ATTACHMENT METHODS AND ASPECTS OF TECHNOLOGY

IN LATE BRONZE AGE WORKSHOPS; THE CASE OF IVORY'.
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Ivory working, an elite craft at the best of times, basically on account of the scarcity
and the imported status of the raw material, is a prime candidate, not only for the study
of Bronze Age technology, but also for the study of cultural/technological differences
between various human groups. The Late Bronze Age witnessed an unprecedented peak
in ivory production. From the period of the 2nd palaces on Crete (LM IB) and the LH
11 period on the Mainland and related areas, ivory working was relegated to the level
of a palace industry, although ivory finds were not confined to palace sites (Spata,
Menidi, Thorikos, Archanes, Palaikastro).

Despite the huge gaps in the archaeological record, the most imriguing and instruc-
tive aspects of ivory technology are still to be found in the surviving workshop contexts,
unfortunately few and far apart. The selected sites at Mycenae, Delos and Knossos, are
not an exhaustive’ , but a more or less representative cross section of the state of the
industry in the Late Bronze Age. At Mycenae, the only published workshop sites, involve
two of the four LH I1IB1 houses, S of Grave Circle B, the House of Shields and the House
of Sphinxes, secondary workshops and joining establishments, including well over 18.000
pieces of worked ivory (Tournavitou, 1995). The possible workshop in the vicinity of the
Sacred Centre (Krzyszkowska forhcoming) and the House of the Artisans (Mylonas, 1965, 85-
96; 1966, 419-26), part of the E wing of the palace, secondary and primary workshops
respectively, are unfortunately still unpublished. The Delos material, a total of 2.533
pieces, of LH III A2-B1 date, from the foundation deposit of the Artemision (Vallois,
1929, 184-315; 1944; Gallet de Santerre-Treheux, 1947-8, 148-254; Poursat 1973, 415-
25), represents a probably local workshop assemblage, combining both primary and sec-
ondary working of ivory, whichever the ultimate context of the finished objects may have
been (Tournavitou, 1996). Finally, the Knossos material, several
thousand pieces of elephant and hippopotamus ivory, comes
from the Royal Road workshop’ (Hood, 1957-1962), one of the two
surviving Late Bronze Age workshop sites in Crete (Zakros),
dated in the LM IB period®.

The three basic attachment methods employed by Late
Bronze Age ivory carvers, whether they were working with inlays,
applique ornaments, or freestanding objects in the round, con-
sisted of glue, pegs and the tenon-mortise system, or as was most-
ly the case, combinations of the above.

Late Bronze Age glues have not survived in the archaeological
record, with one possible exception, a yellowish substance found
among the workshop debris of the House of the Artisuns
(Mylonas, 1965, 93-4), which is believed to have been such an
agent. The only hard evidence for the existence of this method is
the total lack of other attachment devices and the state of the
underside of the piece involved (Evely, 1993, 238). Glue, for rea-
sons of better adhesion, is even nowadays, preferably, but not
exclusively, applied on a specially prepared, or as we say, a
scored, surface (Fig 1). Scoring is basically used as a term for
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deliberately incised patterns on the underside of an object (blade
1ip), as for example a series of parallel lines, oblique or vertical to

FIG. 1 Types of scoring
(Mycenae, Delos)
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the long axis, a series of X marks, or a series of crossed lines (###), often on a smoothed,
or even polished background; this is called distinctive scoring. Scoring could also involve
random lines. Finally, as was the case in many examples, scoring could be also broadly
used to describe regular, radiating or oblique toolmarks, deliberately left on the under-
side, as a remnant of earlier cutting/trimming processes, mostly sawcuts or abrasion
marks that were not obliterated by polishing, in order to provide a better keying surface
for the application of the glue. Regular toolcuts were often encountered on one or more
of the vertical edges, which, like the underside, would not be visible, when in position.
The frequency and/or intensity of these toolmarks varies from one workshop site to the
other, and was probably not only a matter of local workshop practices, but also possibly
a consequence of two factors: the kind of ivory used (elephant or hippopotamus), and
the extent to which gluing was relied upon as an exclusive method of attachment. The
latter is again not only a matter of local tradition; it is often a technical issue, involving
the potential of the gluing agent, which should be compatible with the size and weight
of the object concerned. This implies that larger and heavier objects, especially applique
ornaments with no sockets to receive them, would normally be provided with other addi-
tional means of attachment. The type of scoring applied was also probably related to the
size of the available area, that is, distinctive or even random scoring would only be
attempted on a reasonably large surface.

