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Pigments are the coloring agents mixed with a Pigments are the coloring agents mixed with a 

vehicle to make coating such as paints, inks, vehicle to make coating such as paints, inks, 
and cosmeticsand cosmetics

The vehicle is the binding agent and in paints is The vehicle is the binding agent and in paints is 
usually an oil such as linseed oil, or acrylic, usually an oil such as linseed oil, or acrylic, 
resin, casein, wax, gum, honey, egg yolk, and resin, casein, wax, gum, honey, egg yolk, and 
egg whites. In inks the binding agent is egg whites. In inks the binding agent is 
commonly iron gall, water with gum commonly iron gall, water with gum arabicarabic, , 
and soluble resin. In cosmetics the binder are and soluble resin. In cosmetics the binder are 
waxes and oilswaxes and oils

PowerPoint Presentation by J. C. PowerPoint Presentation by J. C. CrellingCrelling, Southern , Southern 
Illinois UniversityIllinois University



Pigments in Forensic GeologyPigments in Forensic Geology
OCHREOCHRE

●● Ochre is a mineral that has been sought and used Ochre is a mineral that has been sought and used 
by humans even before homo sapiens came into by humans even before homo sapiens came into 
existenceexistence

●● It has been used as:It has been used as:
Body paintBody paint
Artist paintArtist paint
Sun blockerSun blocker
Medicine (antiseptic and clotting agent) Medicine (antiseptic and clotting agent) 
Possible religious symbol for blood, life, etcPossible religious symbol for blood, life, etc
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MagnetiteMagnetite FeFe33OO44

LimoniteLimonite FeFe22OO33 *H*H22OO

OCHREOCHRE
● Naturally occurring minerals:● Naturally occurring minerals:

HematiteHematite FeFe22OO33
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Ochre sticks Ochre sticks 
(crayons) have been (crayons) have been 
found in the graves of found in the graves of 
homo erectushomo erectus dating dating 
to 1.5to 1.5--1.6 million 1.6 million 
years years 

OCHRE: Evidence for MiningOCHRE: Evidence for Mining
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OCHRE: Evidence for OCHRE: Evidence for 

MiningMining

●● 350,000 350,000 -- 400,000 400,000 
years ago at years ago at 
WonderwerkWonderwerk cave, cave, 
S. Africa ,  S. Africa ,  ––ochre ochre 
with hand axeswith hand axes

●● Terra Terra AmataAmata site, site, 
France ochre with France ochre with 
hand axeshand axes
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OCHRE: Evidence for OCHRE: Evidence for 

MiningMining

●● 250,000 250,000 -- 200,000 200,000 
years ago at years ago at HunsgiHunsgi
in Southern Indiain Southern India

●● 120,000 years ago at 120,000 years ago at 
Lion Cave , Lion Cave , 
Swaziland.  This is Swaziland.  This is 
probably the oldest probably the oldest 
mine in the world.mine in the world.
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OCHRE: Evidence for OCHRE: Evidence for 

MiningMining
Neanderthal ManNeanderthal Man

150,000 150,000 –– 32,000 32,000 ybpybp
●● PechPech de de ll’’AzeAze , France, France
●● La La ChapelleChapelle--auxaux--Saints, Saints, 

FranceFrance
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Prehistoric Cave PaintingsPrehistoric Cave Paintings
Pigments UsedPigments Used

Charcoal, lampblack (soot) CCharcoal, lampblack (soot) C
PyrolucitePyrolucite, , MnOMnO
Hematite,Hematite, FeFe22OO33

Magnetite,Magnetite, FeFe33OO44

Limonite,Limonite, FeFe22OO33 *H*H22OO

There is good evidence that in There is good evidence that in 
the cave paintings that many the cave paintings that many 
of the colors were a mixture of of the colors were a mixture of 
various pigments, and at the various pigments, and at the 
some sites there is evidence some sites there is evidence 
that ochre was that ochre was calcinedcalcined
(heated) to get other colors (heated) to get other colors 

~35,00 ~35,00 --10,000 10,000 ybp  ybp  

Homo SapiensHomo Sapiens
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Prehistoric Cave PaintingsPrehistoric Cave Paintings
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Prehistoric Cave PaintingsPrehistoric Cave Paintings
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Mineral Pigments in Use from Mineral Pigments in Use from 
Ancient thru Medieval TimesAncient thru Medieval Times

HematiteHematite MagnetiteMagnetite
LimoniteLimonite GoethiteGoethite
MalachiteMalachite AzuriteAzurite
CinnabarCinnabar ChrysocolaChrysocola
Lapis LazuliLapis Lazuli RealgarRealgar
OrpimentOrpiment CinnabarCinnabar
Verdigris (copper acetate Verdigris (copper acetate -- Ancient Greek)Ancient Greek)
Van Dyke Brown (17Van Dyke Brown (17thth century peat extract)century peat extract)



