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Abstract

The present paper studies a humerus (MDS-VPCR, 214) recovered from the site of Valdepalazuelos-Tenadas del Carrascal
(Burgos, Spain). Geologically, it is located at the base of the Rupelo Formation (Cameros Basin), which is Tithonian-Berri-
asian in age. This formation is interpreted as shallow lacustrine/palustrine deposits with low-gradient margins and periodic
changes in the water level. MDS-VPCR, 214 is gracile and straight, and has a larger mediolateral expansion at its proximal
end than at the distal end. The deltopectoral crest is well expanded anteroposteriorly and extends towards the midline of the
shaft. The distal articular head has radial and ulnar condyles similar in degree of development and there is a narrow groove
between them. The distal articular surface is not divided between the ulnar and radial condyles; this surface extends towards
the anterior and posterior surfaces of the humerus. MDS-VPCR, 214 shows significant morphological differences with respect
to the humeri of the Iberian sauropods of the Jurassic-Cretaceous transition such as the turiasaurians Losillasaurus, Zby and
Turiasaurus, the basal macronarians Lourinhasaurus and Aragosaurus, and the titanosauriforms Lusotitan, Galvesaurus.A
phylogenetic analysis of MDS-VPCR, 214 relates it to Titanosauriformes probably a basal brachiosaurid related with the
english genus of Kimmeridgian Duriatitan. Therefore MDS-VPCR, 214 is assigned provisionally to aff. Duriatitan.
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Resumen

Se estudia un himero (MDS-VPCR, 214) recuperado en el yacimiento Valdepalazuelos-Tenadas del Carrascal (Burgos,
Spain). Geolégicamente se sitda en la base de la Formacién Rupelo (Cuenca de Cameros) de edad Titoniense — Berriasiense.
Esta formacion se interpreta como depdsitos lacustres-palustres con margenes de bajo gradiente y cambios periddicos en el
nivel del agua. MDS-VPCR, 214 es gricil y recto, presentando una mayor expansion mediolateral en el extremo proximal
respecto al distal. La cresta deltopectoral esta bien expandida anteroposteriormente y se extiende hacia la linea media de
la diafisis. La cabeza articular distal presenta en la superficie anterior los condilos radial y ulnar, de desarrollo semejante,
y que dejan entre ellos un estrecho surco. La superficie articular distal no estd dividida entre los c6ndilos ulnar y radial;
esta superficie se extiende hacia las superficies anterior y posterior del himero. MDS-VPCR, 214 presenta diferencias
morfolégicas significativas con los himeros de los saurépodos ibéricos del transito Jurasico — Cretacico como son los
turiasaurianos Losillasaurus, Zby y Turiasaurus, los macronarios basales Lourinhasaurus y Aragosaurus 'y los Titano-
sauriformes Lusotitan y Galvesaurus. Un anélisis filogenético del MDS-VPCR, 214 lo relaciona con Titanosauriformes,
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probablemente un braquiosdurido basal afin a Duriatitan, un género inglés del Kimmeridgiense. Por esta razon, MDS-VPCR,

214 se asigna provisionalmente a aff. Duriatitan.

Palabras Clave Transito Jurasico-Cretacico - himero - Sauropoda - Titanosauriformes - paleobiodiversidad - Espafia

1 Introduction

The sauropods at the end of the Jurassic (Kimmeridgian-
Tithonian) and the beginning of the Cretaceous (Berriasian)
in the Iberian Peninsula (Spain and Portugal) have a sin-
gular and diverse record (Canudo et al. 2006; Royo-Tor-
res et al. 2009; Mocho et al. 2017). The known sauropod
record includes taxa from basal Macronaria, Titanosau-
riformes, Diplodocoidea and Turiasauria. Nine taxa have
been described so far: Turiasaurus, Losillasaurus, Zby,
Dinheirosaurus, Galvesaurus, Lusotitan, Lourinhasau-
rus, Oceanotitan and Aragosaurus. There is also various
material not assigned to a specific taxon (Royo-Torres et al.
2009; Canudo et al. 2010; Mocho et al. 2019 and references).
The Portuguese sauropods recovered in the Upper Juras-
sic—Lower Cretaceous sequence were deposited during the
third rifting episode of the Lusitanian Basin (Kullberg et al.
2006). The Spanish sauropods described from the Jurassic-
Cretaceous transition were recovered exclusively from the
Iberian Maestrazgo Basin (Aurell et al. 2019; Campos-Soto
et al. 2019) and the stratigraphy has been modified using var-
ious nomenclatures (Platt 1986; Clemente and Pérez Arlu-
cea 1993; Martin-Closas and Alonso Millan 1998; Arribas
et al. 2003; Clemente 2010; Mas et al. 2019). One of these is
the Cameros Basin, where a fragmentary record of sauropod
fossil bones is known (Canudo et al. 2010). The record of
sauropod footprints here is abundant and diverse, and has
been used in projects of geotourism (Torcida Fernandez-
Baldor et al. 2012; Castanera et al. 2018).

