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Figure 1.01. The Cambrian: global stratigraphy, regional 

biostratigraphy, carbon isotopes, strontium isotopes, and the 

Cambrian Radiation of biomineralised fossils. Green circles 

represent the first appearances of skeletal groups. 

Stratigraphy from the International Commission on 

Stratigraphy Stratigraphic Chart 2010. Biostratigraphy 

adapted from Shergold and Cooper (2004). Carbon isotope 

curve for the Cambrian adapted from Kirschvink and Raub 

(2003), and for the Ediacaran adapted from Halverson et al. 
(2010). Strontium isotope curve adapted from Montañez et 
al. (2000) for the Cambrian, and  adapted from Halverson 

et al. (2010). First appearances of skeletal taxa from 

Kouchinsky et al. (2012).  A high resolution version of this 

figure is available on the accompanying DVD.
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Figure 1.03. Sketch representations of the major groups of fossils found as moulds and casts 

in Ediacaran siliciclastic sediments. Charnia, Andiva, Ausia, Vendia, Parvancorina by M.A. 

Fedonkin. Avalofractus and Beothukis by P. Trusler; reproduced from Narbonne et al. (2009). 

Ernietta from Dzik (1999). Triradialomorpha from Seilacher (1999). Charniodiscus, large 

Dickinsonia, Spriggina from Seilacher (1992). Kimberella and small Dickinsonia from 

Seilacher and Hagadorn (2010). Arkarua from Gehling and Rigby (1987).
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Figure 1.04. Explanation of the terms positive and negative epirelief and hyporelief. 

Hyporelief refers to bed soles; positive hyporelief structures stand out from the bed sole, 

while negative hyporelief structures form a depression. Epirelief refers to bed top surfaces, 

with positive epirelief structures again standing proud of the surface, and negative epirelief 

structures forming a depression in the top of the bed.
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Figure 1.05. The ‘Agronomic Revolution’. Redrawn after Seilacher and Pfluger (1994).
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Figure 3.01. The exposure of Ordovician strata in Morocco, reproduced and modified from 

Van Roy (2006). Inset globe shows the location of Morocco; the location of the Tafilalt area 

is indicated by the black rectangle, while the red rectangle shows the area covered by the 

geological map in Fig. 3.03.
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Figure 3.02. Stratigraphy of the Ordovician of Morocco. Biostratigraphical calibration of 

the Moroccan lithostratigraphy follows Videt et al. (2010). Timescale after the International 

Commission on Stratigraphy Geological Time Scale 2010. ss-stage slices, after Bergström et 
al. (2009). 
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Figure 3.04 (overleaf). M001. a, map (based on Landsat 7 satellite photograph draped over 

ASTER DEM elevation data in Global Mapper 12) showing the location of site M001 with 

respect to nearby roads and towns. Inset stratigraphic column shows the stratigraphic 

position and age of the M001 strata. b, overview photograph of M001; author (working on 

the fossiliferous section) for scale (arrowed). c, interpretative sketch of the site, showing the 

outcrop of the Upper Tiouririne Formation and conglomerates of the Upper Second Bani 

Formation, and the location of the fossiliferous beds. d, close view of the fossiliferous 

section. Bed numbers refer to the lnit subdivisions on log in e. Tape measure open to 50cm. 

e, log of the fossiliferous beds shown in d. Key to lithologies and structures in the Appendix.

Figure 3.05. Additional photographs from M001. a, large cord-like trace fossils in the main 

fossiliferous bed (sandstone unit in Bed 2 of the log). Tape measure open to 20cm. b, two 

discoidal fossils (M001-0013a and b), collected from the same bed as the trace fossils in a. 

Scale bar 50mm. c, rippled surface stratigraphically underlying the fossiliferous beds by c. 

20m. Hammer for scale is 30cm long. d, location of shale sample for geochemical analysis, 

marked by hammer and sample bag.  31° 24' 48.8" N, 4° 03' 3.0" W, approximately 500m 

SW of the fossil site.

a b

c d
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Figure 3.06. Fossils and ichnofossils at M001. a, large cord-like trace fossils (arrowed) on 

the surface of Bed 2 (see log). Scale bar 50mm. b, trace fossils (white arrows) on the surface 

of Bed 4 and three surfaces within Bed 5 (86mm, 89mm, 99mm height in the log). Circular 

structures on the 89mm surface (black arrows) may represent discoidal fossils. Tape measure 

open to 20cm. c, large cord-like trace fossils (white arrows) and discoidal fossils (black 

arrows) on the top surface of Bed 6. Scale bar 50mm.

a

b

c
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Figure 3.07. Conglomerates topographically and stratigraphically overlying M001. a, thick 

red conglomeratic sandstones exhibiting large scale f luvial-style trough cross-bedding. b, 

thick bedded unit with extremely large grey sandstone clasts. Tape measure open to 50cm. 

c, lenticular bedding, also exhibiting trough cross-bedding. Tape measure open to 50cm.

a

b

c
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Figure 3.08 (overleaf). M003. a, map (based on Landsat 7 satellite photograph draped over 

ASTER DEM elevation data in Global Mapper 12) showing the location of site M003 with 

respect to nearby roads and towns. Inset stratigraphic column shows the stratigraphic 

position and age of the M003 strata. b, overview photograph of M003. c, interpretative 

sketch of the site, showing the outcrop of the Upper Tiouririne Formation and the 

underlying Lower Ktaoua Formation, and the location of the fossiliferous beds. d, 

photographs of the logged section in the trench adjacent to the fossiliferous beds. Bed 

numbers refer to the log in e (see log for scale). d1, beds 6-10, at the top of the trench. Note 

the parallel lamination in Bed 10 and the variable thickness of Bed 8. Shale sample for 

geochemical analysis from Bed 9. d2, beds 2-6 inside the trench. d3, beds 1-4 near the base 

of the trench. e, log of the fossiliferous beds shown in d. Key to lithologies and structures in 

the Appendix.

Figure 3.09. Field photographs of uncollected fossils from M003. Note the darkened 

surfaces and structures. a, four partial specimens, one with fragments of both part and 

counterpart (bottom left), one with solely the counterpart (middle), and two with solely the 

part (right). b, three specimens, one preserving only the counterpart cast (left) and one 

fragment (right, top) and one preserving just under half of the disc (both in the same 

sample) with only the part mould preserved.

a

b
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Figure 3.10. Overview of the logged trench adjacent to the M003 fossil site. a, broad view, 

showing the location of the fossil trench on the hillside with respect to the main 

fossiliferous outcrop. b, closer view of the trench.

Fossiliferous outcrop

piste

Logged trench

a

b
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Figure 3.11. Ichnofossils and sedimentary structures at M003. Pencil for scale in a-c is 

12cm long. a, cord-like trace fossils on the top surface of a loose block of the fossiliferous 

beds b, cord-like trace fossils and mud clasts on the top surface of Bed 6 of the logged 

section. c, f lute casts on the sole of a loose block from the fossiliferous beds. d, ripples on 

the top surface of a loose block from the fossiliferous beds. Scale bar 50mm.

a b

c d
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Figure 3.12 (overleaf). M005. a, map (based on Landsat 7 satellite photograph draped over 

ASTER DEM elevation data in Global Mapper 12) showing the location of site M005 with 

respect to nearby roads and towns. Inset stratigraphic column shows the stratigraphic 

position and age of the M005 strata. b, overview location photograph of the main 

fossiliferous hillside at M005, taken adjacent to another fossiliferous trench further up the 

hillside. c, interpretative sketch of the site, showing the outcrop of the First Bani Group and 

the underlying Tachilla Formation at the base of the hills, and the location of the main 

fossiliferous trenches. d, sedimentology of the most extensive trench (16). Bed numbers refer 

to the log in e (see log for scale). d1, beds 8-13, at the top of the eastern end of the trench. 

d2, beds 1-9 at the western end of the trench. d3, view along the trench from west to east. 

e, log of the fossiliferous beds shown in d. Key to lithologies and structures in the Appendix.

Figure 3.13. Additional photographs from M005. a, discoidal fossil in positive hyporelief on 

the sole of a sandstone bed in Trench 37. Approx. 12cm of tape measure visible. b, discoidal 

fossil in negative epirelief on the top surface of a sandstone bed in surface outcrop at locality 

53. GPS (Garmin eTrex Summit) for scale is approx. 11cm long. c, wider view of locality 53. 

Book for scale is A4 size.

a

cb
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Figure 3.15 (overleaf). Map of the fossiliferous trenches and localities at M005. ASTER 

DEM 5m contours generated in Global Mapper 12 software overlain on Google Earth 

satellite photography of the Caïd Rami area. Fossiliferous trenches for which logs are 

provided in Fig. 3.16 are shown in light blue; other fossiliferous trenches and localities are 

shown in yellow. WGS84 grid in green. Faults and dip and strike measurements on faults in 

red. Dip and strike measurements on bedding in black. Inset cross section drawn along the 

dotted blue line, to the same scale as the map, with no vertical exaggeration. The positions 

of the boundary between the Tachilla Formation and First Bani Group, and particular beds, 

are approximate, and are intended primarily as a guide to illustrate the three-dimensional 

structure and the relative stratigraphic positions of the various trenches. Blue boxes and 

numbers on the cross section refer to fossiliferous trenches, with the depth of the boxes 

approximately corresponding to the depth of the trenches. 

Figure 3.14. Additional fossils from M005. All scale bars 50mm, with 10mm subdivisions. 

a, conulariid from trench 16, Bed 5 (see Figs. 3.12d-e, 3.15). b, assemblage of crinoids from 

trench 42 (see Figs. 3.15, 3.16). c, edrioasteroids attached to a conulariid from low in trench 

24 (see Figs. 3.15, 3.16). d, specimen of the trilobite Selenopeltis from Bed 1 of trench 16 (see 

Figs. 3.12d-e, 3.15).

a b

c
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Figure 3.17. Additional field photographs from M005. a, logged section in trench 49. Tape 

measure open to 30cm. b, logged section in trench 24. Tape measure open to 1m. c, logged 

section in trench 22. Main bed is 40cm thick. d, wide view of trench 8, showing the fault 

(white arrow) and the logged section (yellow arrow). e, logged section in trench 8. Tape 

measure open to 2.1m. f, logged section in trench 42. Tape measure open to 1m.
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e f

b
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Figure 3.18 (overleaf). M008. a, map (based on Landsat 7 satellite photograph draped over 

ASTER DEM elevation data in Global Mapper 12) showing the location of site M008 with 

respect to nearby roads and towns. Inset stratigraphic column shows the stratigraphic 

position and age of the M008 strata. b, overview photograph of the vicinity of M008, taken 

from a secondary locality approximately 500m SW of the main fossiliferous outcrops. c, 

interpretative sketch of the site, showing the outcrop of the First Bani Group and the 

overlying Lower Ktaoua Formation at the base of the hills, and the location of the main 

fossiliferous outcrops. d, sedimentology of the lower fossiliferous outcrops. Bed numbers 

refer to the log in e. d1, beds 1-3, at the base of the fossiliferous succession. Bed 1 is an 

extremely thick coarse sandstone bed, the undulating surface of which is widely exposed and 

forms a local marker horizon. Shale sample for geochemical analysis taken from Bed 2 

(lower part), adjacent to camera bag. Water bottle approx. 30cm long. d2, beds 3-7. Bed 3 is 

a relatively thick fine sandstone bed, the top of which is densely covered in U-shaped 

burrows, and also forms a marker horizon. Above Bed 3, outcrop is poor due to weathering. 

Tape measure extended to 30cm. d3, Bed 8, which includes a richly fossiliferous horizon 

(indicated). Tape measure extended to 40cm. e, log of the fossiliferous beds shown in d. Key 

to lithologies and structures in the Appendix.

Figure 3.19. Additional field photographs at M008. Tape measure in b, c extended to 50cm. 

a, wide view of the hillside at M008, with numerous shallow fossil trenches. Ouzammon 

Lahcen (local fossil collector) for scale. b, view of the secondary fossil site 500m SW of the 

main outcrops from which the photograph in Fig. 3.18b was taken. Fossils are found in the 

lower layers of the parallel laminated sandstone. c, sole structures at the site in b. 
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Figure 3.20 (overleaf). M009. a, map (based on Landsat 7 satellite photograph draped over 

ASTER DEM elevation data in Global Mapper 12) showing the location of site M009 with 

respect to nearby roads and towns. Inset stratigraphic column shows the stratigraphic 

position and age of the M009 strata. b, sedimentology of the fossiliferous strata. Bed 

numbers refer to the log in c. Tape measure extended to 50cm; see also log for scale. b1, beds 

1-3. b2, beds 3-4. b3, beds 4-7. Scorpion (arrowed) for scale is 5cm long. b4, beds 7-8. c, log 

of the fossiliferous beds shown in b. Key to lithologies and structures in the Appendix.

Figure 3.21. The logged trench at M009, with beds 3-8 visible. See log for scale.
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Figure 3.22 (overleaf). M010. a, map (based on Landsat 7 satellite photograph draped over 

ASTER DEM elevation data in Global Mapper 12) showing the location of site M010 with 

respect to nearby roads and towns. Inset stratigraphic column shows the stratigraphic 

position and age of the M010 strata. b, view of the site, with the fossiliferous outcrop in the 

foreground. Water bottle approx. 30cm high. c, close view of the fossiliferous bed, with 

limited underlying strata. GPS (Garmin eTrex Summit) for scale approx 11. cm long. d, log 

of the fossiliferous strata shown in c. Key to lithologies and structures in the Appendix.

Figure 3.23. Google Earth satellite photograph with topography looking NE, from a virtual 

eye altitude of 3.62km, showing the location of M010 with respect to the other sites at Caïd 

Rami. Subscript on M005 locations refers to trench numbers.
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Figure 3.24 (overleaf). M012. a, map (based on Landsat 7 satellite photograph draped over 

ASTER DEM elevation data in Global Mapper 12) showing the location of site M012 with 

respect to nearby roads and towns. Inset stratigraphic column shows the stratigraphic 

position and age of the M012 strata. b, sedimentology of the logged section. See log for 

scale. b1, beds 1-8. b2, beds 6-11. c, log of the fossiliferous strata shown in b. Key to 

lithologies and structures in the Appendix.

Figure 3.25. View of the logged trench at M012. The non-mineralised fossil bearing beds 

are to the left of the trench, in underlying sediments. See log for scale.
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Figure 3.26. Non-mineralised fossils from M020, in the vicinity of Alnif, which are similar 

(both sedimentologically and in terms of the quality of preservation) to fossils from the 

stratigraphically lower levels at M005 (trenches 43-49). Scale bars 50mm, with 10mm 

subdivisions. a, M020-0004. b, M020-0008.
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Figure 3.27. Geology of 

the Ordovician flysch 

and melange, Saratoga 

Lake-Albany-Ravena 

area. Reproduced from 

Plesch (1994, Plate 2). 

Red box indicates the 

area covered by Figs. 

3.28 and 3.29.
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Figure 3.28. 1889 map of Troy, New York, showing the location of the Nail Factory (see 

inset), near Burden’s Pond.
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Figure 3.29. Google Earth satellite photographs of Troy, New York, showing the 

present-day area around the old Nail Factory (compare to Fig. 3.28). Note the change in 

course of the river beside the factory location.
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Figure 3.30. Ordovician mudstone and sandstone outcrop adjacent to the foundations of the 

old Nail Factory in Troy, New York.
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Figure 3.31. Geology of New York, USA. a, geological map of New York, distinguishing 

the principal Devonian Groups, and showing the location of towns near which 

non-mineralised fossils have been recovered. b, geology of the Naples area, New York. 

Modified after Clarke and Luther (1904).
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Figure 3.32. Stratigraphy of the Upper Devonian of New York, with Paropsonema horizons 

starred (with a question mark where uncertain). Correlation of standard and Montagne Noir 

conodont zones with ammonoid zones follows House and Kirchgasser (2004). Ammonoid 

genozones follow House and Kirchgasser (2008) for the Frasnian and Fammenian, and 

House et al. (2000) for the Givetian. Correlation of New York stratigraphy with ammonoid 

zones follows House and Kirchgasser (2008). MN-Montagne Noir. MD-Middle Devonian. 

UD-Upper Devonian.
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Figure 3.33. Locations for Australian non-mineralised specimens. a, map of Australia, 

showing the location of the province of Victoria to the south-east. b, geological map of 

Victoria, from the website of the Victoria division of the Geological Society of Australia, 

with the locations of specimens P13893, P30713, and P26661 superimposed. GN-Grid 

North. MN-Magnetic North. 
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Figure 3.34. Comparison of the Silurian to Lower Devonian stratigraphic schemes of 

Edwards et al. (1998) and Rickards and Sandford (1998) for the Heathcote-Chesterfield, 

Kilmore-Yan Yean, and Melbourne-Kinglake regions of Victoria.
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Figure 3.35. Stratigraphic context of the Silurian Bannisdale Formation within the upper 

Windermere Supergroup of England. After Barnes et al. (2006).
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Figure 3.36. Locality map for the 1992 trench through the Bardahessiagh Formation, Co. 

