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Abstract

This thesiatilisesarchaeologial, geological and palaeoclimatidatato determine whether changes
in climatehad an impact uporthe macrespatialdevelopmentof settlementin Norfolk betweenc.
500 andc. 1500 CEThe study focuses orfour 2 ¥ b 2 NJF 2disfing, Zlimatiabysensitive
environments the southcentral claylandsBrecklandandthe west Norfolk Marshlandand Peat Fen
Settlement in hese marginal environments have the highest likelihoo@dfibiting responseat a
macrao-spatial scaleo changes in climatic inputsSpatial analyseperformed within GlSare the
principalmodes of investigation with the distribution ofpotsherdsmappedagainst surface geological
and hydrological datto build an image of historic settlemeand environmenbver the course afen
centuries intargeted study areas withieach of tke marginal environmentsThese analyses are
subsequentlycompared againsia climatic narrativebuilt from an extensive review ofodern
palaeoclimatic reconstructiort® ascertain the degre® whichclimaticfluctuations havenfluenced
the development of settlementTheresults of these analysesveal that whist climatic fluctuations
may havehad somelimited impact upon a handful ofindividual sites static environmentaland
anthropogenidactors such as surface geolotypography advances imagricultural technologyand
changes inmodes ofexploitationwere far more significant drivers settlement changat the macre

spatial level
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Introduction

This thesis seeks to determine whether maspatial changes in settlemeérin rural medieval Norfolk
can be linked to historic fluctuations in climate betwee600 CE and. 1500 CEThis will be achieved
by thoroughlyreviewing modern palaeoclimatic literatute construct an ugo-date chronology of
climatic changein Norfolk F FGSNJ g KAOK GKS 3S2f23A0Ftf OKINF¥O
investigatedand any climatic vulnerabilities establish&hta produced by largecale archaeological
fieldwalking surveys will bdigitised andmapped in Gl&longside modern archaeological datasets
such as the Portable Antiquities Sche(RAS) and the Norfolistoric Environment Record (NHER)
These dat& and the wider histacal context; will beinterrogatedagainsthe geologicaknvironment
and the climatimarrativeto determine whether shifts in settlement were being drivendhanging
climatic conditions It is hoped that this thesiwill further our understanding of the relationship
between fluctuationsn climatic conditionsand medievalsettlement. The devastating consequences
of anthropogenicclimate changeare only now dawningon modern society, and there can be little
doubt that studies investigating the link between climatic charayal its impact uponthe

anthropogenic landscape hawever been more relevant.

The core research question

The majority ofandscapéistorical and archaeological scholarship presents rural medieval settlement
in England as being driven primarily by human age8ioge themid-twentieth century, however,a
more environmentainterpretation has beemnlevelopeal, promotingfactors of the environmeng most
notably geology pedology, andopography¢ as vital drivers of change in themedieval English
landscapealthoughit is important to note thatheseenvironmental factors areommonlypresented
ashbeingsecondary driveragainstthe more influential anthropogenidrivers such as advancements

in agricultural technologychanging modes of exploitation, asdcietal and cultural shift€veritt,
Homans, Thirsk, and Kerridgere instrumental in developing this more environmental reading of
the landscape, but has only been in the patiiree decades that thdoundations laid down by these
scholars haseen developed intd Wi NHzS Q Snye@prethtiBnyoiviteFnglisHandscapepne
where environmentadrivers areheld as the pmary drivers of landscapedevelopment(Hoffman
2014; Homans 1960; Thirsk 1957, 1987, 2000; Williamson 1993, 2012; Willi@nhsdn2013)
Williamson, he leading figure in thisi NHzS Q Sy @A NB y Y Bay, dor the pasghie& NLINS 0 |
decadesadvocated that factors of the natural environmeqigeology pedology,topography, and

hydrologyc played the leading role in shaping tEmglish medieval landscapathough his is not to

1¢KS GSNY waSaidtSYSydQ Aa dzaSR Ay Ala oNRIFRSA
from places of occupatioto areasused for agricultureindustry,religion, andransport.
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say thatthis Y 2 NB  UYCBS//ANWRO Q  MighiisSeihtiNdpdpénit fa@oyss a driving force

as will be discussed in Chapter Ots is clearly not thease.

2 Af f A lintedpetdtiQradoes however,containa notably underdevelopegoint. Whilsthis work

has linkedthe development of theEnglish medievdhndscapeo factors such as geologgedology,
topography, and hydrology factors which carpest be described astatic ¢ very little attentionhas

been paid to environmentalfactors which can be described dgnamic with the primary dynamic
influence being climate The unwillingness oEnglishlandscape historians and archaeologists to
interact with climate is perhapsiue to a widespread aversion to interacting with primary climatic
literature and data(Ljungqvist 20Q: 1-:3)® 2 KAf aid GSN)a adzOK |a GKS Wa
WIAGGE S L Gk cdrpashiStorians & aizBaédlogisisem to be too willing to source their

w»
T

climatic information from outdated texts which usuatjalthough not always appear to regurgitate

t NEPFSaa2NI [ FYoQa OfAYFGAO YINNFGAGSE | yI NNF GA QS
27; Lamb 196513-37; Williamson 202: 446). The emergence of more environmental narrative

should have prompted a greater exploration of palaeoclimatology by archaeologists and historians

but aswill bediscussed in Chapter Opaly a handful ofandscape historical and archaeologiealrks

have engaged witimodern palaeoclimatological literatuyevith the vast majority of these belonging

to the internationalg rather than the specifically Englistcorpus By engaging with palaeoclimatic

literature from the outset and ensuring that bottalaeoclimaslogicalliterature andhistorical and
archaeological literature receives equal attentiah,is hoped thatthe shortcomings of previous

investigations will not be repeated in this thesis.

Aswe are all too aware of in the present day, climate change alter thestate ofthe physical
landscape; particularlysoilsc in potentially dramatic wag heavy clays can beme waterlogged for
months on end in periods of extreme rainfallhilst lighter soilgan be baked drin times of elevated
temperatures and reduced precipitationFluctuations in climate and variations the physical
landscapdandhow they interactwith each otherwill form the independent or explanatory variabjes
whilst the archaeological and historical evidence will form the dependent or response variables.
Framing the investigation in this way is necessitated by two salient facts: the unknown and largely un
investigated interaction between climatic fluctuations akahglish medievasettlement, and he
KnownQinteraction between climatic variables arible physical landscape WYYy 246y Q A & dzd S
cautiously. The way in which climatic variabdessich as temperature and precipitatigrinteract with

the pedological environmenik & W1 y 2basic®@vell heavy precipitation on clays will cause
waterlogging, whilst increased temperature will increase rates of evapotranspiration on sandy soils.
How specifitandscapesvithin Norfolk react to changing climatic variables requires detailed analysis

to undestando I YR A a (Kdza I NEOtiddtely thgbdicpridtiplgs2ageyalieady
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establishel to allow for this analysisConversely, hownedievalsettlementat a macrespatialscalein

medieval Norfolksinfluenced by changes in climatic variakksot understoodeven at a basic level
This ensures that the independent or explanatory variableshine climatic fluctuationsind prevents
alternate framings of the core research questiowhich must ultimately be thisdid climatic

fluctuations influence the development of settlement at a maspatial scale in medieval Norfolk?
Settlement, occupation, and activity

¢KS GSNXa wasSiatSYSyiaQr w200dzLd GA2yolfoQr |yR
SELX FylLdAz2y 2F (KS&aS (GSNXYa A& NBIdANBR® ¢KS SN
the physical landscape where evidence of histanthropogenic presence has been detected that has

notdé SSy AYUGSNILINBGSR a | LIXFOS 2F 200dzLJ A2y 2NJ A
refer to physical locations where, for example, light scatters of sherds indicative of arable auitivati

have been identified; the scOl f f SR WY ydzZNAYy3I &aO0OFGGSNARQ «&KAOK g7
rather than to locations with denser, more concentrated scatters which are likely indicative of
KFEoAGEGAZY 2NJ AYRAZAGNALF ¢+ QB A BV Re @2 OOGOMZIIM & ¥ 2 ¥ Q
describe areas of the landscape where the evidence has been interpreted to indicate a place of
sustained human presence, such as places of habitation, industry, or agricultural infrastructure such

as farmsteadsfi KSaS FTNB 2F0Sy Fylftz232dza 6A0GK GKS GSNyY
| KILIJGSNI ¢ KNBS® CAylfftes (GKS GSNY WwWaSihidftSYSylQ A:
0KS FYGKNRLIR2ISYAO I yRaOlLISs Tdedifed thIbitesOvthére ¢ K S NB
W200dzLJ GA2YyQ Ad KSIFI@Af& AYLIASRO®

Introducing the study area

The environment is hot a homogenous entity. For example, environmeanthtlimaticconditions in

Cumbria, whether that be rates of precipitation, temperature, or its geologicapedological

composition will invariably differ from the environmental conditions present in Norfolk; indeed, even

at a county scale environmental conditions can vary dramatically. The same is troedval

settlement, and thus in order to maximise the potential returns of this investigation the study area

must be of limited ge. Given the range dndscape typesound within Norfolkand itsexcellent
archaeologicaind historicarecord, it is the ideacountyin which toundertake an investigation such

asthis.¢ KS O2dzyiedQa AYLRNIIYOS Ay GKS YSRASOIt LISNJ
landscape was densely settled even in the most marginal environm@&his latter quality is of

particular significance.
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As mentioned above, both environmental and anthropogenic variables vary significantly even at a
county scale; analysing Norfolk as a single entity would result in generalised conclusions and a
considerable loss of accuracy at a more locdlszale.In order for any correlation between climatic
fluctuations and shifts imedievalsettlement to be easily identifiable, it is necessary to focushen

physical landscapewithin Norfolk whichwill logicallyproducei KS Y2 &id WSEGNBYSQ N

climatic fluctwations.

Focusing on marginal landscapes is critigal examplethe loams of northeast Norfolk are relatively

capable at handling both increased and decreased precipitati@ir response talimaticfluctuations

would therefore be less severe than a more marginal environm&nth as the parched sands of the

Breck¢ ¢ KAa GKSairAa gAff GKSNBT2NE margiidlenvirotngntsT 2 dzNJ 2 1
the southcentral ClaylandsBrecklang and the west NorfoliMarshlandand Peat FenTheprincipal
characteristics of these distinctivenarginallandscapesare briefly introduced below to allow the

review of the archaeologicalfieldwalking surveygo reference theseenvironments A far more

detailed analysis of theskndscapewill be undertaken inChapter Fourwith the methodological

processes utilised in defining their spatial extent discussé&thampter Three

Thesouth-central claylands

The southcentralct @ f | YR& A& (0 KBurmharghdl éndirdnmants inbestibidted ih thi &
thesis, covering large tracts of laimdsouth and centralNorfolk. As its name suggests, this landscape
possesses particularly heavy, clayey soils, with clayey loams dominating the landssapggles
with drainage, for the tight clays are particularly susceptible to waterloggimgperiods of increased
precipitation would make these soils particularly difficult to work. It is largely synonymitiaghe

extensive boulder clay plateau that occupies this part of the county.

Breckland

NEOTftlFrYyR A& LISNKILA b2NF2f1Qa Y2ad RAAGAYOUGABS
by light, sandy soilsf variable depthUnlike other parts of the county, where the solid geology often
lies at some depth from the surface, the chalky underlying geology of Breckland can lie just
centimetres from the surfagewhilst in other places the chalk can lie at considerable depth. These
unique characteristicare adirectresult ofpast glaciations, with the landscape of Breckland being one
defined byits periglacialheritage.The sandy soilsf this landscape ensures that it is a lack of water
which is the most pressing issue, with any hydrological input quickly drained through the coarse, sandy
soil, which has the unfortunate consequence of washing out precious minerals. This environment is

notably hostile, with the soils frequently being dry and infertile.



Marshland

The west Norfollvarshlandd NE F SNNBE R A aF 2 yBa 2NR BR2INFROY Qa ¢6SGGS
is one of two landscapes occupywgstb 2 NF 2 f | Qa T $iyid langséage istciaraéteride@ &

by its silty and clayey wetland soils, with this region being heavily influenced by its proxirthgy to

sea. Saltwater and freshwater incursions and regressions have been a common fixture in this
landscape for thousands of years, and it has only been with extensive drainage efforts that this
landscape has been rendered habitable. Even then some parts ohiMads especially in the wetter

and more lowlying southwere simply too wet and too lowying to have been settled in the Middle

Ages.

Peat Fen
Thewest NorfolkPeat Ferdo NE F SNNB R (12 ALaE Wit S/ 3t SIAGG KCSyFONB K | Y R
gStiSal SYyOANRYYSyida yR O2yadAiddzisSa GKS aSO2yR
Marshland is predominantly silty and clayey, the Peat Fen is characterised by peaty and clayey soils;
this, combired with the fact that it is more lovying than Marshland ensures that for much of the

year this landscape would have beenderwater, with saltwater incursions potentially flooding this

area for exended periods of time. It ithereforedzy’ & dzNLINA & Ay 3 G KIF G GKAa fFyR

O\

in the Middle Ages, instead being utilised as an extensive area of grazing.

Thesis structure

Followingthe introduction this thesis is composed of eight chapters. Chaptegis a literature review

of medieval settlemenscholarshipg both in an English and an international contexand of the
various archaeological fieldwalking surveys utilised in this thesis. Chiaptdregins with an overview

of differing forms of palaeoclimatological data before moving onto a literature review of modern
palaeoclimatiditerature, s KA OK (2 (KA a is taifiisBtivEsach 4 gview haS BearS
conduded in EnglisHandscape archaeologichtierature. This review will focus on sixteen individual
temperature or precipitation reconstructions, with the advantages and disadvantages of their varying
methods of reconstruction being discussed; the conclusions reached by this review will determine
which recomstructions will form the climatic narrative against which te@vironmental and
archaeological data will later be compared. Following this, Chapterewill present and discuss the
methodologicalframewoik and data sourcesutilised by the analyses in Chaptétsur, Five Six and
Seven The first of these analyses in Chapfeurwill investigate thepedological topographical, and
hydrologicalcharactersticsof the four marginallandscapesnentioned previouslywith this analysis

discussing in detathe profiles, capabilities, andextural composition of their various soitefore
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assessing how thegespord to climatic variables. With thenvironmentalcharacter established,
ChaptersFive Six and Seven(which focus on thesouth-central claylands, Breckland, and the
Marshland and Pedten respectivelywill undertake spatial analyses investigating the relationship
betweenenvironmental characteristicand the archaeological evidence over thag durée with this
then compared to theclimatic narrative establisheth ChapterTwoto determine whether there is
any correlation between these variabldanally, ChapteEightwill present the conclusions reached

by this thesis.

Temporal onventions

This section details the conventions used in this thesis and provides a glossary of abbreviations. This
thesis covers @ne-thousandyear interval betweenc. 500 CE ana. 1500 CE, encompassing the
beginnings of Anglk&axon England through to the termination of the medieval pecidd00. Due to

the temporal characteristics of the climatic reconstructions utilised in later analyses, a start adate of

pnn 6k a Y2NB I LILINE LINMIOiSe far tie inftiatiorkofthe WaiNJa@d period vy | £ Q
Whilst strictly laying outside of the temporal span of this thesi&@0¢ c. 1500), a definition for the
RomaneBritish period is providedsthis period providegreater context to the early Saxon period.

In order to improve readability and make comparisons more clearcut, this thesis will refer to specific

YEYSR WLISNA2RAQ NI KSNJ  Rheye peiddB &k RAy 3 | NI y3aS 27
PeriodName Temporal RangéCE)

RomanaBritish c.43t0c.500

Early Saxon ¢500 toc.720

Middle Saxon €.720 toc.850

SaxeNorman €850 toc.1150

Medieval ¢.1150 toc.1350

Late medieval ¢.1350 toc.1500

Tablel: Temporal span of named periods.

These periods are based primarily upon material culture. Whilst Rippon has highlighted how such an
Faa20AFGA2Yy 0SG8SSY YIFGSNAL € Odzt GdzZNBE | yR GKS
archaeological literature can be problematic, this critigeidar more appropriately applied to those

regions outside of eastern and sou#lastern England which lack diagnostic ceramic evidence (Rippon

2008: 8). For example, the middle Saxon per@d@Z0 toc. 850) is analogous Norfolkwith Ipswich

Ware, a ty of pottery produced and used in East Anglia which has been dated by Blinkhorrcto the

720 toc. 850 period (Blinkhorn 1992012 @ ! LJJ @Ay 3 (GKS GSNXY WYARRES
location in this period is thus accurate, for the period is synonymous with pottery produced and used

in this specific region.
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mentioned above, the need for concisely named periods is critical in improving the overall readability

of subsequent analyses. Thus, the period running fco&b0 toc. 1150 which has Thetford Ware, St.

Neots Ware, and Stamford Ware as its primary diagnostic ceramic is labelled dsdsaram, even

though it encompasses the tradition8laxeNormanperiod €. 850 toc. 1066) and the traditional

Norman period¢.1066toc.MmMmp n 0 @ wl G KSNJ K| ylated3axbrghd Noinfad &5 NI S NJ
to describe thisperiod 6 A G K G KS Ay Of dzaAz2y 27T Wisgifivdt toXolavSy Y I { 7
UiKS G(SHNENF{IIWE2 KIFa 6SSy OK2aSys S@O&10600ok.21dMAK Al A
period. This is due to both its concise nature and the simple fact that it references bddiddaglo

Saxon period which is applicable to the first half of tle850 toc. 1150 period; and the subsequent

Norman period; which is applicable to the second half of the350 toc. 1150 period.



ChapterOne Narratives of Landscape Development and

Archaeological Fieldwalking Surveys

Narratives of landscape development
Introduction

The origin of England's medieval landscape has long been a source of debate amongst historians and
archaeologists. Early interpretations tended to frame this development through a perceived
dichotomy between the anthropogenic and the environmental. For ynaxplanations were rooted

in human agency emphasising technological, societal, and cultural change as the principal forces
shapingthe development ofmedieval settlement. Others, however, have argued that the primary
drivers of settlement developmentra environmental, championing factors such as geology,

pedology hydrologyandtopography.

In recent years, this longtanding binary has been increasingly challenbgdooth English and
international scholarshipinterdisciplinary and climaticalBware research has demonstrated that
neither cultural nor environmental factors operated in isolation, and that the medieval landscape
should instead be understood as a product of reciprocal feedback between humarnyagéssical
geography, and the dynamic forces of climate (Ljungaptistl. 2020; Blntgeret al. 2021; Costello
2021; Lashemand Axford 2019; Xoplakiet al. 2016; Raposeir@t al. 2021). This recognition of
interdependence has shown thatlimatic fluctuationsproduced regionally varied but socially
significant pressures on settlement and agriculture (Lasret Axford 2019; Xoplaket al. 2016;
Raposeiret al. 2021). Furthermore, rather than replacing the traditional focus on social agency, these
studies consider how this fits within a broader environmental framework, moving past traditional
dichotomies (Costello 2021; Rippon 20D1Thischapter will trace how this interpretive evolution

unfolded within the historiography of medieval settlement.

Environmental determinism

A key theme throughout this chapter is that of environmental determinism, which holds that the
physical environment is the primary determinant of anthropogenic development (Pluekaitt2013:
17-31). This principle is not a twentietbr even nineteentkcentury construct, with the first examples

of environmentally deterministic thought emerging the ancient world. The ancient Chinese
philosopher Guan Zhong wrote that the characteristics of major rivers determined the temperament
of those peoples residg in their vicinity, whilst the medieval Arab polymath Ibn Khaldun suggested

that physical factors athe environmentg namely soils, climate, and foagldetermined whether a
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society was nomadic or sedentary (El Hamel 20052%ates 1967: 4182). In the nineteenth and

twentieth centuries environmental determinism was widely adopted by European and North
American writers as justifications for colonialism, imperialism, aoiésm in African, South American,

Asian, and Oceanic countries (Gagesl. 2011: 1724; Gallaheet al. 2009: 11823, 127; Wardet al.,

2018: pp.334). For example, Thomas Jefferson suggested that the warm, tropical climates inherent

to these places pmmoted degenerative societies, whilst Adolf Hitler utilised the concept to promote

the primacy of the Nordic race over what Nazism perceived as those of 'subhuman’ ancestrye{Gates

al. 2011: 1724, Gallaheret al. 2009: 1183, 127). By linking indigenous populations with the
environment in which they lived allowed western writers to ‘render the subordinate group incapable

2F NBTESOGA2Y YR LINE IMNB D615 pd3NFAGAYAT Ay 3 NHzE SXU

It is possible that the links of environmental determinism to the horrors of Empire and the Second
World War made it a somewhat 'dirty' topic for historians in the difficult pwat period, a period

that is defined by decolonisation and a growing sensehastility towards past and present
imperialism. Frenkel has discussed the concept of environmental determinism being a 'dirty’ topic
through investigating American actions in the Panama Canal Zone, demonstrating how environmental
determinism contains a peasive undercurrent of imperialism and racial prejudice (Frenkel 1992: 143
153). This can, perhaps, offer an explanation as to tiwaymajority oflandscape historical literature

tended to focus on the anthropogenic in the pasar period.

However, this is not to say that the environmental narrative was entirely aldhanig this period

for interestingly this was precisely the time when the environmental narrative was being developed
and slowly expanded upon, albeit by only a handfuEnglisHandscape and agricultural historians.

One explanation for this dichotomy between mainstream disdain and the growing enthusiasm for a
more environmentally deterministic reading of the landscape amorigsglishlandscape and
agricultural historians iperhaps explained by the difference in scope and geography between these
two groups. Mainstream commentators were viewing environmental determinism on a global scale,
attributing it to the forces of global imperialism and institutional racism within seiger nations.
Conversely, landscape and agricultural historians were viewing it at a maximum scale of England alone
and were specifically relating it to the development of the English landscape at a village and field scale

rather than through a global lens

Environmental determinism was once more revived in the {atentieth century in what has been
termed 'necenvironmental determinism' (Sluyter 2003: 8T8 Diamond, a prominent proponent of
this 'new’ iteration of environmental determinism has argued tphaysical geography was a primary

determinant of state formation in the prearly modern period, with this theory being continued by
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the economists Acemoglu, Johnson, and Robinson (Acerabgll2012; Diamond 1997). It is perhaps
telling that a truly 'environmental' take on the development of the historic landscape only emerged in
the late 1990s and 2000s, a time when the detrimental effects of human actions upon global
environmental systems waseginning to be widely reported upon. This is conceivably one of the
reasons why the wider concept of environmental determinism was experiencing a revival and had
perhaps shed some of its moregative connotations, although this should not be taken to suggest

that it had shed all of its perceived toxicity, for this was clearly not the case.

Ultimately, it is unsurprising that landscape historians began to weave environmental determinism
into the study of theEnglisnandscape; an entity which is synonymous with the environment which
surrounds ug, as it is inextricably linked with factors of physical geography, regardless of whether one

ascribes to an anthropocentric or environmental narrativéaglisHandscape development

The anthropogenic and the environmental

Whilst works investigating the origin and development of Breglishmedieval landscape in the early

and midtwentieth century tended to lean towards a more anthropocentric narrative with regards to
change ifmedievalsettlement morphology and changes in modes of exploitatjavith these being

most commonly attributed to cultural, societal, or technological developmeritge beginnings of a

more 'environmental' narrative were nevertheless beginning to emerge in the works of landscape and
agricultural hisorians. The works of Everitt, Homans, Hoskins, Kerridge, and Thirsk were all critical in
developing this burgeoning environmental narrative. (Everitt 1977; Homans 1960; Hoskins 1985;
Kerridge 1973; Thirsk 1963). For example, in Kerridge's T@e&3Farmers of Old Englande

comments that 'in the rural life of old England, what each man could best turn his hand to depended
fINBStfte 2y GKS SYy@ANRYYSYy(d AyiG2 6KAOK KS gl a o2
wet or dry, the soil light or heavy, ¢iroads good or bad, the market places near or far' (Kerridge 1973:
TNO® LY MpecTI C¢KANEBE] 9NRBGS GKFG YiGKS 3AS23aNF LKE
manmade landscape, and underlying all the institutions of society which differentiatgtibwiring
communities and united widely separated ones, nature had laid a foundation which men were forced

to accept’, with a similar quaginvironmentally determinist narrative being voiced in 1987, where she
claimed that ‘an exceptional region in the sbeast was the Weald of Kent where the heavy clay soils
imposed pasture farming' (Thirsk 1967: 2; Thirsk 1987: 14). Everitt's classic 'river and wold' model is
also a product of this time, with this model being arguably one of the most lasting and impactf
products of these early pioneers of an environmental takeEmglishrural landscape development

(Everitt 1977). Even the twentiettentury American sociologist G. C. Homans, wrote in 1960 that ‘an

important part of the environment of a village is thails.' (Homans 1960: 407).
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There is thus an undercurrent of environmental determinism present in some twertattury
Englishlandscape historical works, where factors of the environment are seen to be partially
determining the pattern of settlement and modes of exploitation, although as Homans makes clear,

these environmental factors ran concurrent with anthropogenic factoif6St & G dzZReé 2 F f | Y R& (
more than the study of geography and geology; it is more than the study of techniques of farming and
forestry; it is the study bsocieties as wholes, in so far as their form is determined by or determines

their use of the land' (Homans 1960: 12). This is a critical point to note, for at no point was the
anthropogenic narrative dismissed or thrown by the wayside, for it was clesr it should run

alongside anthropogenic factors. The strong rebuke and subsequent vilification of the environmental

narrative is thus difficult to understand when this point is considered.

Perhaps the most notable challenge to this early environmental narrative was provided in 1983 by
Taylor, who argued that 'while there are clearly certain general physical determinants which cannot

0S AIY2NBRX Yz2al 2F GKS alassionvak prabably Sdi diddfriegwitly & & 2 F
0KS LKeaAOFt ylrddaNBE 2F GKS aaxasS rad FttX GKS LKe
decision to settle there than the human factor' (Taylor 1983: 12). Taylor's rejection of what he termed
'‘geogaphical determinism', which he claimed has 'dogged all studies of settlement' is, as evidenced
above, a hataccurate observatioq after all, the environmental narrative was being developed over

the course of the twentieth century and it did use factm&the environment to partly explain

landscape developmeng but his and others' strong rejection of this narrative was an overreaction,

one which can perhaps be explained, at least in part, by the 'dirty' connotations that still clung to the
concept of emironmental determinism in the posvar period. Nevertheless, at no point was there a

push by those developing the environmental narrative to disregard the anthropogenic, and thus it is

strange that this narrative faced such a backlash (Taylor 1983: 12).

Whilst few modern landscape historians and archaeologists would take such-frteastnce as that
taken by Taylor in 1983, it serves to highlight the disdain which environmental interpretations of
landscape development have often received. Even as thcas the 2010s a particularly strong
response ta narrativewhich placsthe natural environment either ahead or on an equal footing with
anthropogenic factors is evident; Draper, for example, criticised Williamson's E@%?onment,
Society and Landape in Early Medieval Englanduggesting that it 'should be regarded as
representing a view that is deliberately provocative in downplaying cultural factors in favour of
environmental ones. Readers are best advised to consider it alongside other literature in the field
before formingtheir own opinions' (Draper 2013: 592). It seems unlikely that a piece of literature
which placed the anthropogenic over the environmental would receive such a seemingly ideologically

driven critique, with Draper's comments jagaring to be rooted in an almost Taylesque refutation
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of any nonranthropocentric narrative. Indeed, Rippon has highlighted that the term 'social agency’
which for all intents and purposes is a veiled way of saying 'anthropogenic determguismwidely
used in modern literature, and there can be little giérg that this term does not provoke the same
kind of kneegjerk reaction that 'environmental determinism' often does (Rippon 2012).2Nhilst
Draper's criticism falls short in using the phrase 'environmentally determingst@cphrase which
Rippon has bserved is now used as a 'damning criticignthe implication is nevertheless evident
(Rippon 2012: 3).

It is thus unsurprising thaEnglishlandscape historical and landscape archaeological literatase
tendedto emphasise the anthropocentric narrative over the environmental, for the somewhat 'dirty'
label of ‘environmental determinism' can very easily be hung over any work which champions factors

of the environment.

The terrestrial and the climatic

Environmentalnterpretations of the development of the historic rural landscap&ve thus haa long
presenceg if not long acceptance in English landscape archaeoicg and historical literatureyet

the forms of evidence emphasised have remained largely terrestrisbils, geology, hydrology, and
topography Even studies that place environmahfactorsat the centre of interpretation tend to treat
climate as a largely static backdrapith temperature and precipitation acknowledged as influencing
soil conditions, cultivation windows, and growing seasons, but their temporal variability rarely forms
part of the analytical frameworfVilliamson 2012)or exampleinz A £ f A [ENvEacdnfetaSociety
and Landscape ikarly Medieval Englanaxplicit engagement with climate is confined to a short
section drawingprimarily on pre-2000 palaealimatology, leaving little scope for considering how
multi-decadal or centennial shifts may hamluenced thedevelopmentof medievalsettlement This
reflects a broader trend within English landscape scholarship: while terrestrial parameters have been
richly theorised, the temporally dynamic nature of climate remains comparativederdeveloped.

The followingchapterattempts toaddress this imbalance.

Over the past two decades)owever, a more dynamic climat narrative hasappearedwithin
internationallandscapditerature. Macro-spatialanalyses ointhropogenic settlemenoutside of a
Englishcontext have utilised modern, high resolution palaeoclimagconstructionsto show that
climatic fluctuations t particularly changes in precipitatiomnd temperaturet interacted with
environmentalstructuresand anthropogenisystemsn ways that produced highly variablecalised
responses (Casely 20085¢7, 199205, 22%30; Blntgenet al. 2011: 57981; Xoplakiet al. 2016:
246¢9; Lasher and Axford 2019: 2€; Biintgenet al. 2021: 19@6). Thesestudiesall emphasise that

settlementresponses talimatic fluctuationswere highly dependent upon loca¢nvironmental and
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anthropogenic variablegnd thatsimple causaéxplanationscannot adequatel reflect the ways in
which climate interacted with local conditions tafluencethe development of medievalettlement
(Casely 200655¢7, 199205, 22%30; Buntgenet al. 2011: 57981; Xoplakiet al. 2016: 2469; Lasher
and Axford 2019: 26P; Blntgenet al. 2021: 19Q6).

Modern palaeoclimatological researblas enabled ariations intemperatureand precipitationto be
reconstructed fothe last two millenniaprovidingempiricalclimaticbaselines for linking fluctuatian

to anthropogenicvariables(Blntgenet al. 2011: 57981). Macro-spatial analyses ofsettlement,
demograply, and economic change haghown that the high medieval centuries were characterised
by generally favourable but spatially varied climatic conditions (Xomakal 2016: 24G9).
Fluctuations inclimatic conditionsenabled intensification in some regions while constraining it in
others establishing firm causal linkver broad geographical areas thiesnains difficult due to the
complexityand regional heterogeneityf climatic processeéXoplakiet al. 2016: 248). In the North
Atlantic,/ I & S & Q &nedi@\Jald=RtRmedtF Greenlandshows that Norse occupaticroincided
with a period of relative warmthalthough the study is keeto emphasisehat climatic amelioration
merely created opportunity; social organisatj@agriculturalstrategies, and resource stress ultimately
shapedthe distribution, sustainability and ultimately the declineof settlement(Lasher and Axford
2019: 26¢9).

This interplaybetweenthe climatic, the environmental, and the anthropogenic has been built upon
by more recent studies which have increasinglyconceptualised climatic pressures as operating
through complexanthropogenic and environmentéedback systems (Blntgen al. 2021: 19Q6).
For example, @ase stug of maritime communitiesn the Azoresdemonstratedhow shifts in winds
and oceanic conditions during thieigh medieval centuriegreated windows of opportunity for
settlementexpansionalthough these opportunities materialised only whehey weresupported by
politicalpowerand maritime expertisedemonstratinghe breadth ofvariables wihin these feedback
systemgRaposeircet al. 2021: 6)Recent research of medieval settlementlieland similarlyiews
settlement asexisting in a complex web of environmental and anthropogenic feedbatkshich
climatic variability intersects witradaptation strategies social stuctures and pedological and
geological structuresyith communitiesultimately integrating environmental change into decision

making processes (Coyle 2023: 24).

In aBritish(rather a strictly Englistgontext, relatively few studies integrate palaeoclimatic evidence
directly into settlement analysj although there are a handful of notable exceptidhst example, a
macro-spatial analysis ofowland Britain that linked climatic variability to changes in wetland

exploitation, coastal occupation, and agrarian expansiemonstratedthat climatic shifts influenced
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the feasibility, timing, and sustainabiligf pre-medieval and medievalettlement (Rippon and Fyfe

2019: 13§54, 14&51).Similarly, an analysif the British uplandslemonstratesthat there wasbroad

alignment ketween favourable climatic conditions and episodes of agriculturakpansion which
subsequently retreated ircooler, wetter centuries,with these movements mediated by local
environmental and anthropogenicvariables (Costello 2021: 1#%3). Beyond settlement studies,

historical scholarship hasisoK A 3Kt AIKiSR (KS Ay FfdzsSyO0S 2F Ot AYLl
and demographylinking shortterm shocks and longaerm climatic shifts to fluctuations in health,

grain production, and population (Campbell 2000; 2006; 2010; 2016).

These studies collectivelgemonstrate that climatic fluctuations did not occur uniformly across

Europe Rather, conditionsaried markedly from region to regiomwith this climatic heterogeneity

creating highly uneven opportunities fanedieval communites a2 f AR dzy RSNAR Gl YRA Yy 3
palaeoclimate is thus a necessignd the proliferation of palaeoclimatic reconstructianser the past

three decadesprovides the researcher witall the data necessary to build such an understandimg

addition to this, he impacts ofclimatic fluctuationshave been repeatedly shown to be filtered

through local @vironmentaland anthropogenic variablegreating a complex system of feedbacks

that must be understoodo accuratelydiscernthe relationship between climat fluctuationsand

settlement.

