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NEW HYPOTHESIZED MUSICAL INSTRUMENTS

OF THE EUROPEAN NEOLITHIC

New finds from the Early Neolithic settlements in Austria and
Hungary reconstructed as the first ceramic bells are published
in the article. Modern copies of such bells were made and their

sound was recorded.

Key words: Neolithic, Central Europe, musical instrument,
clay bell, reconstruction.

Introduction

All living individuals are surrounded by different
natural sounds, for example made by wind,
weather, flowing water and additionally they
create their own specific sounds like chirping,
singing, roaring and etc. In addition, ancient
people enriched this sounding world with their
voices and the body percussion as well as with
sounds of their working tools. Such acoustical
environments are called «sound scapes». The
sound of the vibrating strings of hunting bows
was one of them. The Mesolithic and Neolithic
hunting bows show a length range of 140—
200 cm (Junkmanns 2013, p. 19). A string of
3.0 mm in diameter with a length of 169 cm
produces a deep sound. A Neolithic hunter was
buried with his hunting equipment near the first
settlement of Brunn (Stadler 2017, p. 124—
131). Any hunting bow could possibly be used
as musical instruments: the greater the tension,
the better the sound. The strings could have been
made of twisted animal skin-strips, guts, plant
fibres or hair. Various percussion instruments,
such as sound stones, bars, bones, rattles made
of either plant material, bones or claws, drums
and whistles (Vitezovic 2017, p. 7—15), as well
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as bullroarers made of bone or wood might have
been known in the Mesolithic. Melodies using
harmonics and rhythms could have easily been
played.

The first farmers’ way of life in the Neolith-
ic changed the primarily «silent» soundscape and
reached further. They were enlarged and shared
with more creatures. Man changed and created it
by including cultural sounds — produced by in-
creasing numbers of people: sounds of working
tools, domesticated animals — and musical instru-
ments (Pomberger et al. 2018). The Neolithic ep-
och is characterized by some important innovations
in a human life. One of them was a wide usage of
clay in the Neolithic economy and cultic practice,
where pottery, ceramic idols and amulets, as well as
daub of building and ovens appeared. Due to wide-
spreading of ceramics, new terracotta instruments
were created by the Neolithic people. One of them
is represented by some types of clay flutes, which
were identified among the Neolithic materials of
the Near East, Bulgaria, Macedonia, Hungary and
Austria (Pomberger et al. 2018). In this article we
consider the second musical instrument made of
clay. However, probably there was also the earliest
variant of clay bells. Fragments of them were found
at Brunn 3 and Gellénhaza in the same pits with
clay flutes.

Materials

Clay bells are defined in the collections of the
Brunn 3 site in the Lower Austria and the Gellén-
haza site in western Hungary (Fig. 1).

The earliest examples were found at the Late
Staréevo site of Gellénhaza, Hungary (Fig. 3: 2—4).
According to radiocarbon dating for a few sites, the
Star¢evo culture in Hungary is dated by 5800—
5500 BC (Stadler, Kotova 2019, p. 223; Oross et al.
2020, p. 173), but parallels in pottery of the Form-
ative phase of the Linear Pottery culture in Hun-
gary with the Late Star¢evo allow a partly synchro-
nization of the sites of these cultures about 5500—
5350 BC (Kotova, Stadler 2019, p. 425). Fragments
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Fig. 1. Location of the Brunn 3 and Gellénhaza sites: / — Brunn 3; 2 — Gellénhaza

Fig. 2. Plan of the Brunn 3 site
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of hypothetic bells from Gellénhaza are
interpreted as plummets (Simon 1996).
The best-preserved object, shaped mas-
sive primordial, shows a crown with a
hole of 5.0 mm in diameter (Fig. 3: 2).
The whole bell is 64 mm height. The
cavity measures 35 mm in its length and
the wall thickness varies from 4.0 mm to
5.0 mm. The mouth is 31 mm in diam-
eter. It was made of common clay with
lots of organic admixture, a little bit of
sand, mica, ochre, and white elements.
The surface had a beige colour with or-
ange inclusions.

