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Abstract

CretaceousdinosaurSeggshellwasanalyzedbymeansofX-raydiffraction,Fouriertransforminfrared

absorption, energydispersivespectroscopictechniquestogetherwithscanningelectronmicroscopy.The

resultsshowedthattheinorganiccomponentoftheeggshellwaspurecalciteandthat thesecrystals

arrangedradiatefromcrystalizationcenterandmadeknottysurface.Thissurfacemorphologywas

identifiedwiththeinternalmammillarysurfaceofeggshell.

ian type (seeFig.13.5 inShani et a1., 1994)

Comparedwiththeplentyamountofmorphological

studiesondinosaurseggshellstructure(Zhao,1993),

thereisalimitednumberofchemicalandcrystallo.

graphicstudiesonthe inorganiccomponentsof

dinosaureggshells. Ithasbeenshownthateggshells

ofturtlesarecomposedofaragoniteandthoseof

crocodiles, geckosandall avesareof calcite

(LowenstamandWeiner, 1989)FukudaandObata

(1991) showedthat fossilCretaceouschelonian

eggshellwascomposedofcalciteusingscanning

electronmicroscopic, energydispersivespectros-

copicandX-raydiffractiontechniques.

Theaimofthisstudywastopresentcrystallogra

phicandchemical analysesdata togetherwith

scanningmicroscopicobservationsonthedinosaul･

eggshell specimen fromtheUpperCretaceous

Formationoflndia.

Introduction

Eggshellsaregenerallygroupedintothreemain

typesj i)membrane-like, ii) pliable and iii)

rigidtype.AmongthemtherigidtypehasthebeSt

chanceoffossilizingje.g., inthecaseofdinosaurs

eggshells.Structuralstudiesondinosaurseggshell

havebeencarriedoutextensivelyforthepastthree

decades(seeref. inSahnieta1., 1994).Hirschand

Packard(1987) reviewedthefossileggshellstruc

tureandpresentedthescanningelectronmicro-

scopicobservationsaboutsomedinosaul･eggshells.

Mohabey (1990) distinguished several typesof

dinosaurseggshell fromtheWesternpart and

Centralpartoflndia.Mikhailov(1991)classified

thefourbasictypesofdinosaurseggshellbasedon

microscopic structurei testudoid, crocodiloid,

dinosauroidandornithoid.Thedinosauroidtype

includestWomaingroups,spheruliticandprismatic.

They canbe血rther subdivided into several

morphotypesbasedonthenatureofshell limitsand

thestructureofporecanals.Sahni (1993)andSahni

etal. (1994) classifiedthefivemorphotypesof

dinosaurseggshellbasedonthemicrostructure; i)

(?)TitanosauridTypel,11) (?)Titanosaurid

Type lI， iii） （？)TitanosauridTypeⅡI， iv）

Ornithoidtype, andv) anintermediatedinosaur.

IVlaterialsandMethods

The dinosaur (SauropodTitanosaurids sp.）

eggshellmaterialsusedinthisstudy,composedof

severalpolygonal fragmentsabout l5×15mmin

sizeand2mminthicknesscementedinthematrix

rock, were foundfromtheUpperCretaceous

(Maastrichtian) sedimentaryrocks, atPatBara
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Fig.1 SEMphotographsofthedinosaurseggshell． 1) "Mammillary'' surfaceofthe

eggshell (bar=1"m) . 2)HighpowerviewofthemammillarysurfaceShowing

thesurfacebeingcomposedofneedle-likecrystals (bar=100"m).3)Radiate

aggregationofneedle-likecrystalscomposing"mammilla" (bar=100"m). 4)

Enlargementoftheneedle-likecrystalsshowingangularprism-likeform(bar=

10"m) 5)Fractured surfaceof themiddlepartof theeggShell showing

compactlypackedplatycrystals (bar=100"m). 6)Enlargedviewofapart
shownin5) (bar=100"m).
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Mandir, BaraSinelaHill, Jabalpur, India.The

occurrenceof thedinosaurs eggnestingwas

reportedalready (Srivastavaeta1., 1986).The

detailsofgeologyaboutthisbedwasdiscussedin

thepaperspUblished inthe 1．G.C.P. workshop

volume (SahniandJolly, 1990)

Forscanningelectronmicroscopic(SEM)study,

fragmentsofthewelldriedeggshellspecimenwere

placedonaluminumplace-holderusingaadhesive

carbontape.Theywerecoatedwithcarbonusing

anEmscopecarbon-coater. SEMimagesof ille

specimenwereobservedusingaJeolT-200withthe

acceleratingvoltageof25kV. Energydispersive

spectroscopic (EDS) finalysiswassimultaneously

carriedoutusingaJeol JED-2000whichwas

attachedtotheT-200.

