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Abstract

M′estern Paleont010gical Laboratories,Inc,has recently completed preparatiOn and mOunting of an apprOxl_

mately 65%complete,well preserved C″物α拓鉛α%切杏 skeleton This specimen(GMNH‐PV 101)mOst ciosely
resembles Cク ″彰r岱87r″物6留 住″湧↓s A detalled histOry of the skeletOn is f0110、 ved by an osteological description
Several characteristics Of the specimen prOvide interesting insights on the genus  They are(1)exceptional

preservatton Of a disarticulated skull and mandible including the intercOronoids,(2)presence Of the prOatlas and

proof oF single‐headed cervical ribs fOr the atias,(3)the coalescence of the last dOrsal rib(no 12)、 vith the iliumi
(4)a complete set Of caudal vertebrae with narro、 マtranSversely expanded neural spines, 予 vhich has aided ill
distinttlishing sexual dimorphism in a sauropOd fOr the filst time,(5)numerous path010gies fOund thrOughOut the

tail, including spina bifida,here reported for the first time as having Occurred in dinOsaurs,(6)the slenderness

of the limb bOnes,and(7)evidence Of scavenging by predators On the limb,fOOt,and girdle bones

A New Nearly COmplete Skeleton Of働 物ク盗 aク街

BULL GUNMA MUS NATU HIsT

IntrOduction

Attempts tO establish criteria fOr species determi‐

nation in sauropods(ヽ4ook 1917,hlclntOsh 1990)have

proved very diffictlit  The reasOns fOr this are that

very few taxa are knOwn frOn■  fairly cOmplete

articulated skeletOns  The 100se joint bet、veen the
atias and Occipital cOndyle has resulted in the skuns of

most specimens being disarticulated and separated

from the postcranial skeletOn  ln a large nttber of

the valid genera, the all lmportant skull is still tln‐

kno、vn  Fortunately, the size and weiel■ t Of these

aninals led tO highly specialized vertebrae in mOst

genera that prOvided the greatest structural strength

at minimum weigllt These ttrtebrae provide many

significant taxOnomic characters used tO establish

generic identity; hO、 vever, the statistical sample Of

specimens cOmplete enough to prOvide characters Of

speciftc significance,sexual dimorphism,or individual

variation is lacking in mOst sauropod genera

lt is therefOre very encotllaging that in the mOst

common North American saurOpod genus, Cα 夕″α″_

公a筋ぶ ,an increasing number of articulated skeletons

have been repOrted in recent ycars, and, though the

sample is still relatively small,it appears that s00n it

may be large enough tO prOvide meanillgftll stattstics

Until then it is very impOrtant that all articulated

skeletOns be fully reported、 vith as many illustratioコ6

as pOssible,accOmpanied by adequate neasurements

Unllke One of the few Other saurOpods、 vith multiple

articulated  skulls  and  skeletons,  the  Chinese

S/2後%θsα″″%阜 which has been reported from a single

horizOn and 10cality, Cα 7/2α印 ク循 has been fOund in

a number OF sites in at least six states and in hOrizOns

all ule way frOm low in the Kimeridgian up intO the

TithOnian

DiscOvery and Excavation

The present specimen 、 vas collected in 1993 by

‖′estern Paleont010gical Laboratories,Inc(M/PL),Of

Orem,Utah,at a locality nOt far from the famous

American ヽ 4useum Of Natural HistOry's Bone Cabin

Quarry(BCQ)in Albany COunty,nOrtheast Of巾 Iedi

cine Bo、v,Wyoming ln 1990,WPL began tO explore

the area in and arOund BCQ  研 ′ell‐knOwn amOng

paleonto10gists frolll the 、vOrk Of the American

M u s e u m  O f  N a t u r a I  H i s t O r y ( A 4ヽ N H ) a r o u n d  t h e

s t a r t  o f  t h e  t w e n t t e t h  c e n t u r y , B C Q  h a s  l l e v e r t l l e l e s s

seen little activity since the A4ヽNH left the site in



lヽc11ltosh fヽilcs C10革 ard Parker

1905(Osborll 1904b) Located in cattlc cOulltrtt about

tcll nllles north of the fanled fossili〕cds()r conlo l〕luff、

1lear i lヽedicille Bo、下  ヽヽ 、()nlill質、 the localitド  1las

produced a broad ass()rtinent of Jul assic speciincns
such as SれマθS27r,7バ, D″llあ2`″s, ■っ♂7θS″′っ7″s, ■′

わs`z″フ7′s,0'71'み ,た、た、,ご″ヵ″′θS?″77rS,and Iル〕θざ″″タィ、

Kinleridgiall in age,this horiz()n extellds fo〕hulldreds

o f  l l l e t e r s  t o  t h e  e a s t  a l l d、f e s t  o f  B C Q  i t S e i f )、千h i c h  i s

10catcd on a sillall l〔1loll overlool(11lg a dra、v that

descends tO the Litticヽ lcdicille Bow Rl、ier about two

kllonleters south、vest  The I夕 aralllie Plaills sui roulld

the excavations f()r several kil()nleters in all direc

tiolls(Photo l)

Thcrc are three lllajor dinosaur Quarlies at this

localit▼: Bone Cabill Quarr卜 I East て '″″″″,″ヽ″′′77バ

Quairド 93(ECQ)eaSt Of BCQi and Stegosa(lr 99 to
the south、fest  All three are located in thc tippcr

1ヽ0rrison ullit with Bolle Cabill QutR〕〕▼positi01led 3 to

7 111eters above the base of the tlpper unit and ECQ

abotlt 14 11leters as、vell  The dinOsatir 19oncs arc ill a

p00ritt sortcd)angtllai  fille to coaise―grained salld

stonc、colllpOsed of 15%black Che,t at ECQ alld Rlp to

10%at BCQ ThiS Hives the sandstone a salt alld―

pepper appearance
11l thc sullliller of 1992,」effriC Pal kcr dlcAヽ「PL

field manager、 discovered a fc、、 pieces()f f()ssilizcd

bone erodinf fronl surFace sandst()ne in the llliddle c)f

a jccp trail about ollc htllldred fifty nleters east of

BCQ Further exploration of the filld indicated that

sonle of the bolle pieces belonged to a satlrop()d

humerus AIsO revealedil丁 1lg just below the stlrface

、vere elemellts that had llot been cxposed directl)to

the elenlents

Ovcr thc ncxt Fe、 下 days, I)arkeri T、 ler I)inegar

alid Stan Pillegar rel1loved sRtfficiellt overb(lrden to

expose several additi()1lal clelllcnts、 11lcitidillH a llcarlド

conapletc hunlerus  five ribsi alld three vertebrac

(Photo 2) Frol■ l thc shape and size of these elenlellts

the teanl、 vas able to identify the bones as belollgill貿

toご 2″2″フtr″″,7バ ThC rclativc bollc size and evidence

Of articulation suggested that the lelllaills 、vere of a

sillgle sl〔eleton  ilo、veveri since the field seasoll、as

dra、fing to a cl()sci the extent of the specinlell had to

aWFait further e、ploratioll thc f01lo、fillg ycar  Before

leavillg the discovcly thc teanl cOvered the expOscd

elellRellts、vith btirlap‐plastic tarpsi and loose salld to

protect thenl frOnl thc inclemellt、▼inter、veather

By the spring()f1993 ｀ 卜FPL、 ▼as anxlotls to con

ti】ltle the exploration of the a7カ 2?ブイSβ′,7′S  Parl(el

and thc Pillegar i〕rotllers reopened the dillosatlr sitc

and enlarged the quair丁  1 h`e l〕one―bearing iarer、、「as

fotind to dip at about 12 degrees to the sotith、 、Thich

necessitated the ren10▼al of apprOxilnatel丁 1000 ctlbic

meters of overburden fronl an area measuring approx

FalF,rr 2 .4rlヵ′声て■ ,デrルCan、arasaurus ″々βヵ】わをカウ
、力,ょ力lC rんで,で,7ょ力ra r7rナれ,′ィゼれ、″llっ″″〃メタ′rr力̀ 4″″,7ゴ
″ィ,′“16"わ 202“″,T Ar,4/を 7′′てr)わ″〃″ブ(″わ″/力!/4,ゥ′
′llr pヵ,′ィッ

〃′",? S″ ″乃llt,コ″ 化lll “″〃 71FlブPl″r! ブ々 r/な力り
●ψ(本llg r力r tlr″″〃ブコ'rん″″r,″s,デ r/1r canlarasaurus

T力rst ょでれ rFlご ″′、た う。′だs rrl ひ!`FAごっでごブで〃 ゥ′ ′llr Call ar

a s atiru、
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A New Ncarlr Comp13た Steleton of 6¢ ″ク″否″″力杏

imately 15 mete、  east、マest, 12 metcrs north southト

and up to three moters in depth (Photo 3) A small

eartII movilど matllinc(Bobcat)made ttis tast Fairly

casy Eari】 on卜Parker piled ear`h on tlln abrupt sotltll

end()f the dig t●prevent uコ、uslrecting travelers Of the

jeep road from pitlmmeting ovrr tte edge

Follo、Fint the tl ail of bones in thc excavation did

not prcscnt a probicm  The sand matrix containln官

the bones 、 vas cloarly definablc   Sand and clay

deposits alternated above the dittinctive target

matrix)and belo、 v it lay a bcd of fine ciay  Tl■ e

pattern of bone depositio■ contin■led to tllc s。口thea苺 ト

でflectilag the scattering actlon of an antient ri▼ o■

“Photo 4) It became apparent that the bones bclonged

te a singe illdividual and tllat nuth of the steleto■

、ャas present  Before complete buriai the corpsc had

been H oved by the action of、 マater butllot completelァ

軍attered   TTis hypothesis assisted Parker in efi

ciently tracing the remains

VヽPL decided to conlnlit the neccttary effort to

complete the 、 マork of excavating dle て 形″″印 ″夕″杏

during the summer ol 1993 ヽ 4any individuttls assisted

、マith  the  excavatio■ ) 、マhiCh  Parker  supervised

throHghout the s【■コndr Ro■ Mjos,aヽ VPL Partner)

spent a great dcal of time at the quaIIy, as did Stan

and Tyler Pinegari David Hambiin, Lucy McDonaldi

Landis Btlck, Kate Olson, and many odler ヽ VPL

emPloy● es and gtests  ln alli abott thirty PcoPle

partictpated in son■e phaso of thc excavatioD(PhOt0

5)

The dig preceeded 、 vith fe、マ interruptions The

、reather generally c。 。perated over the cour磁  of the

sm■aner A]thoHか the quarry stlttered one・」bstan

ttal flood early in the seaso■,the porous nature oF the

quatty scdiinent quickly absolbed the water Usually

conditions were 、 FarIIl and dry, with occasional

thunderstorms rolllng acr。 ぃ the plains(Photos 6,7)

Occasionally, unexpected visitoぃ  stopped bF t0

、Ⅲsit,including a small l●rd of cattlei thc curious pilot

of a Passing ll・ licopteri and a rattiesnake thzlt fell

do、マn the soHth edgc of the quarry,Iallling next to a

coHPle of ttartied crew menbers  The sna【 c, Prob

ably IIIorc ttartled tllan tlle 、vorko■s, was ぃ oorted

a、vay、vith a shovel and bucket

The field cre、マuncovered bones of rllat has been

tentatively idcntified as a Zンク′りど。ιtt skeletlln along

the scuth、vest and sotltla boundaries of thc quarry

namely, d()、 al、 sacrun, and caudal vertebrac  This

additionai specinen was pFrr丈 IF C01lected to allo、 v

unrestricted access tO the C″ ″″″公ク″7 1S  Other dis

coverics in the quarry intlude portions of the smali

ornidaoPod D′ 〕osι″夕″け a turtlc shell卜 and a superb

crocodile skeleton witt sk■ lll

ColalPoscd iargel予 of slllca alld calcite,the fossil

P″θわ 4 ,多 ″ 夕貴 乃 力?″ ″″oみ なr″″●7 tp″rl夕camar

asaHmsョ ″24S磁 カ カ r12夕班 ク″″筋″ 、丁ゑ  Nわ 彦 れタ

rr jtt lr肋 夕ヵ″容 s″,切あFs旋 ク″ 務″c冴わ″

緋秘身辮緋戦を解警湯筋靱
″夕をな 協ヵ″ブ″″ ″ビS″ル ″ ″サ然 ″の容サル筋,

p7oわ 0 身 切恋 ″夕″ cり777″ク″ わ 物22り 物初,,″ ″あ

s力″タパ r/zよあ仰″″2″た″″ど r7クブ秘Fl●″仰 ″″″ OCt 7‐0″

クフか 確 随 れをク″夕″ ″″姥6″ ″わ ″。力 筋

bonein thc quarry was of a good,hard quality,tending

to、vard a deep =ray ュnd occasionally roseate color

Some of fhe elenents near thc sulfacc sho、v evidence



Mclnt)sヽ  卜■1les Clowarて ]Pal■ cr

。f fretze tha、r damaFei but inost of tile、 Petil■lell laF

dcep ellougll t(,have escaped scicr● 、veathering

WFith the oTerburdell rel o、 ed by[he Bobcat the

teain、Ta、■ble to access thcヽ ●ne la■er alld usc hand

t001s(egiaヽ TlS卜utilit丁1【nivesi brushcs)te meticHlous

li exposc the skeletoIヽ (PhotoS S, 9) Careヽ ras tatciュ

t()せ、Pose iぅol〕cS 011li as much as lleccssari t()facili

tatc mュ ppintt and renュoval  ヽTI)L carefull】 HュaPPcJ

the quarri taking hundreds of PhotograPlls and e、 ten

siTcl丁Tid●()tapin【progicss of the excavatioll A 2cro

point、fas cstablished near the llorill、rest corntr of the

sitc)frOm、 、hich X and Y lincs strctthed on cardinal

lints(Pho(。  1い)  B()lle and blocF coordinatesi nl● ■

st】red fr()II these 111les卜 、Tclc rccordご d ,1l a field i〕otc

boo【 i alolュg、Fitll sketclles and coHllncnts that IIlight

aid the laborat(〕ri technicians

Tlle sl【u]]of the C,,″ で′r″z7・ィヽ proved to be the

most sPectacular part of tllc filld Nearly con、 Plete‐it

iaF Withilュthe larttest tluster of bones llot far from the

Point()f initi■l discover】  It 、Tas carefu]]J and par

tially exposed ll tllc fieldセtlad left esselュtiallF ill Situ

Hlltil it co■ld be safcl】 remoTed in a large bloct of

m■trix

The ficld clc、 、 、、Orked around large bolles oI

ctusters of b()hes、 1、ol■ting ancl mapping thclll and

ptasterillg the b]oclts of s[one ellcased bonci 、 Thich

、Tcrc thcn lirted ou[。 f the giound oft● 11、rith tlle help

of the Bobcat(Phetos ll-13) SInaller bones that

could be collected ll〕 dividuュ11丁 、Tcrc mapped and

remoTed 、 TrapPed ll f()il narked for identificatio■

alュd Pl■ced ill crates for stable transportation  The

rathei fl■t terralll aroulltl thc quarrtt Provided a ver}

good staging ar● aF()r the ship■len[of the boncsヽ ack

tc the ヽ 1ヽ'L laborator】    ▼ヽith tllc sPccimcn al13

assoctated matrix 、 veighini bet、reen seven aFid ten

tonsi several trIPs 、 vith a hca、 “dut】 trailer H ere

required to transPort the Cィ と,″″rぶ″″′,バ tO tlle VヽPI

lab

lt 、■■s durilaF the 1993 field scason that D■

Yosh (azu  IIase【 ■w■, e、ecutive directol of the

C uコl n a卜l u s e u m  o f  N a t u r a l  H  s t o r r ( C｀江N H ) , a n d

さ江r IIollis BHtts fro■ l the Heart of Stone Conl,ani

visited the quarri to iコ、pect the c‐7″″″々 杏″″'″4・ After

tiュc insPcction Dr  Hasega、 、a すocolコm●nded that

CトモNH  f u n d  t h c  P r d e c tすW h i c h、マて)■la  f a C i l i t a t e  t h e

cntire PIeparation and ilaounting of the r‐ ,″′F●ヽtrz″″″ヽ

BI the elacl of Augus[ the e、[ellt of the sjecimen

h■d b●●n deFined  11l ScPtember―  rcllloial ef l■■資e

blocks begalュ in earnest  Vヽith cold 、ieather s、マiftl丁

sctting in and the crc、i occasioll■1li、,orkin【 ill raila

alュd sn。、、ithe dig、ras successfullF complctedュ lld the

quarri closed bF thC Clld● f tll●month

As l■■y be seen froin the quarir nlaP(See niap))

tlle skeleton lar。1l its right sidc  Bて)th the nect and

P,,bi K′ ″″Clt“,′,7● ■s″ "″ tr2r″ガ″身″ァプ″Fr“

ど,′′r″rtrつ"″ r″′Ⅲ Ljll″″あF4/171″●″2r〃ガ 、"′ド AF′ ィア

17r″"!″″た●バ “Frr,4■ たlprFr,ど,7ぃ,ぃいで rr2●rrr″,ャ″r″1

Plリカ ユ つ憩 ″f 7F″ウS″″バ 本 をそ″″ ',4 17かr14イ7Frt″S'!

"り,■わ!″′″す′そrりっな "″ ●ヽ,コを力哲々冴″,s′″″44Fィカ̀ 17r!
tr,,オィ″a ll ttr Er′ゎ′品″,力iをすヽ ″″″ド●ヽ Ellt,″、″な″り
SP`″r''Z'ヽブ2理ュタ2bC I″々●々`ド″初″″ガめ,つSすブとつ′'容

tail con、tricted back pu‖ 11= tiュe carcass illtl)a II

shaped Postnlortelll Colldition that is discussed late】

The main b(jdi ● f the dinosaul lllterrllpted current

rjl,"F 舟 Ⅲ″肋 f bFた″"″ !′古 京ミ 'ど |!'い,“コ rた。"rr rゎ

材を,掛独禁|″作欣与伊.解々路|,VttF解帝ょ材ヤ
科紘
!胎
川ダ,材″め守庁

″お"m"れ′静0■

寸 =!



A Ncw Nearli Complcte Skeleton of t‐ zF2t2r唖″′初S

flow ,マhicll formed an eddF  ThiS fortunate occtlr

rence is、That probably,cd to most of the s(H‖ boncs

remaininど 、vith the skeleton  A launber oi skull and

tail bones drifted 』 o、rn、trean as 、 vell as the right

tibia卜Fibula,and Pes A certain amount of soft tisste

m■st havc remaiIュed attached to thc right tibia,fibulai

and pes because a ntmber of the elementt were Found

●losely associated  The forelinb bones are in closc

approximation to the bod】  relative to their actllal

Positiolls in life  The iliHlll 、vas articulatcd to uac

sacrum、 vith thc Pubcs and ischia displaced back、 vard

T h e  r i t h tたl l  t l l  i s  i n  a n  a P P r o x i m a t e  p o s i t i o n  o f

articu〕ation  ヽ江ost of the ribs vere Fo■ nd near thc

vertdbral colHIIIII  Remarkably al1 53 caudals are

prescnt‐the saII e number as ln the altic■ lated tail of

Carnegicヽ イuseum (CM)11338 This n■ ln ber sHqsrests

that the nulalber て)f candals may llave been stable in

C4772″ア俗″Z71S rather d■an varFing by a■ w as previ

ousl】 suPPosed  Even more remarkabl●  is the fact

that the iladividual cicments of tlle skull alld malldible

areでolnpletely disarticul■ted,illclHding the separation

ofに eth froIII the jaws Nearly aH the stull elenents

have bcen Preservcd uncrushed and are in an excellent

state of preservatiola)、rith cvcry t。。th being found

The previously ptlblished literature on C″ 夕″″′″

S″″'″S illClucla the brieF descriptions of CoPc (1877)

and Marsh o87B卜1889,1896)Tlle nist complehcnttve

s[tldy ls the ョreat mon。 =raph of Osわ orn and Mook

(1921)on coPc.sC″ ″クr眼 ″l ls s″″711tt naterial

This monograph inclHdcd detailed descriptions of the

vcrtebral column and the pectoral and Pelvic girdies

、、ith a‖  of the bones figured in mHltiple vie、 Fs

Rcgrettably,nothil【 was kla。、マn of thc associations of

thc vertcbral colund, resulti■ g in sone err。 ■s  Thc

Cope collection contained o■ 15r a 廷、マ disarticulated

stull clernents, a ttwi For the most part, iDIPelfcct

linlb bonesi trlld almost no foot bones

Tha second Paper is that of Gilmorc (1925),

published only aた 、v years later,In H hich he described

an allnost conplete articHlatcd skcldon Of a juvenilc

a■imal Cヽ 4 1133S   The speclmen allo、 ved hin to

dcscribe the external廷 aturcs of a coIIlpletc sk■1l and

inandibleす correct tl■‐ vcrtcbral formHla, providc

descriptions oF the limb boncs 、 マith COmpalativc

longth moastllements, and provide speciflc informa

tion concerning the fore and hind fect  Thc under

standabie dacision to mount that remalkable skclcton

as a panel mount as lt lay ila the quarry,、 vith man】

b()nes 、Torked out o■ ly partialy in relleF, had the

disadvantage of hiding sone details, particularly Of

the presacral vertebrae and vari。 ■s aspccts of the

lilllbs

A thirdi recently published, paper by ヽ 【adseni

lヽclntosh and Bcrnan(1995)added t。 。ur kno、■led8A

鍬納鵡 材料陥材件協【材材品勝催済品宅朋
糖栃協絆監輩鮮 ,陥レ協材漱緋粉解悌糾

″

P'クIt 27 Rψ″距icsク″″S筋″]転 1蜜″クを"力 ″r72″ttt rr

ン'″ ルィ ″″″″″り,換 とり″容 ~17本 抑4・″ク〃 み′″々″″″
力【 ″,オ ,夕確 Frs夕 ど′ ″ ∽ ″′ 〃″サ 協 夕 ″ ぞ ltわ ,″容 ″ `々