The extent to which gluing alone or even in combination with other methods was
employed for the attachment of ivory objects, varies from one area to the other. The evi-
dence from the extant workshop sites suggests that gluing,
as an independent means of attachment was one of the char-
acteristic features of the “Mycenaean”, as opposed to the T
“Minoan” corpus, both on the Mainland and in the '/,,,“"N
Cyclades. This becomes most evident in the class of plain rec-
tangular strips and squares, common to all three areas. The
Mycenae strips were in their vast majority (90%), true inlays, Tl
with flat, rough or smooth undersides, mostly provided with l
a scored surface. The square inlays (Fig 2), preserved no
traces of other means of attachment except scoring, and
especially the type of scoring involving toolcuts from the cut- I
ting stage; no distinctive or even random scoring has been //’ /
encountered this far.

The Delos material conforms to the same general princi-
ples, to an even greater degree (99.99%). Although the '
extant toolcuts are of the same type as those observed in the L
Mycenae material (Pl 1), they are on the whole less intense,
a phenomenon perhaps related to the greater significance
attached to distinctive scoring. Whether or not this also j @y/
reflects technical differences, including a preference for | =)
smoothing old cutmarks over before attachment, it is a mat-

>

=
=

ter of speculation. ) . FIG. 2 Square inlays, scoring,
Finally, the Royal Road material, all hippo ivory (Evely, underside, Mycenae
1993, 234), and the class of the plain rectangular strips in par- (53-278a-d, |)

ticular, is characterised by regular toolmarks of the usual

types (sawcuts, abrasives), as well as distinctive scoring of the oblique kind, running
across the face of the area (//); overlapping and radiating toolmarks also occur, while
occasionally, regular toolcuts also appear on one of the vertical edges. What differenti-
ates this material from the Mainland and Cycladic corpuses, is first the preference for
pegs and the unpopularity of gluing as an exclusive means of attachment, the more lim-
ited range of scoring patterns (only one pattern) and finally, the apparent faintness of
the extant toolcuts. The latter could be possibly related to the kind of ivory used, but it
could equally well be related to a difference in workshop practices, i.e. less reliance on
gluing in principle. As regards the square inlays (Pl 2), of noticeably larger size than the
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Mainland examples, the technical differences become even more apparent. Not only
were the extant toolmarks less intense on the whole, but scoring and the use of glue is
encountered only in a small minority of the material. >

Glue was the only attachment method used for the entire range of small inlays,
whether geometric or cutout, as for example triangles, discs, ivies, lilies, etc. Within this
broader class of objects, the vast majority of the Delos material, in direct contrast to the
Mycenae corpus, included pieces with smoothed or polished undersides, and a curious
lack of cutmarks on the vertical edges. This suggests, apart from the obvious conclusions
about differences in workshop practices and/or standards, that although a scored under-
side may have been technically preferable, it was not obligatory. The markedly eneven
undersides of otherwise perfectly finished inlays at Mycenae (Pl 3-4), on the other hand,
like plain discs, rosettes, lilies and triangles, reveal a number of technical issues. Firstly,
stepped undersides, and/or a slightly faceted circumference, with toolmarks on all pre-
served levels, reflect a secondary and possibly ongoing thinning or trimming process.
Secondly, that trimming of the underside and/or the circumference was an activity which
at Mycenae at least, was in some cases left for last, after the final polishing or incising of
the top surface, possibly part of the final adjustments before attachment. Thirdly, the rar-
ity or complete absence of this phenomenon from the other two workshop sites, and the
dramatic differences in output between them, suggest that this procedure was conceiv-
ably symptomatic of mass production, when certain types were ordered in bulk, at two
or more set sizes and were then adjusted according to the current needs.

Apart from inlays, glue was at Delos, in contrast to the other two workshops, chosen
as the chief means of attachment for larger and heavier pieces, like plain, incised or relief
plaques. It is worth noting that the majority of the 73 extant relief plaques, some of con-
siderable thickness (1.10cm), including the well known Warrior plaque, were only pro-
vided with a smooth underside, lightly and randomly scored, or with a series of heavy
oblique or regular cutmarks over fainter toolmarks, probably the remnants of an earlier
process. Seven examples preserved no toolmarks or scoring whatsoever.

