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Abstract

Marisaurus associated remains has been found from the latest Cretaceous Vitakri member of

Pab Formation in Mari Bohri, Darwaza, Bor, Kinwa, Top Kinwa, Alam Kali Kakor and some other
localitie of Sulaiman Basin, Pakistan, Marisaurus from Alam Kali Kakor locality provides the
opportunity to view the most complete (more than one third) skeleton of titanosaur yet discovered. It is

also hoped other remaining preserved assemblages can be found on further excavations at many sites.
The Marisaurus (Balochisaurus and Pakisaurus) bear the associated cranial, vertebral and limb elements

found from Pakistan, because previously no such associations are found except Rapetosaurus from
Madagascar and a few recent discoveries from Argentina. It also helps to resolve the position of
Mongolian genera like Nemegrosaurus and Quaesitosaurus. It provides new insights in to skull and
postcranial morphology. Multipurpose tail special with trispinous distalmost caudal centrum of
Marisaurus (and Balochisaurus) of Balochisauridae and some or all genera of Pakisauridac found from
Pakistan provide a new look of titanosaurs. The skull discoveries of Marisaurus (and Balochisaurus)
adds the general morphs of sauropod skulls like moderate inclined, elongate and camellate (with large
open internal cells), in the previously reported two morphs like high and short, and low and elongate.
Due to dearth of cranial data and lack of common associated elements in titanosaurs has left even the
most basic skeletal morphology of the clade controversial and has precluded detailed study of its higher
and lower level phylogeny, but now Pakistan has this advantage which produced associated cranial,
axial and appendicular elements of Marisaurus (and also Balochisaurus and Pakisaurus). The
Rapetosaurus, Marisaurus, Balochisaurus, Pakisaurus, some Argentinean and Mongolian forms have
great potential to resolve paleobiogeography, lower and higher level phylogeny of titanosaurs.

Keywords: Marisaurus, Balochisauridae, Titanosauria, Vitakri member, Pab Formation, Late Cretaceous,

Pakistan, Malkani.

1. Introduction

From 1864 to 1999, India was the only
source of Mesozoic vertebrates (Hislop 1864,
Falconer 1868, Lydekker 1877, 79; Huene and
Matley, 1933, Jain and Bandyopadhyay, 1997).
Since 2000, about 3000 fossils collected by author
from latest Cretaceous strata of Sulaiman Basin,
Pakistan (Fig. 1A), which arec the basis of
Khetranisaurus, Sulaimanisaurus and Pakisaurus of
Pakisaundae, and Marisaurus and Balochisaurus of
Balochisaundae (Titanosaunia, Sauropoda),
Vitakridrinda abelisaurid theropod, and Pabwehshi
baurusuchid mesoeucrocodile (Malkant & Anwar,
2000; Malkani et al.,, 2001; Malkani, 2003a,b,c;
2004a,b; 2006a,b,c,d,e; 2007a,b,c.d,e; 2008a,b,c.d,e;
Wilson et al., 2001, 2005). Most of these materials
were found as fragmentary but seems to be
associated due to clusters or heap forming
occurrences. The Brohisaurus kirthari
(Titanosauria) from the J/K boundary of lower Indus

(Kirthar Range) Basin has also established (Malkani
2003c¢). The trackways of wide gauge titanosaurian
sauropods (Malakhelisaurus mianwali) confronted
by a running narrow gauge abelisaunan theropod
(Samanadrinda surghari) found from the Middle
Jurassic limestone of upper Indus (Kohat and
Pothwar) Basin (Malkani 2007a).

Marisaurus jeffi was reported first ime on
the basis of articulated partial skull (Malkani 2003a).
The five genera and its two family of latest
Cretaceous Titanosauria from Pakistan, which are
based on associated caudal vertebrae (especially
mid-caudal) due to their most common and most
diverse nature, presented at the occasion of 5%
Pakistan Geological Congress (Malkani 2004a) and
this classification is formally published in (Malkani
2006b). Here associated and fragmentary remains of
Marisaurus collected from Pakistan are being
figured and described.
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Holotypic specimens and locality: The bl
Marisasres MSM-7-15 brconve first caudal v
2915, MSM-30-1S5, MSM-IE1S, MSM- 32 0s
MSM-33-15 five fragmentary but assocuated o
vertebrae were collected from Man Bobhn '

2. Systematic Paleontology

Dinosauna (Owen, 1842)

Order Saunschia  (Sceley. 1888)
Infraorder Sauropoda (Marsh, 1878)
Titanosauna (Bonaparte & Cona, 1993)

Family Balochisaundace (Malkam, 20044, 2006b) (Malkani, 2006b; fig 9-12) These remauns e
Marisaurus (Malkam, 2003a, 2004a, 2006b) be associated with referred matenal of thas owals
These specimens  are housed at the Museun
v Geological Survey of Pakistan, Quetta.
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Fig. 1. A, Grey oval represents the study area in Pakistan, B, MSM-256-16 cervical/anterior docrsal vertebru, MSM-774-16, MSM-511-
16 ventral ridge forming tall dorsal vertebrae. C, MSM-153-16 caudal with prezygapophyses and postzygapophyses 7 and neural wpine.
D, MSM-815-15, MSM-506-15 caudal vertebrae. E, MSM-359-2 cervical vertebra, MSM-441-2 dorsal vertebra. F, Generalized § types
of caudals from Pakistan. G, Upper row, NMSM-295-2, MSM-279-2, MSM-635-2, MSM-566-2. MSM-278-2. MSM-036-2 VMSM-1020L
MSM-688-2 proximal metacarpals: Lower row, MSM-277-2MSM-1028-2, MSM-285-2. MSM-370-2, MSM-6853-2. MSM-657-2. MSH-

361-2, MSM-683-2 distal metacarpals. H, upper NMSM-643-2, and lower MSM-1031-2, MSM-1030-2 metatarsals. L MSM-1036- 14 distal
metacarpal. Scale, Each black digit is | cm.
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Referred specimens and localities: The referred

specimen were collected from Man Bohn (PDL-13),

Darwaza Gumbrak (PDL-8), Kinwa (PDL-4), Top

Kinwa (PDL-16), Bor (PDL-2), Alam Kali Kakor

(PDL-19) and other localiies. The partial skull

(MSM-79-19,  MSM-80-19) of WMarisaurus was

descnbed  Malkam  (2003a;  Figs. 2,3,4,5; here

reconstructed Fig. 2A). The braincase (GSP/MSM-2-

16 or GSP-UM 7000) was collected by the present

author and deseribed by Wilson er al., (2008;
Figs. 2,3.4) and here referred 0o Marisaurus due o
associated  axial  and  appendicular  remains  of
Marnisaurus. The presacral vertebrac MSM-120-2
cervicodorsal. MSM-121-2, MSM-122-2, MSM-123-2,
MSM-124-2, MSM-125-2 and a pair of sacral MSM-
135-2 found from the south-central site just on the base
of resistant eclongated ridge of Bor locality, and
precaudal  vertebrac MSM-131-16, MSM-132-
[6¢cervicodorsal, MNMSM-131-16, and MSM-137-16
sacral pair, found trom the Top Kinwa locality, and
one presacral vertebra MSM-134-8 from Darwaz
Gumbrak locality were described by Malkani (20006c¢;
figs.2-5) and here being referred to Marisaurus due to
associated caudal vertebrae and other elements. The
associauon 1s mostly interpreted on the basis of heap
or cluster occurrences of specimens. Five fragmentary
but seems to be associated caudal vertebrae MSM-36-
4, MSM-37-4, MSM-38-4, MSM- 39a-4 and MSM-39-
4 from Kinwa locality and two fragmentary but
associated MSM-34-16 and MSM-35-16 were
descnbed by Malkani (2006b:figs. 9-12). An
aruculated atlas-axis complex (GSP/MSM-82-4) of
Marisaurus was described by Malkani (2008a;
figs. 2-6). Two fragmentary but secems to be associated
caudal vertebrac MSM-34-16 and MSM-35-16 from
Man Bohn locality, one fragmentary caudal vertebra
MSM-0-8 from Darwaza Gumbrak, and two
fragmentary but associated caudal vertebrae MSM-41-
2 and MSM-42-2 from Bor locality were described by
Malkani (2006b:figs 9-12).

The following remains of Marisaurus are
being referred and described here. The Alam Kali
Kakor locality has yielded associated remains of
Marisaurus (adult animal) including the partial skull
(articulated) (Malkani, 2003a), veriebral and limb
elements. Cervical vertebrae (MSM-107-19. MSM-
108-19, MSM-109-19; Fig. 2B.C). (MSM-437-19,
MSM-220-19, MSM-502-19: Fig. 4B). dorsal
vertebrae (MSM-110-19. MSM-111-19, MSM-112-19;
Fig. 2B,C), (MSM-617-19: Fig. 4B). caudal vertebrae
(MSM-113-19, MSM-114-19, MSM-115-19, MSM-
116-19, MSM-117; Fig. 2B,C), (MSM-219-19, MSM-
218-19. MSM-696-19, MSM-777-19, MSM-221-19;
Fig. 3B,C), left femur (MSM-213-19, MSM-118-19;
Fig. 4A), proximal radius (MSM-215-19; Fig. 4A),
Left proximal tibia (MSM-119-19; Fig. 4A), a pair of
left and right distal tibiae (MSM-710-19, MSM-569-
19; Fig. 4A); a pair of left and right distal scapulae
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(MSM-1100-19, MSM-217-19; Fig. 3C), sternal plate
partial ilia (MSM-216-19; Fig. 4B) and diapophysis
(MSM-638-19¢; Fig. 7A). A large number of
fossils/pieces, which are covered by brown muddy
matrix, are also collected from this sitc. The whole
picture of this animal can be clear after cleaning of
matnx from collected materials, and the possible
further exploration and excavation at this site.

