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Iron-containing earth minerals of various hues were the earliest pigments of the prehistoric artists who dwelled in
caves. Being a prominent part of human expression through art, nature-derived pigments have been used in
continuum through ages until now. Studies reveal that the primitive artist stored or used his pigments as color
cakes made out of skin or reeds. Although records to help understand the technical details of Indian painting in the
early periodare scanty, there is a certain amount of material from which some idea may be gained regarding the
methods used by the artists to obtain their results. Considering Indian wall paintings, the most widely used earth
pigments include red, yellow, and green ochres, making it fairly easy for the modern era scientific conservators and
researchers to study them.

red ochre green earth black earth yellow ochre pigments wall painting

| 1. Introduction

Since time immemorial, wall paintings have been done in almost all countries. Paintings of all kinds, encompassing
all types of wall paintings as well, are a valuable part of many countries’ cultural heritage. In prehistoric paintings,
the artistic style was primitive, and the techniques were also very basic, with the paint being applied directly onto
the rock surface. As a result of this, the pigments seep through the pores and coarse surface of rocks. Later, more

complex designs and figures were painted on walls, which were often prepared with several layers of plaster [2I.

The uses and evidence of earth pigments in the India begin with the hematite and quartz crystals found in the
Acheulian deposits of the Lower Paleolithic period. One such hematite specimen was discovered in the exposed
floor of Hunsgi (Karnataka), locality V, and has a worn facet with characteristic striation patterns, indicating that it
was used as a crayon to color or mark a rock surface 2. Because this material does not occur in its natural state in
the area surrounding the site, the site excavators believed that these little hematite nodules were brought-in from
afar. Paddaya goes on to say that these red ochre nodules were probably also utilized for body ornamentation and
other similar purposes Bl. Six other tiny quartz crystals were discovered from the base of the lower Paleolithic
deposit at Singi Talav (Rajasthan), which was interesting evidence. They were virtually fully unchanged and
measured 7-25 mm in length, making them too small to have been employed as tools. They had been purposefully
transported to the site, as had the Hunsgi hematite nodules, and were collected for their visual attributes .
Although these are only inferences, it is impossible to rule out the possibility of a functioning reality involving an

aesthetic sense among our forefathers.
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According to Wakankar, some of the earliest depictions in Mesolithic rock paintings painted in green color could be
those belonging to the upper Paleolithic era of Indian antiquity. The discovery of green earth (what he refers to as
terra verte) in upper Paleolithic deposits in one of the excavated rock shelters (lll A-28) at Bhimbetka & could be
the basis for this hypothesis. The chronological position in time of the green paintings, however, is a point of
contention. Green pigments were discovered first, followed by red paintings, according to some scholars (€.
Wakankar also discovered yellow ochre, manganese, and terra verte in Bhimbetka’s shelter Il A-28 in 1975, where
these pigments were observed to be smeared on multiple areas in the shelter Ill F-23 EUEl These early paintings
represent the beginning of known or surviving rock art in India because of the quality of pigment applications in the
form of fine and controlled lines. According to Mishra, for the paintings at Bhimbetka, apart from being executed in
red or white, bluish-green and yellowish colors had also been used on occasions. Since they were only preserved
in fragments and were found at the bottom of the paint layer; green painted layers tend to be the oldest. Many
shades of red were visible, ranging from scarlet to pale red to dark chocolate. Natural minerals were used to make
these pigments 2

The largest concentration of prehistoric sites and rock paintings are found in Central India’s sandstone regions,
which span three distinct mountain systems: the Vindhyachal and Satpura in Madhya Pradesh, Chhattisgarh, and a
portion of Uttar Pradesh and the Aravalli in Rajasthan. In all more than a thousand rock-shelters with paintings
have been explored and studied by archeologists. It is interesting to note that prehistoric paintings in India were
first noticed 12 years earlier than the famous discovery of the cave paintings of Altamira (Spain). This was done by
Archibald Carllyle, a superintendent of the Archaeological Survey of India (ASI) in 1867, in the Mirzapur area of the
then United Provinces. Like Marcelino de Santuola, through discovery of Altamira in 1879, Carllyle was the first
scholar to attribute these paintings to the Stone-Age period. Some of the prominent sites in India with shelters
containing prehistoric paintings are Panchmari in the Mahadeo Hills of Madhya Pradesh, Adamgarph, Raisen,
Mirzapur, etc. Mirzapur has evidence dating from the Lower Palaeolithic to the Mesolithic periods, and was a major
center of rock painted shelters in Uttar Pradesh [FIYILIL2I1S8] Figure 1 shows a list of most famous wall painting

sites in India.
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* Bhimbetka caves, Madhyva Pradesh
* Ajanta caves, Maharashira
#* Ellora caves, Maharashira
* Badami caves | Kamataka
+ Bagh Caves, Madhya Pradesh
+ Thanjavur, Tamil Nadu
% Sankaranarayana lemple, Kerala
+ Lakhang-Gongma Menastery, Himachal Pradesh
# Juna Mahal, Dungarpur (Rajasthan)
* Lepakshi {Andhra Pradesh)

Moghul Gateway, Bairat, Rajasthan

E * P ~ % *Orchha, Madhya Pradesh
! }"j\ 2 * Golden temple, Amritsar, Punjab
i - # Servent Chapel of S1. Momica Church and Convemt,
* ’gl—f- . +*Indian Temple, New Delhi
%ﬂj o # Kusum Sarovas, Govardhan, Uttar Pradesh
J ;
~ o ~

; )

Figure 1. Location of most famous mural paintings in India.

