https://publications.dainst.org

iDAl.publications

DIGITALE PUBLIKATIONEN DES
DEUTSCHEN ARCHAOLOGISCHEN INSTITUTS

Edward Stratford, Orlene Mcilfatrick

Preliminary Qualitative Elemental Characterization of Painted Plaster
Pigments from a Roman structure at Bogazkdy-HattuSa using pXRF

Istanbuler Mitteilungen 67, 2017, 359-372 (Sonderdruck)

https://doi.org/10.34780/u5aw-d6jq

Herausgebende Institution / Publisher:
Deutsches Archaologisches Institut

Copyright (Digital Edition) © 2024 Deutsches Archdologisches Institut
Deutsches Archaologisches Institut, Zentrale, Podbielskiallee 69-71, 14195 Berlin, Tel: +49 30 187711-0
Email: info@dainst.de | Web: https://www.dainst.org

Nutzungsbedingungen:

Mit dem Herunterladen erkennen Sie die Nutzungsbedingungen von iDAl.publications an. Sofern in dem Dokument nichts anderes aus-
driicklich vermerkt ist, gelten folgende Nutzungsbedingungen: Die Nutzung der Inhalte ist ausschlieRlich privaten Nutzerinnen / Nutzern
fir den eigenen wissenschaftlichen und sonstigen privaten Gebrauch gestattet. Samtliche Texte, Bilder und sonstige Inhalte in diesem Do-
kument unterliegen dem Schutz des Urheberrechts gemall dem Urheberrechtsgesetz der Bundesrepublik Deutschland. Die Inhalte kénnen
von lhnen nur dann genutzt und vervielfaltigt werden, wenn Ihnen dies im Einzelfall durch den Rechteinhaber oder die Schrankenregelun-
gen des Urheberrechts gestattet ist. Jede Art der Nutzung zu gewerblichen Zwecken ist untersagt. Zu den Moglichkeiten einer Lizensierung
von Nutzungsrechten wenden Sie sich bitte direkt an die verantwortlichen Herausgeberinnen/Herausgeber der entsprechenden Publikati-
onsorgane oder an die Online-Redaktion des Deutschen Archdologischen Instituts (info@dainst.de). Etwaige davon abweichende Lizenzbe-
dingungen sind im Abbildungsnachweis vermerkt.

Terms of use:

By downloading you accept the terms of use of iDAl.publications. Unless otherwise stated in the document, the following terms of use are
applicable: All materials including texts, articles, images and other content contained in this document are subject to the German copy-
right. The contents are for personal use only and may only be reproduced or made accessible to third parties if you have gained permission
from the copyright owner. Any form of commercial use is expressly prohibited. When seeking the granting of licenses of use or permission
to reproduce any kind of material please contact the responsible editors of the publications or contact the Deutsches Archdologisches
Institut (info@dainst.de). Any deviating terms of use are indicated in the credits.


https://doi.org/10.34780/u5aw-d6jq
https://publications.dainst.org/journals/index/termsOfUse
https://publications.dainst.org/journals/index/termsOfUse

DEUTSCHES ARCHAOLOGISCHES INSTITUT
ABTEILUNG ISTANBUL

ISTANBULER MITTEILUNGEN

BAND 67, 2017

PDF Dokument des gedruckten Beitrags

PDF document of the printed version of

EDWARD STRATFORD — ORLENE MCILFATRICK
Preliminary Qualitative Elemental Characterization

of Painted Plaster Pigments from a Roman structure
at Bogazkoy-Hattus$a using pXRF