S∽々″″″″″′′″ひ″あ夕sヵなわ″夕々ψ,海どわ′″″力あ

ン 徽 鞣徽 `徽陸
oi thc skull and malldible of C,″″′名Sク″●lS by describ

intt in dcta‖all the clisarticulated skull bOnesi figuring

each in multiplc views  A fottrth naJor source of



Mclntosh)】 41ls Clo、 vald)Parkcr

informatio■  oH Ca物 ″否″″′7否 iS the set of Plates

preparcd by O C ヽ 江arsh for his prttected but nevcr

cOnlpleted sauropod nlonograph  This contains fig

ures of all oi thc linb and girdle bpnesi as well as oF

some vertebraei some skt11l elementsi and soltle Foot

bonesi all in multiple vic、マS  TheSe he ref「 rred to his

genis 17rO″,効″こ whiCh Was iater執 owコ bF OSbOm

and A/1ook (1921)toわ e synon即 ous、vith C″″クスなα″/

,本   Thcse plates were finally Published 、 vithout

descriptions l)y Ostrom and Mclntosh in 1966

江ヽal■ otller papers add illfoIInation t。。ur kno、マ1

●dge oi Cを ,″tl″恋″″r lS  Some of the most signiflcant

incitlde Osborn(1904a)on tlla sacrum alld ma的 、|

H O l l a n d ( 1 9 2 4 ) o n  t h e  p oまαi o r  c e r v i c a l sヽV h t e ( 1 9 5 8 )

on a skHll、マith enlphasis On the braincasc and teethi

Jensen(198S)on tlle large Part of a skel●toコ;BrighanI

YoHtt UniVersiサ(BYU)9047 of a new specles C″F/

マFlヤ″″否 `=磁 ″″″容α″″り た″なオ and finally
Mclnt。説,Millαi Stadtman,and Glletteは996)with a
nore detailed dcscription of this steletoII、vith multi

ple lllustrations

ln light of all the literaturc cited above,it、vollld

be rcよndallt to rtteat detaled descⅢPjonS oi mtlch
of the matcriaI  Neverthelぃ s,if・dle present material

is to bc ofコ se to 、vorkers in the ftlture in tryl■g to

selcct those species、 マhCh are valid, it is verF impor

tant that rlttnelous ngures of dle individual bones

witt detalled meaNrclコ ents and sPecial Featutts of

those dlenents be presented in one all cncompassilag

work  "Ve have attelllpted then te acconplish this

taSk ヽマith this P Iblicatio■, as 、マell as give brief

descriPtions and comparisons to othcr strccimens OF

C″″″ィ杏″弥

Abbreviations

Aヽ江NH:American Museum of Natuial History, New

Yort, Nぃ v YOrk

BCQI Bone CalDin QualTy,AlbanyェWVyoning

BYUi Brighan Young Univelsity, Eartll Science

n/1uset.II,Provo,Utah

CAヽ江,Clirord A Miles)ヽ VPL,Orem)Utah

CM:  Carnegic  MHscun  of  Natural  History

Pittsburgh,Pennttlvaia

DISH!DI缶 ぉe idiopadlic steletal llyperostoHs

DINOI Dinosaur National Mo■unent,Jensen,Utah

ECQ!East Camarasaurus Quarry,Albzlny,WVyoming

G M N H , G u n I I l a  M u s t t m  o f  N a t u r a l  H i立o r y , G u n m a !

Japan

USNM: National Mに om of Natural Hist。 ■y,

WVashin事。■,DC

UUVPモ UniVersity of Utah Vcrtebrate Paleontology,

Salt Late City)Utah

VヽIPSi Vヽestern lnterior Paleontological Society,

P7r,わ 13 2挽 αどobtt7′コィバ″″夕″ ″sOウ′わひ′″″ど″ど″レ″ど″

Fl夕っの″7ザ ル官マ うわ冴ヽ   7z″ 控 ″恋″″ヽ拷 ″"ぃ

ブ″″,ル.r7あ″″″F2722かわ蕊 つ224″ oル″わ ルC ″々
'ルα

sttt rbz!″て否 あ″″

Denver卜 Colorado

VヽPLモ  予VeStern Paioontological Laboratories, Illc i

Orem,Urah

YPM Yale Pcabody ヽ 江useun, New Haven, Con

nectictlt

*Th4 satuoっ od fossils from tlle Clcvetand Lloyd

Dinosaur Quarry are coコ served at three different

Muscums(1)Utahヽ luseum of Natural His[ory,Salt

Lake City,Utahi(2)Earth Science MIseun,Brighan

Youtt University,Provo,Utaht(3)College of Eantern

Utahi P,ohもtoric Jヽuseum卜Price,Utah

Systematic Paleontology

Ordert Satll opoda
Famllyt CamarasauriFdac

Cク12クr磁 ″71s事は″滋S Marsh(1878)
This sPccim● n, GHコ nla Museun of Natural His

tory(GMNH)101,iS approxinately 65%compI柱。,
consistil〔 in iarge part of an articulated skel位 o■,

、マhich is in man丁 、マays quite unusual  Preserved are

the stt11l and mandible,cervical vertebrac l-8,dorsal

ncural arches 6-1み  m。 主 of the dorsal ribs, the

artictllated sacrum lacting centra)a llcarly coIIlplete

set of caudal vertebrae lacting only the ccntia ofコ os

l and 2, lS cll●wons, part of tlle rigllt scaPHla)1● ft

coracoid,left htul■ erl本 and flagments of tlla rigllti

partia1 1ざt uina,Partial lci manusi right iliun,pubesi

ischia and nearly complete right hind linb and Pesi

hcad of the lttt f●llaHr,alld Part of leFt pes

5″″〃 ″″″ M■ ″7rあた

(Sce skuli neasurement drawilltts al■ KI Photo 14)

ExccPt fOr the biaincasei th● skull elcm●I■ts have

been completely dlsarticulated,but most of them arc

presenti undistoltedi and in a 14markable state of

preservation   Those elenents 、 マhCh are missing
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技 lude both iugals, both vomers, the lcft palatinで ,

hth stapes, and all of the clemellts oF the sclerotic

that surrounds the eyeball  Several other clc

are les 、vell Preserved or incomPIete  Thcse

thc left postorbitai squanosal frOlltal, and

tO」utal as well as the rlg lt palatine Mising

the mandible aro both prearticulars,also the left

ar is incomlriete ヽ江。St of the teeth had fallen

of th●たw elemen低 サb口t apparently cvery Onc has

recovered and carefully arranged by Cliffヽ 江jles

in a nanner that、ve believe to be essentially

ThA statc of preservation and l■ck of distor―

kln oi thc clements has Pernitted Ro■Mjos of WPL
sklllfullyで assemble a cast of the skull and mar

Sillcc a recent publication(Madsen et a1 1995)

treated the ind市 idual skull elements exhauttively,

萌 li be unnecessarF tO desCribe IIlen in detzlil here

and for completeness,we have chosen tO give

stl― ary outline de∝ ription of thc skull elements t。

in the interPに tation of the manァ figures, ,マhich

ise speak for themselves

The massivc premaxiIIae 、 マith thoir four laige

are partictlarly 、 vell preserved (Figure l)

gacile processes arise abovc the nain bIoc【

body of the bone and are c6nIPletl These Frlclud●

)two tongt「 Shaped, siender, bacと 、マardlア directed

that ioclr tc Premaxlllae to the maxiIIae in

tion tO the lower o確 also coinectod to t腱 (mis

vomersl(2)a gracef41,1。 ng posterodolsal ctrectcd

process that tapett to fit into the=r。 。ve of the

gracile descending prenaxillary proccss Of[Le

Tlle nasals(Figコre 2)broaden posteriorly to abut

the tontals and extend doH n a cllrving tongHe on

▼hose antcrior margin abuts佐 1。ng,st。■lt,diagonaL

brsaly ctrected lacrimal process of the maxilla  On

the Postcrior mar=in of the iasals are the rrefrontals

Tiguに 3)and bdo、 マthen the head of tlle]acrinal

me large,laterally facing ova卜 shaped narぃ al e thtls

inged by the premaxillae and nasals above and he

rnaxlllae bel。、マ

Tl l a  m a x〕脇 po s s e s s e s  a  t t a w  l e c t a n邸血al  m a i n

body, 、Thich cOntaiコs 。■ Its medial faco ten alveoll

Cig口re 4) BoLnd ulem are two weu dむ veloped
dcPressiolぃ,廿峰 anterio■。ne for articulation with thc

Palatinei the rear。 コe for a s。lid suire with the foot

Of the ectopterygoid  Above on dle d。 ぉai na=事 n

there aristt a SharP triangular shaped hump illto

which is inplanted dle F。 。t or ventral elld oi the

lacrin■al(Figure 5)thc bones Of、 マhiCh are beautifully

preservcd in this sPecinen   These s]o■ dcr laminar

iacrimals poぃ。ss,juSl aboVe midlleight,tear shaped
fttantina facing posteli。■ly into the orbit  Tlle la

crimal serves tO separate the allteorbitz1l fonestra in

助 わ ?イ  動 夕 ●。777ルを″ Camarasauus M″ lr  TZ本

Calllarasarms酵″″ムθ″マグ r/ク″ls′の方のた脅″″″あ修
″′歓容サ″α″ωttc姥″

tont士 。m the orbit behind  The orbit is shaped IIke

an inverted teardiop Articulating wih the posterior

n■arglns of ttt maxⅢ la is the thin ttrward edRe of dle

recmbent L shaped iraplike quadratojコgal(I gヽurc
6)Tht● Lhc jugal(missing in this specinen)is exclud
ed from the lo、 ver margin of the skdI  The FIontal

(attached to the brai“ asein CMNH lol),Po章 orbitユ1

(Flgure 7),and squamosal(ngtlre 8)are prFsent but

damaged on thc lei side  However, excePt for the

jtlgal,all of thぃ。elements are we]l preservcd on tII●

rigllt slde Tlae doぃal rim of the olbit is formed by

tho Jnall rectangular prefronta,abovei and behind it

the FIontal, to  rhich bellind is firmly attzlcllcd (and

completing the ttpper rim of the orbit)the atterioriy

directed irst of threc Procettes of the triradiate

postorbital  A second do、 vllTvardly dirccted slsllder

Process mcds the jugal(nissi噌)to complete the rim
of佐 。rbit The t41rd and backwardly di々ded
process Of the postoibital tapeぃ  to a polnt and nts

neatly into a groove in the head of tr.e squamosa1 0n

the medial side of the ltostolbital a vertically oriented

lamina  (crista  antotica) articulates  with  the

laterO sphenoid The squamosal sellds doHIn a hollow

sleovc that Flts neatly ovcr the hcad of dle quadrate,

its l。、ver edgc articulating directly 、 vlth thc short

up wardF di=ected Process of the quadratcltlgaI

These t、マ。 elements lle over the lateral face oF thc

Otladrate,excluding the iatter iom thc posterolatelal

face Of the skuII  Together、 vitll the postorbital and

jugal,tht quadratOJugal and srluan■ osal complete the

rim of the large gourd tllaped latcral temporal fencs

tra (also called the infratcmporal Fenestra))、 マhiCh

underijes the orbit   Tllc stout vertically direcに d

quadrate cxtends (Figure 9)forTvard a lartte sail

shaped Piaに●ter37goid process of ule qHadratcl fIom
the upper two thirds of the anterior malgin of its

shai On the rnedial ttde of this plate,the back、マardly
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directed qHadrate process of tha pterygoid ioosely

articulates Vie、 vcd flom behind)thc Posterior face of

the quadrate contains a vば tiCallF directed trough A

stout conⅢ le iS presellt on dle lower qtlartcl of tlle

qlladrate for contact with u■
P articular at the po立 c

rior end of the nandible

The brail■ uaso (Figure 10) Is Well PreseNed

exccPt For thc alierior portlon of the overlying flo■

tals  Thc d。 ■sal surface of thcse rectangular shaPcd

platelike bones is tlat,but the ventral・ Irface exhlbits

a sharp ridge that extends f10rd tlla outer anterio■

iunCtioll vヽitll the prefttontals inxvard and back、マard to

■Point just above vArllere tlle frOntal mects the Forward

edge of dle underlyinば  orbitosphenoidi behind which

the large olfactori nerve 、 マOuld have becr hotlsed

TIIn suture on the median lllュc bttNeen the frontais is

evidenti alld at its Posterior termination there lics a

prominent circular Pine■ l foraneni the rezlr half of the

rim OfヽマhiCh is forrned by the parietals, Ilose Ы Ittt e

with the frontals is clear and straighi  The suture

bet マヽOen tllc t、vo Partctals is not evid4nt t.s is ば tcII

thc case卜 and oach is rectangula, and bloader than

long  Thc inner half of thcir anterior ha=母 n articu

lates、マith the frontalsi the outer half vlth ttЮ postor

bitals,、マhiCh together、 Fith tlle parietals rin the oval

sllaped supratemporal tenestra  DIrectly bchind the

parietals is thF robコ st  triangular Shaped supraoc

cipitalわone)on each sidcて )f、vhich are the paroccipital

processes of thc opisthotics   Beneath the 笥 ュpraoc

cipltal is thc large, circtlar foranen magnttm)、 ▼hich

is also formed by the basiocciPital and the exoc

cipitals, 、vhose sutures ヽマith thc oPisthOtiCs are com

pletely obliterated

The sidewalls of the braincase are formcd by he

H田ュal fouT clenents, 、 Thichi in order fron front to

rear, are (1)the small orbitosphenoidi(2)the laterOs

Phenoid with itt vertically directed lanina (crista

alltotica),whCh unitぃ with dla po苺 orbital in iollt,

(3)the shOrt solid prootic)ヽ マhich also possessぃ  a

lateral lantina (Crista Pr。 。tica)that extends anter

oventrally to unite、Fith the crista antotica,and(4)tlle

optsthotic The oPcniIIEs forお e cra■ial nerves are alI

apparcl■t and in a=К ●n■ent witla tioir locations o■

other sPecinens as described in ddail elssThere

White 1958, Madsen et a1 1995)  Tlle fl。 。■ of the

braincase is formed Posterio■ ly by the nasive basioc

cipital 、マhiCh has a large occipital conⅢ le ln front of

dIS basioccipital lics the basisPhenold)onto FhOSe

upper lateral surFace thc crista antotica attachcs

Antcriorly, the triュllallar fo■、Tardy directed paras

phenoid emerges卜  but its ttturc line 、マith thc basis

Phcnoid is ollscure   V● l■tlally the basisphenoid

branchcs into t ro short stotlt vcl■trolaterally directed

basipterygold Procettes  These fit neatly,but loosely,

into a poctet● n the tpPer narttin of the rear branch

Of the ptcrygoid

Of the bones making tlp tlle Vaulted Palatei both

PterF巳OidS alld ectoPterygoids ale preserved and are

in a■ excellent state of prcservation  Ho、 veveri thc

t マヽO VOmers are missing,as is Ell● left Palatine and the

upper llalf of the rigllt one The ptery旨 oid(Figure ll)

which lies alrEost vertically)may bc divided into three

partsi(1)a ヽ マinglike thin anterior plate that abuts

agaiぃ t its mate medally along the midlil■ 4,he antc

rior tongtle of which progresscs fo■ 、vard b柱 、veen u■・

divergingi verticaly placed robust vomersi(2)a broad

process at nidLngth is directed ventr■ 1ly and curves

po・terio■ly at its distal end to 江 rticulate with the

palatine above and thc ectopterygoid belo、 マ,(3)a

Shorter Posteriorly directed seginent of the pterygoid

colltains the pocket For dln basipterygold proccss Of

the basisPhenoid on its tlpper margin and a broad

surface on its lateral face for a loosc articulation with

the quadrate  The sail Shaped Palatine (Figure 12)

covers thc upper margin of the cctopterygoid mcdially

and Prolcctt fOIWard from its lower Ъ order a stroコt

process that inserts into a depresstoll oll the poster

omedial Face of the naxllla  Thc curved ttrall like

ectopterygoid (Figure 13)llas a broad, do、 マnWardly

dirccted segmellt that overiaps th●  dovvn、マardl■ dir

ccted process of the pteryEoid as mentioned above

me bonc narro、 マs anterioily 、マIth its IPper narttin

abutting tllc palatine  lt curves out、マard to il■lplant a

solld foot into a second dePresslo■ jtltt bchind that of

thc palatine on the inner face of the maxilla A snlall

circular fclnestra is present, rimII ed by the palatine,

ectoPterygoidす and maxlllai lrl.ere these three cle

ments alm。ま join

Except for the missing prearticula,s and flagmen

tary left surangulttri all he boncs of the mandiblc are

prescr t, rdost of tllem in a stperb state of preserva

tioII  me massive dentary bones(Fi=ure 14)artiCu

late 、vith one another along a broad and loose

symphysis  Eacll dentary contains a〕 vcol■e for four

tecll broad tedh, IIlost Of ,マhich have fallen o■ t but

have been recovered At nittpoint tllc dentary dividcs

into two segmentsi a strong medial branch fllat ■ ar

rows卜riscs tlp、fard and bacと 、vard,and a nluth thinncI

14teral branch that narroれ 、Posteriorly and ventrally

Undcrlying tll・ lowcr bran h and colltintting to the cnd

of the ramus is situated the st lrdy elonfated angular

(Fig■re 15)、 マhich fOrms the ventral mztttin of the

ramに  OvJIying thc velatromedialface of th● dentar

F iS[he very thin sPlental(Fittre 16) Both Splcllials

arc 、vell preservcd in this specinen   Above the

s91enials, articulating 、vith flleir dolsal edges and

COVAling the back edge of the tooth ro、 マi are thc thin

strapllke illterco■onoids (sulrradentaries)(Fi=lle 17)
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dlat arc rarcly preserved 、 Then disarticulated  Both

are prcsent in ttis skHlll althoHgh neitIISr is complete

Above the angular and behind he dentary lies ula

large plate of the hatchtt shaped surangular(Figure

13)  It nar「。Nヽ PosteriO■ly into a “haladle,' 、マhidh)

along with the angttlari cradles the ventrai surface Of

the articular  The medial face of tl■ A Ыrangtllar is

markod by hvo parallcl anteroposterially directed

占dges Above the tlpper ritte lics tk articular face

foァthe dentaryi belo、マthe 10、ver one is the articular

face for the angular   The robusと  、●ell prettrred

blocにllke artictliars(Figure 19)ttre rOtlghly elongated

ovals as vicN● d from above, 、 マith a 、Tell doveloped

trough for articulatioコ  、vith th4 quadrate  Viewed

tom the sidei the lower margin is broadly colave、

do、マn、vard

The skull elements have been careF■ llly compared

tc those of other C″ ″″″不″″′秘S Skulls,alld in particu

l a r  w i t h  t h o s e  o f  D I N 0  2 8  T h i s  s k H l l行o m  t h 4

D i n o s a u r  N a t i o n a l  M o n t l m e n t ( D I N O ) i s  a b o u t  h e

車ne size as GMNH 101 and is alsll totally disar

ticulated This sku1l has becn re■rrod to Ca″″″″容″″/

j4sを″体 いVhte 1958,Maぶ en et a1 1995)largdy

because Cllmolc rcferred the juvenllご stelcton CA/1

11338)also flom Dinosaur NationaI Monumellt, to

that sPccics lt is quite litely that oniy a single sPoさies

of Cα,″″夕そ本ι″″"` iS present at that site  ConIPariso■

of the t、マo stulls failed to reveal any significant

difforences   me quadratojngal of GMNH 101 ls

sliglltly more slenderi the occipital cond le is a bit

iargeri etc  The most obviotls difference is tho Pres

ence of 14 dentary tecth in Gヽ INH 101)one nore than

in DIN0 28 As will be discttssed late,lthese nHmbers

、ary sll帥 tly an。電 odler specimeぃ flom DNM,so

ths feature is llkely a rnattcr oF indvidual variation

or att  The skull elements of GMNH 101 are also

qrite sinllar to those of C2″ ″ク々本ク″体  frOm the

Cleveland L!oyd Dinosaur Quarry ln Utah(Madsen ct

al 1995)  There appear to be possibly more differ

ences from the so callcd“ 0例 ″″杏ι″夕″容 lite skull A,'

University of Utah Vertebrate Paleolltolo野 (UUVP)

10795, also flom that quarry  Tho lacrimals in this

speclmen are more gracil● , thc do、マn Vヽardly drected

Processes of the Ptcrygoids more robust  anl the

paroccipitals processes directed rnore latcrally rather

than ventrOlatcrally fIom the cdlter   E予 でn these

differences mar eVentually prove to be due to individ

ual variatio■ only

娩 タル r0421/11(Figurc 20)

The dental formula For tllis C″ ″″̀磁 ″殉容 iS

cleariy sh。、マn aS fOllo、、:

