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AbstraCt

WesternPaleontologicalLaboratories, Inc.,hasrecentlycompletedpreparationandmountingofanapproxi-

mately65%complete,well-preservedCa脚a?“α"畑sskeleton・ Thisspecimen(GMNH-PV101)mostclosely

resemblesCa畑a"zzS"""Sg7""‘た. Adetailedhistoryoftheskeletonisfollowedbyanosteologicaldescription.

Several characteristicsofthespecimenprovide interestinginsightsonthegenus. Theyare (1) exceptional

preservationofadisarticulatedskullandmandibleincludingtheintercoronoids; (2)presenceoftheproatlasand

proofofsingle-headedcervicalribsfortheatlas; (3)thecoalescenceofthelastdorsalrib(no. 12)withtheilium;

(4)acompletesetofcaudalvertebraewithnarrowtransverselyexpandedneural spines,whichhasaidedin

distinguishingsexualdimorphisminasauropodforthefirsttime; (5)numerouspathologiesfoundthroughoutthe

tail, includingspinabifida,herereportedforthefirsttimeashavingoccurredindinosaurs; (6) theslenderness

ofthelimbbones;and(7)evidenceofscavengingbypredatorsonthelimb, foot, andgirdlebones.

maybelargeenoughtoprovidemeaningfulstatistics.

Until then it isvery important thatall articulated

skeletonsbefullyreportedwithasmanyillustrations

aspossible,accompaniedbyadequatemeasurements.

Unlikeoneofthefewothersauropodswithmultiple

articulated skulls and skeletons, the Chinese

S"""osα〃γ〃s,whichhasbeenreportedfromasingle

horizonandlocality,Ca加amsα""Mshasbeenfoundin

anumberofsitesinat leastsixstatesandinhorizons

all thewayfromlowintheKimeridgianupintothe▲，

Tithonian.

Introduction

Attemptstoestablishcriteriaforspeciesdetermi-

nationinsauropods(Mook1917,Mclntoshl990)have

provedverydifficult･ Thereasonsforthisarethat

very fewtaxa areknown fromfairlycomplete

articulatedskeletons. The loose jointbetweenthe

atlasandoccipitalcondylehasresultedintheskullsof

most specimensbeingdisarticulatedandseparated

fromthepostcranialskeleton. Inalargenumberof

thevalidgenera, theall-importantskull isstillun-

known. Fortunately, thesizeandweightof these

animals ledtohighlyspecializedvertebrae inmost

generathatprovidedthegreateststructuralstrength

atminimumwei9ht･ Thesevertebraeprovidemanv

significant taxonomiccharactersused toestablish

generic identity; however, thestatistical sampleof

specimenscompleteenoughtoprovidecharactersof

specificsignificance,sexualdimorphism,orindividual

variationislackinginmostsauropodgenera.

It isthereforeveryencouragingthat inthemost

commonNorthAmericansauropodgenus, Ca脚αγ‐

“α""zs,anincreasingnumberofarticulatedskeletons

havebeenreportedinrecentyears， and, thoughthe

sampleisstillrelativelysmall, itappearsthatsoonit

DiscovervandExcavation

Thepresentspecimenwascollected inl993by

WestemPaleontologicalLaboratories, Inc. (WPL),of

Orem,Utah, ata localitynot farfromthefamous

AmericanMuseumofNaturalHistory'sBoneCabin

Quarry(BCQ) inAlbanyCounty, northeastofMedi-

cineBow,Wyoming. 1n1990,WPLbegantoexplore

thearea inandaroundBCQ. Well-knownamong

paleontologists fromthework of theAmerican

MuseumofNaturalHistory (AMNH) aroundthe

startofthetwentiethcentury,BCQhasnevertheless

seenlittleactivitvsincetheAMNHleftthesite in

1
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1905 (Osbornl904b). LocatedincattlecountrVabout

tenmilesnorthofthefamedfossilbedsofComobluff,

nearMedicineBow,Wyoming, the localityhas

producedabroadassortmentofJurassicspecimens

suchas Siagosα〃γ"s、 D肋/o"oc"s, Abα加s"""s, A/-

/os(zz""s，07""加/"tes,C""p/os""zzS,andDry()s"z"ws.

Kimeridgianinage,thishorizonextendsforhundreds

ofmeterstotheeastandwestofBCQitself,whichis

Iocatedonasmall knoll overlookingadrawthat

descendstotheLittleMedicineBowRiverabouttwo

kilometerssouthwest. TheLaramiePlainssurround

theexcavationsforseveralkilometers inall direc-

tions(Photol).

Therearethreemaiordinosaurquarriesatthis

Iocality: BoneCabinQuarry, East Ca噸α噸s“"ws

Quarry'93 (ECQ)eastofBCQ, andStegosaur '99to

thesouthweSt・ All threeare located intheupper

MorrisonunitwithBoneCabinQuarrypositioned3to

7metersabovethebaseoftheupperunitandECQ

aboutl4metersaswell.Thedinosaurbonesareina

poorlysorted, angular, fine-tocoarse-grainedsand-

stone,composedof15%blackchertatECQandupto

40%atBCQ. Thisgives thesandstoneasalt-and-

pepperappearance.

Inthesummerofl992, JeffrieParker､heWPL

fieldmanager, discoveredafewpiecesoffossilized

boneerodingfromsurfacesandstoneinthemiddleof

ajeeptrailaboutonehundredfiftymeterseastof

BCQFurtherexplorationofthefindindicatedthat

someof thebonepiecesbelongedtoa sauropod

humerus. AIsorevealed, lyingjustbelowthesurface,

wereelementsthathadnotbeenexposeddirectlyto

theelements.

Overthenextfewdays,Parker,TylerPinegar,

andStanPinegarremovedsufficientoverburdento

exposeseveraladditionalelements, includinganearly

completehumerus, five ribs, and threevertebrae

(Photo2). Fromtheshapeandsizeoftheseelements,

theteamwasabletoidentifythebonesasbelonging

toCa畑a"s"""s.Therelativebonesizeandevidence

ofarticulationsuggestedthattheremainswereofa

singleskeleton. However, sincethefieldseasonwas

drawingtoacIose, theextentofthespecimenhadto

awaitfurtherexplorationthefollowingyear. Befole

leavingthediscoverytheteamcoveredtheexposed

elementswithburlap,plastictarps,andloosesandto

Drotectthemfromtheinclementwinterweather.

