which engaged in the lucrative business of sheep
farming lay in Yorkshire, extending from Whernside and Ingleborough to Gargrave.
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Historical events may also have had an impact on iron production although this is not easy to identify
in the documentary record. The conflict between the English and Scots which ranged over the border
region at the end of the 13th and first half of the 14th century may also have created brief but intense
spikes in demand for iron for the military campaigns. A greatly increased requirement to supply for
iron for weaponry - arrowheads, crossbow bolts, spears and horse equipment - may have boosted the
volume of production to meet particular military requisitions or purchases. We can see the effect of
the war in Cumbria. Carlisle was attacked by William Wallace in 1297 and the King ordered the Bishop
to pay 50 marks for the defence of the castle. A garrison was employed and the castle prepared for an
assault (McNamee 1990). There is no record of the source of the weaponry and ammunition supplied
for the defence of the castle and for the use of the soldiers but it seems unlikely that the established
iron industry of Furness was not to some extent involved in the provision of iron for the protection of
the English lands and towns. One incident will certainly have had an impact, if only short-lived, on
Furness iron production. The Scottish raid of 1316, when the Scots invaded England, reaching
Richmond but they were bought off, marching west sixty miles to Furness ‘and burnt that district
whither they had not come before, taking away with them nearly all the goods of that district with
men and women as prisoners. Especially were they delighted with the abundance of iron which they
found there, because Scotland is not rich in iron’ (Maxwell 1913, 216-217). A temporary rise in
production would have been expected to replace the looted metal.
What is less certain is whether the manufacture of iron ever extended to commercial exploitation of a
surplus, either through sale in local or regional markets or exported further afield. In one commercial
sphere the Cistercian order had already developed an international reputation by the 12th century.
The marketing of high-quality wool through a sophisticated trading network embraced not only the
English textile-producing towns but also the Low Countries. The Cistercians exported their produce to
the continent, negotiating long-term contracts with merchants and enjoying the advantage of low
costs of transportation eased by the order’s numerous exemptions from tolls (Donkin 1958). The
Cistercians’ motives for engaging in the wool trade were complex, not confined purely to economic
profit but to accrue the wealth that allowed them, as least in the economically successful years before
1300, to support their expansive building programmes, to sustain the community of monks and to
discharge their costly duties of hospitality (Jamroziak 2003, 217). Against this context, the Cistercians
had the commercial acumen as well as the trading network to enable them to market plain or
manufactured iron within the region. Whether they did so to any significant extent remains a question
for further research.

15. Implications for future research
The High Furness bloomery sites display wide variability in their size, the degree of re-use or postdeposition disturbance, and the presence of identifiable structures on the surface. The experience at
Satterthwaite urges a degree of caution in the use of magnetometry to identify furnace locations
without testing by excavation. Similarly, the identification of potential structural remains from surface
earthworks has proved misleading at both Satterthwaite and Blelham Tarn (Gregory and Kingston
2014, 60-63), as the deep slag heaps took on characteristics of structures which proved to be purely
fortuitous.
Satterthwaite has shown that small-scale excavation can be a highly effective method to acquire
radiocarbon samples from deep sequences of slag and charcoal deposits. Such sequences allow the
date range of activity on the site to be established. The acquisition of multiple dates throughout the
sequence which were then refined through Bayesian analysis enabled a remarkably tight date for the
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activity on the site. This was achieved only through the provision of additional funding for the
sampling.
A bloomery site which must have been operating two or more furnaces over a period of 15 up to 40
years, implies a significant investment in infrastructure, domestic accommodation, storage facilities
for fuel and ore, stabling, furnaces and smithing hearths. Investigation of medieval bloomery sites to
examine the layout of the bloomery, to identify the function and character of buildings and the spatial
arrangement of industrial, storage and domestic areas requires more extensive excavation than was
possible at Satterthwaite. Although different functional areas were identified provisionally, not a
single full building plan was recovered. Thus, the definition of functional zones remains provisional and
incomplete.
The identification of different work areas is made more difficult by the fact that furnaces and other
structures may be buried under slag dumps as the industrial activity shifted around the site. It remains
a desirable research outcome to undertake the large-scale excavation of a sample of bloomeries, both
the large apparently prolific producers as well as small and apparently short-lived sites, to assess the
spatial arrangement, change through time and chronology of this common but little understood type
of site.
The high medieval period poses particular problems of radiocarbon dating due to the shape of the
radiocarbon curve at this point. The upturn in the radiocarbon curve for the high medieval period
results in long date ranges for single samples with the likelihood of two intersections of the curve, thus
two peaks. As a result the dating can often not be refined more closely than a century. However, the
use of Bayesian analysis of a sequence of dates can significantly reduce the range and will in future
enable otherwise sites with rather similar broad date ranges to be refined much more tightly. One of
the implications of the analysis of slags is the recognition that at Satterthwaite there were technically
proficient iron workers who had acquired experience of manufacturing iron efficiently with relatively
low loss of metal. The consistency with which they achieved this, throughout the duration of
ironworking at Satterthwaite, suggests it was no accident but came from the intentional application of
techniques to achieve a particular outcome. How widely these skills were disseminated and when they
were developed are questions which could be resolved in part by analysis of slags from a series of
tightly dated sites within the region.
The charcoal analysis has demonstrated that the medieval landscape management was quite different
from that in the post-medieval phase. The choice of wood for fuel for the medieval bloomery is clear:
oak, often from more mature trees but including branches, would have produced larger fragments of
charcoal that would have been most effective in reaching the consistent high temperatures required
for the smelting demonstrated by the slags. In contrast, the 18th-century charcoal production had a
focus on smaller diameter hazel from more intensively managed woodland. Further consideration of
the charcoal data will lead to a more detailed consideration with comparison with other medieval and
18th-century assemblages, and with integrating the documentary evidence of land ownership and
exploitation.
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16. Stratigraphic Matrices
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18. The operation of the project and the project brief
The project brief stated a number of objectives and procedures. All volunteer training and
experiences, health and safety procedures and archaeological excavation and recording protocols
were followed. Specific matters were listed in the brief, with requests for explanation if these were
varied. Actions for each are provided in italics after each one. These are briefly listed below and how
they were exceeded or were not considered viable or appropriate are explained:
•

