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Appendix A 

A.1. Pyrite distribution description 

TorA1 (Toraro Mt.): lithiotid accumulation dominated by Lithiotis problematica 

Sample Photo 
Notes SEM 

Analysis 
Image  Measuring 

A1-1 

8_029 Pyrite 

 

One well-defined framboid 

(diameter: ~22.33 µm) and another 

framboid, less defined (diameter:  

~18.67 µm). The size of each 

crystallite varies from 1.5 to 3.5 µm. 

 

The two framboids were considered in the next 

photo 

 

8_030 Pyrite 

 

Overview of the previous photo. 

Framboids pyrite with altered 

surface, small euhedral crystal (?) 

and not well-defined pyrite forms. 

(Considering also the previous two framboids) 

Total amount of framboids (S): 13 

Mean framboid diameter (md): 8.66 µm  

Maximum framboid diameter (MFD): 22.33 µm 

Minimum framboid diameter: 2.58 µm 

Standard deviation (SD): 5.61 µm 
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8_031 Pyrite 

 

Only one framboid with altered 

surface. The analysed framboid 

exhibits granular pyrite overgrowth 

(according to Morse and Cornwell, 

1987) where each crystallite varies 

from 1 to 28 µm. 

Diameter: ~12.77 µm 

Considering all the pyrite framboids 

Total amount of framboids (S): 14 

Mean framboid diameter (md): 8.95 µm  

Maximum framboid diameter (MFD): 22.33 µm 

Minimum framboid diameter: 2.58 µm 

Standard deviation (SD): 5.50 µm 
 

A1-2 No pyrite 
 

A1-4 15_003 ? 

 

Altered pyrite (?) with undefined 

morphology (maximum size:  

35 µm; minimum: 28 µm). 

/ 

 

A1-7 No pyrite 

A1-8 No pyrite 
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A1-11 

17_004 Pyrite 

 

Pyrite with undefined morphology 

(maximum size: 30 µm;  

minimum: 27.79 µm).  

/ 

17_005 Pyrite 

 

Six pyrite framboids with altered 

surface. 

Total amount of framboids (S): 6 

Mean framboid diameter (md): 6.99 µm 

Maximum framboid diameter (MFD): 10.07 µm 

Minimum framboid diameter: 4.39 µm 

Standard deviation (SD): 2.13 µm 

17_006 Pyrite 

 

Only one framboid with altered 

surface. 
Diameter: ~12.01 µm 
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17_007 Pyrite 

 

Only one framboid with altered 

morphology and surface. The 

analysed framboid exhibits 

amorphous pyrite overgrowth 

where each crystallite diameter  

is ~2.5 µm. 

Diameter: ~9.14 µm 

Considering all the pyrite framboids 

Total amount of framboids (S): 8 

Mean framboid diameter (md): 7.89 µm  

Maximum framboid diameter (MFD): 12.01 µm 

Minimum framboid diameter: 4.39 µm 

Standard deviation (SD): 2.57 µm 
 

 

TorA2 (Toraro Mt.): small lithiotid accumulation dominated by Lithiotis problematica 

Sample Photo 
Notes SEM 

Analysis 
Image  Measuring 

1
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1  

 

Few framboidal structures with 

altered surface.  

Few undefined forms (from  

~3 to ~31 µm). Rare not well-

defined euhedral crystals 

(from ~13 µm to ~24 µm). 

Total amount of framboids (S): 8 

Mean framboid diameter (md): 17.53 µm  

Maximum framboid diameter (MFD): 29.73 µm 

Minimum framboid diameter: 5.70 µm 

Standard deviation (SD): 9.62 µm 
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2 

Detailed of 

previous 

photo 1 

 

/ 
Considered in the photo 1 

 

3 

Detailed of 

previous 

photo 1 

 

/ Considered in the photo 1 

4  

 

Few framboidal structures with 

altered surface. Few undefined 

larger forms (up to ~85 µm). 

 

Total amount of framboids (S): 2   

Mean framboid diameter (md): 10.86 µm  

Maximum framboid diameter (MFD): 15.06 µm 

Minimum framboid diameter: 6.66 µm 

Standard deviation (SD): 5.94 µm 
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5 Iron oxides 

 

Few framboidal structures with 

altered surface. Rare not well-

defined euhedral crystals  

(from ~2 µm to ~29 µm). 

 

Total amount of framboids (S): 5 

Mean framboid diameter (md): 15.71 µm  

Maximum framboid diameter (MFD): 21.35 µm 

Minimum framboid diameter: 5.70 µm 

Standard deviation (SD): 4.53 µm 

Considering all the framboids 

Total amount of framboids (S): 15 

Mean framboid diameter (md): 16.03 µm  

Maximum framboid diameter (MFD): 29.73 µm 

Minimum framboid diameter: 5.70 µm 

Standard deviation (SD): 7.73 µm 
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10 
Pyrite and 

altered pyrite 

 

Few framboidal structures with 

altered surface.  

Few undefined forms  

(from ~5 to ~33 µm). 

Total amount of framboids (S): 14   

Mean framboid diameter (md): 18.00 µm  

Maximum framboid diameter (MFD): 28.45 µm 

Minimum framboid diameter: 8.61 µm 

Standard deviation (SD): 5.88 µm 

11 

Detailed of 

previous 

photo 10 

 

Few framboidal structures with 

altered surface. One larger 

undefined form  

(from ~25 to ~42 µm). 

Total amount of framboids (S): 6   

Mean framboid diameter (md): 14.00 µm  

Maximum framboid diameter (MFD): 22.70 µm 

Minimum framboid diameter: 8.36 µm 

Standard deviation (SD): 5.52 µm 
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Considering all the framboids 

Total amount of framboids (S): 20 

Mean framboid diameter (md): 16.75 µm  

Maximum framboid diameter (MFD): 28.45 µm 

Minimum framboid diameter: 8.36 µm 

Standard deviation (SD): 5.92 µm 

Considering all the framboids of the two samples (photo 1,2,3,4,5,10 and 11)  

Total amount of framboids (S): 35 

Mean framboid diameter (md): 16.44 µm  

Maximum framboid diameter (MFD): 29.73 µm 

Minimum framboid diameter: 5.70 µm 

Standard deviation (SD): 6.66 µm 
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6 Iron oxides 

 

Abundant framboidal structures 

with altered surface. 

Few undefined forms  

(from ~4 to ~15 µm). Rare not 

well-defined euhedral crystals  

(from ~3 µm to ~10 µm). 

Total amount of framboids (S): 41  

Mean framboid diameter (md): 6.89 µm  

Maximum framboid diameter (MFD: 14.32 µm 

Minimum framboid diameter: 2.64 µm 

Standard deviation (SD): 2.59 µm 

7 

Detailed of 

previous 

photo 6 

 

The size of each crystallite 

varies from ~0.5 to ~1.7 µm. 

 

Considered in the photo 6 
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8 
Iron oxides 

and pyrite 

 

Abundant iron oxides 

framboidal structures with 

altered surface. 

Few undefined forms  

(from ~4 to ~15 µm). Rare not 

well-defined euhedral pyrite 

crystals (~6–7 µm). 

Total amount of framboids (S): 46 

Mean framboid diameter (md): 6.25 µm  

Maximum framboid diameter (MFD): 14.30 µm 

Minimum framboid diameter: 2.48 µm 

Standard deviation (SD): 2.50 µm 

9 

Detailed of 

previous 

photo 8 

 

The size of each crystallite 

varies from ~0.4 to ~1 µm. 

 

Considered in the photo 8 

Considering all the framboids 

Total amount of framboids (S): 86 

Mean framboid diameter (md): 6.55 µm  

Maximum framboid diameter (MFD): 14.32 µm 

Minimum framboid diameter: 2.48 µm 

Standard deviation (SD): 2.56 µm 
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No framboidal structures. 

Several undefined forms that 

vary in size from ~8 to ~70 µm. 

/ 
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15 

Detailed of 

previous 

photo 14 

 

/ Considered in the photo 14 

 

2
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16  

 

Few framboidal structures with 

altered surface. Several 

undefined forms that vary in 

size from ~6.5 to ~65 µm. 

Total amount of framboids (S): 9   

Mean framboid diameter (md): 10.80 m  

Maximum framboid diameter (MFD): 14.63 µm 

Minimum framboid diameter: 7.08 µm 

Standard deviation (SD): 2.86 µm 

17 

Detailed of 

previous 

photo 16 

 

Few framboidal structures with 

altered surface. 

Total amount of framboids (S): 20   

Mean framboid diameter (md): 7.50 µm  

Maximum framboid diameter (MFD): 12.03 µm 

Minimum framboid diameter: 2.75 µm 

Standard deviation (SD): 2.90 µm 

18 

Detailed of 

previous 

photo 16 

 

Few framboidal structures with 

altered surface. Several 

undefined forms with altered 

surface (from ~6 to ~65 µm). 

Total amount of framboids (S): 18  

Mean framboid diameter (md): 7.64 µm  

Maximum framboid diameter (MFD): 16.14 µm 

Minimum framboid diameter: 2.95 µm 

Standard deviation (SD): 3.46 µm 
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Considering all the framboids 

Total amount of framboids (S): 47 

Mean framboid diameter (md): 8.17 µm  

Maximum framboid diameter (MFD): 16.14 µm 

Minimum framboid diameter: 2.75 µm 

Standard deviation (SD): 3.31 µm 
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Abundant euhedral crystals with 

smooth surface which size 

varies from ~1 to ~7 µm. 

/ 

22 
Limonite or 

iron oxides 

 

/ 
Detailed of previous photo, 

considered in the photo 21 

23 Iron oxides 

 

Three well-defined framboids. 

The size of each crystallite 

varies from ~1.5 to ~2.1 µm. 

Total amount of framboids (S): 3  

Mean framboid diameter (md): 25.83 µm  

Maximum framboid diameter (MFD): 31.23 µm 

Minimum framboid diameter: 22.76 µm 

Standard deviation (SD): 4.69 µm 
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24  

 

/ 
Detailed of previous photo,  

considered in the photo 23 
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Euhedral crystals with smooth 

surface which size varies from 

~5 to ~31 µm. Undefined forms 

with altered surface (from ~4 to 

~88 µm). Framboidal structures 

with altered surface. 

Iron oxides? 

Total amount of framboids (S): 5  

Mean framboid diameter (md): 9.38 µm  

Maximum framboid diameter (MFD): 13.06 µm 

Minimum framboid diameter: 7.28 µm 

Standard deviation (SD): 2.23 µm 

20 

Detailed of 

previous 

photo 20 

 

Framboidal structures with 

altered surface. Several isolated 

small crystallites and undefined 

(amorphous) forms which vary 

in size up to ~12 µm. The size 

of each crystallite is ~0.5 µm. 