© 2017 Deutsches Archiologisches Institut / Ernst Wasmuth Verlag



Sigel der Istanbuler Mitteilungen
IstMitt

HERAUSGEBER

Prof. Dr. Felix Pirson, Dr.-Ing. Katja Piesker

WISSENSCHAFTLICHER BEIRAT

Prof. Dr. Haltik Abbasoglu (Istanbul), Prof. Dr. Franz Alto Bauer (Miinchen), Prof. Dr. Albrecht Berger (Miin-
chen), Prof. Dr. Frangois Bertemes (Halle), Prof. Dr. Ortwin Dally (Rom), Prof. Dr. Inci Delemen (Istanbul),
Dog. Dr. Yasar Ersoy (Corum), Prof. Dr. Ralf von den Hoff (Freiburg), Prof. Dr.-Ing. Adolf Hoffmann (Berlin),
Prof. Dr. Klaus Kreiser (Bamberg), Prof. Dr. Mehmet Ozdogan (Istanbul), Prof. Dr. Peter Pfilzner (Tiibingen),
Prof. Dr. Christopher Ratté (Ann Arbor), Prof. Dr.-Ing. Klaus Rheidt (Cottbus), Prof. Dr. Frank Rumscheid
(Bonn), Prof. Dr.-Ing. Dorothée Sack (Berlin), Prof. Dr. Dirk Steuernagel (Regensburg), Prof. Dr. Engelbert
Winter (Miinster), Prof. Dr. Martin Zimmermann (Miinchen)

Herausgeber und Redaktion:
Deutsches Archiologisches Institut, Abteilung Istanbul
Inénii Cad. 10, TR-34437 ISTANBUL - Giimiigsuyu

©2017 by Verlag Ernst Wasmuth Tubingen

Alle Rechte vom Deutschen Archiologischen Institut, Abteilung Istanbul, vorbehalten.
Wiedergaben, auch von Teilen des Inhalts, nur mit dessen ausdriicklicher Genehmigung.
Satz, Gestaltung u. Reprographie: Linden Soft Verlag e.K., Aichwald.

Druck und Einband: AZ Druck und Datentechnik GmbH, Kempten.

Printed in Germany

ISBN 978-3-8030-1658-4 ISSN 0341-9142



ISTMITT 67,2017 359

EDWARD STRATFORD - ORLENE MCILFATRICK

Preliminary Qualitative Elemental Characterization
of Painted Plaster Pigments from a Roman structure
at Bogazkoy-Hattusa using pXRF

Keywords: Bogazkoy, Pigment, Portable X-ray Fluorescence Analysis, Roman Wall
Painting, Painted Plaster — Schlagwérter: Bogazkoy, Pigment, Portable Rontgenflu-
oreszenzanalyse, Romische Wandmalerei, Bemalter Putz — Anahtar sozciikler: Bogazkoy,
Pigment, Tasinabilir X-Ray Floresan Cihaziile Analiz, Roma Duvar Sanati, Boyali Siva

INTRODUCTION

In 2014 the initial traces of a building were uncovered near the rock outcropping referred to
as the Mihraplikaya in the lower city area of Bogazkoy-Hattusa. In 2015, further excavation
revealed a building that is characterized by a supply of water coming through multiple water
channels draining into several basins. The building is estimated to be at least 18 meters across
and directly connected to a niche in the rock outcropping. The function of the building is still
unknown, as parallels are difficult to find. However, a 2% century A.D. date is suggested by
comparison with stylistic elements found in the detritus of Hanghaus 2 at Ephesus’. A coin
from the later reign of Valentinian (ca. 367-375) suggests a long use for the building, though the
coin’s findspot suggests caution. The building in Hattu3a included walls that were decorated
with painted plaster. The focus of this study is to report initial characterization of the pigment
profiles in the painted plaster through portable X-Ray Floresence (pXRF) analysis to aid in
decisions about preservation.

ARCHAEOLOGICAL PROVENANCE AND SAMPLES

The original location of the wall paintings is unknown. They were recovered from a rectangular
section of the smaller basin into which a mixture of painted and unpainted plaster and some
mosaic fragments fell, in the southeast portion of the excavation area. It is possible that they fell
down from a terrace above the basins. Reconstruction of some portions of the wall paintings

Sources of illustrations: Figs. 1-18 = Author.