Bythespringofl993,WPLwasanxioustocon-

tinuetheexplorationoftheCα”α””〃WS・ Parker

andthePinegarbrothersreopenedthedinosaursite

andenlargedthequarry.Thebone-bearinglayerwas

foundtodipataboutl2degreestothesouth,which

necessitatedtheremovalofapproximatelylOOOcubic

metersofoverburdenfromanareameasuringapprox-

一二裳錘一琴一塞患一

~~~~~ ~~ ~
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imatelyl5meterseast-west, 12meters llorth-south,

anduptothreemeters indepth(Photo3). Asmall

earth-movingmachine(Bobcat)madethistaskfairly

easy.Earlyon,Parkerpiledearthontheabruptsouth

endofthedigtopreventunsuspectingtravelersofthe

jeeproadfromplummetingovertheedge.

Followingthetrailofbonesintheexcavationdid

notpresentaproblenlThesandmatrixcontaining

theboneswas clearlydefinable Sandandclay

deposits altemated above the distinctive target

matrix, andbelowit layabedoffineclay・ The

patternofbonedepositioncontinuedtothesoutheast,

reflectingthescatteringactionofanancient river

(Photo4). Itbecameapparentthatthebonesbelonged

toasingleindividual andthatmuchoftheskeleton

waspresent. Beforecompleteburial, thecorpsehad

beenmovedbytheactionofwaterbutnotcompletely

scattered. ThishvDothesisassistedParker ineffi-

cientlytracingtheremains.

WPLdecidedtocommitthenecessarveffortto

completetheworkofexcavatingtheCa池"”s“〃z4s

duringthesummerofl993.Manyindividualsassisted

with the excavation, which Parker supervised

throughoutthesummer. RonMjos, aWPLpartner,

spentagreatdealoftimeatthequarry,asdidStan

andTylerPinegar,DavidHamblin,LucyMcDonald,

LandisBuck,KateOIson, andmanyotherWPL

employeesandguests. Inall, about thirtypeople

participatedinsomephaseoftheexcavation(Photo

5)~

Thedigproceededwithfewinterruptions.The

weathergenerallycooperatedoverthecourseofthe

summer. Althoughthequal-rysufferedonesubstan-

tialfloodearlyintheseason,theporousnatureofthe

quarrysedimentquicklyabsorbedthewater．Usually

conditionswerewarmand drv, withoccasional

thunderstormsrollingacrosstheplains(Photos6, 7).

Occasionally, unexpectedvisitorsstoppedbyto

visit, includingasmallherdofcattle, thecuriouspilot

ofapassinghelicopter, andarattlesnakethatfell

downthesouthedgeofthequarry, landingnexttoa

coupleofstartledcrewmembers. Thesnake,prob-

ablymorestartledthantheworkers,wasescorted

awaywithashovelandbucket.

Thefieldcrewuncoveredbonesofwhathasbeen

tentativelyidentifiedasaD幼/0"OCzzSskeletOnalong

thesouthwestandsouthboundariesof thequarry-

namely,dorsals, sacrum, andcaudalvertebrae. This

additional specimenwaspartlvcollectedtoallow

unrestrictedaccesstotheCa畑α池s“z”Js・ Otherdis-

coveries inthequarryincludeportionsofthesmall

ornithopodD7@yos""ws, aturtleshell, andasuperb

crocodileskeletonwithskull.

Composedlargelyofsilicaandcalcite, thefossil

~
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boneinthequarrywasofagood,hardquality,tending

towardadeepgrayandoccasionallyroseatecolor.

Someoftheelementsnearthesurfaceshowevidence
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f

offreeze-thawdamage,butmostofthespecimenlay

deepenoughtohaveescapedsevereweathering.

WiththeoverburdenremovedbytheBobcat,the

teamwasabletoaccessthebonelayerandusehand

tools(e.9.,awls,utilityknives,brushes)tometiculous-

lyexposetheskeleton(Photos8,9). Carewastaken

toexposebonesonlyasmuchasnecessarytofacili-

tatemappingandremoval.WPLcarefullymapped

thequarry,takinghundredsofphotographsandexten-

sivelyvideotapingprogressoftheexcavation.Azero

pointwasestablishednearthenorthwestcornerofthe

site, fromwhichXandYlinesstretchedoncardinal

lines(PhotolO). Boneandblockcoordinates,mea-

suredfromtheselines,wererecordedinafieldnote-

book, alongwithsketchesandcommentsthatmight
aidthelaboratorytechnicians.

TheskulloftheCa柳ams"""sprovedtobethe

mostspectacularpartofthefind.Nearlycomplete, it

laywithinthelargestclusterofbonesnotfarfromthe

pointof initialdiscovery. Itwascarefullyandpar
tiallvexposedinthefieldandleftessentiallyinsitu

until itcouldbesafelyremovedina largeblockof

matrlx.

Thefieldcrewworkedaround largebonesol-

clustersofbones, isolatingandmappingthemand

plasteringtheblocksofstone-encasedbone,which

werethenliftedoutoftheground,oftenwiththehelp

oftheBobcat (Photosll 13) Smallerbones that

couldbecollected individuallyweremappedand

removed,wrappedinfoil,markedfor identification,

andplacedincratesforstabletransportation. The

ratherflatterrainaroundthequarryprovidedavery

goodstagingareafortheshipmentofthebonesback

totheWPL laboratory. Withthespecimenand

associatedmatrixweighingbetweensevenandten

tolls, several tripswithaheavy-dutytrailerwere

requiredtotransporttheCa畑〃切sα況"zs totheWPL
lab.

Itwasduringthe l993 fieldseasonthatDr.

YoshikazuHasegawa, executive director of the

GunmaMuseumofNaturalHistory (GMNH),and

Mr.HollisButtsfromtheHeartofStoneCompany

visitedthequarrvtoinspecttheC(z脚ams"""s.After
~▲

the inspectionDr, Hasegawa recommended that

GMNHfundtheproject,whichwouldfacilitatethe

entirepreparationandmountingoftheQz柳α7忽sαz〃"s・

BytheendofAugust, theextentofthesPecimen

hadbeendefined. InSeptember, removalof large

blocksbeganinearnest.Withcoldweatherswiftly

settinginandthecrewoccasionallyworkinginrain

andsnow, thedigwassuccessfullycompletedandthe

quarrvcIosedbvtheendofthemonth.
~ユ

Asmaybeseenfromthequarrymap(seemap),

theskeletonlayonitsrightside. Boththeneckand

Hi0/07: E"""tozIglim"""d@(ﾉ煙加gj城鯉ノホ的2z(/"""
"""dﾉ""2)' 6"""/m加加z(ﾉsα""cIozばん""α加"s. 7he
"00""sMzcﾙs加/ﾙど伽c""で""c"z(J9"""2だ"”ｵﾙg陀耽･〃”､
7ﾙ印z""6""“"dzMsc〃伽s/2"q/彫"応62"zIsgqfiﾙeStm71g
加伽dsMi(z/ (W""""ゆα"泥〃〃z2m畑．

"z()/08. Kα彫〃C/()z(ﾉ”〃紋""ツα"‘〃血･ﾉ""cB"7'dα〃(〃

"0"""""c"ど〃ムノ"""""g"Zec(zzII"/se"9s. A""

"蛇z）0/""＃“芯加eγg"erylte〃"ノ〃z""0s"g〃肥〔ﾉ伽0s“"．．

9. D"か噌泓伽os""s is (yfe"/i"/tz加γ-"だ"s血ﾉ2
6z""ie"""γ礁〆戒sco"e""g""加Osaz"'柳α〃g肋e
Z"0"ル〃. E/"oIS醜"ル化/〃α池ノWesE/ﾙ加s6電〃rノ

/tOz"sdiggi"g"wfcIMsfz"z"zd"posed60"es.

HzO/0

洲0ﾉ杓，
ア

Z(ﾉ0ﾉ托

Spe"/

tail constrictedback, pullingthecarcass intoaU-

shapedpostmortemconditionthatisdiscussedlater.

Themainbodyofthedinosaur interruptedcurrent
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INewNearlyCompleteSkeletonofCα脚"7祁馳"γ"s

fIow,whichformedaneddv. Thisfortunateoccur-

renceiswhatprobablvledtomostoftheskullbones

remainingwiththeskeleton. Anumberofskulland

tailbonesdrifteddownstreamaswell astheright

tibia, fibula,andpes. Acertainamountofsofttissue

musthaveremainedattachedtotherighttibia,fibula,

andpesbecauseanumberoftheelementswerefound

cIoselyassociated. TheforelimbbonesareincIose

approximationtothebodyrelativetotheiractual

positions inlife. The iliumwasarticulatedtothe

sacrumwiththepubesandischiadisplacedbackward.

Theright femur is inanapproximatepositionof

articulation・ Mostoftheribswerefoundnear the

vertebral column. Remarkablvall 53caudalsare

present, thesamenumberasinthearticulatedtailof

CarnegieMuseum(CM)11338.Thisnumbersuggests

thatthenumberofcaudalsmavhavebeenstablein

Cα加ams"""sratherthanvaryingbyafewasprevi

ouslysupposed. Evenmoreremarkable isthefact

thattheindividualelementsoftheskullandmandible

arecompletelydisarticulated, includingtheseparation

ofteethfromtheiaws. Nearlvall theskullelements

havebeenpreserveduncrushedandareinanexcellent

stateofpreservation,witheverytoothbeingfound.

ThepreviouslypublishedliteratureonQz"""-

s""ws includethebriefdescriptionsofCope (1877)

andMarsh(1878, 1889, 1896)Thefirstcomprehensive

studyisthegreatmonographofOsbornandMook

(1921) onCope'sQz脚amsα"γ"s szゆ沌加zzsmaterial.

Thismonographincludeddetaileddescriptionsofthe

vertebralcolumnandthepectoralandpelvicgirdles

withall of thebones figured inmultipleviews.

Regrettably,nothingwasknownoftheassociationsof

thevertebralcolumn, resultinginsomeerrors. The

Copecollectioncontainedonlyafewdisarticulated

skull elements; afew, forthemostpart, imperfect

limbbones;andalmostnofootbones.

The secondpaper is that ofGilmore (1925),

publishedonlyafewyearslater, inwhichhedescribed

analmostcompletearticulatedskeletonofaiuvenile

animalCM11338・ Thespecimenallowedhimto

describetheexternalfeaturesofacompleteskulland

mandible, correct thevertebral formula, provide

descriptions of the limbboneswithcomparative

lengthmeasurements, andprovidespecific informa-

tionconcerningtheforeandhindfeet. Theunder

standabledecisiontomountthatremarkableskeleton

asapanelmountas it lavinthequarrv,withmanv

bonesworkedoutonlypartiallyinrelief, hadthe

disadvantageofhidingsomedetails, particularlyof

thepresacralvertebraeandvariousaspectsof the

limbs.

Athird, recentlypublished, paperbyMadsen,

Mclntosh,andBerman(1995)addedtoourknowledge

PﾉzO/010. 7Mg妬ﾙq/c""/4｣"?"sﾉ"'咽""〃"M"i噌"1Gsﾙc〃0〃“s
"""h) (z/"0si e""0加加加加0ｿｶ“〃"ze"""fy.H@γβC伽(ルα"。
E""/〃"“ﾙ叩owq/"""IzOfs (CA肋加"”〃z噸"'/q//""""/
s27'/2s. 7y"cO1"〃β""":y"1(Zpル2巾2(//0sO/"’"(z")1"cs""s7fgIzﾉ泓
加gｲｶcs""0"s"c/z (Is //zc"s"""dlosi""Q//ﾙ2価岫〃6s.

Hzoio".Ro〃〃jos(z""S""""増"γpeVb""//zems"Q/

〃c舵/"g"z"彫加0"""加ﾉ形s. 7ｿzis""sﾉzα'てf"／だ”α7秘
加g鮒0液6“α"Sc〃醜g""/ /ﾙα/"zeカtZg"260"es z""

s“"だα"〃”"/〃〃oM62Wtly/m"蛾()7'/ed/0"ze"6.

~
~

Mo/012. L"群6/"〃sα”zﾉ2がd城“〃〃だ""zﾉc伽"”ﾙe
(7“γ卸． Tｿzebcs/z")'"""""/ﾙg"z畑s/062c"城心""s"
2泥。伽0噸eγ加彫”“／ﾙgγjSル0/r"加噌e〃オルg加"cs. R(w
"0s〃"〃α”ﾉ〃Rz'舵γ〃壇〃〃"e f""たαｲ ﾉで柳”"噌肱増β
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りIOC妃S， 〃αα(Z抑〔壇z"gaS郷g舵り0〃2．

oftheskullandmandibleofCa脚"7tzsfzz""sbydescrib-

ingindetailallthedisarticulatedskullbones,figuring

eachinmultipleviews・ Afourthmajorsourceof
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informationonC"""ms""zzs is theset ofplates

preparedbyO.C.Marshf()rhisprojectedbutnever

completedsauropodmonograph. Thiscontainsfig

uresofallofthelimbandgirdlebones,aswellasof

somevertebrae; someskull elements; andsomefoot

bones,all inmultipleviews.Thesehereferredtohis

genus"07℃s""ws,whichwaslatershownbyOsbom

andMook(1921)tobesynonymouswithQwz""""'‐

"s. Theseplateswere finallypublishedwithout

descriptionsbvOstromandMclntoshinl966.

Manyotherpapersaddinformationtoourknowl

edgeofQz"""s""Ws. Someofthemostsignificant

includeOsborn (1904a) onthesacrumandmanus;

Holland(1924)ontheposteriorcervicals;White(1958)

onaskullwithemphasisonthebraincaseandteeth;

Jensen(1988)onthelargepartofaskeleton;Brigham

YoungUniversity(BYU)9047ofanewspeciesQz//z.

g/os""7ws ｢=Ca脚amsα〃γzfsノ ノgz(ﾉfs/; and finally

Mclntosh,Miller,Stadtman,andGillette(1996)witha

moredetaileddescriptionofthisskeletonwithmulti-

pleillustrations.

Inlightofalltheliteraturecitedabove, itwould

beredundanttorepeatdetaileddescriptionsofmuch

ofthemateria1． Nevertheless, ifthepresentmaterial

istobeofusetoworkersinthefuture intryingto

selectthosespecieswhicharevalid, itisveryimpol--

tant thatnumerousfiguresofthe individualbones

withdetailedmeasurementsandspecial featuresof

thoseelementsbepresentedinoneall-encompassing

work・ Wehaveattemptedthentoaccomplishthis

taskwiththispublication, aswell asgivebrief

descriptionsandcomparisonstootherspecimensof

Qz脚α7郷sα"γ〃s、

PIzo/0Z3. T~WgBO6"r""s"""zIsgん〃mo/"z"""2d加

/he γe"”【ﾉα/ o/、 ／α増e"0chs. TWeg花α花s/ 7'js〃α伽の，s
z池ﾉ0/zﾉ2"/""z"堰／内26/oc"so"X"0流ﾉ97'わ‘池c"g/'' /hg
si""z"""sdOzIw.

Denver,CoIorado

WPL:WesternPaleontological Laboratories, Inc.,

Orem,Utah

YPM: YalePeabodyMuseum, NewHaven, Con-

nectlcut

*The sauroDodfossils fromtheClevelandLIovd
坐

Dil]osaurQuarryareconservedat threedifferent

Museums: (1)UtahMuseumofNaturalHistorv,Salt

LakeCity,Utah; (2)EarthScienceMuseum,Brigham

YoungUniversity,Provo,Utah; (3)CollegeofEastern

Utah,Prehi'storicMuseum,Price,Utah.

SystematicPaleontolog)

Order:Sauropoda
Familv:Camarasauriidae

Ctz加amsα"〃Sgm""たMarsh(1878)
Thisspecimen,GunmaMuseumofNaturalHis-

tory(GMNH) 1()1, isapproximately65%complete,

consistinginlargepartofanarticulatedskeleton,

whichisinmanvwavsquiteunusual. Preservedare

theskullandmandible,cervicalvertebrael-8,dorsal

neuralarches 6-12,most of thedorsalribs,the

articulatedsacrumlackingcentra, anearlycomplete

setofcaudalvertebraelackingonlythecentraofnos.

land2, 18chevrons, partoftherightscapula, left

coracoid, lefthumerusandfragmentsoftheright,

partial leftulna,partial leftmanus,rightilium,pubes,

ischiaandnearlycompleterighthindlimbandpes,

headoftheleftfemur,andpartofleftpes.

S跨況〃αれぱMtz邦或〃g

(SeeskullmeasurementdrawingsandPhotol4)

Exceptforthebraincase, theskullelementshave

beencompletelydisarticulated,butmostofthemare

present, undistorted, and inaremarkablestateof

preservation. Thoseelementswhicharemissing

Abbreviations

AMNH:AmericanMuseumofNaturalHistory,New

York,NewYork

BCQ:BoneCabinQuarry,Albany,Wyoming

BYU: BrighamYoungUniversity, EarthScience

Museum,Provo,Utah

CAM:CliffordA.Miles,WPL,Orem,Utah

CM: CarnegieMuseumof Natural History,

Pittsburgh,Pennsylvania

DISH:Diffuseidiopathicskeletalhyperostosis

DINO:DinosaurNationalMonument, Jensen,Utah

ECQ:EastCamarasaurusQuarry,Albany,Wyoming

GMNH:GunmaMuseumofNaturalHistory,Gunma,

Japan

USNM: National Museumof Natural HiStory,

Washington,D.C.

UUVP:UniversityofUtahVertebratePaleontology,

SaltLakeCity,Utah

WIPS:Western lnterior Paleontological Society,

、
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includeb()thjugals, bothvomers, the left palatine，

b()thstapes,andall oftheelementsofthesclerotic

ringthatsurroundstheeyeball. Several otherele-

mentsarelesswellpreservedor illcomplete・ These

includethe leftpostorbital, squamosal, frontal, and

quadratojugalaswellastherightpalatine. Missing

fromthemandiblearebothprearticulars;alsotheleft

surangularisincomplete.Mostoftheteethhadfallen

outofthejawelements,butapparentlyeveryonehas

beenrecoveredandcarefullyarrangedbyCliffMiles

(CAM) inamannerthatwebelievetobeessentiallv

correct.Thestateofpreservationandlackofdistor

tionoftheelementshaspermittedRonMjosofWPL

toskillfullyreassembleacastoftheskullandman-

dible. Sincearecentpublication(Madsenetall995)

hastreatedtheindividualskullelementsexhaustively,

itwillbeunnecessarvtodescribethemindetailhere.

Insteadandforcompleteness,wehavechosentogive

asummaryoutlinedescriptionoftheskullelementsto

aidintheinterpretationofthemanyfigures,which

otherwisespeakforthemselves.

Themassivepremaxillaewiththeirfourlarge

alveoli areparticularlywell preserved (Figure l).

Threegracileprocessesariseabovethemainblock

likeb()dyoftheboneandarecomplete.Theseinclude

(1) twotongueshaped, slender,backwardlydirected

processesthatlockthepremaxillaetothemaxillaein

additiontotheloweronealsoconnectedtothe(miss-

ing)vomers; (2)agraceful, longposterodorsaldirected

nasalprocessthattaperstofit intothegrooveofthe

equallygraciledescendingpremaxillaryprocessofthe

nasal.

Thenasals(Figure2)broadenposteriorlytoabut

thefrontalsandextenddownacurvingtongueon

whoseanteriormarginabutsthel()ng,stout,diagonal,

dorsallydirectedlacrimalprocessofthemaxilla. On

theposteriormarginofthenasalsaretheprefrontals

(Figure3), andbelowthemtheheadofthelacrimal.

Thelarge, laterallyfacingoval-shapednaresarethus

ringedbythepremaxillaeandnasalsaboveandthe

maxillaebelow.