Upper jaw: premaxillary 4i n■ax11lary 10

total 14

Lower iaW:dentarr 14

TIIs dentai formula diffAIs sliglltly from the juvcnilc

skull of C1ヽ 11338 dttcrlbed by Gilmorc flom Din。

saur National Montunent lt posscssed the follo、 vilag

dental formulal

Upper ia、マi prcmaxillary 4 naxlllary 8-9

total 12-13

Lower jawi dcntary 13

1t appears that the nunber of teeth in both the

upper and lowerjaw vary among diff4rentindvid■lals

AFter lookl■旨atthe dcコtar)of a juvenile c‐t7初″rr7S″/

な (ln the posession of WPLi found in sedinents the

same as andiuSt Westof BCQ),、vhiCh also has 14 tooul

aveolae卜 it is likely that differing dentai formulas lnay

be attributed to individual rather than dovcloPIttental

variation

The tecth oi Cc″ ″″本″″zlS are homodont卜 lartter

in size antα io■ly,and beconing smaller P。 車C五OJy

This is true foi both the tlPper and lo、ver series The

teeth of the tlppeljaws aPPear to be more robust ulan

dlose of the lo、マerS This robtlstness is more apparent

on the● xterior side of the teeth、マhere they are morc

rounded through the exterior half of the cromm This

can o,15r be sccn if one has a n4arly conIPlete seと of

teeth

A total of 66 tedh 、 vere found for the Cc″ ″ァ

クS″″7 1S Sktilす 、マhiCh is 10ぃ 。re thall are required for

a complete dclltal formula  Threc Possibilities txi並

for the extra teeth(1)sOme of theに erll were shed

crowns iom othel individualsi(2)soェ Ee of ttt teeth

マヽere unertlpted, coming in behind functional worn

teeul, 。r(3)a combination of the firi t、 vo explana

tiolls  lt is IIIOrc litely that this third Possibilit} is

correct slllce some of thc recovered tecth consist of

ll「avily 、マolll crOHms and othcrs aPPcar to bc in

matuた にett showing no、 vear ttat would have b∝ n

tnertlptcd   ln any eventi all thc tceth that 、 Tere

recovered fron■ tlle area of the skull are considered as

candidates belongirlg to the skull

Tl■ee teeth(rigl■t premaxlllary l卜 right plenaxlト

lary 2,and right dentary 7)were removed■ om the

jaws 狙 でir positions were record●d anKl the tee血

P l a c e d  w i t h  t h e  a s s e m b l a g e  o f  o t h e r  t c d h  T h e y  w e r e
iemovcd to facilitate the Fttnal restorttioュ。f the stull

After all of the teよh、vere prepared thcy、Fcrc pairo3

as lefts and rights  The pairs 、 マere then arranged

flom largest to Sa■allest(sec Table A)T上o largest

pair of teeth are contained in the premaxlllaries and

not the dentaries  Using this premisei the largest pair

of teeth were placed in lhe ntlmber。■e Position in the

prcmaxillaries  The ncxt largest pair were placed in

thc nIInber one position in tl■A lowor jaws  This

pattern of alternating and Placing each pair of teeth
flonl the uppers to lo、 マerS マヽOrking Po立 erio■ly

continted until a1l of th4 Palrs 、vere asigned posi
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PREMAXILLA l

2

3

4

MAXILLAE   l

2

3

4

5

6

7

8

9

10

DENTARY

ELEAttENT   nN古
常f橋  『H. LE帥 3札iFttDTH

Apparently d14 vertebral c。 lumn、 Tas articulated

at tlle time oF burial fron■ tlln atlas to d14 midale of

thc tail  The Posterior caudals wsle some、 マhat SCat
tered but appar● lltiF a]]Present The animallay on its

rigllt side卜thc neck Pulled up、 vard alad back、マard due
to Po式 mortem contracti。 ■。f the lltrtte ligan■ent that
iay in the trough forII ed by the t、マO mCtapoPhyses of

the divided neural spines  this coladition is conmon

to saurOpod carcassesi amOng dlnm flle hFo articHlat

ed C″″″ィ銀 ″ヵ杏 SteletOns from Dinosaur NatiOnal

Mon■ mett Cヽ 近 11338 and U S   National Musetul

(USN171)13786  Thc dOrsal and sacral vertebrac had

been tntsted around so thatinstead of resting on drir

righi sides, the wines Nere directed straight down

ward  EIosIon destroyed cervicals 9-12 a1ld dorsals

l-5(sec quarry map)and also the centra and lower

portions oF the neural arcllAs Of thc remaining dorsals)

Sacralsl alld the ffrst t、マ。 candals  Those  rho c。 1
1ected the skcletoll originally believed that dOrsal 12

捕 紙 丁盤 i]品

・

を結 礼 S:翌 晋 乱 洋

C:晶d晶

&:岳
マヽhich remained,was tlle first caudal  This collfusioll

resultcd because dorsa1 12、 マaS later fOttIIK to be fused

intO the sacral complex,、 マhich is quite unusual but noと

unique Thus it、 vas originally thought dlat a total of

撤粘縦
atti祥
縄 苺粘着税∫灘

鞘&鎌挺士縄&路詰鞘鴨「
J he的】

The vcrtebrai c01_la of Cα 夕″クスな″″ね has been
d e s c r i b e d  i n  g r e a t  d e t a l  b y  O s b O r n  a n d  M。。k ( 1 9 2 1 )
so the descriptiOn Preselated hFre wll be briei sum

marizing the main feat■ Ies that charateri2e C″ 物″″
ゐ″″悠 and comparing the bones of GMNH lol with

tllose of Other specimens of c″ 初″れな2″夕歓,

α ″あ ′確 々 ぁ″タ

Cervicals l-8、 vcre Foulld in aiiculation and in a

Fairi5r g。。d  state  llf  preservation    The  rare]y

盟 縄 鮮 品 撤 認 f盤 温 臣 掛 :c濫
triangles 、vith the longest lcg facing 』 。rsally  Tllc
right elcment is pleserlred widl thc prescnt spccimoュ

Tlle proatlas,。rigina1ly tenned F`post occlpital bones'

in sauropods, was first reported in 1883 by Marsh in

盗f魯,Sil格撫1生答を|『|]笛螢簿告!t率筈
対兆鮮ttts。1告吊鮮明紘 ,糖艦 、fi88訴
群旗品盤蹴撤e鷲品ぎ艦
one abIIts the nPper surface oF dle occipltal cond了

1。,
and thでrear and ionger side abuts the upper suriace oF

375      33

70      32

85     29

127 5    28

120     26

92 5   28

57 5   28

70     27

57 5    23

75      25

37 5    23

82 5    21

102 5    21

82 5   15

128      31

110     28

100      26

12     25

57 5    26

95     24

40      24

97 5   24

64      25

90     20

37 5    20

70      12

60      12

65     10

100      31

130     29

105     28

100     28

35      28

70      27

82 5    26

95      25

115      24

102 5    22

92 5    22

72 5    21

42 5   1S

80      18

145      30
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180     29

110      30

120     27
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115     27

61      26
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90      28

60      21

45      22

50     17

65      16
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of the renaainll昭10。se tetth tcft maxlllary 8,teft
max〕 lary 7 and left maxillary 9)assigncd thc sane

positions as th・ erupting teeth w。 コld not be used in
位c restored skull  The crowl、  asstted to left
maxlllary 7 and leFt maxllary 9 are extremely、

vorn
cro"コs and may not have belont・●d to tllis skull LeFt

憾縫猛』e暇七nCttt潜津。紺立捕磐性棋
コot ぃod  The Fourth erupting t。。th did not havo a
lrJose illdi、tdtlal tllat w。口ld fill dせ position (に生
dentary 2) AFter a11 0f the teeth were assitted

Positions,Tve discovered ulat、 マC had placedと he teeth
renloved earlicr back in tthetr originaI Posltions Tbs

indicated tO tls that、マC had Probably placed all of the

tceth in their correct positions

10
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the neural arch (〕r the atlas

The atlas is colllpletO (Figurc 22)  The inter

centrttin and t、〔o branches of the l■ tural arch (neur

opoph】 scs)are firllll】fuscdi alad the latter meet and

apPalclltly f■lse to one another above This bonc isil〕

conaplete accord、 vith other saHIoPod atl■ ses,but one

impl)rtallt fAaturc should be noiedt nameli the pres

enc● of distinct faccts as Pits on the lo、 Ter outer

naI〔 in●F the posterior race d the intercentrun for

ar(Iculatioll of singic rib hcatt Elcmellts(Figure 23)

that are almost certainly atlas ribs are present the

right one in position (see qtlarry map n。  434 alld

Phet。 lF)

The 、vell preserved axis (Flgttre 24)fcaturcs a

centrHm 、 Fittュ a 、マcll dcveloped Pl● ur()coel that is

apParclltl】 not sHbdiVided br septa  The odontold

process of the atlas is firmly fused on[lle anterior face

of the axis The Posterior end of[he centrun■ exhibits

a decP cup  The velatral Face Ftatures a sagittall}

oriellted sharp ridge Justin front of the sslall parapo

phises lics an axitll intcrcentrum firmly fぃod to tho

tentrum  11l dcscribins tllc nearly conlplete jHvenilc

C″″″“″′M″′″S Skelcton Cヽ イ ]133S, Cllwore sPccifi

calli stated tllat“lao iladication is found of a separate

a、ial intercentrunl such as exists ln the type of

Jr'7'Stl″4 1S ク守ユ'S 江`ar ll' Nevertheless,in his specト

コen,aldlourll it is fully incorporated into the rest of

〔he bonei an axial intercentrun is clearl】  indicatcd

The back、 rardly directed spinous process rises at a

nlodcratc 45 to the horizontai similar to that of C

g′″″どホ YP〕1 1905 and DIN0 28,a bit more stecPl】

than in sever■l of the lいore juvenileゃ ecllnens fr。ln

D nes■HI National Monumcnt(CM l1338, USNM

13FS6)bllt less steep than in Cた ″″本ブBYU 9047,alad

partに■larけ C Sllp″ 711tt AMNH 5761

The renlainillg cclvicals(Figures 25-30)preser

、ed ill GMNH 101 in rease in lettdl and all othcr

dinensions frOnl cervicals 3 to S(scc Table B) The

P17ひrt Fj T77F iⅢ ′でよルヽ ,すか、',2J″丁″′7r″,,s″ヤサ″丁′“!″s

ル″″″A FF″″″,切″ ,々,″,ル わ ″ヽっォ′初 わ"加 ″

more anterior ccrvicals are bcttcr prcscricd, 、 vith

increased damatFe posteriorly, particularly to the

diapoPhyses on the exposed leFt side  The centra are

all strollgl】opisthocoelolls  TheF all bear elontated

decP plctll ocoels 、Thich arc divided b】 scpta that are

llot、Tell,Iesenrcd ill many of thc Posterior cervicals

but cicarl】 Tisiblei c=-  1ュ the 、vell preserved third

cervical 、rhere the plellrocoel is sPlit into threc cav

ities by a horizontal septun that delineates a lo、 Fer

doPression and a diagonal septuna dividingr thc upper

2/3 of the lDlourocoel The ridge ola the ventral facc of

thc ccntrurn卜 so plolninellt on the axis survives as a

fille lll、e lll cervlca1 3 As ls characteristic()fこ ェタ″″ァ

否′″Fls  the  large prezygapoPhyses extend  A ell

bCFOnd thc iont Of the cclltrunュ  in contrast to those

of tlle dipledocids D"わ″。|′バ and 41″ゎs″″"ls  The

neulal sPines are Placcd、Fc‖bac(oll the arch and clo

n()t rise as high as ila th● Dipl●doctidac  J sヽ in C

.7万″″力S YP 1ヽ 19o51 the bifurcation of the spine begins

as ala ilatipient notcrl ola cervica1 3 but it is net ulュtl

cervica1 5 that olle observcs the fllll丁 developed 【丁

slaaped tro■ghi and even thell the cleft isコ。ti〕eari〕as

~4]と
ごβ―]″丘4S〔"そ動 ″妙↓容 OF ttW IFよ ユ4と ,Dそ TE曰 &4E

(all ineasul●nients  i ni   nel●Is)

Ｆ
‐

ELEヽ 江Eヽ T

CENTRUヽ 江         HEIGHT

LENGTH     ANTERIOR    POSTERIOR  OVERALと  PRE―

Total VヽrO Bal Bでadth Height Br●■dth Heittllt HEIGHT ZYCAP

BREADTH

SPINE ↑ RANSIER並

TOPS PROCSSES

CerTlcal 11

Cervical 12

Cervical 13

Ceriical 14

Cervical 15

Cervical 16

Cervical 17

Ceritcal 18

70

171

191

245

110

370

405

486ネ

70

100

150

200

252

,05

340

410ネ

67

87

10S

130

148

133

146来

46

70

70

80

90

100

120

80

99

107

130

160

160

165*

]55

90

90

100

115

115

135

1 3 2ネ

1 3 2

160

260

260

250

265

281

315

340

115

150

165

190

190

223ネ

205ネ

1 0 6

3 2

6 9

7 0

S I

8 6

1 2 0

160

131

189

245ネ

310

,30*

352ネ

3 7 1 *

11
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(Jl measurements in mttimeterS

LENC↑H OF α RVICAι VERTEI L  ヽ  BRttDTH OF rEI VICAし 電ヽRTE3RA   H酌 3HT OF α R lヽCAL l■RTI BRA

匝 M E N T  G M N H   C″ 抑ボ  C即 ″″本 G M N H   C′ ひ加本ど α 即 ″″な G M N H   C l .● 村  α ど物″′本

CERVICAL l

CERVIOヽ L2

CERVIOヽ L3

CERVIl‐■L4
‐
ERVIOヽ L5

α RVIOヽ L6

CERVIt A L 7

CERVIt‐ AL 8

-     80

135         99

155       107

220        130

270        160

324        160

-        155

70

200

191

245

310

370

405

1NC

102

1 8 5

1 9 3

2 4 0

2 9 5

3 7 5

3 9 8

4 6 0

70

75

88

102

122

157

141

7 3

9 4

1 0 2

1 0 8

1 3 5

1 3 5

160

260

260

250

265

281

315

340

105

212

210

218

208

250

295

210

223

218

228

257

278

prominent as in the cervicals of the diplodocids  ln

this lcspect Cヽ4NH PV 101 Cク ″″″容″″・rlS and mo主

of the othcr specimens of the genus, differ iom tllA

d e c P , n a r r o w  b i f u r c a t i o n  s c e n  i n  C′切ク府 BY U  9 0 4 7

( s c c  T a b l c  C )

a初 たク′Rヵ s

The majority oi tllo ribs llf cervlcals l tluough 8

arC lrrescnt, but mo車  havc sxlff●■ed dttnagc in the

very long, slender, bactwardy proJecting rods of

bone  Ne、 マal■d most interesting is the pair oF siRttle

headed atlas ribsithe rigllt one is complete and he lei

one nearly so  Th●  left rlb had been 、 vashed sllme

dlstance downstrean from the steleton,but tl e「 ight

rll was four d almost in positio■ 6ee map:434 and

Phoとo15) TheSe ribs are flattened thin striPs of bonc

directed po車 eriorly flonl the thlcrered rnobIIke

heads  Thcse heads flt into shallo、 v articuar ctlps on

the ventrolateral colners llF the posterior Face of the

intercentr―    The ventral bo■ Kl●r of the strip is

141atively stralght)bllt the dorsal border rises to

midiengiよ of the boneither dへ cends sharPly to Paral

lel the ventral ma=母 n on the naす o、v posterior of the

rib Tlle lateral stu Face J the sttip is sligb■ly convex

flon iollt to rear A gentie upward bdge rises from

jtlst bel■Ind dla bottom of dle rib head, evellttlally

reaching about one third of the way ult the lateralface

to midlengll,then tu tt downwald and blelldsinto thc

lateral face Tlle naJor featu e of the medial surface

is a pronounced londtudinal groove tllat bむns about

olte third of tho、すay along the stlip on the l。、マer Part

of the facc  lt proceeds backwardは , deepenirjg to a

naximum at midlcngih of u■ e strip and dissipating

a b o t t  3 / 4  o f  t h c  w a y  d o w n  f l l e  t t r i p

The presence of atlas ribs has Ъ eerl actively

碇bated over the ycaぃ  HoIIand(1906)idclltiied tw。

oltn■ents fotlnd with the skull, atias, and axis of

助 わ″θ●2r S  A M N■ 9 6 9  a s  c e r v i c a l  i l b s  l  a l l 1  2

Altho昭 h these elemen低、マere nOt found、■th the atlas

ttnd axis of■″崎M″タクバ わ″″レタCM 3018,they weF

restored in a drawing done tllder Dr Hollandis direc

tion and rcproduced ill Cilmoreis D10nOgraPh(1936)o■

tIIat animzII ne noted pitt for the atlas il■teКelltrum

for tIISir articulation Gllmore(1925),on dIS other

hand,did noこ find them in dIS juvenlle Cヽ江11338 (Tll・

intercentrum of the atlas of a ttE″ ″本 YPM 1905 is

m i s s i n g ) M o r e  r e c e n t ,卜n o  a t l a s  r i b  w a s  f o u n d  w i t h

thc Cた ″おブskel柱o■ BYU 9047 rhlcII.t。立,171iller,

Stadtl■lan卜and Gillette(1996)hvere unable to recogni″ e

rib Facets on thc atias  Their Presence in CMNI1 101

should end thc dcbate

The atlas rib extends backward bencath the axis

and underlaps the anterio■  end of tho csIItlum Of

cervica1 3  0ne double■ ●adcd axial rib was als。

found Thc cervical ribs from 3を o8are fuほ ed to their

respective veltebrae as in otlaer aduit satlropods

Tlley have a short extension in front of the tuber

c■llun,behind、 vhch they bccome very siender ln母 士s

specimen, hoNeVer, they are imperfect behind the

distal end of the centrun in cervicals 3 to 6  1n the

present specimen rI事 止 cervical rib 7 1s also compldc

and also covett the lettdl llF S cervicals  A large

porti。コ。f right rib 8 is also ljrttent The rib head of

cervical rib 12 、Tas found and restored to be a皿 Ore

tralsitioHal rib sho、vil電sone of the robtli nature、 マe

ses in the FIぃtd。ぃal rib These ribsin a ″ ″体 cA/1

11338 arc cOmplete, becoming progressively lo曜 er

a■d rcaching tllalr maximun length on cervica1 7

This rib extends back beneath the ftll lentth of

cervicals 8 and 9  Cervical ribs 8 to 12 progressively

decreasc in lettth)、vith rlmnber 12 directed do、マnWard

as、TcII as bacと、マard  lt is a much more tralsitional

rib to those of u■n dorsals tllan in the diPlodocids

Dθ″s″′降 れ あ%夕 (Figtlres 31-37)

The first five dorsals wFre conllletely lost to

erosio■卜  Illich is paltictllarly unfortunate since a

n■alor dia邸 ostic character For the spociss C″ ″″/

ゐク″恋  』イク″ブ本 is in the anterior doも als  ln that

species the nerral arch lies on highly elevated Pedicels

12
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|そ l 111●ょ、1=●I 1ヽ●itS ll l■ 11 1ぅ●t●l Si

1! PヽLANA r10N E)ORSALII  BORSAIIF  D81tSALI卜  D()R Aヽ[lu D01Si[111 1)ORSA[lll DORSi[11!

|  ■1 1 1ドI  B l■■d tト

‐`f ill Brtadth

ii thi f!●miコ(ta■ttf

ttどi FaPし,h)ses to thl sPint ilP

I 9ヽ

5 9

1 9 5 !00

170

18

2 1 5

161

64

2 1 o

159

66

2 1 ( 1

1 6 1

61

211

135

71

211

i :1ュ● upptr surrates of tile celltra  11l thc prcscnt

■=ビを111●1l the Short broaa spines arc Prescried ill

l i■ats G-12 alュd tllc archcs dl)、、1l t()alld ill●luclill【the

!て■つOphises   ln dorsals 9  1l  and 12 thc itght

l=〕●phttscs ai c also,icscrTcd D。lsal、9 thrr)ugh 12

t:■li)HIld in tight as、て)ciatiて)11、、ith d(lrsa]、6 throH【h

11、ltti btit iot arilcttiated dtte to eiosiolュ Doisais 6

1= uFh よ  、、●■● found 、Hith their theracic ribs

!=i口rtted iste Table D)

上he 6th tl●rsal spinc is tlle rirst preser、ed in the

l :=al scrics lt is tiュ●1●asi b f(lrcatcd of the anteriol

l :ials b●causc sPinc t。,Flュas olュモ丁a stight aentation

tⅢn、|●ction下ヽ ci、Tに下cd fi●コ ti〕●anterior face Oli

!! !■ft 、ide thtre is a slerider round I()8 extendill=

! 、:l rroil tile nietapophiseal to articHlate 、Hith th●

■■ilia arisillF fronl tlle eptpophiseal  Tllls rather

ir●Se Structure ls Plllt・trllke lll its collstruction and

l'P01tS th● biす(rcatcd sP ll●  ThC S■ lne f()Imati●n

i■千1 )e Seell oli til●1●ft sldc as、で11h●■‐rTcr tiュc lod

‐ belュて 、ightl丁 lattra r at tht initline  An ob]()1lF

il■lin【is preseni tヽt、、●●n the sIPPort and the neural

‐:」:1lt itsご]r  N(】1.lhilta is Present Iェor iミ there all丁

i〕●1、●● that thtrt 、Tas ont btt、、eell this structurt

ia the neH■.l sPine  lll Jalnts A  l●1lsen s (1988)