Tyrone, Ireland, from which non-mineralised discoidal fossils were recovered. Reproduced 

from MacGabhann and Murray (2010).
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Figure 3.37. The Burgess Shale. a, map of Canada, showing the location of the Burgess 

Shale in British Columbia, near the border with Alberta. b, map of Yoho National Park, 

with the location of the Walcott Quarry starred. c, Google Earth satellite photograph of the 

Field area, with the location of the Walcott Quarry starred.
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Figure 3.38. The Cathedral Escarpment. a, Geological Survey of Canada reconstruction of 

the palaeogeography of the Cathedral Escarpment, showing the location of the town of 

Field, various mountains, and the Burgess Shale Walcott Quarry relative to the carbonate 

platform and basin. b, reconstruction of the Cathedral Escarpment by Collom et al. (2009), 

showing the stratigraphic relationships between the various units and the carbonate 

platform and basin. KHR-Kicking Horse Rim, MTS-megatruncation surface, e1-Cathedral 

Escarpment, e2-Eldon escarpment.
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Figure 3.39. Stratigraphic context of the Burgess Shale assemblages, according to Stewart 

(1991), Fletcher and Collins (1998) and Collom et al. (2009). Reproduced from Collom et al. 
(2009).
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Figure 4.01. Terminology used in the description of the eldonides. a, diagrammatical 

explanation of morphological terms.  b, diagrammatical explanation of the usage of the 

terms ‘part’ and ‘counterpart’ for fossils preserved as compressions in shale.
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Figure 4.02. Eldonia ludwigi Walcott, 1911, lectotype USNM 57540. Scale bars 50mm, 

with 10mm subdivisions. a, with oblique lighting. b, lit from above.
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Figure 4.03. Eldonia ludwigi Walcott. Note the  high reflectivity of the medial portion of 

the coiled sac. Scale bars 30mm, with 10mm subdivisions. a, paralectotype USNM 57541, 

with adjacent Marella splendens (arrowed). b, paralectotypes USNM 57544.

a

b

Differential taphonomy of Ediacaran and Palaeozoic non-mineralised fossils

Marella splendens

less reflective
distal coiled sac

less reflective
proximal coiled sac

more reflective
medial coiled sac

less reflective
distal coiled sac

less reflective
distal 

coiled sac

less reflective
proximal coiled sac

less reflective
proximal 
coiled sac

more reflective
medial coiled sac

radial strips of 
dorsal integument

folding of integument

radial fibres



Figure 4.04. Eldonia ludwigi Walcott, paralectotype USNM 193468. Note the tube within the 

coiled sac (arrowed). Scale bars 50mm, with 10mm subdivisions. a, counterpart. b, part.
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Figure 4.05. Eldonia ludwigi Walcott. All scale bars 30mm, with 10mm subdivisions. 

a, paralectotype USNM 356704. Note the tube within the distal portion of the coiled sac. 

b, paralectotype USNM 356721, with associated trilobite. Note the clear distinction 

between proximal, medial, and distal portions of the coiled sac.
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Figure 4.06. Eldonia ludwigi Walcott, paralectotype USNM 193457. All scale bars 50mm, 

with 10mm subdivisions. Note the significantly higher reflectivity of the medial portion 

compared to the proximal and distal portions of the coiled sac; and also the clear distinction 

between the proximal and distal ends of the medial portion. a, part. b, counterpart.
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Figure 4.07. Eldonia ludwigi Walcott, paralectotype USNM 193470. Note the distinction 

between the ends of the medial portion of the coiled sac, and the medial coiled tube (margin 

arrowed). Scale bars 30mm, with 10mm subdivisions. a, counterpart. b, part.
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Figure 4.08. Eldonia ludwigi Walcott, specimens exhibiting primarily the medial portion of 

the coiled sac. Note that the coiling direction can often be ascertained from the straight 

(distal) and tapering (proximal) ends of this. tpe-tapering proximal end. sde-straight distal 

end. All scale bars with 10mm subdivisions. a, ROM 95-1020b-1. b, paralectotype USNM 

467208. c, paralectotype USNM 193882. d, paralectotype USNM 193876. 

e, paralectotype USNM 193576. f, paralectotype USNM 193574. g, paralectotype USNM 

193548. h, paralectotype USNM 193543. i, YPM 05824.
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Figure 4.09. Eldonia ludwigi Walcott. Note the coiled tube within the proximal portion of 

the coiled sac. All scale bars 50mm, with 10mm subdivisions. a, paralectotype USNM 

188554 (one of two adjacent specimens). b, paralectotype USNM 201696.
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Figure 4.10. Eldonia ludwigi Walcott, paralectotype USNM 188553. Note the clear change in 

visible features with lighting direction. Note also the membrane surrounding the coiled sac 

(arrowed). Scale bars 50mm, with 10mm subdivisions. a, oblique lighting. b, lit from above.
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Figure 4.11. Eldonia ludwigi Walcott. All scale bars 50mm, with 10mm subdivisions. 

a, ROM 97-481b. Note the radial strands on the bifurcating lobes (arrowed). b, ROM 

95-1119b-1, oblique view (coin is Canadian $1 loonie). Note the proximal aperture 

surrounded by circumoral tentacles.
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Figure 4.12 Eldonia ludwigi Walcott. All scale bars 50mm, with 10mm subdivisions. 

a, paralectotype USNM 188556. Note the corrugated margin of the coiled sac. 

b, paralectotype USNM 188552. Note the irregular and expanded margin of the medial sac.
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Figure 4.13. Eldonia ludwigi Walcott, paralectotype USNM 201692 with oral aperture.      

a, lit from above. Scale bar 30mm with 10mm subdivisions. b, annotated view of the oral 

aperture and the four dendritic circumoral tentacles. Scale bar 5mm, with 1mm subdivisions.
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Figure 4.14. Eldonia ludwigi Walcott. Specimens showing partial preservation of the 

circumoral tentacles. Scale bars with 10mm subdivisions. a, paralectotype USNM 356710. 

Note the clarity of the five sub-branches. b, paralectotype USNM 57535.
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Figure 4.15. Eldonia ludwigi Walcott, paralectotype USNM 467200 with distal aperture 

and 3D internal lobes. Scale bars with 10mm subdivisions. a, oblique lighting. b, lit from 

above. c, annotated magnified view of the distal aperture (rotated clockwise from b).
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Figure 4.16. Eldonia ludwigi Walcott, paralectotype USNM 467206, with conspicuous ‘oval 

sacs’. Scale bars 30mm, with 10mm subdivisions. a, part. b, counterpart.

a

b

Chapter Four – The Class Eldoniata

oval sacs

oval sacs

medial
coiled sac

distal
coiled sac

tapering proximal
end of medial

coiled sac

proximal
coiled sacradial strips of 

dorsal integument

straight distal end
of medial coiled sac



Figure 4.17. Eldonia ludwigi Walcott, paralectotype USNM 356723, clearly exhibiting the 

internal bifurcating lobes. Scale bars 50mm, with 10mm subdivisions. a, oblique lighting.   

b, lit from above.
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Figure 4.18. Eldonia ludwigi Walcott. Specimens exhibiting internal bifurcating lobes. Scale 

bars 50mm, with 10mm subdivisions. a, paralectotype USNM 193873. b, ROM 95-1000-1. 

b1, specimen photograph. b2, line drawing (reproduced from MacGabhann and Murray, 

2010, Fig. 7a).
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Figure 4.19. Eldonia ludwigi Walcott, specimen TsNIGR 1/12886, from the Cambrian of 

Siberia. Internal cast, ventral view. Note the conspicuous preservation of 30 bifurcating 

internal lobes, and the central ring. Scale bar 50mm, with 10mm subdivisions. Reproduced 

from Friend et al. (2002, fig. 2a).
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Figure 4.20. Numerical data from specimens of Eldonia ludwigi Walcott in the Smithsonian 

and ROM collections. a, the amount of specimens exhibiting various numbers of internal 

lobes. b, the number of specimens preserving lobes as a function of the maximum width of 

the coiled sac (a proxy for size). c, size distribution of the specimens, based on the maximum 

width of the coiled sac (the only meaninful biometric measurement in most specimens).
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Figure 4.21. Eldonia ludwigi Walcott, specimens preserving the outer integument. Scale 

bars 30mm, with 10mm subdivisions. a, paralectotype USNM 193469. b, paralectotype 

USNM 356719.
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Figure 4.22. Eldonia ludwigi Walcott, specimens preserving the dorsal outer integument. 

All scale bars with 10mm subdivisions. a, paralectotype USNM 467209. 

b, paralectotype USNM 57550. c, ROM 95-1011b-1, photographed at an oblique angle.

b

a

c



Figure 4.23. Eldonia ludwigi Walcott, published reconstructions. a, ventral view, reproduced 

from A.H. Clark (1912). Note the incorrect coiling direction of the sac, the lack of 

bifurcating lobes, and the incorrect number of both radial structures and circumoral 

tentacles. b, Eldonia as a siphonophore, reproduced from Madsen (1962, figs. 3-4). Note the 

confusion between internal lobes and external ornament, the incorrect number of 

circumoral tentacles, the partially external location of the coiled sac, and the addition of a 

number of elements not seen in the fossil material. c, modified from Durham (1974, text-fig. 

2). Note that the lobes pass over the coiled sac, and again the confusion between internal 

lobes and external ornament of the integument.

a

b�

d

b�

Differential taphonomy of Ediacaran and Palaeozoic non-mineralised fossils

images unavailable
for copyright reasons



Figure 4.24. Eldonia ludwigi Walcott, reconstruction by Duncan Friend (modified from 

Friend, 1995, fig. 1.1). Note the presence of the 30 bifurcating lobes; the radial fibres 

extending from a central ring; the coiled sac containing the coiled tube, both enclosed in an 

outer membrane attached to the radial fibres; the division of the coiled sac into proximal, 

medial, and distal portions; the circumoral tentacles, with the proximal and distal apertures 

extending through a gap where the lobes have been deflected; and the oval sacs. Radial 

strands were omitted, presumably for clarity, and the number of circumoral tentacles shown 

is incorrect, also presumably for clarity, as Friend was the first to recognise that four such 

structures were present.
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Figure 4.25. Eldonia ludwigi Walcott, specimens preserved as lateral compressions. All scale 

bars 30mm, with 10mm subdivisions. a, ROM 95-1010a-1. b, paralectotype USNM 57543. 

c, paralectotype USNM 193595.
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Figure 4.26. Variation in the shape of the bifurcating internal lobes of Eldonia ludwigi 
Walcott. a, schematic sketch of a single internal lobe demonstrating the variation between 

the thin, extended shape (solid colour) and the broad compressed shape (dashed line). b, 

potential variation of the shape of the lobes with expansion and contraction of the disc. b1, 

disc expanded with thin, extended lobes. b2, disc contracted, with broad, shorter lobes.
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Figure 4.27. Reconstruction of Eldonia ludwigi Walcott, showing grooves of the dorsal 

integument (otherwise transparent), the internal lobes, radial strands on the lobes, radial 

fibres in the inner part of the disc, the central ring, the coiled sac with enclosed tube and 

enclosing membrane, subdivided into proximal, medial, and distal portions; the oral and 

anal apertures, the circumoral dendritic tentacles, and the oval sacs.
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Figure 4.28. Eldonia eumorpha (Sun and Hou, 1987). All scale bars 50mm, with 10mm 

subdivisions. All reproduced from Zhu et al. (2002, figs. 4c, 4b, 3c, 3d, and 3a). One 

bifurcated lobe/strip is highlighted on each specimen for clarity. a, dorsal view. Note the 

bifurcating lobes and subdivisions of the coiled sac. b, dorsal view. Note again the coiled sac 

and birfurcating lobes. c, ventral view. Note the pores outlining the lobes. d, ventral view. 

Note the bifurcating lobes preserved in negative relief from the surface of the disc. e, dorsal 

view. Note the dorsal integument, with bifurcated strips, similar to that of E. ludwigi. 
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Figure 4.29 Reconstructions of Eldonia eumorpha (Sun and Hou). a, reconstruction by 

Friend (1995, fig. 2.6). b, reconstruction by Zhu et al. (2002, fig. 1). Note the different 

character of the lobes in this reconstruction, with secondary lobes added between lobes, 

rather than lobes bifurcating.
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Figure 4.30. Reconstruction of Eldonia eumorpha (Sun and Hou), showing the dorsal 

integument, bifurcating internal lobes, coiled sac with enclosed tube divided into proximal, 

medial and distal portions, the dendritic circumoral tentacles, the radial fibres, and the 

central ring.
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Figure 4.31. Maoyanidiscus grandis (Sun and Hou, 1987) and Maoyanidiscus sp. All scale bars 

50mm, with 10mm subdivisions. a, Maoyanidiscus grandis (Sun and Hou, 1987), RCCBYU 

10308, Maotianshan, Yunnan, China, reproduced from Hou et al. (2004, fig. 20.14a). 

b, Maoyanidiscus sp., Brzechów, Holy Cross Mountains, Poland. Reproduced from Dzik 

(1991), fig. 3b.
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Figure 4.32. Reconstruction of Maoyanidiscus grandis (Sun and Hou), showing the coiled 

sac divided into proximal, medial and distal portions with the coiled tube and the digitate 

circumoral tentacles; the bifurcating internal lobes; and the concentric dorsal ornamentation. 

The lobes are not shown to change in size or spacing around the disc, as although this may 

be the case, such variation has not yet been demonstrated for this species.
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Figure 4.33. Pararotadiscus guizhouensis (Zhao and Zhu, 1994) from the Kaili Formation, 

Guizhou, China. Reproduced from Zhu et al. (2004, figs. 5a-d [a-d] and 7a [e]), and 

MacGabhann and Murray (2010, fig. 7c [f]). All scale bars with 10mm subdivisions. 

a, dorsal view, GM-9-4-415; note the clear distinction between the proximal and distal ends 

of the medial portion of the coiled sac. b, dorsal view, GM-9-4-418; note the partially 

preserved lobes at the outer margin of the coiled sac. c. ventral view, GTB-24-2-420b; note 

the concentric structures, which could represent either growth lines or compaction. 

d, ventral view, GTB-22-289. e, dorsal view, GTB-24-2-104. f, line drawing of the 

specimen in e (reproduced from MacGabhann and Murray, 2010, Fig. 7c).
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Figure 4.34. Reconstruction of Pararotadiscus guizhouensis (Zhao and Zhu), showing the 

dorsal radial and concentric ornament, the internal lobes, the coiled sac containing the 

coiled tube (divided into proximal, medial, and distal portions), the dendritic circumoral 

tentacles, and the central ring. The lobes are not shown to change in size or spacing around 

the disc, as although this may be the case, such variation has not yet been demonstrated for 

this species.
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Figure 4.35 Velumbrella czarnockii Stasińska, 1960, Brzechów, Holy Cross Mountains, 

Poland. Scale bar 50mm, with 10mm subdivisions. Reproduced from Dzik (1991, fig. 3a).
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Figure 4.36. Fossils from the top of the Bardahessiagh Formation. All scale bars with 

10mm subdivisions. a, ‘part’ block, with all four specimens of Seputus pomeroii MacGabhann 

and Murray, 2010 (arrowed). b, block with the counterpart of one specimen, with the disc 

and several associated fossils indicated. c, complete asteroid, with trilobite and other skeletal 

fragments. d, ‘carpoid’ external mould. e, partial crinoid stem with a fossil of unknown 

origin. f, two kilbuchophyllid corals (side view, and cast of the underside).

a

cb

fe

d

Chapter Four – The Class Eldoniata



Figure 4.37. Seputus pomeroii MacGabhann and Murray, holotype; note the central 

structure, and the subcircular coiled structure near the centre of the disc. All scale bars 

30mm, with 10mm subdivisions. a, part. b, counterpart. c, counterpart with line drawing 

superimposed. d, line drawing of counterpart (cs? – subcircular coiled structure potentially 

representing a coiled sac).
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Figure 4.38. Seputus pomeroii MacGabhann and Murray, paratype; all scale bars 30mm, 

with 10mm subdivisions. a, part; note the central structure. b, counterpart. c, part with line 

drawing superimposed. d, line drawing of part.
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Figure 4.39. Seputus pomeroii MacGabhann and Murray, paratype; all scale bars 50mm, 

with 10mm subdivisions. a, part. b, counterpart. c, part with line drawing superimposed.    

d, line drawing of part.
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Figure 4.40. Paropsonema cryptophya Clarke, 1900, lectotype NYSM 447, preserved in 

positive hyporelief. 
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Figure 4.41. Paropsonema cryptophya Clarke, paralectotype NYSM 445, preserved in 

positive hyporelief.
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Figure 4.42. Paropsonema cryptophya Clarke, paralectotype NYSM 446, preserved in 

positive hyporelief. Scale bar 50mm, with 10mm subdivisions. Note the surface wrinkling, 

indicating a degree of f lexibility.
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Figure 4.43. Paropsonema cryptophya Clarke. a, paralectotype NYSM 448. Scale bar 50mm, 

with 10mm subdivisions. b, paralectotype NYSM 449.
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Figure 4.44. Paropsonema cryptophya Clarke, paralectotype NYSM 450 (two specimens).
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Figure 4.45. Paropsonema cryptophya Clarke, non-type specimen NYSM 6817. Note the 

conspicuous preservation of the coiled sac.
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Figure 4.46. Paropsonema cryptophya Clarke, non-type specimen NYSM 6818, preserved in 

endorelief. Note the preservation of the internal lobes (one outlined for clarity), concordant 

with the radial ornamentation.

Chapter Four – The Class Eldoniata

Coiled sac
outer margin

In
ne

r c
yc

le
Ca

rd
in

al
 c

yc
le

M
ar

gi
na

l c
yc

le

Bifurcating internal lobes

Fig. 4.48 (rotated)



Figure 4.47. Ornamentation of NYSM 6818. Scale bar 40mm, with 10mm subdivisions. 

a, plaster cast, showing the ornamentation in positive relief. b, sketch of the ornamentation.
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Figure 4.48. Detail of the ornamentation on NYSM 446. Scale bar 30mm, with 10mm 

subdivisions. Note how the ornamentation reflects the bifurcation of the internal lobes; note 

also that the dissepiments can be divided into primary and secondary dissepiments, with 

subdissepiments visible in places. Rotated 90° from fig. 4.42.
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Figure 4.49. Detail of the ornamentation on NYSM 447. Scale bar 30mm, with 10mm 

subdivisions. a, close view of the ornamentation. b, sketch of the ornamentation.
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Figure 4.50. Ornamentation of Paropsonema cryptophya Clarke. a, extremely close view of 

ornamentation on the lectotype, NYSM 447: one primary radial radial ridge, with 

dissepiments and subdissepiments. Scale bar 3mm. b, schematic representation of 

taphonomic control on the ornamentation. b1, complex (original?) form, as seen on NYSM 

446 and 447. b2, simple form superimposed on the complex form, to illustrate the 

relationship. b3, simple form, as seen on NYSM 6818. c, relationship between the 

ornamentation and the bifurcating internal lobes, as indicated by NYSM 6818, extrapolated 

to the inner part of the disc. The lobes (example shown here in blue) underlie the primary 

radial ridges (represented here by the thicker radial lines), with secondary radial ridges 

occupying a position above and between adjacent lobes or parts of lobes. Primary radial 

ridges bifurcate with the lobes.
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Figure 4.51. Graph illustrating the apparently directly proportional relationship between 

the specimen radius and the distance from the centre to the marginal bifurcation (marginal 

cycle radius) in Paropsonema cryptophya Clarke.
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Figure 4.52. Schematic reconstruction of Paropsonema cryptophya Clarke, showing the 

ornamented surface, the internal lobes, and the coiled sac (divided, on the basis of 

comparison with Eldonia ludwigi, into proximal, medial and distal portions, and containing 

a coiled tube. Circumoral tentacles are thought to have been present, but are not shown, as 

their form is unknown. Spacing of dissepiments and subdissepiments exaggerated for clarity.
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Figure 4.53. Paropsonema mirabile (Chapman, 1926). All scale bars 50mm, with 10mm 

subdivisions. a, holotype counterpart cast, MV P13893a. Photograph courtesy of Rolf 

Schidt, Museum Victoria. b, plaster cast of MV P13893b, part mould of the holotype.         

c, closer view of the detail in b (rotated 90° clockwise).
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Figure 4.54. Paropsonema mirabile (Chapman), non-type specimen MV P26661 (part of). 

