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Content and a Esthetic Characteristics of Tomb Murals In Taerh.ang Village,
Yaogou Township, Qingshuihe County During The Five Dynasties
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Conservation and Restoration of the Tiantishan Mountain grottoes Murals, Wuwei,

Collected by Gansu Museum

' — Taking Restoration Results of "National Preserved Murals Conservation and Restoration Technical
Traming Course" as Example
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029  "Australia-China Collaboration on the Art History,
Mural Paintings”

R E A G RE 2 R BE SRS &1

Restoration and Conservation Study of

Ionia Eckfeld, Nicole Tse, Caroline Kyi  Grimwade Centre

and Philosophical Studies, University of Melbourne . l
RIEE - R AT RiE BT . 3 Tk - HiE ERARFEH £ 5%

Wang Xiaoxiao, Yan Jing, Liang Jiafa

ng, Liu Daiyun  Shaanxi Provinci

WA PR R AN ) 4K, 2= RG24 # & 55 R

037 Wﬁﬁ"?ﬂi%ﬁﬂiﬁﬁ#ﬁ#ﬁﬁ%@ﬁ#ﬁﬁ
Conservation and Restorati '
o o e estoration of Naichun Monastery Murals in Dazhao Temple, Hohhot,
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History, Restoration and Conservation Study
of Mural Paintings”
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Abstract

This paper reports on the conservation and materials analysis of two tomb mural programs excavated by

Shaanxi Provincial Institute of Archaeology in 2014, from the Tang dynasty (61 8-907) and Yuan dynasty

(1271-1368). The characterisation of the historic Chinese Tang dynasty murals, examined the painting

materials, artistic practices and compatible conservation approaches as part of a long-term collaboration with

~ Shaanxi Provincial Institute of Archaeology, China and The University of Melbourne, Australia. In addition

| to investigating the earth based pigments of iron oxide red, iron oxide yellow and malachite with Handheld
XRF and Inductively Coupled Plasma Optical Emission spectroscopy, the study focused on the presence or

absence of binding materials. Given that only stable mineral based pigments can be embedded in a calcium

E ydmxlde (Ca(OH)2 plaster layer for a true fresco technique, and pH sensitive pigments are mixed with a
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= ﬂu’%. r in the secco techmque areas coloured Wlth pH sensitive pigments were investigated. Paint samples in
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o ‘**‘ﬁ ed areas assumed to be azurlte or malachite with inorganic analysis, were subsequently analysed

S
3 Ll Lol r L. ..
i .'11 T ]
¥ T N 5
BEIERE A FaXs Th



g 2% % Il o
oy = jii tHI L wiE i i 1z 18 XX 1)1

with Synchrotron Radiation Fourier Transformer Infrared (FTIR) Microscopy at the Australian Synchrotron
Examination of the porous paint Cross sections with micro FTIR in Attenuated Total Reflectance moge
aimed to assess the spatial distribution of compounds across the mural samples and 1dentification of low
concentrations of binders that are possibly present in the secco layers, with results pending. Complementing

this study was the production of historically correct reconstructions to test assumptions, materig] analysis

protocols and degradation pathways.

Key words

Conservation, China, cultural materials, mural painting, research collaboration
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" The collaboration

—

In 2014,a collaborative team of experts from Shaanxi and Henan Provinces China and Victoria Australa

4 : - . 3 Si
was established. Three formal agreements for academic cooperation were signed between the University

. | : : . : i 1
- of Melbourne (UoM) with the Shaanxi Provincial Institute of Archaeology (SPIA), the Henan Provincia
. ..Adminisn'ati_on of Cultural Heritage (HPACH) and Zhengzhou University (ZZU). It was agreed that the

- SPIA-UoM cooperation would focus on mural painting in Shaanxi Province. A report to the Se

B . ; : : .l rati
- Forum in 2015 outlined the establishment phase of this research and this Australia China collabo

Qujiang
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1 the technical study and scientific analysis of tomb mural painting in Shaanxi Province,




partners selected a multi-disciplinary team of art historians, scientist materials
conservators and archaeologists to establish a research training and knowledge
transfer program. In annual visits between Xi'an, China and Melbourne,
Australia, by experts and graduate students, the joint team continues the direct
examination of mural paintings in situ at field sites, museums and institute

collections. Cultural materials conservation research and the study of treatments
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R is supported by lectures, documentary film making and screenings, and an
' internship program. In 2015 SPIA hosted two UoM Grimwade Centre for

EERRpure 1. Mural paintng of 2 phoenix, Tang dynasty Conservation Materials Conservation internships at the mural conservation

e 1618-907) tomb M68, Taipingbao site, Jinyang : : . ' ; i
) ‘ | T laboratories of the Xi'an Qujiang Museum of Fine Arts working under leading
L ir_(‘,fa;ul]t},*., Shaanxi Province. Photo: SPIA.