Wall paintings are exposed to a wide range of climatic conditions due to their location in many large and small
geographical regions throughout the country I, They were executed on the rock surface, making use of the natural
porosity of the rock exterior to secure the colors. The pigment was most likely powdered using a mortar and pestle
or within natural depressions of rocks, combined with water, and applied with twig brushes. To remove the pulp and
reveal the fibers, one end of the twig is pounded. It has been believed that palmetto twigs were most likely chosen
since they are known to be the best among other materials. Considering sandstone shelters, when painting them,
the pigment seeps into the porous rock surface and becomes permanently embedded in it, making it impossible to
remove, even when washed. Only natural weathering of the granite surface can cause the paintings to deteriorate.
It is believed that transparent and opaque color techniques were widely used to rock surfaces. It is a more relied
upon technique than the stencil technique, which is traditionally used to make negative handprints. In the
transparent color technique, the colors used were heavily diluted in water, except for the emerald green and white
colors. For the first time, man-made mud brick structureswere observed during the Neolithic period around 6000
B.C.E where the structures were made by laying a smooth layer of fine mud plaster over a brick wall.
Simultaneously, the need for a binding material, such as glue or gum, to set the color onto the smooth mud base
became a necessity. As painting techniques developed, first of all a plaster layer was applied on the wall which was
later painted upon (241151,

Tempera has been the mainstay of Indian wall painting for centuries. The basic feature of this technique is the use
of a binding medium for emulsifying the pigment in gum Arabic, animal glue, egg yolk, etc., which achieve the
adhesion between the pigments and the dry background 4!, The paintings in southern India were mostly executed
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according to the tempera technique where walls were prepared with mud plaster or rock cuts as late as 6-7th C.E.
century, such as Ajanta, cave no. 10. The Buddhist paintings in Bagh (Madhya Pradesh) executed in a similar
techniqgue immediately follow the Ajanta period. Some wall paintings in monuments and temples in South India
were regarded be executed in lime medium (secco) by Paramasivan. The secco technique is done on dry lime
plaster. The pigments are mixed with lime water, sometimes with the addition of a little skimmed milk. Some
examples of secco paintings are Sitannavasal, Pallava paintings in Kaliasanatha temple, Kanchipuram, and
Lepaskhi . The art of wall painting in Rajasthan evolved into what is known as Rajasthani style after the 17th
century C.E. The Indian painters elaborately prepared lime plaster which was laid on walls in several thin layers,
each well compacted to a total thickness of a quarter to a half inch to cover crevices and joints. This was overlaid
with thin lime plaster and again a specially prepared milk of lime of was applied to the wet wall. Several coats were
applied, followed by rubbing with a stone each time. The final application was done with the milk of lime followed by
polishing the surface with an agate stone to produce a smooth glaze that later received the pigments prepared in
water with a gum medium and occasionally glue in the case of certain pigments, especially black. There are
several notable paintings which were executed using the Rajasthani style such as Badal Mahal (Nagaur Fort), Lal
Baba Temple (Jodhpur), and Amer Palace (Jaipur) 118,

The uses of earth pigments in India’s painted works has continued since prehistoric times. Because of their high
coloring potential and stability under a variety of environmental conditions, light, oxidation, and corrosion, these
painting materials have been widely used 2. Earth pigments can be used in almost any architectural background
for the execution of wall paintings. Iron-rich ochres, green earth, wads (manganese-rich ochres), white earth
(calcite, kaolinite, and gypsum), umbers, and vivianite-rich blue earth are the broad categories which are
combinations of several chromophore minerals as well as accessory phases such as carbonates, clays, and
guartz, rather than pure, single mineral colors. As deposits on the Earth’s surface, they would have been both
evident and desired sources of pigment, and it is this category of pigments that is most essential in the evolution of
prehistoric art 18, Table 1 listed earth pigments used in India’s wall paintings. A detailed explanation of earth

pigments will be provided further as a separate section below.

Table 1. Chronological development of pigment used in Indian mural painting with techniques.

_Earth Color Name of Pigment Chemical Formula
Pigment

Red Red Ochre 0-Fe,O3

Ochre Purplish red Indian Red Fe,O3
Yellow Yellow ochre Fe,03-H,0 or a-FeO(OH)
EUUITICIAG e Umber Fe,04-(H,0)+MnO,-(NH,0)+Al,04
brown
Yellow-brown Sienna Fe,O3+MnO,

Green earth  Green Celadonite K[(Al,Fe3*),(FeZ* Mg)]

Glauconite (AlSi3,Sig)O19(OH),
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Earth . .
Pigment Color Name of Pigment Chemical Formula
(K,Na)(Fe®*,Al,Mg)2(Si,Al)4010(OH):

Calcite CaCOg3

White earth White Gypsum CaS04-2H,0
Kaolinite Al[Si2Os][OH]

Wade Black Mangan_ese el MnO»
(Pyrolusite)

Blue Earths  Blue Vivianite Fes?* [PO4]2-8H,0

1. Nagpal, J.C. Mural Paintings in India; Gyan Publishing House: New Delhi, India, 1988; ISBN
| 21 E%ith Pigments

2. Bednarik, R.G. An Acheulian haematite pebble with striations. Rock Art Res. 1990, 7, 75.
The term “earth pigments” refers to inorganic, naturally occurring mineral pigments that are employed as colorants.

Baitaslgamyies danHie86pAaR:IIRS NoAcRh 3w mekashNagRehEigiicth Maharaphtia: SethcRecrriieoih
the%’é@&s@%u@ﬁ;r@%&gd on its coloring agent. The color is determined by the presence of non-clay
D9 BEYRaFHE R TN 3R MBS CERE S IPAER P SHIGA P PN ISR CPSBi, 1a0rggipniinshe crystal structure.

The natural color hue can be influenced by drying intensity and even more so by persistent high-temperature
r$ea\(|\(%}<@]1kar, V.S. Prehistoric Cave Paintings. Marg 1975, 27, 17-34.