! Krinzinger 2002.
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Fragment | Scan Pigment Profile Fragment | Scan Pigment Profile
Al 1 White It 39 Red
A2 2 White n 40 Red
Al 3 Red ]2 41 Red
A2 4 Red J2 42 Red
A2 5 Red Hi1 43 Red
A2 6 Red Hi 44 Red
A2 7 Orange H1 45 Red
A2 8 Orange K1 46 White
B1 9 White K1 47 Green
B2 10 Green K1 48 White
B2 11 Green K2 49 White
B2 12 Green K2 50 Green
C1 13 Yellow ochre K3 51 White
cl 14 ) Pink K3 52 Green
C2 15 Bright Yellow K3 53 White
C3 16 Yellow .ochre L1 54 Green
b v White M2 55 Dark organic brown(?)
D1 18 Green .
M2 56 Dark organic brown(?)
E1 19 Yellow ochre ]
1 20 Yellow ochre M1 57 Dark organ%c brown(?)
E1 21 Green M1 58 Dark organic brown(?)
F1 2 Green M1 59 Dark organic brown(?)
El 23 Green M1 60 White
E2 24 Yellow ochre N1 61 Orange
E2 25 Green N1 62 Orange
E2 26 Green N2 63 Orange
E3 27 Green N2 64 Rose/Pink
E3 28 Yellow ochre N3 65 Orange
E4 29 Yellow ochre N3 66 Rose/Pink
E4 30 Bright yellow o1 67 White
F4 31 Red O1 68 White
F1 32 Burnt ochre o1 69 Bright yellow
F2 33 Burnt ochre 02 70 Bright yellow
F3 34 Burnt ochre o2 71 White
Gl 35 Blue-Green O3 72 Bright yellow
G2 36 Blue-Green P1 73 Dark organic brown(?)
G2 37 Blue-Green P1 74 Dark organic brown(?)
G3 38 Blue-Green P1 75 Dark organic brown(?)
Table 1 Identification of fragments and scan locations with visual identification of color as displayed in Figures 1-3
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Fig. 1

Plaster fragments
A1-M2 with scans
1-60

show that there were different decorative patterns and scenes, some with floral elements, enclosed
in painted framed panels. The pieces examined for this study were drawn from portions of the
wall paintings that display similar patterns as those published previously?.

The pieces analyzed were selected to provide a sample of as many different pigment effects as
possible. Table 1 provides an overview of the fragments and scan locations pictured in Figures
1-3. The frescos were painted over dried plaster as suggested by the detectable binders, and
the degree to which lead-intensive pigments shield the signature of the base plaster. A number

2 Schachner 2016, 12-19. In particular note figs. 31-33.
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Fig.3 Plaster fragments O1 — P1 with scans 67-75

of artistic elements were clearly identifiable.
The figuration of foliage on light background
can be seen in pieces D1, E1, E2 and E3, and
possibly also in K1, K2, K3. The depiction on
M1 and M2 is more difficult to interpret. It
could be a sort of flower, but this is far from
certain. However, this may have some relation
to the pigmentation used there. In several other
places, the figuration is more geometric (Al,
A2, G1, G2, G3, H1, N1, N2, N3, O1, 02,
03). In other cases, the relation between the
effect the artist or craftsperson was trying to
render and the choice of pigmentation is not
always clear.

INSTRUMENT AND SETTINGS

The instrument used was a Bruker Tracer
IV SD portable energy dispersive XRF in-
strument (Serial # T4S1130). The instrument
was controlled from a laptop using Bruker
proprietary software for instrument set-
tings adjustment (X-Ray Ops v1.2.21) and
assay capture and naming (S1 PXRF version
3.8.30). Beam conditions for this study were
45 KeV and 30 mA with a 25 pm Ti 300 pm
Al filter (Yellow) and 90 second assay time.
The multi-channel analyses of the instrument
has 1024 channel configuration with an area
of measurement of 7 mm?, though the area
of measurement is focused within a smaller
concentration of around 3 mm? area. For this
study, the objects presented for analysis were
photographed and labeled according to the
approximate location of the pXRF scan. The
instrument did not have a camera to aid in
precise positioning while on the instrument,
so an error of 2-3 mm was possible in relation
to the labeling and the actual scan. See, for
example, the results from scan 71.

Within the analyzed fragments, there were
ten pigment profiles differentiated. Under-
neath the various pigments always lay 1) the
white plaster base, which could be brightened
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with the addition of some lead. Beyond the pigment profile provided by the plaster, we propose the
presence of nine more pigment profiles: 2) yellow ochre, 3) bright yellow, 4) orange, 5) rose /pink,
6) red, 7) green, 8) blue-green, 9) burnt ochre brown, and 10) dark organic brown. Discussion of
each pigment profile follows below. Of the nine pigment profiles, two were identified as likely
organic-based (green, and the >dark organic brown) aiding in decisions on how to proceed with
preservation. In most cases, the pigment profiles reflect the expected palette for Roman frescoes
of the period. A few uncertainties may be resolved by further analysis by different methods.
First, the analysis of bright yellow also leaves the possibility of trace amounts of lead chromite,
which is unexpected. Second, the original color of the pigment profile »dark organic browns
remains unsure. It is likely changed from its original color either by contact with the fill during
its time in the ground, or simply over time.