Bor Kali Kakor locality yielded cervical
(MSM-359-2; Fig. 1E), and dorsal (MSM-44]-2;
Fig. 1E) vertebrae, metacarpals (MSM-295-2, MSM-
279-2, MSM-685-2, MSM-566-2, MSM-278-2, MSM-
686-2, MSM-1029-2, MSM-688-2, MSM-277-2,
MSM- 1028-2, MSM-285-2, MSM-370-2, MSM-
684-2, MSM-687-2, MSM-361-2, MSM-683-2; Fig.
1G), metatarsals (MSM-643-2, MSM-1031-2, MSM-
1030-2; Fig. 1H), proximal and distal femur (MSM-
178-2, MSM-182-2; Fig. SA), distal scapula (MSM-
573-2; Fig. 5A), proximal ulna (MSM-271-2;
Fig. 5A), proximal ischium (MSM-184-2;
Fig. SA ), humerus parts (MSM-850-2, MSM-
559-2, MSM-287-2, MSM-852-2, MSM-181-2,
MSM-362-2, MSM-362-2,MSM-343-2; Fig. 5A),
sternal  (MSM-565-2; Fig. 7A ), (MSM-1004-2;
Fig. 7A ), coracoids (MSM-560-2; Fig. 7A), distal
portion of dorsal rib (MSM-187-2; Fig. 7A), neural
spines  (MSM-301-2, MSM-792-2, MSM-784-2.
Fig. 7A) and trispinous distalmost caudal centrum
(MSM- 302-2: Fig. 6A,B,C).

Kinwa locality yielded mid-scapula with
ventral] ridge (MSM-838-4; Fig. 7A). Top Kinwa
yielded cervical or anterior dorsal (MSM-256-16; Fig.
1B), dorsal vertebraec (MSM-774-16, MSM-511-16;
Fig. 1B), caudal with prezygapophyses and neural
spine  (MSM-153-16: Fig. 1C), distal metacarpal
(MSM-1036-16; Fig. 1,i), proximal ulna (MSM-175-
16, MSM-240-16; Fig. SE), distal ulna (MSM-74-16;
Fig. SE), a pair of distal scapulac (MSM-250-16,
MSM-176-16. Fig. 5G), part of ilia (MSM-557-16;
Fig. SH). (MSM-150-16: Fig. 7A), acetabulum (MSM-
147-16, 148-16; Fig. 7A), stermal (MSM-1014-16,
MSM-604-16; Fig. 7A), metatarsal/phalanges (MSM-

149-16; Fig. 7A), cervical rib (MSM-328-16, MSM-
767-16, MSM-329-16; Fig. 7A), sacral (MSM-776-16;
Fig. 7A), chevron (MSM-330-16; Fig. 7A),
prezygapophyses (MSM-327-16; Fig. 7A) and armour
plate (MSM-1035-16; Fig. 7A). Mari Bohni locality
yielded caudals vertebrae (MSM-815-15, MSM-
506-15; Fig. 1D), a femur (MSM-169-15, MSM-70-
15; Fig. 5B), a distal scapula (MSM-163-15; Fig. SD),
proximal and distal pubis (MSM-165-15, MSM-
164-15; Fig. SC). These specimens are housed at the
Museum of Geological Survey of Pakistan, Quetta.

Horizons; These remains are collected from the latest
Pab Formation of Sulaiman Basin, Pakistan. The Pab
Formation (20-400m) is divided in to Dhoala, Kali and
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Vitakri members. Dhaola member (white quartzose
sandstone with minor to moderate black weathering;
Fort Munro and Dhaola are best reference sections)
represents the environments of proximal delta, near the
coastline and consistent in the central and eastern
Sulaiman Basin. Kali member (shale and black
weathering sandstone; Dhaola and Tor Thana are
reference sections) represent middle and distal deltaic
environments and exposed in the western part of
Sulaiman Basin. Vitaknn member (15-35m, exposed in
central system of middle Indus Basin; Dhaola and
vitakri are best reference sections) consist of alternated
two units of red mud/clay (2-15m cach unit) of over
bank flood plain deposits and two quartzose sandstone
units (2-15meach unit) with black weathering of
meandering river system. Lower red mud horizon is
based on Kali member or Dhaola member and capped
by middle sandstonc horizon of Vitakri member. The
upper red mud horizon is based on middle sandstone
horizon and capped by a resistant sandstone horizon.
[ts coeval strata (coal, carbonaceous shale and
sandstone) represent the lacustrine and deltaic
environment, and laterite represent the erosional
disconformity. Topography is semiplain to rugged.
The relief of dinosaur host area varies from 800 to
2000m. Low hills capped by Vitakri Member with
gentle dips produced many associated bones. The
lateral extensions of dinosaur beds (30km
Northwestnorth direction and 100km eastnortheast
direction; gray oval in Fig. 1A) have been observed in
the Vitakri-Mari Bohri, Dhaola, Phulali (Pikal-Siah
Koh), and Fort Munro anticlinoriums (Malkani,
2006d). The sauropods from the Vitakri member
demonstrate extreme morphological variation in caudal
vertebrae.

Age; The age of the dinosaur beds (Vitakri) Member
of upper Pab Formation is considered as the latest
Cretaceous (Maastrichtian) (Malkani 20064d).

Partial skull of Marisaurus
(Balochisauridae) from Pakistan

Titanosaurian sauropods have one of the most
extensive geographic and temporal ranges of any
dinosaurian clade. However due to the persistent lack
of associated cranial and post cranial material, a clear
understanding of even their most basic morphological
attributes remains elusive (Curry Roger & Forster,
1999: 2001). Traditionally, titanosaurids were
considered as bearing a Diplodocus-type skull
(Salgado er al., 1997). In contrast with the wealth of
data derived from the study of the postcranial skeleton,
the information on titanosaurid skull morphology is
scarce (Salgado er al., 1997). No complete titanosaurid
skull has been found to date. A few well-preserved
braincases and some fragments constitute all the
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other sauropods is poorly understood. In this regards,
an important question should be answered: do
titanosaurids have diplodocus type skull, as previously
stated? (Salgado er al., 1997). But here the associated
materials such as partial skull (articulated), and post
crania of Marisaurus have a vantage point to solve
most of the questions and problems,

The parual skull is reconstructed (Fig. 2A) by
the specimens MSM-79-19 and MSM-80-19 (Malkani,
2003a). These specimen were collected SO meters
apart towards east from its postcranial material, which
may belongs to same animal. It may be dragons away
by the Vitakridrinda theropod abelisaurs because the
skull of Vitakridrinda abelisaurian theropod (Malkani,
2006¢) is found near the skull of Marisaurus. The
braincase (GSP/MSM-2-16; Wilson et al, 2005) of
Kinwa Top locality, which is found about half km
toward north from Marisaurus skull locality. An atlas-
axis complex (Malkani, 2008a), which is found | km
apart towards west from Marisaurus skull locality. On
the basis of the matrix, horizon/age, and shape, this
partial skull, braincase and atlas-axis complex may
belong to Marisaurus. The size of skull matches with
the appendicular and axial fossils from Alam locality
but matrix is slightly different. These skull specimens
represent large internal open cells like Kinwa atlas-
axis complex and Marisaurus cervical of Alam
locality, which is also a basis of its assignment to
Marisaurus.

4. Vertebral materials of Marisaurus
(Balochisauridae) from Pakistan

Marisaurus jeffi based on first biconvex
caudal centrum; moderate short, heavy and slightly tall
with broad ventral groove (u shape) on posterior parts
of anterior caudal centra (except some anteriormost
caudals) due to well developed posterior chevron
facets; moderate short, heavy and slightly tall with
broad ventral groove (u shape) of mid-caudals due to
well developed posterior and faint anterior chevron
facets; the ratio of dorsal view width to mid-ventral
width of anterior caudal centra (except some
anteriormost caudal centra), and mid-caudal centra is
around 1.5; lateral surfaces on ventral view are clearly
observed in the anterior and mid caudals due to mid-
dorsal width greater than ventral width; robust femora;
thick transversely proximal tibiae; narrow lateral width
(mediolaterally elongated oval shape) of distal tibiae;
and mid-mediolateral width is greater than mid-
anteroposterior width of distal tibiae (Malkani, 2006b).

First time, the caudal vertebrae of 3 genera of
Pakisauridae and 2 genera of Balochisauridac
Titanosauria from Pakistan were described and figured
by Malkani, (2006b). Second time, the sacral and
presacral vertebraec of Pakistani Titanosauria are
reported and figured by Malkani, (2006¢). Third time,

available material attributable to titanosaurids (Salgado

attribu an articulated atlas-axis complex of Marisaurus are
et al., 1997). Cranial evidence links titanosaurids with

figured and described (Malkani, 2008a). Fourth time it
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s baing descened here. The precaudal vertebrae are
recoverad from Alam, Bor, Top Kinwa and Darwaza
localites. The caudal vertebrae are recovered from
Man Bohn, Kinwa, Alam, Bor, Top Kinwa, Darwaza,
and some other localities. The Alam locality has
produced the associated matenals  of  Marisaurus
ncluding about 6 cervical, 4 dorsal, and 10 caudal
vertebrae along wath parual left femur, partial left and
nght tibiae, and partial radius, a pair of partial distal
scapulae,  partial  stermal  plate/ilia,  ete.  Although
frmgmentary and  disarticulated but it is associated
because all of these matenal is found within one site of
same locality. The field study show that these
matenals are associated due to following reason. Some
vertebrac  are found aligned according to strike
direcion in about 10 m length and appendicular
clements were some 3 m down slope. However, some
vertebrae were little transported down slope. There is
no any duplicaton from this site. The ficld evidence
indicate all these matenals are found in situ host
formation and excavation can reveals remaining
preserved assemblages. The nature of matrix, relative
siz¢ and collection from one locality represents
associauon and belongs o same adult animal.
However a parual articulated skull (Malkani, 2003a) is
found 50 meter apart from the axial and appendicular
elements and relative size show one animal but their
matrix is slighdy different. Top Kinwa and Bor
localiies have produced associated vertebral and
appendicular elements. Mari Bohni locality has also
yielded holotypic and some referred caudal vertebrae,
a femur, a pubis and a distal scapula, which may
belong to one animal.

Cervical vertebrae; Axis parapophysis is robust and
rectangular (posteriormost part is subrounded) in
shape. Axis parapophyses are located in the central and
posterior half of the ventral surface of centrum. The
parapophysis is rectangular, and positioned on the
ventral surface of axis centrum. In remaining cervicals
parapophysis is becoming anteroposteriorly elliptical,
and position is shifting to the mid and then anterior of
centra as the centra proceeding posterior. The
parapophyses seems (o directed outward and
downward. It begins to travel anteniorly as the serics
going backward (toward posterior). The rectangular
nature of parapophysis is becoming oval as the serics
going backward of cervical series. The centra have
almost flat and slightly concave ventral surface
because anterior cone and posterior articular surfaces

are trending to lower level than central surface of

centra. Centra are broad. long and opisthocoelous.
Pleurocoel is small and clongated. The centra are
constricted in the middle and successively increase in
length. The posterior concavity seems (o be larger than
anterior convexity. The broadness and length is
increasing much backward in all discontinuous series.
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The transverse processes are dirccted laterally. The
well developed diapophysis have small diameter in the
anterior  most  cervical  but  become some  what
relatively with larger diameter and stouter, projecting
outward and little upwards as proceeding backward in
the series. The prezygapophyses are becoming wide
divergent backward depending on the broadness of
centrum, The neural canal is uniformly rounded to sub
rounded in all the cervicals. The fragmentary neural
spine is  single and seems w0 be low. The
postzygapophyses are high and divergent and may
change position according to prezygapophyses. The
cervical vertebrac have camellae/pneumatic texture.
The fragmentary pieces of cervical ribs are collected
having boat shape. These ribs are pneumatic (large
open intemal cells). Measurements of some cervical
centra are shown in (Table 1).