6. Tyagi, G.S.; Lorblanchet, M. Decorative intricate patterns in Indian rock art. Rock Art Old World

2.1, Qehvess 317,
Acoprdiarikare By Blshrisctlaoxitibe qratist bridrpeidadisemPlal Ptzoh Fam 978 nga7sdtice setting. Iron-rich

ochres are the maost common ones, although cofp'oer,and cobalt ochres have also been used asgoi%\ments (0]
8. Wakankar, V.S. Painted Rock_Sheltérs of India, Savitribai Phule Pune University. 1973. Available
Ochres are a form of inorganic pigmént that comes from natural minerals. The word “ochre” is a common term that

online: http://hdl.handle.net/10603/151570 (accessed on 10 June 2021). -
refers to substances that range in color from yellow to deep purple and have an iron oxide chromophore [21] Types

&. dvhissa.intidle dPreh e e v s ire Opi@preoeh B hbraet kahre - klistedi . Miger, HisArt ArRBIE dhiiiames
deg&cimgléhOeppud0-16.

10. Mathpal, Y. Rock art of India. J. Indian Hist. 1976, 54, 27-51. _ -
Natural iron oxide pigments, unlike manufactured pigments, vary in color depending on the composition of the

1bgibvaithS edanfeohhenzheliey afctitneargastddpekeRadntng inflinsiae by RfAsERENEDY Tactord e the
13RSI, 102 PRIh REBACRBEICRIP ST BrllRLERk SO eI IR dRERIBAI AP PUb IRURBIFEINEDS 8tk red
ocqrﬁaig’relggﬁle likely to contain hematite (Fe203), whereas the paler yellow ochres are more likely to contain

goethite (FeOOH or Fe20O3-H,0, hydrated iron oxide). The existence of other metal oxides or clay minerals
1R Mg VoMYA RNGBIRI T 64 dRARERINES Driliger Steah o b iR e iSIREY R within the
maféf%‘iqg' icﬁ@f%rglﬂgt@rt &P&H&&é r.Dﬁﬁg'lgt%Tgm@ﬁﬂ@%LB Ak ?Qb%%@'rbﬁa%p@rezc%Tgf]sM@%m g?ﬂrrick
redl?@gﬁ?é? &;ﬁwd ﬁHng%%ﬁ{kr%W&]b@dht%rt&@rﬁswﬁgrez@03 is the chromophore 221 The earth’s color

18 detesmendty a, RO theess vadriePaiRBNGIRVStiady o PRERIR HEO BT el BESL B thel Sl festhe
nuNTRSAS Ay ANGAELIYERJOCRIBtiCh HeRae Irpperients can mix 22

15. Subbaraman, S. Conservation of mural paintings. Curr. Sci. 1993, 736—753.
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1WwhBihaitacblary aySdittefaet) distimdvizd e Haghaen/ iy iviibtPisldaati ovise R bl bt donblewrdDignitidallisgwever,
the 188#hctBEB NedbBRS80aE2complicated, and classification may be incorrect. This is one of the most serious
SRR 1B BRI P SRS SEP R RLRY O PGB E RSR AL ot sienm
I S SRS AR FRIEFo R S AR iRl PR L BYogtar win
e BN SR GlaiPa LSt VSIS0 et RIdRER Y EredioLpesames s dfIopLanes faey
werﬁiglrrﬁwothF\)/\éae/ts mixeﬂdﬂ'& %tgfeggifgents rather than used in their pure form 24, According to Bednarik [22],

Ol. rosc.
the states of hydration, reduction, hydrolysis, oxidation, adsorption, grain form, and size distribution of the several

1&nyjeraits Ritingeabigiaenenisdrpretisraleaynillesitamalyais i Sreeapgmaiayalabipmaterialgree
of MW&F%@QH&@%-WhiCh is equivalent to the amounts of the two main ochre-coloring minerals present
19°R8fiE 19 ey ratina: Wisy rRrsERAS arBosEINeeBrharoAdI afagiseriagds, A 2rmsult
anhygeous oxides (hematite) are more prevalent in purple and red shades of pigment. The lighter tones suggest
hydration with goethite serving as the primary ferrous colourant whereas darker ochres contain several phases of

%pdn%q/\g%&qgés%gdgﬂs. 5%1%%85%’6 ‘%'eN(I)x Raman Spectroscopy in Archaeology and Art History; Royal

Society of Chemistry: Cambridge, UK, 2005; Volume 9, ISBN 0854045228.

BrOWBUARD ANPIYRRSHES B GreRo ReReTHSPTBRAN eSS, I5B( 20RNAETaBle BigRRSts in which the
ma PG RN R RIS SRS TR s S SRS BRI AN (MBYIRE WP the pigment. However, their overall

features and structure indicate otherwise. The umbers, in particular, contain between 5-20% manganese oxides

2 RHNCL D dranhARIRREL SR gVt R EEReS: BAGHECYSRe % CORYS a2 ARG have

aff R Y QU S ARG H T Ok & SRR S RS 8 AN G R D oy DY ¥ B A AL RS S E RN E heras,
as QRS GG N e S BRE T o i, BT A MRk BNl RRESHR5 6 49 Btind0n St Rs 18-

23. Minerals, Iron Oxide Pigment, Ochre, 31C Gr. (n.d.). Available online:

Ochp &7R1aNE CXETIS L SATADE HRSHIRIS St 88 S98d Vi o Sifishenbhiging ability, and tinting strength 221

The continued and broad use of ochres can be attributed to a number of factors, including their abundance in
2012y QuiRi B T 1 SRRl R et RO ST Sty iR IS EE o e SR it B ISRt

are S NG 5,180 9 ALIFG AIfSEFRIANRR FEQUAN kSR ReS S PR AIEh YRl AR FHCand

cha%%ﬁ\’gzeorﬂ/lzrghmental conditions and, dilute acid and alkali attack 22, Since ochres absorb ultraviolet light, they
2&prBedasikield. BeiAtintiginsedinthrisposdegeuia8on, 16 RAUBON to extending the paint's overall permanence
(28] Mmanufacturers denote synthetic iron oxide pigments with names commonly reserved for earth pigments, such
26. Chalmin, E.; Vignaud, C.; Menu, M. Palaeolithic painting matter: Natural or heat-treated pigment?
as %\epl)loi/v F())chre for_an artificial 2g{gll(?l_v&_ron oxide, which complicates the issue. The term “iron oxide pigment” is

hys. A 2004, 79,1 ) o ) ) ) .
commonly used to describe both natural and man-made materials that contain mixes of iron oxides and iron oxide

Aydecniben@hfie e ivenedeliaefeaMaips ertie RieSROEFEIN IAhEh; iSO RN thhifhd, dNlo Rebradeltom a
natifal lsdGehettBlEl; Sipria, 6. MNaiumahieipxiste abkdroxxaydsaxide NasEUtiEgles AadnioRs@athg the
sciéridld enipee stigrtisranivtinrrpbopetiel a8 pBmot8s32.