Iron oxides? 

Total amount of framboids (S): 5  

Mean framboid diameter (md): 8.36 µm  

Maximum framboid diameter (MFD): 11.36 µm 

Minimum framboid diameter: 6.82 µm 

Standard deviation (SD): 1.81 µm 

Considering all the framboids 

Total amount of framboids (S): 10 

Mean framboid diameter (md): 8.87 µm  

Maximum framboid diameter (MFD): 13.06 µm 

Minimum framboid diameter: 6.82 µm 

Standard deviation (SD): 1.99 µm 
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Several framboidal structures 

with altered surface. 

Several undefined forms that 

vary in size from ~7 to ~135 

µm. 

Total amount of framboids (S): 74   

Mean framboid diameter (md): 14.06 µm  

Maximum framboid diameter (MFD): 34.98 µm 

Minimum framboid diameter: 6.46 µm 

Standard deviation (SD): 5.28 µm 

13 

Detailed of 

previous 

photo 12 

 

/ Considered in the photo 12 

 

 

  



 

141 

 

TorB (Toraro Mt.): small lithiotid accumulation dominated by Cochlearites loppianus 

Sample Photo 
Notes SEM 

Analysis 
Image  Measuring 

B-1 

 

6-021 Pyrite 

 

Undefined forms 

(amorphous) with altered 

surface (no framboids) 

and rare euhedral 

crystallites (?). Each 

crystallite varies from 

 1 to 4 µm. 

 

/ 

6-022 Pyrite 

 

Larger framboid with 

altered surface  

(diameter: ~35 µm). 

 

Not considered in the analysis 

6-023 Pyrite 

 

Several framboids with 

altered surface. 

Total amount of framboids (S): 22  

Mean framboid diameter (md): 12.65 µm  

Maximum framboid diameter (MFD): 22.51 µm 

Minimum framboid diameter: 6.68 µm 

Standard deviation (SD): 4.32 µm 
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6-024 Pyrite 

 

Only one framboid with 

altered surface. Each 

crystallite is ~2 µm large. 

Diameter: ~19 µm 

 

Considering all the pyrite framboids 

Total amount of framboids (S): 23 

Mean framboid diameter (md): 12.93 µm  

Maximum framboid diameter (MFD): 22.51 µm 

Minimum framboid diameter: 6.68 µm 

Standard deviation (SD): 4.43 µm 
 

A-2 7-025  

 

Only one framboid with 

altered surface. Each 

crystallite varies from  

~1 to 2 µm large. 

Diameter: ~12.80 µm  
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7-027  

 

Several framboids with 

altered surface and 

undefined forms  

(size: from  

~3 up to ~7.5 µm).  

Total amount of framboids (S): 11  

Mean framboid diameter (md): 5.81 µm  

Maximum framboid diameter (MFD): 9.93 µm 

Minimum framboid diameter: 2.76 µm 

Standard deviation (SD): 2.01 µm 

7-028 Iron oxides 

 

Several framboids with 

altered surface (each 

crystallite is ~2 µm 

large) and undefined 

forms (size: from  

~2.5 up to ~6.5 µm). 

Total amount of framboids (S): 9 

Mean framboid diameter (md): 7.75 µm  

Maximum framboid diameter (MFD): 15.33 µm 

Minimum framboid diameter: 2.59 µm 

Standard deviation (SD): 4.45 µm 

Considering all the pyrite framboids 

Total amount of framboids (S): 21 

Mean framboid diameter (md): 6.94 µm 

Maximum framboid diameter (MFD): 15.33 µm 

Minimum framboid diameter: 2.59 µm 

Standard deviation (SD): 3.51 µm 
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A-3 

3-013 Pyrite 

 

Only one framboid with 

altered surface. 
Diameter: ~14.6 µm 

3-014 Pyrite 

 

Disc-shaped pyrite 

Aggregate of (at least) 9 

elements. Each crystallite 

varies from 

 ~1.39 to 4 µm. 

 

/ 

3-015 
Altered 

pyrite 

 

Two framboids with 

altered surface and 

altered pyrite with 

undefined morphology.  

 

Total amount of framboids (S): 2 

Mean framboid diameter (md): 6.45 µm 

Maximum framboid diameter (MFD): 7.82 µm 

Minimum framboid diameter: 5.07 µm 

Standard deviation (SD): 1.94 µm 

Considering all the pyrite framboids 

Total amount of framboids (S): 3 

Mean framboid diameter (md): 9.05 µm 
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Maximum framboid diameter (MFD): 14.26 µm 

Minimum framboid diameter: 5.07 µm 

Standard deviation (SD): 4.72 µm 
 

A-4 

2-010  

 

Altered pyrite with 

irregular shape and 

framboids with altered 

surface. 

 

 

Total amount of framboids (S): 9 

Mean framboid diameter (md): 7.06 µm 

Maximum framboid diameter (MFD): 10.07 µm 

Minimum framboid diameter: 4.26 µm 

Standard deviation (SD): 1.93 µm 

2-011  

 

Undefined forms with 

altered surface (no 

framboids;  

size: ~40 µm). 

/ 

2-012 
Limonite 

and pyrite 

 

Small isolated 

crystallites (diameter 

from ~0.7 to ~1.7 µm) 

and altered pyrite 

framboids. 

Total amount of framboids (S): 4 

Mean framboid diameter (md): 3.87 µm 

Maximum framboid diameter (MFD): 5.07 µm 

Minimum framboid diameter: 3.21 µm 

Standard deviation (SD): 0.83 µm 
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Considering all the pyrite framboids 

Total amount of framboids (S): 13 

Mean framboid diameter (md): 6.08 µm 

Maximum framboid diameter (MFD): 10.07 µm 

Minimum framboid diameter: 3.21 µm 

Standard deviation (SD): 2.24 µm 
 

A-5 

11-035 
Ex-pyrite/ 

iron oxides 

 

Only one framboid with 

altered surface. 
Diameter of ~6.06 µm 

11-036  

 

Disc-shaped pyrite 

aggregate of (at least) 12 

elements. Each crystallite 

varies from  

~1.7 to 2.8 µm. 

/ 
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11-037  

 

Disc-shaped pyrite  

aggregate of (at least) 8 

elements. Each crystallite 

varies from 

 ~1.4 to 3.4 µm. 

/ 

11-038  

 

Disc-shaped pyrite  

Aggregate of (at least) 15 

elements. Each crystallite 

varies up to 5 µm. 

/ 
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TorC (Toraro Mt.): Tabular lithiotid accumulation dominated by Cochlearites loppianus 

Sample Photo 
Notes SEM 

Analysis 
Image  Measuring 

C-1I2 

13_040 Pyrite 

 

Disc-shaped pyrite 

aggregate of (at least) 40 

elements. Each crystallite 

varies from  

~1.6 to ~4.5 µm. 

/ 

13_041 Pyrite 

 

Disc-shaped pyrite 

aggregate of (at least) 18 

elements. Each  

crystallite varies  

from ~1 to ~3.5 µm. 

/ 
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14_001 
No 

pyrite 

 

Only one framboid (no 

pyrite) with altered surface 

(diameter: ~15.9 µm). 

/ 

14_002 
No 

pyrite 

 

Undefined form with 

altered surface (no pyrite) 

which varies from  

~11.2 to ~7.3 µm. 

/  

 

C-10 12_039  

 

One framboid with altered 

surface and several 

undefined forms 

(amorphous). These 

elements vary  

from ~1 to ~3 µm. 

  

Framboid diameter: ~7.89 µm 
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C-1CL 

5_019 
Iron oxides 

and goethite 

 

Undefined forms (no 

framboids) that vary in 

size up to ~7 µm. 

/ 

5_020 
Altered 

pyrite 

 

Two framboids with 

altered surface. The 

diameter of each crystallite 

in the smaller framboids is 

<1 µm. 

Total amount of framboids (S): 2 

Mean framboid diameter (md): 6.19 µm  

Maximum framboid diameter (MFD): 8.00 µm 

Minimum framboid diameter: 4.38 µm 

Standard deviation (SD): 2.56 µm 

 

C-1CR 9_032 Iron oxides 

 

Undefined form (no 

framboidal-shape) which 

varies from ~33 

to ~15.6 µm. Crystallites 

were recognizable  

and vary from  

~0.9 to ~1.5 µm in size. 

/  
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10_033 Pyrite 

 

One framboid with altered 

surface. The diameter of 

each crystallite is <1 µm. 

There is a small form 

(diameter: ~1.8 µm). 

Framboid diameter: ~9.03 µm 

10_034 Pyrite 

 

Five framboids with 

altered surface. The 

diameter of each crystallite 

in the well-defined 

framboid is < ~1 µm. 

Total amount of framboids (S): 4 

Mean framboid diameter (md): 7.85 µm  

Maximum framboid diameter (MFD): 10.77 µm 

Minimum framboid diameter: 5.65 µm 

Standard deviation (SD): 2.15 µm 

Considering all the studied framboids 

Total amount of framboids (S): 5 

Mean framboid diameter (md): 8.10 µm  

Maximum framboid diameter (MFD): 10.77 µm 

Minimum framboid diameter: 5.65 µm 

Standard deviation (SD): 2.63 µm 
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C-3CL 

4_016  

 

Several framboids with 

altered surface and two 

undefined forms 

(coalescent framboids?) 

which vary in size  

from ~25 to ~30 µm. 

Total amount of framboids (S): 7 

Mean framboid diameter (md): 14.84 µm  

Maximum framboid diameter (MFD): 19.95 µm 

Minimum framboid diameter: 12.60 µm 

Standard deviation (SD): 2.54 µm 

 

4_017  

 

Two less defined 

framboids with altered 

surface and several 

undefined forms 

(coalescent framboids?). 

Crystallites were 

recognised  

(their size varies from  

~0.9 to ~1.7 µm). 

Total amount of framboids (S): 2 

Mean framboid diameter (md): 12.53 µm  

Maximum framboid diameter (MFD): 13.33 µm 

Minimum framboid diameter: 11.72 µm 

Standard deviation (SD): 1.14 µm 

 

4_018  

 

Few undefined forms (no 

framboids, altered pyrite?) 

which vary from ~7.7 to 

~16.8 µm). 

/ 

Considering all the studied framboids 

Total amount of framboids (S): 9 

Mean framboid diameter (md): 14.33 µm  
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Maximum framboid diameter (MFD): 19.95 µm 

Minimum framboid diameter: 11.72 µm 

Standard deviation (SD): 2.45 µm 
 

C-5B 

1_002 Pyrite 

 

Four framboids (three with 

altered surface). In better 

preserved framboids, each 

crystallite is ~1.1 µm. 

