The social signi cance of stone axeheads in
Neolithic Britain and Ireland

Alison Sheridan

Zusammenfassung Summary

Der soziale Wert von Steinbeilen im Neolithikum GroBbri  This contribution reviews the evidence for the various and
tanniens und Irlands changing ways in which stone axeheads (and adzeheads)
played a social role in the lives of the early farming cormmu
Dieser Beitrag widmet sich den unterschiedlichen, sich veties in Britain and Ireland — from the way in which stone for
andernden sozialen Rollen steinerner Dechsel- und Beilklieir manufacture was procured and worked, to their design
gen im Leben der frihen Ackerbaugesellschaften in Grol3arid deployment, and their circulation around extensive net
tannien und Irland — von der Bescha ung und Bearbeitungorks of contacts. The Continental origins of Early Neolithic
des Rohmaterials Uber die Gestaltung und Verwendung pi®curement strategies (especially int mining), depositional
hin zur Verbreitung Uber ausgedehnte Kontaktnetzwerk®actices, and ideologies are reviewed, with the key signi
Beleuchtet werden die kontinentalen Urspriinge frilhneaance of special axeheads made from jadeitite and other
thischer Bescha ungsstrategien (vor allem der Feuerstefdpine rocks which were brought over by immigrant farm
bergbau) sowie die Niederlegungspraktiken und -ideologiens as treasured heirlooms, >green treasures from the magic
Besondere Beachtung wird der zentralen Bedeutung-spemuntains far away« beng underlined. The in uences of
eller Beilklingen aus Jadeitit und anderem alpinen Gestdimese Alpine axeheads on axehead production in Britain and
geschenkt, die von einwandernden Ackerbauern als kostbletand, in terms of the use of mountainous sources and the
Erbsticke (»griine Schéatze aus den fernen Zauberbergemahufacture of large, special-purpose axeheads, are explored.
mitgebracht wurden. Der Ein uss dieser alpinen Beilklingefhe notion of design >signatures,< allowing the provenance of
auf die Beilproduktion in GroR3britannien und Irland hinsichtertain axeheads to be recognised, is discussed. Middle and
lich gebirgig gelegener Rohsto quellen und der Herstellurigate Neolithic developments are then summarised, with the
groRer, spezieller Beilklingen soll untersucht und die charglaradox of large and numerous axeheads being found in a
teristische Gestaltung besprochen werden, an der man digually treeless Shetland being considered. The use of ne,
Herkunft bestimmter Exemplare erkennen kann. Anschbgecialist-produced axe- and adzeheads of Yorkshire int as
Rend werden mittel- und spéatneolithische Entwicklungesymbols of power of important men is then dealt with, and
zusammengefasst, mit besonderem Augenmerk auf das PHra paper ends by considering a very ne gneiss axehead,
doxon, dass groRRe und zahlreiche Beilklingen auf den-predcently found at Ness of Brodgar in Orkney, as one of a
tisch baumlosen Shetlandinseln gefunden werden. Die \#eries of weapons (which were also weapons of social exclu
wendung erlesener, von Spezialisten angefertigter Beil- widn) in the socially-di erentiated society of Orkney, c.—
Dechselklingen aus Yorkshire-Flint als Machtsymbole wichti  BC.
ger Manner wird erdrtert und zum Schluss eine exquisite Beil
klinge aus Gneis betrachtet. Sie wurde vor Kurzem in Né&sywords Ground- and polished stone axeheads, Britain,
of Brodgar, Orkney, als eine von mehreren Wa en (die autteland, Neolithic, jadeitite
als Mittel der sozialen Abgrenzung gedient hatten) gefun
den und stammt aus der sozial di erenzierten Gesellschaft
Orkneysum — v. Ch.