Recently, a complete sauropod humerus has been recov-
ered from the Jurassic-Cretaceous boundary of the Cameros
Basin. The fossil is from the site of Valdepalazuelos-Tena-
das del Carrascal in the western part of the Cameros Basin,
close to the village of Torrelara in Burgos, Spain (Fig. 1).
Remains of two different sauropod individuals and isolated
teeth of theropods have been identified in the initial excava-
tions. This site is located near the mega-site of Las Sereas,
where abundant sauropod tracks and other dinosaur tracks
are conserved at the top of Rupelo Fm. (Torcida Fernandez-
Baldor et al. 2012).

The humeri of the sauropod taxa described from the
Jurassic-Cretaceous boundary of the Iberian Peninsula
are all known apart from those belonging to the diplodo-
coid Dinheirosaurus and the titanosauriform Oceanotitan.
This allows for a precise comparison of the humerus from
Valdepalazuelos with those from the taxa that have been
described. Accordingly, the aim of this paper is to describe
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the humerus from Valdepalazuelos and to ascertain its phy-
logenetic position.

2 Geological setting

From a geological point of view, the site of Valdepalazue-
los is located within the Mesozoic succession of the Cam-
eros Massif (Fig. 1). This massif was an extensional basin,
located in the northwestern sector of the Iberian rift dur-
ing the Upper Jurassic—Lower Cretaceous period. Several
authors have worked on the western part of the Cameros
Basin since the 1960s, and the stratigraphy has been modi-
fied using various nomenclatures (Platt 1986; Clemente and
Pérez Arlucea 1993; Martin-Closas and Alonso Millan 1998;
Arribas et al. 2003; Clemente 2010). From a stratigraphic
point of view, the site of Valdepalazuelos is located in the
transition between the Las Vifias and the Ladera Member
within the Rupelo Formation (Fig. 1b), according to the
terminology of Platt (1986). Following the terminology of
Clemente and Pérez Arlucea (1993), the site is located in the
transition between the Sefiora de los Brezales Fm. and the
Boleras Fm. The Cameros Basin succession in this area lies
unconformably on Jurassic marine limestones. It consists of
a clastic stage (Stage 1), mainly composed of conglomer-
ates, sandstones and red mudstones, which is overlain by a
carbonate-dominated stage (Stage 2), mainly calcretes, and
palustrine and lacustrine limestones (Sacristan-Horcajada
et al. 2015). The age of these units is Tithonian-Berriasian,
according to the charophyte and ostracod biostratigraphy
(Martin-Closas and Alonso Millan 1998; Schudack and
Schudack 2009). Recently, the upper part of the Rupelo Fm.
has been assigned to the Berriasian (San Marcos Fm.) (Mas
et al. 2019), but Valdepalazuelos site, which locates at the
base of Rupelo Fm. in Torrelara is considered by the same
authors as Tithonian (Boleras Fm.) (Sacristin-Horcajada
et al. 2015).

The site of Valdepalazuelos is constituted by a
2 m-thick grey marl bed that contains numerous verte-
brate bones. Calcite nodules are widespread in the bed
and some contain bone fragments in their core. The bones
are covered by a millimetric grey micrite crust, and char-
coal and leaf fragments are common. Jurassic limestone
pebbles are scattered within the marl bed. Overlying the
site bed, the marls show red to orange mottling arranged
in vertical structures and slicken sides. Carbonate nod-
ules reach decimetric sizes and become more abundant
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Fig. 1 Geological setting of Valdepalazuelos site. a Geological map of western Cameros basin, based on Beuther (1966). b Sketch of the Valde-

palazuelos section

upwards, as the carbonate content increases towards a
well-developed calcrete with prismatic structures. The
carbonate content increases upwards towards a well-
developed calcrete with prismatic structures. According
to the evidence from previous sedimentological research
on the above-mentioned units, the site of Valdepalazuelos
developed in the transition from distal alluvial deposits to
palustrine-lacustrine environments (Platt 1989; Sacristan-
Horcajada et al. 2015). This transition is commonly domi-
nated by a calcrete fringe (Alonso-Zarza 2003; Huerta
and Armenteros 2005). The site is interpreted as a ponded
area located within the alluvial-calcrete fringe transition.
The sediment recorded anoxic conditions, as is evidenced
by the charcoal and carbonized leaf fragments.

3 Materials and methods

Institutional abbreviations

MDS: Museo de Dinosaurios (Salas de los Infantes,
Burgos, Spain).

