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Lourinhasaurus n. gen.  A new sauropod dinosaur from the Upper Jurassic (Upper
Kimmeridgian-Lower Tithonian) of Portugal1

P . DANT AS *; J.L . S ANZ **; CARL OS  MARQUES  DA S I L VA*, ***; F . ORTE GA**; V.F . DOS  S ANT OS * & M. CACHÃO*, 
 ***

K ey  w ords: K imme ridgia n-Tithonia n; D inosa uria; Sa uropodomorpha ; Lourínhasaurus; phylogeny; Portuga l.

Abstr ac t: The os teologic a l study of fos s ilis e d re ma ins  (mos tly a rticula ted) of a  large  sa uropod rec ove re d from the 
Lourinhã Forma tion (Uppe r K immeridgia n – Low e r Tithonia n), Pra ia  de  Porto D inhe iro outc rop (we s te m s ide of the 
Lus ita nian Ba sin, Portuga l), is  pre s ente d. The  dia gnostic cha ra cte rs  pres ent in this s pe cimen diagnos e it as  Apatos aurus 
ale nquer ens is . H ow eve r, a nalys is of thes e  c ha rac te rs, e s pe cia lly of thos e  of the  fírs t s e ven dors a l ve rte bra e , s ugges t
plac e me nt of this  ma te ria l, a nd of othe r mate rials  a ss igned to this  s pe c ie s , in a  ne w  genus : Lour inhas aur us n. gen.

INTRO D UC TIO N

M any osteologic a l re mains  of s a uropods  a re known from Portuga l. The first s c ie ntific refere nc es  of s a uropods  from
the  M e sozoic of Portuga l date to the  e nd of the 19th ce ntury (SAU VA G E, 1897-1898). Sin c e  th e n, s e ve ra l s tu die s  w e re 
ba s e d on  this  ma te ria l (c f. DA NTAS, 1990), de spite  the knowledge that the nation's  sa uropods  we re  ve ry incomplete.

In 1983 at Praia  de Porto Dinhe iro (Lourinhã, Portugal), in de pos its of the  Lourinhã  Forma tion (B ac ia Lus itânica ;
U pper Jura s sic, Uppe r K immme ridgian-Lowe r Tithonia n), a  skele ton of a large  sa uropod w as  uncove red, w hich wa s
e xc ava te d s uc ce s sive ly in 1987, 1991 a nd 1992.  A good pa rt of the  rec ove re d s ke le ton w a s pre pa re d a nd studied in 1993
(c f. DAN TAS e t al., 1992, 1993).

The  c harac ters pre se nte d by the  Pra ia de  Porto D inheiro spec ime n, de sc ribed and dis cus se d in the  pre s ent w ork,
a llow e d it to be  ide ntifie d as  Apatosaur us ale nque r ensis  LA PPA RENT & ZB Y SZEW SKI, 1957. However, analysis of
material attributed to this species, under several generic denominations, justify the formalization of a new genus -
Lourinhasaurus n. gen.

SY ST EM A TI C  P A L EO N TO LO G Y 

D in os a ur ia  O W EN , 1 842
Sauris chia  SEELEY, 1887

Sauropodomorpha  HU EN E, 1932
Sa uropoda  MA RSH, 1878

Incertae familiae L o u r i n h a s a u r u s  n .  g e n . 

Apatosaurus: LAPPARENT & ZBYSZEWSKI, 1957, page. 33, non Apatosaurus MARSH, 1877.
?Cam arasaurus: MCINTOSH , 1990, pá g. 91, 349, 386, non Camarasaurus COPE, 1877.

T ype  Spe cie s : Apatos aur us  ale nque r e nsis  LA PPA R ENT & ZB Y SZEW SK I, 1957; U ppe r J ura s s ic  of B a c ia
Lus itânica, Portugal.

E tymology: From Lourinhã , a n are a in we st-ce ntral Portugual (Lis bon dis trict) ric h in remains of sa uropod
dinos a urs.