Investigating the climatic

Recentinternational scholarship hashus established a strong foundation for understanding how
climatic variability interacted witlhe anthropogenicand environmental systems that underpinned
medieval settlement. Largscale syntheses have demonstrated hopalaeoclimatological
reconstructionscan beused to link fluctuationso demographic change, agricultural expansion and
contraction, and shifts in settlement morpholog@asely 2006Buntgenet al. 2011; Xoplakiet al.
2016 Lasher and Axford 2018jurgqvistet al. 202Q Blntgenet al. 2021). This thesis seeks to build
upon these recent interpretations of landscape development by advancing a rapatial, climate
aware analysis of medieval Norfolk. It will bring together swit¢he-art palaeoclimatological
reconstructions; as suggested byunggvistet al. (2020: 16} and soil, archaeological, and historical
data specific to Norfolk to test whether shifts in precipitation and temperagatgyn with changes in
settlement across the county's most marginal environments. Through systematjgacison of four
contrasting marginal zones the south-central claylands, Brecklarnthe west Norfolk Marshland, and
the Peat Fent this thesis will evaluate the relative influence of climatic variability, static

environmentalstructures, and anthropogenic factors in shaping settlement across these zones.
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Archaeological fieldwalking surveys

Introduction

Norfolk possesses one of the most extensive bodies of fieldwatiéngeddata in England, owing
largely to its predominantly arable landscageor the purposes of this thesis, all discussion of
fieldwalking refers specifically to its applicatitm the study period (c. 500to c. 1500 CEunless
otherwise stated Fieldwalkingis particularly well suited to reconstructing lotgrm settlement
historiesaswhere ceramic traditions are continuous, the distribution of surface artefacts can trace
the evolution of settlementover the longue duréeIn practical termsfieldwalkingsurveys involve

either an individual or a team of individuals physically walking across the landscape in a systematic
mannerwith the objective of collecting archaeological material lying on the surfaaeh individual is
responsible for visually scanning a certain amount of ground around them as they walk across the
landscape, with fid spots and finds either bagged and plotted immediately or flagged for closer
investigationlater. Findsare catalogued producindatasets that can be mapped and interrogated
within a GIS environmenb 2 NF 2f { Q& | INRAR Odzf G dzNF £ NBIAYS LINRJAR
collection with regular ploughing bririgg artefacts into view, creating extensive areas that can be
surveyed with relative ease. While this does not resolve all visibility issusssture, woodland, and

urban environmentgemain probématic t it does enhance the likelihood thahe macrospatial

distribution of medieval settlemertan be detected at the resolution required for this thesis.

For the study period, the most frequently recovered matehbslfieldwalking surveyss ceramic
potsherds although building materialand industrial wastés alsofrequently recoveredn varying
guantities. Potsherds are particularly informative because they can often be dated with reasonable
precisionand many fabricssurvive comparatively well in the plough soil, althoufts important to

note that their preservation is far from unifornf-or exampleRomaneBritish and later medieval
waresare robust ad often preserved intactwhilst early Saxomaresare particularly vulnerable to
fragmentation and weatheringdentification difficultiescan alsoincrease where soils are acidic or

heavily disturbed.

Whilstfieldwalkingis well suited to macrspatial analyses, ihust be recognised that it is not without
limitation. A growing body of developmet#d excavation demonstrates that some medieval
settlements had minimal material culture assemblages, including very limited ceramfcavsglet

al. 2007;Fletcher2010; Brownand Bashford 201) For exampleshortlived farmsteads, sites under
permanent pasture, and places where pagpositional processes have accelerated ceramic
degradation all risk beingnderrepresentedn fieldwalking datasetd-or these reasons, an absence

of ceramics cannot be equated with an absence of settlement. Fieldwalkingatelyidentifies those
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sites that generated, deposited, and preserved enough material culture to be archaeologically visible

on the surface; it cannot capture those that fall outside this behavioural and taphonomic window.

The present study therefore adopts a mwdtridential approacho mitigate against thishortcoming
Fieldwalking remains the core datasattilisedfor macrospatialanalysesbut it is supplemented by
information from the Portable Antiquities Scheme (PAB Norfolk Historic Environment Record
(NHER)andhistorical documentation and cartographic sourcAthough PAS data are unsystematic
and biased toward metalwork deposition, they can highlight areas of activity where ceramic use was
low but where metal objects were lost or discarded. The NHER provides a further counterbalance,
incorporating cropmark &dence, spatially referencedgrey-literature excavation reports, and
earthwork surveys thatan reveal siteswith little or no surface ceramic signature. Historical and
cartographic sources offer additional lines of evidenespecially with regard to admnistrative
records It is hoped thatby utilising a range of datasetbat their individuallimitations are mitigated
against ultimately providinga more nuanceckvidential bas for discerningsettlement patterns
rather than relying solely upon fieldwalking daféne sources of data utilised in this thesisexplored

more thoroughly infChapter Three.

Due to the scope of the present investigation being limited to four marginal environments to maximise
the likelihood of detecting macrepatialsettlementresponses to climatic fluctuations, the number of
surveys that can bacluded in the evidential bass necessarily restricte@imilarly, sme surveys

that intersect the study areas only marginatly such as Wada I NJi illigge Sites in Launditch
Hundredt have been excluded because they do not supply findépatl data or because the bulk

of their mverage lies outside the relevant marginal zorless also necessary to note that this thesis
has time constraintassociated witltCHASE fundingnsuring thathe analytical focus must remain

onthosedatasetsthat are mostcapable of addressing thareresearch question

The following section introduces the selected investigations and outlines their differing
methodological approaches, grouped according to the marginal landscapes they Itavetso the

first time that this data has been interrogated against modern soil GIS datasets. The detailed analysis

2F az2Arafa Ay [ KFELIGSNI C2dzNJ gAff |t 26 petiologichl NJ Y2 NE
characteristics to be constructed than was available to the authors of these datasets in the 1980s and
1990s.
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Southcentral claylandsThe Three Parishes and Fransham Parish

The Norfolk claylands one of the most heavily surveyed regions of the county, with numerous-large

scale investigations being undertaken in an effort to understand the nature of settlement in the
NEIA2Yy d | {TheyEvolutio@df Settlghiedt in Three Parishes in Seagh NorfolkDavison

1990; shortened hereafter to th&@hree Parishewshen referring to thesurveyand to the Three

Parishes when referring to the geographical d@rea YR | y RNXB dFranshand ANE 2 Y Q &
Archaeological and Historical Study of a Parish on tiréolk Boulder ClagRogerson 1995; shortened

hereafter to FranshamParishwhen referring to thesurveyand to Franshanwhen referring to the

geographical aréaarethe most temporally andpatiallyrelevant surveys and will therefore form the

SOARSYUGALIT o0l &araa ¥F2N Ydibke ParBhefickisesion thé paRshe® ofLIS @ 5 |
[ 2RR2Yy X | FfSazx | yR | S(tahsifamRarishfooasés\ dntnéi pangl2 &S NB 2 y Q
Fransham.

In the Three ParisheBavison kept the method of survey relatively coherent across the survey area.

The interval between walked strips was 5m, although on sites where initial investigation produced

little surface evidence this interval was increased to 10m (Davison 1990: &0& of the sites
adz2NSeSR ¢gSNB INARRRSR o051 @Aaz2zy mdpnY mMno@ 51 OAa
which would likely have resulted in more material being recoveregsts on the extensive area that

the study was attemjing to survey; ultimately, in the context of the investigation gridding was not a
pragmatic option. By comparison, Rogerson employed-githres of 50m by 50m, with this grid

reduced to 25m by 25m when it was clear that multiple concentrations were pteséth these grids

uniformly walked at intervals of 8m (Rogerson 1995: 15). Whilst this is a slightly larger interval than

that routinelyemployed by Davison, it must be remembered that in some instances Davison increased

his interval to 10m when low vaines of material were being recovered. Thus, the uniformity of
w23ISNE2YQa yY AYUSNBIfas NBIFNRESaa 2F GKS | aadz
AYONBIAS GKS O2yaAraiaSyoe 2F w23aSNAR2YQa adaNBSe& o

LG A& Ffaz2 LkRraaAirofsS (GKFEG GKS 3INBIFGSNI O2yaraasSyo
but also the contrastingcaleand duration of the two project& | @A 42y Q& & dzZNIWSeé 02 @S NE
area within a shorter period, necessitating the involvement of multiple fieldwalkers of varying
experience levels. Consequently, differing levels of competency likely led to inconsistencies in the
guantity and type omaterial recovered: while novice fieldwalkers may have overlooked less visible
artefac = Y2 NB SELISNASYOSR AYRAGARdZ t& 6SNB fSaa fA
Fransham was conducted sindlandedly over a much longer period, allowing for greater
methodological consistency. Davison himself acknowledged that maintainimgstent standards

was difficult, noting that the expertise of the two principal investigators improved as the survey
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LIN2E INBAa4dSRY WiKdzA dzy RSNIAYyAyYy3d GKS AYyKSNByYy(d LINE
adzNBSeQ o051 @Aazy modbnY mMnanod LG Aad GKSNBF2NB L2 a:
in a single season in 198% was more thorough than thergceding investigations, reflecting the
experience gained by the team during the earlier, msdtason surveys of Loddon and Hales (Davison
1990: 11).

———
o —

Figureb: Typical landscape of tlemuth-central daylands. Large arable fields and discrete blocks of woodland dominate the
modern landscapéphotograph by the author, 2024)

Whilst it is ever the desire of larggeale fieldwalking surveys to investigate every square centimetre
of land within the bounds of their proposed survey area, this is rafedyer, achievable. In Fransham
w23ISNBR2Y YIylF3aSR (2 adNWBSe 20SNI yp: 2F (KS LI NR 3
properties and areas of pasture and woodland (Rogerson 1998AMlE there are gaps in the survey

area the extent of accessible land was adequate to generate meaningful rekdustshese gaps that

the suite of supporting data sources can potentially Ailsimilar percentage of land was surveyed in

5 @A Ahteg Ratisheslthough there are significant areas of permanent pastuparticularly in

the shallow valleys and on the mediewmkensg which prevented investigation. Further extensive
tracts where investigation was not possible tend to cluster in the seat$t and northeast of the

survey area. Loddon parish is the best represented of the three parishes surveyed with o¥ieirtiso

of the land area available for investigation. Conversely, the proportion of land available for
investigation in Hales and Heckingham is no more than half, and of the two Heckingham is the least

well represented
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20K adz2NwSea GF1S 0 AAYATINI [ LIWNRBEFEOK (2 RSFAYA
considered indicative adccupation This rather loose methodology is best summarised by Rogerson,

gK2 adlidsSa GKIG WGKS YlF22NRGe 2 Eitekned B@deedPlidcesO2 y OSy
of settlement, rather than ofa A 1S RdzyYLJA 2F Odzf GdzNF £ YFGSNAFEQ o
Manuring scatterg light scatters of material deposited via manuring practicese more common

intheThree PEsheg ¢ KA OK Aa LRGSYydAlrfte | NBadzAZ G 2F w238
GKS Fdzy OiAz2y 2N S@Sy G(G(KS ylFidz2NB 2F | WardasSQx |y
be due to the nature of manuring scatters, which could include lesmmde material due to direct

dunging, especially in later periods (Jones 2004:8%9

The principal divergence between the two studies is their respectieerding andpresentation
methodologies, specifically that relating to their visualisations which are fundamental to interrogating
their data. For example, Davison suggests that for sites where-paritid finds were recovered but
which exhibited no great concentratiapsuch as Site 8ih the Three Parishesmostlikely represent

a manuring scatte(Davison 1990: 12T heseare marked as a dot in the centre of the relevant field in

his visualisationgDavison 1990: 12)he issue with this methodology is plain, for the spatial extent
and morphology of the modern field is unlikely to correlate to that of the field which was in use at the
time the recovered material was deposited. Rogerson chooses a more sensible appyoeither
representing finds individually or marking loose concentrations as irregular polygons based on their
LIKeaAOlt SEGSYylG Ay | AAYATFNI FlLAKAZ2Y (2 51 @Aaz2y(
mored LI GALFff& | OOdzNF S GKIFyYy 51 GAa2YQa®

Davison also establishes a hierarchy of finds, with fewer examples of ceramic evidence from the early
YR YARRES { I E2Yy LISNA 2R adefn&{DsfvisonNID(: d2). Nits Ratioha®eNJ | W2
whilst not accepted by all, appears to be entirely logical; objectively, early and middle Saxon pottery

is far less common than pottery from later periods, and it is thus entirely within reason to place more
emphasis offiewer finds (Rogerson 1997: 21; Godfrey 2007: 147). Rogerson does not comment on any
hierarchy of finds, although a close look at his site gazetteer reveals that his methodology must have
0SSy AAYAEINI G2 GKIG 2F 5F@Aaz2y RdzS 2 GKS AyOf c
very few sherds.

Breckland: Barton Bendish and Illington Parish

.NBO1flIYR A& 6Stf NBLINBAaASY(dSR AlyngtdnNAOSBukdypf2af 2 A O €
Breckland Parish and its Angbaxon Cemeterfpavison 1993; shortened hereafteritbngton Parish

when referring to the survey and lllington when referring to the geographical)aaed Andrew
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w 2 3 S NBagoyf Beadish and Caldecote: fieldwork in seméist NorfolkRogerson 1997; shortened

hereafter toBarton Bendishvhen referring to the survey and Barton Bendish when referring to the
geographical aréawill serve as the principal sources of data for the analys€hapter Sl 51 GA 42y Q&
Barton Bendisltontains two fieldwalking surveys, one focused on the landscape of Barton Bendish

and another focused on a single field in Caldecote. This latter study is far too localised to be of any use

to this investigation, and thus only the larger survey of Barton Bendish will be utilised.

w 2 3 S NBatofi Béndishis one of the few surveys discussed in this thesis to which access was
granted to nearly every arable field within the survey area (Rogerson 1997: 2). However, a reasonable
percentage of the survey area was inaccessible due to the presence of modermgsygikrmanent

tracts of grassland, or MOD property. The largest tracts of unsurveyed land are in the sBattoof

Bendish especially on the boundaries formed by small streams, whilst in the north of the parish the

largest ungrveyed area is that occupied by RAF Marham. On the other hand, any note of what land

gla 2NJ gl a y24 a&adzNISe SRIilidgtn PansiiTheNaBlyf cdmnlerit Bavigoih Ay 5
LINE GARS& GKIFG S@Sy @I 3dzSte NBtFasSa G2 dKAa (2LRAC
FNFofS fFyR Fa 2LILRNIdzyAGASE | NPaS 20SNJ GKNBS 4
ambiguous comment is inteled to imply that all arable fields in the parish were investigated is

unclear. It is also asmed that those tracts marked as woodland were inaccessible.

5 @gAaz2yQa YSGK2R2f238 Aa 6AldK2dzi + R2dzod GKS ak
discussed in this chapter, with the only remaining information provided in hisd®@ methodology

briefly discussing the varying transect distances commonly walked during the survey (Davison 1993:

1). Intervals were not consistent throughout the survey, with transects at intervals of 10m or 20m
common on the lower slopes of the valley whilst transeteivals of 30m were sometimes walked

elsewhere (Davison 1993). Around St. Andrew€hurchgridding by 50m by 50m squares was
employed; this could, in part, explain the increased quantities of material recovered from around the
church, although it is entirely plausibdeand indeed likely, that this intensity is reflective of an actual

increa® in activity around the site dhe church, a trend which is observable throughout Norfolk (see

Davison 1990; 1993; Rogerson 1995; 1997; Williamson 1993; 2012). When a concentration of sherds

was identified, intervals wereeduced to 3m (Davison 1993: 1). There are thus some issues with

5 @gAraz2yQa YSGK2R2ft238d ¢KS QGFNAIFGA2ya Ay (GNIyasScC
of this survey, for it is unavoidable that transects of 30m will lead to material beisgenh material

which if walked at 10m is likely to have been recovered, especially in thettifignsoil of the Brecks.

It is also unclear as to how many people were involved in the fieldwalking, although the overall

impression is that Davison was umtiking the survey alone. The raft of methodological omissions
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damages the accuracy and reliabilityldihgton Parishalthough not to such a degree as to make it
dzydzal 6t ST NI} GKSNE GKS O2yOfdzaizya NBIOKSR FTNRY

healthy degree of caution.

Figure9: Typical landscape of Breckland. Large open fields of sandy soil dominate the landscape. Note the distinctive form
of the Scots Pine shelterbelts centight (photograph by the author, 2024)

The variations in methodological rigorousness and reliability between different surveys is perhaps
Y26KSNBE o0SGGSNI RSY2yaid N ( RiytoniFalisif yRK lwe Isadah @ § DE 5
Bendiskb w2 3ISNE2YyQad YSGK2R2f23& A& FFNJ AdzLISNRA2NJ G2
methodological decisions and processes which had a bearing on the results on the survey. Fieldwalking

was carried out by Rogerson alone, which as mentioned uely only serves to increase consistency.
However, theconsistency of the survey sightlyreduced as it was carried out over the course of

some seven years (Rogerson 1997: 2). This extended temporal length reduces the consistency of the
survey as surface conditions brought about by both climatic conditions and agricultural regimes would

have nade some areas more archaeologically productive than others, although Rogerson does state

that WSOSNE STF2NI 461 a YIRS G2 aStSO0 GKS 2LJAYdzy |
majority of fieldsweredx YA Y SR Ay 322 R3X 2NJ NBI &2y [ Thi§ Sitici€h® Yy RA { A ;
can also be levelled av 2 3 S NEraéhgh&nd Paristwhich was carried out over an even greater
timescale(Rogersorl995: 12). While the protracted timespan of thEransham Parisand Barton
Bendishsurveys may have introduced a degree of inconsistencyigfaisninor disadvantagend the

impact of this fact should not be ovemphasised.
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The reliability ofBarton Bendishs also very slightly reduced due to the varying levels of survey
intensity over the 17.5krof the survey area (Rogerson 199732 Rogerson categorised each field

gt 1SR d SAGKSNI WLYyGSYy3asiQFOPKAIOK MBENENIGH it § SRT Al
were walked irone-hectared t 2 01 & |G AYyGSNBIFt & 2F wmpondhectateRS ) dzl G
o0f201a 4 SAGKSNI mpY 2NJ HAYT YR FAYyLfftes WLYIlI R
hectare at inervals of 20m (Rogerson 1997p2) @ az2aid FASt RA 6SNB adzNBSesS
F62@0Ss gA0GK GKS YIFI22NARGe 2F GKS flyR | NRdzy R . I NI
ever the hope that surveys such as this will conduct an equaiptigh search throughout the entire

survey areaBarton Bendisks fairly consistent throughout.

¢tKS RSFTAYAGAZY | yR SEGSydG 2F || WwaaiasSQ KrHa I|faz
unsurprisingly providing no such insight). Whilst no objective, replicable methodology was employed

02 RSUSNXYAYS gKIG O2yOSyd NIWamAs Q2 T BartanB&BishdE 2 y D& A
appears to be any dense concentration of finds, with the dimensions of these concentrations assessed

and determined in the field (Rogerson 1997: 3). Where looser, more spatially extensive groupings of
material have beemecovered¢ groupings which cannot be considered true concentrations tue

their reduced density; it is likely that these represent manuring scatters indicative of historic arable
exploitation. Rogerson provides no methodological context for identifying manuring scduier

makes mention of them throughouarton Bendish There is thus a large degree of subjectivity in the
RSFAYAGARZ2Y 2F | WaArdSQ FyR | WYlFydaNAYy3 a0l G4SN
arguably the pinnacle of moderscholarshipand is frequently considered superior to subjectivity,

there is no reason to discount subjective assertions based solely on the fact that they are subjective.

Whilst Barton Bendishs generally superior tdllington Parishthere is one aspect where this
generalsation does not hold true. Rogerson chose to abandon the collection ofrpedteval finds

Fad +Fy SENIe& adlr3asS Ay (KS adzaNBSes gKAOK KS KAYasSH
Furthermore, unlike in other surveys where recovered materighwad LJX A G Ay G2 WYSRAS:
YSRAS@I f QBartonBehSiMERNMIGR FAYRA Ayld2 2dzad I aay3atsS
the entirec. 1150 toc. 1500 period. This provides a slight inconvenience to the researcher, for each

site listed on his distribution maps requires manual filtration in order to elucidate the state of the
medieval and late medieval landscape. Thankfully, a gazetteer of sife®iidZRS R Ay w2 3ISNRE2Y
and thus manual filtration is possible. It should be noted that this gazetteer does not contain a record

2F SIOK AYRAGARAZ f FAYRT WaiiliSaQrs gKAOK | NB 27FG¢
straightforward to filter out, whilst individual finds, which perhaps constitute a part of manuring

scatter, are impossible to filter out. Given that manuring scatters are arguably the more important of
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the two to the analyses of this thesis, itégyrettablethat Rogerson chose to employ such a temporally

extensive categorisation of finds.

Marshland: The Fenland Project

The archaeological data utilised in analysethefNorfolkMarshland(locatedin the northernhalf of

the FensinwestNorfolld At £ 06S RNI gy FINEFe¢nlafdPto@dch AlumBed.R Alorfolkpy y
Survey, MarshlandndNar Valleyeport (henceforth referred to as thEenland Projeatthen referring

to the survey anés Marshland when referring to the geographical gyeeich details and discusses

the data gathered by the comprehensive fieldwalking and historical surveys undertaken over the
course of four seasons between 1982 and 1986he FengSilvester 1988). Whilghe Fensis an
extensive landscapeovering some 3367kimonly 16% of it; approximately535knt ¢ is located

within Norfolk,which isjust over 10% of the total land area of the county (Skertchly 1877: 1; Silvester
1988: 1). However, the considerable variation in bp#dologicalkconditions and the arcieological

and historical heritage of the Norfolk fenland led Silvester to state, and quite rightly, that this small
flyRaAOFLIS A& W& YAONRO2aY 2F GKS CcSytlyR a |
discussed in this thesis, which inveatig just one, two, or three parishes, theenland Project
investigates fifteen; it will be impossible to cover every parish in detaithedater analyses of
Marshlandin Chapter Sevewill be ordered thematically rather than chronologicglyavison 198

Davison 1993; Rogerson 1995; Rogerson 1997; Silvester 1988).

One of the most significant methodological divergences preseitisifrenland Projeds the distance
between transect intervals. Every field in tR@nlandProjectwas walked, wherever possible, at
transect intervals of 30m, which is far wider than those walked infthree Parishes, Fransham Parish,
lllington Parishand Barton Bendish However, these surveys were investigating landscapes where
stony inclusions in the soil are commonplace, and thus archaeological remains are inte¢raixeéd
vastly outnunibered ¢ by natural geological material. This makes identifying archaeological remains
far more difficult in these locations than in the stoneless silts, peats, and cléarshland where

the lack of stony inclusions makes archaeological remains lying in the soil particularly noticeable.
C dzNJi K S NI 2 NB x thé definjfion lof wkich Avill BeQliscussed shortjywas identified, the
transect interval was reduced to between twodafive metres; these are far tighter intervals than that
walked in the olher surveys and could only have served to increase the consistency of the survey. The

increased transect intervals are thus not as problematic as they first appear.

However, the scale of théenland Projeds, as has been previously mentioned, far greater than other

surveys, and it is therefore unsurprising that the coverage of fieldwork is far less consistent, with some
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parishes more thoroughly investigated than others. Parishes such as Tilney All Saints and Walpole St.
Peter saw nearly every part of the parish subjected to investigation; the parish of West Lynn, on the
other hand, contains sizeable areas where fieldwagkiwas not possible due to modern
developments. As mentioned earlier, the inclusion of the suite of supporting data sources is intended
to mitigate against these limitations in the fieldwalking data. It must be said, however, that for the
most part the paishes surveyed achieved a decent degree of coverage, and although it is likely that

some sites were missed by tf@nland Projedhese are unlikely to overly impact the general trends

identifiable within the data.

Figurell: Typical landscape of Marshlandoti the darkness of the earth and the system of ditches and dykes visible
centreleft (photograph by the author, 2024)

Whilst the spatial coverage of theparishsurveys is, on occasion, slightly less than ideal, the intensity

of the fieldwork is relatively consistent throughout the survey ar8dvesterassigned every area
covered by théenland Proje@ yS 2F GKNBS 3INI RSaY WD22RQX $KAOK
at the time of surveying were good or optimum, and that fieldwalking was carried out at the desired

GNF yasoOd AYyGSNBEE 2F onaYT W{I (AaTlpdatiarNdaypE ¢ KA OK
permanent pasture where walking at 30m intervals was not appropriate, or that the arable field was

AY NBlFazyloftS O2yRAGAZ2Y o0dzi GKS adaNWSe&2NR ¢SNB
which signifies that surface conditions were at thearst for fieldwalking, whether this be climatically

induced or perhaps due to a crop being too advanced, ultimately leading to a poor chance of artefact
recovery and a high likelihood of sites being missed (Silvester 1988: 12). Ultimately, the vasy majori

2T GKS | NBI Adz2NDSeSR ¢l a INFRSR |da WD22RQI gAGK

.
O2y G AYAY3 Fye Y2RSNIGS LISNDSydGr3s 2F 43/7¢ R INI R
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YHOD® ¢KSNB Aa (Kdza tAGGES NBI &&gmadrascak asgezidlly G KS NF
when combined with supporting data sources

¢tKS LINRPO6fSY 2F (GKS waAriasSQ Aa faz2 RAaOdzaaSR o0& {
range of possibilities, with it being used to describe an area with the dense, concentrated pottery

scatter indicative of habitation whilst also bgi used to describe areas of industrial, agricultural, or

cultural activity, although like the other surveys discussed in this chapter Silvester similarly provides

Y2 SYLANROIfSX 202SO0GAGBS RSTFAYAGAZY 2988 4R Mhe @2 dzY
definition of the term, as understood and utilised in thenland Projectis best summarised by

{Af 3Sa0SN) KAYaSt T ¢gK2 0O2YYSyida GKFIG WAY (GKA& a
GSNY ¢AGK2dzi GKS NBAGNAOGSR O2yy2al GdAz2y 2F wasSiad
a hierarchy of findswith early and middle Saxon sherds deemed&more substantive than the

more plentiful later medieval material, with the middle Saxon ¥ifé/ 29 containing just twolgerds

2F LLIAGBGAOK 2 NB O0{AftBSaGSNI MmpbyyY MHT MdpPpyyoY Codwmn
methodology, and there is certainly a case for considering Rbaland Projecto be the most

methodologically rigorous survey discussed in this thesis.

Methodologicaland historicaldissimilarities and their implications

There are thus a number of divergences within the methodologies of the five fieldwalking surveys.
Whilst, in an ideal world, the transect intervals would be homogenous, the necessities of the surveys
themselveg; such as the availability of human resoureesl the nature of the sod often dictate the
methods employed. For example, it was not temporally viable to walk the entirety oFéméand
Projectat 5m intervals, for given the spatial extent of the survey and the limited manpower available
such a deision would have ensured that the objectives of the survey were unlikely to have been met
in the desired timeframe. Furthermore, the intensity of fieldwork is very mofibenced byfactors

that lie outside of theA y @S & (i domtlol{i &itNJm&dern developments, denial of access by
landowners, or manpower issues all impacting the degree to which the landscape in question can be
comprehensively surveyed. Inconsistencies in these areas are thus unavoidable in fieldwalking
surveysgiven the temporal and sial disconnect between these various investigations it is surprising
how well documented the methods and approaches utilised are, with the only exception being
5 A a2y Qa dzy RSNSDE Ulingtoh PBish YSGiK2R2t 238 Ay

Perhaps the most pressing concern identified by the review of these fieldwalking surveys is the loose

RSTFAYAGAZ2Y 2F (GKS WaArAildSQd ¢KAA Aa y20X K28gSOSNE
ofaWaAiSQ KIFIa t2y3a 6SSy I LRAYyG 2F O2 yolurSlgtddas2 y & A
YydzYSNRBdza | NOKI S2f23Aa6a KI @S | (&8 WMeIIB® it was | dz y |
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Haselgrove, Foley, Dunnell, and Hedlthe 1990s it was Binford and Dunnéfl the 2000s it was

Anschuetz, Wilshusen, and Scheigkilst more recently it was McCoy, who has attempted to place

FYR NBO2yOAfS (KS WaArAisSQ ¢6A0GK GKS AyONBFraAy3dfe R
1981; Haselgrove 1985; Binford 1992; Dunnell 1983, 1992; Ansakuait2001; McCoy 2020). This
RAFTFAOMzZ G& Ay RSTAYAY3I GKS WaAldSQ AMiacussaf bldve LJA 0 S 2
top2 JARS 'y SYLANROFE RSTAYAGAZ2Y 2F (GKS WwairdsSQs ¢
dzy RSYAlL of & ljdzZr f AGEFOABS AYOGSNIINBGOGFGAZ2Y GKFG Wwaaid
habitation and areas of industrial and agricultuaativity (Silvester 1988: 13). A further qualitative

approach to site definition is provided by Rogerson, wabocludedii K & Wi KS YIF 22 NA (@
concentrations designated below &itevere indeed places dbccupation] rather than offsite

dumps2 ¥ Odzf G dzNJ £ YI GSNA I f Q abthezdEByNEHZYSsedinttipthesisodio @ | f

to usea qualitative approach.

CKSNBE FINB Ffa2 AaadsSa gAGK GF1AYy3a | ljdzk yaAGE GA D
methodological approach for identifying sites in the plough sadls set out in his survey of the
Cambridgeshire fens in the late 197%$0lds that a pough soil site must contain at least fifteen

individual artefacts collected in under 10 minutes from an area greater than 10m by 10m (Hall 1981

53). However, this rather stringent methodological approach has numerous flaws, with the most
significant beig an inherent assumption that all archaeological material is of equal value. This
assumption does not reflect reality, for sherds of early and middle Saxon pottery are rarer due to both

a poor survival rate and the simple fact that the use of pottery mayehbeen less in these earlier
LISNA2Ra GKIFyYy AdG gla Ay fFGSNI LISNA2RAT GKSNB Aa
SENIé& YR YARRES {FE2y LR GGS Niermedieva pottewyQdiits W SA 3
1991). This is aptha dzY Y NA ASR o0& 51 @A & 2syafier af Kveentyta-thittyd Sa G K|
thirteenth/fourteenth-century pieces derived from the surface of a large field indicates no more than
manuring distribution; if twentyfive of those sherds came from a small area, say 100 square metres

in one corner of that filel, then it might be considered a small site. Seven pieces of IpsypenNare

found in close proximity could be deemed, with justification, to indicate an undoubted site of that

period, [whilst] seven pieces ofedieval pottery would not. The survival rate of earlier potéémust

mean that finds from those periods have a greater significance even if they are small in quantity
(Davison1990:12) R | I £ £t Q& ljdzt yG A GF A @STheSRafsheR Frardiad 0 SSy
Parish, lllington Parish, Barton Bendiahd theFenland Projectthe vast majority of early or middle

{FE2y &A0GSa 62dA R y2i( deds @ofiakd ihtaicarSideratioh thef diférenti S a G =
weighting of certain types of matetia@vidence (Hall 1981: 53; Davison 1990; 1993; Rogerson 1995;

1997; Silvester 1988: 12).
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given that all the surveys discussed in this thesis opted for a qualitative approach, there is a modicum

of homogeneity between them. This is further iaased by the inclusion afhierarchy of finds in all
investigations, whether explicitly stated or implied within the gazetteer. There seems very little cause

to retrospectively alteg perhaps using an objectivguantitativemethodology such as that proposed

by Hall in 198% what concentration of materiak to bedefined asaWa A 1 SQ dHere & &lsom by m 0 @
little cause to disagree with the proposed function of these siteless new evidenckeassuggested

an alternative function

CKSNBE A& |taz2 GKS RAAUGAYOUGA2YyZ FTNBIljdsSydate €t dz
WY ydzZNAYy3 aO0OFGGSNDR o051 @Aazy mdbddnT wmdpamisensug 3 S NE 2
that low-density but extensive scatters of potsherds indicategoric arable cultivation conversely,

the absence of such scatters indicates thistoricarable cultivation in that locale was unlikely (Jones

2004: 1634).In 1978 Foarduggestedhat whilst manuring scatters are a helpful tool in elucidating

the extent of medieval arable, they can only indicate thsnimum acreage under cultivation, for

WA Y DA AA O fg Suth ay dirgtddddyiggaill not show up in the archaeological record as they

are essentially aceramic (Foard 1978; Jones 2abé)most significantvork in this rather niche, but
ONRGAOFtf& AYLERNIIFYG ¥FASSRna®res inthe GdiBe USelofPSttey Y H 1 N1
in Manure Scatters in the Identification of Medieval Arable Farming Redilnres 2004: 1588).

Here, Joms discusses how the material evidence from the Whittlewood Project indicates that
developments and changes in arable regimes and systems are identifiable through the changing
nature of manuring scatters, with these scatters able to capture the emergehodield/outfield

cultivation, openfield farming, demesne blocks, and assgdones 2004: 1588). Based on this

evidence, Jones propod@ model for tracing these developments through the spatial characteristics

and densities of manuring scatters (Jer&004: 159).

In his model, Jones suggests that betweef00 andc. 850 manuretaken from a @mesticsetting¢

including potteryc was scattered over a limited area directly around the farmstead, with this scatter

likely representative of the infield of an infield/outfield system, with the areas devoid of pottery likely

utilised as woodland or pasture (Jones 2004: 184). This patidftecsc. 850, when for the first time
WFFNYAY3I o0f2014 06SOFYS aLI GAFff& RAG2NOSR FNRY |
put under the plough the need for intensive manuring of the emergipgn fieldswas reduced, for

the careful use of rotations and direct dunging negated the need for manure from domestic sources
(Jones 2004: 184). Instead, manure from domestic sources was likely spread on the crofts8s@he

to ¢. 1100 period (Jones 2004: 184). The pattern shifted agali00, with domestic manure once

again being spread on the fields (Jones 2004: 184). This was likely the result of the gradual, but
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nevertheless inexorable decline in soil fertility levels experienced by arable fields after decades, if not
centuries of continuous use; increases in yields, which were vital due to the expanding population and
the increasing monetary rents, could thus ptie achieved by putting more land under the plough
and reducing the length of fallowing (Jones 2004: 184). Every available source of-feqilktyishing
material ¢ such as domestic manuewas thus needed to maintain soil fertility (Jones 2004: 184).
This domestic manure wéeter intermixed with more resilient forms of pottery, which combined with

the increased usage of ceramics ensured that scatters of pottery began to prolifersi€0 in all

parts of the landscape under cultivatioibes 2004: 184).