VPCR: Yacimiento de Valdepalazuelos- Tenadas del
Carrascal.

MDS-VPCR, 214 was recovered in 2018 during exca-
vation campaigns undertaken by the Colectivo Arque-
olégico y Paleontolégico de Salas de los Infantes, with
the corresponding notification of the Heritage Office of
the Regional Government of Castilla y Le6n. The material
recovered is housed in the Museo de Dinosaurios de Salas
de los Infantes (Salas de los Infantes, Burgos, Spain).

In general, we use the standardized anatomical nomen-
clature based on the Nomina Anatomica Avium and Nomina
Anatomica Veterinaria (see Harris 2004). The eccentricity
of the shaft of the humerus was calculated in accordance
with Otero (2010) and Mannion et al. (2013). The identi-
fication and nomenclature of the muscular insertions are
based upon the papers by Borsuk-Bialynicka (1977) and
Otero (2018). The calculation of the depth of the anconeal
fossa follows Upchurch et al. (2015).

Taxonomic abbreviations

In designing the figures, various taxonomic abbreviations
were used. CBB, coracobrachialis brevis; DSC, scapular
deltoid; LD, latissimus dorsi; ADM, anterodistal muscles;
LDM, laterodistal muscles; MDM, mediodistal muscles;
PDM, posterodistal muscles; P, pectoral; SBSC, subcora-
coscapularis; SCHA, scapulohumeralis anterior; SUC,
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supracoracoideus; TBL, triceps brachii caput laterale;
TBM, triceps brachii caput medialis.

Anatomical structures: DPC, deltopectoral crest; HH,
humeral head; AF, anconeal fossa.

Parameters and indices of the dimensions of the humerus
(Table 1). APWS: anteroposterior width shaft; LDPC: length
deltopectoral crest; ECC: eccentricity index; L: total length;
MLWDE: mediolateral width distal end; MLWPE: medi-
olateral width proximal end; MLWS: mediolateral width
shaft; DPEADPC: distance from proximal end to apex of
deltopectoral crest. RI, robustness index. GI, Gracility index:
MLWDE/L and MLWPE/L (Barco 2009).

4 Systematic palaeontology

Saurischia Seeley, 1887
Sauropoda Marsh, 1878
Neosauropoda Bonaparte, 1986
Titanosauriformes Salgado, Coria and Calvo, 1997
Brachiosauridae ? Riggs, 1904
Aft. Duriatitan

4.1 Description

MDS-VPCR, 214 is an almost complete right humerus, pre-
served in two parts, with a small part of the shaft missing
(Fig. 2). The proximal part of the shaft is fractured by a
small break that displaced the two parts of the shaft roughly
37 cm at the site. The fracture plane show a series of cracks
curved towards the inner part of the bone and proximally,
and with a small part of the shaft missing, which prevents
the two bone fragments from joining perfectly. The proximal
half of the shaft in the fracture area has scarcely undergone
any deformation.

The overall shape of MDS-VPCR, 214 is straight in lat-
eral and anterior view, as is usually the case with the sauro-
pod humerus (Upchurch et al. 2004). In anterior view, the
proximal end is gently expanded mediolaterally, and the dis-
tal end is slightly expanded medially (Fig. 2a). The proximal
end is more expanded mediolaterally than the distal (the
ratio between them is 1.4; see Table 1). The two ends are
twisted such that they are not in the same plane.

MDS-VPCR, 214 is a gracile humerus, with an RI
value of 0.25 (following Wilson and Upchurch 2003; see
Table 1). The estimated values of the ratio between the
width of the proximal and distal ends and the total length of
the humerus are 0.34 and 0.25 respectively (Table 1). Two
tendencies have been described in sauropods with respect
to this character (Barco 2009), starting from a robust
humerus in the majority of sauropods. The first tendency
is an increase in robustness due to greater lateromedial
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Table 1 Parameters and indices of the dimensions of the humerus MDS-VPCR, 214

RI

MLWPE/L
GI

MLWDE/L
GI

MLWDE  MLWDE/MLWPE  LDPC DPEADPC MLWS APWS ECC

L MLWPE

MEASURES & RATIOS

0.25

(0.33-0.35)

0.25

13.5 1.33

18

49

(44-48)

32 0.73

44

(126-132)

MDS-VPCR,214

Consult the meaning of the abbreviations used in Sect. 3
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(a) (b)

Fig.2 Humerus MDS-VPCR, 214. a Anterior view; b lateral view; ¢ posterior view; d medial view; e proximal view; f distal view. Scale 10 cm

expansion at both ends, roughly 40% proximally and 50%
distally. This is convergently present in basal macronarians
such as Camarasaurus, diplodocoids such as Suuwassea
and in titanosaurians (Osborn and Mook 1921; Ostrom
and Mclntosh 1966; Borsuk-Bialynicka 1977; Harris 2007,
Hocknull et al. 2009; Otero 2010). The second tendency
is an increase in gracility, with values of less than 30%
proximally and 25% distally, as recorded in brachiosaurids
(Janensch 1961; Mannion et al. 2013, 2017; Royo-Torres
et al. 2017). MDS-VPCR, 214 shows high gracility, with
values similar to those of brachiosaurids. Convergently,
similar values for gracility have been described in more
derived taxa such as the somphospondylan Ligabuesaurus
(Bonaparte et al. 2006; D’Emic 2012).

