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Abstract

A total of more than 50 pellet bells and bells dating to the Avar period belong to the archaeological collection of
the Rippl-Rénai Museum in Kaposvar. They were investigated within the frame of the research project “Metallic
Idiophones between 800 BC and 800 AD in Central Europe”, in an interdisciplinary and cross-national co-
operation between Austria and Hungary. The results, gained through archaeological, archaeometric, acoustic,
psychoacoustic methods and experimental textile archaeology are presented here.

Kivonat

A kaposvari Rippl-Ronai Miizeum régészeti gyujtemenye tobb mint 50 darab avar kori csérgét és csengot oriz,
amelyeket a "Metallic Idiophones between 800 BC and 800 AD in Central Europe” kutatdsi projekthez
kapcsolodva, Ausztria és Magyarorszag kozotti interdiszciplindris egyiittmiikédés keretében vizsgaltunk. Jelen
tanulmanyban a régészeti, archeometriai, akusztikai, pszichoakusztikai és kisérleti textilrégészeti modszerekkel
kapott eredményeket mutatjuk be.
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Introduction

The collection of the Rippl-Ronai Museum in
Kaposvar keeps approximately 50 pellet bells and
bells from the Early Middle Ages. They originate
from the Avar cemeteries Kaposvar-Toponar 40-es
orhaz, Kaposvar-Toponar-Fészerlak-puszta, Kapos-
var 61.sz.ut, Kaposméré-Agyagbanya, Zamardi-
Rétifoldek, Vors-Papkert B, Vors-Battyani Diszno-
legeld, and Kereki-Homokbanya

(Fig. 1.). These idiophones were investigated in
the research project “Metallic Idiophones between
800 BC and 800 AD in Central Europe”, which is
funded by the Austrian Science Funds FWF and
supported by the Natural History Museum Vienna.
The scientists’ team already investigated idio-
phones from the Hungarian National Museum
Budapest (Pomberger et al. 2022b), the Savaria
Museum in Szombathely (Pomberger et al. 2021b)
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Fig. 1.: Cemeteries with pellet bells from the Avar period in the Somogy county (Graphic: B. M. Pomberger,

base map: www.d-maps.com)

1. abra: Avar kori temetdk csorgékkel Somogy megyében (rajz: B. M. Pomberger, alaptérkép: www.d-

maps.com)

and the Balaton Museum in Keszthely (Pomberger
et al 2023).

The sites

Only 57 burials in all eight cemeteries together
contained idiophones, such as pellet bells and bells,
most of them dating to the late Avar period
(Appendix 1).

2.1. Kaposvar-Toponar, 40-es 6rhaz (Kaposvar
FO 33, 40/a), cemetery

The excavations of the cemetery were carried out
with interruptions from 1968 to 1981 (Szentpéteri
2002) and in 2003. So long 205 graves, dating to
the late Avar period, could be saved (status 2002).
(Hungarian National Museum Archaeology Data-
base, 21 June 2023,
https://archeodatabase.hnm.hu/en/node/4753)

Ten pellet bells originate from six burials (Fig. 2.)
(Bardos 1978). One pellet bell was excavated in
each of the girls” graves 18 (cat. 1) and 36 (cat. 2).
Another one was found in the child grave 52
(cat. 6) and two in the girl’s grave 43 (cat. 3 and 5).
One originates from the woman’s grave 48 (cat. 5).
All these pellet bells lay near the left femurs and are
cast in copper alloys except the pellet bell from
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grave 52, which is made from sheet metal. The
other four pellet bells (cat. 7-10) were found in
grave 57, where a man was buried with his horse.
These pellet bells belong to the horse bridle
(Plate 1/1-10).

2.2. Kaposvar-Toponar-Fészerlak-puszta, ceme-
tery

The cemetery was excavated in several campaigns
in 1968, 1970 (Szimonova 1972), from 1974 till
1981 with interruptions, in 2004 and in 2016
(Hungarian National Museum Archaeology Data-
base, 21 June 2023,
https://archeodatabase.hnm.hu/en/node/44847).

218 graves are excavated so far (Evinger 2003) and
dates to the late Avar period. Two pellet bells are
known, one from grave 47 (cat. 11) and a stray find
(cat. 12) (Plate 2/2-3).

2.3. Kaposvar-61. sz. ut

First excavations of the cemetery were carried out
in 1979 and 1980. During this campaign 87 burials
were unearthed, dating to the 9™ century (Fig. 4.)
(Bardos 1985), but only grave 82, burial of a child,
contained a pellet bell (cat. 13, Plate 2/1). The
position of this pellet bell in the grave is uncertain.


http://www.d-maps.com/
http://www.d-maps.com/
http://www.d-maps.com/
https://archeodatabase.hnm.hu/en/node/4753
https://archeodatabase.hnm.hu/en/node/44847
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Fig. 2.: Graves with pellet bells from the cemetery Kaposvar Toponar 40-es 6rhaz (according to Bardos 1978, 30, Fig. 4; Graphic: B. M. Pomberger).

2. abra: Csorgoket tartalmaz6 sirok a Kaposvar Toponar 40-es 6rhaz temetében (Bardos 1978, 30, 4. abra nyoman, rajz: B. M. Pomberger)
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2.4. Kaposméro-Agyagbanya

The cemetery dates to the late Avar period and
contained 254 graves, which were excavated in
1980, 1985 and 1989-90 (Szentpéteri 2002). Six
pellet bells and one bell were found. One pellet bell
(cat. 51) originates from grave 80 (Varga 2016,
pl. 6/32), where a horseman with a horse is buried.
The pellet bell seems to be part of the horse bridle.
Grave 48 contained a double burial — an adult and
child. This child was buried with three pellet bells
(Varga 2016, 173, pl. 3/2). Another child in
grave 231 had one pellet bell (Varga 2016, 168,
pl. 3/2). One pellet bell belonged to a woman in
grave 19 and a cone shaped bell to the woman in
grave 120 (cat. 52) (Varga 2016, 168, pl. 8/10) (see
Plate 2/5-6).

2.5. Zamardi-Rétifoldek

The cemetery in Zamardi-Rétifoldek dates from the
6™ to the 9™ century CE. So far, 2700 graves are
excavated (Balogh 2019). First finds were reported
in 1963. During excavations in 1972 and 1987—
1998 with interruptions 2368 burials could be saved
(Bardos & Garam 2009, 7-8). 2334 graves contain
humans’ remains (97%) and 70 (3%) are horse buri-
als (Fig. 3.) and those among them containing bells
and pellet bells are subject to our investigations.
The attires of the buried individuals resemble
closely to those of the Merovingian culture, which

Distribution graves

= humans

m horses

202

could be observed in several burials (Garam 2011,
Balogh 2019). We also observed that around 1.3%
of the burials (35) contained idiophones, divided
between 30 individuals’ and 5 horses’ burials
(Fig. 3.). In the new-found graves 37 pellet bells, 5
bells and 4 tutuli were excavated. Tutuli are cone-
shaped pendant or objects cast on bronze or forged
from sheet metal. Pellet bells were found in
fourteen women’s, nine children’s burials (four
girls’, one boy’s, four children’s) and one man’s
burial. The bells originate from two women’s, one
young girl’s (?) and two undefined individuals’
burials. Four horse burials contained pellet bells.
Four tutuli were unearthed from one burial

(Fig. 4.).