Themaxillapossessesaheavyrectangularmain

body,whichcontainsonitsmedial facetenalveoli

(Figure4). Behind themare twowell-developed

depressions, theanterioroneforarticulationwiththe

palatine, therearoneforasolidsuturewiththefoot

oftheectopterygoid. Aboveonthedorsalmargin

there arisesasharptriangular-shapedhump into

which is implantedthefoot orventral endof the

lacrimal (Figure5),thebonesofwhicharebeautifully

preserved inthissDecimen. Theseslender laminar

lacrimalspossess, justabovemidheight, tearshaped

foraminafacingposteriorlyintotheorbit. Thela-

crimalservestoseparatetheanteorbital fenestrain

〃”わ〃、 7ﾙ9 cm”/e/“Camarasaurus s〃〃"． ”"S

Camarasauruss虎況〃ノsO"go/が肥"10s/co""/e""2""zE

奴噌gs/""'co"""".

frontfromtheorbitbehind・ Theorbit isshapedlike

aninvertedteardrop.Articulatingwiththeposterior

marginsofthemaxillaisthethinforwardedgeofthe

recumbentL-shapedstraplikequadratojugal (Figure

6).Thusthejugal (missinginthisspecimen) isexclud-

edfromthelowermarginoftheskull. Thefrontal

(attachedtothebraincaseinGMNH101),postorbital

(Figure7),andsquamosal (Figure8)arepresentbut

damagedontheleftside. However, exceptforthe

jugal,alloftheseelementsarewellpreservedonthe

rightside. Thedorsalrimoftheorbit isformedby

thesmallrectangularprefrontal,above,andbehindit

thefrontal, towhichbehindisfirmlyattached(and

completingtheupperrimoftheorbit) theanteriorly

directedfirst of threeprocessesof the triradiate

postorbital_ Aseconddownwardlydirectedslender

processmeetsthejugal (missing)tocompletetherim

of theorbit・ Thethirdandbackwardlvdirected

processofthepostorbital taperstoapointandfits

neatlyintoagrooveintheheadofthesquamosal.On

themedialsideofthepostorbitalaverticallvoriented

lamina (crista antotica) articulates with the

latero-sphenoid.Thesquamosalsendsdownahollow

sleevethatfitsneatlyovertheheadofthequadrate，

its Ioweredgearticulatingdirectlywiththeshort,

up-wardlydirectedprocess of the quadratojugal.

Thesetwoelementslieoverthe lateral faceofthe

quadrate,excludingthelatterfromtheposterolateral

faceoftheskull. Togetherwiththepostorbitaland

jugal, thequadratojugalandsquamosalcompletethe

rimofthelargegourd-shapedlateral temporalfenes-

tra (alsocalledthe infratemporal fenestra),which

underliestheorbit. Thestout verticallvdirected

quadrateextends (Figure9) forwarda largesail

shapedplate(pterygoidprocessofthequadrate)from

theuppertwo-thirdsoftheanteriormarginof its

shaft.Onthemedialsideofthisplate,thebackwardly
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directedquadrateprocessof thepterygoid loosely

articulates.Viewedfrombehind, theposteriorfaceof

thequadratecontainsaverticallydirectedtrough.A

stoutcondyleispresentonthe lowerquarterofthe

quadrateforcontactwiththearticularattheposte-

riorendofthemandible.

Thebraincase (Figure lO) iswell preserved

exceptfortheanteriorportionoftheoverlyingfron-

tals. Thedorsal surfaceoftheserectangular-shaped

platelikebonesisflat,buttheventralsurfaceexhibits

asharpridgethatextendsfromtheouteranterior

junctionwiththeprefrontalsinwardandbackwardto

apointjustabovewherethefrontalmeetstheforward

edgeoftheunderlyingorbitosphenoid, behindwhich

the largeolfactorynervewouldhavebeenhoused.

Thesutureonthemedianlinebetweenthefrontalsis

evident, andat itsposteriorterminationthereliesa

prominentcircularpinealforamen, therearhalfofthe

rimofwhichisformedbytheparietals,whosesuture

withthefrontals isclearandstraight. Thesuture

betweenthetwoparietals isnotevident, asisoften

thecase, andeachisrectangularandbroaderthan

long. Theinnerhalfoftheiranteriormarginarticu-

lateswiththefrontals, theouterhalfwiththepostor-

bitals,whichtogethel-withtheparietalsrimtheoval-

shapedsupratemporal fenestra. Directlybehindthe

parietals is the robust, triangular-shapedsupraoc-

cipitalbone,oneachsideofwhicharetheparoccipital

processesoftheopisthotics. Beneaththesupraoc-

cipital isthelarge,circularforamenmagnum,which

isalsoformedbvthebasioccipital and theexoc-
‐ △

cipitals,whosesutureswiththeopisthoticsarecom-

Dletelvobliterated.

Thesidewallsofthebraincaseareformedbvthe

usual fourelements,which, inorder fromfront to

rear, are(1) thesmallorbitosphenoid; (2)thelateros-

phenoidwith itsverticallydirected lamina (crista

antotica),whichuniteswiththepostorbital infront;

(3) theshort solidprootic,whichalsopossessesa

lateral lamina (cristaprootica) that extendsanter-

oventrallytounitewiththecristaantotica;and(4)the

opisthotic.Theopeningsforthecranialnervesareall

apparentand inagreementwiththeir locationson

other specimens as described indetail elsewhere

(White1958,Madseneta1. 1995) Thefloorofthe

braincaseisformedposteriorlybythemassivebasioc-

cipital,whichhasalargeoccipitalcondyle. Infrontof

thebasioccipital lies thebasisphenoid, ontowhose

upper lateral surface thecristaantoticaattaches.

Anteriorly, thetriangularforwardlydirectedparas-

phenoidemerges, but itssuture linewiththebasis-

phenoid is obscure. Ventrallv the basisDhenoid

branchesintotwoshortstoutventrolaterallydirected

basipterygoidprocesses. Thesefitneatly,butloosely,

intoapocketontheuppermarginoftherearbranch

ofthepterygoid.

Oftheb()nesmakingupthevaultedpalate,both

pterygoidsandectopterygoidsarepreservedandare

inanexcellentstateofpreservation. However, the

twovomersaremissing,asistheleftpalatineandthe

upperhalfoftherightone.Thepterygoid(Figurell),

whichliesalmostvertically,maybedividedintothree

parts: (1) awinglike thinanteriol- platethat abuts

againstitsmatemediallyalongthemidline, theante-

riortongueofwhichprogressesforwardbetweenthe

diverging,verticallyplacedrobustvomers; (2)abroad

processatmidlengthisdirectedventrallyandcurves

Dosteriorlvat itsdistal elld toarticulatewiththe

palatineaboveand theectopterygoidbelow; (3) a

shorterposteriorlydirectedsegmentofthepterygoid

containsthepocketfol- thebasipterygoidprocessof

thebasisphenoidon itsuppermarginandabroad

surfaceonitslateralfaceforaloosearticulationwith

thequadrate. Thesail-shapedpalatine (Figurel2)

coverstheuppermarginoftheectopterygoidmedially

andprojectsforwardfromits Iowerborderastrong

Processthat inserts intoadepressionontheposter-

omedial faceofthemaxilla. Thecurved, strap-like

ectopterygoid(Figurel3) hasabroad, downwardly

directedsegment thatoverlapsthedownwardlydir-

ectedprocessofthepterygoidasmentionedabove.

Thebonenarrowsanteriorlywithitsuppermargin

abuttingthepalatine. Itcurvesoutwardtoimplanta

solidfoot intoaseconddepressioniustbehindthatof

thepalatineontheinnerfaceofthemaxilla・Asmall

circularfenestraispresent, rimmedbythepalatine,

ectopterygoid, andmaxilla,where these threeele-

mentsalmostjoin.

Exceptfol-themissingprearticularsandfragmen-

taryleftsurangular,all thebonesofthemandibleare

present,mostoftheminasuperbstateofpreserva-

tion. Themassivedentarybones (Figurel4)articu-

latewithone another alongabroadand loose

symphysis. Eachdentarycontainsalveolaeforfour-

teenbroadteeth,mostofwhichhavefallenoutbut

havebeenrecovered. Atmidpointthedentarydivides

intotwosegments: astrongmedialbranchthatnar-

rows,risesupwardandbackward;andamuchthinner

lateralbranchthatnarrowsDosteriorlvandventrallv.
△ －

Underlyingthelowerbranchandcontinuingtotheend

oftheramus issituatedthesturdyelongatedangular

(Figurel5),whichformstheventralmarginofthe

ramus.Overlyingtheventromedialfaceofthedentar-

yistheverythinsplenial (Figurel6)Bothsplenials

arewell preserved in this sDecimen. Above the
会

splenials, articulatingwith theirdorsal edgesand

coveringthebackedgeofthetoothrow, arethethin

straplike intercoronoids (supradentaries) (Figurel7)
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thatarerarelvDreservedwhendisarticulated. Both

arepresentinthisskull,althoughneitheriscomplete.

Abovetheangularandbehindthedentary liesthe

largeplateofthehatchet-shapedsurangular (Figure

18). Itnarrowsposteriorly intoa :<handle,''which,

alongwiththeangular,cradlestheventralsurfaceof

thearticular・ Themedial faceofthesurangular is

markedbytwoparallel anteroposteriallydirected

ridges. Abovetheupperridgeliesthearticularface

forthedentary;belowthelowerone isthearticular

facefor theangular. The robust,well-preserved

blocklikearticulars(Figurel9)areroughlyelongated

ovalsasviewedfromabove,withawell-developed

troughforarticulationwiththequadrate. Viewed

fromtheside, the lowermarginisbroadlyconvex
l ~l

do肌『、Ⅸrarq･

Theskullelementshavebeencarefullycompared

tothoseofotherCα”"”sα"？wsskulls,andinparticu-

larwiththoseofDINO28. Thisskull fromthe

DinosaurNationalMonument (DINO) isabout the

samesizeasGMNH101andisalsototallvdisar-

ticulated・ThisskullhasbeenreferredtoCa脚ams“"'．

"s /g""s (White1958,Madsenet a1. 1995) largely

becauseGilmorereferredthe juvenileskeletonCM

11338, alsofromDinosaurNationalMonument, to

thatspecies・ Itisquitelikelythatonlyasinglespecies

ofCα"z"tzsLzMws ispresentatthatsite. Comparison

of thetwoskulls failedtoreveal anysignificant

differences. Thequadratojugal ofGMNH101 is

slightlymoreslender, theoccipital condyle isabit

larger, etc. Themostobviousdifference isthepres-

enceofl4dentaryteethinGMNH101,onemorethan

inDINO28Aswillbediscussedlater,thesenumbers

varyslightlyamongotherspecimensfromDNM, so

thisfeatureislikelvamatterof individualvariation

orage. Theskull elementsofGMNH101arealso

quite similar to thoseofCα加ams"""s fromthe

Cleveland-LloydDinosaurQuarryinUtah(Madsenet

a1. 1995)． Thereappeartobepossiblymorediffer-

encesfromtheso-called:$Ca”α池sα況"zs-likeskullA,''

UniversityofUtahVertebratePaleontology(UUVP)

10795, alsofromthatquarry. Thelacrimals inthis

specimenaremoregracile, thedownwardlydirected

processesof thepterygoidsmorerobust, andthe

paroccipitalsDrocessesdirectedmorelaterallvrather

thanventrplaterallyfromthecenter. Eventhese
differencesmaveventuallvDrovetobeduetoindivid-

ualvariationonlv.

亜gメルイCA"ﾉ (Figure20)

Thedental formula for thisCa池amsα〃γ"s is

clearlvshownasfollows:

Upper jaw: premaxillary4;maxillary lO;

total l4

Lowerjaw:dentaryl4

Thisdental formuladiffersslightlyfromthejuvenile

skullofCM11338describedbvGilmorefromDino-

saurNationalMonument. Itpossessedthefollowing

dentalformula:

Upperjaw: premaxillary4;maxillary8-9;

total l2-13

Loweriaw: dentarvl3

1tappearsthat thenumberofteethinboththe

upperandlowerjawvaryamongdifferentindividuals.

AfterlookingatthedentaryofajuvenileC""""sα〃7．

"s (inthepossessionofWPL, foundinsedimentsthe

sameasandjustwestofBCQ),whichalsohasl4tooth

aveolae, itislikelythatdifferingdentalformulasmay

beattributedtoindividualratherthandevelopmental

variatiOn.

TheteethofCa柳amsα"γ"sarehomodont, larger

insizeanteriorly, andbecomingsmallerposteriorly.

Thisistrueforboththeupperandlowerseries. The

teethoftheupperjawsappeartobemorerobustthan

thoseofthelowers.Thisrobustnessismoreapparent

ontheexteriorsideoftheteethwheretheyaremore

roundedthroughtheexteriorhalfofthecrown.This

canonlvbeseenifonehasanearlvcompletesetof
会

teeth.

Atotal of66teethwerefoundfortheQM州αγ，

asα〃γ〃sskull,whichislOmorethanarerequiredfor

acompletedental formula. Threepossibilitiesexist

fortheextrateeth: (1)someoftheteethwereshed

crownsfromother individuals; (2)someoftheteeth

wereunerupted, cominginbehindfunctionalworn

teeth; or(3)acombinationofthefirsttwoexplana-

tions. It ismore likelvthat thisthirdpossibilitvis

correctsincesomeoftherecoveredteethconsistof

heavilvworncrownsandothersaDDear tobe im-
曇ユ

matureteethshowingnowearthatwouldhavebeen

unerupted. Inanyevent, all the teeththatwere

recoveredfromtheareaoftheskullareconsideredas

candidatesbelongingtotheskull.

Threeteeth(rightpremaxillaryl,rightpremaxil-

lary2, andrightdentary7)wereremovedfromthe

jaws. Theirpositionswererecordedandtheteeth

placedwiththeassemblageofotherteeth.Theywere

removedtofacilitatethefinalrestorationoftheskull.

Afteralloftheteethwerepreparedtheywerepaired

as leftsandrights. Thepairswerethenarranged

fromlargesttosmallest (seeTableA). Thelargest

pairofteetharecontainedinthepremaxillariesand

notthedentaries･ Usingthispremise, thelargestpair

ofteethwereplacedinthenumber-onepositioninthe

premaxillaries・ Thenext largestpairwereplacedin

thenumber-oneposition inthe lower jaws. This

patternofalternatingandplacingeachpairofteeth

fromthe uppers to lowersworking posteriorly

continueduntilall ofthepairswereassignedposi-

9



Mclntosh,Miles,Cloward、Parkel

Z4BLEA－〃EASUREMEjVTSOF､ TEET~H

（aⅡmeasul-ements il1millimeters）

Vをγ蛇67,tz/CO/"""f

Apparentlythevertebralcolumnwasarticulated

atthetimeofburial, fromtheatlastothemiddleof

thetail・ Theposteriorcaudalsweresomewhatscat-

teredbutapparentlyallpresent・Theanimal lavonits

rightside, theneckpulledupwardandbackwarddue

topostmortemcontractionofthelargeligamentthat

layinthetroughformedbythetwometapophysesof

thedividedneuralspines. Thisconditioniscommon

tosauropodcarcasses,amongthemthetwoarticulat-

edCα”ams“〃〃sskeletonsfromDinosaul-National

MonumentCM11338andU.S. NationalMuseum

(USNM) 13786. Thedorsalandsacralvertebraehad

beentwistedaroundsothat insteadofrestingontheir

rightsides, thespinesweredirectedstraightdown-

ward・ Erosiondestroyedcervicals9-12anddorsals

1-5(seequarrymap)andalsothecentraandIower

portionsoftheneuralarchesoftheremainingdorsals,

sacrals, andthefirsttwocaudals. Thosewhocol-

lectedtheskeletonoriginallybelievedthatdorsal l2

wasthefirstsacral; thatsacralsl-4werenos.2-5;

andthat thefifthandlastsacral, onlythespineof

whichremained,wasthefirstcaudal. Thisconfusion

resultedbecausedorsall2waslaterfoundtobefused

intothesacralcomplex,whichisquiteunusualbutnot

unique. Thusitwasoriginallythoughtthatatotalof

fifty-fourcaudalswerepresent. Therevisedassign-

ment leavesatail offifty-threecaudals, thesame

numberobservedinthearticulatedtailofthenearlv

completeiuvenileskeletonCM11338.

ThevertebralcolumnofQz剛α池sα〃γ"shasbeen

describedingreatdetailbyOsbomandMook(1921)

sothedescriptionpresentedherewillbebrief, sum-

marizingthemainfeaturesthatcharacterizeCα加αγ‐

asα〃γ〃sandcomparingthebonesofGMNHIO1with

thoseofotherspecimensofQz郷α噸sα"γ"s･

CEγ"jcaノVｾγ花""

Cervicalsl 8werefoundinarticulationandina

fairlygood state of preservatio11, The rarelyThe rarelv

preservedproatlas (Figure21) consistsoftwosepa-

rateelongatedstripsofboneintheshapeofscaline

triangleswiththelongest legfacingdorsally. The

rightelement ispreservedwiththepresentspecimen.

Theproatlas,originallytermed:3post-occipitalbones"

insauropods,wasfirstreportedinl883byMarshin

theparatypeof ""070sα"畑s'' (=Qz""Tzsα"γ〃Sﾉg7Iz"-

"iSYalePeabodyMuseum(YPM) 1905 (figuredby

OstromandMclntoshinl966erroneouslvas the

prefrontal). Theproatlaswassubsequentlyrecog-

nizedintheso-called@"0"sα"γ〃s'' (Zg"fs(Marshl889)

andinafewotherspecimens・ Ofthetwoventrallv
-

facingsidesoftheproatlas, theforwardandshorter

oneabutstheuppersurfaceoftheoccipitalcondyle,

andtherearandlongersideabutstheuppersurfaceof

RIGHT LEFT