Total amount of framboids (S): 4 

Mean framboid diameter (md): 12.33 µm  

Maximum framboid diameter (MFD): 16.88 µm 

Minimum framboid diameter: 9.93 µm 

Standard deviation (SD): 3.28 µm 

1_003 
Altered 

pyrite 

 

No framboids - undefined 

forms where each 

crystallite varies  

from ~2 to ~4.7 µm. 

/ 

1_004 Limonite 

 

Few undefined forms with 

altered surface (size from 

~10 to ~26 µm).  

The smaller  

units/elements vary  

from ~3.5 to ~7.5 µm. 

/ 
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1_005 Limonite 

 

Few undefined forms with 

altered surface, included 

coalescent elements  

(size from ~3.3  

to ~22.2 µm). 

/ 

1_006 Pyrite 

 

Well-defined pyrite 

framboid. 

Each crystallite varies 

from ~0.7 to ~1 µm. 

Diameter: ~5.97 µm 

1_007 Pyrite 

 

Well-defined pyrite 

framboid. 

Each crystallite varies 

from ~0.8 to ~0.9 µm. 

Diameter: ~6.19 µm 
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1_009 
Altered 

pyrite 

 

Few undefined forms 

(including aggregates) 

with altered surface (size 

from ~18 to ~26 µm). The 

smaller units/elements 

vary from ~3.5 to ~9 µm. 

/ 

Considering all the studied framboids 

Total amount of framboids (S): 6 

Mean framboid diameter (md): 10.14 µm  

Maximum framboid diameter (MFD): 16.88 µm 

Minimum framboid diameter: 5.57 µm 

Standard deviation (SD): 4.24 µm 
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Original data of Figure 4.21 (Chapter 4) 

Accumulation Sample ID No. of measured samples Mean diameter (µm) Standard deviation 

TorA1 
A1 A1 14 8.95 5.50 

A1-11 A1-11 8 7.89 2.57 

TorA2 

18 upper part block C 18uC 86 6.55 2.56 

18 lower part block C 18lC 35 16.44 6.66 

22 upper part block C 22uC 47 8.17 3.31 

marl 22 upper part block C 22MuC 3 25.83 4.69 

19 lower part block A 19lA 10 8.87 1.99 

22 upper part block A 22uA 74 14.06 5.28 

22 lower part block C null 

TorB 

B-1 B-1 23 12.93 4.43 

B-2 B-2 21 6.94 3.51 

B-3 B-3 3 9.05 4.72 

B-4 B-4 13 6.08 2.24 

TorC 

C-1CL C-1CL 2 6.19 2.56 

C-1CR C-1CR 5 8.10 2.63 

C-3CL C-3CL 9 14.33 2.45 

C-5B C-5B 6 10.14 4.24 

TorE null (see text for further details) 
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A.2. Alternative methods to detect pyrite and 

framboids 
 

The traditional procedure to observed and measure pyrite and framboids includes the 

scanning electron microscope (SEM) set in backscattered mode (e.g., Wilkin et al., 1996; 

Wignall and Newton, 1998). Only few works used transmitted and reflected optical light 

microscopy (e.g., Wang et al., 2012), always joined to SEM analysis.  

However, Wilkin et al. (1996) pointed out the limitations of 2D analyses of framboidal 

pyrite distribution claiming that the estimated measurement error is approximately 10%. 

Because spherical objects are not uniform in size, the examined surface represents a random 

section which underestimated of the real diameter of the objects.  

Even though SEM constitutes the best method to verify the occurrence of pyrite, it 

remains a time-consuming procedure and could be not easily accessible. Some alternative 

methods were tested in order to analyse the pyrite distribution in carbonate rocks. The used 

methods can be divided into two groups according to the starting samples: thin sections and 

collected rock blocks. 

 

A.2.1. Thin sections of rock samples 

Thin sections were analysed under light-reflected microscope and light-transmitted 

binocular microscope. For this analysis ultra-polished thin sections were prepared. Under light-

reflected microscope, pyrite appears light yellow in colour and distinguished by its morphology, 

its relatively high reflectance (55) and its hardness (6.0–6.5) verified with “Kalb line” test. 

Unfortunately, as confirmed by SEM analysis, in the studied samples pyrite occurs in several 

shapes and a clear distinction of framboids cannot be made.  

Few works studied pyrite framboids under light-transmitted binocular microscope (e.g., 

Wang et al., 2012). In these cases, framboids are abundant and well preserved; they are easily 

distinguished from the matrix due to the highest colour contrast. Although in the analysed thin 

sections few dark and/or reddish features were detected, they cannot certainly be identified as 

pyrite.  

 

A.2.2. Chemical and CT-scan analyses 

Few collected samples of TorC (Toraro Mt.) were chosen in order to test different 

methods to extract pyrite. In literature, pyrite isolation procedure was reported only by 
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Vallentyne (1963). The aim of this procedure was to obtain the spherules microcrystal 

components based on heavy mineral centrifugation, flotation of pyrite spherules, and 

differential sedimentation of pyrite after rupturing spherules into their component 

microcrystals. This study focused on pyrite spherules-richness sediments of the Little Round 

Lake, Ontario. This method is quite complex, and the final goal is beyond the scopes of the 

present thesis. 

The followed procedure is here briefly reported. After weight, the samples were 

immersed in HCl (10%) and H2O2 (~10%) in order to dissolve the calcium carbonate and 

organic fraction and to avoid damages to the framboids. The residue, constituted by insoluble 

clay terrigenous fraction and other minerals, were filtered over suited paper (pore-size 8 μm) 

and the collected residue was dried in hoven (ca. two hours at 60 °C). After that, the solid 

residue was tentatively observed under light-reflected stereo microscope in order to collect the 

main minerals. Unfortunately, the large amount of mud hampered a clear identification. Only 

few larger minerals were separated (Fig. 1A). In order to remove the mud, two techniques (i, 

ii) were performed.  

i) The residue was tentatively separated with a centrifuge without success. The few 

amounts and the reduced size of pyrite hampered a strict separation. A better result could be 

obtained using an ultra-centrifuge which usually is not easily available in the laboratories. 

ii) The solid residue was filtered using a saturated-sugar solution. The sugar solution 

density, measured with a picnometer, was 1.3517 g/cm3 while pyrite shows a density of ~5.01 

g/cm3, and mud is ~1.73 g/cm3. In this case, the separation is due to the high viscosity of sugar 

solution which allows a slow parting between colloidal muddy fraction from the heavy part, 

which includes pyrite minerals (Fig. 1C–D). The minerals immersed in the sugar solution were 

collected and scanned with high resolution scanner (Epson V800 Photo; Fig. 1B). Subsequently, 

the same samples were also observed with binocular microscope (Leica M50) but the resolution 

of both devices (scanner and microscope) was not enough.  

Finally, considering that the different density between the pyrite and the sugar solution 

allows the mineral forms reconstruction, the filtered residue was analysed with X-ray 

tomography (micro-CT scan) at the University of Ferrara. Micro-CT scan is a non-destructive 

technology which provides high resolution 3D imaging information. Few studies used high 

resolution X-ray tomography (micro-CT) (e.g., Cárdenes et al., 2016; Merinero et al., 2017). 

These preliminary works, which verify the micro-CT scan efficiency for the observation of 

pyrite framboids, are always joined with SEM analysis. SEM is able to determine the 

morphology and size of pyrite in 2D, while micro-CT scan provides statistically relevant 

information about the 3D size (Cárdenes et al., 2016).   
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The micro-computed tomographic system consists of a Hamamatsu L9421-02 tungsten 

X-ray microfocus tube with an anode voltage of 70 kVp. The used current was 100–110 µA. 

Rotation step ranges between 0.5° to 1°, with an exposure time of 1 second. The reconstructed 

voxel size was 5x5x5 µm3 with the reconstruction algorithm FDK on GPU. The X-ray detector 

collects hundreds of angular shadow images while the object rotates, thereafter, a computer 

program (Di Domenico, 2014), developed on CUDA framework and including alignment 

optimization, uses a modified Feldkamp algorithm allowing the reconstruction of data 

throughout the full 3D volume. In the resulted images (Fig. 2) the outer morphology of the 

crystals was observed but their surface was not clear enough to identify them as framboids.  

 

 

Pyrite is the most abundant sulphide minerals in carbonate rocks, where it occurs in 

several size and shapes. In paleoredox reconstruction, the most important pyrite forms are 

constituted by smallest pyrite framboids, whose diameter is less than ~10 µm. Frequently, pyrite 

framboids are prone to be altered during diagenesis (see Chapter 4 for further details). 

As resulted by SEM analysis carried out on the lithiotid accumulation samples, pyrite 

frequently occurs as altered forms (see Chapter 4 for further details). Unusual morphologies, as 

Figure 1. A) Isolated large pyrite framboid viewed under light-reflected stereo microscope (~25 µm in diameter). 

B) Scanned image of the solid residue; the densest black forms are likely pyrite (red arrows). C) Separated solid 

residue in saturated sugar solution. D) Petri dishes with the saturated sugar solution and filtered solid residue. 
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the disc-shaped morphologies, were also recognised. The size of pyrite forms can vary 

considerably and the well-defined framboids are relatively rare. Even though larger and well-

defined pyrite framboids could be isolated and observed under light-reflected stereo microscope 

(Fig. 1), the most important smallest pyrite framboids, frequently altered, cannot be 

distinguished. 

Primary framboidal morphologies is not distinctive for pyrite (Wilkin and Barnes, 

1997). Several authors observed spherical and irregularly shaped aggregates of magnetite, 

magnesioferrite, marcasite and greigite (see Wilkin and Barnes, 1997 for further details). Other 

minerals, for example limonite framboids, likely represent oxides or replaced pyrite framboids 

(e.g., Lougheed and Mancuso, 1973). 

 

 

 

 

 

 

 

 

 

 

 

 

In conclusion, SEM analysis is still the most suitable method in order to verify the nature 

of pyrite framboids and the shapes of the single pyrite crystals, in particular when diagenetic 

alteration occurs. 

 

 

 

Figure 2. Micro-CT scan image of possible pyrite crystals immersed in the saturated sugar solution after filtration. 



Sample L Bio miF maF Br Gas Ech Th. Pal. Bac Onc Pel F. P. Cor Micrite Spa.