Pellet bells were part of nine child burials
(cat. 16/burial 498; cat. 19/burial 702; cat. 21/burial
1172;  cat. 22/burial 1273;  cat. 25/burial 1685;
cat. 26/burial 1688; cat. 27/burial 1689; cat. 33/
burial 1878; cat. 37/burial 1904). Thirteen women
burials contained pellet bells as part of their belt
ensembles (cat. 14/burial 97a; cat. 23/burial 1304;
cat. 28/burial 1711; cat. 30/burial 1874; cat. 31/
burial 1832;  cat. 34/burial 1885; cat. 41/burial
2099;  cat. 42/burial 2125;  cat. 43/burial 2275;
cat. 45/burial 2308; cat. 46/burial 2349; cat. 47/
burial 2352; cat. 48/burial 2357). Three of the bells
belonged to women burials (cat. 15/burial 407;
cat. 17/burial 517; cat. 32/burial 1872).

Distribution burials without and with
idiophones

m gravestotal
m humans/peliet bells
m horse/pellet bels-and tutuli

Distribution Idiophones

m humans/Peliet bells

= humans/bels

u horses/pellet bells
horses/tutuli

C

Fig. 3.: Distribution of idiophones in the graves from the cemetery Zamardi-Rétifoldek (Graphic: B. M.

Pomberger).

3. abra: Az idiofonok eloszlasa a Zamardi-Rétifoldek temetd sirjaiban (rajz: B. M. Pomberger)
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Fig. 4.: Distribution of bells and pellet bells in human and horse graves from the cemetery Zamardi-Rétifoldek

(Graphic: B. M. Pomberger).

4. abra: A csengok ¢s a csorgdk eloszlasa az ember- és 16sirokban a Zamardi-Rétifoldek temetében (rajz: B. M.

Pomberger)

The other two bells were found in burial 614
(cat. 18) and burial 960 (cat. 20). Sex and age of the
deceased individuals in these graves are unknown.
Only one masculine burial contained a pellet bell
(cat. 39/burial 2088) (see Table1.). The horse
burial 1900 (cat. 24) outstands with five pellet bells.
The grave was disturbed and therefore the original
position of the pellet bells is unknown. The three
pellet bells of the horse in grave 1653 (cat. 24) were
near the neck. Probably the two pellet bells in
grave 2283 (cat. 29) were located within the horse’s
neck area. The one pellet bell from grave 2091
(cat. 40) was found next to the horse’s breast. The
horse burial 1900 unfortunately is disturbed, but
stands out with five pellet bells (cat. 35).
Grave 1903 (cat. 36) contained four tutuli made
from sheet metal, which were found near the breast
of the horse skeleton (see Plates 3-7).

2.6. Vors-Papkert B

The cemetery in Vors-Papkert B consists of 716
graves. 167 of them can surely be dated to the late
Avar period. The rest are from the Early Bronze
Age (Kisapostag culture), the 9"-century
Carolingian fringe culture, the period of the
conquest, as well as archaeologically indeterminate
age and empty burial pits. They were unearthed
during rescue excavations in 1983-85 and 1987-93
(Szentpéteri 2002). One pellet bell was found in
grave 321 (cat. 50; Plate 2/4).
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2.7. Vors-Battyani Disznélegeld

The site contained one grave with pellet bells — so
far known to the authors —, dating to the late Avar
period. In grave 634 three pellet bells cast in copper
alloy and one forged from iron sheet found near the
left knee, organic material underneath. Since the
pellet bells were below each other with their eyelets
upwards, they may have been suspended from a
ribbon (Laszl6 2012; Kolté 2016) (cat. 53;
Plate 9.). The pellet bells were not available for
investigations and sound recordings.

2.8. Kereki-Homokbanya

The cemetery contained 151 graves from the late
Avar period. Excavations in Kereki-Homokbanya
were carried out in 1973, 1987, 1988 and 2004
(Kolté 2005; Kolté & Laszld 2013; Laszlo 2012)
(Fig. 5.) (Hungarian National Museum Archaeo-
logy Database, 10 June, 2024,
https://archeodatabase.hnm.hu/en/node/55885).

Each one bell was found in grave 53 and 104. Pellet
bells were excavated in six graves. Two of them
were children’s burials (48, 115), graves 27, 63,
104/A and grave 120 women’s and 109 a man’s
burial. In grave 120, the burial of a young woman
the pellet bell shows displays a face-like decoration
(cat. 54-61; Plates 10 and 11). This pellet bell was
not available for investigations and sound
recordings.


https://archeodatabase.hnm.hu/en/node/55885
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Table 1.: Graves of Zamardi-Rétifoldek cemetery with bells and pellet bells and their positions (by B. M.
Pomberger). RRM = Rippl-Rénai Museum

1. tablazat: A Zamardi-Rétifoldek temetd sirjainak csengdi és csorgdi, valamint ezek helyzete (a tablazatot
osszeallitotta: B. M. Pomberger). RRM = Rippl-Rénai Muzeum

Cat.

nr
15

17

32
18
20
14
23
28
29
30
31
41
42
43
45
46
47
48

33

34

37

26
16
19
21
22
25
39
27

38

24

35

40

44

36

Idiophone
bell

bell

bell

bell?

bell

pellet bell
pellet bell
pellet bell
pellet bell
pellet bell
pellet bell
pellet bell
pellet bell
pellet bell
pellet bell
pellet bell
pellet bell
pellet bell

pellet bell

pellet bell
pellet bell

pellet bell
pellet bell
pellet bell
pellet bell
pellet bell
pellet bell
pellet bell
pellet bell

pellet bell

3 pellet
bells

5 pellet
bells

pellet bell

2 pellet
bells?

3 tutuli

Inventory nr.

RRM 84.224.8
RRM---

RRM 247.1.1872.1
RRM 247.1.614.1
RRM 247.1.960.3
RRM---

RRM 247.1.1304.3
RRM 247.1.1711.8
RRM 247.1.1728.12
RRM---

RRM 247.1.1832.4
RRM 247.1.2099.1
RRM ---

RRM ---

RRM ---

RRM ---

RRM 247.1.2352.2
RRM 247.1.2357.9

RRM
247.1.1878.3=247.1.187
7.3

RRM 247.1.1885.1

RRM 247.1.1905.4 =>
burial 1904?

RRM 247.1.1688.9
RRM---
RRM 247.1.792.10
RRM 247.1.1172.1
RRM ---
RRM 247.1.1685.3
RRM---
RRM 247.1.1689.1

RRM---

RRM---

RRM ---

Site
Zamérdi-Rétifoldek
Zamardi-Rétifoldek

Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétif6ldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétif6ldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek

Zamardi-Rétifoldek

Zamardi-Rétifoldek
Zamardi-Rétifoldek

Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétif6ldek

Zamardi-Rétifoldek

Zamardi-Rétifoldek

Zamardi-Rétifoldek
Zamardi-Rétifoldek
Zamardi-Rétifoldek

Zamardi-Rétifoldek
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Grave
nr.

407
517

1872
614

960

97/a

1304
1711
1728
1874
1832
2099
2125
2275
2308
2349
2352
2357

1878

1885
1904

1688
498

792

1172
1273
1685
2088
1689

1937

1653

1900
2091
2283

1903

Sex/Age

woman
woman?

young girl
human
human
woman
woman
woman
woman
woman
woman
woman
woman
woman
woman
woman
woman

woman
girl
girl
girl
boy
child
child
child
child
child
man

youth

empty
grave

horse

horse
horse
horse

horse

Position

in earthfilling

bell on chain fixed on
ornamental disc

near left knee
disturbed
disturbed

left knee

in earthfilling
near left femur
near left knee
under left femur
near left knee
right leg

near left femur
near left knee
left femur

near left femur
near femurhead
woman, near left knee

near pelvis

near left femur
left femur

in earthfilling
between femurs
near left femur
pelvis/chest
right leg

on femurs

near right femur

near femurs

empty grave
neck

disturbed
breast chest
neck of horse?

on breast strap?
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Morphological analyses, decorations and
measurements

The bells excavated from early Avar period burials
are very similar to Roman bell types und thus
reinforce the assumption that people just used
ancient Roman bells. Reusing ancient bells was also
a common practice in the Merovingian Empire
(Quast & Wolf 2010, 171). Three Roman bell types
appear in the cemetery of Zamardi-Rétifoldek.