The Brunn 3 was excavated in 1999
by Peter Stadler in outskirts of Vienna
(Stadler, Kotova 2019). It belongs to the
Milanovce phase of the Linear Pottery
culture. It is dated by 5340—5265 cal
BC (Stadler, Kotova 2019, tabl. 14.8,
14.9, p. 237, 239). There were studied
12 houses and about 20 houses were dis-
covered with a magnetic survey (Fig. 2).
Two fragments of a possible clay bell are
detected in object No. 1786, which is
near the dwelling 37.

One fragment is a part of the crown,
measuring 30 mm, while the other is
23 mm long fragment that belongs to the
mouth part (Fig. 3: 1). The drawn recon-
struction shows a conic bell with a 2.0 mm
hole in the crown. Its reconstructed height
is 64 mm, the mouth diameter is 39 mm,
and the thickness of the wall is 7.0—
8.0 mm. It might be a preform of the bell,
with or without a hammer.

The Development of Bells

A vessel beaten with a stick arouses
sounds and noises: a singing bowl. When
turned upside down and hung from its
base — either with forming two ears en-
wind with a string — it was discovered
by ancient people that this singing bowl
produces a more pronounced sound. It
could swing freely: the bell was borne.

Fig. 3. Clay bells: I — Singular bell from the
Brunn site 3 (drawing after N. Kotova); 2 —
three bells from Gellénhaza (drawing af-
ter N. Kotova); 3 — Reconstructed bells be-
fore firing (reconstruction and photo after
B. M. Pomberger); 4 — Reconstructed bells
after firing (reconstruction and photo after
B. M. Pomberger)
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These very early bells had no clapper, but were
probably beaten with sticks of wood or long bones
of animals. Bells are idiophones and create their
sounds by vibrating resonant corpus. They belong
to the percussion vessel group. The early clay bells
of Central Europe can be classified as hanging bells
without internal strikers (system No. 111.242.121
according to the classification of Hornbostel and
Sachs: Hornbostel et al. 1914, p. 553—590).

Bells of this type are also known from the Early
Neolithic: the Tisza Culture and the Epi-Lengyel
(Pomberger 2016, p. 48—52).

Experimental Reconstruction of Clay Bells

Coarse grained clay was used for the experimental
copy of both bells. To start shaping the Brunn bell
first the crown and the shoulders were formed from
a lump of clay due to the reconstructed dimen-
sions, followed by rolling to pieces of clay for the
mouth and the lip. Then, the surface of the bell was

Table 1. The stick used for beating the bells

Stick Wood Diameter, mm
1 soft wood 4
2 soft wood oval 5 x7
3 bamboo, hollow 8
4 hardwood 10

Table 2. Results of sound level measurement

Bell Stick1 | Stick2 | Stick3 | Stick4
Brunnsite 3 (55.4dB |56.7dB |65.1dB |67.7dB
Gellénhaza [56.9dB |60.8dB |65.1dB  [69.6 dB

Table 3. Pitches and harmonics of the bell from the Brunn 3 site

smoothened inside and outside. After a few min-
utes of drying a pierced hole of about 2.0 mm in
diameter was pieced out through the crown with a
stick. The reconstruction of the Gellénhaza bell re-
quired another approach.

The used clay for the replica is a modern compo-
sition for pit-burning. The temper is dead-burned
fireclay with sizes between 0—0.5 mm. The author
is aware that this is not the same mixture like the
original. Therefore, the object is a little bit heavier
than the original. Furthermore, we know that the
original sound of an idiophone hardly can be re-
constructed, but approximate sounds and frequen-
cies can be detected.

Natural organic mixture in clay makes the
material more porous and therefore the sound
is higher. However, at least we may say that the
sounds of the idiophones from the Brunn Wolf-
holz, site 3 and Gellénhaza were low-noise and
sounded within the 7"—8" and maybe the 9" oc-
taves. This means that the sounds of the bells per-
ceived by the human ear are in the upper human
hearing range of a man.