Ve4-11 F-RW R M

Ve4-12 W R R M

Ve4-9 W-M R C R M/MS

Ve4-10 FW R R M

Ve4-13 F R M

Ve3-15/1 W R R R R R M/MS

Ve3-15/2 W R R R R R M

Ve3-7 W-P R R R R M X

Ve3-8 P-W R R R R M X

Ve2-4 M R R R M

Ve2-5 M-W R R R R M

Ve2-6 M R R R R M/MS

Ve2-14 W R R R R M/MS

Ve1-1 P-G A R R R R R C R C M X

Ve1-2 FM R R R R M

Ve1-3 W-M R R R R R R M/MS

Ro-10 W R R R R R R M/VFGM

Ro-3 M R R R R M

Ro-2 M R R R R R M

Ro-6 M-W C R R R R R M

Ro-9 W R R R R R R M/VFGM

Ro-8 W R R R R M

Ro-1 W R R R R R R M

Ro-7 W R R R R R M/VFGM

Ro-4 FM R R R R M

Ro-5 W R R R R M

Cm-1-1 W-P C R R R A R VFGM/CPM X

Cm-1-2 W-P A R R C VFGM/CPM X

Cm-2 W C R R VFGM/M

Cm-3 W C R R VFGM/CPM

Cm-4 W C R R VFGM

F2-1 W-P A R R R R R R M/CPM X

F2-5 W-P A R R R R R M/CPM X

F2-C W A R R R R C R M

F1-1 W A R R R R R R C R M

F1-2 W A R R R C C C R M

F1-3 W A R R C R C M

F1-4 W-P A R R R R C R R R M X

F1-C1 FW A R C R R R R R M/MS

F1-C2 W A C R R R R C M

F2-2 W-P R R R R R R R C R R M X

F2-3 W-P R R R R R R M/CPM X

F2-4 W-P A R R R R R C R R M X

F1-B FP A R R R R R C R M/CPM X

E-2O3 W A R R R R R M X

E-3O2 FW C R R R R R R M

E-4O W R R R R R R M

E-4I W-P C R R R R C R M X

E-2O2 W-G C R R R C R M X

E-2I W-P A R R R R R R M X

E-1O W-P R R R R C C M X

E-2OB W-P C R R R R R R M X

E-2C W-P A R R R R R R R M X

E-1C P-G A R C R R C R M/CPM X

E-5C P-G A C C C R A M/CPM X

E-3C W R R R R R R M

E-4C W R R R R R M/MS

E-1B W-P R R R R C C M X

E-4B W-P C R R R C C M X

E-3B FW R R R R R C M

E-5B FW A R C R R R R M

D2-OB P-G A R R R C R R R R VFGM/M X

D2-OT W-G R R R R R R R R VFGM/M X

D2-U W R R R R R R VFGM/M

D2-V W A R R R C C M/VFGM

D2-I W A R R R R C C VFGM/M X
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D2-BT P-G A R R R R R R C R M/CPM X

C-OC P-W R C A A A R M X

C-1I M R R MS/M

C-1O W-P R R R R C R A C R M X

C-5O M R R M

C-3O M R R R M/MS

C-4O M R R R R R MS/M

C-6O FM R R R MS/M

C-OC P R C A C A A R MS/M

C-4I W R R MS/M

C-1I2 G-P C C C R A R R C M X

C-1B FM R C MS/M

C-2B M R R R MS/M

C-1CL FM R C R M/MS

C-3I M R R R R M

C-4IS FM R R MS/M

C-5I M R MS/M

C-6I W R R R MS/M

C-1CR M R R MS/M

C-4B M R R R R R MS/M

C-5B M R R R MS/M

C-5C M R R R R MS/M

Cover B-1 FM A VFGM

B-3 W R C R M/MS

B-4 M R R R M/MS

B-5 FM A R R R R R C VFGM

Flanks B-2 FM A R R R M/MS

Da-1 W-P R R R R R M/MS X

Da-2 FP R R R R R R R M X

Da-3 W-P R R C M X

Da-4 W R R R R M

Da-5 W R R R R C M/CPM

Da-6 W-P R R R M X

Da-7 W R R R R M

Da-8 W-G R R R R C C M/CPM X

Da-9 W-P C R R R R R R M X

Da-10 W-P C R R R R R R M X

Da-11 FW R R R R C R M X

Da-12 W-P R R R M X

Da-13 FW R R R R R M

Da-14 W-P R R R M S

Da-15 W R R C VFGM/M/CPM

Da-16 FW R R R R M

Da-17 W-P R R R M X

Da-18 FP C R R R R M

Da-19 W R R R C R M/MS X

Da-20 W-P R R R R R M/MS

Da-21 W-P R R R R M X

Da-22 W R R R R R M

Da-23 W-P R R M/MS X

Da-24 W-P R R R R M X

Da-25 F-RW R R R R R R VFGM

Da-26 W-P R R R R M X

Da-27 W R R R M

Da-28 W R R R M

Da-29 W R M

Da-30 W-P R R R R R R M X

Da-31 W R R R R M

Da-32 W-P R R R R C C M X

Da-33 W R R R R R M

Da-34 W-P R R R R R M X

Da-35 W R R R R C VFGM/M

A1-4 W R R R R R CPM

A1-3 W R R R R R M

A1-11 W-P R R R R M/CPM/MS

A1-5 W R R R R M

A1-6 W R R R M

A1-7 W C R R R R M

A1-13 W R R R R C R M/CPM

A1-2 W-P R R R R R R M/CPM X

A1-1 W-P R R R R R M/CPM X
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A1-8 W R R R R R R R M/CPM

A1-9 FW A R C R R R R R CPM

A1-10 W-M R R R R R M

A1-12 W R R R R R M

TorA2 Core A2-10 W-P R C R R A M XO
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o

p
se

ll
a

 Z
o

n
e

Flanks

Textural characters, skeletal and non-skeletal components in the analysed lithiotid accumulations. TorA1, TorA2 and Contrada Dazio:

Lithiotis -dominated accumulations; Cm: Lithioperna -dominated accumulation; TorB, TorC, TorD2, TorE, TorF, Ro and Ve1–4:
Cochlearites -dominated accumulations. For each accumulation, samples are grouped according to accumulation geometry (e.g., flank,

core and cover). Cover identifies the deposit which overlies the accumulation. The tabular body, TorC is here considered as

accumulation core. See text for further details. Non-lithiotid bivalves are rare and are not distinguished in detail. L, lithology; Bio,

bioclasts; miF, small benthic foraminifera; maF, larger benthic foraminifera; Br, brachiopods; Gas, gastropods; Ech, echinoderms; Th. , 

Thaumatoporella parvovesiculifera ; Pal. , Palaeodasycladus sp.; Bac, bacteria-like structures; Onc, oncoids; Pel, peloids; F. P., fecal

pellets; Cor, cortoids; Spa., sparite. R, rare; C, common; A, abundant. X, present. M, mudstone; W, wackestone; P, packstone; G,

grainstone; F, floatstone; R, rudstone. Regarding micrite: M, micrite; VFGM, very fine-grained micrite; CPM, clotted peloidal micrite,

MS, microsparite. Geographic and stratigraphic locations of the accumulations in Chapter 4 (Tab. 4.1).



Sample L Bio miF maF Br Gas Ech Th. Pal. Bac Pel F. P. Cor Micrite Spa.

A1-4 W R R R R R CPM

A1-3 W R R R R R M

A1-11 W-P R R R R M/CPM/MS

Sum \ 0 0 2 1 3 2 2 3 3 0 3 3 M 1

R 3 3 1 2 0 1 1 0 0 3 0 0 M/CPM/MS 1

C 0 0 0 0 0 0 0 0 0 0 0 0 CPM 1

A 0 0 0 0 0 0 0 0 0 0 0 0 SPARITE 0

No. 3

% \ 0.00 0.00 66.67 33.33 100.00 66.67 66.67 100.00 100.00 0.00 100.00 100.00

R 100.00 100.00 33.33 66.67 0.00 33.33 33.33 0.00 0.00 100.00 0.00 0.00

C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sample L Bio miF maF Br Gas Ech Th. Pal. Bac Pel F. P. Cor Micrite Spa.

A1-13 W R R R R C R M/CPM

A1-2 W-P R R R R R R M/CPM X

A1-1 W-P R R R R R M/CPM X

A1-8 W R R R R R R R M/CPM

A1-9 FW A R C R R R R R CPM

A1-10 W-M R R R R R M

A1-12 W R R R R R M

Sum \ 0 1 3 2 7 1 5 7 5 0 6 5 M 2

R 6 6 3 5 0 6 2 0 2 6 1 2 VFGM/M 4

C 0 0 1 0 0 0 0 0 0 1 0 0 CPM 1

A 1 0 0 0 0 0 0 0 0 0 0 0 SPARITE 2

No. 7

% \ 0.00 14.29 42.86 28.57 100.00 14.29 71.43 100.00 71.43 0.00 85.71 71.43

R 85.71 85.71 42.86 71.43 0.00 85.71 28.57 0.00 28.57 85.71 14.29 28.57

C 0.00 0.00 14.29 0.00 0.00 0.00 0.00 0.00 0.00 14.29 0.00 0.00

A 14.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sample L Bio miF maF Br Gas Ech Th. Pal. Bac Pel F. P. Cor Micrite Spa.

Da-1 W-P R R R R R M/MS X

Da-2 FP R R R R R R R M X

Da-3 W-P R R C M X

Da-4 W R R R R M

Da-5 W R R R R C M/CPM

Da-6 W-P R R R M X

Da-7 W R R R R M

Da-8 W-G R R R R C C M/CPM X

Da-9 W-P C R R R R R R M X

Da-10 W-P C R R R R R R M X

Da-11 FW R R R R C R M X

Data summarised in the Figure 4.13 (Chapter

4). For each accumulation, samples are

grouped according to accumulation geometry

(e.g., flank, core and cover). L, lithology;

Bio, bioclasts; miF, small benthic

foraminifera; maF, larger benthic

foraminifera; Br, brachiopods; Gas,

gastropods; Ech, echinoderms; Th.

Thaumatoporella parvovesiculifera ; Pal. , 

Paleaodasycladus sp.; Bac, bacteria-like

structures; Onc, oncoids; Pel, peloids; F. P.,

fecal pellets; Cor, cortoids; Spa., sparite. R,

rare; C, common; A, abundant. X, present.

M, mudstone; W, wackestone; P, packstone;

G, grainstone; F, floatstone; R, rudstone.

Regarding micrite: M, micrite; VFGM, very

fine-grained micrite; CPM, clotted peloidal

micrite, MS, microsparite. 