The copper alloy bell type 1/var. B was found in
grave 960, bell type 5/var. C in graves 407 and 614
and from grave 1872 an iron bell type 3 was un-
earthed. The bell from burial 517 contained a cast
bell with an unusual form. Its base is rectangular,
and the mantel is similar to bell type 1, but the
crown is topped with aspherical ball, from which a
hook is suspended. This detail is not typical for
Roman bells, but artful mouldings of the bell crown
and the handle were developed in Egypt during the
Roman period (Hickmann 1951; Hickmann 1956).
A figure of the Egyptian god Bes tops the bells
UC33262 and UC52168 that can be seen in the
Petrie Museum of Egyptian Archaeology in
London.

The cone shaped bell made of sheet metal from
burial 120, cemetery Kaposméré-Agyagbanya, is a
rarity and cannot be classified to any Roman bell
type. It shows similarities with a Western Iranian
bell type, called ‘zang’
(https://en.wikipedia.org/wiki/Zang_%28bell%29#/
media/File:Bell LACMA_ M.76.97.894.jpg;
https://www.britishmuseum.org/collection/object/\W

1975-0301-3). The two bells from Kereki-
Homokbanya (grave 53 and 104A) correlate with
the Roman types 1 and 5.

Small cone shaped bells from the Avar period are
only known from Kiskéros-Vagohidi-dild, graves
3, 8, 17, 41, 67 and date to the late Avar period
(Garam 1993). Furthermore, truncated shaped
pendants — tutuli — were found in the horse burial
1903, Zamardi-Rétifoldek and thus correlate with
the horse burial of Wien-Liesing, Carlbergergasse,
grave 3 (MoBler 1948; Pomberger et al. 2022a)
(Fig. 6.).
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Pellet bells are represented in the shapes I, Il, 1V,
V, VIl and VIII according to the typology of Avar
pellet bells (Pomberger 2020). They are cast in
various copper alloys and forged from iron sheet as
well as from copper alloy sheet. Sounds slots are
simple or cruciform shaped. Pellet bells composed
of two vertical halves made from sheet metal show
no sound slots and no sound holes. The number of
sound holes varies between two and four with
different positions. The surface of pellet bells
shows decorations like vertical grooves, vertical
and radial-horizontal grooves, oblique line bundles
and vertical grooves, and circumferential-vertical
grooves. One pellet bell from the burial 48,
Kaposvar-Toponar, 40-es 6rhaz (cat. 5) has circum-
ferential banding pattern with dots. This kind of
decoration appears on three pellet bells, which were
found in burial 50 in the Szent Marton Church,
Szombathely, dating to the 11" century CE (Kiss
2000, Fig. 91/10; pl. 81/50/2-4).

Very rare are pellet bells with faces, in our case
known from burial 2308, Zamardi-Rétifoldek
(cat. 45) (Fig.7.)) and Kereki-Homokbanya,
grave 120 (cat. 61). Analogies are known for
example from grave 11, Komarno IV (Cilinska
1982, pl. 4), grave 107, Komarno IX (Trugly 1993,
pl. 12) and Keszthely-Varosi temeté (Lipp 1885,
116/326). Decorations of vertical grooves on the
lower part of the pellet bell appear on pellet bells in
grave 660, Wien-Csokorgasse (Pomberger et al.
2022a), in grave 104, Gyenesdias, in graves 40 and
42 from Esztergalyhorvati-Alsobarandpuszta. The
two latter graves date to the Carolingian period
(Pomberger et al. 2023) as well as the grave 34 of
the cemetery Bratislava-Rusovce (Pomberger et al.
2022c). An analogy to the pellet bell with vertical
and radial-horizontal grooves from grave 1711,
Zamardi-Rétifoldek (cat. 28) is known from
grave 660, Wien-Csokorgasse (Pomberger et al.
2022a). One of the three pellet bells from
grave 634, Vors-Battyani Disznolegeld, is deco-
rated with an x-shaped sign (cat. 53).

The sizes of the pellet bells vary between 1.4—
3.8 cm without handle and 1.8-4.6 cm with handle.
The weight of complete conserved pellet bells is
between 9.67-24.56 g.


https://en.wikipedia.org/wiki/Zang_%28bell%29#/media/File:Bell_LACMA_M.76.97.894.jpg
https://en.wikipedia.org/wiki/Zang_%28bell%29#/media/File:Bell_LACMA_M.76.97.894.jpg
https://www.britishmuseum.org/collection/object/W_1975-0301-3
https://www.britishmuseum.org/collection/object/W_1975-0301-3
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Fig. 5.: Graves with bells and pellet bells from the cemetery of Kereki-Homokbanya (Graphic: B. M. Pomberger, according to Laszl6 2012, map 4).

5. abra: Csengodket és csorgoket tartalmazo sirok a Kereki-Homokbanya temetdben (rajz: B. M. Pomberger, Laszl6 2012, 4. térkép nyoman).
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bells cast in coper alloys

/' \
[\ —
/~: / ) {
{8 {0 B a s &
Roman bell type 1/var. B Roman bell type 5/var. C No Roman type
Zamardi-Rétifoldek burial 960 Zamardi-Rétifoldek burial 407 Zamardi-Rétiféldek burial 517

bells forged from sheet metal

[+ "\

)

< Sy HE - -
Roman iron bell type 3 no Roman type, copper alloy sheet 0 5
Zamardi-Rétifoldek burial 1872 Kaposméré-Agyagbanya burial 120

Fig. 6.: Bell types from Avar burials (Graphic: B. M. Pomberger according to Bardos & Garam 2009, pl. 47, 67,
112; Bardos & Garam 2014, pl. 196; Varga 2016, pl. 8/9; Laszl6 2012, pl. 70/4).

6. abra: Cseng6tipusok avar temetkezésekben (rajz: B. M. Pomberger, Bardos & Garam 2009, pl. 47, 67, 112,
Bardos & Garam 2014, pl. 196; Varga 2016, pl. 8/9; Lasz16 2012, pl. 70/4 nyoman)

PELLET BELLS

basic shapes production sound slot sound holes and position decoration

o0 | =
O shape | - circular

O-0

CID shape Il - oval
00

O shape IV

simple

2 sound holes at sound slot
2 sound holes at vertex
both opposite

vertical and oblique line bundles
L radial-horizontal  and vertical grooves
: grooves

O shape V

cruciform )
O = O pair of opposite sound holes
| ! . .
O shape VIl circumferential c"c‘l/j::tfi':lm'al
banding pattern grooves
| two vertical halves &3
O shape Vil 4 sound holes

Fig. 7.: Shapes and decorations of pellet bells (Graphic: B. M. Pomberger).
7. abra: A csorgdk alakja és diszitései (rajz: B. M. Pomberger)
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Chemical analyses in the surface layer of the objects), or manufac-

o turing processes (e.g., to enhance sound-ing).
31 metallic idiophones were analysed non-

destructively by using a SPECTRO xSORT Combi The heavily corroded objects are the following:
handheld XRF spectrometer (15-50 kV, 30— RRM 247.1.2352.2; pellet bells 2,34
120 pA, Rh anode, SDD detector, ‘Alloy Plus in- RRM 247.1.1885.1; RRM 247.1.2099.1;
cluding Light Elements’ built-in calibration, mea- RRM 247.1.1711.8;  RRM 247.1.19054  and
surement area 3 mm in diameter, 60 sec measure- RRM 247.1.960.3. Data of these objects can be
ment time). taken into consideration only qualitatively.