At first, a lump of clay was wrapped around a
5 mm diameter stick, and shaped into the slender
long crown form of the original one. The crown
shows a length of 29 mm and a diameter range be-
tween 29 mm and 10 mm. Then, with two rolls of
clay the sides of the bell, the mouth and lip were
shaped. The stick was removed after 30 minutes
of drying. The shaping of each bell lasted only 10
minutes. The objects dried for three days, and af-
terwards were fired in an open flame for three hours
and left in the ashes till they cooled down.

Bell Fundamental pitch 1. Harmonic | 2. Harmonic | Most prominent and long sounding pitch
Stick No. 1 3700 Hz (A#7-16¢) 7100 Hz — A#7-16 Cent
Stick No. 2 2959 Hz (F#7+9c¢) 4398 Hz 6890 Hz F#7+9 Cent
Stick No. 3 2960 Hz (F#7+9c¢) 4355 Hz 7326 Hz F#7+9 Cent
Stick No. 4 2871 Hz (F7+46¢) 3797 Hz 6551 Hz F7+46 Cent
Table 4. Pitches and harmonics of the Gellénh4aza bell
Bell from . . . . . . .
Gellénhaza Fundamental pitch | 1. Harmonic | 2. Harmonic | 3. Harmonic| Most prominent and long sounding pitch
Stick No. 1 7519 Hz (A#8+13) — — — A#8+13
Stick No. 2 7516 Hz (A#8+13) — — — A#8+13
Stick No. 3 3017 Hz (F#7+33) 4425 Hz 5824 Hz 7194 Hz D8-74 Cent
Stick No. 4 1732 Hz (A6-24 Cent) 2583 Hz 3805 Hz 7054 Hz B7-34 Cent
Table 5. Calculated ranges of an open sound field with 42 dB
Bell Stick No. 1 | Range, m | Stick No.2 | Range, m | Stick No.3 | Range, m | Stick No.4 | Range, m
Brunn 3 site |55.4 dB 0.94 56.7 dB 1.09 65.1dB 2.68 67.7 dB 3.69
Gellénhaza [56.9 dB 1.11 60.8 dB 1.74 65.1dB 2.68 69.6 dB 4.8
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Fig. 4. Frequency analyses. Bell from the Brunn site 3 (after B. M. Pomberger)

For the attachments of the bells hemp cords
were used. They were twisted through the holes and
the two ends were knotted.

Acoustics Analyses of the Reconstructed Bells

Sound recordings were done and frequency analy-
ses were made by using the program Adobe Audi-
tion 3.0. The concert pitch A4 was set at 440 Hz
at a temperature of 20 degrees. Sound levels were
measured with the sound level meter PCE-999,
in a room full of textile. The weighted sound lev-
el dBA was used, which concentrates its attention
on values between 2000 to 4000 Hz. The distance
between the object and the measuring devices was
20 cm. And finally, the range was calculated by us-
ing the audio engineering calculator «sengpielau-
dio» (http://sengpielaudio.com/Rechner-entfer-
nung.htm, 11.1.2019]. The sound Ievel in the open
sound field was set at 42 dB. Four sticks of different
diameters and wooden materials served as ham-
mers (see Table 1).

The measured sound levels of the Brunn bell
vary between 58 dB and 65.7 dB. The Gellénhaza

bell shows values between 58.9 dB and 68.9 dB (see
Table 2).

The results of the frequency analyses of the
Brunn bell present a variation of fundamen-
tal pitch of about 2871 Hz (F7+46 cent] to 2959
Hz (F7+46 cent], when using sticks Nos. 2—4 as
hammers. However, with the stick No. 4 the pitch
showed 3700 Hz (A#7-16 cent]. Thus, we may say
that the Brunn bell sounded within the 7" octave
(Fig. 4).

The Gellénhaza bell shows values of 7519 Hz
(A#8+13c] for the fundamental pitch while using
the sticks Nos. 1 and 2. The stick No. 3 produced
3017 Hz (F#7+33c] and the stick No. 4 — 1732 Hz
(A6-24c]. The original bell would have sounded
within the 8" octave (Table 4, Fig. 5).