All scale bars 50mm, with 10mm subdivisions. a, counterpart cast. Photograph courtesy of 

Rolf Schmidt, Museum Victoria. b, plaster cast of the specimen in a, coated in ammonium 

chloride sublimate.
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Figure 4.55. Paropsonema mirabile (Chapman), non-type specimen MV P315525. All scale 

bars 50mm, with 10mm subdivisions. a, counterpart cast. Photograph courtesy of Rolf 

Schmidt, Museum Victoria. b, plaster cast of the specimen in a, coated with ammonium 

chloride sublimate.
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Figure 4.56. Reconstruction of Paropsonema mirabile (Chapman), showing the dorsal 

ornamentation, the internal lobes (based principally on comparison with Paropsonema 
cryptophya), and the coiled sac (divided into proximal, medial, and distal portions, and 

containing the coiled tube, based on comparison with Eldonia ludwigi).
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Figure 4.57. Praeclarus vanroii gen. et sp. nov., holotype, M010-0026, coated with 

ammonium chloride sublimate. Scale bars 50mm, with 10mm subdivisions. a, counterpart 

cast, showing the coiled sac; primary, secondary, and tertiary radial structures, and 

dissepiments. b, magnified view of the detail of the ornamentation. P, S, and T indicate 

primary, secondary, and tertiary radial ridges/lappets respectively; CS-coiled sac.
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Figure 4.58. Praeclarus vanroii gen. et sp. nov., paratype, M010-0029. Coated with 

ammonium chloride sublimate. Scale bar 50mm, with 10mm subdivisions. Part mould 

preserved in negative epirelief, showing the coiled sac, primary, secondary, and tertiary 

radial structures; dissepiments (as grooves) perpendicular to the radial ridges; and the inner 

cycle of radial structures, consisting of simple, unbranched grooves, unlike the more 

complex radial ornamentation in the outer cycle. Note also the coiled sac preserved in 

negative relief, unusual on part moulds, and the faint central ring. P, S, and T refer to 

primary, secondary, and tertiary radial ridges or lappets respectively.
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Figure 4.59. Praeclarus vanroii gen. et sp. nov. All scale bars 50mm, with 10mm 

subdivisions. a, paratype M010-0008, counterpart cast in endorelief. Note the simple radial 

ridges in the inner cycle. b, paratype M010-0008, part mould. c, paratype M010-0023, 

clearly preserved in endorelief. Note also the conspicuous preservation of the tertiary 

marginal lappets (three examples arrowed).
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Figure 4.60. Praeclarus vanroii gen. et sp. nov. All scale bars 50mm, with 10mm 

subdivisions. a, paratype M010-0010, preserved in positive endorelief. b, paratype 

M010-0012, preserved in positive endorelief. Note the partial second specimen.
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Figure 4.61. Praeclarus vanroii gen. et sp. nov., paratype M010-0025, preserved in positive 

endorelief. Scale bars 50mm, with 10mm subdivisions. a, note the radial structures over the 

coiled sac, and the full set of 29 primary radial structures. b, enlarged view showing the 

radial structures in the inner cycle and over the coiled sac, and the distal termination of the 

coiled sac. P, S, and T refer to the primary, secondary, and tertiary radial ridges/lappets.
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Figure 4.62. a, graph illustrating the directly proportional relationship between the 

specimen radius and the distance from the centre to the tertiary lappets (radius of tertiary 

lappets) in Praeclarus vanroii. b, illustration of the suggested relationship between the dorsal 

ornamentation and the internal lobes, with various morphological features labelled, as well 

as the disc radius and radius of tertiary lappets used in a. c, cross-section of the lappets and 

lobes along the green line in b. The 3D shape of the lappets is unknown.
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Figure 4.63. Schematic reconstruction of Praeclarus vanroii gen. et sp. nov., showing the 

internal lobes, the dorsal ornamentation, and the coiled sac (divided into proximal, medial, 

and distal portions, and containing the coiled tube, based on comparison to Eldonia ludwigi).
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Figure 4.64. Praeclarus sp., MV P30713. All scale bars 50mm, with 10mm subdivisions. 

Photographs a and b courtesy of Rolf Schmidt, Museum Victoria. a, counterpart cast. Note 

the distal portion of the coiled sac, which is highlighted by the colour difference. b, part 

mould. Note the folding of the disc surface, which is clearer on the part. 
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Figure 4.65. Praeclarus sp., MV P30713. Scale bar 50mm, with 10mm subdivisions. a, 

Plaster cast made from a latex mould of the counterpart, coated with ammonium chloride 

sublimate. b, line drawing. cs-coiled sac, c-central ring, P-primary radial ridge/lappet, 

S-secondary radial ridge/lappet, t-tertiary radial ridge, d-dissepiments.
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Figure 4.66. Praeclarus sp., MV P26661. All scale bars 50mm, with 10mm subdivisions. 

Photographs a and b courtesy of Rolf Schmidt, Museum Victoria. a, counterpart cast, 

overlapped by a specimen of Paropsonema mirabile. b, closer view of the specimen in a. 

c, plaster cast of the specimen in a, coated with ammonium chloride sublimate. cs-coiled sac, 

P-primary radial ridge/lappet, S-secondary radial ridge/lappet, t-tertiary radial ridge, 

d-dissepiments.
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Figure 4.67. Reconstruction of Praeclarus sp., showing the internal lobes, the dorsal 

ornamentation, and the coiled sac (divided into proximal, medial, and distal portions, and 

containing the coiled tube, based on comparison to Eldonia ludwigi).
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Figure 4.68. Discophyllum peltatum Hall, 1847, lectotype UC12517. Scale bar 50mm, with 

10mm subdivisions. Note the radial structures extending from the margin to the central 

region of the disc, and in particular the variation in the size and angular spacing of the 

radial structures, which are thinner and closer spaced to the right of the disc. While most of 

the ridges broaden towards the margin, thinner ridges of constant width can be seen in 

places between the broader ridges (e.g. as indicated).
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Figure 4.69. Discophyllum peltatum Hall, paralectotype UC60886. P, S, and t refer to 

primary, secondary, and tertiary ridges respectively. Note again the variation  in the size and 

spacing of the radial ridges.
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Figure 4.70. Discophyllum peltatum Hall, specimen M001-0021 (Erfoud, Tafilalt, Morocco;  

Upper Tiouririne Formation, Katian). Scale bar 50mm, with 10mm subdivisions. Note the 

distinction between primary (P) and secondary (S) radial ridges in the outer part of the disc, 

the presence of the coiled sac in the raised area at the centre of the disc, and the preservation 

of the dissepiments as well as primary and secondary radial ridges over the coiled sac.
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Figure 4.71. Discophyllum peltatum Hall, specimen M003-0004 (Erfoud, Tafilalt, Morocco; 

Upper Tiouririne Formation, Katian). Scale bar 50mm, with 10mm subdivisions. Although 

the specimen is not well preserved, note the continuation of the radial ridges over the coiled 

sac, preserved in negative relief from the surface, and the limited preservation of 

dissepiments over the coiled sac.
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Figure 4.72. Discophyllum peltatum Hall, specimen M003-0015 (Erfoud, Tafilalt, Morocco; 

Upper Tiouririne Formation, Katian). Scale bar 50mm, with 10mm subdivisions. Note the 

preservation of the coiled sac in negative relief, the depression at the distal end of the coiled 

sac, and the preservation of the radial ridges and dissepiments across the coiled sac into the 

central part of the disc.

Chapter Four – The Class Eldoniata

Coiled sac
-note radial ridges
and dissepiments

Coiled sac
distal termination



Figure 4.73. Discophyllum peltatum Hall, specimen M003-0025 (Erfoud, Tafilalt, Morocco; 

Upper Tiouririne Formation, Katian). Scale bar 50mm, with 10mm subdivisions. Note 

again the continuation of the radial ridges into the inner part of the disc, and the 

preservation of dissepiments across the coiled sac, which is preserved in negative relief from 

the disc surface. The irregular curved strucutes in positive relief from the surface likely 

represent trace fossils. 
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Figure 4.74. Discophyllum peltatum Hall, specimen M003-0026 (Erfoud, Tafilalt, Morocco; 

Upper Tiouririne Formation, Katian). Scale bar 50mm, with 10mm subdivisions. Note that 

primary (P) and secondary (S) radial ridges can be distinguished, and that both radial ridges 

and dissepiments continue over the coiled sac, into the inner part of the disc.
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Figure 4.75. Discophyllum peltatum Hall, specimen M005-0001 (Caïd Rami, Tafilalt, 

Morocco; First Bani Group, Sandbian). Scale bars 50mm, with 10mm subdivisions. a, 

counterpart cast, preserved in positive hyporelief. Note the primary (P) and secondary (S) 

radial ridges and dissepiments, which extend from the margin to the inner part of the disc. 

Note also the ridge around the margin, and the potential tear where the surface texture 

continues insite the disc margin. b, enlargement of the potential tear and adjacent ridges.
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Figure 4.76. Discophyllum peltatum Hall, specimen M005-0033 (Caïd Rami, Tafilalt, 

Morocco; First Bani Group, Sandbian). Scale bar 50mm, with 10mm subdivisions. Note the 

preservation of primary and secondary radial ridges and dissepiments to the margin of the 

disc from almost the centre, particularly at the proximal end of the coiled sac, which is 

preserved in extremely low negative relief from the surface, with a slightly increased lustre. 

Note also the structures at both proximal and distal terminations of the coiled sac, the ridge 

surrounding the disc margin, and the concentric ridges in the outer part of the disc.
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Figure 4.77. Discophyllum peltatum Hall, specimen M005-0034 (Caïd Rami, Tafilalt, 

Morocco; First Bani Group, Sandbian). Scale bar 50mm, with 10mm subdivisions. Part 

mould preserved in negative hyporelief. Note the preservation of the primary and secondary 

radial structures as grooves, running to the edge of the disc from near the centre. 

Dissepiments are also preserved as grooves. The coiled sac is preserved in positive relief 

from the disc, with conspicuous structures in positive relief extending from the proximal 

end of the coiled sac: one towards the centre of the disc, and the second curving back to the 

proximal portion of the coiled sac. These may represent circumoral tentacles.
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Figure 4.78. Discophyllum peltatum Hall, specimen M005-0042 (Caïd Rami, Tafilalt, 

Morocco; First Bani Group, Sandbian). Scale bar 50mm, with 10mm subdivisions. 50 

primary and 50 secondary radial ridges are observed, with dissepiments, and with tertiary 

ridges in places. Note the proximal and distal coiled sac in positive relief; the medial portion 

is not preserved. a, lit from the top right. b, lit from the top left.
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Figure 4.79. Discophyllum peltatum Hall, specimen M005-0106 (Caïd Rami, Tafilalt, 

Morocco; First Bani Group, Sandbian). Scale bar 50mm, with 10mm subdivisions. 

Counterpart cast. Although the quality of the preservation varies, 50 primary (P) and 50 

secondary (S) radial ridges are observed, extending over the proximal portion of the coiled 

sac to the inner part of the disc. Dissepiments are visible only over the coiled sac, which is 

preserved in low negative relief from the surface.
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Figure 4.80. Discophyllum peltatum Hall, specimen M005-0165 (Caïd Rami, Tafilalt, 

Morocco; First Bani Group, Sandbian). Scale bars 50mm, with 10mm subdivisions. All 50 

primary radial ridges and 50 secondary radial ridges are preserved, extending into the 

central part of the disc over the proximal portion of the coiled sac. Dissepiments are also 

visible in this area, and in some parts of the outer area of the disc. Concentric structures are 

also visible in the outer part of the disc. a, counterpart cast. b, part mould.

a

b

Chapter Four – The Class Eldoniata

Closely-spaced
radial ridges

Widely-spaced
radial ridges

Coiled sac
proximal 

termination

Coiled sac
distal

termination



Figure 4.81. Discophyllum peltatum Hall, specimen M008-0046 (Caïd Rami, Tafilalt, 

Morocco; First Bani Group, Sandbian). Scale bars 50mm, with 10mm subdivisions. 

a, counterpart cast, generally poorly preserved, but with a small area preserving radial ridges 

extending to the disc margin from near the centre of the disc, with dissepiments faintly 

preserved. b, magnification of the area with preserved ridges.
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Figure 4.82. Discophyllum peltatum Hall, specimen YPM 226462 (M012, Caïd Rami, 

Tafilalt, Morocco; First Bani Group, Sandbian). Counterpart cast preserved in positive 

endorelief. Scale bar 50mm, with 10mm subdivisions.  Primary (P) and secondary (S) radial 

ridges are clearly distinguishable, and continue over the coiled sac to the inner part of the 

disc. Dissepiments are conspicuous in several areas, but are clearest over the distal end of the 

coiled sac, which is preserved in negative relief from the disc surface.
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Figure 4.83. Discophyllum peltatum Hall, specimen YPM 226468 (M012, Caïd Rami, 

Tafilalt, Morocco; First Bani Group, Sandbian). Counterpart cast preserved in positive 

endorelief. Scale bar 50mm, with 10mm subdivisions. Note the primary (P) and secondary 

(S) radial ridges extending from a central ring (cr) to the margin of the disc. Tertiary ridges 

(t) are visible in parts of the disc near the margin. Dissepiments are visible almost 

everywhere, extending from primary ridges in the inner part of the disc, and from primary 

and secondary ridges where the tertiary ridges are visible. The inner margin of the coiled sac 

is indistinct, but the outer margin is clear, with slight negative relief from the outer area of 

the disc. Structures are visible at both proximal and distal terminations of the coiled sac.
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Chapter Four – The Class Eldoniata

Figure 4.84. Discophyllum peltatum Hall, specimen M005-0090 (Caïd Rami, Tafilalt, 

Morocco; First Bani Group, Sandbian), counterpart cast preserved in positive hyporelief. 

Scale bars 50mm, with 10mm subdivisions. All 50 primary radial ridges and 50 secondary 

radial ridges are preserved, with dissepiments in places. Note also the folding of the disc, 

and the irregular structures at the proximal termination of the coiled sac. a, lit from top left. 

b, lit from top right.
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Figure 4.85. Discophyllum peltatum Hall, specimen M005-0096a (Caïd Rami, Tafilalt, 

Morocco; First Bani Group, Sandbian), part mould preserved in negative epirelief. Scale bar 

50mm, with 10mm subdivisions. All 50 primary radial ridges and 50 secondary radial ridges 

are preserved (as grooves), along with concentric structures near the outer margin of the 

coiled sac and adjacent to the disc margin. Irregular structures are also noted at the 

proximal end of the coiled sac. 
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Figure 4.86. Discophyllum peltatum Hall, specimen M005-0096a (Caïd Rami, Tafilalt, 

Morocco; First Bani Group, Sandbian), counterpart cast preserved in positive hyporelief 

(counterpart of Fig. 4.85). Scale bars 50mm, with 10mm subdivisions. a, lit from top left. 

b, lit from top right.
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Figure 4.87. Variable preservation of the coiled sac, but with consistent shape, in Tafilalt 

specimens of Discophyllum peltatum Hall. All scale bars 50mm, with 10mm subdivisions. 

a, M001-0001, counterpart cast preserved in positive endorelief, sac preserved in negative 

relief, and blackened. Coin is €0.02, 18.75mm in diameter. b, M001-0011, part mould 

preserved in negative endorelief, sac preserved in positive relief. c, M003-0035 (lit from 

above), counterpart cast preserved in positive endorelief, coiled sac preserved in negative 

relief and blackened. d, M003-0002, part mould preserved in negative endorelief, sac 

preserved in positive relief and blackened. e, M005-0035, part mould preserved in negative 

hyporelief, sac preserved with increased lustre. f, M005-0183, part mould preserved in 

negative hyporelief, sac preserved in positive relief.
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Chapter Four – The Class Eldoniata

Figure 4.88. Numerical data from specimens of Discophyllum peltatum Hall in the 

collections of the National University of Ireland, Galway, and the Yale Peabody Museum. 

a, size distribution of the specimens based on the maximum width of the coiled sac (n=161). 

b, size distribution of the specimens based on the long axis diameter (n=177). c, maximum 

width of the coiled sac plotted as a function of the long axis diameter (n=146).
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Differential taphonomy of Ediacaran and Palaeozoic non-mineralised fossils

Figure 4.89. Proximal termination of the coiled sac in Tafilalt specimens of Discophyllum 
peltatum Hall. Scale bars a-d, 50mm, e, f, h, 40mm, and g, 20mm). a, M005-0038. 

b, enlargement of the proximal termination in a. c, M005-0011. d, enlargement of the 

proximal termination in c. e, proximal termination of M005-0034 (Fig. 4.77). f, proximal 

termination of M005-0165 (Fig. 4.80). g, proximal termination of YPM 226462 (Fig. 4.82). 

h, proximal and distal terminations of YPM 226468 (Fig. 4.83).
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Figure 4.90. Distal termination of the coiled sac in Tafilalt specimens of Discophyllum 
peltatum Hall. All specimens counterpart casts. Scale bars a, c, e, 50mm, h, 40mm, b, 

30mm, and d, f, g, 20mm. a, M001-0020. b, enlargement of the distal termination in a. 

c, M003-0027. d, enlargement of the distal termination in c. e, M005-0134. f, enlargement 

of the distal termination in e. g, enlargement of the distal termination in M003-0015 (Fig. 