- o f SPIA mural painting conservator Mr Wang Xiaox1ao. The interns worked on two

] ke
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mural paintings excavated from the Yuan dynasty tomb in Hengshan County,

Shanbei region of Shaanxi Province.

Aims and activities

The broad aim of the UoM-SPIA joint research project is to understand
historical wall painting materials, artistic practices and conservation methods.
The particular focus is Tang dynasty tomb mural painting, due to their quality

’ and the importance of discoveries i+ Shaanxi Province, although comparative

~ higure 2 Mural painting scene of wine preparation, Y uan _ : . ) e :
Mlynascy (1271-1368) tomb, Luogetai, L S studies are being considered such as the earliest mural paintings at Shimao stone

B i Province. Photo: SPIA. city (2,000 BCE) in the long term. Untreated mural paint samples of pigmented
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areas, grounds and support layers were collected from archaeological sites by

SPIA and brought to Melbourne for analysis in 2016.

The Tang dynasty (618-907) samples from tomb M63 discovered in 2014 at
the Taipingbao site, Jingyang County, Xianyang (to the north of Xi’an city)

' Shaanxi Province were analysed in detail. Although the identity of the
tomb occupant is not known, this tomb was of exceptionally high status with
(originally) a spirit road leading to the tomb’s colossal 30m diameter rammed
earth mound. Underground, the tomb was large, extending 35m in length and
10m in depth with a long entry passage, five side niches for the storage of bunal
goods, five ventilation shafts and a single coffin chamber. Surviving mural
paintings on the tomb passage walls indicate an extravagant pictorial program
including guards with halberds, a male civil official and an attendant woman,
two Indian Buddhist monks. a horse and groom, a riderless horse and three
directional animals — dragon, tiger and phoenix. The murals are bright, richly

coloured and skilfully painted in a lively style indicative of a date in the first
~ half of the 8th century.

he Yuan dynasty (1271-1368) mural paintings were from a tomb discovered ir
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7014 in Luogetai Village in Hengshan County 1
mb is significant for its comple
lined walls. The tomb has

gonal chamber with a

7 8m high with

n north Shaanxi

' x scheme
Province. This stone to

of painted murals covering plaster-
a rectangular entrance room and an octa

domed roof. The whole tomb is 6.1m long and

2 2.3m diameter dome. The tomb chamber’s mural scheme

n the upper register, images of the
of filial piety in the middle

ne and tea preparation,

comprises celestial scenes 1
tomb owner surrounded by scenes

and scenes of earthly pleasures such as wi

and musical performance in the lower register. In Xi'an during
7015, the Grimwade Centre intern master degree students worked
on a scene depicting wine preparation from the Luogetai tomb
under supervision of SP1A experts. This included material testing

and conservation treatment of this section of the mural painting

scheme.

Laboratory analysis

Information on the original materials assists in determining the
original artistic practices used in the production of wall paintings.
Discussions with Shaanxi-based wall painting conservators

and observations of conserved and treated wall paintings in
museums, suggested that the Shaanxi mural paintings may be
fresco with secco additions. As such, the joint team planned
analysis of the untreated plaster and pigment layers samples. In
situ analysis by SPIA with non-invasive techniques including
infrared examination, Raman spectroscopy and Handheld X-ray

fluorescence (XRF) detected these key elements: calcium, copper,

iron and lead.

At the Grimwade Centre, an initial focus of laboratory work was
on the elemental identification and quantification of elements
- In the mural paintings from the Tang dynasty Taipingbao tomb

; %ngYum an Dynasty Luogetai tomb, as well as other comparative

"
il
4

e

=
1

ig;nents from Shaanxi Province and contemporary
 reference ‘Plcs. The following methods of testing were used:
n 1eld X- ﬁ# uorescence (XRF), mductlvely coupled plasm a

nission gqmgtry (ICP-OES) and Fourier Transform

-~

opy (FTIR). In developing the analytical
-ﬁ EPigmcnts of Chinese origin that

i

n the restoration of historical mural

032

material

original material.

For inorganic analysis, Handheld XRF is a non-destructive

technique for identifying mineral pigments and mineral SUpports.