Table 1. Measurement of cervical centra in centimeters.

Sample no Length Width Height
MSM-107-19 18 18 13
MSM-108-19 28 18 13
MSM-109-19 30 - -

Dorsal vertebrae; There are three opisthotic morphs.

First morph is short and broad centra with smooth
ventral surface, open wide pleurocoel and small
ventrolateral  surface below  the  pleurocoel, as

characterised by the first cervicodorsal vertebrac and
may be found in other anterior dorsals. Second morph
is short and circular centra, which may be in the
transition between the anterior and posterior dorsals as
hemisperical to cylinderical centra. Third morph is tall
and relatively long and has sagital ventral ndge/keel,
and narrow and long pleurocoels may found in
posterior dorsals. Posterior concavity seems to be
larger than anterior convexity. From morphology I can
guess that the transeversely hemisphericity decreases
up to mid dorsal. In posterior dorsal the transeversely
hemisperity shifted to the ventrodorsally hemispenty.
The broadness is going to be less i.e., transeverse
ellipticity is going to be low as going backward. Early
middle centra may be circular. The remaining middle
and all posterior centra seems to be tall and relatively
long and having ventral saggital ridge and long
pleurocoel. Keel/ridge may be transition from dorsal to
sacral. The broken dorsal vertebrac represent the
camellae/spongy/ pneumatic texture. The neural canal
Is subrounded. Parapophyses come close to
diapophyses in mid dorsals. There are
interprezygapophyses lamina, centro diapophyseal
laminae, post zygapophyses and spine laminae. The
postzygapophseal lamina is directed backward to the
postzygapoph}sis and the supradiapophseal lamina is
directed upward to the spine. There are two-separated
prespinal laminas.
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Fig. 2. A, reconstructed partial skull. B, Upper (top) row, MSM-107-19 cervical vertebra, left
posterolateral view, MSM-108-19, MSM-109-19 cervical vertebrae, left lateral view; Middle row, MSM-
110-19, MSM-111-19, MSM-112-19 dorsal vertebrae, left lateral view; Lower row, MSM-113-19, MSM-
114-19, MSM-115-19, MSM-116-19, MSM-117-19 caudal vertebrae, right lateral view; C, Upper row,
MSM-107-19, MSM-108-19, MSM-109-19 cervical vertebrae, anterior view; Middle row, MSM-110-19,
MSM-111-19, MSM-112-19 dorsal vertebrae, anterior view; Lower row, MSM-113-19, MSM-114-19,
MSM-115-19, MSM-116-19, MSM-117-19 caudal vertebrae, posterior view. Scale, Each black digit is 1
cm.Most of the specimens in this research are partial. Specimen numbers started in each row from left to
right. The specimen number like GSP/MSM-107-19 represents GSP Geological Survey of Pakistan; MSM
collector name (M. Sadiq Malkani); 107 represents sample number; 19 represents Pakistani Dinosaurs

locality number or PDL-19.
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Fig. 3. A, MSM-219-19, MSM-218-19, MSM-696-19, MSM-777-19, MSM-221-19 caudal vertebrae. posterior
view. B, Upper row, MSM-219-19, MSM-218-19, MSM-221-19 caudal vertehrac, right lateral view. Lower

row, MSM-217-19 partial distal right scapula; MSM-696-19, MSM-777-19 caudal vertebrae, pnslerm'e_m.ntl
view. C, MSM-1100-19, MSM-217-19 a pair of left and right partial distal scapula. Scale, Each black digitis 1 @
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Fig. 4. A. Upper row, MSM-215-19 proximal radius, posterior view: MSM-119-19 proximal left tibia, lateral view;
MSM-213-19 proximal left femur, ventroposterior view; Lower row, MSM-569-19 distal right tibia, ventral view;
MSM-710-19 left distal tibia, ventral view; MSM-118-19 left distal femur, posteroventral view. B, Upper row,
MSM-437-_19. MSM-220-19, MSM-502-19 cervical vertebrae left lateral view; lower row, MSM-617-19 dorsal
vertebra, right lateroventral view, MSM-216-19 sternal plate/ partial ilia. Scale, Each black digit is 1 cm.
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Marisaurus ( haiochisauridae, titanosauria). ..

undivided. The spine is directed perpendicular to
the neural canal and may slightly inclined
backward., Some rib pieces are also collected. The
tuberculum and capitulum are in sub equal size.
Capitulum is subrounded while tuberculum is
oval to suboval. Both are marked with a notch in
between. There 1s a marked ridge running along
the length of the rib shatt bifurcating just before
the proximal notch and terminating toward the
end of the capitulum and tuberculum. Medially
there is a marked depression running anteriorly.
The proximal part of the rib 1s spongy and
concavo-convex in cross scction and distally
massive and plano-convex. Measurements of
dorsal centra are shown in Table 2.

Table 2. Measurement of dorsal centra in
centimeters.

Sampleno  Length  Width Height

MSM-110-19 20 16 15
MSM-111-19 23 17 15
MSM-112-19 18 16 14

Caudal Vertebrae; All the caudal vertebrae are
strongly procoelous (except anteriormost and
distalmost caudals). Both the height and width of
caudal centra reduces much backward with
relaive to their length, which reduces less.
Anterior caudals are broad while the mid caudals
are slightly tall and posterior caudals are long and
cylindrical with anterior circular articular and
posterior squarish to circular posterior articular
region. The chevron facets are not found on the
anterior most caudals and posterior caudals, while
located in the remaining anterior and middle
caudals. The neural arch is situated on the
anterior half of the caudal centra. The
prezygapophyses are rod Ilike while post
zygapophyses also have lateral small surface for
attachment. The middle and posterior caudal
spines are laterally compressed and seems to be
directed posteriorly. Prominent ridge facets occur
which seems like blunted in anterior caudals.
Measurements of some caudal centra are shown

in (Table) 3.

Table 3. Measurements of caudal centra in
centimeters.

Sample no Length Width Height

MSM-113-19 17 15 14

MSM-114-19 16 13 12

MSM-115-19 14 13 13

MSM-116-19 13 12 11
MOM.117-19 13 11 10

0.4

5.A new look of titanosaurs: multipurpose tail
special with trispinous distalmost caudal
centrum found from Pakistan.

The first and new tail special with
trispinous caudal centrum which provide a new
look of Titanosauria, has been found from the
latest Cretaccous Vitakri member of Upper Pab
Formation, Sulaiman Basin of Pakistan. Tail of
titanosaurs from Pakistan 1s unique among World.
[t scems (o be robust and relatively short which
may act for multipurpose like good defending
tool for its foe, balancing body as third support
during foraging from tall tree, and mating. This
tail resemble with  Shunosaurus of China
(Laurasia). This discovery has an advantage for
evolutionary history from Middle Jurassic
Shunosaurus to latest Cretacecous Pakisauridae
and Balochisaunidae (Titanosauria) from Pakistan
(Gondwana).

Five terminal caudal centra (Fig.6 A,B,C)
of different genera are found from Barkhan
District of Balochistan Province, Pakistan. These
caudals show anterior surface with concave ring
(Fig.1 A), lke other caudal centra (except
anteriormost caudal centrum in some genera) but
their posterior, ventral and dorsal surfaces are
specialized trispinous (Fig.6 B,C) forming unique
character. Distalmost caudal centrum represents
three enlarged and thick triradial spines (Kig. 6
B,C). Two spines are found in the ventroposterior
region of posterior centrum which are diverging
with low angle, while one spine is found on the
mid of dorsal surface of centrum. The bases of
spines are only preserved and remaining portions
damaged. It may be broken in defending with its
foe or taking support during foraging from tall
tree or by erosion and weathering. The cross
section of these spines at the base shows oval
nature with maximum width varies from 3.5 to
6.5 cm and depth varies from 1.5 to 3.5 cm. The
oval axis of dorsal spine shows two different
directions (Fig.6 C). Three distalmost caudal
centra show its oval axis trend posterolateral
towards right ventral spine, while the other two
trend posterolateral towards left ventral spine. It
shows sexual dimorphism (male and female) or
two genera or two rows of centra at terminal tail.
The right and left ventral spines are symmetrical
and directed lateroposteroventrally (Fig.6 C). The
dorsal spine directed upward. Tail of titanosaurs
from Pakistan seems to be robust (and relatively
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short), due to robust cistalmost caudal centrum,
These tails may act for mulupurpose like good
defending tool for its foe like Virakridrinda and
Pabwehshi etc, balancing body as third support
duning foraging from tall tree, and mating,

Since 2000 (first discovery to until) about
3000 (cramal and posteranial) fossils have been
collected by present author from the latest
Cretaceous Vitakn member (Dinosaur beds) of
Pab Formattion which are the basis for
Pakisawrus, Khetranisaurus and Sulaimanisaurus
of Pakisaundae, and Marisaurus and
Balochisaurus of Balochisauridac Titanosauria,
and Virekridrinda of abelisaurian  theropod
dinosaurs, and Pabwehshi of baurusuchid
mesoeucrocodylian fauna (Malkani, 2006b).

A short taill of about 35 stout caudal
vericbrac charactenzes  ttanosaurs  while
pnmitive sauropods have about S50 caudal
vertebrae and diplodocids have about 80 caudal
vertebrae (Wilson, 2002). This shortened tail
might have function as a third support when
denved utanosaurs reared during feeding or
mating (Borsuk-Bialynicka, 1977, Wilson, 2006).
This idea is also strengthened by the present
di.scovay Sauropod 1s characterized by various
tail specializations, including the fusion of the
distalmost three or four caudal vertebrae in to a
bony tal club in Shunosaurus (Dong, er al.,
1989), and the short senes of mobile, biconvex
caudals in unnamed utanosaurs (neosauropod)
from Argentina, which is modified in 0o a
‘whiplash’ tail in diplodocids®, Terminal tail with
mispines of Titanosauna from Pakistan is a
unique record among world.