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＊Thewidthwas takenfr()mthecl－ownonlv．

＊＊This toothwasfound ill thedentarvandc〔)uldnot l〕E

measured

tlons．

Fourteethwerefoundstill inthejaws. Itappears

thattheywerejusterupting. Itwasdecidedthatthree

of theremaininglooseteeth(leftmaxillary3, left

maxillary7, andleftmaxillary9)assignedthesame

positionsastheeruptingteethwouldnotbeusedin

therestoredskull. Thecrownsassigned to left

maxillarv7andleftmaxillarv9areextremelvworn
ご

crownsandmaynothavebelongedtothisskull. Left

maxillary3 1ikelycame fromthat position, but

becausetherewasaneruptingcrownshowing, itwas

notused. Thefourtheruptingtoothdidnothavea

Ioose individual thatwould fill theposition (left

dentary2)． Afterall of the teethwereassigned

positions,wediscoveredthatwehadplacedtheteeth

removedearlierbackintheiroriginalpositionS.This

indicatedtousthatwehadprobablyplacedallofthe

teethintheircorrectpositions.
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ANewNearlyCompleteSkeletonofCα伽α”s“〃"s

theneuralal-choftheatlas.

Theatlas iscomplete (Figure22). The inter.

centrumandtwobranchesoftheneural arch(neur-

opophyses)arefirmlyfused,andthe lattermeetand

apparentlyfusetooneanotherabove・Thisboneisin

completeaccordwithothersauropodatlases,butone

importantfeatureshouldbenoted:namely, thepres-

enceofdistinct facetsaspitsonthe lowerouter

marginoftheposteriorfaceoftheintercentrumfor

articulationofsingleribheads. Elements(Figure23)

thatarealmostcertainlyatlasribsarepresent, the

rightone inposition(seequarrymapno. 434and

PhOtol5).

Thewell-preservedaxis (Figure24) featuresa

centrumwithawell-developedpleurocoel that is

apparentlynotsubdividedbysepta. Theodontoid

processoftheatlasisfirmlyfusedontheanteriorface

oftheaxis・Theposteriorendofthecentrumexhibits

adeepcup. Theventral facefeaturesasagittally

orientedsharpridge. Justinfrontofthesmallparapo-

phvsesliesanaxial intercentrumfirmlvfusedtothe
咳

centrum. Indescribingthenearlycompletejuvenile

Cα"”7極saz〃"s skeletonCMll338,Gilmorespecifi-

callvstatedthat"noindicationisfoundofaseparate
△

axial intercentrumsuchasexists inthe tvDeof

〃0γ0sα"”zs増"応Marsh."Nevertheless, inthisspeci-

men, althoughit isfullyincorporatedintotherestof

thebone, anaxial intercentrumisclearlyindicated.

Thebackwardlydirectedspinousprocessrisesata

moderate45｡ tothehorizontal, similartothatofC.

97'zz〃伽sYPM1905andDINO28, abitmoresteeply

thaninseveralofthemorejuvenilespecimensfrom

DinosaurNationalMonument (CMll338, USNM

13786),butlesssteepthaninC・ ノg”ぷBYU9047,and

particularlyC. Szゆγg"2"sAMNH5761.

Theremainingcervicals(Figures25-30)preser

ved inGMNH101 increase inlengthandall other

dimensionsfromcervicals3to8(seeTableB). The
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moreanteriorcervicalsarebetterpreserved,with

increaseddamage posteriorly, particularly to the

diapophysesontheexposedleftside. Thecentraare

allstronglyopisthocoelous. Theyallbearelongated

deeppleurocoels,whicharedividedbyseptathatare

notwellpreservedinmanyoftheposteriorcervicals

butclearlyvisible, e.g., inthewell-preservedthird

cervicalwherethepleurocoel issplit intothreecav

itiesbyahorizontal septumthatdelineatesa lower

depressionandadiagonalseptumdividingtheupper

2/3ofthepleurocoelTheridgeontheventralfaceof

thecentrum, soprominentontheaxis, survivesasa

finelineincervical3.AsischaracteristicofQz岬αγ

“α呪7ws, the large prezygapophyses extendwell

beyondthefrontofthecentrum, incontrasttothose

ofthediplodocidsD")/0"0cwsandA"α加sα"γ〃s. The

neuralspinesareplacedwellbackonthearchanddo

notriseashighas intheDiplodociidae. As inC.

g"""isYPM1905, thebifurcationofthespinebegins

asanincipientnotchoncervical3,butit isnotuntil

cervical 5thatoneobservesthefullvdeveloDedU-
ジ ユ

shapedtrough,andeventhenthecleftisnotnearlyas

Z4Fr,RB-ME4SUREMENTSOFCERWCALI/ERZZBRAE

（allmeasuremeI1ts inmillimeters）
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弧4月7，月C-COMRIRATYI/万MEASURE"EJVTS

Gﾙ"VHZOZ;"eq/C. lewisi (BYU904刀)･ α卸aparatypeC､9m""iS(I'ア"1905)

（allmeasurements inmillimete'一s）
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prominentas inthecervicalsofthediplodocids. In

thisrespectGMNH-PV101Qz"""Sα”'"S, andmost

oftheotherspecimensofthegenus,differfromthe

deep,narrowbifurcationseeninC. /ez(ﾉ"BYU9047

(seeTableC).

C"""//W6s

Themajorityoftheribsofcervicalslthrough8

arepresent、 butmosthavesuffereddamage inthe

very long, slender, backwardlyprojectingrodsof

bone. Newandmost interestingisthepairofsingle-

headedatlasribs:therightoneiscompleteandtheleft

onenearlvso･ Theleftribhadbeenwashedsome
咳

distancedownstreamfromtheskeleton,buttheright

ribwasfoundalmost inposition (seemap; 434and

Photol5). Theseribsareflattenedthinstripsofbone

directedDosteriorlv fromthe thickenedknoblike

heads・ Theseheadsfit intoshallowarticularcupson

theventrolateralcornersoftheposteriorfaceofthe

intercentrum. Theventral border of thestrip is

relativelystraight, but thedorsal border rises to

midlengthofthebone, thendescendssharplytoparal-

lel theventralmarginonthenarrowposteriorofthe

rib.Thelateralsurfaceofthestripisslightlyconvex

fromfronttorear.Agentleupwardbulgerisesfrom

justbehindthebottomof theribhead, eventually

reachingaboutone-thirdofthewayupthelateralface

tomidlength, thentumsdownwardandblendsintothe

lateral face. Themajorfeatureofthemedialsurface

isapronouncedlongitudinalgroovethatbeginsabout

one-thirdofthewayalongthestriponthelowerpart

oftheface･ Itproceedsbackwards、 deepeningtoa

maximumatmidlengthof thestripanddissipating

about3/4ofthewaydownthestrip.

Thepresenceof atlas ribshasbeenactivelv

debatedovertheyears. Holland(1906) identifiedtwo

elements foundwiththeskull, atlas, andaxisof

D"/odbc"sAMNH969 as cervical ribs l and2.

Althoughtheseelementswerenotfoundwiththeatlas

andaxisofAP"0sα"γ〃s ノ(7"is"CM3018, theywere

restoredinadrawingdoneunderDr.Holland'sdirec-

tionandreproducedinGilmore'smonograph(1936)on

thatanilnal. Henotedpitsfortheatlasintercentrum

fortheirarticulation. Gilmore(1925), ontheother

hand,didnotfindtheminthejuvenileCMl1338. (The

intercentrumoftheatlasofC.g7tz""おYPM1905 is

missing.)Morerecently,noatlasribwasfoundwith

theC. /ez"fsiskeletonBYU9047. Mclntosh,Miller,

StadtmanandGillette(1996)wereunabletorecognize

ribfacetsontheatlasTheirpresenceinGMNII101

should.endthedebate.

Theatlasribextendsbackwardbeneaththeaxis

andunderlaps theanteriorendof thecentrumof

cervical 3. Onedouble-headedaxial ribwasalso

found.Thecervicalribsfrom3to8arefusedtotheir

respectivevertebrae as inother adult sauropods.

Theyhaveashortextensioninfrontof thetuber-

culum,behindwhichtheybecomeveryslender・ Inthis

specimen, however, theyare imperfectbehind the

distalendofthecentrumincervicals3to6. Inthe

presentspecimenrightcervicalrib7 isalsocomplete

andalsocoversthe lengthof3cervicals. Alarge

portionofrightrib8isalsopresent･ Theribheadof

cervical ribl2wasfoundandrestoredtobeamore

transitionalribshowingsomeoftherobustnaturewe

seeinthefirstdorsalrib.TheseribsinC. /2"/zzsCM

11338arecomplete, becomingprogressively longer

andreachingtheirmaximumlengthoncervical 7.

This ribextendsbackbeneaththe full lengthof

cervicals8and9. Cervicalribs8to12progressively

decreaseinlength,withnumberl2directeddownward

aswellasbackward. It isamuchmoretransitional

ribtothoseofthedorsalsthaninthediplodocids.

DO7#s"I咋γ姥67"(Figures31-37)

Thefirst fivedorsalswerecompletelv lost to

erosion,which isparticularlyunfortunatesincea

majordiagnosticcharacterfor thespeciesCa籾αγ‐

αsa""fsgm"fWS is intheanteriordorsals. Inthat

speciestheneuralarchliesonhighlyelevatedpedicels
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ANewNearlyCompleteSkeletonofQz脚"7てzs“〃"s

TABJ,RDMEAS(ﾉREMEIVTSOFT~YmDORSALJVEURALSRIIVECRESTS

（allmeasul-ements inmiⅡimeters）
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ontheuppersurfacesof thecentra. Inthepresent

specimen, theshortbroadspinesarepreserved in

dorsals6 12andthearchesdowntoandincludingthe

zygapophyses. Indorsals9, 11, alld l2 theright

diapophysesarealsopreserved. Dorsals9throughl2

werefoundintightassociationwithdorsals6through
8insitubutnotarticulatedduetoerosion. Dorsals6

through 8were foundwith their thoracic ribs

articulated(seeTableD)

The6thdorsalspineisthefirstpreservedinthe
dorsalseries. Itistheleastbifurcatedoftheanterior

dorsalsbecausespinetop7hasonlyaslightdentation
orconvectionwhenviewedfromtheanteriorface・On

the leftsidethereisaslender, roundrodextending

downfromthemetapophyseal toarticulatewiththe

laminaarisingfromtheepipophysea1 . Thisrather

rugosestructureispillarlike initsconstructionand

supportsthebifurcatedspine. Thesameformation

canbeseenontheleftsideaswell;however, therod

isbentslightlylaterallyatthemidline. Anoblong

openingispresentbetweenthesupportandtheneural

spine itself. No lamina ispresentnor isthereany

evidencethat therewasonebetweenthisstructure

andthe lleural spine. InJamesAJensen's (1988)

discussionofC""ierosa況"zs (=Qz班α”s“γ"Sノ ノe""

hedescribesa"diagonal ligament thatranfromthe

metapophvseal tothepre-diaDoDvseal of thetrans-
ユユー

verseprocessof thesucceedingvertebra." Onthis

specimen, the :$ligature"doesnot articulateto the

succeedingvertebrabut staysconfinedto itsown

vertebra. AIso,Jensencanonlyhypothesizeastothe

actual structure in ･℃"/z"os"""s'' /ezu"'sdorsals

becausetheligatureismissing. Inthisspecimenitis

presentonthe6thdorsalonbothsidesandisdefinite-

lybone,notatendonor ligament.

The7thdorsalspineshowsaveryslightdentation

whencomparedtothe6thdorsalanditsbifurcation,

Thisveryslightdentationcanonlybeviewedfromthe

anteriorface・ The7thdorsal alsohassitesforthe

lateralsupportsthatwereevidentondorsal6・ They

musthavebeenlargerandmorerobust thanthose

seen in6becausethe"articulation'' site isslightly

larger. Thelateral facesoftheneural spinedonot

indicatethatanylaminaearemissingbetweenthem

andthesupports.Thefirstrealdefinitionofthespine

asseparatefromthe laminaethatrunlaterallyout

fromitsbasetothetransverseprocessesisseeninthis

dorsal. Thespinetapersventrallyonboth lateral

faces toapoint, taperingalso in thicknessbut

maintainingathickerbasethanthelaminaethatrun

laterallyfromthesides・ Thisthicknessgivesdefini-

tiontothespine itselfand isaccentuatedbythe

rugoslty.

The8thdorsal isvervsimilartothe7thwiththe

samefeatures, including"articulation'' sitesforthe

bonerods. Therightsidehasasmall partof the

support extendingventrally, approximately2.5cm

fromthemetapophyseal. The9thdorsal showsan

apparentchangeinthesupportstructure・Acomplete

thinlaminaofsupportrunsfromthemetapophseal

downtothetoporepipophyseal ofthepostzygapo-

physes. Thereisnoopeningbetweentheneuralspine

andthesupportasthe lamina isarticulatedall the

waydownthesideoftheneural spinetothepost-

zygapophyses. Adeeppleurocel isformedbetween

thislaminaandthetransverseprocess. Ontheright

sideonlyasmall articulationsiteremainsofwhere

thesupportbegan.

The lOthdorsal showsadefinitesitefor the

support, approximately2.Ocm・ Iong. Thisspine is

veryrugoseandslightlysquaredonthetop.Theright

sideagainshowsavaguearticulationsitefor the

support.Thellthdorsalhasaneroded"articulation''

siteonthemetapophyseal that issagittallyoblong.

Thespineagain isveryrugose. Thel2thdorsal is

fusedtothesacrum.

All thepreserveddorsalsappear topossessa

hyposphene,butthesearenotwellpreserved. Aside

fromdisplayingthisunusual support feature, little

informationcanbeobtainedfromthesevertebrae

excepttonotethatthelastdorsaltopossessadivided

spine is llo. 6. This is inagreementwithall other

knownspecimens inthegenusexcept forC. 〃加緬

BYU9047,whereawell-definednotchpersists to

dorsal llanddorsal l2andexhibitsaslight indenta-

tlon.

R/6S(Figures39 40)

All theribsarepresentexceptnumbersland2

1q
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outwardjustbelowtheflaringanteriorbladeofthe

ilium.ADDarentlvthevdonotextendbevondit.This
ム△ 軍 一

featurealloweddorsal l2tobeincorporatedintothe

sacralcomplex.

Asmallrib-likeelement(Figure41)wasfoundin

thedorsal regionofGMNH101 thatcouldnotbe

positivelyidentified. It is likelyafragmentofgas-

tralia, sinceitshowssimilaritiestoknowngastralia

foundinApα加sα〃γ〃S，

S上zc"fw(Figure42)

Oneofthemoreinterestingfeaturesofthisskele-

tonisseeninthesacrum.Aswiththedorsalsandfirst

twocaudals, thecentrahavebeenerodedaway,but

theneuralarchesandspines, includingthetransverse

processes、 arefairlvwellpreservedandarticulated

withoneanotherandwiththoseof theposterior

dorsalsandanteriorcaudals. InmostUpperJurassic

sauropods, fivevertebraefunctionassacrals. Riggs

(1903)considerednos.2,3,and4asprimalsacralswith

theadditionofamodifieddorsalordorsosacral (sa-

cral l) infrontandamodifiedcaudosacral (sacral5)

behind. It isnowrecognizedthatnos. 2and3alone

formtheprimarysacrum,andthatnos. 4and5are

bothcaudalsacrals.Thusno.4isthefirstvertebrato

beadded, no、 5thesecond, andno. lthethird. As

shownbyseveral jilvenilesacra(e.9., thatofthetype

specimenofCα”amsα"γzzs /e""zsYPM1910),allfive

centraareoriginallyunfusedtooneanotherandto

theirarches･ Thearchesarealsonotfusedtoone

anotherexcept fornos. 2and3,whicharealways

united. Theirspinesarefusedfortheirentirelength,

althoughasuture linebetweenthemcanusuallybe

tracedoutvisually. Notsowiththeirzygapophyses.

Inall specimensexaminedbytheauthors, including

thoseoftheyoungestindividuals,notraceofasuture

separatingpostzygapophyseson 2 andprezygapo-

physesoll3canbediscerned.

Thesacralribsofallfivesacralsarealsofreein

thejuvenile. Theyunitewiththetransverseproces-

ses, arches, andcentraintheadult,wheretheyalso

unitewithoneanothertoformthesacralvoke. In

mostadultsDecimensthecentraof llos. 2to5are

fusedtogether,whereasthatofthedorsalsacral (sa-

cralno. l)remainsfree(forexample, intheparatype

ofCa畑ams"z""ssz"7"""sAMNH5761)．Thislackof

fusion is incontrast tomanyothergenera, e.9.,

DゆんaOCZZS, 〃"p/oc""""zsα"γ〃s, Apα加sα〃γ"s, B7'1"-

c"os"〃"s, etc.,whereallfivecentrafuseintheadult.

Nonetheless, themodifiedribisfusedtoitsarchand

centrumandtothatofsacral 2 inthesacralyoke,

whichinturnarticulateswiththeilium, thusqualify-

ingitasafunctioningsacral. Inthepresentspecimen

theribofdorsall2,thelastdorsal, isdirectedhorizon-

tally, barelyreachingtheanteriortipof the ilium

oftherightside. Rightdorsalribs3through9werein

situconnectedwiththeirrespectivedorsals. Rightrib

12wasalsoinplace.ThismadetheplacingofribslO

andllrelativelyeasy. Onlythel2thrightribwas

articulated・ Comparisollswiththeright ribsmade

possibleidentificationoftheleftribs, althoughthey

werealldisarticulatedandwidelyscattered.Asisso

often thecasewithsauropodribs,most of them

lackedtheir lowerends; onlyleft2andbothnumber

12'sarecompletetotheend. Right3consistsofonly

asmallportionoftheshaft,andfiveothers(left3, left

8, right4, right6, andrightlO) lackedtheheadand

tubercle.Theheadofleft2ismissing,asisthetipof