Pigments in Forensic GeologyPigments in Forensic Geology

MagnetiteMagnetite FeFe33OO44

LimoniteLimonite FeFe22OO33 *H*H22OO

OCHREOCHRE
● Naturally occurring minerals:● Naturally occurring minerals:

HematiteHematite FeFe22OO33
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GoethiteGoethite FeOFeO (OH)(OH)

Cinnabar Cinnabar HgSHgS



Pigments in Forensic GeologyPigments in Forensic Geology

Azurite CuAzurite Cu33(CO(CO33))22(OH)(OH)22

Malachite CuMalachite Cu22(CO(CO33)(OH))(OH)22
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Lapis LazuliLapis Lazuli
(Na, Ca)(Na, Ca)88AlAl66SiSi66OO2424(S, SO(S, SO44))

ChrysocolaChrysocola

CuSiO3 - nH2O



Michelango Michelango VermeerVermeer
Lapis PigmentsLapis Pigments
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Orpiment  AsOrpiment  As22SS33

RealgarRealgar AsSAsS
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Turquoise Turquoise 

CuAlCuAl66(PO(PO44))44(OH)(OH)88*5H*5H22OO
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● The pigments described above were The pigments described above were 
also used in Dark Age and Medieval also used in Dark Age and Medieval 
illuminated manuscriptsilluminated manuscripts

●● Because these mineral pigments are Because these mineral pigments are 
already oxidized or otherwise stable at already oxidized or otherwise stable at 
surface conditions they retain their surface conditions they retain their 
original brilliance even todayoriginal brilliance even today
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Some Dye Pigments in Use fromSome Dye Pigments in Use from

Ancient thru Medieval TimesAncient thru Medieval Times
Indigo Indigo –– blueblue
WoadWoad –– blueblue
Pomegranate Pomegranate –– yellowyellow
Madder Madder –– orange yelloworange yellow
Saffron Saffron –– yellow orangeyellow orange
Murex Murex -- purplepurple

Note: all dyes used were Note: all dyes used were 
natural vegetable dyes natural vegetable dyes 
until 1856 when Perkin until 1856 when Perkin 
developed the first aniline developed the first aniline 
dye from coal tar. This dye from coal tar. This 
was a major achievement was a major achievement 
and the beginning of and the beginning of 
organic chemistryorganic chemistry
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Some Pigments Uses in CosmeticsSome Pigments Uses in Cosmetics

AncientAncient
Iron OxidesIron Oxides
Galena Galena PbSPbS (eye shadow)(eye shadow)
Malachite (eye shadow)Malachite (eye shadow)
CerrusiteCerrusite PbCOPbCO33
Modern Modern 
Titanium Dioxide (yellow)Titanium Dioxide (yellow)
Iron OxidesIron Oxides
Mica (pearlescent agent)Mica (pearlescent agent)
Bismuth Bismuth OxychlorideOxychloride ((pearlescentpearlescent agent)agent)
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●● Because many of the pigments are Because many of the pigments are 
minerals standard geological minerals standard geological 
techniques such as microscopy, Xtechniques such as microscopy, X--ray ray 
diffraction, SEM analysis, and optical diffraction, SEM analysis, and optical 
spectroscopy  can be used to spectroscopy  can be used to 
discriminate them discriminate them 

●● The organic vehicle or binders can be The organic vehicle or binders can be 
discriminated by Gas Chromatography discriminated by Gas Chromatography 
–– Mass SpectrometryMass Spectrometry



Pigments in Forensic GeologyPigments in Forensic Geology

Thus, any paint, inks, cosmetics etc. Thus, any paint, inks, cosmetics etc. 
involved in a criminal case can be involved in a criminal case can be 
examined and used as potential examined and used as potential 
evidenceevidence



LocardLocard CaseCase
•• In 1912 a bank clerk In 1912 a bank clerk 

Emile Emile GourbinGourbin in Lyons, in Lyons, 
France was suspected France was suspected 
of the strangulation of the strangulation 
murder of his girlfriend, murder of his girlfriend, 
Marie Marie LatelleLatelle, but he , but he 
had a good alibihad a good alibi

•• Edmond Edmond LocardLocard took took 
scrapings from under scrapings from under 
GourbinGourbin’’ss fingernails fingernails 
and analyzed themand analyzed them



LocardLocard CaseCase
• He found rice starch 

and magnesium sterate
(binders?) with 
bismuth,, zinc oxide, 
iron oxide, Venetian red 
pigment 

• He then found a 
druggist in Lyon who 
had mixed these same 
ingredients in a custom 
face powder for Marie 
Latelle

• When confronted with 
the evidence Gourbin 
confessed
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Dates of First Use for Paint PigmentsDates of First Use for Paint Pigments