The analysed metallic idiophones were manufac- RRM 76.625.11 and RRM 77.11.31-32-33 pellet
tured from different types of copper alloys: mainly bells were presumed to be gilded, however, the
bronze, leaded bronze, and gunmetal (Figs. 8-9; measurements disproved gilding.

Table 2.). The composition of the alloys is very Elevated silver content (4.1 wt%) was measured in
h_eterogeneous, g_enerally the measured concentra- case of RRM 78.31.7 pellet bell, but no sign of
tion of the alloying elements (Pb, Zn, Sn) is very silvering is seen by naked eye.

high. It can be due to corrosion processes (espe-
cially in case of Pb and Sn, which can be enriched

Pb A RRM 78.27.3 © RRM 247.1.792.10

V RRM 78.31.7 A RRM 247.1.1689.1
RRM 78.31.8 pellet bell 3
& RRM 78.35.4 M RRM 247.1.1688.9
leaded @ RRM 76.702.2 pellet bell 4
capper * A RRM 76.625.11 RRM 247.1.1885.1
@ RRM 77.11.32 A RRM 247.1.2357.9
@ RRM 77.11.31 X RRM 247.1.2099.1
A V RRM 77.11.34 @ RRM 247.1.1685.3
o? ® O RRM 77.11.33 X RRM 247.1.1711.8
& Qo O RRM 76.474.1 RRM 247.1.1905.4
g) %* A pellet bell 1 A pellet bell 5
bq’ ® ‘2\ V RRM 93.5.56 V RRM 247.1.614.1
\Q)q’ leaded Q%\ ¥ RRM 247.1.2352.2 B RRM 84.224.8
gunmetal o @\ X pellet bell 2 RRM 247.1.960.3
6 O RRM 93.233.1

v
brass = gunmetal bronzeo©

A A A A

Zn Sn

X sign indicates heavily corroded objects

Fig. 8.: Chemical composition of the metallic idiophones from the Rippl-Ronai Museum (Kaposvar) plotted on
the Sn-Pb-Zn ternary diagram (after Bayley 1989). During corrosion processes of copper-based alloys lead and
tin contents increase, whereas zinc content decreases towards the surface (Graphic: V. Mozgai).

8. abra: A kaposvari Rippl-Ronai Muzeum fémidiofonjainak kémiai Osszetétele az Sn-Pb-Zn haromszog-
diagramon (Bayley 1989 nyoman). Rézalapu otvozetbdl késziilt targyak korr6zidja soran az o6lom- és az
ontartalom novekszik, mig a cinktartalom csokken a felszin felé (rajz: Mozgai V.).
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X sign indicates heavily corroded objects

Fig. 9.: Chemical composition of the metallic idiophones from the Rippl-Ronai Museum (Kaposvar) plotted on
the Zn-Sn and Pb-Cu binary diagrams (after Bayley 1989). The Pb-Cu binary plot is used to differentiate leaded

and non-leaded alloys (Graphic: V. Mozgai).

9. abra: A kaposvari Rippl-Ronai Miuzeum fémidiofonjainak kémiai dsszetétele az Sn-Zn és a Cu-Pb diagramon
(Bayley 1989 nyoman). A A Cu-Pb diagramot az 6lmozott ¢s nem 6lmozott 6tvozetek elkiilonitésre alkalmazzuk

(rajz: Mozgai V.).

(Psycho-) Acoustical Measurements

The acoustics of idiophones is complex and
depends on a variety of factors, most of which are
connected to the physical properties of the object
itself, like material/alloy, weight/size, shape or wall
thickness, but also the mode of excitation plays a
crucial role. The sound and timbre of pellet bells
consists of a series of single excitations over time,
that occur when an encapsulated smaller object
bounces against the inner walls, forcing the
‘mantle’ of the pellet bell to oscillate. When such
an idiophone is excited constantly (e.g., by shaking
it), typically up to 25 single hits per second are
created. Those single impulses have a very short
decay time of roughly 20-150 milliseconds. Bells
are usually larger and create less hits per seconds,
because the clapper is mounted to the inner surface.
They can oscillate more freely with less dampening,
and typically have significantly longer decay times
of a few hundred milliseconds to sometimes even
some seconds.

How long an idiophone can oscillate mainly
depends on the physical properties, if an object is
solid but does not dampen the oscillation too much,
a lot of so-called ‘modes’ can form. In idiophones
(and also membranophones) the sound does not
consist of just one fundamental frequency (f0) with
overtones (harmonics) being integer multiples, as is
the case in aerophones and chordophones, but

rather a complex combination of single oscillations
that create a number of partial frequencies or
‘overtones’ (Hall 1980, 156-168).

Every instrument, that is excited impulsively, has a
very short attack time of just a few milliseconds,
within that timespan the maximum amplitude is
reached and the oscillation immediately starts to
decay. The moment of impact is high in spectral
energy, and partial frequencies can be seen after a
few milliseconds. In the spectrogram, the impact
resembles a vertical line with dense colouring and
the decay of partials can be seen as horizontal lines.
Decay time is different for all the partials, but
typically low frequency oscillations are dampened
less (Hall 1980, 168), thus have a longer decay time
than higher ones. Fig. 10a-b illustrates the spectral
differences in excitation and decay time between
pellet bells (a) and smaller bells (b).

In the time and frequency domain, bells and pellet
bells typically overlap, depending on the size and
weight of the objects. Smaller ones create more
single impulses than larger ones in both groups and
also the frequency range is higher in smaller ones.
Larger pellet bells and smaller bells, however,
might be equal in both parameters. But overall,
bells produce more pronounced partials in the
spectrum, thus are more tonal and evoke a clearer
sensation of pitch in listeners, while the pellet bells
sound is rather noisy and can evoke only little pitch
perception (Schneider 2000).
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Table 2.: Chemical composition of the metallic idiophones from the Rippl-Ronai Museum (Kaposvar) measured by hXRF. The results are given in wt%. LOD = limit of
detection. The elevated Fe, Al, Si, S and P content is due to corrosion processes and soil contamination. Red: gilding presumed but not proved; purple: silvering(?). (by V.
Mozgai).

2. tablazat: A kaposvari Rippl-Ronai Mizeum fémidiofonjainak kézi XRF-fel mért kémiai Osszetétele. Az adatokat tdmeg%-ban adtuk meg. LOD = kimutatasi hatar. A
megndvekedett Fe-, Al-, Si-, P- és S-tartalom a korr6zios folyamatok és talajszennyezddés eredménye. Piros szamok: feltételezett, de nem igazolt aranyozas, lila szamok:
eziistozes (?) (a tablazatot dsszeallitotta: Mozgai V.).