28. Cornell, R.M.; Schwertmann, U. The Iron Oxides: Structure, Properties, Reactions, Occurrences

Synthetic ochre was prepared bg the irreversible process of calcining or boillngzrawo)éellow soil to produce a variety
and Uses; John Wiley & Sons: Hoboken, NJ, USA, 2003; ISBN 3527302743. _ _
of hues such as red, orange, brown, and mid tones of these colors. The dehydroxylation of hydrated iron oxides to

28 ideaniliavéhe Srtinp prbebd re, Rikharis, flRal SatRistisri&iorkedsgiasiibe (iti&l MiysRUlddseYatures, and
hedPinganasiie mneinoadogsing keexamnintienal Byzrating fieseres antldeaisisNobndestidativ@fates
(FebugStigatEnoanes Rrruertddentifisatoaobideo npcahieNsive dnpdyiigal t)emistandaisyietite (Fe;0,)
in dnagigrdaNahbsphethrrtards: Re0AoMalkRidAy Rl Gyt . JypitStR 1abre 48 dcessing. Methods for
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3baRiaghuipatett; GefdoeBerénjiaxides Batayrivihy Ebrefiings edhadriduNesiFergpeectived amisoredBasedia
sindéathe slyuckitie heRodqe88Es a2 M, §)aaZs) 32,

3}. Sfl“w%gt-%esserat, D. Ocher in Prehistory: 300,000 Years of the Use of Iron Ore as Pigmets;
.1.1. Red Ochre

Yale University Press: New Haven, MA, USA, 1980; pp. 127-150.
ST ARG (A STARSEN orihg I ESIRRR DRGSR of MR S RoCRHPBR PR B fARelaRssized
ore&rgﬁtﬁul?cq G%r?vg%styargiea‘;'jg?&ew i%hares. The name hematite, derived from the Greek word “haima”

e
meaning blood, aptly describes its usual red hue. Hematite is typically formed as a result of the oxidation of biotite

SREERS AR GIOREBE) RaghlRe ARy S (ERRRSY Mo @asiBiNsRsIfminie NERRELS . The
SRS 18 HRgsitRkane Rk EXMAIMR P03k GlAuNIER HIShPtheSRdnG6ithation B3]
SHCHRIGERMALEn VESERIONCR. RPNRS $eUBSNET tiTBREthite SRR AR Raues M SRR Al P Fpieas that
Inclyfs SPRMBE JA'GRIWAEHTRGAUSN A% NViIRRiFaCOTSYYINgAtsgeBd grfant roots), grinding, sieving, and

levigation before intermixing withaa medium to make paint. Hematite grain size influences color as well, with a
35 Rt M A Fakhauser, B Jercher, M. The chanaing payenance of red ochre af Puritiga rock
. sQeIter Central AustraHa' L(?te Plglstocene to P]resent. In Procee ings of the PrehIStO{IC %om%%'
iron-bearing ‘minerals "IN red beds, and is” more common In younger deposits’ with a’ distinct yellow-brown
appce:grrgrpcrtlad%. %Q\Igeor {We Fz)fggsess'tcl:s%ryebs”\gv r?'rgdK écjhgrgSS Isvigllfhrgte trBa%ir%' t%%m back to their source which is
3B usmgly, dificlirbpatfiBilClerfiesttheyfve resemvataviyop e ggeantd d unaiserioe. I Cdmserne. Scouaf 3iehg
witl @ie-EtRBtalline nature, color, and particle size, can help distinguish broad sedimentary environments. The

racter an ineral of surviving, ochre depasits in the area of an archaeological sife can _he used to
3?1. mes,al.g.glflg. Ina%’gn Mlnue\rlgllls earboo 381‘% I(gov. India I\%lnlst.%/llnes Hgl'gpurI Of§ 1%, f—i@
determine the possible provenance of local use. Red ochres are a universal pigment that can be employed in

3Romeaslisn NoMaariasiHpRE ahR aimuand Marnish MdBRigsreYRatteRARELReVR BRYERhEY IBtkDused as a
pig@é\lﬁlmadjﬁﬁi@,, 25k, Badami, Bagh, and other sites have Buddhist paintings rendered with red and yellow

SRR B2 Jambor, J.L. O'reilly, J.B. Man’s first use of jarosite: The pre-Roman mining-

metallurgical operations at Rio Tinto, Spain. Can. Min. Metall. Bull. 1983, 76, 78—82.
Red ochres are non-toxic and are used in the production of paints that not only dry easily but also completely cover

A9, rRassiaNPrd- SghtPBtERS08 ek rddiraety fah st Edtich O tREVNICIREAsHE. (N Hitbid; @ Sd M2 dhs
car2bél thenerystahahemistarehihesAmmenigiripsite s BhiRlRRlisuS AisrR Y UHOR5RIIRSH; Gwalior,
KatMinpEaRMAGi2PeE, ihlmadiyHhladesh; Anantapur, Kadapa, Visakhapatnam districts in Andhra Pradesh;

ANBR3PUNR T KechsRER8E T FaE el IR P YRth 8 Hh B SR PO iR Rt Pradfts] drBRRE AP
diStH{jHifbMﬂFﬁrm@t[g]solid—solution series: A synthetic study with full Fe site occupancy. Am. Mineral.