X-raycrystallographicstudywascarriedout

usingaRigakuX-raypowderdiffractometer.The

dinosaurseggshellspecimenwaspulverizedwitha

careoffreefromcontaminatiollwiththematrix

rocks.TheX-raydiffraction(XRD)patternswere

obtainedfromboththepulverizedspecimenandille

non-pulverizedbockeggshell surface. Unit cell

dimensionsofthecrystalstructurewerecalculated

byaleastsquaresmethod.

Fouriertransforminfraredabsorption(FT-IR)

analysisforthepulverizedeggshellspecimenwas

carriedoutusingaHoribaFT-210withaKBr

pelletmethodtoshowcarbonateionsandtoidentify

polymorphic type of calciumcalbonatesj i.e､，

calciteandaragonite.

ed.Thisdidnotindicatethattheeggshell inthis

studywasnotaffectedfromtheenvironments,

whereasgenerallyfossil specimencontaminated

fromthecircumstances (ParkerandToots, 1980;

FukudaandObata, 1991).

TheXRDpatternoftheeggshellblocksurface

wasessentiallyidentical tothatofthepulverized

sPecimen(Fig.3Aand3B).Thediffractionpeaks

inbothpatternswereidentifiedwiththepeaksof

calcite(JCPDScardno.24-27) .Thepatternofthe

blocksurfacespecimenclearlyshowedthecrystal

orientationeffect;theextensivelyincreasedintense

peaksat315and47.7degree/28forOO6andO18

Miller'sindecies, respectively, andIheweakened

peakat29､5degree/26forlO4Miller'sindex(Fig

3A)Thisresultwasinharmonywiththeprevious

reportsthattheeggshellsurfacewascomposedof

wellorientedcrystallitesofcalcite,ofwhichthec-

axesprojectedtothesurface(SimkissandWilbur,

1989)．

Theothercrystallinecomponentwasnotobser

vedinFig.3B,excludingihepeaksofchemicalKCl

whichwasmixedinthepulverizedspecimenasa

standardmaterial.Theunitcelldimensionsofthe

eggshellcalcitewerecalculatedbyaleastsquares

methodaftertheanglecorrectionusingtheKCI

peaks.Thedimensionswerea=49886(3)Aand

c=17.060(3)A,wherefigm･einparenthesisisthe

estimatedstandarddeviation.Thesevalueswerein

goodaccordancewiththereportedvaluesofa=

4.990andc=17.002A(JCPDScardno.24-27).The

differenceswerenegligibleandsuggestedthatthere

ResultsandDiscussions

SEMobservation showed that the eggshell

fragmentswerecomposedofradiateneedle-like

crystals.Thesecrystalsmayhavethesizesofover

50micronmetersinlengthandafewmicronmeters

inwidth (Fig.1.1-1.4)Thesurfaceknotswere

clearlycomposedof theseradiateaggregations.

This indicatedthattheobservedsm･facewasthe

internal surfaceofeggshellandthattheseknots

werethoseknownas"mammilla".Insideofthe

eggshelltherewasarathermassiveplatyappear.

anceandneedle-likecrystalswerenotobserved

(Fig. 1.5-1.6) .

SeveralpointsofEDSanalysesrevealedthatthe

onlydetectable elementwas calcium (Fig.2)

Magnesiumwascarefullysurveyed,butnotdetect-
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Fig.2 EDSpatternofthedinosaurseggshell.

CalciumKdfandK"peakswereshown

here,buttheotherelementssuchas

magnesiumionswerenotdetected.
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Fig.4 FT-IRpatternofthedinosaursegg-

shellshowingabsorptionbandsdueto

carbonate ions in calcite crystal.

Abscissaaxisscale iswavenumber

(cm-') andordinateaxis scale is

percentagetransmission(%T)

SHANX－Pム

latterstagethesurvivingcrystalselongatedtheir

c-axesperpendiculartotheoutersurface. Inthis

study, theXRDpatternfromtheeggshellblock

surfaceshowedtheapparentcrystal orientation;

thec-axesorientedperpendiculartothesurface.

TheSEMobservationofthefragmentsshowedthe

surfaceknotscomposedofradiateaggregationsof

needle-likecrystals.Theseknotswereknownas

"mammilla"attheinternalmannnillarysurfaceof

eggshell.Theseresultsconfirmedthatthedinosaurs

eggshell inthisstudyhadthestructureproposed

earlier (Sahnieta1., 1994).