The proximal part of MDS-VPCR, 214 is asymmetrical
as a result of its slight medial projection (Fig. 2a, c). In
this character it differs from Turiasauria, a clade character-
ized by a marked medial projection of the proximal area
(Royo-Torres et al. 2006). In anterior view, the proximal
margin of MDS-VPCR, 214 is convex, and the proximome-
dial and proximolateral corners are slightly convex. MDS-
VPCR, 214 lacks a coracoid process. MDS-VPCR, 214
shares the rounded shape of the proximolateral corner with

Camarasaurus (Osborn and Mook 1921), brachiosaurids
such as Brachiosaurus and Giraffatitan, and with non-tita-
nosaurian somphospondylans such as Euhelopus or Chubuti-
saurus (Mannion et al. 2017); a rounded dorsolateral corner
in the humerus is considered the plesiomorphic condition in
non-somphospondylan titanosauriforms (Wilson 2002). A
straight edge is considered a synapomorphy of Titanosauria
(Mannion and Calvo 2011).

The proximal articular surface is distinctively rugose
(Fig. 2e). The greatest thickness is found in the central part
of the articular surface due to the great development of the
humeral head in a posterior direction. Accordingly, a promi-
nent humeral head projects from the posterior margin of the
humerus in lateral view; the posterior face of the humeral
head has a rugose articular surface that curves posterodis-
tally. A posteriorly projected humeral head with a promi-
nent process has been described in flagellicaudates such
as Apatosaurus ajax and Suuwassea (Ostrom and Mcln-
tosh 1966; Upchurch et al. 2004; Harris 2004), in macronar-
ians such as Haestasaurus (D’Emic 2012; Upchurch et al.
2015) and in titanosauriforms no titanosaurian (Wilson
and Upchurch 2003; Bonaparte et al. 2006; Taylor 2009).
As such, it is a character that is rather widespread in
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Neosauropoda. The anterior surface of the proximal area of
MDS-VPCR, 214 is mediolaterally concave, forming a shal-
low depression with a semicircular outline and an irregular,
fibrous surface (Fig. 3a). This depression is known as the
coracobrachialis fossa (Gonzalez Riga et al. 2015) and it
corresponds to the coracobrachialis brevis muscle insertion
(Borsuk-Biatynicka 1977).

The posterior surface of the proximal area of the humerus
is gently convex mediolaterally. Distal to the humeral head
there is a slightly convex surface raised above the posterior
surface of the humerus, running in a proximodistal direction
and on both sides of the midline of the humerus (Figs. 2c
and 3c). This structure is not prolonged on the shaft and
has not been described in other sauropods. In posterior
view, there is a small, oval, somewhat rugose depression
located between the above-described meseta and the lateral
edge of the humerus (Fig. 3b, c), which could correspond
to the latissimus dorsi insertion (Borsuk-Bialynicka 1977).
Laterodistal to the process of the humeral head there is a

cbb

suc

adm

Fig.3 Reconstruction of MDS-VPCR, 214 with anatomical ele-
ments and muscular insertions in a anterior, b lateral, ¢ posterior and
d medial view. Cbb coracobrachialis brevis, dpc deltopectoral crest,
dsc scapular deltoid, af anconeal fossa, #h humeral head, /d latissimus
dorsi, adm anterodistal muscular insertions, Idm laterodistal muscu-
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10 cm

small, elliptical depression with a striated surface (Fig. 3b,
¢), which is interpreted as the scapular deltoid insertion
(Borsuk-Bialynicka 1977; Otero 2018). In lateral view, the
proximolateral edge is prolonged as a vertically developed a
rugose crest (Fig. 3b) in position posterior to the deltopecto-
ral crest, where the insertion of the scapulohumeralis ante-
rior is separated from the scapular deltoid insertion (sensu
Borsuk-Bialynicka 1977; Otero 2018). In medial view, on
the proximomedial edge of the humerus there is a rugose
area (Fig. 3d) that would correspond to the subcoracoscapu-
laris insertion (Borsuk-Bialynicka 1977), equivalent to the
subscapularis and subcoracoideus of Otero (2018).