11●中、s●“of ‐7わ̀わiイ″′ャs イニ l,,4′′r/tr/“440 た,●本|

|= d●scribes a hdiatj()llal litament that ran froln the

iittaPoPhttscal to the pre diapoPise■ 1 ●f the trans

t! F` I)r()●●ss of tlc stiCCCCding Tcrtcbra Ⅲ   01l tilis

、!■cinl●1l th● FlittatureⅢ doc、 1〕ot art culate to thc

■ヽ●C●●di11、 ャertebr■ but statts conffi〕●d to its o、、11

=rtebra  Also Jensell tall onlr hipて )thesiztと、s to the

ttiHよl StructHre in C,r打↓γr,w″,■、  ブどで,本rs J●rs.ls

l■せ■■st tlle litature is lnissing ln this s,●cinlciュit is

i:■ド●lltて)n the 6th dorsal(サll b(Jth sidcs alld is definite

i bollc i〕ot a relldoll l)r ligalllci〕t

The 7th d(,Isal sPine sh●、s■、tri sli【ht d●1ltat ol、

1■1l C●lapared to the 6th dors■l and its bifurcati。11

:!ュ:、下eri slittht rlentatiol、call●nli bt■it、■ごa rrr)m the

i iell●r facc  The Fth dorsal also l、as sitrs foi the

!iモCI■1 uヽpports that 、ャere ビ、ident on ders■1 6  Ther

■ヽ口St ha iヽC bccn l■rg●r and lll)re r()bust thall thosc

l=■11 111 6 betause the  articulationtt sitで ls slighti】

!31【cr  Thc tattral faces of the Iュ●コr■l spinc dO noこ

1ldicrtte that all■ lan■in■c are n■issinH b●t■ヽビen them

aind tht sHP,。rts l ht fistical dcFi〕niti。1〕。f tl、csP ic

■s seParat● fII)n the l■nnin3● th■十 111ユ latel a‖す oHt

frolil its i〕ase to the transierse processes is seeritllthis

dorsal  The s,1,1● tap●ls i●11lI■11】 。11 5oth iateial

faces to a lloint, tapering ■ lso in thicl【ll●、s but

lllatlltal■11、g a thicて●r basc thall tile lalllll、ae that rHll

lateral丁 from tne sid● F  Tlnis thic(■●、s gives defllll

tioll to the sPlllc itscif alld is accelltilated bi the

ru■()slti

The Sth dorsal ls Feri Sinlllar to ll、e Fth、、ith the

、aine ftatures‐  1lcllld iュg  al licHlati●1lⅢ sttcs tOr the

boile rods   ihe r{ght s{ae l〕 as a sinal part ● f the

supljort ビxtelldillて 、ビntral]r approxllnat● lr 2 5 CII

fr。11l tinc lllctaPoPhttscal  Tll● ltl dorsal sho、 s all

aPParent ciュallge ilュtile sllPport Structurc A c。11lPl●te

thin l■1コin■ |)f sHPPort llins frolli tiュ● 1コctaPoPhscal

tlo、n tて)the t,p (lr ePip● Phistrti()f til● PostZttgap●

,11ふiscs There is 1lo opelling iDet、een the lleur■l spine

and thc supllort as tllビ lttn ina i、 ■rticulatcd a  the

、、■! do■ n the sid● ●f the llcttral Spine to (1、e p●st

zsigapoljhょses  A 3● tp Pl●uroccl is fornled betiFeen

tilis lanlllla ana the tr.1ls、tr、e prr)ctss  tli〕the right

sicle onli a sna■1l articコ1■ti()n sitc ic■lallls oi 、lhere

tl、e support begall

Th● 10th a()rs.l shり rヽs a defi1litc site fo■  〔he

support appr● xir1lateli 2 1 cni l(丁nf  This spill●  is

TCiSi rugose dlld sligllt i squared on the toP Tlltfright

side atrdin shc、、s a 、4=uC articulation stte for the

S 】`PPOrt Tlュ e llth dolsal has ai〕erodcd ⅢaiticulationⅢ

sitc on tic lllctaPoPlliscal tilat is sagitia lす oblong

Tlle spint ■Faill is it=丁 rurl) ・ヽ  The 12th d()Isal is

fusでd to tilc sacl■ln

All the prcstricd dorsals ュ ppcar t(),()ssCSS a

httPosphene b(lt ti、csc are l、ot、Tcll ,1●、ericd  Asidc

froln dis,lasIIIg this unus(lal sllppert feature llttle

ll〕forinat ol〕can bc obt■ ined fr(】lll these 、rertebl■c

excePt tc iュ(十●th■t the l■st dorsal to possess a di、ided

spine is 】“)S  This is in atreclilellt i■ itli all て)tll●I

【nown speclm●n、in tic=cnus txccPt fOr C ltFⅢ木丁

BYモ J 904F  、 here ■  、、ell definea llotch llersists t()

dl)I、41 11 ■ェdd(〕rsal 12 をtnd cxhibits a、 ltht indent■

t i o l l

栞どうs(Iligures 39-41)

All the iibs ■Ic PrcSellt except nul bcrs l and 2

] 3



4ヽclnto・ll,Miles Cloward, Parter

。f ulA righi sid● Right dorsal ribs 3位 ough 9、マCrC in

sittl connectcd、vith their respecti▼ミdorsals Right rib

12 was■ lso in Place Tllis made the trlacing of ribs 10

and ll relatively eatt On}y the 12th right rib was

articulated  Comparisons with tbで  right ribs made

possible identificatio■ of he le■  ribsi aithough they

、vere all disarticulatcd and widoly scattered As is so

oftcn tl■c case 、 マidl sauropod ribs, most of thm

lacked thcir lo、Fer Ondst oDly left 2 and both ntlrnbeI

12's are conFplete to the end Rigllt 3 consists of o■ ly

a small Poltio■ of the shaFt,and five others(lo■ 3,leFt

Si ris・ht 4,IIg並 6, and riglat 10)laC【ed thc head and

tubercle The head oflcft 2 is missingi as is the tip of

thc tubercle of left rlb 5 and the tubercle of righi 5

Finally,dle upper ends of left 10,risTllt 7,and right 8

、Tere noi cOIIIPlete anKl required son■ e restoration

The most rJぅ コst rib is left no l, 、マhiCh also has thc

旨reatest exPanse between the head and tubercle TIIs

exPanse decrcases back、 マardi as does the length of the

tubercle(Table D  The ribs bow gently ouhvard

lnittally the lellHh illCrcases ioIII rib l back vard,and

then卜 in tlle middlc of thc thoracic cavity, they

dccrease in ien〔 th back to the sacrun  lncOmPlctc

ness of thc shafts nakes it tln ertain,vbch nidale rib

is the longest

Viewed flon the frollt,a lo、 マridge extendも doH n

the ttlbercie to meet a sinilar ridge from ule llead and

ccntrum some distance do、 マn thC Shai This icadヽ t。

a corresponding contavitv on dIS posterior face The

shafts of the ribs are more rounded and more=racile

than in the diplodocids,、 マhcrc thc shais,lr artiCularly

those in the mid doぃ al areai become Flattelled and can

attain a considerable sagittal brcadth  Of lllbre i■ ter

est are the 12th rbs, wttich are articulated [o dln

diapoph】 scs oi doも al 12 and extend horizoDially

a4D_EE― コ″a4Sこ をそEl′〕FT働 ●ズ′困

oコt、ャard just belo、マthe flaring antcrioi blade oF the

llimal Apparelltl】they do not extend beyond it This

feature allo、ved dorsal 12 to be incorPorated into the

sacral comPlex

A mall rlb like element(Figttre 41)was found in

the dorsal region of Gヽ 4NH 101 that could not be

positiveltt identified  lt is llkely a fragment of gas

tralia, since it shoぃs similarities to kno、■n gastralia

found in■ ,″r st7″″物s

助σ秘初 (Figure 42)

OIlc of the nore interesting ttatures of tllis skele

tonis seenin the sacrun As、 マith tln dorsals and first

t、vo caudais,the centra have becn erodcd a、 vay, but

thc ncural arches and串 ines,incl■ding the transverse

procenses, are fairiy wel preserved and articnlatcd

With ODe al10ther alld 、 マith thOsc Of the posterio■

dorsals and anterbr caudals ln most Uppα Jurassic

sauropods,five verteblae FunctioD aS SaCrals  RIE=s

(1903)considered nos 2,3,and 4 as priint.i sacrals with

thc additioこ of a modiFled dorsal or dolsosacra'(sa

cra1 1)In fttont and a inodifled catdosacraI(saCra1 5)

behind  it is no、ャrecognセ ed that nos 2 and S alone

form thc PIimary sacIHmi and that nos 4 and 5 are

both caudal sacrals Thus no 4 is the fl、 t vertebra to

be addedi no 5 the secoIId, and no l the thrd  As

sho、in by several juvclllle sacra(eg)that of the type

specinen oF Cク ll″″ゐ″″ヵ容 た″体 YPM 1910),all fIVe

ccntTa arc original15r unfased to one another and t。

their arcllas  The arches are also not ftlsed to one

another except for nos 2 and 3)、 マhiCh are always

united  Thcir sPines are Fused for thcir c■tire lcllHhi

altho口gh a suture line between th4n can■ ・■lally be

traced out visuany  Not so witll thcir″ ygapoPh】 scs

ln all 弾ectmenほ  exanined by the authors, inclddlng

thosc of the youngest individualsi no trace of a suture

separating postzygapo,hys岱  。n 2 and prezygaPo

Physes on 3 can be discerned

The sacral ribs of a〕l flve sacrals are also flee in

the juvcnJe They unite with the tlaぃvげse Proces

ses)archesi and centra in thc adult, where they also

unite with onc another to form the sacral yoke  ln

nlost adult sPecimcns thc ceIItra oi nos 2 to S arc

fused togcther, whcrcas that oi thn dorsal sacraI(sュ

cral no l)rcmains frce(for exanIPlo,In the paratyPc

of t~l初ク′磁 ″4‐ft s″″″ l・・AMNH 5761)This iack of

れsion is in contrast to nany other genera, c=)

D″ わめ秘こ 阿 のわ惚%″恋″ 21s ル ″拘w″ 初s, 3・ c

r″=o磁″,″,etc)、 マhere all five centra Ftlso in the adult

Noncthelcぃ i thc nlodified rib is fused to its arch and

centrum and to tllat of sacra1 2 in the saclal yokc,

、vhich in turn articulates、 vith the iliuII)thus qHalify

ing it as.t FuIIctiollirls sacral  ln the present specimen

the rib of dorsal 12,the lastむorsal iS directed horizon

tally)barely reaching the anterior tip of ule llitun

(a■mてamr●m●nts i■minimeter0

MDヽ SUREMENTS
ELEMENT

配 NGTH ネSPREAD

Rib―CVRl

Rib―CVR12

Rib―Ll

Rib―L2

Rib―L4

Rib―L6

Rib L7

Rib―L9

Rib―Lll

Rib―Rlo

Rib―Rll

一　

３６

３８

郷
　
一
　

一

一　

一　

一
　

一　

一

1813

310

283

277

259

205

244

190

キ MEASUllEW ENT IS FROM CAPITULUM IO

TUBERCULロ イ (OUTSDF EICES)
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A Nc、  ヽcarir C。ln,letc SFelctoll of  7″,″ 7 7″″べ

fusin【、■ith it 、、hich 、uHrestごa to its c。1lectors that

atrsal 12 is act(lall} part of the saclum  l ヽs llュlal

sitttatioll occttrS in til●Tcrす。ld ilュdividual of C●ェァ″″″

r●4 ″々 ″s AヽI N H  6 9 1  f r o m  B o n c  C a b i n  r lコa r r i ( ( ) s b o l■1

1中IJ)

11l tll●(3retaceous saurolDod fanlll丁 ~ l″ θ宝7″′ゼ″′′

a sccolld dors■l Telt●bra ts taken into the sacrum as a

tul]Partner pJ oviding a sacral 】 o(e of stx vertebrae

that is Hlュited、■ith the llia t(】pr()、idc lコore strelltth it

is regrettable that the celltra are ■ 1lssing in G IヽNH

101 sillce it、ャ(,■13 be usef■llto kno、す、vhether those of

dorsal 12 and sacral l 、 vere either fused together o,

C`Pユl atc

ila the ljresent specinlei〕卜 as stated above thc

CCiユtra alユd sacI■ l FI)ke f(,■med bi the ■ nltrloStd

sacral ribs hare been eroded a、 Ta} But the spines and

diapophises remain for sacials ]to J 、 Fith Onli the

spine being Prescived in no 5 As usttal,the sPines of

n()s 2 and 3 are fused foす  their entirc lelagthsi and

【hose of nos 1 4 and 5 reinain fiee  Vie、 ved frol■

■b●Ht tilc ti■,()phiscs of sacra1 2 ■ lc dilccted out

、ard and for、Fard frona the sPii、e  These uFlite ヽ,Ith

【h●se of sacra1 3 at tlle spine alid are directedて)ut、rard

alュd back、 rard frolll it  Thc spinc of llo 5 1las a

すreattr anter()I)osteIうor ●、Pallsioll tilan that of thc

anterior caudalsi as in d r方 ″″r″、YPttt]905-、 Thich it

、eri closelJ resemlJlts

C′″′クな (Figtlres 43-56)

As cali be deterlhintd fr●lll the quarri map

●■コd■ls l to 20 are artic■lated[o the sacr■ln and to

しlle anothcli caudals 21 31ld 22 haFC beCn disPiaced

solne、That but llos 23 t0 26 are articdated in Positi。11

The remaining candals are soinc、▼1lat scatterca llav

ill雪 drifted do、、1lstreallli but the coI Pl●te tai of 53

cヽltc rヽaで is present  This is the sanie llurlab●r as

found in the articHlated jHTenile CF″2″′ヤ否で″′″̀S C イ`

I]33  ヽ Thus calldal no 53 ends lll a Poin(indiCatinH

that it dOes illdced reprcscllt the terninatioll of the

tall A]thouFh it｀`●uld not bc surprising if the ntlln,〕er

()f caud■l veitebrac in C′′″″′″M′, ・ rヽaS sllghtl丁

、ariabl● the presente df t、fo compl●t● tュls Fヽith 53

、ertebrae suttgest、thisコ■1コber rnai bc static E、ccpt

rて,. c..dals l-2, 、illich iact th● cclュtra the caudals

art foi the nlost palt in a rclllarkablc statc of prcscr

ration and ulldistortcd I,oss of tiュose centra ts doubli

unfortullate becaust it aoes ュ。t Perlnit()lle t()に1lo、■

、、hether candal l,ossessed che、ren racets()r、ドhether

the rirst card■l to P()sSess a cllevr(111 、ャas n() 2

〔inetlttiTocal oTidence in this respect is iュot present ill

■ェ】 of the kllo、 rn specilコens ()f  ご″″夕″′てこS“″7″̀ヽ

■lthOu=“ 江ヽc11lt●sh ヽ打11lcr、 Stadtnlall, alld Glllcttc

(1996)have presented strol〔 evidence that a cherron

｀■ヽ ,Iesent on caHdal]of C lr24本デBYU 904F

The ca“ dal vertebrac oF (,卜 lNH 101 cl● 、elr

ieseinble thosでofbotin C r 7″tf本下P卜打1901 alld 1905-

andご  ″″本丁BYU 004F The centrr4● f the■nt●Iior

c■udals aI●質entli amphito●lous tllio■Fh t(l CaH3■111

then be(:r)la rlmplliplatJan throuttho■t the rcst(jf thゃ

series  All of the caudals are constricted inedial]】

witil i〕o Picurococls  Thc cclltIA are r●latiFel丁Short

and tlleir articular r■ces subcircular  ■hey decre■se

in lelュgth 。11li ,cri sl。、,1丁 ill tht first ll■lf()f thc ta l

(SCe■ able r)l cllevr.1l racets tern、IIiate at callda1 31

Vヽhell the caudals、 ere articulated on tllc flat surface

of the floo■ln the lab it、vas noticed that the artictllar

faces of candals 7 alld S、iere llot parallel Tlle lletlral

spillc()fc■Hd■lHs、TcPt antcriori卜■nd n●t PoStCIi。lJ】

but 、■llen the arLiCular races of tht tandals 、 、ere

pl■●ed P■rall●lt●aiticutatc prOpc,lF tlac llcural sPine

nf caudal S s、 itpt bac【  foェ11 1ヽlg an cicil SpaCillg

bet、Feen ihe ncura]、 pill●s This、 、()■ld illdicate that it

is bet、reen calldals 7 ■ nd S that thc tati bcgills a

do、、11、、ard s、veep

Tlle tiallsverse pr●でesse、l shown in ju、cnに and

subadHlt spc●11lcns(●g C ル ′,ィs YPS■ 1910■ndご

r′″″″な YP｀4 1905)to lDe separate ossific■tions ■1ュd

the■erore caudal ribs rather than diaPoPhFSes are

PICSCnt through ca、ldal 10 ■1ld a trace or a.ib r●:コains

olュno l] In Cど ′″″″、YP卜11901)a trace oF a caudal

rib Persists bact to ca■dal ]3 but this Tariabilit】is

probabli lュot significalュt Tlュc alュtcrior ribs arise From

the upper half()f the later■1 1■ce of thc cci〕tra are

directed oHて、■■13す and s、iccP baCl( ai、d 、lp initially

Posterio■li the】Inlて)ve int()江、tr()nger latcral p●sition

and disappear i〕r catldal t、relve The■ ntelicr c■udュ1

ribs arc l。1lg alュd cxpalュd at their outer e、trenitiesi

being much、 ,lder through the lon【itudindl a、is tllan

tilc Tcrt cal a、ls

NenI■ 1 ■rches Placcd sligllti】  fOr、rard of the

ccntcr of the centruna perslstiDack as rar as cauda1 43

、rith zig■Pophises and tlaces of an arcll alc present

in i least r●Hr more  The first three spincs,I()ce● d

uP、rard froin the celitrt111、and curFe【 raCeFl111】ヽ ■c【

、rard ｀ Fie、、ed fr●m the side)these sPines aie directcd

ull、rard and stightir baCl(  ThcF aic n、 ore or less

rectanglllar alld lDeconュe successITel】lo、ver and gr■8u

alir Change to a lコ●re ri)on〕boidal shape b}ab● Ht llて)

17 Fr。 1111lo ll to 13 th●i are gradlla11)direct●d morc

nearl卜 1〕ac(、rard and e、 entual]l disappear  Thc last

fi、e c■■d■1、 ■■● fuscd to=cther and reduced essen

tialli to ■■●3‐ ｀`ith コo 53 ●1lding in a point clearlト

indicatinF thc● 1ld l)f the tュl

A FerF lllteresting feature nf tlle sPines is the

tialls、crse 、fidth of the alュtcrior Oncs  IIi this speci

mcn and also古 ュthc paratFpe of C す ″″″力H YI) 1ヽ1905‐

these spines are little e、pallded transicrscl丁 )、Thereas

i n  Cた■ム丁BY U  9 o 4 7  a n d  t h e  t F p e  o f  C  b J l t l″沈` Y lい↓

1905 ther are sigllificalュtl】 brOadciled at the top
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~4β
LE F一 mS切 そご〃zN7● OF C4サ 24二  慨 TEan4E

(all measur― ents in miIIinetα s)

