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Abstract

The Chiniquodontidae is a family dffriassiccarnivorous cynodontaell represented in the
Middle-Upper Triassic of Argentina and Brazil. Chiniquodontids were more recently
discovered in Madagascar and central Namibia, representing the only record of the family
outside South America. The Namibian specimen was discoverde Upper Omingonde
Formation and is represented by the skull and a partial skeldtemew chiniquodontid was
identified asChiniquodonand is diagnosed byhe postcranial characteristiadentified; a

strong bend in the proximal portion of thoracibs, reduced curvature of the clavicle,
although this may be due to deformatioohustness of the neck of the ilium, differences in
the angulation between the edge of the posterior lamina of the ilium and the margin of the
neck, anda large ischium, whit is more than twice the size of the pubic plafée
postcranial material of éhchiniquodontid from Namibis described and compared with that

of South American chiniquodontids. Chiniquodontids lack costal plates on ribs, show a tall
and slender scapulblade, a large acromion process positioned well above the scapular neck
and absence of didike phalanges in the autopodiuihe Namibian Chiniquodonprovides

the first evidence of elements from the pes in chiniquodontids, and one of the few for non
mammaliaformcynodonts. Sedimentological studies confirm thatet Upper Omingonde
Formationof Namibiarepresent$luvial depositsof braided and meandering rivdesmedin

apredominately arid climatic reginguring the Middle Triassic
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1. Chapter One

1.1.Introduction

The Triassic, 250 to 210 million years agc¢

many terrestrial vertebrate groups, like mammaliaforms (early mammals of some scholars)
and dinosaurs make their first appearance (Erickson, 2002). Extensive Badidseen done
on Triassic palaegeography (e.g. Smith, 1999; Veevers, 2004), stratigraphy and
sedimentary environments (e.g. Smighal, 1993; Holzforsteret al. 1999; Rogerset al,
2001; Zerfas®t al., 2003), biostratigraphy (Rubidge, 1995; Lucad98) and the extinction
events that occurred during the beginning and the end of the Triassic (e.g. Erwin, 1990; Ward
et al, 2000; Tanner et al, 2001; Benton and Twitchett, 2003Retallack et al, 2006;
Blackburnet al, 2013). The Triassic started wighhuge supecontinent called Pangaea and
ended with its breakp into Laurasia in the north and Gondwana in the south (Erickson,
2002). A large ocean, the Tethys, separated Eurasia from Gondwanaland, opening eastwards
into the ancestral Pacific (TuckercaBenton, 1982).

Climatic interpretations indicate that conditiomerechanging from extremely colat the
beginningof the Triassic to ver hot and arid at the end ¢iie period Catuneanet al,
2005. According to Tucker and Benton (1982hese conditions arose from the unique
arrangement of continent and ocean at this timéh a) continentality effectamore
pronounced,including hot summers, cool winters and lower rainfall, as a restilthe
existence obne large landmass and mpre efficient heat transfer from lovatitudes to the
poles due to the presence of a vast open ocean.

The noamammaliaform cynodontarea group of advanced therapsid fogsivhich lived
from the Permiaro the Cretaceousi-rom an evolutionary point of viewhey are important
becauseaepresentatives of thigroup gave rise to mamnigforms during the Late Triassic

(Hopson and Kitching, 197Xielan-Jaworowskeet al, 2004; Kemp, 2005 by which time
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they were living o nearly all the continents (Rubidge and Sidor, 2001; Kemp, 2005; Abdala

and Ribeiro, 2010).

The Chiniqguodontidae is a family of small to large carnivorous cynodonts, having a
secondary palate extending to or beyond the posterior end of the tooth romittasectorial
teeth with small or no cingulum cusps, or teeth with broad lingual shelves aogtact
occluding teeth (Hopson and Kitching, 19Tt see Abdala and Giannini, 200Zhey form
part of thecladeProbainognathi@Hopson and Kitching, 2001yvhich gave rise to mammals.
Von Huene (1936) erected tRamily Chiniquodontidaeafter the discovery of two species,
Chiniquodon theotonicusand Belesodon magnificusin outcrops of the Santa Maria
Formation at Chiniqua, Rio Grande do Sul, Brazil. Hosvewe did not give a full diagnosis
of the family as the specimens used waréragmentary skullGhiniquodon or a poorly

preserved partial skeleton, includiagery deformed skull§elesodon

Bonaparte (1966) describedseries othighly fragmentedChiniquodonspecimes from
the Ischigualasto Formation of Argentinavhereas Romer (1969a) described poorly
preserved skulls o€hiniguodonand Belesodonfrom the Santa Maria Formation, Brazil
Othertaxawere added to the family, includiri®gyobelesodonewisi and Probelesodon minor
both from the Chafares Formation of ArgeniiR@amer, 196B8; Romer, 1973)Probelesodon
kitchingi from the Santa Maria Formation, Rio Grande do Sul, Brazil (Teixeira, 1982), and
Probelesodon sanjuanensfsom the Ischigualastd-ormation, Argentina (Martinez and

Forster, 1996).

Abdala and Gianini (2002)performed @axonomic revision of the Chiniquodontidae and
an allometric study of the specimens included in the farbdged on cranial measurements
They proposed two autaponphies as characteristic of the group: 1) the distinctive

angulation between the si@rior portion of the maxilland the anterior position of the



zygomatic arch and; 2) very extended pterygoid flanges, ending in a thin projection. These
authors confine tke family to two taxa: Chiniquodon theotonicusand Chiniquodon
sanjuanensis Abdala and Gianini (2002) excluded the African taxonAleodon
brachyramphudrom the Family Chiniquodontidae, a conclusion not endorsed by Hopson

and Kitching (2001).

During the1970s, a South African palaeontologist, Andre Keyser,odim@d several
fossils atvariousstratigraphidevels of the Omingonde Formation of central Namibia. These
included the dicynodont¥Kannemeyeriaand Dolichuranus the bauriid therocephalian
Herpetmale an eriopoid amphibian resembling Micropholis and the cynodonts,
CynognathusTrirachodonand Diademodon(Keyser, 1978, b; Keyser,1978). Based on the
dismvery of thisfossil fauna the Omingonde Formation was interpreted as having an

OlenekiarAnisian age (Kitching, 1995).

Until recently, Chiniquodon was known only from strata ofthe LadinianCarnian
Chafares and Ischigualagtrmationsin Argentina (Romer1970;Bonaparte1966 Romer,
1969b; Romer and Lewis, 19%3and theSanta Maria Formatioin Brazil (Huene, 1936;
Romer, 1968; Teixeira, 1982; Martinez and Forster, 1996; Abdala and Giannini, Z6@3)
1). Recentlyhowever,remains of this carnivorous taxon were discovered in Africa. Abdala
and Smith (2009) reported eight different cynodontatdrom the Upper Omingonde
Formation,Waterberg Basin of Namibia (Fig. jcluding fourcynodontgenera which were
new to the Namibian faunaluangwa Aleodon an indeterminate traversodontid and
Chiniquodon Kammereret al (2010) described a partiaMer jaw of a new chiniquodontid
species,Chiniquodon kalanorpin the basal Isalo Il bedor the Makay Formation of
Madagascar.With the dscovery of additional fossil specimens the Triassic Upper
Omingonde FormatioSmith and Swart, 2002) N a mfadnanavd represents one of the

most diversein the record of nomammalian cynodontérom the Middle Triassic of

3



Gondwana (Abdala and Smith, 2009). The recor€lihiquodon a rauisuchian archosaur

and the dicynodorfstahleckerian the upperrost levels of the Upper Omingonde Formation
were interpreted as indicative of a putative Ladinian age and thus younger than remaining
Middle Triassic faunas from continental Africa (Abdala and Smith, 2009; Abefala,

2013). Therefore, the remains Ghiniquodonthat were discovered in Namib&ig. 1) are

the only Middle Triassic remainsf this important, mainly South American, taxthus far

represented in the Middle Triassic continental Africa

2200k, LEGEND

Northern limit of
subduction zone

Southern margin
= Gondwanarg
Parana
Karoo
Transantarctic
East Australia

BN -

Figurel. Triassic basins in Southern Gondwana (fromaiadt al, 2013).



The skullof the NamibiarChiniquodornwas preliminarily described by Abdala and Smith
(2009) and identified a€hiniquodonsp. The specimens however also represented by a
substantial portion of the postcranium in the collection of the Geologicaégof Namibia,
which hasnot been describedPostcranial material for chiniquodontids from South America
has been reported by various authdfsn Huene (1944) published a description of limited
postcranial material of the chiniquodonBeélesodomagnificts (synomym ofC. theotonicus
following Abdala and Giannini, 2002) from tH&anta Maria Formatioof Brazil. Romer
(196%) described postcranial material @hiniquodonfrom the MiddleTriassic Santa Maria
Formation of Brazil, whereasRomer and Lewis (1973) described the postcranium of
Probelesodon lewigsynomym ofC. theotonicugollowing Abdala and Giannini, 2002) from
the Chafnares Formation of Argentindartinez and Forstgi1996 reporedthe presence of a
partial, unprepared postcranial skeleton Rybbelesodonsanjuanensisfrom the Carnian
Ischigualasto Formatioonf Argenting which remains undescribed. Final@liveira et al
(2009) described a partial skeleton ©hiniquodon cf. theotonicus collected from the

Therapsid Cenozone, from the Middle Triassic Santa Maria Formabiotihern Brazil

1.2.Geological settings of chiniquodontid fossil localities in SoutAmerica and Namibia

The geological and sedimentological features of the formations in which chiniquodontid

fossils have been collected are summarized below.

