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A GROUP OF GOLD EARRINGS 
FROM BURDUR MUSEUM 
AND ARCHAEOMETRY 
ANALYSIS (TÜRKIYE)

Abstract: The aim of this study is to examine a group of gold earrings in 
Burdur Museum from a typological and analogical perspective and to share the 
archaeometric analysis data of these earrings. The atifacts were added to the 
museum inventory through purchase. 12 of the examined artifacts are gold, one 
is gold plated on bronze, and one is gold plated on glass. 13 of the artifacts are 
earrings and 1 is an earring pendant: Of these artifacts, Cat. No. 1–12, 14 are 
hoop shaped. Cat. No. 1–4, 14 artifacts have simple hoop shaped. Cat. No. 13 is 
a pendant. These artifacts are defined as head jewellery. 
Since it was not possible to take pieces from the artifacts or use destructive 
methods in the analysis of the artifacts, the analyses were carried out using 
non-destructive methods. Three analysis methods were applied: P-EDXRF, X–
ray Radiography and µ-PIXE. The numerical data of these analyses were exam-
ined and the data were obtained using the statistical analysis method SPSS. The 
analysis covers topics such as the use of pure gold and gold ore, chemical com-
ponents of alloys, color differences resulting from the combination of gold 
with silver and copper alloys, alloys used in plating and copper ratios used in 
soldering.

Keywords: Burdur Museum, Gold Jewellery, P-EDXRF, X–ray Radiography and X–
ray µ-PIXE.

INTRODUCTION

In ancient times, wealth, fashion and personal desires were at the fore-
front in the selection and use of jewellery forms. It is known that earrings, 
necklaces, bracelets, rings, crowns, fibulas and chained chest jewellery are 
widely preferred among the jewellery types frequently used by women.1 
Among these, the most important and evaluated jewellery group in terms of 
our subject is the earring.

In this study, 14 gold earrings belonging to Burdur Museum were exam-
ined.2 The artifacts were brought to the museum through purchases. It is 
defined as head jewellery. It has been examined in two main typologies 

1  WILLIAMS/OGDEN 1994, 33.
2  We would like to thank Burdur Museum Director Murat Kaleağasıoğlu for allowing the exami-
nation and publication of the gold jewellery included in this study (the official permit dated 
31/01/2023 and numbered E–51544244–155.01–3441393). Dr. Çetin Görür (Van Yüzüncü Yıl 
University, Türkiye) and Dr. Aykut Kabak (Van Yüzüncü Yıl University, Türkiye), who determined 
the numerical data of the artifacts with the statistical analysis method SPSS; Prof. Dr. Rıdvan 
Karapınar (Burdur Mehmet Akif Ersoy University, Türkiye) for his support in interpreting the 
analysis of the artifacts.

mailto:ssoslu@mehmetakif.edu.tr
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according to its forms: Hoop earrings are evaluated as closed 
and opened hoop earrings. There is one pendant. They are 
produced using wire, filigree, engraving, sheet, casting, plat-
ing and granulation techniques. The earrings date back to 
the Roman Imperial period based on their model features.

Since it was not possible to take pieces from the artifacts 
or use destructive methods in the analysis of the artifacts, 
the analyses were carried out using non-destructive meth-
ods. Three analysis methods were applied: P-EDXRF, X–ray 
Radiography and µ-PIXE. 

This study was prepared with two purposes in mind. The 
first purpose is to examine a group of gold earrings in Burdur 
Museum from a historical and archaeological perspective, to 
determine their functions, purposes of use, forms and pro-
duction techniques and to create a catalogue in line with the 
obtained data. The second purpose of the study is to deter-
mine their chemical alloys by performing archaeometric 
analyses.

The importance of this study is to identify gold earrings 
by analyzing them with micro-analytical and non-destruc-
tive analysis systems such as P-EDXRF,3 X–ray Radiography4 
and µ-PIXE5 and to create a catalogue for their introduction 
to the Anatolian ancient gold jewellery culture. For this rea-
son, such studies, in which the Burdur Museum gold group is 
examined and its archaeometric analysis is carried out, will 
both make gold jewellery studies more qualified and provide 
information about the technology of the jewellery field in 
the historical process through their analyses.

HISTORICAL DEVELOPMENT OF EARRINGS 
IN ANCIENT GOLD JEWELLERY ART

The first earrings made of gold appeared in the 4th millen-
nium BC.  The earliest examples are in the Athens,6 Varna7 
and Benaki8 museums. It is a centre in Anatolia where gold 
earrings dating back to the 3rd millennium BC were found;9 
Alacahöyük, Eskiyapar and Troy II are also important settle-
ments where earrings were found.10 It is also noteworthy 
that the diversity in form and production techniques in gold 
earrings dating from the end of the 2nd millennium BC to 
the beginning of the 1st millennium BC has increased. The 
earrings dating back to the 1st millennium BC consist of 
a “semicircular C form” body. Thin wire was used in their 
production. Spiral decorations depicting grape clusters 
formed from spheres were encountered using the granu-
lation technique.11 Archaic and Classical periods earrings 
are more sumptuous products. The earrings produced with 
sheet, chain, granulation and embossing techniques in spi-
ral, circle, crescent, sandal, pyramid and spool shapes are 
common. Depictions of gods (eros) and goddesses (medusa), 

3  POTTS/WEST 2008, 55–56.
4  SCHREINER et alii 2004, 1–17.
5  HALDEN/CAMPBELL/TEESDALE 1995, 293–302.
6  PAPAGEORGIY 2003, 213, no. 3.
7  KRAUß et alii 2017, 282–305.
8  PAPAGEORGIY 2003, 215, no. 7.
9  TURE/SAVASCIN 2000, 25.
10  DUCHENE 1995, 1–9.
11  MARSHALL 1911, 23–24, Pl.  III, no. 322–323, 348; 27–30, Pl.  IV, no. 
470, 488, 501, 510, 512, 538; BINGOL 1999; MERICBOYU 2001; ZIMMER-
MANN 2016, 8.

mythological characters (ganymedes, nereid), human and 
animal figures (lion) and plants (palmette) were frequently 
used.12 In the Hellenistic period, hoop, rosette, pendant, 
spiral, crescent and pyramid earrings produced using wire, 
engraving, granulation, casting and sheet techniques were 
widely preferred. It is seen that stone earrings (precious 
and semi-precious) have also started to be produced.13 The 
widespread use of simple hoop earrings attracts attention 
during the Roman Imperial period. When we look at ear-
ring making techniques in the 1st–2nd centuries AD cast-
ing, wire, solid wire, granulation, engraving, sheet and mold 
techniques were preferred;14 while in the 2nd century AD 
large spiral twisted earrings were preferred.15 In the 2nd–3rd 
centuries AD earrings with disc rings and pendantless,16 ear-
rings with square rings and pendantless,17 “S” shaped hoop 
earrings18 and conical shaped earrings with pendants were 
widely produced using wire and granulation techniques.19 In 
the 4th–5th centuries AD the production of hoops-shaped 
earrings with or pendantless using wire, engraving, coating 
and granulation techniques was quite common.20 Also, cre-
sent-shaped earrings were produced using wire, sheet, carv-
ing and openwork and granulation techniques between the 
6th–7th centuries AD21 and the 10th century AD.22

STUDY SUBJECT GOLD EARRINGS 
(FIG. 1 (CAT. NO. 1–14))

In this study, 14 gold artifacts were examined: 12 of these 
artifacts are made of gold (Cat. No. 1–9, 11–12, 14), one is 
gold-plated on bronze (Cat. No. 10) and one is gold-plated 
on green matt glass (Cat. No. 13). Of these artifacts, Cat. No. 
1–12, 14 are hoop shaped. Cat. No. 1–4, 14 artifacts have 
simple hoop shaped. Cat. No. 13 is a pendant. The hook or 
hoop part of this artifact has not been found.