¢tKS Y2RStf 2F w2ySa Aaz K26SOSNE o6l aASR 2y 204SNX

landscape in Northamptonshire. Its applicability to Norfolk is thus up for debate. Whilst this thesis is
not primarily concerned with validating or refuting Jofles Y & Rightno attempt being made to
calculate the densities outlined in his modgik will nevertheless be interesting test whether the
evidence from Norfolk exhibits any of these identified spatial patterns. It is accepted that manuring
scatters @e not perfect diagnostic tools, but the dominance of ceramic evidence and its undeniable
association with medieval manuring practices ensures that it remains a vital tool in elucidating

developments in thenedieval settlement

It must also be acknowledged that withime four marginal landscapesvestigated in this thesibiere

exist geographil and historicatlissimilaritiedbetween the individual study areas which are likely to
have impactedhe development of medieval settlemenin the southcentral claylands he Three
Parishegwhich encompasses the parishes of Loddon, Hales, and Heckingbemnpjes a peripheral
position that is adjacent tthe Broads, and has thus been shapatleastin part, by its association
with this unique wetland landscapé. KA & RAFFSNAE FTNRBY (KS Fadnddamy 2 NB
Barton Bendiskimilarly occupies a peripheral position wittdneckland, where ibccupies a feredge
location that distinguishes it from the more central positiorlbhgton. There is thus a distinction to

be made between the study arettsat lie within the core of the marginal landscapedthose that lie

in a more transitional context, for in the latter the development of the medieval rural landscape will
have been influencedn part, by neighbouring landscaped/hilst it is important to acknowledge this
difference, it is also importartb not overemphasise thiglissimilarity As will discussed in Chapter
Four, both theThree Parishes and Franshamthe southcentral claylandsand Barton Bendish and
lllingtonParishin Brecklandare extremely similar in environmental characteristiagsensure that the

historical context of each study areademmented on individuallya dedicated subsectiooalled

WL GAFE FyR KAAG2NROF feacdd tfenbalysesrhaptins bligl(ifsaeR S R |

the spatial and historical characteristics of the individual study aféescontext will provide valuable
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information on the similarities and dissimilarities between the study areas within each of the

investigated marginal landscapes.

There is also a strong case to be made thatiti@usion of bothcore and transitionastudy areas

within the wider marginal landscapes @& methodological strength rather than a limitation. By

comparing studyareas K & | NB 352 3INJ LKA Ol f tséale)BiRvithinihe saitne o | G

broad landscapéel (i & itJBe@omes possible to assess whether observed patterns of settlement
development are consistent across the landscape as a whole or are instead driven by highly localised
conditions If both core and transitional study areasexhibit similar responses to climatic and
environmental variables, this provides robust evidence that the findings are representative of the
broadermarginallandscape. Conversely, if they diverge, this reveals important nuances about how
location-specific factors interact with the broadenvironmentalcharacter similar to the complex

web of environmental and anthropogenic feedbacks discussed in the international medieval
settlement corpus(Casely 2006Bintgenet al. 2011; Xoplakiet al. 2016 Lasher and Axford 2019
Ljungqgvisiet al. 202Q Blntgenet al. 2027).
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Chapter Two Investigating thedimatic

Introduction

Understanding thelimaticconditions that prevailed in Norfolsetweenc. 500 andc. 1500is critical

to the objectives of this thesidt is perhaps telling that to this auth@knowledge no piece @&nglish
landscape historical or archaeological literature ht®roughly reviewed developments in
palaeoclimatology, despite deepeningoverlap of the disciplines in recent yeaesthorough review

is thus long overdue This lack of engagement cannot be attributed to a stagnation in
palaeoclimatology, forwer the past thirty yearshe disciplinehas flourished,with a multitude of
hemispheric, continental, and regional temperature and precipitation reconstructions available to the
researcherlt is freely admitted that the spatial scale of many of the reconstructions discussed in this
chapter is far from ideal; however, considering that this thesis is concerned not with thetehurt
effects of climatic fluctuations but rather with its effeover thelong durée temporally extensive
macra-scale multiproxy reconstructions will capture letggm trends in climate Whilst a smaller
geographical scale county level, for example would be preferable, multiproxy reconstructions at

this scalaare rare, although not entirely absent

This chapter will investigatesixteen individual climatic reconstructionsTwelve of these are
temperature reconstructions, with this selection composed of eleven temporally extensive
hemispheriescale reconstructions and one temporally limited courgvel reconstruction.The
remaining bur reconstructionsare concerned with historic rates of precipitationith this selection
composed of one temporally extensive continental scale reconstruction, two temporally limited
regionatscale reconstructions, anche temporally limited countyevel reconstructionThis is noto

be considered an exhaustive list and any absence is not reflective of reliability or merit; rather, it is a
sample of past and present research which has been chosen to show both the development of the
discipline over the past three decades and thehif Ay LJ f I S20f AYIF (2f 238 Q&
climatic trends. Furthermore, the precise fluctuation in temperature or precipitation is of less
importancec although it is critical to note thahis is not stating that it is aio importancec to this
dddzRe GKIyYy GKS Y2 Ndst tAeddagnigude oliflcRiatiohQsdaied Siferent
between reconstructions, the morphology often appears similar in form. However, before the
reconstructions themselves can be reviewed, it is first necessary to explore the advantages and

disadvantges of the data which is used to create these reconstructions.
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Proxydata

tKS NBO2yaidNHzZOGA2ya RAAO0dzZA&ASR AYy U(KAA pOHeLIG SNI |1
These proxies capture within them a reflection of past climatic conditions and vary considerably in

type, although the vast majority can be split into two main groups; proxies which are derived from the

natural world, and proxies which are derived fronetanthropogenic worl@Jones, Osborn, and Briffa

2001) The former is, theoretically, less subjective than the latter, although the varying statistical and
constructional techniques used to build climatic reconstructignghich is very much a subjective

decision taken by the authordeads to all reconstruions, even those based solely on scientific proxy

data, containing within them an element of subjectivign wnderstandingof the strengths and

limitations of this data ishus critical toassessinghe palaeoclimatologicditerature. This section will

not investigate every type of proxy, for this would be vastly impractical; rather, the most commonly

used proxy sources will be discussed, with dendroclimatic, ice core, coral, speleothem, and
R20dzySydtrNE RFEGF FSFEddzNAYy3I Ay GKAa asSoOodAizyQa |yl

TreeRing Width (TRW) and Maximum Latewood Density (MXD)

TRW is perhaps the most widely used type of proxy, Biiffaet al. (1996)commenting that tree

NAYy3Ia KF@ZS wazyY$S Of | A Y-calie@ high\dSLaS24 Adkiit A2 ya (LINRdEze  Ovf Ay
(Briffa et al. 1996: 10) not least because of their widespread availabi(iBriffa et al. 1996) By

measuring the width of individual rings, important implications regarding the prevailing climatic
O2yRAGA2YE 2F (GKS t20Ff FNBIFI (GKNRdAK2dzi GKS NI
indicate less favourable conditions, such as extremaésmperatures and rates of precipitation, with

thicker rings indicating favourable growing conditions. This is, of course, a heavily simplified summary

of dendroclimatic science, but serves to highlight its key principals.

In the following section all dendroclimatic proxies have been analysed to extract data pertaining to
temperature; temperature is not, however, the only factor that causes variations in TRW.
Precipitation, wind speed, and levels of sunlight also effect geawth, as does atmospheric
composition and competition with neighbouring tre€$ree Rings' 2021yVhilst dendroclimatology

has developed methods of limiting the impact of other climatic influencasich as through the
careful selection of sample sites, often at high latitudes and altitufdé#ss impossible to entirely
eliminate the impact of otheinfluences(Bradley 2015: 4587). Indeed, research conducted by
Toledoet al. (2011)and A & ¢ %tSaD(2017)suggest that precipitation, not temperature, is the
principal driver of radial growth. Temperature reconstructions that make use of dendroclimatic data
must, therefore, take into consideration the likely presence of interference from other climatic
influencescg KA OK aK2g¢a dzLJ I & @yifch do@dpotentiallykeadyfo inadcBateR | (i | & €
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conclusions. Thus, any reconstruction containing dendroclimatic proxies needs a robust methodology

to reduce the impact of noise arising from other climatic influences.

In addition to TRW, Maximum Latewood Density (MXD) is also used to reveal past climatic trends.

Each annual growth ring of a tree is composed of two different densities of tracheid cells which form

two types of wood: earlywood and latewood. Earlywood is ftaler wood sandwiched between

RFNJ SN f10S622R WNA y J-wdled, ldosélR padkéd (2O thusJhn@Biy) 2 F (K
tracheids, whilst latewood is composed of thisklled, tightlypacked (and thus higtiensity)

tracheids. Schweingruber, Braker, and Schar (198ye shown how variations in the density of

tracheids contains a strong climatic signal relative to Aidjust mean temperature with analysis of

maximum densityg and therefore the density of latewood, not earlywo@dbeing preferred over

minimum densiy as it appears to be a better climatic indica{@radley 2015: 455)Densitometric
RSYRNROfAYIFG2f238Qa F2NBY2ald | ROLyGFaAS 235N ¢w?
growth functiong namely that density is nearly linear with agevhich allows for the preservation of
low-frequency (longerm) climatic signalsvhich TRW is unable to preser¢Bradley 2015: 455)

However, whilst MXD is generally more accurate in determining local temperate than TRW, the usage
ofbothringg ARG K RFGlF IyR RSYyaAit2YSGNARO RIGEFE A& NBO2Y
Ot AYIF GAO o NBANYRo, JacobyHaddiFked 19820Bradley 2015: 455)

Icecores

Whilst dendroclimatological data is perhaps the most popular proxy used to piece together past
climatic trends, data gleaned from ice cores comes a close second. As snow falls in polaf or high
altitude locations, their cold climate and relatively shorteintals of summer warming prevents
precipitation from completely melting away. This allows for a repeating annual sequence of ablation
and accumulation to take place, whereby snow from the previous accumulation season which survives
the following ablation sason is subsequently covered with snow from the next accumulation season,
with this cycle repeating over the course of millions of years in the dry snow zone of polar ice sheets
(Bradley 2015)Through the processes of mechanical packing the underlying snow is turned first into
firn and then into ice, with the formation of the latter occurring at depths of at least 77 metres; the
term ice core is thus a misnomer, for as Bradley (2015) poiriistwey are more accurately firn cores,
although for the present analysis the term ice core will continue to be (Bedron and Langway
1980; Bradley 2015)

Ice cores are, at their most basic, a collection of frozen water deposited in a single location over the
course of thousands or millions of years. Whilst they are constructed from precipitation, and indeed

can be used to measure rates of precipitation, #tgemical composition of the water can yield
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valuable data which can be used to recreate historic summer or annual temperatures, wind speed,

and levels of solar irradian¢Bradley 2015: 139Recreating historic temperatures and precipitation

is achieved by analysing of the ratio of the water molecules and stable oxygen is&iOpasdi®O

0 (i S N}GdR DeltaO-18) within an ice sample. The heavier (by some 12'894sotope condenses

more easily than the lightéfO, and thus precipitates more read{Bradley 2015: 139 he presence

of heavier concentrations offO in an ice core thus indicates a warmer climate; similarly, high
concentrations of®0 ¢ and by extension a reduceO countc indicates a colder climate, fgfO

precipitates primarily in colder conditions. Whilst this is, admittedly, a heavily simplified explanation
2F%heE A0 YSOSNIKSE Saa & Stfosand2hduiit isiukes in thée corite®t oflidgd A y O A L.
core analysis.

There are, of course, limitations to ice core proxies. Ice cores are inherently dependent upon
precipitation, and as summarised Park (20001 A OS O2NB &l YLX S&a NBf & dzLRey
high rate of deposition to allow identification of seasonal features, and on maximum temperatures
0SAy3a G22 f2¢ (Ddk 20080 Thére aveSfmyriad/dl fQrther variables that can

render ice core samples unreliable, such as aeolian action wiping away a layer or human error
mistaking a particularly strong weather event as its own annual Iéyark 2000) There are also
geographical limitations to ice cores, with the most obvious being that they can only be taken from
extremely cold regions, and thus using ice core samples to recreate temperature diteeaimg

locations is arguably more problematic thaay, analysis of TRW from a location nearer to the study

area. Ice cores from Greenland (such as Dye3, GISP2, GRIP, NGRIP, and NEEM) have also been found
to be susceptible to fluctuations in both local ice sheet changes and North Atlantic temperatures
(Bradley 2015: 15Q@). Ice cores from Antarctica (such as SAE, ANARE, EPICA, and IPY LARISSA),
however, have been shown to be less susceptible to external influences than those from Greenland,
although they tend to be of lower resolution than cores taken from Green(@avies 2020)Each

location therefore has its own set of limitations and strengths, and the choice of data is largely

dependent upon the specific aims and needs of individual palaeoclimatic reconstructions.

Coral

Formed of the massed skeletal remains of coral polyps, corals capture within them a snapshot of
oceanic conditions over the course of hundreds of years. Largebugleling hermatypic corals of the
order Scleractinia are the principle type used in pal$iewatic researct{Bradley 2015: 50Q). These

are limited in geographical distribution to areas which have a mean annuaustsce temperature

of 18°C, which limits their range to the area between 30°N and @r&lley 2015: 500)Gathering

coral palaeoclimatic data outside of this region is possible, and has been achieved by extracting deep
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sea corals, although this clearly presents more challenges than corals harvested from shallower waters

(Copardet al.2012; Robinson and Flierdt 2009)

t 1 S20tAYFGAO Fylfeara 2F O2Nrfa NBfASHEO2Yy (SO
and a modified; but nonetheless recognisabtevariation of TRW. The latter is achieved by analysing
O2NIf WolyRaQz gAilK -riags SvithShickeOhandy @pre¥ettiddyedrsiwhed (G NI &
conditions were more favourable for grow(NASA 2021; Bradley 2018)orals are, however, oceanic

organisms which are influenced by other factors such as water salinity; they are also living organisms,

and much like dendroclimatic data a large sample pool is required in order to use them dsrlong

proxies(NASA 2021)

Speleothems

Speleothems are a common feature in many limestone caves across the world; formed predominantly

by dripping or flowing water, these mineral deposits contain valuable palaeoclimatic(Bedeley

2015; Sundgvist 2007The most welknown types of speleothem are stalagmites (growm) and

stalactites (ceilinglown), with the former being most commonly utilised for palaeoclimatic purposes.
Ly@SaidAaalraazya 27 aLISt &epaidgdwiarated 2withvire jofmer plindafiydza Sa 2
related to temperature and the latter primarily related to precipitati@radley 2015: 293)

Speleothem analysis is increasing in popularity and given the widespread distribution of speleothems

and the potential data they can yield the expansion of the field could be of considerable aid to
palaeoclimatological science. Analysis must, howevernoerdaken with due caution, as there are a

myriad of environmental variableshydrological, geological, and climatologicahat can impact the

growth and development of individual specimens, with Sundqvist (2007) urging the need for caution,

stating thai Wa LSt S2GKSY& NS AYRAGARdzZ fa wlyR8 Sk OKX
LINPOSaaSaQ o{dzyRIj@AAG HwnAnnTtTY HO® /2YyAARSNAY3I (KI
percolated through the aquifer over time, there may be a significanb&tg/een changes in climatic

conditions in the outside world and a change to speleothem growth in the cave enviroriBraciiey

2015: 294) This can limit the extent to which speleothems can be used to date shifts in climatic
O2yRAGAZ2YAY FYR 6KAf &l . NIRfS& 0Hn-pasditedodzhd Sa G a
SYGANRYYSyilf NBO2NR Ay aLBY320KOSaQPTFKES 0N G SH S
GKFG yydzht 62N S@Sy &dzol yydz £ 0 @raldyRoiski 28)a Y& o
Documentarysources

The final proxy type discussed here is documentary data. Unlike those proxies discussed above,

documentary data is anthropogenic in origin, and thus reflects a subjective interpretation of historic

climatic trends and events. Documentdrgsed reconstructins, which do not themselves contain a
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physical record of historic climate, cannot provide an anomaly value in the same way that scientific
proxies can. Whilst a tregng can allow the researcher to extrapolate the value of the climatic
anomaly ¢ such as temperature; in degrees centigrade, @amentary sources only allow the
researcher to assign certain years or months a score to create a climatic index, although this is not to
say that documentary data isherentlyinferior. Categories of historical materjaduch as manorial

rolls and weathe diaries, have been shown to be more or less in agreement with scientific data.
Indeed, the first attempts at palaeoclimatic reconstructions by Professor Lamb were based on
documentary data, and over the years numerous other academics have compiled duemyne
sources in the hopes of creatingcreasingly moreaccurate palaeoclimatic reconstructieiiLamb

1965, 1963; Pribyl 2012; Pribyl, Cornes, and Pfister 2B&haps the most successful of these
attempts are those producedy Pribyl, who over the past decade has combined a vast array of
historical documentary sources primarily relating to grain harvestg with scientificallybased
temperature and precipitation studies to create a series of late medieval palaeoclimatic
reconstructions which often focus on East Anglia, and Norfolk in partigRtdryl 2020; Pribyl and
Cornes 2020; Pribyl and Cornes 2019; Pribyl 2017a; Pribyl 2017b, 2014, 2012; Pribyl, Cornes, and

Pfister 2012)t N @eéohsfiuctions will be considered in greater detail in Chapter Two.

Whilst documentary datag with its unique ability to provide the researcher with a fitgtnd
description of climatic eventg can be of significant aid to palaeoclimatological studies, there are a
number of limitations to historic document¥he most pressinigsues are their subjectivity and their
often limited temporal range, with the majority aklevantwritten documents postlating c. 1200
(Ogilvie and Farmer 199713 Bell and Ogilvie 1978This has, unfortunately, led to there being an
issueg although it is critical to state that this is an issue relative to this study ©wigh the work of

Pribyl; due to the lack of documentary sources available from thel@@® period, majority of he

work is confined to the post200 period. A further temporal limitation of documentary sources is that
unlike many sources of scientific proxy data, historical documentary data is discontinuous and
disjointed, and is relianupon human perception; treescorals, ice, and speleothems all outlive
humans by tens, hundreds, thousands, or even millions of years, and even in times of completely
dzy NBYIFI Ny FotS OftAYFGAO O2yRAGARZ2Yya GKS& O2ydAydzS N

Humans on the other handare farW LJA GwjtH ré&bdidiing climate; famine years, for example, are
well documentedg and for obvious reason as the weather during these periods was often at the
extremes and was thus worthy of recording. Average years, or slightly below or above average years,
however, were notas readilyrecorded, for they were unremarkabknd there was no reason for

chroniclers to record periods of climatic normality. Documentary sources are thus useful for
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highlighting extraordinary climatic intervals but often fail in recording the far more prevalend

equally importantg intervals of ordinary climatic conditions.

Multiproxy reconstructions

It should be clear that each type of proxy has its own strengths and limitations. Whilst each proxy can
beused individually, doing so only magnifies its limitations, lessening the extent to which the resultant
reconstruction can be considered reliable. Of course, there are exceptions to this rule that will be
discussed in the following sections, but in genaraiultiproxy reconstructioig that is, one based on
numerous types of proxy data will often be preferrable to mongroxy reconstructions, as the
incorporation of a range of proxy types allows the reconstruction to have the best chance at capturing

the true climatic conditions prevalent at any given time.

Seasonality

Whilst the type of proxy data employed by the various reconstructions discussed in this chapter is
highly influential in determining their results, another factqrthe seasonalityof the proxies
themselves; is critical indetermining their relevance to later analysés broad terms, temperature
reconstructions tend to fall into one or in somerare cases twog of the following categories:
reconstructions that recreate winter temperaturesreconstructions that recreate summer
temperatures reconstructiors that recreate annual mean temperatures. Similarly, precipitation
reconstructions can either recreate winter precipitation, summer precipitation, or annual mean
precipitation. The seasonality of these studies is determined by the type of proxy dataubiiseg,

as differing types of input data reflects differing climatic conditions at the time that that particular
LINEE& a2dzNDS 61 & WNBO2NRAY3IQOD

By far the most heavily represented months are the dspeing and summer months. For example,
TRW is a reflection of climatic conditions during the growing season, which generally runs from April
to late-September¢ a period which can also be expressed as AM@JABilst MXD is generally
reflective of the latespring and summer monthguckest al. 2007: 4) Ice core melt layers are also
dependent upon the warmer months, and medieval documentation, which is often concerned with
recording the details of the harvest, is also biased towards representing the spring and summer
months (Juckeset al. 2007: 4 Pribyl 201}J. The dominance of the warmer months in the
palaeoclimatological proxy record is mirrored in the seasonality of various reconstructions, although
there is an important note to be made regarding this fact. Ofttlxelve temperature reconstructions

that are investigatedin this chapter, only twa; BOS2001 and P2017@¢onsider themselves to be
LIdzNBt @ WadzZYYSNDR NBO2yadNHzOGAzyas oKAf &l
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reconstructions are based on proxy data which is weighted towards the summer months, with
JBB1998, MBH1998, ECS2002, and L2010 each containing something of a disclaimer within the text
GKFG FO0ly2e¢fSR3ISa (GKIG GKS NBEQHVIMIhNEOG &8 ARl Wy dal &
GKS 61 NXYSNJ &S| @jengguist 20T0: I4E®ESen éh&e Wzh do not contain such a
disclaimer could arguably be seen to be weighted, at least in part, to the summer months. This warm
season bias is also present in the four precipitation reconstructions discussed in this chapter, with all

four either recreating summer precipitatioq BTN2011(P) and P2017(®)or recreating spring

summer precipitatiorg WML2013 and CMT2013.

The springsummer bias prevalent in palaeoclimatological reconstructions is not necessarily a
limitation, at least in the context of this thesis. Medieval life was centred on agriculture, whether

arable or pastral, and the intrinsic link between agriculture and climate ensures that it is the spring

and summermonthgi KS Y2y i Ka GKIF G OI yharvesthrisl hay didptaddBdre] (G KS &
most critical to successWith settlement and landise soentwined with the fortunes of agriculture

there is ceraiinly an argument to be made that reconstructions of spsngimer temperatures and

precipitation are of equal use to those which recreate mean annual values due to the importance of

the springsummer months. The dominance of sprAsgmmer proxies has uttiately led to winter

conditions being underepresented in the palaeoclimatological record, with none of the
reconstructions discussed in this chapter being either solely dedicated to the colder months or
weighted towards the colder months. However, whilstany annual mean temperature
reconstructions are, as has been discussed above, weighted towards the warmer months, there is no

NBI a2y (2 RA&O02dzyd GKSANI I LILX AOFIoAftAGE & WIyy:
correlation between seasonsalecadal and longer timescales in the period covered by instrumental
measurements [ensures that] it is justifiable to use [warm weighted proxies] as annual proxies, as has
0SSy R2yS o0& w9/ { @ongguit 200/ ROYwa{ |l HanpB&Q

Temperaturereconstructions
Introduction

This section will review the twelve temperature reconstructions (eleven hemispheric and onecounty
level) which have been produced over the past three decadés tablebelow contains basic
information regarding these twelve reconstructionsIin an effort to aid readability, these
reconstructions have been assigned an abbreviation that follows a formula similar to that used by
Juckeset al. (2007) Up to three letters form the first half of the abbreviation, with these letters
referring to the first initial of the surname of the first three authors as listed on the original work,

followed by the year the work was first published in. For hemisplseate reconstructions up to 2007,
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et al. (2007)will be indispensable in building a solid understanding of the state of palaeoclimatic

research.
Abbreviation Author(s) Year Title PeriodCovered | Seasonality
JBB1998 Jones, Biriffa, 1998 Highresolution palaeoclimatic records fq 10002000 Annual,
Barnet, and Tett] . o .
the last millennium: interpretation summer
integration and comparison with Gener weighted
Circulation Model contralun temperatures
MBH1998 Mann, Bradley, | 1998 Globatscale temperature patterns an{ 14002000 Annual,
and Hughs . . . .
climate forcing over the past six centuries summer
weighted
MBH1999 Mann, Bradley, | 1999 Northern Hemisphere Temperature Duri§ 10002000 Annual
and Hughes the Past Millennium: Inference
Uncertainties, and Limitations
CL2000 Crowley and 2000 How warm was the Medieval Warm Period] 10002000 Annual
Lowery
BOS2001 Briffa, Osborn, | 2001 Lowfrequency temperature variations from| 14002000 Summer
Schweingruber, . .
; northern tree ring density network
Harris, Jones,
Shiyatov, and
Vaganov
ECS2002 Esper, Cook, 2002 LowFrequency Signals in Long TFRiag| 14002000 Annual,
and . .
Schweingruber Chronologies for  Reconstructing P4 summer
Temperature Variability weighted
MJ2003 Mann and 2003 Global Surface Temperatures over the P 200-2000 Annual
Jones Two Millennia
MSH2005 Moberg, 2005 Highly variable Northern Hemisphe{ 0-2000 Annual
Sonechkin,
temperatures reconstructed from levand
Holmgren,
Datsenko, and high-resolution proxy data
Karlen
HCA2007 Hegerl, 2007 Detection of Human Influence on a Ne| 500-2000 Annual
Crowley, Allen, Validated 1500 ear Temperaturg
Hyde, Pollace,
Smerdon, and Reconstruction
Zorita
L2010 Ljungqvist 2010 A New Reconstruction of Temperatyd 0-2000 Annual,
Variability in the Extraropical Northern summer
Hemisphere During the Last Two Millennia] weighted
XCL2016 Xing, Chen, Luo] 2016 The Extratropical Northern Hemisphe] 850-2000 Annual
Nie, Zhao, and Temperature Reconstruction during the L.
Huang
Millennium Based on a Novel Method
P2017(T) Pribyl 2017 Farming, Famine, and Plague: The impac{ 12561431 Summer
climate in late medieval England

Table2: Temperature reconstructiomiscussed in this chapter.
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JBB1998, MBH1998, and MBH1999

The first three reconstructions to be investigatedJBB1998, MBH1998, and MBH139%ill be
grouped together and discussed in a single section. As some of the first hemisgtedeitemperature
reconstructions all three have similar strengths and weakassand whilst they are important pieces

of palaeoclimatic literature and have had, as will be discussed later in this chapteriresigoificant
influence upon landscape archaeological research, their age and their relative methodological
simplicity Imit both their usefulness to the present analysis and the amount of time which should be

dedicated to investigating them.

JBB1998 is the first annually resolved northern hemispheric temperature reconstruction that covers

the entirety of the second millenniur@Juckeset al. 2007; Jone®t al. 1998) MBH1998 shares the

same resolution but is limited to the pe$d00 period, a shortcoming which was rectified by its direct
successor, MBH1999, which like JBB1998 begins at 1000 CE. These reconstructions utilise a range of
proxies, with ice core, TRW, MX&ral, and historical and instrumental data all present within the

overall datasets. JBB1998 is the most limited in terms of quantity and geographical distribution, with

only ten proxy datasets contributing to the reconstruction, six of which come frompg and four

from North America, although of this total only three proxies (two of which are sourced from Europe)

date back to 1000. MBH1998 improves upon this by using twimmge individual proxy records with

415 indicators, but although MBH1999 extisrthe temporal range, only twelve of the indicators date

0l 01 G2 GKS NXO2yaid NMaon) BralgyQand HujhesNIBI8)Rdxpe@ed e M n N
accuracy of these pr#400 indicators is considerably less than those of the4df0 period, which

were themselves only accurate to forty to fifty per cent back to 1@@ann, Bradley, and Hughes

1998 Juckeset al.2007) This is a limitation of many reconstructions antk which can perhapbe

0Sai 0SS RSAONROGSR & WNBINBaEAAODS LINPEE (GKAYYyAy3aC
does the quality and quantity of the available proxy data, although in recent years this has become

less of an issue as more higesolution, longterm annuallyresolved proxy records have become
available. The extent to which these reconstructions can be considered rejiebjeecially in the pre

1400 periodg is therefore seveely limited.

The morphology of these three examples also differs considerably from more recent reconstructions.

Of particular note is their stunted variability, especially over the {mmm. All three demonstrate a

variability of no more than +0.4°C over the cours# the study period, a fact which makes discerning
anyofthewell Y26y Of AYFGAO WLISNA 2RADRREFIFA OUiMEN® tCE NB 5F
essentially absent from JBB1998s is a define’[ A (0 G t S )¢alnBugh tReSu@hors flolsugge

that the lack ofpre-fifteenth centuryLINR EA Sa &K2dz R 6 Ny GKS NBF RSN v
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outright (Joneset al. 1998: 464)A well definedMWP is similarly absent from MBH1999, although in
this case the authors make no mention of the MWP at all. MBH1998 and MBH1999 do, however, show
a marked decline in temperatures 1450 ¢ an event which is commonly thought to herald the

initiation of the LIA¢ and which is the most pronounced climatic event described in these

reconstructions.
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Figurel2: MHB1999 temperature reconstruction. Reproduced fidamn, Bradley, and Hughes 1999

The techniques used to create these reconstructions are also of considerable importance to their
reliability. The techniques used by MBH1998 and MBH1999 are more advanced than those used by

W. . Mmppy 2T SAGK GKS LINRYOA LI fn dRarifulfiiodyghgiiioskaf higfS A y 3 (|
quality, annualyNB &2t SR LINREASA Ay tASdz 2F GKS 1 405N
reconstructions to create a single largeale reconstructiofJucke®t al.2007; Mann and Jones 2003;

Mann, Bradley, and Hughes 1988) ¢ KA 4> O2YO0AYSR gA (K O KSmay | &SNR
exploiting method of utilising spatial patterns of temperature variability over that of a mean
hemispheric temperature time series places MBH1998 in a position above that of JBB1998 wf terms
reliability (Juckeset al.2007; Mann and Jones 2003; Mann, Bradley, and Hughes.196@&ver, all

three of these examples are undeniably primitive in their approach when compared to the techniques

utilised in modern palaeoclimatological studies. Despite this, of all the hemispheric reconstructions
discussed in this chapter, MBH1999 ighaps the most widely known. This is largely due to its
AyOfdzaaAz2y Ay GKS wnanm Lt/ / ¢KANR !adasSaayvySyid wSL
labelled by Mahlman, anthas ultimately gone on to become a benchmark against which many

palaeoclinatological reconstructions are measur@fahl and Ammann 2007)

48



Overall, these three reconstructions are plagued by a combination of relatively simplistic techniques,
insufficient numbers of proxies, and a lack of ldagn data. They do, however, provide a starting
point from which to analyse and critique subsequealgeoclimatic reconstructions, which were built

on the foundations laid down by these early examples.
CL2000

CL2000did not attempt to override the previous reconstructions (JBB1998, MBH1998, MBH1999)
rather, it attempted to present new and unused evidence using a differing methodology to dispel
notions that twentieth century warming is not unusy&rowley and Lowery 2000: 8). Whilst the

target of this reconstruction was not to present a comprehensive hemispBiedle reconstruction,

the differing data sources used by CL2000 highlights some important facts regarding the possible

timings of earlysecond mill@nium warmth.
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Figurel3: CL2000 temperature reconstruction, shown against JBB1998 (red line) and MBH1999 (blue line). Reproduced
from Crowley and Lowery 2000

The authors argue that JBB1998, MBH1998, and MBH19@0Yu8eNBE WY 2 RSNY Q LINPEE& R
W y Odatasétdatd also notel that earlier reconstructions utilise a patchwork of different proxies

all spanning differentemporalperiods with the resultant reconstruction being the product of proxies

that have essentially been stitched together. They therefore made use of fifteen carefully selected,

millenniatlong, relatively unused proxy datasets from across the Northern Hemispheresevien of
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these proxies being sourced from Europe and Greenl@rdwley and Lowery 2000: B). These

proxies include treging, ice core, marine, palynological, phenological, and historic documentary data,

and are, in general, considerably lower in resolution than many of the proxies used in previous
reconstructions. Only seven are annually reedlvand of the remaining eight proxies only five are

decadally resolved, with three resolved to just fiftgars. Interestingly, the authors deem this a

positive aspect,igggesting thatih a sense, these inhomogeneities can be considered in a positive light

as a sensitivity test to the robustness of the conclusion of Medieval warmth, with the repeat analysis
justified based on the sheer frequency with which such records are used to makel-dmale
generalisationd 6 2 dzi G KS NBf I GASBS YI 3y Al dRSvieahd Lowey i K A
2000:52).

Unlike its predecessors, CL2000 suggests that there is clear evidence of an MWP, albeit in a form that
RAFFSNA FNRBY [lYoQa 2NAIAAYIE O2yOSLIio ¢SSR TFAYR
and c. 1040, the second betweeo. 1070 andc.1105 (the warmest peak), and the third between

1155 andc.1190, which CL2000 argues constitutes the MWP. Interestinglyvdhmest pealc. 1070

mmnp LISIF] RSGAFGSa o0& 2dzad | -2990/sAringr, whish tNdy T N2 Y
consider having occured in 1106. Following these peaks temperatures decline, with the most
significant drop in temperature within the study period oadng during the fifteenth century,
concurringwith the conclusions reached by MBH1999. The magnitude of variation between the

Wl NY¥Q O2yRAGAZYA 2F GKS a2t FyR GKS wdz22tfQ 02y
c. 1580) is, however, somewhat underwhelming, with CL2000 finding thatmihen temperatures
experienced between 1000200 were just +0.2°C warmer thathose experienced during the LIA, a

conclusion which finds little support in later reconstructig¢@sowley and Lowery 2000: 52)
BOS2001

So far, only multiproxy reconstructions have been discussed in this section. BOS2001 differs in that it
only utilises higHatitude and highkaltitudinal dendroclimatic proxy datasets, extracted from nine
geographical regiongBriffa et al. 2001) In addition to only using dendroclimatic datasets, the
application of age band decomposition (ABR)technique that allows for lontgrm variability to be

better preserved within the dataset, thereby giving more accurate resugives BOS2001 an edge

over previous reconstructions (such as MBH1999 and CL2000) that have made use of dendroclimatic
proxies but which likely lost a large degree of variability due to variabddycing techniquegluckes

et al.2007) The result is noteworthy for its divergence from previous reconstructions with retard

the fifteenth century with the final hemispheric graph in BOS20fHscribingno sharp decline in

temperature, instead describing an oscillating sequence of peaks and troughs. However, in previous
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attempts earlierin the paper the decline is clearly representathy this temperature decline does
not feature in their final reconstruction is briefly discussed by BOS2001 and serves to highlight a salient

point that must be considered when analysing any piece of palaeoclimatological research.
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Figurel4: BOS2001 temperature reconstruction, shown against JBB1998, MBH1999, CL2000 and others. Reproduced from
Briffa et al. 2001

The final reconstruction was created using principal components regression (PCR), a statistical
technique based on principal component analysis (PCA). The advantages of PCA, which are better
described elsewhergsee Bro and Smilde 20l14gssentially lie in its ability to reduce the
dimensionality of large, cumbersome datasets into more compact, more workable datasets without
incurring a heavy loss of accurg@riffaet al.2001) PCA (and by extension PCR) demands from the
outset as complete a dataset with as many principal components as is feasibly possible; thus, the more
of the nine regions within BOS2001 that contain data for a specific time period, the more accurate the
reconstruction. Given that only two of the nine regiohavedata for the 14021479 time period, the
absence of a sharp decline in temperatupe4450 in the PCA/PCR reconstruction is more a product

of the technique used than it is representative of an absenof decline. This highlights a point of
critical importance that holds true for all of the reconstructions discussed in this chapter; each curve
has been created using a myriad of similar or differing statistical techniques, and as BOS2001
demonstrates,these techniques can significantly alter the morphology of the curve and thus the

conclusions extracted from them.

BOS2001 also makes an interesting point regarding hemispheric scale temperature reconstructions.