LiMITS AND INTERPRETATION OF ANALYSIS

Portable X-Ray Flourescence analysis has its advantages and limits®. XRF analysis has long been
recognized as a non-destructive way to analyze pigment*. However, elemental characterization
cannot always establish particular compounds, and is best used in combination with other
methods®. Elements of lower atomic weight displace electrons at low enough energies that they
will not sufficiently escape the object of analysis or travel through the air between the object
of analysis and the detector to be recognized. Thus elements lighter than titanium cannot be
measured consistently, though the presence of elements down to magnesium can be detected®.
Moreover, to calibrate the relative concentrations of the material analyzed, the appropriate set-
tings on the instrument must be used to fit the material being analyzed, and compared with
known samples. In the present case the instrument was calibrated for use on clay tablets. While
these settings were sufficiently useful for the present analysis, the combination of known refer-
ence samples, and appropriate settings were not available on site. Thus the present analysis is
qualitative, relying on the raw spectrum provided by the instrument.

Using the raw spectra requires interpretation, but also provides useful comparative date for
comparing the pigments and the pigment carriers. Interpretation involves a consideration of the
combination of elements present in the locations scanned, their relative density and concentra-
tion, and other factors’. For example, in areas with darker red pigmentation, a high use of lead
affects the detection of the high calcium carbonate plaster®. Pigments as powders were used to
make the paints, but before application it is not sufficient to simply add water. A binder or car-
rier paste must be used, preferably something which will not affect the color of the pigment.
Traditionally Roman painters used a calcium carbonate paste, made from powdered eggshells,
mollusk shells, chalk or marble. This accounts for the high calcium reading obtained in virtu-
ally all the spectra taken from painted areas. In addition, the plaster on which the paintings

3 Speakman et al. 2011; Frahm — Doonan 2013.

*  Szokefalvi-Nagy et al. 2004; Shugar — Mass 2012.
> Janssen et al. 2013.

¢ Hunt - Speakman 2015.

7 Hunt — Speakman 2015.

See the section on reds below.
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Fig. 4 Spectra of base plaster (basic) white scans 1. Fig.5 Spectra of base plaster (basic) white scans 46.
2.9.17 48.49.51.53.60

were executed would have been lime based, also accounting for high Ca values on the unpainted
areas. Completely separating a characterization of the elemental content of the substrate (the
plaster) from the paint is therefore not an easy matter base on spectra alone. Therefore in this
case we deal mainly with the elements we believe to make up the pigments, and make no firm
identification of the substrate layer.

These observations are considered preliminary. Though in most cases the designations
are clear, some aspects of the material of the pigment will not be detected by the pXRF and
therefore cannot be validated with certainty. We can identify the elements. However, without
optical analysis, determining the exact mineral from which the pigment is formed remains to be
confirmed. In this instance reference to proposed mineral sources has been made using several
works on Roman painting’.

Di1scuUssION OF INDIVIDUAL PIGMENTS

White
(Basic) White

We interpret this signature to represent most clearly the base plaster (scans 1. 2. 9. 17 in fig. 4;
scans 46. 48. 49. 51. 53. 60 in fig. 5). There is a high Ca (calcium) content, the PbO (lead oxide,
massicot) might have been used as an ingredient in a surface wash to make a brighter white (but
we would expect more, in such a case).

(Brightened?) white

This sub group was characterized by the brightness of the white observable during selection
(scan 67 blue, 68 green, 71 red in fig. 6). But it is not substantively different in composition from

9 Wornum 1841; Siddall 2006; Eastaugh et al. 2008; Piovesan et al. 2011.
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Fig. 6 Spectra of (brightened?) white pigment scans 67
(blue spectrum), 68 (green spectrum), 71 (red spectrum)

the white plaster. The higher detection of lead
in 71 may be due to an overlap of analysis with
the proximal yellow pigment or dilution/mi-
gration of the yellow pigment.

Yellow ochre

This pigment profile appears to be a diluted
yellow ochre [limonite-hydrated iron oxide-
FeO(OH)-»H,O] as visible in the spectra
(scans 13. 16. 19. 20. 24. 28. 29 in fig. 7). By
diluted, we mean that only a small amount of
the color pigment was used in a larger quantity
of calcium (Ca) based carrier. The much lower
lead (pb) content in this yellow distinguishes
it from the bright yellow.

