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Threedimensionalrepresentationofthedinosaur

footprmtbythemethod.ofmoiretopography

Shinobulshigaki*andToshihideFujisaki**

1.lntroduction

Thedmosaur footprintshadbeenrepresented

usuallybythehand-writingsketchbasedonthe

observationbynakedeyes, andcamerapictures.

But thereweresomeproblemsat thefollowing
points.

Sketches : i)Theboundariesbetween@@thefoot-

print"and"thenormalsurfaceofbeddingplane"

arenotalwaysclear.Generallythemarginoffoot-

printisdeterminedattheremarkableturningpomt

ofthesurfaceinclinationbynakedeyes.But,since

sometimesitchangesgradually,thedetennination

oftheobserverismoreorlesssubjective.

ii) Itiseasytoshowwithsketchesincaseofthe

clearchange,butdifficultshowincaseofthegrad-

ualchange.Especiallyhandwritingsketchescannot

presentthedepthandcomplicatedsurfacestruc-

turesoffootprintexactly.

iii)Amongthe literaturesoffootprint,weoften

findinadequatefigureswhichhadbeendoneonlyby

outlinesketches.Fromthemwecannotunderstand

theinsidereliefofthefootprint.Soit leadsmto

troubleswhenwecomparethematerials.

Photographs: i)Camerapicturestakenunderthe

inappropriate lightconditionsareof lessvalue.

Especially, theconditionwhichmakesnoshade

doesn'tshowanyrelief.

ii)Eventhepicturestakenunderthedarkcondi-

tionswithartificial lightfromobliqueanglesare

notalwayssufficient.Becauseitmakestoobrilliant

andtoodarkpartsespeciallyinthecaesofbig
footprintslikethatofdinosaurs.

Toavoidtheseproblems, itisdesirabletoshow

precisesketches illustratingsurfacemorphology

andfwoorthreephotographs takenunderthe

differentoblique lightangles.Andstereophoto.

graphisexcellenttoshowmorerealisticmorphol-

ogy.

But anywaywecannothavenumerical data

aboutthedepthoffootprintfromthesemethods,and

theyhaveacriticaldefectfOrtherepresentationof

biganddeepfootprint.

It ispossibletogetthenumerical topographic

datafromstereophotograph,howeveritneedsex-

pensivefUndandfulltimetousespecialapparatus.

Especially, it isphysicallyverydifficulttotake

numericaldataonthespecimensorreplicasofbig
footprintsinthefield. Itisdesirabletoestablisha

newmethodfOrthethreedmensionalrepresenta-

tionofspecimens,whichispossibletoapplyduring
thefieldwork.

Thewriterfoundthatthemethodofmoirgtopo-

graphyissuitableforhisaim,andhetriedtoapply

itforthedescriptionofthedinosaurfootprint.

11. Moirgtopography
一

Moiretopographyisthethreedimensionalrepre-

sentationmethodusinginterferencefringesoflight.

ItsopticaltheoryhasbeenexplamedbyTakasaki

(1970; 1971; 1972; 1973a;b)andMeadowset

al. (1970).Anditsgeometro-optical theoryand
equipmentswerepresentedbyTerada(1973)and
Ikeda(1976).

Usingthismethod,wecanprojectthecontour-

likefringesonthesurfaceoftheobjectmaterials.

Fromthisprojectionwecangetthenumericaland

topographicaldataaboutthereliefofobject.Moirg
pictureprovidesthreedimensional infonnationon

theonepieceofphotographicpaper.Thereforeitis

easytoreccordandtopreservethedata.
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162｡.Anglebetweendigitl&1I ;66｡,11&HI &

28｡, nl&Ⅳ忠 44｡.Thedigit impressionmakes

sharpandnarTowshapewhichmightbetheresultof

thediageneticaldeformationofmotherrocks.We

usedtworeplicas (negativeandpositive) casted

fromoneoriginalreplica.