TorA1

TorA1 Flanks

Cover

Lithiotis -dominated accumulations



Da-12 W-P R R R M X

Da-13 FW R R R R R M

Da-14 W-P R R R M S

Da-15 W R R C VFGM/M/CPM

Da-16 FW R R R R M

Da-17 W-P R R R M X

Da-18 FP C R R R R M

Da-19 W R R R C R M/MS X

Da-20 W-P R R R R R M/MS

Da-21 W-P R R R R M X

Da-22 W R R R R R M

Da-23 W-P R R M/MS X

Da-24 W-P R R R R M X

Da-25 F-RW R R R R R R VFGM

Da-26 W-P R R R R M X

Da-27 W R R R M

Da-28 W R R R M

Da-29 W R M

Da-30 W-P R R R R R R M X

Da-31 W R R R R M

Da-32 W-P R R R R C C M X

Da-33 W R R R R R M

Da-34 W-P R R R R R M X

Da-35 W R R R R C VFGM/M

A1-5 W R R R R M

A1-6 W R R R M

A1-7 W C R R R R M

TorA2 Core A2-10 W-P R C R R A M X

Sum \ 0 29 38 22 32 36 12 39 10 4 36 37 M 30

R 35 9 1 17 7 3 27 0 27 27 2 2 M/MS 4

C 4 1 0 0 0 0 0 0 2 7 1 0 VFGM/M 1

A 0 0 0 0 0 0 0 0 0 1 0 0 M/CPM 2

No. 39 VFGM/M/CPM 1

% \ 0.00 74.36 97.44 56.41 82.05 92.31 30.77 100.00 25.64 10.26 92.31 94.87 SPARITE 19

R 89.74 23.08 2.56 43.59 17.95 7.69 69.23 0.00 69.23 69.23 5.13 5.13

C 10.26 2.56 0.00 0.00 0.00 0.00 0.00 0.00 5.13 17.95 2.56 0.00

A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.56 0.00 0.00

Sample L Bio miF maF Br Gas Ech Th. Pal. Bac Pel F. P. Cor Micrite Spa.

D2U W R R R R R R VFGM/M

D2-V W A R R R C C M/VFGM

D2-I W A R R R R C C VFGM/M X

D2-BT P-G A R R R R R R C R M/CPM X

TorA1 Core

CoreDazio

Cochlearites -dominated accumulations

FlanksTorD2



TorB Flanks B-2 FM A R R R M/MS

E-2O2 W-G C R R R C R M X

E-2I W-P A R R R R R R M X

E-1O W-P R R R R C C M X

E-2OB W-P C R R R R R R M X

E-2C W-P A R R R R R R R M X

E-1C P-G A R C R R C R M/CPM X

E-5C P-G A C C C R A M/CPM X

E-3C W R R R R R R M

E-4C W R R R R R M/MS

E-1B W-P R R R R C C M X

E-2O3 W A R R R R R M X

E-3O2 FW C R R R R R R M

E-4O W R R R R R R M

E-4I W-P C R R R R C R M X

E-4B W-P C R R R C C M X

E-3B FW R R R R R C M

E-5B FW A R C R R R R M

F2-1 W-P A R R R R R R M/CPM X

F2-5 W-P A R R R R R M/CPM X

F2-C W A R R R R C R M

F1-1 W A R R R R R R C R M

F1-2 W A R R R C C C R M

F1-3 W A R R C R C M

F1-4 W-P A R R R R C R R R M X

F1-C1 FW A R C R R R R R M/MS

F1-C2 W A C R R R R C M

F2-2 W-P R R R R R R R C R R M X

F2-3 W-P R R R R R R M/CPM X

F2-4 W-P A R R R R R C R R M X

F1-B FP A R R R R R C R M/CPM X

Ro-1 W R R R R R R M

Ro-7 W R R R R R M/VFGM

Ro-4 FM R R R R M

Ro-5 W R R R R M

Ve3-15/1 W R R R R R M/MS

Ve3-15/2 W R R R R R M

Ve3-7 W-P R R R R M X

Ve3-8 P-W R R R R M X

Ve4-12 W R R M

Ve4-9 W-M R C R M/MS

Ve4-10 FW R R M

Ve4-13 F R M

Ve4-11 F-RW R M

Sum \ 0 6 42 18 36 33 16 47 8 6 41 36 M 32

R 22 40 6 26 12 15 28 1 33 25 7 10 M/MS 5

TorF

Ro

Ve3

FlanksVe4

Flanks

Flanks

Flanks

Flanks

TorE



C 5 2 0 4 0 0 4 0 7 16 0 2 VFGM/M 4

A 21 0 0 0 0 0 0 0 0 1 0 0 M/CPM 7

No. 48

% \ 0.00 12.50 87.50 37.50 75.00 68.75 33.33 97.92 16.67 12.50 85.42 75.00

R 45.83 83.33 12.50 54.17 25.00 31.25 58.33 2.08 68.75 52.08 14.58 20.83

C 10.42 4.17 0.00 8.33 0.00 0.00 8.33 0.00 14.58 33.33 0.00 4.17

A 43.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.08 0.00 0.00

Sample L Bio miF maF Br Gas Ech Th. Pal. Bac Pel F. P. Cor Micrite Spa.

Ve1-1 P-G A R R R R R C R C M X

Ve1-2 FM R R R R M

Ve1-3 W-M R R R R R R M/MS

Ve2-4 M R R R M

Ve2-5 M-W R R R R M

Ve2-6 M R R R R M/MS

Ve2-14 W R R R R M/MS

Ro-10 W R R R R R R M/VFGM

Ro-3 M R R R R M

Ro-2 M R R R R R M

Ro-6 M-W C R R R R R M

Ro-9 W R R R R R R M/VFGM

Ro-8 W R R R R M

C-4I W R R MS/M

C-1I2 G-P C C C R A R R C M X

C-1B FM R C MS/M

C-2B M R R R MS/M

C-1CL FM R C R M/MS

C-3I M R R R R M

C-4IS FM R R MS/M

C-5I M R MS/M

C-6I W R R R MS/M

C-1CR M R R MS/M

C-4B M R R R R R MS/M

C-5B M R R R MS/M

C-5C M R R R R MS/M

B-3 W R C R M/MS

B-4 M R R R M/MS

B-5 FM A R R R R R C VFGM

Sum \ 0 14 26 16 28 25 25 28 16 5 20 25 M 10

R 25 14 2 13 1 4 3 1 13 20 9 1 M/MS 16

C 2 1 1 0 0 0 0 0 0 4 0 3 VFGM/M 2

A 2 0 0 0 0 0 1 0 0 0 0 0 VFGM 1

No. 29

% \ 0.00 48.28 89.66 55.17 96.55 86.21 86.21 96.55 55.17 17.24 68.97 86.21

R 86.21 48.28 6.90 44.83 3.45 13.79 10.34 3.45 44.83 68.97 31.03 3.45

C 6.90 3.45 3.45 0.00 0.00 0.00 0.00 0.00 0.00 13.79 0.00 10.34

Core

CoreTorB

TorC

Ro Core

Ve2 Core

Ve1 Core



A 6.90 0.00 0.00 0.00 0.00 0.00 3.45 0.00 0.00 0.00 0.00 0.00

Sample L Bio miF maF Br Gas Ech Th. Pal. Bac Onc Pel F. P. Cor Micrite Spa.

TorB Cover B-1 FM A VFGM

C-OC P-W R C A A A R M X

C-1I M R R MS/M

C-1O W-P R R R R C R A C R M X

C-5O M R R M

C-3O M R R R M/MS

C-4O M R R R R R MS/M

C-6O FM R R R MS/M

C-OC P R C A C A A R MS/M

D2-OB P-G A R R R C R R R R VFGM/M X

D2-OT W-G R R R R R R R R VFGM/M X

Sum \ 0 6 10 8 10 8 6 10 4 8 1 10 7 M 3

R 9 3 1 3 1 3 1 1 6 0 7 1 4 VFGM/M 2

C 0 2 0 0 0 0 2 0 1 0 1 0 0 VFGM 1

A 2 0 0 0 0 0 2 0 0 3 2 0 0 MS/M 5

No. 11

% \ 0.00 54.55 90.91 72.73 90.91 72.73 54.55 90.91 36.36 72.73 9.09 90.91 63.64

R 81.82 27.27 9.09 27.27 9.09 27.27 9.09 9.09 54.55 0.00 63.64 9.09 36.36

C 0.00 18.18 0.00 0.00 0.00 0.00 18.18 0.00 9.09 0.00 9.09 0.00 0.00

A 18.18 0.00 0.00 0.00 0.00 0.00 18.18 0.00 0.00 27.27 18.18 0.00 0.00

Sample L Bio miF maF Br Gas Ech Th. Pal. Bac Pel F. P. Cor Micrite Sparite

Cm-1-1 W-P C R R R A R VFGM/CPM X

Cm-1-2 W-P A R R C VFGM/CPM X

Cm-2 W C R R VFGM/M

Cm-3 W C R R VFGM/CPM

Cm-4 W C R R VFGM

Sum \ 0 3 5 5 3 4 5 5 5 0 2 4 VFGM/M 1

R 0 2 0 0 2 1 0 0 0 5 1 1 VFGM 1

C 4 0 0 0 0 0 0 0 0 0 1 0 VFGM/CPM 3

A 1 0 0 0 0 0 0 0 0 0 1 0 SPARITE 2

No. 5

% \ 0 60 100 100 60 80 100 100 100 0 40 80

R 0 40 0 0 40 20 0 0 0 100 20 20

C 80 0 0 0 0 0 0 0 0 0 20 0

A 20 0 0 0 0 0 0 0 0 0 20 0

Lithioperna -dominated accumulations

FlanksCm

TorC

TorD2 Cover

Cover
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A.4. TorA2 accumulation 

This low and wide (ca. 20 cm and 4 m, respectively) lithiotid accumulation overlying 

the TorA1 (green arrow, Fig. 4.14A, Chapter 4), is dominated by Lithiotis problematica, 

characterized by wide and short shells (see Chapter 3 and Brandolese et al., 2019 for further 

details). The lower part of the accumulation is constituted by marlstone bed (ca. 10 cm thick). 

This boundary between the marlstone and lithiotid accumulation-bearing bed is irregular. The 

lithiotid shells, well distinguishable in the upper part, are completely dissolved in the marlstone. 

In the lithiotid bed, the aragonite is completely replaced by sparry calcite. Only the outer calcitic 

shell layer seems to be preserved (for further details see Appendix B.6). Most of the shells are 

still articulated and in life position (i.e., sub-vertical; Chapter 3; Brandolese et al., 2019). 

Macroscopically, the accumulation included abundant skeletal components such as gastropods, 

brachiopods, and larger benthic foraminifera. 

The Chapter 4 illustrated how the lithiotid accumulations are distinguished by matrix 

which varies from mudstone to packstone, with peloids and relatively rare skeletal components 

(e.g., Fig. 4.13, Chapter 4). The TorA2 accumulation differs from the others in having a peloidal 

grainstone-packstone with abundant skeletal components and only few restricted wackestone 

occurrence.  

A detail analysis on skeletal components along with microtaphonomic features were 

conducted in order to clarify the bivalve accumulation dynamics. 