Bright yellow

ke -

Fig. 7 Spectra of yellow ochre pigment scans 13. 16.
19.20. 24. 28. 29

% 1E3 Pulses
60
Cr
VSN e b S
20
I BE" N 15

- koY -

Fig. 8 Spectra of yellow stripe pigment scans 30. 69.
70.72

The yellow stripe on fragments O1, O2, O3 (scans 69. 70. 72) exhibits high levels of lead (Pb),
and some strontium (Sr) (scans 30. 69. 70. 72 in fig. 8)'°. There is also a detectable level of tin
(Sn) in scan 30 (fig. 9)"". The high level of Pb, and possibly the thickness of the paint account
for the weaker detection of calcium (Ca). The high level of Pb also suggests the lead oxide mas-
sicot (PbO). Two other characteristics of the pXRF assay are notable. It is possible to interpret

1o The slight peak on the rigth side of the figure is from Rhodium. This pXRF machine produces radiation by exciting
Rhodium with high voltage. This peak is also visible in Figures 10. 12. 15-17 and 18.
" The three Rhodium peaks between 19 and 21.5 keV here, and found in Figures 11 and 14, are not indicative of the

pigment composition.
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Fig. 9 Spectra of yellow stripe pigment scans 30. 69. Fig. 10 Spectra of (bright) orange pigment scans 7. 8
70. 72 — focused on detection of tin (black spectra); 61-63. 65 (orange spectra)

the spectra to indicate the presence of both chromium (Cr) and cadmium (Cd). Different pig-
ments could be used in combination, and the further trace elements could be interpreted as
supplementary pigments. However both interpretations are doubtful. The peak labeled as Cr
in the figure is likely produced by vanadium (V). The presence of lead chromite (PbCrO,) is
doubted as it tends to discolor quickly in the presence of air. It is possible that its combination
with the massicot or some other undetectable organic compound could have protected it. It is
also possible to interpret the presence of cadmium yellow (CdS) in the pigment profile. Roman
technology is not known to have used CdS, generally precipitated out of widely available zinc
ore sphalerite, or the occasionally co-occuring wurtzite. However, the peak to the right of Sr
should be interpreted as Pb rather than Cd. Unexpected Naples yellow [Pb(SbO,),/Pb,(SbO,),]
is ruled out by the lack of antimony (Sb).

Ovrange
(Bright) orange
This appears to be some form of lead-chromium pigment [crocoite (PbCrO,)?] (scans 61-63. 65,
colored orange in fig. 10). The Cr peak is very small on the spectra, but this data is uncalibrated,

so it is possible that the Pb is drowning it out. The peak to the left of Pb may include gallium
(Ga, not labeled), which is sometimes present alongside Pb. There is also a strong presence of

tin (Sn) (fig. 11).

(Pale) orange

This is a diluted use of the same pigment as the (bright) orange (scans 7. 8, rendered in black in
fig. 10. 11). Very similar spectra, but with lower levels of all the characteristic elements. However,
there is a higher level of vanadium (Va) exhibited than in red pigments (fig. 10).
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Fig. 11 Spectra of (bright) orange pigment scans 7. 8
(black spectra); 61-63. 65 (orange spectra) — focused on
the detection of tin

Rose/Pink

Pale Pink

This pigment is high in lead (Pb) (scan 64,
fig. 12). It also has higher than normal iron
(Fe) content. The spectrum for scan 1 (white,
spectrum colored blue) is included in the figure
for comparison.

Pale Rose

This pigment has a much higher lead (Pb) and
iron (Fe) than >Pale Pink« (scan 64) but may be

a less diluted form of the same pigment (scan
66, colored black, fig. 12).