Regarding the calculation of the ranges, the re-
constructed Brunn bell shows ranges of 0.94 m to
3.69 m, and the reconstructed Gellénhéaza bell —
1.11 mto 4.80 m (Table 5).

Both bells presumably did not serve as musical
instruments, because their sounds are too quiet and
weak. This probably could be the reason why they
were destroyed and thrown away into the pits.
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Fig. 5. Frequency analyses. Bell from the Gellénhaza site (after B. M. Pomberger)

Conclusions

We hope that our first attempt to separate the re-
mains of clay bells, like earlier clay flutes (Pomberger
et al. 2018), among the numerous fragments of ce-
ramics of ancient settlements will help researchers to
see and study extraordinary ceramic ware, including
musical instruments. The Brunn sites give informa-
tion for reconstruction of dwelling position with ex-
traordinary items, which include bells, flutes, idols,
amulets, amphorae. Very often they are concentrat-
ed in the same pits or in different pits, but near the
same house. All idols on the Linear Pottery culture
sites were destroyed. Lines of destruction are locat-
ed in strong parts of figures. This fact assumes pur-
poseful damage of them during ceremonies (Becker
2011, p. 98, 350). It is possible to assume that cere-
monies with destructions of some extraordinary items
were connected with constructions of some houses
that belonged to the leader of a settlement commu-
nity (Kotova, Stadler 2017). Fragments of destroyed
idols, amphorae, and musical instruments were put in
pits near the dwelling, than these pits were buried.

These ceremonies could be accompanied by the
drinking of supposedly alcoholic beverages, which
required a special container — amphorae. In eve-
ryday life, amphorae, apparently, were not used,
since their finds are rare. The remains of flutes and
bells can testify to the musical accompaniment
of the ceremonies. Exactly in the houses with ex-
traordinary objects, fragments of imported vessels
are concentrated. They are identical with pottery
from the Hungarian early Neolithic sites of the
Star¢evo and Hungarian variant of the Early Line-
ar Pottery culture. Some amphorae are also present
among import vessels. Tools from Hungarian ra-
diolarite are dominated among the stone items at
the Brunn 2 and 3 sites and testified closed con-
tacts of the ancient population of the Lower Aus-
tria and Western Hungary, including the Gellénha-
za site with finds of clay flutes and bells. Presence
of imported vessels in the pits with extraordinary
items allows assuming that members of friendly
groups of population, with whom the Brunn set-
tlers had close contacts, were invited to take part in
some ceremonies.
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B. M. ITombepeep !, H. C. Komoesa?, I1. lllmadaep’

! Jlokmop inocoghii, nayxoeuii cniepodimuux Mysero npupoonuyoi icmopii, Bioens

2 Jlokmop icmopuuhux HayK, NPOGIOHUT HAYKO8ULL CnigpoOimHUK 6i00iny apxeonoeii eneonimy-o6poH3060i dobu,
Incmumym apxeonoeii HAH Ykpainu