The tal club of Shunosaurus, which
appears to fuse late in growth, composed of
atleast three enlarged, coossified caudal vertebrae
with atleast two dermal spine (Dong et al., 1989;
Zhang, 1988), while Pakistani Titanosauria has
three spines on a single centrum, Present
discovery shows clues of resemblance with
Chinese form of Laurasia. Its temporal and spatial
variation from Middle Jurassic (China;
Shunosaurus lif) 10 latest Cretaceous (Pakistan;
Balochisauridae and Pakisauridac) has an
advantage for the hypothesis of cvolutionary

history and paleobiogeography.

6. Appendicular elements of Marisauru;
(Balochisauridae) from Pakistan.

Appendicular proportion 18 dominan
with reference to cranial and axial elements. Here
the most representative of limb elements ure
being briefly described.

Sternal Plate; Partial fragments of sternal plates,
are collected. One picce which is expanded and
represents the anteroventral crest.

Pectoral girdle; Pectoral girdle is represented by
fragmentary partial mid scapula and distal
scapula, and coracoids. The thickness and width
of middle part (and also probably proximal parn)
Is remarkably less than distal ends. The outer
surface represents slight convexing curvature and
internal surface is concave, forming D shape
cross section. One section of right scapula having
ventral crest. Distal blade i1s expanded and
represents broadening and thickening at the distal
end forming a deep and spoon shape glenoid for
humerus head, and nearby rugosity for the
attachment of corocoid and developed into an
area for the attachiment of the muscles over
almost the entire width.. Distal scapula and
coracoid are separatc. (ne acromian size seems to
be narrow (and acromial edge 1s not expanded).
The distal scapula of Marisaurus (and also
Balochisaurus) is not deflected laterodorsally
l.e., it 1s straight or slightly deflected medially
and also not expanded in the lateroventral side of
mid scapular blade, while the scapula of
Pakisaurridac  (Pakisaurus) i1s  deflected
laterodorsally and expanded in the lateroventral
side of mid scapular blade. The coracoid showing
glenoid for humerus and rugose area for
attachment of distal scapula. The remaining area
seems to be plate like. The corocoid glenoid area
is at the same level as plate but elevated or raised
in other side of plate

Humerus; The anterior view of the distal
humerus have prominent ridge, and posterior part
1s divided well in to two condyles. Humerus
having a continuous ridge (convexing part) on the
posterior view of humerus starting from head to
downward may be running up to constricted
middle part of humerus. Proximal humerus has
head and represents deltopectoral crest which
may be slightly twisted. The proximal humerus is

slightly rugose while distal humerus has intense


https://v3.camscanner.com/user/download

Wleas < vemons o o R DR R I e - L

Fegreaiings.  Mhuswe: al Bssiadail e Wl (way W
WONNA W Y eibhginal wal heyg b e eaisl
Uasverady 1% wyumomdi b iwlges  we
G, Wty Wl e hqusl dpjucccaen b
i e R e JS ST RPN

L na, NMMwnwﬂwi
o L TSNP VRS SRS N prvtsmal wina
WPtewpas & ot Wnates  The wina e
it use n & smebed dgrevoem o the
proadins lwenad wle b the adpecmpat of ¢ mdeae
B s wine Jogreenu om e onsdesd oade slen The
puntprnn ol Sy ulaghe Aegeeecaen ped sl
wwaslh, T wine pradestt wugevs wowend Seeatad
mod wite oo weee wa on aeibeng sened omaaider Buse
e preomamngd omd [hsaadl B o bat i)
prvesane tex O weegees of Dunsl tadeae. | e
T wadl Jepitorncl Saeyt whiom Jron e Rl v
gt o L Dear pvodomee omds i e weesc e
(TR

Woedivwn. Toalt De omds of eudionnt e ¢ vpumdung
woll, Poestgmy smd e slomgaud sl ongd Tepw
vwinie T Sedir ol a0 wld seanungie Tigwe  The
grrtisral Jur® sy wgn com peety o Aeprestans
mr greesanad ey T s smd a0 o prnded and
m dvesend drveswged mmedath o makes mmndiad
o Matatmeeny oo dhae s ! lpyngelh oo radlegs home I
e alow s sarmmer wmmeenrlh ol comcanary o e
dintad vwew Ditid camidr e Caounnod  Juonteraonty
aed  wtnodisend o B of wdns Mades e
wewdll @ wgpretanunddy  twaoe T amdaba
ppmaedtl), Modind decad comrlie stagee 22 beveind
WPITERATA 2o dngroe Jrotamodaney 1)
rtfuatiea W oy adie orf dtud™

Wetawwrpaalier Wimnowpede e clongund  and
warfasee. Dustl cemad'ic tdager o sndivadod ad

diang vl Lege pudie pendasti e comad) e 1 deasbaon)
g et andd  Lewatue  ccBanen P e
Vauraily fe wetibundess i long std ovel and
Mecarrs pueilied ridipen adicating calcfiedd ondons,
Up of e pubee pedusclie » st cubrosadeod
aakan dome i located which sy s W G

premcetabniled  pronese  The pubve  peduncle 18
WP and sabwevaie o Mot aned 1) slvape T cominamd
the sl pediunete jo feebile  The aeatabmiluin
Rwine e embayment fow  Ihe  revaption  snd
maver et of fermed howda  The Prokan pat of Jlis
regweaenta the parallel epemgy/pmenmmie e el
vl large open iternal celle  The proseetalmlar
jrewess of dia e eemeiroular om o one side amd
meatly drag™M m other ande

Pwlis; The provimal pubes bears a large glenowd
wtfave For fomwr head The anterior sude of pube
e bemand, cybmdrcal o by oval, and posterior
inde o0 platy amd postebly cigmond. Procimal pube
Bas 4 vemtral rivlge The distalmost end of pubns is

ciaghaly ¢ tpanededd soed hae rugose junction o 188
folvow

loehvimpem, Partial schoum e alto found The
protemad part w2 platy havag e condyle and
ez thes acetabulae glemowd amd then articwlar
awrface for pubve The protimal seefacs s e
cemmpurable fa protmal pubs

Fewmmr: Woriowwrae (amed Bodovhstwmrn:y has
wocky femme. The tlender femur 0 ascigmed w©
Pakrcanendae ( Podavawrns) (Malane, 20008, | 7a,
P78 The shender type Bas posterior clongased
Aceumant ragoings starting from protmal past to
dewwward ¢onstricted purt, while the swtocky rype
bt mo domuaant rugontes. Proumal femoeas ave
Sevioed eone  therd medsally Dwital end »
Bafaesated 1 two condyles as Ubval and Fibulag
comdy e, The nbeal condyle v refatively move
doep Wan hduler condyle while the fMidulae
comPple s reflatively more wide tham tbeal
ey lie The Obeal condyle v wheel like The
fdniar vonadyle 1 posterioely divided 1 two seb
comfylies.  The dstal fomora may be dvided
stheunt 1o two types liks robust and slemder. The
roms seution of alt i elliptical ecccenenc and
hawe Comiiicd portion 8 the lower part, The
comurtnd part of dender type o w0 be
schatively Bagh The puralicl ridge on ande scoma
W by rasiag from  prousmal past/greater
vochaster o downwand Femoeal shaft s
eiliptical It may bexome subciroular o carcular in
the susirnun Uaseverse diameter, relatively close
o distal condyle than provimal condyle. In one
fpe. the articular face shape 1 expanded onto
amdetion poetion of femocal shaft. Femora show a
prmfrrior rdge on provimal shaft, The femora

(%1 CamScanner


https://v3.camscanner.com/user/download

M. Sadiq Malkani

represent proximal one third medially deflected,
laterally beveled knee condyles and transverse
elliptical eccentricity, which may help for wide
gauge tracks and trackways.

Tibia; Two types of tibia are collected (Malkani,
2006b; fig, 18a,b, 19a). First type is elongate and
thin/narrow  proximal surface observed on
proximal view and lunate distal surface observing
on distal view, while the other has a broad and
thick proximal surface and oval shape distal
surfaces. Tibia cnemial crest orientation represent
also two type of orientation, one is projecting
laterally and others projecting anteriorly. Tibial
distal posteroventral process is also two types, the
size of first type 1s broad transversely and size of
second type is reduced. The stocky tibia is
assigned to Marisaurus and Balochisaurus.

Fibula; A pair (left and right) of proximal fibula
has been collected (Malkani, 2006b; fig. 19b).
Proximal fibula have medial scar for attachments
of tibia. The shape of fibular proximal tibial scar
is well marked and deepening anteriorly. The
distal fibula is oval shape. Fibular distal condyle
size¢ is not equal to shaft but expanded
transeversely more than twice midshaft breadth. .
Fibular distal condyle is broad transversely like
also Barapasaurus.

Metatarsals; Metatarsals represent irregular
concave proximal and distal expanded surfaces.

Unguals; The ungulas are sickle-shaped, much
deeper dorsoventrally than broad transversely.
Their assignments are in process.

n Osteoderms of Marisaurus (and other
genera) from Pakistan.