 

A.4.1. Materials and methods 

The analysis of the biogenic components and microtaphonomic features was carried out 

on 10 thin sections collected by some rock blocks characterizing the accumulation core (Fig. 

4.15, Chapter 4; Appendix A.6). The studied thin sections show different size: two of 6.5×8 

cm; two of 4.5×6.5 cm; one of 4.3×4.3 cm; five of 4×4 cm. Microtaphonomic features (i.e., 

fragmentation, abrasion, micritization, encrustation) were semi-quantitatively evaluated 

considering bioclasts larger than 1 mm. The effects of the main taphonomic features were 

reported in percentage based on three classes of alteration: low (little or no effect), moderate 

(moderate effect) and high (extensive effect) (according to Kowalewski et al., 1995; Fig. 1). 

The results were plotted using tapho-diagrams as described by Kowalewski et al. (1995).  
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A.4.2. Results 

Abundant biogenic components occur in the matrix (Figs.  2–6; see also Supplementary 

data). Unidentified bioclasts and Orbitopsella sp. are abundant along with small benthic 

foraminifera (textulariids, miliolids). Other larger benthic foraminifera are also present, but the 

low preservation state hampered their taxonomic identification. Common brachiopods, 

including articulated specimens, rare gastropods, corals and echinoderms were also 

distinguished. Rare thin walled thaumatoporellacean algae with irregular ovoidal forms were 

Figure 1. Evaluated main taphonomic features based on three classes of alteration (according to Kowalewski et al., 

1995 and Hoffmann et al., 2015). A, D, G, J: low; B, E, H, K: moderate; C, F, I, L: high.  
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found inner Orbitopsella sp. tests (Fig. 6D). These morphologies might be interpreted as 

cryptoendolithic forms even if they could occupy pre-exiting cavities so could not be defined 

as microendolithic forms (Schlagintweit and Velić, 2012). Thaumatoporella parvovesiculifera 

shows also encrusted morphologies and can be found as fragments. Moreover, spheroidal 

thaumatoporellaceans, interpreted as cyst stages (Schlagintweit et al., 2013; Fig. 3A) also occur. 

Rare micritic laminae and common fecal pellets aggregates were also identified. The lithology 

varies from grainstone-packstone with locally rare wackestone. Rare bioturbation traces are 

recognised by patchy distribution of the components and by variations in packing grain density 

(Fig. 7; Flügel, 2010). 

Fragmentation is high in all the studied samples (Fig. 8; see also Supplementary data). 

Abrasion is moderate to high, while micritization is fairly low (Fig. 8; see also Supplementary 

data). Encrustation is relatively low (Fig. 8; see also Supplementary data). Bioerosion is rare. 

 

 

 

 

 

 

Figure 2. Abundance (%) of the biogenic components in the TorA2 (see Supplementary data). The analysed thin 

sections are collected from different blocks included in the accumulation core. Bioclasts is referred to 

undetermined skeletal components. 
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Figure 3. A) Thaumatoporella parvovesiculifera (Raineri, 1922), cyst (white arrow) (sample A2-3). B) Peloidal 

grainstone with bioclasts (e.g., Orbitopsella sp. Munier-Chalmas, 1902) (sample A2-2). White arrow points to 

micritic (?microbial) lamina. C) T. parvovesiculifera (Raineri, 1922), irregular roundish specimen with well-

defined perforate external wall (white arrow) sample A2-5). D) Bioerosion (white arrow) and microbial clotted 

peloids with fuzzy outlines in intraskeletal cavity (yellow arrow) (sample A2-2). E) Micritic lamina (white arrow; 

sample A2-3). F) ?Earlandia sp. Plummer, 1930 (white arrow; sample A2-4). G) Fragment of Palaeodasycladus 

sp. (Pia, 1920) Pia, 1927 (yellow arrow) and micritic lamina (white arrow) (sample A2-4). H) Duotaxis metula 

Kristan, 1957 (yellow arrow; sample A2-5). 
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Figure 4. A) Micritic lamina (white arrow; sample A2-3). B) ?Favreina sp. Brönnimann, 1955 coprolite 

longitudinal section (white arrow; sample A2-2). C) Textulariids (white arrow; sample A2-5). D) Undetermined 

larger benthic foraminifera (black arrow) and porcellanaceous small benthic foraminifera (white arrow) (sample 

A2-5). E) ?Favreina sp. Brönnimann, 1955 coprolite longitudinal section (white arrow; sample A2-5). F) Larger 

benthic foraminifera (sample A2-5). G) Micritized bioclast with constructive envelope (sensu Kobluk and Risk, 

1977) (sample A21-5). H) Palaeodasycladus sp. (Pia, 1920) Pia, 1927. Transversal section (sample A2-5). 
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Figure 5. A) Palaeodasycladus sp. (Pia, 1920) Pia, 1927. Transversal section (distort stitched microphotograph; 

sample A2-5). B) ?Favreina sp. Brönnimann, 1955 coprolite longitudinal section (distort stitched 

microphotograph; sample A2-4). C) Orbitopsella sp. Munier-Chalmas, 1902 with encrusting 

thaumatoporelaceans-like structure (white arrow). The yellow arrow indicates small foraminifera likely 

Glomospira sp. Rzehak, 1885 (distort stitched microphotograph) (sample A2-6). D) Brachiopod shell with 

bioerosion traces (black and yellow arrows; distort stitched microphotograph) (sample A2-4). E) Encrustation 

(yellow arrows) and bioerosion traces (white arrow) on bioclast with micritic envelope (sample A2-5). F) 

Encrustation (yellow arrow) and bioerosion traces on larger benthic foraminifera test (Orbitopsella sp. Munier-

Chalmas, 1902; distort stitched microphotograph) (sample A2-3). 
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Figure 6. A) ?Encrusted organisms (white arrow; distort stitched microphotograph) (sample A2-5). B) Aggregate 

of coprolites (transversal sections). White arrow points to internal structures (?canals) (sample A2-4). C) 

Brachiopod shell with encrusting thaumatoporelaceans-like structure (white arrow; distort stitched 

microphotograph) (sample A2-4). D) Cryptoendolithic thaumatoporellacean algae (white arrows) inside test of 

larger benthic foraminifera Orbitopsella sp. Munier-Chalmas, 1902 (see text for further details; distort stitched 

microphotograph) (sample A2-3). E) Echinoderm fragment (sample A2-4). F) Encrustation and micritization on 

bioclast (distort stitched microphotograph) (sample A2-5). G) Encrustation (white arrow) and micritization on 

bioclast (distort stitched microphotograph) (sample A2-5). 
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A.4.3. Discussion and Conclusions 

In the TorA2, the studied microtaphonomic features provide useful information of the 

lithiotid accumulation growth stages.  

Figure 8. Ternary tapho-diagrams of fragmentation, abrasion, micritization and encrustation in the lithiotid 

accumulation TorA2 (Toraro Mt.; see Supplementary data). 1, A2-1; 2, A2-2; 3, A2-3; 4, A2-4; 5, A2-5; 6, A2-6; 

7, A2-7; 8, A2-8; 9, A2-9; 10, A2-10. 

 

Figure 7. Bioturbation trace in TorA2 accumulation. 

Yellow arrows point to patchy distribution of the 

components/structures (sample A2-2). 
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  Micritization is relatively common, with the occurrence of constructive micrite 

envelopes due to endolithic algae (e.g., Kobluk and Risk, 1977; e.g., Figs. 4, 6). This process 

required a low-energy shallow-water setting. Bioerosion traces are absent to rare while 

encrustation is relatively low, frequently made by thaumatoporellacean forms (e.g., Figs. 5, 6). 

Encrustation and micritization point to a long residence time before burial. The high percentage 

of abrasion and fragmentation point to high energy event. Excluding rare articulated 

brachiopods, which could live close to lithiotids, the disarticulation is relatively high. 

Moreover, the occurrence of likely thaumatoporellaceans cryptoendolithic forms could be 

related as protection against hydrodynamic energy (Schlagintweit et al., 2013) even if some 

authors suggested that these forms could be associated to protection against predation or the 

need for sheltered microhabitats for reproduction (Cherchi and Schroeder, 1994; Vénec-Peyre, 

1996). No features allow to distinguish the timing of micritization, bioerosion and encrustation 

respect to the transport event. However, the encrustation is well-defined allowing to exclude a 

subsequently transport (e.g., Figs. 4–6). Other features, such as fecal pellets aggregates along 

with bioturbation traces (e.g., Figs. 6, 7) point to in situ deposition and consequently occur after 

the transport event. Furthermore, few non-lithiotid bivalve shells show well-preserved 

ornamentation. Lithiotis shells are rarely affected by bioerosion. The rare occurrence of 

bioerosion traces and the preservation of articulated bivalves in life position suggest a rapid 

burial (Ngadiuba, 2015).  

A complex pre- and post-mortem history might be delineated for the TorA2 

accumulation. Even though the colonization phase cannot be observable in this accumulation, 

this stage likely occurs on hard/firm substrate represented by storm debris (e.g., Posenato and 

Masetti, 2012). The up-right development of lithiotid accumulation (aggradation phase) is 

controlled by relationships between accommodation space, physical, and biological factors 

(Posenato and Masetti, 2012). The TorA2 overlies TorA1, a higher bivalve accumulation (Fig. 

9A). Probably, under constant subsidence/compaction, the TorA2 accommodation space could 

be reduced due the underlying occurrence of lithiotid accumulation TorA1. During the 

colonization and aggradation phases, the sedimentation rate must be relatively high, allowing a 

rapid vertical growth. Temporal or seasonal changes in the sedimentation rate brought about a 

reduction in the up-right lithiotid growth. Changes in sedimentation rate should be frequent in 

the lagoon. The analysed lithiotid individuals are distinguished by short shells. In this case, the 

variations could be caused by the proximity to wave base where sediments are constantly 

washed. The frequent occurrence of dasycladalean Palaeodasycladus sp. and rare T. 

parvovesiculifera confirm this bathymetric setting (e.g., Flügel, 2010). Occasionally, not 

intense storm events could interest the lithiotid accumulation as attested by small and thin 
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skeletal layers (Fig. 9D). Considering the mode of life of Lithiotis cannot be excluded that they 

can live close to wave base (e.g., Fraser et al., 2004). The demise of the lithiotid accumulation 

seem to be related to a more intense storm event which produced a rapid burial, preserving the 

articulated Lithiotis in life position. The reduced height of these individuals could hamper the 

shell drop and allowing their buried in life position. Moreover, the occurrence of bioclasts in 

the shell body cavity confirms that the death is caused by the rapid burial (Fig. 9F).  