Due to the scarcity of longerm, highresolution proxies previous reconstructions (JBB1998,
MBH1998, and MBH1999) reuse the same datasets, which BOS200k argild- & f SR (G2 Wi
StSYSyid 2F 20SNIILIQ 6KAOK KlFa NBRAzZOSR (KS SEGSyI

independent, which is further exacerbated if the piece of work is part of a unifeamnrtlyored

51



sequencgBriffaet al.2001: 2937) This rings particularly true of MBH1998 and MBH1999, and whilst
this is by no means necessitates the automatic disqualification of reconstructions that are either re
using previouslytilised proxy data or are the results of uniformfuthored sequences, it is critical
that the reader keep in mind that whilst raw data is without agenda, the choice of data is very much
a subjective decision, and individual personalities inherently inject aiceamount of subjectivity

into their research.
ECS2002

Following BOS2001 is another treeg-based reconstruction, ECS2002. ECS2002 uses regional curve
standardisation(RCS) in place of ABD, which allows for greater preservation of gtmewiths that
RAGSNES TNRY (KS NBIAZYLf OregNad& Ehanpein dbriate Xoytingl dzNJ/ Y
2 ¥y 3 NEspdl, [CeDk, and Schweingruber 2002: 2261 preservation of lovirequency climatic

signals is critical in maintaining a true reflection of moéthtennial variability.

The differing processes applied by ECS2002 are reflected in the differing conclusions reached by the
study to its predecessors. ECS2002 begins3&0 with a temperature of approximatel@.9°Cagainst

the 190077 baseline periodwhich is perhaps the final expressionof@b f f SR W5F NJ ! 38 /
(DACP), a period of significant cold which preceded the MWP. Following this, ECS2002 presents a
series of temperature peaks 900, c. 1000,c. 1040 and c. 1090, peaks which they theorise are the

principd expressions of the MWBUt which never breach the +0Cmark Afterc.1100 temperatures

enter a period of prolonged decline, and y1460 temperatures have droppdzhckto ¢.850 levels

with temperatures at the end of the study period sitting at approximatél°C.

ECS2002 suggests that the lack of an overtly distinguishable MWP in MBH1999 is perhaphealue to
WNBRdzOSR SELINBaairzy 2F (GKS [L! O2YLI NBR 6AGK «
sensitivity to lowfrequency signalg§Esper, Cook, and Schweingruber 2002: 2262)S2002 firmly
adzLIL2NLIa GKS y2a4A2y 27F | a2-dcdle MMPdeash M@ haditkdni WS T A
NEO2yaldNUzOGSRXQ FYR Aad (GKS FANBG NBO2yaldNMzOGAZ2Y
the beginning of the second millenniuf@sper, Cook, and Schweingruber 2002: 22Blé timings of

9/ { HnnHQAa-13a® and IAIPADB50) are, however, somewhat confusing.

Their MWP begins at. 900 when temperatures were approximatel§.1°Cagainst the 19007
baseline periodbut ends in 1300 when temperatures were approximaigiC. Why then, doef.1°C
constitute the beginning of a warm period but not the end of a warm period? Birangeris that

9/ {HnnHQa a2t AyOfdRSa (GKS LISNA2R 2F GKS Y2ai

Q)¢

which spans over a century frocn1200 toc. 1300, a period which is both in their MWP and their LIA.
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This leads to a dichotomy which dictates that an individual living in the thirteenth century was existing
in a period that was marked by both above average warmth amgormal coldwhen compared
against thelongterm average When the morphology of this overlapping period is taken into
consideration, it is difficult to understand why the authors considered this period as belonging to the
MWP, for at the start of their LIA temperatures actually increase significantly frorevieés present
during the overlapping thirteenth century. This issafedetermining when named climatic periods
begn and end is not limited to ECS2002, and without a set, universally applied methodology the use
of such names is more a hindrance than ghEurthermore, given the extent to which archaeological

and historical literature leans on such names, the need for clarity in this area has never been greater.
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Figurel5: ECS2002 temperature reconstruction, shown against MBH1999. Reproduced from Esper, Cook, and
Schweingruber 2002.

ECS2002 has, unsurprisingly, faced considerable crifidiskestalH nn 17T [/ 2212 9 & LISNE
2004) It is abundantly clear that in an effort to preserve and detkst frequencysignals the
magnitude of thefluctuation has been considerably deformed, to the extent that ECS2002 is largely
dissimilar to any other reconstruction presented in this chapter. ECS2002 does, however, appear to
capture a sequence of peaks between the late tenth century and the early twelfth rgergeaks

which are present in later reconstructions. This suggests that whilst the magnitude of temperature
variation described by ECER is largely unreliable, the timing of temperature fluctuations may, in

some instances, be somewhat reliablédnis bolsters the suggestion made earlier in this chapter that

the morphology of the curve is of more use to this study than the magnitude of fluctuation.

MJ2003

MJ2003 presents an annual hemispheric temperature reconstruction based ondsiglution proxy

data gathered from twentyhree individual proxy records which span the last 1800 y@denn and
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Jones 2003: 1)The proxy records used are of varying type, with ice cores;rings, lacustrine
sediments, macrofossils, and borehole datasets all contributing to MJ2003, with datasets coming from
locations scattered across the Northern Hemisphere. Unfortunatelyy eid proxies go back to
aWHnnoQa a i Chilicreadingitdjusteifht by 558; the extent to which earlier periods can

be considered reliable thus, once again, limited.

MJ2003 describes a cool start to the study period, wittadir of -0.35°C occurring. 536 against the
1901-80baseline periodwhich gradually rises and culminates in a milleraymigeeof -0.15°Cc. 850.

This is then followed by a short, somewhat anomalous cool period which sees temperatures plummet
and then swiftly recover. After this cold spell came a significant recovery, with temperatures reaching
a pretwentieth century high of-0.15°Cc. 1100, after which temperatures entered a prolonged,
gradualdecline marked by roughly 5@ear oscillations between warm peaks and cold troughs. This
period comes to an abrupt encl 1450, when temperatures plummet to their lowest valué.4°C)

seen in both the first and second millenniiiann and Jones 200301l
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Figurel6: MJ2003 temperature reconstruction (blue line). Reproduced from Mann and Jones 2003.

MJ2003 states that in general, the-$iMndredyear period between 800 and 1400 is warmer than the
multi-OSy G dzNBE LISNA2Ra FNI YAYy3I AGZ o6dzi Ad A& O NBFd
this period was undoubtedly warmer than the preaaglior succeeding periods, it nonetheless
contains significant periods when the climate was anything but warm,the cold period in the late

ninth and early tenth centuries). In terms of similarity with other reconstructions, MJ2003 somewhat
concurs wih the general timings established by previously discussed reconstructions, namely a
apogee of second century warmth 1100which wasfollowed by a prolonged and gradual cooling

that culminated with a sharp plunge in temperatue4450.In regard tomagnitude MJ2003 imuted.

It suggests a historic climate with limiteshulti-centennial variability, with nearly all ofthe

reconstructed temperatures lying betweef.1°C and0.4°C; it is more in the vein of JBB1998 than
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the more experimental reconstructions which were appearing in the early years of the tfiesity

century.

Alongside the reconstruction, MJ2003 briefly discusses the issue of proxy weighting, with the authors
noting that while the results of their reconstruction largely complies with the results and general
morphology established by previous Northern Hemisphegconstructions (JBB1998, MBH1998, and
MBH1999), if weighting is removed certain proxies tend to dominate and the reconstruction is
subsequently skewed, which again highlights the central role played by statistical techniques in

determining the morpholog of the reconstructiorfMann and Jones 2003:.1)
MSH2005

The reconstructions discussed so far all contain the basic assumption thatekightion proxies;

which are typically annually resolvedare superior to lowesolution proxies; which are typically
decadally or centennially resolvellSH2005 chooses to buck this trend, arguing thatidesolution
proxies¢ in this case ocean and lacustrine sedimentan cede climatic information on a multi
centennial scale that would otherwise be missed by higher resolution praxigsannually resolved

trees andce cores). By combining these loasolution proxies that are typically centennially resolved
with a wavelet transformation technique in place Gfimate Field Reconstructio€FRR MSH2005
K2LISR (2 OANDdzY@Syid @2y {G§2NOKQa ONRGAldz2S GKIF G
GENRFGAZ2Y AY b2 NI KS NWahl RBtaoi, andKndiaih 200& Y: ko8 Stistdhl dzNS Q
2004) However, adVvahl, Ritson, and Ammann (200&)bsequently proved, the von Storeh al.

(2004) criticism was itself flawed, placing MSH2005 on considerably shaky ground from the outset.
Combined with the use of variance scaling over that of the regression techniques used in previous
studies (PCA and PCR), it is no surprise that the redultSei2005 vary considerably from those
already presented in this chapter, although, as will be discussed, MSH2005 is not as flamightas

first appear.

Between 500 and 600 MSH2005 describes, in their calibrated reconstruction, a climate similar to that
described in MJ2003, although this is where similarities abruptly terminate. MSH2005 sinas a
of-0.4°C occurring.530 which is then followed by gradual rise in temperatures afté00, ultimately
peakingc. 700 at-0.2°C against the 1961990 calibration periodJuckeset al. (2007) criticises
MSH2005 on this short calibration period, arguing that this calibration period is far too short to
independently calibrate the low frequency components of MSH2005, although this is a criticism that
can be levelled against many of the reconstimrts discussed in this chaptélucke®t al.2007: 595)
Post700 MSH2005 shows a rapidly warming climate, one that pea880 and c. 1100 at +/-0°C.

Whilst this latter peak is shown in other millennidong reconstructions (albeit with a slightly less
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pronounced magnitude), the former is a new addition to the climate record and one that features in
all of the subsequent reconstructions (HCA2007, L2010, and XCL2014)16@8tmperatures enter

a two-century long decline that culminates innadir of approximately-0.4°Cc. 1300, followed by a

brief riseandthen by a severe decline that culminates in the latter half of the sixteenth ceiaiury
approximately-0.7°C. With regards to named climatic periods, MSH2005 chooses not to label any
period with theappellation DACP, MWP, or LIA.
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Figurel7: MSH2005 temperature reconstruction. Adapted fidiwberget al. 2005

WhilstMann et al. (2005)has criticised the methods used by MSH2005, it is perhaps significant that

in an exercise undertakeninJucktsl.o H N NTOYX GgKSNB | WdzyA2y Q Odz2NBS 4
individual proxies, it was found that it shares considerable resemblance with MSH2005. In light of
a{lunnpQa NBaSYoflyOS (2 fIGSN) GSYLISNI (dzstE NBO2 )
alQa WdzyA2yQ Odz2NBS> GKSNB Aa | adNery3a OlFasS a2
palaeoclimatological research that perhaps markse escape of Northern Hemispherical
reconstructions from the vast shadow cast by MBH1999. It is clear that the preservation-of low
frequency signals is a fundamental necessity required of reconstructions if they are to accurately
portray past temperaturs, although it is vital to note that higinequency signals are just as important;
reconstructions should thus strive to preserve both iamd highfrequency signals, for they each

have their benefits and appear to produce the most satisfactory resulenwised in tandem with

each other.
HCA2007

Much like MSH2005, HCA2007 chooses to focus ofrdealution proxies, and proposes a new type

of calibration that attempts to reduce the loss of ldmequency variance. HCA2007 utilises much of
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the datag albeit in an updated forng as that used by CL2000, although the reconstructive methods
used in HCA2007 differs considerably from CLZB@@erlet al.2007: 651)

It has already been discussed in BOS2001 how dendroclimatiea®yd reconstructions can fail to

preserve lowfrequency multicentennial variation(Hegerl et al. 2007: 651) Frequency is not,

however, the only factor which is critical in creating an accurate temperature reconstruction. All
LINEPEASE AYy@GINARFIote O2yiGlAy AGKAY (KSYclimat®©SNI I Ay
influences,with little attempt in prior reconstructiongo filter out such noise. A noisy dataset can
potentially lead to false conclusions, and so in an effort to combat the issue of noise HCA2007
advocates the use of a reconstructive method based on total least squares, a variant form o
NEINBaaAzy |lyrfeara gKAOK GKS& OflLAY OFy |ft2gs
instrumental data during calibration, yielding a reconstruction with realistic amplitude and

dzy’ O S NJiHedenetiiab2Q07: 651) Jucke®t al.(2007: 596) notes that such a technique deals with

proxy and instrumental noise in a different manner than previous reconstructions; whilst the inverse
regression analysis used by MBH1999 deals with the issue of noise by effectively ignoring it, the total
least squares regression used by HCA2007 attempts to take into consideration instrumental and proxy
noise (Juckeset al. 2007: 596) It should be of little surprise, then, that HCA2007 demonstrates far

greater variability and presents a reconstruction that is more akin to MSH2005 than MBH1999.

In an effort to avoid data inhomogeneity HCA2007 splits its reconstructions into three distinct,
individualsegments based on equally long proxies (which has the added bonus of eliminating the issue
of regressive proxy thinning), of which only ofd4blend (Dark Age)which covers the period 558
1950 CE and is based on five proxy recarigsdiscussed here, as this segment is the longest of the
reconstructiors and as a homogenous record it is more accurate nregendedtimescale than a
combination osegmentgHegerlet al.2007: 651) Calibration also differs from many of the previously
discussed reconstructions, with HCA2007 choosing to use a calibration period ef9B80 marked
departure from the usual calibration period of 1969290. The authors argue that the 196990
calibration period often leads to an overestimation of variance, and while they acknowledge that the
18801960 calibration period often leads to an underestimation of variance, the active attempt to
reduce noise and boost the preservation of nequency signal makes the utilisation of a calibration

period prone to underestimation the logical choig¢éegerlet al.2007: 6545).

HCA2007 begins at 558 with a temperature@f°C against the 18860 calibration periogHegerl
et al.2007: 564) This drops to nearl0.4°C in the late sixth century, before recovering substantially

to +0.2°C.600. Following this considerable high, temperatures drop once again, so that by the closing
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Figurel8 HCA2007 temperature reconstruction. The blue lineb{€htl (Dark Ages)) is the reconstruction discussed in this
thesis. Reproduced from Hegerl et al. 2007.

decades of the seventh century temperatures aredab°Cthe coldest irthe pre-seventeenth century
period. Temperatures begin a gradual climb p@60, rising to roughly the same temperature that
experiencedc. 600 byc. 750. Temperatures briefly declined 800, but the general trend is one of
gradual warming, culminating in the closing years of the tenth century withapogee of
approximately +0.25°C, a morphology similar to MSH2005. Temperatures fluctuated only marginally
during the eleventh century, perhaps by just®:A1°C, so that by 1100 temperatures were at the same
level as they were in 1000. Following 1100, temperatuhepped by a considerable margin, and by
the late twelfth century temperatures were approximate).4°C. This was immediately falled by

a dramatic warming, so that liy1200 temperatures were reaching upwards of +0.15°C, a remarkable
recovery over such a short period of time. The period after 1200 varies rather dramatically from other
reconstructions; the generalownwardstrend described by HCA2007 continues until300 with
temperature lying at approximatelp.4°C. HCA2007 then describes a significant recovery peaking at
€.1400 such a considerable recovery at the turn of the fifteenth century is not described by any other
reconstruction. Following this unprecedented high, temperatures rapidly plunge, so that by 1500

temperatures are lying at approximatelye same levels as that experienced in the late sixth century.
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HCA2007thus appears to capture more variability than MSH2005, and whilst it contains some
fundamental divergences, most notably with the positive spike400, it continues to elaborate on

GKS AYF3IS LIAYGSR o6& a{lwunnp 2F I OftAYIFGS GKIFG A
reconstructions. It is in many places coherent with later reconstructions such as L20XChA016

andis part of a growing body of evidence that suggests climate was far more variable ovenghe

duréethan was preiously thought.
L2010

A recurrent theme throughout this section has been the significant impact that differing
methodologies and reconstructive techniques can have on the conclusions reached by palaeoclimatic
studies; for example, compare MBH1999 with MSH2005 and it is imneddiapparent that the
varying statistical techniques, whilst both being derivative forms of regression analysis, have led to
dramatically differing outputs. Furthermore, it has also been discussed how the type and temporal
range of proxies can dramaticadiiter a reconstruction. L2010 echoes these concerns naakkesthe
convincing argument that previous reconstructianand especially those that rely on dendroclimatic
data ¢ have been overeliant on proxy data originating at high latitudes, a shortfall which L2010
attempts to rectify(Ljungqvist 2010: 340).2010 also notes that the termination point of many proxy
records precedes the final decades of the twentieth century, whjcingqvistsuggess has led to a
possible underestimation of temperature in historic warm periods, which may account for the muted
morphology of JIBB1998 and MBH1999, theorised as they were when data from the last decade of the
twentieth century was incomplet@_jungqvist 2010: 340)

In order to build the reconstruction L2010 utilised thirty proxy records, the highest amount of the
reconstructions presented in this chapter. They are also considerably varied in type, with documentary

data, marine sediments, lacustrine sediments, spefeStY®h = A O S0, Grarned thickness
ASRAYSY(dasz ¢WtrEerirg rebokds dll grésent in the dataggfjungqvist 2010: 34050

extensive is the reconstruction thatjungqvistconfidently stats G K I & W@A NI dzl £ £ & | f §
dz £t AG& LI € S20SYLISNI GdzNB LINPEASA GAGK | NBI azy
(Ljunggvist 2010: 340When compared to the proxies used in previous studies, L2010 is far superior

in terms of both typeandtemporal and spatial distribution, and throws the conclusions reached by

these earlier reconstructions into further doubit.

¢tKS NBadzZ# Ga 2F [HnamnQa NBO2yaidNHzOGAzYy (Stfa o2
predecessorsA considerable cold periogpanning some fivlundred years front. 300 toc. 800is

identifiable which wadollowed bywarmer periodalso spanning some fideundred years frone. 800
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Figurel9: L2010 temperature reconstruction. Reproduced from Ljungqvist 2010.

to ¢.1300 Conditions then begin to cool1300 with thisdownwardstrend perseveringintil the turn

of the twentieth century. More importantly, the temperature anomaly compared to the 19890
calibration mean is more akin to MSH2005 and HCA2007 than it is to JBB1998, MBH1999, and MJ2003.
L2010 also displays far more mid@ntennial vambility than that shown in other reconstructions,

with L2010 varying by some -8/6°C between the warmest and coldest century (excluding the
twentieth) compared to jus+/-0.22°C in MJ2003, and it should come as no surprise that MSH2005
provides an extremely similar variability 0f3/58°CL2010 dos, howeverwarn caution in this value

as MSH2005 was scaled against the full range of the Northern Hemisphed&NB@vhereas L2010 is

only scaled against the extteopical (9630°N) Northern Hemisphergjungqvist 2010: 343This is

of particular use to this study, for the more spatially restricted latitudinal emphasis of L2010 make its

applicability to Norfollg which lies at approximately 3BI¢ greater than other reconstructions.

L2010recordsa temperature of approximately0.4°C against the 19611990 calibration meat c.

500. In the first half of the sixth century the temperature drops even furthikely as a direct
consequence of a massive volcanic eruption that occuoesB6. Following this disastrolwes/ent
temperatures began to slowly improve, with a gradual but inexorable upwards trend visible in the
reconstruction from this point. By. 800 the cold of previous centuries had given way to warmth, with
the early years ofhe ninth centuryreaching+/-0°C. This marks the beginningaoperiod of warmth
which peaks, much likm MSH2005 and HCA2007, in the final decades of the tenth century with a

apogeeof +0.2°C, a high which is not equalled until the closing decades of the twentieth century.

[HAamMn F2dzyR GKFG Al é6la Ay (GKS (SyGK OSyiGdz2NEQa
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experienced. Following this maximum, temperatures begin a slomnwards trend, with a slightly
reduced maximum to that experienced in the 950s occurring in the 1030s withtavprdieth century
millennial high of +0.1°C. Following this, temperatures continued on t@imwards trajectory,
although the period betweert. 1100 andc. 1250 appears to have been noticeably stable, with
temperatures fluctuating by less than-6/1°C. This period of stability was, however, brought to an
abrupt end in the late tinteenth century when temperatures plunged 10.4°CFollowing this decline
temperatures briefly osec. 1400, before dropping to approximatel.5°C in the closing decades of
the fifteenth century with this markinghe lowest temperature of thec. 500 to c. 1500 period in
L2010. This is far more consistent with the overall morphology of previous reconstructions than the
anomalous midfifteenth century temperature stated in HCA2007, which paradoxically considered the

mid-fifteenth century one of the warmst periods in the second millennia.

Overall, L2010 is a solid attempt at a ttfmusand yeatong Northern Hemispheric temperature
reconstruction. It demonstrates significant variability without ovelying on lowresolution proxy
data, and it is refreshing in that it is both a demonstratmf a newly developed methodology and a
serious attempt at an accurate, hemisphesitale temperature reconstruction of the past two
thousand years. L2010 refines the morphology aratjnitudeset out in MSH2005 and HCA2007, and
suggests a variability opproximately +/0.89°C between the warmest and coldest climatic episodes

(Ljungqvist 2010: 347)
XCL2016

The final Northern Hemispheric reconstruction presented here continues to strive towards the
common goal of preserving lefkequency variability through the adaptation of new methodologies.

XCL2016 utilises MDVM, a hybrid of ensemble empirical mode deaitiopo(EEMD) and variance

matching (VMXXinget al.2016: 13p ¢ KS o0SySFAOa 2F | R2LIIAYy3T O2YLRY
Wy 23St | LIINBIFOKQ |NB ydzYSNRdzA T vy 2iticanalgofalow OrF y 99 a
complex datasets to be broken down into a number of intrinsic mode functions (IMFs). After the
addition of noise introduced through repeated trials, the remaining IMFs can be extracted which
theoretically contain within them enhanced resu(inget al. 2016: 4) The primary function of VM

AY -/ [Hnmc A& G2 WI@2AR (K SrequdN® vafiaBilty agsaciat&d withy R S NS &
directregressiord 8 SR OF f A 0 INWindetaR2g16:¥8 (i IKY RAKQS2NB X -/ [ HAamc Q&
should not only provide accurate and meaningsults butalso preserve significant lefvrequency

variability. With regard to the input data, when compared to L2010, XCL2016 appears to be
significantly lacking in diverse proxy data, for it relies wholly on-tireg data. This lack of diversity is

not, however,necessarily a limitation, with the authors stating that their MDVM technique was
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RSOSt 2LISR (2 0SS Wingdalh fard]wad dSveldpd inLdcd B fullyNdBks use of
the treering records and better capture low NB [j dzSy O & (Xi@detNah 20064 ) Fhil e
exclusion of other types of proxy data is by no means to be considered a limitation of XCL2016, for
instead of adopting a prexisting technique they chose instead to create a bespoke methodology that

is purposefully designed to maximise thetgutial of the input data.
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Figure20: XCL2016 temperature reconstructidime blue lin€l1ysmoothed MDVM reconstruction) is the reconstruction
discussed in this thesi&dapted from Xing et al. 2016.

raAy3a - 1ljsmaoothedBDVM reconstructipthe general morphology is one that is largely
coherent with its lowfrequency preserving predecessors. Withflaittuationsmeasured against the
1961-1990 calibration mean, the reconstruction begin8860 at approximately0.3°C, a value that is

far lower than that shown in L2010 at this date. Following this cool start XCL2016 shows a general
upwards trend that culminates innaapogee2 ¥ bnodmc/ Ay (GKS dpnQad ¢ SYL
period of relative &bility for almost a century, with temperatures reaching a-psentieth century
millennial high of +0.2°C in the 1090s. This is slightly different from MSHa0#&007and L2010,

which all find the first peakc. 1000 to register the highest temperature. Froon1100 onwards
temperatures entered a steady but inexorable period of gradual decline, with the final noticeable
expression ofvarmth occurringc. 1150 when temperatures peaked at-8?C. Between the apogee of
warmth c. 1100 and the first nadir ofool temperaturesc. 1300, temperatures dropped by as much

as 0.8°C, with temperaturas 1300 sitting at0.6°Cwhilst by c. 1450 temperatures had plunged to
approximately-0.7°C.

The conclusions one can draw from XCL2016 are largely consistent with the overall trends marked by
other reconstructions. XCL2016 picks up the-¢ad of late first millennium coldand capturesits
transition intocomparative warmttec. 950. Thisvarmthlasts untilc. 1150 where it begins to transition

once again to cool condition¥he remainder of the study period is marked Ijoawnwardstrend in
temperatures, with marked lows occurriig1300 andc. 1450. XCL2016 is in the minorityretent

reconstructions that chooses to give both defined dates for the onset and termination of named
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deem to belong to neither the preceding climatic period nor the subsequent climatic pdrios.

approach partly negates the criticism made earlier in this chapter that named climatic periods morph

into one another and thus contain periods when temperatures cannot feasible be considered overly

warm or overly cold. Nevertheless, the usage of ndrperiods, while useful for quick reference to

longterm climatictrends, hide a considerable degree of variation and thus risks generalising periods

marked by constant fluctuations.
P2017(T)

P2017(T) is an updated version of PrigyalQa wnamu 9F ad ! yIt ALYy GSYLISNI
alongside her precipitation reconstructi@P2017(Py, in her 201 7Farming, Famine, and Plague: The

impact of climate in late medieval EnglarMuch like P2017(R)which will be discusseldter in this

chapterg P2017(T) is based primarily on documentary digailing thebeginning of the medieval

grain harvest at 50 manors across East Anglia. All but five manors are located in Norfolk, a quality
which ensires that P2017(T) is the most spatially applicable temperature reconstruction available for

use by this study. Whilst P2017(T) is undeniably spatially ideal, its temporal applicability is significantly

less than the other reconstructions discussed in this chapterjtfonly spans a 1#year period
0SG6SSY mMHpc YR mMnomI | -y6& studNBriodivhilbtpis is @villentyK A & (0 K
a significant drawback, P2017(T) remains a significant piece of research dueidealtspatial

relevance and closer analysis is therefore warranted.

As mentioned above, P2017(T) is principally based upon a composite dataset constructed from harvest
start dates which have been extracted from medieval manorial accounts from 50 manors across East
Anglia. These dates were subsequently calibrated agaifisttlzer dataset of harvest dates from a
O2YLI NAaz2y &aASNAS& o6lFaSR 2y RFEGlF FNRBY [Fy3KFEY YI
series Manley 1973: 389105). However, here exiss a number of caveats in using this data as a
climaticproxy. Perhaps theost significant amongst these is that harvest length is not just reliant on
climatic factorsthe supply of adequate amounts of labour, the method of harvesting (predominantly
reaping versus mowing), and the total acreage of the crop under harvest all contributed to the length
of the harvesi{Pribyl 2017: 14%). Major socieeconomic upheaval would thus lengthen the duration

of the harvest, a phenomenon easily observable in P2017(P) during the middle and later decades of
the fourteenth century, when the human and institutional casualties of the Black Death weadiwg

havoc on the agricultural sector (Pribyl 2017: 1349wever, his is not to say that anthropogenic
factors are more important than climatic ones in determining harvest length, for abnormal levels of

precipitation or extreme temperatureould sigificantly impact the harvestRather, it was the
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interplay between anthropogenic and environmental factors that ultimately deterchthe lengthof

the harvest.
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Figure21: P2017(T) temperature reconstruction. Note that the circles in the lower panel indicate values that have been
filled with data from other regional groups regressed to the Northwest series. Reproduced from Pribyl 2017.

P2017(T) is also dissimilar to otlieconstructions discussed in this chapiethat itchooses to create

I O2YLRaAGS ASNASa y2i 2F YSIyYy Fyyddt @lftdsSasz ¢K
G NAFOAEAGRQ 2F (KS RIEGIS o6dai 2yS ol aSRPrdy NBIND
2017: 79) The importance of retaining interannual variability is briefly touched upon, with P2017(T)

a0l dAy3 GKIG AG ol a GKAA QGFNAFOAfAGE OGKFG g2d#Z R
that [it was this] that impacted directly on agricultural@® S(BrioyR2017: 79)Whilst it is beyond

the scope of this thesis to produce a directly comparable version of P2017(T) to the other
NEO2yaldNWzOGA2yad RAaOdzaAaSR Ay (GKA& OKILWSNE GKS

can be compared to the larger hemispheric staleperature reconstructions in order to assess any
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similarities or differences. The overall applicability of P2017(T) is, from a spatial point of view,
unparalleled, but as has been discussed this spatial applicability is offset by its limited temporal range.
A similar argument, but this time in revers@ncalso be made for the hemisphedad continental

scale reconstructions; whilst marhave good temporal coverage the spatial extent is sometimes

overly broad

P2017(T) shows an overall trend of temperature decline between 1256 and 1450, with notable
depressions occurring. 1335 andc. 1430, whilst notable peaks occarl325 andc. 1362. However,

these do little to detract from the general trend of cooling.
Conclusion

It is clearthat in the context of this studyg which is seeking to construct a climatic narrative for the
500 ¢ 1500 CE period that the older the reconstructionthe lessreliableit is. JBB1998, which is
chronically lacking in proxies, describes a palaeoclimate dominated byaodability and stunted
magnitudinal values, qualities which seem to be the complete antithesis of modern palaeoclimatic
theory. MBH1998 and MBH1999 are alsagigantly flawed, and whilst they are a step up from
JBB1998, they are plagued by similar limitations. BOS2001 42d0@ were also found to be largely
dissimilar to later reconstructions, with the former seeming more a demonstration of technique and
the latter appearing to rehash, albeit on a longer timescale, JBB1998. Whilst these shortcomings would
make it unwise tallow these examples to overly influence the conclusions reached in this chapter,
this is not reason to disqualify older reconstructions from appearing in contemporary analyses, for
they provide an excellent baseline against which to measure and deterrath@nces in

palaeoclimatic science.

A step up from these three aging reconstructions are CL2000 and ECS2002. These paint a largely
similar picture of the palaeoclimate, albeit one possessing slightly enhanced levels of variability
compared to JBB1998, but they still fall short of the moreereg reconstructions discussed in this
chapter, especially in terms of variability. There are, however, elements of later reconstructions lying
within these two reconstructions, most notably the series of warm peaks which occur between 1000
and 1200, andhe sharp depression. 1450, although other periods are less consistent with later
reconstructions. They also utilised different proxies to previous attempts, and whilst the magnitudinal
values are seemingly dissimilar to subsequent research, the timings of peaks and troughssee

largely similar. It is thus unnecessary to entirely exclude these examples from influencing the
conclusions reached in this chapter. A similar conclusion can be reached for MSH2005, for whilst it is

a step up from the recomsuctions already discussed in this section, with the similarities between

a{luwnnp FyYR (KS Wdzy A 2 yeDal ROONIDSINg PattiSuladySsRiking, &he WdzO1 S
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magnitude of temperature variation is once again stunted compared to HCA2007, L2010, and
XCL2016. The limitations of MSH2005 are almost certainly due to thrdquency nature of the

input data and the lack of a bespoke methodology to combat the inhenedérestimation of variance

that plagues lowfrequency reconstructions, as achieved by HCA2007 or XCL2016. Thus, the most
useful application of these three examples is in determining the validity of subsequent

reconstructions.

This leaves only the four most recent reconstructions undiscussed: HCA2007, L2010, XCL2016, and
P2017(T). These reconstructions are undoubtedly the most reliable of the reconstructions presented
here. Whilst HCA2007 is, like MSH2005, based uposirEyuency proxy data, the adoption of total

least squares has enabled the authors to circumnavigate issues of noise and thus produce a
reconstruction with more accurate levels of magnitude. XCL2016 also chose to focus on one type of
data (dendroclimatic) and, nuln like HCA2007, developed a bespoke methodology to fully exploit
their dataset, in this case through developing a hybrid technique termed MDVM. However, whilst
these two reconstructions are undoubtedly of considerable quality, itis L2010 and P201 & jhvidi

chapter finds the most persuasive. L2010 utilises a vast array of proxiesgdagtimentary data,
YENRYS aSRAYSyGaz I Odzi% A ¥ & Fa BRWIHE yXbecardsall LISt S2 ( |
contributing to the input datase(Ljungqgvist 2010: 340)it also displays considerable lotegm
variability and captures all the significant climatic fluctuations described in other reconstructions, such
as the nadir in the migdixth century, the three peaks of late tenth and early eleventh century warmth,

and the severe depression in temperature that occurped450.

Furthermore, when L2010 is compared to the much more spatially relevant P2017(T), there emerges

a significant degree of similarity, withoth P2017(T) and L2010 desandy over the longterm, a

general trend of decline towards cooler temperatures over the6l261431 period; indeed, even at

an increased temporal resolution similarities between L2010 and P2017(T) enk@ngexample,

between ¢.1270 andc. 1300 L2010 describes a depression in temperatures bracketed by warmer
conditions whichis mirrored inP2017(T) which shows that warnassolutetemperatures wereboth

less common during this period and that this period is bracketed by warmer temperaturels like

in L2010 Following this bracketed interval L2010 displays a significant drop in temperatures which
cuminateccmoon BAGK (GKS NBO2yaildNHOGA 2y diieerithzentg. G G S Y LI
The coolest prdifteenth century temperature also occurs during the third decade of the fourteenth

century in P2017(T). This cool period is fofoR 6& | Y2RSNI GSft & agATih NI
highest single temperature occurririg1362, which is once again mirrored in L2010 which shows a

peak in temperatures as occurriegl360. Following this. 1360 peak in P2017(T) temperatures enter

a period of decline, an occurrence that is reflected in L2010. This decline appears to terenirgte
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in L2010, which also appears to be the point at which cooler temperatures prevail in P2017(T), with

this cool interval once again bracketed by slightly warmer conditions.

This is not to say that these two reconstructions are in universal agreement. For exagdlé,shows

elevated temperaturesoccurring c. 1400, and whilstsimilarly elevated temperatures aralso

suggested by P2017(The magnitudedescribed by L2010 i&r greaterthan that suggested by

P2017(T). Indeed, the spike temperaturessuggested by L2016 1400 is far more congauswith

t H N MTCOLB30 §pke tharits relatively mutedc.mn nn &LIA 1 SP® ¢KAA $2dA R adA:
climatic experiencetahe beginning of the fifteenth century differed from the hemispheric average;

this is, ultimately, unsurprising given tmeultitude of northern hemispheric locationsepresented
GAGKAY [ HOimMmniQag AaPREE6 S dzy NBFfAaGAO G2 SELSOG GK
would match the hemispheric at all points throughout history, as each location has a unique
combination of geographical, geological, topographiand atmospheric conditions which influence

its local climate. A hemispheric scaleconstructionis unlikely tocapture everyinstanceof these

localised nuances, but as the similarities between P2017(T) and L2010 show, hemispheric scale
reconstructions do succeed in capturing theacrotrends of temperature in the localeg\s will

become clear in following chapters, it is the trends that exist ovetldhg duréehat are most likely

to influence the macrespatial characteristics of settlemer@iven the similarities between L2010 and

P2017(T), the argument for utilising the former as BrlOOdzNF G S NBLINBAaASYy Gl GA2

palaeotemperature is strengtheneB2017(T) thus acts as something of a validatory agent for L2010.