Pegging, one of the commonest attachment methods, was employed both for inlays
and applique ornaments. The working principles of this method involved the use of the
drill, mostly the solid version, for the opening of holes, and the manufacture of small
cylindrical ivory pegs. Pegholes could be drilled or in a few cases bored right through,
or part way, the latter being the minority. The choice depended primarily on the size
(thickness) of the object involved, and the manner in which it was meant to be attached
onto the backing surface. Pegs, of various sizes have been recorded in all three workshop
sites. They are small cylindrical often tapering pieces of ivory (Pl 5), with a polished top
section, and the other end sawn and/or broken off. The more strongly faceted examples
(P16-7), recorded in all three sites, with distinct toolmarks on the body and a more elon-
gated than circular section, were obviously part of an ongoing trimming or paring
process, two or three stages removed from the initial stage. As regards that first stage, the
evidence is still inconclusive. Whether they were initially drilled from a blanc with a hol-
low drill, at a set diameter and then trimmed down to size, or they were worked indi-
vidually out of offcuts, without the help of the drill, starting off as thick rectangular
sticks, is still a matter of speculation. It is possible that both practices were valid, depend-
ing on the number of pegs required, especially considering how time consuming the sec-
ond option is (Evely, 1993, 238; Tournavitou, 1995, 183-4).

The popularity of this method for different types of objects varied widely. In the class
of plain rectangular strips for example, it was only a 10% at Mycenae and a mere 0.01%
at Delos that preserved pegholes, mostly drilled right through. These holes were ranged
at irregular intervals along the central axis. The use of pegging was in most cases com-
bined with a rough or scored surface (/, XXX, or toolmarks), i.e. a combination of pegs
and glue. The situation in the Knossos material on the other hand, was almost diamet-
rically different. Here it was the majority of the pieces that were provided with pegholes
for attachment (Pl 8), both drilled right through and part way. The positioning of the
holes was similar to that encountered at Mycenae and Delos. It is also worth noting that
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FIG. 3 Plaques, mortises, underside, Mycence FIC.4 Txypes of columns,
Delos (a: B7078, b: 54-442, ¢: B7073, mortise-tenon system,
d: B70910) Mycenae (Tournavitou

1995, Fig 29.1, 7)

PL. I Strips, scoring, underside, Delos PL. 2 Square inlay, scoring,
(BCH 119, 1995, Fig Sa) underside, Knossos
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PL. 3 Inlays, uneven surface, underside, PL. 4 Inlays, uneven surface, underside,
Mycenae (54-309) Mycenae (54-309)

' . ' ' l PL. 6 Faceted pegs, Mycenae (53-239)

I'L. 5 Pegs, M~ cenae (53-654) - ‘
-
Pl N
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PL. 7 Faceted pegs, Mycenae (53-240) PL. 8 Strips with pegholes, top, Knossos

PL. 9 Square inlays, pegholes, top, Knossos PL. 10 Warrior Head, Mycenae (53-405)
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PL. 12 Triglyph Plaque, with tenons and montises,
Mycenae (54-450)

PL. 11 Plaque with Fig of 8 Shield, underside,
mortises, Mycenae (53-410)

PL. 13 Corner piece, Knossos PL. 14 Figure of 8 Shield, strap device, Mycenae
(Prehistoric Cemetery East; 50-2)

the pieces with holes were apparently less scored on the underside.

In the class of plain square inlays, the differences are even more pronounced. Whereas
the Mycenae corpus does not include any examples with pegholes whatsoever, in the
Royal Road collection, perhaps on account of the much larger size of the pieces, the
majority were provided with a distinctive system of pegholes (PI 9), not encountered any-
where else (two-three). The scoring on the underside and thus the application of the
glue was clearly of secondary importance and often missing altogether.

In the class of large rectangular plain or incised plaques, the Mainland preference for
gluing prevailed both at Mycenae and Delos. In the relief plaques the practice is reversed
only at Mycenae, where the chief means of attachment involved pegholes drilled right
through, or part way, on a scored surface. At Delos, only on two occasions were through
pegholes used®. Pegs were almost the only means of attachment used for other more
bulky applique ornaments, like fig of 8 shields in relief, where the number of holes
depended on the size of the object’, cockleshells, warrior heads in relief (Pl 10), and half
columns. In all these cases, with the exception of the half columns, the holes were only
drilled part way.

The third method, i.e. mortises and their corresponding projecting tenons, is the most
elaborate form of jointing device encountered in the Bronze Age corpus. It is only rarely
that both connecting elements are found in the same context, as was the case with model
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columns at Mycenae; in most cases the only element preserved is the mortise. It should
be noted at this point that mortises/tenons were seldomly used on their own; they are
usually combined with other means of attachment, like pegs and/or scoring. This method
was reserved for the bulkier, heavier and/or more complicated objects, applique or free-
standing, which includes large plaques, blocks and model columns.