Cat. Inventory Nr. Object Cu Zn Sn Pb Sb As Au Ag Fe Al Si P

2 RRM 78.27.3 pellet bell 88.9 0.1 7.8 2.5 0.1 <LOD <LOD 0.6 0.02 <LOD <LOD <LOD
3 RRM 78.31.7 pellet bell 80.6 0.1 9.3 2.7 0.1 0.1 0.1 4.1 0.03 1.6 <LOD 0.3

4 RRM 78.31.8 pellet bell 86.4 0.5 7.7 33 0.7 0.1 <LOD 0.4 0.1 <LOD <LOD 0.4

5 RRM 78.35.4 pellet bell 70.1 0.2 22.6 5.0 0.2 0.3 0.4 0.1 0.2 <LOD <LOD 0.5

1 RRM 76.702.2 pellet bell 88.8 0.9 33 3.7 0.1 0.2 0.1 0.6 0.1 1.5 <LOD 0.2

6 RRM 76.625.11 pellet bell 82.2 1.3 8.0 3.9 0.1 0.2 0.2 0.2 0.7 <LOD <LOD 2.9

6 RRM 76.625.11 pellet bell 86.4 1.2 6.2 3.0 0.1 0.1 0.2 0.1 0.5 <LOD 0.2 1.7

7 RRM 77.11.32 pellet bell 90.3 0.8 6.9 1.5 0.1 0.03 0.1 0.1 0.1 <LOD <LOD <LOD
7 RRM 77.11.32 pellet bell 87.2 2.3 6.7 0.7 <LOD 0.1 <LOD <LOD 0.1 0.5 1.6 0.1

8 RRM 77.11.31 pellet bell 90.2 0.4 7.6 1.1 0.1 0.1 0.1 0.2 0.1 <LOD <LOD <LOD
8 RRM 77.11.31 pellet bell 88.1 5.5 4.0 0.1 <LOD <LOD <LOD <LOD 0.1 <LOD <LOD 0.1

9 RRM 77.11.34 pellet bell 88.4 1.1 7.0 1.8 0.1 0.03 <LOD 0.1 0.2 <LOD 1.1 0.1

10 RRM 77.11.33 pellet bell 89.8 1.0 7.0 1.7 0.1 <LOD <LOD 0.1 0.1 <LOD <LOD 0.04
10 RRM 77.11.33 pellet bell 88.4 2.9 6.7 1.2 <LOD 0.1 <LOD <LOD 0.1 <LOD 0.1 0.1

11 RRM 76.474.1 pellet bell 77.2 0.4 14.6 3.0 0.2 0.04 0.2 0.2 0.4 <LOD 1.0 1.7

12 pellet bell 1 pellet bell 85.3 0.6 7.2 3.4 0.2 0.1 <LOD 1.8 0.3 0.5 0.5 0.1

13 RRM 93.5.65 pellet bell 85.9 0.3 9.3 1.0 0.3 0.1 0.2 0.4 0.2 <LOD <LOD 1.6

47 RRM 247.1.2352.2 pellet bell 66.5 0.7 7.5 8.5 0.1 0.1 <LOD 0.04 0.4 2.9 11.4 1.8

42 pellet bell 2 pellet bell 67.5 0.2 5.1 22.6 0.1 0.6 0.1 0.03 04 <LOD 0.7 2.6

19 RRM 247.1.792.10 pellet bell 67.9 2.3 25.1 1.7 0.1 0.6 <LOD <LOD 0.2 <LOD 1.3 0.8

27 RRM 247.1.1689.1 pellet bell 65.0 0.5 11.0 21.0 0.3 0.3 <LOD 0.1 0.1 <LOD <LOD 1.8

46 pellet bell 3 pellet bell 84.7 0.5 4.8 0.8 <LOD <LOD <LOD <LOD 0.2 2.8 6.0 0.2

26 RRM 247.1.1688.9 pellet bell 49.2 0.8 21.9 24.7 0.2 0.8 <LOD 0.7 0.7 0.5 0.2 0.1

43 pellet bell 4 pellet bell 76.9 0.8 6.1 2.9 <LOD <LOD <LOD 0.04 0.2 2.7 4.7 5.7

34 RRM 247.1.1885.1 pellet bell 35.7 2.7 18.0 36.9 0.3 <LOD <LOD 0.2 1.3 <LOD 1.0 3.5

48 RRM 247.1.2357.9 pellet bell 73.1 1.0 11.6 11.9 0.3 0.4 <LOD 0.5 0.1 0.3 0.4 <LOD
41 RRM 247.1.2099.1 pellet bell 63.5 0.2 6.4 25.6 0.2 0.3 <LOD 0.4 0.1 0.8 0.2 2.1

25 RRM 247.1.1685.3 pellet bell 81.6 0.3 10.1 5.6 0.1 0.1 <LOD 0.1 1.7 <LOD <LOD 0.2

28 RRM 247.1.1711.8 pellet bell 63.4 0.5 7.2 16.6 0.3 0.6 <LOD <LOD 0.6 1.9 5.9 2.9

37 RRM 247.1.1905.4 pellet bell 56.6 0.7 11.6 25.7 0.5 0.6 <LOD 0.1 0.2 <LOD <LOD 3.9

49 pellet bell 5 pellet bell 38.2 0.4 8.2 0.9 0.1 0.1 <LOD 0.8 0.1 <LOD 0.8 0.2

18 RRM 247.1.614.1 bell 90.4 2.7 4.1 0.9 0.04 0.1 <LOD <LOD 0.3 0.9 04 0.2

15 RRM 84.224.8 bell 81.1 10.4 5.3 0.3 0.1 0.3 <LOD <LOD 0.5 0.7 <LOD 0.1

20 RRM 247.1.960.3 bell 51.1 4.6 3.6 26.4 0.03 0.4 0.2 <LOD 6.2 0.2 <LOD 7.0

50 RRM 93.233.1 pellet bell 70.8 2.7 15.4 7.1 0.1 0.3 <LOD 0.6 0.2 <LOD <LOD 1.3
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One of the most important acoustic parameters is
the sound pressure level (SPL) of the objects, given
in dB re p0 (= 0.00002 Pa), which is calculated
from the root mean square (RMS) value of the
calibrated recordings. Since the SPL decreases by
6 dB per doubling of the distance to the source
(Attenborough 2014, 119), the maximum audible
distance for a sound object can be calculated for a
given background noise. Another key parameter is
the frequency range covered by the sound from the
lowest (fmin) to the highest (fmax) partial frequency.
The overall SPL of small idiophones is not high,
however, the frequency range covered typically
overlaps with the most sensitive area of the human
hearing, which is roughly between 1.5-6 kHz
(Moore 2003, 57). In most cases, one of the partial
frequencies is particularly high in amplitude, which
is called the ‘peak frequency’ that matches the
‘eigenfrequency’ of the idiophone and also plays a
key role in pitch perception.