The temporal characteristics of the archaeological data must also be considered, for fieldwalking
surveys can only suggest a temporal range for identified sites based upon the temporal range of the
ceramic evidence, and it is thus impossible to pinpoirt éxact date a site emerged and declined.
The slight disconnect between trends at hemispheric and local level are rendered essentially obsolete
by this fact, for the temporal characteristics of the archaeolodieldwalkingdata utilised will never
matchthe temporal accuracy of climatic data. Given the degree of similarity between P2017(T) and
L2010, there is therefore little to be gained from utilising P2017(T) for the-123& period, for all

the major trends are captured within L2010, and it is thus view of this chapter that L2010 is the
most reliable of the temperature reconstructions presented here, with this reconstruction going on to

form the foundation of the temperature narrative utilised in later chapters.
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Precipitationreconstructions
Introduction

The impact that fluctuations in precipitation totals can have on anthropogenic activity is significant,

with Wilsonetalo H nmo 0 32 Ay 3 &2 predipNdtidn grobakdy has dagréatdraniiuencek I G W
on economic and agricultural stability than temperat(XgVilsonet al. 2013: 997) Despite this,
palaeoclimatology has focused the vast majority of its attention to reconstructing historic
temperature trends, with comparatively little research being directed towards hydroclimatic
reconstructiongWilsonet al.2013: 997) This section will investigate the four temporally and spatially

relevant hydroclimatic reconstructions, with the table below detailing their basic information.

Abbreviation Author(s) Year Title Period Covered Seasonality
BTN2011(P) Buntgen,Tegel, 2011 2500 Years of 500 BCE 2000 CE | Summer, AMJ
Nicolussi, European Climate
McCormick, P
Frank, Trouet, Variability and
Kaplan, .
Herzig, Heussner, Human Susceptibility
Wanner,
Luterbacherand
Esper
WML2013 Wilson,Miles, 2013 A millennial long 980¢ 2009 CE Springsummer,
Loader Melvin, MAMJJ
Cunningham, MarchqJuly
Cooper,andBriffa precipitation
reconstruction for
southerncentral
England
CMT2013 CooperMelvin, 2013 A treering 900¢ 2009 CE Springsummer,
TyersWilson,Briffa . MAMJJ
reconstruction of
East Anglian (UK)
hydroclimate
variability over the
last millennium
P2017(P) Pribyl 2017 Farming, Famine, 12501450 Summer, JAS
and Plague: The
Impact of Climate in
Late Medieval
England

Table3: Precipitation reconstructions discussed in this chapter.
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BTN2011(P)

BTN2011(P) is a combined temperature and summer (AMJ) precipitation reconstruction of Europe
over the past 2500 yea(Buntgenet al.2011: 579) The input data is purely dendroclimatic, with 7284
oak ringwidth series forming the datas€Blntgenet al.2011: 579)Eightysevendifferent medieval
documentary sourcewere usedto corroborate their reconstruction, and of théirty-two extreme
climatic events described over the 101804 CE periodthirty of these documentary sources

corroborated their conclusions, whilstixteenwere found to contradict their conclusions.
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Figure22: BTN2011(P) precipitation reconstruction. Adapted fBiitgen et al. 201L

The usage of dendroclimatic proxies to elucidate historic precipitation has proven to be a contentious

and relatively underesearched topic within palaeoclimatology. In 1978 Hugttes. observed that

numerous British oak trees appeared to contain a climate signal that could, potentially, act as a proxy

for climatic fluctuationgHugheset al. 1978; Wilsoret al.2013) The veracity of this claim was thrown

AyiG2 R2dz0d0 6AGK tAfOKSNI FYyR . FAffASQAa -&idio aSldzSy
chronologies, an investigation which failed to show any significant climatic influence upon growth
(Pilcher and Baillie 1980lowever, over the next thirty years HughetsalQ&d 2 NRA IA Yy f &dzZ33S
ultimately shown to be accurate, with Jonesal. (1985), Briffeet al. (1985), andKellyet al. (2002)
demonstrating that ringvidth did in fact capture within it a strong climatic signal. Thin rings in British

oak generally indicate increased anticyclonic activity and colder winter conditions, which leads to
reduced so#moisture being present during thgrowing season thus stunting growtiKellyet al.2002;

Cooperet al. 2013; Wilsoret al. 2013) Wide rings, on the other hand, generally indicate increased

levels of westerly airflow over the North Atlantic during winter, which coupled with increased cyclonic

activity over northern Europe leads to favourable growing conditions due to increasdd té\vaoH

moisture being present in the alinportant growing seasofKellyet al. 2002; Coopeet al. 2013;

Wilsonet al. 2013) This is not to say that these of dendroclimatic proxieis without flaws. As

WML2013 points out, ideal dendroclimatic data is procured from locations where growth is limited by
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a single dominant climatic factor; for temperatuogientated investigations samples are chosen from
the upper treeline, whilst precipitatiororientated investigations take their samples from the lower
tree-line (Wilsonet al. 2013; Fritts 1976)it is thus difficult for BTN2011(P) to use British data whilst
maintaining their desired methodology, for there are no adequate sites where the necessary data
could be retrieved from; the lack of British proxies in BTN2011(P) is thus unfortunate butmoatwvi

cause, with British data only entering the fray with the publication of WML2013 two years later.

.¢tbHammMOt 0 Q& NB Oetigitatiorihdgidgivith2ovals iy atppraXimately 150mne.

500, dropping to 120mna. 536, the lowest precipitation total estimatday the studyover the past
2500 years(Buintgenet al. 2011: 581) Following this nadir was a steady climb towards wetter
conditions, so that by the midighth century precipitation totals were higher than those experienced
today, with levels fluctuating between 180mm and 220mm over the course of the eighth and ninth
centuries. In the mietenth century ths trend of graduallyincreasing precipitation totaleeached its
apogee with this period being the wettest ithe c. 500 to c. 1500 period. After this multi-century
period marked by wetter than average conditions and considerable fluctuations came a period of
extensive stability, with precipitation totals hovering around 180mnthia eleventh, twelfth, and
earlythirteenth centuries with any fluctuationgargelyremainingwithin 20mm ofthis estimate This
period of relative stability persisted until 1250 after whichpredpitation briefly declined, so that by

c. 1300 levelavere sitting at approximatelyl75mm After thisprecipitation enteed a century long
period of steady increase, culminating in tlee fourteenthcentury with a high ofpproximately
225mm. This is followed by an equally marked decline, with totals dropping from 225mrh4h0

to 175mm byc. 1450, vhere levels remain for the rest of the study period.

WML2013

WML2013 is a onthousandyear long reconstruction of MAMJJ precipitation totals in sexdhtral
EnglandWilsonet al. 2013: 997) Like BTN2011(P), it is based on dendroclimatic proxies, with 1892
series contributing to the input dataset, with a minimum of 50 trees present for each year between

980 and 2009Wilsonet al. 2013: 997) Creating a longerm British hydroclimatic reconstruction of

the past millennium has been made difficult by the scarcity of annually resaleadroclimatic

records that originate from within the British Isles, with WML2@l#hd its independent companion

paper authored byCooperet al. (2013)¢6 SAy 3 GKS FANRG FaGdSYLia wiaz
historical tree ring data to derive [a] millennial length precipitation reconstruction for southern

9y 3t (Wifsen&x al.2013: 998)

' 4 LINB@PA2dzate RAaAOdzZaSR AY . ¢buHnmmot v SyGANBE @

the British Islesfor anthropogenic management has ensured that every piece of woodland has, at
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some point in history, been touched by human interventigWilsonet al. 2013: 999) There are,
unfortunately, no techniques that can adequately provide mitigation to this issue, and so WML2013
adopted the simple but ultimately effective policy of incorporating every available piece of oak ring
width data from centrakouthern England to their dataset including archaeologically retrieved

samples the provenance of which can be difficult to deternfiM@sonet al.2013: 999)
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Figure23: WML2013 precipitation reconstruction. Reproduced from Wilson et al. 2013.

WML2013 proposes an entirely dissimilar narrative to the historic hydroclimate than that proposed
by BTN2011(P). Beginning at 950, WML2013 shows1B&R was the driest interval within the study
period, with only 217mm of precipitation estimated to have fallen during the MAMJJ season. The years
after c. 952 saw a steady increase in precipitation, so much so that b§00 southcentral England

is experiencing the second wettest period record with totals reaching75mm.After this btals then
droppedto 223mmc. 1050, before climbing once again so thatd$075 totalswere reachingnearly
270mm. At the turn of the twelfth century precipitatidmadtailed offfrom the c. 1075 apogee, with

the early twelfth century defined by relatively average conditions which were, however, gradually
becoming wetter as the decades passed. This upward trajectory culminatetllifOwhich received

a staggering 308mm of precipitation over the MAMJJ seaéfter this extremely wet period totals
once again reducedlropping toapproximately255mm by the end of the twelfth century. This pattern

of oscillating sequences of wet and dry intervals appears to terminate at this point, with the thirteenth
century being marked by a considerable degree of stability. Totals rechdgtween 250mm and
270mm until the last decade of the centuryhentotals dropped to approximately?220mm byc. 1300,

a level at which itvould remain until the mid1320s when totals recoved slightlyto 250mm. For the
remainder of the study period precipitation totals fluctuate only slightly from this point, with the only

noteworthy deviations being a slight depressmri460.
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The general trends outlined by WML2013hHas very much a tale of two halves. On one hand there
is the highly variable pr&200 period, where precipitation seems to oscillate between extremely dry
conditions €. 952, c. 1050, andc. 1110) and relatively wet conditions.(L000 andc. 1075), before
entering the wettest phase of the reconstructian1130 which culminated. 1050 with the wettest
year on record. The po4200 period, on the other hand, is marked by considerably stunted variability.
Apart fram a relatively pronounced depressi@n1300, and another less pronounced depression
1460, precipitation totals, especially from the 1330s onwards, reathismarkably stable until the

end of the study period.
CMT2013

CMT2013 is the companion paper to WML2013 and presents aydf¥dong MAMJJ precipitation
reconstruction of East Angli@ooperet al. 2013: 1019) This is once again a dendroclimatic study
based on living and historic oak rimgdth data, with 723 individual trees contributing to the dataset;
whilst this is a lower total than WML2013, the largely complementary results produced by CMT2013
indicates that this smaller pool was in no way detrimental to the reliability of the overall
reconstruction(Cooperet al. 2013: 1019; Wilsort al. 2013) Furthermore, as the majority of oak
samples were taken from sites within Norfolk, the reconstruction is inherently skewed towards this

county, a fact that only increases the applicability of CMT2013 to this tftesiperet al.2013: 1020)

Like many of the modern dendroclimatic investigations discussed in this thesis, CMT2013 uses RCS
(see ECS2008) preserve lowfrequency signal§Cooperet al.2013: 1019) However, as mentioned

in WML2013, anthropogenic interference has led to no woodland existing within the British Isles which
has not, at some point, been subject to anthropogenic manageniéfilsonet al. 2013) The vast
majority of trees will also have experienced abiotic interfere(ggch as extreme temperaturea)

some point during their lifetime, and the combination of biotic and abiotic influences ultimately leads

to a degree of noise existing within the sigi@ooperet al. 2013: 1023) In order to combat this,
CMT2013 ensured that their reconstruction maintained as high a degree of sample replication through
time as was possible with the available data, with an accepted measure of replication being Expressed
Population Signal (EPS), el produces a result between zero (the lowest score possible) and one
(the highest score possibl@riffa and Jones 1990; Coopral.2013) Wigley, Briffa, and Jones (1984)
O2yaARSNI Iy 9t{ &02NB 2F noyp (G2 0SS W OOSLII of
reconstructions attempt, at the very least, to equaVigley, Briffa, and Jones 1984: 20ipr the

majority of CMT2013 EPS remains above 0.85, although there is a slighijvattbdrop below 0.85
c.1215,but for the large part this is not particularly detrimental to the reliability of the reconstruction

given the limited temporal span of this episode. Unfortunately, whilst the data used by CMT2013 did
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in fact predate theirc.900 start date, due to a considerable drop in EF®0 (which falls to <0.16.
880), CMT2013 can only reliably reconstruct post 900 precipitation t(@asperet al. 2013: 1023
4).
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Figure24: CMT2013 precipitation reconstruction. Reproduced from Cooper et al. 2013.

Like WML2013, CMT2013 found that precipitation totals often fluctuate on a multidecadal scale
between periods of wet and dry conditiofSooperet al.2013: 1019) The reconstruction begins at

900 with precipitation totals sitting at 225mm, which then proceeds to drop tadir of200mm by

c. 950, with this latter period the driest episode of the entire study peridRelatively average
conditions continued in the decades following this nadir, with notably dry phases occard6§0
andc.1100, although the general trend is one of gradually increasing wetness dueie¢eventh and
twelfth centuries This upwards trend culminates1170 with the wettest phase of the reconstruction
with totals reacling approximately265mm. Following this apogee was a declioevards more
average conditionsso that byc. 1200 totals were sitting at 240mm, close to the leiegn mean of
238mmbut still above it Precipitation therabruptly increases. 1220 to approximately 250mm, with
the rest of the thirteenth century marked by a degreestdbility ¢ albeit one that describes a trend
towards increasing wetness as the century progregseish totalsremaining within 20mm of 250mm.
This stability was, however, limited to the thirteenth century, with the early years of the fourteenth
century seeing totalslide from a high of 255mnt. 1300¢ the joint-second wettest period of the
reconstructiong to just below average. 1330. This decline wasiowever,short-lived, with totals
recovering to above average loy1360, with this upwards trend continuirayer the course of the

fourteenth centuryultimately reacting 255mm byc. 1390. The fifteenth centuryisplays a largely
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similar morphology to that of the fourteenth; totats1400 lieslightly above average 260mm, which
proceeds to droslightlyc. 1460 before entering a sustainaget periodwhich only ends in the mid
sixteenth centurywhen totals are pushing upwards of 265mm. However, at the end of the study

periodc. 1500 totals are sitting at approximately 250mm.

It is, however, important to note that CMT2013 states that their reconstruction appears to
underestimate extreme years, and particularly extremely wet yé@msoperet al. 2013: 1034) The

cause of this underestimation is briefly discussed by CMT2013, who suggests that as the potential
annual growth of oak is physiologically limited, once soil moisture (moisture which is largely the result
of precipitation) surpasses a certain levekeases to drive growth; thus, extreme, anomalously wet
conditions are not necessarily distinguishable from less extreme periods of wet conditions as oak
growth is not unlimited. It is thus possible that the wettest phase of the reconstructitme post

twelfth century periodc may have been wetter than CMT2013 suggetlte overall picture painted

by CMT2013 thus describes a climate which is relatively dry for much of the 180 period, after

which totals increase significantly peakingl170 and thereafter rarely drop below the lotgrm

average, with the only exceptions to this rule being brief periods bracketit®30 andc. 1460.
P2017(P)

P2017(P) presents a twwundredyear precipitation index for late medieval Norfolk based on the
observed relationship between harvest length and precipitation sensitive oak chronologies
(specifically those presented by WML2013 and CMT2013). Unlike the majsirity of the
reconstructions discussed in this thesis, P2017(P) relates specifically to Norfolk, and whilst it is of an
extremely limited temporal range recreating only the period between 185%and 1450c¢ it is
nevertheless able to provide both a dd&l and ultimately accurate precipitation index whilst also

serving to validate the more temporally extensive WML2013 and CMT2013.

The principal divergence of P2017(P) from the other reconstructions discussed in this thesis is the
nature of the input datawith the one exception being the accompanying temperature reconstruction
P2017(T) which uses a largely similar methodology to P2QI#{EYe is thus no need to investigate
tHAMT Ot VQa YSGK2R2ft23& Ay lFyeée RSOGFAfTT a GKS YI
chapter. Furthermore, there is little need to discuss the trends shown in P2017(P), with this

reconstruction instad being used to corroborate the results of WML2013 and CMT2013.

Whilst P2017(P) and WML2013/CMT20412 not identical, both appear to display, albeit at slightly

different magnitudes and at slightly different times, a heavily similar morphological structure. Where
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Figure25: P2017(P) precipitation reconstruction. Reproduced from Pribyl 2017.

they do significantly diffex principally between the late 1340s and the end of the 13gGbis

dissimilarity can be attributed to theevastatingeffect of the Black Death upon the agricultural

workforce, which invariably drove up the duration of the harvest. The similarity between the
methodologically dissimilar WML2012 and P201¢(P)y R (i Kdza o6& SEGSyaAzy 2afj i
paper CMT2018 provides a rare and ultimately simple means of validating the general trends set out

in these three reconstructits. There is also perhaps no better piece of evidence than this similarity

to attest to the quality of P2017(P), and it proves that whilst environmental and biological proxies are

by far the dominant form employed by palaeoclimatological researchers, ambigenically derived

proxies can without doubt provide equally valid results.
Conclusion

It isthusclear that there is something of a consensus regarding levels of precipitation in England over
the past one thousand years. WML2012, CMT2013, and P2017(P) all describe a similar pattern of
historic summer precipitation, and their similarityespecially gien their differing input data and
methodologyg serves to reinforce the accuracy and veracity of these three studiesthe course of

the 500¢ 1500 CE study periodhis enables a relatively complete image of past precipitation to be
constrwcted for Norfolk over the past one thousand years, and it is an unusual occurrence that a single
English county should be so well represented in palaeoclimatological literaBiven both the
mutually complementary results obtained by WML2012, CMT2013, and P2017(P), and the
anthropogenic influences at play in P2017(P), this study will utilise CMT2013 as the basis for building
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an understanding of historic precipitation patterns in Norfolk overa¢h@l0¢ 1500 period whilst for

the ¢. 500 toc. 910 period BTN2011(P) will be utilised. The degree of continuity betwe@l0 in

CMT2013 and.910 is notable, with both reconstructions suggesting that totals around this time were

in the vicinity of 220mm. Whilst it is admitted that the spatial suitability of BTN2011(P) is less than

that of CMT2013, the absence of any targeted East Anglian atBpitecipitation reconstruction for

this earlier period necessitates the use of a broader European reconstruction.

A composite graph of the three reconstructions utilised in this thesi2010, BTN2011(P), and
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Figure26: Composite graph of the temperature and precipitation reconstructions utilised in this thesisalies in

temperature, giveragainst theredlong-term average lingare presented in 0.1 increments on the right side of the graph.
Anomalies irprecipitationtotals, given against the blue loAgrm average line, are present@50ml increments on the

left side of the graph.

CMT201%; is shown inFigure 5. No data has been altered in the creation of this graph, with the

average lines representing the lotgrm mean of all decadal valueBhis graph is wholly original to
this thesisandrepresents the climatic narrative adhered to throughout later analykésbasedsolely

on the palaeoclimatiaeconstructiondiscussed aboyaamelyL2010, BTN2011(P), and CMT20R$
utilisingthesemodern palaeoclimaticeconstructions a accurate understanding of the palaeoclimate

of medieval Norfolk can beonstructed, one that does notrelyalzy RSTFA Y SR G SNX a

2
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Chapter ThreeMethodological FrameworkData Sources, and

Ceramic Wares

Introduction

This chapter sets out the evidential and analytical foundations upon which the subsequent macro
spatial analyses arebuilt. It provides a detailed examination of the principal source materials
employed in this thesis and outlines how these datasets can be useddstigate thedevelopment

of medieval settlementin Norfolk The chapter begins withnaoverview of GIS spatial analysis,
explaining its value and its limitations withimacro-spatiallandscapestudies The focus then shifts to

the core datasetshat underpin the analysis: the quantitative archaeological data derived from the
five systematic fieldwalking surveys, and redologicabdata produced by the Soil Survey of England
and WalesAs previously mentionedhe evidential base foEnglishmedieval settlement is broader
thanthe fieldwalking data alondhe chaptetthereforeevaluateghe suite ofsupplementary datasets

that have beenused toboth enrichen the evidential basis of this thesis amitigate against the
limitations of the fieldwalkig datasets Ths supplementary datdncludesthe Portable Antiquities
Scheme RAS, the Norfolk Historic Environment Record (NHER]Jar,and historic documents The
followingsections establish the strengths, biases, and constraints of the data, providing the necessary

context for understanding the macigpatial analyses undertaken in Chapters Five, Six, and Seven.

The macrespatial

The analyses undertaken in Chapters Five, Six, and Seven are all undertaken at the same spatial
NE&az2tdziA2y T y-aNMSHAEf QG40 WS ONFEspati&l is dsediickdEsaribed = G K S
a resolution that encompasses a large spatial area, that can perhaps best be described as being

2y | Wi yRaOILISQ aolrftSe !'a gAftf 0S RAaOdzaaSR
concentration of potsherds will be represented as either a point or a polygon. It is the spatial location

of thesepoints and polygons which inform analyses of any potential climatic driver in the development

of settlement; a single map may have upwards of-bo@dred points spread over multiple square
1Af2YSGUNBad hyte o0& Ay@SailA Ao daywilespréadrentisrbg Ra Ol LIS
observed; after all, this is an investigation séttlement in its broadest sense, not a detailed
AYyO@SadAaardrazy 2F | -AKBYVIRT &IQU20F aAiSa 0GKS WYAONR

This thesis will therefore not devote any significant portion of its length to investigations at amicro
spatial scale. Here, micigpatial refers to detailed investigations of individual sites, investigating
elements such as the positioning of walls ahé archaeological context of artefacts uncovered as

part of excavations. Whilst, of course, each site is investigated in the rspat@l analyses, it is the
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largera O £ S 6GKS WYl ONRQAIOIORY (SENZWYRAONREES Qxy i $BiNJ
thesis.

Attempting to include both macreand micrespatial analyses is not feasible from both a practicality

point of view and a methodological point of view. For the former, the collation of msgatial data

itself is a considerable task; introducing additibmacro-spatial data would be an additional task that

simply is not feasible within the limited funding period. There is also a methodological argument for
focussing on only the macigpatial, for the response to fluctuations in historic climate is likeky

different at macre and micrespatial resolutions.

At a macrespatial resolution, a macrscale response to climate changsuch as relocation to more
favourable geological environments or a shift in focus to sites with more favourable topogcaphy
indicates that many or most of those living and workindhese landscapes were being affected by
the changing climatic conditions. This would suggest a deeply rooted link between settlement
development and climate, for conditions were clearly having severe enough implications to illicit

changes to the fabricfahe anthropogenic landscape far beyond the specifics of an individual site.

This contrasts with the micrspatial considerably. At a micgpatial resolution, it may be that there

is a slight slope that is causing runoff to accumulate against a building. The response to this could be
to relocate the building slightly, perhaps azgm metres upslope where the runoff is less; alternatively,

the slight slope could be regraded, which is detectable only through excavation. This response to
climatic fluctuations, perhaps affecting just a single toft, is clearly far more localised teapanse
detectable at a macrgpatial resolution, suggesting that climatic conditions were only severe enough

to cause detectable changes in a few highly localised places rather than precipitating widespread
change. These micigpatial changes require farore detailed data to identify, which in itself presents

a fundamental issue; without the knowledge of knowing whether mapatial changes are occurring,

and if sowherethese changes are occurring, finding adequate, thoroughly investigated indivithsal s

that may possibly demonstrate a response to fluctuations in climate is highly unlikely.

Data and methods of analysis

GIS and spatial analysis

GIS has become an invaluable tool in landscape archaeological research, with the vast majority of
modern studies employing this powerful analytical tool (see Fleming 2013; Wright 2015; Rippon 2012;
2018; Williamson 2013). The primary form of analysis usddndscape archaeological research is
that of spatial analysis, which involves the processing and examination of spatial data using various

analytical functions within GIS, with the most common form of interrogation involving the use of
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overlays and proximity analysis (Chapman 2006; Fotheringham and Rogerson 2Q08:; 46ck
2003; Xu and Zhang 2022).

WKAfald DL{ A& Ay@ltdzaotsS (2 i8p&malcapmoadiowatdslr Cf S
inductive forms of predictive modelling and spatial analysis must be acknowledged as being
necessarily simplist2> F2NJ YlIyeé F2N¥a 2F &Ll dAlrf FylfteéasSa
geospatial data with other quantitative geospatial data, with the relationship between them then

being used to formalise theories and draw conclusions (Fleming 2013: 73). &histisism which

could be levelled at theramlyses undertaken in this thesis, for quantitative geological data in the form

of polygonal soil layers, quantitative topographical data in the forrhidérderived raster elevation

layers, and archaeological data in the form of paayters and limited polygonal layers form the three

principal types of comparable visualisation layers. This naturally injects a degree of environmental
determinism to Gl®ased studies, for anthropogenic data can only ever be mapped within a
geographical context, with numeuns scholars arguing that the reduction of anthropogenic interaction
gAGK (KS LI até@oheof nerefstatigtitsudside i anygiven theoretical paradigm invites

cries of environmental deterministh 6 Ct S Y A Gaffney ansh \daN LensenT1995; Lock 2003; Van
Leusen 2002; Wheatley and Gillings 2002).

It is freely admitted that spatial analyses conducted within GIS are naturally weighted towards an
environmental conclusion; indeed, with the primary mode of analysis in later chapters directly
comparing the geospatial properties of data it is unavoid&ie a degree of environmentdliaswill

exist within the methodology itself. Whilst the elimination of this bias is impossible within the
parameters of the analysis, this thesis attempt to discuss the conclusions of the spatial analyses in

both anthropocentric and environmentatontexts.

Geospatialarchaeologicatata: Fieldwalking

The majority of the quantitative archaeological data utilised in this thesis originates from the five
fieldwalking surveys discussedGhapter Ongewith this data containing both the type and number of

sherds found and their spatial position within the landscape. This liadebeennputted into GIS to

create aninterrogablevector dataset of spatial information that can be layered against geolggical
pedological, and topographiceéctor data tounderstandits environmentalcontexts, with the results

of these analyses presented as GIS visualisations. Each dataset is derived from the site gazetteer or
accompanying microfiche; the datasets used are thus digitisations of these documents, with none of

the spatial or archaeological data being manipulated 8B R FNRY Ada 2NAIAYLFE T
in these documentbas beerreplicated precisely in GIS as a single point. The exception to this rule is

where a concentration has been drawn by the author on accompanying distribution maps. In these
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cases, the concentratiohas beentraced in GIS as a single polygon from digitized, georeferenced
versions of the original distribution map#s has been previously mentionedo retrospective
YSGK2R2ft 238 T 2 NiasCoednitnplein&nded, yad both uaiitithtiveQand qualitative
classification methods are plagued by issues; theasthus little to be gained from any alterations

the source material

The rationale behind the creation of digitised GIS visualisations of this data when the original surveys
include distribution maps is twofold. Firstly, as previously mentioned the archaeological data will need
to be directly comparable against the geoladidata in the geospatial analyses of Chapters Five, Six,
and Seven; GIS is thus the most appropriate tool with which to conduct this investigation, with manual
comparisons vastly inferior to the precision allowed by GIS. Secondly, whilst all of thessauohege
distribution maps of recovered material, a combination of subsequeiating of ceramic fabrics
adzOK | & . {datinygloii@snMdh Weare B nonstandard temporal categorisations which
rarely agree between the surveys have rendered sahthese maps problematic. This has, in turn,
created issues with the temporal data contained within the original datasets-e&atation of some

of the temporal characteristics of the raw data is thus necessary. Tagaleation is based on the
disclza a A2y 2F b2NF2f1Qa LINAYI NEBE RAIl higdsdudsions ndt2 G G S NB
intended to be an exhaustivaccount2 ¥ b 2 NJF 2 f His@rd, thé® GriNcpaf fyg@s of ceramic

material found in Norfolk will be discussed.

Geospatial archaeological dat®AS and NHER

Two sources of data that will supplement the systematic fieldwalking surveys in this thesis are data
from the Portable Antiquities Scheme (PAS) and the Norfolk Historic Environment Record (NHER). Both
datasets provide valuable additional perspectives dtierent across the study areasfhough each

carries methodological considerations that inform how they are deployed in this investigation.

ThePASs a national recording scheme established in 1997 to encourage the voluntary recording of
archaeological finds discovered by members of the public, particularly through metal detecting. The
scheme has amassed a substantial database of findspots acrgené&Emnd Wales, with Norfolk
representing one of the most intensively recorded counties due to its active metal detecting
community and productive agricultural soils. PAS data is especially valuable for tracking distributions
of metalworkt including coins, brooches, dress accessories, and other portable artafaethich

can illuminate patterns of exchange, deposition, and activity that complement the ceramic evidence
recovered through fieldwalking. However, PAS data is by its naturesystematic. The distribution

of finds reflects not only past patterns of actwibut also modern patterns of metal detecting, land

access, and individual reporting behaviour. There is also a question as to the representativeness of
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metalwork for tracking macrspatial changes in settlement: whilst ceramic sherds entered the plough
soil largely throughhousehold waste disposal amlanuring practices, metalwork likely entered the
archaeological record through more diverse means, with accidental loss a significant mode of
deposition. Despite these caveats, PAS data can provide useful supplementary information on the
character and intasity of activity within the study areas, particularly for periods where metalwork

assemblages are chrolagically diagnostic.

Alongside the PAShe NHERwill also form part of the evidential basis of later analyses. The NHHER
the county's comprehensive database of archaeological sites, monuments, and findsfegsating

data from diverse sources includibgt not limited to chance findserial photographythe National
Mapping Programme (NMPandexcavation reports and associatgeey literature creating a broad
repository of information on Norfolk's archaeological heritalger. clarity, this thesis refers televant

NHER datay their discreteNHERentry number. For example, NHER 68279 relatdstts generated

by aprogramme of trial trenching thgiroducedasetof associated grey literature reports; throughout

this thesis, such evidence is discussed using the NHER entry number rather than the titles of individual
reportsin the main body of the texto improve readability and to facilitateasycrossreferendng

with labelled GIS visualisatian$HER data is particularly valuable for contextualising the fieldwalking
results within the wider landscape, providing information on cropraagkcavated siteselevant grey
literature, and known monuments that can help interpret patterns observed in the systematic survey
data. To maintainHowever, temporal accuracy presents a limitation. Unlike fieldwalking surveys,
which recover pottery sherds that are reliably databldpswich Ware, for example, can confidently

be attributed to thec.720 toc.850 periodt the dating of many NHER entries, particularly cropmarks
identified through aerial photography, is often necessarily broad. More precise dating of such features
typicaly relies upon coincident finds or archaeological excavation. For the purposes of this
investigation, where precise temporal resolution is essential for tracking settlement change across
defined periods, this represents a constraint. Nevertheless, NHERrelaiains an extremely useful

tool for understanding the broader archaeological context of the study areas and for identifying

patterns that may not be visible through fieldwalking alone.

It is for these reasons that PAS and NHER data serve a supplementary role in this thesis, providing
additional layers of information that enrich and contextualise th@re comprehensive, uniform, and

temporally-specificfieldwalkingdata

Geospatialand textualpedological data and Character Zones (CZs)
¢tKS lylrfeasSa 2F b2NF2f1Qa &az2Af OKI N OGSNR&(GAOa

sources: a large GIS vector dataset containing the spatial extent of soil associations and the Soil Survey
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is the GIS vector dataset. This dataset is composed of a multitude of polygons which corresponds to
0KS alLI GALf SEGSY(d 2F QI NR2dza az2Aft WFHaaz20Al GA2ya3
A sefes is the basic unit of soil identification in England and Wales and desariseap of soils with

similar profilesthat were developed from similar parent materialdn association is thus a grouping

of soil series which are commonly found together in the landscape.

However, mapping the landscape of Norfolk at association scaktes a crowded and essentially
meaninglessisualisation the complexity of which ultimately hinders later maepalysesA unit

larger than the association is thus required for the dataset to be interrogable. Thus, this thesis will
SaildlrotAaK | ydzYoSNI 2F W/ KINFOGSNI %2ySaQ 6/ %aov i
constructed from geologically similar associations as identified by the Soil Survey of England and Wales
(Hodgeet al. 1984) The benefits of this approach over other methagsuch as mapping by single
associatiorg lie primarily in its increased simplicity and its more meaningful symbology. For example,
mapping by association would require fifty separate entigesany of whch are only subtly different

When presented in Glthis wouldcreate a crowded maghat would hinder latermacroanalyses.
Conversely, mapping by CZ allows for the creation of a sparser andimem®gableoutput, with

this analysis iderflying twelve independent CZs, with only three of these requiring further subdivision.
This far more streamlined approach allows for the creation of a more meaningful, interrogable, and

visually simplistic symbology.

It is necessary to note that there exists a certain degree of subjectivity in the drawing of CZs. In many
instances, where two or more bordering soil landscapes are evidently of completely different
character the drawing of a border based upon those assiocis is simple. However, when two
bordering landscapes are clearly different and so constitute two differen¢ @B&h for the purposes

of this explanation are primarily composed of association X on one hand and association Y on the other
¢ but both cantain isolated outcrops of association Z, association Z will not be wholly assigned to
either. Rather, the dominant association will be used to define the border and smaller, less spatially
dominant associationg such as associationcawill fall within cne CZ or the other, leaving association

Z in both CZs. This compromise is the best way of producing meaningful visualisations whilst also
retaining the overall character of the landscape, although it is freely admitted that this is at the cost

of some degee of local accuracy.

This study is not the first to attempt a division of the county based upon the characteristics of the soil,
with at least three versions featuring in published material since thelffiDs. Of these, the most

persuasive is that of Corbett and Dé@orbett and Dent 1994: 18)he rationale behind this assertion
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complexg regional units are, for example, frequently discontis ¢ but due to the disjointed nature

of this version it is ultimately more accurate and also more useful to the present study, as its spatial

extent is dictated by the geology and not hampered by generalisations brought about by the desire to

have contimous, easily defined and homogenous entit{€orbett and Dent 1994: 18Yhere are,
K26SOSNE | ydzYoSNJ 2F LIAGTFIEEAa LINBaSyid Ay [/ 2NbSi
,2dzy3Qa WD22R {FyRaAQ Ayid2 (462 AYRSLISYRSYyd SydaaAi
executed series of division around the CrorRélge, and the amalgamation of the medium and heavy

clays of soutkcentral Norfolk into a single entity devoid of any syidoupings. Thus, whilst Corbett

YR 5SyiiQa RAGAAAZ2YA gAff F2N¥ (KS F2dzyRIFlGAz2y F2
wholesale changes will be implemented.