1.2.1. Chafares Formation, Argentina
The Chdiares Formation was deposited during the Triassic in thbwestsoutheast
trending Ischigualast¥illa Union Basin, which forms a hatiraben rift basin in western

Argentina Stiparicic and Marsicano, 2002). Thformation is unconformably underlain by



the Tarjados Formation and the lowerunit of the Agua dda Pdia Group, which also
includes the Los Rastros, Ischigualasto and Los Colofadostions (Lépetsamundiet al,
1989; Caselli, 1998; Mancuso, 2005a, b). Rogeral (2001) and Kokogiart al. (2001)
inferred a Ladinian age for the CiaesFormation based on fes fauna as well as the
stratigraphic relationship with the overlyi@arnianischigualasto Formain (Fig. 2)

The Chahares Brmationis structureless not exhibiting any laminations or cross
bedding, but with an abundance of comtions and a substantial portion of volcaniclastic
material (Romer and Jensen, 1966; Stipia, 1983 Rogerset al,, 2001).Initially Romer and
Jensen1966 divided thisf or mat i on into two infor mal uni t
|l ower Awhiteo unit, based esrecbgnised thaheiro | o ur
lower unit contained anbaindance of tetrapod fossils, whereas the upper unit was devoid of
fossils. Rogerset al (2001) subdivided the formation into a lower unit containing an
abundance of fluvial sandstones and siltstones, and an upper lacustrine claytsttome
unit with thin ash bedé@ancusoet al.,2014).The ash beds akeidespread and accorgj to
Lhpez Getau(h989 were deposited by muddy streaifise lower fluvial facies
preserves silicified root traces with scattered pebbles and locally abundant small brown
carbonate concretions (Mancuso and Caselli, 2012). Within this facies two levels containing
abundant large brown calcareous concretions wbserged, as well as smaller, randomly
distributed concretionsThe lower concretion level, which is located midway inside the
claystonesiltstone facies, yielded most Claaes vertebrate fossil remaifRomer and
Jensen, 1966; Rogees al., 2001; Mancuscet al., 2014). The upper concretion level lacks
vertebrate fossils, although some of the concretions exhibit vertical burrows, and the layer is
associated with a white tuff layer. Howeyéw vertebrate fossils were observed inside the

tuffaceous clajsiltstones



According toRogerset al (2001) and Mancusa2Q053 the uffaceous sandstones
were depositedy river channelswhereashe claystonesiltstone facies wasdeposited on
alluvial floodplains Theuppermos facies consists of laterally persistelight grey and pale
olive claystones and si | t sahdonumesous, nraridamy O p o g
distributed subvertical invertebrate burrows, 102 cm long and 0.8 cm wide, assigned to the
ichnogenusTaenidium(Rogerset al., 2001). This faciesvas deposied in a shallow lake
environment (Rogerst al, 2001; Mancuso, 2005a).

Paleosol data collected for th€haiares Formationsuggests a mean annual
precipitation of 2501500 mm, representing an arid to seamd seasonal climate (Curtin,

2001; Gyllemaal, 1990; Shipman, 2004).

1.2.2. Ischigualasto Formation, Argentina

The Ischigualasto Formation was deposited dutieg_ate Carnian tdearly Norian
(Martinez et al, 2011) in the Ischigualasddilla Union Basin, which is acontinental
extensional om rift basin in noth-western ArgentingAlcober, 1996; Currieet al, 2009).
The lower two thirds of the formation havgielded a great diversity of fossils, including
cynodonts(Martinez and Forster, 1996/artinezet al, 1996 2013;Abdala and Gianini,
2002, archosaurgRogerset al, 1993; Bmaparte, 1982, 19971;anger, 2005), and flora
(Spallettiet al., 1999).

The Ischigualasto Formatioonsists ofabout 300700 m of fluvial channel
sandstones, conglomerates, overbank mudstones, paleowbBasalts from volcanic flows,
all of which were deposited during the last stage of synrift tectqMdilsna and Alcober,
1994; Alcober, 1996)The thicknesssawell asthe lithological charactesf the Ischigualasto
Formation change laterally across ehbasin from the east to the west. In the east, the

formation thins from 413 m to 397 m and is dominated by overbank mudstones, whereas in



the west, it thickens to 691 m and is dominated by fluvial channel sandstones. Catrie e
(2009) have subdividedh¢ Ischigualasto Formation into four lithostratigraphic members.
The basal La Pefia Member, comprises about-5b m of tan/gray sandstone and
conglomerate and green/gray smectitic mudstone. The smectitic mudstone represents
floodplain sediments and the sandstones represent crevasse splagantha de Bochas
Memberconsists of about 8325 m of mudstone and sandstonethware interbeddings of
bentonite and basalt. Red, green, and red/graitled mudstones that commonly contain
abundant calcareous nodules, rhizoliths, slickensides, peds, and cutans dominate within this
member.Sandstonesepresent fluvial channel deptssiaterally associatéwith fine-grained
sandstone and siltstone crevasse splay and levee deposits. Fine grained sanidine and
plagioclase crystals were found in several thin, (< 15 cm) bentonite beds, interpreted as
altered volcanic ash beds. In the eaisthe study area flow basalts ranging in thickness from

1 to 25 m, with vesicular to amygdaloidal textures contain plagioclase phenocrysts. The Valle
de la Luna Member comprises a 2600 m package of mudstone and sandstone, and is
dominated in some arely structureless smectitic firgrained floodplain deposits of a dark

gray colour and by channel sandstone, crevasse splay and levee deposits in other parts of the
deposit. Many abandoned channel depositgisg membercontain abundant carbonaceous
mudsbne and plant fossils. The Quebrada de la Sal Member consists of mudstone and
sandstone deposits of i3 m thickness. The channel sandstones display four types of
channelbodies. Abundant crevasse splay, crevasse channel, and levee deposits were noted in
the member. Mudstones are often pedogenically altered. A number of <15 cm thin gray and
red coloured bentonite or siliceous siltstone beds were interpreted as representing altered
volcanic ash deposits, which contain wine grained, euhedral sanidinedaplagioclase

crystals.



Paleosols of the Ischigualasto Formation support an increase in annual precipitation
from 760 mm or less in the lower half of the formation to-2800mm in the upper half of
the formation and reveal dry and wet seasonal climatiemes (Shipman, 2004).

Sanidine crystals from a tuff layei80 m above the base of the formatiare dated
at227.8 8 =+ 0.3 MaisingArgon isotopegRogerset al, 1993)and recalibrated to 231#40.3
Ma by Martinezet al. (2011), whereaShipman (2004) dateplagioclase crystalsollected
~70 m from the top of the formatiat 217.0 + 1.7 Ma. In addition, Odiand Letole (1982)
dated basalts from the Alto &a which are correlated with basalts from the lower parts of
the formation (Curriest al, 2009 at 229 + 5 Ma. These dategive the formation a Carnian
Norian age based on the latest IUGS timescgl&JGS, v 2014/02 Cohenet al, 2013,

updatedl.

1.2.3. Santa Maria Formation, Brazil

Triassic deposits in Brazil are confined to the southernmost part of the iCGtaaaoa
Basinand compris¢he Sanga do Cabral (Early Triassic) and the Santa Maria (Middle to Late
Triassic) supersequencgZerfasset al, 2003. Zerfasset al. (2003) divided thé&santa Maria
Supersequence, which wdsposited during the LadinigRhaetic interval in the Rio Grande
do Sul Stateinto three depositional sequences calfedm young to olgd Santa Maria 1, 2,
and 3. The chiniquodomtispecimens were collected in the basal portion of the Santa Maria
Sequence 1Oliveira et al, 2009), whichs$ up to 50 m in thickness (Zerfassal, 2003)
According to Machado (2004), and Rubert and Schultz, (2004) the Santa Maria Sequence 1
is composed of massive or finely laminated reddish mudstones and some carbonatic
concretionary levels, corresponding to floodplain facigsrfass et al (2003; 2004)
interpreed the Santa Maria Sequence 1 as composed of a lower fluvial part, composed of

mas$ve orthoconglomerate, conglomeratic sandstone and massive {grdimed sandstone



and siltstone deposits, indicative of lksmuosity rivers This is followed by an upper
transgressive shallow lacustrirgart, compising massive or laminated red mudstsn

indicative of shallow lakeleposits. Thdatter depositpreserved laundant fossil vertebrate
remains Barberena, 1977; Schererr al, 1995; Schultzt al, 200Q in association with plant
material(lanuzzi and Schultz, 1997).

Faunal correlaons ofthis unit with the Chéares Formation suggest a Ladinian age
for the base of Santa Maria SequenceSth(ltzet al, 200Q Rubert and Schultz, 2004;
Abdalaet al, 2009;Abdala and Ribeiro2010 (Fig. 2). Although previous biostratigraphic
studies (Keyser, 1973a, 1973b; Pickford, 1995; Lucas, 1998; Holzfétsaér 1999) suggest
that the deposition of the Santa Maria Supersequence and the Triassic strata of the Waterberg
Basin were not synchronou<erfass et al (2003) assume that th&anta Maria
Supersequence and the Triassic depaiessOmingonde Formatioof the Waterberg Basin
are roughly coeval.

Martin (1961)and Zerfasset al. (2003 suggest thathe Santa Maria Supersequence
represent the remains of a rift basin amight have been controlled by the same fault system,
which controlled the deposition of Triassiod Jurassisediments in the Waterberg Basin of
Namibig the OmaruruWaterberg Fault Zone.

Petrographic evidence ggestsclimatic seasonalityduring the deposition of the
Ladinian Santa Maria Sequenceahd amore humid phase within an overall semiarid
climate, but this increase in humidity was not enough to keep perennial water bodies (Zerfass

et al, 2003).

1.2.4. Isalo Il Beds/ Makay Formation, Madagascar
The Morondava Basin of Madagascar is the largest of three basins, the other two

being the Majunga and Diego basins, bordering the Mozambique Ch&maek @nd Nairn,
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1982. The Morondava Basin is approximatelp00 kmlong and is situated on the west
coast of MadagascaBgast and Nairn, 1982 Active Faults during "Karoo" times formed
horsts and grabens, which trenc® 20/ or 20 NE (Boast and Nairn, 1982The basin was
infilled with 11 km of nonmarine "Karoo%ediments, succeeded by a thinner {800
sequence of marine and norarine bedsBoast and Nairn, 1982

Three groups known as the Sakoa, Sakamena, and Isalo Groups represent the infilled
sediments Boast and Nairn, 1982Terrestrial beds ahe Isab Grouphave been correlated
to the Karoo and most of it has been interpreted as Jurdssast(and Nairn, 1982 This
group is 5000 to 6000 m thick in the Morondava Basin and has conventionally been divided
into Isalo I, Isalo Il, and Isaldll beds (Beairie, 1953). The beds comprise fhgeained,
ochre colouredandstones with lenses of variegated shales (Besairie, B8&8t and Nairn,
1982.