Schlagwdrter Geschli ene und polierte Steinaxtkopfe,
Britannien, Irland, Neolithikum, Jadeitit

In common with the rest of Europe, in Neolithic Britain replete with >everydayz« utilitarian axeheads that were used
and Ireland the axe was an essential tool for farmers, beinfpr these purposes. Many are made from stone that was
required to help clear forest for agropastoral use analeng locally available, and some are made from non-local types
with adzes and chisels for the myriad woodworking tasks of stone that were targeted for more systematic exploitation
associated with the farming lifestyle, from building housesthrough quarrying or mining, such as the volcanic tu of
and other structures to making boats, containers, toolsghe Langdale Pikes in Cumbria, north-west England (Eig.
and other artefacts. As such the axe played a key role Bdmonds ).

ensuring the smooth running and perpetuation of this Ife ~ However, and similarly in common with elsewhere in
style, and it is thus not surprising that museum stores areEurope, in Neolithic Britain and Ireland many axeheads
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Fig. Examples of >everydayz utilitarian axe
heads found at Covington, South Lanarkshire
(southern Scotland). These examples are of
Langdale tu and had been imported from the
Lake District of north-west England, around
km to the south. There was large-scale axe
head and adzehead production in and around
the Langdale Pikes during the Early Neolithic.

Abb. Beispiele von zweckmafigen »Alltags
beilen« aus Covington, South Lanarkshire {(Std
schottland). Diese Exemplare aus Langdale-Tu
wurden aus dem etwa km sudlich gelegenen
Lake District im Nordwesten Englands impor

tiert. Im Frihneolithikum befand sich eine grof
angelegte Beil- und Dechselklingenproduktion in
den und um die Langdale Pikes genannten Berge.

had a signi cance over and above that pertaining to purelysion, it may be that we are dealing with a votive deposit
utilitarian or economic concerns. The circulation of axehere, not a casual loss.

heads over the extensive networks of contacts that the far Moreover, there are numerous examples of stone -axe
mers established not only ful lled the need for a reliableheads that were clearly not made or used for utilitarian pur
supply of these tools of good quality stone; it also helpe@oses and whose role lay wholly in the realm of ideology,
to maintain the all-important social ties between commubelief, and inter-personal or inter-group relations. In other
nities — ties that underpinned a sense of identity and alliwords, they appear to have been accorded a social function
ance, and facilitated the movement of ideas and people aslating to notions of power (including divine power in some
well as goods. Figures and o er two examples of this cases), status, wealth, and identity. Furthermore, there were
movement, in both cases of axeheads made of Irish rockspects of targeted exploitation of axehead stotieat argu
types. Figure shows the ve axeheads in pristine, unusedbly re ect beliefs about the stone that are not solely related
condition, from a hoard of items of good quality Antrim to its physical utility as a resource for making axeheads, as
int that had been buried at Auchenhoan, Argyll and Bute,discussed recently by Peter Topping (Topping ).

in west Scotland, across the North Channel from Northern This contribution summarises the evidence for socially-
Ireland (Saville ); while the sea-crossing was not very valued axeheads and for ideological aspects of axehead
long (around km), it required good navigational skills, production in Britain and Ireland at various points during
as the currents are strong. Figure shows a rare completie Neolithic period between c. and BC (with the
axe, found in peat at Shulishader on the Island of Lewisatter date falling a few centuries before the conventionally-
in the Outer Hebrides, western Scotland (Sheridan ). de ned end of the Neolithic around BC).

Its head is of porcellanite from Northern Ireland either

from Tievebulliagh mountain on the Antrim plateau, or

from Rathlin Island, just o the coast of County Antrim- The Early Neolithic (c. —c. / BC)

a distance of six day’s sail from Lewis. Its blade is slightly

asymmetrical and may have been reground; it is of a norThe widespread use of ground or polished (as opposed to
mal size for workaday axeheads. Its haft of rosaceous wooaked) stone axe- and adzeheads in Britain and Ireland is
—radiocarbon-dated to - cal BC - was nely associated with the appearance of the farming way of life
carved. It had clearly been deposited in a watery envirorfrom around BC — a phenomenon which, thanks to
ment, possibly a small loch. Given that this axe, with itshe results of recent aDNA analysis, we can now con rm
precious, exotic head, would have been a valued possess due to the arrival of immigrant farming groups from

BP, OxA- :Sheridan/Saville Sheridan/Whittle ; and see that publica-
. tion regarding an earlier, short-lived episode
E.g., int mining and stone quarrying on of immigration around cal BCin south-

mountains and other sliminak areas. west Ireland.
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Fig. Axeheads (all new and unused) from a hoard of Antrim int objects found at Auchenhoan, near Campbeltown, in south-west Scotland. These
were imported across the North Channel from County Antrim in north-east Ireland. The axeheads are classic examples of the types of int axehead
produced in County Antrim using the high-quality int available there. One has a ground blade.