Ly a2YS AyalulyoSa A4 oAttt oS ySOSaalNE (G2 adzmR7
character of the soils is the samelayey, for example but there exist notable differences amongst

the constituent associations. The spatial extent ofsesubzones will be similarly determined at
association level using the same dataset as that used for determining the CZs. The application of
subzones is the most appropriate method of allowing both the similarity and the differences of a

NB 3 A 2 ¥ QBe repr@seritedl, aridzbetter reflects the differing, yet still suitably similar surface
environment than the inherent homogeneity implied by a single block. It is conceded that this
argument¢ which ultimately boils down to the simple fact that smaller siiwns are inherently more

detailed than larger divisionscould be similarly applied to the subdivisions proposed here. However,

the resolution and objectives of the present study necessitates that divisions and subdivisions are
manageable in quantity wisit also containing enough detail to allow meaningful analysis and clear

GIS symbolizatiorDividing a CZ into two or more subzones is therefore the most effective way to
NBLINSASYGd | NBIA2YyQa Of2asSfeée NBfIFIGSR 8Si RAAGAYC
The four aforementioned marginal CZshe Claylands CZ, the Breckland CZ, the Marshland CZ, and

the Peat Fen CAvill be subjected to an hlepth analysis of their constituent associations and series,

with their hydrological capabilities, workability, atapographical contexts discussed. This level of

detail will allow for a rigorous analysis to be undertaken when assessing how changing climatic
conditions may have affected different parts of the county. This level of detail will only be achievable

byutft AaAy3d GKS 6SIFHfGK 2F 3S2{23A0Lf AYyF2NNIGA2Y O
East Anglian volumét.is freely admitted that this book is a modern work and thus reflects the modern

soil landscape. Numerous assumptions are made bySim¥eywhich are unhelpful to the present

investigation. Modern field drainage, soil maintenance regimes, fertilisation, and access to heavy,
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modern farming equipment are all taken as standard within the text. Medieval farmers evidently had
access to none of these things. However, it is possible, through analysing each association and its
numerous component series, often using the soil profilediSt ¥ G2 NBINBLaa GKS
possible state before modern practices began to influence the soil. For example, if a soil iggteyed

be discussed at length in the followinbapter¢ but rates as weltirained in theSurveywe can make

the broad assumption that without modern field drainage that particular soil is unlikely to be well
drained. Furthermore, if a soil presents mottling but there is no mentioned of waterlogging, we can
similarly make the assumption that at some point in itsdmgtcyclical saturation was occurring, likely

in the premodern period before complex infrastructural and chemical improvements had been
started. Williamson hadowever,urged caution when applying the results of modern field surveys to

the medieval perid, arguing that in some places farming itself has altered the characteristics of the
soil(Williamson 2013: 48). For example, in Norfolk and much of southern and central England, loess,

a silty aeolian or periglacial material, was widespread; however, in many places it is now completely
eroded away due to centuries of agricultural u¥¢iliamson 2013: 46 These deposits, which once
made these regions especially fertile, thus no longer benefit from their feréifityancing qualities

and therefore do notank as particularly fertile in modern soil surve@ensiderations such as this will

be taken into account in the following chapter.

Additional data
The gospatial and textual data sources discussed abovesapplemented by a range aflditional

datasetsand textual sources that have each contributed to later analyBesse are listed belaw

1 Geospatial datasets
0 LIDAR Composite Digital Terrain Model (DTM) 1mLaD&R Composite Digital Terrain Model
(DTM) 2m, published by the Environment Agency, were used to create the-didaved
topographical visualisations.
0 OS Open Rivers was utilised in visualisations depicting watercourses.
o 1851 England and Wales census parishes, townships and ptaoeiled by UK Data Service
was utilised in visualisations depicting parishes. This dataset is the most accurate recreation of
GKS LI2aaAraofsS &L 0Al éwehiPcedBiNIpaioShial seugtur@ y 3t | Y RQ A
1 Online resources
o 9RAYLF BS5AIAYILIQaA O2ftS0GAaz2ya 2F h{ KA&ZG2NRO
geospatial information.
o b2NF2f1 /2dzyGe /2dzyOrAt Qa b2NF2t1 | SNAGE IS 9EL
records held by the NHER.

0 Met Office data for Norfolk, average temperatures from the 196890 period
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i Published Sources
0o The Domesday Book: The Phillimore edition for Norfolk (Morris 1984) and Alecto Historical
Editions (Williams 2002) were the versions used for analysis of the original text. All references
gAGKAY GKS GSEG NBtl GS The Ddnks8ay Geodrdpliy bNEashiB S RA (

EnglandDarby 1972) was consulted in conjunction with the primary text.

Ceramic evidence

This sectionoutlines the principle types of ceramic wardsund in Norfolk with the discussion
focusing on their diagnostic characteristics, their temporal span, and other pertinent infornveition

regards to their suitability for tracking medieval settlemeniiarfolk

Early Saxon

Pottery constitutes one of the principal sources of archaeological evidence for early Saxon settlement,
GAGK 2A01KIFEY adz33sSadAay3a GKFIG vYz2ad SINIe {lE2y LI
largely undecorated, the quality and the longevity of the ceramic material was inferior to that of
subsequent periodst is no surprise that early Saxon material is far less common a find than ceramics
of later periods although as stated by Lawson pottery scatters of early Saxon material, whilst rare, do
often correlate to buried settlements (Lawson 1983; Wickham 2005:780Barly Saxon wares were

often handmade rather than whe#¢lirned and were fired at comparatively low temperatures,
resulting in ceramics that appear more primitive than the more advanced and refined pottery of later
periods. The low firing temperatures andarser production methods also made these vessels far less
durable, meaning they lack the lotigrm survivability of later wares and are consequently less likely

to be recovered archaeogically as they degrade more rapidly. Identifying early Saxon pottery is
likewise not as straightforward as distinguishing sherds from Roman or later Saxon contexts; in
particular, undecorated early Saxon wares are almost indistinguishable from Irorefsgeics, and

where the fabric has been weathered by, for example, acidic soils, early Saxon material can be difficult

to differentiate from fragments of sedimentary rock (Davison 1990: 11).

Early Saxon ceramic evidence is thus far less widespread than later material for a number of reasons,

from the weakness of the fabric to the difficulty in identifying it from earlier wgRsgerson 1997:

1). This scarcity could perhaps also be attributed to the lower population during thisviitme\Wade

suggesting that the early Saxon landscape was less intensively exploited than the later landscape
(Wade 1983: 74). Furthermorethe more mobile character of settlement in the early Saxon period

could vey easily have negated the emergence of concentrated pottery scatters; the methodology of
WAAGSQ ARSYUGATAOFIGA2YXY o0FaSR a AG Aa 2y 02y O0Sy
a0 NDAGE 2F waA i Havevei Kis gqually Kksly thd early Saxkan settléndest ivas
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simply far scarcer than it was in later periods, fomare sparsely populated settlement moving
around the landscape would naturallgave behinda reducedvolume of ceramic evidence, thus
reducing the likelihood of fieldwalking surveys identifying concentrations of early Saxon matgdial

to this suggestionthe friability and difficulty in identifying early Saxon potteapnd the poor
representation of early Saxon ceramic evidence in the archaeological record becomes more
understandable Ultimately, thelack of widespread, easily identifiable early Saxon pottery ensures
that for the most part its temporal range covers some 320 years betwe4®0 and the introduction

of Ipswich Ware ir. 720 (Blinkhorn 1997: 113; 1999)

Middle Saxon: Ipswich Ware

Unlike the early Saxon period, middle Saxon pottery is both more easily identifiable and more
widespread than its earlier counterparts. As mentioned earlier, East Anglia is one of the few parts of
England which possesses an extensive middle Saxon ceenmid due to the introduction of Ipswich
Ware in the early eighth century. Whereas early Saxon pottery was handmade and fired in bonfires
whose temperatures were low and whose airflow was essentially uncontrollable, Ipswich Ware was
thrown on a slow handurned wheel and fired in kilns which allowed for controllable airflow and thus
higher temperaturesBlinkhorn 1989; 2000; 201&%odfrey 2007: 148).

Figure27: Typical Ipswich Ware. Licensed und@BY-SA 2.0 via Wikimedia Commomse Portable Antiquities Scheme/
The Trustees of the British Museum
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Ipswich Ware is a hard, sandy grey ware, frequently undecorated, which was first identified in the
Ipswich area (Hurst 1976: 28®1; Godfrey 2007: 148). Whilst our understanding of the chronology

and development of this ware is still patchy, it is wydetcepted that this ware was in use for the two
centuries betweerc. 720 and c. 850 (Blinkhorn 1989: 126; 2000 9; 2012;2009: 356. Thus, the
presence of Ipswich Ware can potentially indicate the presence of middle Saxon activity in a given
area, withconcentrations of this ware possibly indicating the presence of a nearby middle Saxon
settlement, although the limitations of fieldwalking surveys noted in previous sections should be
considered before any conclusions are drawn. It is important to notedtieer types of pottery were

in use during the middle Saxon period, such as Shelly Wares, but these types were often in use for far
longer periods of time and are thus of less diagnostic use than the more temporally limited Ipswich

Ware.

SaxeNorman Thetford Ware

At some point aroundhe mid-ninth century East Anglia transitioned from Ipswich Ware to Thetford
Ware(Hurst 1976: 314)Jnlike its predecessof,hetford Warevas manufactured on a fast wheel and

fired in more advanced kilns capable of reaching higher temperatures (Hurst 1976: 314). The principal
characteristics of Thetford Ware are in some ways similar to Ipswich Ware, with the fabric being hard
and often sandywvith a greyish colour; unlike Ipswich Ware however, Thetford Ware exhibits thinner
walls and taller formg made pasible in part by the introduction of fast wheels and improved kilns
(Hurst 1976: 314). Unfortunately, our understanding of the developmental chronology of Thetford
Ware is still incomplete. Whilst the broad history of this type is largely understomd know, for
example, that it was manufactured between850 andc. 1150 in sites across Norfolk, with some
manufacturing also likely occurring in Suffalkhe temporal aspects of its development are still
uncertain (Rogersoand Dallas 1984: 126). Thushilst we know that stylistic changes to this ware

did take place over the three centuries of production, the uncertainty of exadtgnthese stylistic
changes occurred means that we cannot precisely date sherds beyond the rather extensive window

betweenc. 850 andc. 1150 (RogersoandDallas 1984: 126).

SaxeNorman St. Neots Ware and Stamford Ware

Of a similar age to Thetford Ware, St. Neots Ware is believed to date from betn@&h andc. 1100
(Hurst 1956; Spoerry 2016: 103). This ware typically exhibits a light brown, black, or-gakple
surface with a grey to black core, with the fabric of this ware typically fine with finely crushed fossil
shells giving this ware its characteristic tel8peckled look (Spoerry 2016: 103). Similar to Ipswich and
Thetford Wares St. Neots is whablrown but Spoerry notes that this ware can also be-bailt,
especially when the vessel is larger than average (Spoerry 2016: 103). TBauiesidbrmanceramic

type is Stamford Ware. This hard, oftkght-colouredware is believed to have emerged850 and
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lasted untilc. 1150 and is amongst the first examples of glazed pottery in Enginthson 1982).
The many variables relating to the glazing process means that the colour of this glazargan
significantly between sherds, with some exhibiting a fiakeen glaze whilst others exhibit pale yellow
or even blue glazesS{mpson 198R In addition to these glazes, Stamford Ware vessels are also

identifiable by their often thiavalled, smooth fabric.

Medieval

Following the Anglk®axon period came a curious period of regression in ceramic manufacturing
techniques. Whilst the middle Saxon aB@xeNorman periods are dominated in East Anglia by
entirely wheelthrown pottery, by the mieeleventh century manufacture had once again reverted to
predominantly hanemade, rather than wheethrown, manufacture; it is, however, important to note
that although vesds are predominantly handmade, they do appear to have been finished on a slow
wheel. There are also some exampbf wheelmade pottery produced in this period. A possible cause
of this is the potential collapse of urban potteries during this period, after which potteries may have

relocated to more rural areas (Spoerry 2016:48} Leah 1994).

Regardless of this change in manufacturing technique the efficiency of medieval ceramic production
after the AngleSaxon period is evidenced by the widespread distribution of medieval material across
the county, and indeed the entire country. Whilst therge too many types of pottery produced and
found in Norfolk between the migleventh century and the turn of the sixteenth century to discuss
individually, this section will detail some of the most common types found in archaeological

investigations throubgout the county.

Early Medieval Ware is predominantly handmade ware but was whaele in some instances
(Rogerson 1997: 59; Rogerson 1995: 124). This dark brown, coarsevhardhas been found
throughout the county as places such as Norwich, BaBendish, and North EImham, and is believed

to date from betweenc. 1050 toc. 1150 (Rogerson 1997: 59; Wade 1980: 443; Jennings 1981: 41).

I O02NRAY3 (12 w23aISNB2YyS 9FNIé& aSRASOIE 2 NB WaKz2
/ 2 ¥ lj dzS & ((Robdfsdiih 1B398:0122). presents difficulties, however, due to its very gentle
merging into unglazed medieval ware, one of the most common medieval wares (Rogerson 1995: 124).
Excavations at Blackborough End by Rogerson and Ashley in 1985, and fieldwalking undertaken by
Rogersonin 1997 at BartorBendish have produced large numbers of sherds belonging to a
development of Early Medieval Ware called Blackborough End Ware, a dark grey, hard, coarse ceramic
with frequent sand inclusions hamed after the place of its initial disco\Rogérson 1997: 59). This
material is thought to date from the latevelfth century and endure to at least the thirteenth century
(Rogerson 1997: 60).
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Grimston Ware, a sandy grey ware that has been found both glazed and unglaviéd glazed

examples more common in later centuriegonstitutes one of the most significant types of ceramic
YIEGSNALFE NBEO2FSNBR RdzNAYy 3 wRmvEyNdte ofe torty peraddi &y . Sy F
the total sherds recovered belonging to this type (Rogerson 1997: 60). This ofternwhaeelpottery

is believed to date from a multentury period betweer.1200 andc. 1500 and is thus representative

of the entire Hitp to Late Medieval period.

Another common ware is BarteBendish Ware. It is unsurprising, given its hame, that this type is
believed to have been produceat asite near to BartorBendish (Rogerson 1987), with this wheel
made ceramic being grey with buffed surfaces (Rogerson 1997: 61). This type is believed to date from
the fourteenth century, although Rogerson does suggest that production may have continodldnt

fifteenth century.

Other types of ware common to the peSaxon period include local unglazed wares of uncertain
origin, with Jennings suggesting that these may have been produced at Woodbastwick and Potter
Heigham between the thirteenth and fifteenth centuries (Jennings1198l), along with wares
produced further afield, such as the thirteenth and fourteenth century Lyveden Ware that was
produced in Northamptonshire and the thirteenth to lateurteenth centuryScarborougWare that

was produced, unsurprisingly, at Scarbagb (Gryspeerdt 1978: 61; Hayfield 1984: 17). In addition to
these regional ceramics more generalised wares are found within the county, such as the Early
Medieval Sandy Ware (produced betweerl100 andc. 1400) and the Early Medieval Shelly Ware
(produced betweerc. 1100 andc. 1400). In the later centuries of the study period wares such as the
Late Medieval Oxidised Ware and the Late Medieval and Transitional Ware begin to appear, with these
ceramics being produced from the rdiifkeenth century and fron the late fourteenth century
respectively. Imported ceramics such as German Stonewagpeoduced from the midifteenth
century ¢ also become increasingly common as the centuries progress (Rogerson 1997; Jennings
1981).
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Chapter FourGeologyand Soils

Introduction

This chapter will investigate thgeology and soilef Norfolk and establish and discuss the four CZs
using the methodology discussedGhapter Thregthe Claylands CZ, the Breckland CZ, the Marshland
CZ, and the Peat F&¥Z This will be followed by a detailed discussion of the implications of varying
climatic conditions upon theoilsof the four aforementioned CZB1 order to build a comprehensive
understanding of the CZs mentioned above, it is necessary to undertake a finely detailed analysis of
the soils with this thesis making no apolodgr describing, in depth, the nature efach CZsaoil
characteristicsThis detail is warrantedsathe generalisation of many previous attempts to explain
b2 NJF 2t ] @ad salBa® 6b&cHréd wha actuallya more nuanced realifyffor examplewhilst

it is clear that the Claylands CZ is predominantly clayey, what is obscured byraolaid
characterisations that these claysanalsoinclude pockets of sandy Newpatries soils which are
potentially far more attractive to earlgolonisers than the far heavier soils surrounding this lighter
pocket Only by undertaking a finely detailed analysis can these nuances be idefitifidtbped that

this detailed analysis will enable teeilcharacter of Norfolk to baccuratelyreflectedand the impact

of climatic fluctuations assessed.

Solidgeology

The solid geology of Norfolk is such that solid geological structures are rarely close enough to the
surface for soils to form directly in them. Instead, soils are largely formed in the sediments that overlie
these solid structures, and are often deep dathely fertile (Avery1980: 510; Avery 190; Funnel

1994c: 12Hodgeet al.1984: 2) This is not, however, to say that the solid geology of Norfolk has little
AYLI OG dzllry AdGa SYy@aNRYyYSyids F2NJFa | 2R3IS KI a
formation and determines the hydrological characteristics of the dtéadgeet al. 1984) A brief
overview of the geology is therefore necessary before any discussion regardisgilhearbegin. |t

is important to note that his analysis will not include the basement formations, for thes&o far

from the surface to have any influence upon the analyses undertaken in this thesis.

In the west of the county it is primarily formations dating to the Jurassic which have the greatest
impact on the surface environment. Here, the Lias Group of mudstones, siltstones, limestones, and
sandstones creates a horizontal base upon which largefolayations have developed, with the
youngest of these groups being the mudstones and siltstones of the Kimmeridge Clays; it is this
formation which constitutes the principal solid geology of the area. These Jurassic formations are the

oldest of the topmossolid geological formations in the county, but due to the canted stratigraphy of
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the solid geology the Kimmeridge Clays continue nedbtwards under younger, more extensive

formations.

Lying adjacent to the Kimmeridge Clays, and separating them from the later Cretaceous chalks, is a
thin band of Cretaceous mudstones, siltstones, and limestones of the Lower Greensand Group and
the Carstone and Gault Formations. This band runs in an aippatedy north to southwest direction

from Hunstanton, through the town of Downham Market, and soewuthstwards to Soham and
Cambridge. To the east of this thin band lies the far more extensive chalks which constitute the
dominant Cretaceous formations withNorfolk. Occupying much of the county and following a similar
trajectory to the Gault Formations, the chalk dominates much of north, central, and southern Norfolk.

It is particularly influential in the soutivest, north-west, and west of the county where tlohalk lies

nearer to the surfaceThis contrasts witlthe central and southern regions of the countfere the

chalk geology is buried by substantial drift deposits which limits its influence on the surface geology
and soils However, whilst the chllis often covered by deep deposits of uncemented clays and
gravels, it nonetheless serves as a major aquifer, providing the region with substantial amounts of
groundwater. It also provides a substantial amount of kygiality flint from its contained nodes, a

jdzl t Ale 6KAOK KIFa 3ANBIGE& Ay TAvaelydgs0GB, Ay NB®R f | Q& |
Chatwin 1961: 560; Funnel 1994c: 12)

The final and youngest solid geological structures within Norfolk lies in the east of the county. Formed
predominantly during the Pleistocene and the Neogene, the Crag Group is composed of both estuarine
and marine clays, silts, gravels, and sands, whiigjinate from a time when the North Sea occupied
much of what is now east Norfolk. This group extends southwards into Suffolk and Essex where the
oldest formations of the group the Coralline Crag and the Red Crag formatignsedominate,
particularly incoastal areas. Norfolk, however, only contains the two youngest formations, the
Norwich Crag and Wroxham Crag, and it is these formations which dominate the eastern regions of
the county. The group extends from just west of Cromer, and once again fal®ivsilar curve to

that displayed by the Chalk Group and the Gault Formations in the west and centre of the county. The
border between the Chalk Group and the Crag Group is less well defined than that between the Gault
and Chalks, with isolated outcrops thie Chalk Group being present sotghst of Aylsham and a
number of isolated Crag deposits existing within the Chalk Group around Norwich. Alongside the Crag
in the southeast of the county, a small patch of Palaeocene London Clays can be found, burthese

spatially limited to this extreme corner of sou#iast Norfolk.
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Theglaciers and thadrift geology of Norfolk

b2NF2f1Qa a2Afa NB 20SNBKStYAy3Ite F2N¥SR Ay (KS
the glaciations of the Quaternary period. Before the initiation of the Anglian Stage, late Cenozioc
glaciers repeatedly penetrated the county, depositlagge quantities of various materials as they

I RO yOSR YR NBOSRSR:E gA0K fFGSNI I3t OASNARA WL 2d
glaciationdChatwin 196110;Funnel 1994: 14_ewiset al2000). As a result of this destructive pattern

of repeated deposition and removal, the glacial history of Norfolk during this period remains relatively
uncertain, with Funnel commenting that the only certainty that can be drawn from this shadowy
periodisthati KSNB ¢l & | WONRBLF R 2dzif A F$ne1PI4NBMelfviatérS R I | (
flowing out from glacial ablation zones in the Midlands deposited large volumes of gravels onto the

Crag formations in east Norfo{kunnel 1994: 14 _ewiset al.2000).

4 *;’

Figure28Y al yeé az2Afa Ay b2NFz2f]1 adAatt OFNNEB G(KS tS3I0e 2F GKS
county. Licenced under CC®4 2.0Keith Evans Soil and sky

However, by far the most influential glacial episode occurred during the Anglian Stage, when glaciers
approachedhe county from numerous directions. Of particular importance were the clay and chalk
laden glaciers advancing from the west, which deposiedxtensive sheet of chalky, clayey; tillis

chalky formation is notorious for its high levels of carbonatgrticularly towards the north Norfolk
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coast(Arthurton et al.1994: 66;Funnel 1994: 14However, & the formation tracks southwards its

character becomemcreasingly morelayey, with this expanse of clgyften termed boulder clay

aGAtt R2YAYIlI GAy3 OSy i NIGHoisethlNIOZ 268; ELancld N FALe®i§ Sy OA N
etal2000.. &8 GKS Oft2asS 2F GKS 'y3ftAly {dFr3a3Ss (GKS 0oNR
been established, with boulder clays dominating the central and southeastern areas, while lighter,

sandier deposits prevailed in the north and southwest.

After the Anglian Stage came the Hoxndeml finally the Devensian Glaciations, during which outwash
gravels and sands accumulated at the north Norfolk coast. Glaciofluvial deposits are also common
between the northern coastline and the area surrounding Norwich, with these gravelly deposits
becaning more stony as they progress towards the Cromer Rigigenel 1994: 1,6Galloist al.1994:

26-8). Freshwater peat began to form in the valleys where drainage was impeded by recent deposits,
and as sedevels rose, seawater flooded these peatlands, covering them with marine silts and clays.
This sequence of events occurred all around Norfolk; the Badghe marshy environments of the
north and east Norfolk coast are all products of this process of peat formation and marine inundation
(Arthurton et al.1994: 66;,Galloiset al. 1994: 268; Funnel 1994: 16)

2 AG0K GKS GSNXYAYFGA2Y 2F 3t O0OALE O2yRAGAZ2Yya G Ol
character had largely been determined. Large tracts of boulder clays, becoming heavier as they
progress southward towards the Suffolk border, dominaetcaland southeasNorfolk. Chalky, flinty

sands and gravels, the results of glacial outwash from numerous glaciations, covers the/gsiutth

the county.The repeated glacial advances and retreats invading the county from the west and north

west haséft the north-western corner of the county largely stripped of drift deposits, making this far

corner one of the only places in the county where the solid geological dadech in this instance

are the formations laid down during the Cretaceauss visible at ground level, either completely

exposed or covered only by thin aoelian drift. In the east and redst of the county silty aeolian

drift and reddish till occupy the riverine, marshy landscapes typical of the area. Both of these deposits

date predominantly to the last glacial stage, the Devensian, which terminat&@,000 BCE.

Character Zones

The general outline of soil types in Norfolkthisis broadly determined by the type of drift geology

covering the landscape. We can, however, be more precise in describing the characteristics and spatial
extent of soils than we can the underlying drit the experience garnered by generations of
agriculturalists and the execution of repeated surveys in the twentieth and twinstycenturies has

LINE RdzOSR | ¢SFHfGK 2F RFGF gKAOK Ffft2¢ga | RSOFATLS

landscasto be carried out.The following analysis will thus present and discuss in detail the four
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YIENBAY Lt W gthdda@ands T, e Bi&idad CZ, the Marshland CZ, and the Peat Fen
CZc with this carried out utilising the methodology and datasets presentedhiapter Three

TheClaylands CZ

The Claylands CZ occupies a vast swathe of land in southern;esmiéin central, and northern

Norfolk. The largest CZ in the countgovering some 1675khg the spatial extent of the Claylands is
frNBESt& aeyzyeyvyz2dza 6AGK GKS 0NRI Rlayplattas, dithihe &8 Ol y

soils of this region being heavily influenced by the presence of this often flinty, chalky, clayey till.

¢KS aAYAf Ll NRAG@ ¢hdy aé, Kok the noRB Hakt, My@\dloadishaké dividing this

region into separate CZs unnecessary, and thus the spatial extent of this region is similar to that of
2AfEAlFYa2yQa W/ ! &duthegyRE @3 22 NWWRKEIE W/YRy G NIND S G |
t £ I ((®iHiamQon 1993; Wright 2015; Corbett and Dent 1994jis is not, however, to say that
improvements to this worAan framework are not possible. When the associations of the CZ are
analysed and heir hydrological and chemical composition considered, there emerges enough
evidence to support the creation and imposition of two subzogdbe Heavy Claylands and the

Medium Claylandsg within the framework of the overarching CZ.

For example, on the relatively level areas of the boulday plateau, which can be found between

the many gentle river valleys that cross the region, the soils, developed in the beldgerare often

heavy, thick, and often intractable, characteristics that become even more extreme when these soils
have experienced any sort of precipitatib¥illiamson 1993: 7)On the slopes of the river valleys, and

on the slopes of the plateau itself, the bouldday has sometimes produced soils which, whilst still
being reasonably clayey, are less intractable than their heavier neighbours. On these slopes the soil is
often more permeable and is loamier than the soils of the level plateau, with the superior geaina
gualities of these valley and fringe sdjle/hich stem in large part from the far more forgiving sloping

topography of the plateau fringes and shallow valleghsuring increased tractability.

2 Aff Al Ya22yQa 2¢y Sspdtd gizhlitiesd & thes@ tio dorkirant typediBoulder

clay soils provides the best summary of iigsiol> ¢ A 0K 2 Aff Al Ya2y 20aSNBAY3
the degree of dissection is greatest in the nevikst: the least dissected areas are in the seeést,

especially between the valleys of the Tas and the Waveney, where wide flat interfluves carry
partiOdzf | NI & @A\liargsdn 1893:/8fTHis(s not, however, a distinction which warrants a
wholesale, homogenised division based on this nevést southeast variation, as any such division

would lose a great deal of detail and variation in thasations possessing less extensive tracts of
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both soil types by implementing subzones mapped at association scale the variation in character is

thus retained whilst also preserving local detalil

TheHeavy ClaylandSubzone

¢KS FANBRG adzoiz2yS G2 0SS Ay@SaiAa3araSR Aa GKS al St
of the 711r Beccles 1 association, dominates vast swathes of land in north, central, and southern
Norfolk, with the main body of this subzone occupyidgrge, continuous tract between the Waveney

and the Tas, with tendrils of this expanse extending as far east as Toft Monks and as far north as
Wramplingham. Progressing northward this subzone becomes increasingly discontinuous in its spatial
coverage, wittthe largest of these disconnected tracts occupying the western and northern fringes of
the boulderclay plateau. Like the large southern tract of the Heavy Claylands these fringe tracts are
predominantly Beccles 1, although there is a relatively large tract of 711s Beccles 2 east of Fakenham,
and barring two very small parcels east of Swaffham, thesdhar only examples of Beccles 2 within
Norfolk. The subzone is at is most fragmented on its eastern flank and directly south of Norwich, where
small enclags of Beccles 1 exist within the main body of Medium Claylands Subzon8imilar
enclaves of Beccles 1 can be also found on the extreme western and northern flanks of the boulder

clay plateau, although these are less numerous than those previous described.

As previously mentioned, the vast majority of tHeavy Claylands Subzoisedominated by the 711r
Beccles 1 association. The primary component series in this association are the Beccles and Ragdale
series soils, which occupy over thrgearters of the land, although there are some instances of Aldeby
and Hanslope series in sentocationg/Avery 1980 115;Corbett and @tler 1970;Hodgeet al. 1984:

118). The fine loamy over clayey Beccles series are typical stagnogley type soils, a type renowned for
their relative impermeability and poor drainage capabilities. Typgtagnogleysuch as the Beccles
series belong to the surfaegater gleys, a category of seasonally waterlogged, slowly permeable soils
which exhibit prominently mottled subsoils, indicating that water percolatioggnwardsis impeded

and is ultimately forced to flow laterally along the soil. This mottled zone unsurprisingly becomes
heavily saturated with water in the winter months when environmental conditions are frequently wet
and cold, keepig the soil in a state of prolonged saturation. It is only when winter departs and spring
begins to bring warmer, drier weather that the saturation level decreases, and it is this cyclical process
of saturation and subsequent drainage that gives stagnaglesir distinct mottled horizons, with this
cyclical process of winter saturation and spring drainage known as seasonal water({@ygiryg1 980:

115; Corbett and Tatler 1970; Eldridge 19B@dgeet al. 1984:118). This saturation has the added
effect ofturning the soil increasingly grey, which is indicative of a general lack of oxygen caused, in
this instance, by the presence of significant amounts of w@ieery 1980: 115; Corbett and Tatler

1970; Hodgeet al. 1984: 118). This also causes a reduction in iron and manganese content in
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waterlogged horizons, and a soil such as this, which has undergone significant, prolonged waterlogging
is considered a gley. Gleyed soils are thus highly indicative of impeded drainage, and even in soils
which have benefitted from increasingly elaboratedasomplex drainage schemes over the past few
centuries will still exhibit mottling and gleying in their profile. Evidence of mottling and gleying is
particularly useful to this investigation, as these relic features of modern soils provide hints as to how

these soils likely behaved in the medieval period.

Frequently appearing alongside the Beccles series is the typical pelostagnogley Ragdale series, which
exhibits mottling in all horizons below the Ap (ploughed) horizon. Pelostagnogleys are generally more
clayey than typical stagnoglegsmaking them heavieq and like their loamier counterparthey

similarly struggle with drainage, especially over wir(&very 1980: 190; Corbett and Tatler 1970;
Hodgeet al.1984: 293) Also occurring within the associatiqmlbeit in smalleareasg are the typical
stagrogley Aldeby series, a series largely similar to the Beccles series in both composition and water
regime, and the typical calcareous pelosol Hanslope series. Pelosols, whilst still being decidedly clayey,
they do not suffer from gleying as do other clayegils such as the stagnogleys and the

pelostagnogleys, but despite this they are still considered slowly permeable.

The primacy of the Beccles and Ragdale series within the association ensures that overall, the slowly
permeable Beccles 1 association suffers from impeded drainage, especially on level or concave ground
where drainage is not aided by favourable topograpkiowever, it is not just too much water that

can negatively impact these stagnogley and pelostagnogley soils. Thesgauilsn particular the
heavier Ragdale serigsare prone to cracking when overly dry, largely due to the high clay content
within these soils. Baked, dry soil is as problematic as waterlogged soil, just at the opposite end of the
scale; water will find it difficult to percolate through the profile and significant runoff is possible,
causing potentially severe erosion. This is a comissne of pelostagnogley soils and one which is

virtually impossible to avoid without extensive irrigation networks.

The topographic arrangement of component series is not randosgtead following a broad outline

that whilst fallible, provides a reliable estimate of the likely topographic contexts of each component
series. Beccles series commonly occupies the level or gently sloping plateaus of the Heavy Claylands,
with Aldeby four on the muted crests of these plateaus. Ragdale and Hanslope soils are common on
the sloping flanks of the plateaus themselves, with this topography serving to slightly increase these
slopedwSt f Ayd aSNASAQ RNIAYIF3IS OFLIOAtAGASAD

Nevertheless, due to the overall poor drainage capabilities of this association there are few
opportunities for spring landwork even in years where precipitation levels are nqAwaly 1980:

90-102, Corbett and Tatler 1976G{azelderl989;Hodgeet al. 1984:119). Attempting to work Beccles
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1 in wet conditions is potentially disastrous; the damage done to the structure of the soil would lead
invariably to compaction, reducing the already low porosity of the soil even fu(ferry 1980: 90

102; Corbett and Tatler 1970; Hazelden 1988¢geet al. 1984: 294) In wet years there are virtually

no opportunities for Spring landwork, especially on areas where the heavier Ragdale series
predominates. There are, however, more opportunities for landwork in the Autumn, as the soil will
have experiencedarmer, drier weather during the summer months, reducing the water content and
making the soil more tractable. In years where precipitation is normal Beccles 1 is often workable in
September and for much of Octoberand in some instances even into eaNgvemberg although

once again if the year is unusually wet opportunity for landwork is greatly reduced, perhaps to just
September(Avery 1980: 190Corbett and Tatler 197(Hodgeet al. 1984:119). These estimates do
come with a degree of caution; theseeahe approximate timescales for modern agriculturalists, who
have the benefit of heavy machinery and practice fatlgchanisedarming on fields installed with
modern drainage networks. We can, therefore, safely assume that the experience of medieval
agriculturalists would almost certainly be far more difficult than their modern counterpanslosed,
heated tactors, able to pull heavy farming machinery of significant compléxigilweather are
replaced by teams of oxen pulling, by modern standasisplistic pieces of equipmentwhich
providedno safe harbour from the elementshe medievakxperiencevould thus have beefar more

brutal than that of their modern descendantandin the worst of conditions the Heavy Claylands
would have been one of the most challenging areas of the counfgrta. This experience would,
however, have beemore forgiving in drier yearsihe retention capabilities exhibited by clay soils
would haveprovided a degree of protection from draughthichcoupled with thér high nutrient load

made these heavy soilsotably fertile when conditions were favourabl€onsequently, such soils

NB LINE & S sfigk, highNBgAx MR Q S v GighNFeily Bh¢riconditions were favourable,

yet challenging and unproductive in adverse years.

711s Beccles 2 is similar to 711r Beccles 1, with the principal series remaining the stagnogley Beccles
series. However, in place of the pelostagnogley Ragdale soils Beccles 2 has as its secondary component
series the typical stagnogley Aldeby series. lnrhuted crests limited instances of the lighter sandy

gley Blackwood series can sometimes be found, a soil which exhibits mottled subsoils and which is
highly sensitive to fluctuations in the groumhter table, although this latter point is more relevant

to low-lying instances of Blackwood. The topographic arrangement of these component series is
largely similar to that of Beccles 1, with Blackwood replacing the Aldeby series on the muted crests
and tractsof Beccles and Aldeby series occupying the more level or gently sloping ground around
these shallow riseAvery 1980: 190Corbett 1979 Corbett and Tatler 19704odgeet al. 1984:118

9).