TheEDSandFT-IRanalyses showed the

presenceofcalciumandcarbonateions.TheXRD

andFT-IRanalysesstrongly indicatedthatthe

crystalswhichcomposedtheeggshellwerepure

calcite.However, thisstudydidnotdealwiththe

problemthatwhen the calcite crystalswere

fOrmedjwhetherattheeggshellfonnationstageor

fossilization・ Somerecent and fossil eggshells,

especially those of turtles, are composed of

aragonite(LowenstamandWeiner, 1989)whichis

geologicallyunstableandmaychangetocalciteon

diagenesis. Calcite is a constituent ofmany

eggshellsandusuallyremainsunaffectedthrough

geologicaltime・However,sometimesrecrystalliza-

tionofcalcitetakesplaceasaresultofdiagenetic

processes. Insuchcases, therecrystallizedcalcite

canbeeasilymadeoutasitcutsacrosstheknown

internal structureofeggshell.Thisstudydidnot
，

aimtorevealsuchachangeoftheinternalstructure

ofthedinosaurseggshell.Toclarifytheoriginof

l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l
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Fig.3XRDpatternsofthedinosaurseggshell

specimenindicatingthatthecrystal is

calcite.A)Diffractionpatternfrom

the bulk surface of the eggshell

showing the orientaion effect. B)

Diffractionpatternfromthepulverized

eggshellspecimen.Abscissaaxisscale

isdiffractionangle(28)andordinate

axisscaleisdiffractionintensitv.

wasnoessential ionicsubstitutionoccun･edinthe

calcitecrystal.Purecalciteinthedinosaurseggshell

isamatterofdebateabouttheso-called"calcite-

aragomteproblem''.

OftheFT－IRpatternofthedinosaurseggshell

(Fig.4),theabsorptionbandsappearedatabout870

cm-'and710cm-' couldbeassignedtocarbonate

ionsofcalcite.Althoughbothcalciteandaragonite

showsthestrongandbroadbandataboutl400-1500

cm-', asappeared inFig.3, aragoniteshowsthe

bandsat851cm-'andadoubletof707cm-'and692

cm-' togetherwiththespecificbandatlO77cm-1

(White、 1974)Itwasnotablethattherewasno

appreciablebandsduetootherthancarbonateionS.

Silyn-RobertsandSharp(1986)hadusedanX-

raydiffractiontechniquetoshowthatthecrystal

growth in the eggshell of ostrich started as

speruliticwithacrystallizationcenterandatthe

－53－



Sahni,A. andJolly,A. (eds.) (1990) C""""s

Ezﾉ“rSか“趣”〃α泥〃鮒gCり"惨""0"Qf"e

""""NNo泥沈〃伽eS"tz"Contributionfromthe

SeminarCumWorkshop l.GC.P. 216&245,

Chandigarh, 125p.

Sahni,A(1993)EggshellultrastructureofLate

CretaceouslndianDinosaurs."Kobayashi, 1.,

Mutvei，H・andSahni，A・eds､SM7郡c”γ‘，動？”α・

〃0〃α“戯ﾉ0"""Qi『助ss"""tinss"gs,Tokai

UniV.Press, 187-194.

Shani,A.,Tandon,S､K､,Jolly,A､,Bajpai,S.,Sood,

A. andSrinivasan,S. (1994)UpperCretaceous

dinosaureggsandnestingsitesfromtheDeccan

volcano-sedimentaryprovidence of peninsula

India."Carpenter,K.,Hirsch,KandHorner,

J.R. eds.D"os""溶睦s"zdaz"es,Cambridge

Umv.Press, 204-226.

Simkiss,K.andWilbur,KM. (1989)Biomineraliza

tion. Ce"B"IQgy α"‘〃〃fe'tzjD”0si"0"・

AcademicPress,SanDiego, 280-284

Silyn-Roberts,H. andSharp,R.M. (1986)Crystal

growthandtheroleoftheorganicnetworkin

eggshell biomineralization. P"c. Rqy Soc

Z,0"fib", 227, 303-324

Srivastava,S.,Mohabey,D.M.,Sahni,A.andPant,

S.C. (1986) UpperCretaceousDinosaurEgg

ClutchesfromKhedaDistrict (Gujarat, India).

”肱"""g7""'"A"A., 193, 219-233.

Silyn-Roberts,H. andSharp,R.M. (1986)Crystal

growthandtheroleoftheorganicnetworkin

eggShells.B℃c.RQy"/Soc.Lo""", Sb7tB. 227,

303-324．

White,W､B. (1974)Thecarbonateminerals."

Farmer, V.C・ ed.,"e l"/Wz形〃助""Qf

j〃"g7tzIsMineralogicalSoc.London, 227-284.

Zhao, Z.K. (1993) Structure, Formation and

EvolutionaryTrendsofDinosaurEggshells."

Kobayashi,1.,Mutvei,H.andSahni,A.eds.

S"呪""必Fb""α"o〃α犯"E"oM勿邦qfFbss"

HItz7"ZWs"es,TokaiUniv.Press, 195-212.

thedinosaurseggshell calcite, itneeds further
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