Abb. Beilklingen (alle neu und unbenutzt) aus einem Hort mit Objekten aus Antrim-Flint, der bei Auchenhoan, nahe Campbeltown, im Stidwesten Schott
lands gefunden wurde. Sie miissen tber den Nordkanal aus dem County Antrim im Nordosten Irlands importiert worden sein. Es handelt sich um klassische
Beispiele fur die Typen von Beilklingen, die im County Antrim mit dem dort verfiigbaren hochwertigen Feuerstein hergestellt wurden. Bei einem Exemplar
wurde die Schneide geschli en.

Fig. Complete axe, with axehead of Antrim porcellanite, found at Shulishader on the Isle of Lewis, Outer Hebrides (Scotland). The axehead would
have travelled a long distance by sea — a journey probably of around six days, in a small boat; haftnem; head:  mm.

Abb. Vollstandiges Beil mit einer Klinge aus Antrim-Porzellanit, das bei Shulishader auf der Isle of Lewis, AuRere Hebriden (Schottland), gefunden
wurde. Die Klinge muss eine lange, vermutlich etwa sechstéagige Seereise in einem kleinen Boot hinter sich haben; Gmmgdopf:  mm.
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various points along the north-west and northern coastEdinborough etl. (), with several mines having a

of France. Before then, there is only one de nite examplestart date of c. cal BC or slightly earlier. Additional
of a Mesolithic ground stone axe- or adzehead from Brievidence con rming the production of axeheads from
ain (namely an axehead found at Nab Head in south-westined int around this time comes from the radiocarbon

Wales: David ), although several examples are known date of - cal BC on charred clematis root from
from Ireland (Topping , — ), including one that had the same layer as a fragment of a ground int axehead
been buried with cremated remains dated to - suspected to be from the Cissbury mine, in a natural (i.e.

calBC at The Hermitage in south-west Ireland (Littleaét non-mine) shaft, the Fir Tree Field shaft, on Down Farm,
). This is among the earliest ground stone adzeheads in Dorset.
Europe, if not the earliest (Warren , —). The opening of the southern English int mines can be
The immigrant farmers who, for various reasons, atriregarded as the extension of a lat& millennium pheno-
ved in di erent parts of Britain and Ireland at various times menon noted in northern France, Belgium, and the Nether
between ¢c. and c. BC brought with them their lands where several mines (including Jablines and Spiennes)
Continental practices, beliefs, and traditions concerningvere opened, mostly but not exclusively- for the systema
axe- and adzeheads. This is nowhere clearer than in the irtic, large-scale production of (inter alia) standardised int
mines that they opened close to the southern coast of Engxeheads at this time (Bostyn ; Collet/Collin ) . It
land , and in the axeheads of jadeitite and other Alpine rock&ias been argued that this phenomenon was associated with
that they brought with them as precious community heir a rise in population in the Paris Basin and the widespread
looms — veritable >green treasures from the magic meurexpansion from there, from around the " centuryBC, of
tains far away« (Sheridan/Pailler ; Sheridan etal. farmers using Michelsberg/Chasséo-Michelsberg pottery
Pétrequin/Pétrequin in prep.). As will be argued below, th€Pétrequin/Pétrequin , ). These farmers colonised
beliefs associated with these Alpine axeheads seem to havew areas as well as other areas that had previously been
in uenced aspects of Early Neolithic axehead production irfarmed. The opening of the int mines has been interpreted

Britain and Ireland. as a response to the consequent increased demand for axe
heads (Pétrequin/Pétrequin , ).
However, it has long been acknowledged, on both sides
Early Neolithic int mining in southern England of the Channel, that there were also social, ideological, and
ceremonial aspects to this int mining (e.g., Barberadt
Recent work by Jon Baczkowski (e.g., a) has revealed ; Topping ; de Grooth et al. ); it would be