Red

All reds appear to be stronger or more diluted
forms of lead oxide (Pb,0,) (fig. 13). Tin (Sn)is
also present in all of the scans (fig. 14). These

Fig. 12 Spectra of base plaster, pale pink, and pale
rose pigment scans 1 (base plaster, blue spectrum), 64
(pale pink, red spectrum), 66 (pale rose, black spectrum)
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Fig. 13 Spectra of red pigment scans 3-6 (paler red,
red spectra); 14 (paler red, yellow spectrum); 31. 44.
45 (medium red, green spectra); 39. 4042 (darker red,
black spectra)

different shades can be broken down into three concentrations, weakest to strongest:

Paler Red

These have small enough lead (Pb) concentrations that the calcium (Ca) from the plaster is still
detected (scans 3—6, rendered in red on fig. 13). Scan 14 (rendered in yellow in fig. 13) also belongs
to this group, though the levels of lead are higher.
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Fig. 14 Spectra of red pigment scans 3—6 (paler red, Fig. 15 Spectra of green pigment scans 11. 12. 22. 25.
red spectra); 14 (paler red, yellow spectrum); 31. 44. 45 27.47.50.52. 54 (green, green spectra); 18. 23. 26. 73—
(medium red, green spectra); 3942 (darker red, black 75 (darker green, black spectra); 10, 12 (lighter green,
spectra) — focused on the detection of tin light green spectra)

Medium Red

Higher levels of lead and corresponding lower level of calcium (Ca) distinguish this group as a
less diluted mixture than >paler red« (scans 31. 44. 45 rendered in green in fig. 14).

Darker Red

This group, even less diluted, had the highest amount of lead (Pb), and the lowest signature of
calcium (Ca, scans 39-41, rendered in black in fig. 13). Scan 42 represents an even less diluted,
and hence brighter mixture of the pigment profile (black in fig. 13).

Green

The lack of significant peaks for any elements other than those expected for the base plaster
suggests that the principal pigment is carbon-based (scans 11.21. 22.25.27. 47.50. 52. 54, fig. 15).
This also applies to the darker shades of green present in depiction of foliage (scans 18. 23. 26.
73-75, fig. 15). All greens share concentrations of iron (Fe), and small amounts of lead alongside
Sr (fig. 15). However, the absence of any element in significant quantity from which the expected
group of oxide/carbonate/sulphate pigment compounds seems to suggest that whatever is pro-
ducing the green color is organic. Iron-rich glauconite or celadonite (green mineral pigments)
is unlikely. Both include aluminium (Al) as a major constituent, and none is detected'?. Lighter
greens (scans 10, 12) are distinguished from darker greens by higher concentrations of Fe. A
very small amount of copper is detectable in the scans.

12

Aluminum (Al) is poorly measured by pXRFE, but its presence is detectable.
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Fig. 16 Spectra of blue-green pigment scans 35-38 Fig. 17 Spectra of yellow ochre, burnt ochre, and dark

organic brown pigment scans 15. 30 (yellow ochre, yel-
low spectrum); 32-34 (burnt ochre, red spectra); 55-59
(dark organic brown, brown spectra)

Blue-Green

The high signature for copper (Cu), lead (Pb) and strontium (Sr) suggest one of the blue-greens
traditionally rendered with copper (Cu) compounds, verdigris of various types (copper oxides
carbonates) and copper sulphates (scans 35-38, fig. 16). Trace amounts of titanium (T1), and
manganese (Mn). The presence of iron (Fe) is something for which we cannot provide a good
explanation.

Burnt ochre

The primary pigment compound seems to be a burnt ochre iron oxide [FeO(OH)] inferred
from the predominance of iron (Fe, scans 32-34, the red spectra in fig. 17). Sienna is excluded
by the lack of manganese (Mn). Lead (Pb) is present but only in a small amount. Arsenic (As)
is also present. The main L energy level of As overlaps with the main K energy level of Pb, but
one of the As peaks is distinct”. For comparison, yellow ochres (scans 15, 30) are included in
the figure as yellow spectra.

K,L, M, (and N, O, P) are labels assigned to electron energy levels in any atom. The K shell holds up to 2 electrons,
and is the smallest shell around the nucleus. Next out, the L shell can hold 8 electrons, and the M shell 16 electrons.
When radiation hits an atom and diplaces an electron in an inner shell, an electron from an outer shell will fall into
the lower shell and release a photon. Electrons that fall into the K shell release an electron of a lower energy than
electrons that falls into the L shell. The respective K and L energies for each element are different for each element,
and increase in relation to the atomic weight. In this case, an electron falling to the K level in a heavier Pb (lead)
atom releases about the same energy that an electron falling into the L shell in lighter As (arsenic).
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Dark organic brown (?) % 1E3 Pulses