The deltopectoral crest is anteriorly oriented, is thickened
at the lateral margin of the anterior surface of the humerus
and it is relatively short in the proximodistal direction.
Proximally, it begins close to the proximolateral corner and
extends towards the midline of the shaft, in the proximal
part of this, where it is less marked and relatively narrow
(Fig. 2a, b). This more medial position of the distal part of

10cm

lar insertions, mdm mediodistal muscular insertions, pdm posterodis-
tal muscular insertions, p pectoralis, sbsc subcoracoscapularis, scha
scapulohumeralis anterior, suc supracoracoideus, tbl triceps brachii
caput laterale, tbm triceps brachii caput medialis. Dark blue colour,
muscular insertions; red colour, muscular origins
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the deltopectoral crest differs from a position restricted to
the lateral margin, a plesiomorphic character in most sau-
ropods and some titanosauriforms, and it is considered a
derived character that it shares with certain other titanosauri-
forms (Upchurch et al. 2015). The scarce distal development
of the deltopectoral crest of MDS-VPCR, 214 distinguishes
it from Titanosauria, a clade in which the distal end is thick-
ened. The turiasaurians share this character (Mateus et al.
2014). The total length of the deltopectoral crest is approxi-
mately 40% of the total length of the humerus, as occurs in
the majority of sauropods, which differentiates it from the
humerus of Turiasaurus and Galvesaurus, which reaches
values of around 50% or more (Barco 2009). In lateral view,
the great anteroposterior expansion of the deltopectoral crest
of MDS-VPCR, 214 can be made out, the apex of which is
located in a proximal position. The distal half of the del-
topectoral crest has a rugose surface where the pectoralis
muscle inserts (Borsuk-Bialynicka 1977). The lateral surface
of the deltopectoral crest forms a broad, shallow concavity
in an anteroposterior direction.

The cross-section of the shaft of MDS-VPCR, 214 is
elliptical, being wider mediolaterally than anteroposteriorly.
Its eccentricity (ECC, Otero, 2010) is 1.33. The anterior
surface of the shaft is flat mediolaterally, and the posterior
surface is gently convex. In anterior view, the medial mar-
gin is concave and the lateral margin is practically straight,
a derived character present in some titanosauriforms (Jan-
ensch 1961; Mateus et al. 2011; Upchurch et al. 2015; Royo-
Torres et al. 2017), by contrast with the concave margin
shown by diplodocoids, macronarians such Camarasaurus,
titanosaurians such as Opisthocoelicaudia and Saltasaurus
(Ostrom and MclIntosh 1966; McIntosh 1990; Upchurch
et al. 2015).

The shaft of MDS-VPCR, 214 has preserved several mus-
cular insertions (Fig. 3). Along the lateral edge of the shaft
there is a crest that crosses the proximal and medial parts of
the shaft and gives rise to two projections in anterior view;
this crest is interpreted as the insertion of the lateral branch
of the muscle triceps brachii caput (Otero 2010) and the
medial branch of the triceps brachii caput would insert in
a continuous crest that runs along the medial edge of the
shaft (Fig. 3b, d). In a more distal part of the lateral edge of
the shaft there is another crest that presents two projections
visible in anterior view, which could be continuations of the
more proximal crest, although their position is very distal
for the muscle triceps capiti humerales. Both the anterior
surface and the posterior surface of the distal articular head
show a marked, abundant rugosity that would be associated
with the insertion of various muscles such as the brachialis,
pronator teres, supinator and flexor muscles; likewise, on
the medial and lateral surfaces extensive rugosity indicates
the origin of flexor, abductor and extensor muscles (Borsuk-
Bialynicka 1977; Otero 2010).

The distal area of MDS-VPCR, 214 is gently convex in
anterior view and is widened mediolaterally, a character that
is more pronounced on the ulnar condyle in the distomedial
corner of the humerus (Fig. 2a). Its anteromedial corner is
convex and is without an entepicondylar process like that
present in the macronarian Haestasaurus and in some tita-
nosaurians (Upchurch et al. 2015). The anterior surface has
radial and ulnar condyles, which are similar in degree of
development, and between which there is a narrow groove
that is prolonged on the articular end. These condyles are
prominent and very rugose, and are slightly displaced
towards the lateral half. The presence of separated condyles
in the middle part of the anterior surface on the distal end is
plesiomorphic for Sauropoda (character 83, D’Emic 2012)
and is present in most members of this clade (Upchurch et al.
2015). The presence of a single undivided condyle is a fea-
ture of somphospondylans and most titanosaurians (D’Emic
2012; Upchurch et al. 2015).