i )Camerapictures (P11,Figs.1,2) are

takeninthedifferentobliquelightanglesusing

negativereplica.Fig.4andFig. 5areofpositive

one・BlackarTowsineachfigureshowthelighting

directions.

ii)Fig.3andFig.6aremoirepicturesofnega.

tivereplica(Fig. 3) andofpositiveone(Fig.6).
Thecontour-likefringelinerunsevery6 1nm.

iii)Textfig、 2andTextfig. 3showthe three

dimensionalplotafootprintmeasuredbytheauto-

maticcomputeranalysissystem.Theyshowthe

positivefonnbuttheyarereconstructeddirectly

fromthemoir6pictureofnegativereplica(P1. 1,

Fig.3).

ﾄｰT征行

Textfig. 1 Hand-writingsketchofpositiverep.

licaofcoelurosaurianfootprint

Nowadays, thismethodhasbeenapplyingin

the fieldofanthropology,medicineandtextile

designing.

Fujisakietal. (1982)describedathchniqueof
〆

computerizeddataanalysisandprocessingofmoire

picture.Withthistechnique,wecangetabird's-eye
一

viewoffootprintdirectlyfrommoirepicture.

IV. Discussionandconclusion

Thehand-writingsketch(Textfig. 1) showsthe

general imageofthefootprint.But thiskindof

representationismoreorlesssubjective.Moreover

itisdifficulttoshowthedepthandsurfacestructure

ofthe"heel".Andthemarginalpartofthebaseof

digitsisalsohardtodescribe.

Camerapictures (P1.1,Figs.1,2,4,5) ta.

kenbytheadequatelightarehelpfultounderstand

therelief,howevertheseimagesarevariabledepen-

dingonthelightanglesandonthetypesofreplicas

(positiveornegative).Andwecannotget the

preciseinformationaboutthedepth.

Onthecontrarymoirepicturecanimprovethese

defects.Fromitscontour-likefringes,wecanget

thenumericalinformationsaboutthedepth,andwe

canalsounderstandtherealreliefofthesurface.

Conserningthewriter'smaterial,hegotthefollow-

ingdataonthedepthandthesurfacecharacters.

(1)Thedepthofthedeepestpointofthisfootprint
isalittleoverthan3cm.

(2)Thesurfacesbetweenthedigits (I1&m,

HI&W) inclinesgraduallydowntotheheel.

(3)Wecangetprofileswhereverwewant. The

valley.likeShapeofprofilesofdigitlllanddigitlV

arenotsymmetricalasshowninTextfigs.2and3.
Meanwhilethreedimensionalplotofafootprint

111．Materialandmethodofrepresentation

Thespecimensofdinosaurfootprintwhichweuse

inthisexperimentarethepositiveplasterreplica

andnagativeplasticreplicaofcoelurosaurianfoot

printtakenfromtidal flatdepositoftheLower

Jurassic(Pliensbachien) intheCentralHighAtlas

Mountains,Morocco.Thelocalityistwokilometers

eastofAitBialvillage(co-ordinatesofmoroccan

topographicmap;X:3769,Y: 122.1).

TheoriginalfootprintwasdiscoveredbyJ.Jenny

(Jenny&Jossen,1982)andoriginalpositiveplaster

moldwastakenbyA.Laaroussi andoneofthe

authors(Ishigaki, 1985MS).

Thehand-writingsketch of positive replica

(Textfig. 1) showsthegeneralfeatureofthisfoot-

print. Itisthelefthindfootprintwithfourslender

digits (1, 11, 111, 1V).The animalisbipedal.

Thereisnotraceoftail.Thelengthfromheeltothe

topofdigitmis30cm.Digitmisthelongestand

digit l istheshortest.Digit l isabductedmedi-

ally.Pharangealpadsarenotrecognizable.Length

ofdigitI,11,HI, IVarerespectively5,18， 26,
20cm.Pace:74cm.Stride: 146cmPaceangle:
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heshoulddevelopthismethodinordertosolvethe

physicalandfinancialdifficultiesincaseoffoot-

printmolding.