α NTRrlM               HEIGHT       SPREAD

ELEA71ENT LENGTH   ANTERIOR     POSTERIOR  OVERALL PRE―   POST―  DIAPO―

Breadh Height BrAadth HcI釣 ■ HEIGHT ZYCAP ZYGAP PHYSES

Catdal 13

CaudaI 14

Caudal 15

Caudal 16

Caudal +7

Caudal 18

Caudal才 9

Caudal 110

CaHdal 111

Caudal 112

Catldal 113

Candal #14

Candal 115

Caudal 116

Candal 117

Ca■ldal 118

Ca■ldal 119

Candal 120

Ca■ldal 121

CaHdal 122

CaHdal 123

Caudal 124

CardaI 125本 ネ

Caudal 126 X*

Cardal 127

Caudal 128

Caudal 129

Caudal 130

Caudtrl 131米 来

CaudaIヤ 32米 ネ

CaudaI 133

Caudal 134

CaudaI 135

Caudal 136

CaudaI 137

CaudaI 138

Caudal 139

CaudaI 140来 *

Caudal +41

Caudal 142

CaudaI 143**

Caudal 144

Caudal 145

Caudal ,46来 ネ

Caudal ,47
Caudal 148

Caudal ヤ49
Caudal チ50**
Caudal 才51ネ *

Caudal 152■ キ

働 udal ヤ53

140

130

153

158

150

145

138

130

130

128

131

130

130

132

135

134

133

133

133

129

133

127

116

120

127

120

118

119

91

90

106

99

96

91

81

81

81

78

6S

71

来 * 6 6

55

56

58

41

33

21

25

35

41

*245

230

235

225

210

202

190

185

185

165

156

147

141

140

133

125

12S

125

118

115

107

107

110

125

93

97

84

80

75

77

75

68

65

60

キ55

54

46

47

86

36

34

28

80

27

245

230

225

205

210

185

lS3

180

176

171

165

160

158

150

143

140

135

123

118

122

115

107

100

114

90

94

86

80

73

80

77

65

66

60

米54

54

48

42

41

35

38

29

25

27

栄225

215

210

205

198

190

180

180

164

156

149

138

136

130

127

125

125

116

120

113

105

106

130

93

92

90

80

75

76

66

75

64

60

55

55

48

45

40

36

35

32

25

27

26

27

20

15

23

24

18

4

X335

*330

来325

X310

300

280

260

255

250

240

229

218

217

205

200

190

183

160

166

165

155

145

134

来章

X 1 2 0

120

米123

X105

97

832

335

310

275

265

265

255

250

240

240

米240

235

218

195

185

190

170

167

164

165

152

143

* *

1 2 6

1 2 5

1 2 5

1 1 0

1 0 2

1 0 7

8 6

1 0 4

ネ380

ネ370

来340

310

ネ295

米270

190

130

００

８９

８４

８０

７０

７０

６０

受

馳

一

４４

一

一

一
　

一
　

一

一

一

一

一

一

来

*220     555

215       545

205       510

185       483

180       465

190       450

170       435

170       419

173       396

175       390

175       379

168      357

158       330

150       318

145      295

138       274

130       254

122       240

120       229

120       225

112       202

107       192

118       190

94      158

93      154

90       147

80       134

75       122

76       130

65       110

75       123

62       100

58    米 100

54        84

53        90

48        74

46     -

42        62

38        62

34        -

28        50

2S     一

24        35

24        -

28        -

24        -

21        -

16     -

16     -

12        -

2     -

= RES■ ORED i= PA■ ■OLOCICAL



AN● 、 Nearl,Ccl Pl● i々St●lcto■●f Cr″Fイ'″ヽ″″,■ヽ

〔lttatist 11le t oヽ C す ディ″どヽ  siteletons 、icre fゅlind

!!的F lle、t to ●ne anotil●r in the same clilarri(心江arSh

」ialri N●  ェ C。1コ● Bl■ff ヽ▼i●コniュgi and ao ■ 。t

i!どer frolll ol〕e anて)ther in all丁 otll●1 ■●、petti ther

itail丁 b●lollt t()a sI1lg〕c sp●cies  The differellcc i〕

il(l sPine vヽidth is thHs pr()babli dttc to sc、1lal dil()I

Iヽsin ! lヽthoH【と、すhich sc、 is r●prestnted bl tlie、
'lde

、,111ビalld、千hiCh btt tlle narrd、、spine canl〕ot be deter

il ll●d rヽith ctrtainti tt、 1l hcre b● ■ドsumed that tlle

idtr spine belollgs to the m■ le  lfti、is be the cas●、

l P 1ヽ 1 9 , 1■n d  B Y U  9 0 4 F  r c P I c s e n t  m■l e s‐w h e r e t・t s

:1■preselit sperili〕cn and YP〕■ 1905 are females

the splllal c●rd to protrudc as ■  rlHirl flllea sac―

1■aking a c■se For spina bifid■ nienllEocelei a lllore

selうo(is fori、●f spllla bifid■brt one iFllicll ifould hユr●

a o、ied tht alliinal to live   The centr、IIn of thi、

ca■dal also cxhibits essenus gro、ith― 、1lich、 specula

tiVelF COHld be thc result of a P()sttratllllatic cTcnt

T nis trr●r ol lllol phogell●sis occttried il〕th●carliest

stages of the aninals deFeloPment  Forns ol sPina

bifid■■コJ lnOre seTci c til■n stellin G卜INH 101 w()H]d

ll●t haFe all●、、ed til●■nin■al to llTc alli longer than a

fc、■ d↓ゝ s dtte t● tht high P(ltenttal for infection  ln

hunans alld otil●l aninalsi sPllla bifida occurs in

felコalcs t、rice as rrequentl丁as in males

Degeneratve patho o【es(Fitture 58Ⅲ

The Pathr)1●fl ihat is sccn in caHd■ls 32、 33 43

16 4F、 alld possibli 50-53 ■PPcar te t、hibit a condi

ti●コ kno、+1l aS Ostcoarthritisi also reFerred to as
“
degclュerative jolllt discascすor i、すear and tear'arthil

tis  This PrOr■essire degradatioコ of articular carti

lage l●d to joint llario、〔il〕g―subchl)ndr江lb()ne thicken

ing,  alad eFeltヽuall}aェ onfunctiolllng joint Although

it i、 ェot prinarllF an llュfl■mmat()rr procCSS a r〕 nlld

inf〕alコinatori rtaction n■ar haTc oCCulred 、rithill the

Sillt)ViHni  The pathologi call be seen as e、 ccssiFe

bt)ne gro、Hth arotilュd the edFes●f the artictllar facでs of

the centra   II〕 1110=e eXtrcnie ■lanifestationsi the

tentra inaF fHSe,  ferllling a large bonc cFst ar●ulld

th●joint c(丁、ering natich of Fert●brae  Traunia and

chal〕ges resHltinf fr● m excessiFe fHnction、 〔ere pI()b

abli tlle prilllari cattse for thcsc● 、te()arthritit pathol

o資les

Catidals 32 and l〕3●xhibit osteoaithritis Primarl丁

betl eeli the shared articul■ r face of thelr centrull s

工ヽuch oi the surface rIIea()f the faces of the centrunl

has b● ●1l c()lllpleteli reabsorbcd   Ossc()us gro、 、th

around tilc outcr naargills()F the dan、aged joint is als。

ciidcnt  Th● Prezェgapophiscs of caud■ 1 32 江nd the

po、こz】tapophiseさ  oす cauda1 3i h■ 、e been alinost

colnIPleteli reabsorbed  Tヽe11 8erelopecl nutriellt for

alコinae foinied on thc antcriol ientral surface of the

centrun〕、Thich aided the clefeloPment Of thc P■tl101

ogJ  Thesc foranina● ■re cl●■■ll seen(〕n cauda1 33

This Path()L宮】〔s likeli the res■lt of a post traun、atic

●vent becausc of thc zigaPophysealjoint dal〕〕age alld

thc intcliertebral disk dan、agc

Caucla1 43 sho、FS bOth 、pina bifida rdiscusscd

ab●Hc)and an oSSCotis groⅢth(Figure 57) Thせ os

seo■s frol■th is seei〕ュ|●xcessi eヽ bone gro、■th around

thc outcr nlargins of the centrunl()1l both the anterior

and posterior faces  The anterior facc of the cclltrHIll

shl)、rs the greatcst dctollコiti  Caudals 46 and!F ar●

fused to■●ther sho、,Ing onlF a littl● ●xterior secon

dari Fro、、th Caudュ 1 46 is coniplete 、Fith thc anterior

third of caudュ1 とF fused to tis centrunl  Thc■IIttrior

丹″rllθゎ〔ム (CAM)

Boll● r●sPondS t(〕 strtss lll sttch a 、〔■i that its

、Iapc is altercd br llleChal、 ical forc●、 fl●ln n■(lscle

i!|●ast prt)cesseさ or dcFe10Pn ental abnorlllat tics

T h i s i s  l n o w n  a sヽV o l f f｀s  L a w  ‐ ″″カャl l ,■S C卜I N H

il i で、1libit、 three lllteresting tttP●、 Of br)lle pathol

=1●、 in、olring a total of tllirteen caudals and one

fh●、roll   11le tttpe of bone pathologtt is dcFe10p

ritntal ti〕でsccolユd iS detcne■■tive and thc tlllrd is a

,11l sinl●gical phciom●1loD

DeveloPmenial pathologiesi

DcTcloPII ental patholo【ies a■e found il caudュIs

ti 31ld 43 in the Ft)inl o〔drSraphic anolコa cs defects

i=used ljr d r■lHrc to fuse(Figuic 5F) Thc sPecifit

i rila naanffcst in thes● caHdals app●■■s to be spllla

lifia. ()ccH]ta  Described herc for the Filst tin■e as

ia、in【 ocurred in dinosaurs(D■ rrcl1 l ankei T】rre‖

iヽtisctllll‐ PCrSOnal communicatio■ ) tiュesc are defects

‐f tht dolsovertebral arch in TFhich tlle neur41 ■rch

la ls to clos● ●r dcTcloP pro,criF  It is possiblc that

ilc dcfect c●H13 ■lso be the forin of spina bifida

4ュ(サ、、■■s spina bifida incn iュgocclei but this is difficuit

in diagiュose becanse n● ren、ainさ of tilc sPill■l c()rd

i■、e been preserFed io scで if thc sPill■1●ord acttlal]i

ttFt the ll●ural gr。。Tで

Cattda1 39 1lk●li h■d、pina bifida occulta b(lt the

preserFatioll of the bone■ュares it impoSsible to lnaFc

● ,。liti、e deteriniliatioIェ

Caud■14いh■sセt llcural gro●ve that Fati●d to clost

せ0■`l1lCtCl丁、、Thich lcft thc sllina]でortl vH]nerablc ltis

ll、eli that this caudal e、hibits sPina bifida occulta

Ⅲ●cau、e the neural aich―thous・1l not closedi is foinied

l、ell ●ュougll to hold a148 Protect the s,inal cord

Cauda1 43 is eierl llaore interestin【becausc halすof

ihe netral arch f■1led to Forna The half that did form

1ヽ●ヽiS Il●C iヽdenc●of thc i〕cHIal glo()Te lt COIIsists of

l sll、glc Post()f bて)コご arising ●ff thc cでltrtlll alld ■

1●1lg thlll caudat sPint that exhibits llo eTidcncc Of

t thcr,I●て)r postzttgapophFscs  Tllis dewel●Pn、erital

,atholo甘】、vou!diュot haTe gi、ell an】protectiol〕to th●

IPinal cord lt、voHld h■re allo、red thc soft tissHes(〕f
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middic ol cauda1 47、 マas■ ot preserved and had toわ o

restored、 マith thc Posterior half

Cztudals 49 through 53 arc fused as a singic rOd of

bent bone shoヽすing almost【ュo exterior osseo■s growth

Cauda1 53 、 マas found separated from caud江 ls 49

througl1 52卜 and thc articular end oi cauda1 53 was

dama【 ed sufticielltly cnotlgll fl on collection to lalake

it difficult t()tell iOr certain whether it was indecd

fused  Cauda1 53 was restored as if it werc originally

fused

Phys o o旨にa patho ogiesi(Figure 59)

The physiolo【 ical pllenomeno■ scen in ca■ldals 25

and 26 can be attributcd to difftlse idiopathic skcletal

hyperostosis(DIS■ ) It iS manifestcd as a vertebral

bridging,、ャhich is a Fusion of vertebrae by an osseous

overgrowth transgressing dIS intervertebral dis【

space external to thc site of attachmcコ t of thc anntlitls

fibrosus or disk  The catlse for this type of osseous

gr。、vth has been attributed to a physiological stablllz

ing mechaniぎ n that may llave aided in keeping the tall

●lcvated(Rothschild and Berlna■ 1991)

Cardals 25 and 26 exhibit tllc most extreme

o s s e o t l s  g r o w t h  s e e n  i n  C M N H  1 0 1  T h c  t w o  v t r t e

brae are fused by a very targc cyst on the ventral half

of their celltra lt is cvident looking at the dorsal half

of the centra that the intervertebral disk 、 マas lot

reabsorbed and th4 vertebra did not fuse at ends of the

ccntrums,making a g。 。d case for dif益 oこdlopathic

skeldal ll pcrostosis lDISH)_The cyst also incorp。

rated their shared chettlon alld rAndered this joint

useless

lt is bclieved by some paleontologists that the

large satlropods used thcir tails as defensive、 veapons

by swingilュg them with gleat force at thcir attacに ers

lt is cコtirely poslble tllat such a blo、v could produce

the tind of tiaumatic ilaJury required to dettradc the

ioi■tS and Facilitate these difた rent oぃ oous glow魅

It is also possiblc that some oF the osseous

gr。、vths seen in this very old indI、tdual are simply thc

resulをof、マear and tear due to normal use over a long

period of timc  ln any event as more and morc of

th4se pathologies arc discovcred in the Futu e, a pat

tern may emergc that 、 マill give tls clues as to the

actual cause of thesc defoIIIlitics

C″夕″っ″s ( F i g u r e  6 0 )

A total of eigl■tcen chevrons and a fttagment of a

19th were rccoveredi nost of dlen diszltttitulatcd

Ho、マever, as can be dで duced flon thc quarry mapi

sevcntcen of tllese probably bclongcd to thで  first

t、venty t、マO Caudals   ヽ Vllen these are arratted in

serial order by size and 【 nown positions (bet、 qoュ

caudals 9 and 10 and betwcen caudals ll al■ t112)l the

other fifteen chevrons can be placed quite accuratcly

with a possible trror of one or,at mo立 ,two slots(see

~4,こ
EC― コ″a4SJREl′ DヽワS 7F「 07ご rFttS

(all■lCart re ne■ts in mコlimeter,

江ヽAXIヽ江UMヽ 1lDTH OF

ELEヽ江ENT LENGTH   ARTICULAR END

Oevす on

tllevr。■

Chevron

Chewon

Chevron

Chcvron

Chcvron

t‐hevlon

Chevroll

い ovron

(hevron

mevr。 11

mevron

(,Levron

tllevron

Chevron

tllevr。■

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

360

318

296

236

210

190

167

151

134

125

99

83

98

63

97

90

90

94

100

85

85

73

75

75

80

84

65

83

72

6S

55

Tablo C)Tlle positioD Of ChC rr。 ■18 is son■e,vhat less

certain sinte,judging froIII the tail of C″ ″ク′磁 ″4 rS

た″rな cM l13381 the flぃ t thirty t、●o catldals borc

chevrons  This chevron),vLch was carried fuither

downttrean with a jumわ le of twenty threc Posterior

caudalsi docs nOt vary greatly in size ftton 17 and so

litely belongs soine rllerc ncar cauda1 22

The chevrons are typical of those of other speci

mens of 6″ ″″l tl・ク″47● in hat thn flrst groups arc

relatively ttraight rods of bolle bo、ved slightly anter

iorly  This curvature illcreases beyond candal 10 as

thcy decrease progressively in lengua so that by n。  25

they are quite short and broadened from frontto rearす

sugge“ ills a trelld to、マard forked chcxrr。 コ、 of the

diplodocI』も  Ho、 vever卜 theF become very mall and

dlsappear before reaching this elongated condition to

aDy tteat extent The imPortallt taxo■ omic ttatures

of these chevrons arc(1)although a very old individ

uai thC h4nal canal is not bridged over dorsally ln

colltrast with tllose of a lt r本,where they are brid

gcd over as in the diPlodoci8は i and (2) 旋  t、vo

articular hcads 、vLch articulate 、 vith the caudal

cclltra are “normal' in that they face tlPward to

artictliate nearly equall】 、vith both tlle centrum in

front and that behilld This again contrasts、マith those

o f  C  ルⅢ本ちwl c r e  t h e  f r o n t  h a l f  o f  t h c  a r t i c u l a r  h c a d

flts into an enlarged chでvron facet on tlla rear of tlle

caudal centrum

ル ●わ″′Cブr d確

O f  t l l e  p e c t o r a l  c l e l l l e n t s i  o n l y  t h e  r i g h t  s c a p u l a

(PhotoS 16-17)and leFt coracoid (Figure 61)were
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A Nc、 T Near i coinPlcte Stetetoll of C″ ′″″ s″Z,″S

Ho、 crcd卜thc coracoid bcing thc most c。 11lPlete  111

additioコi the rittht sternal plate 、ャas ■lso recovered

tPhoto 18)

The rithi scap■ la)beint close to the surface of

佐   【,ou,ュd、Fith thc mcdial surfacc cxPoscdす has becn

trtdedi、Hith a los、て,f a third(,f the anttlior plate and

the posterior edge of the blade The broadす for、マardly

and do、ャnt ttrdlr directed Proxinal plate is danaged)

●■th a loss of the entire coracoid articulation and

glenoid surface The thilli uPper distal end has suFrtr

●d farl●ss damage;onl】 a portion of the very thin face

on the anteri()i narrin iSincomplete The scap■ lla has

bcen crushed and seve● ely fiactured  Resto,ation of

the sca,Hla 、 T■s d()ne to resenble otller knOwn

C″,″″恋 ″″夕″否 SCapuFae in that the anterior plate is

iCrr devcloPed卜  、Fith thc poicrior end of the bladで

splared alld slightly c●lacave llledially  BF compari

範 n、、ith thc scapura of 6α″″″本″″カバ 討こ″冴S YPヽ江

1901 tinc PIesent speci■lell difttrs in its more siender

blade alld apParent less trronounccd distal fiare Tllis

 ヽin keeping H itll tl14 relatively nlo■o slelader linb

陶 n e s  o r  t l l i s  s P c c i n l e n ( s c e  T a b l C  H ) I n  s p i t e  o f  b e i呼

near the surface alld therefore discolored, thc lcft

coracold is nearly complete 、 vith a very 、マoll defined

coracoid foranen and glenoid Process  The bone is

、、ell preserved except for a smal' portion of the

alltcroventral regioD VFhCrc it is thinnest  The cor

acold is Etently convex lateraI]y and concave nedially

lt is thickett ncar tlle Flelaoid cavity vFhcrc the dolsal

surface artictllated、Fith the scapula  Tho coracoid is

Eot fuscd to the scapulal and tlle ttrface H here it net

that bolle becol■ es thinner as it proceeds for、 vardi

rlsillg a bit from a straight line,uSt above the coracoid

foranaen that is closed al〕ove  Tlla oval shaped leFt

coracoid exhibits no significant difた Iences froin that

cf C 事 o″″本 (Ostrom andヽ 4clnしosh 1966,plate 46)

An inc● InlPlete right stcrnal platc、FaS fOund nes

tled on top oF the posterior elad of the right scaPula

At first sight it、すas stlpposed that it was the Posterior

edge of tlle scapula blage A■ er being prcparedithen

comParcd with thc Carnegie Museunl specin■ en's ster

曇4 B t t  F r

]″a 4 S J t t J r a W t t  θ F  n , c r o R Aと C r F "

r12赫 Fa 駒 どを ″ SCり″勉 ″″″C″α″ わ rl α村″た力″

動θわど7 71Lル Sた筋″ゲ r122クを″ ●ヽ″″わ″′ル●力.r7ゎ

協夕立夕たわ″ ~12,ぃ た力″力″
212ヴ筋でヽ.7F″確本なわ・7

(a  lコeasul enients I■ 1■■11■Fters)

ELEMENT GMNH 101

RICIIT SCAPULA― LENGTH

Breadth Proximal

Breadtll of shaft

Breadtt  distal elld

LEFT CORACOID― LENGTH

Breadul, greatest

Mar8in of =lcnoid

Pl″わ2よ Jル ″ナ″す仰 ゲ rl″″″筋あθみ ゲ r/2 Camar

asaurt s  ~77 sルで′“、“″BⅢ θ″ ル2 'チ 木 。″̀ ザ ′72¢

ン物容カア 地ヽ 腕 あ,“ ″ わ r7クでっ″】 'マ皆″4 効 F

s姥″″ クカね ″″あ′s″″カ ルαありrt・″ ″″形/ゲ 筋α

,″σわ

190

445

590

205
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たヽclntesh ヽ江ilcs Cloward Parkor

nal plate)it was ddermined to be thc rightま ernaI

P,atc Thc lack of articulation of a■y of the pectoral

事rdle prevents any ne、v IIght being Shed on tllA scap

ula in relation to placenert along the thorax

Fα″l あ

The parts of the forelinlb preserved include tk

left humerus and distal end of thc lisTlt the incom

pleに にFt uina,lo■
“
radiale,'Ieft metacarpals l,2,and

thc Proximal cnd Of 3,as well as a partial cla、 マand

two oth4r phalanges he rigtt hmerus with crぃ h43

dittal end、vas found near the strface、 vith its eroded

edge lying on toど  ol lhe right scapula   Thc lc■

humerus(Figure 62)found near the rigllt,is a relative

ly long slender bono expttnded at both cnds,morc so at

he proximal than tlle dlstal  Visved flom the front,

the lateral margin is fairly straight, cxpandng slight

ly outtA ard at both eIIKls  Beginring at the pointcd

radial condyle, tre medial nargin 「 Toceeds II、 マard

along a slighilF inclincd sttaigllt line,causintt tllF shaft

to coIItl act in breadth   At midlo■ gtth th● medial

marJn tS Concave so cllat the ttaコ sverse breadul of

the hmerus is expanded to a JIoater breadth ttan at

the distal end   The danag● d dcltoPcctoral cre苺

ariscs at midlellgh as an out、 マardly projecting verti

cal ridge set at a rigl■t angle to the anterior face of tlle

bone alolag its lateral margin  lt proceeds up、 vard to

ule proxinal end oF thc humcrus  The result is a

C01ユCaVe anterior face in dle tlpper half of the bone

Tlle head oF dlS hunerus hasュ Prominent raised knoわ

oll the inner third of the medial face at ule proxinal

ond  Although lrart of the deitoid crest was gone, it

appears to be、 vell Forned down to碇 ccntcr of the

shaft The deltoid crei bn the proxilllolattral eと ゃ

has very 、すoll defined carェ。saur tooth marks extend

ing antero posterior(Figure 62) These mttrks covcr

ing a 15 cm aroa are FtPP10Ximately S cm apart 3 cn

lo昭 ) alld  4 5 cm  deep,  covering a 15 cm area

Several sites have been identified on this C″ ″″″″容″″′

公 that have silntilar teeth marts

The head of the itunertls is very rtlgose  The

olecranon fosa is、 TeII dcveloped,as wlluld be cxpect

ed ila a mature adHit  Two parallei slightitt ralsed

projections near tllc rntddle of ule l。、マer end of the

al■telior face l■lark condyles for ule radIコほand ulHa

The humerus of Gヽ 江NH 101 is in closc accord t。

that of CルⅢ本″BYU 9047 Thatoi C抑 冴S YPM

1901 has a broader叫oximal end(see Tables II J) ハs
can be seen flom thc enclosed table of measuremellts,

tllS hmero廷 moral lengtr4 ratio is as great or grcater

thall that of any o佐r North American camarasaurs

Although less slcndcr than that of B万クι″すθs2″′ヶ, the

humerus is comparable to that ofつ ″ll″o●肉 and

Barてざ(″ ァ″、 but much more slender than tIIat of

コ少クわM″ llS Sin■ ilarly the overall relative lelagth of

a4BLご r― 虹EASttREl′ Dヽワざ OF LIM益

(■H mcattr l cntsin m lⅢコeters)