99



Heavy Claylands Subzone
Soil association |Constituent series General character of association
Beccleg; fine loamy over clayey stagnogley

(surfacewater gley) Ragdaleg heavier Heavy clayey, slowly permeable

pelostagnogley, mottled below Ap horizon |[stagnogley/pelostagnogley soils; very poor drainag
711rg Beccles 1 i o ) ) )
Aldeby ¢ typical stagnogley, similar to Becglgprone to winter waterlogging and summer cracking
Hanslopeg calcareous pelosol, heavy clay, |typically on level or gently sloping plateau surfaces

slowly permeable, nowgleyed

Beccleg; typical stagnogleyAldeby¢ Moderately to heavily clayey stagnogleys with
stagnogleyBlackwood¢ sandy gley, mottled, (occasional lighter sandy gleys; slowly permeable; g
711s¢ Beccles 2 . ) ) o o
sensitive to groundwater fluctuations (on  |drainage; similar to Beccles 1 but with lighter crest

muted crests) soils.

Table4: Heavy Claylands soil chart.

The Medium Claylands Subzone

The Medium Claylands dominates much of the territory west and seat of Norwich in a large
sweeping arc that runs from Burgh St. Peter in the seaght of the county to Saxlingham in the north.
Whereas areas of the Heavy Claylands frequently appetiinrvMedium Claylands as isolated
outcrops, the Medium Claylands, barring one example near Great Palgrave, do not outcrop within the
Heavy Claylands. 572n Burlingham 1 is the dominant association within the subzone and is somewhat
more complex than Becclels and 2, having a varied assortment of series that largely conform to
distinct topographical contexts which will be outlined bel@#odgeet al. 1984: 132) The Burlingham

series is dominant within the association and is often accompanied by the similar Ashely and Hanslope
series. Also present in the association are the Wighill series, the Wick series, and finally the Newport
series(Avery 1980: 202; Corbett 1979; Corbett and Tatler 18&@jgeet al. 1984: 132)

The primary component series is the fine loamy Burlingham series, stagnogleyic argillic brown earths
which present little mottling and gleying in the Ap and Eb (eluvial) horizons. Being stagnogleyic, the
Burlingham series is slowly permeable and exhibitétled subsoils, although the absence of greyish
horizons indicates that some drainage is occurring. The Burlingham series is, on the whole, slightly
more well drained than, for example, the mottled gleyic Beccles series. Burlingham tends to be sandier
andthus loamier than the heavier series which further improves its drainage capabilities. This is not
to suggest that Burlingham does not struggle with drainage, as it is frequently seasonally waterlogged,
although on sloping ground where this series is tileg welldrained glaciofluvial deposits its

drainage capabilities are improvéAvery 1980: 2024odgeet al. 1984: 133)

Occurring alongside the Burlingham series is the fine loamy over clayey Ashley series. This series, like

the Burlingham series, is a stagnogleyic argillic brown earth and is largely similar to the primary
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component seriegAvery 1980: 202Corbett and Tatler 197(odgeet al. 1984: 133) The clayey,
typical calcareous pelosol Hanslope series is also common within the association. These theee soils
Burlingham, Ashley, and Hanslogare frequently found together on the highest areas within the

subzone and are frequently constricted tuig topographical context.

Moving downslope, the Burlingham 1 association transitions to the coarse loamy Wighill series. These
stagnogleyic argillic brown earths are faintly mottled, slowly permeable, and are naturally
waterlogged in the wetter winter monthfAvery 1980: 202; Corbett and Tatler 19 Hhdgeet al.
1984:133-4). Continuing downslope is the typical brown earth Wick series. Thisiharial loamy soil

is noncalcareous and, unlike the Burlingham, Ashley, Hanslope, or Wighill series contains no
significant clay enrichnre in any part of its profiléAvery 1980: 202; Corbett and Tatler 19Hzdge

et al.1984:133). Wick is therefore permeable and is unmottled throughout. Given the spatial context
of Wick soils within the Burlingham 1 association, these soils are bothdvedtied due to their
physical and chemical composition and occupy sloping ground which irtheegds drainage. The

final series completing thidownwardsprogression of the Burlingham 1 association is the Newport
series. This series continues the general trend of Burlingham 1 becoming morerairéld as it
progresses downslope. A typical brosand, Newport is nogalcareous and decidgdsandy; below

the Ap horizon the B horizons are all stony sandy loams with no mottling or gleying pfidselgeet
al.1984: 133 ¢ KAa aSNARS&E Aa Yzald 02YYz2y 2y (GKS 3t OA
rivers, with further areas of Newport occurring on the steeper slopes where rivers and streams have
sliced through the chalky till into the underlying glaciofluvial djftery 1980: 2035; Corbett and

Tatler 1970Hodgeet al.1984: 132) However, irthe shallower valleys of the Medium Claylands there

are few instances of Newport soils; instead, in these shallow valleys dominated by the heavier
Burlingham, Ashley, and Hanslope series, the fine loamy Hopsford and medium loamy Wigton Moor
series predomiate (Avery 1980: 28; Corbett and Tatler 1970; Hazeldei8D; Hodgeet al. 1984:

132) Hopsford series soils are gleyic brown earths with slight mottling and increasingly grey
colouration down the profile, although the subsoil is permeaBleery 1980: 28; Corbett and Tatler

1970; Hazelden 198%odgeet al. 1984: 132) Wigton Moor, typical cambic gley sandy soils, belong

to the groundwater gleys. These soils developed over or within permeable deposits are prominent
mottled and heavily gleyed. Unlike the stagnogleyic suHmater gleys which are seasonally
waterloggedc due to the seasonal, cyclical rates of precipitattogroundwatergleys suffer periodic
waterlogging due to fluctuations of a shallow water table. These s#ilgpsford and Wigton Moog
primarily occupy the floors of the smaller valleys whilst the BurlingldatmelyHanslope grouping

occupies the higher ground of these smaller valleys.
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Appearing in smaller quantities but still extensive within the subzone is the 572p Burlingham 3
association. Found in the north, west, and soca#st on elevated plateaus or their gentle slopes,
Burlingham 3 contains similar component series to Burlinglhawith the exception of the Wick series
which does not feature in Burlingham 3. Burlingham 3 also contains additional component series not
found in Burlingham 1. These additional series are the typical gaigilic brown earth Maxted and
Barrow seriesto be discussed in more detail in later sections, the unmottled typical argillic brown
earth Weasenham series, and the stagnogleyic argillic brown earth Ashley series. On the upper slopes
the mottled and slowly permeable Burlingham and Ashley series predda) with the more well

drained Weasenham and Maxted series occupying a-shoige position. There are also limited
instances of the typical paleargillic brown earth Barrow series and the typical brown sand Newport
series¢ both of which are to be dis@sed in greater detail in later sectiog®n the extreme flanks

and foot slopes of this subzorfAvery 1980: 26; Corbett and Tatler 1970; Hazelden 19B@dgeet

al. 1984: 136)Many of these slopes lead down into shallow river valleys, with the principal riverine
soil within the CZ being the sandy, peaty Isleham 2, a soil which will be discussed in more detail in later

sections.

Burlingham 3 thus has similar drainage characteristics to Burlingham 1. Seasonal waterlogging is
probable on the heavier series, although this can be somewhat alleviated by favourable topography.
The lighter soils of the association are usually \deined and have the potential to be moderately
droughty in dry conditiongAvery 1980: 20&1odgeet al. 1984: 137) Opportunities for landwork the
diverse soils of both Burlingham 1 and Burlingham 3 are more locally determined than on other
associations. On aas of the lightest soilg for example the Wick and Newport soidswhich are
commonly weldrained, landwork opportunities are extensive in both autumn and spring; on areas of
the heavier soilg such as the Burlingham, Ashley, and Hanslope sddlsdwork is more restricted,

with particularly heavy precipitation having the potential to cause moderate delays, although in

general Burlingham 1 and 3 are more forgiving and ultimately lighter than Beccles 1 and 2.

The Claylands Q& thusvery much a twepart entity, but one that can be defined as whole by its
clayey, loamy soils and broad, muted plateand shallow sloped he Heavy Claylands are particularly
intractable and provide a distinct challenge to agriculturalists who have to make the most of
favourable weather, as the soils of this subzone are particularly sensitive to fluctuations in climatic
conditions; too muh rain, too little rain, too much sun, and too little sun carhalle a profound effect

onthe condition of the soil, making this region partady unforgiving. The Medium Claylands, whilst

still able to pose a distinct challenge to agriculturalists in particularly inclement condiiensn the

whole, more forgiving and tractable than the soils of the Heavy Claylands. These lighter soils are better

drained and frequently occupy positions where topography can aid drainEge.importance of
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topography in this heavy, intractable landscape cannot be understated, for working clayey soils on the
slopes is a very different experienteworking clayey soils on the flatter plateaukere waterlogging
is a constant threatThe additional drainage provided by sloping topographthis critical, and

although this will in itself caussomenutrient loss via runoffthis would have beera small price to

payfor improving the drainage capabilities thiese easily waterlogged soils.

Medium Claylands Subzone

Soil association

Constituent series

General character of association

572n¢ Burlingham 1

Burlinghamg fine loamy stagnogleyiargillic brown earth; mottled
subsoils; slowly permeablé&shleyc fine loamy over clayey stagnogley
argillic brown earth; similar to Burlinghartdanslopeg typical calcareou
pelosol; heavy clay; slowly permeabWjghill ¢ coarse loamy
stagnogleyic argillic brown earth; faint mottling; slowly permealféck

¢ non-calcareous typical brown earth; loamy, freely drained, unmottl

Mixed clayeygloamy stagnogleyic
association with strong topographic
structuring; drainage improves
downslope from heavier stagnogley

to freely drained sands; upper slopg

Newport ¢ typical brown sand; stony sandy loams; freely drained, [slowly permeable, lower slopes

unmottled; Hopsfordg fine loamy gleyic brown earth; slightottling;  |variable; valley floors prone to
permeable subsoilVigton Moor ¢ medium loamy typical cambic gleyjgroundwater gleying.

groundwater gley; mottled and gleyed

Similar to Burlingham 1 but with

] ] N more midslope welldrained palee
Burlinghamg stagnogleyic argillic brown earth; slowly permeable; -
o argillic brown earths; uppeslope
Ashley¢ stagnogleyiargillic brown earth ]
] . stagnogleys remain slowly
Weasenhany; typical argillic brown earth; unmottled; moderately wel ) )
572p¢ Burlingham 3 i ) . ) permeable; lighter soils moderately
drained;Maxted ¢ typical paleeargillic brown earth; well drained; )
) . ] droughty in dry years; seasonally
Barrow ¢ typical palesargillic brown earth; well drainedyewport ¢ ] )
] ) waterlogged on heavier series but
typical brown sand; freely drainetsleham 2¢ sandy/peaty gley
generally more workabléhan the

Heavy Claylands.

Table5: Medium Claylands soil chart.

TheBreckland CZ

The Breckland CZ is perhaps the most distinctive and unique geological environment in the county.
This region is composed of a ldying plateau with very limited topographical variation; where there

is a change in elevation it is typically achieved wihtlg, drawnout slopes rather than sharper, more

defined slopes such as found in the nevilest of the county.
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Two of the most influential associatioimsthe Breckland CZ aB&4b Worlington and 521 Methwold

Of the two, Worlington in the most spatially expansive association and is widespread in the south
central and northcentral areas of the CZ, and is, along with 343f Newmarket 1, the most spatially
dominant association within the CZ. Worlington occurs pritpeon the flat level ground of the
Breckland plateau, with a small number of additional occurrences of the association on the gentle
slopes which lead dowrfrom the limited instances of higher ground found in this largely
topographically muted landscape. It is one of the deeper Breckland soils, and comprises the non
calcareous, acidic element to the patterned ground phenomena. The principal componentderies
the Worlington association is the arenosolic Worlington series, an unmottled argillic brown sand that
is typically 120cm from the Ap to 2Cu horizon. This series iscalcareous in its upper horizons
transitioning to calcareous in its lowest (2Cu) hori(Avery 1980: 135; Eldridge 198Whe calcareous
character of this lower horizon is a product of the underlying geology; in this case, the depth of the
Worlington series promotes upper horizons to be aciglieven though these upper horizons are
originally derived from the chalky drifh&t has since decalcifieglin accordance with the inherent
acidity of many arenosols when not influenced by directly adjacent calcareous mabar@to the
sandy character of the series, Worlington is highly permeabtk as such, drought, nutrient loss, and

erosion present persistent challenges to cultivation and @y soil stability.

Whilst the Worlington series is dominant within the associaticaccounting for, on average, forty
percent of the soilg; four other series are also found within the association. Each accounting for
twenty percent of the total are the Euston series ané freviously discussed Newport series. The
Euston series is, like the Worlington series, an argillic brown sand, although unlike the Worlington
series Euston has a far more clayey subsoil and is thus slightly less permeable than the Worlington
series, altough it still remains permeable and is roalcareous. Spatially, Euston predominantly
occurs in the east of the CZ, with only limited instances elsewhere in the region. Newport, a typical
brown sand, is also permeable and rcaicareous due to its sandwture, but unlike Worlington and
Euston contains little argillic material, even in its lowest horizons. The final two series present in the
Worlington association are two hurderric podzolsthe limited Santon series and the more extensive
Redlodge Redlalge, a humeferric podzol, is a typically wedrained sandy soil with an irerich
subsoil and an unincorporated acidic organic layer at the surfagdzolizatioroccurs when water,
percolating through the loamy, sandy horizons in the upper profile, transports and deposits minerals
¢ particularly iron and aluminiung into lower horizons from upper horizons. This creates an eluvial
zone in the upper horizons, a terused to describe the process through which soluble minerals and
material are removed from upper horias and deposited into lower horizons. This in turn leads to the

creation of an illuvial zone in the lower horizons, a zone where the soluble minerals and material
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leached from above are deposited. This leaching of minerals leaves the uppermost horizons
particularly acidic, whilst the lower horizons, enriched with the soluble minerals leached from above,

are more alkaline and generally more fertile. In some cast®gwagh not in the case of the Redlodge

series, podzols develop a thin iron pan layer between the E horizon (the eluvial haimbtie B

horizons Avery 1980: 135Corbett 1987EIdridge 1980Hodgeet al.1984: 368). Leaching of the upper

horizon givespodzolic soils a characteristic greyish colour in their eluviated zones, and it is this
characteristic which gave rise to their nanRad® RS NA SR FTNRBY (KS waaa Al y
derived from the Russianwombla> Y S| yAy 3 WF AKQX (Kdza--t RERONNS § 5 NiJ
to the ashgrey E horizon and the darker soils beneath it. The process of leaching and subsequent
deposition leaves leached horizons particularly infertile and acidic, although podbdicoften

become more alkatie towards the lower horizons, aided in this region by the underlying chalk

geology.

Unusually, he podzolic Redlodge and Santon ser@s without the thin iron pan that is often
characteristic of podzolic soils, but like the vast majority of podzols thegemerallyinfertile and
typically acidic. Occurrence of Redlodge is most common on glaciofluvial sands and gravels and is
frequently observed to be near to, or adjacent to, occurrences of the typical brown sand Newport
series, with Redlodge and Newport being mosineeon in the northeast of the CZ on the upper
reaches of the muted sp@s present in the regiofAvery 1980: 135; Corbett 1987; Eldridge 1980;
Hodgeet al. 1984: 368) Santon, on the other hand, has been observed to most likely occur where
decalcified drift is thickest, such as in and around the vicinity of Santon Downham in the south of the

CZ(Avery 1980: 135; Corbett 1987; Eldridge 1986dgeet al. 1984: 368)

Overall, the Worlington association tlsus particularly weHdrained. The sandy character of the
F2a20AF A2y Qa FTAGS O2YLRYySyld aSNARSa SyadNBa GKI
02 NBS LI NIHAOdzZ I 184 GKIG O2YL2asS GKS odzZ |1 2F (K
spaces than, for example, the fine particulates found in argillic soils. Opportunities for landwork are
suitably extensive, with onlfhe coldest and wettest winter monthsegularly providing little

opportunity forwork. In wet years this unworkable period cha more extensivebut even in wet

periods the soils can be worked soon after rainfall, although compaction is a threat on these soils and

they readily slake, making spring ploughing more feasible than autumn ploughing in particularly wet
seasongAvery 1980139 Hodgeet al. 1984: 266, 370)Due to the poor water retention capabilities

of Worlington soils, wind erosion, particularly in warm dry spells, is a substantial threat to the health

of these soils ando those working the land, with the effects of aeolian action and its potentially

devastating consequences well documented in the regidm Keyzeet al.2018: 12334).
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Occurring alongside the Worlington association and comprising the shallow calcareous element of
NBEO1fFYyRQE LI GGSNYySR 3INRdzyR Aa (UKS pum aSiKg2f R
tracts on both the flat level plateau of the CZ and thetbyesloping locales in the few shallow valleys
found in the CZ. The principal component series is the typical brown calcareous sand Methwold series,
a slightly stony sand that contains both sands and chalk stones and flour from the underlying chalky
rubble. Unlike the Worlington series, Methwold has little depth, with its lowest horizon lying just 50cm
from the surface. The proximity to the chalky, calcareous material has a significant effect on the Ap
and Bw horizons; where leaching and greater profiletdepads to the Worlington series being
stripped of calcium carbonate, the proximity to such material leaves the entire profile with varying
degrees of alkalinity. The combination of shallow depth and calcareous material near to the surface
makes Methwoldsoils some of the most agriculturally productive in the CZ. Whilst the Ap and Bw
horizons are, like the Worlington series, sandy and thus possessive of little capability for any degree
of meaningful water retention, the proximity to the chalky rubkleshich acts as a localised aquiter
allows more water to be retained closer to the surface. This, combined with the beneficial effects of a
nearby source of calcium carbonate, ensures that whilst Methwold soils are permeable and well

drained, they are more aigulturally useful than their close counterparts.

The other primary component series in the association is the Worlington series, an argillic brown sand

that has already been discussed. Other series which are known to occur within the association are
primarily limited by topographical constraints, withetlsalcareous brown rendzinas of the Newmarket

and Elveden series occurring on convex slopes, with these series being discussed in greater detail in

the next sectior{Avery 1980: 19; Eldridge 198(1odgeet al. 1984: 250) Opportunities for landwork

are, like Worlington, typically expansive due to the poor water retention of the soils and thus their

ability to transport even heavy rainfall away from the surface, with soils workable just days after
winter rainfall. Furthermore, due to the previously discussed proximity to the underlying chalk,
Methwold soils are able to provide crops with more water than Worlington soils, ensuring that
aSiKg2f R aSNASa az2Aafta | NS NBBdiwWBolsR a a2ySsS 2F . N
The 343f Newmarket 1 association is, along with the Worlington association, the most spatially
extensive association within the CZ. The bulk of the association occupies large swathes of ground in

the west of CZ, although there are smaller, more discontisuoacts present in the south and south

east of the region. In these two latter areas Newmarket 1 is most often associated with the gentle
af2LSa 2F . NBOlflIyRQa RNEB:X akKhfftz2g¢g QrftftSeas ogKACT
sloping grond that leads down to the fenland that lies to the west of the CZ. Like the Worlington and
Methwold associations, Newmarket 1 also typically forms patterned ground in Breckland, with the

three-component series alternating downslope over similar intervédlbedween six to ten metres,
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soil series is thithomorphic Newmarket series. Lithomorphic soils are characteristically shallow, with
few pedogenic processes having taking place creating a thin soil with only an eegénfeed mineral
surface horizon over an unconsolidated C horizon, which in teianoe is the mass of chalky rubble
that underlies this region of Norfollyery 1980: 16(Hodgeet al.1984: 269). Given the chalky nature

of these lithomorphic soils, the Newmarket series is a brown rendzina; such a soil is moderately
calcareous in its Ap horizon but escapes the overwhelming calcareousness that plagues many
rendzinas. It is, however, tygilty shallow, with a profile that rarely exceeds 50cm, with the Ap horizon
accounting for some 60% of the profilavery 1980: 160Hodgeet al. 1984: 269). The 2Cu horizon,
which directy overlies the chalky rubble, is extremely calcareous and is very stony. Given the coarse
loamy texture of the Newmarket series, the shallowness of its profile, and the unconsolidated chalky
rubble which this series lies directly over, it is very capablennibcomes to drainage; even during
winter these soils are able to absorb the vast majority of precipitation with very littleoffi(Avery

1980: 139; Eldridge 198Blodgeet al. 1984: 269).

Also occurring within the association is the previously discussed typical brown calcareous sand
Methwold series, and the lithomorphic Elveden series. The Elveden series, a shallow brown rendzina
similar to the Newmarket series completes the associatiors fiimal series, much like the Newmarket
series, tends to be calcareous without falling into extreme calcareousness, and is similarly shallow. In
some limited areas the argillic brown sand Worlington series can be found within the association,

although ths is not a widespread component series.

Newmarket 1 soils are not the exception when it comes to their hydrological capabilities. They are
permeable and weldirained, and similar to the Methwold association crops planted on Newmarket 1
benefit from its shallow profile as the underlying chalk ahélky rubble acts as an aquifer, storing
more water than the deeper, acidic Worlington association. Opportunities for landwork are similarly

extensive, with the soil workable just days after rainfall even in winter.

Also occurring in the Breckland CZ is the 343g Newmarket 2 assochateny (1980: 160Hodgeet

al. 1984: 269). This shallow, limmeh, coarse loamy soil has as its primary component soil the
previously discussed lithomorphic Newmarket serf@scurring alongside the Newmarket series are

a number of lesser component series, namely the Rudham, Swaffham Prior, and Soham series, which
together with the Newmarket series accounts for approximately-thiods of the association. The
Rudham series igmsilarly a calcareous browrendzina buis fine loamy as opposed to coarse loamy

and is moderately stony. Rudham is also even shallower than the Newmarket series, with an Ap
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horizon just 25cm thick overlying a 5cm Cr or Cu horizon of unconsolidated chalky rubble. The fine
loamy Soham series is also defined for its shallow depth, with few instances exceeding 55cm. Like the
YE22NARGe 2F DbSéeYIl N] S H Qéncréagingly sosas the2piofilerdeskends O £ OF
towards the underlying chalk. Whilst Newmarket and Rudham seriescsaild to some extent the
Soham serieg; are particularly shallow, not every series in the association conforms to this
characteristic. The Swiabm Prior series is a coarse loamy typical brown calcareous earth, with a
slightly stony loamy Ap horizon transitioning to moderately stony loam in the Bw horizon. Both of
these horizons are calcareous and overlie a Cr or Cu horizon of chalky rubblasyhinfilar to the
rendzinas, very calcareo@&very 1980: 160Hodgeet al. 1984: 269) In a small handful of locations
Newmarket 2 contains the deeper, typical argillic brown earth Moulton series. This coarse loamy series
contains, as suggested by itsbgroup, illuvial clay in its lower horizons. Due to this transmission of
soluble material, upper horizons are often leached of calcium carbonate and thus broadly non
calcareous, although lower horizons remain calcareous to extremely calcareous duautaltrying

chalky geologyAvery 1980: 16(1odgeet al.1984: 269) Finally, some limited examples of the typical

brown sand Newport series exist within Newmarket 2.

Overall, Newmarket 2 is best described as a predominantly calcareous coarse to fine loamy association
with limited instances of nowalcareous soils in a handful of localks.coarse loamy texture and its
frequently unconsolidated underlying chalk geology all combine to ensure that these soils are very
well-drained this can pose a drought risk, as even winter precipitation is readily absorbed, particularly
by the sandy Newport serigdwvery 1980: 160Hodgeet al. 1984: 269) This can lead to some issues
gAOK GKS az2ataQ ftAYS O2yiSyds S@Sy 2y GKS yYz2al
tractability, given the loose structure of these soils there is little risk of compaction, with most soils
able to be worked just two or three days afteinfall (Avery 1980: 160Hodgeet al. 1984: 269)
Opportunities for landwork are thus readily available throughout much of the year, and even during
wet years it is only the coldest and wettest winter months which offer little opportunities, which in
dry years can be reduced by up to a month in bothdbeumn and springAvery 1980: 1604odgeet

al. 1984: 269)

The final association that coversnaoderate portion of the Breckland/ %2Q&a & dzNF I OS | NBI
Ollerton. This associatiaywhichoccupies the gentle slopes that lead to the Claylands CZ in the central

and northern reaches of thBrecklandCZ¢ is frequentlyintermixed with the Worlington association.

Ollerton, a permeable sandy and coarse loamy association, is one of the few Breckland soils that
suffers from moderate seasonal waterlogging and is heavily influenced by groundwater. As such, this
associationhas been allocated to aubzonewith the Breckland CZ; thsubzone the Breckland

TransitionSubzoneis composed of the Ollerton and 346 Reach associations, and is named to reflect
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the fact that these two associations lie on the transition point between the light soils of Breckland and
the heavier soils of the Claylands CZ and the fenlands to the west. The rationale behind allocating
these two associations to subzonewithin the main CZ is simple. These soils are both sandy and
moderately shallow, much like other Breckland soils; however, unlike their counterparts they are not
naturally welldrained, instead both suffering from seasonal waterlogging and fluctuations in

groundwater. Whilst they are today considered waltained due to the centuries worth of successful

RN} Ayl 38 02yiAy3aSyOisa AYyGNRRdOSR (2 AYLINROS (KS

capabilities would not benefit from such efforts and would instéa@ y S NENJ G2 (GKSas
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surface envirament, not least through the destruction of tree cover and through the introduction of
grazing livestock which has profoundly affected the type and distribution of flora in the region.
Whl GdzNF £ Q A& (GKdza a2YSgKFG 27F iate t¥h defoafyNnbe 0 dzi
which is not obscenely longthe term natural must suffice. In the Middle Ages Ollerton would have
suffered from seasonal waterlogging, a characteristic which is a direct contradiction to the permeable,
yearround welldrained ®ils which compose the rest of the CZ. However, the aforementioned
AAYAEFNAGASaAaT y2aGlo0fe GKSasS az2iataQ alyReée |yR f
chalk and chalky rubble, makes splitting these soils into a separate CZ as prabbesriaeping them

in the same category as the weltained sandy associations.

The principal component series of the Ollerton association is the gleyic brown sand Ollerton series.
This series presents mottled subsoils and has a moderately deep profile (approximately 90cm) that is
non-calcareous and without argillic enrichment. Tliisontrasted by second component series, the
stagnogleyic argillic brown earth Honingham series. This series, which has similarly mottled subsoils
presents a similar profile depttiin this instance one metre and is calcareous in its lower horizons.
Thefinal component series is the gleyic argillic brown sand Hockham series. Like its counterparts this
series is mottled in its B horizons, although its E horizon is unmottled. It is also deeper, with the entire
profile having a standard depth of 120¢fwvery 1980249-6; Corbet 1987Hodgeet al. 1984: 2845).

These series are, at least in the upper horizons, allescareous, although the Honingham and

Hockham series transition to calcareous at depth, being influenced by the underlying calcareous
geology.

The presence of mottling in all but the Ap horizon of Ollerton and Honingham series and the Ap and
Eb horizons of the Hockham series demonstrates the different hydrological properties of this

association compared to naturally welfained soils. This is hito say that Ollerton is susceptible to

waterloggingyearround; in the summer months these soils prove droughty due to the capable
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drainage qualities of the sandy, loamy upper horizons. The more clayey, moderate deep Honingham
series is the most drought resistant, holding more water thanks to its argillic content and its shallower
profile, allowing the underlying chalky rubble to astan aquifer. Opportunities for landwork are thus
scarcer on soils belonging to the Ollerton associatiomgeneral, these soils lie in the middle ground
between the lightest of the Breckland soils and the heavier soils of the neighbouring Claylahds, wi
the Honingham series being the most difficult soil to work in the CZ after any amount of prolonged

rainfall.

The final association found within the Breckland CZ, and the second association of the Breckland
Transition Soils subgroup, is the 346 Reach association. This association is by far the most spatially
limited in the CZ, and so only a cursory overview islireqg. The principal component series dhe

humic gleyic rendzina Reach series, the gleyic rendzina Burwell series, and the calcareous humic gley
soil Blackdyke series. These series all display mottled horizons and are shallow to moderately deep,
and allcontain significant levels of calcium carbonate, making them extremely calcareous. Without
modern drainage networks these sandy, loamy, and sometimes sandy clayey soils would suffer from
waterlogging, evidenced by their mottled horizons, a situation thaild likely be exacerbated by the
common positioning of Reach association soils at the base of the gentle slopes that lead from the

Breckland plateau down into the bordering fenland.

Other soils typical in the Breckland 6t which are too spatially limited to warrant in depth discussion
include the551f Newport 3, a deep wetlrained sandy and coarse loamy soil found in the extreme
east of the CZ on the sloping higher ground that leads up to the Claylmtishe551g Newport 4
association a deep weldrained sandy soilvhich can be found occupying the dry shallow valleys
between the few areas of increased elevation found within the CZ, with the distribution of this
associatio® a allapdrcelsbeing relatively even across the entirety of the CZ. In the riverine
environments found within the CZ the dominant soil is Isleham 2. Due to the shallow river valleys of
this part of the county the area covered by Isleham 2 is more extensive than inretliensg where

it is typically more sinuouswith this associatiorwovering over 93k#in the CZ
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Breckland CZ

Soil associatio

Constituent series

General character of association

\Worlington ¢ deep argillic brown sand; necalcareous upper horizons;

calcareous at depth; highly permeablgystong argillic brown sand; slightly

Deep, droughiprone sandy soils;

highly permeable; acidic in upper

554b¢ more clayey subsoil; permeablewport ¢ typical brown sand; nogalcareoughorizons; prone to nutrient loss and
Worlington freely drainedRedlodgeg humo-ferric podzol; weldrained; strong wind erosion; extensive landwork

eluvial/illuvial horizons; acidic upper profilBantong humo-ferric podzol; opportunities except in cold/wet mid

shallow; acidic; associated with thick decalcified drift winter.

Methwold ¢ shallow brown calcareous sand; stony; over chalk rubble; Shallow, calcareous, permeable solil
521¢ permeable but retains moisture via chalk aquiféforlington ¢ argillic brown  [productive due to chalk aquifer; rapid
Methwold sand (minor component)flewmarketq brown rendzina; shallow; calcareous;|workable; low compaction risk;

Elvedenc brown rendzina; shallow; calcareous droughtprone in dry years.

Shallow, calcareous, coarkmmy
aa3ic Newmarketq shallow lithomorphic brown rendzina; coarse loamy; highly |patterned-ground soils; very well

Newmarket 1

permeable;Methwold ¢ brown calcareous sanélvedeng shallow brown

rendzina,Worlington ¢ argillic brown sand (localised)

drained; extensive landwork
opportunities; chalk rubble enhanceg

moisture retention.

343g¢

Newmarket 2

Newmarketc lithomorphic brown rendzina; shallow; coarse loarRydhamg

fine-loamy brown rendzina; very shallo®phamg fine-loamy brown calcareoy
earth; shallowSwaffham Priorg coarseloamy typical brown calcareous eartl|
stony; calcareoudyloulton ¢ typical argillic brown earth; deeper; illuvial clay;

non-calcareous upper horizonstewport ¢ brown sand (minor component)

Predominantly shallow, calcareous,
coarse to fine-loamy soils; very well
drained; low compaction risk; drough
on sands but chalk rubble increases

moisture availability.

552b¢ Ollerton

Ollerton ¢ gleyic brown sand; mottled subsoils; moderately deep;-non
calcareous upper horizonktoninghamg stagnogleyic argillic brown earth;
mottled; calcareous at deptiiockhamg gleyic argillic brown sand; mottled B

horizons; deeper profile

Sandy to coarstbamy soils with
seasonal waterlogging; influenced by
groundwater; intermediate between
well-drained Breckland soils and
heavier Claylands; droughty in

summer, waterlogged in wet winters

Reachg humic gleyic rendzina; shallow; calcareous; mottRdrwell ¢ gleyic

rendzina; shallow; calcareowBlackdykeg calcareous humic gley soil; mottleg

Extremely calcareous santbyamy soil
with frequent mottling; naturally

waterlogged on valley floors and low

346¢ Reach
Associated vallefloor soils¢ shallow, sandy/loamy, waterlogged without  [slopes; more poorly drained than ma
drainage Breckland soils; shallow profiles ove
chalk rubble.
Poorly drained, gleyed riverine soils;
Isleham 2 Isleham 2¢ sandy/peaty gley; shallow; groundwatifluenced waterlogged in winter; more extensiv

in Breckland due to shallow valleys.

Table6: Breckland Character Zone soil chart.
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The Marshland CZ

The Marshland CZ comprises one of two distinct landsciegestigated by this thesikhat occupies
partofb 2 NF2f { Qa FSytltyRXZ  fFINBS NBE3IAZ2Y SHKAOK gl &
the Witham, the Neneand a number of small@reeks and streaméWilliamson 1993: 14Extending

from Hunstanton in the north and reaching as far south as Ten Mile Bank and Lakes End, this relatively
large CZ is somewhat unique given that it entirely encircles a large part of the Peat Fen CZ in a rough
circke between Downham Market, Wiggenhall St. Mary Magdalen, and Emneth Hungate. Whilst, at
least on the surface, the Peat fen CZ appears to be similar to the Marshland CZ, on closer inspection
020K GKS 382t 23A0Ff OKFNY Oldffdent. yR GKS NBIA2yQa

The silty and silty clay soils which dominates the Marshland CZ are the product of repeated prehistoric
marine incursions, during which layers of silt were deposited over earlier depositions of clay and peat
(Williamson 1993: 14)After this deposition sekevels dropped, leaving behind a habitable landscape

that has been home to often thriving human communities for over-thousand yeargWilliamson

1993: 14) Conversely, the soils of the Peat Fen CZ are more peaty and clayey rather than silty and
Ot &Se&sx IyR RdzS (2 K Slying$dpdgraghys tie mafin@iscurSidostichli A 2 v | f
in the slightly more elevated Marshland @#re less of an issue, especially after centuries of
anthropogenic drainage efforts continued well into the Medieval period leaving large areas of the

CZ seasonally floodgVilliamson 1993: 14)Thus, whilst both the Peat Fen and the Marshland CZs

are, at first glance, ggarently a single landscape, they are in fact two distinct landscapes each with

their own uniquesoil environmentnd history.