The artifacts were examined in 2 groups according to the 
hoop type. Group 1: closed hoop earrings (Cat. No. 1–9, 
11–12, 14). Group 2: open hoop earrings (Cat. No. 10). The 
closed hoop earrings are divided into 2 groups as pendant 
(Cat. No. 8–9, 12) and pendantless (Cat. No. 1–7, 11, 14). 

12  WILLIAMS/OGDEN 1994, 57, no. 9; 76, no. 31; 87, no. 38; 91, no. 43; 94. 
no. 46; 95, no. 47–8; 131, no. 75; 198, no. 132; 247, no. 177.
13  HOFFMAN/DAVIDSON 1965, 84, Fig.  13; 88, no. 15a; 91, no. 16; 94, 
18a; 95, no. 19a; 98, no. 21a; 104, no. 24; 105, no. 25; 108, no. 29; 109, 
no. 30; 111, no. 32; 287, no. 137; JULIIS 1984, 153, no. 63–5; 160, no. 73; 
164–6, no. 78–80; 168–171, no. 83–86; 177, no. 100.
14  GREIFENHAGEN 1975, Pl.  49/11–13; MILOVANOVIC 2018, 120, no. 
17.
15  MILOVANOVIC 2003, 134, Pl. 2, IIIb1; FACSÁDY 2008, 239, Fig. 1, no. 
1c; MULLER 2010, 345, Taf. 98, 1–13, 135/24.
16  MARSHALL 1911, 292, Pl. LIII, no. 2508; MILOVANOVIC 2003, 14, no. 
IVa; 2018, 120, 17; MULLER 2010, 311, Taf. 64, 1–5, 15/11.
17  MARSHALL 1911, 282, Pl.  LII, no. 2394, 2396; FACSÁDY 2008, 239, 
Fig. 1, no. IVb; MILOVANOVIC 2018, 123, Fig. 22.
18  MARSHALL 1911, 281, Pl. LII, no. 2376; FACSÁDY 2008, 240, Fig. 5.
19  MARSHALL 1911, 284, Pl. LII, no. 2412, 2417; STERN 1990, 148, Pl. 30, 
no. 696.
20  MILOVANOVIC 2003, 134, Pl. 2, no. Ib; FACSÁDY 2008, 239, Fig. 1, no. 
IIIc; Fig. 1, no. 1b; MULLER 2010, 279, Taf. 31, 76, 6/7; UYGUN 2021, 228, 
Fig. 18.
21  SRIBAR/STARE 1974, 463, no. 6; BOLLÓK 2010, 182, Pl.  2, no. 11; 
GERMANA 2019, 3, Fig. 3; SCHULZE-DORRLAMM 2020, 24, 30, no. 19, 
25.
22  LANGO 2010, 372, 1d; BOLLÓK 2010, 182, Pl.  2, no. 2; KALAMARA 
2013, 266, no. 141; POSSENTI 2019, 296, no. 6; GERMANA 2019, 7, Fig. 7a.
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The pendant earrings are divided into 2 groups as applique 
(Cat. No. 8–9) and without applique (Cat. No. 12). Earrings 
with appliques are divided into 2 groups: earrings with 
square appliques and drop-shaped pendants (Cat. No. 8) and 
earrings with rosette appliques and wire pendants (Cat. No. 
9). There is an earring example without an applique. It has a 
spherical pendant (Cat. No. 12). 

The earrings pendantless are divided into two groups: 
with appliques (Cat. No. 5–7, 11) and without appliques 
(Cat. No. 1–4, 14). The applique earrings feature stylized 
grapes (Cat. No. 5), rosettes (Cat. No. 6), pyramidals (Cat. 
No. 7), and wire decorations (Cat. No. 11). 

There is an example of an open hoop earring: with wire 
applique and pendantless (Cat. No. 10).

Closed Hoop Earrings (Cat. No. 1–9, 11–12, 14)
Cat. No. 1 artifact was made in wire technique. This arti-

fact is a simple hoop earring and pendantless. It is without 
applique. The earring is single. One end of the thick wire 
is wrapped twice around itself to form a large double loop, 
and the loop end is wrapped four times around the body. 
The other end, tapering towards the attachment point, is 
wrapped twice around a short hook hoop. Similar examples 
were found in the necropolises of Pecine,23 Juliopolis,24 
Bölcek25 and Eski Şamlar,26 as well as Andriake27 and 
Archaeological Museum of İznik28 and are dated to the 2nd–
4th centuries AD.

Cat. No. 2–4 artifacts were made with wire and engraving 
techniques. Cat. No. 2 artifact is a simple hoop earring and 
pendantless. It is without applique. The earring is single. One 
end of the thick wire is wrapped around itself twice to form 
a small double loop and the loop end is wrapped around the 
body six times. The other end, tapering towards the attach-
ment point, is wrapped once around the long hook hoop. 
There is a small ring on the body and a groove decoration. 
There are short scratches on the surface as a result of the 
engraving process. Cat. No. 3 artifact is a simple hoop earring 
and pendantless. It is without applique. The earring is pair. 
One end of the thick wire is wrapped twice around itself to 
form a small double loop, and the loop end is wrapped seven 
times around the body. The other end, tapering towards the 
attachment point, is wrapped once around the long hook 
hoop. The body is grooves decorated. Cat. No. 4 artifact is 
a simple hoop earring and pendantless. It is without appli-
que. The earring is pair. One end of the thick wire is wrapped 
twice around itself to form a small double loop, and the loop 
end is wrapped five times around the body. The other end, 
tapering towards the attachment point, is wrapped once 
around the long hook hoop. There are two small rings on its 
body and it is grooved. It similar examples are in the cities of 
Amisos,29 Cibyra,30 Patara31 and Perge,32 in the museums 

23  MILOVANOVIC 2003, 133, Pl. 2, IIa.
24  ARSLAN et alii 2011, 287, 291, Fig. 3.
25  TURKTUZUN1990, 44, Fig. 7.
26  YUCE 1994, Fig. 9, 93/3.
27  TALU 2020, 162, 165, cat. no. 4, 6.
28  KAYA et alii 2024, 185, Fig. 5a-b.
29  SIRIN/YIGITPASA 2021, 209, Fig. 32, cat. no. 32.
30  SIMSEK 2022, 674, 677–678, cat. no. 267–268, 274–275.
31  UYGUN 2000, 100, Pl. 23, K11.
32  OZGULNAR 2007, 76, cat. no. 2.

of Silifke,33 Tokat34 and Adana,35 the Museum of Anatolian 
Civilizations,36 as well as in the Berlin Prussian Cultural 
Heritage State Museums37 and the British Museum.38 It 
dates back to the 1st–3rd century AD.