A chiniquodontid specimen, UA 10607, represented by a partial mandible, was
coll ected i n 0t hbealsbEdnave asl thd/akayaHomnatibnl (Langeet al,
2000); near Antanandava in the southern Morondava Basin. According to Kanainater
(2010)Chiniquodon kalanor@nd ot her fossils coll ected in
Formation; provide conflicting biostratigraphic signals, making an age assignment to the
fauna difficult (Kammereet al |, 2010) . However, the O6basal I
the Saita Cruz do Sul fauna of the Ladinian Santa Maria Formation of Brazil (Kameterer
al., 2010). Thusthebestupport ed age assessment for the
cynodont record, is a Ladinian age assignment (Kammeral.,e2010). Specimes were
collected in a sequence of variegated, bioturbated red and green clays and siltstones, and gray

crossbedded fineto coarsegrained sandstone deposits (Kammaeiteall., 2010).
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1.2.5. Upper Omingonde Formation, Namibia

Several authors have reported #ecumulation ofTriassicJurassic megasequence
deposits in nortlwestern Namibian the southweshortheastrending elongated Waterberg
Erongo depositorgReuning andHuene, 1925; Gevers, 1936; Poradal, 1996) Smith and
Swart (2002) reported thatthe Triassic Omingonde Formation was deposited tire rift
Waterberg Basimext to an acte fault margin, the northeasbutiwest trending Waterberg
Omaruru Rult Zone, with tectonism controlling sediment accumulation.

Holzforsteret al. (1999), subdivide the Omingonde Formation into four unigsch
composed of sets of relate@positional cycleseparated byrosional or sediment bypass
contacts with thetwo upperunits correspornidg to the Upper Omingonde Formation. Since
this study focusesrothe Upper Omingonde Formatiaomly the lasttwo upperunits will be
consideredHolzforsteret al.(1999) interprethe unit three represented bg thickness of 220
m, as confined chanel depositsWithin this unit there aréwelve upwardihing depogional
cycles of 8 ta30 metreshaving two main faciesa) a laterally amalgamated gravelly arkosic
channel facies and B pale purple sandy mudstone faci&eposition occurredwithin
confined channels of a mixddad dominated river systewhuring deposition of te first
facies aswell-developed upwarfining units are associatedvith sandstonelaving narrow
channel widtk. Paleocurrent directions indicate high channel sinuosity, charactestic
meandering rivers.

A floodplain environments reflected for thesecond facigswith crevasse splays
providing thin lenticular sandy inteslatiors in areas distal to the main active channels. The
palaeosols preserved in unit three are few and fairly immature, suggesting a rather arid
environment with elatively low groundwater tableBeposits of unit four are interpreted as
floodplain dominated with a total thickness of 100 metiesan be subdivided into 22

depositional cycles with gariablethickness of 1.5 13 m represented by three main fecie
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a) anisolatedsingle channel facie®€) a laminated fine sandstone faciesd c)a bioturbated
mudstone faciesThe first facies indicates rretwork of shallow, interlacing, poorly confined
channels which are wedleveloped in distal braiglains. Such environments are particularly
common in arid regionsChe second facies represeats upper flow regime deposition and
waning stages of sheet flood events. The third facies implies a floodplain environment with
shallow ephemeral lakes existinguring wet seasons, whereas dry periods favoured
desiccation and pedogenic modificatigxccording to Holzforsteet al. (1999) and Wanke
(2000) a progressive change in environmental and climatic conditions occurred during
deposition otthe UpperOmingonde Formation, where a braided river sysite semiarid
climate changed to a more meandering riwstem with decreasing discharge rates
wetter environment

Smith and Swart (2002Iso proposawitching from a single, wide, shallow braided
system to a narrow series of meander belts separated by floodplaitheyindicate that the
change oflepositional environmentsappeneaver a short time period of five million years.
These authorgecognizedthree sedimentological facies associatiowithin the Upper
Omingonde Formationl) loessic plaia with saline lakes and pond£) gravel bed
meandering rivers on setarid floodplairs and3) sand bed meandering streams on szl
loessic plains with saline pondSeveral fossils were discoveradloessic mudrocks of the
formation.

The exact origin and stratigraphic position of the fossils collected by dtstefet al.
(1999) and Keyser (1973a, b) are difficult to establish. Abdala and Smith (2009) proposed
that most fossils collected by Haofzéteret al. (1999)came from their units representing the
Middle Omingonde Formation and the base of the Upper Omingonde Formation. They also
noted that Holzforster et al. (1999) misinterpreted the stratigraphic position of the

Erythrosuchuskeleton (radentified as a rauisuchian Bpbdala and Smith, 200%s coming
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from their unit one, which is equivalent to the Lower Omingonde Formation. The original in
situ position of the rauisuchian would have been in the Upper Omingonde FornAddazia

and Smith, 2009 According to Abdala and Smith (2009) the stratigraphic position of
Keyserodos three arenacous horizons and the
well defined either and the stratigraphic schemes used by Smith and S{Z&®2) and
Holzforsteret al. ( 1 9 9 9) do not mat c h Intialy the Otengosder 6 s
Formation, was interpreted as having an Olenekiaisian age (Keyser, 1973a, b; 1978;
Kitching, 1995). However, in recent years the top levels of theeU@mingonde Formation

have beerinterpreted as Ladinian, based on faunal record8hafiiquodon a rauisuchian

archosaur and the dicynoddstiahleckerig Abdala and Smith, 2009Fig. 2).

Los Colorados Fm

Quebrada de la Sal Mbr
Valle de la Luna Mbr
~227 Cancha dc Bochas Mbr
La Pefia Mbr
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Ischigualasto Fm

1aSS1C

Los Rastros Fm Santa Maria 1
———————— Sequence

~237 Chafiares Fm

=22 Omingonde Fm

Tr
Anisian |Ladinian | Carnian

247.2

Figure2. Stratigraphy othiniqguodontidfossil bearing geological units in South America and
Namibia.
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2. Chapter Two

2.1.0bjectives and Hypotheses

There is a general lack of research on the postarani cynodontgand therapsslin
general) which resulted ints knowledge being well behind in relation to cranial information
(Rubidge, 2013). At the same time it is not common to find postcranial material associated
with the skull, especially in mediwto-large animals as is the case of the Namibian
Chiniquodon The main focus of this research will be to provide a full description of the
postcranial material that has been found associated witlChi@quodonskull from the
UpperOmingonde Formation and to compare it to the postcranial material of the same genus
from Argentina and Brazil. The research will also involve a comparison of the skull of the
Namibian Chiniquodon,to previously described chiniquodontids from South America, in
order to make a definitaxonomicidentification of the fossil.

It is interesting & highlight that the upper faunal cluster from the Upper Omingonde
Formationis mast similar to faunas from Brazil, Argentina, Tanzania and Zambia (Abdala
and Smith, 2009jhan with that of South AfricaSurprisingly there is no similaritgf this
faunal clustemwith the nearby fauna from the Burgersdorp Formation of the South African
Karoo Basin. Are these differences related to age, or are these perhaps influenced-by paleo

environment and palaedimate, and ultimately by Middle Triassic geography?

Differences and/or similaritiesin palaeaclimate and palaeeenvironment during
Triassic times in South America and Namibia, which cargdieed from the analysis of
gedogical sections and their interpretation, may provide insigitts the Middle Triassic
vertebrae faunas from Africa and South America, assumed to be roughly contemporaneous
with that of the Upper Omingonde Formatiorhis will be investigated througlhterature

review as well asarchitectural element alysis of geological sections measured in the
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Waterberg and Omaruru River areasd petrographic analysis of rock samples taken from
the geological sections

The following hypothesesereinvestigated.

1. Based on the recently defined diagnostic cranial characters for the Family
Chiniquodontidae, is thepecimen found in the Upper Omingonde Formation of
Namibia(GSN F31% a member of the family?

2. Based on cranial and postcranial informatios1GSN F315member ofthe same
speciess the South America andMadagasca€hiniquodor?

3. In which palaeeenvironmer&l and palaeaclimatic conditions did chinigadontids

live in Namibiaduring theMiddle Triassic?

Institutional abbreviations.ESI, Evolutionary Studies Institute, University of the
Witwatersrand, Johannesburg; MCZ, Museum for Comparative Zoology, Harvard University,
Cambridge, Massachusetts; IGP Institut und Museum fir Paldontologie der Univetsita
TUbingen; GSN, Geological Brey of Namibia (National Earth Science Museum); PVL,
Collecion Paleontologia de Vertebrados Lillo, Universidad Nacional de Tucuman, Argentina;
UFRGS PVT, Universidade Federal do Rio Grande do Sul, Paleontologia de Vertebrados

Triassico, Porto Alegre, RiGrande do Sul, Brasil.
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3. Chapter Three

3.1.Material and methods

GSN OM3 (field number) consists of cataloguaaterial GSNF315,collected by Dr
Roger Smith in 1995%)oused at the National Earth Science Museum at the Geological Survey
of Namibia(Fig. 3). The material comprises complete skull with mandiblethe axis,five
cervical ribs,two thoracic vertebraeten thoracic ribs five lumbar vertebraeand four
associatedibs, five sacral vertebraand ribs ssvencaudal vertebraand ribs patial right
and left scapular bladepartial procoracoids and coracoids, partial right clavicle, complete
left clavicle, partial right manus, right and Igielvises right and left femora, tibiand right
fibula andpartial right pesThe Namibian materiavas mechanically prepared by Thilivhali

Nemavhundi at the ESUniversity of the Witwatersrand, Johannesburg

Comparative material studied includes MCZ 3616, MCZ 3781, MCZ 4002, MCZ
4164, GPIT 40, PVL 3820, UFRGS FO146T, UFRGS PV1051T, NMQR 809,NMQR

3542, TM 83, OUMNH TSK 34, USNM 22812, and BP/1/1730.

Analysis of palaeeénvironmenth and depositional settings of rocénd fossil
assemblages during the Triassic of Namibia and South America was done through a literature
review, as well as field sgon descriptions and petrographic analysis of samples from the
Upper Omingonde Formation. As the full spectrum of environments is generally best
developed in the Waterberg area (Holzforsetral 1999) a good geological section
representative of the Upp&®mingonde Formation was located on Farm Okawaka, then
measured and sampled. A second section was measured and described on Farm Omingonde
where the specimen under study was originally collected. Six outcrop samples were collected

based on the identifican of different lithefacies and architectural elemenRock colors
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were recorded in dry conditiond. Brunton Compass was used to measure paleocurrent data

from cross lamination structures in various lithological beds.