4.72). h, enlargement of the proximal and distal terminations in M005-0033 (Fig. 4.76).
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Figure 4.91. Close-up of the ornamentation of Discophyllum peltatum Hall, specimen YPM 

226468. Note the tertiary ridges (t) between the primary (P) and secondary (S) ridges. One 

set of ornamentation outlined for clarity. cs-coiled sac. d-indicates dissepiments between 

adjacent ridges. Scale bar 50mm, with 10mm subdivisions.
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Figure 4.92. Close-up of the tertiary ridges (t) near the margin of M005-0042. These can 

be seen between the primary (P) and secondary (S) radial ridges, branching from the 

secondary ridges. Note also the dissepiments. Scale bar 50mm, with 10mm subdivisions.
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Figure 4.93. Tafilalt specimens of Discophyllum peltatum Hall preserving the radial 

structures as darkened lines. All scale bars 50mm, with 10mm subdivisions. a, M005-0083, 

lit from above, showing the dark lines around the disc margin. b, M005-0083, low angle 

light, showing relief on the radial ridges. c, M005-0076, showing the radial ridges as dark 

lines.
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Figure 4.94. Angular spacing of adjacent primary radial ridges in Tafilalt specimens of  

Discophyllum peltatum Hall. Measured from the largest ridge at the proximal termination of 

the coiled sac, in a dextral direction on counterpart casts, and sinistrally on part moulds. a, 

M005-0150. This specimen preserves ridges over the coiled sac terminations, but is 

incomplete. The number of missing ridges is unknown, thus the ridge number is uncertain 

for the points in purple.  b-f, complete specimens, as labelled. g, a-f combined.
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Figure 4.95. Example specimens of Discophyllum peltatum Hall with primary radial ridges 

delineated and numbered as measured. The angular spacing of each ridge was measured 

from the previous ridge; thus, for example, the value for ridge 1 is the angle between ridge 1 

and ridge 0. Angular spacing measured dextrally on counterpart casts, and sinistrally on 

part moulds. Ridge 0 is the first preserved ridge in partial specimens, or the largest ridge in 

complete specimens. All scale bars 50mm, with 10mm subdivisions. a, M005-0042 

(complete). b, M005-0150 (partial, largest ridge present). c, M005-0038 (partial).
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Figure 4.96. Angular spacing of radial ridges on incomplete specimens of Discophyllum 
peltatum Hall. Angles measured in a dextral direction, with ridge 0 the most sinistral ridge 

preserved. a, M005-0010. b, M005-0020. c, M005-0024b. d, M005-0038. e, M005-0157. 

f, M005-0178.
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Figure 4.97. Concentric structures in Tafilalt specimens of Discophyllum peltatum Hall. All 

scale bars 50mm, with 10mm subdivisions. a, M003-0003, exhibiting concentric structures 

in the inner part of the disc. b, M005-0138, showing a band of concentric structures just 

outside the coiled sac, and a concentric ring near the margin of the disc. c, M005-0065a, 

showing several concentric structures in the outer area. d, M009-0001 showing concentric 

structures just outside the coiled sac, and near the margin of the disc.
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Figure 4.98. Preservation of suspected internal lobes in Tafilalt specimens of Discophyllum 
peltatum Hall. All scale bars 50mm, with 10mm subdivisions. a, M005-0102, note the lobes 

preserved in M005-0102b (top left). b, M012-0001.

b

a

Chapter Four – The Class Eldoniata

Internal
bifurcating

lobes

Internal
bifurcating

lobes



Figure 4.99. A torn specimen of Discophyllum peltatum Hall from Tafilalt? Specimen 

M005-0023. Scale bar 50mm, with 10mm subdivisions.
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Figure 4.100. Tafilalt specimens of Discophyllum peltatum Hall preserved folded. All scale 

bars 50mm. a, M001-0005, folded along a diametric axis. b, M005-0024a (folded) and 

-0024b, overlapping, preserved in positive hyporelief (and in part endorelief). Note the radial 

and concentric ridges on both specimens. c, M005-0017, a counterpart cast preserved in 

positive hyporelief, folded along a chord. d, M005-0046, photographed at an oblique angle, 

a counterpart cast preserved in endorelief, with the entire disc preserved folded.
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Figure 4.101. Two specimens of Discophyllum peltatum Hall from Tafilalt, rolled up into a 

cigar-like shape. Scale bars 50mm, with 10mm subdivisions. a, M005-0048, part mould 

preserved in negative epirelief. Note the presence of some radial structures. b, M005-0181, a 

counterpart cast preserved in positive endorelief. Note the preservation of the radial 

structures as darkened lines, like the specimens in Fig. 4.93.
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Figure 4.102. Discophyllum peltatum Hall specimen from Tafilalt, M005-0043, showing 

clear evidence of post-mortem shrinkage. Counterpart cast preserved in positive hyporelief. 

Scale bar 50mm, with 10mm subdivisions. Note also the association with two echinoderms 

at the top of the photograph.
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Figure 4.103. Overlapping specimens of Discophyllum peltatum Hall from Tafilalt. Scale 

bars 50mm, with 10mm subdivisions. a, M001-0023, counterpart casts preserved in 

endorelief. b, M005-0019, counterpart casts preserved in positive hyporelief and partial 

endorelief. Note also the concentric structures on both specimens.

a

b
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Figure 4.104. Three specimens of Discophyllum peltatum Hall from Tafilalt, all part moulds 

of different sizes, overlapped on the top surface of a sandstone bed. M005-0002. Scale bar 

50mm, with 10mm subdivisions.
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Figure 4.105. Discophyllum peltatum Hall, specimen NHM R 54916 1, from the Bannisdale 

Formation, Winderemere, England; Ludfordian, Silurian. Scale bar in 10mm increments. 

Photograph courtesy of Jill Darrell, Natural History Museum.
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Figure 4.106. Schematic representation of inferred the relationship between the internal 

lobes and the dorsal surface ornamentation in Discophyllum peltatum Hall. The lobes are 

positioned beneath the secondary radial ridges in the inner part of the disc. Tertiary ridges 

diverge from the secondary radial ridges around the point where the lobes bifurcate, and the 

lobes continue beneath these ridges. Dissepiments branch from the primary radial ridges 

prior to the bifurcation point, and from both primary and secondary radial ridges after this 

point.

Bifurcating internal lobe
Primary radial ridge

Primary radial ridge Secondary radial ridge
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Figure 4.107. Pseudodiscophyllum windermerensis Fryer and Stanley, 2004 (reproduced from 

their plate 1 and text-figs. 2-4), here reassigned to Discophyllum peltatum Hall. Scale bars 

with 10mm subdivisions. Note the apparent ‘bifurcation’ of the radial ridges in b and c; this, 

in fact, represents the divergence of the tertiary ridges from the secondary radial ridges. 

a, most of the specimen. b, magnified view of the radial ridges. c, sketch of the specimen. 

d, reconstruction of the dorsal surface. e, reconstruction (side-view) as a porpitid.

a

b c

d
e
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Figure 4.108. Palaeographic reconstruction for the Ordovician (around 450Ma), showing 

the relative positions of Tafilalt in Gondwana, near the south pole, and New York in 

Laurentia, in the tropics. Annotated and reproduced from Lawver et al. (2009), p.32.
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Figure 4.109. Reconstruction of Discophyllum peltatum Hall, showing the dorsal 

ornamentation, the bifurcating internal lobes, and the coiled sac (shown divided into 

proximal, medial, and distal portions, and containing the coiled tube, based primarily on 

comparison with Eldonia ludwigi).
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Figure 4.110. Other potential eldonides? All scale bars 50mm, with 10mm subdivisions. 

a, Eomedusa datsenkoi (Popov, 1967), reproduced from Popov (1967). b, Astropolichnus 
hispanicus Crimes et al., 1977, reproduced from Jensen et al. 2010. c, Sinoflabrum antiquum 

Zhang and Babcock, 2001, courtesy of Professor Loren Babcock; used with permission.
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Figure 4.111. Discoidal structures on a glacially-striated surface from the Hirnantian of 

Algeria - post-glacial trace fossils in positive hyporelief, or pre-glacial eldonides (or other 

discoidal form) in endorelief? Reproduced from Le Heron (2010), figs. 5d and 5g. All scale 

bars 50mm, with 10mm subdivisions. a, striated surface with discoidal structures. 

b, close-up view of one of the discoidal fossils.

a

b
images unavailable
for copyright reasons



Figure 4.112. Simple guide to the taxonomic classification of the three families, eight 

genera, and ten species included here in the Order Eldonida and Class Eldoniata.
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Figure 4.113. Proposed phylogeny for the eldonides, showing the range of the various taxa. 

The Eldoniidae are shown in red, the Maoyanidiscidae in blue (with Velumbrella and Seputus 
faded, to indicate the tenacity of their assignment to this family), and the Paropsonemidae 

in green (with light green for the range of D. peltatum where no specimens are known). The 

entry for ‘Eldoniata, but not Eldonida’ is speculative, given that no such specimens are 

known, but is included as such organisms may have existed. Divergence dates are speculative, 

and are based solely on stratigraphic ranges. Placement of the eldonides in the 

Cambroernids, and the Cambroernids as a stem group of the Deuterostomia, follows Caron 

et al. 2010. Timescale after Gradstein et al. (2004) and Ogg et al. (2008).
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Figure 5.01. Taphonomy of Eldonia ludwigi. a, backscatter electron microscope (BSE) 

image of Eldonia ludwigi, showing potassium mica (dark), calcite (light), and barium 

sulphate (very bright). x65. Reproduced from Conway Morris (1990b, fig. 2a). b, the coiled 

sac structure of Eldonia (reproduced from Butterfield (1996, fig. 1a-d). b1, bedding-plane 

specimen of Eldonia ludwigi (ROM 51577), under alcohol and reflected light; the upper 

portion was processed in hydrofluoric acid (HF). b2, HF-isolated coiled sac wall showing 

the unreduced reflectivity of the ‘inner’, bedding-plane surface; under water and reflected 

light. b3, ‘inner’ surface of HF-isolated coiled sac showing areas where the reflective layer 

has peeled away to expose the non-reflective ‘outer’ layer; under water and low-angle 

reflected light; the arrow indicates the region figured in b4. b4, BSE image of the coiled sac 

showing the escarpment where the reflective ‘inner’ layer (left) has peeled away from the 

non-reflective ‘outer’ layer (right); from the area marked with an arrow in b3.

The scale bar in b4 represents 5 mm for b1, 2 mm for b2, 250 μm for b3 and 20 μm for b4.

a

b� b�b�b�
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Figure 5.02. Elemental maps for areas indicated on specimens of (a and b) Marrella splendens 
Walcott, 1912, and (c) Alalcomenaeus cambricus Simonetta, 1970. Each map displays the 

relative abundance of the element in terms of contrasts in tone; the brighter the tone, the 

more abundant the element. Note how different parts of the anatomy are defined by 

different elemental concentrations, and differ from the matrix. Figure and part of caption 

reproduced from Orr et al. (1998, fig. 1). Abbreviations in a and b: a, first antenna; c, lateral 

cephalic spine; d, dark stain; g, gut; m, median cephalic spine; s, stomach; t, trunk. 

Abbreviations in c: c, cephalic shield; e, eyes; fa, frontal appendage; g, gut trace; gi, gut 

infill; t¹, t², and t³, thoracic tergites. Specimen details: a, University of Bristol 13352. b, 

ROM 53348. c, Museum of Comparative Zoology, Harvard 5969.  

a

c

b
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Figure 5.03. Specimens of Discophyllum peltatum from Tafilalt preserved in positive relief on 

both top and bottom surfaces of a single bed. Scale bar 50mm, with 10mm subdivisions. 

a, M005-0010a. b, M005-0010b, on the reverse of M005-0010a.

a

b

Differential taphonomy of Ediacaran and Palaeozoic non-mineralised fossils



Figure 5.04. M008-0042, preserving the coiled sacs of three specimens of Discophyllum 
peltatum, with slightly increased reflectivity from the surface. Lit from above. Scale bar 

50mm, with 10mm subdivisions.
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Figure 5.05. Taphonomic observations. Scale bars 50mm, with 10mm subdivisions. 

a, Discophyllum peltatum from M003, field photograph showing preservation of the disc in 

poorly sorted sediment with grain size up to granular. b, Discophyllum peltatum M005-0175 

with overlapping crinoid.

a

b
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Figure 5.06. Analysed paropsonemid (all Discophyllum peltatum) specimens from M001. All 

preserved in endorelief. All scale bars 50mm, with 10mm subdivisions. a, part mould 

M001-0003a (specimen on the right; M001-0003b, on the left, not included in the analysis). 

b, counterpart cast M001-0004. c, part mould M001-0014. d, counterpart cast M001-0018. 

e, counterpart cast M001-0026. f, counterpart cast M001-0029. g, part mould M001-0034a 

(specimen on the right; M001-0034b, on the left, not included in the analysis). 
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Figure 5.07. Analysed paropsonemid (all Discophyllum peltatum) specimens from M003. All 

specimens preserved in endorelief. All scale bars 50mm, with 10mm subdivisions. a, part 

mould M003-0007. b, counterpart cast M003-0012. c, M003-0028. c1, counterpart cast. 

c2, part mould. d, M003-0036. d1, counterpart cast. d2, part mould.

a

b

c� c�

d� d�
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Figure 5.08. Analysed paropsonemid (all Discophyllum peltatum) specimens from M005. All 

specimens preserved in endorelief, except b in positive hyporelief, and f in negative epirelief. 

All scale bars 50mm, with 10mm subdivisions. a, part mould M005-0027. b, counterpart 

cast M005-0041. c, part mould M005-0062. d, counterpart cast M005-0088a (on the left; 

M005-0088b, on the right, not included in sample). e, part mould M005-0119. 

f, part mould M005-0127. g, counterpart cast M005-0159.
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Figure 5.09. Analysed paropsonemid specimens from M008, M010, and M020. a,b,g 

Discophyllum peltatum, c-f Praeclarus vanroii. All specimens preserved in endorelief, except b 

in negative epirelief. All scale bars 50mm, with 10mm subdivisions. a, counterpart cast 

M008-0022. b, part mould M008-0025. c, M010-0002, mostly still within the containing 

sediment. d, counterpart cast M010-0017. e, part mould M010-0016. e1, full specimen. 

e2, close-up showing a dark stain beyond the edge of the disc, and dendritic surficial 

darkening. f, part mould M010-0018. g, counterpart cast M020-0002.
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f g
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Figure 5.10. Thin sections through specimens from M001 and M003. Scale bars 500μm 

(a,c), 200μm (b). a, M001-0003. a1, plane polarised light (ppl) and incident light (il). a2, 

cross polarised (xpl) and incident light. b, M003-0007. b1, ppl; note the chlorite. b2, 

authigenic mica, xpl. b3, authigenic overgrowth of detrital quartz, xpl. c, M003-0002. c1, 

xpl and il. c2, xpl. c3, xpl. Labels (for all thin sections): ch-chlorite, f-feldspar, q-detrital quartz, 
Q-authigenic quartz, m-detrital mica, M-authigenic mica, ca-carbonate, C-clays, H-haematite.

a� a�

b� b�

b� c�

c� c�

f

C C

H

H

q

q

ch

q
Q

qQ

C

q
Q

Q

M

q

f

H+CH+C
C

C

q

q

Q

ch

q
q

q

QQ

Q

m
C

m
qQH+C

H+C

H+C

Chapter Five – Taphonomy



Figure 5.11. Thin sections through M005 sediments. Bed numbers correspond to the log in 

Chapter Three. Scale bar 250μm for a-c, 500μm for d-f. a, Bed 1. a1, ppl; note authigenic 

quartz overgrowths. a2, xpl; note rhombohedral carbonate, with red-brown alteration 

minerals. b, Bed 2a, xpl; note detrital and authigenic mica. c, Bed 2b, xpl; note carbonate, 

quartz overgrowths, and concentration of opaques. d, Bed 3. d1, ppl; note authigenic quartz 

and chlorite. d2, as d1, xpl. e, Bed 4, xpl. f, Bed 5, xpl; note grain size compared to Bed 2a.
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Figure 5.12. Thin sections through fossils from M005 Bed 6. Scale bars 2.5mm for a1-a2; 

250μm for a3; 500μm for b. a, M005-0041, surface of the fossil cast with haematite veneer 

(hv). a1, low magnification view, ppl. a2, same area as a, xpl. a3, closer view of the haematite 

veneer in a, ppl. b, M005-0159. b1, haematite veneer on the surface of the fossil cast, ppl and 

il. b2, same area as b1, xpl and il. b3, reddish lamina within the fossil cast, xpl and il. b4, 

detrital and authigenic mica, authigenic quartz, and clay matrix, xpl and il.
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Figure 5.13. Thin section through M005-0083, from the lower fossiliferous levels. Scale bar 

for all images 500μm. a, red-strained area near the fossil cast surface, xpl and il. b, greenish 

-coloured sediment above the fossil cast, xpl and il. c, sharp ‘border’ between the red-stained 

and greenish areas. c1, ppl and il (‘border’ indicated by dashed line). c2, xpl and il.
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Figure 5.14. Thin sections through fossils from M010. Scale bars 1mm (a, c), 250μm (b, d). 

a, M010-0002, thin section through the fossil surface in endorelief. a1, ppl; box shows area 

covered in b. a2, interpretative sketch. b, magnified view of the area indicated in a. b1, ppl. 

b2, xpl; note the fracture-filling late diagenic carbonate. c, fossil surface (top) and casting 

sediment in M010-0017. c1, ppl; box shows area covered in d. c2, xpl. d, close view of area 

indicated in c. d1, ppl; note the late diagenic pore-filling fabric of the haematite. d2, xpl.
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Figure 5.15. Results of XRD analyses. a, M001-0014, showing peaks for quartz, 2M1 

muscovite, and albite (Na-rich plagioclase). b, M001-0018, showing peaks for quartz, 2M1 

muscovite, albite, calcite, and clinochlore (Mg-rich chlorite).
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Figure 5.16. Results of XRD analyses. a, M001, unfossiliferous sediment, showing peaks 

for quartz, 2M1 muscovite, albite, calcite, and clinochlore. b, M003-0012, showing peaks 

for quartz, 2M1 muscovite, albite, calcite, and clinochlore.
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Figure 5.17. Results of XRD analysis for M010-0017, showing peaks for quartz, 2M1 

muscovite, albite, calcite, and clinochlore.
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Figure 5.18. Raman map on a thin section through M005-0041. Same thin section as Fig. 

5.12. a, cross polarised light. Scale bar 500μm. b, interpretative sketch of a, showing the 

casting sediment and fossil surface veneer. Scale bar 500μm. c, Raman map, generated 

based on Raman spectra with horizontal and vertical spacing of 2μm, using RGB ranges 

(see Fig. 5.19 for details). Red represents haematite and lepidocrocite, green is anatase, and 

blue is quartz. Brown areas are generally f luorescent clay minerals. Scale bar 50μm.  
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Figure 5.19. Raman spectra from several points on the map in Fig. 5.18, with the locations 

shown on the inset (distinguished by colour). y-axis is arbitrary intensity. Vertical coloured 

lines and areas indicate the RGB colour ranges used to generate the map.
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Figure 5.20. Individual phase Raman maps for the area in Fig. 5.18, showing the spectra 

and peaks on which they are based. y-axis for spectra is arbitrary intensity. Scale bar for 

phase maps is 250μm, with 50μm divisions. a, quartz. b, haematite. c, lepidocrocite. 

d, anatase. e, rutile (note that the rutile peak partially overlaps iron oxide and oxyhydroxide 

peaks: only the brightest spots on the map actually represent rutile).
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Figure 5.21. Raman map on a thin section through M005-0041.  Same thin section as Fig. 