FLEMENT CMN■ lol

RICHT FEMUR

Length

Breadtll  Proxta■al

Brcadth shai

Breadh distal

醜 ai circur■ trence

RIGHT TIBIA

醜 ng血

Brcadth, Proximal

Breadh tta■

Breadth)distal

Lcast circurntrcnce

RICHT FIBULA

Lensth

B(adth, Proximal

B(adtll 立 aFt

Breadth. distal

Leai clrcunaference

LEFT HUヽ 4ERUS

晩 ngul

Breadth  Proxinal

Breadth tta■

Breadth distal

Lcast ,ircumtrence

LEFT ULNA

Leatt breadth

Least circunference

1485

405

228

400

630

930

340

123

270

430

1008

170

100

170

15S

l130

385

170

297

472

80

270

tlln fore to ule hind lirlll lies bet lleen tl■e very long

forel●g of』 方夕t121t●磁″l lS and thc short forelcsT of the

diplodocitls

The bones of the forelinb in the CMNH 101

skeleton are represented only by the left ulna(Fittre

63) vhich lacks both its proximal and its distal end

Thc prcservcd Portion of the bonc resenables that of

C‐ 事こ″″な YPぶ 4 1901(Ostrom andヽ 4clntosh 1966,

plate 53) Becausc of its preservation little can be said

abo■lt this ulna except for a few general observations

The distal Poltions of tlle shaft are roundi but prox

imally it broadens transversely alad becomcs concave

anterio■ly for thc uppcr end ofむせ radius

The forefool of C″ 2 11夕裕″″″杏 (Phot。  19)is

k■own from a nuEEbCr Oi specimens   lt was flttt

correctly described and figtred by OsbOrェ  (1904a)

b a s e d  o n  a  r i g h t  n t a n u s  o f  A M N H  8 2 3 ( e r r o n e O u s l y

l a b e l e d  A M N H  9 6 5 ) T h e  c a r p u s  o f  t h a t  s p e c i n d l■

was compared to two blockllke elen■ entsi thc larger

one fltting closely to the tolrs of metacarpals I, II,

and lni and the smaller one restiIどon mctacarPals IV
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A New NearlI Ccmpletc Skelctoェ of C″47″,唖 ″′″S

and F`  The Phalangeal formula of this fOotis 2 1 1 1

1)、vith the First digit endilag ila a large claH  In at least

one instancei USNヽ 江 13786,a small rtldinentary sec

ollrl phalanx、マaS fOund artictliated to phalanx V l ln

Aク″わM″″杏 わ″本″夕(C 江ヽ3018)I Phalanx II l exhibits a

gioove on its distal surface ilato which a similar

rudimentary sPhcrical pllalanx was fotlnd producllせa

pllalangeal formula of 2 2 1 1 l A very sinilal Phな

Ianx 、Tas found disarticulated with the mantls of

C″″4r磁 ″l ls FL2″′容 YPI1 1910 Whdher this is I1 2

or possibly ｀F2 is not【 no、マn  Tlltls dI「 complete

phalangeal formula in C″ 7j″2‐2″4 rsis either 2 2 1 1 1

。r21 1 12)。 r possibly dle exlstence oF hese rudinen

tary phalaコ=ぃ maF bc variable  Other、 マise Osboin's

illustration of the manus ls correct except that the

metacarPals there figured probably碑 read out a bit

too natlch dlstally F。 。tprints sh。、マthat ule metacar

Pals were oriented almost vertically, producing a

digitigradc manus

Controversy also surrounds the correct determi

nation of thc t、vo carpal boェos A71。st authors term the

larger nedittl eloment thc tradiale" and the smaller

lateral onc thc tuinare Ⅲ  Osboin(1904a)claimed he

l z l r g e r  o使w a s  a  c o n l b i l a a t i o■o f  C  l + C 2 + C 3 o f  t h c

second ro、 T, 、マhereas ttte smaller one 、 vas the com

b i n e d  C  4 + C 5  1 t  i s  n o w  c i e a r  i o n  t h e  a l m o s t

Pわ カヱθ Aの ″ったた″り子ル ″ナルげ立●″あ督 ルタク″LYカ

筋″げ 〃″夕た″ク″な

manmalIIke close articHlatio■ oi the carpals witla tlle

netacarPals that Osboln was correct

Tll・ “radiale'(FIP口 re 64)is somcwhat thick,

slightly oblong and fiattened dorsally and ventrally

The proximal diameter is less than dlat oi the distal

]A』 LE7 Cθ コ犯Z4P42YfE 22f●
‐
4Sと ,毬殉″D↓ 2S ll● ″ l″gs

(au mensurcIIo■ts in mコいmctcrs)

COヽIPARATIVEヽ IEASUREMENTS OF HU心 江ERI

C旨 ″″あな    Cゥ      C′ ″″rs″

GMN■ 101 AMNH 823   BYU 9047

lヽEASUREllENTS      %OF LENC]1   %OF L ICTl    %OF LINC]1

CF″ ″7j・   Cた ″筋s   CF.″ F ts

YPヽ4 1901   YPM 191o   Cヽ 111338

%OFじ GヽTH  %OF LEM]I  銘 OF LENG]H

Lelafth

Breadth卜 proximal
Breadtt shaft

Bで addI卜 distal

Least ctrcumference

1018  100

369    36

149   15

281    28

450    44

1130

385

170

297

472

890  100

380    43

144    16

274   31

394   44

545  100

250   46

95   17

199   37

270   50

435  100

210   48

160   37

COMPARATIVE MESUREMENTS OF FEMORA

Cg″ ″あt   C浄 確″″本   Cル ″筋s    Cル ″筋s    t~ ″ ″l ls

CMNH 101  YPM 1901   YPヽ 4 191o   l‐ M l1338   DIN0 4514

MBヽSUREMENTS          %OF LEN6]1    %OF EN6[H    %OF LEヽ C↑H    %OF LENeri    %OF ttNrJTH

Length

Br●adth  proxinal

Breadth sllai

Brcadtll,dittal

Lcast ciКumference

1180

390

210

382

514

750

246

133

229

3 5 6

100

33

18

31

4 7

570

215

100

175

269

1470

482

252

440

710

RATIO:HUMERO― FEMORAL LENGTH

EヽASUREMENTS

aた ″筋s

YPM 191o

Cル ″放s

CM l1338

C即 ″″本   Cョ ∽ ″な

CMN■ lol  YPM 1901

LengLh Of IIumerus

Length oI Fena【I

Humerusに昭un/FFmurに nまh

1130

1485

0 76

890

1180

0 75

545

750

0 7

21



卜Iclntosh ヽ江1les,Clowald P■ rker

dian■eter  The proxllnal face slopcs ton the mcdi■ 1

edge do、マn tO he lateral edge,、 ▼hich is collsidCrdbly

thinller and more cHrvecl thalュ the rnedial edge  The

medial edge has t、 マO SOm● what flattened faces that

iille tlp fitlsh with the medial side of mttacarpal l so

as to articulate tightly wilh the toPs oi netacarPals

l, II,and Part of III(see Mclntosh NI111leri Stadtman

and Cillette 1996)

Tlle proxilI■al ends of each of tll・1コctacarpals are

very rugose with d● ●Per grooves anteriorl】  (Figure

65) The prOxlttal ends or both metacarpals 2 and 3

aic trial■qular in dorヽ al vie、マ  4ヽetacarpal l has a

ndarl】 triangular Proxillュal cnd 、マitll a broad, flat

lateral suriace below the proxinlal end that alticH

lates 、マith the tlpper portio■  6f rlla medial face of

metacarPal II  The distal end has very defined coュ

drlcs and is some、 マhat rugose  Mdacalpal II ts the

lolどest alad most sicnder Of the tlarec, having a fizlt

surfacei laterally and medially foi contact ヽ fi血

mctacarpals l and III  ヽ 江etacarpal II has a lateral

surFace with thc posterior edge broadcning iaterally

at the proxjlコal clld for artittllatioll with rhletacarpal

III  Tl■t dlstal end is ruFose and expanded tranCver

sely)molc thall metacarpal I  Motacarpal III has a

large,slightly concave lateral surface wln the upper

anterior cdge broadenill=laterally The anterior face

of mctacalpal ll is brOadtned and has an■ lIIIost flaし

・■u Face  Only the proximat half of tllts metacarpal

、Fas follnd

a 4ブ班ど F

]″う4S〔'7ぞ動″DfIS OF Ptt yょ acコ そDとご

(a■iどCamremcII iヽn m■linで使rs)

ELEMENT CMNH 101

T h c  P l l a l a n g e s  t h a t  w e r e  f o u n d  w e r e  s c a t t e r e d

Fヽith the rest of the metacarpals  They 、FerC intact

with niLmal fractuttng and no crushin旨(Figure 66)

Comparisons with YPAI1 1910 and Osborn's(1904a)

discusston on dI●  inanus()f AMNH S23 1ed to the

placclnent of the phalartcs as llstcd  I)halanx II l is

eastly identificd by its ratllcr【llobby antcrior protn■

siolls, the larger onc s、veeping to the nedian  Tlle

lateral facc is corlvAx   A definite colュ cave curve

behFcen the tヽ マO prOtrusions Provides a site for pos

sible articulation 、マith a “button" bet ecn the t、 Ho

knobs  The proximal artic● lar Strfacc is sliFhtly

c。コでave with a thin lip around the distaledge A ridgc

on the diCtal end of ヽ 江ctacarP■ l II appears to ■ li=n

laterally 、マith thc articular edge of Phalanx I1 1

Phalanx lI1 1 ls smaller than I1 l and llas a box】

appearance   lt is mole rObud medially, tapering

laterally to a slight edge  The proxinal articHlar

surface ts convex  Both do■ sal and vcntr■ l sides are

rathcr flati、Fith the anterior end bcing slightly rtlgosc

lhe manus ungual 1 2 is more elongated and lcss

curved than those oF the hind foot  ln this speclmen

the distal end is vcry lough and perhaps llot colllplete

ル わた C,頼 ]で

of ule six pelvic elements(Fittre 67),tho l‐ ft

ilium is lnIIssintt in GヽINH 101 alad the other five bones

have suFFered some damage  They exhibit no signifi

cant differences froIII血ose of a slfF″″な (OSbOrn

andヽ 4ook 1921)、 マhcrc detailed descriptions arc given

of the llldividual bones  The right ilitm 、 vas fomd

マヽith thc dorsal edge of the bladc directed do、 マn、Fard

and the ventral stlrfacc of th● blade exposed  lt、 マas

some、マhtrt 、veathered zlnd had moderate flacttlring

マヽith Only the bladc Preservcd  The right illum iacts

the po,tion bchind the ischadic Peduncle and all of the

pubic lleduncle

The lllum is a Plate oriented in a vertical position

On its medial side are ridges for alticulation、 Fith the

five sacral ribs  ln front of these the plate is bent

gently outwardiForming the tFpical exPanded anterior

lobe of sauropod llia The pubic pedtlarle、 マOuld havo

been dircctcd do、 vn、ャard on the vcntral margin a bit

forward of thc midPoint of thc Plate  lt 、 vould havc

been mu h iongcr thala the ischiadic pedtlncle  Tlle

preacetabular blade is modorately thicki but behind it

the Plate becomes very thiュ, ュlld, aldlotleh oien

dztmaged in other specimcns, it isヽ すoll preserved here

はee Tabic K)T旋 11lum rcsembles that of Jψ ″的M″′

内す but the preacetabular blad「  is mOrc expanded

vertically Cloarly defincd carnosaur tooth inarks can

be seen along the posterior rid_rc

The right p■bis(Figure 68)was found lying on top

of the right Femur  AIthough slightly crtlshed and

fracttlred,it is nearly complete,missi〔電 o■ly a Portion

RICIIT ILIUM

Lettth J mJt pmt artcuh10n tu stha,arjmlよもn

lいかt iom acetabdar crest to doへ』matth

Heint of crett to pubC ardcWajo■

lEFT PUBIS

Ltt pllLtt arbcdar ttrttce for面un tt d寸』はttttty

Left pub bヽr●4dth OF d tヽal extren4ttV

RICHT PUBIS

Rtght whs arucuar sulace for ltum tO古“』はiremiⅢ

R ght ttbis bでadth oどdttlal extremity

配 FT ISCIIIUll

l n itthm antuar ttltace for‖hm to dlstaぶtremi】

LeF[lКttlun aituar suttce f●r ttb 〔ヽo dstaぶ tr価ty

Lcft itthium iength oF pubic arjcllatio■

l eFt ischium breadul of dittal extremi】

RIGHT ISCHIUM

R gh iwhim artct ar surace lul l um to dヽtal extemiけ

田gh`iNttum a ttuBr surace l l pllS to前、d extreniF

Right(cll■mに コ事h●I Ptbic aricdato■

Rifllt ishium blFadth of di・tal extlemity

430

320

5S0

780

390

820

355

875

950

360

142

880

990

330

145
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。F the posterior edge The left PHbis(FIgure 68)was

f●tlnd lying on a section of the caudal seTiesi crushed

and fractured along thc iliun articular edge  The

dstal ends of each Pubis are very rugosc and slightly

expanded   Thc shaFts are rlHitc br。 江di sweeping

ctlncavcly to、マard tll・ ischial artic■llationす and are

relatively shortcr thttn in the dplodocids,、マhOSe broad

もhaFt narrows less abovc thc distal end Thc an■ liens

roCeSS,So prominert in D″ わ″οCな and B″拘M″ね ls

DOt deVeloped  Both pubes are damaged at the prox

hal ends that conl■ ect witt theilia The nature ofthe

― eWati011呼 ests that the missilag portion may be

atttbuted to scavenginど   Thcre arc suggestions of

both mar【 si thollgh the marks are not is、 ‐1l defincd

3S O■Other elements  The remainder of the bol■ 4s are

伍 ri) マヽ01l prescrved alld tlncrushed

Thc tei ischitlm(Figurc 69)was fomd unttr thc

rOXinal end of the le■  pubis and on tOp of tl■ n

gterior caudal  series,  it is comPlete  al血 ougll

悦 cturcd  Tk right ischum (Figure 69)was foHnd

FP● IldiCular to thc distal end of tlle l● ft ischinml

おitt parallel to tllc ri=「It FArlltu lt is consid●rably

臨 ctured and is missing its Pubic articHIation  The

ね fts of each are nearly straight, 軌 owillg some

dbrsal archil〔 with oュly a slight expansion at the

抱 al ends  From thc shaFt the iscllia broaden to

‐ uculate 、Fith the ilium  There is a wide rdargin of

mculatio■ 、rith the pubes  They are heavlly rugose

OE all margins The two軌 afts mcet dittally edgeto

age rathcr than side to sidc as in ■ ,″子。S″″′″否 and

rre not found coossificd  The distal ends are not

α panded at zIII in contrast to つ ″わsα″カバ and to a

bミ ,r deダoe Dつああcパ and』 ″拘影″l ls

閉 ″″と777ち(PhOt。20)

Thc hind lilllb is representcd by all three lcg boncs

コ問 a lFarlF conPIde pes of the rigⅢ t si礎,all in a

守 rb state of PreserVation  ln addition there is the

臨 d of the loft ftnur and a fe、マbones lli the left pes

me left Femur head, badly crttshed and eroded)、 vas

bjnd ncxt to the lei coiacoid and on top of the right

n b s  T h e  w e l l  p r c s c r v c d  r i g h t  f e m u r  w a s  f o u n d  lァi n g

説 r ttt right pubis(FigHlc 70) Again, carnosaur

bOth harks can be seen  The paranel gr。 。ved pat

― s appear to matcII ulose fouコ d else、マherc oコ this

8pccinen;ho、 Tcver)the Femur has morc sittt than any

mer b6nc six distinct areas oコ the dlstal end can be

rntified 、 マhere bites occurred

T lc robust Femur has a ttraight shaft and exPand

ed endtt ln cross scctioi the Shai is elliPticaI  Tlle

latcral maむ ne却 ands a bit out、Vard at tlle dittal elld,

m lontinues unifo■ lnlァuP、マardヽVith a sllgllt b■lge

●HLHard iust before reaching the greater trochanter at

畦 upper end Thで nedian margin has greater curva

価 ei coコ、tricting more inward at the distal cndi curv

A New Nearly Complet「 Skeleton of c‐4″″″杏″″力容

乃 肋 Z 効 ビを ″ 脇 ど わ″タァ を 切 ″″た″ o″ ル●

静夕たわ″ A″ ヴ ″″ 夕た″α″おク4L θ々 車″′′おo″ビ

ing upward and more abr■ lptly lngvard at the head

The transveぃ o breadth of thc proxinlal end exceeds

the antero p● sterior dimension   The proninent,

rounded head rises woll abovc the=ieater tl ochanter

As in ttll sauropOdS,visvcd iona above,thcre is

no notch bet、Teell thc head and greater trochantcr As

in all but the earllett sauroPods,the leser trochanter

has completely vanished A、 vell developed vertically

directed iュarr。、マ ridge, located on thc posterior face

nearly at the medial ettc, represents the prominent

fourth trochanter The lo、 マer end appears at midshaft

and continues upward to about 2/S the lentiL of the

bone  Well dcvcloPcd tibial and some、 マhat Smallcr

fibHlar co配 yles are present on the distal end of the

pos[erior face The tibial condyle ls locatediuStinsidc

the medial nargini 、 マhereas the fibular colldyle is

medial of tllA lateral marttin  The anterior inter

cond iar=Toove is very prominent

Ttt Ca12″ ・r7tr7″l lS fcmur is much more robtl式

(see Tabに I)than ttat of"助 ″わ力●″S bllt narrower

transverscly ttnd broadAr sagittally than that of β 方ク

ご″=o磁″ヵ4,  IllCrC, ill additioni the bulsT●on ttt upper

part of u‐ lateral margin is ntlch more pronounccd

Tlle closett rcscl■lblance is to hat ofつ ″体 ″″′仏、but

in that animal the head rises only slightly above the

greater trochanter  ln addition】 the tlpper end of the

greatcr trochanteri indead oF sho、 マing a bulgei has a

gentle outward s、 veep to givc the、vLole bone a hint of

the sigmoid curve of tlle prosauroPod fellnur Notable

t o  t t t  G r h I N H  1 0 1  f e m u r  i s  i t s  o v e r a n  s i c n d e m e s s

compared to any other knomm femtll oFths genus(see

Table r)
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■ヽclntos l い■1lcs Cloward Pa,(er

Thc right tibia (Figure 71)was Washed

do、,1lstrean fron the skeleton and ヽ vas dcposited

、すith the fibula and several associated foot elencnts

Thc tibia is woll preserved、 マith llaininal crrshing and

fracturing  lt is quite inassive)being ()ver half the

lengin of thc fcn■ ur 、マith a  64 ratio   Thc ShaFt

straight and robust expands at both ends transverscl}

、Fith treater expanstoll at the Proximal cnd  The

cxpansion of the distal end is dtle largely to the

out、Fard curviコどof thc lateral margin of tlle bone lt

too resenables that of 441″ ゎャ″力否 but is relajvel)

morc robust and PosscsSeS a noticeably smaller

cnen、ial crest that arises on the tlpper Part of the

lateral n■argin on thn anterior face of the bone  The

distal end is verF rugose and contoured,matching the

colatouring of the astragalus   As in all sauropOd

tibiaei the median halす  of the posterior face of the

distal end is nlarked bF a shOri vertical colmn that

Fits ilュto the dorsal surfacc oどthe astra=al【お,locring it

in Place Viewed from the iollt the distal ettc of the

tibia ts llearly straight

The fibula(Figure 72)、 Fas found next to the tibia

The disじal ends of thc Fibula and tibia、 vere lll close

proximity,  and thc astragalus、 ,■s fOuld llcxt to ula

dittal ends The straight siellder fibula is a bit ionger

than thで tibia  lt is expanded anteroposterio■ 1丁 at

both proxlmal zllad distal ends  The shaFt at the

proximal end does not fit irlto the sToove providcd by

tl■t cnemial crest and sllaft of じ he tibia as seen in

manF din()satlr restorations but takes a more lateral

,Osition   Thc distal elュ d is some、 マhat exPanded

transversel}, マヽith its pointedi inxvardli directed Pro

jection fitting looselr into the broad concavity oll thc

lattral facc of the astragalus Coverillg the upper end

of the nledial strface are triangular musで le scars、vith

the apex of the trianglc at the proxinal end  The

scarring extends doヽ Vn to a sli=ht anterolateral buige

The bulge dlat is Present at the l()wer tip of this scar

rcsell■bles that in C g/α″″本 YPヽ江 1905,bHt is iess

pronounced than in C た lltt YPM 1910 A Prominent

btllge t、マo thirds or dle way HI on tlle latcral stlifacc

marts the attachnlollt for uac flcxor digitolum longus

(Bolsu【 Bialynick■ 1977,p 40)

Of the tarsusi  olaly the well preserved right

astragalus remainsi althotlqh unllke thで  diplodocids

のウわ″つご″,a″ rss,″憾 ,Aル わS″″施 ))Where there is

no ossifiecl calcane■lmi this rugose spheroidal element

has been found ill several other specimens of C″ ″″ク″

恋ク″′,s nalllely in C ル″ytt YP Ⅲヽ1910 and CM l1338

and a camarasaur on thc cliff face at Dinosatr

N a t  o■a l  l l o n u m c n t i  D I N 0  4 1 0 9  卜I a d s e n ( o l a l  C O n

lmmicatio■ )reportS Calcaコ ca from the Cleveland

LloFd Dinosaur QHarrr and an()tlral unnamed locality

in tlle San RaFael S、マell

Thc astragalus(「 igttre 73)n■atChCS C,mpletel丁

that of O車 o″″S YPM 1905(Ostrom and卜 Iclntosh

1966, P1 78) It 、vaS fOund directi】bclo、す the distal

ends of the tibia and fibula-lsヽvell Prcservedi aiュd has

l10 flacturing  lt is rug()se on almost all surfacesi

having a quadrilatcral shape on th●  lo、icr surface

Fヽic、vcd Floin tllc front or back its shapc is triangHl■■)