thetubercleof leftrib5andthetubercleofright5.

Finally,theupperendsofleftlO,right7,andright8

werenot completeandrequiredsomerestoration.

Themostrobustribis leftno. 1,whichalsohasthe

greatestexpansebetweentheheadandtubercle.This

expansedecreasesbackward,asdoesthelengthofthe

tubercle (TableE). Theribsbowgentlyoutward.

Initiallythelengthincreasesfromriblbackward,and

then, in themiddle of the thoracic cavity, they

decreaseinlengthbacktothesacrum･ Incomplete-

nessoftheshaftsmakesituncertainwhichmiddlerib

isthelongest.

Viewedfromthefront,alowridgeextendsdown

thetubercletomeetasimilarridgefromtheheadand

centrumsomedistancedowntheshaft. Thisleadsto

acorrespondingconcavityontheposteriorface. The

shaftsoftheribsaremoreroundedandmoregracile

thaninthediplodocids,wheretheshafts,particularly

thoseinthemid-dorsalarea,becomeflattenedandcan

attainaconsiderablesagittalbreadth. Ofmoreinter-

est arethel2thribs,whicharearticulatedtothe

diapophysesof dorsal l2 andextendhorizontally

ZIBノバE－MEASUREMENTOFRIBS

(allmeasu'-ements i''mi llimeters)
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fusingwithit,whichsuggestedtoitscollectorsthat

dorsal l2 isactuallvpartofthesacrum・ Asimilar

situationoccursinthevervoldindividualofCa郷αγ~

“α2"zzsAMNH690fromBoneCabinQuarry(Osborn

1904).

IntheCretaceoussauroDodfamilv刀〃〃0sα"γjf"ze

aseconddorsalvertebraistakenintothesacrumasa

fullpartner,providingasacralyokeofsixvertebrae

thatisunitedwiththeiliatoprovidemorestrength. It

isregrettablethatthecentraaremissinginGMNH

101sinceitwouldbeusefultoknowwhetherthoseof

dorsal l2andsacral lwereeitherfusedtogetheror

separate.

Inthepresent specimen, asstatedabove, the

centraandsacral voke formedbv theankvIosed
-

sacralribshavebeenerodedawav.ButthesDinesand

diapophysesremainforsacralslto4,withonlythe

spinebeingpreservedinno. 5.Asusual, thespinesof

nos. 2and3arefusedfortheirentire lengths, and

thoseofnos、 1, 4, and5remainfree. Viewedfrom

above, thediapophysesofsacral 2aredirectedout-

wardandforwardfromthesDine. Theseunitewith

thoseofsacral3atthespineandaredirectedoutward

andbackwardfromit. Thespineofno. 5hasa

greateranteroposteriorexpansionthanthatof the

anteriorcauda1s,asinC.97""diSYPM1905,whichit

vervcloselvresembles.

C"""Js (Figures43-56)

Ascanbedeterminedfromthequarrymap,

caudalslto20arearticulatedtothesacrumandto

oneanother, caudals21and22havebeendisplaced

somewhat,butnos.23to26arearticulatedinposition.

Theremainingcaudalsaresomewhatscattered,hav-

ingdrifteddownstream,but thecompletetail of53

vertebrae ispresent. This isthesamenumberas

foundinthearticulatedjuvenileCa柳ams“""sCM

11338. Thuscaudalno.53endsinapoint, indicating

that itdoes indeedrepresenttheterminationofthe

tail･Althoughitwouldnotbesurprisingifthenumber

ofcaudal vertebrae inCα”ams"""swas slightly

variable、 thepresenceoftwocompletetailswith53

vertebraesuggeststhisnumbermaybestatic. Except

forcaudalsl-2,whichlackthecentra,thecaudals

areforthemostpart inaremarkablestateofpreser-

vationandundistorted・ Lossofthosecentraisdoubly

unfortunatebecauseitdoesnotpermitonetoknow

whethercaudallpossessedchevronfacetsorwhether

the first caudal topossessachevronwasno. 2,

Unequivocalevidenceinthisrespectisnotpresent in

any of the known specimens of Cα加α池sα"池s，

althoughMclntosh,Miller, Stadtman, andGillette

(1996)havepresentedstrongevidencethatachevron

waspresentoncaudallofC./2z""BYU9047.

The caudal vertebraeofGMNH101 closely

resemblethoseofbothC.g7"""ZSYPM1901andl905,

andC. /"(ﾉ鰊BYU9047・ Thecentraoftheanterior

caudalsaregentlyamphicoelousthroughtocaudalll,

thenbecomamphiplatyanthroughouttherestofthe

series. All ofthecaudalsareconstrictedmediallv

withnopleurocoels. Thecentraarerelativelvshort
ご

andtheirarticularfacessubcircular. Thevdecrease

inlengthonlyveryslowlyinthefirsthalfofthetail
，

(seeTableF)． Chevronfacetsterminateatcaudal31.

Whenthecaudalswerearticulatedontheflatsurface

ofthefloorinthelab, itwasnoticedthatthearticular

facesofcaudals7and8werenotparallel.Theneural

spineofcaudal8sweptanteriorlyandnotposteriorly,

butwhenthearticular facesof thecaudalswere

placedparalleltoarticulateproperly, theneuralspine

ofcaudal 8 sweptback, forminganevenspacing

betweentheneuralspines.Thiswouldindicatethatit

isbetweencaudals7and8 that thetail beginsa

downwardsweep.

Thetransverseprocesses, showninjuvenileand

subadultspecimens(e.9,C. /e卯如sYPM1910andC.

g”邦泓応YPM1905) tobeseparateossificationsand

thereforecaudal ribsrather thandiapophyses, are

presentthroughcaudallO,andatraceofaribremains

onno. 11. InC.g7Tz""jSYPM1901,atraceofacaudal

ribpersistsbacktocaudal l3,butthisvariabilityis

probablynotsignificant.Theanteriorribsarisefrom

theupperhalfofthe lateral faceofthecentra, are

directedoutward, andsweepbackandup initially.

Posteriorlytheymoveintoastrongerlateralposition

anddisappearbycaudal twelve. Theanteriorcaudal

ribsarelongandexpandattheirouterextremities,

beingmuchwiderthroughthelongitudinalaxisthan

theverticalaxis.

Neural archesplaced slightly forwardof the

centerofthecentrumpersistbackasfarascaudal43

withzygapophyses,andtracesofanarcharepresent

inatleastfourmore･ Thefirstthreespinesproceed

upwardfromthecentrumandcurvegracefullyback-

ward.Viewedfromtheside, thesespinesaredirected

upwardandslightlyback. Theyaremoreor less

rectangularandbecomesuccessivelylowerandgradu-

allychangetoamorerhomboidalshapebyaboutno.

17.Fromno.30to43theyaregraduallydirectedmore

nearlybackwardandeventuallydisappear. Thelast

fivecaudalsarefusedtogetherandreducedessen-

tiallytoarod,withno. 53endinginapoint, clearly

indicatingtheendofthetai1.

Avery interestingfeatureof thespines is the

transversewidthoftheanteriorones・ Inthisspeci-

menandalsointheparatypeofC.g7""泓応YPM1905,

thesespinesarelittleexpandedtransversely,whereas

inC.彪加趣BYU9047andthetypeofC､9m"djSYPM

1905 theyare significantlybroadenedat the top.
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TAR"FG－〃EASUREMEAmSOFCHEI/ROMS

(allmeasul-ements inmillimeters)

middleofcaudal47wasnotpreservedandhadtobe

restoredwiththeposteriorhalf.

Caudals49through53arefusedasasinglerodof

bentboneshowingalmostnoexteriorosseousgrowth.

Caudal 53was found separatedfromcaudals 49

through52, andthearticularendofcaudal 53was

damagedsufficientlyenoughfromcollectiontomake

itdifficult totell forcertainwhether itwas indeed

fused. Caudal53wasrestoredasifitwereoriginally

fused.

Physiological pathologies: (Figure59)

Thephysiologicalphenomenonseenincaudals25

and26canbeattributedtodiffuseidiopathicskeletal

hyperostosis(DISH). It ismanifestedasavertebral

bridging,whichisafusionofvertebraebyanosseous

overgrowth transgressing the intervertebral disk

spaceexternaltothesiteofattachmentoftheannulus

fibrosusordisk・ Thecauseforthistypeofosseous

growthhasbeenattributedtoaphysiologicalstabiliz-

ingmechanismthatmayhaveaidedinkeepingthetail

elevated(RothschildandBermanl991).

Caudals 25 and26exhibit themost extreme

osseousgrowthseeninGMNH101. Thetwoverte-

braearefusedbyaverylargecystontheventralhalf

oftheircentra・ Itisevidentlookingatthedorsalhalf

of thecentrathat the intervertebral diskwasnot

reabsorbedandthevertebradidnotfuseatendsofthe

centrums,makingagoodcasefordiffuseidiopathic

skeletalhyperostosis(DISH)._Thecystalsoincorpo-

ratedtheirsharedchevronandrenderedthis joint

useless.

It isbelievedbysomepaleontologiststhat the

largesauropodsusedtheirtailsasdefensiveweapons

byswingingthemwithgreatforceattheirattackers.

It isentirelypossiblethatsuchablowcouldproduce

thekindoftraumaticinjuryrequiredtodegradethe

jointsandfacilitatethesedifferentosseousgrowths.

It is alsopossible that some of the osseous

growthsseeninthisveryoldindividualaresimplythe

resultofwearandteal-duetonormaluseoveralong

Deriodoftime. Inanvevent，asmoreandmoreof

thesepathologiesarediscoveredinthefuture, apat-

ternmayemergethatwillgiveuscluesastothe

actualcauseofthesedeformities.

C〃2"γOws(Figure60)

Atotalofeighteenchevronsandafragmentofa

19thwererecovered,most of themdisartiCulated.

However, ascanbededucedfromthequarrymap,

seventeenof theseprobablybelongedto the first

twenty-twocaudals. Whenthesearearranged in

serial orderbysizeandknownpositions (between

caudals9andlOandbetweencaudalsllandl2), the

otherfifteenchevronscanbeplacedquiteaccurately

withapossibleerrorofoneor,atmost, twoslots(see
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TableG).Thepositionofchevronl8issomewhatless

certainsince, judgingfromthetailofCa脚α7没”zz"fs

ﾉg""sCM11338,thefirst thirty-twocaudalsbore

chevrons. Thischevron,whichwascarriedfurther

downstreamwithajumbleoftwenty-threeposterior

caudals,doesnotvarygreatlyinsizefroml7andso

likelybelongssomewherenearcaudal22.

Thechevronsaretypicalofthoseofotherspeci-

mensofCZz”"雌”"γ〃s inthat thefirstgroupsare

relativelystraightrodsofbonebowedslightlyanter-

iorlvThiscurvature increasesbevondcaudal lOas
‐

theydecreaseprogressivelyinlengthsothatbyno. 25

theyarequiteshortandbroadenedfromfronttorear,

suggestingatrendtowardforkedchevronsof the

diplodocids・ However, theybecomeverysmall and

disappearbeforereachingthiselongatedconditionto

anygreatextent. Theimportanttaxonomicfeatures

ofthesechevronsare(1)althoughaveryoldindivid-

ual, thehemal canal isnotbridgedoverdorsallyin

contrastwiththoseofC. /Ez"",wheretheVarebrid-

gedover as in thediplodocids; and (2) the two

articular headswhicharticulatewith the caudal

centraare $6normal" inthat thevfaceupwardto

articulatenearlvequallvwithboththecentrumin

frontandthatbehind.Thisagaincontrastswiththose

ofC. /"ﾉ応i,wherethefronthalfofthearticularhead

fitsintoanenlargedchevronfacetontherearofthe

caudalcentrum.

""""/Gが〃g

Ofthepectoralelements, onlytherightscapula

(Photos l6-17) and leftcoracoid (Figure61)were
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recovered, thecoracoidbeingthemostcomplete. In

addition, therightsternal platewasalsorecovered

(Photol8).

Therightscapula,beingclosetothesurfaceof

thegroundwiththemedialsurfaceexposed､hasbeen

eroded,withalossofathirdoftheanteriorplateand

theposterioredgeoftheblade.Thebroad,forwardly

anddownwardlydirectedproximalplateisdamaged,

witha lossoftheentirecoracoidarticulationand

glenoidsurface.Thethin,upperdistalendhassuffer-

edfarlessdamage;onlyaportionoftheverythinface

ontheanteriormarginisincomplete・Thescapulahas

beencrushedandseverelvfractured･ RestOrationof

the scapulawas done toresembleotherknown

C"加ams“〃"sscapulae inthat theanteriol- plate is

verydeveloped,withtheposteriorendoftheblade

splayedandslightlyconcavemedially. Bycompari

sonwiththescapulaofQz畑αγzzs“〃〃sgm"disYPM

1901, thepresentspecimendiffersinitsmoreslender

bladeandapparentless-pronounceddistalflare.This

is inkeepingwiththerelativelymoreslender limb

bonesofthisspecimen(seeTableH). Inspiteofbeing

near thesurfaceandthereforediscoIored. the left

coracoidisnearlvcompletewithavervwelldefined
－ ▲ ｰ

coracoidforamenandglenoidprocess. Thebone is

well preservedexcept forasmall portionof the

anteroventralregionwhere it isthinnest. Thecor-

acoidisgentlyconvexlaterallyandconcavemedially.

It isthickestneartheglenoidcavitywherethedorsal

surfacearticulatedwiththescapula・Thecoracoidis

notfusedtothescapula,andthesurfacewhereitmet

thatbonebecomesthinneras itproceeds forward,

risingabitfromastraightlinejustabovethecoracoid

foramenthat iscIosedabove. Theoval-shapedleft

coracoidexhibitsnosignificantdifferencesfromthat

ofC.g7wzdis (OstromandMclntoshl966,plate46).

Anincompleterightsternalplatewasfoundnes-

tledontopoftheposteriorendoftherightscapula.

Atfirstsightitwassupposedthatitwastheposterior

edgeofthescapulablade.Afterbeingprepared, then

comparedwiththeCarnegieMuseumspecimen'sster-

Z4FJ,Fr"

jfE4SUREjfEjVTTSOFRECT℃RALGIRDLE

（allmeasurements lnmillimeters）

f物0/oZ6. TJ22γ壇〃sc"z"α"mzc/22""オルes"e/eto"

PIm/oZ7H T7"pos"""Qf"ig7増ルオsc"況如α"fzc/Z9ffro

rhes舵〃わ".T"e加s彪γ加γ允況γ/"Q/"Msc""〃お花s加沌‘．

FIFMENT GMNH101

RIGHTSCAPULALENGTH

Breadth,proximal

Breadthofshaft

Breadth,distalend

LEFTCORACOIDLENGTH
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Marginofglenoid
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s"γ"α/p/"es""6es"""オルg加加沈彫"たγQ/"zE

”“0.
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nalplate, itwasdeterminedtobetherightsternal

plate. Thelackofarticulationofanyofthepectoral

girdlepreventsanynewlightbeingshedonthescap-

ulainrelationtoplacementalongthethorax.
Fb姥"畑6

Thepartsoftheforelimbpreservedincludethe

lefthumerusanddistalendoftheright, theincom-

pleteleftulna, left"radiale,'' leftmetacarpalsl,2,and

theproximalendof3,aswellasapartialclawand

twootherphalanges.Therighthumeruswithcrushed

distalendwasfoundnearthesurfacewithitseroded

edge lyingontopof theright scapula・ The left

humerus(Figure62), foundneartheright, isarelative-

lylongslenderboneexpandedatbothends,moresoat

theproximalthanthedistal. Viewedfromthefront,

thelateralmarginisfairlystraight,expandingslight-

lyoutwardatbothends. Beginningat thepointed

radial condyle, themedialmarginproceedsupward

alongaslightlyinclinedstraightline,causingtheshaft

tocontract inbreadth. Atmidlengththemedial

marginisconcavesothatthetransversebreadthof

thehumerusisexpandedtoagreaterbreadththanat

thedistal end. Thedamageddeltopectoral crest

arisesatmidlengthasanoutwardlyprojectingverti-

calridgesetatarightangletotheanteriorfaceofthe

bonealongitslateralmargin. Itproceedsupwardto

theproximal endofthehumerus. Theresult isa

concaveanteriorfaceintheupperhalfofthebone.

Theheadofthehumerushasaprominentraisedknob

ontheinnerthirdofthemedialfaceattheproximal

end. Althoughpartofthedeltoidcrestwasgone, it

appearstobewellformeddowntothecenterofthe

shaft. Thedeltoidcrestontheproximolateraledge

hasvervwelldefinedcarnosaurtoothmarksextend-

ingantero-posterior(Figure62)． Thesemarkscover-

ingal5cmareaareapproximately.8cmapart, .3cm

long, and 4.5cmdeep, coveringa l5-cmarea.

SeveralsiteshavebeenidentifiedonthisCα加amsα〃γ‐

"sthathavesimilarteethmarks.

Theheadofthehumerus isveryrugose. The

olecranonfossaiswelldeveloped,aswouldbeexpect-

edinamatureadult. Twoparallel, slightlyraised

projectionsnearthemiddleofthe lowerendofthe

anteriorfacemarkcondvlesfortheradiusandulna.

ThehumerusofGMNH101isincloseaccordto

thatofC. /gwisiBYU9047.ThatofC.g7"""ZsYPM

1901hasabroaderproximalend(seeTablesl;J).As

canbeseenfromtheenclosedtableofmeasurements,

thehumero-femoral lengthratioisasgreatorgreater

thanthatofanyotherNorthAmericancamarasaurs.

AlthoughlessslenderthanthatofB7,zzc"osα況畑s, the

humerus iscomparabletothat ofD"Jodbc"sand

&z7'Dsα〃γ〃S, butmuchmoreslender than that of

A"わ”〃γzzs. Similarlytheoverallrelativelengthof

Z4BZ,万IMEASUREMEZVZSOFLIMBS

(allmeasurements inmillimeters)

ELEMENT GMNH101

RIGHTFEMUR

Length

Breadth,proximal

Breadth,shaft

Breadth,distal

Leastcircumference

RIGHTTIBIA

Length

Breadth,proximal

Breadth,shaft