5.18. a, thin section (cross polarized light). b, interpretative sketch of a, showing the casting 

sediment and fossil surface veneer. Scale bar 500μm. c, Raman map, generated based on 

Raman spectra with horizontal and vertical spacing of 10μm, using the same RGB ranges as 

Fig. 5.18. Red generally represents haematite and lepidocrocite, green is anatase, and blue is 

quartz. Brown areas are generally f luorescent clay minerals. Scale bar 100μm.
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Figure 5.22. Haematite pseudomorphs of pyrite in M005-0041. a, two cubic masses near 

the fossil surface. Scale bar 50μm. b, close view of the smaller cubic form. Scale bar 10μm. 

c, Raman spectra of the smaller (red) and larger (green) cubes, confirming that both are 

haematite, likely pseudomorphing pyrite. y-axis is intensity (arbitrary). d, interpretative 

sketch of a, showing the casting sediment, fossil surface veneer, and haematite cubes.
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Figure 5.23. Raman map on a thin section through M005-0062, of an area showing quartz 

grains with dust rims. Scale bars 100um, with 20 um subdivisions. a, cross-polarized light. 

b, Raman map, based on anatase (green, 130-160cm-¹), quartz (blue, 255- 275cm-¹), and 

haematite (red, 215-230cm-¹). Most of the dust rims fluoresced, and appear dark.
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Figure 5.24. Fossil surface in endorelief in M010-0002. a, thin section view. Scale bar 

100μm; boxes show the area covered by the maps in b. a1, plane polarised light.  a2, reflected 

light. Crosses refer (by colour) to the spectra in c. b, Raman maps of the area shown in a, 

with 2μm spacings. Scale bar 100μm, with 20μm divisions. b1, based on quartz (green, 255- 

275cm-¹), calcite (blue, 1075-1095cm-¹), and haematite (red, 215-230cm-¹). b2, based on 

quartz (green, 255- 275cm-¹), calcite (blue, 1075-1095cm-¹), and anatase (red, 130-160cm-¹). 

c, spectra for the points in a: goethite (purple) and haematite (red), both with indeterminate 

manganese oxides. y-axis is intensity (arbitrary).
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Figure 5.25. SEM EDS elemental maps for M001-0004, on a thin section through the 

fossil counterpart cast. The area covered by the maps is indicated on the thin section 

photograph by the large rectangle; the inner rectangle indicates the area covered by the high 

resolution maps in Fig. 5.26. The positions of the disc margin and coiled sac are also 

indicated for reference. The area covered by the thin section is approximately indicated on 

the schematic sketch. All scale bars 700μm.
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Figure 5.26. SEM EDS high resolution elemental maps for M001-0004, on a thin section 

through the fossil counterpart cast. The area covered by the maps is indicated on the thin 

section photograph and full map in Fig. 5.25, by the small rectangle. All scale bars 100μm.
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Figure 5.27. SEM EDS elemental maps for M001-0014, on a thin section through the part 

mould. The area covered by the maps is indicated by the large rectangle on the thin section 

photograph. The fossil surface is at the top in the thin section; the position of the coiled sac 

is also indicated for reference. The approximate area covered by the thin section is indicated 

by the schematic sketch in Fig. 5.28. Small rectangles on the thin section photograph and 

full map indicate the area of the high resolution maps in Fig. 5.28. All scale bars 700μm.
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Figure 5.28. SEM EDS high resolution elemental maps for M001-0014, on a thin section 

through the fossil part mould. The area covered by the maps is indicated on the thin section 

photograph and full map in Fig. 5.27 by the small rectangle. The area covered by the thin 

section is approximately indicated on the schematic sketch. All scale bars 700μm.
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Figure 5.29. SEM EDS elemental maps for M001-0029, on the surface of the counterpart 

cast. The area covered by the maps is indicated on the specimen photograph, the position of 

which is approximately indicated on the schematic sketch. Fossil scale bar 50mm, with 

10mm subdivisions. All EDS scale bars 700μm.
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Figure 5.30. SEM EDS elemental maps for M001-0029, on the surface of the counterpart 

cast. The area covered by the maps is indicated on the specimen photograph by rectangle 1, 

with the inner rectangle and the rectangle on the full map indicating the area covered by the 

high resolution maps in Fig. 5.31. Rectangle 2 indicates the area covered in Fig. 5.32. Fossil 

scale bar 50mm, with 10mm subdivisions. All EDS scale bars 700μm.
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Figure 5.31. SEM EDS high resolution elemental maps for M001-0029, on the surface of 

the counterpart cast. The area covered by the maps is indicated on the specimen photograph 

and full map in Fig. 5.30. All EDS scale bars 200μm.
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Figure 5.32. SEM EDS high resolution elemental maps for M001-0029, on the surface of 

the counterpart cast. The area covered by the maps is indicated on the specimen photograph 

in Fig. 5.30 by rectangle 2. All EDS scale bars 300μm.
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Figure 5.33. SEM EDS elemental maps for M003-0007, on the surface of the part mould. 

The area covered by the maps is indicated on the photograph of the specimen, the 

approximate position of which is indicated on the schematic sketch. Rectangles labelled A 

indicate the area covered by maps in the Appendix. Fossil scale bar 30mm, with 10mm 

subdivisions. All EDS scale bars 700μm.

A

A

Differential taphonomy of Ediacaran and Palaeozoic non-mineralised fossils

Fe

O

BSE

Al

Si

Full



Figure 5.34. SEM EDS elemental maps for M003-0007, on the surface of the part mould. 

The area covered by the maps is indicated on the specimen photograph (large rectangle). 

The small rectangle on the specimen photograph and the rectangle on the full map indicate 

the area covered by the high resolution maps in Fig. 5.35. Fossil scale bar 30mm, with 

10mm subdivisions. All EDS scale bars 700μm.
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Figure 5.35. SEM EDS high resolution elemental maps for M003-0007, on the surface of 

the part mould. The area covered by the maps is indicated on the specimen photograph 

(small rectangle) and on the full map in Fig. 5.34. All EDS scale bars 20μm.
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Figure 5.36. SEM EDS elemental maps for M005-0027, on the surface of the part mould. 

The area covered by the maps is indicatedby rectangle 1 on the photograph of the specimen, 

the approximate position of which is indicated by rectangle 1 on the schematic sketch in Fig. 

5.37. Fossil scale bar 30mm, with 10mm subdivisions. All EDS scale bars 700μm.
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Figure 5.37. SEM EDS elemental maps for M005-0027, on the surface of the part mould. 

The area covered by the maps is indicated on the specimen photograph in Fig. 5.36 

(rectangle 2). On the schematic sketch, box 1 refers to Figs. 5.36-38, box 2 to Figs. 5.39-40, 

and box 3 to Fig. 5.41 (and maps in the Appendix). Fossil scale bar 30mm, with 10mm 

subdivisions. All EDS scale bars 700μm.
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Figure 5.38. SEM EDS high resolution elemental maps for M005-0027, on the surface of 

the part mould. The area covered by the maps is indicated on the specimen photograph in 

Fig. 5.36 (small rectangle). All EDS scale bars 200μm.
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Figure 5.39. SEM EDS elemental maps for M005-0027, on the surface of the part mould. 

The area covered by the maps is indicated on the photograph of the specimen (rectangle 1), 

the position of which is approximately indicated by box 2 on the schematic sketch in Fig. 

5.37. Rectangle A indicates the area covered by maps in the Appendix. Fossil scale bar 

20mm, with 10mm subdivisions. All EDS scale bars 700μm.
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Figure 5.40. SEM EDS elemental maps for M005-0027, on the surface of the part mould. 

The area covered by the maps is indicated by on the specimen photograph in Fig. 5.39 

(rectangle 2). All EDS scale bars 700μm.
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Figure 5.41. SEM EDS elemental maps for M005-0027, on a section through the fossil, the 

position of which is indicated by Box 3 on the schematic sketch in Fig. 5.37. The area 

covered by the maps is indicated on the specimen photograph; rectangles labelled A indicate 

the area covered by maps in the Appendix. Fossil scale bar 50mm, with 10mm subdivisions. 

All EDS scale bars 700μm.
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Figure 5.42. SEM EDS elemental maps for M005-0041, on the surface of the counterpart 

cast. The area covered by the maps is indicated on the specimen photograph by rectangle 1; 

rectangles 2 and 3 refer to Fig. 5.43 and 5.44 respectively. The position of the specimen is 

indicated in the schematic sketch in Fig. 5.43. Fossil scale bar 50mm, with 10mm 

subdivisions. All EDS scale bars 700μm.
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Figure 5.43. SEM EDS elemental maps for M005-0041, on the surface of the counterpart 

cast. The location of the maps on the specimen is shown by rectangle 2 on Fig. 5.42. The 

schematic sketch indicates the position of the specimen on the original fossil. Fossil scale 

bar 50mm, with 10mm subdivisions. All EDS scale bars 700μm.
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Figure 5.44. SEM EDS elemental maps for M005-0041, on the surface of the counterpart 

cast. The area covered by the maps is indicated by rectangle 3 on the specimen photograph 

in Fig. 5.42. Fossil scale bar 50mm, with 10mm subdivisions. All EDS scale bars 700μm.
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Figure 5.45. SEM EDS elemental maps for M005-0041, on a section through the fossil 

(location of the section indicated by the schematic sketch in Fig. 5.46). The area covered by 

the maps is indicated on the specimen photograph by rectangle 1 (rectangle 2 refers to Fig. 

5.46, while rectangle A and the small rectangle refer to maps in the Appendix). Specimen 

scale in 1mm increments. All EDS scale bars 700μm.
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Figure 5.46. SEM EDS elemental maps for M005-0041, on a section through the fossil. 

Schematic sketch indicates the line of section on the fossil. The area covered by the maps is 

indicated on the specimen photograph on Fig. 5.45 by rectangle 2. Small rectangle on the 

specimen photograph and the rectangle on the full map indicate the area covered by high 

resolution maps in the Appendix. All EDS scale bars 700μm.
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Differential taphonomy of Ediacaran and Palaeozoic non-mineralised fossils

Figure 5.47. EDS point spectra on a thin section through specimen M005-0041, from the sites of interest shown in Fig. 5.48. Labels refer to 

correponding image on Fig. 5.48. d2 1, anatase. d2 2, illite. e1 1, quartz. e1 2, illite, with Mg perhaps indicating the presence of some smectite layers. 

e1 3, haematite, with minor clay minerals (likely illite, due to Ti content). e1 4, haematite with clay minerals (likely illite/smectite mixed layer clays, 

due to Ti and Mg content). e3 1, haematite with clay minerals (likely illite, due to Ti content).  e3 2, haematite with clay minerals (likely illite, due to 

Ti content). f1 1, haematite. f1 2, f3 1, and f3 2, clay minerals (likely illite; curiously, the Al peak is clearly present, but did not register in the numeric 

values). g, illite.

Element Weight% Atomic% Compd% Formula 
              
C  2.26 4.67 8.29 CO� 
Si 0.85 0.75 1.82 SiO�
Ti  53.89 27.91 89.89 TiO� 
O 43.00 66.67   
Totals 100.00    

Element Weight% Atomic% Compd% Formula 
              
Al  18.71 14.44 35.35 Al�O� 
Si  26.15 19.38 55.94 SiO� 
K  7.23 3.85 8.71 K�O 
O 47.91 62.34   
Totals 100.00    

Element Weight% Atomic% Compd% Formula 
              
C  4.57 7.19 16.76 CO� 
Si  38.91 26.15 83.24 SiO� 
O 56.51 66.67   
Totals 100.00    

 

Element Weight% Atomic% Compd% Formula 
              
C  5.82 9.44 21.32 CO� 
Mg  0.35 0.28 0.58 MgO 
Al  13.52 9.77 25.55 Al�O� 
Si  18.31 12.71 39.16 SiO� 
K  6.22 3.10 7.49 K�O 
Ti  2.25 0.91 3.75 TiO� 
Fe  1.67 0.58 2.14 FeO 
O 51.87 63.20   
Totals 100.00    

 

Element Weight% Atomic% Compd% Formula 
              
C  4.57 10.25 16.76 CO2 
Al  2.21 2.21 4.18 Al�O3 
Si  3.22 3.08 6.88 SiO� 
K  0.97 0.67 1.17 K�O 
Ti  0.61 0.34 1.01 TiO� 
Fe  54.42 26.23 70.01 FeO 
O 34.01 57.22   
Totals 100.00    

 

Element Weight% Atomic% Compd% Formula 
              
C  6.25 11.68 22.89 CO� 
Mg  0.65 0.60 1.08 MgO 
Al  7.53 6.27 14.23 Al�O� 
Si  8.64 6.91 18.49 SiO�
K  1.81 1.04 2.18 K�O 
Ti  0.26 0.12 0.44 TiO� 
Fe  31.63 12.72 40.69 FeO 
O 43.23 60.66   
Totals 100.00    

 

Element Weight% Atomic% Compd% Formula 
              
C  7.82 15.02 28.64 CO� 
Al  3.34 2.86 6.31 Al�O�  
Si  5.26 4.32 11.24 SiO� 
K  0.77 0.45 0.92 K�O 
Ti  0.56 0.27 0.94 TiO� 
Fe  40.38 16.68 51.94 FeO 
O 41.88 60.40   
Totals 100.00    

 

Element Weight% Atomic% Compd% Formula 
              
C  5.91 10.94 21.67 CO� 
Al  8.24 6.79 15.58 Al�O�  
Si  10.39 8.22 22.22 SiO� 
K  2.68 1.52 3.23 K�O 
Ti  0.53 0.25 0.89 TiO� 
Fe  28.31 11.26 36.41 FeO 
O 43.93 61.02   
Totals 100.00    

 

Element Weight% Atomic% Compd% 
          
K  1.81 1.66 2.18 
Fe  76.03 48.75 97.82 
O 22.15 49.58  
Totals 100.00   

 

Element Weight% Atomic% Compd% 
          
Si  27.52 23.56 58.86 
K  15.41 9.48 18.57 
Fe  17.54 7.55 22.57 
O 39.53 59.41  
Totals 100.00   

 

Element Weight% Atomic% Compd% 
          
Si  35.34 27.84 75.60 
K  13.62 7.70 16.40 
Fe  6.22 2.46 8.00 
O 44.83 61.99  
Totals 100.00   

 

Element Weight% Atomic% Compd% 
          
Si  30.03 25.04 64.25 
K  14.06 8.42 16.93 
Fe  14.63 6.13 18.82 
O 41.28 60.41   
Totals 100.00    

 

Element Weight% Atomic% Compd% Formula 
              
C  5.32 8.50 19.48 �	� 
Na  0.50 0.42 0.68 Na�O 
Al  13.94 9.92 26.35 Al�O�  
Si  22.01 15.04 47.08 SiO� 
K  4.37 2.14 5.26 K�O 
Ti  0.32 0.13 0.54 TiO� 
Fe  0.48 0.16 0.62 FeO 
O 53.06 63.68   
Totals 100.00    
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Figure 5.48. SEM photomicrographs of a thin section through specimen M005-0041. 

Numbered circles refer to EDS point spectra, given in Fig. 5.47. Q-quartz. A-anatase. 

I-illite. H-haematite. a, schematic sketch showing the location of the thin section on the 

specimen, and figuratively indicating the positions of c, d, and e with respect to the casting 

sediment and fossil surface veneer. b, specimen photograph showing line of section. Scale 

bar 50mm. c, casting sediment and fossil surface veneer. c1, interpretative sketch. c2, 

backscatter photomicrograph showing the casting sediment and fossil surface veneer, and 

indicating the areas covered by the close-up images in d and e. Note the clear distinction 

between the casting sediment and the veneer. d, anatase surrounded by clay minerals (illite) 

in the quarz-rich casting sediment. d1, wide view, indicating the area shown in  d2. d2, close 

view, showing EDS point spectra locations. e, detail of the fossil surface veneer. e1, 

transition between the casting sediment and veneer, showing EDS point spectra locations. 

Note the clear textural difference between the blocky quartz of the casting sediment, and 

the platy clay minerals and irregular haematite crystals of the veneer. e2, interpretative 

sketch of e1. e3, close view of clay minerals and haematite in the fossil surface veneer, 

showing EDS point spectra locations. f, haematite and clay minerals in the fossil surface 

veneer. f1, transition between the casting sediment (quartz, bottom left) and fossil surface 

veneer, showing the larea covered in f3, and EDS point spectra locations. Note the thin clay 

mineral coating at the contact between the quartzose casting sediment and the fossil surface 

veneer. f2, interpretative sketch of f1. f3, close view of clay minerals in the fossil surface 

veneer, showing the location of EDS point spectra. g, close view of clay minerals in the 

fossil surface veneer, showing the location of the EDS point spectrum. h, schematic 

figuratively indicating the positions of e, f, and g with respect to the casting sediment and 

the fossil surface veneer. 
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Figure 5.49. SEM EDS elemental maps for M005-0062, on a section through the fossil 

(the position of which is indicated by the schematic sketch). The area covered by the maps is 

indicated on the specimen photograph.All EDS scale bars 700μm.
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Figure 5.50. SEM EDS elemental maps for M005-0062, on a section through the fossil 

(the position of which is indicated by the schematic sketch). The area covered by the maps is 

indicated on the specimen photograph. Rectangle on the full map indicates the area covered 

by the maps in Fig. 5.51. All EDS scale bars 700μm.
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Figure 5.51. SEM EDS high resolution elemental maps for M005-0062, on a section 

through the fossil. The area covered by the maps is indicated on the specimen photograph 

(small rectangle). Large rectangle indicates the area covered by the maps in Fig. 5.50. All 

EDS scale bars 100μm.
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Figure 5.52. SEM EDS elemental maps for M005-0062, on a section through the fossil.

The area covered by the maps is indicated on the specimen photograph. All EDS scale bars 

700μm.
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Figure 5.53. SEM EDS elemental maps for M005-0083, on the surface of the counterpart 

cast (indicated on the schematic sketch). The area covered by the maps is indicated on the 

specimen photograph.All EDS scale bars 900μm.
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Figure 5.54. SEM EDS elemental maps for M010-0002, on a thin section through the 

fossil (line of section indicated on the schematic sketch in Fig. 5.55). The linear feature 

towards the top right of the thin section is the surface of the fossil, preserved within the 

containing sediment. Maps cover the moulding sediment. The area covered by the maps is 

indicated on the specimen photograph (rectangle 1). All EDS scale bars 700μm.
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Figure 5.55. SEM EDS elemental maps for M010-0002, on a thin section through the 

fossil. The area covered by the maps is indicated on the specimen photograph in Fig. 5.54 

(rectangle 2). Rectangle on the full map indicates the area covered by the maps in Fig. 5.56. 