Cat. No. 5 artifact was made with wire and granulation 
techniques. It is a hoop earring and pendantless. The earring 
is single. Both ends of the thick wire are of equal thickness 
towards the connection point. It is an applique earring and 
stylized grapes are used as decoration. The outer side of the 
lower half of the earring is decorated with a grape cluster made 
of small spheres made with the granulation technique. Two 
of the clusters were intact, while the other two were found 
to be missing from the remains on the earrings. The similar 
examples are found in the Burdur Museum,39 Alaşehir,40 
Mikulčice,41 the Museum of Anatolian Civilizations,42 the 
British Museum43 and in the tomb with a worked edge in 
Keszthely-Fenékpuszta.44 It dates back to the 2nd century 
AD. 

Cat. No. 6 artifact was made with casting and wire tech-
niques. It is a hoop earring and pendantless. The earring is 
pair. One end of the thick wire was wrapped around itself 
once to form a single loop and the loop end was wrapped 
twice around the body. The other end, which tapers towards 
the connection point, is wrapped twice around a short hook 
hoop. It is an applique earring and rosette is used as decora-
tion. The earring has a flat base and a rosette on the upper 
part, made with a curved profile casting technique. A similar 
earring was found in Tomb 66 at Viminacium45 and dates to 
the 2nd century AD.

Cat No. 7 artifact was made with wire and casting tech-
niques. It is a hoop earring and pendantless. The earring is 
double. One end of the thin wire is wrapped once to form 
a short loop and the loop end is wrapped twice around the 
body. The other end, which tapers towards the connection 
point, is wrapped once around the short hook hoop. It is 
an applique earring and pyramidal is used as decoration. 
The base of the hoop is flat and a pyramid-shaped orna-
ment is soldered to its outer part. It similar examples are 
found in Kütahya,46 Uşak-Kula,47 Patara,48 in the tomb in 
Aquincum,49 in Pirivoj Tomb 313 in Viminacium,50 in the 
Tokat Museum51 and in the British Museum.52 They date 
back to the 2nd–3rd century AD.

Cat. No. 8 artifact was made using casting, wire and sheet 

33  ERTEN 2018, 15, Fig. 5.
34  GORAL 2019, 127, cat. no. 11.
35  ATAKURU 2020, 56, cat. no. 3.
36  BINGOL 1999, 71, cat. no. 46.
37  ADOLF 1975, 62, Pl. 49, no. 10.
38  MARSHALL 1911, 289, Pl. LIII, no. 2464.
39  SOSLU/SOSLU 2024, 41, cat. no. 5.
40  BINGOL 1999, 69, cat. no. 42.
41  UNGERMAN 2020, 285, Fig. 182.1.
42  SEZGIN 2014, 89, no. 82.
43  MARSHALL 1911, 300, Pl. LIV, no. 2596.
44  MULLER 2010, 296, Taf. 49/12.
45  MILOVANOVIC 2018, 119, no. 16.
46  TURKTUZUN 1991, 244, Fig. 25.
47  BINGOL 1999, 74, cat. no. 52.
48  UYGUN 2000, 103, Pl. 25, no. K16.
49  FACSÁDY 2008, 239, Fig. 1, no. IVb.
50  MILOVANOVIC 2018, 123, Fig. 22.
51  GORAL 2019, 145, no. 36.
52  MARSHALL 1911, 282, Pl. LII, no. 2394, 2396.
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techniques. It is a hoop earring and has a pendant. The ear-
ring is single. One end of the thin wire is wrapped once to 
form a short hoop, and the hoop end is wrapped once around 
the body. The other end, tapering towards the attachment 
point, is wrapped once around the short hook hoop. In the 
earring is the with square applique and drop-shaped pen-
dant. A flat-based square pyramid is soldered to the outer 
surface of the hoop, and a drop-shaped pendant is soldered 
to the hoop. It similar examples can be found in the cit-
ies of Patara53 and Perge,54 in the Istanbul Archaeological 
Museum,55 in the Berlin Prussian Cultural Heritage State 
Museums,56 and in Tomb 1166 in Qasrawet (North Sinai).57 
It dates to the 2nd century AD.

Cat. No. 9 artifact was made with wire, engraving and 
granulation techniques. It is a hoop earring and has a pen-
dant. The earring is single. One end of the thick wire is 
wrapped once to form a short-thick loop and the loop end 
is wrapped once around the body. The other end, tapering 
towards the attachment point, is wrapped once around the 
short hook loop. In the earring is the with rosette appli-
que and wire pendant. A circular slot is opened on the out-
side of the hoop and small spheres are applied into it using 
the granulation technique. A long wire pendant was added 
to the earring by creating a large loop and there are small 
spheres made with the granulation technique at the end of 
the loop. The other end of the loop is knotted. There is a 
groove decoration made with the engraving technique on 
the wire attached to the earring. It similar examples are 
found in Tomb 36 in the Viminacium,58 Tomb 67 in Pirivoj59 
and in the Istanbul Archaeological Museum.60 It dates back 
to the 3rd century AD.

Cat. No. 11 artifact was made with wire and granulation 
techniques. It is a hoop earring and pendantless. The earring 
is pair. One end of the thick wire is wrapped once to form 
a short-thick ring, the other end, which tapers towards the 
connection point, is wrapped once and passed to the short 
hooked ring. A short wire is appliqued to the outside of the 
hoop. The spheres of various sizes were added to the ring 
using the granulation technique. The thin wire at the end 
of the spheres is undecorated and tapers towards the tip. A 
similar example is in the Istanbul Archaeological Museum 
and dates to the 4th century AD.61 

Cat. No. 12 artifact was made with wire and sheet tech-
niques. It is a hoop earring and has a pendant. The earring 
is single. One end of the thin wire is looped, the other end, 
which tapers towards the connection point, is wrapped once 
around a short hook hoop. It has a spherical-shaped pendant 
attached to a earring. It is possible to see similar examples 
in the Istanbul Archaeological Museum62 and the British 
Museum.63 It dates back to the Late Roman period.

53  UYGUN 2000, 79, Pl.18, no. K4–5.
54  OZGULNAR 2007, 106, K32.
55  ERGIL1983, 40, no. 95.
56  ADOLF 1975, 38, Pl. 49, no. 11–13.
57  ROSENTHAL-HEGINBOTTOM 2018, 118, Fig. 48.
58  GOLUBOVIC 2003 82, Pl. I, no. 8.
59  MILOVANOVIC 2018, 123, no. 21.
60  ERGIL 1983 43, no. 112.
61  ERGIL 1983, 139.
62  ERGIL 1983, 62, no. 62.
63  MARSHALL 1911, 297, Pl. LIII, no. 2575.

Cat. No. 14 artifact was made in wire technique. It is a 
simple hoop earring and pendantless. It is without applique. 
The earring is single. One end of the thin wire is looped, and 
the loop end is wrapped twice around the body. The other 
end, tapering towards the attachment point, is wrapped 
once around the short hook hoop and twice around the 
hoop. There is a groove decoration on the body. The similar 
ones are found in Tomb 76 at Keszthely-Fenékpuszta64 and 
in the tomb at Aquincum.65 It dates back to the 3rd–4th cen-
tury AD.