Breadth,distal

Leastcircumference

RIGHTFIBULA

Length

Breadth,proximal

Breadth,shaft

Breadth,distal

Leastcircumference

LEFTHUMERUS

Length

Breadth,proximal

Breadth,shaft

Breadth,distal

Leastcircumference

LEFTULNA

Leastbreadth

Leastcircumference

1485

405

228

400

630

930

340

123

270

430

1008

170

100

170

158

1130

385

170

297

472

80

270

theforetothehindlimbliesbetweentheverylong

forelegofB7zzc〃加sazfγ〃sandtheshortforelegofthe

diplodocids.

Thebonesof theforelimb intheGMNH101

skeletonarerepresentedonlybytheleftulna(Figure

63),whichlacksbothitsproximalanditsdistalend.

Thepreservedportionoftheboneresemblesthatof

C． g7'rz"泓応YPM1901 (OstromandMclntosh l966,

plate53). BecauseofitsDreservationlittlecanbesaid
冬

aboutthisulnaexceptforafewgeneralobservations.

Thedistalportionsoftheshaftareround,butprox-

imallvitbroadenstransverselvandbecomesconcave
学

anteriorlyfortheupperendoftheradius.

The forefoot ofQz加amsαz""s (Photo l9) is

knownfromanumberofspecimens. Itwasfirst

correctlydescribedandfiguredbyOsborn (1904a)

basedonarightmanusofAMNH823 (erroneously

labeledAMNH965). Thecarpusofthatspecimen

wascomparedtotwoblocklikeelements, thelarger

onefittingcloselytothetopsofmetacarpals l,II,

andlll,andthesmalleronerestingonmetacarpalslV
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andV.Thephalangealformulaofthisfootis2-1-1-1-

1,withthefirstdigitendinginalargeclaw.Inatleast

oneinstance,USNM13786,asmallrudimentarysec-

ondphalanxwasfoundarticulatedtophalanxV-l.In

Ab"加s“"抑s/ozfis"(CM3018),phalanxll-lexhibitsa

grooveon itsdistal surface intowhichasimilar

rudimentarysphericalphalanxwasfoundproducinga

phalangealformulaof22ll l・ Averysimilarpha-

lanxwas founddisarticulatedwiththemanusof

C"剛a7"""zzs/g押加sYPM1910.Whetherthisisll-2

ol- possiblyV-2 isnotknown. Thusthecomplete

phalangealformulainQz”a"s"z"wsiseither2-2-1-1-l

or2-1.1-1-2,orpossiblytheexistenceoftheserudimen-

taryphalangesmaybevariable. OtherwiseOsborn's

illustrationofthemanus iscorrectexcept thatthe

metacarpalstherefiguredprobablyspreadoutabit

toomuchdistallv. Footprintsshowthatthemetacar-

palswereorientedalmost vertically, producinga

digitigrademanus.

Controversvalsosurroundsthecorrectdetermi-

nationofthetwocarpalbones.Mostauthorstermthe

largermedialelementthe"radiale'' andthesmaller

lateralonethe@4ulnare.'' Osborn(1904a)claimedthe

largeronewasacombinationofC1+C2+C3ofthe

secondrow,whereastheslnalleronewasthecom-

binedC-4+C-5. It isnowclear fromthealmost

識騨 §,~ “
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mammal-likeclosearticulationofthecarpalswiththe

metacarpalsthatOsbornwascorrect.

The "radiale'' (Figure64) is somewhat thick,

slightlyoblong, andflatteneddorsallyandventrally.

Theproximaldiameterislessthanthatofthedistal

Z4BLEJCOMR4RA刀1/EMEASUREMEIVTSOFLIMBS
（aⅡmeasurements inmillimeters）

COMPARATIVEMEASUREMENTSOFHUMERI

C.g7""dis C.". C. /2z""
~7p

GMNH101 AMNH823 BYU9047

MEASUREMENTS %OFLENGTH %OFLENGTH %OFLEKGTH

C.g7'zz"dis
ア■

YPM1901

%OFLENGTH

C. /g""s

YPM1910

%OFLENGTH

C. "邦加S

CM11338

%OFLENGTH

５

０

３

１

４

２

Length
Breadth,proximal

Breadth,shaft

Breadth,distal
Leastcircumference

1018

369

149

281

450

０

６

５

８

４

０

３

１

２

４

１ ０

０

４

４

４

９

８

４

７

９

８

３

１

２

３

０

３

６

１

４

０

４

１

３

４

１ 545

250

95

199

270

０

８

０

４

１768

287

128

260

346

100

46

17

37

50

1130

385

170

297

472

０

４

５

６

２

０

３

１

２

４

１ ０

７

７

４

５

０

３

１

３

４

１

160
旬弓

Jイ

COMPARATIVEMESUREMENTSOFFEMORA

C.g噸""fs C.gm"dis
GMNH101 YPM1901

MEASUREMENTS %OFLENGTH %OFLENGTH

C. /g刀如s

DINO4514

%OFLENGTH

C. ノe""s

YPM1910

%OFLENGTH

C・ ノe""s

CM11338

%OFLENGTH

０

６

３

９

６

５

４

３

２

５

７

２

１

２

３

100

38

18

31

47

1470

482

252

440

710

100

33

16

30

48

Length
Breadth,proximal

Breadth,shaft

Breadth,distal
Leastcircumference

1180

390

210

382

514

100

33

18

31

47

570

215

100

175

269

1485

405

228

400

630

100

27

15

27

42

０

３

８

２

４

０

３

１

３

４

１

RATIO:HUMEROFEMORALLENGTH

C.g7wzdiS
~ア●

MEASUREMENTS GMNH101

C. /2""s

YPM1910

C. jg""s

CMll338

C.gm"dis
YPM1901

545

750

0．7

５

０

７

３

７

・

４

５

０

LengthofHumerus
LengthofFemur
Humerus length/Femur length

890

1180

0．75

1130

1485

0.76
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Mclntosh,Miles,CIoward,Parkel

diameter・ Theproximal faceslopesfromthemedial

edgedowntothelateraledge,whichisconsiderably

thinnerandmorecurvedthanthemedialedge. The

medialedgehastwosomewhatflattenedfacesthat

lineupflushwiththemedialsideofmetacarpal l so

astoarticulatetightlywiththetopsofmetacarpals

I,II,andpartoflll(seeMclntosh,Miller,Stadtman,

andGillettel996).

Theproximalendsofeachofthemetacarpalsare

veryrugosewithdeepergroovesanteriorly(Figure

65). Theproximalendsofbothmetacarpals2and3

aretriangular indorsal view. Metacal-pal lhasa

nearlytriangularproximal endwithabroad, flat

lateral surfacebelowtheproximal endthatarticu-

lateswiththeupperportionof themedial faceof

metacarpalll.Thedistalendhasvervdefinedcon-
ｰ

dylesandissomewhatrugose.Metacarpal ll isthe

longestandmostslenderofthethree, havingaflat

surface, laterally andmedially for contactwith

metacarpals l andlll. Metacarpal llhasalateral

surfacewiththeposterioredgebroadeninglaterally

attheproximalendforarticulationwithMetacarpal

III.Thedistalendisrugoseandexpandedtransver-

sely,morethanmetacarpal l. Metacarpal lllhasa

large, slightlyconcavelateral surfacewiththeupper

anterioredgebroadeninglaterally. Theanteriorface

ofmetacarpal lll isbroadenedandhasanalmostflat

surface. Onlytheproximal halfofthismetacarpal

wasfOund.

7乳月LEK

MEASUREMElVTSOFPELWCGIRDLE

（allmeasurements lnmiⅡimeters）

Thephalangesthatwerefoundwerescattered

withtherestofthemetacarpals･ Thevwereintact

withminimal fracturingandnocrushing(Figure66).

ComparisonswithYPM1910andOsborn's (1904a)

discussiononthemanusofAMNH823 1edtothe

placementofthephalangesaslisted. Phalanxll-lis

easilyidentifiedbyitsratherknobbyanteriorprotru-

sions, thelargeronesweepingtothemedian. The

lateral face is convex. Adefiniteconcavecurve

betweenthetwoprotrusionsDrovidesasiteforDos-

siblearticulationwitha $6button"betweenthetwo

knobs･ Theproximal articularsurface isslightly

concavewithathinliparoundthedistaledge.Aridge

onthedistalendofMetacarpal ll appearstoalign

laterallywiththearticular edgeofphalanx ll-l.

Phalanx lll-l issmaller than ll-landhasaboxv

appearance. It ismorerobustmedially, tapering

laterallytoaslightedge. Theproximal articular

surfaceisconvex. Bothdol-salandventralsidesare

ratherflat,withtheanteriorendbeingslightlyrugose.

Themanusungual l -2 ismoreelongatedandless

curvedthanthoseofthehindfoot. Inthisspecimen

thedistalendisveryroughandperhapsnotcomplete.

"/"/cGか〃e

Ofthesixpelvicelements (Figure67), the left

iliumismissinginGMNH101andtheotherfivebones

havesufferedsomedamage. Theyexhibitnosignifi-

cantdifferencesfromthoseofC． s"7'g加況s (Osborn

andMookl921),wheredetaileddescriptionsaregiven

ofthe individualbones. Theright iliumwasfound

withthedorsaledgeofthebladedirecteddownward

andtheventralsurfaceofthebladeexposed. Itwas

somewhatweatheredandhadmoderatefracturing

withonlythebladepreserved. Theright iliumlacks

theportiollbehindtheischiadicpeduncleandallofthe

pubicDeduncle.

TheiliumisaplateorientedinaverticalDosition.
聖

Onitsmedialsideareridgesforal-ticulationwiththe

fivesacral ribs. Infrontofthesetheplate isbent

gentlyoutward,formingthetypicalexpandedanterior

lobeofsauropodilia・Thepubicpedunclewouldhave

beendirecteddownwardontheventralmarginabit

forwardofthemidpointoftheplate. Itwouldhave

beenmuchlongerthantheischiadicpeduncle. The

preacetabularbladeismoderatelythick,butbehindit

theplatebecomesvery thin, and, althoughoften

damagedinotherspecimens, itiswellpreservedhere

(seeTableK).TheiliumresemblesthatofAPa酌s“”‐

"s, but thepreacetabularblade ismoreexpanded

vertically. Clearlydefinedcarnosaurtoothmarkscan

beseenalongtheposteriorridge.

Therightpubis(Figure68)wasfoundlyingontop

oftherightfemur. Althoughslightlycrushedand

fractured, itisnearlycomplete,missingonlyaportion

GMNH101FIFMENT

RIGHTILIUM

Lengthofright l)ul)icalticulatio11 to ischia, articulation

Height frolnacetabularCrest todorsalmargin

Heightofcrest topubicarticulatio11

LEFTPUBIS

Leftpubisarticularsurfacefor iliumtodistal extremity

Leftpubisbreadthofdistal extremity

RIGHTPUBIS

Rightpubisarticularsurfacefor iliumtodistal extremity

Rightpubisbl･eadthofdistal extremity

LEFTISCHIUM

Left ischiumarticularsulfacefor iliumtodistal extremity

Left ischiumarticularsurfaceforpubistodistal extremitv

Left ischiumlengthofpubicarticulation

Left ischiumbreadthofdistal extremitv
ご

RIGHTISCHIUM

Right ischiumarticularsurfacefor iliumtodistal extremity

Right ischiumarticularsurfaceforpubistodistal extremit，

Right ischiumlengthofpubicarticlllation

Right ishiumbreadthofdistal extremity

０

０

０

３

２

８

４

３

５

０

０

８

９

７

３

820

355

875

950

360

142

880

990

330

145

ワワ
竺竺
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雪蕊oftheposterioredge. Theleftpubis(Figure68)was

foundlyingonasectionofthecaudalseries,crushed

andfracturedalongtheiliumarticularedge. The

distalendsofeachpubisareveryrugoseandslightly

expanded. The shaftsarequitebroad, sweeping

concavelytowardthe ischial articulation, andare

relativelyshorterthaninthediplodocids,whosebroad

shaftnarrowslessabovethedistalend・Theambiens

process,soprominentinD肋/odo"zsandBaγos(zz"ws, is

notdeveloped・ Bothpubesaredamagedattheprox-

imalendsthatconnectwiththeilia.Thenatureofthe

preservationsuggeststhatthemissingportionmaybe

attributedtoscavenging. Therearesuggestionsof

toothmarks, thoughthemarksarenotaswelldefined

asonotherelements.Theremainderofthebonesare

fairlywellpreservedanduncrushed.

Theleftischium(Figure69)wasfoundunderthe

Droximal endof the leftpubisandontoDofthe
4

anterior caudal series; it is complete although

fraCtured・ Theright ischium(Figure69)wasfound

perpendiculartothedistal endofthe left ischium,

lyingparallel totherightfemur. It isconsiderably

fracturedandismissingitspubicarticulation. The

shafts ofeacharenearlystraight, showingsome

dorsal archingwithonlyaslightexpansionat the

distal ends. Fromtheshaft the ischiabroadento

articulatewiththeilium・ Thereisawidemarginof

articulationwiththepubes. Theyareheavilyrugose

onallmargins. Thetwoshaftsmeetdistallyedge-to-

edgeratherthanside-to-sideas inAPα加sα〃γ〃sand

werenotfoundcoossified. Thedistalendsarenot

expandedatall incontrasttoA"rostzz"wsandtoa

lesserdegreeD"/0"oczfsandB上zγ0s“"〃s・

Hi""""6 (Photo20)

Thehindlimbisrepresentedbyallthreelegbones

andanearlycompletepesoftherightside,all ina

superbstateofpreservation. Inadditionthereisthe

headoftheleftfemurandafewbonesoftheleftpes.

Theleftfemurhead,badlycrushedanderoded,was

foundnexttotheleftcoracoidandontopoftheright

ribs. Thewell-preservedrightfemurwasfoundlying

undertherightpubis (Figure70).Again, carnosaur

toothmarkscanbeseen・ Theparallelgroovedpat-

ternsappeartomatchthosefoundelsewhereonthis

specimen;however,thefemurhasmoresitesthanany
otherbone. Sixdistinctareasonthedistalendcanbe

identifiedwherebitesoccurred.

Therobustfemurhasastraightshaftandexpand-

edends lncrosssectiontheshaft iselliptical. The

lateralmarginexpandsabitoutwardatthedistalend,

thencontinuesuniformlyupwardwithaslightbulge

outwardjustbeforereachingthegreatertrochanterat

theupperend・Themedianmarginhasgreatercurva-

ture,constrictingmoreinwardatthedistalend,curv-
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ingupwardandmoreabruptly inwardat thehead.

Thetransversebreadthoftheproximalendexceeds

the anteroDosterior dimension, The prominent,

roundedheadriseswellabovethegreatertrochanter.

Asinall sauropods,viewedfromabove, thereis

nonotchbetweentheheadandgreatertrochanter.As

inallbuttheearliestsauropods, thelessertrochanter

hascompletelyvanished.Awell-developedvertically

directednarrowridge, 1ocatedontheposteriorface

nearlyatthemedialedge, representstheprominent

fourthtrochanter.Thelowerendappearsatmidshaft

andcontinuesupwardtoabout2/3thelengthofthe

bone. Well-developedtibial andsomewhatsmaller

fibularcondvlesarepresentonthedistalendofthe
咳

posteriorface.Thetibialcondyleislocatedjustinside

themedialmargin,whereasthefibularcondyle is

medial of the lateralmargin. Theanterior inter-

condylargrooveisveryprominent.

TheQz脚amsα〃γ"s femur ismuchmorerobust

(seeTablel) thanthatofD"/0"oc"sbutnarrower

transverselyandbroadersagittallythanthatofB"

c"os"""s,where, inaddition, thebulgeontheupper

partofthelateralmarginismuchmorepronounced.

ThecIosestresemblanceistothatofA加加sα"γ〃S,but

inthatanimaltheheadrisesonlyslightlyabovethe

greatertrochanter. Inaddition, theupperendofthe

greatertrochanter, insteadofshowingabulge,hasa

gentleoutwardsweeptogivethewholeboneahintof

thesigmoidcurveoftheprosauropodfemur.Notable
totheGMNHIOlfemur is itsoverall slenderness

comparedtoanyotherknownfemurofthisgenus(see

TableJ).

23



Mclntosh，Miles,Cloward,Parkel

The right tibia (Figure 71) was washed

down-streamfromtheskeletonandwasdeposited

withthefibulaandseveralassociatedfootelements.

Thetibiaiswellpreservedwithminimalcrushingand

fracturing. It isquitemassive, beingoverhalfthe

lengthof thefemurwitha .64ratio. Theshaft、

straightandrobust,expandsatbothendstransversely

withgreaterexpansionat theproximal end. The

expansionof thedistal end isdue largelyto the

outwardcurvingofthelateralmarginofthebone. It

tooresemblesthatofApα加saz""sbut isrelativelv

more robust and possesses a noticeably smaller

cnemial crest thatariSesontheupperpartof the

lateralmarginontheanteriorfaceofthebone. The

distalendisveryrugoseandcontoured,matchingthe

colltouringof theastragalus. As inall sauropod

tibiae, themedianhalfoftheposteriorfaceofthe

distalendismarkedbyashortverticalcolumnthat

fitsintothedorsalsurfaceoftheastragalus, lockingit

inplace. Viewedfromthefrontthedistaledgeofthe

tibiaisnearlystraight.

Thefibula(Figure72)wasfoundnexttothetibia.

Thedistalendsofthefibulaandtibiawereinclose

proximity, andtheastragaluswasfoundnexttothe

distalends.Thestraight,slenderfibulaisabitlonger

thanthetibia. It isexpandedanteroDosteriorlvat

bothproximal anddistal ends. Theshaft at the

proximalenddoesnotfitintothegrooveprovidedby

thecnemial crestandshaft ofthetibiaasseen in

manvdinosaurrestorationsbuttakesamorelateral

position. Thedistal end is somewhat expanded

transversely,withitspointed, inwardlydirectedpro-

jectionfittinglooselyintothebroadconcavityonthe

lateralfaceoftheastragalus. Coveringtheupperend

ofthemedialsurfacearetriangularmusclescarswith

theapexofthetriangleat theproximal end. The

scarringextendsdowntoaslightanterolateralbulge.

Thebulgethat ispresentatthelowertipofthisscar

resemblesthat inC.gm"α魔YPM1905, but is less