D iagnosis: Large  sa uropod w ith dorsa l vertebra e  e xhibiting the  follow ing dia gnostic cha ra cte rs : neura l s pines 
relative ly ta ll, vertic al and bifurc ate; supra diapophys e al la mina  ve ry re duc ed; s upra pos tz yga pophyse a l la mina medium to
s ma ll; pos tspina l la mina bifurc ate a nd la rge; pres pinal la mina la rge ; low er portion of the  low a nd e xte ns ive  ne ural arch
c overing the whole  c e ntrum; constanc y of chara cters  on the  la te ra l fac e 
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of  t he  lo w e r  p a rt  o f t he  ne ur a l a r c h;  existence of a branching accessory joint that originates on the inferior and lateral
region of the neural arch and that “supports” the lateral expansion of the hyposphene; infraparadiapophyseal lamina
varying in size from small (first dorsal) to large (posterior dorsals); proportionally tall centra compared to the total height
of the vertebrae; opisthocoely present (also seen in the posterior cervical vertebrae); pleurocoels small to medium,
elliptical, at times walled up. Th e  p os te r io r c e r vic a l  ve rt e br a e  e x hi bit  i mpo rt a nt  l ong it udi na l k e e ls  on  th e  ve n tr a l fa c e ; 
th e s e  k e e ls  a r e  s ma ll in  th e  fir s t  on e s  a n d a bs e n t a ft e r th e  f if th (i nc l us ive ). 

                                                          
1 Dantas, P., J. L. Sanz, C. M. da Silva, F. Ortega, V. F. dos Santos and M. Cachao. 1998. Lourinhasaurus n. gen. Novo dinossaurio sauropode do

Jurassico superior (Kimeridgiano superior-Titoniano inferior) de Portugal. V Congresso Nacional de Geologia, Lisboa 91-94.  Translated by
Jerry D. Harris, June, 2002, using ABBYY FineScan 6.0 and L&H Power Translator 7.0 and BabelFish.



C o m p a r i s o n  a n d  D i s c u s s i o n :  L o u r i n h a s a u r u s n .  g e n .  d i f f e r s  f r o m  B r a c h i o s a u r u s ,  C a m a r a s a u r u s , 
D i p l o d o c u s  a n d  D i c r a e o s a u r u s ,  i n  t h e  d o r s a l  v e r t e b r a e ,  b y  p r e s e n t i n g  a  d i f f e r e n t  r a t i o  o f  " t o t a l  h e i g h t  o f  t h e 
n e u r a l  s p i n e s / h e i g h t  o f  t h e  v e r t e b r a e "  ( 3 5 - 4 6 % ) ,  p o s t s p i n a l  l a m i n a  v e r y  d e v e l o p e d ,  l o w e r  p a r t  o f  t h e  n e u r a l  a r c h 
e x t e n s i v e  a n d  l o w ,  b y  p o s s e s s i n g  a  b i f u r c a t e  s e c o n d a r y  a r t i c u l a r  p r o c e s s  ( t h a t  “ s u p p o r t s ”  t h e  l a t e r a l  e x p a n s i o n  o f 
t h e  h y p o s p h e n e )  a n d  i n f r a p a r a d i a p o p h y s e a l  l a m i n a  t h a t  i n c r e a s e s  p r o g r e s s i v e l y  i n  s i z e  f r o m  t h e  f i r s t  t h r o u g h  t h e 
p o s t e r i o r  d o r s a l  v e r t e b r a e  ( c f .  HA TC HER , 1901; RIGG S, 1904; O SBO RN  & MO OK, 1919, 1921; JA NENSC H, 1929;
GILM ORE, 1932; JA NENSC H, 1950a, 1950b; SALGA DO & BON APARTE, 1991).

L o ur i n h as a u r us  n .  g e n.  b e a r s  s im i l a ri t i e s  t o  C a m a r a s au r u s  w it h  i ts  s m a l l  s up r a p os t z y ga p o p hy s e a l l a m in a , 
r e du c e d  s u p r a d i a p op h y s e a l  l a m i n a  ( a  c ha r a c te r  a ls o  s ha r e d  b y  D i c r a e o s a u r u s ) ,  b y  p os s e s s i n g  s e c o n da r y  a r t i c ul a r 
p r oc e s s e s  ( i n C a m a r a s au r u s  t hi s  i s  n o t  b i f u rc a t e ),  i n  i t s  s i m i l a r  " t ot a l  he i g h t o f  th e  c e n t r u m/ h e i gh t  o f t h e  v e r t e b r a e "
r a ti o  ( 24 - 3 5 %)  a n d b y  po s s e s s i n g  o p i s th o c o e l y  i n t h e  a n t e ri o r  do r s a ls  ( t o D - 4 ) b u t  n o t  s u b s e qu e n t  o n e s  ( a  c ha r a c te r 
a l s o  s h a r e d  by  B r ac h i o s a u r u s ) . 