Oripment  Oripment  (yellow)(yellow) ancientancient
Red OchreRed Ochre ancientancient
SmaltSmalt (cobalt blue)(cobalt blue) 15501550
Van Dyke BrownVan Dyke Brown 16901690
Prussian BluePrussian Blue 17041704
Alizarin (Madder)Alizarin (Madder) 18301830
Zinc WhiteZinc White 18501850
Titanium WhiteTitanium White 19201920
Manganese BlueManganese Blue 19501950



Gardner Museum CaseGardner Museum Case
•• On 18 March 1990 two white On 18 March 1990 two white 

male dressed as Boston male dressed as Boston 
Police Officers stole 13 Police Officers stole 13 
paintings worth over $300 paintings worth over $300 
millionmillion

•• The investigation went cold The investigation went cold 
until two men offered to be until two men offered to be 
intermediaries in getting the intermediaries in getting the 
paintings back.  The offered paintings back.  The offered 
a few paint chips reportedly a few paint chips reportedly 
from one of the Rembrandtfrom one of the Rembrandt’’s s 
as evidence that they were in as evidence that they were in 
contact with the thievescontact with the thieves



Gardner Museum CaseGardner Museum Case

•• Walter Walter McCroneMcCrone the head of the famous the head of the famous McCroneMcCrone labs in Chicago labs in Chicago 
examined the paint chips. He concluded that the paint was examined the paint chips. He concluded that the paint was 
consistent with those used by Rembrandt but would not confirm consistent with those used by Rembrandt but would not confirm 
that they were indeed Rembrandtthat they were indeed Rembrandt’’ss

•• The case is still unsolved and the 13 paintings are still missinThe case is still unsolved and the 13 paintings are still missingg



1500 Forgeries1500 Forgeries
•• In 1985 a trunk containing In 1985 a trunk containing 

~pastels drawings by the ~pastels drawings by the 
modern Russian painter  modern Russian painter  
LarionovLarionov was discovered was discovered 

•• LarionovLarionov left Russia for left Russia for 
France in 1915 and these France in 1915 and these 
paintings were apparently paintings were apparently 
left behind and forgottenleft behind and forgotten

•• When some 200 of these When some 200 of these 
paintings were exhibited in paintings were exhibited in 
in Germany in 1987 some in Germany in 1987 some 
questions about their questions about their 
authenticity were raisedauthenticity were raised



1500 Forgeries1500 Forgeries
•• A few of the paintings were A few of the paintings were 

sent to the  sent to the  McCroneMcCrone LabsLabs
•• They were examined by They were examined by 

optical microscopy and SEM optical microscopy and SEM 
XX--ray analysisray analysis

•• The paintings were found to The paintings were found to 
have pure have pure rutilerutile TiOTiO2 2 as a as a 
pigment which was not used pigment which was not used 
until at least 1940, thus the until at least 1940, thus the 
paintings were produced paintings were produced 
after that year and not before after that year and not before 
1915 as purported1915 as purported



The Case of the Vineland MapThe Case of the Vineland Map
•• In 1957 a manuscript In 1957 a manuscript ““The Vineland Map and The Vineland Map and 

the Tartar Relation was offered for sale in the Tartar Relation was offered for sale in 
Geneva, Switzerland. It was bought by a rare Geneva, Switzerland. It was bought by a rare 
book dealer who sold it to the Yale University book dealer who sold it to the Yale University 
librarylibrary

•• The startling thing about the map dated at The startling thing about the map dated at 
1440 was that it showed North America 52 1440 was that it showed North America 52 
years before the first voyage of Columbusyears before the first voyage of Columbus









The Case of the Vineland MapThe Case of the Vineland Map
•• Yale published the Yale published the 

manuscript in 1965 manuscript in 1965 
and it was an instant and it was an instant 
best seller and a best seller and a 
bookbook--ofof--month club month club 
selectionselection

•• A new edition is still A new edition is still 
in printin print



The Case of the Vineland MapThe Case of the Vineland Map
The map was immediately questioned The map was immediately questioned 
and then studied intenselyand then studied intensely

Points putting the map in the 15Points putting the map in the 15thth centurycentury

1. The binding 1. The binding 
2. The paper 2. The paper 
3. The paleography (writing style) 3. The paleography (writing style) 
4. Radiocarbon dating (1434+/4. Radiocarbon dating (1434+/-- 11years)11years)
5. PIXIE analysis of ink5. PIXIE analysis of ink



The Case of the Vineland MapThe Case of the Vineland Map

Points questioning the authenticity of the map:Points questioning the authenticity of the map:

1. 1. McCroneMcCrone analysis finding analysis finding anataseanatase a titanium mineral not a titanium mineral not 
in use until recentlyin use until recently

2. A separate analysis by Raman spectroscopy showing the 2. A separate analysis by Raman spectroscopy showing the 
ink lines with a yellow line containing ink lines with a yellow line containing anataseanatase under the under the 
carbon line  carbon line  
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