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Introduction
Exceptional preservation of organic material occurs in early-diagenetic 
siderite (FeCO3) concretions from the Mazon Creek Coal-Measures la-
gerstätten (Allison & Briggs 1991) (Fig. 1) that is world renowned for its 
diverse and well-preserved biota. In these concretions, rapid envelop-
ment in carbonate provides resistance to compression, reducing and 
in many cases eliminating compaction. From this recovery of well-
preserved three-dimensional fossil with cellular preservation are likely. 
However, traditional methods of study for Mazon Creek fossils involve 
serial sections through a combination of thin-sections (Chamberlain 
1901) and/or cellulose acetate peels (Galtier & Phillips 1999). In these 
techniques, data loss through sawing is inevitable, and understanding 
of three dimensional structures limited by the two dimensional nature 
of the preparations and the low frequency of cuts physically obtain-
able from single specimens.

In recent years the combination of advances in computational power 
and a reduction in cost of X-ray micro-tomography (XMT) has resulted 
in this technology being increasingly used for palaeontological re-
search; yet the number of palaeobotanical research projects that have 
used any sort of scanning technology remains low.  As a non-
destructive technique, XMT enables capture and visualisation of 3D 
high resolution internal data from fossils, in a way previously unattain-
able. Restudy of 3D fossils using this method allows new morphologi-
cal and anatomical data to be obtained, and if appropriate can be com-
bined with traditional techniques to physically reveal individual struc-
tures within the fossil.

Here we report the results of an investigation on the anatomy and 
morphology of a seed from the Mazon Creek lagerstätten belonging to 
the medullosan (pteridosperm) genus Stephanospermum that shows a 
novel combination of features using preliminary 3D XMT reconstruc-
tions that would not be identi�able using traditional methods.

Fig 1. Map of Illinois State Geology (USA). A: Location of Illinois within USA; B: 
Simpli�ed geology of Illinois showing Carbondale Formation within which 
Mazon Creek is located. After Willman et al. (1967) & Baird et al. (1986).
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Material & Method
The specimen belongs to the medullosan seed genus Stephanospermum and is part of the regis-
tered collection of the Field Museum of Natural History (Chicago) with the acquisition number 
P30420.  The specimen originated from the Francis Creek Shale (Mazon Creek) within the Carbon-
dale Formation (Fig. 1) and is Pennsylvanian in age (ca 300mya). The specimen was XMT scanned on 
a Metris X-Tek HMX-ST scanner (Natural History Museum, London). A tungsten re�ection target at 
190mA and 200kV, 0.25s exposure time for 3142 projections and a 1mm copper �lter was em-
ployed. The 4MP (2000x2000) Perkins Elmer detector panel provided a resolution of 12.7µm. 

The subsequent tomo-
graphical dataset was im-
ported in to SPIERS, a 
custom software suite, 
where a three-dimension-
al model was created 
using the methods de-
scribed by Sutton et al. 
(2002).

Separation of the fossil 
from the surrounding 
matrix was achieved using 

threshold images created from individual scan slices; where all pixels within a user-de�ned greys-
cale range where assigned to a speci�c ‘segment’.  Manual cleaning of the slices was then per-
formed to remove artefacts and excess noise. Following this distinct anatomical structures where 
assigned to individual ‘masks’ in order to be rendered as separate isosurfaces (Sutton 2008). This 
process, improved through iterative editing (for instance the removal of cracks within the nodule), 
allows the production of accurate false colour models; and is designed to show the interrelation-
ship between distinct anatomical features within three-dimensional space. The model was subse-
quently transferred to the open source Blender rendering package to create ray-traced images from 
the 3D model (Fig. 3) (blender.org).

Fig 2. Diagram showing a simpli�ed XMT scanner set up. A: X-ray gun with tung-
sten re�ection target; B: Rotating sample stage; C: Perkins Elmer (2000x2000px) 
detector panel.
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Fig 3. 3D Reconstruction of Stephanospermum Ovule (P30420). A: 3D External surface of sarcotesta, showing bilateral symmetry. i) anterior view, ii) lateral view, iii) proximal view, iv) distal view; B: 3D rendering of sclerotesta, showing 3-way radial symmetry. i-iii) showing each of the three commis-
sural ribs, iv) proximal view, v) distal view; C: Interior structures, including pollen chamber and megaspore. i-iii) showing alignment of pollen chamber ribs with sclerotesta ribs, iv) proximal view, v) distal view; D: simpli�ed midlongitudinal section, showing location of traverse sections shown in E. E: 
Simpli�ed transverse sections, from proximal to distal, showing relationship between the bilateral and 3-way radial symmetry.
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The application of XMT has enabled capture of the overall morphology and allows the specimen to be viewed at an anatomical level without data loss. 
This has revealed an ovule that bears the morphological features of a Trigonocarpus-type (medullosan) ovule in possessing 3 distinct, radially symmetri-
cal sclerotestal ribs but is enclosed in a bilaterally symmetrical sarcotesta (Fig. 4); this combination of symmetries is novel. The sarcotesta has similarities 
to that of Stephanosperum konopeonus (Langford), as rediscribed by Drinnan et al. (1990), but the pair of bi�d wings are more robust in construction 
than those of S. konopeonus. The sclerotesta ribs appear to be commissural in nature, a feature not previously observed in the genus Stephanosperum 
but frequently observed in the genus Pachyesta (e.g. Taylor 1965).  The seed thus demonstrates features that intergrade with those previously noted in 
the distinct medullosan genera Stephanospermum and Pachytesta,  but overall has similarity with Stephanospermum that has recently been inferred to 
be a member of the medullosan stem-group leading to crown-group medullosans that have Pachytesta-type ovules (Seyfullah et al. 2010).

Currently this ovule remains unclassi�ed but appears to represent a new species of Stephanospermum, pending a second study-phase that will use the 
XMT results to guide the application of tradition destructive techniques, which will enable the resolution of features at a histological scale and com-
parative anatomy.

Fig 4. Diagram showing relationship between 
the duel symmetry (bilateral and 3-way 
radial).
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