A different approach to describe sounds is
psychoacoustic parameters that do not directly
reflect physical properties of sounds, but rather
model subjective human perception thereof. Psy-
choacoustics as part of psychophysics seeks to find
the correlations between the physical (objective)
qualities of a sound and the perception (subjective)
of it. In psychoacoustics, the measure for the inten-

kat.11.FFT vs. Time Spectrogram
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sity sensation is loudness, which can be given either
in ‘phon’ or ‘sone’. They are defined with a
reference sound of 1 kHz at 40 dB SPL equalling
40 phon or 1sone (Fastl & Zwicker 2007, 203-
204). The unit phon is interval-scaled, while the
sone is ratio-scaled, which means that 50 phon is
twice as loud as 40, and 2 sone is twice as loud as
1. Sharpness is a parameter that describes a sensa-
tion resulting from the spectral shape and density,
where the humans’ most sensitive hearing area also
plays a crucial role. It is measured in ‘acum’, which
is also interval-scaled and defined as one critical
band wide noise at 60 dB with a center frequency
of 1 kHz (Fastl & Zwicker 2007, 241). Roughness
is created by a modulation of the amplitude (AM),
which starts around 15 Hz of modulation frequency
and reaches its maximum in 70 Hz, but starts to
disappear at a modulation frequency higher than
150 Hz. The unit to measure the parameter is
‘asper’, which can be a value between 0 (not rough
at all) and 1 (maximum roughness at 70 Hz AM at
1 kHz (Fastl & Zwicker 2007, 257). Tonality as a
model predictor is represented by the tone-noise-
ratio (TNR), given in dB that compares the tonal
part of a sound (partial frequencies) to the noise
part based on a human hearing-model (Becker et al.
2019, 5820). Those four parameters are often used
to quantify a concept called the ‘sensory pleasant-
ness’ of sound (Fastl & Zwicker 2007, 243).

kat.20.FFT vs. Time Spectrogram

ffHz - ffHz

5000 o 5000

2000 2000

1000 1000

45 50

55 60 65 70 WELLTSLNE a 45 50 55 B0 65 70 FLLIEENE: b

Counts
Counts

]

I 1 1 I 1 1 1 1 I T 1 I 1 1
55 60 65 70 75 80 85 90 5 10 15 20 25 30

SPL (dB) c

Weight d

Fig. 10.: a-b - Spectrogram (HAN, 1024) of pellet bell cat. 11 (left) and bell cat. 20 (right). Yellow/red colour
indicates high amplitudes in the respective frequency range (y-axis) over time (x-axis). c—d - Histograms for the
distribution of sound pressure level (left) and weight (right, one value unknown and missing in the graph) of the
16 analysed objects (Graphic: J. Miihlhans).

10. 4bra: a-b - A kat. 11 csorg6 (balra) és a kat. 20 cseng6 (jobbra) spektrogramja (HAN, 1024). A sarga/voros
szinek a nagy amplitidokat jelzik az adott frekvenciatartomanyban (y tengely) az id6 fiiggvényében (x tengely).
c-d - A 16 elemzett targy hangnyomasszintjének (balra) és tomegének (jobbra, egy hianyz6 adat kivételével)
eloszlasi hisztogramja (rajz: J. Miihlhans).
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More commonly used adjectives to describe the
prominent timbral feature of brightness are
high/low or dark/brilliant. This parameter can be
estimated using the spectral centre of gravity or
‘spectral centroid’ (SC) in Hz (Saitis & Siedenburg
2020, 2256). Last but not least, the impulsiveness
of the sounds is measured, that quantifies the
degree of impulsive content perceived in a sound.
This property of sound is often described as
‘rattles’ or ‘clicks’ (Willemsen & Rao 2010, 2), in
the non-standardized ‘impulsiveness unit’ (iu).

The (psycho-) acoustic parameters mentioned
above have been calculated using Audition CC
(Adobe Audio Team 2024), ArtemiS Suite 9.3
(HEADACcoustics 2024) and Praat (Boersma &
Weenink 2024) and additional statistical calcula-
tions have been done using JASP (JASP Team
2024).

16 objects, 15 pellet bells and one bell, have been
recorded and analysed. While Fig. 10a-b already
highlighted the differences in excitation between
bells and pellet bells, there are still notable differ-
ences between the pellet bells as well.
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The histograms (Fig. 10c—d) show that, with one
exception (cat. 29, 56.1 dB), the objects lie in the
range between 65-85 dB. The distribution also has
a tendency towards louder objects. The weight
distribution shows a concentration in the 20-25-
gram range. However, the sound pressure level is
not correlated with the weight, so larger objects are
not louder in this case, as one would expect.

Apart from this exception (cat. 29), the objects are
within 20 dB of each other, i.e. physically speaking,
the SPL of the loudest object is about 8 times as
high as that of the quietest, while subjectively
speaking, as the width of the loudness measurement
(14.8-50.6 sone) shows, the loudest object is
almost four times as loud as the quietest. The
differences in frequency range can be mainly seen
in the lower end (fmin=1.0-3.9 kHz), because human
hearing is rather sensitive in this area. In the upper
end, where hearing gets increasingly insensitive,
the range gets larger (fmax=13.5-21.8 kHz), but will
less impact on sound perception.

The peak frequency, however, is highly correlated
with the spectral centroid (r=0.716, p=.002), both
being strong indicators of the perception of both
pitch and brightness.

Tonality (TNR, dB)

75 90

SPL (dB)

80 85 90

Sharpness (acum)

| T T 1
0.00 0.05 0.10 0.15 020 0.25 0.30

Roughness (asper)

Fig. 11.: Correlation scatterplots with trend lines and 95% confidence interval for acoustical and psychoacoustic

parameters (Graphic: J. Miihlhans).

11. abra: Az akusztikus és pszichoakusztikus paraméterek korrelacidos szorasdiagramjai trendvonalakkal és

95%-o0s konfidencia intervallummal (rajz: J. Miihlhans).
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SPL is — despite the very obvious loudness — also
highly correlated with sharpness (r=0.869, p<.001)
and tonality (r=0.922, p<.001). In simple words, the
louder an object, the sharper and more tonal, i.e.
less noisy. Roughness is correlated positively with
impulsiveness (r=0.984, p<.001) and negatively to
tonality (r=-0.859, p<.001) and sharpness (r=-
0.654, p=.006).

Overall, the objects can be described as sharp
(3.26-6.45acum) and hardly to mildly rough
(0.026-0.283 asper). In tonality, quite a large
margin could be observed, ranging from 0.45 dB,
which can be described as equally tonal and noisy,
up to 28.8 dB (cat. 20, the bell), that has almost no
noise components. Also, the objects are bright on
average, with an SC ranging between 2.9-7.1 kHz
and a peak frequency between 2.4-6.0 kHz (see
Fig. 11a-f).
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For the material, there was only one significant
result — a higher amount of copper is associated
with a lower value in fmin (r=-0.532, p=.041).
Controlled experiments with replicas in many
different alloys have shown that the influence on
acoustic parameters is very large, but not in a
predictable or linear way, that would result in statis-
tical correlations (Miihlhans & Pomberger 2023,
165).

In the spectral properties, the objects can be rough-
ly divided into three groups, one being sounds with
very pronounced partial frequencies (cat. 1,3, 4, 5,
11, 20, 50), one being the less tonal sounds with
less and broader partials (cat. 12, 41, 42, 46, 47)
and one with hardly any partials at all (cat. 27, 28,
29, 49). Fig. 12. illustrates this with two examples
for each of those ‘groups’.
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Fig. 12.: Spectra (HAN, 4096) of sounds (a—b) with very strong and pronounced partial frequencies, (c—d) less
pronounced and weaker ones and (e—f) sounds with hardly any partials at all (Graphic: J. Miihlhans).

12. abra: (a—b) Nagyon ers és hangsulyos parcialis frekvenciaji, (c—d) kevésbé hangsulyos és gyengébb, és (e—
f) parcialis frekvenciat alig tartalmazo hangok spektrumai (HAN, 4096) (rajz: J. Miihlhans).
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The previously mentioned negative correlation
between impulsiveness and tonality can be seen in
the spectrogram. Fig. 13. shows two examples
each, high in impulsiveness and low in tonality, and
vice versa. Tonal sounds clearly have a decent
amount of decay time and also visible spectral
energy in the partials.