Figure 3. Specimen GSN F315% compising of three unprepared blocks with postnial
material ofChiniquodon

Freshly cut rock samples were used to prepare standard thin sections for petrographic
studies of mineralogy using &lympus BX 35 plarising lightmicroscope Identification of
architectural elemestwasdone followingMialb s ar chi t e ct us(1877,1¢485,e me nt

2000).
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4. Chapter Four

4.1.Results

4.1.1. Systematic palaeontology

Order THERAPSIDA Broom, 1905
Infraorder CYNODONTIA Owen, 1861
Family CHINIQUODONTIDAE von Huene, 193
GenusCHINIQUODON wn Huene, 193
Chiniquodonsp.nov.

Locality. Next to the banks of the Omaruru River within red, nodular siltstone of the Upper
Omingonde Formation on Farm Omingonde 96, Otjiozondjupa Region, chlatnabia &

21e 036 439. E 16e 236 150

Diagnosis The new unnamed taxoms a nedium sizedchiniquodontid(basal skull length:

19.1 cm)with seven postcanine$he specimen from Namibia was identifesiChiniquodon

based on several features in #ghaill, which it shares witlC. thotonicusrom South America
including a low archedzygoma, sctorial postcanines without serratiorgid anelevated

saittal crestis in relation to the skull profilAbdalaand Giannini2002 Fig. 4).Postcranial
featues that differentiate the Namibiahiniquodonspecimen from other chiniquodontids

are: lumbar and sacral vertebral spines are more robust and orientated more posteriorly;
thoracic ribs have a strong proximal curvature following the head; distal articular surfaces of
the sacral ribs are triangular or spegitaped (also observed in one specimen from Brazil); in
lateral view, the procoracoid is less rounded than that of atiiriguodontids with a large
ellipsoid procoracoid foramen; the angle between the proximal and distal ends of the clavicle,
is more gently curved at ~145e¢e; the ungual s

neck of the ilium is robust; the angutat between the edge of the posterior lamina and the
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margin of the neck 1s | arge at bturaté é¢oramean d

and is more than twice the size of the pubic plate.

Comments In relation to the skull lengthhé snouimakes up 45per centorbits18 per cent

and temporal region 3f@ercent. These proportions are close to those reported by Abdala &
Giannini (2002: fig.7) for the South Americabhiniquodonspecimens However, these
values should be considered with caution beeaxf deformation in the skull of the Namibian
specimen. The curvature in the clavicle mightave ben affected by post mortem

deformation.

Figure 4. Chiniqguodonskull in left and right lateral views and detail of the left postcanine
series below(see sectorial teeth with strong-gervature, length of the tooth series is 3.9
mm). a indicates the posterior curvature of the denthrindicates elevated saggital crest;
indicates the step between incisors and canBesal skull length 19.1 cm.

4.2.Description of postcranium

The surface of the bones is cracked with seveadtmortem fractures including

evidence of dorseentral compressiof some elementsThe lumbar, sacral and caudal
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elements are articulated and the saveastebraeare preseved in articulation withthe right

and left pelvs, which preserve the ilium, pubis and ischiimarticulation The left humerus

is in natural position with the head located in the glenoid cavity. rigte hind limb,
including the pe isalmost complet®l preserved and positionech top of the skull. The left
scapula is articulated with a nearly complete procoracoid, whereagbhecapulashows

the acromiorprocessvery close to the medial margin of the clavicle in a position probably
close to naturallhoracic ribs are mostly without articulation with vertebrae and several are

fossilized adjacent to each other.

4.2.1. Axial Skeleton
4.2.1.1Vertebrae

Twenty vertebraeare presemd and includehe axis, twothoracic five lumbar five
sacral and seven proximal caudaltebrag(Fig. 5 Table ). The axis is preservedlightly
out of place against the cciput of the skull next to the occipital condyle. It is seen laterally
with an anteroposteriorlprientedneural spinewhich is widedorsally The posterioportion
of the spine forms a pointed protrusion. The prezygapophysis is not visililehdtacet for
the atlas arch is presenext to the occipital condyleThe centrum islongated and the

odontoid process barely projects anterididyyond the anterior end of the centr(fig. 5).

21



lumbars

sacrals

caudals

Figure5. Lateral view of ais (left) anddorsal view oflumbar, sacral and caudal vertebrae
series (right). Abbreviations: nsaeural spine axis; ce, centrum; op, occiput; @ihntoid
process.

The first vertebra in the block that includes lumbar and sacral elements is the last
thoracic \ertebra The centrum of tis thoracic is longer than wide amgl almost cylindrical
There arethickened rims on the anterior and posterior edges, with the bone flaring out more
at the anterior than the postergdgein lateral view. Most of thgosterior thoracic vertebra
are stillcovered in matrix, except for a small portion which showstthesverse process,
which is nearly articulated with the tuberculurh a thoracic rib. A third loosehoracic

centrum is poorly preserved and Isast cylindricalin shape

Five articulated lumbar vertebrae are preseiit) only two of themhavng a conplete
neural spine. The spines are robustthe basebeconing thinner towards the apeare

slightly posteriorly oriented (Fig. &@nd te tip is ellipsoid in cross section.

22



Figure 6. Lateral view of eural spines of the lumbar vertebra&bbreviations: prz, pre
zygapophysis.

The lumbar centrum itonger than wide, has a cylindricadorphology and displays
thickening in the anterior and posterior edgHse pre-zygapophysis of the posterimbais

is vertically oriented (Fig. 6).

Five sacral vertebrae were preserved in succession (Fig. 7). Three neural spines are
visible of which two are just as tall and robust as the lumbarsdia@cted posteriorly. fie
sacral spines do not thin out as much towards their apexes, as the lumbar spines. The
zygapophyses are muddssrobustin the sacralthan thelumbar vertebraeand continue to
reduce in sizeposteriorly towards the caudalsThe three anterior centra of the sacral
vertebrae are longer than wide, am@ almost cylindrical. Thegresent thickenedentral

rims anteriorly and posteriorly

Seven proximal caudal vertebraeeapreserved. They progressively become smaller
posteriorly and are much smaller thidme lumbar and sacral vertebrae. The zygapophyseal

facets are vertical or slightly oblique (Fig. 8). The spines of the preserved caudals have all
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been broken off, but their cross section indicates that they were much less robust than those

of thevertebraeof thelumbais and sacral

Figure7. A, sacral series in dorsal view; B, first sacrals in ventral vidwmbers identify
sacral elements.

Figure 8. A, dorsclateral view of caudal vertebrashowing the broken neural spines, and
anterior andoosterior zygapophyseB, dorsal view of proximal caudal ribs. Abbreviations:
poz, prostzygapophysis; cr, caudal rib.
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Table 1. Vertebrae measurements.

Vertebrae Measurements (cm)

Bone Element Height | Length | Width
Last lumbar centrum 1.93 1.29
anterior 2.13
posterior 1.56
Lumbar spine 2.18
First sacral vertebra 1.71 1.38
centrum
Second sacral 1.81 1.49
vertebra centrum

4.2.1.2 Ribs
None of the ribdear costal plates. The ribs are articulated to the vertebral elements in

the lumbar, sacral and caudalrtebraewhereashoracic and cervicalertebrae are isolated

4.2.1.2.1. Cervical Ribs

Three of the five cervical ribs preserve theymal part of the rib, which laa
flattened triangulashape with one side flaring outward slightly. In two of the cervitel a
thin elevated ridge is seen running from the proximal end of the rib in the middle of the

triangle toward the distal broken e(felg. 9).
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Figure9. Cervical ribin postericlateral viewwith thin elevated ridge

4.2.1.2.2. Thoracic Ribs

Severalslenderthoracic ribshave beempreseved Two anterior ribs presere very
pronounced proximal curvature with the tuberculunm@eellipsoid in cross sectioMhese
ribs show the same degree of proximal curvature, suggesting that this condition is not due to
deformation.The capitulum in both ribs has been broken off, but as expected, would have
formed a yshaped morphology with the tuberculum. Ventrdilye of the ribsshowa ridge
(Fig. 10)on the anterior aspect of the shafid a shortened capitular procesgisible in one
of the ribs.The most posterior thoracic rib, which nearly articulates with the transverse
process of the second last thoracic vedelpreserves both the tuberculum and capitulum.

The facets of the tuberculum and capitulum merge to form a continuous curved facet, giving
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the most anterior end an almost flattened triangular shape. A clear ridge on the anterior aspect

of the shatft is presved

Figure10. Thoracicribsin lateral viewwith pronounced proximal curvature atidn elevated
ridge

4.2.1.2.3. Lumbar Ribs
Four lumbar ribsare preservedFig. 5). The fist pair of visible lumbar ribss
disarticulatedrom the transverse processdghe vertebraeand he last three pairs are fused

to the transverse process. e preserved ribs are directedeiorly.

The proximal ends of the lumbar rik@se broadwhere they attacto the transverse
processes anglach rib thins out laterally drdorseventrally towards the distal enth cross
sectionthe ribs are dorswentrallyflattened ad each rib haa very slight anteriyr directed

twist.
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4.2.1.2.4. Sacral Ribs

There arefive sacral ribsfused to the transverse processes of the vertgbige7,
Table 3. The first three ribsre broad proximdy, tapering into a thin, short shaft and ending
in a slightly widerproximal end(which appears as a shallow spoon in some of the preserved
ribs). These ribs are quite straigittave a short shafgnd conect to each other distallyn
dorsal view the fourth right sacrab has amud wider distal end compared tioe proximal
end This rib ha a slight curve with the distal end directed more antgridihe shaft is not
clearly visible and may have beeffected by compression. The proximaliman of the fifth
left rib has a concave area just above the outward projected line of contact between the rib
and vertebra. The ribwists slightly towards its distal endnd hasa pronounced rounded
projection diected posteriorlyThis projection may be the resultmeservation. The fifth rib
articulates with the edge of the posterior lamina of the left ilitihe first three right sacral
ribs show a general reduction in size posterjonhereashe fifth left sacral ribdoes not

follow the trend and islightly longer tharthe otherribs.

4.2.1.2.5. Caudal Ribs

Seven caudal ribs are fused to the transverse processes of their corresponding
vertebrae, which have been dislocated fromottiginal position. These ribare broad at their
proximal ends and thislightly toward the distal end’he caudal ribs also display a slight

curvature with a convexity directed anteriorly.
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Table 2. Sacral rib measurements.