The posterior surface of the distal part of the shaft pre-
sents a supracondylar or anconeal cubital fossa (Upchurch
et al. 2015), delimited by two crests, one on its medial part
and the other more prominent on its lateral part (Figs. 2¢
and 3c). The depth of the anconeal fossa has a value of
0.07, which is a very low value, similar to that estimated
in Pelorosaurus and Mamenchisaurus, and less than 0.1, as
occurs in many taxa in a variety of phylogenetic positions:
Jobaria, Apatosaurus, Nigersaurus, Camarasaurus, Giraf-
fatitan, Haestasaurus, Opisthocoelicaudia, Malawisaurus
(Upchurch et al. 2015: Table 2, parameter Hafd).

The distal articular surface of MDS-VPCR, 214 is plano-
convex in anterior view, with no division between the ulnar
and radial condyles (Figs. 2a and 3a). The separate condyles
at the distal humerus joint appear in Macronaria, and as a
reversed character in saltasaurids (Barco 2009; Upchurch
et al. 2015). The distal articular surface extends towards the
anterior and posterior surfaces of the humerus; in this latter
case, the projection is greater in the ulnar condyle than in
the radial. This surface is very rugose, markedly so in its
anterior half. In neosauropods such as Apatosaurus, Bra-
chiosaurus and Suuwassea there is also a projection from the
distal articular area in an anterior and/or posterior direction
(Janensch 1961; Ostrom and McIntosh 1966; Harris 2006);
in derived titanosaurs this projection is towards the anterior
surface (character 163, Wilson 2002).

4.2 Comparison with Iberian sauropods

The humerus MDS-VPCR, 214 was compared with the
humerus from other Iberian taxa of the Jurassic-Creta-
ceous boundary that have preserved it (Fig. 4). The taxa in
question were: the turiasaurians Losillasaurus and Turia-
saurus from the Tithonian-Berriasian of Spain (Casanovas
et al. 2001; Royo-Torres et al. 2006) and Zby from the
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Kimmeridgian of Portugal (Mateus et al. 2014); the basal
macronarians Lourinhasaurus from the upper Kimmerid-
gian-lower Tithonian of Portugal (Mocho et al. 2014) and
Aragosaurus from the Berriasian of Spain (Sanz et al.
1987; Canudo et al. 2012; Aurell et al. 2016; Royo-Torres
et al. 2017); the brachiosaurids Lusotitan from the Titho-
nian of Portugal (Antunes and Mateus, 2003; Mannion
et al. 2013) and Galvesaurus from the Kimmeridgian of
Spain (Barco et al. 2005; Barco, 2009; Pérez-Pueyo et al.

2019); and the basal titanosauriform assigned to cf. Duri-
atitan humerocristatus (Mocho et al. 2017).

The turiasaurian Losillasaurus has undifferentiated
condyles in the distal part of the humerus (Fig. 4b), unlike
MDS-VPCR, 214, which has condyles that can be distin-
guished on both the anterior and posterior surfaces. The
deltopectoral crest in Losillasaurus is situated on the lateral
margin of the humerus and occupies roughly 67% of the
humerus, whereas in MDS-VPCR, 214 it only amounts to

() (9)

Fig.4 Sauropod humeri of iberian taxons from the Jurassic-Cre-
taceous interval, in anterior view. a Turiasaurus, b Losillasaurus, ¢
Zby, d Aragosaurus, e Lourinhasaurus, £ Lusotitan, g Galvesaurus,
h cf. Duriatitan humerocristatus (MG 4976), i MDS-VPCR, 214.

@ Springer

(h) (i)

Modified from : Royo-Torres et al. (2006), Mateus et al. (2014),
Royo-Torres et al. (2014), Mocho et al. (2014), Barco (2009), Mocho
et al. (2016a, b) courtesy of J.L. Barco. The figures ¢, e, g and h are
reversed for easy comparation
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38% of the length. Moreover, the mediodistal edge of the
humerus of Losillasaurus is rounded, and its distal edge
in anterior view has a marked convexity (Casanovas et al.
2001), whereas MDS-VPCR, 214 has a mediodistal edge
that is convex and medially prominent, and its distal edge is
more gently convex. The values of the ratio of the mediolat-
eral width of the shaft to the total length (MWD /L, Table 1)
indicates ratio indicate that MDS-VPCR, 214 is more grace-
ful than the humerus of Losillasaurus, being 0.25 and 0.18
(estimated), respectively.

MDS-VPCR, 214 shares with the humerus of Turiasaurus
(Royo-Torres et al. 2006) a prominent deltopectoral crest
and a straight lateral edge of the shaft (Fig. 4a). They differ
in the marked medial projection of the proximal area of the
humerus in Turiasaurus; the clear separation between the
ulnar and radial condyles of Turiasaurus by contrast with
the central position close to one another of the condyles
in MDS-VPCR, 214; and the lesser mediolateral expan-
sion of the distal end than the proximal end in Turiasaurus.
The deltopectoral crest is positioned laterally in Turiasau-
rus, whereas in MDS-VPCR, 214, its distal area is situated
towards the midline of the shaft. The outline of the distal
edge of the humerus is straight in Turiasaurus and convex
in MDS-VPCR, 214.