The artefact content of the topsoil should be assessed. Techniques might include measured
surface artefact collection, a series of topsoil test pits, or sampling of the topsoil from trial
trenching. The proposed strategy should be agreed with the LDNPA Strategy and Partnership
Adviser and will be expected to take account of the prevailing ground conditions on the site.
The surface was examined during the topographic survey but was mainly assessed through the
excavation of 15 test pits on a grid across the site (see above).

•

A programme of trial trenching across the site in order to establish the extent, date, nature and
preservation of archaeological deposits. The distribution of trenches will seek to achieve a
comprehensive coverage across the site. Topsoil removal and subsequent excavation will be by
hand.
This was achieved by the placing of 6 hand-dug trenches across the site based on surface
topographic and geophysical surveys and the results of the test pitting. The minimum area of a
2mx2m trench was exceeded, with 28 sq m of excavation area examined (21.5 sq m at the
bloomery, 6.5 sq m at the charcoal production site). Total weight of deposits excavated by hand
was c. 15 tons; the same amount was also backfilled by hand. In addition, 15 test pits 0.5m sq were
excavated and samples wet sieved on-site before being backfilled by hand.

•

A sufficient sample of features and deposits should be investigated to understand the full
stratigraphic sequence in each trench, down to natural deposits. All deposits should be fully
recorded on appropriate context sheets, photographs, scale plans and sections.
Where possible natural deposits were reached in parts of all trenches, except with Trench III as this
was not seen as a priority when no structural evidence was located, and the slag deposition
pattern in that part of the site was established.

•

The evaluation should include a programme of sampling of appropriate materials for
environmental and/or other scientific analysis and a basic analysis of suitable deposits (restricted
at this stage to establishing the presence or absence of significant material). Special attention
should be paid to sampling securely dated deposits and features and specifically any waterlogged
and/or burnt deposits encountered.
A substantial number of soil samples were taken for flotation and wet sieving. These were
processed with the assistance of University of Liverpool students on the Norton Priory training
excavation, on a scale that would not have been possible with paid staff. These, together with
hand-picked samples, have created a substantial assemblage of charcoal samples. These were
studied by University of Liverpool Research Fellow Dr Ceren Kabucku and a postgraduate research
student team. They also selected samples suitable for radiocarbon dating which were submitted to
the University of California Irvine Keck Carbon Cycle AMS Program for AMS dating.
A large number of slag samples were also taken, with a sampling policy based on stratigraphic
sequence and spatial distribution. With the assistance of University of Liverpool students and
technician, a much larger number of samples than originally commissioned was processed to
create a comprehensive and statistically valid assessment of the slags.

The following analyses should form part of the evaluation, as appropriate.
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•

Advice is to be sought from a suitably qualified specialist in faunal remains on the potential of
sites for producing bones of fish and small mammals. If there is potential, a sieving
programme should be undertaken. Faunal remains, collected by hand and sieved, are to be
assessed and analyzed, if appropriate.
Historic England NW scientific advisor Dr Susan Stallibrass visited the excavation. No faunal
remains were noted during excavation but the lack of such evidence will be confirmed during
the ongoing examination of heavy residues from the large number of samples taken for
flotation and wet sieving. Resource allocated to this has been redirected to the charcoal
analysis.

•

The advice from a suitably qualified soil scientist should be sought on whether a soil
micromorphological study or any other analytical techniques will enhance understanding site
formation processes of the site, including the amount of truncation to buried deposits and the
preservation of deposits within negative features. If so, analysis should be undertaken.
No buried soils survived (the soils that should have been buried under the slag had clearly been
removed prior to dumping – discussed below) and the science advisor saw no prospect of any
analysis. Dr Susie Richter visited the site and conducted a test coring and recovered some
environmental data suggesting flax growth in the vicinity. Resource allocated to soils analysis
has been redirected to the slag analysis.

This is the final report with a full account of the survey and excavation results, and with an account of
the results of the post-excavation phase by various specialist and co-ordinated by the two main
authors. Progress on the post-excavation stages has both been faster and more extensive because of
student involvement – more samples have been subject to flotation and wet sieving than would have
been viable commercially, and more slag and charcoal samples are being investigated. This also means
that the Satterthwaite project has generated additional volunteer benefits with University of Liverpool
undergraduate and graduate students all gaining experiences otherwise unavailable to them.
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