The most extensive association within the Marshland CZ is the clayey Wallasea 2 association, which
occupies a large swathe of ldying land north of Emneth Hungate in the centre of the CZ along with
smaller tracts to the nortkeast, with these tracts typally occupying land that lies between two and
three metres O.D. In the northern spur of this CZ long, somewhat sinuous, more elevated tracts of
Wallasea 2 border the Western EscarpmeZi (see Figure34), with further examples of this
association occupymsmall parcels that protrude into the Western Escarpment between the slightly
elevated outcrops common to that CZ. The primary component series is the mottled, greyish brown
pelo-alluvial gley Wallasea series, which is seasonally waterlogged and extrsuselgptible to
fluctuations in the groundwatetable (Avery 1980: 3884azelden 198%1odgeet al. 1984: 338 Seale

1975). Occurring alongside this component seiashich accounts for more than half of the ground
covered by the associationare the peb-calcareous alluvial gley Newchurch series, the calcareous
alluvial gley Wisbech series, and the gleyic brown calcareous alluvial Blacktoft series. Without
significant drainage infrastructure these series, all marine alluvial soils, are waterloggetkfmsiex

periods especially during the winter mont{@very 1980: 388; Hazelden 198fMdgeet al.1984: 339
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Seale 197p The spatial context of these faabomponent series can be rather complex, especially
where these soils occupy slightly elevated terrain, but in general the further inland and the higher the
elevation the more likely it is for the clayey Wallasea and Newmeh series to predominat@Avery

1980: 388; Hazelden 198dpdgeet al. 1984: 339) Conversely, the closer to the coast the more likely
instances of Blacktoft and Wisbech becofAgery 1980: 388; Hazelden 1988dgeet al. 1984: 339
Robson ad George 19785eale 197ph

Alsospatially significant in this CZ is 812b Wisbech. This association is commonly found bordering the
coastline in the north of the CZ on slightly elevated ground and also borders the majority of the
encircled portion of the Peat Fen CZ. It also tends taioatmngside the Wallasea 2 and 812c Agney
associations in a repeating sequence, with Agney often found between instances of Wallasea 2 and
Wisbech(Avery 1980: 391; Hodgst al. 1984: 362; Robson and George 1978; Seale 198 deep,
stoneless, calcareous, coarse, and silty soil has as its primary component series the mottled calcareous
alluvial gley Wisbech series, and frequently occurs alongside the gleyic brown calcareous alluvial
Romney series. Due to their silty, aimdthe case of the Wisbech series clayey character, these soils
suffer from significant waterlogging if no drainage infrastructure is preé&wery 1980: 391; Hodge

et al.1984: 362; Robson and George 1978; Seale 1975)

The deep stoneless calcareous fine and coarse silty Agney association soils are, as has already been
mentioned, commonly found between tracts of Wisbech and Wallasea 2. Whilst this is most readily
observable around the encircled portion of the Peat FenitdZ ,almost observable, albeit in a less
impressive fashion, on the eastern flank of the CZ. The principal component series of the Agney
association is the Agney series, calcareous alluvial gley soils that are a silty clayey loam. Also occurring
within the association is the calcareous alluvial gley Wisbech series. Like their counterparts these soils
are welldrained if suitable drainage infrastructure is place, but without suitable drainage they would
likely suffer from waterlogging, as suggested by rthielic mottling (Avery 1980: 381; Hodget al.

1984: 339; Robson and George 1978; Seale 1975)

Occurring in two moderately sizeable tracts between Wisbech, Agney, and Wallasea 2 association soils
is the deep stoneless fine and coarse silty and clayey 811e Tanvats association. The main component
series is the typical alluvial gley Tanvats serieschwkixhibits mottling in every horizon within its
profile, evidence of its frequent waterlogging. Indeed, in places with no drainage or unhelpful
G2L323INF LIKE GKS YSRAdzy artide ¢lyglriaa aSNASa Aa
subsoils beig relatively limited with regard to permeability and the inherent hydrological
characteristics of this part of the counfiHodgeet al. 1984: 319; Robson and George 1978; Seale
1975)
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Opportunities for landwork are thus most widespread in autumn, before the wet wingather has

a chance to inundate the soil, although wet cool summers can pose an issue for autumn landwork
(Hodgeet al. 1984: 31921; Robson and George 1978; Seale 19@0H)er series occurring alongside
Tanvats is the pelalluvial gley Wallasea series and the Pepperthorpe and Rockcliffe series, with these
latter two being closely related to Tanvats as they are similarly typical alluvial gley soils. These two

similar sdss also exhibit mottling throughout their profile, although Pepperthorpe is unmottled in its

Ap horizon.
Marshland CZ
Soil Constituent series General character of association
\Wallaseag mottled greyish brown pelalluvial gley; clayey;
seasonally waterlogged; highly sensitive to groundwatEwchurch{Deep marine alluvial clays and silty clays; strongly
812 ¢ pelo-calcareous alluvial gley; clayey; calcareous; waterlogged |influenced by groundwater; naturally very poorly
ag ) . ) . . . .
i 5 without drainageWisbechg calcareous alluvial gley; silty/clayey; |drained and seasonally waterlogged; inland tracts
Wallasea
strongly calcareous; waterlogged in winter without drainage; more clayey, coastal tracts more silty; intensive
Blacktoft ¢ gleyic brown calcareous alluvial soil; alluvial; calcareo|drainage required for reliable cultivation.
mottled
) ) Deep, stoneless, calcareous silty and silty clay
\Wisbechg mottled calcareous alluvial glegleep, stoneless; coarse ] )
812b¢ ] ) ) ~|alluvium; naturally prone to prolonged waterlogging
i fine silty; often clayeyRomneyg gleyic brown calcareous alluvial | ) ) ]
\Wisbech o improved drainage gives good agricultural land but
soil; silty; mottled ] o i
with narrow workability windows in wet seasons.
Deep, calcareous fine and coarse silty alluvium; re
812c¢ Agneyc calcareous alluvial gley; silty clayey loam; mottled; deep|mottling indicates former prolonged waterlogging;
Agney stonelessWisbechg calcareous alluvial gley (as above) now weltdrained where infrastructure exists, but
inherently wet and slow to drain without it.
Tanvatsg typical alluvial gley; medium silty; mottled throughout; ) )
) ] ) Deep, stoneless fine and coarse silty and clayey al
severely waterlogged in undrained or poorly drained contexts; ) ) )
8lleg ) ] gleys; inherently poorly drained; severe winter
Wallaseag pelo-alluvial gley (as abovePepperthorpeq typical )
Tanvats ) ) waterlogging; autumn offers the best landwork
alluvial gley; silty; mottled throughout; ] ]
) ) ) ) window but can be curtailed by cool, wet summers
Rockcliffeq typical alluvial gley; silty/clayey; mottled throughout
Rockcliffeq typical alluvial gley; light silty loam; mottled throughoyDeep, stoneless silty and fine sandy alluvial gleys
811d groundwaterinfluenced; seasonally waterloggeBanvatsg typical (low-lying ground; strongly controlled by shallow
C
clif alluvial gley; slightly heavier than Rockcliffeargateg gleyic brown|groundwater; naturally seasonally waterlogged ang
Rockcliffe
alluvial soil; lightest within the association; mottled subsoils but |vulnerable to poaching; difficult to work outside shq
relatively permeable compared to other series periods of favourable weather even where dradh

Table7: Marshland Character Zone soil chart.

Tucked between moderately sized tracts of Tanvats, Agney, and Wallasea 2 is a small parcel of the
deep stoneless silty and fine sandy 811d Rockcliffe association. The primary component series is the

typical alluvial gley Rockcliffe series, which are hgaviluenced by fluctuations in the groundwater.
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This light silty loam exhibits mottling throughout its profile and is thus seasonally waterlogged.
Alongsidethe Rockcliffe series the similar Tanvats series is common within the association, although
this series tends to be slightly heavier than the lighter Rockcliffe series. Also occurringRivcitadiffe
association, albeit in smaller quantities, is the gleyic brown alluvial Snargate series. This segies is th
lightest within the association and exhibits mottled subsoils and substratum, although the former is
relatively permeable thus ensuring that in comparison to many of the soils within both the association
and in the wider CZ Snargate has fairly capableraatrainage(Avery 1980: 22360, Hodgeet al.

1984: 302) However, despite this the association is generally difficult to work in all but ickzdher,

with poaching and seasonal waterlogging a very real threat in both drained and undrained landscapes
(Avery 1980: 22, 36@{odgeet al.1984: 302)

The Peat Fen CZ

¢tKS tSIG cSya /% 200dz2LASa GKS a2dziKSNYy KFEF | yR
majority of the associations in this CZ are clayey and peaty, which combined with theyirigw

locationg which rarely exceeds mean stavel¢ makes thae soils particularly susceptible to flooding

and waterlogging. Whilst this area was exploited throughout the prehisp@i®d, for most of the

Medieval period this area of unremitting peat marshland was subjected to extensive seasonal
flooding. This lak of dry, workable land is reflected in the archaeological record of the CZ, which is
noticeably bereft of any meaningful quantities of Medieval fititist would indicate arablectivity,

with this CZ most likelgerving as seasongtazing forlivestock There is thus little need for an-in

depth analysis of the soils of this region, with only a brief overview of the constituent associations

necessary.

The most spatially extensive association is the humose clayey 851a Downholland 1, which covers large
swathes of ground in the south and east of this CZ, along with the majority of ground in the
disconnected enclave within the Marshland B¥dry 180: 358;Hodgeet al. 1984: 166, 170Robson

and George 1978; Seale 197%he deep peat 1022a Altcar 1 association is common in the east, with
the extremely calcareous clayey and silty 373 Willingham and the clayey 813h Dowels associations
prevalent in the westAvery 1980167, 358, 36&; Hodgeet al. 1984: 8990, 162, 355; Robson and
George 1978; Seale 1973n the south of the CZ Wallasea 2, Isleham 2, and the deep peat 1024a

| ROSY (G dzZNBNBEQ M | a420AFGA2ya NB O2YY2Yy Ay &Yl ff.
small parcels of Blackwood and the deep humose clayey and fine loamy 872a Pesmmakdstwo

small, elevated outcrops that rise between ten and twenty metres above the surrounding fenland,
which themselves carry small parcels of Newpgbend the deep loam 572q Ashley association, the
most tractable soils in the CAvery 1980: 277Hodgeet al. 1984: 835, 968, 2903; Robson and
George 1978; Seale 197®n the fringes of the CZ, bordering the comparatively elevated lands which
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fAS (G2 GKS y2NIK IyR Stad 2F GKS tSIH4G CSy [/ % | NB
2 associationAvery 1980401;Hodgeet al. 1984: 857; Robson and George 1978; Seale 3975

Peat Fen CzZ

Soil association |[General character of association
85lacg

Deep humoselayey fen soils; naturally waterlogged; extremely poor drainage; dependent on engineered drainage
Downholland 1

Deep peat; highly organic; very low bulk density; saturated most of the year; minimal natural tractability; prone to sid
1022ac¢ Altcar 1
when drained.

N Extremely calcareous clayey/silty alluvium; sidmaining seasonally waterlogged; heavy soils with narrow work
373¢ Willingham | g
windows.

813h¢ Dowels  |[Heavy clayey fen alluvium; very poorly drained; prolonged winter waterlogging; difficult soils to work.

Wallasea 2 Marine-derived clayey alluvium; inherently waterlogged; strong gleying; reliant on artificial drainage.
Isleham 2 Sandypeaty gley influenced by shallow groundwater; naturally waterlogged; minimal medieval agricultural potentig
1024ac ) ) ) . )
o Deep organic peat; extremely wet; little structural integrity; severe waterlogging.
I RGSy i dzN
Blackwood Sandy gley; groundwatenfluenced; naturally wet.

872a¢ Peacock |Deep humose clayey and fib@amy gley; poorly drained; often saturated.

Newport 2 Deep freely drained brown sands; drougdrone; the most tractable soils in the CZ.

572q¢ Ashley Fineloamy over clayey stagnogleyic soil; moderately heavy but workable on elevated ground.

1024bg

o Shallow to moderately deep peat; waterlogged; limited cultivation potential.
I R@SyidaN

Table8: Peat Fen Character Zone soil chart.

Plant Available Water (PAVYNnd temperature

One of the most critical aspects of agriculture is the availability of water. The analyses of the soils of
the four CZs undertaken above makes repeated reference to how the soils cope with climatic
variables; for example, on the clays of south and certl@ifolk, any peak in precipitation would
invariably lead to a wetter surface environment due to their impeded drainage. Mixed with a
reduction in temperatureg and thus a reduction in evapotranspiratianthe experience of those
working or living on heavidand during such an episode would likely be far harsher than, for example,

those living on lighter land during the same period, land which is ultimately far less sensitive to
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increased precipitation and lower temperatures. The availability of water to crops will thus differ in
RAFFSNByY(l az2if Sy@aANRyYyYSyilazr gAGK (GKAa STFSOOH {1

best described using a case study, with the Clalda®Z perfectly suited to this endeavour.
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Figure33: Plant Available Water (PAW) and soil texture. Imiiggnsed under CC £5A 4.0

The Claylands CZ is, unsurprisingly, characterised by its clayey composition. This type of soil is perhaps
one of the most dualistic types of soil found in England. On the one hand, clay soil is rich in nutrients,
as the tight, slowly permeable structuiieits the percolation of water both laterally and vertically. It

thus has the capability to be incredibly fertile as nutrients are not being leached from the soil, with
clay soils able to produce strong, high quality, and often plentiful harvests. THtistigcture is able

to retain a large amount of water within the soil, with the small space in between the fine grains
inherent to clay soils trapping a larger amount of water than other larger grained soils. This may seem
counterintuitive at first glancethe porespace in clay soils are defined as mipaes due to their

small size, whilst mactpores, like those found in sandy soil, are much larger, and thus hold more

water. However, due the larger granules in coarser soils, there are far fewer {pa@s than there
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are microepores; thus, whilst micrgores hold less water when directly compared to mapaes, it
is the sheer number of micrpores within a soil which allows fine grained soils to retain large volumes

of water within the soil.

This is not to say that fine grained sdajlsuch as clays provide arable crops and grasses with the
most water. Total water holding capacity may be highest in fine grained soils like clays, but it is not
total water holding capacity which determines homuch water is available to plants, with this being
determined by potential energy, with water moving from areas of fpgtential energy to areas of
low-potential energy(Hillel 1982) There are three states which a soil can experience when changes
in potential energy occur: saturation, which forces the potential energy gradieminwardsand

which allows drainage by gravitational forces (a common drainage mechanism in-ptaiersoils)

with this water unavailable to flora and termed drainable porosity; field capacity, which is reached
when drainage of mackpores via gravitational forcds complete, represents the water held in the

soil by matric forces against the pull of gravitational forces and which represents a further reduction
in potential energyand finally the permanent wilting point, which occurs when matric forces hold
water too tightly for extraction by flora. It is thus only water which is held between the permanent
wilting point and field capacity that is available to plants for extractipih, §t K G KA a WagSSi
between the points at which water is being held by capillary forces against gravity but not so tightly
as to be held against particulates by negative potential (below the permanent wilting point). This
point, between field capaty and the permanent wilting point, is termed plant available water or PAW,
with water held here available to plants for extraction. Migrores and the slightly larger megores

are the most useful type of porspace in which most of PAW is stored.

Texture also plays a large role in determining the PAW within any given soil. As previously discussed,
purely finegrained soils, such as clays, store water in rag®es, but this is often held too tightly for
extraction by plants, thus slightly reducititie PAW when compared to more variable soils such as
clayey loams. These soils benefit from the presence of largergmaees; meso and macreporesg
alongside micrepores; this creates a soil with both plentiful water storage capacity and water which

is held at the ideal tension, escaping the strong capillary forces which makes puredydined soils

SO water retentive.

Thus, the Claylands CZ, which is composed not of pure clays but of loamy clays, is, at least from a PAW
point of view, the most hospitable CZ in the county, with the soils of this region allowing crops access
to easily extractable water reserves, which ptad with the regio® often elevated topographythus
replenishing these reserves through increased precipitajonake, at least from a water storage

point of view, ideal agricultural land. However, there are several caveats which make this region far
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less hospitable than PAW alone implies. Strongly structured soils, such as granular, fine and medium
angular blocky, and subangular blocky soils allow water to rapidly drain through the soil. These sails,
composed of very fine or fine aggregates, alloweavab drain through the soil by increasing the soils
macroporosity. At the opposite end of the scale are those soils which possess either a weak structure
or coarse structural elements (prismatic or blocky), or a platy structure. These types of soilysevere
limit the degree to which water can percolate through the soil. With regards to the Claylarmdm@Z

in particular theHeavy Claylands Subzogéehese structural factors ensure that Beccles soils, with
their weakly structured, often prismatic or massive structure severely impedes drainage, as do the

Ragdale, Aldeby, and Hanslope series soils.

It is thus of little surprise that clayey soils are particularly susceptible to waterlogging, especially in the
winter months when rainfall increases and potential evapotranspiratjdimat is the evaporation of

water from the soil due to the warming effescof solar radiatiorg decreases due to the cooler winter
temperatures. In the Claylands CZ any notable peak in precipitation averages indicates a period during
which environmental conditions on the heavy soils endemic to this CZ were likely more extneme
inhospitable. Furthermore, fluctuations in temperature could also impact PAW, for a generally warmer
climate will increase evapotranspiration; thus, for soils with poor PAW such as the sandy loams of the
Breckland, decreased precipitation coupled with increase in temperature could be particularly
problematic, for less water will be contained within the soil whilst more water will be being lost

through an increase evapotranspiration due to the warmer climate.

With the primary interactions betweersoil and climatic fluctuations established, the climatic
vulnerabilities of the Claylands CZ, the Breckland CZ, the Marshland CZ, and the Peat Fen can now be

established
Climate andsoils

The Claylands CZ

TheHeavy Claylands Subzdediome to the heaviest naealluvial soils in the county. The heavy, clayey
series which dominate this regionthe stagnogley Beccles and Aldeby series, the pelostagnogley
Ragdale series, and the pelosol Aldeby setiese mottled and gleyed (with thexeeption of the
Aldeby series), testament to their poor drainage capabilities. This subzone is therefore extremely
vulnerable to above average precipitation; without adequate drainage this subzone is waterlogged for
much of winte, and in particuldy wet winters this can last well into the spring montlasd here is

a very short window of opportunity for landworRlhis is further compounded if temperatures are
elevated, for the combination of warmer temperatures and increased rainfall is particularly

problematic on clay soils. Warmer annual temperatugeserallysignal warmer winters, and with
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warmer winters comes a reduction in the occurrence of frost. Clay soils benefit greatly from winter
frosts to break down the soil; in wetter years, when the soil has been heavily saturated and potentially
compacted by agricultural use, the occurrence ostfiis critical to bringing the land back to a workable
state. Thus, without the ameliorating effects of frosts the productivity and tractability of heavy clay

soils is lessened.

The Medium Claylandibzone is similar to theleavy Claylands Subzoet is generallyoamierin
character and has slightly increased drainage capabilities. The primary soils of this region are the fine
loamy stagnogleyic argillic brown earth Burlingham, Ashley, and Wighill series, the typical brown sand
Newport series, and some instance of thdqs®l Hanslope series. The inclusion of lighter soils in this
region, which often occur downslope, make this region slightly more resilient to above average
predpitation and slightly more vulnerable to below average precipitation, with some of these soils
vulnerable to drought; this subzone has the highest PAW in the county. Whilst the overall character
of this subzone is still predominantly loamy and clayeys #hibzone has a heavier emphasis on the
loamier qualities of the component soils. This means that they are slightly better equipped to deal
with wetter conditions, whilst slightly more susceptible to drier conditions, although it is worth

reiterating thatthese loamy, clayey soils have the greatest PAW in the county.

Breckland CZ

The Breckland CZ is home to the lightest and most marginal soils in the county. The principal
associations are the deep sandy Worlington, the shallow sandy Methwold, the shallow sandy and
coarse loamy Newmarket 1, and the sandy and coarse loamy Newmarkete®e soils are all
unmottled, urtgleyed, and are thus permeable and waihined. On these soils lower even average
precipitation levels are extremely problematic, with these soils having very limited PAW. Furthermore,
due to the sandy and coarse texe of these soils, average or increased levels of precipitation, whilst
providing crops and livestock with more water, would lead to increased leaching of lime and a
reduction in soil nutrients-urthermore the thermal properties of the soil are such that they heat up
extremely quickly, increasing local temperatures and creating a rolorate which has set
nationwide daytime summer temperature recordsowever, whilst daytime temperatures are often
intense, the structure of the soil ensures thadry ittle heat is retained within the soil once the sun
sets. Whilst this is not particularly problematic in summer, in winter the poor thermal properties of
the soil can lead tolower-than-averagetemperatures Met Office 2022, with the minimum
temperaturesat Marham (19611990)in January, February, and March being 0.15°C, 0.38°C, and
1.69°C respectivelyBy comparisonthe same months at Coltishall, where January, February, and
March record minimum temperatures of 0.74°C, 0.72°C, and 2.02°C respectivast, minimum

winter temperatures in Hemsby for the same months stand at 1.24°C, 1.35°C, and 2.37°C respectively.
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In years which are particularly cold thigernal variabilitymust have reduced the productivity of

arable enterpriseandonly exacerbated the marginality of the.CZ

TheMarshlandCZ and the Peat Fen CZ

These twowetland environments occupy the lelying landscape in the far west of the county. The
associations which comprise this fenland landscape are the silty and clayey Wallasea 2, Wisbech,
Agney, Tanvats, and Rockcliffe associations. The mottled, gleyedftandluvial soils found in this
region are thus extremely vulnerable to hydrological input, whether this be fluctuations in
groundwater or variations in precipitation. There are no stages when the climatic conditions could
KIS Lig@odromifidRsolthese soilsthis landscape is simply too wet, although this is not

to say that exploitation was not taking place. Rather, exploitation was unlikely to been significantly

aided by positive macrolimatic conditions.
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these Character Zones within study areas.
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Chapter FiveThe Claylands

Introduction

This chapter wilanalysethe archaeologicahistorical and geologicavidencefrom the Claylands CZ

and discusghe relationship between this evidence afidctuations inhistoric climatic conditions.

Spatial geological, and historicalantexts

51 @A akBrgé Parishesurvey encompasses 20.7knm the extreme soutkeastern arm of the
Claylands CZ and spans all three subzones identified within the Claylands CZ. In the north lies the
shallow valley of the Chet, the principal river in the region, along with two small lgeblesLoddon

Beck and thédeckingham Beakwhich extend southwards from the Chetlley (see Figur@6). These

wet, low-lying environmets lie between Om OD and 5m OD. In the central parts of the survey area
tracts of loamy claydelonging to the Medium Claylands predominate. These areas, composed of
Burlingham 1, occupy the level areas between the shallow valleys and generally lie between 5m and
30m OD, whilst in the south of the survey area and on the gently sloping grounddeaglito the

slightly elevated plateagwith the most elevated parts of this plateau lying at 42mQ®a relatively

thin expanse of thédeavy Claylands Subzomemposed in this region of by the clayey loamy Beccles

1 association.

RomanaeBritish settlement was well established across the Three Parishes study area, with a notable
distribution of sites favouring the Medium Claylangland particularly the pockets of sandier soils
that constitute part of this subzone and valley slope near watercourses. The largest cluster of
RomaneBritish sites occurs approximately 1km south of the modern town of Loddon, where sites
occupy the shallow slopes that lead down to two extant watercourses within the Medium Claylands.
This conglomerationfesitesc evidenced by pottery scatters, structural remains, and metalwork finds

¢ offered easy access to both a source of running water and the productive soils of the Medium
Claylands (Davison 1990:-I566). A similar clustering is observed around $t NB Q& / K dzZNOK
Heckingham, where Roma#Rritish activity is focused along the junction between the Isleham 2 soils
and Medium Claylands, with a particular focus on the gentle valley slopes that descend toward the
River Chet. This once again suggests tepgace for fertile, slightly sloping, and wellained locations

close to sources of watem Hales, RomanBritish settlement appears more dispersed and exhibits
less intensity than that evident in Loddon and Heckingham. There is, however, evidence of Romano
British settlement on the Heavy Claylands, indicating that some exploitation of thisndae
intractable and hydrologically sensitive ground was occurring in the RoiBatish period. In the

south of Loddon there is also evidence of expansion dht Heavy Claylands, with two sites
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occupying the crest of the low plateau that leads up to the comparatively higher ground south of the
study area. RomanBritish settlement in the Three Parishes was thus broadly following topographical
and pedological characteristics, with a clear tenderoyfavour locations combining sloping

topography, the fertile but more workable soils of the Medium Claylands, and a close proximity to

source of running water.

Southeast Norfolk was one of the most populated regions of the country in the early medieval period,
only slipping into a slow decline from the thirteenth century (Davison 1990: 3; Williamson 1993: 112).
For much of the posRoman period this part of theounty was heavily influenced by the two nearby
Domesday boroughs of Yarmouth and Norwich, although this influence faded slightly in the medieval
period as many of the smaller population centres in this region appear to have developed markets,
reflecting the prosperity that this densely settled part of the county enjoyed (Davison 1990: 3). Whilst
this regional context is important, two wider historical procesgethe middleSaxon shift and
commonedge drift¢ are particularly significarin understandinghe evolution of settlementvithin

the Claylands CZ, and ittisus necessary tdoriefly discusghese beforethe evidence from the

Claylands CZ is considered.

One of the most striking aspects of Andaxon settlement in Norfolk is the shift in settlement which
fA1Ste8 200d2NNBER i a2YS LRAYyG Ay GKS aS@Syiuk 2N
{FE2Yy AKATGOIQ 2NJ (GKS dhydeBchoe Sie ghift in Beftlenteri dilich sad@> A &
relocation from sites of light, freely draining soil to areas of richer, comparatively heavier soil with a
degree of nucleation frequently apparent in the morphology of these new sites of settlement (Arnold

and Wardle 1981; Williamson 1993, 2012; Wright 2015). In the early 1990s and again in the early 2000s
Hamerow criticised this theory, suggesting that many examples of ti@Isd f SR WYARRt S { | |
have only been partly investigated and that the shtpossibly an artefact of an incomplete
archaeological record rather than an actual relocation of settlement (Hamerow 1991; 201:2).121

More recent scholarship has, however, shown that in many parts of England such a shift did occur
(Rippon 2008: 17Milliamson 2012; Wright 2015). This is not to suggest that this shift was a planned,

direct order from a lord or community leader that resulted in the appearance of fully formed nucleated
villages; rather, as Williamson suggests, it was process of graeltleinent stabilisation, where the

early Saxon tendency for mobile, comparatively shertn occupational sites was replaced by one

g KAOK Wo S b bikIWiliamsahe®12; 164).

The relevance of this shift to the arguments put forward later in this chapter lie primarily in the
relationship between middle Saxon sites and parish churches. In Norfolk, and especially on the boulder

clay plateau which constitutes the Claylands CZ, ltrgest ¢ and in many cases the only
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concentrations of middle Saxon material are frequently found in the vicinity of parish churches: at
Longham, the only evidence of middle Saxon activity was recovered in fields adjacent to the church
(WadeMartins 1980: 37): at Horningtoft, a two hectareatter of Ipswich Ware was discovered just

east of the church (WadMartins 1980: 25); at Mileham, 120 sherds of Ipswich Ware was recovered

from within the immediate vicinity of the church (Wadiéartins 1980: 41). f Ay 1 K2 NJ/-Qa NB O
evaluation of the likly date of Ipswich Ware which is the primary diagnostic material for middle

Saxon siteg, to no earlier thanc. 720 suggests that this process was unlikely to have been fully
underway beforec. 720, providing aterminus post quenfor the middle Saxon shift in Norfolk

(Blinkhorn 2012). The parish church can arguably be used as an indicator for middle Saxon settlement

in those locations where no archaeological investigations have been undertaken, and whilst there are,

of course, exeptions to this rule, tis generalisation holds true in most cases. That middle Saxon

material is commonly found within the context of a parish church has important implications for the

F LI AOFoAftAle 2F (KAa OKI LIISNDna O2yOflaeainthisyra G2

chapter.

Following the gradual relocation of settlement during the middle Saxon shift came a period of
piecemeal expansion, with Saikimrman occupation continuing and enlarging many of the middle
Saxon sites wist also establishing new settlements on the heavier s@sthe medieval period
however,the focusof settlement had shifted away from these earlier fqaand thus, by extension,
away from the parish churchegstowards greerand commonredge locationsThis had the effect of
often leaving theparishchurch in a peripheral position or, in some cases, entirely isolated within the
landscape. This phenomens known ascommonedge or greenedge drift Theseclosely related
processdescribe how settlemengradually gravitated towards the edges of common pastures or the
peripheries of greenén the medieval perioda process which ultimately producetie dispersed
settlement patterns characteristic ofiany parishes on the East Anglian bouldierys(Wegman 2013;
Martin 2012; Williamson 2014). The Claylands @¥iges multiple clear examples of this transition

at Kempstonefor example,settlement was already gravitating towards the green by the twelfth
century, with parallel patterns evident in Weasenham St Peter and across the Launditch Hundred
(WadeMartins: 86) NHER records similarly capture this medieval and late medieval transition, with
large quantities of medieval material iag beenrecordedaround the edge of the greeat Fritton?

As will be discussed later in this chapter, greelge drift is also apparent the Three Parisheghere

the focusof settlementat both Heckingham and Hales drifted towards the gredgein the medieval

and late medieval period®avison 1990; Rogerson 1998}hilst this is not an exhaustive list, these

2NHERL4319 14865 16774 16775 32922
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examples serve to highlight the breadth of tmeedieval preference for greeadge locations

throughout the Claylands CZ.

. & 02 YLJ} NX a Fraxsham PaisholBre 3/ shaller area of 12Rnm west Norfolk, some
30km west of Norwich and lying roughly equidistant between the market towns of Dereham and
Swaffham. Fransham occupies a part of Norfolk which exhibits more topographic variation than the
flatter environments of the east, with the Btey area lying at an elevation that varies between 50m
OD in the shallow valleys and 98m OD on the elevated interfluves, making this the most elevated
survey discussed in this chapt&vhilst lidaimagery (see Figud) reveals the presence of numerous
palaeochannelthroughout the survey aredhe onlyextantwatercoursds a small channel that carves

east to west through the northern third of the paridBoth subzones which constitute the Claylands

CZ are present in the survey area. Heavy Claylands Subzoisghe most extensive subzone in the
region, occupying a horseshasbaped area which covers the highest elevations in the parish; these
upland, interfluvial areas mark the bodary between Fransham and its neighbouring parishes. The
open side of this horseshoe of tihéeavy Claylands Subzolies in the east of the parish where the
small stream enters the survey area. The interior of this horseshoe is occupied by the soils of the
Medium Claylands. Unlike tHenree Parishegransham appears to have been of modenatesperity

during the medieval period, for whilst there is no indication that it was overly wealthy, there is equally

no evidence to suggest that it was objectivelyopo

RomaneBritish settlement in Fransham was extensive, with evidence of occupation found across the
study area, with a clear preference for the more workable soils of the Medium Claylands and the
sloping topography of the shallow valleys. RB 5, the mosifisignt RomaneBritish site in the study

area lies in the centre of the parish within the heart of the Medium Claylands, positioned just south
of an extant watercourse (Rogerson 1995: 58; Dunnett 199¢4 4 Dther concentrations of material
recovered to he east of RB 5 similarly demonstrate these topographical and pedological preferences
(Rogerson 1995: 58). There is also clear evidence for RoeBrtigh exploitation of the Heavy
Claylands. In the south of the parish, multiple Roma&nitish sites are diributed across these heavier
soils, with many occupying the same sloping topography preferred by those sites within the Medium
Claylands. Although no extant watercourses are present in the south of the parish, lidar suggests the
potential presence of pakochannels, indicating that these sites may have had access to either
seasonal or permanent water sources (Rogerson 1995: 58; Dunnett 1996: 45). In the north of the
parish, RomandBritish sites are similarly present within the Heavy Claylands and agairpyoc
positions near to extant watercourses on the sloping topography. RorBaitish settlement in
Fransham thus follows the broad outline described in the Three Parishes, with a clear preference for

sloping topography near to sources of water. Howevelikenin the Three Parishes there is a more
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extensive Romandritish presence in the Heavy Claylands, with a multitude of sites occupying these

heavier, more intractable soils (Rogerson 1995: 58)

Heavy Claylands Subzone
Soil association |Constituent series General character of association
Beccleg; fine loamy over clayey stagnogley

(surfacewater gley) Ragdaleg heavier Heavy clayey, slowly permeable

pelostagnogley, mottled below Ap horizon |[stagnogley/pelostagnogley soils; very poor drainag
711rgBeccles 1 ] o ) ) )
Aldeby ¢ typical stagnogley, similar to Becglgprone to winter waterlogging and summer cracking
Hanslopeg calcareous pelosol, heavy clay, |typically on level or gently sloping plateau surfaces

slowly permeable, nowgleyed

Beccleg; typical stagnogleyAldeby¢ Moderately to heavily clayey stagnogleys with

stagnogleyBlackwood¢ sandy gleymottled, [occasional lighter sandy gleys; slowly permeable; g
711s¢ Beccles 2 N ) ] o o
sensitive to groundwater fluctuations (on  |drainage; similar to Beccles 1 but with lighter crest

muted crests) soils.

Table9: Heavy Claylands Subzone soil chart.

Medium Claylands Subzone
Soil association Constituent series General character of association
Burlinghamg fine loamy stagnogleyiargillic brown earth; mottled

subsoils; slowly permeablé&shleyc fine loamy over clayey stagnogleyMixed clayegloamy stagnogleyic
argillic brown earth; similar to Burlinghamdanslopeg typical calcareouassociation with strong topographic|
pelosol; heavy clay; slowly permeabWjghill ¢ coarse loamy structuring; drainage improves
572nc Burlingham 1 stagnogleyic argillic brown earth; faint mottling; slowly permeald#éck [downslope from heavier stagnogley
¢ non-calcareous typical brown earth; loamy, freely drained, unmottlito freely drained sands; upper slopg
Newport ¢ typical brown sand; stony sandy loams; freely drained, |slowly permeable, lower slopes
unmottled; Hopsfordc fine loamy gleyic brown earth; slightottling;  |variable; valley floors prone to
permeable subsoilVigton Moor ¢ medium loamy typical cambic gleyjgroundwater gleying.

groundwater gley; mottled and gleyed

Similar to Burlingham 1 but with

) ) . more midslope weldrained palee
Burlinghamg stagnogleyic argillic brown earth; slowly permeable; .
) o argillic brown earths; uppeslope
Ashleyq stagnogleyic argillic brown earth ]
) - stagnogleys remain slowly
) \Weasenhanr typical argillic brown earth; unmottled; moderately wel ] )
572p¢ Burlingham 3 ) ) . ) permeable; lighter soils moderately
drained;Maxted ¢ typical paleeargillic brown earth; well drained; )
droughty in dry years; seasonally
Barrow ¢ typical paleeargillic brown earth; well drainedyewport ¢ _ )
) ] waterlogged on heavier series but
typical brown sand; freely drainetsleham 2¢ sandy/peaty gley
generally more workabléhan the

Heavy Claylands.

Table10: Medium Claylands soil chart.
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Figure35: Three Parishes study area
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