、vith(1)the horizontal leg l丁in=just belo、T thc dlst?1

11 algin of the tibia,(2)tllc Sh()rt lateral cdge procced

ing do、,1)ward fron it,and(3)the diagonallF directed

lo、ver margin oF the astragaltls siantthビtlpH ard from

the bottoll of the lateral aPex to thc inller margin of

the horiz。コtalleg The dis[alface itself is convex and

docs notin any、、江y fit oiュto the tOp of the netatarsal

as the carpals do in the forellmb ThHs the,。illt is

verv lo()se

Despite the c●mmoiness of C″ 771クスな′″″i a Com

Plete pes has yet to be described and the Phalangeal

fornl●14 haS llot yct bedl■determined  ln describilaF

the articulated skeleton of C 姥 ″↓A CM l1338, Gll

more(1925)stated thatて Tllc hind root of thc leFt side

is tb●n■ore perf●ctl了preserved  The five metatars■ ls

arc articulated and thё  phalanges of the first threc

digits are all lrreServed)but sli岬 ユtly disturbed  lt

sho、vs that the First three toes of the pes bore terminaI

cla、Ts 、Fith a phalanゼ ealすoll■lula of 2,3す and4  The

other Phalanges are missiig, 、 マhlle the risht foot

・ho、,s a proximal Phalanx on digit IV''  He atso

、“rote そ A slllall ro■1ュded ossificaじion attached bF

matrix to 血 e outcr ●lad of the lま t rl、iragalus mar

represent eithcl the calcaneunl or a tarsal of thc distal

row Ⅲ In a PartiallF articulated pes,BYU 9482)rensen

(1988)ciaimS to have found a vely small rud iコ entary

cla、v of digit iVi、ャhich、マaS unfortunatel丁 lost during

c。1lcctiola ln tlle as Fd tllltlescribed articulated skelc

[on of C ″ 77体 USNM 13786】 the articulated Pedes

are nlounted as found 、 ■ith no phalanges restorcd

The nlore nearlF c● mplete right Pes contaills the

astragalusi netatarstts l to W and a phalanfeal

iormula of 2 3 3 2 1)、rith cla、マS On digits l to III;no

rudimentary● law on digit iVi and a“ buttonⅢ on digit

V No pllalanx was found betweellII1 2 and thc claw

ln tlle  apparclltly con■ plete  articulated  Pes  of

A,″′t■t″″'7杏C 江`S9,the phalanttcal forn■ lats23421

with the same tiny phalanx on digit V

I n  C Iヽ N H  1 0 1 ( F i g u r e s  7 4 - S l ) 2 6  f o o t  b o n e s  w e r e

Founcl totallF disartictliated H ith nany of then widely

scattered throughoHt the quarryi btlt some cluttcred in

dle gclleral vicinity Of the right tibia and fibula)、vhich

had been carricd far do、 vnstrcalna fl on tlletr oritinal

positioll(see nlaP) In addition to the left “ radi■le"

and right astragalusi there are nine lコ ctapodials卜four

claws,and clev● ll phalanges ThelI■ etaPodials incl■lde

the thicc leFt me[acarPals alreadv inentioned as、 Tcll

2,



t h e  c o m P l●t e  r i g h t  m e t a t a r s u s  a l l d  i e f t  m e t a t a r s a l

The unguals inciudc lert I1 1 。f the manus and

EEMENT Lengul

。F digits I卜 II,III of he right pes T、 マo pzlir of

Pllalanges are identified as 1 1, II l iom

pedcs  T、vo n■ore proximal phalanges reltrcs●nt

皿 l and rittht IV l,whereas the rcmaining hvo

to the lIIamA The thに o internedizlte phalan

are Fdentified as right I1 2,right II1 2,an llefとII.2

Unlikc th4 manus, thc Pes w公  磁mⅢ lantigade

■4A proximal ● l■Kls of dls five n■ ctatarsals

in a semicircular pattern  The bolles are

dOH7rlWard arld for、 vard, their dittal en』 s

froIIl one another mHch n■ llre than do tlle

lhey accord cllmpletely with those of

g確 ″″S(0苺 rom alld McI成 osh,1966,pls 81 to 85)

ints confirm that a fleshy pad 、 マas present in

hcel slmllar to that observed in elePharts  For

。Fdぃ criPtioII,metatarsals l to IV nlay be

comPared to prims inth rectttlar ends so

slx faces are recognized  in addition to the

and distal faces,thrre are the anterodoぃ al,

posteroventrai and medial faces  Metaiarsal

th●Shortest no 11 longeri no Ш  the lorjgest,■o

,andno V・ holter tt11l TIIs contratts witll

曇4Eとご二一lrmSフ R動 ″D↓容 OF F00Tコ 3N蕊

(all measurem● nts h n■ lmで teぃ)

RIGHT

BEADTE MEASUREMENTS

ProximaI    DIstal

ANぃ ,Nearly Cona,lctt Stcleton oi C″ ″″′肉″″否

8

280

324

148

172

52

174

193

53

135

223

42

*22

97

204

33

166

268

106

92

65

78

88

67

52

80

77

58

41

81

77

66

the diplodocids, 、 マhcre the metatarsals increase ill

lenまhfIom no l to no IV,and althoH=h V is軌 orter

than IV, it is dill much iongcr in conParisOn wi`h

Cク″″″″な″″″本

The first netatarsaI(I)iS the most robust,with

hc trroxln■al end sloPiェg tlp to meet the attragalus

and articulate with metatarsal II  Tho lateral lengtll

is greater dlan thc medial lengua   Tllc distillct

articular surface curves Posterioily、 vitt mme lobing

on thc PosteriOr eclge

Metatarsal II is eroded on tl14 allterior face and

fractured slightly me prllxinal end slopes up later

ally and flares distally for articulation、 Fith mctatar

saI III  Tlle shaft flares、FidCr at tk distal end  The

articular surface for the proximal phalanx is II ore

anterior  Thc thrd metatarsal is thc longcSt of the

five、 、vith a long slender shaft that is expancled

transversely on both ellds(see Table L)The anter。

Proxinal facc is concave across the flont rnedial edgA

There is a broad Fiat surface latcrally for articulation

、vith mctatarsal IV   The distal end nares more

n■edially than laterally rhletatarsal IV is shorter than

III and s、マolls transvcrttly at botll endS Thc ProximaI

end is sHbtriangular in shapc The dlstal end is more

LEFT

BREADTH A/1EASUREヽ 江ENTS

Lcllgth    Proximal     Distal

: 【ヽetacarpal

: Metacarpal

: Metacarpal

Uし Sヽ 一
　

一　

価

　
一　

一　

８２

５８
　

一
　

一
　

一
　

一　

一　

８５
　
二

一
　

一　

坊
　
一
　

一　
８２

６２
　

一
　

一
　

一
　

一　

一　
８４
　

一　

一

一
　

一
　

一
　

一
　

一
　

一
　

一
　

一
　

一
　

一
　

一
　

一　
硝
　
一
　

一

一

一
　

一

一

　

３５

２２

６３

・５

０２

８５

６０

１４

８７

７４

５０

１４

８５

５７

５．

一　

一　

一　

一

一　

一
　

一
　

一

1 4 8

9 6

9 2

87

94

I

I

I

I I

I I

II

II

II

III

狙

III

r v

I V

V

4ヽetatarsal

Phalar遠

Phalanx

N/1ctatarsal

Phalanx

Phztlanx

Phalanx

Iヽetatarsal

Phalanx

Phalanx

Phalanx

MetatarsaI

Phalanx

A/1●tatarsal
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Pl lt 22 ~l` 7gl rヵ ″″ァル,14"″ ″′″ク″フ″″″/

ルtr″″サわ″ル ルで筋み Aわ ″ れ夕″z力と“ァゲ 汚4,″C″A

サ t″ビαご″ “ヽ■,■″ 把バ ,′セク″″″ l17の ″2″ 容 `″か力r7
●り″″FL″″g r7クル″″, 動 `力 ″ビわ rl c,す″ナヴ rl″方442″/
本乃″′り,力″ α″″6ク″″″″g,″ ″″才rl″

P2,わ ● llr rtllゲ rlrC Calnara、aHrus sttlt力″′革α″かlF F

っ″ r72`/7t,ん と印ブ″gり ″″,ァゥ″々 t7`“″″″な′rtFtフあ とっl12
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"r立 ′たIt″
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A Ncw NcarⅢ  Compに te Steleton of働 ″″打wz布

。nly slight protrusions on the

dstal cd=e

V is the mo立  distincti,こ of all the

Its fan haped Proximal end llaro、 vs

a short shaFt that ulen ttFells slightly to the

Ostal end  The medial surface is nearly flat

lateral Face more convcx  This lntetatarsal

to numberIV with its=reatest span extend

o■ly  lt is distally rugosci al■c there

protrusion ()n the anterior near tlle vcntral

I l is long mcdially,、 Fith Small protru

1lF  Tl■ t distal artict1lar surface slolres

and back posteriorly for ttticulatioH 、 ■1血 tIIn

Tlle ventral side is rHgosc  halanx II l is

more詢  血an 1 l  lt has a broad, lo■ =

stMace alad is rOtlnded zlcross thc anterio■

to thc latcral side  There are sinall protru

alth● distal ventral edge、Fith SOmc rugosity ola

sidで  Distal phalanx I1 2 is sn■ all and

,nth a narrow edge mediallyi exPandilag later

a fairly flat lateral face  A small,こ gose distal

ventrally back to、マard the proxinal phalanx

m l is sinilar in sizc to Phalan【 1 l but has

proximal edgc and is more lobed on dIS

cnd  The mcdial edge ts nat with tllc dorsal

sloping l■terttIIy

The B1 2 phalanx is sDlall and oval and has a tIIin

medially,is concavn dittally卜 and has a widc flat

laterally  The distal edge s、マOeps back to

te 、rith phalanx とI1l   me ventral side is

The distal end is also slightly concave for

tion、マith a small un=コaI Phalanx IV l is tlle

。i the PrOxinal phalattes witi the proxinaI

convex and a flat medialface The dorsalside is

dedi slolriIどto the lateral side

The nlst un却ュal ls very larttc and robust,having

ider margin of articulation than the distal ttrface

the pllalanx  lt is rugose on tlle proximal face as

as on the ventral Posterior surfacc  Thc lateral

of the ungualis more convex tllan thc mcdial

A groove runs the length of tlle ungual on thc

faco A smali grooマ ocloser to tlle ventral face

。n the mcdi■ lface Utttt]II is smaller than I,

sherter and not as ,obutt  lt is also convex

ly and has zl gr。。Ve on the lateral side

Ung■al III is the smallest of thc thrcci bcing only

the size of ungu41 11  1t has tlle sane rugoslty on

Pた。rt7 27 酪 tc″ ン2夕、●J,″ 力 ′″″″g trゎ ″タセsわ″″,″ o″

た 本̀ ″た Cあ わ″″容わ″″ち″留″タルマs々ltわ″″cクタ″ カル

″o″?″″っ″Fわ 統 ″放ア′哲 ″″,″ ″″″ 12″ わ ,力″

r7。rt7然  【 ″4 tF″伽 ″″〃 ク″″Zンね″た 降 とう姥材″す″r

フを "777″ を′ ′々協 rf″ 立z″タル″“″太 五 ″r7″″ s,″です

〃″″ぃ才ルすたル・S′Aわ ,り α″

r‐7りわ 身 娩 物 的 w″ ,″ ″万な r 1 7竹″筋 な 効 般

うo″ 苺  仰 夕″ ン″″た Zわ /0 ″ 夕 花″″ B“ ″ 容 タ ヴ  れ “ブ″ ″ 〕

万““'″″″′″ ●θ″″"o″

and has

dF rroxlnal end, and the lateral gr。 。vc luns tllc

町 h of thc umlal

All nttrient foranlina oェthe phalanges are ven

mi  The rugosity and ule foranen are verF diStinc

醜 feattlres on he ventral sidc of cach Phalanx The



distal clュd of tile metatarsals is rugose and tic ull

guals are dist■1lJ r【【ose Acccrdll=1】  thc ph■1■■■ts

that are bet、Teen the t、千o are dist■1ly ruFose as、fell

A sin■1l groove bet、,ccn th●1●bint on the posteriorl丁

distal ends of thc metatarsals appears to be a llttrient

fOranュen   The phalanges also haic thcir rugosei

foramei、bca111lg sidcs d()、in  The distal Phalanges

ride ili the center of thc Pr。、imal ends Of the ullgu■ls

The ulltruals' pro、1lllal edges are expOsed above and

belo、ャthe surface of tinc Phalanges

Preparation andヽ Iounting(PhOtOヽ 21-40)

Prepalatioll was dirtcted Ъr Rて)ュINIjos and Cliff

江ヽIles    Nll〕e f、11l and i、ti、e parttimで  で11〕P10iCでs

rcquired 23 nぅ。1lths to cxcarate, PreParc】rtnd m()ullt

the steletoll  ■ lle bones 、、ere glHed and hardened

IPhoto  28) using  pol】 マ111】l  acetate (Vinaci

Crallo acr】latesi and pol丁 ester and epoxr fillers

DifficHltics、ャere enc●Hntercd in thc PrcParationて 】f the

naidcervical vertAIJrae dorsal nellral spines and sacral

llcural sPilles due t。 、ve■thering tllat haよ 、re■kelled

tic cicments collccted lle■I tht surf■ce  These bones

マヽere broken into h、indrcds of fraglllclュts(Photos 29-

30)i cach of fヽhich re(luired caret■11●leaning and reas

s e m b l t t  l t  w江、d e t i d c a  b y  b o t h  CヽI N H  a n dヽV P L  t h a t

■1l of the skull elelllents)cerTicals l)2 and 3, their

respective ceritcal ribs、 the right felコur al〕d nti〕● oす

the pathol()資ical caudals 、+Ould ndt be ■sed ill thc

inount bccansc of tlleir sciciュtific inlportancc  Casts

、Fcre used in thefI Pl■ce(Photos 31-32)

lAl●unting was directed by R()n ぶ江1)  ヽド111)10。(

great e■re t●inc()IPorate as llluch steelinto the skel●

toコas Possiblc、Fithout cOrュProlniSing thc il〕tcgritすof

thごbones(Phot● 33) A T shIPed platc、ras fashil)コcd

t。11。ld the cervical veitebrac i【l Position The dorsal

sacrar and c・・dal icrtebrac、、erc drilled The d●Is■ls

、Tcrc arilled、Fith t、ro holes to keep them fro■、rotat

ilュgi and thc caudals、icre drilled 、vith a sinどle hole)

、Thich、Tas leduccd in diaineter ill s(lcCeSSivel丁sll aller

caudals  Tlne lllコbs have steel incorPorated throllgll

thetr long axls  Everi rib hュs steel att■ched to its

nteclial surraco(Phot。34)■sd()thC pHbe、 ■nd isclli■

The end result of all the intclnal stcet is a sp●cl■●n

thit is very strollg and stable  IIaFill=tiュc stect inter

i〕al to tllc skclct。1l givcs it a Fery neat and clean

■ppearance

Usilag casts frol・a other indiFiduals alld inodelillg

bones racilitaterl restoration of lntissillg ●lcIコents

Color rcstOration (Phetos 35-37)、 マaS Perforiled

using acryitc pigmel〕ts   All s(1,faces 、すere sealed

マヽith P01rVinrl■cetate■1ld clear fixatives  All of thc

bol〕cs in the skeleton、マCrc givei〕a final inspectiOnて。ド

anI Problellls befole the fiIュish 、■()rk was c●mPlete

ぶ■cllltcsh 1ヽ1les Cto、iard Pゎ rk■■

F■,市,p rt″JF卜 j―母夕とⅢよ,,4″,セど″"J'“,前lF f,「" rl,″j市“
打さg″!Ⅲ,Fbり1●rlrrⅢⅢ″′!,ド■r千iアを1,"″rrわ●I加 Ⅲゥt」
例 nりⅢ Tl,ゎ た,1↓十ぃ,り1,′】“作"■Ⅲ沈r"n,,″  lri tl
“ コ ″ .・ ■ ■"l hFV"|ど F“ JH",ff rコ ィホ 泣 が 十丁 Ⅲ Ⅲ "り ″`

F"●力 ,7  ′ て″′r θrtt,″ s`汁、モ ″ 立 ″ll αた′77`″な 力′
′,′,!汀″̀ Arl(ァ ′″“Sれど′̀ ″″″″た■で″″s力"″ s/り'″″″
夕とルr,″ル、111っで,,s、rl  々Tl本 ″7′ ル7"ゥ″ ″ビ̀″'″!r
rsio″ヤあ″丁 丁″"″ⅢJLたメr″″̀″A

Pわわ Jユ 景″″ lF 、ⅢⅢ″方T r″ ″イぶ`″わ′|″14′J ′,!
Camalasaurus立″′rヵ′″″。ltF'`As● ′″ wslヶ ,ゼS'〃′
本″,″,,Ⅲ ″′ナれ″′いァ"ψ″″わど サ″″″なわrク 夕ヽ″とを′
丁″4,, fFr″′ ″′,771″な わ“●ィ″、“ ヤ 本 ″″ィ̀,sか″″甘しス

2S



rcF″ ″a,s YP卜打1905,in coDtradistil■ution to those

r the types of C 事 `″あs YPM 1901 and C た あ ″

BYU 9047 The chevrons of Cヽ 4NH 101 resenbに

thOse OF C Flt‐ ″あS YP心 ■ 1901 and 1905,but differ

arom those of C ル 仰l.・,

The unfortunate loss of the centra and lて ,H er

parts of the neural archcs of the anterior dorsal

■c r t e b r a c  o f  C M N H  1 0 1  m a k c s  i m P o s l b l e  c o m p a r i

sons with C事 こ″あヽ■■3CF● ″″本 in a rettion where

ther di“ er the most Some insight in[o difttrcnces

bet、veen tllese species is aFforded by comParative

deleton、 マas desit■aed to be asselllbled in ten

The nlain bod)ヽras liftcd、rith t、vo electric

thZlt マヽere attached to the base of thn stele

support ba,s、 Fcrc lloved into 91acc and the

onto the stllsports Each limb(Pllot。 39),

as the neck 、 マas conttrllcted as a sjll=lc unit

1lmlDs are attached they ict as stablllzers

tbe skeleton six Points oF support  Both the

tail 、マcre assembled using a nale female,

arrangement  The llcck is entirely self

Tlュe tail required suspended cables to

&bility The skcicton is 13 59 n■ eterslong and

highi makl■ g it the lar=cst nloコ nted

(Photo 40)

Discussion and Conclusions

。f thでinore interetting features of skeleton

101 are(1)the large llumber and exceptional

of thc disarticulated elements of the

md malldible including the l■ tercoronoids,(2)

e of the proatlas and singic hcadcd ribs of

;(3)thc coalesccn● o or the last dorsal rib(ェo

the tlltn■,(4)the conIPlete set of caudal

、ャithotlt、マid●ly transversely exPanded ncu

(5)aumerOus Pathologies fotlnd throughoコ t

西 l and the fusion of the terminal caud■ lsi(6)the

。f the limb bonesi and (7)evidence of

by prcdatoぃ on the limbi foot,and pelvic

As fllr which specics C″″″42●ク″れな GMNH 101

to, careFul comparisons of the elemcllts of

with those of otl■ er skulis, particularly of thc

lete paratylDe of C ttE″ 抗、YPI1 1905 alュ d the

Comlrlet● DIN0 28)、 vhich has been assi=ndd to

あ あs did not revcal any distingdShing characters

caudal マ crtcbrae closeljr resembic thosc of a

S and C ′ θ41心オ  Cι″″″方なク″2 rS Candals can be

ated into t、マo type封 ■cic assuned to be the

。F sextlal dinorphism― ―those、vith n.■lral spines

expandcd in the trallsvorse direction and

with narrowly expallded spilles  Cヽ INH 101

to佐 latter category)along、 vith tl■c paratype

ANぃ “Near,Complcte Skcicton cfじ″″″“容″″″ヽ

幼,わ解 貴り″lr7tls″″′″客 2た″″さげ れマシ。″″ γ″″

″村 ,″″ザ サ″″S “々″θ″わか242o″″rLュ rrな ″・.マs すヽ|り
れ冴 ンに,″″力お ″々″″″″″ "ル ″″ナヤ″なれ orFcィ′●
シ●̀倒 ,17 ″り″″ナクs マ々たわ″