pronouncedthaninC. /e""sYPM1910.Aprominent

bulgetwo-thirdsofthewayuponthelateralsurface

markstheattachmentfortheflexordigitorumlongus

(Borsuk-Bialynickal977,p. 40).

Of the tarsus, only thewell-preserved right

astragalusremains, althoughunlikethediplodocids

の秒/ocibc"s,B""s""7ws,A，amsα〃γ"SAwherethere is

noossifiedcalcaneum, thisrugosespheroidalelement

hasbeenfoundinseveralotherspecimensofCα加αγ‐

""""s,namelyinC. ノE""sYPM1910andCM11338

anda camarasaur on thecliff face atDinosaur

NationalMonument,DINO4101Madsen(oralcom-

munication) reports calcanea fromtheCleveland-

LloydDinosaurQuarryandanotherunnamedlocality
intheSanRafaelSwell

Theastragalus (Figure73)matchescompletely

thatofC､97'tz""ZsYPM1905 (OstromandMclntosh

1966, pl78). Itwasfounddirectlybelowthedistal

endsofthetibiaandfibula, iswellpreserved,andhas

nofracturing. It isrugoseonalmostall surfaces,

havingaquadrilateral shapeonthe lowersurface.

Viewedfromthefrontorbackitsshapeistriangular,

with(1)thehorizontal leglyingjustbelowthedistal

marginofthetibia, (2)theshortlateraledgeproceed-

ingdownwardfromit,and(3)thediagonallydirected

lowermarginoftheastragalusslantingupwardfrom

thebottomofthelateralapextotheinnermarginof

thehorizontal leg.Thedistalfaceitselfisconvexand

doesnotinanywayfitontothetopofthemetatarsal,

asthecarpalsdointheforelimb. Thusthejoint is

veryloose.

DespitethecommonnessofC""""sa〃γ"s,acom‐

pletepeshasyettobedescribedandthephalangeal

formulahasnotyetbeendetermined. Indescribing

thearticulatedskeletonofC・ ノg"伽sCM11338,Gil-

more(1925)statedthat @$Thehindfootoftheleftside

isthemoreperfectlypreserved.Thefivemetatarsals

arearticulatedandthephalangesofthefirst three

digitsareall preserved, but slightlydisturbed・ It

showsthatthefirstthreetoesofthepesboreterminal

claws,withaphalangealformulaof2, 3, and4. The

otherphalangesaremissing, while theright foot

showsaproximal phalanxondigit lV.'' Healso

wrote, <:Asmall roundedossificationattachedbv

matrixtotheouterendofthe leftastragalusmay

representeitherthecalcaneumoratarsalofthedistal

row'' Inapartiallyarticulatedpes,BYU9482,Jensen

(1988)claimstohavefoLmdavervsmallrudimentarv
〃

clawofdigitlV,whichwasunfortunatelylostduring

collection, Intheas-yet-undescribedarticulatedskele-

tonofC. /e""sUSNM13786, thearticulatedpedes

aremountedasfoundwithnophalangesrestored.

Themorenearlycompleterightpescontains the

astragalus;metatarsals l toVandaphalangeal

formulaof2-3-3-2-1,withclawsondigits l tolll;no

rudimentaryclawondigitlV;anda"button"ondigit

V・Nophalanxwasfoundbetweenlll-2andtheclaw.

In the apparently complete articulated pes of

Ap"osα"γ"sCM89, thephalangealformulais2-3-4-2-l

withthesametinyphalanxondigitV.

InGMNH101(Figures74-81)26footboneswere

foundtotallydisarticulatedwithmanyofthemwidely

scatteredthroughoutthequarry,butsomeclusteredin

thegeneralvicinityoftherighttibiaandfibula,which

hadbeencarriedfardownstreamfromtheiroriginal

position(seemap). Inadditiontotheleft"radiale''

andrightastragalus, thereareninemetapodials, four

claws,andelevenphalanges・Themetapodialsinclude

thethreeleftmetacarpalsalreadymentionedaswell
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thediplodocids,where themetatarsals increase in

lengthfromno. I tono. 1V,andalthoughVisshorter

thanlV, it isstillmuch longer incomparisonwith
グー､

しα”Za7nSα〃γ〃S・

Thefirstmetatarsal ( 1 ) isthemostrobust,with

theproximal endslopinguptomeet theastragalus

andarticulatewithmetatarsal ll. Thelateral length

isgreater than themedial length. Thedistinct

articularsurfacecurvesposteriorlywithsomelobing

ontheposterioredge.

Metatarsal ll iserodedontheanteriorfaceand

fracturedslightly. Theproximalendslopesuplater-

allvandflaresdistallvforarticulationwithmetatar-

sal ll1. Theshaftflareswideratthedistalend. The

articularsurfacefortheproximalphalanx ismore

anterior. Thethirdmetatarsal isthelongestofthe

five, witha longslender shaft that is expanded

transverselvonbothends(seeTableL). Theantero-
管

proximalfaceisconcaveacrossthefrontmedialedge.

Thereisabroadflatsurfacelaterallvforarticulation

withmetatarsal lV． Thedistal endflaresmore

mediallythanlaterally.Metatarsal lVisshorterthan

IIIandswellstransverselvatbothends.Theproximal

endissubtriangularinshape. Thedistalendismore

asthecompleterightmetatarsusandleftmetatarsal

IV. Theunguals includeleft ll-1ofthemanusand

thoseofdigitsl,II,IIIoftherightpes.Twopairof

proximalphalangesareidentifiedas l-1,II-1from

bothpedes. Twomoreproximalphalangesrepresent

right lll-landrightlV-1,whereastheremainingtwo

belongtothemanus. Thethreeintermediatephalan-

gesareidentifiedasrightll-2,rightlll-2,andleftll-2.

Unlikethemanus, thepeswassemiplantigrade

with theproximal ends of the fivemetatarsals

arrangedinasemicircularpattern･ Thebonesare

directeddownwardandforward, theirdistal ends

divergingfromoneanothermuchmorethandothe

metacarpals・ Theyaccordcompletelywiththoseof

C.gm""iS (OstromandMclntosh, 1966,pls. 81to85).

Footprintsconfirmthatafleshypadwaspresent in

theheel similartothatobservedinelephants･ For

purposesofdescription､metatarsals l tolVmavbe

roughlycomparedtoprismswithrectangularendsso

that sixfacesarerecognized・ Inadditionto the

proximalanddistalfaces, therearetheanterodorsal,

lateral,posteroventral,andmedialfaces.Metatarsal

I istheshortest,no. II longer,no. IIIthelongest,no,

IVshorter,andno.Vshorterstill･Thiscontrastswith

TAFMRL－Ma4SUREMEIVTSOFFDOTB0WS

（allmeasul･ements inmillimeters）

RIGHT

BREADTHMEASUREMENTS

Proximal Distal

LEFT

BREADTHMEASUREMENTS

Length Proximal Distal

LengthF1,FMENT

MANUS

RADIALE

DIGITI :Metacarpal

DIGITII :Metacarpal

DIGITIII:Metacarpal

PES

ASTRAGULAS

DIGITI :Metatarsal

DIGITI : Phalanx

DIGITI : Phalanx

DIGITII:Metatarsal

DIGITII: Phalanx

DIGITII: Phalanx

DIGIT､~ II : Phalanx

DIGITIII:Metatarsal

DIGITIII: Phalanx

DIGITIII: Phalanx

DIGITIII: Phalanx

DIGITIV:Metatarsal

DIGITIV: Phalanx

DIGITV二Metatarsal
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rectangularandhasonlyslightprotrusionsonthe

posteriol-distaledge.

MetatarsalVisthemostdistinctiveofall the

metatarsals. Itsfan-shapedproximal endnarrows

downtoashortshaftthatthenswellsslightlytothe

convexdistalend・ Themedialsurfaceisnearlvflat

withthelateralfacemoreconvex. Thismetatarsal

articulatestonumberlVwithitsgreatestspanextend

inganteroposteriorly. Itisdistallyrugose,andthere

isasmallprotrusionontheanteriorneartheventral

margln.

Phalanxl-lislongmedially,withsmallprotru-

sionsdorsallv. Thedistalarticularsurfaceslopes

downandbackposteriorlyforarticulationwiththe

ungual. Theventralsideisrugose. Phalanxll-l is

verybroad,moresothan l 1. Ithasabroad, long

medial surfaceand isroundedacrosstheanterior

surfacetothelateral side・ Therearesmallprotru-

sionsonthedistalventraledgewithsomerugosityon

theventralside. Distalphalanxll-2issmalland

oblongwithanarrowedgemedially,expandinglater-

allytoafairlyflatlateralface.Asmallrugosedistal

lipcurlsventrallybacktowardtheproximalphalanx.

Phalanxllllissimilarinsizetophalanxl -lbuthas

aless-definedproximaledgeandismorelobedonthe

distalendThemedialedge isflatwiththedorsal

faceslopinglaterally.

Thelll-2phalanxissmallandovalandhasathin

edgemedially､ isconcavedistally,andhasawideflat

surface laterally. Thedistal edgesweepsbackto

articulatewithphalanx lll-1. Theventral side is

rugose. Thedistalend isalsoslightlycollcavefor

articulationwithasmallungual、 PhalanxlVlisthe

smallestoftheproximalphalangeswiththeproximal

edgeconvexandaflatmedialface.Thedorsalsideis

rounded, slopingtothelateralside.

Thefirstungual isverylargeandrobust,having

awidermarginofarticulationthanthedistalsurface

ofthephalanx・ It isrugoseontheproximalfaceas

wellasontheventralposteriorsurface. Thelateral

surfaceoftheungual ismoreconvexthanthemedial

surface.Agrooverunsthelengthoftheungualonthe

lateralface.Asmallgrooveclosertotheventralface

runsonthemedialface.Ungual ll issmallerthanl ,

beingshorterandnotasrobust. It isalsoconvex

laterallyandhasagrooveonthelateralside.

Ungual lll isthesmallestofthethree,beingonly

halfthesizeofungualII.Ithasthesamerugosityon

theproximal end, andthe lateral grooveruns the

lengthoftheungual.

Allnutrientforaminaonthephalangesareven-

tral. Therugosityandtheforamenareverydistinc-

tivefeaturesontheventralsideofeachphalanx･The
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distalendofthemetatarsals isrugose, andtheun-

gualsaredistallyrugose. Accordingly, thephalanges

thatarebetweenthetwoaredistallyl-ugoseaswell.

Asmallgroovebetweenthelobingontheposteriorly

distalendsofthemetatarsalsappearstobeanutrient

foramen, Thephalanges alsohave their rugose,

foramen-bearingsidesdown. Thedistal phalanges

rideinthecenteroftheproximalendsoftheunguals.

Theunguals'proximal edgesareexposedaboveand

belowthesurfaceofthephalanges. ~

毒鷺鴬頚一一一一画－－－一 一＝一一

PreparationandMounting(Photos21 40)

PreparationwasdirectedbvRonMiosandCliff

Miles． Nille full-and nine parttime emplovees

required23monthstoexcavate,prepare,andmount

theskeleton・ Thebonesweregluedandhardened

(Photo 28) using polyvinyl acetate (Vinac),

cyano-acrylates, and polyester andepoxy fillers.

Difficultieswereencounteredinthepreparationofthe

midcervicalvertebrae,dorsalneuralspines,andsacral

neuralspinesduetoweatheringthathadweakened

theelementscollectednearthesurface. Thesebones

werebrokenintohundredsoffragments(Photos29-

30),eachofwhichrequiredcarefulcleaningandreas

semblv. ItwasdecidedbvbothGMNHandWPLthat

all oftheskullelements, cervicals l, 2, and3, their

respectivecervicalribs, therightfemur,andnineof

thepathological caudalswouldnotbeused inthe

mountbecauseoftheirscientific importance. Casts

wereusedintheirplace(Photos31-32)

MountingwasdirectedbyRonMjos,whotook

greatcaretoincorporateasmuchsteel intotheskele-

tonaspossiblewithoutcompromisingtheintegrityof

thebones(Photo33).AT-shapedplatewasfashioned

toholdthecervicalvertebraeinposition.Thedorsal，

sacral,andcaudalvertebraeweredrilled.Thedorsals

weredrilledwithtwoh()lestokeepthemfromrotat-

ing, andthecaudalsweredrilledwithasinglehole,

whichwasreducedindiameterinsuccessivelvsmaller

caudals・ Thelimbshavesteel incorporatedthrough

their longaxis. Everyribhassteelattachedtoits

medialsurface(Photo34),asdothepubesandischia.

Theendresultofalltheintemalsteel isaspecimen

that isverystrongandstable. Havingthesteel inter-

nal totheskeletongives itaveryneatandclean

appearance.

Usingcastsfromotherindividualsandmodeling

bones facilitated restorationofmissingelements.

Color restoration (Photos 35 37)was performed

usingacrylicpigments. All surfacesweresealed

withpolyvinylacetateandclearfixatives・ Allofthe

bonesintheskeletollweregivenafinal inspectionfor

anyproblemsbeforethefinishworkwascomplete
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＝

(Photo38).

Theskeletonwasdesignedtobeassembledinten

sections. Themainbodvwasliftedwithtwoelectric

winchesthatwereattachedtothebaseoftheskele-

toll.Twosupportbarsweremovedintoplaceandthe

bodvloweredontothesupports・Eachlimb(PhOto39),

aswellastheneck,wascollstructedasasingleunit.

Whenthelimbsareattachedtheyactasstabilizers,

givingtheskeletonsixpointsofsupport. Boththe

neckandtailwereassembledusingamale-female,

pipe-fittedarrangement. Theneckisentirelyself-

supporting. Thetail requiredsuspendedcablesto

ensurestability.Theskeletonis13.59meterslongand

3.4meters high,making it the largestmounted

Ca池〃極s""ws (Photo40).

DiscussionandConclusions

Someofthemoreinterestingfeaturesofskeleton

GMNH101are(1) thelargenumberandexceptional

preservationof thedisarticulatedelementsof the

skull andmandible includingthe intercoronoids; (2)

thepresenceoftheproatlasandsingle-headedribsof

theatlas; (3) thecoalescenceofthelastdorsalrib(no.

12)withthe ilium; (4) thecompletesetofcaudal

vertebraewithoutwidelytransverselyexpandedneu-

ralspmes; (5)numerouspathologiesfoundthroughout

thetailandthefusionoftheterminalcaudals; (6)the

slendernessof the limbbones; and(7) evidenceof

scavengingbypredatorsonthelimb, foot,andpelvic

elements.

AsforwhichspeciesCα"mms"〃γ"sGMNH101

belongsto, careful comparisonsoftheelementsof

skullwiththoseofotherskulls, particularlyofthe

incompleteparatypeofC.g7""ぱおYPM1905andthe

nearlycompleteDIN028,whichhasbeenassignedto

C. /g""s,didnotrevealanydistinguishingcharacters.

ThecaudalvertebraecloselvresemblethoseofC.

gm”"だandC. /e"". Ca畑“極sαz"wscaudalscanbe

separated intotwotvDes-hereassumedtobethe

resultofsexualdimorphism-thosewithneuralspines

broadlvexpanded ill the transversedirectionand
ご 呉

thosewithnarrowlyexpandedspines. GMNH101

belongstothelattercategory,alongwiththeparatype

ofC.gm"djSYPM1905, incontradistinctiontothose

ofthetypesofC.g7""α応YPM1901andC. /e加趣

BYU9047. ThechevronsofGMNH101resemble

thoseofC.g7""djSYPM1901andl905, butdiffer

fromthoseofC. ノe加鰄．

Theunfortunate lossof thecentraand lower

partsof theneural archesof theanteriordorsal

vertebraeofGMNH101makesimpossiblecompari-

sonswithC.g"""sandC. /e""s inaregionwhere

theydifferthemost. Some insight intodifferences

betweenthesespecies isaffordedbycomparative
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霊 ｰ

measurementsofthehumeriandfemorainTableJ,

wherepercentagesofthelengthsarepresented. The

mostreliableofthesepercentagemeasurementsisthe

ratioof the least circumferenceof the shaft to

greatest length. The leastreliable ispr()bablythe

ratiooftheproximalbreadthofthehumerusto its

length. Thishappensbecausethegreatlyrounded

proximalhalfofsauropodhumerioftenbecomesome-

whatflattenedbvcompactionwiththeresultthatthev
-

oftenareartificiallymagnified.Anexamplemaybe

seeninYPM1901. Humeralmeasurementsshow

GMNH101tobeoftheslendervariety,alollgwith

AMNH823fromthenearbyBoneCabinQuarry,C.

g7'Iz"αおYPM1901 andC. /e""BYU9047. The

humeriofC. /e""sYPM1910andCM11338aremore

robust, but thesearebothofsubadultanima1s, a

fact that shoLlldnotbeoverlooked･ Inthefemur,

GMNH101istheslenderestofall.Againthecircum-

ferencetolengthratioof42%comparesmorecIosely

with44%ofC.g7tZ"〃sYPM19()1,asopposedto47%

and48%inC. /e""s.Afullyadultfemur,DINO4514,

fromthesamequarryasCM11338givesasimilar

ratio, showingthatnochangeoccursontogenetically.

Thus, althoughtheresultsarebynomeanscer-

tain,GMNHlOlappearstobeclosertoC.g7"""fs

thantoC. /ez""ol-C. /e""s, andwetentativelv
-

assignittothatspecies. Theothercurrentlyrecog-

nizedspecies,Qz""ms""zzss"花柳"s, fromveryhigh

intheMorrison, isalsoexcluded. Ithasnotbeen

altogethercertainlyseparatedfromC. /ど邦加s. It is
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about12%largerthanGMNH101, itselfanoldadult

(fromthefusionofthedorsal ribwiththesacrum),

whereasGMNH101isthelargestspecimenofthose

hereconsidered.Asstatedearlier,wehavesomewhat

arbitrarilyassumedthatQz""7zzsα"γ"swiththeless-

expandedcaudal spinesandmoreslender limbsare

female.