Four types of dermal armour bones,
which are lacking distinct pit patterns as in

crocodilians, are referred to different genera from
Titanosauria found from Pakistan. The armour
plate found from Top Kinwa locality 16 is about
9 cm in diameter are made up of polygon like
ossicles of irregularly shaped varying diameter
ranging from half centimeter to 4 centimeters,
separated by internal ducts of 1-3mm wide. This
plate 1s 1-1.5 centimeters thick and partially
preserved (Malkani, 2003b). This armour plate
may belong to Marisaurus-a member of
Balochisauridae due to bone association in the
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field. Now another armour plate found from the
same site (Fig. 7A) has above mentioned
characters is also referred to Marisaurus. Ap
oval plate (MSM-84-7) 1s sub circular plate which
has slight concavity and rugosities on smooth
ventral surface, and rugosities on lateral and
dorsal surfaces. Dorsal surface has ap
asymmetrical low ridge/cone. The ossicles on the
ridge area are tightly packed and fibrous like
directing toward the tip of ridge making radial
pattern, having centre at tip; and remaining dorsal
and lateral area has irregularly shaped ossicles
and internal ducts. The ridge seems to be directed
dorsoposterior. The maximum length and width
of ventral sub circular surface are 19 and 16 ¢cm
respectively; and dorsoventral depth of dorsal
ridge from ventral surface to preserved apex is 12
cm. Apex/tip of cone/ridge is not preserved. This
armour plate is being likely attributed 1o
Balochisaurus due to field association with its
caudal vertebraec. Another different oval plate
(MSM-85-4) is also found. Its ventral surface is
semi plain slightly convexing downward, with
irregularly rugose ossicles and internal ducts
pattern. The dorsal surface has well developed
asymmetrical, low an<d sharp cone/ridge having
possibly dorsoposterior directed tip/apex. The
ossicles on the ridge area are tightly packed and
course fibrous like directing toward the tip of
ridge making radial pattern, having centre at tip.
In the centre of dorsal surface of plate has a
transverse median concavity belt just in front of
ridge. The remaining dorsal and lateral surfaces
have irregular rugosities of ossicles and intemnal
ducts. The length and width of ventral oval
surface are about 21 and 13 cm respectively, and
dorsoventral depth of dorsal ridge/cone is 13 cm

1.e., from ventral surface to apex or tip of

ridge/cone. The third and fourth varieties have

resemblance in shape but differ in nature of

smooth, concave, convex, circular and oval
ventral surfaces, and transverse median concavity
belt on dorsal surface. The ventral surface of third

type is slightly concave and smooth having
corroded rugosities on circular ventral surface.
The fourth type shows slight convexity and well
developed, irregular rugosities on oval ventral

surface, and it bears a transverse median concave
belt on dorsal surface. This locality has produced

diverse

fauna of Pakisauridae

and

Balochisauridae. This type of armour plate
probably belongs to Pakisaurus (Pakisauridae)
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because of resemblance to armour bone of basal
Malawisaurus. The discovery of larger and
smaller osteoderms from Pakistan provides a
further opportunity for evolutionary history and
correlation with the armor bones already
discovered from Madagascar, Argentina, Brazil,
France, Malawi, Romania and Spain.

3. Wide gauge skeletal morphology of
Titanosauria found from Pakistan.

Wide-gauge trackways have been defined
as those in which manus and pes impressions are
well away from the trackway midline, whereas
those of narrow gauge tracks are close to or even
intersect the trackway midline (Farlow 1992).
Sauropod trackways are notable in that they
document distinct gauges. Vanation in track and
trackway morphology of other dinosaur clades
appears to be circumstantial rather than
systematic, serving to differentiate speeds, sizes,
or individual ichnotaxa. (Wilson and Carrano,
1999).  Pakistani  Titanosaurian  Sauropod
dinosaurs represent also the obligatory
quadrupedal posture. The forelimb proximal
segment like humerus, middle segment like the
tibia and fibula, and the distal segment like
metacarpals seems to be vertical or subvertical
orientations. So the forelimb of Pakistani
titanosauria represents columnar digitigrade
posture. The hindlimb proximal segment like the
femur (proximal part deflected medially), middle
segment like tibia and fibula seems to be vertical

or subvertical orientation, while the last segment
(metapodials and unguals) may be semi
plantigrade or plantigrade.

But it 1s also known from morphology of
appendicular elements that the Pakistani form is
wide gauge quadrupedal. The theropod belongs to
bipedal movements while Sauropod belongs to
quadrupedal movements.  Further among
sauropod it is narrow gauge and wide gauge. The
Pakistani titanosauria is a wide gauge, which is
confirmed by the collected fossils of dinosaurs
from Pakistan. The distal scapula in some
Pakistani taxa is deflected laterodorsally creating
more wide gauge movements while in some other
Pakistani taxa the distal scapula is straight or
inclined medially with less wide gauge
movements. Further acetabulum orentation and
horizontal preacetabular process can help for
wide gauge. The femur of titanosaurian Pakistani

forms have proximal part medially deflected, the
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shaft  have  eccentricity  represented by
transversely greater width than anteroposterior
width and the distal condyles are more inclined
outward. These features like femur proximal
deflected medially, femoral eccentricity, laterally
beveled fibular condyle of femur, broad sacrum
and ilia, laterodorsally deflected distal scapula
and large sternal plates are basic theme going to
wide gauge trackways.

9. Trackways; interaction among a
theropod and a group of wide gauge
titanosaurian sauropod from Middle Jurassic
limestone of Pakistan.

The trackways of wide gauge
titanosaurian sauropods (Malakhelisaurus
mianwali, renamed here due to previously
engaged name Malasaurus) confronted by a
running narrow gauge abelisaurian theropod
(Samanadrinda surghari) found from the Middle
Jurassic Samanasuk Limestone of upper Indus
(Kohat and Pothwar) Basin. I report here the
reanalysis of trackways representing interaction
among a theropod and a group of wide gauge
titanosaurian sauropod which were interpreted
narrow gauge movements of sauropods along
with overlaps of manus by large pes prnt
(Malkani, 2007a.). The host limestone dip 52°
west and strike north 5" east. These trackways
were formed on coastal plain. These ichnofossils
are deep footprints probably due to good
granolometric sorting and the high plasticity of
the limy substrate. In the vicinity, some footprints
and tracks of possibly avian or nonavian small
bodied theropods are also found. The footprint
bearing strata are found in the upper successions
of Samanasuk marine limestone, which show the
slight regression of sea and area, was exposed as
beach. This ichnocoenosis consists of exposed
more than 15 footprints, and 4 short trackways.
These trackways of titanosaurian sauropods trend
in a southeast direction and are parallel to each
other, which are confronted at about 117° angle
by a theropod trackway with north-northeast trend
(Fig. 7 B). These are indicative of a wide gauge
titanosaurian sauropods herd composed of 3 or
more individuals defending the attack of a
solitary predatory theropod. The footprints are
well preserved and only show overprinting some
in the back area. The exposed area is small like
60m-. The ekcavation along dipward can clear
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further these trackways and interaction among the latest Cretaccous of Pakistan  (Malk.,
herbivores and camivores. 2006b).

The large prints belong to ttanosaurs are Sauropod trackways are by far the o
diagnosed on the basis of the D shape manus abundant and are representative of taxa tha
impression represents that metacarpals were  exhibit both narrow and wide gauge styles o
arranged in D shape, and there is no indication of  locomotion (Day, er al., 2004). Narrow gauge
manus claw on digit [ (Fig. 7 B). The pollex claw  limb posture, acquired ecarly in  sauropod
and all manual phalanges appear to absent in  evolution, was retained by all basal sauropods
tutanosaurs, and distal end of the metacarpals have  diplodocoids, and basal macronarians (Day, e¢r al..
reduced or lost the well developed articular  2002). “The Titanosaura, in contrast, developed i
surface present in most basal sauropods (Salgado,  number of derived skeletal features indicating tha
et al., 1997), thus the absence of the pollex claw  their limbs were held further from the midline of
impressions and wide gauge category (external the animal, suggesting that this advanced clade of
trackway width, 340cm; internal trackway width, largely Cretaceous sauropods was responsible for
60cm) in this site are the indication of titanosaur  wide gauge trackways (Wilson and Carrano,
affinities. This site characterized the largest  1999). Both the narrow gauge sauropod tracks
known pes trackmakers (pes length 150cm, width  and those belonging to the theropods (Day, ¢t al.,

140cm: manus length 60cm, width 70cm). The
manus/pes heteropody area ratio is about 1/5 as
compared with ratos Y2 of middle Jurassic
sauropods (Galinha, Portugal), 1/3 of Cretaceous
Brontopodus birdi (Texas), and Y to 1/5 of Late
Jurassic sauropods (Colorado) tracks (Santos
er al., 1994). Manus without claw and pes with
toes impressions are well preserved. The apparent
absence of pes prnts from many known
sauropods trackways may be due to overlapping
(Day, et al., 2004) but here the pes along with
toes are best preserved (Fig. 7 B).The sagittal axis
of the manus (passing through digit III) and pes
prints show no rotation. However the night
manus print of right side titanosaur is rotated

inwards which may be due to danger of
interaction.

Theropod trackway is represented by
large tridactyl prints with median symmetry. The
pes print consists of three large weight bearing
toes (digit II-IV) that are moderately divergent
(Fig. 1). The other toed are not marked on
footprints. The pes prints having maximum length
about 60cm and width about 45c¢m are diagnosed
only for a running large bodied probably
abelisaurian theropod. Its assignment to lower
level is difficult, because until now, no theropod
fossils from these strata are collected. The
common vertebrate fossils belong to titanosaurian
sauropods (Pakisaurus, Khetranisaurus and

2004) include claw impressions. The large manus
claw on digit I is found in diplodocoids and basal
macronarians. In brachiosaurs [the sister group to
titanosaurs (Upchurch, 1998)], the claw is
somewhat reduced, and in titanosaurs, it is
believed to have been entirely lost (Upchurch,
1998). The loss of manus claw 1s a denived state
that supports the view that wide gauge trackways
were made by titanosaurs” (Day, et al., 2002).
“Several Middle Jurassic localities are reported as
putative wide gauge tracks (Ishigaki, 1989,
Santos et al., 1994); however, there i1s no
evidence that these trackways were formed by
titanosaurs, because they are associated with
manus claw marks and in some cases are not truly
wide gauge. Therefore the previous earliest
substantiated “titanosaur” tracks are from the Late
Jurassic (Wilson, and Carrano, 1999)” (Day et al,
2002). The oldest known remains of titanosaurs
belong to Janenschia (Wild, 1991) and
Brohisaurus (Malkani, 2003c) from the Late
Jurassic of Tanzania and Pakistan respectively.
Thus after the wide gauge sauropod tracks from
Ardley (U.K), the Baroch site (Pakistan) is the
second locality which provide the direct evidence
that titanosaurs had diverged from other
sauropods by the Bathonian.