According to the relatively high fragmentation and moderate to high abrasion, duration 

and intensity of the transport must be high. Skeletal concentrations, dominated by the same 

bioclasts (i.e., Orbitopsella sp. and brachiopods) recognised in the TorA2 matrix, are frequent 

in the closest areas. Sparse Orbitopsella sp. concentrations are common in the middle part of 

the Rotzo Formation.  

 

 

Successively, the deposited sediments could be bioturbated and amalgamated. 

Micritization, bioerosion and encrustation can occur (Fig. 9G). 

Figure 9. Evolution of the Lithiotis-dominated accumulation TorA2. A) Stratigraphic setting of the lithiotid 

accumulations TorA1 and TorA2 (from Ngadiuba, 2015, modified). B, C, E, G) Dynamics of bivalve accumulation 

from colonization to burial phases. D) Polished slab, black arrows point to thin skeletal concentrations associated 

with weaker storm events. F) Polished slab with Lithiotis specimen. The shell body cavity is filled with storm 

deposit. See text for further details. s.l., sea level; wb, wave base; AV, Lithiotis attached valve. 
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The preservation state of the Lithiotis shells suggests a complex diagenetic path (Fig. 

10). The differential diagenesis recorded in the lower part of the TorA2 and in its central area 

is the product of two different primary materials, marl in the lower portion and packstone-

grainstone in the middle one. This is confirmed by the contemporaneous preservation of 

lithiotid shell mould due to early lithification in the central area and the completely shell 

dissolution in the lower part (Fig. 10). The higher amount of terrigenous content in the 

marlstone influenced the early diagenesis which interested the lower bivalve accumulation. The 

absence of bioclasts in marlstone (thin section A2-10; Fig. 2) can be explained considering the 

typical matrix content in lithiotid accumulations (see Chapter 4 for further details). 

The underlying bed and the lower part of TorA2 are constituted by highly bioturbated 

marlstone with reduce skeletal contents (Ngadiuba, 2015). After burial, this area is likely 

included in the taphonomically active zone (TAZ). The TAZ is defined as the upper, 

bioturbated, mixed zone extending down from the sediment-water interface (Davies et al., 1989; 

Cherns et al., 2011). In this layer, bioturbation favoured the degradation of organic matter 

producing an acidic regime which cause the dissolution of aragonite (e.g., Cherns et al., 2011). 

The reactions which occur in the TAZ are complex resulting from the decay of organic matter 

and the re-oxidation of by-products producing, for example, H2S or CO2. The abundant 

presence of pyrite forms and in particular of euhedral crystals (i.e., linked to diagenesis; see 

Chapter 4) could confirm this hypothesis. 

In the upper part of the accumulation, the Lithiotis shells are immersed in a grain-

supported sediment constituted of bioclasts (i.e., storm event deposit) which are interested by 

early lithification which allowed to preserve the bivalve shell moulds. The rapid burial (i.e., 

storm deposit) and the early lithification allow to preserve the outer calcitic layer in Lithiotis 

(see Appendix B.6). The upper part of the accumulation is completely truncated due to intense 

erosion likely associated with subaerial exposure as attests by green marls (e.g., Deconinck and 

Strasser, 1987; Brady and Bowie, 2017). Locally, marl occurs even as replacing dissolved 

aragonitic shells. Consequently, the lithification was followed by the completely dissolution of 

aragonite. In the final stage the dissolved aragonite was completely replaced by calcite (Fig. 

10D) and frequently, in the upper part, by marls.  
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Figure 10. Reconstruction of diagenetic path from soft carbonate mud to lithified limestone. A) After burial, the 

lower part of Lithiotis shells is included in the TAZ (Taphonomically Active Zone) where aragonite is dissolved. 

B–E) Diagenetic phases recorded in the TorA2 accumulation. See text for further details. 



Low Moderate High Low Moderate High Low Moderate High Low Moderate High

A2-1 122 23 28 71 20 24 78 109 8 5 89 20 13

A2-2 159 32 23 104 26 43 90 130 25 4 115 25 19

A2-3 215 31 53 131 26 56 133 175 35 5 94 77 44

A2-4 87 14 14 59 15 40 32 82 4 1 69 16 2

A2-5 234 44 54 136 126 37 71 210 19 5 167 34 33

A2-6 87 15 21 51 10 20 57 78 9 0 69 12 6

A2-7 41 11 4 26 12 4 25 35 4 2 30 7 4

A2-8 56 10 6 40 3 4 49 43 13 0 44 6 6

A2-9 20 4 2 14 13 5 2 17 3 0 13 6 1

A2-10 9 4 3 2 3 1 5 9 0 0 9 0 0

Low Moderate High Low Moderate High Low Moderate High Low Moderate High

A2-1 122 19 23 58 16 20 64 89 7 4 73 16 11

A2-2 159 20 14 65 16 27 57 82 16 3 72 16 12

A2-3 215 14 25 61 12 26 62 81 16 2 44 36 20

A2-4 87 16 16 68 17 46 37 94 5 1 79 18 2

A2-5 234 19 23 58 54 16 30 90 8 2 71 15 14

A2-6 87 17 24 59 11 23 66 90 10 0 79 14 7

A2-7 41 27 10 63 29 10 61 85 10 5 73 17 10

A2-8 56 18 11 71 5 7 88 77 23 0 79 11 11

A2-9 20 20 10 70 65 25 10 85 15 0 65 30 5

A2-10 9 44 33 22 33 11 56 100 0 0 100 0 0

Percentage values

Thin section
Components  

(in Total)

Fragmentation Abrasion Encrustation Micritization

Data summarised in the Figure 8 (Appendix A.4) in the ternary tapho-diagrams of fragmentation, abrasion, micritization and encrustation.

A.4.4. Supplementary data

Counted components

Thin section
Components  

(in Total)

Fragmentation Abrasion Encrustation Micritization

Original data of Figure 8 (Appendix A.4)



Thin section
Measured area 

(cm
2
)

Components    

(in Total)
Bio Pal. Th. Orb. Other LBF Ech Br Co Gas Biv

A2-1 29.25 122 65 6 0 37 0 0 2 1 7 4

A2-2 29.25 159 79 3 3 54 5 1 6 0 2 6

A2-3 52 215 121 2 4 63 2 6 7 1 1 8

A2-4 18.49 87 51 2 1 24 0 2 3 0 1 3

A2-5 52 234 121 6 8 74 7 5 4 1 7 1

A2-6 20 87 40 5 1 28 5 3 0 0 1 4

A2-7 20 41 27 0 0 13 0 1 0 0 0 0

A2-8 20 56 32 1 0 20 2 1 0 0 0 0

A2-9 6 20 12 0 0 6 0 2 0 0 0 0

A2-10 10.5 9 0 0 0 6 2 0 1 0 0 0

Thin section Std area (cm
2
)

Components    

(area: 30 cm
2
)

Bio Pal. Th. Orb. Other LBF Ech Br Co Gas Biv

A2-1 30 125 53.28 4.92 0.00 30.33 0.00 0.00 1.64 0.82 5.74 3.28

A2-2 30 163 49.69 1.89 1.89 33.96 3.14 0.63 3.77 0.00 1.26 3.77

A2-3 30 124 56.28 0.93 1.86 29.30 0.93 2.79 3.26 0.47 0.47 3.72

A2-4 30 141 58.62 2.30 1.15 27.59 0.00 2.30 3.45 0.00 1.15 3.45

A2-5 30 135 51.71 2.56 3.42 31.62 2.99 2.14 1.71 0.43 2.99 0.43

A2-6 30 131 45.98 5.75 1.15 32.18 5.75 3.45 0.00 0.00 1.15 4.60

A2-7 30 62 65.85 0.00 0.00 31.71 0.00 2.44 0.00 0.00 0.00 0.00

A2-8 30 84 57.14 1.79 0.00 35.71 3.57 1.79 0.00 0.00 0.00 0.00

A2-9 30 100 60.00 0.00 0.00 30.00 0.00 10.00 0.00 0.00 0.00 0.00

A2-10 30 26 0.00 0.00 0.00 66.67 22.22 0.00 11.11 0.00 0.00 0.00

Abundance (%) of the biogenic components in the TorA2 (Figure 2 - Appendix A.4)

Counted components

Percentage values

Data summarised in the Figure 2 (Appendix A.4). Percentage values are calculated considering the components respect to a standard area (30

cm
2
). Bio, bioclasts; Pal ., Palaeodasycladus sp.; Th ., Thaumatoporella parvovesiculifera ; Orb ., Orbitopsella sp.; Other LBF, other larger

benthic foraminifera; Ech, echinoderms; Br, brachiopods; Co, corals; Gas, gastropods; Biv, bivalves; Std area, standard area.
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A.5. Toraro Mt. accumulation A1 (TorA1) 
 

No. Sample Thin section Description 

1 A1-1 

 

Skeletal components: rare undefined 

bioclasts, rare ostracods, rare 

echinoderms, rare small foraminifera 

included ?Glomospira/Planiinvoluta spp. 

and ?Meandrovoluta asiagoensis, rare 

Rivularia-like structures 

 

Non-skeletal components: rare 

undetermined peloids, rare pelletoids, 

rare dark clotted micritic structures 

included dendritic forms 

 

Matrix: micrite/clotted peloidal 

micrite/sparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone-packstone 

 

Note: / 

 

2 A1-2 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Skeletal components: rare undefined 

bioclasts, rare ostracods, rare 

echinoderms, rare brachiopods, rare small 

foraminifera included 

?Glomospira/Planiinvoluta spp., 

?Meandrovoluta asiagoensis and 

valvulinids, rare larger foraminifera 

(Orbitopsella sp.) 