2008, 93, 853-862. . R . o
Indian red (hirmize) is also a natural iron ore or hematite with a rich purplish-red color and a ferric oxide content of

A3/ B8, Isokb Jf HEASERIApFLSIN BB EoinetapeS eASRaIgRBedatRsde ke ihenBaikiBrikHY e
speRigdit) drdNEedihtnadlateris with Lol achaptiainmalisatiens e Henbite Bidb Fhbhearod?BR+orest

of Bé¥Mand some from Ormuz in the Persian Gulf. The faint purplish tint of this pigment is its most distinguishing

BBEHIRICPICHIMR. & 9RIGheEBR, T SHABEBUESMIE KT snfls 2 HUEe A die pide with other
Maieiar IR AlGH JPD AP o GEbYiEar 88 REBL IS REYBalRY. FG0E: EheliNto6d7 209 £heppoynite

substances 28,
44. Helwig, K. A note on burnt yellow earth pigments: Documentary sources and scientific analysis.

2.19U¥elloiFOeht@97, 42, 181-188.
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4SaBeiryel|alvdchagelpiee dHR Alddaciay) Asllimbineeoxkigheatas ddmyioydxixies, GEDD HNtHH TR Sthuctnsats
of inteixra@latmnshipsl Glaydehenitguthid&aB, whcllBing0goethite (iron oxyhydroxide, FeO[OH]), akageneite,

4BPIESEIRBR, A0 R R gL L e, S PRCTRINST S RAGH GRS BSOS RS e rom
G DY EB A EL S SkSI PR A SYVE (BPAV) 201 Fecause of ths, goethie-based earths
are the most widely used yellow pigments in antiquity. However, yeIIoW ochre became a regular artists’ material as

4the GRRsieColev NSeydNaTIRR 20 reREIORMSABaMNEH: AR ARGINIER (NG BHERY ARSIUMANIAN became
tenWQ@hM%bkﬂ@%i@sp%@lThe second main pigment is potassium jarosite. The finding of jarosite in

A4 MAIATRS RSy DR JRIIRUALS AISEPR g HORRSIS RSERISHY Sa R RAIERYCRESISSRERH 6t SHRergene
settingisgas WeHBs thejr relationship with mine waste E9140121142],

4%h1paRInaRANe fafad NPHahiRgAn R R ARk AirigeMUsRAiRERaRRcesatRA Bl MiLiidhding,
andPQEGRG H ATRROIiGakH9E8n B, Afehl céRBihed with yellow ochre. Yellow ochre is non-toxic and stable,

SRSl NG ipgRDIYTAR RSTEIRECARR thal BpiRcEENYiRAAG RS HP RSt YEH M far driveheating
below,BQR. ?@béﬁY@f@b@?ﬁfﬁ%@f%@?z‘@ﬁé@@S?t goethite is thermally converted to red iron oxide having

hematite crystal structure. It has been known that heating yellow earth produces a red pigment. This technology

SdseSigalls Dsdn/ AR MR o PISHINRTS R84 QRHGRINY HIaRGa A LSRG RISy

the'ﬂ%lg % t%rér%\s\é\{/arilgﬁacmhewémngal‘étg%?'The transition from goethite to hematite when burnt can be easily

S5geSdpdlveda, MaGlifiéaten SHYEEE DMpendBrnddhe \eGpetatine &t BIMichCAecaprthitteigahehtid, the
proflicrbeRatiiets Speaech| Udmgtificayiokffeichvan dah esesiiédessbiackip iy e iyed oo sardr ghgmentg fceh the
natehtestteartNE&hern Chile. Herit. Sci. 2015, 3, 1-6.

S EAVIARK: Ee ANaR! Mot 8 0% TepPaRaRIA ko GRAP ' Nii SR eFe EATRSRURCHRR: Kl as
sof2NAHURS: B AROEANG 58 B A PR ARG e 4Rk FRE n Be At 2RO Veish SHNIRE aiso
foulRCRL Y EAMATEHRIR 2GS 4P HAY RASINAS QLIS cURe d SR RS Rt RRYSerst 2908 nE3u) and
Tert?ag)rgf)zz%z (Myingyan district, Burma) [28l,

54. Grissom, C.A. Green earth. In Artists’ Pigments; A Handbook of Their History and Characteristics;

TodQuioYfAIPH QFEFG BERATES RRRSPARAGHON, BENdhSLradas /B anpBuTeel disticis iiedyeriedests
Jabalpur, Mandla, Satna, and Shahdol districts, and Maharashtra’s Nagpur district. According to Indian Minerals
St o b BB ol 1B MR Mo lOPRR A driord MBS o o R 8HFROL AL R AL Ghe
tota Vrveosésr?/ggrrgg%urpclgse rOE%I 03(91%: lgg oM!an?%llgA gr%‘&s%?n%té‘ 103Z§_1%'§2/, 9 million tones. Around 36.93 million
56nalviidbigewado GeeP dgle Mol the URdsenksChaledoa) wdalthdi3A@of piloicdnite. f8biln8ritt8 o eAraining
Red@irégs3eam@pns5Atound 87% of the total resources are red ochre, 11 percent are yellow ochre, and the
remaining 2% are grade “Unknown,” Rajasthan_has about 78% of the resources, followed bY Madhya Pradesh with
57. Sharma, A. EXecution technique and pigment characteristics of decorative wall from™17th CE

11%, Andhra Pradesh with 7%, and Gujarat with 2%. Karnataka, Maharashtra, Jharkhand, and Uttar Pradesh have

Chatta Chowk, Red Fo&Complex, New Delhi. Period. Mineral. 2020, 90, 43-56.

the remaining 2% of the total (22,
58. Kanth, A.P.; Singh, M.R. Vibrational spectroscopy and SEM-EDX analysis of wall painted

2.1 3:MmReB chha Fort, India. J. Archaeol. Sci. Rep. 2019, 24, 434—444.