A different pigment profile is revealed in dis-
tinction to burnt ochre, though it also appears
brown. The rendition of flowers suggests that
the original color was not what it appears now &
(scans 55-59, rendered in brown on fig. 17). Ca e
Comparison with scan 13 (yellow ochre pig-
ment), with clear identification of calcium
(Ca), combined with little evidence of any _
heavy elements suggests an organic pigment. 2 |

If the present material preserves the original | M
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color, a sepia pigment, such as from squid ink,
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is possible, fig. 18 shows scan 57 (spectrum 5 10 15

colored blue) as an outlier from scans 55. -keV-

56. 58. 59 (spectra colored dark brown) with Fig. 18 Spectra of dark organic brown pigment scans
some lead (Pb). We interpret this asared layer ~ 33-36-58-59 (brown spectra); 57 (blue spectrum)

underneath.

CONCLUSION

Itis possible to use pXRF for initial characterization of material composition of pigments in the
field. In the present study, it was possible to distinguish a range of different pigment profiles,
allowing for decisions to be made about preservation processes. The method is clearly useful
because it is non-destructive, and is superior to other processes'. The limitations of characteri-
zation are also clear. While the likelihood of an organic source of pigmentation is suggested by
the lack of likely mineral pigmentation, a more secure characterization is beyond the detection
limits of the instrument. Nonetheless, the painted plaster fragments recovered from the basins
adjacent to Mihraplikaya at Bogazkoy-Hattusa attest to the presence of vibrant colors in the 2
century Roman architecture at the site. The use of the various pigments suggested here may help
to characterize the nature of the structure, or at least the resources utilized in its construction.

Abstract: Preservation of archaeological material must always be sensitive to the composition of
the material itself. In this study, Portable X-Ray Flourescence (Bruker Tracer IV SD) was used
to provide non-destructive initial characterization of pigments on painted plaster fragments
recovered from a 2" century Roman building at Bogazkoy-Hattusa. Including base plaster, ten
different pigment profiles were identified, including lead-based and iron-based yellows, oranges,
pinks, reds and browns, a copper-based blue-green, and organically based greens and browns.

4 Many of the pigments are lead-based, therefore licking to discover pigment presents many disadvantages.



67,2017 PAINTED PLASTER PIGMENTS FROM BOGAZKOY-HATTUSA 371

VORLAUFIGE QUALITATIVE ELEMENTARCHARAKTERISIERUNG VON FARBPIGMENTEN AUF
BEMALTEM PUTZ AUS EINEM ROMISCHEN GEBAUDE IN BoGazkOY-HATTUSA DURCH PXRF

Zusammenfassung: Die Erhaltung von archiologischem Material muss immer die Zusammenset-
zung des Materials selbst berticksichtigen. In dieser Studie wurde die portable Rontgenfloures-
zenzanalyse (Bruker Tracer IV SD) verwendet, um eine zerstorungsfreie erste Charakterisierung
von Pigmenten auf gemalten Putzfragmenten zu ermoglichen, die aus einem romischen Gebaude
aus dem 2. Jahrhundert in Bogazkoy-Hattusa geborgen wurden. Den Basisputz eingeschlossen
wurden zehn verschiedene Pigmentprofile identifiziert, darunter blei- und eisenbasierte Gelb-
tone, Orange-, Rosa-, Rot- und Brauntone, ein kupferbasiertes Blaugriin und organisch basierte
Griin- und Braunténe.

BodazrkOY-HATTUSADAN PXRF‘YE KADAR OLAN ROMA YAPISINDAN BOYALI
ALGI PIGMENTLERININ KALITATIF ILKEL KARAKTERIZASYONU

Ozet: Arkeolojik bir malzeme korunurken daima o malzemenin kendi yapisina duyarli olmak
gerekir. Bu ¢alismada Bogazkoy-Hattusa’daki 2. ylizyildan kalma bir Roma yapisindan ele
gecen boyali siva pargalarindaki pigmentlerin tahribatsiz 6n karakteristigini temin etmek i¢in
Taginabilir X-Ray floresan1 (Bruker Tracer Iv SD) kullanilmistir. Alt siva dahil olmak tizere,
kursun temelli ve demir temelli sar1, turuncu, pembe, kirmizi ve kahverengi renkleri; bakir
temelli mavi-yesil ve organik temelli yesil ve kahverengi renklerini igeren 10 farkli pigment
profili belirlenmistir.
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