L ou r i n ha s a u r u s  n . g e n . i s  s i m il a r  to  D ip lo d oc us  by  p o s s e s s in g s im il a r li g a m e n t  i ns e rt io n  f e a t ur e s  on  t h e 
l a t e r a l s u r fa c e  of  t h e  ne u ra l s pi ne  --  d o rs ov e nt ra l ly  h i gh  a n d w i t h a n  e x tr e me  v e nt ra l  a ng l e  --  a n d w e l l d e v e l o pe d
p re s p i na l l a m in a  ( in  B r a c h i os au r us ,  h ow e ve r,  it  i s  m uc h  l a r g e r  t h a n  i n  t he s e  tw o  g e n e ra ),  in  i t s  c o n s t a n c y of  th e 
c ha ra c te rs  on  t h e  la t e r a l  fa c e s  f ro m  D -1  a n d D -7 , b y it s  p os t e r io r  u ni o n of  th e  i nf ra d ia po p hy s e a l a n d 
i nf ra p a r a p o ph ys e a l  l a mi na e  f or m in g a n ma r ke d a ng le ,  a nd  by  p o s s e s s in g a n in f ra pa r a d ia p op hy s e a l l a m in a  ( w h i c h 
o nl y a pp e a r s  in  th e  f if th  do rs a l in  D ip lo d oc us ) .

B e c a u s e  w o r k  i s  s t i l l  i n  p r o g r e s s ,  ( D A N T A S  e t  a l . ,  i n  p r e p . ) ,  i t  i s  t o o  e a r l y  t o  s a f e l y  e s t a b l i s h  t h e 
r e l a t i o n s h i p s  o f  L o u r i n h a s a u r u s  n .  ge n . w it hin e xis ti ng fa milie s  of s a uro pods . 

S pe c i e s  c o m po s i t io n:  T he  t a xo n L ou r i n ha s a u r u s  n . g e n . i nc lu d e s , t o da t e ,  a  s i ng l e  s p e c i e s :  L ou r i n ha s a u r u s 
a le nq u e r e n s is  (L A P P A R EN T  &  Z B Y S ZE W SK I,  19 57 )  [ =  A pa to s au r u s  a le n qu e r e ns is ] .

D is tr i bu ti o n:  T he  t a xo n L ou r i n ha s a u r u s  n . g e n . i s ,  t o  d a t e , kn o w n  o n ly  f r om  t h e  U p p e r  J u ra s s i c  (U p pe r
K im me r id gi a n- Lo w e r  T i th on i a n ) o f th e  B a c i a  Lu s it â n i c a , P or tu g a l .

Lourinhasaurus ale nquer ens is  (LA PPA RENT & ZB Y SZEW SKI, 1957)

Apatos aurus  ale nquer e ns is  LAPPA R EN T & ZBY SZEWSK I, 1957: 33.
? C amar as aur us  ale nque r e ns is  (LAPPA R EN T & ZB Y SZEW SK I, 1957) - M C IN TO SH , 1990, pp. 91, 349, 386.