The humerus of the turiasaurian Zby (Mateus et al. 2014)
is morphologically rather similar to that of Turiasaurus
(Fig. 4c), differing from MDS-VPCR, 214 in the marked
medial projection of the proximal area, the well-separated
ulnar and radial condyles, the lateral position of the delto-
pectoral crest, and the development of a prominent swelling
on the lateral margin of the posterior surface of the humerus.

The humerus of the basal macronarian Lourinhasaurus
(Dantas et al. 1998; Mocho et al. 2014) has an expansion of
the proximal area that is very marked compared to the distal
area. The proximal edge in anterior view has an elevation
or swelling in its medial half; the lateral edge of the shaft is
concave; and the ulnar and radial condyles are well separated
on the anterior surface of the distal area (Fig. 4e). In MDS-
VPCR, 214, the proximal and distal areas have more similar
mediolateral expansions; the proximal edge of the proximal
area shows a continuous convex development; the lateral
edge of the shaft is straight and weakly concave; and the
ulnar and radial condyles are close to one another, situated
in the medial part of the anterodistal surface.

The humerus of the macronarian Aragosaurus (Royo-
Torres et al. 2014) shares with MDS-VPCR, 214 a promi-
nent process on the anterior surface of its distal area, which
has ulnar and radial condyles at its midline, and there is a
low medial projection of the proximal area of the humerus
(Fig. 4d). The deltopectoral crest of Aragosaurus is not
very marked, which distinguishes it from MDS-VPCR, 214,
the humerus of Aragosaurus has high values for gracility:
MLWPE/L=0.29, MLWDE/L =0.3 (estimated), with the

lateral margin of the shaft concave, whereas MDS-VPCR,
214 is less gracile: MLWPE/L =0.34, MLWDE/L =0.25 and
its lateral margin is straight.

The brachiosaurid Lusotitan only preserves the proximal
halves of the left and of the right humerus (Fig. 4f) (Antunes
and Mateus 2003; Mannion et al. 2013; Mocho et al. 2016b).
Its humeral head is slightly displaced towards the medial
half and projecting less towards the posterior than in MDS-
VPCR, 214, where the very prominent humeral head is situ-
ated at the midline of the proximal end. Likewise, in lateral
view its deltopectoral crest is reduced, with a slighter anter-
oposterior development than in MDS-VPCR, 214.

Galvesaurus is a taxon that has been placed in various
phylogenetic positions (Royo-Torres et al. 2006; Barco 2009;
Mannion et al. 2013). Recently, however, it has been placed
among basal Titanosauriformes, being included within Bra-
chiosauridae (Pérez-Pueyo et al. 2019). The Galvesaurus
humeri (Fig. 4g) and MDS-VPCR, 214 show similar val-
ues for gracility, as measured by the ratios MLWPE/L and
MLWDE/L. The Galvesaurus humerus has an inconspicuous
deltopectoral crest, developed on the lateral margin, unlike
the crest of MDS-VPCR, 214, which is much more promi-
nent towards the anterior, with the distal part occupying the
central part of the anterior surface of the shaft. The lateral
edge of the shaft is concave in Galvesaurus and practically
straight in MDS-VPCR, 214. The anterior surface of the
distal part of the Galvesaurus humerus lacks protrusions
or projections; the mediodistal corner is straight; and the
articular surface is delimited at the distal edge, a primitive
character (Barco 2009). By contrast, the anterior surface in
the distal part of MDS-VPCR, 214 has a protrusion on which
the ulnar and radial condyles are situated; the mediodistal
corner is convex and prominent; and the distal articular sur-
face projects towards the anterior and posterior surfaces. The
proximomedial edge of the Galvesaurus humerus CLH-1 has
a crack that is lacking in MDS-VPCR, 214.