how closely the southern English int mines match their wrong to regard it as a purely industrialised activity. While
Continental counterpartsin terms of the methodologies mining was undoubtedly undertaken to obtain good quality
of int extraction and the axeheads that were produced.int — and note, incidentally, that the quality of the mined
There had been no tradition of shaft mining in Britain int varied, with that from the Blackpatch and Harrow Hill
prior to the opening up of the mines at Blackpatch, Gissmines being inferior to that from Cissbury and Church Hill
bury, Church Hill, Harrow Hill, and Long Down in West (Field , ) - this activity was associated with various
Sussex and Martin’s Clump and Easton Down in Hampritual activities, probably relating to a belief that the ground
shire —Britain’s earliest-dated int mines- and Bacz (and material extracted from it) was imbued with the super
kowski has convincingly argued that these mines can onlypatural power of the chthonic forces therein. Mining was
have been opened by experienced int miners from thetherefore bene cial (as it produced int that may have been
near Continent, on the opposite side of the English Charattributed divine properties) and dangerous (in a metaphysi
nel. The associated pottery from the mines (Baczkowslkial, as well as a physical, way): the chthonic forces had to
a), and from a pit containing int mining debitage at be appeased. Peter Topping has reviewed the evidence for
New Barn Down, close to Harrow Hill (Baczkowski ), ceremonial acts at int mines -and rock quarries- over
has been attributed by Baczkowski to the Carinated Bowthe course of their use-life (and beyond). These include the
tradition, which constitutes one of several regional groupsrguably votive deposition of items such as carved chalk
of Chasséo-Michelsberg pottery (Sheridan ). The New objects (Topping , - ; Teather ) and the so-
Barn Down assemblage includes a very rare (for Britainalled >gra tic marks (Topping , ). To this evidence
and Ireland) example of a baking plate fragment (Baczan be added the deliberate deposition of an unused int
kowski , Fig. ); associated dates from the pit place itsaxehead, believed to have been produced in one of the Sus
use around — cal BC. The growing radiocarbon sex int mines, along with a jadeitite axehead and sherds
dating evidence for the southern English int mines hasof pottery, on inundated ground beside a wooden track
been considered by Alasdair Whittle et. ( , -), way, the Sweet Track, in Somerset (FigColes/Coles
Anne Teather (), Jon Baczkowski ( a), and Kevan Pl. ). We know, from dendrochronological dating, that this

Baczkowski ; Baczkowski a; Holgate Baczkowski , Fig. ; Edinborough etal. earlierdateof — cal BC, OxA-

; Teather ; Topping . , ; Fig. ; two modelled dates, % for a pig bone from the same layer.
E.g., at Spiennes, Hainaut province (Bel probability. Note, however, that, in the Netherlands, pro
gium), Jablines, Seine-et-Marne department  OxA- , BP, modelled, % prob- duction at the mine at Rijckhold-St Geertruid
(France), and Rijckhold-St Geertruid, Lim ability. appears to have been smaller in scale, and
burg province (Netherlands). Green/Allen ; Whittleet al. , - seasonal in nature: de Groothait

;cf. Field , ,who cites a somewhat
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Fig. Axehead of mined int, almost certainly from one of the Sussex int mines, found beside a wooden trackway, the Sweet Track, in Somerset,
south-west England. It had been deliberately deposited there, along with a jadeitite axehead and pottery, in BLC or shortly thereafter.

Abb. Beilklinge aus abgebautem Feuerstein, mit groer Sicherheit aus einem der Feuersteinbergwerke in Sussex, die neben einem Bohlenweg, dem Sweet
Track in Somerset im Studwesten Englands, gefunden wurde. Sie war dort zusammen mit Keramik und einer Jadeitit-Beilkling€hr/oder kurz
darauf bewusst niedergelegt worden.