H ol ot y pe : G e o lo g ic a l  M u s e u m of  th e  G e o lo g ic a l  a n d M in in g  I ns t it ut e  ( fo r me rl y  t he  G e ol o gi c a l  S e r v ic e s  of 
P or tu g a l );  c o ll e c t io n  f ro m  t he  be d o f M o i nh o d o C a r mo , A le nq u e r , P or tu g a l ; U pp e r  J u ra s s i c .  S p e c i m e n c o n s t i t u te s 
2 6  v e r t e b r a e  ( m o s tl y  d or s a l s ;  b u t a l s o s a c ra l ,  s o m e  c e r v i c a l  a nd  a  fe w  a nt e r i or  c a ud a l  ve r t e br a e ) , 2 4  ri b s  (t w o 
c e rv i c a l,  t h e  r e m a i n i n g o n e s  t h o ra c i c ),  p r a c t i c a l l y  c o m p l e t e  p e c t o r a l  g i rd l e  (s c a p ul a e  a n d  a s s o c i a t e d  c o r a c oi d s ) , a 
s i gn i f i c a n t  pa r t  of  t h e  p e l vi c  g ir d l e  ( t h e  l e f t  i l i u m,  b o th  i s c h i a ,  a n d  bo t h  pu b e s ),  r e ma i n s  o f  t he  f o re l i m bs  ( b ot h 
h u me r i ,  r i g h t r a d iu s  a nd  u l na ,  b on e s  of  t h e  l e f t c a r pu s ,  pl u s  pa r t  of  m e ta c a r pa l  I II  a n d a  p ha l a n x o f  th e  s e c o n d 
f i ng e r  of  t h e  l e f t f o r e l i m b ) a n d  o f  t he  h i nd l i m bs  ( b ot h  f e m o r a , t h e  l e f t  t i b i a ,  f i bu l a ,  a s t r a g a l u s ,  a n d p a r t o f  th e 
c a lc a n e um )  f id e  L A P P A R EN T  &  Z B Y S ZE W S K I ( 1 9 57 ) . 

R e f e r r e d  M a t e r i a l :  P a r t  o f  a  s k e l e t o n  c o m p o s e d  o f  n i n e  v e r t e b r a l  n e u r a l  s p i n e s  ( t h e i r  r e s p e c t i v e 
v e r t e b r a l  b o d i e s  d e s t r o y e d  b y  e r o s i o n ) ,  1 2  c o m p l e t e  v e r t e b r a e  c o r r e s p o n d i n g  t o  t h e  d o r s a l  a n d  p o s t e r i o r  c e r v i c a l 
a r e a ,  1 2  r i b s  ( s o m e  o f  t h e m  c o m p l e t e )  f r o m  b o t h  s i d e s  o f  t h e  s k e l e t o n ,  s o m e  a p p e n d i c u l a r  a n d  g i r d l e  m a t e r i a l  a 
( v e r y  i n c o m p l e t e  a n d  b a d l y  c o n s e r v e d ) ,  s e v e r a l  f r a g m e n t s  o f  u n c e r t a i n  b o n e s ,  a n  i s o l a t e d  t o o t h  ( ? )  a n d  a b o u t  a 
h u n d r e d  g a s t r o l i t h s  ( D A N T A S  e t  a l ,  1 9 9 2 ;  D A N T A S  e t  a l . ,  199 8).  Some  of th e  os t e olog ic a l ma te r ia l h a s  be e n
de f orme d :  th e  ve r te bra e  a re  ligh tly s tre tc he d o bliqu e ly. M a te ria l ori gi na t in g f ro m t he  Pr a i a  d e  Por to  D i nh e ir o be d s 
(L ou rin hã , P or tug a l ); B a c ia  L us i tâ nic a ;  Lo ur inh ã  For ma tio n;  U p pe r J ur a s s ic  (U pp e r K i mme ri dgi a n  – Lo w e r 
Ti th oni a n ).