From the Kimmeridgian-Tithonian of Paria dos Frades
(Portugal) comes the right humerus MG 4976 (Fig. 4h),
attributed cf. Duriatitan humerocristatus (Mocho et al.
2017). The holotype of D. humerocristatus is only a frag-
mentary humerus of the Kimmeridgian of England initially
attached to Cetiosaurus and recently used to define Duri-
atitan (Barrett et al. 2010). MG 4976 presents an autapo-
morphic character of Duriatitan, a ridge of proximal crys-
tal development on the posterior view of the proximal end,
located posterior to the deltopectoral ridge (Barret et al.
2010). However, Mocho et al. (2017) prefer to use open
nomenclature taking into account the fragmentation of the
Portuguese material and the English holotype. MDS-VPCR,
214 presents a general appearance similar to the two speci-
mens assigned to Duratitan including the autapomorphic
character proposed by Barrett et al. (2010). They also share
the general slenderness of the bone, the scarce proximal
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development of the deltopectoral crest, the anterior orienta-
tion of the deltopectoral crest but occupying a more medial
position distally and the shallow distal shallow anconeal
fossa delimited by two soft ridges. MDS-VPCR, 214 and
Duriatitan present differences such as the lateral edge of the
diaphysis, practically straight in the MDS-VPCR, 214 and
concave in Duriatitan, although in MG 4976 the concavity
is less marked.

5 Phylogenetic position of the sauropod
from de Valdepalazuelos

To undertake a preliminary phylogenetic analysis of the
humerus MDS-VPCR, 214, we used the characters from the
matrices developed by Wilson (2002), D’Emic (2012), Har-
ris (2006), Whitlock (2011), Carballido and Sander (2014),
Upchurch et al. (2015) and Carballido et al. (2017), which
are identified by the number of the character in conjunction
with the initials W, DE, H, WH, CS, U and C respectively.

A- A series of primitive characters were recorded in the
fossil from Torrelara:In the proximal area the proximolat-
eral corner is convex (plesiomorphic in Sauropoda): 159W,
79DE, 225H, 102WH, 260CS, 308C.

B- On the anterior surface of the distal area there are two
condylar projections: 258CS.

C- The distal articular surface is straight; there is no con-
dylar division: 164W, 84DE, 233H, 306C.

Likewise, various derived characters were identified in
MDS-VPCR, 214:

A- Humerus not very robust, gracile: 78DE, 256CS,
304C.

B- The distal portion of the deltopectoral crest is situated
in the medial area of the shaft of the humerus: 228H.

C- The deltopectoral crest is well developed and is very
prominent: 160W, 227H, 253CS, 301C.

D- The cross-section of the shaft is elliptic: 170W, 230H,
161WH, 255CS, 303C.

E- The lateral margin of the shaft is straight: 163WH,
259CS, 307C.

F- The distal articular surface extends towards the ante-
rior and posterior: 163W, 231H, 257CS, 305C.

It has been suggested that a shallow anconeal fossa with
lateral and medial crests, as possessed by MDS-VPCR,214,
is a derived character, present in the majority of somphos-
pondylans (Upchurch et al. 2015).

MDS-VPCR, 214 shares various characters with Tita-
nosauriformes not titanosaurs, such as the gracility of the
humerus, the prominent humeral head, and the distal part
of the deltopectoral crest situated in the medial part of the
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shaft (Janensch 1961; Tidwell et al. 1999; Bonaparte et al.
2006; Harris 2006; Royo-Torres et al. 2017; Mannion et al.
2017). By the same token, MDS-VPCR, 214 has characters
that it shares with Brachiosauridae, such as the elliptical
section of the shaft, the straight lateral edge of the shaft, and
the high gracility values (Taylor 2009; Tidwell et al. 1999;
Royo-Torres et al. 2017; Mannion et al. 2013, 2017; Pérez-
Pueyo et al. 2019). Therefore MDS-VPCR, 214 is possibly a
brachiosaurid titanosauriform, probably a basal taxon. In the
description of MDS-VPCR it has shown the great morpho-
logical similarity to the holotype of Duriatitan, un this sense
Barret et al. (2010) point out that Duriatitan is a member
of Titanosauriformes, even earlier Naish and Martill (2007)
place it in Brachiosauridae in the English humerus.

6 Conclusions

MDS-VPCR, 214 is a sauropod humerus with a different
morphology from those so far described from the Jurassic-
Cretaceous transition of the Iberian Peninsula. It shares
a general morphology and significant characters with the
sauropods of Kimmeridgian Duriatitan humerocristatus
holotype and the MG 4976 specimen assigned to cf. Duri-
atitan humerocristatus. Both specimens are fragmentary
and of different age than MDS-VPCR, 214, so it is more
appropriate to use the open nomenclature for MDS-VPCR,
214 (aff. Duriatitan) while waiting for new material from
Valdepalazuelos-Tenadas del Carrascal site to clarify their
relation with the English taxa.

The morphological characters of MDS-VPCR, 214 it situ-
ates as an early braching titanosauriform, possibly a bra-
chiosaurid. Brachiosaurids are represented by basal forms in
the Iberian Peninsula from the Kimmeridgian (Galvesaurus,
Lusotitan). MDS-VPCR, 214 provides more evidences of the
presence of a possible early braching Titanosauriformes in
the Jurassic-Cretaceous transition of the Iberian Peninsula.
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