P″り″o 34 C″てす免44 ″F `'を々り ″Z″ 』"″″ 予セィ説 ィ7●ウ

raれ"″g恋 わ″ブと,″″s(わ,どFET滋44●,マ″′"″″17′りFt″タ

ルで,oわ″″侭才θ″″,″切θ″●っ77″筋rブ27FT

P″っわ3j F″ 177ビ,ガなイア肋C Camarasaurusブ%ル″力けをああ

″″な″容 "め″なわ″,4t7″α″rrpハ″′″″′″ F才″″ゼ々 な ゲ
カ″ハ "c″ ″クク″I A`力 “)″″ルたれ夕7clあヴ c′わ′″否わ″
どすo″
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江ヽclntosh Miles Clo、 rard Par〔 er

n■easuremellts of the hmeri and feinora in Tabic Ji

、マhere percentasTcs of the lcngths are Presented  The

moま rcliable of these percentatF●meaSurenents is the

ratio of the least circunference of the shaft to

greatest length  Tll・  least reliable is probably tll・

ratio of thc proximal bicadth of th●  h■lmcrus to its

length  Thls happens becausl dae greatly rounded

Proximal h■ lf of sa■lioっod htlIII・ri Often bocon■esome

、●hat flattened by compaction、 Fith the result that they

often are artificially n4ョ ■Fied An exanPle maF bC

scen in YPS71 1901   Humeral l■ leasurcments sho、 マ

GMNH 101 tて )be of the sleIIKler variety, along、 マith

AMNH 823 from the nealbァ Bone Cabin Quarry)C

守E″″ふ YPM 1901 and a lFt本 ゲBYU 9047  Thc

htuneri oI C ル″力なYPヽ江1910 alld CM l1338 are more

robust bHt these are bo血  。I subadult aninals, a

fact that should net be overlooked  ln thc femur,

CMNH 101【 s the sienderest of all Again the circtun

fcrence to lengrth ratio of 42%compares more closely

with 44%。fagヶ ″″″本YPM 1901,as opposed to 47%

and 48%in t~た ″F4S Af■11ly adult F●n■ur,DIN0 4514す

fron the saI■■4 quarry as CM l133S gives a simllar

iati。)sh。、Fills that no change Occurs ontogenetically

Thus, although the results are br no mCans ccr

tain卜 Gヽ【NH 101 appears to be closer to C gス ″z″な

than to C 々 lr本″ or C ル %ぶ 、 and we tentatively

asslgn it to that spcctcs  The other currently reco宮

ni夕ed species,C″ ″″み和 ″体 s″,タタ″ヽ 、from vcry high

in the MoIIiso■, is also cxcluded  lt has not been

altogether certaitty separated from α 々″ど宏, It is

P″θ打3a 多 ル″ル ″z″ひ ″ビ〕 予ブ“物′か,夕7Ft●ァク″ブ″gれ で

切lL7″″否わ″冴う″o″2客 わ″ 力ち Fr.ァ 立ザ体 ″″ヵ ″″仰

″"∽ ″ わ あS″″ ク″ョ″クアあっ″タル ″ 肋  ・・′∽ ′わ″
~17本
本抑ゎ ルなク怖仰sあ容″わ ,あσ拘旨″り″4た″夕ZAわ けC

sttt7 2″あり●″ cσわ/rt o力 本 f本 ″夕どo21z`″ 本 ″クィ″i

7わ″、●セ″′ク花″ど,″ 妨′本 ,'車 ″″′″ tF″r ″本 ″容仰 ●rF

動め 挑 C物施 比磁 lF″ひ脇″を ブ ルを応ウ 竹
rr夕水 ヴ ″″容わ夕 ″ャどわ 筋″″れタカ″否 ゎ れ夕slt′
~lな
″容ルタ″″″Sり ありを″″ご″S″とぃ L あな切△″ど″セど

わ r72椛2ため2j
P70r13z BttF″ 72～ ′′否わ″″gc夕 ″″″′″体 Canar

a s a u t t s″″を″″ムJ″ク筋2″“拷″″クリ″″″″々 り,∽/

″″″ a佐 リク″ 筋2わ ″無、′ヴ ″″ン筋ク″″畝″″″θ″
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J"ut 12%ar=cr than CMN■ 101,itself an o d adu【

iom the fH、ion or tlle dorsal rib with thc sacrHin),

8hereas(1 lヽINH 101 ls tlle larg●st sPecimen l)f thos●

Le consldered As stated carlier)、re have some、that

arbitraril丁assulコed that t(■,″αL ″″ア″バ 十ヽith the less

tXP4ndCd C■u3■l spilles and more slender limbs aic

male
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Plates



FIgure l Premaxilla

l a t e r a l宙e w [ C a t  N o

■ 口 ■

ゝ

A Left,lateral view[Cat No 351];B Left,medial view[Cat No 351];C Right,

350];D Right,medial宙 ew[Cat No 350]

Flgure 2 Nasal A Left(upper),dorsal萌 ew[Cat No 355]Right(lower),dorsal view[Cat No 354]|

B Left(upper),ventral view[Cat No 355]RIght(lower),ventral宙 ew[Cゑ t No 354]



■ 口 ■

3 PttfrOntal(Le■ &Right)[Cat No 427&428]A lateral view,B medial view

4 Maxilla  A Lef■ lateral view[Cat No 353];B Left,medial view[Cat N0 353];C Right,

Hew[Cat N0 352]:D Right,medial■ ■ew[Cat No 352]



■ ■ ロ

Fl g u r e  5  L t t r i m』A  L e f t & R I g h t , a n t e r o m e d i a  v i e w s [ cぁt  N o  4 3 0 & 4 2 9 ] ; B  L e f t & R i g h t , p o s t e r o l a t e r a l

宙e w s , C  L e f t & R i g h t , p O s t e r i o r  v i e w s , D  L e f t & R i g h t , a n t e r i o r宙e w s ,

H  Eロ

Flgure 6 Quadratojugal

A Right,medial view[働 t No 420]t B Right,lateral view ECat No 420];C Left,medial view[Cat No

349],D Left,lateral view[Cat No 349]



維   鞠

7 Postorbital A Left&Right,lateral views[Cat No 435&436],B medial views

8 SQuamosal A Right,medial view[Cat No 432];

陸ft,lateral view ECat No 449];D Left,medial view[C筑

B Right,lateral宙 ew[Cat No 432];

No 449]

Figure 9 Quadrate  A Right[Cat No

anteior lateral view D Right,ventral view

、■e vヽ

440],anteriOr view;B

,E Left[Cat No 417],

■ 口 ■

Right,posterlor―medial view C Right,

anterior vie、マ'F Le■ ,pOsterlor―medial
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Figure 10 Braincase[Cat No ク 1] A Bentral view;B anterior dorsal viewi C anterior view,D right

l a t e r a l宙e w , E  l e■l a t e r a l宙e w , F  d o r s o l  p o s t e五o r  v i e w , G  p o s t e r i o r  v i e w



Eゴ
翰

1l Pterygoid

▼iew[Cat No

uew[Cat No

Cq隠 島■口輝ロロ
ト

12 Right Palatine[Cat No 444]

Flgure 13 Ectopterygoid A

C tateral view[Cat No 421];

ne甘 [Cat No 441]

A Right,medial view[Cat No 418];B Right,

439],D Left,lateral view[Cat No 439];E Le■ ,

439]

lateral view ECat No 418],C Left,

dorsal view[Cat No 439]I F Left,

A

D

■  ‐  ■

A  m e d i a l  v i e w ; B  l a t e r a l  v i e w ; C  v e n t r a l宙e w i  D  d o r s a l宙e w

Right,medial view[Cat No

D Left,medial view[Cat No

c暉

脚 E鴎 虫 汐

F貯

422];B Right,lateral view[Cat No 422];

441],E dorsal view[Cat No 441];F ventral



F r g u的1 4  D e n t a r y [ L e f t i  C a t  N o  3 5 6 & R i g h t i  C a t  N o  3 5 7 ] A  m e d i a l  v i e w s  i  B  I a t e r a l  v i e w s , C  d o r s a l

w■e、vs

■ ■

A medial views,B lateral views



B

Cat No 451]

■ ■ ■

A medial viewsi B lateral views

17 Supradentaries[Left&Right,Cat No 452&453]A lateral views, B medial views
コ  ■ ■

A

Flgure 18 Surangular[Let&Right,Cat No 438&437]A lateral views,B medial views

A r畿 cぎ瑠電日日日騒墨ヨlb

D E

Figure 19 Articular  A Right,dorsal view[Cat No 447];B ventral view i C lateral view,D Left,

Hew[Cat No 426];E ventralviewi F Right,medial宙 ew[Cat No 447]
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B

Figure 21 Proatlas[Cat No 424] A dorsal宙 ewi B ventralview

ロ  ロ  E

ロ ロ ■

Flgure 22 Atlas[帯 1 0rvical,Cat No 419] A antettor宙 ew,B posteHor viewi C dorsal宙 ew

―



F l g u r e  2 4  A x i s [ # 2 0 r■■c a l , C a t  N o  4 2 3 ] A  l e■ l a t e r a l  v i e w ; B  H g h t l a t e r a l  v■e w i C  d o r s a l  v i e w ,

D ventral vlew,E antenor vlew i F posterlor vlew

Flgure25 0n■ cal Vertebra#3[Cat No 425] A left lateral view,B rightlateral宙 ew,C dorsal view,

D ventral vlew,E antenor vlew,F posterlor vlew



F l g u r e  2 7 : O n t c a l  V e r t e b r aや5 [ C a t  N o  5 8 0 ] A  l e f t l a t e r a l宙 e w  i  B  r i g h t l a t e r a l宙e w , C  d o r s a l  v i e w  i

D ventra viewiE anterior viewi F posterior view



Figure 29:建 rvical VeAebraヤ 7[Cat

D ventral view;E anteriOr view;F
N0 582] A le■ lateral view;

posterior vie、v

B rightlateral宙 ew,c dorsal view i



鳳gu的 30:建 航 c』 vehebra#8[Cat No 583]

D ventral、 tewi E anterior vie、 v;F posterior

A  I e F t l a t e r a l  v l e w i  B  r i g h t l a t e r a l  v l e w ; c  d O n t t  v l e w ;

vlew

48



Flgure 31:Dorsal Vertebra#6[Cat No 587] A anterior宙 ew i B postettorvlew

ngure 32:Dorsal Vertebra辛7[Cat No 588] A anterior宙 ew;B posterior vlew,C dorsal view

Flgure 33:Dorsal Vertebraや 8[Cat N0 589] A anterior view;B posterior宙 ew



Flgure 34:Dorsal Vertebra#9[Cあt No 590] A anterior view i B postettor view

Figure 35:Dorsal Vertebra群 10[Cat N0 591] A anterior view;B pOsterior view

F i g u r e  3 6 t  D o r s a l  V e r t e b r aれ1 [ C a t  N o  5 9 2 ]

A anterior vie、 v;B posterior vie、 v

Flgure 37:Dorsal Vertebra 112[Cat No 593]

A anterior vie、 v
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Flgule 38:Right cenrical Rib 112[Cat No 498] A anterior view i B posterior view

B

Figure 39:Rib Left#L2,L3[Cat No 478,479]

宙ew,D L3 postenor view;

A L2 anterior view;B L2 posterior viewi C L3 anterior

，
ｌ
Ｌ
コ

ー
」
Ｌ
■
■
■
■
■
一
一
一
口
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一
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F gヽure 40 Ribs:Left帯 3-#11[Cat No 478-488]A I postel■ or views



ngure 40 continued Ribs:Left+3-#11[Cat No 478 488]」 R,anterior宙 ew



Flgure 40 continued Ribs t Right#5-'11[Cat No 490-495,497]S一 Y,anteHor views



40 continued Ribs i RIght祥5-#11[Cat No 490-495,497]Z― FF,Dostettor views
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Flgure 41:Gastralia?[Cat No 578]A dorsal view;B veatral■ ■ew

■ ■ ■

ngure 42:Sacrum
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Flgure 43:Caudal Sacral  A le■ lateral vie、v,B.right lateral view,C anteriOr view,D posterior view;

Caudal Vertebrae[Cat No 帯 1:501,辛2:502:子3:503](#1:E― F,#2:G― H,13:I一 JI  E anterior view,F

posterior view,G antehor view;H posterior view,I ante五 or宙 ew;」 pOSte五or viewi K Caudal Vertebrae

1 1・2・3 1 e■l a t e r a l宙e w  i n  a r t i c u l a t i o n , L  C a u d a l  V e r t e b r a e # 1・2・3五g h t  l a t e r a l宙e w  i n  a r t l c u l a t i o n



・、

」

‐― 一   V 中  工!,iu ム  _ノ ,  r、  1● 1[1宙。w i B Hghtiattrtll宙 。w;c ant。 出or Hewi D Dosterior view;E left latelal view;F ttghtiaterЛ
 view iヤ■ 、 、すハ_iハ_ ■ ^   ャ i

―  ヤ‐ ‐― ―ヽ‐  ▼ ",■  ■1こ1lt■4tu1 41 Vleヽ7,G anterioi view i H posterior view;1 left lateral view i」
right]ateral viev;K antel■。r宙。w;L posterio■

■ヽow



FiguЮ  45'Caudal Vertebrae ECat No 171 507,ヤ 8t

latcral vicwi C anteHor viewi D posterio■ viewi E

H poste=ior、 ■ew
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Fttguに 46i Caudal Vertebrae ECat No '9 509,'10:51011111511](19A― DI110 E― H,11l I L) A left

latcral vicw;B rightlateral view i C anterior view;D posterior view;  E lei ltteral view i F rightlateral

view,C anterior view;H posterior view i l leftiateral view;」 rightlateral vicw l K anterior vicw i L,

postenor立 ew



FIgure 47 t~4u3al Vel■ ebrac[Cat No 112 512,113 513 114:514](,121A― D,字 131E‐ H!,14'IL) A loft

lateral vicw,B ■ lghtiatoral viewⅢ  C ante=ioi viewi D posterioi viewl E leftlateral view;F rightlateral

view,C antolior view;H posteriol view i 1 le■ lateral view i」汽ght lateral view;K anterior view l L

poste五 o■ 71eW
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515 516 517 515 516

F l留ュr o  4 8 :働u d a l  V e r t e b r a o  E C a t  N o  5 1 5 - 5 1 7 ] ( 1 1 5キ1 7 )  A  l e f t l a t e r a l  v i e w s , B  r i g h t l a t e r a l  v . o w s ,

C anに Hor vie巾 、;D postl■ or vioコ、

F I g l r e  4 9 1  C a u d a l  V c r t e t t a o  E C a t  N o  5 1 3  5 2 0 ] ( ' 1 8 1 2 0 ) A  I e■1筑e r a宙 e w s , B  r i g h t l a t e r a l宙o w s ,

C antedor宙 e、ぃ ;D posttHor views
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n g t l r e  5 0モC a u d a l  V e r t e b r a e  E C a t  N o  5 2 1  5 2 3 ] ( 1 2 1 , 2 3 ) A  l e f t i a t e r a l宙e w s , B  r i g h t
C ante点 。r views,D posteAoi views
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Fttgure 51!CaudaI Vertobrac[Cat No 1241 524i f251 525,1261526](1241A―D,125'C)126H&I,125-,26,E

&F)A loftlaに ral view;B rightiaに“l view,C anterioi viow,D posに rior vicwi E leftlateral viewi F

五ghtl杭er』view,C ante占 。rviowi H pos値 五or view,I doぉ』view



FIgu.e52i C卸 JdaI ′ヽerteblIS[鍵 t N。  527-529](127-129)

C anに Hor views:D posに Hor Ⅵ ews

A loftlateral宙 ewsi B rightlateral viOws,

C

F i邸ュl e  5 3 i  C t t d t t  V e i e b r d e [ C a t  N。

C antenor疵 ows,D pOsteAo■ 宙ews

5 3 0 5 3 2 ] ( 1 3 0 ' 3 2 ) A  l e t  l a t e r a l  v i O w s  B  I i g h t l a t e r a l宙
e w s ,
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FigJ掩541 Caudal VeHebrae ECtt N。 533536](133-ヤ36) A lettlatera viows B rightiatera views;
C antAIlor vlews D postcttcr vlews

D厳 轟轟るもる
nguで 55t Caudal Vertebrae LCtt No 537 542](,37-142) A leFt iateral宙ewsi B ttghtltteral viewsi

C aIIにHorviews D posel■ 。I views



白 &由 複強 函|"… …

― 車 車 輝 錬 口臼出 遇 掘 略

ngtlre 56:Caudal Vertcbね eECi No 543-553](143-↓ 53) A ieFtlateral views,B Aghtltter41宙 ews

Flgu砲 57,Calldal Vertebla・ (ヤ401A― B&す 43C― FI A&B va五 ous宙 ews,spina bifldai C―F various viows,

spina blida



Figure 58:Caudtli Voitebrao(i32&,33,150-152)  A 133 Caudtll,anterior vic、 7;B '32 Caudal,anterior

宙ow,C i32 Caud況 ,DOSte五 o■viow;D i32 Caudal)]航 ora viev J neura spinei E 132 and 33 Caudals,latelal

宙o w ; F  1 3 3  C a u d』ぅv e n t l a l  n u t r i e n t  b r a m i n a , G & H  C a u d a l  V e r t e b l a。1 5 0 -ヤ5 2 v‐i o u s
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FIgur●59'Caudal Vertebrao(125&や 26) A や 25&126 Calldals,lert lateral宙 ow;B 125&126 Caudals,right

l杭eral宙ow,C i26 0u3』 ,五ght latcral view"olose up";D ヤ 25 Caudal)hght lattral view"ciose up";E 125&

,26 Caudalsi ventral view
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Flgure 60モ 軌 e TヽOns[Cat N。  454-471] A― D anteAor views

Flgure 611 Cて,racoi3 ECat No 477]A Lert Coracoid,medi』 view i B Left Coracoid,lateral宙ew



Figure 62!Humerus  A LeFti anto■ lor viewi B Left,posterior vicwi C LoFt,laterdl view i D Lefti

proxinal-lateral view to sho、 vthe teeth martsi E Lofて , proxlmal― anterior-lateral vie、v to show the teeth

marksi F Right】 posterior view

ふ 、

ケ

Figur● 63!Left Ul■ ■ [Cat INo 341]A anterior view i

Ｂ
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C
E

D
F

lateral view i D medial view;EFigure 64:Radi■le 〔Cat No 445〕

Dosterioi vェ ewi F anterior、 ■e、7

D

C

F

t , す

Flgure 65:Lo■ Front Foot ECat No 561 563]A proIIm』 view(ぉ sembled),B Metaca中 21si anterior view i

C Metacarpals,anterioi vtew(soDaratcd)F D Metacarpals,posterior view i E Metacarpals,medi』 viewi F

M降花carpals, lateral vにw

A島 頓 B嵐 轟 CO‐ D● 韓
Flgu礎 66【Phalangos ECat No 573,574]A FIont Phalar ges,doも al viewi B Front Phalangos,vent配 l view;

C Fiont Phalanges,ante五 o■view i D Front Pha14nges,postedor How

71



Flgure 67r saorum  A lcFtlateral view l B 五 ght lateral view,C anferio■ viowi D posterior viewi E Right

illlun,postorior to sho、 マteCth marks
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Flgurc 68 Pubes ECat

anterioI―medial vic、v:D

No 474,475]A Left)anterioI― moこ ial view i

po、terior-lateral vte、マ

B Lertiゃ 。storio■-lateral view,C Righti

Figu砲69:Ischia ECat No

medial―do,sal vie、マF D Righti

472,473]A Left)medial― dorsal view;

laterdl―ventrが view

B Left,lateral ventral view i C Right,



Flgule 70,Right Fomur[Ctt No 338] A anterior viewi B posterio■ viewi C modial宙 ew,D Distal viow;
E proxinal宙 owi F,G Fenur cast to show Dositioコ 。fteeth matts



コエコュIt 70 continued Right Femur ECat No 338]H,I dist』 view卜 anterior face upi showing teeth rnatts

FIgure 71 Right Tibia ECat No 340]

E  p r o H m a l宙 o v , F  D i s tЛ v i e w

る



n g u r e  7 2 : R i g h t  F l b u l a  E C a t  N o  3 4 2 ]  A  a n t e H o r宙 0 7 ; B  p o s t e h o i  v i o w i  C  m e d i 2 1宙 O T ' D  l a t e r』 宙。w

Flgtlで73:Astragalus ECat No 554] A



A電騎範 鰯

Figu沌 74 1st Digit of Right Hind Foot ECat No 555,564,

宙ew,C nedial viewi D lateral jewi E proximこl view;F

A電頓□b 9

C揮慰電輌

E ltl)● 廻

n g u r e  7 5  2 n d  D i g i t  o f  R i g h t  H i n d  F o航

v■cwl C medial view;D lateral宙 cwi

B ぽ
顕

575]A anterior― dorsal view i B poste五 or―vential

distal vie、す

ECat No 556 565,568,576〕A mtcttor dorsal HoマB poste五or ventral

E proximal view;F dに tal宙ew

77



A― 伊騒 更
B― も澱更

Cかく襲御韓
D

EO鶴 鶴 Ft tG守
FIgure 76 3rd Digit of Ritrl.t HInd Foot

宙ewi C medialviowi D lateral view;

A議

粟

B簿閲 c電夢韓

0齊 肺 E怒
静

F廻

Flgure 77:4thDigitoFRighthndFoot ECホ No 55S,567]A antelior― do本』viewt B posterior ventral viow,
C nedial view,Dlこ にlal view;E D10Ximal view i F distal view

Flgure 78!5th Digit Of Right Hind Foot ECat No 559]A aIIteHor viowi B posterior宙
ew;c medial view,D

l航eral宙evi E,■ oximよ view i F distFtl VにW

醇

ECat N。 557,566.569,577]A加 に五or dors』 宙。w,B posteior vent砲 l

E proxlmal view;F distal view

密



FIIgure 79:A Compに to Rgl■t HInd Foot,antel■ or―dcrsal viav:B Phalarlx― Right Foct to shい マにeth malk;

C Right Hind Leg nttth BHanヽ ′ersey
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ロ ロ  ロ

postcriol viewi C medial view i DFiguro 80!Left Hind Metatarsal(14) LCat

lateral vie A

No 560]A 4nterioi view;B

Flgure 81,LeFt Hind Foot Ph』 mgosECat No 570-572]A antehol viewi B postcrior宙 ewi C medialview;

D lateral view,E proxinal view,F distal宙 ew

A

■ 口 ■



A New Nearけ COmplate SteletoII of C¢″″″容″″27/S

EAST C4Ar4見 4&45,そけS QUARRY CATALOC
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