D e s c r i p t i o n :  P o s t c r a n i a l  s k e l e t o n  ( p o s t e r i o r  c e r v i c a l  a n d  d o r s a l  v e r t e b r a e )  – u p p e r  p a r t  o f  t h e  n e u r a l 
a r c h  ( d o r s a l  v e r t e b r a e )  -  n e u r a l  s p i n e  m e d i u m  t o  t a l l ,  p r o j e c t i n g  v a r i a b l y  f r o m  3 5  ( i n  t h e  f i r s t )  t o  4 6 %  ( i n  t h e 
s i x t h )  t h e  t o t a l  h e i g h t  o f  t h e  v e r t e b r a .  N e u ra l  s pi n e s  d e e p ly  bi fu r c a te  in  n u mb e r s  l , 2  a nd  3 a n d  s ha l lo w e r 
( a p pr o xi ma t e l y 7  c m)  in  n u mb e r s  4 , 5 , 6 a nd  7 .  N e ur a l  s p i n e  v e r t ic a l ,  f o r m in g  a n a n g le  o f  a b o u t 9 0 °  w i t h  t h e  lo n g 
a x is  o f  t h e  c e n t r um ;  t he  s p in e  i s  a l i gn e d  w i t h  th e  p os t e r io r  e dg e  o f t h e  c e n t ru m  i n t h e  p o s t e r i o r  d o r s a l  v e rt e b r a e ,  a nd 
a  li t t l e  m o r e  a n t e r i o r ly  i n c l i n e d ( i n  t h e  pr e v i ou s  h a l f  o f t h e  a x i a l c o l um n )  in  t h e  m o r e  a n t e r i o r  d o r s a l s  ( in  D l  a n d 
D 2 );  v e rt e b r a  D 3  ma k e s  t h e  tr a n s it i o n  b e t w e e n  t he s e  tw o  c on d i t io n s .  La t e ra l s urfa c e s  o f lig a me nt  ins e rtion  fe a t ure s 
dor s ove n tra ll y hig h w it h a ng ula r a nd " c onve x" ve ntra l  e nds , oc c upyin g mor e  of ha lf of th e  e xt e nt o f the  ne ur a l s p ine .
S up ra d ia po p hy s e a l la m in a  v e r y r e d uc e d a n d  i nc r e a s i n g s l i gh tl y  i n s iz e  f ro m D l ba c k.  S u p r a p o s t z y g a p o p h y s e a l 
l a m i n a  m e d i u m  t o  s m a l l .  T h e  p o s t s p i n a l  l a m i n a  i s  t h e 
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mos t pro mine n t la m ina  o n the  ne ur a l s p ine  –  be in g ve r y ta l l a nd  w ide  a nd pa ire d or bifur c a te .  The  pre s p ina l la min a  is 
s e c onda r y, in  te rm s  of impor ta nc e , on the  s pine ;  it e xte nd s  dow n thr ough the  s upra p re z yg a poph ys e a l  la mi na ; b oth