The technical workmanship and production techniques in 
the artifacts show that the art of jewellery was at an advanced 
level during the Roman Imperial period. The artfifacts with 
pendant and applique decorations are remarkable: the styl-
ized grape cluster produced with granulation technique in 
Cat. No. 5; among the works produced with the casting tech-
nique; rosette decoration in Cat. No. 6, pyramid decoration 
in Cat. No. 7 and square applique and drop-shaped pendant 
earrings in Cat. No. 8; the earring with rosette applique 
and wire pendant, made with granulation technique, Cat. 
No. 9; the earring applique wire decoration and pendant-
less made with granulation and wire technique, Cat. No. 11; 
the made with wire and sheet technique, Cat. No. 12 has no 
applique decoration and has a spherical pendant. It is seen 
that the decorations in the works where granulation and 
casting techniques were used create an impressive image. It 
was determined from the decorations here that the solder-
ing technique was also used. According to these artifacts, 
there are also simply produced artifacts such as Cat. No. 1–4 
and 14. These artifacts were made with wire and engraving 
techniques. This situation can be explained by the fact that 
technological developments could not produce new forms 
despite the increasing demand for low-cost earrings and 
other jewellery.

Opened hoop earrings (Cat. No. 10)
Cat. No. 10 artifact is made with wire, plating and granula-

tion techniques. It is a simple hoop earring and pendantless. 
It has a wire applique. This artifact is gold plated on bronze. 
Both ends taper towards the connection point. There is a thin 
wire applique placed by opening a hole in the middle of the 
hoop. Both ends of the applique is knotted. At the bottom 
of the applique there is a hoop form made of small spheres 
made with the granulation technique. A similar example is 
located in the Istanbul Archaeological Museum and dates 
back to the 4th century AD.66

Pendant (Cat. No. 13)
Cat. No. 13 artifact was made using plating, filigree and 

granulation techniques. It is a pendant. The hook or hoop 
part of this artifact has not been found. From the remains 
left inside the pendant, it was understood that it was 
designed as gold-plated on green matte glass. On one side of 
the pendant, there are small spheres made with the granu-
lation technique, and on the other side, there are circular 
spiral decorations made with the filigree technique between 
the spiral hoops extending from top to bottom. It has been 
64  MULLER 2010, 278, Taf. 31, 76, 6/7.
65  FACSÁDY 2008, 239, Fig. 1, no. 1b.
66  ERGIL 1983, 139.
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determined that geometric ornaments were successfully 
applied and a large amount of solder was used in this arti-
fact, where granulation and filigree techniques were applied. 
Similar examples are in the Uşak-Kula,67 British Museum,68 
J. J. Schmid-Ritter Collection69 and in Tomb 107 in Memphis 
(Tennessee),70 dating to the 1st–2nd century AD.

ANALYSIS STUDY

Materials and Methods
Of the artifacts examined in the study, 12 are gold, one is 

gold-plated on bronze, and one is gold-plated on glass.
Since it was not possible to take pieces from the artifacts or 

use destructive methods in the analysis of the artifacts, the 
analyses were carried out using non-destructive methods. 3 
analysis methods were applied: Portable Energy Dispersive 
X–ray Fluorescence Spectrometry (P-EDXRF), X–ray 
Radiography, proton-source X–ray analysis µ-PIXE (Proton 
Induced X–ray Emission, µ-PIXE). Such micro-analytical 
techniques are widely used in ore characterization studies 
and provide very useful information with high accuracy and 
sensitivity. The numerical data in the analysis results were 
re-evaluated with the statistical analysis method SPSS.

The P-EDXRF method was chosen due to its features such 
as sensitivity to PPM in the non-destructive analysis of arti-
facts, ability to measure from the surface and determina-
tion of chemical components.71 The analysis of the artifacts 
was performed with the X–MET 8000 Smart brand portable 
XRF.  This device has a library of 1600 alloy standards and 
has a small compact design. The energy of the spectrometer 
is 40 eV. The analysis time was determined as 40–60 seconds. 
The alloys of the artifacts and images of these alloys were 
examined using X–ray radiography (Fig. 2). The instrumen-
tation for such studies is very simple. In addition to the X–
ray source, an object to detect the transmitted radiation and 
a material sensitive to X–rays; film are required.72 Due to 
the different absorptions of X–ray radiation, it was possible 
to visualize the material distribution thanks to the different 
alloys used. Lower trace and few elements of the artifacts 
were tried to be determined by µ-PIXE method. Quantitative 
and visual outputs obtained during this examination consti-
tute the micro-analytical data of the study. In this method, 
lower detection limits are obtained by using protons, which 
are heavier than electrons (Halden et al., 1995: 293–302).

Analysis Results
P-EDXRF method was used to determine the alloy and 

chemical components of the artifacts. Au (gold), Ag (sil-
ver), Cu (copper), Fe (iron), Cd (cadmium), Ti (titanium), 
Ni (nickel), Pb (lead), Si (silicon), Zn (zinc) and Sn (tin) ele-
ments were detected in the artifacts. The basic element is 
gold, and the common elements in the second group are cop-
per and silver. The gold average of all artifacts is 90.7%, the 
copper average is 12.4% and the silver average is 1.4%. The 

67  BINGOL 1999, 83, cat. no. 67.
68  MARSHALL 1911, 284, Pl. LII, no. 2412, 2417.
69  STERN 1990, 148, Pl. 30, no. 696; 188, Pl. 72, no. 2900.
70  ROSENTHAL-HEGINBOTTOM 2018, 108, Fig. 10.
71  POTTS/WEST 2008, 55–56; LIRITZIS/ZACHARIAS 2011, 112–123.
72  SCHREINER et alii 2004, 1–17; TROALEN et alii 2009, 111–119

few and trace elements are iron, cadmium, titanium, nickel, 
lead and silicon (Fig. 3). 

Wire, filigree, casting, sheet, engraving, coating and gran-
ulation techniques were used in the studies (Fig. 4). The devel-
opments experienced during the processing of decorative 
ornaments made with granulation and filigree techniques 
include important analysis results. These two techniques 
(filigree and granulation techniques) are achieved by joining 
ornaments to a metal sheet using soldering techniques or 
copper salt.73 Thanks to P-EDXRF, X–ray Radiography and 
µ-PIXE methods, the density and difference of the element 
used in melting and soldering in the works and the color 
change caused by this element are remarkable. The µ-PIXE 
analysis method was applied to determine the status of the 
solders used in the works subject to the study and the ratio 
of the alloys used. According to the analysis results, it was 
determined that the decorations were soldered using copper. 
Cat. No. 2, 0.8%; Cat. No. 3, 1.8%; Cat. No. 4, 3.6%; Cat. No. 
5, 3.8%; Cat. No. 6, 3.2%; Cat. No. 7, 0.9%; Cat. No. 8, 1.2%; 
Cat. No. 9, 3.3%; Cat. No. 10, 1.3%; Cat. No. 11, 2.8%; Cat. 
No. 12, 1%; Cat. No. 13, 8.5%. The average copper ratio used 
in soldering is 2.6%.