[t is a useful characterization as a first step; for example, it can

detect the presence of iron to potentially indicate iron based

pigments from the mural’s paint layer or the surrounding earth,
[CP-OES then builds on this elemental identification by providing
quantitative data in parts per million (ppm). This information
acterizes pigments MOrc accurately as their relative ratios in
ppm can be compared to the elemental composition of pigments
and their identification. Higher levels of iron than those expected
for an iron oxide pigment may consequently indicate iron sourced
from the surrounding earth. For organic analysis, FTIR examined
the organic components such as binders, additions to plaster and
support layers and organic colorants. Often such materials are
included in small quantities and trace organic components are
difficult to detect. To test the theory, model samples were made up

by UoM master degree minor thesis students and analysed using

the same protocols to ensure detection levels were as expected for

the known model samples.

Table. Summary of inorganic analysis of pigments and mineral

support layers:

This table provides a summary of the key elements and their
quantities identified in the Taipingbao tomb mural samples.
Calcium was detected using XRF in all samples. The presence
of strontium peaks associated with a marine source of calcium
SUggests a calcium carbonate support. This implies a fresco
material and therefore, technique. It should be noted that Ca
diminish in the earthen support layer in support of this assertion
For the black painted areas, although these are likely 1© be carbo"
black, XRF and ICP-OES were unable to detected caroon: The

red paint sample TP-1b, however included the presence of 1ron

at hlghel‘ levels Compared to the other pamt Samples tested,

suggesting its significance and the possibility of 1ron oxide, @

pigment consistent with fresco materials and techniques: ROt
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Fragment it
Paint ’ayer
TP- 1
; Black
TP-1b s
e

TP-1c*

g Green

B *
Ll Orange
Support layer
Uy Plaster surface
TP-6 Red
Lo Plaster
TP-6 Earth

oxide pigment. While copper was present in green painted area
TP-1c, copper was not detected in any other samples, and suggests
the presence of a copper based pigment. The use of copper
pigment is inconsistent with a fresco palette and therefore 1s of
particular interest, as this is the area where binder 1s most likely
to be present and where organic analysis should focus. For the
orange paint layer, TP-1d, iron was detected at lower levels than
in the red suggesting the inclusion of less iron oxide. However,

if we observe the TP-6 sample of the plaster surface and plaster,
the concentration of iron detected using ICP-OES 1s comparable,
and iron oxide may not be a fingerprint for the orange area. While
examination of the smaller XRF peaks indicated the presence of

~ lead in this sample. Lead is also detected in association with green

~ and confirmed with ICP-OES (although not listed in the table),

~ however was not at significant levels. One explanation is that

both of these pigments may be applied as a secco and lead may

~ beadded to improve working performance of the paint. Further
sis and may

. '
b
i
¥
Tl - ..
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o b :‘;r:‘ )
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2

~ analysis, however is required to confirm this hypothe

~ Provide an insight into a diagnostic painting technique.

033

g5 — i1 rga

LR
XRF analysis ICP-OES analysis (mg/L)
Ca Ca 1498.812
Ca and Fe Ca 633.682,Fe 20.175
Caand Cu Ca 641.345, Cu 13987
Ca and Fe Ca1216.603, Fe 11.714
Ca and Fe Ca 712.940, Fe 8.031
Ca and Fe Ca 485.216, Fe 26.790
Ca and Fe Ca 748.191, Fe 9.912
Ca and Fe Ca 177.631, Fe 98.977

secco materials in mural paintings over time and the analytical
protocols, model pigment samples were created. Tang murals have
historically been constructed with binders such as peach gum,
dammar, gelatin, mastic, rabbit skin glue, sturgeon glue, egg,
asparagus paste, casein from various animals and hide glue from
various animals. This provides a range of possibilities for model
samples to characterize the behaviour of true fresco materials
and technique versus a secco (with binder) techniques. Given our
enquiry into the possible use of binders in the secco areas of alkali
sensitive copper based green pigments, model samples focused
on this aspect of the study and the testing of peach gum, animal
hide and tempera (egg). The study characterized the response

of Tang-like organic and inorganic materials in these binders to
accelerated aging by means of increased temperatures of x oC,
and at increased temperatures of X oC together with a higher

relative humidity of 70%. Samples were analysed using visual

analysis, chemical spot tests, Ultraviolet (UV) fluorescence, FTIR

ATR and Handh

i+ aimed to identify the ke
vamine any changes 10 the organic binders used in fresco or

eld XRF. In such accelerated aging conditions,

y markers for the binding materials,

e
hniques, and their detection levels.

secco tec
This test focused on malachite (copper based) and haematite

(iron based), as these are diagnostic and commonly used
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e. Moisture rich bricks

colourants used 1n wall painting techniqu

were coated with calcium carbonate, followed by tlfe pigment
alone and the binders combined with the selected pi gments .h
Controlled accelerated aging was undertaken over six months
o identify degradation pathways at higher temperatu-res and
at higher temperatures in a moisture rich context to simulate a
burial environment similar to the conditions of Chinese tomb
murals. FTIR ATR analysis was unable to detect the binder in
the samples, despite their inclusion 1n the model samples and
contrary to UV fluorescence and chemical spot tests indicating

the presence of a binder on half the samples. This was in part due

to the strong overshadowing band between 1300 to 1500 cm-1

~ Sy -
A0 )