The linear feature through the maps is the surface of the fossil, preserved within the 

containing sediment.All EDS scale bars 700μm.
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Figure 5.56. SEM EDS elemental maps for M010-0002, on a thin section through the 

fossil. The area covered by the maps is indicated on the specimen photograph in Fig. 5.54 

(small rectangle). The linear feature through the maps is the surface of the fossil, preserved 

within the containing sediment. All EDS scale bars 100μm.
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Figure 5.57 SEM EDS elemental maps for M010-0002, on a thin section through the fossil. 

Maps cover the casting sediment. The area covered by the maps is indicated on the 

specimen photograph. All EDS scale bars 700μm.
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Figure 5.58. SEM EDS elemental maps for M010-0017, on a thin section through the 

counterpart cast (line of section indicated on the schematic sketch in Fig. 5.59). The area 

covered by the maps is indicated on the thin section photograph (rectangle 1); the fossil 

surface is at the top of the thin section. Rectangle 2 refers to Fig. 5.59; rectangles labelled A 

refer to maps in the Appendix. All EDS scale bars 800μm.
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Figure 5.59. SEM EDS elemental maps for M010-0017, on a thin section through the 

counterpart cast. Schematic sketch indicates the line of section. The area covered by the 

maps is indicated on the specimen photograph in Fig. 5.58 (rectangle 2). All EDS scale bars 

800μm.
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Figure 5.60. SEM EDS elemental maps for M010-0018, on a fragment of the part mould 

(the position of which on the specimen is indicated by the schematic sketch). The fossil 

surface is the blackened area. The area covered by the maps is indicated on the specimen 

photograph by rectangle 1; rectangles 2 and 3 correspond to the areas shown by the maps on 

Figs. 5.61 and 5.62 respectively. All EDS scale bars 700μm.
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Figure 5.61. SEM EDS elemental maps for M010-0018, on a fragment of the part mould. 

The area covered by the maps is indicated on the specimen photograph in Fig. 5.60 by 

rectangle 2. All EDS scale bars 700μm.

Fe

O

Ca

BSE

Al

Si

Mn

Map

Chapter Five – Taphonomy



Figure 5.62. SEM EDS elemental maps for M010-0018, on a fragment of the part mould. 

The area covered by the maps is indicated on the specimen photograph in Fig. 5.60 by 

rectangle 3. The fossil surface is to the left of the maps, with the containing sediment to the 

right. All EDS scale bars 700μm.
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Figure 5.63. Variable preservation of the coiled sac in specimens preserved in positive 

hyporelief. 

a, coiled sac filled with sediment prior to burial. a1, buried specimen with filled coiled sac. 

a2, compaction. a3, decay. a4, decay complete. a5, sac preserved in positive relief from the 

cast, and negative relief from the mould. 

b, coiled sac collapses rapidly upon burial. b1, buried specimen. b2, compaction and collapse 

of sac. b3, decay. b4, lithification. b5, sac preserved without relief. 

c, coiled sac collapses after burial, but before lithification. c1, buried specimen. 

c2, compaction. c3, coiled sac collapses; sediment from the underlying bed moves up to fill 

the resulting gap. c4, lithification. c5, sac preserved in negative relief from the cast, and 

positive relief from the mould. d, coiled sac does not collapse before lithification. d1, buried 

specimen. d2, compaction. d3, decay. d4, lithification; coiled sac has still not collapsed. 

c5, sac preserved in negative relief from both the cast and the mould. 
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Figure 5.64. Why authigenic mineralisation must have occurred in all preserved 

paropsonemid specimens. a, specimens transported into the area of preservation. 

b, specimens buried, either at the interface between underlying and overlying sediment beds 

(1,4), or within beds (2,3); and with the presumed dorsal surface down (1,2) or up (3,4). 

c, decay, and casting of moulds of the fossil surfaces by surrounding sediment. Black arrows 

indicate (compactional) movement of unconsolidated sediment to fill the moulds. Note that 

sediment in both underlying and overlying beds must have been unconsolidated and mobile 

at the time of casting the moulds. All moulds must therefore have been formed in loose, 

unconsolidated sediment. Authigenic mineralisation must therefore have been required in all 
specimens, to stabilise the mould in otherwise unconsolidated and unlithified sediment. 

d, annotated replication of c.
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Figure 5.65 (overleaf). Simplified and idealised cartoon illustration of the taphonomy of the 

Tafilalt paropsonemids. 

a, the paropsonemids in life, benthic and/or nektic. Coiled sac represented by the dark areas 

at the dorsal surface. 

b, transport of some specimens prior to burial. Magnified area shows the adsorption of 

detrital clay minerals to the surfaces of the fossils during transport; clay minerals would also 

adsorb to bacterial free extracellular exoenzymes (not shown). Note that while this process 

should be expected to have occurred, there is no clear evidence to confirm this occurred in 

the Tafilalt specimens.

c, the specimens are buried. From left to right, the specimens are shown: 

  1, with the dorsal side down, but partially folded up into the sediment (similarly to 

specimens M005-0024a and M005-0017, Figs. 4.100b and 4.100c respectively). 

  2, with the dorsal side resting on the top surface of the underlying bed, and exhibiting 

evidence for minor scavenging (similarly to specimen M005-0042, Fig. 4.78). 

  3, with the ventral surface resting on the top surface of the underlying bed (similarly to 

specimens M005-0035 and M005-0183, Figs. 4.87e and 4.87f respectively). 

  4, buried entirely within the bed (similarly to specimens M003-0015 and YPM 226462, 

Figs. 4.72 and 4.82 respectively). 

d, decay begins, and proceeds first by aerobic decay, then Mn (IV) reduction, then Fe (III) 

reduction. Reactive iron is reduced and mobilised, with the Fe²+ ions produced adsorbing to 

the active sites of the complex organic biopolymers (perhaps collagen and chitin) 

constituting the outer integument and coiled sac (shown in the magnified area). Red filled 

circles represent Fe³+ ions; green filled circles represent Fe²+ ions. Lightening of the 

paropsonemids represents decay. 

e, decay continues by sulphate reduction, with the hydrogen sulphide produced reacting 

with adsorbed Fe²+ ions to produce iron monosulphides, which subsequently transform to 

pyrite, in situ on the surfaces of the outer integument and coiled sac (shown in the 

magnified area). Further lightening of the paropsonemids represents more advanced decay. 

f, decay continues: clay minerals (represented by blue hexagons) nucleate around adsorbed 

Fe²+ ions on the surfaces of the coiled sac and outer integument, where these have not 

reacted with hydrogen sulphide (shown in zoomed area). Continued lightening of the 

paropsonemids represents very advanced decay. 

g, decay is complete, with sediment moving to fill the space vacated by the decomposition of 

the organic tissues (although this process likely occurred progressively as decay proceeded). 

h, telodiagenic oxidation of iron sulphides to haematite and goethite or lepidocrocite 

(represented by dark red filled circles) by reaction with oxygen and water (shown in the 

magnified area). This is the present-day state of the fossil surface veneer.
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Figure 5.66. Summary of the diagenic sequence for the Tafilalt sediments. Processes or 

events which occur in aerobic conditions are shown with red ranges, while those which 

occur in anoxic conditions are shown with green ranges. Bold text indicates processes or 

events for which direct evidence exists; those in grey are supported by indirect evidence. 

Processes or events shown in italics are expected to have occurred, but without leaving any 

distinguishable evidence.
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Figure 5.67. Thin sections through the fourth specimen of Seputus pomeroii. Note the 

detrital quartz, lack of significant feldspar content, detrital and authigenic mica, clay matrix, 

and brown rims around the grains, all similar to the Tafilalt specimens. a, wide view. Scale 

bar 150μm. a1, plane polarised light. a2, cross-polarised light. b, magnified view. Scale bar 

250μm. b1, plane polarised light. b2, cross-polarised light. 

Crystal labels: q-detrital quartz. Q-authigenic quartz. m-detrital mica. M-authigenic mica. 

c-chlorite. f-feldspar (degraded). H+C-haematite and clay minerals.
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Figure 5.68. SEM EDS maps for Seputus pomeroii, on a thin section through the fourth 

specimen. The fossil surface is at the top of the thin section. The position of the maps on 

the thin section is indicated by rectangle 1; the small rectangle, and the rectangle on the full 

map, indicate the area covered by the maps in Fig. 5.69. Rectangle 2 refers to Fig. 5.70, 

while the rectangles labelled A refer to maps in the Appendix. All SEM scale bars 700μm.
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Figure 5.69. SEM EDS maps for Seputus pomeroii, on a thin section through the fourth 

specimen. The fossil surface is at the top of the thin section. The position of the maps on 

the thin section is indicated by the small rectangle on the thin section photograph, and the 

rectangle on the full map in Fig. 5.68. All SEM scale bars 90μm.
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Figure 5.70. SEM EDS maps for Seputus pomeroii, on a thin section through the fourth 

specimen. The position of the maps on the thin section is indicated by rectangle 2 in Fig. 

5.68. All SEM scale bars 700μm.
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Figure 6.01. Herpetogaster collinsi Caron, Conway Morris, and Shu, 2010, from the Middle 

Cambrian Burgess Shale. All specimens are preserved dorso-ventrally, except d1. In each 

part, anterior is indicated by a wide white arrow. a, Royal Ontario Museum (ROM) 58051 

Holotype. a1, part, overall view. a2, counterpart, detail of tentacles with hydrostatic canal 

and/or vascular system emphasized by white arrows. a3, camera-lucida drawing of part and 

counterpart emphasizing the presence of putative segment boundaries and triangular 

projections along the stomach. b, ROM 58046 part, with symmetrical tentacles and 

pharyngeal pores. c, ROM 58039 counterpart, intestine with putative enclosing tube 

emphasized by small arrows. d, ROM 58037 part. d1, lateral view. d2, detail of terminal disc. 

e, ROM 58047 part. e1, extended stolon and terminal disc. e2, detail of the stolon, small 

arrows point to a darker central area representing a possible coelomic cavity. Scale bars 5mm, 

except 1mm for d2, e2. Labels: an, anus; hy?, putative hydrostatic canal and/or vascular 

system; in, intestine; p?, putative pharyngeal pores; ph, pharynx; seg, segment boundary?; st, 

stolon; stom, stomach; td, terminal disc; te, tentacle. Figure and caption reproduced from 
Caron et al. (2010), Fig. 3.
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Figure 6.02. Pelagic holothurians. a, Enypniastes sp. from the Celebes Sea. Note the coiled 
gut, the ring of tentacles around the mouth, and the papillae to either side of the mouth. 
Photo by L. Madin, Woods Hole Oceanographic Inst. (WHOI)/www.cmarz.org. b, pinkish 
orange translucent holothurian with intestinal tract visible. Note again the coiled shape of 
the gut, and the papillae (top right). Image ID: expl5478, Voyage To Inner Space - Exploring 
the Seas With NOAA Collect. Credit: NOAA Okeanos Explorer Program, INDEX- 
SATAL 2010.
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Figure 6.03. Phylogeny and stratigraphic range of the cambroernids and particular groups 

of deuterostomes. Based on morphological, palaeontological, and molecular data from Kerr 

and Kim (2001), Swalla and Smith (2008), Caron et al. (2010), Rahman et al. (2010), Reich 

(2010), Erwin et al. (2011), Hou et al. (2011), Janies et al. (2011), and Pisani et al. (2012).
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Figure 6.04. Five examples of convergence in appearance in echinoderms and eldonides?

Image sources: Pelagothuria from the University of Washington Freshwater and Marine Image Bank: 
http://content.lib.washington.edu/u?/fishimages,53756. Ophiuroid from Nicholson (1880), Fig. 100, via 
http://chestofbooks.com/animals/Manual-Of-Zoology/. Asteroid from Velyatago (1976), Fig. 277, via 
http://underwater.su/books/item/f00/s00/z0000020/. Echinoid from Chakra and Stone (2011), Fig. 1. Crinoid 
from http://www.mcgill.ca/redpath/sites/mcgill.ca.redpath/files/crinoid.jpg. Blastoid and edrioasteroid from 
http://museumvictoria.com.au/discoverycentre/infosheets/marine-fossils/echinoderms/. 
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Figure 6.05. Comparative vs. differential taphonomy. Comparative taphonomy, in this 

instance, is the comparison of similar organisms preserved in two different taphonomic 

styles. Differential taphonomy, defined herein, involves applying the results of such a 

comparative taphonomic analysis to the taphonomy of a second type of fossil organism, 

preserved in one of those two taphonomic modes. Dickinsonia (organism 2, taphonomy 2) 

reproduced from Seilacher and Hagadorn (2010). 
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Figure 6.06. Differential taphonomy: Burgess Shale eldonide compressions-Tafilalt eldonide 

moulds and casts-Ediacara moulds and casts. All scale bars 50mm, with 10mm subdivisions. 

a, Eldonia ludwigi. Burgess Shale Formation, Cambrian, Canada (ROM 97-481b). b, two 

specimens of Discophyllum peltatum preserved in positive hyporelief. First Bani Group, 

Ordovician, Morocco (M005-0192). c, partial specimen of Dickinsonia costata preserved in 

negative epirelief. Ediacara Member, Ediacaran, South Australia (YPM 35458).
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Figure 6.07. Photomicrographs of Lantian forms with uncertain phylogenetic affinities. 

a, part and counterpart of Type A. Note abundant Chuaria circularis fossils (circular 

carbonaceous impressions ~1 mm in diameter) in background. b, part and counterpart of 

Type A. Scale bar 3 mm. c, incompletely preserved Type A specimen. d, specimen of Type 

B similar to a–c, but with a crown consisting of a single ribbon. e, part, counterpart and 

magnification of Type C upper part showing a conical pyramid that supports a cluster of 

filaments (arrow in e3). f, specimen of Type D with a holdfast, a stalk, a cylindrical tube, 

and an axial trace. Scale bar 2 mm. g, specimen of Type E similar to f in having stalk and 

axial structure, but with a longer stalk and a broader structure surrounding axial trace. Scale 

bars 5 mm unless otherwise noted. Figure and caption adapted from Yuan et al. (2011). 
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Figure 6.08. ‘Avalon-type’ fossils from finely laminated nodular limestones of the 

Khatyspyt Formation, Siberia, Russia. a, Charnia. b, c, Hiemalora. d, Protodipleurosoma. 

e, Inaria. f, thin section through Charnia, perpendicular to the fine lamination in the 

country rock; each of limestone lenses (arrows) corresponds to quilt-like unit. g, thin section 

through a discoidal fossil, perpendicular to fine lamination; note three-dimensional cast of 

stalk that emanates from center of holdfast (arrow). Scale bars: a–e, 10 mm; f, 0.5 mm; g, 5 

mm. Figure and caption modified from Grazhdankin et al. (2008), Fig. 2.  
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Figure 6.09. Preservation of fossils under volcanic ash. a, Mistaken Point, Newfoundland 

(photograph courtesy of Ed Lynch, NUI Galway). Fossils are preserved on the exposed 

surfaces; note the light-coloured ash beds immediately above each exposed surface. b-f, 

fossils of the Conception Group, Newfoundland. Photographs by Lija I. Flude. All scale 

bars 50mm. b, Charnia masoni. c, Charnia antecedens. d, Fractofusus. e, Bradgatia, with 

Charniodiscus holdfast and stem (top left). Coin is Canadian 25c. f, Charniodiscus. 
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Figure 6.10. Fossils of the Ediacara Member, South Australia. All scale bars 20mm. 

a, Dickinsonia costata mould in negative hyporelief (-h). b, discoidal fossils preserved in 

positive hyporelief (+h). c, overlapping Dickinsonia trace fossils in +h. d, four overlapping 

Dickinsonia traces in +h, with the tracemaker in -h. e, Dickinsonia trace in +h overlapping a 

body fossil in -h. f, Dickinsonia trace in +h, with the body fossil in -h. Dashed lines show the 

size of the trace compared to the size of the smaller body, indicating post-mortem shrinkage. 

a,b from Gehling and Droser (2009), Fig. 5c-d; c-f from Gehling et al. (2005), Fig. 11. 
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Figure 6.11. Gehling (1999) model for the microbial ‘death mask’ taphonomy of fossils from 

the Ediacaran of South Australia. a, the living benthic community; shown are Dickinsonia, a 

resistant form; Phyllozoon, a non-resistant form; and Charniodiscus, a frond with holdfast. 

b, burial. c, decay and compaction of Phyllozoon, with sediment moving down to fill the 

space left by the organic tissues. A new microbial mat forms on the surface of the burying 

bed, sealing the pore waters from seawater oxygen. d, decay of the microbial mat by sulphate 

reduction causes the precipitation of iron sulphides (shown in yellow) in the sole of the 

burying bed. Decay of Charniodiscus holdfast, with sediment moving down to fill the space. 

e, sediment moves up from below to fill the space left by the decomposition of Dickinsonia. 

f, present day. Telodiagenic oxidation of the pyrite sole veneer to haematite (shown in red), 

leaving fossils preserved in positive epirelief and both shallow and deep positive hyporelief.
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Figure 6.12. Preservation in positive hyporelief requires modification of the substrate, either 

by active modification, or by a partially infaunal position with respect to the substrate. 

Non-resistant organisms which are simply living on top of the substrate would not have been 

capable of making an impression through the microbial mat.
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Figure 6.13. Preservation in positive epirelief requires mineralisation on or above the 

organism, not just on the mat below, as this could not preserve the upper surface; the 

sediment below the organism to be f luid after this mineralisation, otherwise fossil moulds 

could not be cast; and this mineralisation to occur in a concentrated fashion on the surface 

of the organism, as disseminated mineralisation could not preserve fine details.
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Figure 6.14. Fossils preserved as moulds and casts from the Erga Formation, White Sea, 

Russia. Scale bars 50mm for a-b, 10mm for c-d. All in hyporelief, except c, latex mould of 

hyporelief specimen. a, trace fossil Epibaion axiferous, two overlapping specimens. b, several 

Epibaion waggoneris traces, with Yorgia waggoneri, the tracemaker. c, Yorgia waggoneri 
(large) and Kimberella quadrata (small). d, un-named dickinsoniid. Reproduced from 
Ivantsov (2011), plate 1, figs. 1 (c) and 2 (b), plate 2, fig. 1 (a), and Dzik (2003), fig. 2b (d). 
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Figure 6.15. Organic preservation in the Ediacaran of the White Sea area, Russia. 

a, charnid fossil in partly organic mode of preservation from the Zimnie Gory Formation, 

White Sea coast, Russia (Göttingen University collection, scales in millimeters).

a1, lower stalk with longitudinal grooves, but torn-off frond. a2, lateral view showing 

three-dimensional preservation. a3, f lat membranaceous attachment disc with radial

folds, anchored on a dark microbial mat; hyporelief, photographed through ethanol. 

b, pyritized bacterial sheath of Siphonophycus partly with organic envelope (right), recovered 

by acid treatment. c, elemental analysis from transverse fraction of charnid attachment disc

(small view) by EDS, indicating mixed pyritic and carbonaceous composition.