59mkérais, R.Batadigcocpaintiongof Ajdtaadd OihasioeseCheérn:casttiond 9218, 8Rick4s-3ked as brown and
reddish-brown earth pigment 21, |t has been used for thousands of years and has earth tones ranging from cream

to brown, depending on the amount of iron and manganese compounds present. It is also completely stable and
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edhrikardarasohas abd SibenaalpeirdiaginitathenBagigroavesardicainbestgjaljonitatoviite sthee thigdsnis The
besPratiesdingssfithe Dyhears AdaceinyisfiGtizhee oy detipredenSp rin gesn Bedise Heidatb BRG emtanys
mad®3y; Moiugehd Qe .f@mwed by grinding and washing it which leaves a mixture of rust-stained clay. In its
e ERRRS: RIS UGG WP FalBF B S A b avate WiEES S CBREER TG P4 1y as
burﬂg%gghdue to the loss of water (dehydration). Raw earth umber (raw sienna earth) consisting of iron oxide,

aluminum oxide, and manganese oxide while burnt umber (burnt sienna earth) consisting of iron oxide, clay, and
BRafeRitess okied 12EitzHUgh, E.W.; Feller, R.L. Calcium carbonate whites. In Artists’ Pigments: A

Handbook of Their History and Characteristics; National Galllery of Art: Washington, DC, USA,
Beih§ @3nMetahp@2eppwil) elRRGsh-brown to greenish brown color, derived from natural earth colored iron and
B S S R SR R RIS O HEIBRSH 7L RS Sk 2901 87 UBRP LauTe ghhei i o
adsorption, umbers need about 18% oil to coalesce with oil paints. As a result, the later oil films darken over time.
6dmbarareasiRRl sonBsibAUR dhaPRREAGPTRCESH IB4aE ERRi}, ofhvilaymlayadhalisvaramhindisd
mahgthekkQitRteraiR iy Msreserines rithanBARbAcadgMuel Bsicadesmnsestiinhde AREIBERY: naturally
occBeitnddsidalbessh GRImanY: dOR& MRMME HIRPTHSEarEd8s of umbers are heterogeneous and rounded

65.9PRFAFABSHAHS UTRRAT RGBT fHE BIRENY PYBCES M YD $H ERIEIEfe MY SV BRI fiNiing strength
arephs QIEGMGICBNME HafarPARH SR PELIBIIRERIS - HBRIA 1y Bt iy fiserBR e divrRliRst
on 4@§8eS\BHlume 10, p. 145.

6&.1hrSiemdiaan, S. The Pallava paintings at Conjeevaram—An investigation into the methods. In

Proceedings of the Indian Academy of Sciences-Section A; Springer: Berlin/Heidelberg, Germany,

Sieﬂg%és; %Iilrjonr]]eoii&e F%].dﬁgg%nese oxide-based earth pigment while raw sienna is a yellow-brown pigment

which occurs only in its natural state. Raw sienna’s chemical breakdown is roughly 90% iron oxide (yellow) with
BhindARRRuAs IdIeRHGLHYSE GRiR PRINaR RJBREB: Anem BarksdMRrpatianalkrlrita. ingisuw ey
hed%Na&ﬂ-i@W&ﬁ%?—lO% °C before the iron oxide is mainly converted to hematite. Sienna was one of the
eHsRignIeRSivaRr T PAIRRARIAAMEPATHY PIILEILGFAME BHitiREyear S aR b U HHIg KD Rey
C.El.gggpi:g?y\/gepj_t@%genaissance period, that the pigment was further refined for artistic use. It gets its name
from the ltalian city-state of Siena, where it was created. During this time, the Italians improved the pigment’s

Ohrlef ARy rISHHY 9L FRUIING T OSRSSRner A% HemPGS- AL AIRMENYIRRIA BFRs were used

extg)nusll:{/lclﬁy Imghgn%{%ggﬁcénpda{%ti%g %eGChniques. It is stable at high temperatures but not acid resistant, and is

7@ixiEde BiR alntienpigrdeats pedritinitecipesdmndmauvalietst etotheig'8ajanta. Int. J. Conserv. Sci.

2014, 5, 35-50.
2.2. Wads: Manganese Ochres

71. Sharma, A.; Singh, M.R. A Multi-Analytical Investigation of the Materials and Painting Techniques
SOYfigAAN PABHEIFERE HAGhHIBETA ioh RESRAT W ENFSirt aVEsWAEHRUC RS Stligh EBRYerRrbon-
basegplagls Piergpt- pigpnatively, woody plant material (as well as bones and ivory) can be quickly burned to
create high-quality black pigments. Mineral blacks, such as manganese ochre or wad, are among the first

7é2XaIr3nragQ\6v%¥ngRp%h\q/gﬁt%(g}tgr i@?ft%%lli'tguigr%?ux’ R.A.; Bladh, K.W.; Nichols, M.C. Handbook of

Mineraiogy, Volume 4, Arsenates, Phosphates, Vanadates; Mineral Data Publishing: Tucson, AZ,

Waygﬁnm@hélggﬁer'l%w Q%@Q&%’é&-by miners which refers to manganese-rich earths, as well as graphite

74854 PRI ER LB, 1S 19FRILTS'S PIRSYiRVRIGN ZiSHIESCRaGWIYING iR'strifctard of all elements
foupf i 4Bt RaHNSIFAS a ARAOM S BrefRHG U WetdrifataM I NSRS BR hEtRe H faBBi4EiApeS Of
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mapoatibecrystaliteiBD lsindssyadiprotidinech déziti oime XA Bh' & salfaBéo &nalinG kevera 0kiHe 388y 33de-BBt@rals;
e R T T e R i ok
=g, S&%%Cr%c{%rrﬁ“z'a osr?VBE‘#\é’?‘c.at dd“’x' < Eagls; Bewsyen i eegfay’}?'o‘r’%rk\%%aar%“?ﬁ it 'Q\""“F Ty
dep§51tszatbc§1 53 [bergnladﬁes Manganese ochres are made up of a complex mix of manganese OXIde and

hydroxide mlnerals as well as iron oxides . Simple oxides like Mn, O, or mixed oxides like A,Mn,O,, where A is

TR ofHiplelal GruNIn EnidAI QY RENGhe bialeianda MascRRe idnaiasi gttinho- pedinneAlatite Biher
mirRiSROHR: LeoiRg MnMohheir) RRIRHBIHSIMRIA-GRYSS rRsHbA DR RpldstVernynstigatinne @,
cryPiseRRalyiiavp Ry Lo fesRBigkRandEataRf rensriviiBRMAFIRrredngs BithgeAification of
the I BteURAMALE RRIRreREERANIPE BEAkrgTtSARRRUISERR! 18 ISP MY AR umentation in geological

7erefrs; AMs: pRisdakalssihas Prapedies thar MRk d, wsetdhtidiohtinn Brevibiddiwasniupeys ek as 2
PigmRhiBrRiIseNsRteenth century painting and its implications. Color Res. Appl. 2018, 43, 177-183.