Baroch site is very significant due to
following reasons. Middle Jurassic tracks and the
vertebrate record in general are very sparse
globally, therefore, any new information is

Sulaimanisaurus of Pakisauridae: Marisaurus and
Balochisaurus  of  Balochisauridae)  and
abelisaurian theropod (Vitakridrinda) dinosaurs,
and mesoeucrocodylian (Pabwehshi) fauna from

valuable. These tracks of wide gauge Titanosauria
and a running Abelisauria help for its early
evolution. The manus impressions of Titanosauria
are well preserved (even the manus has no claw)
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that help resolve a long standing discussion about  balochistani (tall midcaudals) of Pakisauridae,
the character of claw impressions associated with  and  Marisaurus  jeffi  (heavy, slightly tall
digit first (Beaumont and Dematheu, 1980, midcaudals), and Balochisaurus malkani (heavy,
Farlow, er al., 1989). Heteropody ratios are hard  short, slightly to moderate broad midcaudals) of
to determine for many trackways due to absence  Balochisauridae established, with the ratio of mid
of pes impressions (Day er al., 2004), while the transverse width above and below of midcaudal
present site has heteropody ratio 1/5 of titanosaur.  centra which are less than I, about 1, 1, 1.5 and 2
Baroch site has much potential for picnic and  respectively (Fig. 1F). Further the stocky limbs
academic point of view. It is the largest known  (especially stocky tibia) and straight or slight
pes trackmakers. It 1s among the largest known  medial deflection deflection of distal scapula is
sauropod and theropod footprints. It is the first attributed to Balochisauridae, while slender
oldest locality which reveals the interaction limbs (especially slender tibia) and laterodorsal
among a ttanosaurian sauropod herd and an  deflection of distal scapula may belong to one or
abelisaurian theropod. It is another example of  more genera of Pakisauridae. The Saltasauridae
marine platform carbonates and fall in to (Titanosauria) may be considered for the extreme
Brontopodus ichnofacies. It adds considerably to  broad or dorsoventral compression of caudal
the taxonomic composition of Middle Jurassic centra. The Andesauridae include basal
ecosystem. Many dinosaur groups radiated during  characters of titanosaurs like hyposphene-
the Middle Jurassic, replacing Late Triassic and  hapantrum articulation and some caudals with
Early Jurassic faunas (Weishampel, er al., 1990;  mild procoelic nature.

Sereno. 1997). It represents the titanosaurian

locomotion as herds while the theropod attacking Many ttanosaurs are named from India
solitary confirming the idea that the nonavian  like Titanosaurus  indicus, Titanosaurus
theropods were likely more solitary in nature, blanfordi, and Titanosaurus (Isisaurus) colberti,
engaging in agomstic, ora like feeding Jainosaurus, etc however some fossils are also
aggregations (Roachand Brinkman 2007). It is the  referred to Titanosaurus madagascariensis.
first oldest locality, which has highest depth of  Wilson and Upchurch (2003) have considered the
theropod footprint more than 10cm, and sauropod  genus Tiranosaurus as invalid. Consequently the
about 7 cm or more. Deeper footprints are formed  genus Titanosaurus and its species are considered
due to increasing water content in the substrate.  nomen dubium and its family Titanosauridae was
This tracksite of wide gauge titanosaurians from  abandoned by them. The remains from Pakistan
middle Jurassic limestone may be the second are diagnostic and can not be referred to
locality (after the Ardley site of UK) in the world  Titanosaurus which 1s invalid, and so these
and first locality in Asia. Morphological details remains have received the new family, generic
such as digital pads or skin textures have not yet and specific names like Khetranisaurus,
been recorded from any footprint (Day, et al., Sulaimanisaurus and Pakisaurus, of
2004), but this site has preserved pes digits Pakisauridae, and Balochisaurus and Marisaurus
especially ungual pads. As with extant mammals, of Balochisauridae. The Saltasauridae are clearly
titanosaurs may have formed a herd as part of differentiated from Balochisauridae on the basis
defense against predation. The Baroch site adds of strongly broad anterior, mid and posterior
significantly to our understanding of locomotor caudal centra. The  Pakisauridae  and
styles, potential trackmaker, evolutionary history, = Balochisauridae are different from other families
faunal diversity, echnology, behavior and social  of Titanosauria. As a result Sulaimanisaurus or
interaction of saurischian dinosanrs. Isisaurus, Pakisaurus, and Khetranisaurus of
Pakisauridae, and Balochisaurus and Marisaurus
of Balochisauridae are distict titanosaur taxa that
coexisted in Indo-Pakistan subcontinent just on or
below the Cretaceous Tertiary Boundary.
Sulaimanisaurus is different from Isisaurus on
having trispinous distalmost caudal centrum.

10. Discussions and conclusions

Before 2000, India was the only source of
Mesozoic vertebrates but since 2000 to so far
about 3000 fossils are collected by author which
include the Khetranisaurus barkhani (slightly
broad midcaudals), Sulaimanisaurus gingerichi
(squarish long midcaudals), and Pakisaurus
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Fig. 5. A, First column, MSM-178-2, MSM-182-2 proximal and distal femur; Second column, MSM-573-2 distal
scapula, MSM-271-2 proximal ulna, MSM-184-2 proximal ischium; Third column, MSM-850-2, MSM-559-2,
MSM-287-2, MSM-852-2 humerus parts; Fourth Column, MSM-181-2, MSM-362-2, MSM-343-2 humeus parts.
B, MSM-169-15, MSM-70-15 proximal and distal femur. C, MSM-165-15 proximal pubis, MSM-164-15 distal
pubis/ischium; D, MSM-163-15 distal right scapula; E, MSM-175-16, MSM-240-16 Proximal ulnae MSM-74-16

distal ulna. F, MSM-164-15 distal pubis/ischium; G, MSM-250-16, MSM-176-16 a pair of left and right distal
scapulac. H, MSM-557-16 spongy may be part of ilia. Scale, Each black digit is 1 cm.
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Fig. 6. Distalmost caudal centra with trispinous structure found from Sulaiman Basin of Pakistan. A, MSM-521-
3 (Shallghara Locality; Sulaimanisaurus), MSM-302-2 (Bor Kali Kakor Locality; Marisaurus), MSM-325-15
(Mari Bohri Locality; Balochisaurus), MSM-507-15 (Mari Bohri Locality; Marisaurus), and MSM-SI?-4 (Kinwa
Kali Kakor Locality; Pakisaurus), anterior view. B, posterior view. C. MSM-325-15, MSM-507-15, right lateral

view, MSM-507-15, posterior view. Scale, Each black digit is 1 cm.
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The Jainosaurus from India was named
on the basis of braincase. The braincase from
Pakistan (GSP/MSM-2-16 or GSP-UM-2007)
assigned to Marisaurus, has many differences
from Jainosaurus. The braincases from Bara
Simla (ISI R 467) and Dongargaon (ISI R 199) in
which the occipital condyle is ventrally inclined
from skull roof are referable to Balochisauridae
(Marisaurus and Balochisaurus), and from Bara
Simla (GSI K27/497) and Rahioli (ISI R 162) in
which occipital condyle is parallel to skull roof
are referable to Pakisauridae (Pakisaurus,
Khetranisaurus, and Isisaurus or

72

Fig. 7. A, First row, MSM.
565-2 anterolateral part of
sternal, MSM-1004-2 sternal
part?, MSM-147-16, 148-16
acetabulum part, MSM-150-16
part of ilia. Second row, MSM.-
1014-16 convex part of sternal,
MSM-604-16 sternal part,
MSM-560-2 corocoid, MSM-
149-16 metatarsal/phalange,
MSM-838-4 mid scapula with
ridge. Third row, MSM-328-16
cervical rib, MSM-767-16
cervical rib, MSM-329-16
cervical rib, MSM-187-2 distal
part of dorsal rib, MSM-638-
19¢ diapophysis, MSM-776-16

sacral. Fourth row,
MSM-301-2 neural spine,
MSM-792-2 neural spine,

MSM-330-16 chevron, MSM-
327-16 prezygapophyses,
MSM-784-2 neural spine,
MSM-391-16 neural spine,
MSM-1035-16 osteoderm.
Scale, Each black digit is 1 cm.
B. Trackways; Interaction
among a running narrow
gauge abelisaurid theropod,
and a group of wide gauge
titanosaurian sauropods, found
from Middle Jurassic
Limestone of Pakistan. Longer
arrow shows the advancing
movement of an abelisaur,
while the smaller arrow shows
the advancing movements of
titanosaurian herd. Scale,

hammer in photo or black digit
which is 30 cm.

)

Sulaimanisaurus) (Malkani, in  process).
According to Wilson (2002), the braincases with
transversely broad basal tubera resemble with the
Nemegtosaurus. Further it provides a clue that the
Mongolian forms like Nemegtosaurus and
Quaesitosaurus may belong to a slender limbed
family Pakisauridae (Titanosauria). It also
strengthens the above-mentioned assignment of
braincases with narrow transversely basal tubera
to Marisaurus (a stocky limbed family
Balochisauridae of Titanosauria).

With the few exceptions
discoveries in Argentina,

of new
Madagascar, and
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Badowbtoaunuy, W tovwew, and Poallscuruws, in
pEoiew ) Beear e sncoviatedd oramdsl, venicbeal and
Rl clowments, Bevasse previodaly no  sich
ASOCaoms we found ot donved ULaneIU

ewept Kaperovowrwy froemm Madagucsr (Cusry
Rogers & Forver, 2004). It provides new msights
W o kel and posorasial morphology. Due 10

dearth o cramial date e Bitanesanrs,  the
Nepwtowanrns, Mavisanrwe, Bolovr isanrs, some
Argentinean and  Mongolian forms have  greal
potential to solve paleoogeography. lower and
higher level phylogeny of titanosaurs Marisaurus
provides the opportunity o view the most
complete  (associated  cramal, axial and  limb
clements) titanosaurs yet discovered, The skull of
Warteaurns 18 artioulated while the Raperosaurus
i disartculated. The skull of Marisaurus 1s
sssociated wath vertebral and himb elements while
Nemegtovaurns  and  Quaesitosaurus  lack the
pewicranial articulation and assocation.

Neme grosaurus and Quaesitosaurus are
known from skulls, and have been alternately
placed  within the Titanosauria  or  the
Diploddoconlea. With regards to these Mongolian
geneta, Rapetovaurue 13 particulagly illuminating
because its clongated skull with retracted nares
cthibnts 3 general simalanty to diplodocords.
whereas it's skeleton stnking commonalitics with
brachiosaunids  and  other ttanosaurs  (Curry
Rogers and Forster, 2004). Warisaurus offers an
opportunity  to  test  the monophyly of
Tarosaunformes with abundant assoclated skull,
atral and himb clements. It also offers the best
oppoctumity yet to resolve the phylogenctic
pomtions  of  two  controversial  Mongolian
sanropods, Neme grotaurus and Quaesitosaurus.