Monrtises have been encountered in two basic forms: the open version, a rectangular
cutting extending across the surface of an object, and the closed version, a sloping, taper-
ing form, with the corresponding tenon being slotted into it, instead of being simply
pressed in (Evely, 1993, 239). Tenons were simply designed to fit their respective mortis-
es, and in all the surviving examples they were carved out of the same piece of ivory as
the object involved. True tenons have been only preserved in the Mycenae corpus.

Although both versions of mortises were used for incised or relief plaques at Mycenae
and Delos (Fig 3; Pl 11), it should be always remembered that they were only a small
minority as far as attachment methods go. The Mycenae material is undoubtedly more
varied. Mortises were cut parallel, vertical or at an angle to the long axis of the object,
on a smoothed, polished and in most cases a distinctively scored surface, which implies
the use of glue as an added means of attachment. Each plaque was equipped with one
or two mortises, placed horizontally, vertically or obliquely to the long axis. Some of the
thicker pieces, especially the ones decorated with the triglyph/half rosette motif (P1 12),
were also provided with rectangular tenons projecting from the short ends, and with a
series of holes drilled horizontally from the long vertical edges, through the width of the
object. The concentration of so many attachment devices on this type of objects, can only
be related to the way they were meant to be assembled/attached. In the Delos material,
although the plaques bearing mortises constitute an even smaller minority, the particu-
lars are almost identical. It is worth noting that the more elaborate combinations encoun-
tered at Mycenae, were not witnessed here, a phenomenon possibly related to the com-
plexity of the objects produced. The two pierced tenons on the Roal Road D-plaques, are
described as flanges (Evely, 1993, 237-8).

The tenon and mortise system is best exemplified in the class of the model columns (Fig
4), attested at both Mycenae and Delos, but best illustrated in the former. One of the two
tenons projecting from both ends as an extention of the shaft, did in some cases taper
upwards, probably in agreement with the mortise of a detachable capital. The other
tenon was probably intended to secure the shaft onto the backing surface. The toolmarks
on the underside of the shafts suggest that glue was also applied. Mortises are only found
on the back of detachable capitals. The only differentiation of the Delos columns, was a
hole drilled part way, obliquely or vertically, from the upper surface of the capital.

Finally, two other means of attachment recorded only in the Royal Road workshop
and at Mycenae’ respectively, were the corner (Pl 13), an independent unit, designed to
facilitate the jointing of two or three quite separate elements (Evely, 1993, 239), from dif-
ferent angles, and the strap (Pl 14), as an attachment device for figure of 8 shields. The
strap has been also encountered at Tiryns® .

On the whole, it would be fair to say, that despite the assumed uniformity in the basic
manufacturing methods, a uniformity dictated by the nature of the material, the avail-
able tools and the range of objects produced, which by the LH III period were more or
less standardised, most workshops developed and retained their own routines. The issue
of political/economical domination influencing/affecting typology and techniques, is still
open and should be handled with caution.

NOTES

1. This is a very abbreviated version of a much larger project, including a more complete
range of data.

2. Workshop material has been also discovered at various locations in Thebes, as for
example the Kortanzis plot site (Symeonoglou, 1973).
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3. I would like to express my thanks to Don Evely for providing the illustrations and for
allowing me to present and discuss this material,

4. The material has been studied and will be published by R.D.G. Evely. A certain
amount of information appears in Evely, 1993, ch. XVI.

5. Some of the decorated plaques from Delos have been assigned to Cypriot/N Eastern
workshops (Poursat, 1973, 425).

6. At the workshop in the vicinity of the Kortanzis plot, it seems that the shields were pro-
vided only with scoring on the underside (Symeonoglou, 1973, 53), while at Archanes,
part way attachment holes were the rule, both for the shields and the warrior heads
(Sakellarakis, 1967, 253-4).

7. 50-2; Prehistoric Cemetery East.