All chemical compositions of the artifacts have been 
determined (Fig. 3). The main chemical composition is gold 
+ silver + copper. This alloy is closely related to the archaeo-
metric analysis results of gold jewellery from the Roman 
period.74

According to the analysis, especially when looking at the 
chemical components of the artifacts Cat. No. 1–9, 11–12, 
14 it will be seen that the gold ratio is high. It is thought 
that the artifacts containing 97.5% (Cat. No. 12), 98.5% 
(Cat. No. 14), 98.6% (Cat. No. 1) gold are close to pure gold 
and are made from natural gold ore. The characteristics 
of the following examples as pure gold are closely related 
to the artifacts that are the subject of our study. Earrings 
from the Iron Age (Inv. No. K.53.32.93) and the Hellenistic 
period (Inv. No. K.247.19.73) in the Burdur Museum have 
the characteristics of pure gold.75 It was determined that the 
7th century BC earring (Inv. No. 15.35.75, gold ratio 97.2%) 
and the gold ring and earring from the Roman period (ring, 
Inv. No. 23.1.09, gold ratio 99.5%; earring, Inv. No. 10.30.97, 
gold ratio 99.1%) in the Diyarbakır Museum were made of 
pure gold, as in the examples above.76 There are examples of 
works from the Hellenistic and Roman periods with an alloy 
ratio close to pure gold in the archaeological museums of 
Milas, Bodrum, Izmir, Çanakkale, Tekirdağ and Istanbul.77 
There are artifacts made of pure gold from the Roman period 
in the Taranto Museum in Italy.78 

The silver and copper alloys were used as additives in 
Cat. No. 2–8, 10, 12–13. The copper alloys were not used 
as additives in Cat. No. 1 and 14. The silver average in 
these artifacts was 1.6% and the copper average was 4.9%. 
Considering that the artifacts are made of gold and have con-
cave-convex forms, it is quite difficult to maintain the form 

73  LILYQUIST 1993, 36–37; SCRIVANO et alii 2013, 251–255.
74  BUCCOLIERI et alii 2017, 421–426.
75  SOSLU/SOSLU 2024, 44, 47.
76  GUNDEM/AYDIN 2021, 98.
77  GUNDEM/AYDIN 2021, 99–100, fig. 8.
78  BUCCOLIERI et alii 2017, 422.
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created without alloys, as gold is a soft and easily workable 
substance. The silver and copper alloys are known to harden 
and strengthen the alloys to which they are added. In par-
ticular, the increase in silver in the alloy composition will 
cause the chemical reaction of the artifacts with the exter-
nal environment to be higher, which will promote the sur-
face enrichment process of gold.79 The amount of silver and 
copper alloys in these artifacts is not enough to cause the 
color of the main alloy, namely gold, to change. However, the 
same is not true for Cat. No. 13. It has been documented that 
the color factor of different alloys can be well distinguished 
using X–ray radiography. The copper content of the artifact 
is 13.2%, which gives it a reddish color. Another reason for 
the color change in the artifact is the use of a mixture of 2.3% 
zinc and 4.1% tin. Using a similar analysis method, the same 
colours were detected in silver and copper alloy earrings (Inv. 
No. 12294A and Inv. No. 12294B) in the Taranto Museum.80 

It has been determined that the most common soldering 
method is the copper diffusion joining method, and that this 
method is used very intensively in different and complex 
ornaments made with filigree and granulation techniques. 
While an increase in copper content is observed in the solid 
state diffusion bonding soldering area, an increase in gold 
content is observed in fusion welding.81 This situation can be 
observed in soldering processes using copper. When solder-
ing is performed, an increase in silver and copper content is 
determined in the joining areas. Solid state diffusion bonding 
shows an increase in copper content in the soldering area and 
an increase in gold content in the fusion weld. It is possible to 
see this situation in soldering processes using copper. In Cat. 
No. 2, a sphere was soldered using the granulation technique 
(Fig.  5a). Four small hoops were found heavily soldered in 
the hoop section of Cat. No. 4 (Fig. 5b). It was observed that 
the reddish colour was concentrated in the area where the 
decoration consisting of spheres made with the granulation 
technique was located on Cat. No. 5. Since the spheres were 
determined to be gold, it was determined that copper was 
used as solder to hold them together. It was determined that 
the artifact was broken and soldered in three separate places 
(Fig. 5c). It was observed that the spheres were soldered onto 
the rosette on the hoop of Cat. No. 9 using the granulation 
technique (Fig.  5d). In the pendant section of Cat. No. 10 
(fig. 5e) and Cat. No. 11 (Fig. 5f), a decoration consisting of 
spheres was found to have been soldered using the granula-
tion technique. The reddish color intensity in the decorations 
made with granulation and filigree techniques in Cat. No. 13 
is remarkable. The copper and soldering process used in this 
artifact were effective in this color change (Fig. 5g). The gold 
has a lower melting point than copper. Therefore, soldering 
is done using an alloy that has a lower melting point than 
the alloy to be soldered.82 The hard soldering technique was 
not used in soldering the spheres to each other. If this had 
been done, the spheres would have melted. This technique 
is more common in Egyptian jewellery. It was determined 
that the ancient earrings, identified as belonging to a child 

79  ARAÚJO/ LVES/CABRAI 1993, 450–453.
80  BUCCOLIERI et alii 2017: 422–4233.
81  DEMORTIER 1996, 347–353; SCRIVANO et alii 2013, 251–255.
82  MARYON 1949, 95–96.

in Qurneh, melted due to overheating during soldering.83 It 
is known that the beads found in the Wah tomb were made 
by hard soldering by adding copper to the base alloy.84 There 
is also evidence that solder was used as a filler in some gold 
artifacts in the Campana collection.85

The few and trace elements were detected in Cat. No. 
6–14. These are cadmium, titanium, nickel, silicon and iron. 
The low proportions of these elements may be due to the 
tools used during the mechanical cleaning of the artifact 
rather than the alloys used in its production, because the 
proportions of these elements are not sufficient to be due to 
the activities of the producer during the production phase. It 
is also possible that these elements originate from intercrys-
talline corrosion. Traces of iron oxide and calcium carbonate 
were also found in the analysis. It is thought that iron may 
be present only as an impurity or perhaps due to corrosion. 
The trace and few elements such as cadmium, nickel, silicon 
and iron were detected in the earring (Inv. No. K.247.19.73), 
ring (Inv. No. K.209.64.75, Inv. No. K.52.44.82, Inv. No. 
K.38.72.86) and bust (Inv. No. K.140.34.03) of the gold 
artifacts from the Hellenistic and Roman periods in Burdur 
Museum.86 The iron and cadmium were also used as few and 
trace elements in the gold artifacts from the Roman period in 
the Diyarbakır Museum (Inv. No. 5.2.03, Inv. No. 10.30.97, 
Inv. No. 38.6.08, Inv. No. 21.9.84), and it was stated that 
these were formed as a result of mechanical cleaning.87 

Cat. No. 13 is a pendant. Green matt glass residue was 
detected inside the pendant. The gold content is 75.9%, 
the silver content is 2.1% and the copper content is 13.2%. 
According to the analysis data, there is a 1.0 micron thick 
gold plating on the artifact. It was observed that the red-
dish color came to the fore due to the use of copper. In the 
examination made with the X–ray radiography method, it 
was seen that there were color changes around some decora-
tions made with the granulation technique. This change is 
slight in some places and intense in others. Therefore, when 
the copper ratio is taken into account, it will be seen that the 
decorations are soldered onto the gold plating. According to 
µ-PIXE analysis, the copper ratio used in soldering is 13.2%. 
When the decorations on the artifact were examined, it was 
determined that careful soldering was done, because in this 
section the appearance of the soldering did not hinder the 
aesthetics of the artifact.