Figures and captions reproduced from Steiner and Reitner (2001), Figs. 4, 7, 5 respectively. 
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Figure 6.16. Fossils of the Kliphoek Member, Namibia. a, assemblage of Pteridinium and 

Namalia, prepared off the sandstone matrix. b, Ernietta, again removed from the matrix. 

Scale bar 20mm. Reproduced from Grazhdankin and Seilacher (2002), text-fig. 1, and 
Narbonne (2005), fig. 4b.
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Figure 6.17. Fossils of the Arumbera Formation. Note the clay/haematite veneer visible in 

the thin sections, on both epirelief and hyporelief surfaces. a, various discoidal fossils 

preserved in positive hyporelief. All scale bars 10mm. b, photomicrographs and 

interpretative sketches of serial thin sections through the discoidal fossil shown; numbered 

lines refer to the numbered sections. ep-epirelief, hy-hyporelief. All scale bars 20mm. 

c, photomicrograph of the bottom right of the thin section in b2; scale bar 2mm. 

d, photomicrograph of the thin section in b1; scale bar 1mm. Reproduced from Mapstone 
and McIlroy (2006), figs. 4a (a1), 4d (a2), 4f (a3), 4g (a4), 5a-c (b), 6a,b (c,d). 
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Figure 6.18. Surfaces in the Fermeuse Formation, near Ferryland, Newfoundland, densely 

populated with a variety of discoidal fossils. Scale bars 50mm; coins are Canadian $1.
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Figure 6.19. EDS elemental analysis of the preservation of discoidal specimens from the 

Fermeuse Formation, Newfoundland, Canada. a, three prominent discoidal specimens 

(GSC 133558) from the Fermeuse Formation, preserved in positive hyporelief on the 

bottom of the bed. Yellow line marks where the sample was cut and polished. Inner (I) and 

outer (O) rings of the disc are indicated. Scale bar = 1 cm. b, drawing of an Ediacaran frond 

with bulbous holdfast, with microbial biofilm (in black) encasing the holdfast. c-d, 

Specimen GSC 133555. c, interpretive diagram of the environmental scanning electron 

microscopy (ESEM) results in d. d, backscattered electron micrograph montage with 

overlain energy dispersive X-ray spectroscopic elemental image frames. The chemical 

signatures differentiate the finer, microbial biofilm layer composed mainly of Al-Mg-Fe as 

well as Ti-K-Mg and to a lesser extent S (which are consistent with although not 

petrographically identified as a glauconitic clay origin), from the coarser Si (and Na) rich 

sediment within the disc boundaries and above the finer biofilm layers. Figure and caption 
reproduced from Laflamme et al. (2010), fig. 1. 
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Figure 6.20 (overleaf). Heavily simplified and idealised cartoon illustration of the 

taphonomic processses involved in the preservation of non-mineralised fossils as moulds and 

casts in the Ediacara Member of South Australia, the Mezen Formation of northern Russia, 

the Arumbera Formation of central Australia, the Fermeuse Formation of Newfoundland, 

and the Kliphoek Member of Namibia, all Ediacaran in age. 

a, a benthic community; shown are Dickinsonia (2), Charniodiscus, and an unknown 

non-resistant organism.

b, the same benthic community, with one of the Dickinsonia specimens vacating the area, 

leaving behing a ‘ghost’ imprint. 

c, burial of the benthic community, and transport of a specimen of Ernietta, which remains 

completely within the burying sediment bed. 

d, decay proceeds initially by aerobic decay, rapidly followed by Mn (IV) reduction, then Fe 

(III) reduction; this is represented by the lightening of the fossils and microbial mat. 

Sediment from above moves down under the force of gravity to fill the space vacated by the 

decomposition of the Charniodiscus holdfast, the shape of which is maintained by the 

microbial mat. The unknown non-resistant organism decays completely, and leaves no trace. 

Mobilisation of reactive iron by reduction of Fe³+ (represented by the filled red circles) is 

followed by the adsorption of Fe²+ ions (represented by the filled green circles) onto the 

complex organic biopolymers which constitute the outer integuments of Dickinsonia and 

Ernietta (shown in the magnified area), and bacterial filaments within the microbial mat.

e, further decay (represented by continued lightening of the fossils and microbial mat) by 

sulphate reduction produces hydrogen sulphide, which reacts with the adsorbed Fe²+ ions to 

form iron monosulphides, and subsequently pyrite (represented by the filled yellow squares), 

in situ on the surfaces of the fossils (shown in the magnified area) and bacterial filaments 

within the microbial mat.

f, decay continues, represented by further lightening of the fossils and microbial mat. Clay 

minerals (represented by blue hexagons) nucleate around adsorbed Fe²+ ions on the surfaces 

of the fossils (shown in the magnified area) and bacterial filaments within the microbial mat, 

where these have not reacted with hydrogen sulphide. 

g, sediment moves upwards against the force of gravity to fill the space left by the complete 

decomposition of Dickinsonia, casting the mould formed by the clay mineral and iron 

sulphide ‘death mask’. Ernietta is likewise filled with sediment; the precise movement of the 

fill varies with the orientation of the specimen. 

h, telodiagenic oxidation of iron sulphides produces haematite and iron oxyhydroxides 

(represented by the filled dark red circles) by reaction with oxygen and water (shown in the 

magnified area). This is the present-day state of the sole and fossil surface veneers. Note the 

distinction between the sole and fossil surface veneers. Dickinsonia is thus preserved as a 

positive epirelief cast of a negative hyporelief mould where the organism was present on 

burial; where it was not, it is preserved as a shallow positive hyporelief cast of a negative 

epirelief mould. Charniodiscus holdfasts are preserved as positive hyporelief casts of negative 

hyporelief moulds. Ernietta is preserved in endorelief.

Differential taphonomy of Ediacaran and Palaeozoic non-mineralised fossils
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Table 5.01. Semi-quantative EDS analysis of Burgess Shale specimen ROM 51577 of Eldo-
nia ludwigi by Butterfield (1996).  Values are atomic percentages; values below 3% are unreli-
able. Butterfield (1996) noted the likelyhood that some of the Si, Al, and Ti in the analysis 
of the outer layer derived from the glass cover slip on which the specimen was mounted.

Shale matrix 
of the Eldonia 

specimen

Eldonia coiled sac 
- bedding plane specimen

Eldonia coiled 
sac - isolated

Eldonia coiled 
sac - isolated: 

outer layer15kV 8kV

C - 63.1 64.7 78.0 46.9
O 52.4 18.8 20.7 8.0 27.6
Mg 0.8 0.3 0.3 - -
Al 13.6 6.9 6.7 1.0 7.1
Si 27.5 9.1 6.4 10.4 3.1
S - 0.3 0.4 0.6 1.5
K 3.0 1.1 0.5 1.2 0.3
Ca 1.9 0.1 0.3 0.1 0.9
Ti - - - - 2.4
Fe 0.8 0.3 - 0.1 0.8
Cu - - - - 4.6
Zn - - - 0.3 4.8
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Table 5.02. Augur spectroscopic analysis of the HF-isolated inner and outer layers of the 
coiled sac of Burgess Shale Eldonia ludwigi specimen ROM 51577, reported by Butterfield 
(1996). Values are atomic percentages; values below 3% are unreliable. Sputter times refer to 
argon sputtering to remove surficial layers, allowing analysis within the sample. The rate of 
excavation is is ~69nm/min for an SiO

2 
 standard, and likely higher for carbonaceous sam-

ples, according to Butterfield (1996).

Inner layer Inner layer 
- 2 min. 
sputter

Inner layer 
- 4 min. 
sputter

Inner layer 
- 6 min. 
sputter

Outer layer Outer layer 
- 2 min. 
sputter

Outer layer 
- 4 min. 
sputter

C 75.0 89.7 96.4 97.1 71.8 78.8 81.3
N 2.9 2.3 - - 4.4 6.1 7.0
O 7.6 3.1 1.6 1.7 11.8 3.7 5.8
F - - - - 1.7 1.6 -
Si 0.3 - - - 2.7 1.9 -
P - - - - - 1.5 1.4
S 1.2 0.5 - - 0.4 0.4 1.0
Cl - - - - - 0.3 -
K - 2.3 - - 1.7 1.8 2.2
Ca 0.7 2.1 2.0 1.2 5.5 3.9 1.3
Cu 6.3 - - - - - -
Zn 6.0 - - - - - -
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Table 5.03. Tafilalt paropsonemid specimens analysed by XRD, XRF, ICP-MS, SEM-EDS, 
and Laser Raman spectroscopy. ‘A’ indicates additional figures in the Appendix.
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Table 5.03 (continued). Tafilalt paropsonemid specimens analysed by XRD, XRF, ICP-MS, 
SEM-EDS, and Laser Raman spectroscopy. ‘A’ indicates additional figures in the Appendix.
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Table 5.04. XRF analysis of Tafilalt specimens from M001 (Bed 2 of Fig. 3.04), M003 (Bed 
6 of Fig. 3.08), and M010 (see Fig. 3.22), and a non-fossiliferous part of the fossiliferous Bed 
2 (see Fig. 3.04) at M001.

M001 M001-0014 M001-0018 M003-0012 M010-0017
SiO2 87.92 91.76 72.85 71.38 71.90
Al2O3 7.43 5.96 7.44 9.06 7.21
CaO 0.59 0.31 0.71 2.94 10.57
Fe2O3 0.72 0.58 0.76 3.69 4.40
K2O 1.57 1.16 1.53 1.17 0.75
MgO 0.22 0.15 0.21 0.41 0.40
MnO 0.01 0.02 0.01 0.02 0.22
Na2O3 1.18 1.02 1.17 1.10 0.86
P2O5 0.01 0.01 0.01 0.02 0.10
TiO2 0.08 0.09 0.09 0.11 0.08

SUM 98.54 100.02 84.7784 89.908 96.4868
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Table 5.05. ICP-MS analysis of Tafilalt fossil specimens. Total iron reported as Fe
2
O

3
;  

FeO measured separately. Some specimens repeated. p-specimen part mould. c-specimen 
counterpart cast.                                                                                                        (continued)  

M001-
0003

M001-
0003

M001-
0004

M001-
0026

M001-
0034

M003-
0036p

M003-
0036c

M003-
0028p

M003-
0028c

SiO2 % 87.42 86.56 87.14 88.97 86.11 82.82 80.53 79.58 84.81
Al2O3 % 4.59 4.46 5.00 5.39 5.56 5.93 5.92 5.25 5.54
CaO % 0.47 0.44 1.08 0.48 0.96 2.20 1.95 2.11 1.78
Fe2O3 % 0.96 0.93 1.31 1.05 1.32 3.33 3.15 3.37 3.19
FeO (%) 0.34 0.32 0.67 0.40 0.64 1.21 1.17 1.21 1.03
K2O % 0.85 1.06 0.65 1.01 1.08 1.09 1.09 0.82 0.91
MgO % 0.13 0.13 0.16 0.17 0.17 0.50 0.48 0.40 0.44
MnO % 0.016 0.015 0.021 0.020 0.022 0.026 0.049 0.025 0.048
Na2O % 0.45 0.45 0.48 0.53 0.53 0.53 0.52 0.60 0.86
P2O5 % 0.02 0.05 0.04 0.04 0.02 0.06 0.05 0.05 0.04
TiO2 % 0.09 0.09 0.08 0.09 0.08 0.11 0.13 0.10 0.11
LOI @  
1000oC

% 1.30 1.34 2.00 1.69 1.72 3.32 3.28 2.84 2.58

Ba ppm 138.2 138.7 180.9 188.1 168.1 171.9 307.0 155.7 194.3
Ce ppm 15.3 14.8 15.4 16.4 19.2 9.5 10.7 10.0 10.2
Dy ppm 0.3 0.7 0.7 0.9 0.8 1.2 1.4 1.1 0.7
Er ppm 0.1 0.1 0.6 0.3 0.4 0.6 0.6 0.7 0.5
Eu ppm 0.2 0.5 0.4 0.2 0.3 0.5 0.5 0.6 0.3
Ga ppm 4.3 3.6 6.3 5.3 5.2 5.3 7.3 6.5 5.3
Gd ppm 0.9 0.9 0.9 0.8 0.9 2.1 1.8 2.1 1.5
Hf ppm <1 <1 1 2 <1 <1 2 2 2
Ho ppm 0.2 0.2 0.1 0.2 <0.1 0.2 0.3 0.2 0.2
La ppm 6.1 5.9 6.2 6.3 7.3 4.2 4.5 4.6 5.4
Lu ppm <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1
Nb ppm 1.3 1.4 3.3 2.3 3.8 2.6 2.7 2.9 2.2
Nd ppm 6.0 6.1 5.3 6.0 4.9 4.6 4.4 5.6 4.3
Pr ppm 1.7 1.2 1.6 1.6 2.0 1.1 1.0 1.0 1.1
Rb ppm 21.9 21.6 27.3 27.0 28.7 25.3 27.2 21.9 25.3
Sc ppm 1 1 2 2 2 3 3 2 3
Sm ppm 0.7 0.5 0.6 0.1 0.7 0.6 1.1 1.4 1.3
Sn ppm 5 <1 2 <1 <1 <1 40 2 1
Sr ppm 19.3 20.8 26.7 22.5 21.7 26.1 29.8 23.5 24.4
Ta ppm 0.4 0.6 0.9 0.4 2.7 0.5 0.8 0.6 0.5
Tb ppm 0.2 0.1 0.1 0.1 0.1 0.4 0.3 0.3 0.2
Th ppm 1.1 1.2 1.8 1.0 1.5 1.5 2.1 2.1 2.0
Tm ppm <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 <0.1
U ppm 0.3 0.3 0.5 0.3 0.2 0.3 0.5 0.6 0.5
V ppm 7 7 7 7 9 13 12 10 14
W ppm 24.3 25.3 12.4 13.1 12.0 12.8 16.3 11.7 13.5
Y ppm 3.6 3.2 3.3 3.0 3.2 5.7 5.8 5.2 5.4
Yb ppm 0.4 0.6 0.5 0.4 0.5 0.7 1.1 0.8 0.2
Zr ppm 39 38 49 52 48 48 70 61 74

La/Sc 5.032 5.332 3.961 4.145 4.843 1.640 1.516 2.440 1.893
Th/Sc 0.916 1.056 1.124 0.659 1.011 0.572 0.712 1.109 0.693
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M005-
0027

M005-
0027

M005-
0041

M005-
0062

M005-
0083

M005-
0088

M005-
0119

M005-
0127

M005-
0127

SiO2 % 87.22 87.65 82.76 91.73 94.77 93.90 89.38 82.17 83.32
Al2O3 % 3.99 3.99 6.31 2.68 2.66 2.31 2.91 5.66 5.76
CaO % 0.10 0.11 0.12 0.11 0.10 0.07 0.13 0.10 0.10
Fe2O3 % 2.02 2.09 2.80 1.80 1.60 1.45 2.16 2.75 2.78
FeO (%) 0.62 0.65 0.81 0.26 0.57 0.72 0.55 0.90 0.95
K2O % 1.00 0.91 1.52 0.55 0.54 0.71 0.64 1.26 1.29
MgO % 0.17 0.17 0.25 0.20 0.21 0.19 0.23 0.26 0.28
MnO % 0.003 0.003 0.005 0.002 0.002 0.002 0.004 0.004 0.004
Na2O % <0.01 0.01 0.03 <0.01 <0.01 0.02 <0.01 0.02 0.04
P2O5 % 0.06 0.06 0.06 0.05 0.05 0.06 0.06 0.07 0.07
TiO2 % 0.24 0.25 0.45 0.21 0.20 0.18 0.20 0.38 0.39
LOI @  
1000oC

% 1.42 1.42 1.53 0.87 0.70 0.79 0.97 1.74 1.58

Ba ppm 166.9 164.4 254.5 99.1 95.8 83.0 112.3 218.0 233.8
Ce ppm 57.6 56.5 42.1 30.2 28.1 28.0 29.3 49.4 48.4
Dy ppm 1.8 2.0 2.2 1.1 1.1 1.3 1.8 1.5 2.0
Er ppm 0.8 1.1 1.4 0.6 0.7 0.9 1.6 1.5 1.2
Eu ppm 0.7 0.6 0.6 0.3 0.2 0.2 0.5 0.5 0.5
Ga ppm 6.1 6.0 9.3 5.1 3.7 3.2 6.4 8.3 8.8
Gd ppm 2.7 3.4 2.2 2.1 1.2 1.8 1.9 3.4 4.1
Hf ppm 4 5 8 4 3 3 4 7 7
Ho ppm 0.3 0.3 0.4 0.4 0.1 0.2 0.6 0.5 0.5
La ppm 24.6 23.6 19.5 12.9 12.7 11.8 12.0 21.4 21.8
Lu ppm 0.1 0.3 0.3 <0.1 0.1 <0.1 0.3 0.2 0.3
Nb ppm 4.7 4.5 6.0 3.4 4.3 3.9 4.6 5.5 5.8
Nd ppm 24.4 22.8 17.8 10.9 10.2 13.3 9.7 18.4 19.4
Pr ppm 6.3 6.0 4.1 3.0 2.2 2.7 3.1 5.7 5.5
Rb ppm 28.8 27.8 47.8 18.0 18.3 16.5 20.2 41.3 41.4
Sc ppm 4 4 4 2 2 1 2 5 5
Sm ppm 4.3 3.1 2.3 1.8 1.8 2.1 2.0 3.7 3.4
Sn ppm <1 <1 2 <1 2 1 1 2 2
Sr ppm 48.1 49.5 40.1 28.5 27.8 32.4 20.9 38.2 52.2
Ta ppm 1.3 0.7 0.9 0.7 0.6 0.6 1.1 0.4 0.6
Tb ppm 0.5 0.4 0.4 0.3 0.3 0.3 0.5 0.8 0.5
Th ppm 7.6 7.1 11.3 5.5 5.0 4.1 5.8 9.3 12.5
Tm ppm <0.1 0.3 0.2 0.1 0.2 0.1 0.3 0.1 0.2
U ppm 1.0 1.2 1.8 0.9 0.9 0.8 1.0 1.7 2.3
V ppm 14 14 24 14 12 9 13 19 19
W ppm 22.4 20.8 17.0 12.1 15.8 14.1 18.7 17.1 25.7
Y ppm 6.6 9.6 11.9 5.5 4.8 5.1 6.2 11.9 12.1
Yb ppm 0.6 1.7 1.6 0.7 0.3 0.3 2.8 1.2 1.5
Zr ppm 184 185 307 138 144 122 138 253 268

La/Sc 6.504 5.934 4.387 5.945 7.464 9.228 6.238 4.390 4.160
Th/Sc 2.010 1.787 2.547 2.529 2.936 3.227 3.011 1.916 2.385

Table 5.05 (continued). Ratios of La and Th to Sc indicate provenance. Values for La/Sc 
between 2.5-16.3 and Th/Sc between 0.84-20.5 indicate a silicic provenance (Cullers, 2000); 
values for Th/Sc greater than 1.0 indicate a recycled sedimentary provenance (McLennan et 
al., 1993).
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Table 5.05 (continued).

