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Summary 

Cervical centra of a specimen of the plesiosaur Plesiosaurus dolichodeirus/rora the Lower Lias ofCharmouth shows considerable 
distortion of the elements due to taphonomic, tectonic and diagenetic processes. Variations in the degree and direction of distortion 
give an insight into complexity of the processes involved, and clues as to the disposition of the carcass on the sea floor before 
fossilisation. 

Material 

UMZCT745 1915 
Vertebrae 49 centra 
Fragments of limbs and girdle 
UMZCT746 1917 
Cervical centrum 
Lower jaw and fragment of maxilla 
Believed to be from West Cliff, Lyme Regis 

The specimen is in the collection of the University 
Museum of Zoology, Cambridge, England, and was col-
lected by Professor D.M.S. Watson in 1915 and 1917. 
The reference T745 refers to the bulk of the material, 
T746 to a single vertebra and some skull fragments. The 
reference UMZC T745 will be used below as applying to 
the entire specimen. The material consists of skull frag-
ments, girdle fragments, three teeth and 50 vertebrae, 
comprising a fairly complete series from probably the 
third cervical (counting atlas/axis as first and second) to 
the sacral region. It is assumed that Watson identified 
the specimen on the basis of the dentition and general 
form of the vertebrae. 

Description 

Plesiosaurus dolichodeirus is the first plesiosaur of 
which there is a published description (Conybeare 1824), 
and has been well described by Owen (1865) and briefly 
by Lydekker (1889). Storrs (1997) has recently 
redescribed the species. There is nothing an examination of 
this specimen can add to these published accounts. 

It is clear even from a superficial examination that 
the vertebrae are distorted by taphonomic (see below) 
and tectonic processes. Some are more or less undistort-
ed (Figs 1A and 2A), others completely flattened (Fig. 
2B). In some cases, there is variation in the effects within 
individual vertebrae (Fig. IB). Martill (1980) has 

commented on the complexity and variability of the 
process of fossilisation, and the example illustrated in 
Fig. IB) shows how localised that variation can be. It 
appears at first glance that the lower part is broken off. 
However, the ventral surface shows costal facets and 
nutritive foramina, and it is evident that the lower por-
tion of the centrum has been crushed completely flat, 
whereas the upper portion is more or less undistorted. 

Method 

Distortion to the centra can be defined by reference 
to three planes: a horizontal plane through the widest 
part, a vertical plane through the anterior and posterior 
faces along the axis, and a vertical plane at right angles 

 

 
Figure 1: Plesiosaurus dolichodeirus UMZC T745 and T746. 

A - Mid-cervical vertebra, labelled no. 14. 
B - Partly crushed mid-cervical vertebra, labelled no. 13 

Abbreviations: af- articular face; cf- costal facet; 
ncs - neuro-central suture 

 

Taphonomy is the study of the process of fossilisation, essen-
tially those mechanisms that act on a once-living organism 
following death, although the cause of death may 
influence mode of preservation (Donovan 2002). 



Taphonomic Distortion of Cervical Vertebrae of a Specimen o/Plesiosaurus dolichodeirus 

Figure. 2: Plesiosaurus dolichodeirus UMZC T745 and T746. 
A - Posterior cervical vertebra, labelled no. 25. Height (from 

lowest point on centrum to tip of neural spine) 122mm 
B - Crushed sacral vertebral centrum, labelled no. 46. 

For abbreviations see Fig. 1 

to the others across the middle. The underside of the 
centrum is curved, making it difficult to establish a hor-
izontal reference to measure angles of distortion on the 
third of these planes. These measurements were there-
fore not taken on the grounds that they would be unre-
liable. 

Measurements on the horizontal plane were taken 
on left and right sides on each centrum, between the 
line joining the points where the plane intersects the 
rim of the posterior articular face and the lines joining 
the corresponding points on the left and right sides. 
Measurements to the vertical plane were taken as the 
angle of a vertical line joining the upper and lower mid-
points of anterior and posterior articular faces to a hor-
izontal line between the lowest points of the two faces. 
These measurements are plotted in Figure 3. 
Measurements of the most posterior centra (the late 
dorsal and sacral) are extremely unreliable, as the 
amount of distortion and damage is so great that that 
reference points cannot be easily identified. 

Analysis 

Figure 3 shows that the degree of distortion in the 
horizontal axial plane is fairly constant along most of 
the vertebral column, but increases dramatically in the 

posterior third of the sequence corresponding to the 
pectoral, dorsal and sacral areas. Distortion on the ver-
tical axial plane is greatest at the anterior end of the 
neck, decreasing along the series of cervicals as far as 
the pectoral area, then increasing again, most dramati-
cally in the late dorsal and sacral areas. The most anterior 
centra are angled forwards (i.e. the top angled 
towards the head), suggesting that the anterior part of 
the neck (and possibly the skull) is angled down into the 
sediment. Midway down the neck the centra are angled 
backwards. Progressing along the vertebral column 
towards the tail, the centra become vertical again. At the 
neck/shoulder junction there is an abrupt change in ori-
entation, with the centra angled forward, and rotated to 
the right. 