Figure 3 Model replicas of fresco supports

with malachite and iron oxide
also applied in

the secco technique with peach glue, animal hide and
tempera. Photo: UoM

from C-0O stretching from the carbonate pigments that masks

a signal for the protein binders. This

e
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Australian Synchrotron

——

To address the limitation of successfully ; dentify;

e g b
materials in wall paintings, the UoM-Spja W Nding

' eceiVed 2
grant from Australian Synchrotron to undertake ,

(618-9¢7
Yuan Dynasty (1279-1368): Characterizing their binder

pigments’,using the two sample sets —

Chinese Mural Paintings from the Tang Dynasty

) ang

ang

from Taipingbao ang
Luogetal.

A Synchrotron is a large analytical instrument aboyt e Size

of a football field that accelerates electrons to almost the spegg

of light. As the electrons are deflected through magnetic fiel4s
they create extremely bright light. The light is channeled

down different beamlines to determine particular materia]

properties. The benefits of Synchrotron Radiation (SR) are its
high sensitivity, and its qualitative and quantitative information
permitting detailed analysis. SR IR microscopy is able to produce
Spectra at a very high spatial resolution at Spm made possible by
the SR source. When compared to conventional IR, the spatial

resolution is ten times more at 50um, highlighting its limitation

detecting materials at smaller quantities in a paint matrix.

Samples analysed from the Taipingbao and Luogetal murals

included a range of pigments, grounds and earthen sections #

well as layered mural painting structures. These cross-section

paint samples were embedded polyester resin, attached 0 &

aluminium block and then micro-tomed to produce a s
for analysis in ATR mode.
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the Taipingbao tomh murals

our understandsi
Ing of mu inti '
£ ral paintings in Shaanxi Province. Working together

develops our

coll:—:1b0raticm:.l T;h;(:: a:d Stre“gthensj TR e

il handhefd I;r we have identified the iron and copper based

- Characterismg ey RF afld ICP-OES, and the limits of FTIR ATR

i P thll‘lg materials. This was further corroborated from the

B Lo h)i/ he model‘ samples, which initiated the use of the SR FTIR
gh-resolution technique with the Spum spatial distribution

to 1dentif
y smaller components. Results from the SR FTIR microscopy are

forthcoming.
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Cioure 4 The UoM~—SPIA team at Australian

Gynchrotron in 2017. Photo: UoM
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Figure 5 Sample of M68, Taipingbao Village, Tang Instrumentation

Dynasty (618—907) after SR IR ATR analysis of 51 x 10 ;

points at the upper green pigmented area on 2 calcium Handheld X ray Fluorescenc
C

carbonate ground. Photo: UoM
um X-ray tube) and SIPXRF software was used

10ua, and each sample

A Bruker Tracer [II-SD (Rhodi

for handheld XRE. All samples were gauged at 40ke V-

took sixty seconds to analyse. Peaks were labelled. and the K and L shells were

prioritised for diagnostic purposes.
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nfrared (FTIR) with Attenuated Total

—sa—

Fourier Transform 1

_ Reﬂectance (ATR) S 2

C— m———

th a Bruker Alpha- FTIR spectrometer equipped with

a was collected W1
GmbH, Eftlingen, Germany). All spectra

indow (Bruker Optik
ge of 4000-400 cm-1 with 256 co-added scans

lution of 4 cm-1 resolution and all data was processed with

at the spectral res0
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Before analysis, samples were prepared following a cold and hot digestion protocol with Reverse Aqua Regia

(3HNO3 :1HCI). Samples were compared to a series of standard ionic solutions that contain the elements
of research interest, and the digestion completed with the addition of hydrogen peroxide (H202). A Perkin
Elmer Optima dv8300 & dv4300 ICP-OES instrument was used at a temperature of 8000°C with argon

to thermally excite the elements and collect their respective spectral profiles with the spectrophotometer.

Calibration curves were produced to detect the concentration of particular element(s).

e e ——

Synchrotron Radiation (SR) Fourier Transform Infrared (FTIR) Microspectroscopy

SR pFTIR was performed using a Bruker Hyperion 2000 microscope in conjunction with a Vertex 80v

FTIR spectrometer fitted with a liquid-nitrogen cooled MCT detector and using the IR beamline of the

analysed with OPUS® 7.0.
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