The alloys of tin and lead were used with copper in Cat. 
No. 10 and 13. This alloying mixture is an important feature 
of Roman and Byzantine bronze artifacts.88 Cat. No. 10 is 
gold plated on bronze (Fig. 6). According to the analysis data, 
0.9 micron thick gold plating was used in the study. It will be 
seen that the gold used as the coating alloy has lost its origi-
nal color and has a matte color. The main reason for this is 
the mixture of copper, 3.8% zinc and 3.6% tin that forms the 
main body of the artifacts. Thanks to the X–ray radiography 
of the work, it was determined that the sections made with 
the granulation and coating technique were soldered using 

83  TROALEN et alii 2009, 116, Fig. 4.
84  SCHORSCH 1995, 128–133.
85  GUERRA 2009, 484, Fig. 5.
86  SOSLU/SOSLU 2024, 45, Fig. 2.
87  GUNDEM/AYDIN 2021, 96–97, Fig. 4.
88  FACSÁDY/VEREBES 2009, 993.
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copper. The possibility of the artifact being recyclable is a 
question mark. Because the bronze earring was later covered 
with gold and used as an earring. The alloy amounts revealed 
in the analysis results of the artifact shed light on this issue. 
The copper ratio is 83.5% and the zinc ratio is 3.8%. The 
difference between copper and zinc is approximately 80%. 
The data here may be important for recycling scrap metals; 
cheaper alloys can be obtained by adding copper, and then 
these alloys can be used together with other alloys to pro-
duce artifacts. In other words, it can be said that it is a sec-
ondary production. When we look at the copper, zinc, tin 
and lead alloys in the artifacts, the copper ratio remains high 
and does not fall below 80%. However, the actual ratios of 
the alloy metals change. This can be shown as another evi-
dence of recycling. The earrings (Inv. No: K.88.39.89) and 
rings (Inv. No: K.209.64.75, Inv. No: K.38.72.86) from the 
gold-plated bronze artifacts in Burdur Museum were made 
with a similar method.89 The findings at the Aquincum 
Museum are an example of this. The copper-based jewel-
lery pieces from Augsburg have a similar composition and 
are interpreted as having been produced from recycled scrap 
metal.90 The lead is used for casting and joining complex 
shapes. This may apply to the granulation part of Cat. No. 
13. Traces of transparent putty were found on Cat. No. 8. 
Although this material was initially thought to be the mate-
rial used by the manufacturer, our examinations revealed 
that a putty-like solution prepared in Paraloid B–72 was used 
to clean the artifact. The Paraloid B–72 paste residue found 
to have been used during the mechanical cleaning of a bust 
(Inv. No: K.140.34.03) in the Burdur Museum can be given 
as an example of this.91 

The statistical analysis of the alloys of the artifacts was 
performed using the SPSS method. Since the values of Au 
(gold), Ag (silver) and Cu (copper) alloys are high in this anal-
ysis, these 3 alloys will be mentioned in the data calculation. 
When the table is examined, it is seen that the Au variable 
spreads over a wide range between 51.600 and 98.600. The 
average is 90.664 and the standard deviation is 12.558, and it 
is seen that the data is generally close to the average, but sig-
nificant deviations can be seen in some values. The variance 
is 157.712, which reflects the wide spread of the variable. 
The variable Ag is spread over a narrow range between 1000 
and 3100. The mean is 1.414, which means that the observa-
tions are generally clustered around this value. The standard 
deviation is 0.585, which indicates that the values do not 
deviate too much from the mean. The variance of 0.343 also 
confirms this low deviation and shows that the variable has 
a relatively narrow spread. The Cu variable spreads in a fairly 
wide range between 0.000 and 83.500. The mean is 9.864, 
which shows that most of the observations are close to the 
low values. However, high values such as standard devia-
tion 21.460 and variance 460.533 indicate that there are 
large deviations in the distribution of the variable and some 
observations reach very high values. Accordingly, when gold 
and copper data are examined, a negative change is observed 
in addition to gold and silver. It was observed that when 

89  SOSLU/SOSLU 2024, 46–47, 51–52, Tabl. 1, Fig. 9.
90  FACSÁDY/VEREBES 2009, 993–998.
91  SOSLU/SOSLU 2024, 51, Fig. 11.

the gold ratio was reduced, silver + copper alloys were used 
instead (Fig. 7).

CONCLUSION

Since all of the artifacts were not contextual finds but were 
registered in the museum inventory through purchase, dat-
ing was done on similar examples. According to these com-
parison examples, the approximate date range of the arti-
facts is between the 1st–4th centuries AD. during the Roman 
Imperial period. The technical workmanship and production 
techniques in the artifacts show that the art of jewellery was 
at an advanced level during the Roman Imperial period. For 
example, the sphere and grape cluster decorations created 
with the granulation technique, rosettes and pyramids cre-
ated with the coating technique, spiral and circular geomet-
ric decorations made with the filigree technique and their 
flawless application are very important. The jewellery pro-
duced using soldering, filigree and granulation techniques 
are important evidence of this situation. However, there are 
also simply produced works such as Cat. No. 1 and 14. These 
artifacts were made with wire and engraving techniques. 
This phenomenon can be explained by the fact that techno-
logical advances have adapted to the increasing demand for 
low-cost earrings and other jewellery but have not been able 
to produce new forms. In addition, the socio-economic struc-
ture of ancient society, purchasing power and the products 
produced in this direction (demand-product quality) can 
also shed light on this issue. As mentioned above, since the 
artifacts entered the museum inventory through purchase, 
it is not possible to say anything definitive about their ori-
gins (places of production). However, it is possible to make 
some comments based on comparative examples. The fact 
that many similar forms of the artifacts numbered Cat. No. 
2–4, which consist of hoop earrings pendantless made with 
wire and engraving technique, are found in Anatolia, has led 
to the idea that these artifacts may have been produced in 
Anatolia. Because it is known that gold was processed inten-
sively and turned into various objects in Anatolia during the 
Roman Imperial period. Of course, it is also possible that the 
artifacts came to the Pisidia Region from outside Anatolia. 
In this case, it can be said that political, military and socio-
economic developments have an important effect. Here, the 
existence of Mediterranean-Anatolia and Mediterranean-
Pisidia relations constitutes important data. Although not 
found in the artifacts in question, the close similarity of the 
soldering workmanship (extreme heating-brazing-melting) 
in some gold artifacts in the Burdur Museum with the arti-
facts in Egypt suggests that they may have been found in the 
region due to the developments between the Mediterranean 
and Anatolia. 