Rib Measurements (cm)

Bone Element Length | Width

First rightsacral rib 2.40

Proximal end 1.21
Shaft 0.73
Distal end 1.67
First left sacral rib 2.3

Proximal end 1.06
Shaft 0.65
Distal end 1.90
Second right sacral 2.05

rib

Proximal end 1.15
Shaft 0.41
Distal end 1.60

Second left sacral rig  2.03

Third right sacralrib | 1.90

Proximal end 1.15
Shaft 0.31
Distal end 1.26
Fourth rightsacral 3.01

rib

Proximal end 1.20
Shaft 0.70
Distal end 1.97
Fifth left sacral rib 4.01
Proximal end 117
Shaft 0.64
Distal end 1.47

4.2.1.3.Pectoral Girdle and Forelimb
4.2.1.3.1. Scapula and Procoracoid

A partial right scapular bladés preservedwith the proximd portion (ventral to the
acromionproces}y and distal lamina being lost (Fifyl A, Table 3) Anterior to the scapula is
an extremely thin bone interpreted as the dorsal most portion of the scapularTitiade.

overall shapeof the blade is very slender and talindcranial and caudal bordeshow a
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gentlelateral flexure The greatest surface ansan the mostistal portion of the blade. The
supracoracoid fossa deepens towardsptioximal lateral area of the blade, but is shallow
distally. The anterior and postior margins of the bladeabe elevated ridges, which
gradually diminish toward thdistal portion of the blade. The elevated ridges and the deep

supracoracoid fossa give the blade a deeply concave morpl{flggyt1A).

Figurell A, lateral view of right scapula; B, lateral view of left proximal scapula, glenoid,
procoracoid andlavicle. Abbreviations: sc, scapula; 2sstapular fragment; ac, acromion
process; cl, clavicle; pc, procoracoid; gl, glenoid; cv, cervical vertebra; cr, cervical rib; r, rib.

The left scapular bladiacks the distal portion (Fig. 1&, Table 3) The acomion
processs large and wide at its base, where pasitioned well above the neck of the scapula

It protrudes outward.

The partially preserved lefprocoracoidis roundedanterclateraly (Fig. 11 B, Table

3). The procoradd foramen is large, aefisoidand directed laterally.
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4.2.1.3.2. Clavicle

Only a portionof the proximal enaf the right clavicle is preservedhereas almost
the completeleft clavicle is presat (Fig. 11 B). The proximalend of the claviclas gently
concae for the reception of the acromial processhe cl avi cl e cur ves
between its proximal and distal ends and flares outwastdlly (Fig. ). The length of the

clavicle is approknately 8.29 cm excluding thergximal tip, which is ©vere in matrix

belowthescapulgaTable 3)

Figure12. Left clavicle(length 8.29 cm)n dorsclateral view Abbreviations: cl, @vicle; sc,
scapula; ac, acromigurocess; pc, procoracoid; gl, glenoid. Line is showing the angulation
~ 1 4beteveen th@roximal and distal portiaof the bone.
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Table 3. Pectoral girdle measurements.

Pectoral Girdle Measurements (cm)

Bone Element Length | Width

Right scapula 10.11

Right anteroposterior 1.82
proximal scapula

Right anteroposterio 3.24
distal scapula

Edge of scapula to 2.40
acromion process

Left scapula acromion| 1.55

process base

Left scapula acromion 0.74
process protrusion

Left procoracoid 0.91 0.66
foramen diameter

Left clavicle excluding| 8.29
medial part

4.2.1.3.3. Manus

Semiarticulated &ments of the right manus (see measurements in Table 4) are
preserved in plantar viegFig. 13). Two recognizable carpa{sterpreted with caution abe
lateral central and the third distaimetacarpaldl, 1, 1V, V ; the first, second and third
phalanges of digits Il andll; and fragmentary first and sewb phalanges of the digit [\are

preservedThe metacarpals and phalangedigits Il andlll are articulded.

The putativelateral central has a rectangutarovoid shag with a ventraprojection
on the lateraside. It is situated proximal to the third distal. The third distal has an irregular
shape a notch or concavity directed antdaberaly, and a robust crest on the surfatée
fifth metacarpal preserves the dosgntrally flatened proximal portiorand the shaftThe
fourth metacarpahlso preserves the proximal portion and shaft. The proximal portion is
wider that the shaft, but not dorsentrall flattened as in the fifthOnly broken fragments of

the first and second phalges of the fouh digit remain preserved.hird metacarpais

32



completeand B as robust and stout as the fourth metacagpalwide bot proximally and
distally. Frst phalange of the third digit is much shorter and far ledsist than the
metacarpal. &ond phalange habe same size as the first amglened proximal and distal
ends, pesenting an hourglass shapaird phalange is a clawartially preservedyith a high
proximal portion which gently narrows towarthe tip. $cond metacarpal is cometith a
wide andsemtcircular distal end. iFst phalange is less robust than thetagarpal, but quite
long. Scond hourglasshaped phalange is shorter andrenmbust than the first onelav
has a high proximal end and a gentle dorsal convex curvetwaads the tip, whereas the

ventral surfaces slightly corcave.

Figure 13. Plantar view of manusAbbreviations: ?Ic, lateral central; ?d, third distal; mcll,
second metacarpal; mclll, third metacarpal; mclV, fourth metacarpal; mcV, fifth metacarpal;
I, second digit; I, third digit; p, phalange.
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Table 4. Manus measurements.

Right Manus Measuremens (cm)

Bone Element Length Width
Lateral central 0.97 1.47
Third distal 1.05 1.46
Metacarpadigit Il 1.88 proximal 0.67

distal 0.85
Metacarpadigit Il 241 proximal 1.22

distal 1.22
Metacarpal digit IV 1.99 proximal 1.09
proximal end
Metacarpatigit V 2.10 proximal 1.27
proximal end
Digit Il first phalange| 1.74 proximal 0.74

distal 0.94
Digit Il second 1.16 proximal 0.84
phalange distal 0.60
Digit Il third 1.62 | proximalbase 0.84
phalange
Digit 111 first 1.65 proximal 0.73
phalange distal 0.78
Digit 11l second 1.46 proximal 0.93
phalange distal 0.65
Digit 1l third 1.23 proximal0.89
phalange

4.2.1.4.Pelvis and Hind Limbs
4.2.1.4.1. Pelvis
The pelvic bonesire slightlydisarticulated, although they remain more or less in the

correct bodyposition(Figs. 4, 15).
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Figure 14. A Lateral view of right ilium. B Medial view of left iliumAbbreviations: pl,
posterior lamina; ib, iliac blade; al, anterior lamina; sb, s@getabular buttress; Ant,
anterior; sr, sacral rib; sv, sacral vertebra; fo, acetabular foramen; fe, femur.

4.2.1.41.1. |llium

Bothilia are preseved (Table 5) The right ilium hadlipped over, so that its visible
laterdly (Fig. 14 A), while the left iliumhas flipped ventrally ands medial sidés visible
(Fig. 14B). The anterior edge of the left ilium is broken. However, its border remained as a

mould on the matrix, clearlindicating theanterioroutline of the bone Slight striations can
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be seen on both the ventral anddial sides of the left ilium, but they are more conspicuous
on the lateral side of the right ilium. There is also a shallow ridge running along theqgrosteri

border of the left ilium.

Each ilium is anterieposteriorly elongated, with the anterior lamina morengabed
than the posterior (Fig. J4The angulation between the border of the posterior lamina and
the posterior mar gi nymorée. The Imexks vew cokust.iThe sG@pfae o r
acetabular buttress of the right ilium is visible and does not project laterally. The acetabular

facet is directed ventrally.

4.2.1.4.1.2. Pubis and Ischium

Left pubis and ischium are displaced dorsally in relation éselon the righside.
The only connection that remains betweerséhelementss through theposterior portion of
the ischial platein what seems to be a sutured union (Fig. Rubic plateis flat andshows a
lateral concavity and a rounded postedistal margin Anteriofdy the right pubic plate
preserves a clear fac&orsaly the plate produces a flat projection (broken in the specimen)
which is connected to the pubic nedgchial plate idlat andmore than twice the size of the
pubic plate (Tablé®). Ischial tuberosity is directed postergentrally and has a thin elevated
marmin for muscle attachment. bfurator foramen is well developed and more or less
ellipsoid with the anterior margin being slightly larger than the posterna Pubis and

ischium contribute nearly equally to the margin of the foramen.

Right acetabular notch is badly broken and only the margin of the left notch can be

seenwhere the ischium contributes a larger portion than the pubis.
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Figure15. Right pubis and ischiurn laterl view. Abbreviations: is, ischium; pu, pubis; obf,
obturator foramen; su, suture.

Table 5. Pelvis measurements.

Pelvis Measurements (cm)

Bone Element | Length | Width
Right pubisand | 8.76
ischium
Left ilium 9.03
Right ilium neck 2.70
Left ilium neck 2.70
Right obturator 3.06
foramen
Anterior margin 1.85
Posterior margin 1.65

4.2.1.4.2. Femur

The right femur is almost completely preserved, except for the proximal p@Fimn
16) and the left femur is fully preserve(Fig. 17, Table 6). Bothfemora are slender and
particularly shortand he shaft of the femur ihinner than thgroximal and distaénds. In

ventral view,the lesser trochanter is veindistind and its distal end is not visible. The fossa
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for the insertion of the adductor seleis very shallow. Theateral and medial condyles are

flattened and the lateral condyle is almost double the size of the medial condyle.

Figure 16. Right femur, tibia and fibula in lateral view above, and in ventral (femur) and
anteriorview (tibia), below.Abbreviations: fe, femur; ti, tibia; fo, fossa; cr, cnemial crest;
mc, medial condyle; Ic, lateral condyle; itf, intertrochanteric fossa; t, tarsal.

The proximalend of the left femurshows awell-developedhead with a strong dorsal
orientation A large area of the head is also visible in the proximal margin of the bone (i.e.,
oriented towards the acetabulum).eTgreater trochantas closer to the proximal end of the

bone and faces laterally and somewhat dorsal lateral surface beegn the head and the
trochanter is slightly concave, whereas distally, these structures are connected by a strong
ridge. The intertrochanteriéossa (for the M. pubdschio femoralis externus$ a large, deep
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circular depression, situtated posterior te teadFig. 17). There is a slight elevation at the

level of the lesser trochanter that separates the intertrochanteric fossa from a shallow fossa for
the insertion of the adductor musciehich islocated more distallyT he lesser trochantes
prominenent and oriented mediallfhe lateral and medial condyles have been slightly
affected by breaking and slight distortion. The lateral condyle protrudes more ventrally than
the medial, but this may be due to damage at the distal end of the ferate.appears to be

a pronounced concavity between the lateral and medial condyles, which may be due to poor

preservation and the loss of bone in this area.