trackway, around  km west-north-west of the Sussex int be imbued with the divine power of the high mountains in
mines, was constructed in / BC and was used for athe north Italian Alps, from which the rock had been taken
dozen years, and so this provides a precise date for the deffig. ). These >green treasures from the magic mountains
sition of these artefacts. These two precious, exotic axeheafds away< —up to km away, to be precise, although their
cannot represent accidental losses, but must instead hawsvners would have been unaware of thatcould well have
been votive o erings. been associated with myths and legends that contributed to
the farmers’ sense of identity. Moreover, their colour, tough
ness, sheen, and (in some cases) edge translucency, which
Axeheads of jadeitite and other Alpine rock types makes the edges appear to glow when held up to the sun
(Fig. ), could have been ascribed symbolic signi cance,
As discussed at length elsewherghe or so axeheads of perhaps associated with notions of strength, immortality, or
jadeitite and other Alpine rock types that have been foundapotropaic power. The practices associated with their depo
in Britain and Ireland are most likely to have arrived nas a sition were the same in Britain and Ireland as on the Centi
result of international exchange during theh millennium  nent, with around % of all examples having been found
between indigenous Mesolithic groups and Continentain watery contexts, as in the case of the Sweet Track axehead,
farmers, as some have tried to argue, without any supporaind others being deposited in notable places in the land
ing evidence (e.g.,, Thomas , ), butinstead as treas scape, such as beside a gorge (Ebbor Gorge, Somerset: Pétre
ured heirloom possessions of the farmers who migrateduin , No. _ ). A few were deposited in pairs .
across the sea from various points along the north-westnd at least one had been planted upright in the ground: the
and north French coast from c.  BC onwards. Like the example from Rattray, Perth and Kinross, in Scotland, which
aforementioned jadeitite axehead found beside the Sweetas deposited vertically, blade downwards, in the bank of
Track (Fig.; Pétrequin , No. _ ), many would the River Ericht (Pétrequin ,No. _ ). Some had
have been centuries old when they were brought to antieen deliberately >killed< by breakage, burning, or both,
deposited in Britain and Ireland (Pétrequin/Pétrequin inbefore their deposition (Fig). All these practices arguably
prep., ; ). Their appearance in this archipelago at the served to remove these potent objects from the world of the
beginning of the t millennium BC echoes the appearancdiving and return them to the world of the gods whence they
of similarly-shaped Alpine axeheads in Northern Europe, akad originated, and where they belonged, having served
a consequence of the expansion of the Michelsberg Cultuteir purpose.
to there (Pétrequin/Pétrequin in prep., chapter ). One distinctive characteristic of the British and Irish
These were not workaday axeheadsut rather objets- Alpine axeheads +n addition to the fact that most have
signes to use the French descriptor: special and, in manpeen made from the nest, most luminous green jadeitite
cases, sacred objects that may well have been believedigahat a signi cantly higher proportion here had been pol

E.g., Sheridan etl. ; Sheridanet al. ; Although they were perfectly capable of Especially in Scotland, for example at Cun
Sheridan/Pailler ; Pétrequin/Pétrequin being used for felling trees and working zierton: Pétrequin  ,No. _ -
in prep., chapter . wood.
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Fig. a—b aThe jadeitite axehead found with the int axehead (shown in Figbeside the Sweet Track, Somerset; b in situ. The jadeitite originated in
Monte Viso in the North Italian Alps, over ~ km away, but the axehead was brought to England by immigrant farmers from France.

Abb. a—b a Die mit der Feuerstein-Beilklinge aus Abteben dem Sweet Track in Somerset vergesellschaftete Jadeitit-Beilklinge; b Desitladeitit
stammt vom Monte Viso in den norditalienischen Alpen, mehr alskm entfernt. Die daraus hergestellte Klinge wurde von aus Frankreich eingewander
ten Ackerbauern nach England gebracht.

ished to a glassy sheen than on most parts of the Continefétrequin in prep., chapter ). Opinions di er on where and
(Fig. ). Achieving this level of sheen was a process thatvhy this had been done. Pierre Pétrequin and Anne-Marie
required skill and was very time-consuming (Pétrequin/Pétrequin (in prep., ) have argued that it was underta

Fig. Jadeitite axehead from Greenlawdean,
Greenlaw (southern Scotland). This is the
eponymous axehead of >Greenlaw« type, made
from jadeitite from Monte Viso. It had been
polished to a glassy sheen and its edges ground
so smooth as to be translucent (as shown in

Fig. ).

Abb. Jadeit-Beilklinge aus Greenlawdean,
Greenlaw (Sudschottland). Dies ist das eponyme
Exemplar des Greenlaw-Typs, hergestellt aus
Jadeitit vom Monte Viso. Es wurde glasig glan
zend poliert und die Kanten so glatt geschli en,
dass sie durchscheinend sind (vgl. Apb.

Except in the case of axeheads that had been
repolished in the Morbihan region of Brittany
before eventually being brought to Britain.
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Fig. Detail of the Greenlawdean jadeitite axe
head showing its edge translucency when held
in front of a bright light (see Fig.).