The variations in direction and amount of distortion 
can be interpreted as being the consequence of the dis-
position of the carcass. In a preferred scenario, the ante-
rior portion of the neck is angled down into the sedi-
ment. Progressing backwards, the neck arches out of the 
sediment, then lies flat along the surface as far as the 
shoulder girdle. At this point, there is an abrupt change 
in orientation, possibly with the neck at an angle to the 
body. The body is rotated to the right, and lies deeper in 
the sediment. Subsequently, gasses from putrefaction 
have disrupted the body cavity, causing further disorder to 
the skeletal elements. 

Diagenesis 

The partial crushing shown on Figure IB does not 
necessarily represent a radically different history of burial 
diagenesis within the same element. Bone has a complex 
structure, both in terms of its basic structure and the 
variations within individual elements. Diagenetic 
processes will affect different elements of the bone 
structure in different ways. In structural terms, we have a 
composite material in which the mechanical properties 
of the compositional elements are changing over a 
period of time. 

There are three key stages in the effects of stress 
loading of materials to failure. This can be visualised in 
very simple terms by using a spring as an example. 
When a spring is loaded, it stretches. For small loads, 
the spring will return to its original form after the load is 
removed. This is called elastic deformation and is not 
relevant to this study. Beyond a certain load, however, 
the spring will not return to its original size when the 
load is released. The point at which the deflection of the 
spring becomes irreversible is referred to as the elastic 
limit, and the resultant irreversible stretching called 
plastic deformation. This is a major factor in the tec-
tonic distortion of any element. Figure 2B shows a cen-
trum crushed completely flat, mainly through plastic 
deformation. If the load on the spring is increased, it 
eventually snaps. This type of fracture shows on bone 
elements as a stepped crack, in effect a mini-fault in 
which the two sides of the crack line are displaced rela- 
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Figure 3: Angles of distortion of faces and sides of vertebral centra 

tive to each other. Distortion to all elements is a combi-
nation of these two mechanical behaviours. 

The effects of diagenetic processes on the mechanical 
performance of bone are poorly understood and highly 
dependent on the chemical and biological characteristics 
of the sea and sea-bottom sediment, temperature and 
water pressure. Living bone is a very tough and fairly 
elastic material which has the advantage over man-made 
composites in that it is self-healing. When an animal 
dies, bone loses the self-healing property, and becomes 
more brittle. Once the bones in a carcass are exposed to 
seawater, the mineral matrix of the bone is often leached 
out, leaving a matrix of collagen fibres. In this condition 
the bone is highly susceptible to plastic deformation 
even under relatively small loads such as the weight of 
other skeletal elements. On burial in sediments, two main 
processes are at work: compaction and mineralisation. 
Compaction of the sediment as a result of the overlying 
sediments and hydrostatic pressure reduces the thickness 
of the sedimentary layers, driving out water in the 
process. Any bone within the sediment will be 
compacted with it unless it has become harder and more 
resistant to compaction. Mineralisation of the bone 
increases its ability to resist compaction forces, and 
occurs by a combination of biological and chemical 
processes. It can begin shortly after death. 

Returning to UMZC T745, the variations in degree 
of tectonic deformation of the elements can be inter-
preted within the framework of these processes. The less 

distorted parts of the skeleton are those in which min-
eralisation occurred earlier. Factors contributing to the 
rate of mineralisation are depth of burial in the sea floor 
sediment, protection by surrounding soft tissues, and 
biological activity. The carcass of an animal lying on the 
sea floor is subject to processes of leaching and scavenging, 
which will initially remove the skin and soft tissues. The 
greater thickness of such tissues in the body of the 
plesiosaur will expose the bones later than those of the 
neck and tail. It is probable that the mid-cervical verte-
brae, arching out of the sediment, began to mineralise 
first, and were better able to resist compactional forces. 
The protection offered by the surrounding tissues and 
sediments to dorsal and sacral vertebrae delayed the 
onset of mineralisation so that some, especially those in 
the sacral area, were still soft and plastic when com-
paction started. 

The compaction of the lower half of the vertebra 
shown in Figure IB is best explained in terms of slight 
variation in the rate of mineralisation within a bone. If a 
mineral is brittle — i.e. fracture occurs close to its 
elastic limit — it fails abruptly under load. Small vari-
ations in the stress at which failure occurs within an 
element could lead to a condition in which, under a certain 
loading, parts of it fail, while other parts are unaffected. 
This variation in failure stress could result from small 
differences in exposure to diagenetic processes such as 
partial burial in sediment, or adjacent soft tissues. 
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Conclusions 

Burial diagnosis is a highly complex and variable 
process. An understanding of the processes involved 
gives some insight into palaeoenvironments and the 
biology of extinct animals. A consideration of the 
mechanical properties and structural performance of 
skeletal elements can help with the interpretation of 
diagenetic tectonic and taphonomic processes. 
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