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ABSTRACT: This project investigates the materials and techniques used by Tibetan artists. Six
Tibetan thangkas were analyzed by infrared reflectography, energy dispersive x-ray fluorescence,
Fourier transform infrared microspectroscopy, Raman spectroscopy, scanning electron
microscopy-energy dispersive spectroscopy, and high-performance liquid chroma-tography. The
analysis has suggested that three thangkas of the eighteenth - nineteenth century have a traditional
palette, which includes azurite, vermilion, orpiment, bronchantite, red lead, dolomite, magnesite,
organic red with calcite or magnesite substrate, and alumino-silicate clay minerals. Another late
nineteenth or early twentieth century thangka shows the use of Western pigments such as emerald
green, ultramarine, calcite, gypsum, chrome yellow, gold color from brass powder, and red and
yellow dyes with barium sulfate substrates. Two twentieth century thangkas made for the tourist
trade revealed a twentieth century palette such as titanium dioxide, phthalocyanine blue,
phthalocyanine green, and other pigments such as red lead, chrome yellow, barium sulfate, and
gypsum.

Introduction
A Himalayan thangka, or rolled-up image, is a sacred painting (Figure 1) in opaque
distemper that has a complex mount of textiles and hanging dowels (Figure 2). The
production of Tibetan Thangkas has been influenced greatly by Buddhist nomadic
monasticism and cultural exchange as well as economic exchanges between Tibet and the
neighboring Himalayan countries. The scientific examination of twenty-five thangkas
have been previously published (twenty-three 17th century Tibetan thangkas1, 2, 3, a 15th
century Nepali thangka4 and an 18th-19th century Bonpo Tibetan thangka5). Currently,
studies on the introduction of synthetic and Western pigments into Tibet are ongoing at
Winterthur and the Philadelphia Museum of Art. This study, a collaborative effort
between conservators and museum scientists, examines the evolution of Himalayan
thangka painting materials through the analysis of six thangkas dating from the 18th
through the 21st centuries. Special attention was given to foreign trade from China and
India, which directly impacted the availability of artists’ materials in Tibet via local
trading routes. The six Tibetan thangkas were selected to represent the evolution of the
artists’ palette in Thangka production: one from eighteenth century, two from eighteenth
to nineteenth centuries, one from late nineteenth century or early twentieth centuries, and
two from the late twentieth or early twenty-first century.
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Figure 1: A nomadic Buddhist gathering where thangkas
were worshipped. Source: Tibetan Thangka Painting:
Methods & Materials (Jackson & Jackson, 1984).

Figure 2: Elements of a thangka.
Source: A. Shaftel (1986), JAIC 25.

Methodology
Analytical methodology included the use of energy-dispersive x-ray fluorescence (EDXRF), Fourier transform infrared microspectroscopy (FTIR), Raman microspectroscopy,
Liquid Chromatography - Diode-Array Detector- Mass Spectrometry (LC-DAD-MS)
analysis, Fibre Optic Reflectance Spectrometry (FORS), and scanning electron
microscopy-energy dispersive spectroscopy (SEM-EDS).

Description of the Thangkas and Analytical Results
Thangka A (Figure 3, left):
The earliest thangka studied, dating from the 18th century. It is thought to be from
either Lhasa or eastern Tibet. It depicts two Arhats, one of the attendants
(Hvashang) and two of the Guardian Kings. Analysis has identified dolomite in
the ground as well as cinnabar as a red pigment (Figure 3, right).

Thangka B (Figure 4, left):
This thangka, from the 18th-19th century, is thought to be from the Tsang region of
Central Tibet. It is from a Gelugpa context, and depicts Sakyamuni surrounded by
Gelug teachers. Analysis has shown the presence of antlerite and brochantite
(Figure 4, right, top). Significant quantities of arsenic suggests that orpiment was
used as a yellow pigment. (Figure 4, right, bottom).
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Figure 3: Left: Thangka A..
Right, top: FTIR spectra of dolomite in ground.
Right, bottom: Raman spectrum of red
pigment: cinnabar is identified in the sample.
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Figure 4: Left: Thangka B.
Right, top: FTIR spectrum showing
presence of antlerite and brochantite.
Right, bottom: XRF spectrum suggesting
use of orpiment as a yellow pigment.
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Thangka C (Figure 5, left):
This thangka is from central Tibet, and depicts Amitabha surrounded by
Sukhavati pure land/paradise, late 18th to 19th century. Its paint layer which
contained a bright orange pigment, was partially masked by soot deposits (Figure
6). The green pigment malachite was identified (Figure 5, right). The green color
in the silk mount was analysed and found to be a mixture of blue and yellow
colorants: indigo and rutin (Figure 7). The exact Himalayan plant sources for
these dyes are not known; perhaps they were imported.

Figure 5: Left: Thangka C.
Right: Cross-sections of green sample:
Top: Visible light photomicrograph.
Center: backscattered electron.
Bottom: X-ray map images (bottom, red = Si, green =
Cu) showing presence of copper green (malachite)
overlying clay ground.

Figure 6: Cross section of paint layer, Thangka C. Obfuscation of
orange pigment at surface due to soot deposit during devotional use
(brown surface layer partially masking the orange pigment).
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Figure 7: LC-MS-DAD analysis of the green silk mount in Thangka C.
Indigo (blue) and rutin (yellow) were identified.
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Figure 8: Left: Thangka D.
Right, top: Cross-section photomicrograph of chrome yellow applied over ultramarine blue (visible light,
200x magnification). Right, bottom: ED-XRF data of green colorant, revealing Cu and As.
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