Figurel7. Proximal left femur in ventral view. Abbreviations: h, head; gt, greater trochanter;
itf, intertrochanteric fossa; fo, fossa for the insertion of the adductor muscle.

4.2.1.4.3. Tibia

The right tibia is complete and articulated to the femur bsitdigtal end is slightly
deformel (Fig. 16, Table 6) The proximaland part of the central portion of the left tibis
poorly preserved.
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The cnemial crest is very wide proxafty and its width is progressively reduced
towards the middle of the shaft. Towards the lateral and medial side of the crest there are two
pronownced fossg both restricted to the proximal third of the bqiéy. 14) These fossa
cover equally sized surface$he shaft shows a marked crest medially which continues

distally to the fossa.

4.2.1.4.4. Fibula

The right fibula is comgte, but the distal portioils masled by the bones of the pes
(Fig. 16, bottom, Table 6)The fibulais curved with the concavity of the curvatudieected
medially. The proximal margin is wider than the diaphysis and shows a shallow Tdssa.

fibular tubercle is reduced.

Table 6. Hind limb measurements.

Hind Limb Measurements (cm)

Bone Element Length
Left femur 12.24
Right tibia 9.41
Right fibula 10.43
4.2.1.4.5. Pes

The right pes is represented $even tarsals and elements of fdigits which are not

preserved in theiife position(Fig. 18).

The astragaluss visible on one side, which is assumed to be the dorsal. It shows a
convexity forming an extended facet, shtikely for the articulation with the tibia. Medial to
this facet there i pronounced convex bgelf which the medial margin is straightThe
calcaneum is certainly the largest tamsi@iment, bubnly half of the bone is exposeahd a

shallow groove for the flexor tendasmevident. Thevisible surface is mst likely the ventral
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sidebecause the ellipgbtuber calcis is directed dorsally (i.e. in anatomical position the tuber

would be directed ventrally, as is the case in other cynodonts).

Figure 18. Dorsal view of rght pes.Abbreviations: zy, zygomatic arch of skull; fi, fibula; ti,
tibia; me, mesocuneiform; ec, ectocuneiform; cu, cuboid; n, navicular; as, astragalus; cal,
calcaneum; tu, tuber calcis; mtll, second metatarsal; mtlll, third metatarsal; mtlV, fourth
metatarsaljl, second digit; I, third digit; 1V, fourth digit; V, fifth digit; p1, first phalange;

p2, second phalange; u, ungual.

The navicular is a rounded element which is mostly coveyeahatrix and he square
cuboid is positioned next to the calcanedrhe side of the cuboid that articulatevith the
ectocuneiform is wider than its opposite emhereas therentralmargin has a notchlhe
ectocuneiform and the mesocuneifoane thesmallest tarsal bones ahdve been displaced

laterally to a position near éhmetatarsal IV.

Digit Il has a complete metatailsand the proximal portion ahe first phalangedigit
[l and IV have complete metatarsabnd first phadinges. An unidentified bone is preserved

beneath digit IV, and is possibly another metacarpal.
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Table 7. Pes measurements.

Right Pes Measurements (cm)

Bone Element Length | Width

Astragalus 1.69 1.58
Cuboid 1.25 1.07
Mesocuneiform 1.09 0.77
Metatarsal digit Il 1.38

Shaft 0.65
Distal end 1.18
Metatarsal digit 111 1.91

Proximal end 1.46
Shaft 0.73
Distal end 1.54
Metatarsal digit 1V 1.95

Proximal end 1.38
Shaft 0.64
Distal end 1.15

Digit 11l first phalange 1.14
Proximal end
Distal end 1.21
1.20

Digit IV first phalange 1.52
Proximal end
Distal end 1.07
0.85

Digit V secoml phalangg 1.14
Proximal end
Distal end 0.73
0.55

The metatarsals are longand more robustthan the phalangesbecoming
progressively longer from digit Il to IMTable 7). Metatarsal Ilis robust and almost
guadrangular, 1l is elongated and wide, and IV isdér and the longest. The proximal
articulation surfaces of metatarsals Ill and IV are directed obliquely and dofdadi\tateral
side of metatarsal Ill is more curved than the medHalvever, the medial side of metatarsal

IV is well arched, whereas thateral side is straighter.
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The proximal phalanges areshorterthan the metatarsalsnd vary in shape from
guadrangular in digit 11l to rectangular (i.e., longer than wider) in digit IV. Also preserved is
the distal fragment of a first phalange, one ctate penultimate phalange, and a partial
ungual phalange articulated at the side of digit IV. These elements are interpreted as being
from digit V. The penultimate element has nearly the same length as the proximal phalanges
of digit Il and IV, but is remikably less robustOnly a small proximal portion of thengual

phalange is preserved and manifests a laminar structure.
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4.3.Geology of the Upper Omingonde Formation

4.3.1. Farm Okawaka Section

The measured section on Farm Okawaka comprises mostlyagmitgjomerates composed of

rounded metamorphic lithéasts and mudstones (Fig. 19). Tikbo-facies were identified in

the stratigraphic sectiprcomprising lithefacies Gms and Fl. These were interpreted to

represent two architectural elements; CH, channel deposits and OF, overbank deposits

respectively(Fig. 20 A, Table 8).

Table 8. Summary of the architectural element analysisof the Okawakasection.

Architectural Litho -facies Structures, Fossil Bedding Lateral and
Content, vertical
Element Palaeocurrents relationships
CH 1,CH2, | Gritty Weakly developed | Laterally The Gms lithe
CH3 conglomerates | normal grading, pinched facies of the CH
with rounded with shallow cross | sheets that | always overlies
Chann'el metamorphic laminations with | extend or underlies the
‘?'9905“3 lithoclasts of palae@urrent laterally for | Fllitho-facies of
(dipping N) milky quartz, pink| direction3 0 ¢ , N several the OF
K-feldspar, no fossils metres,
pegmatitic granite distinct
and schist, which occasionally
float in finer grit erosive,
matrix of the undulatory,
same mineralogy bed
(litho-facies boundaries
Gms),

occasionally rip
up clasts from OR
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OF1,0F2 | Red to green Massive, contains | Sheet The Fl litho
greyred mottled | calcareous noduleg geometry, facies of the OF
Overbank | 1y dstone ltho- | & rhizocretions, | usually sharp| always overlies
deposits | faciesFl) intermittent contactsto | or underlies the
calcareous channel Gmslitho-facies
horizons, deposits, of the CH
sometimes with occasionally
fine parallel deformation
laminations, rarely | due to
current ripples compaction
fossils rare

Description: Architectural elements CH1, CH2 and Cle@mprise lithefacies Gms,
gritty conglomerates composed of rounded metamorphic lithoclasts of milky quartz, pink K
feldspar, pegmatitic granitoids, and schist, which float in finer grit matrix of the same
mineralogy Fig. 20 B). Lithefacies Gms hawealky developed normal grading with shallow
crossil ami nations or beddi ng. Pal aeoc-+easterlynt me
directionfor the crosdaminations (Fig. 20 C). The contact to the above mudstone deposits is
abrupt and undulatory. Lower bdmbundaries are distinct and occasionally erosional with
poorly developed channel lags containingupp clasts of the associated overbank deposits
(Fig. 20 D). The external geometry of these channels form pinched sheets. The channel

deposits can extend wp approximately 25 m laterally. The channel deposits lack fossils.

Interpretation: Architectural elements CH1, CH2 and CH3 are interpreted as
channel depostandmay have been deposited during flash flood events due to their weak
normal grading and coasload. Litho-facies Gms is interpreted as debris flow deposits

(Miall, 1985).
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Figure19. Log of measted section on Farm Okawaka
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Figure20. A, the measured sectigd9 m)on Farm Okawaka is indicated in red and the
channel deposits are outlined in yellow;liBjo-facies Gms comprisingritty conglomerate
with rounded pebbles of-feldspar and quartz; @ychitectural elemer@H1 with shallow
cross laminationsvith palaeocurrent direction08NE; D, litho-facies Gmgyritty
conglomerate with mudstomig-up clastfrom litho-facies Fi E, litho-facies Flwith irregular
greywhite calcareous nodules; €alcareous horizon-83cm thick, within massive red
mudstoneof litho-facies FI
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Description: Architectural elements OF1 and OF2omprise lithefacies Fl,
mudstones. Mudstones are massive and in places contain calcareous nodules (Fig. 20 E),
calcareous horizons (Fig. 20 F) and calcareous rhizocretions. These mudstones often exhibit

greengreyred mottling.

Interpretation: They repesent overbank deposits, whiamay haveformed when
channels spilled over and show the development of immature paleosols, which may contain
fossils. Evidence for immature paleosols includes the development of greyish calcareous

nodules and rhizocretiorfRetallack, 2001)

4.3.1.1.Petrography of samples from Farm Okawaka
43.1.1.1. OKO 1

Sample OKO 1 wa collected fromOFL (Fig. 21 A, Appendix 1)and showsa well
sorted texture witlabout 60% sulrounded andt0% subangular grains. The fabric is grain
supportedwith calcite leshy colouy in pore spacedUnder crossed polars the following
predominantmineral grainshave been identified85% quartz (white extinction) <25 %
feldspar grainsmicrocline (dark blue with crodsatching), orthoclase, pyroxene (blue), and
2% micasmuscovite plateéblue extinction), as well asfaw elongated biotite plates (brown

extinction)

4.3.1.1.2. OKO 2

This sample was collected fro@H1 and displays moderate sorting with 50%
subrounded and0% subangular grasnof more than one miner@fFig. 21 B, Appendix 1)
The fabric is grain supported (95%) with a representation efaltowing minerals 53%
orthoclase(cracked, dark greplue) andmicrocline (blue, croskatched fragmentsk5%

calcite (creamy brown), 45 ¢#uartz(white) and< 2% muscovite(blue-pink). Mineral grains
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Figure 21. Micrographs of samples. A, OKOflom architectural element OF1 litHfacies
FI. B, OKO 2 from architectural elementH1 litho-facies Gms C, OMI 1. D, OMI 2. E,
OMI 3. F, OMI 4. Abbreviations: B, biotite; Cal, calcite; CaR, calcareous rootlet; ClI,
chloritoid; F, feldspar; Hae, haematite; Mv, muscovite; Or, orthocl®se;pyroxene; Qtz,
quartz.

vary in size from0.51.5 mmwith feldspars andjuartz being the largest in sizBoth

orthoclase and raroclinederive fom igneous rocks. Microcline is formed when orthoclase
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slowly cools and is more stabla sedimentary environmenthan orhoclase. Some red
haematite grains wenasible in the thinsection aswvell, which may indicate some-korking

of the original sediment.

