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INTRODUCTION

Evidenceof red ochreby heatingin some archaeological
contexts:
Á Mousterianlevelsof Es-Skhul, Mount Carmel, Israel, 

100 kyr (Salomon et al., 2012);
Á EpigravettianDalmerirockshelter, Italy (Gialanella et 

al., 2011) Troubat(French Pyrenees) 10kyr BP (Pomiés
et al., 1999);

Á Late EpigravettianTagliente rockshelterand 
(Proto)AurignatianFumane cave, Italy (Cavallo et al., 
2018).



BASICS OF THE HEATING PROCESS 

2FeOOH ­ Fe2O3 + H2O
200 C̄

Goethite Hematite

Crystal structureof goethite (orthorhombic). 
Arrangementof face-sharingFeO3(OH)3 octahedral
(left) and ball and stickmodel (right)

Crystal structureof hematite
(rhomboehdral). Arrangementof 
edge-sharingFeO6 octahedral(left) 
and ball and stickmodel (right)



BASICS OF THE HEATING PROCESS 

ÅRoocksby(1951) non-uniform broadeningof the powder
diffractionpeaks
ÅBunalet al. (1958) topotactictransformation
ÅFrancombeand Roocksby(1959) unit-cell relationships

betweenGthand Hem
ÅWatariet al. (1979) TEM to studytransformationsς

formationof pores
ÅGoss(1987) elongatedand parallelporesdeveloped

during the dehydrationof Gth
ÅWolska(1981) and Wolska& Schwertmann(1989) 

formationof an intermediate phasecalledproto-hematite
with chemicalformula a-Fe2-x/3(OH)xO3-x
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BASICS OF THE HEATING PROCESS 

Widthsof heatedsyntethicgoethitemainpeaksat different
temperatures(Pomièset al., 1998)



Pomièset al. (1999)
Journal Eur. Ceramic. Soc, 19:1605-1614

BASICS OF THE HEATING PROCESS 
T = 200 ̄C T = 250 ̄C

T = 400 ̄C T = 650 ̄C



Pomièset al. (1999)
Journal Eur. Ceramic. Soc, 19:1605-1614

BASICS OF THE HEATING PROCESS 
T = 800 ̄C

T = 1000 ̄C



EXPERIMENTAL: MOTIVATIONS

Löfflerand Mader(2006)
Jour EurCeramicSociety, 26:131-139

Natural Gth SyntheticGth
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EXPERIMENTAL - XRPD
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TEM - HT 250°C



TEM - HT 400°C



TEM - HT 600°C



TEM - HT 800°C



TEM - HT 1000°C



CONCLUDING REMARKS

ÅSelective broadening of peaks in XRPD profile 
occurs also in natural heat treated Gthconfirming 
possible evidence of HT;
ÅThe formation of pores of nanometricdiameter 

due to the loss of water in Gthcrystal lattice proves 
HT;
ÅThe behavior of natural and synthetic Gthafter HT 

is comparable;
ÅOn the basis of the morphology and size of the 

pores, crystal size and morphology, FWHM, the 
ranges of heat temperatures can be estimated. 
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The last books written by Pliny the Elder (24-79 AD) are 
devoted to the mineral realm. The author refers to 
minerals as self-transforming substances with biological 
vitality inspiring the Renaissance alchemists.
The figurative arts are part of this process of 
transformation being privileged places of the material 
processing: metal and gems are transformed by 
goldsmith and jeweller; marble by sculptor; earthy 
pigments are transformed by painter. According to Pliny, 
art is a natural product.
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Introduction

The beginning of pharmacognosy(medicines from 
natural sources) can be traced in the Iliad where 
pharmakaare divided into three main groups:
1. pharmakaipia (plant extracts to care the panic)
2. pharmakaandrophona(murderous and life-
destroying)
3. pharmakalygra (plant extracts affecting the brain)

The verb Pharmassomeans to treat by using pharmaka
and to dye/colour wool.

(Photos-Jones and Hall, 2011)



Introduction

Internal view of a historical pharmacy as illustrated on the Kassel and Marburg Taxa of 
1564(from Burmesteret al., 2010).
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Physicochemical analysis of the drugs, fragrances and 
pigments (231 samples).

The study of written and pictorial sources: ancient Greco-
Roman, Medieval and Modern.

Mythical-religious: beliefs, world-views, magical practices 
and rituals.