72.3\Goleen BartheJaimgu@ite)on the Northern Northwest Coast. Am. Indian Cult. Res. J. 2019, 43,
1-30.

S: //encyclopedla pub/entry

Retrieved frdm [Ig_tlp istory/s
Green earth has been discovered in some early Bhimbetka rock paintings, but there appears to

artists’ interest
be a general lack of black, such as carbon black or soot, in the primitive Indian paintings. The pigment was used by
American Indians as well as artists from Pompeii and Ajanta caves in India. Perhaps the most well-known use of
the pigment for the green under painting and shadows in medieval era was for painting’s flesh colors. Green earth
was perfect for the artist because it was lightfast and easy to prepare by crushing and grinding, even though the
hue was not as strong in chroma as malachite and azurite. The pigment is still sold in modern times from high-

quality deposits found on Cyprus 241,

Green earths, also known as terreverte, are grey to blue green pigments made mainly from two closely related clay
minerals,  celadonite  (K[Mg,Fe?"]Fe®"[Si;O10][OH],) and  glauconite  ([K,Na][Mg,Fe?* Fe3*][Fe* Al]
[Si,Al]l4 O10[OH],). Despite their chemical similarities, glauconite and celadonite are distinguished by a significantly
higher number of trivalent ions in the octahedrally coordinated layer and a partial substitution of AI3* for Si** in the
tetrahedrally coordinated layer B2I38], Celadonite is a relatively pure mineral that can be present in small amounts
in vesicular cavities (amygdules) or volcanic rock fractures. Glauconite, a less pure but more commonly dispersed
mineral, is often present in the form of small greenish pellets (green sand). Other greenish clay minerals may have
been mixed into green earth pigments occasionally. One explanation for this is the morphological rather than the
chemical characterization of the green pigment, and they may contain other clay minerals such as montmorillonite,

chlorite, and kaolinite 281,

Although the chemical compositions of the two main source minerals, glauconite and, celadonite, are identical,
traditionally the minerals were considered apart disparately, with glauconite attributedto a sedimentary origin and
celadonite derived from altered basaltic rocks. Only recently has research allowed for an unmistakable distinction
between the two minerals based on fractional differences in ionic substitution. Unfortunately, the name glauconite
is used to characterize both a specific micaceous mineral and a specific morphological type (green sand). This

arose from a long-standing inability to properly identify the components of glauconite pellets. Grissom B4 examined
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the terminology of green earth pigments, their materials, and their appearance in works of art. Green earth exhibits
slight light scattering ability in oil due to its low refractive index of about 1.62 58 where the resulting paint is

relatively translucent. Apart from this the tinting ability and hiding power of the pigment are both poor.

When the pigment is glazed over white or used in conventional water-dispersed mediums like glue or egg tempera,
which usually produce films with high pigment volume concentration, the highest saturation (chroma) is achieved.
Green earth is partly soluble in acids and alkalis, making it easy to obtain enough ferrous and ferric ions for micro-
chemical testing. Burnt green earth is formed when the pigment becomes brownish when heated. Key elements of
celadonite and glauconite (iron, silicon, aluminium, magnesium), as well as small amounts of potassium-
replacement ions (calcium, manganese and sodium) along with trace amounts of titanium were identified in dozens
of samples of green earth examined in India. The elements that were not present were beryllium, boron, arsenic,

bismuth, cadmium, mercury, cobalt, nickel, molybdenum, tin, strontium, vanadium, zinc, and zirconium BZI58],

Green earths were and continue to be the most widely available pure green pigments, and as a result, they are
well-known in the art world. Green earth is commonly used in Indian wall paintings and has been discovered in
large quantities. The color green is prevalent in the Buddhist frescoes painted on lime and mud plasters in the
caves of Ajanta, Maharashtra, India, from the 2nd Century B.C.E. to the 6th Century C.E. B2 and M. Singh and

Arbad B8] identified the green pigment as celadonite which was derived from altered basalt.
2.4. White Earths

Kaolinite, calcium carbonate and gypsum were used as white pigments since prehistoric times. M. Singh reported
the kaoline, and calcium carbonate were used as white pigments, and often also with gypsum in Ajanta’s wall

paintings 69,

2.4.1. Calcite and Gypsum

In all cultures around the world, calcium carbonate (CaCO3) and calcium sulfate {gypsum (CaSO, 2H,0), anhydrite
(CasS0O,), and other hydration states of calcium sulfate} were invariably used for backgrounds and white pigments.
They can be referred as simply as white or calcium-based white 29, Calcium carbonate in different forms has
played a significant role in art since ancient times. Calcite is the most common natural source of calcium
carbonate. It is mostly found in sedimentary rocks like limestone and chalk, but it's also found in metamorphic
rocks (marble) and igneous rocks in rare cases. Calcite and its dimorph form aragonite are the principal
components of some mollusk shells, but aragonite (the less stable type) is more likely to be found in living or

fossilized lower organisms, which is converted to calcite with climate changes, especially when heated 54!,