Mulawrsourus  has  short and hugh
muacronagtan  skull and amphicoelous caudals
(crcepet some anteriormost) vertebrae, which is
dfferentiated from Marisaurus with moderate
wclined and clongated Balochisaunds skulls and
prococious caudal (except biconvex antenormost
casdaly venebrae. Karongasaurus has low and
clongate macronanan  skull, which s
differentiated from Marisaurus with moderate,
inclined and c¢longated Balochisaunds skulls.
Marnsaurus differs from the broad centra of
Adamantisaurus, heart shape caudals and first
prococlous caudal of Gondwanatitan, squared
caudaly of ltwawruy, squared caudals and first
bicoavex caudal of Baurunitan (Senes O), slightly
prococious mud  caudals of basal  ttanosaur
Menchaziaurny The  ventral  view  of
Trigonosaurus pricer (senes B) from Peiropolis
are pot deweribed and not figured (Campos er al.
2008). Marisaurus differs from the Austrosauerus
which 1y more denved than Malawisaurus,
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Marisauruy differs trom the broad caudal
centra of Saltusaurus and  Neuquensaurus,
squared jaws and perpendicular  dentary
symphyses of Bonitasaura, perpendicular dentary
symphyses of Mongolian taxa Nemegtosaurus
and Quaesitosaurus, ventral crest of caudal centra
of Bonatitan, and very long cervical vertebrae of
Futalognkosauria. Marisaurus is most derived
titanosaurs and differs from the basal titanosaurs
like Haplocanthosaurus, Chubutisaurus,
Amargatitanis, and Gobititan. Marisaurus also
differs from the limb elements of Argyrosaurus.
Marisaurus show a procoelous caudal vertebrae
differentiated from basal forms like Andesaurus
and Malawisaurus. Marisaurus also lack
hyposphene-hypantrum articulation observed in
basal  titanosaurids  like  Andesauridae
(Argentinosaurus, Andesaurus, Epachthosaurus).

In general there are two types of skull
among sauropods like Camarasaurus-type and
Diplodocus-type. Camarasaurus-type skull can
be characterized as a short, high skull with broad
nares separated from each other by an arch
formed by the premaxillae and nasals, quaderates
nearly vertical oriented, basioccipital condyle
posteroventrally directed, basipterygoid processes
ventrally projecting and broad spoon shaped teeth
inserted on the entire margins of the maxilla and
dentary. On the other hand. the Diplodocus type
IS a long skull with confluent external nares
located posterodorsally between the orbits,
quaderate anteriorly inclined, basioccipital
condyle ventrally directed, basipterygoid
processes anteroventrally oriented and slender
peg like teeth confined to the anterior part of the
snout (Salgado er al, 1997). Traditionally,

titanosaurids were considered as bearing a

Diplodocus-type skull (Salgado et al, 1997).
Calvo (1994a, 1994b) recognized the existence of
at least four different tooth shapes: peg like teeth
(in diplodocids), spoon like teeth (in
camarasaurids), compressed cone chisel like teeth
(in Brachiosaurus and Astrodon) and Chisel like
teeth (in titanosaurids, Nemegtosaurus Nowinski
and Quaesitosaurus Kurzanov and Banikov)
(Salgado and Calvo, 1997). The wear facets are
useful in investigating mechanisms of mandibular
occlusion and feeding habits (Calvo, 1994a,
1994b). Prosauropods are characterized by the
absence of tooth-to-tooth  contact. In
Camarasaurus each tooth contacts two teeth of
the opposite jaw. Brachiosaurus and titanosaurids

arc similar in that one upper tooth can meet cith,
one or (wo lower ones and vice versa (Calvy
1994a, 1994b). Diplodocus is characterized by
precise tooth to tooth contact (Calvo, 1994
1994b). Calvo (1994a, 1994b) pointed oy
titanosaurids  resemble diplodocids by the
slenderness of their crowns but they differ in the
pattern of wear facets and tooth to tooth contact.

However there are some indications of
the probable Camarasaurus like skull. Powell.
(2003) mentioned a premaxilla bearing slender
peg teeth from Argentina is too high 1o
correspond to a Diplodocus type skull. Further
Huene and Matley (1933) mentioned a premaxilla
which is also high. In this way, Jacobs et al,
(1993) mentioned the complete premaxilla of the
basal titanosaurids Mualawisaurus dixeyii with
doubled external nares which are placed
anteriorly.  Seeing the above mentioned
discussion, the skulls of Balochisaurus (Malkani,
in process), and Marisaurus (Malkani, 2003a, in
process) can solve many cranial problems among
world. The skull of Marisaurus 1s more incline
than diplodocoids. However tooth distribution
throughout the upper and lower jaws is more
similar to those of macronarians like
Camarasaurus and Brachiosaurus but skull
inclination is less than these genera. The skull
discoveries of Marisaurus and Balochisaurus
adds the general morphs of sauropod skulls like
moderate inclined, elongate and spongy (with
large open internal cell) in the previously reported
two morphs like high and short, and low and
elongate.

All analyses of titanosaur
interrelationships have lacked a full body view
for a diverse taxonomic sample due to the sheer
lack of skeletal data for almost all titanosaur
genera. Rapetosaurus 1s a keystone taxon that is
most significant because it preserves cranial and
postcranial materials (Curry Rogers 2005).
Recently Pakistan has produced two articulated
partial skulls and associated postcrania of
Titanosauria which will also clear the
morphology  of titanosaurs.  Pakisauridae
(Pakisaurus) teeth on jaws are widely spaced than
Marisaurus which are again more widely spaced
than more derived Balochisaurus

(Balochisauridae). This character adds help for
evolution.

(%8 CamScanner


https://v3.camscanner.com/user/download

Martsaurus (halochisauridae, titanosauria). ..

References
Beaumont, G.D. and G. Dematheu, (1980)
Remarques  sur les  extremites antericures

sauropods (Reptiles, saurischians), Compt. Rend.
Sci., (15): 191-198.

Bonaparte, J.F., and Coria, R.A. (1993) Un necuo
y gigantesco sauropodo titanosaurio de la
formation Rio Limay (Albiano-Cenomanio) de la
provincial del Neuquen, Argentina, Ameghiniana,
(30): 271-282.

Borsuk-Bialynicka, M. A, (1977) new
camarasaurid Opisthocoelicaudia gen. n. sp. n.
from the Upper Cretaceous of Springer-Verlag,
New York, 562 pp.

Calvo, J.O. (1994a) Feeding mechanism in
sauropod dinosaurs. MS. Thesis. University of
[llinois at Chicago (Unpublished).

Calvo, J.O. (1994b) Jaw mechanics in sauropod
dinosaurs. Gaia (10): 183-193.

Campos, D.D,A., A W.A,, Kellner, R.J., Bertini,
R.M. Santucci, (2005) On a titanosaund

(Dinosauria, Sauropoda) vertebral column from
the Bauru Group, Late Cretacecous of Brazil.

Arquivos do Museu Nacional, Rio de Janeiro, 63
(3): 565-593.

Curry Rogers, K. (2005) Titanosauria, A
phylogenetic overview. In K. A. Curry Rogers,
JLA. Wilson (eds), Sauropod Paleobiology.
University of California Press, Berkeley, 50-77.

Curry Rogers, K., and C.A., Forster, (2001) The
last of the dinosaur titans: a new sauropod from
Madagascar. Narure (412): 530-534.

Curry Rogers, K., and C.A., Forster, (2004) The
Skull of Rapetosaurus krausei (Sauropoda:
Titanosauria) from the Late Cretaceous of

Madagascar. Journal of Vertebrate Paleontology,
24 (1): 121-144,

Day, JJ., D.B., Normann, A.S. Gale,
P., Upchurch, H.P. Powell, (2004) A Middle
Jurassic dinosaur trackway site from Oxfordshire,

U.K. Paleontology, 47(2): 319-348,

75

Day, J.J., P.Upchurch, D.B., Normann, A.S.,
Gale, H.P. Powell, (2002) Sauropod trackways,
evolution, and behavior. Science, (296): 1659pp.

Dong, Z., G. Peng, and D. Huang (1989) The
discovery of the bony tail club of sauropods.
Vertebrata PalAsiatica (27): 219-224,

Falconer, H. (1868) Memorandum of two
remarkable vertebrae, sent by Dr. Oldham from
Jubbalpur-Spilsbury’s  bed.  Paleontologicul
memoirs and Notes of the late Hugh Falconer (1):
418-419.

Farlow, J.O., J.G. Pittman, and J.M. Hawthome,
(1989) Brontopodus birdi Lower Cretaccous
sauropods footprints from the U. S. Gulf coastal
plain. In, D.D. Gillette, M.G. Lockley, (eds).
Dinosaur tracks and traces, Cambridge Univ.
Press, Cambridge, 371-394.

Hislop S. (1864) Extracts from letters relating to
the further discovery of fossil teeth and bones of

reptiles in Central India. Quaterly journal of the
Geological Society of London, (20): 280-282.

Huene, F.V., and C.A. Matley, (1933) Cretaceous
Saurischia and Omnithischia of the central

provinces of India, Paleontologia Indica, (21):
1-74.

Ishigaki, S. (1989) Footprints of swimming
sauropods from Morocco. In D.D. Gillette and
M.G. Lockley, (eds). Dinosaur tracks and traces,
Cambridge Univ. Press, Cambridge, 83-86.

Jacobs, L.L., D.A., Winkler, W.R., Downs, E.M.
Gomani, (1993) New material of an Early

Cretaceous titanosaurid sauropod dinosaur from
Malawi. Paleobiology (36): 523-534.

Jain, S.L. and S., Bandyopadhyay, (1997) New
titanosaurid (Dinosauria: Sauropoda) from the
Late Cretaceous of Central India. Jour. Vert.
Paleontol., (17): 114-136.

Lydekker, R. (1877) Notes of new and other
vertebrata from Indian Tyertiary and Secondary

rocks. Record Geological Survey of India (10):

30-43.

(%8 CamScanner


https://v3.camscanner.com/user/download

M. Sadig Malkani

Lydekker, R.,, (1879) Indian pre-tertiary
vertebrata. Part 3. Fossil reptiha and batrachia.
Paleontologialndica, Series 4 (1): 325-326.

Malkani, M. S. (2003a) Discovery of Partial Skull
and Dentary of Titanosauria (Sauropod dinosaur)
from the Late Cretaceous Pab Formation of
Vitakri area, Barkhan district, Balochistan,
Pakistan. Geol. Bull. Univ. Peshawar, (36):65-71.

Malkani, M. S. (2003b) Pakistani Titanosauria;
are armoured dinosaurs?. Geol. Bull. Univ.

Peshawar, (36): 85-91.

Malkani, M. S. (2003c). First Jurassic dinosaur
fossils found from Kirthar range, Khuzdar
District, Balochistan, Pakistan. Geol. Bull. Univ.
Peshawar, 36, 73-83.