4.3.2. Farm Omingonde Section

The section on Farm Omingonde comprises mostly mudstone and fine sandstone (Fig.
22). Seven litheacies assemblages were identified in stratigraphic order, comprising litho
facies Fr, FI,Sp, Sh,Fm, SI, Gm and Gms. These were interpreted to represent two

alternating architectural elements; CH, channel deposits and OF, overbank deposits (Table 9).

Architectural element OF is represented by three overbank deposits comprising
lenses, blankets and or sheets of siltstone fines. Architectural element CH sasfpur
channel deposits dipping towards the south. The top part of the section is covered by at least

1m of modern sandy debris with blocks of rocks and vegetation.

Description: Architectural elemenDF1 comprises lithefacies Frinterbedded witHitho-
facies FJ which together ar&m thick Litho-facies Frcomprisesa greywhite calcareous
layer containing grey calcareous nodules and -grieye rhizocretions (Fig. 23 A)Litho-

facies Flcompriseged siltstone.

Interpretation: OFLlis interpretedas the first overbank depodititho-facies Fr with he
calcareous layers are interpreted as palaedbbddl, 1985). Rhizocretions are evidence for
palaeosol developmeriRetallack, 2001)Litho-facies Fl represents overbank and waning

flood deposits (Nall, 1985).
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Figure 22 Log of measured section on Farm Omingonde

Description: Architectural elementCH1 comprises lithefacies $, which forms
intercalating reehrey sandstones, afitho-facies Sh red sandstesy whichtogether these are
1.5 m thick Litho-facies $ sandstones exhibit planarosslaminations ad litho-facies Sh
red sandtones exhibihorizontal lamination (Fig. 23 E). Palaeocurrent measurements for the

crosslaminations indicate a southepwlaeocurrentlirection

Interpretation: CH1 is interpreted as the first channel deposit. Sandstones represent

channel deposits which became amalgamated (Fig. 23 D) where one channel was deposited
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on top of another while mudstone was eroded away. Channel avulsion is evident from abrupt
lateral temination of channels and occurrence of laterally adjacent channel defdasits-
facies Sp is interpreted as linguoid transverse bars hisl iBterpreted as a planar bed flow

(Miall, 1985).

Description: Architectural elemenODF2 is 2.1m thick andcomprises lithefacies Fm,
siltstone fines with thick nodular, red siltstones. The nodules have a diameter range5from 2
cm and are partially calcareous in composition. Gegly mottling was observed in some

areas (Fig. 23 B).

Interpretation: OF2 is intepreted as the second overbank deposit. The nodular
development of the siltstones indicates the development of an immature paldSostis
and Swart, 2002; Retallack, 2001) was in this layer that most of the Triassic fossils
including GSN F315 wereollected Emith and Swart, 2002; Fig. 23 §tratigraphic position

of GSN F315ndicated in Fig. 22).

Description: Architectural elemen€H2 comprises an upward coarsening deposit of 0.9
m thickness, comprising lithfacies Fl at the bottom, represented by a red siltstone, and

litho-facies Sl at the top, represented by red, fine sandstone.

Interpretation: CH2 is interpreted as the second chalndeposit.Fl is interpreted as
representing a waning flood a&dmay be interpreted either as a scour fill or crevasse splay

(Miall, 1985),

Description: Architectural elemen©F3 comprises red siltehe fines of lithefacies Fl

andis up to 1.7 m thick.

Interpretation: OF3is interpreted as the third overbank depddawever, the siltstone

of litho-facies FI contains far less calcified nodules compared litbo-facies Fm of
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architectural elemenOF2 Litho-facies Fl is interpreted as overbank and wanifiood

depositgMiall, 1985).

Description: Architectural elemenCH3 comprises an upward fining deposit of 0.2 m

thickness, whih comprises from thieottomlitho-facies Gm alayer of graveland & thetop

litho-facies FJ alayer of red siltstone

Interpretation: CHS3 is interpreted as the third channel depositere lithefacies Gm

and may represerd channel lagwvith the toplitho-facies Fl representing a waning flood

deposit(Miall, 1985).

Table 9. Summary of thearchitectural element analyss of the Omingonde section.

Architectural | Litho-facies| Structures, Fossil Bedding Lateral and vertical
Content, relationships
Element Palaeocurrents
OF1 Greywhite | Massive, with Sheet with | Fl and Fr lithefacies
overbank, | palaeosol calcareous nodules, | erosive top | underly theSh litho
siltstone fines| interbedded | calcarous, grey contacts facies of element CH1
with red white
siltstone (FI | rhizocretions/rootlets
and Fr)
CH1 Intercalating | Intercalation of Sheet with | Splitho-facies
fine redgrey | fining upward erosive/non | amalgamate vertically
channgl sandstones | lithofacies, planar | erosive wheremudstone was
deposit (Sp and red | cross laminations contacts eroded away. Savulse
(dip S) sandstone | with southerly laterally due to a
(Sh. palaeocurrent sudde change in
direction as well as channel direction. Sh
horizontal litho-facies form thin
laminations, no sheets betweenpS
fossils facies.
CH2 Red siltstong Upward coarsening,| sheets with | Sl litho-facies of CH2
(FI) no fossils erosive overlies the last Sh
channel
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deposit underlying contacts litho-facies of CH1.
) a red fine The Shlitho-facies of
(dip S) sandstone element CH2 underlies
(Sl the Fm lithefacies of
element OF2.
OF2 Nodular, red| Massive, vertebrate | sheet with | Fm litho-facies overlis
overbank, | siltstone, fossils found erosive Shof element CH2 and
siltstone fines| red-grey contacts, underlieditho-facies
mottling Gm of element CH3.
here and
there (Fm)
CH3 Bottom Upward fining, sheet with | Gm litho-facies overlies
layer of massive gravel, load top erosive | the OF2 Friitho-
chann(_—:‘l gravel (Gm) | casts in top red contactto | facies. The Fl lithe
deposit and a top siltstone; CH4 and facies of element CH3
(dip S) layer of red bottom load | undelies the Gms of
siltstone (FI) casts element CH4.
contact with
OF2, no
fossils
CH4 Gritstone Massive, with sheet with | bottom contact with the
(Gms) with | tabular cross erosive element, CH3itho-
channgl angular beddingwith contacts facies F is represented
deposit | 4 5cm palaeocurrent by load casts
(dip S) pebbles directiontowards the
SW, no fossils
OF3 Red siltstong Massive with blanket with| Fl lithofacies overlies
overbank, | (Fl) calcified nodules, nq erosive Gms lithofacies of
siltstone fines fossils contacts element CH4 and

underliesmodern debris
layer

Description: Architectural elementH4 comprises lithefacies Gms, a gravel or gritstone

layer, which is approximately 0.6 m thick. Gms contains tabular dreddingand angular

pebblesof less than 1.5 cnsize. Palaeocurrenneasurerants indicate a soutlesterly
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palaeocurrentirection. The bottom contact with litHaciesFl (red siltstone)s marked by

numerous load casts (Fig. 23 F).

Interpretation: CH4 is interpreted as the fourth channel depdsito-facies Gms is
interpreted as a debris flow deposit (Miall, 198ble load casts were formed as a result of
compaction after deposition, resulting in deformation of the softer sediment below by the

heavier sediment above.

4.3.2.1Petrography of samples from Farm Omingonde
43.21.1. OMI 1

Sample OMI 1 was collected from CH1 in the section. Grain size sorting is poor with
the presence of 40% samgular and0% sulbounded mineral graingig. 21 C, Appendix 1).
Grains are matrix supported, with grains representnty 20%  silty matrix and30%
mudstoneThe average gain sizefor all mineral grains i20-200 um while theaverage din
size for individual mineralds; quartz10-200 um, biotite and muscovite plates-300 pm,
and orthoclase and other feldspars2D® um. The predominant minerals a85% quartz
less than 15%eldsparsincluding orthoclase. The feldspars dispEyooth straight edges,
and produce a white and grey extinatiavhen rotating the stage. Micas make up less than
2%. Muscovite plates, with green anllidbirefringence coloursand elongateplaty biotite
plates with ayellowish brownbirefringence colour were observed under crossed polars

Some feldspars show signs of alteration and dissolution.
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Figure23. A, pabeosol with cicareous nodules and rhizocretions fraitho-facies Frfrom
architectural element OFI1B, red siltstone with mottling fromitho-facies Fm from
architectural element OF2; C, tapod rib fossil weathering out frolitho-facies Fnsiltstone
from architectwal element OF2D, Sp lithofaciesamalgamatedertically after erosion of
mudstonaleposits; Earchitectural elemenfH1 comprisesntercalating reejrey sandstones
from litho-facies Spwith shallow crosgaminations, anded sandsteesfrom litho-facies Sh
with fine horizontal laminationk, architectural element CH4 comprises littawies Gms, a
gravel or gritstone layer (top), forming numerdaoad castsnto the bottom contact with
litho-facies FI (red siltstone).
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4.3.2.1.2. OMI 2

This sample wasIso collected from CH1Grains are moderately sorte80%
subrounded and 20% subangula@rains are matrix supported, withaghs representing 10%
against 9% matrix (Fig. 21 D, Appendix 1) The micritic to calctlutitic matrix consists
predominately of calcite, which has a characteristic fleshy colour. The size dfirbeal
grains is much smaller than for the OMI 3 sample anéhgnange in size from-200 pm
while the average dain size for individual mineralsis; quartz 2-200 pum biotite and
muscoviteplates20-200 pum and feldspars@100 pm The grains compris&0% quartz with
an undulating white grey colour extinctiod% yellowbrown calcite, <1%eldspar grains
with fractures and straight edgégey colour) <1% elongated brown to green biotitnd
muscovite grains, having a typical blue and green birefringence colour scheme and black

colour diffusion when the stage is turned so that the csyatalaligned for extinction