3 llokmop xab., naykoeuii cnigpooimuux Mysero npupoornuyoi icmopii, Bideno

HOBITHIOTETUYHI MY3NYHI IHCTPYMEHTHW HEOJIITY €BPOIIN

CTaTTIO NMPUCBIYEHO 3HaXiJKaM BUPOOiB, peKOHCTPYHOBAHUX SIK INIMHSHI I3BIHOUKM. ApTedaKTu 3HaiiIeHO Ha paHHbO-
HEOJIITUYHUX rmoceneHHsaX bpynH 3 y HukHiit ABCTpii (Ky/bTypa JiHiiHO-CTpiuKOBOI KepaMiku, 5340—5265 pp. 1o H. e.)
Ta ['e;utenHxasa B 3axigHiil YropiiuHi (ctapueBcbKa KyabTypa, 5800—5500 pp. 10 H. e.). Lli KepaMiuHi BUpoOM MalOTh
nmipaMiganbHy HOopMy, BUCOTY OJIM3BKO 6,5 ¢M i OTBip y BepXHiii yacTHUHi. ABTOp pO3KOMNOK ['ejuteHxa3u BBaxkae 1ii pej-
METH TATApLISIMU, OJHAK B apXE0JIOTiUHMX 00’ €KTaX iX 3a(hiKCOBaHO pa3oM i3 INIMHIHUMMU (pieiiTaMu, 1110 JO3BOJISIE 3aIPO-
MOHYBAaTH iHIIY iHTeprpeTauio. [JTMHIHI Moaesi A3BIHOUYKIB, BUTOTOBJICHI 3a 3pa3kaMM 3 000X MOceeHb, YMOXKIMBUIN
BUBUYEHHS iXHbOTO 3By4yaHHs. BoHo OyJio noBouti ryxum. Lle, MaOyTh, i 3yMOBUIIO TO# (haKT, 1110 BUPOOU PO30OMIIU i1 BU-
KMHyJU. Ha moceneHHsIX KyJIbTypH JIiHilHO-CTPiuKoBoi KepaMmiku BpyHH 2 Ta BpyHH 3 nociimkeHo OyIMHKM, e B siMax
KOHILEHTPYBaJIMCS HEOPAMHAPHI MpeIMeTH: I3BIHOUKU, (hJICUTH, CTAaTyeTKH, aMyJieTh, aMm(opu, iMImopTHuii rocya. Yci
CTaTyeTKM OyJIM YMUCHO PO30MTi, OUeBUIHO, il Yac LIePEMOHIi, sIKi, MIMOBIpHO, Oy/IM MOB’s13aHi 3i CIOPYIKEHHSIM Oy-
nuHKiB. Taki o0psau MOIJIM CYIPOBOIXKYBATUCS CIIOXKUBAHHSIM HaMoiB i3 aMdop, sIKi B MOOYTi MPaKTUYHO HE BUKOPHUCTO-
BYBAJIUCSI, 3BaXKalOUM Ha PiIKiCTh BiAMOBIIHUX 3HaXigoK. [Ipo My3uuHUi1 CynpoBi LIepeMOHI CBiTYaTh i 3aIUILIKKU (JICUT
Ta 13BOHIB. Came y OyauMHKax i3 He3BUYAMHUMU TpeAMEeTaMU i 30cepe/KeHi yIaMKU iMITOPTHUX MOCYAUH, iI€HTUUHUX
KepaMilli 3 YTOpCbKMX HEOJITUYHUX CTOSTHOK KyJbTypu CTapyeBO Ta yrOPCHKOIO BapiaHTy KyJbTYpPU paHHbOI JIiHiAHO-
CTPIYKOBOI KepaMiku. IMOBipHO, /ISl y4yacTi y MEBHUX LIEPEMOHISIX 3alpolIyBaJli CYCilIHI JpYysKHi IPynu HaceJeHHs,
rnepenoBCciM HEOTITUYHUX MEILKAHIIIB 3aXiJHOI YTOPILMHU.

Kawuoei caoea:neonim, Llenmpanvua €spona, my3uuni incmpymeHmu, eAUHAHI 036IHOUKU, PEKOHCMPYKUis.

b. M. Ilombepeep’, H. C. Komosa?, II. I[llmaoaep’

! lokmop ¢unocopuu, nayunwiit compyornuk Myses ecmecmeentoii ucmopuu, Bena

2 Jlloxmop ucmopuueckux HayK, 6e0yusuil HayuHblil COmpyOHUK omoena apxeono2uu SHeOAUMa-3noxu OpoH3bL,
Hnemumym apxeonoeuu HAH Yipaunot