Malkani, M. S. (2004a) Saunschian dinosaurs
from Late Cretaceous of Pakistan. In: Abstract
volume of Fifth Pakistan Geological Congress
(Hussain, S.S., and Akbar, H. D., eds.), National
Geological Society of Pakistan, Pakistan Museum

of Natural History, Islamabad, 71-73.

Malkani, M. S. (2004b) First diagnostic fossils
of Late Cretaceous Crocodyliform
(Mesueucrocoreptilia) from Pakistan. In: Abstract
volume of Fifth Pakistan Geological Congress
(Hussain, S.S., and Akbar, H. D., eds.), National
Geological Society of Pakistan, Pakistan Museum

of Natural History, Islamabad, 68-70.

Malkani, M. S. (2006a) Diversity of Saurischian
dinosaurs from Pakistan. In: /* International
Conference on Biotechnology and Informatics,
10™ -12" April, 2006, Quetta, Pakistan, Additional
abstracts volume, Faculty of Biotechnology and
Informatics,  Balochistan  University  of
Information Technology and Management

Sciences, Quetta, Pakistan, 103.

Malkani, M. S. (2006b) Biodiversity of
saurischian dinosaurs from the latest Cretaceous
Park of Pakistan. Journal of Applied and
Emerging Sciences, 1(3): 108-140.

Malkani, M. S. (2006¢) Cervicodorsal, Dorsal and
Sacral vertebrac of Titanosauria (Sauropod
Dinosaurs) discovered from the Latest Cretaceous
Dinosaur beds/Vitakri Member of Pab Formation,
Sulaiman Foldbelt, Pakistan. Journal of Applied
and Emerging Sciences, 1(3): 188-196.

/6

Malkani, M. S. (2006d) Lithofacies and Latery)
extension of Latest Cretaceous Dinosaur beds
from Sulaiman foldbelt, Pakistan.  Sindh
University Research J.(Sci. Ser.), 38 (1): 1-32.

Malkani, M. S. (2006¢) First Rostrum of
Carnivorous Vitakridrinda (Abelisaurids
Theropod dinosaur) found from the Latest
Cretaccous Dinosaur beds (Vitakri) Member of
Pab Formation, Alam Kali Kakor Locality of
Vitakri area, Barkhan District, Balochistan,
Pakistan. Sindh University Research Journal
(Sci. Ser.), 38 (2): 5-24.

Malkani, M. S. (2007a) Trackways evidence of
sauropod dinosaurs confronted by a theropod
found from Middle Jurassic Samana Suk
Limestone of Pakistan. Sindh University Research

Journal (Sci. Ser.), 39 (1): 1-14.

Malkani, M. S. (2007b) Cretaceous Geology and
dinosaurs from terrestrial strata of Pakistan. In:
Lee, Y.I., Paik, 1.S., Cheong. D.K., Huh, M., Lee,
Y.U. (eds.), Paleoclimates in Asia during the
Cretaceous: theirvariations, causes, and biotic and
environmental responses. Proceedings of the 2™

International Symposium of the IGCP Project No.
507, August, 20-21, 2007, Seoul, Korea, 57-63.

Malkani, M.S., (2007c) Lateral and vertical rapid
variable Cretaceous depositional environments
and Terrestrial dinosaurs from Pakistan. In; Y.,
Huang, P.,, Wang, J.,, Gu, and S.Jing, eds.
Abstracts volume, Joint Workshop on Rapid
Environmental/Climate Change in Cretaceous
Greenhouse World: Ocean-Land Interaction and
Deep Terrestrial Scientific Drilling Project of the

Cretaceous Songliao Basin, August 28-30,
(2007), Daqing, China, 44-47

Malkani, M.S., (2007d) First diagnostic fossils
of Late Cretaceous Crocodyliform
(Mesoeucrocodylia, Reptilia) from Vitakri area,
Barkhan District, Balochistan, Pakistan. In;
M., Ashraf, S. S., Hussain, and H. D. Akbar, eds.
Contribution to Geology of Pakistan (2007),
Proceedings of 5" Pakistan Geological Congress
(2004), A Publication of the National Geological
Society of Pakistan, Pakistan Museum of Natural
History, Islamabad, Pakistan, 241-259.

Malkani, M. S. (2007e) Paleobiogeographic
implications of titanosaurian sauropod and

CamScanner


https://v3.camscanner.com/user/download

Marisaurus (halochisauridae. titanosaurial...

abelisaurian theropod dinosaurs from Pakistan.
Sindh University Research Journal (Science

Series), 39 (2): 33-54.

Malkani, M.S. (2008a) First articulated Atlas-axis
complex of Titanosauria (Sauropoda, Dinosauria)
uncovered from the latest Cretaceous Vitakri
member (Dinosaur beds) of upper Pab Formation,
Kinwa locality of Sulaiman Basin, Pakistan.

Sindh University Research Journal (Sci. Ser.),
40 (1): 55-70.

Malkani, M.S. (2008b) Mesozoic terrestrial
ecosystem from Pakistan. In, Sundquist, B.
(Science Programme Coordinator), Abstracts of
the 33" International Geological Congress, Oslo,

1p. (Abstract: CD-ROM).

Malkani, M.S. (2008c) Mesozoic terrestrial
ccosystem from Pakistan. In: Lee, Y.l., Khand,
Yo, & Ichinnorov, N. eds., Palecoclimates in Asia
during the Cretaceous: their vanations, causes,
and biotic and environmental responses.
Proceedings of the 3" International Symposium

of the IGCP Project No. 507, August, 16-17,
Ulaanbaatar, Mongolia, 51-55.

Malkani, M.S. (2008d) Titanosaur (Dinosauna,
Sauropoda) osteoderms from Pakistan. In: Lee,
Y.l.., Khand. Yo, and Ichinnorov, N. eds.,
Paleoclimates in Asia during the Cretaceous: their
variations, causes, and biotic and environmental
responses. Proceedings of the 3" International
Symposium of the IGCP Project No. 507, August,
16-17, Ulaanbaatar, Mongolia, 56-60.

Malkani, M. S. (2008¢) Mesozoic Continental
Vertecbrate Community from  Pakistan-An

overview. Journal of Vertebrate Paleontology
Vol. (28): Supplement to Number (3): 111A.

Malkani, M.S., and C.M. Anwar, (2000)
Discovery of first dinosaur fossil in Pakistan,
Barkhan District, Balochistan. Geological Survey
of Pakistan Information Release, 732, 1-10.

Malkani, M.S., J.A. Wilson. and P.D. Gingerich,
(2001) First Dinosaurs from Pakistan. Journal of
Vertebrate Paleontology Volume 21, Supplement

to No. 3, 77A.

77

Marsh, O.C., (1878) Principal Characters of
American Jurassic dinosaurs. Part I. Am. J. Sci.,
(16): 411-416.

Owen, R., (1842) Report on British fossil
reptiles,pt.Il.  Reptiles. Report of the British

Association for the Advancement of Science,
1841, 60-204.

Powell, J.E. (2003) Revision of South American
titanosaurid dinosaurs: paleobiological,
palcobiogeographical and phylogenetic aspects.
Records of the Queen Victoria Museum (111):
1-94.

Roach, B.T. and D.L. Brinkman, (2007) A

recvaluation of cooperative pack hunting and
gregariousness in Deinonychus antirrhopus and
other nonavian theropods. Bulletin of the Peabody
Museum of Natural history 48 (1): 103-138.

Salgado, L., R.A. Coria, and J. O. Calvo, (1997)
Evolution of titanosaurid sauropods. 1:
Phylogenitic analysis based on the postcranial
evidence. Ameghiniana (34): 3-32.

Santos, V.F.D., M.G. Lockley, C.A. Meyer, J. de
Carvalho, A.M.G. Carvalho, J.J. Moratalla,
(1994) A new sauropod tracksite from the Middle
Jurassic of Portugal. Gaia 10, 5-13.

Seeley, H.G., (1888) The classification of the
Dinosauria.  British  Association for the
advancement of Science, Report, 1887, 698-699.

Upchurch, P.,, (1998) The phylogenetic
relationships of sauropod dinosaurs. Zoological
Journal of the Linnean Society, (124) 43-103.

Weishampel, D.B., er al., (1990) The Dinosauna,
University of California Press, Berkley 733pp.

Wild, R. (1991) Janenschia n.g. robusta (E. Rraas
1908) pro Tornieria robusta (E. Fraas 1908 )
(Reptiha, Saurischia, Sauropodomorpha).
Sttuttgarter eitr. Naturk. B 173, 1-4.

Wilson, J.A. (2002) Sauropod phylogeny, a
critique and cladistic analysis. Zoological Journal
of the Linnean Society, (136): 217-276.


https://v3.camscanner.com/user/download

M. Sadiq Malkani

Wilson. J.A., and M.T. Carrano, (1999)
Titanosaur locomotion and the origion of “wide
sauge” trackways: a  biomechanical and
systematic perspective on sauropod locomotion.
Paleobiology, (25): 252-263.

Wilson, J. A, M. S. Malkani, and P. D,
Gingerich, (2001) New Crocodyliform (Reptilia,
Mesoeucrocodylia) form the upper Cretaceous
Pab Formation of Vitakri, Balochistan (Pakistan),
Contributions form the Museum of Paleontology,
The University of Michigan, 30 (12): 321-336.

Wilson, J.A, M.S. Malkani, and P.D., Gingerich,
(2005) A sauropod braincase from the Pab
Formation (Upper Cretaceous, Maastrichtian) of
Balochistan, Pakistan. Gondwana Geol. Mag.,
Spec. Vol. (8): 101-109.

Wilson, J.A. and P. Upchurch, (2003) A revision
of Titanosaurus  Lydekker  (Dinosauria-
Sauropoda), the first dinosaur genus with a
‘Gondwanan’ distribution. Journal of Svstematic .
Paleontology (1): 125-160.

Wilson, J.A. (2006) An overview of titanosaur
evolution and phylogeny. En (Colectivo
Arqueologico-Paleontologico Salense, Ed.), Actas
de las III Jormmadas sobre Dinosaurios y su
Entorno 169-190. Sala de los Infrantes, Burgos

Espana.

Zhang, Y. (1988) The Middle Jurassic dinosaur
fauna from Dashanpu, Zigong, Sichuan: sauropod
dinosaurs (1) Shunosaurus. Sichuan Publishing
House of Science and Technology, Chengdu,
89pp. 15 pls. (in Chinese, English summary).


https://v3.camscanner.com/user/download