M005-
0138

M005-
0159

M008-
0022

M008-
0025

M010-
0016

M010-
0018

M020-
0002

SiO2 % 88.47 88.25 87.98 87.63 68.83 74.37 92.35
Al2O3 % 3.98 6.16 3.19 5.08 2.78 3.03 2.50
CaO % 0.08 0.08 0.65 0.22 10.49 7.17 0.32
Fe2O3 % 1.75 1.76 1.79 2.46 5.39 4.15 1.70
FeO (%) 0.79 0.52 0.23 0.85 0.69 0.60 0.69
K2O % 0.84 1.59 0.66 1.35 0.43 0.48 0.46
MgO % 0.23 0.23 0.25 0.33 0.41 0.35 0.21
MnO % 0.003 0.003 0.005 0.008 0.244 0.194 0.002
Na2O % <0.01 0.05 <0.01 <0.01 0.14 0.11 <0.01
P2O5 % 0.07 0.07 0.04 0.11 0.30 0.29 0.07
TiO2 % 0.28 0.43 0.21 0.32 0.05 0.06 0.22
LOI @  
1000oC

% 1.50 1.67 1.52 1.49 9.49 6.78 1.09

Ba ppm 150.3 241.0 145.8 195.8 153.4 141.4 87.7
Ce ppm 62.9 49.8 30.8 43.9 38.8 41.7 30.2
Dy ppm 1.9 2.2 1.0 1.7 3.5 3.3 1.4
Er ppm 1.0 1.3 0.3 1.2 1.9 1.1 0.9
Eu ppm 0.9 0.6 0.2 0.5 0.7 1.2 0.1
Ga ppm 5.7 10.2 4.8 8.4 2.7 2.6 4.1
Gd ppm 4.1 3.5 1.1 2.2 3.6 3.8 1.9
Hf ppm 6 8 4 5 <1 <1 4
Ho ppm 0.4 0.5 0.1 0.3 0.6 0.6 0.4
La ppm 27.8 23.6 13.8 19.1 15.8 17.3 12.6
Lu ppm 0.2 0.2 0.1 0.2 0.2 0.3 <0.1
Nb ppm 4.9 7.4 4.0 7.4 1.4 0.7 2.3
Nd ppm 23.8 19.8 13.0 17.7 17.7 20.3 11.5
Pr ppm 6.4 5.3 3.1 4.8 4.0 4.4 2.6
Rb ppm 27.7 45.7 20.0 36.8 13.9 16.0 16.9
Sc ppm 2 4 2 3 2 2 2
Sm ppm 4.5 4.0 2.4 2.8 4.1 3.6 2.2
Sn ppm 1 3 <1 2 <1 5 1
Sr ppm 52.7 43.8 31.4 33.1 79.9 106.7 18.2
Ta ppm 0.7 1.0 1.0 1.3 0.5 0.3 0.5
Tb ppm 0.4 0.5 0.3 0.3 0.5 0.7 0.2
Th ppm 8.2 10.3 5.2 7.1 1.1 1.5 5.0
Tm ppm 0.2 0.1 <0.1 0.1 0.3 <0.1 0.2
U ppm 0.8 1.5 0.7 1.3 0.8 0.8 0.9
V ppm 11 21 15 19 16 15 11
W ppm 16.0 17.8 64.0 20.4 15.4 13.2 14.4
Y ppm 9.0 11.9 4.5 8.5 18.6 15.6 6.5
Yb ppm 0.9 1.8 0.5 1.0 1.3 0.9 0.8
Zr ppm 218 341 159 224 26 40 160

La/Sc 11.129 5.668 6.342 5.743 7.840 7.971 7.169
Th/Sc 3.282 2.476 2.414 2.142 0.529 0.696 2.818
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M001 M003 M005 M008
SST Shale Shale SST Shale SST SST Shale

SiO2 % 88.57 52.76 51.66 83.40 59.95 88.49 92.66 46.63
Al2O3 % 4.86 25.29 25.15 4.60 20.78 4.09 1.64 32.49
CaO % 0.99 0.43 0.42 2.04 1.18 0.10 0.39 0.28
Fe2O3 % 1.05 4.52 4.47 3.08 3.87 0.99 1.33 1.22
FeO (%) <0.20 0.83 0.87 0.82 1.32 0.63 0.64 <0.20
K2O % 0.94 6.24 6.21 0.98 4.90 1.09 0.31 8.17
MgO % 0.15 1.99 1.99 0.36 1.39 0.09 0.16 0.65
MnO % 0.022 0.019 0.019 0.045 0.013 0.002 0.020 0.003
Na2O % 0.44 0.20 0.21 0.42 0.30 0.01 <0.01 0.55
P2O5 % 0.02 0.06 0.08 0.04 0.05 0.03 0.04 0.07
TiO2 % 0.08 1.32 1.31 0.10 0.92 0.31 0.27 1.54
LOI @  
1000oC

% 1.90 7.11 7.05 2.71 6.08 0.92 0.72 6.61

Ba ppm 149.4 1082.2 1054.2 130.4 774.1 166.6 87.4 1835.3
Ce ppm 17.8 106.3 101.7 10.1 74.0 46.8 29.9 151.3
Dy ppm 0.9 4.3 2.8 0.8 3.3 1.3 1.7 5.5
Er ppm 0.3 2.7 2.3 0.8 2.6 1.3 0.7 4.0
Eu ppm 0.3 1.3 1.2 0.3 0.8 0.5 0.4 1.9
Ga ppm 4.5 30.1 32.1 5.6 27.4 7.2 3.9 41.7
Gd ppm 0.6 3.6 3.8 0.9 3.6 2.4 2.4 6.9
Hf ppm 1 5 6 1 6 9 4 8
Ho ppm 0.1 0.8 0.9 0.2 0.9 0.3 0.3 1.3
La ppm 7.0 53.9 52.1 4.5 33.5 20.8 12.5 77.1
Lu ppm <0.1 0.4 0.4 0.1 0.3 0.1 0.1 0.6
Nb ppm 1.8 21.5 19.2 2.0 13.8 5.4 4.1 27.9
Nd ppm 7.0 43.1 38.3 5.1 30.0 15.6 9.5 60.1
Pr ppm 1.6 12.3 11.6 1.2 7.6 5.2 2.9 17.3
Rb ppm 24.1 196.0 194.5 19.7 144.9 30.3 14.5 280.4
Sc ppm 1 23 22 2 18 2 2 25
Sm ppm 1.3 5.2 5.2 0.9 4.4 2.3 1.1 10.1
Sn ppm <1 4 5 2 4 2 2 8
Sr ppm 23.7 111.6 110.4 24.5 97.2 40.1 19.4 143.5
Ta ppm 0.5 2.8 2.6 0.4 1.7 0.7 0.7 2.8
Tb ppm <0.1 0.7 0.5 0.2 0.6 0.3 0.3 1.0
Th ppm 1.0 21.0 20.3 1.2 13.2 8.9 4.8 27.1
Tm ppm 0.1 0.5 0.4 <0.1 0.3 0.1 <0.1 0.6
U ppm 0.2 3.8 3.0 0.4 2.5 0.7 1.0 4.9
V ppm 8 189 185 6 130 8 9 132
W ppm 20.7 17.0 17.5 17.7 10.7 22.4 15.5 3.9
Y ppm 3.2 22.1 20.8 4.7 18.0 10.6 6.9 30.9
Yb ppm 0.6 3.3 2.9 0.5 2.6 1.6 0.7 3.2
Zr ppm 43 176 180 58 168 341 172 242

La/Sc 5.652 2.392 2.398 2.874 1.869 8.400 8.063 3.054
Th/Sc 0.831 0.930 0.935 0.741 0.735 3.577 3.112 1.075

Table 5.06. ICP-MS analysis of Tafilalt sandstones and shale (repeated sample) from M001 
(Sandstone from Bed 2 of the log in Fig. 3.04; see p.50 for shale location), M003 (Sandstone 
from Bed 6 of the log in Fig. 3.08; shale from Bed 9), M005 (Bed 6 of the log in Fig. 3.12), 
M008 (Shale from Bed 2 of the log in Fig. 3.18; sandstone not in log),                  (continued)                
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M009 M010
SST 

(Bed 1)
Shale 

(Bed 3)
Shale 

(Bed 5)
SST Shale

SiO2 % 82.97 49.96 47.74 75.95 58.93
Al2O3 % 3.75 27.94 29.42 3.19 23.35
CaO % 2.43 0.37 0.43 6.60 0.37
Fe2O3 % 3.16 2.43 1.13 4.28 3.36
FeO (%) 0.72 <0.20 <0.20 0.91 1.25
K2O % 1.04 7.19 7.63 0.49 4.41
MgO % 0.35 0.83 0.67 0.35 1.67
MnO % 0.036 0.015 0.006 0.178 0.009
Na2O % <0.01 0.29 0.33 0.09 0.64
P2O5 % 0.09 0.06 0.04 0.24 0.05
TiO2 % 0.36 1.41 1.50 0.06 1.10
LOI @  
1000oC

% 2.95 6.63 8.47 6.25 6.54

Ba ppm 168.9 1412.0 1638.1 145.1 857.6
Ce ppm 47.7 120.3 103.9 44.3 83.7
Dy ppm 3.2 4.6 3.7 2.9 2.4
Er ppm 1.0 2.8 2.9 1.6 2.3
Eu ppm 0.9 1.6 1.2 1.3 1.0
Ga ppm 6.2 37.8 42.0 3.5 30.1
Gd ppm 4.5 7.0 4.4 4.0 4.4
Hf ppm 9 12 10 1 5
Ho ppm 0.6 1.5 0.9 0.5 0.6
La ppm 20.0 65.4 59.3 19.6 41.4
Lu ppm 0.1 1.1 0.5 0.1 0.2
Nb ppm 6.3 24.9 24.9 2.4 17.5
Nd ppm 21.4 47.2 42.3 20.2 31.5
Pr ppm 5.3 14.8 12.2 5.2 8.9
Rb ppm 23.7 206.7 228.7 17.5 152.9
Sc ppm 4 19 21 3 19
Sm ppm 5.0 8.4 6.2 4.1 3.8
Sn ppm 3 6 4 1 2
Sr ppm 39.0 106.3 113.5 67.6 138.5
Ta ppm 0.8 3.6 2.9 0.7 2.3
Tb ppm 0.6 1.4 0.8 0.5 0.4
Th ppm 10.2 30.5 25.5 1.1 17.6
Tm ppm 0.2 1.1 0.5 0.2 0.4
U ppm 1.3 4.9 4.8 0.6 2.9
V ppm 17 120 148 16 165
W ppm 10.0 3.6 3.0 11.3 4.5
Y ppm 13.3 23.9 22.4 16.1 16.1
Yb ppm 1.4 3.6 3.6 1.5 2.5
Zr ppm 355 356 293 27 163

La/Sc 5.388 3.470 2.804 7.218 2.198
Th/Sc 2.750 1.616 1.205 0.409 0.935

Table 5.06 (continued). M009 
(Sandstone from Bed 1, 
shales from Beds 3 and 5 of 
Fig. 3.20), and M010 (shale 
from basal bed, sandstone 
from thick sandstone bed 
in Fig. 3.22). Total iron 
reported as Fe

2
O

3
;  FeO 

measured separately. La/Sc 
and Th/Sc ratios indicate 
provenance; for sandstones, 
values for La/Sc between 
2.5-16.3 and Th/Sc between 
0.84-20.5 indicate a silicic 
provenance (Cullers, 2000); 
values for Th/Sc greater 
than 1.0 indicate a recycled 
sedimentary provenance 
(McLennan et al., 1993). For 

shales, Values for La/Sc between 0.7-27.7 and Th/Sc between 0.64-18.1 indicate a silicic 
provenance (Cullers, 2000); values for Th/Sc greater than 1.0 indicate a recycled sedimentary 
provenance (McLennan et al., 1993).
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M001 M001 M003 M008 M009 (3) M009 (5) M010 (Fresh) (Weathered)
CIA 76.6 76.7 72.6 76.3 76.1 75.6 78.5 <50 100
CIW 96.3 96.5 89.2 96.3 96.5 96.0 93.5 <50 100
WIP 64.9 64.6 53.6 77.9 68.2 71.9 51.9 >100 0
STI 74.1 73.9 79.3 68.0 71.7 70.0 77.3 >90 0

Table 5.07. Chemical alteration indices for the shale samples given in Table 5.06. 

CIA-Chemical Index of Alteration (Nesbitt and Young, 1982)
 CIA = 100 x [Al

2
O

3
/(Al

2
O

3
 + CaO + Na

2
O + K

2
O)]

CIW-Chemical Index of Weathering (sometimes referred to as the CIA-K – Harnois, 1988)
 CIW = 100 x [Al

2
O

3
/(Al

2
O

3
 + CaO + Na

2
O)]

WIP-Weathering Index of Parker (Parker, 1970)
 WIP = 100 x [(2Na

2
O/0.35) + (MgO/0.9) + (2K

2
O/0.25) + (CaO/0.7)]

STI-Silica Titania Index (de Jayawardena and Izawa, 1994)
 STI = 100 x (SiO

2
/TiO

2
)/[(SiO

2
/TiO

2
) + (SiO

2
/Al2O

3
) + (Al

2
O

3
/TiO

2
)]
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Process Burgess Shale Tafilalt

Transport Minimal: para-
autochthonous assemblage

None to moderate: 
autochthonous to 
allochthonous

Rapid burial Yes

Low total organic content Yes

Adsorption of detrital clays 
to exoenzymes

Expected; likely high, due 
to high clay content

Expected: likely low, due to 
low clay content

Adsorption of detrital clays 
to eldonid tissues

Expected; likely high, due 
to high clay content

Expected: likely low, due to 
low clay content

Aerobic decay Minimal; available oxygen rapidly consumed, due to the 
size of the organisms

Nitrate reduction Insignificant

Manganese (IV) reduction Insignificant

Iron (III) reduction Complete, for reactive iron (III)

Adsorption of reduced iron 
(II) onto biopolymers

Yes

Nucleation of authigenic 
clay minerals around 
adsorbed iron (II)

Yes

Sulphate reduction Yes, but rapidly curtailed Yes

Authigenic iron sulphides On co-occurring specimens, 
but not on Eldonia ludwigi

Yes, on the presumed dorsal 
surface of the fossils

Iron sulphides stabilise 
mould of the 3D shape of 
the organism

No, 3D shape not preserved Yes

Preservation of organic 
carbon

Yes - iron adsorption and 
authigenic clay minerals 
protected some organic 
tissues

No - H
2
S produced by 

sulphate reduction reacted 
with the adsorbed iron, 
removing the protection of 
the organic tissues

Table 6.01. Comparative taphonomy of eldonids from the Burgess Shale and Tafilalt.
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Anatomical feature Burgess Shale Tafilalt

Cellular structures No No

Central ring Yes No

Radial fibres Yes No

Radial strands Yes No

Coiled sac Yes Yes

Coiled membrane Yes No

Coiled tube Yes No

Proximal, medial, and 
distal longitudnal divisions 
of the coiled sac

Yes No

Circumoral tentacles Yes Presence may be indicated 
on a limited number of 
specimens by amorphous 
structures in the expected 
position of the circumoral 
tentacles

Oval sacs Yes No

Bifurcating lobes Yes, by both 
aluminosilicification and 
sediment infill prior to 
burial

Preserved in two specimens, 
where the lobes became 
infilled with sediment prior 
to burial

Musculature No Concentric structures have 
been suggested to represent 
musculature, but this cannot 
be confirmed

Body wall membrane Yes No

Dorsal integument Yes No

Ventral integument No No

Table 6.02. Comparative preservation of anatomical features in the Burgess Shale 
and Tafilalt eldonids
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Ediacara  
Member

Erga 
Formation

Kliphoek 
Member

Arumbera 
Formation

Fermeuse 
Formation

Fossil preservation 
mode(s)

Death masks, gravity 
casts, endorelief

Endorelief Gravity casts

Transport None or 
limited

None or 
limited

Yes None None

Rapid burial Yes Yes Yes Yes Yes

Microbial mats Yes Yes Unknown Yes Yes

Low TOC Unknown Unknown Unknown Unknown Unknown

Clay mineralogy Mostly 
illite

Unknown Unknown Illite and 
smectite

Illite and 
smectite

Adsorption of detrital 
clays to exoenzymes

Expected, but likely low for all sites due to the coarse grain size

Adsorption of detrital 
clays to macrofossils

Expected, but likely low for all sites due to the coarse grain size

Aerobic decay Minimal; available oxygen rapidly consumed, due to the size of 
the organisms (and perhaps sealing by microbial mats)

Nitrate reduction Insignificant at all sites

Manganese (IV) 
reduction

Insignificant at all sites

Iron (III) reduction Complete, for reactive iron (III) (indicated by evidence for iron 
mobility and sulphate reduction)

Adsorption of reduced 
Fe2+ onto biopolymers

Expected, but no published evidence Expected; indicated 
by association of clay 
minerals with fossils

Nucleation of 
authigenic clay 
minerals around 
adsorbed Fe2+

No published evidence Expected; indicated 
by association of clay 
minerals with fossils

Sulphate reduction 
and precipitation 
of authigenic iron 
sulphides

Indicated 
by 
haematite 
bed sole 
veneer and 
limonite 
fossil 
surface 
veneer

Yes, pyrite 
on fossil 
surfaces 
and on 
microbial 
mats. ∂34S 
confirms 
sulphate 
reduction

Yes; iron 
oxides 
on fossil 
surfaces 
and pyrite 
within 
fossils

Indicated 
by 
haematite 
in fossil 
surface 
veneer

Indicated 
by iron 
concen-
trated 
on fossil 
surfaces

Iron sulphides stabilise 
mould of the 3D shape 
of the organism

Yes Yes Yes Yes Yes

Organic carbon No Yes No No No

Table 6.03. Taphonomic evidence for fossils preserved as moulds and casts at 
Ediacaran sites. References in the text.