Since pure calcium carbonate is white, it has a wide range of applications in the arts and industries, both in
powdered and large forms. Some modern paints also use powdered whites as the primary pigment white, as well
as bulking agents and extenders for white hiding and colored paints. Calcium carbonate pigments such as chalk,
calcite, precipitated chalk, shell white, lime white, and coral have all been employed in the history of painting

materials. Aragonite and vaterite are two less common polymorphic forms while calcite is frequently found as single
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large transparent crystals. The varieties range from coarse granular to impalpable. Both of these types of calcite
can be found in paintings, both in the support structures and pictorial layers, along with several quantities of
common impurities like dolomite, quartz, magnesite, clays, and coloring agents like carbon and hematite. In fresco
painting, marble dust or ground marble was used 6. Powdered forms of all kinds of calcium carbonate are white if
relatively pure, but they lack the strong scattering and hiding power of heavy-metal whites when used in drying oil-
based paints. Depending on the amount of impurities present, particularly iron oxide, natural chalk is typically a
yellowish-white rock or grayish white. When exposed to light, all types of calcium carbonate become permanent.
Hydrogen sulfide gas or contact with sulfide pigments does not darken them. Except for alkali-sensitive colors like
Prussian blue, which may be discolored by lime white, which can maintain its alkalinity for a long time, they are
compatible with most other pigments. However, acids found in modern industrial and urban environments are
harmful to calcite (particularly the finely crystalline and porous varieties). Since calcium sulfate has a larger volume

than carbonate when produced in the presence of sulfuric acid, it causes spalling and flaking of lime surfaces 62,

The mineral gypsum is made up of hydrated calcium sulfate (CaSO, 2H,0). Selenite is the name given to the
mineral when in well-developed crystals. Satin spar is a fibrous vast variety with a silky lustre that is transparent
and opalescent. Gypsum comes in a variety of types and is extremely economically valuable. It is colorless or
white, but due to the presence of impurities, it may be tinted light brown, grey, yellow, green, or orange. Anhydrite
(CaS0O,) is a natural mineral that contains calcium sulfate but is devoid of all water of crystallization. This can be
observed as large opaque white mineral underlying gypsum in several locations. The two layers are undergo net-
mixing in an intermediate region, so it's not unusual to find gypsum samples containing anhydrite, and vice versa.
In terms of crystal habit and other physical properties, gypsum differs from anhydrite due to the two molecules of

water used in crystallization. The former can be used in a variety of ways 63,

Paramasivan reported that the calcium carbonate (lime plaster) levels found during analysis were also quite low
and present in the form of impurities only. He chemically examined the fine plaster layers of several Indian wall
paintings after separating the paint film from rough plasters. He treated rough plasters with dilute hydrochloric acid,
which dissolved the fine plaster giving efflorescence with emission of carbon dioxide. The presence of calcium and
traces of sulfate in the solution indicated that a lime-calcium sulfate mixture was used as lime plaster over the
rough plaster. Calcium sulfate is an impurity in the lime, according to him. Calcite and gypsum both were used
either as white pigments or ground in many rock and cave paintings of India [B4IBSIESIBTIEEI6A  Through his

researchSingh has identified calcite as the white pigment used at the Ajanta and Ellora paintings 9711,
2.4.2. Kaolinite

Kaolin is a type of natural clay rock that is mostly composed of the clay mineral kaolinite, which has the chemical
composition (Al,[Si>Os][OH]4). The structural layer of kaolinite is made up of two sheets, one of which is made up
of tetrahedra of [SiO4]*~ (“T”) and the other of which is made up of octahedra of [AIO3(OH)3]6~(“0”), with a T/O ratio
of 1:1 and the net charge of a layer iszero Z2. The lack of or random displacement of two-sheet layers along the b
axis indicate whether the kaolinite structure is well or poorly organized 3. With a soft consistency and earthy

texture, kaoline is abundant locally in combination with hydrothermally altered granites and volcanic clastic rocks,
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and it can be broken easily and molded or formed, particularly when wet. In spite of this, it is yet to be widely

recognized as a pigment in its own right.

While kaolin is a dull and uninteresting mineral in and of itself, it does occasionally form interesting pseudomorphs,
especially after feldspars. The word kaolin refers to both a group of closely related clay mineral and a particular
member of that group. Many commercial kaolinite mines exist, where this mineral is extracted in large quantities for
various industrial applications 4. Works bySingh have evinced the use of kaolin for executing floral designs in
Ajanta. The Ajanta caves belong to the 2nd B.C.E. and painting work was ere executed from the 4th C.E. Singh
has suggested that kaolin was used in combination with different pigments such as red and yellow ochres as well
to change the tone and hue of the paintings 2!,

2.5. Blue Earths

The mineral vivianite (Fes?* [PO,],-8H,0) refers to the blue earth, an iron phosphate hydrate that forms naturally in
peat bogs and is also known as “blue ochre” 121, |t can also be found in organic-rich habitats, such as the insides of
fossilized mollusk shells, and also is found in traces quantity within bones, rotting wood, and other organic matter.
In combination with hematite, siderite, or anapaite, vivianite is formed as radiating clusters of acicular (needle-like),
prismatic, or fibrous bluish-green crystals. Vivianite is a dark blue or green mineral that is normally stable, but it can

be colorless when first exposed. This color transformation is unique to vivianite, which is found in peat bogs 8!,

Since vivianite has a low tinting intensity, it is rarely reliably opaque unless applied in thick or multiple coats,
allowing the substrate to show through. Vivianite is not as reflective as other pigments when visually recognizing it.
Unlike “brighter” ultramarine blue and darker, more concentrated Prussian blue, vivianite absorbs light rather than
reflecting it, even though a lipid binder is used 7.

Vivianite is seldom found in archaeological contexts in the ancient world, but further identifications of this peculiar
pigment may be produced soon. Vivianite has been discovered in several easel paintings from the historical period
and it has been found in medieval art in France. However, vivianite as a blue pigment could not be detected in
Indian painting, but its existence cannot be denied since the absence of a discussion of these minerals in the
literature is simply an absence of analysis rather than proof of a mineral’'s non-existence or rarity in a specific

place.
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