To favour the reappraisal, preservation and visibility of 
the Ancient Pharmaceutical Laboratory of Santa Maria 
dellaScala, Rome

Researchgoals
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GROUP COMPOUNDS THE MOST ABUNDANT DRUGS CONSERVED FOR EACH GROUP, IN ACCORDANCE WITH 

THE NAME REGISTERED ON THE LABEL OF THE CONTAINER 

Group1 Complexformulations Antym Diaphor; Trocisc. Alb. Rax.; Pietradivina; Mutriforte Palay; GranatP.P.; Anthiemet.

P.P

Group2 Mercury Princip. Alb.; Precip. Rub.; Marcas. Arg. Grc.; Mercurio Solub. del Mosc.; Cinabr. Nativ.;

Cinabr. Fact.; Pulv. AbsorbentVen.

Group3 Antimony Sulph. Aur Antym.; AntymDiaphor.; Antymon. DiaphorMart.; SulphAurat Antim.; Stomat.

Poter; Anthiemet. P.P; Kerm. Minerv: ProVeter;

Reg. di Antimonio.

Group4 Iron Pulv. adcas. Mesne; Magist. Mart A.A.; Pulv. Cahet. Arnol; Lapis. Castrac; Antymon.

DiaphorMart.; BolArmen; Ossidodi Megane; Terr. Lemn.; Pulv. Astringent; Magist. Mart.

Ap.; Lap. Hematit. PP.

Group5 Organiccompounds Tint. di Cascarilla; Cascaril; Estrattodi Cocca; Gumin. Kui?; ResinMechioar; Mirabol Citrin;

GranParadis; Lans. Fel. Rubr.; Benzoin; Gumm. Gut; Mechoacan; Gumm. Dragant; Corn.

Cerv. PR.; Lig. Aloe; ResGuajac; Viper Pulv.; Sarcocoll; Anis Stellat; GuaiacoResin.; Oss.

Cord. Cerv.; Balsam. Peruvin; Ladon; ResinScamon.

Group6 Salts SalVener; SalPimpinell; SalCorall; SalGuajac; SalEscorzNer; SalBeccabung; SalHyosciam;

SalPeon; SalOrmin; SalJuvartel; SalEliotrop; SalJuvartel; SalAsparag; SalCaryoph; Sal

Dictam Cret.; Sal Polychr; Sal Absynt; Sal Centaur; Sal Tanasell; Sal Tartar Solub.; Sal

Anonid; SalCapillVener; SalAgrimon; SalRest. Capr.; SalScabios; SalApet.; SalGoniz; Sal

Fenaot; SalJunyp; SalCarlin; SalAndrosdem; SalTartar F.; SalChichor; SalBalsamin; Sal

Achant; Sal. Digest. Sylv.; Sal Anet; Sal Mirabit; Sal Aquileg; Sal Cyan; Sal Barden; Sal

Corocop; SalHyperic; SalLentise; SalChin; SalTheriacal.

Group7 Gems Margarit; Hyacint; Granat; Smerald; PietrePreziose; Rubin; Saphyr; Topat; Lapislazuli.

Materials



Preliminary documentation (UniVA)

HH-XRF (LAMS, UPMC, Paris)

PLM (Supsi)

XRPD (Supsiand UniVA)
BrukerD8 Advance system; 40KV 40mA Cu anode ό/ǳYʰ 
= 1.5418 Å); 2qrange=5-80̄ , stepsize0.02̄ , scanspeed
0.5̄ min-1. QualX2.0 (Altomareet al., 2015. Jour Appl
Crys, 48, 598-603).

GC/MS and HPLC (Perugia, CàFoscariVenice)

Methodology



Resultsand comments
Hg-based compounds

Cinnabar is red pigment well known to Romans but also in Greece at least since 6th 
century B.C. (Gettenset al., 1993). Notwithstanding, mercury is a well known toxic heavy 
metal, cinnabar has been used for 2000 years in traditional Chinese and Indian Ayurvedic
medicines (Liu et al., 2008).



Resultsand comments
Hg-based compounds

Wall painting fragment, Chupiquaro
(image 4 mm width)

The red Queen, Palenque



Fe-based compounds

Resultsand comments

Hematite, beside its use since Prehistory as pigment and other utilitarian and not 
utilitarian applications (Cavallo, 2016), was maybe the first mineral medicine used by 
early human beings (Velo, 1984).



Fe-based compounds

Resultsand comments



Fe-based compounds
Resultsand comments

Ethnographic evidence of 
hematite based compounds 
use

Roman wall painting (Ercolano, Italy)