Conclusively, we can say that the idiophones from
Kaposvar cover a wide range of all (psycho-)
acoustic parameters, thus single objects are more or
less typical for pellet bells. The only bell stands out
in its temporal features but not quite in spectral
ones, except for being the most tonal object. The
statistical analyses show that objects high in loud-
ness and SPL are also higher in sharpness and
tonality, but lower in roughness and impulsiveness.
These analysis results reflect the current condition
of the objects, some of which are less and some are
more corroded. In the uncorroded original condi-
tion, it can be assumed that SPL/loudness, sharp-
ness, tonality and brightness would be considerably
higher, while the values for roughness in particular
would be lower.

Function and use of pellet bells

We have evidence that the pellet bells and bells
were fixed to the belt with ribbons, strings or chains
because of the position in which they were found.
In the graves 18, 36 and 43 from the site Kaposvar-
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Toponar, 40-es 6rhaz, as well as in grave 82 from
site Kaposvar-61. sz. ut the deceased have their
pellet bells on their left sides near the thighbones.

The same find position is known from sixteen
graves from the cemetery Zamardi-Rétifoldek, all
burials of female individuals. In most of these cases
it seems that the idiophones hang from long belt
straps. Some women and girls wore them hooked
into their ornamental discs which were fixed on
long hanging straps (graves 517, 97a, 1685, 1711,
1904, 2099, 2275, 2308, 2357). This kind of
wearing belts and belt assemblages is typical for
women of the Eastern Pannonian communities with
Germanic culture (Garam 2011; Balogh 2019). On
the other hand, the man interred in grave 2088 wore
his pellet bell on the right side (Bardos & Garam
2014). The pellet bells of the Kereki-Homokbanya
cemetery were also found near the left hips,
femurs/legs and knees. Interesting is the position of
a small bell from burial 53, which was found on the
skull. It was probably fastened on a necklace. In
grave 634 from Vors-Battyani Disznolegeld the
three pellet bells lay near the left leg. It might have
been the custom for women to wear their bells and
pellet bells on the left side and for men on the right.
However, we have too few examples of pellet bells
found in male graves to be able to derive a rule.

Both pellet bells and bells are made from metal.
Pellet bells imitate vascular fruits and thus are

kat.4.FFT vs. Time Spectrogram
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kat.46.FFT vs. Time Spectrogram
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Fig. 13.: Spectrograms (HAN, 1024) of sounds (a-b) high in tonality and low in impulsiveness (cat. 3 & 4) and

(c—d) vice versa (cat. 28 & 46) Graphic: J. Miihlhans).

13. abra: (a—b) Nagy tonalitasu és kis impulzivitasu (kat. 3 & 4), illetve (c—d) forditott jellemzdjii (kat. 28 & 46)

hangok spektrogramja (HAN, 1024) (rajz: J. Miihlhans).
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symbols for fertility, abundance and life after death
(Pomberger in print). Bells developed from sound-
ing stones, clay bells, fruit bowls and sounding
bowls and imitate upturned bowls (Kramer 2015,
13). Both idiophones produce noises and sounds
when being shaken respectively struck. They
should be understood as sounding amulets that
fulfil their duty as long as the owner believes in its
supernatural properties (Hirschberg 1988, 23-24).
Since there are only less than 1.17% of graves with
idiophones, this custom and belief seems to be
practised by only few Avar people.

Horses with pellet bells as parts of the horse gear
were found in the graves 1653, 1900 and 2019 from
the cemetery in Zamardi-Rétifoldek (cat. 24, 44, 35,
40) as well as from grave 57, Kaposvar-Toponar,
40-es Orhaz (cat. 7-10). The five pellet bells from
grave 1900 and the three ones from grave 1653,
Zamardi-Rétifoldek, are forged from iron sheet,
probably composed of two horizontal halves (The
authors could not investigate these items). The
pellet bell from grave 2091, Zamardi-Rétifoldek is
cast in copper alloy. Interesting are the four pellet
bells from grave 57, Kaposvar-Toponar, 40-es
Orhaz, which are forged from sheet metal (bronze)
and composed of two vertical halves in shape VII
(Fig. 7.). This type of pellet bell mostly appears in
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horse burials as parts of the bridle. Analogies are
known from Avar cemeteries in Slovakia, Hungary
and Austria. Mostly this type of pellet bells is part
of the horse head harness. But in a few cases, this
type pellet bells were found in the context with
human skeletons like in grave 276, Szebény I, and
Kaposvar-Toponar, 40-es O6rhaz, grave 52, Hun-
gary. Interesting is the pellet bell from grave 525,
Vosendorf-Laxenburgerstrafle, Austria, in which a
man was interred. Among his grave goods was the
head harness sleeve of a horse — as a symbol for a
horse — as well a sheet metal pellet bell, which
could be a further symbolic attribute of a horse or it
simply belonged to the man (Tarcsay 2013;
Pomberger & Stadler 2018) (see Table 3., graves
containing pellet bells of copper alloy sheet metal).
Pellet bells became parts of the Avar horse gear in
the second half of the late Avar period (8"/9™
century CE) with a few exceptions, namely
grave 79, Bratislava-Devinska Nova Ves (ceme-
tery 1), dating to MAP 11, grave 401 from the same
cemetery, dating to LAP I and grave 107, Komarno
(cemetery IX), dating to LAP | (Pomberger &
Stadler 2018; Csuthy 2019; Pomberger et al 2022c).
Avar people have been wearing bells since the
middle of the 7" century (Pomberger & Stadler
2018).

Table 3.: Graves containing pellet bells of copper alloy sheet metal (by B. M. Pomberger).

3. tablazat: Rézotvozet fémlemezbdl késziilt csorgdket tartalmazod sirok (a tablazatot dsszeallitotta: B. M.

Pomberger)

s Site e
15 Radvati nad Dunajom, Zitava I, SK | 10

4 Radvan nad Dunajom, Zitava I, SK = 31

1 Komarno IV, SK 25

1 Komarno VIII, SK 24

1 Komarno IX, SK 36

1 Komarno IX, SK 71

2 Komarno IX, SK 79

1 Komarno IX, SK 101

2 Komarno IX, SK 121

1 Komarno IX, SK 153

3 Valaliky-Vsechsvitych, SK 98/84
1 Wien-Csokorgasse, AT 650
12 Pitvaros-Viztarozo, HU 51

1 Vosendorf/Laxenburgerstrafie, AT 525

1 Szebény, HU 276

1 E?Jposvér-Toponér, 40-es 6rhaz, 52

Belongs to Literature
horse Budinsky-Kricka 1956
horse Budinsky-Kricka 1956

horse or man, unclear

Cilinska 1982

horse Cilinské4 1982

horse Trugly 1987

horse or man, unclear Trugly 1987

horse Trugly 1987

horse Trugly 1993

horse Trugly 1993

horse Trugly 1993

horse Zabojnik & Béres 2016
horse Pomberger et al. 2022a
horse Bende 1998

symbolic attribute for
horse?

child

child
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Garam 1975

Bardos 1978
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Visuality and sound

Though there is surely some symbolism involved in
the use of idiophones, they can also be seen as
accessories at the same time. Just as bright colours,
jewellery, and decorations of clothing attract atten-
tion visually, so do sounds — without the listener
needing to even look in the wearer’s direction.
Thus, idiophones can be visually appealing, for
example decorated, shining pellet bells, or dangling
small metal elements, but also acoustically. One
specific clothing composition from the Early
Medieval period demonstrates this well: women’s
costumes with long hanging straps on their belts
(German: “Gehdngegiirteltracht”) (Garam 2011).
This costume, which can be found throughout
burials of various Early Medieval cultures from
Western to Eastern Europe, is characterised by a
belt that was worn on the outside that was often
decorated with many fittings (otherwise rather
untypical for Avar women) and had multiple
objects attached to it — some of them clapping and
rattling, such as pellet bells and disc pendants.