Totakethemoir6pictureinthisstudy,weused

thelaboratoryofKyotoWomen)sUniversity.We

would liketostatesincerethankstoProfessors

SachiyoDoiandYayoiFukuifortheirkindpermis.

sionofusingtheapparatusandfortheiruseful

helps.

(Textfigs.2&3) showstheoverlookimagesofthe

footprint.Usingthismethod,wecanmakepositive

viewoutofmoir6pictureofnegativereplica.

Inthisway,wecanprovidemoreaccurateinfor-

mationsbyusingmoir6picture togetherwith

sketchesandnormalcamerapictures.

V. ProspectforthefutureandAcknowledgement

Wetookthesemoirgpicturesinthelaboratory.

Toapplythismethodduringthefieldwork,wemust

takethepictureofobjectivematerialoverwhichwe

project thegratings (likeTextfig. 3). Having

anotherstandardgratingsoverthepicture,itisable

toproducemoir6fringes.Thewriterconsidersthat
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モアレ法による恐竜足痕の三次元的記載

石垣忍・藤崎年英

(要 旨）

恐竜足痕記載の際に使われる図としては，従来，肉眼観察によるスケッチや斜方向から光線をあてて搬影した

写真力剰用されてきた。しかし，これらの方法では，足跡の深さに関する正確な情報が得られない事をはじめ，

スケッチの場合は著者の主観が入る事，写真の場合は光の条件等によって一部の概造が見落とされる場合がある

事，などの欠点があった。

モアレ法による写真は，等高線様の縞を標本の表面に直接写しだす事ができるので， この欠点を補える｡また，

モアレ写真を電算機で直接に自動処理する事により，備耐図を描く事も可能である。

ExplanationofPlatel

Figs､1&2 Nonnalcamerapicturesofthenega-

tivereplicausingtheobliquelighting.
戸

Fig.3 Moir6pictureofthenegativereplica.

Figs.4&5 Normalcamerapicturesoftheposi.

tivereplicausingtheobliquelighting.

Fig.6 Moir6pictureofthepositivereplica.
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PlateI (Ishigaki&Fujisaki)
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◆論文紹介◆◆

生物におけるマグネタイトの生成と

その利用

溝田学，前田豊（1984）

京都大学原子炉実験所第18回学術講演会,47－52

生体による微量元素の濃縮

一その機能と役割一

小山睦夫（1985）

京都大学原子炉実験所第19回学術講演会, 1-5

磁気バクテリアの磁気感応機構は体内のマグネタイ

トが単一磁区構造をもつことによるものであり，粒子

の大きさは，江、程度の最も合理的大きさと形をも
つことを示した。

一方ヒザラガイの“歯”のマグネタイトは食行動に

利用されており， “歯”の先端に近づくほど酸化がす

すみマグヘマイト （γ一Fe203)へ変わる｡歯の酸化と
並行して帯磁性物質の蓄積が始まるが， これと同じメ

スバウアースペクトルを示すものがマグネタイトを作

る直前の未熟な“歯”にみられ，鉄タンパク（フェリ

ティン）と考えられる。鉄ミセルからマグネタイトヘ
の変換を高温．高圧を必要としないで’日数鰹gもの

多量生産を行っていることに注目される。
（寒河江登志朗）

生体にみられる各種の元素のなかで，ある元素はあ

る生物種に特別に高濃度に蓄積されることがあるとい

う。著者は陸上植物中の無機イオン濃度を中性子放射

化分析法により調べ， コバルトはトウダイグサ科に，

マンガンはウコギ科に，亜鉛一カドミウムはモチノキ

科に，希土類元素，バリウム，ラジウム，アクチニウ

ムはウラジロ科シダ植物に特異的に集積する結果を得

ている。

このような事実は食物連鎖との関連で化石中の元素

分析研究にとって注目すべきものと思われる。

（寒河江登志朗）
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