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Figure l.Premaxilla.A.Left,lateralview[Cat.No.351];B.Left,medialview[Cat.No.351];C.Right,

lateralview [Cat.No.350];D.Right,medialview[Cat.No.350]

〆

コ

Figure 2.Nasal. A.Left(upper),dorsalview[Cat.No.355].Right(lower),dorsalview[Cat.No.354];

B.Left(upper),ventralview[Cat.No.355].Right(lower),ventralview[Cat.No.354]
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Figure 3.Prefrontal.(Left&Right)[Cat.No.427&428]． A. lateralview;B.medialview

A
弓~

□C

Figure 4.Maxilla. A.Left.,lateralview[Cat.No.353];B.Left,medialview[Cat.No.353];C.Right,

lateralview[Cat.No.352];D.Right,medialview[Cat･No.352]
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Figure 5.Lacrimal.A.Left&Right,anteromedialviews[Cat.No.430&429];B・Left&Right,posterolateral

views;C,Left&Right,posteriorviews;D.Left&Right,anteriorviews;

A

■ロ■■口C

Figure 6.Quadratojugal

A・Right,medialview[Cat.No.420];B.Right,lateralview[Cat.No.420];C.Left,medialview[Cat・No

349];D・Left,lateralview[Cat・No.349]
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Figure 7.Postorbita1． A.Left&Right,lateralviews[Cat・No.435&436];B.medialviews

f;蕊幸C
■ロ■■

Figure 8.Squamosal.A.Right,medialview[Cat.No.432];B.Right,lateralview[Cat.No.432];
C.Left,lateralview[Cat.No.449];D.Left,medialview[Cat.No.449]

A

E

■■■

Right,Figure 9.Quadrate.A.Right[Cat.No．440], anteriorview;B.Right,posterior-medialviewC.Right,

antexiorlateralviewD.Right,ventralview;E.Left[Cat.No.417],anteriorview;F.Left,posterior-medial

v1ew
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FigurelO.Braincase[Cat.No.421]. A・Bentralview;B.anteriordorsalview;C. anteriorview;D.right
lateralview;E.leftlateralview;F.dorsol-posteriorview;G.posteriorview.
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E F

Figurell.Pterygoid. A.Right,medialview[Cat.No.418];B.Right,lateralview[Cat.No.418];C.Left,
medialview[Cat.No.439];D・Left,lateralview[Cat.No.439];E.Left,dorsalview[Cat.No.439];F.Left,

ventralview[Cat.No.439]
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■■■■ ロ■

Figurel2.RightPalatine[Cat.No.444]. A.medialview;B. lateralview;C.ventralview;D.dorsalview

B CA

E
F

■ロ■■

Figurel3.Ectopterygoid.A.Right,medialview[Cat.No.422];B.Right,lateralview[Cat.No.422];
C.lateralview[Cat.No.421];D・Left,medialview[Cat.No.441];E.dorsalview[Cat.No.441];F.ventral
view[Cat・No.441]
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Figurel4.Dentary[Left:Cat.No.356&Right:Cat.No.357]. A.medialviews;B.lateralviews;C.dorsal
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Figurel5.Angulars[Left:Cat.No.442&Right:Cat.No.443].A.medialviews;B.lateralviews
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Figurel6.Splenial[Left:CatNo.450&Right:Cat.No.451]. A.medialviews;B. lateralviews

A
B

Figurel7.Supradentaries[Left&Right,CatNo.452&453].A.lateralviews; B.medialviews ■■■
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弓
〕

■■■

Figurel8.Surangular[Left&Right,Cat.No.438&437]. A.lateralviews;B.medialviews
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Figurel9.Articular.A.Right,dorsalview[Cat・No.447];B.ventralview;C・ lateralview;D.Left,dorsal

view[Cat.No.426];E.ventralview;F.Right,medialview[Cat･No.447]
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Figure20.Teeth. A. insideviewsLCat.No.364.365.362.360.363.361];B.outsideviews[Cat.No.364.365.362.360･363.361]

C.sideviews[Cat.No.364.365.362･360.363.361];D.outsideviews[Cat.No.366.367.368.374.375･376.377] ■■■
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Figure20.continued;E.outsideviews[Cat.No.369･370･371.372.373･358．359];F.insideviews[Cat.No.382･383･384･385･386･387];G.inside

views[Cat.No.･390･389･395･393．388･394.391];H.insideviews[Cat.No.396･397･398.400.401.402.407];I.insideviews[Cat.No.378･379･380･381.392]
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Figure21.Proatlas[Cat.No.424].A・dorsalview;B.ventralview
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Figure22･Atlas[#lCervical,Cat.No.419].A.anteriorview;B.posteriorview;C.dorsalview
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Figure23.AtlasRibs[Left:Cat.No.433&Right:Cat.No. 434] A.medialview;B. lateralview
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Figure24.Axis[#2Cervical,Cat･No.423].A.leftlateralview;B.rightlateralview;C.dorsalview;

D・ventralview;E.anteriorview;F.poster●iorview

C
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Ⅱ■

Figure25.CervicalVertebra#3[Cat.No.425].A.leftlateralview;B.rightlateralview;C.dorsalview;

D・ventralview;E.anteriorview;F.posteriorview
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Figure26.CervicalVertebra#4[Cat.No.579]. A・ leftlateralview;B・rightlateralview;C.dorsalview;

D・ventralview;E・anteriorview;F・posteriorview
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No.580]． A. leftlateralview;B. rightlateralview;C・dorsalview;

posteriorview

Figure27:CervicalVertebra#5[Cat

D・ventralview;E・anteriorview;F
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Figure28:CervicalVertebra#6[Cat

D.ventralview;E. anteriorview;F

No.581]． A.leftlateralview;B.rightlateralview;C.dorsalview;
posteriorview

目， E

Figure29:CervicalVertebra#7[Cat.No.582]. A. leftlateralview;B･ rightlateralview;C.dorsalview;

D.ventralview;E.anteriorview;F.posteriorview
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Figure30:CervicalVertebra#8[Cat.No.583].A.leftlateralview;B・rightlateralview;C.dorsalview;

D.ventralview;E.anteriorview;F.posteriorview
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Figure31:DorsalVertebra#6[Cat.No.587].A.anteriorview;B.posteriorview
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Figure32:DorsalVertebra#7[Cat.No.588]. A.anteriorview;B.posteriorview;C.dorsalview
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Figure33:DorsalVertebra#8[Cat.No.589].A.anteriorview;B・posteriorview
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Figure34:DorsalVertebra#9[Cat.No.590].A.anteriorview;B・posteriorview

~

Figure35:DorsalVertebra#10[Cat.No.591]． A.anteriorview;B.posteriorview
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Figure36:DorsalVertebra#11[Cat.No.592]

A. anteriorview;B.posteriorview

Figure37:DorsalVertebra#12[Cat.No. 593]

A.anteriorview
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Figure38:RightcervicalRib#12LCat.No.498].A.anteriorview;B.posteriOrview

ロ■■U■

478,479]. A.L2anteriorview;B.L2posteriorview;C.L3anteriorFigure39:RibLeft#L2,L3LCat.No

view;D.L3postel-iorview;
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Figure40.Ribs ;Left#3-#11[Cat.No.478488]A1.posteriorviews
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Figure40.continued.Ribs:Left#3#11[Cat.No.478488]JR,anteriorview
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Figure40.continued.Ribs :Right#5-#11[Cat.No.490-495,497]S-Y,anteriorviews

54



ロ■ ロ■ロ■

垂一一
、

ー可

~~

Z

AA

罫9罐

夢
BB

、

遥樋
認

遥遥､
b W

~
是

~~

CC
寺為

壷

』

や鼬伊〆
DD

ベミ鼬

色，
ヨ

ヨE

FF

Figure40.continued.Ribs :Right#5-#11[Cat.No.490-495,497]Z-FF,Dosteriorviews
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Figure41:Gastralia？［Cat，No． 578］A､ dorsalview；B，veatralview
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Figure42:Sacrum. A. leftlateralview;B. rightlateralview;C.anteriordorsalview;D.dorsalview
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Figure43:CaudalSacra1. A. leftlateralview;B. rightlateralview;C. anteriorview;D.posteriorview;

CaudalVertebrae[Cat.No.#1: 501; #2: 502;#3: 503](#1:EF,#2:GH,#3:1J). E.anteriorview;F.

Dosteriorview;G.anteriorview;H・posteriorview; 1. anteriorview;J.posteriorview;K.CaudalVertebrae

#1･2.31eftlateralviewinarticulation;L.CaudalVertebrae#1.2.3rightlateralviewinarticulation
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Figure44:CaudalVertebrae[Cat.No.#4:504;#5: 505;#6:506](#4:A-D,#5:E-H,#6: I-L); A.leftlateral

view;B. rightlateralview;C.anteriorview;D・posteriorview;E. leftlateralview;F.rightlateralview;

G.anteriorview;H.posteriorview; I. leftlateralview;J. rightlateralview;K.anteriorview;L.posterior

v1ew

58



■■1■

零

，A 弓

鍋

H． G目

Figure45:CaudalVertebrae[Cat.No. #7: 507;#8: 508](#7:A-D, #8:E-H) . A. leftlateralview;B, right

lateralview;C. anteriorview;D.posteriorview;E. leftlateralview;F.rightlateralview;G. anteriorview;

H.posteriorview

59



1 1

§

…

ロ■】
ロ ，

目 H

’ 』 ■K

Figure46:CaudalVertebrae[Cat.No. #9: 509; #10: 510i #11: 511](#9:A-D, #10:E-H, #11
lateralview;B. rightlateralview;C. anteriorview;D.posteriorview; E. leftlateralview;lateralview;B. rightlateralview;C. anteriorview;D.posteriorview; E. leftlateralview;

I-L)

F. riF. ri

A. left

ghtlateral

view;G. anteriorview;H.posteriorview; 1. leftlateralview; J. rightlateralview:K. anteriorview;L,

posterlorview
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Figure47:CaudalVertebrae[Cat.No. #12: 512; #13:513;#14:514](#12:A-D,ギ13:EH, #14: IL) A. left

lateralview;B. rightlateralview;C. anteriorviewiD.posteriorviewiE. leftlateralview;F. rightlateral

view;G. anteriorview;H.posteriorview; I・ leftlateralview;J. rightlateralview;K. anteriorview;L.

postenorview
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Figure48:CaudalVertebrae[Cat.No.515-517](#15-#17)． A. leftlateralviews;B.rightlateralviews;

C.anteriorviews;D.posteriorviews
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Figure49:CaudalVertebrae[Cat.No.518-520](#18#20). A. leftlateralviews;B.rightlateralviews;

C・ antexiorviews;D.posteriorviews
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Figure50:CaudalVertebraeLCat.No.521-523](#21-#23)． A. leftlateralviews;B. rightlateralviews
C. anteriorviews;D.posteriorviews
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，

A

Figure51:CaudalVertebrae[Cat.No.#24:524; #25: 525;#26: 526](#24:A-D,#25:G,#26:H&I,#25-#26:E

&F).A.leftlateralview;B.rightlateralview;C.anteriorview;D.posteriorview;E.leftlateralview;F.

rightlateralview;G.anteriorview;H,posteriorview; I.dorsalview

63



l ロ■

C
A

ヨ
口

Figure52:CaudalVertebrae[Cat.No.527-529](#27#29)

C. anteriorviews;D.posteriorviews

A. leftlateralviews;B.rightlateralviews;

l ■■ ロ■
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Figure53:CaudalVertebrae[Cat.No.530532] (#30-#32)

C.anteriorviews;D.posteriorviews

A.leftlateralviews;B.rightlateralviews;
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Figure54:CaudalVertebrae[Cat・No.533-536](#33#36) ． A. leftlateralviews;B.rightlateralviews;

C.anteriorviews;D.posteriorviews
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Figure55:CaudalVertebrae[Cat.No.537542](#37-#42)． A.leftlateralviews;B.rightlateralviews;

C.antenorviews;D.posteriorviews

65



‘ぬ画幽 顕■＝画一■

曲劇"if厚砺通刎B=

Figure56:CaudalVertebrae[Cat.No.543553](#43#53).A.leftlateralviews;B.rightlateralviews
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Figure57:CaudalVertebrae(#40:AB&#43:CF)
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Figure58:CaudalVertebrae(#32&#33, #50#52)． A.#33Caudal,anteriorview;B.#32Caudal,anterior

view;C. #32Caudal,posteriorview;D. #32Caudal , lateralviewofneuralspine;E. #32and33Caudals, lateral

view;F.#33Caudal,ventralnutrientforamina,G&H.CaudalVertebrae#50#52various.
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Figure59:CaudalVertebrae(#25&#26). A.#25&#26Caudals,leftlateralview;B.#25&#26Caudals,right

lateralview;C.#26Caudal ,rightlateralview"closeup";D・#25Caudal,nghtlateralview"closeup";E.#25&
#26Caudals,ventralview
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Figure60:Chevrons[Cat.No.454-471].A-D.anteriorviews

■■■

Figure61:Coracoid.[Cat.No.477]A.LeftCoracoid,medialview;B.LeftCoracoid,lateralview
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Figure62:Humerus． A.Left,anteriorview;B.Left,posteriorview;C.Left,lateralview;D.Left,

proximal-lateralviewtoshowtheteethmarks;E.Left,proximal anteriorlateralviewtoshowtheteeth

marks;F.Right,posteriorview
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Figure63:LeftUlna. [Cat.No.341]A・ anteriorviewiB.posteriorview;C. lateralviewiD.medialview
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Figure64:Radiale. [Cat.No． 445]A. distalview;B.proximalview;C. lateralview;D.medialview;E

posteriorview;F・anteriorview
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Figure65 :LeftFrontFoot.[Cat・No561-563]A.proximalview(assembled);B.Metacarpals,anteriorview;

C.Metacamals,anteriorview(separated);D.Metacarpals,posteriorview;E.Metacarpals,medialview;F.

Metacarpals, lateralview
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Figure66:Phalanges.[Cat.No. 573,574]A.FrontPhalanges,dorsalview;B.FrontPhalanges,ventralview;

C.FrontPhalanges, anteriorview;D.FrontPhalanges,posteriorview
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Figure67:Sacrum. A. leftlateralview;B. rjghtlateralview;C.anteriorview;D.posteriorview;E.Right

illium,posteriortoshowteethmarks.

72



C

ﾛ ﾛ

Figure68:Pubes.[Cat.No.474,475]A.Left,anterior-medialview;B.Left,posterior-lateralview;C.Right,

anterior-medialview;D.posteriorlater・alview

■■■

Figure69: Ischia. [Cat.No.472,473]A.Left,medialdorsalview;B.Left, lateralventralview;C.Right,

medial-dorsalview;D・Right, lateral-ventralview
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Figure70:RightFemur[Cat.No. 338]. A. anteriorview;B.posteriorview;C.medialview;D.Distalview;
E. proximalview;F,G・Femurcasttoshowpositionofteethmarks.
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Figure70.continued.RightFemur.[Cat.No.338]H,1. distalview,anterior.faceup,showingteethmarks
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anteriorview;B.posteriorview;C.medialview;D. lateralview;Figure71:RightTibia[CatNo. 340]. A.

E.proximalview;F・Distalview
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Figure72:RightFibula[Cat.No.342]． A.anteriorview;B.posteriorview;C.medialview;D.lateralview

■■■

Figure73:Astragalus[Cat.No.554].A.dorsalview;B.ventralview;C.anteriorview;D.posteriorview
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Figure74: 1stDigitofRightHindFoot.[Cat.No.555,564,575]A.anterior-dorsalview;B,posterior-ventral

view;C.medialview;D・ lateralview;E・proximalview;F.distalview
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Figure75: 2ndDigitofRightHindFoot.[Cat.No.556,565,568,576]A.anterior-dorsalview;B.posterior-ventral

view;C.medialview;D. lateralview;E.proximalview;F.distalview
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B

Figure79:A.CompleteRightHindFoot, anterior-dorsalview;B.Phalanx-RightFoottoshowteethmark;

C.RightHindLegwithBrianVersey.
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Figure80:LeftHindMetatarsal(#4).[Cat.No560]A.anteriorview;B.posteriorview;C.medialview;D.
lateralview
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Figure81:LeftHindFootPhalanges[Cat・No.570-572].A.anteriorview;B･posteriorview;C.medialview;

D.lateralview;E.proximalview,F.distalview
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