8. Kilian, 1988, 120, Abb. 18
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ME©OAOI XLYNAEXHE KAI OWEIX THEI TEXNOAOTIAX XTHN YETEPH
ETTOXH TOY XAAKOY: H IIEPITITQXH TOY EAEPANTOETOY

I. TOYPNABITOY

H avaxotvworn avuj emyeipei va avakepalaidosr pe katavontd 1péno tnv
texvoloyla 1ov ede@aviootot, kat ¢° avujy my nepimwon ng pedédovg ovvdeong,
Kabog kar Aemopépeieg g texvoloyikijs Sabikaoiag. ‘Oda avid Sivovriar yia va
anotedéoovy emotnpovikij exoxrj ywa 1y affa aviod tov tonov SeSopévev wg
kprinpiov noArnopikijg/noAtikis Swagoponoinong peraki wwv Siapdpov avBp@dmvov
opadwv oto Ayafo g “Yotepng enoxric tov Xalkot. Ta Sefypata nov emAéxnkav
(Mukrjves: Owia tov Aonidwv, Owia tov Z@yyov, Aflog: Anobéug 1ov Aptepioiov,
Kvwode: Epyaoujpio g Baolikijs O800), 6da 1006 Gagpds avayvoplopéva g
epyaotplakés Oéoeis, kalvmovy mg Tpeiq KUpleg MOATIOMIKEG neproxeée, SnA.tnv
Kupiwg EAAada, tig KvkAadeg kat ty Kpiju).

O1 1pelg PBaokés péHobor ovvbeong mov EQAPPOLOVIAY QIO  TOUG TEXVITES TOU
edepaviootod katd my “Yotepr) enoxij tov XaAkod, fjtov ) k6Aa, kafilieg (kapei) kat
10 obotpa tevéviev-vnodoxdy. Oi pébodor aviég, kabdg yprnowponootviay oe
Srapopetikég neployég kar oug nowkideg Katnyopfeg TOV AVOKEIPEVOVY MOV TG
agopovoav, amokaAvmtovy oapels kar mbavév onpavukés Siapopés perafd twv
epyaotplak@y Béoemyv.

Qaitverar nwg 1 éviovy) npotipnorn g Kupiog EAMGdag ywa 1 ovykéAAnor, oy
neplmworn) tov évhetoy kal kanowy entBetwv StakoopnukGY otoixeiowv (mvakidov), oe
ovvbvaopd neprotactaka kat pe kafilieg, efxe eniong vioBenOel oe peydin £KTaoT) Kat
ano to Kuvkladiuko epyaoujpro. AviiBera, ot texviteg tov edepaviootos ano v
Kvwood xprnoponootoav kafidieg, wg anokAeonikd péoa ovvdeong yia tov iS1o téno
aviukelpévov. H  xammyopia tov eninedov terpdyovov  évBetov  eivar  éva
aVIIPOO®IEVTKS napddeypa g t@ong avujs. H kataokevrj kafihiwy, ano ty @Ain
HEPLE, paivetal 611 agopoltoe KOWEG pefGboug kat yia 11§ Tpelg autég nEPLOXES.

To ovompa tévoviog kar vnodoxijg, 0 mo MOAGHAOKOG TPONog oUvSeong mov
ovvavidtar oto obvodo g Enoxrig tov XalkoU, €peve kar ong Tpelg meploxeg
anokAelotiké yua ta mo ovvbeta avukeipeva 1j ovoujpata odvdeong (kioves, oAdyAvpa
avukefpeva  ktd.). Gaiverat 611 ta Mo enapxiakd epyaocujpwe, 6nwg 1 Afjlog, pe mo
HEPLOPLOPEVT] YKGpa npoibviwv, 6vimg yprjowponoinoav tnv emvonorn auvtj oe
pikpstepo PBabusé. Mepikoi ténor avukelpévov, 6nwg ot pikpoypagies Kiévwy,
eppaviotnkay pe ta iia péoa olvdeorng oe 6Aeg Tig epyaotnprakég Oéoerg.

Zuvolikd, gaivetar 6T, napd ) yevikGiepn opoioyévera o Baoikég peBsSovg,oe
nmoAA€g nepurtaIoelg o1 onofeg  viiayopevovial ano to B1o 1o vAKS, 1 texvoloyia tou
eAepaviootol 6viwg vnodekvier v tnapln oxupdy Tomkdy napaddécewmy. Ot
napabooeg autég oty nepintmor HIKPOTEP®Y EMAPXIAKGY EPYaoTnpiov Piopody
evkoda va avaxbovv oe éva 1] neploodtepa peyGla kévipa. To katd néoov 10 ev Aéym
PaWOHEVO pPIOPED 1] NMPENEL va ovoxenotel pe moATKIj/oIKovopikl emppory, 1§ frav
anA@g Jtnpa nePoSev6VIwY TEXVITGV, anotelel akopn avukeipevo ovlijtnong.
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