Practical everyday objects could also be attached,
such as spindles, knives, keys, needle cases, and
perhaps also small bags. These hung quite low, in
the area of the knee or even lower, thus they must
have dangled a lot while walking, drawing the eye
to the area due to movement and also creating
sounds with the objects clapping against each other.
Examples for these ensembles are the burials 82,
91, 97a, 517, 646, 1055, 1321 (Bardos & Garam
2009), 1887, 1918, 1921, 2125, 2308 and 2357
(Bardos & Garam 2014) from Zamardi-Rétifoldek.

In order to get an idea of how such a costume could
have appeared, we decided to recreate the costume
of the woman buried in Zamardi-Rétifoldek
grave 2357, dating to the first half of the eighth
century CE (Fig. 14.). The metal objects and the
glass beads were all replicated from the grave
goods. The organic objects were of course no
longer preserved — and there are in fact no complete
garments known from the Avar period. For this
reason, the textile garments and the belt were
recreated using the closest sources available, while
at the same time incorporating organic fragments
we have from the period. This means that all the
fabrics were woven in a typical tabby weave and
the underdress was made of linen, the most
common fibre of the Avar period (Pomberger et al.
2021a, 124-125).

For the dresses, the garments from Moshchevaja
Balka in the Northern Caucasus (lerusalimskaja
1996), associated with the Alanic period, were used
as a basis for the cuts, as these are excellently
preserved and date to the 8™ to 10™ century CE.
Furthermore, they exhibit characteristics of steppe
cultures as well, such as caftans for clothing, which

HU ISSN 1786-271X; urn: nbn: hu-4106 © by the author(s)

216

Fig. 14.: Recreation of a woman’s sounding
costume based on grave 2357 of Zamardi-
Rétifoldek (photo: Simon Dupper).

14. abra: Hangot ad6 ndi ruhazat rekonstrukcidja a
Zamardi-Rétifoldek 2357. sirja alapjan  (fotd:
Simon Dupper)

are also known from the few Avar period pictorial
sources (e.g., Vida 2017, Fig. 67.3). The overdress
included some western elements, while still incor-
porating a Moshchevaja Balka cut. For example,
the sleeves were shorter and wider, based on a
depiction of a woman’s dress in the 9" century
Stuttgart Psalter (fol. 83v top).

Recreating the belt brought forward some interest-
ing new insights. For example, the two fittings that
were attached onto the horizontal part of the belt
were necessary for practical rather than decorative
purposes, since they helped stabilise the belt from
the heavy weight of the attachments on the hanging
strap. The strap end clapped against one of the
fittings when in movement, also acting as an
idiophone. Due to the different shapes and materi-
als of the attachments — two bronze discs, two iron
keys, and a bronze pellet bell — along with the
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clapping strap end, this belt creates many different
types of sounds when in movement. Furthermore,
this costume is to be used in science communi-
cation, showing that people of proto-history did not
just wear simple rags, but instead liked to adorn
themselves and had a complex visual and audial
coding system using clothing. In addition, this cos-
tume was made to fit many sizes in order to allow
people to experience wearing the garment. Though
very subjective, it will be interesting to see how
people feel wearing such noisy clothing, especially
comparing introverted with more extroverted peo-
ple.

Summary and conclusion

Pellet bells and bells (both belong to the group of
idiophones) excavated from the Avar-age cemeter-
ies Kaposvar-Toponar 40-es Orhaz, Kaposvar-
Toponar-Fészerlak-puszta, Kaposvar-61. sz. 1t,
Kaposmér6-Agyagbanya, Zamardi-Rétifoldek and
Vors-Papkert B were investigated. Adding all ex-
cavated graves of all those cemeteries together the
result is 4180 graves. Only 48 of them contained
idiophones, which is 1.17%. Mainly women, fol-
lowed by children, horses and men wear pellet bells
or bells. Only 4.6% of the graves from the cemetery
Kereki-Homokbanya contained idiophones and the
distribution shows that women followed by chil-
dren had pellet bells/bells and on the last position is
only one man’s burial. Three pellet bells from
grave 634 of the cemetery Vors-Battyani Diszné-
legelé complete the study. It is a woman’s grave.
Most of the bells are very similar to Roman bell
types und thus reinforce the assumption that people
just used ancient Roman bells. They can be classi-
fied into three types. One conical shaped bell from
Kaposmér6-Agyagbanya has its roots in Western
Iran. Other cone-shaped bells and truncated shaped
tutuli have pendants in Kiskérds-Vagohidi-diilo,
Hungary and Wien-Liesing/Carlbergergasse, Aus-
tria. The pellet bells are represented in shapes I, Il,
IV, V, VII and VIII with six different decorations.
Their sizes are between 1.8-4.6cm and with
weights from 9.67-24.56 g. 31 pellet bells were
analysed by using a handheld XRF spectrometer.
They are forged from iron sheet and copper alloy
sheet and cast in bronze, leaded bronze and
gunmetal. The compositions are very hetero-
geneous. Pebbles, bronze balls and lumps of cinder
serve as rattle bodies. Sound recordings were made
of 15 bells and one bell. Their frequencies range
from 0.8 up to 20 kHz. Their most pronounced
partials are in the range between 1.6-6 kHz and
thus in the sensitive range of human hearing. Their
sound pressure level is between 65-85 dB, with one
exception. Louder objects are sharper and more
tonal than quieter ones. All in all, the idiophones
can be described as sharp, hardly to mildly rough
and bright. Some are equally tonal and noisy, but
there are also some that have almost no noise
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components. There was one significant result: a
higher amount of copper is associated with a lower
value in frequency range fmin. Concerning spectral
properties, the objects can be roughly divided into
three groups, one being sounds with very pro-
nounced partial frequencies, one being the less
tonal sounds with less and broader partials and one
with hardly any partials at all. The statistical analy-
ses show that objects high in loudness and SPL are
also higher in sharpness and tonality, but lower in
roughness and impulsiveness. These analysis re-
sults reflect the current condition of the objects,
some of which are less and some are more corro-
ded. There is evidence that pellet bells and bells
were attached to the belts with chains, ribbons ore
strings. Especially in the graves from Zamardi-
Rétifoldek women wore a typical belt assemblage,
known from Western to Eastern Europe, with
ornamental discs, pellet bells or bells, spindles,
knives, keys, needle cases and sometimes small
bags. Hanging quite low, in the area of the knee or
even lower, thus they must have dangled a lot while
walking, drawing the eye to the area due to
movement and also creating sounds with the objects
clapping against each other. A recreation of the
costume with the belt of grave 2357 brought
forward that the two fittings that were attached onto
the horizontal part of the belt were necessary for
practical rather than decorative purposes, since they
helped stabilise the belt from the heavy weight of
the attachments on the hanging strap. The strap end
clapped against one of the fittings when in move-
ment, also acting as an idiophone. Pellet bells, imi-
tating vascular fruits, originally were symbols for
fertility, abundance and everlasting life. In the Avar
period they “worked” as apotropaic amulets. Bells
seem to have the same function. People liked to
adorn themselves and had a complex visual and
audial coding system using clothing. Pellet bells
and tutuli in horse burials belong to the bridle.
Mainly they were fixed on the head stall, in some
exceptions also on the saddle or on the breast strap.
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