la m ina e  a re  f la t. I nf e r ior  par t  of t he  ne ur al ar c h (po s te ri or c e rvic a ls  a n d dor s a ls )  - In the  d ors a l  ve rt e bra e , the  infe rior
por tion of th e  ne u ra l a rc h i s  e xt e ns iv e , lo w  a nd  c ove rs  a l mos t the  w hole  c e ntr um. The c e rvic a l infradia pophys ea l lamina ,
that links  the  diapophys is  to the body of the  verte bra , it is  muc h la rge r in the  pos te rior c ervic al ve rte brae  than in the  dors a l
ones ; in the  la s t tw o ce rvica ls , it forms  a low  a ngle w ith the  c e ntrum (approxima tely 30° ), while  in the  firs t dors a l this 
a ngle  is la rge r (approxima tely 45° ), conne cting to the  infra pa ra pophys e a l la mina  des c ribe d a bove  (it a ppe a rs in the  firs t
dors a l or poss ibly the  la s t c e rvic a l and it is  pronounc e d in the  s e cond dors a l; poste riorly, this  la mina  progre s sive ly
incre a s es  in w idth, be ing vis ible in all dors a ls); from here  pos te riorly, this a ngle  re ta ins  the  sa me  approxima te va lue 
(a lw a ys  be tw ee n 35 a nd 45° ) a lthough it pres e nts s ome progre s s ive  upw a rd rota tion, from the  bottom upw ard
(a cc ompanying the  gra dua l e le va tion of the  pa ra pophysis ), be c a us e  of this the  infradia pophys ea l lamina  in the  s e ve nth
dors a l is  prac tic ally ve rtica l. This rotation is  reflec te d, for e xa mple, in the progres s ive inc re a se  of the  angle  tha t the  poste rior
infra dia pophyse a l la mina makes  with the longitudina l axis of the verte bra l bodie s  (from 45°  in the  firs t to 90°  in the  s e ve nth)
or in the gra dua l inc re as e  in the  a ngle tha t the  infrapa ra pophyse a l la mina makes  with the longitudina l axis of the it ve rte bra l
bodie s  (from approximately 15°  in the first to 45 to 50°  in the  s e ve nth). The angle formed between the posterior
infradiapophyseal and infraparapophyseal laminae (conjoined close to the base of the neural arch) retain a relatively
constant angle (35-45°), in the dorsal vertebrae, plus the posterior infradiapophyseal lamina is present in the posterior
cervicals and dorsals and retain the same longitude from dorsal 1 to 7, plus the constant presence of the diapo-
postzygapophyseal lamina and respective fossa formed by its posterior edge, from vertebra to vertebra, are some of the
several examples of the constancy of characters observed on the lateral surface from dorsals 1 through 7. A bifurcate
secondary articular process (= accessory articulation) originates in the inferior and lateral area to the neural arch and
"supports" the lateral expansion of the hyposphene; the same process fits into the prezygapophysis of the following
vertebra; this feature is very important because it is very derived. T h e  a n g le  b e tw e e n  t h e  in f r a pa r a p op h y s e a l  l a m i n a 
a n d t h e  l o n g  a x i s  o f  t he  c e nt r u m  i s  i nc i p i e n t  i n t h e  f i r s t d o r s a l  ( a p p r o xi m a t e l y  1 5° )  i nc r e a s i n g  pr o g r e s s i v e l y 
p o s t e r i or l y ,  u n t i l i t  a t t a i ns  v e ry  l a rg e  v a l u e s  ( 4 5  to  5 0 °  i n  th e s e ve n t h ).  The infra paradiapophys ea l lamina  initia lly
appe ars  in the  firs t dorsal, whe re  it is very s ma ll, a nd incre as es progres sively in extent through more pos te rior dorsa ls; in the 
se ve nth, for instance, it is very develope d. The  pa ra pophy s is  i s  la r ge  in  the  firs t  dors a l (t o the  thir d) th e n, a brupt ly, i t
de c re a s e s  s ha rply s ta rt ing f rom t he  fo urth (inc l us ive ) a nd  in t he  ot he r m ore  p os te r ior d ors a l s ; th e  pos ition  of t he 
pa r a poph ys is  c ha ng e s  s l ightl y fro m ve r te bra  to v e rte b ra . V e r t e b r a l  c e n t r a  ( d o r s a l  v e r t e b r a e )  -  t h e  h e i g h t  o f  t h e 
c e n t r a  o f  t h e  d o r s a l s ,  c o m p a r e d  t o  t h e  t o t a l  h e i g h t  o f  t h e  v e r t e b r a e ,  v a r i e s  a n d  d e c r e a s e s  f r o m  3 5  t o  a b o u t  2 4 % 
f r o m  d o r s a l  1  t o  7 .  From ve rte bra to ve rte bra , the  "mos t abrupt c ha nge " in va lue s  in the s tudie d ve rte bra e  is  s e en from the
fifth (ra tio of 31%) to the  s ixth (ra tio of only 24%). O pisthoc oely pre se nt through the eighth a nd even more  posterior
ve rtebrae  (it is also prese nt in the poste rior ce rvica ls). The pleurocoel is of small  to average dimensions (despite that, it
increases in size, at least, from dorsal 1 to 5), elliptical, at times walled in (in the cases of dorsals 4 and 5) and it is closer
to the anterior end to articulate with that of the posterior edge of the preceding centrum; concomitantly, it moves from the
middle to the upper part of the centrum. O n  t he  ve ntr a l  fa c e  s m a l l l on git ud ina l c a r in a e  (=  ke e l s ) a r e  o bs e rv e d  in  t he 
a n te rio r dor s a l v e r te b ra e  ( l,  2 a n d 3 );  th e s e  c a r ina e  inc re a s e  s ubs ta nti a l ly in  s i z e  in  t he  po s te ri or c e rvi c a ls ;  r e ga rd le s s , 
th e  ve n tr a l s u rfa c e  of  t he  c e ntr um  is  f la t  i n t he  fi ft h a nd  s u bs e qu e n t v e r te b ra e , w h ile  t he  fo urt h e xh ib its  a  tr a n s it io na l 
c o nd iti on  be tw e e n  t he  pr e c e di ng a n d f ol low in g c on dit io ns . 

C ompar isons  and D is c us sion: The s pe cime n of L. ale nque r ens is  from Pra ia  de  Porto D inhe iro c los e ly re s e mble s 
re la tions hip ma te ria l ide ntifie d a s  Apatos aur us  ale nque r e nsis  or ?C am ar asaur us ale nque r ens is , pa rticula rly in the  ce ntra
of the  pos te rior ce rvica l a nd dors a l ve rte bra e  and w ith the  re ma ins  of the  ne ura l arc he s from the  be ds  of M oinho do C armo,
c los e  to A le nque r.
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