4.3.2.1.3. OMI 3

OMI 3 was collected from OF1This sample consists of approximate)%
subrounde@nd80% subangulagrainswhich are supported by 70% calatitic matrix (Fig.
21 E, Appendix 1). The grains are smaller than thos®@K® 2 sampleand range in size
from 20-200 um The average rgin size for individual mineralss; quartz50-150 um, for
biotite and muscovit®.5-200 um and forpyroxene50-100 pum.The grains consist @0%
guartz,10%feldspar, plagioclasand pyroxene, and 10% micas (biotite amdscovitg. The
micas sometimes occur as plates and sometimes as elongated Tibgrses of haematite
(deep marooimed) blebs and crystals provide evidence for alteration aiwvdorking. The
plagioclasegrains show a characteristic black and white zebra stripe pattern. Témzqu
grains are larger than most other mineral grains and the feldspar shawsgjteration

patches and lines of black appegrat the grain edgesr even in cracks within grains
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4.3.2.1.4. OMI 4

The sample OMI 4 was taken from a sandstone from CH4.SHage of the grains
includes90% subangular and only 10% subrounded grédppendix 1) The fabric is98%
grain supported and grains are packed together tighity 21 F) The matrix consists of
<2% yellowbrown calcite. Mineral grains range in size fré®-2 mm and 90% of the
grains are subangular. Theerage dain sizefor individual mineralss; quartz 0.51.5 mm
for muscoviteplates0.5-1.5 mm andfor feldspar and plagioclase graif.51.5 mm The
mineral grains comprise95% quartz, 5% alakafeldspar and pagioclase, with its
characteristic zebra stripe pattebess than 19%muscovitehas been identified by itsniaxial
optical pattern when usj the Bertrand Lens.Wo zirconcrystak were observedhese have
a black edge and a blue turquoiseerior. They are i y , at the order of
located inside a feldspar graihe characteristics of this thin section are very similar to

OKO 2 in terms of packing, matrix, angularity of grains and mineral content.
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5. Chapter 5

5.1.Discussion

5.1.1. Postcranium

Although chiniqguodontidsare relatively abundann deposits fromArgentina and
Brazil (Abdala and Giannini, 2002; Mancusb al, 2014), the postcranium remains poorly
studied, basically restricted to the contributions of H(&886), Romer (1969a), Romer and
Lewis (1973) and, more recenti@liveira et al (2009). Three of these contributions are on
material from the Brazilian Santa Maria Formation that show, overall, a very poor
preservation (Fig. 2C) ; Ro mer a n3 cohtrdutionsod Argeltihe@n/Chanares
Formation chiniquodontids is on better preserved matgtigl 24 B), although theomplete
skeleton described in that contribution, MCZ 3781, is also poorly presdfige®4 A). The
presence of partial, unpregar postcranial materialf ProbelesodorsanjuanensigMartinez

and Forster1996 was also referredut remains undescribed.

The contribution presented in this dissertatisntwofold; firstly to compare the
postcranial remains of the new Namibian chiniquodontid with those of South America, and
secondly to presemtew informationon thechiniquodontid skeleton, st as the pelvis and
the foot. The description of the foot @hiniquodon presented is one of only a few

descriptiors d the foot of Triassic cynodonts.
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Figure24. A, MCZ 3781 from Argentina; B, MCZ 4002 from Argentina; dCZ 3616 from
Brazil.

5.1.1.1 Vertebrae

The presacral centraof UFRGS PV0146T from the Santa Marigdormation of
Brazil are nearly cylindrical with thickened anterior and posterior (iseiraet al, 2009).
The single complete thoracic centrum, a lumbar centrum and the sacral centra in GSN F315
are cylindrical longitudinally and the seceladt thoracic vertebral centrum and the sacral
centra display thickened bone in the anterior and posterior edges. Of the five presacral
vertebrae described for GPIT 40 (Huene,1936), at least four preserve larger parts of the
neural spines, that are just as rsthuf not slightly more robust, than the spines of the
lumbars in GSN F315However, they differ in their orientation, which is more dorsal in

GPIT 40 and more posterior in GSN F315. GPIT 40 also preserves three sacral vertebrae with
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neural spines (Huen&936), which are robust and directed posteriorly, as in GSN F315. The
neural spines oUFRGS PV0146T are gradually inclining more backward (posteriorly),
starting from the thirteenth pigacral vertebra (283 0 e ) unt i-first prefsazralfd@e nt y
4 5,ghereafter the spines become less inclined until the twexity, at which it is almost
vertical, a condition that also seems to be the case for the s@@liaksra et al, 2009). In

GSN F315 the lumbar and sacral neural spinessightly posterioly oriented( ~ 7. @\le )

neural spines of the pisacraldescribed by Oliveirat al (2009),except for the axis, exhibit

a slender morphology (i.e., anteroposteriorly narrow), whereas in GSN RK&ilfumbar
vertebrae preserve spines that are anteroposietong, with a broadbase andhinner
towards the apex. Two of the three preserved sacral spines in GSN F315, are just as tall and
robust as those of the preceding lumbar vertebrae.Huene (1936) described only three
sacral vertebrae for GPIT 40, but the postcranial material for this specimen is preserved in
disarticulation and considering evidence presented by the Namibian specimen, it is clear that
there were more sacral elements.céwaing to Oliveiraet al (2009) UFRGS PV0146T
preserves four sacral vertebrae. However, in their figure 7, the position of the-siehty
presacral vertebra is well in the middletbé iliac blade and therefore it is heneerpreedas

another sa@l vertebra, increasing the number of sacrals to five, the same number as in GSN

F315.

5.1.1.2.Ribs

All ribs preserved folGSN F315ack costal platesa condition also represented in the
South American chiniquodontids (MCZ 3781 and MCZ 4002; Romer and Le@¥k3; 1
UFRGS PV0146T; Oliveira et al, 2009, sed-ig. 5). These plates are known other
cynodonts, likeCynognathusDiademodon Thrinaxodonand Galesaurus(Jenkins, 1971

Butler, 2009. A series of thoracic ribs in GSN F315 show a strong curvature immediately
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following the headKig 25 A, B; arrowg, a condition not observed in the ribs of specimens
from South AmericaPostmortem deformation is ruled out as both ribs displaying the
pronaunced curvature have been preserved on top of anoffiee. sacral ribs are distally
expanded in GSN F315 and MCZ 4002 (Romer and Lewis, 1973), to contact the iliac blade.
Oliveiraet al (2009) describe the shapes of the distal articular surfaces afthedcrals in
UFRGS PWV0146T as quadrangular and rectangular. In GSN F315 the distal articular
surfaces of the sacral ribs are expanded to form mostly triangular or -spaped
morphologies, whereas the sacral vertebrae described by Huene (1936) Tod@RIso

display a triangular expanded shape of the distal margin in dorsal view.

1cm

Figure25. A, GSN F315 thoracic ribm lateral view showing atrong curvature following
immediately after the hea®, thoracicribs of MCZ 4002in lateral view Abbreviations: trb,
rib.

5.1.1.3.Shoulder girdle and clavicle

The slender right scapular blade of GSN F315 displays no &tarpl flexure of the
cranial and caudal borderand has the distal portion of the scapular blade expafdhe.
sameoverall slendershape of the scapular blade has been showM&Z 4002 and MCZ
4164 from theChafnares Formation of ArgentifRomer and Lewis, 1973and both MCZ

3616 (Romer, 1969aand GPIT 40 (Huene, 1936pm the Santa Maria Formation 8fazil
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(Fig. 26). Only onescapular blade from the Brazilian material is well preserved (MCZ 3616;
1969:fig. 9) and shows a very similar pattern in the development of the blade and acromion
procesdgo that of GSN F315. The scapula illustrated by Romer and Lewis (1973: fig. 7) is
obviously incomplete, as also mentioned by these authors, evidently lacking the entire
anterior margin where the acromiprocessshould be represented. Similarities however are
clear in the strong ridges developed in the anterior and posterior margheskdéde and the
deeply concave morphology of the blade (Romer, 1969a; Romer and Lewis, 1973). GSN
F315 preserves a largeromionprocesswell above the neck of the scapula, which is also

observed in South American chiniquodontids (e.g. MCZ 3616, MCZ 4t@45PIT 40).

Romer and Lewis (1973) suggested that there was little acromial development in the
scapular blade of MCZ 3801 from Argentina, although they report that the scapula was
ventrally incompleteThesize of the acromioprocess irother cynodonts, lik€ynognathus
Diademodonand Thrinaxodonis smaller and positioned on the neck of Huapula.The
procoracoidin most South American chiniquodontis is eitloaty partially or not preserved.

As illustrated by Romer (1969a) the proco@ of MCZ 3616 appears to be proportionally
smaller than that of GSN F315, but first hand examination of the specimen from Brazil shows
that the procoracoid is incompletely preservieid) (26 C). The procoracoid of MCZ 3616 has

a large, rounded foramewhich is laterally directed, whereas theocoracoid foramein

GSN F315, which is also larges ellipsoid anddirected laterally The procoracoid in GSN
F315 has ageneral rounded shape lateral view a condition similar, although more
pronounced in GHI 40 (Huene, 1936), although it may have been affected by compression.
The morphology of this bone in MCZ 4164 is more angular in lateral view (Romer and
Lewi s, 197 3: fig. 14), showing a straight
with the uer and lower margins of the boneGPIT 40 preserves a small, round

procoracoid foramen (Huene, 1936).
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Figure26. A, GSN F315 incomplete right scapulateral view B, lateral viewof GSN F315
incomplete left scapula with procoracoid; C, MCZ 3616 incomplete right scapula with partial
procoracoid andoracoidsjateral view D, MCZ 4002 with partial procoracoid and complete
coracoids inlateral view Abbrevations: sc, scapula; ac, acrom process; cl, clavicle; gl,
glenoid; pc, procoracoid; ¢, coracoid; cv, cervical vertebra; cr, cervical rib; r, rib.

Romer and Lewis (1973: fig. 7) illustrate the pectoral giafl€hinigodonas having
presenting amanteroposteriorly long andorsaventrally low procoracoid (these elements are

attributed to MCZ 3781, but the illustrated coracoid and procoracoid are in fact part of MCZ
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