Using the P-EDXRF method, it was determined that the 
alloys of the Roman Imperial period artifacts were made 
of gold, silver and copper. Accordingly, when the chemical 
components of the Cat. No. 1–9, 11–12, 14 artifacts are 
examined, it will be seen that the gold ratio is high. It has 
been determined that the artifacts with 97.5% (Cat. No. 1), 
98.5% (Cat. No. 14), 98.6% (Cat. No. 1) gold ratio are pure 
gold. In the tradition of gold jewellery making, when the gold 
ratio is reduced, silver + copper alloys are used instead of the 
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lowered or diminished ones. In these examined artifacts, it 
was observed that the gold ratio in the alloys decreased and 
the silver and copper ratio increased. This situation was con-
firmed by SPSS statistical analysis method. Analyses using 
X–ray radiography documented that different alloys can be 
distinguished by color factor. The copper content of Cat. No. 
5 is 6.9%, while the copper content of Cat. No. 13 is 13.2%. 
The use of copper here is due to technical workmanship and 
ornamentation. It was determined that the reddish color is 
evident in both artifacts due to the copper alloy. The cop-
per alloy appears to have hardened and strengthened the 
artifacts. According to the X–ray radiography method, it was 
determined that the soldering process was quite intensive in 
the artifacts where copper alloy was widely used, but when 
the decorations on the artifacts were examined, it was deter-
mined that no damage occurred due to excessive melting 
during soldering. The fact that this situation does not occur 
even in works decorated with granulation and filigree tech-
niques shows that the master has applied the techniques of 
gold jewellery making and assembling with mastery. It was 
determined that Cat. No. 14 was gold plated on bronze. The 
gold plated work has a matte color due to the bronze alloy. 
The fact that both the bronze and the coating are 0.9 microns 
thick plays an important role in this. This situation should 
also be examined in terms of ancient technology and its 
use. It is seen that the diversity in alloys is affected by his-
torical chronology, type of object and use. As a result of the 
development of gold production technology and the skillful 
application of this technology, the range of available alloys 
has also expanded. The variety of alloys indicates that differ-
ent technologies and skills coexisted during the production 
periods. This is reflected in the variety of ornaments on the 
artefacts and the alloys that allowed them to be soldered. 
In addition, this artifact was analyzed using X–ray radiog-
raphy and is considered to be recycled jewellery, i.e. second-
ary production. The copper content of the artifact is 83.5%, 
lead content is 4.2%, zinc content is 3.8% and tin content 
is 3.6%. The difference between copper and zinc is approxi-
mately 80%. The average of zinc and tin alloys of the same 
artifact is 3.7%. The fact that the main alloy of the artifact 
is bronze proves that this alloy can be combined with differ-
ent alloys to make jewellery. Because when we examine the 
copper, zinc, tin and lead alloys in the artifact, we see that 
the copper ratio remains high and does not fall below 80%. 
However, the ratios of the alloy metals are different and low. 
This can be shown as another evidence of recycling.

CATALOGUE

Cat. No.: 1 (Purchasing; 03.06.1974)
Inv. No.: K.204.14.74 
Dimension: L: 1.8 cm W: 1.8 cm T: 0.2 cm W: 1.25 gr
Technique: Wire.
Similar: TURKTUZUN 1990, 44, Fig. 7; YUCE 1994, Fig. 9, 
93/3; MILOVANOVIC 2003, 134, Pl. 2, IIa; ARSLAN et alii 
2011, 287, 291, Fig. 3; TALU 2020, 162, 165, cat. no. 4, 6; 
SIRIN/YIGITPASA 2021, 209, Fig. 32, cat. no. 32; KAYA et 
alii 2024, 185, Fig. 5a-b.
Description: Gold. Sturdy. Hoop earring and pendant-
less. One end of the wire is wrapped twice around the itself, 

forming a large double loop. It wraps twice over the short 
hook loop at the other end, tapering towards the attach-
ment point. The wire is wrapped four times to form a spiral 
ornament.
Period: 2nd–4th century AD

Cat. No.: 2 (Purchasing; 23.08.1988)
Inv. No.: K.13.28.88
Dimension: L: 1.5 cm W: 1.4 cm T: 0.2 cm W: 1 gr 
Technique: Wire, engraving.
Similar: MARSHALL 1911, Pl. LIII, no. 2464; ADOLF 1975, 
62, Pl.  49, no. 10; BINGOL 1999, 71, cat. no. 46; UYGUN 
2000, Pl. 23, K11; OZGULNAR 2007, 76, cat. no. 2; ERTEN 
2018, 15, Fig. 5; GORAL 2019, 127, cat. no. 11; ATAKURU 
2020, 56, cat. no. 3; SIMSEK 2022, 674, 677–678, cat. no. 
267–268, 274–275.
Description: Gold. Sturdy. Hoop earring and pendantless. 
One end of the thick wire is wrapped twice around itself to 
form a small double loop and the loop end is wrapped six 
times around the body; the other end, tapering towards the 
connection point, is wrapped once around the long hook 
loop. One small hoop on the body; grooved decoration, short 
scratches on the surface.
Period: 1st–3rd century AD

Cat. No.: 3 (Purchasing; 05.12.1975)
Inv. No.: K.18.12.75 
Dimension: L: 2.3 – 2.1 cm W: 1.9 – 1.8 cm T: 0.2 cm W: 
5.75 gr
Technique: Wire, engraving.
Similar: MARSHALL 1911, Pl. LIII, no. 2464; ADOLF 1975, 
62, Pl.  49, no. 10; BINGOL 1999, 71, cat. no. 46; UYGUN 
2000, Pl. 23, K11; OZGULNAR 2007, 76, cat. no. 2; ERTEN 
2018, 15, Fig. 5; GORAL 2019, 127, cat. no. 11; ATAKURU 
2020, 56, cat. no. 3; SIMSEK 2022, 674, 677–678, cat. no. 
267–268, 274–275.
Description: Gold. Sturdy. Hoop earring and pendantless. 
One end of the thick wire is wrapped twice around itself to 
form a small double loop and the loop end is wrapped seven 
times around the body; the other end, tapering towards the 
connection point, is wrapped once around the long hook 
loop. The body has groove decoration.
Period: 1st–3rd century AD

Cat. No.: 4 (Purchasing; 05.05.2012)
Inv. No.: K.111.17.12 
Dimension: L: 1.8 cm W: 1.7 cm T: 0.3 cm W: 1.56 gr
Technique: Wire, engraving.
Similar: MARSHALL 1911, Pl. LIII, no. 2464; ADOLF 1975, 
62, Pl.  49, no. 10; BINGOL 1999, 71, cat. no. 46; UYGUN 
2000, Pl. 23, K11; OZGULNAR 2007, 76, cat. no. 2; ERTEN 
2018, 15, Fig. 5; GORAL 2019, 127, cat. no. 11; ATAKURU 
2020, 56, cat. no. 3; SIMSEK 2022, 674, 677–678, cat. no. 
267–268, 274–275.
Description: Gold. Sturdy. Hoop earring and pendantless. 
One end of the thick wire is wrapped around itself twice to 
form a small double loop. The other end, tapering towards 
the attachment point, is wrapped once over the long hook 
loop. A spiral decoration was made on the body by wrapping 
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the wire five times. There are two small hoops on the body. 
There are groove decorations on the earring. 
Period: 1st–3rd century AD

Cat. No.: 5 (Purchasing; 18.05.1977)
Inv. No.: K.78.38.77
Dimension: L: 1.8 cm W: 1.9 cm T: 0.3 cm 
Technique: Wire, granulation.
Similar: MARSHALL 1911, Pl. LIV, no. 2596; HOFFMAN/
DAVIDSON 1965, 134. no. 87; GREINFENHAGEN 1975, 
Pl.  48/7; BALTOYIANNI 1997, 177, cat. no. 189; BINGOL 
1999, 69, cat. no. 42; MULLER 2010, 296, Taf. 49–12; SEZGIN 
2014, 89, no. 82; UNGERMAN 2020, 285, Fig. 182.1.
Description: Gold. Lacking. Hoop earring and pendantless. 
Both ends of the thick wire are of equal thickness towards 
the connection point. The outer side of the earring is deco-
rated with small spheres made in the granulation technique; 
two of the grape cluster decorations are intact, the other two 
are missing.
Period: 2nd century AD

Cat. No.: 6 (Purchasing; 18.05.1977)
Inv. No.: K.72.38.77 
Dimension: L: 1.7–1.5 cm W: 1.5 cm T: 0.1 cm R. R: 1.2 cm
Technique: Casting, wire.
Similar: MILOVANOVIC 2018, 119, no. 16.
Description: Gold. Lacking. Hoop earring and pendantless. 
One end of the thick wire is wrapped once around itself to 
form a single loop, and the loop end is wrapped twice around 
the itself; the other end, tapering towards the connection 
point, is wrapped twice around the short hook loop. The base 
of the earring is flat and the upper profile is convex; there are 
a rosette ornament made with the casting technique. There 
are two strips at the base that intersect each other at right 
angles.
Period: 2nd century AD