Abb. Detailaufnahme der Jadeitit-Beilklinge
von Greenlawdean, welche die Lichtdurchlassig :
keit der Kanten zeigt, wenn man sie vor eine hell
Lichtquelle halt (vgl. Abh).

ken after the axeheads’ arrival in Britain and Ireland, while (and indeed its thinness, allowing translucency at the edges,
the current author believes it to be more likely that this wascf. Fig. ) was believed to relate to the power of an axehead
donebeforethe farmers embarked on their journey to estab to protect its owner, by channelling and re ecting the sun’s
lish a new life across the sea. If the sheen on an axeheaalys, then enhancing its sheen and translucency may have

Fig. Fragment of a jadeitite axehead that had been deliberately broken
and burnt before being deposited at an Early Neolithic funerary menu
ment at Cairnholy, south-west Scotland. Note that the straight lines on th
left and right sides relate to slicing of the fragment for petrological thin-
sectioning several decades ago.

Abb. Fragment einer Jadeitit-Beilklinge, die intentionell zerbrochen ungq
verbrannt wurde, bevor sie bei einem frithneolithischen Grabmonument |
Cairnholy im Sudwesten Schottlands niedergelegt wurde. Man beachte,
dass die geraden Linien rechts und links vom Zerschneiden des Fragmer
vor mehreren Jahrzehnten fur petrologische Diinnschnitte stammen.
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Fig. Archaeologist Jamie Quartermaine at Top Buttress, Langdale Pikes, Cumbria (north-west England). Thousands of axeheads of Langdale tu were
made in this mountainous terrain.

Abb. Der Archaologe Jamie Quartermaine am Top Buttress, Langdale Pikes, Cumbria (Nordwestengland). Tausende von Beilklingen aus Langdale-Tu
wurden in dieser Bergregion hergestellt.

been a way of boosting its supernatural power — a propertguch that it seems to have in uenced both the strategies of
that was certainly needed for the potentially perilous seatone exploitation by these farmers and their descendants,
journey. It is not known whether the thinning and repel and the shape, size, and appearance of the axeheads that
ishing was done at the points of exit (e.g., Nord-Pas-deere produced.
Calais [France]) or had already been undertaken in the Paris It has long been recognised that several of the rock sour
Basin several generations before the farmers departed faes in Britain and Ireland that were exploited for axehead
Britain, i.e., during the initial Chasséo-Michelsberg expamanufacture during the early th millennium BC (Edinbor
sion out of that region from the rdcenturyBC. Tothe cir ough etal. , Fig. S —S ) are located in mountainous
rent author, the consistency of the phenomenon among thareas: the Langdale Pikes in the Lake District of north-west
British and Irish axeheads suggests that it is most likely t&England (e.g., Edmonds ), Tievebulliagh in Northern
have been undertaken in one area, rather than in widelyireland (Sheridan ; Mallory ), and Mynydd Rhiw
scattered parts of Britain and Ireland. Since we know thaand Graig Lwyd (Graiglwyd) in north-west Wales (Keiller
there had previously been evidence for thinning and repolietal. ; Houlder ; Burrow ). The arduousness of
shing in the Paris Basin (Pétrequin/Pétrequin in prep., ; the journey up to the sources of volcanic tu on the Lang
Fig. ), and that the commonest types of Alpine axe dale Pikes (Fig) — the area that includes England’s highest
head in Britain and Ireland -the Altenstadt/Greenlaw and mountain, Scafell Pike ( m) — has been eloquently deseri
Durrington types— had also been common in that region,bed by Mark Edmonds (). Given that the sources of the
then the Paris Basin seems the most likely candidate arédpine axeheads had been in the massifs of Monte Viso and
for the thinning and repolishing. Whatever the case was, iMonte Beigua, some at elevations of over m in the case
appears that the farmers who came to Britain and thence tof Monte Viso, it is tempting to infer that the decision to
Ireland generally tended to bring with them the >best,« mostexploit the rock in the mountainous areas of Britain and ire
>powerfulk Alpine axeheads. land had been informed by the same belief that stone taken
from mountains —liminal areas between this world and that
of the gods- was imbued with divine power, and therefore
The legacy of the Alpine axeheads special. In other words, perhaps these immigrant farm
ing groups were trying to recreate the >magic mountains<
The strength of the beliefs associated with the Alpine axescenaio that had given so much signi cance to the Alpine
heads brought over by the incoming farming groups wasaxeheads. It is certainly the case that it was not essential to
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