3 llokmop xa6., nayunsiii compyonux Myses ecmecmeennoil ucmopuu, Bena

HOBBIE [MTPEATTOJIATAEMBIE MY3bIKAJIbHBIE MHCTPYMEHTEBI HEOJIUTA EBPOIIbI

CraTbsl MOCBSIIEHA HAaXOAKaM TJIMHSIHBIX W3eIWid, KOTOpble PEKOHCTPYMPOBAHbI KaK IJIMHSHBIE KOJOKOJIbYMKMU.
OHM HaiileHbl Ha paHHEHEOJIUTUYECKUX rocereHusx bpyun 3 B Huxneit Asctpun (5340—5265 rr. 10 H. 3., KyJabTypa
JIMHENHO-JIeHTOYHO KepaMuku) U ['ennenxasa B 3ananHoii Benrpuu (5800—5500 rr. g0 H. 3., cTapueBcKas KyJabTypa).
PaccMaTtpuBaeMble KepaMUUeCKre U3IEIUsSI MMEIOT MUPaMUIATIbHYIO (hOpMY, BEICOTY OKOJIO 6,5 CM U OTBEPCTHE B BEPX-
Heii yacTu. ABTOp packKomok ['e/ieHxa3bl CUMTaeT UX IPY3MKaMHU, OJHAKO OHM HAMJIEHBI B apXEOJIOTMYECKUX 00beKTax
BMECTE C NIMHSHBIMU (bJIeiiTaMU, YTO ITO3BOJISIET TIPEUTOXKUTD MHYIO MX MHTepHpeTalnio. [TMHSIHbIE MOASIN KOJIOKOJIb-
YUKOB, U3rOTOBJIEHHBIE 110 00pa3iiaM 13 000MX IMOCETIEHMIA, MTO3BOIWINA U3YYUTh UX 3By4aHue. OHO ObLIO TOBOJBHO IJTy-
XHMM, YTO, BUAMMO, U CTAJIO MPUYMHON TOTrO, YTO M3AEIUsI ObLIM pa30UThI M BHIOpOIIEeHBl. Ha moceneHusIX KyabTyphbl
JIMHEHO-JIEHTOUHOI KepaMUKu BpyHH 3 1 2 B HEKOTOPBIX JOMax pa3MellaliCh SIMbl, B KOTOPbIX KOHLIEHTPHUPOBAIUCH
HeOpAMHAPHBIE TPEAMEThI: KOJOKOJbYMKHU, (DJICHTHI, CTATYITKM, aMyJIeThl, aM(opbl, UMIIOPTHas rmocyna. Bee cratyaTku
ObLTU LIeJIeHANpPaBAEHHO Pa30MThl, CKOpee BCEero, BO BpeMsl LIEPEMOHUI, KOTOpbIE, BUAMMO, ObLIN CBSI3aHbI CO CTPOU-
TEJIbCTBOM 3THUX JIOMOB, MPUHAIJIEKABIINX JUAEPaM OOIIMH. DTH 0OPSIIbl MOTJIM COMPOBOXKIATHCS PACTIUTHEM HATTUTKOB
u3 ambop, KOTOpble B ObITY MPAKTUYECKU HE MCIOJIb30BaIKMCh, TaK KaK MX HaXoAKu peaku. O My3bIKaJbHOM COMPO-
BOX/IEHUH LIEPEMOHMI CBUICTEIbCTBYIOT OCTaTKU (BJICUT U KOJOKOJBbYMKOB. MMEHHO B JoMaX ¢ HEOOBIYHBIMU TIpeIMe-
TaMU COCPEIOTOYEHBI 00JOMKHM UMITOPTHBIX COCYIOB, MACHTUYHBIX KEpaMUKE U3 BEHIePCKUX HEOJIUTUIECKUX CTOSTHOK
KyJbTYpbl CTapyeBO M BEHITePCKOr0 BapMaHTa KyJbTYpbl paHHEU TMHEHHO-JICHTOYHOM KepaMUKU. BeposiTHO, 1t yyac-
THsI B HEKOTOPBIX LIEPEMOHMSIX MPUIVIAIIAINCH COCEIHUE IPYKECTBEHHbIE IPYINbl HACEIEHUsI, U, B MIEPBYIO O4Yepe/ib,
HEOJIMTUYECKHEe O0rTaTeIn 3anaaHoi BeHrpuu.

Knwuesvie caoea:neorum, [lenmpanvras Eepona, My3bikanbHbie UHCMPYMEHMbL, 2AUHSAHbLE KOAOKOAbYUKU, PEKOHCMPYK -
yus.
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