Cat. No.: 7 (Purchasing; 16.02.1977)
Inv. No.: K.27.23.77 
Dimension: L: 1.9–1.7 cm W: 1.7- 1.5 cm T: 0.2 cm 
Technique: Casting, wire.
Similar: MARSHALL 1911, Pl.  LII, no. 2394, 2396; 
GREINFENHAGEN 1975, Pl. 49/9; TURKTUZUN 1991, 244, 
Fig. 25; BINGOL 1999, 74, cat. no. 52; UYGUN 2000, Pl. 25, 
no. K16; FACSÁDY 2008, Fig.  1, no. IVb; MILOVANOVIC 
2018, 123, Fig. 22; GORAL 2019, 145, no. 36.
Description: Gold. Sturdy. Hoop earring and pendantless. 
One end of the thin wire is wrapped once around itself to 
form a short loop. The other end, tapering towards the con-
nection point, is wrapped once over the short hook loop. The 
wire is wrapped twice to create a spiral decoration on the 
body. A flat-based pyramid is soldered to the outer surface 
of the hoop.
Period: 2nd–3rd century AD

Cat. No.: 8 (Purchasing; 27.06.1973)
Inv. No.: K.609.50.73 
Dimension: L: 1.4 cm W: 1 cm T: 0.1 cm PL: 2 cm PW: 0.7 cm 
PT: 0.4 cm
Technique: Casting, wire, plating.

Similar: ADOLF 1975: pl. 49, no. 11–13; ERGIL 1983: 40, 
no. 95; UYGUN 2000: Pl. 18, no. K4–5; OZGULNAR 2007: 
106, K32; ROSENTHAL-HEGINBOTTOM 2018: 118, 
Fig. 48.
Description: Gold. Sturdy. Hoop earring and pendant. One 
end of the wire is wrapped around itself once to form a short 
loop. The other end, tapering towards the connection point, 
is wrapped once around the short hook hoop. A square-
shaped and flat-based applique is soldered to the outer sur-
face of the body.
Period: 2nd century AD

Cat. No.: 9 (Purchasing; 18.05.1977)
Inv. No.: K.81.38.77 
Dimension: L: 1.3 cm W: 1.4 cm T: 0.1 cm PL: 1.1 cm PW: 
0.1 cm PT: 0.1 cm
Technique: Wire, engraving, granulation.
Similar: ERGIL 1983, 43, no. 112; GOLUBOVIC 2003, 82, 
Pl. I, no. 8; MILOVANOVIC 2018, 123, no. 21.
Description: Gold. Sturdy. Hoop earring and pendant. One 
end of the thick wire is wrapped once around itself to cre-
ate a short-thick loop. The other end, which tapers towards 
the connection point, is wrapped once around the short 
hook loop. A circular slot is created on the outside of the 
loop. Beads are placed inside the slot in the granulation tech-
nique. A loop is created in the body and a long wire pendant 
is added to the end. At the end of the loop is a bead made in 
the granulation technique. The other end is knotted. There 
are groove decorations made with the engraving technique 
on the wire pendant.
Period: 3rd century AD

Cat. No.: 10 (Purchasing; 26.11.1969)
Inv. No.: E.8339 
Dimension: L: 2.7 cm W: 2 cm T: 0.3 cm
Technique: Wire, plating, granulation.
Similar: ERGIL 1983, 139.
Description: Gold, bronze. Sturdy. Hoop earring and pen-
dantless. It tapers towards the connection point at both 
ends. A thin wire pendant is placed in the middle part of the 
hoop. Both ends of the pendant are knotted. At the bottom 
of the pendant, there is a hoop form made of spheres made 
with the granulation technique.
Period: 4th century AD

Cat. No.: 11 (Purchasing; 27.06.1973)
Inv. No.: K.611.50.73 
Dimension: L: 1.3 cm W:1.6 cm T: 0.2 cm PL: 0.9 cm PW: 
0.6 cm PT: 0.3 cm
Technique: Wire, granulation.
Similar: ERGIL 1983, 139.
Description: Gold. Sturdy. Hoop earring and pendantless. 
One end of the thick wire is wrapped once around itself to 
form a short-thick loop. The other end, which tapers towards 
the connection point, is wrapped once over the short hook 
loop. The short wire soldered to the outside of the middle 
section of the loop. There are large and small spheres placed 
with the granulation technique where the hoop and appli-
que meet. There is no decoration on the wire applique, which 
tapers towards the end.
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Period: 4th century AD

Cat. No.: 12 (Purchasing; 09.04.1985)
Inv. No.: K.6.12.85 
Dimension: L: 1 cm W: 1.5 cm T: 0.1 PL: 1.7 cm PW: 0.7 cm 
PT: 0.3 cm
Technique: Wire, sheet.
Similar: MARSHALL 1911, Pl. LIII, no. 2575; ERGIL 1983, 
62, no. 62.
Description: Gold. Sturdy. Hoop earring and pendant. 
There is a loop at one end of the wire. The other end, taper-
ing towards the attachment point, is wrapped once around 
the short hook loop. Inside the loop is a spherical pendant 
with a thick loop; the end is knotted.
Period: Late Roman period

Cat. No.: 13 (Purchasing; 08.02.2010)
Inv. No.: K.94.9.10 
Dimension: L: 1.3 cm W: 0.8 cm T: 0.3 cm 
Technique: Plating, filigree, granulation. 
Similar: MARSHALL 1911, Pl.  LII, no. 2412, 2417; 
GREINFENHAGEN 1970, Pl.  24/3–4; STERN 1990, 
Pl.  30, 72, no. 696, 2900; BINGOL 1999, 83 cat. no. 67; 
ROSENTHAL-HEGINBOTTOM 2018, 108, Fig. 10.
Description: Gold, glass. Lacking. Pendant. Thin gold 
plate coating on glass. On one side of the pendant are small 
spheres made with the granulation technique; On the other 
side, there are circular spiral decorations made with filigree 
technique.
Period: 1st–2nd century AD

Cat. No.: 14 (Purchasing; 30.04.1971)
Inv. No.: E.9591 
Dimension: L: 5.1 cm W: 4.6 cm T: 0.3 cm W: 7.70 gr
Technique: Wire.
Similar: FACSÁDY 2008, 239, Fig. 1, no. 1b; MULLER 2010, 
278, Taf. 31, 76, 6–7.
Description: Gold. Sturdy. Hoop earring and pendantless. 
The end of the thin wire is wrapped around itself to form a 
loop. The other end, tapering towards the connection point, 
is wrapped once over the short hook loop. A spiral decora-
tion was made on the body by wrapping the wire twice. The 
body is grooved decorated.
Period: 3rd–4th century AD
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Fig. 1. Burdur Museum gold earrings.
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Fig. 2. X–ray Radiography appearance.

Fig. 3. P-EDXRF analysis data of the artifacts.
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Fig. 4. Production techniques.

Fig. 5. The color change and solder mark obtained by µ-PIXE analysis and X–ray Radiography appearance.
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Fig. 6. Cat. No. 10 gold plating on bronze and X–ray Radiography appearance.

Fig. 7. Descriptive statistics of variables and graphical representation of mean value distributions.