 

Non-skeletal components: rare 

undetermined peloids, rare pelletoids 

 

Matrix: micrite/clotted peloidal 

micrite/sparite in restricted areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, low 

bioerosion (? red circle), low 

micritization, no encrustation 

 

Lithology: wackestone-packstone 

 

Note: / 
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3 A1-3 

 

Skeletal components: rare undefined 

bioclasts, rare ostracods, rare small 

foraminifera included 

Glomospira/Planiinvoluta spp. and 

Meandrovoluta asiagoensis, rare larger 

foraminifera (Orbitopsella sp. included 

Orbitopsella dubari), rare micritized 

ring-shaped bioclasts, rare 

?Thaumatoporella parvovesiculifera 

(irregular roundish specimens) 

 

Non-skeletal components: rare 

undetermined peloids  

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: / 

 

4 A1-4 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods, rare 

echinoderms, rare small foraminifera  

 

Non-skeletal components: rare 

undetermined peloids  

 

Matrix: clotted peloidal micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: / 

 

5 A1-5 

 

Skeletal components: rare undefined 

bioclasts, rare ?Earlandia sp., rare 

micritized ring-shaped bioclasts, rare 

ostracods, rare brachiopods 

 

Non-skeletal components: rare 

undetermined peloids, rare dark micritic 

clotted structures included dendritic 

forms 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone 
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Note: / 

 

6 A1-6 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods 

 

Non-skeletal components: rare 

undetermined peloids  

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

7 A1-7 

 

Skeletal components: common 

undefined bioclasts, rare brachiopods, 

rare bivalves* (bigger skeletal grain), rare 

small foraminifera 

 

Non-skeletal components: rare 

undetermined peloids, rare fecal pellets 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: bioturbation traces 

 

8 A1-8 

 

Skeletal components: rare undefined 

bioclasts, rare ostracods, rare 

brachiopods, rare echinoderms, rare 

?Earlandia sp., rare micritized ring-

shaped bioclasts, rare small foraminifera 

included ?Glomospira/Planiinvoluta spp. 

and ?Meandrovoluta asiagoensis, rare 

larger foraminifera 

 

Non-skeletal components: rare 

undetermined peloids, rare pelletoids, 

rare dark clotted micritic structures 

included dendritic forms 

 

Matrix: micrite/clotted peloidal micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, low 

encrustation 

 

Lithology: wackestone 

 

Note: / 



186 

 

 

9 A1-9 

 

Skeletal components: abundant 

undefined bioclasts, rare ?Earlandia sp., 

rare ostracods, rare brachiopods, rare 

echinoderms, rare small foraminifera 

included ?Meandrovoluta asiagoensis, 

common larger foraminifera 

(Orbitopsella sp.), rare Thaumatoporella 

parvovesiculifera (encrusted 

morphologies) 

 

Non-skeletal components: rare 

undetermined peloids, rare cortoids with 

destructive envelope 

 

Matrix: clotted peloidal micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, low 

encrustation 

 

Lithology: floatstone with wackestone 

matrix 

 

Note: / 

 

10 A1-10 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods, rare 

ostracods, rare echinoderms 

 

Non-skeletal components: rare 

undetermined peloids, rare cortoids with 

destructive envelope 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone-mudstone in 

restricted areas 

 

Note: / 

 

11 A1-11 

 

Skeletal components: rare undefined 

bioclasts, rare small foraminifera 

included ?Meandrovoluta asiagoensis, 

rare brachiopods, rare ostracods 

 

Non-skeletal components: rare 

undetermined peloids  

 

Matrix: micrite/clotted peloidal 

micrite/microsparite in a restricted area 

 

Taphonomical characters: high 

fragmentation, high abrasion, low 

bioerosion, no micritization, no 

encrustation 
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Lithology: wackestone-packstone 

 

Note: lithiotid shells 

 

12 A1-12 

 

Skeletal components: rare undefined 

bioclasts, rare small foraminifera 

included ?Glomospira/Planiinvoluta spp., 

?Meandrovoluta asiagoensis and 

textulariids, rare larger foraminifera 

(Orbitopsella sp.), rare Thaumatoporella 

parvovesiculifera (irregular roundish 

specimens) 

 

Non-skeletal components: rare 

undetermined peloids  

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: / 

 

13 A1-13 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods, rare 

echinoderms, rare small foraminifera 

included ?Meandrovoluta asiagoensis, 

rare ?Earlandia sp., rare micritized ring-

shaped bioclasts 

 

Non-skeletal components: common 

undetermined peloids, rare pelletoids, 

rare fecal pellets 

 

Matrix: micrite/clotted peloidal micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: / 

 

Semi-quantitative analysis of components: (absent), rare, common, abundant 

Semi-quantitative analysis of taphonomic features: no, low, moderate, high 

* “bivalves” are referred to non-lithiotid bivalves  

/: absent 
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A.6. Toraro Mt. accumulation A2 (TorA2) 
 

No. Sample Thin section Description 

1 A2-1 

 

Skeletal components: abundant 

bioclasts, rare Palaeodasycladus 

sp., rare bivalves*, abundant larger 

benthic foraminifera (only 

Orbitopsella sp.), rare gastropods, 

rare echinoderms, rare brachiopods, 

rare corals, rare ?Earlandia sp., 

abundant small benthic 

foraminifera (textulariids, 

?Planinvoluta/Glomospira, 

porcellanaceous foraminifera) 

 

Non-skeletal components: 

abundant peloids, rare microbial 

peloids, rare fecal pellets 

aggregates, rare pelletoids, 

abundant cortoids (with destructive 

and rare with constructive 

envelope), rare oncoids type I/II 

 

Matrix: micrite/sparite 

 

Taphonomical characters: see the 

text for further details 

 

Lithology: packstone – grainstone 

– wackestone in restricted areas 

 

Note: micritic laminae, silt in 

restricted areas, bioturbation traces, 

thin section size: 4,5*6,5 cm 

 

2 A2–2 

 
 

 

 

 

 

 

Skeletal components: abundant 

bioclasts, rare Palaeodasycladus 

sp., rare bivalves*, rare gastropods, 

abundant larger benthic 

foraminifera (abundant 

Orbitopsella sp. and rare undefined 

other larger foraminifera), rare 

echinoderms, rare brachiopods, rare 

?Earlandia sp., abundant small 

benthic foraminifera (textulariids, 

valvulinids,?Planiinvoluta/Glomosp

ira, porcellanaceous foraminifera, 

Siphovalvulina variabilis, 

?Meandrovoluta asiagoensis), 

rare Thaumatoporella 

parvovesiculifera (fragments and 

encrusted morphologies) 

 

Non-skeletal components: 

abundant peloids, rare isolated 

?fecal pellets, rare pelletoids, 

abundant cortoids (with destructive 

and rare with constructive 

envelope), rare oncoids type I/II 
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Matrix: micrite/sparite 

 

Taphonomical characters: see the 

text for further details 

 

Lithology: packstone – grainstone 

– wackestone in restricted areas 

 

Note: Lithiotid shell, silt in 

restricted areas, thin section size: 

4,5*6,5 cm 

 

3 A2-3 

 

Skeletal components: abundant 

bioclasts, rare Palaeodasycladus 

sp., rare bivalves*, rare gastropods, 

abundant larger benthic 

foraminifera (abundant 

Orbitopsella sp. and undefined 

other larger foraminifera), rare 

echinoderms, rare corals, rare 

ostracods, rare brachiopods, rare 

?Earlandia sp., abundant small 

benthic foraminifera (textulariids, 

valvulinids,?Planiinvoluta/Glomosp

ira, porcellanaceous foraminifera, 

Siphovalvulina variabilis, 

?Meandrovoluta asiagoensis), 

rare Thaumatoporella 

parvovesiculifera (fragments, 

encrusted morphologies and 

?microendolithic forms), rare 

?Bacteria-like structures 

 

Non-skeletal components: 

abundant peloids, rare microbial 

peloids, rare fecal pellets 

aggregates, rare pelletoids, 

abundant cortoids (with destructive 

and rare with constructive 

envelope), rare oncoids type I/II 

 

Matrix: micrite/sparite 

 

Taphonomical characters: see the 

text for further details 

 

Lithology: packstone – grainstone 

– wackestone in restricted areas 

 

Note: Lithiotid shell, micritic 

laminae, ?bioturbation traces, silt in 

restricted areas, thin section size: 

6,5*8 cm 
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4 A2-4 

 

Skeletal components: abundant 

bioclasts, rare Palaeodasycladus 

sp., rare bivalves*, rare gastropods, 

abundant larger benthic 

foraminifera (only Orbitopsella 

sp.), rare echinoderms, rare 

brachiopods (one articulated), rare 

?Earlandia sp., abundant small 

benthic foraminifera (textulariids, 

valvulinids,?Planiinvoluta/Glomosp

ira, porcellanaceous foraminifera, 

Siphovalvulina variabilis, 

?Meandrovoluta asiagoensis), 

rare Thaumatoporella 

parvovesiculifera (fragments, 

encrusted morphologies and 

microendolithic forms) 

 

Non-skeletal components: 

abundant peloids, rare microbial 

peloids, rare fecal pellets 

aggregates, rare pelletoids, 

abundant cortoids (with destructive 

and rare with constructive 

envelope), rare oncoids type I/II 

 

Matrix: micrite/sparite 

 

Taphonomical characters: see the 

text for further details 

 

Lithology: packstone – grainstone 

 

Note: thin section size: 4,3*4,3 cm 

 

5 A2-5 

 

Skeletal components: abundant 

bioclasts, rare Palaeodasycladus 

sp., rare bivalves*, rare gastropods, 

abundant larger benthic 

foraminifera (Orbitopsella sp. and 

undefined larger foraminifera), rare 

echinoderms, rare corals, rare 

brachiopods, rare ?Earlandia sp., 

rare ostracods, abundant small 

benthic foraminifera (textulariids, 

valvulinids,?Planiinvoluta/Glomosp

ira, porcellanaceous foraminifera, 

Siphovalvulina variabilis, 

?Meandrovoluta asiagoensis), 

rare Thaumatoporella 

parvovesiculifera (fragments, 

irregular roundish morphologies 

microendolithic forms) 

 

Non-skeletal components: 

abundant peloids, rare microbial 

peloids, rare fecal pellets 

aggregates, rare pelletoids, 

abundant cortoids (with destructive 

and rare with constructive 

envelope), rare oncoids type I/II 
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Matrix: micrite/sparite 

 

Taphonomical characters: see the 

text for further details 

 

Lithology: packstone – grainstone 

in restricted areas 

 

Note: bioturbation traces, silt in 

restricted areas, thin section size: 

5,5*8 cm 

 

6 A2-6 

 

Skeletal components: abundant 

bioclasts, rare Palaeodasycladus 

sp., rare bivalves*, rare gastropods, 

abundant larger benthic 

foraminifera (Orbitopsella sp. and 

rare other undefined larger 

foraminifera), rare echinoderms, 

rare brachiopods, rare ?Earlandia 

sp., rare ostracods, abundant small 

benthic foraminifera (included 

textulariids, valvulinids and 

porcellanaceous foraminifera) 

 

Non-skeletal components: 

abundant peloids, rare pelletoids, 

rare microbial peloids, rare fecal 

pellets, abundant cortoids (with 

destructive and rare with 

constructive envelope) 

 

Matrix: micrite/sparite 

 

Taphonomical characters: see the 

text for further details 

 

Lithology: packstone – grainstone 

– wackestone in restricted areas 

 

Note: bioturbation traces, silt in 

restricted areas, thin section size: 

4*5 cm 

 

7 A2-7 

 

Skeletal components: abundant 

bioclasts, abundant larger benthic 

foraminifera (Orbitopsella sp.), rare 

echinoderms, rare ?Earlandia sp., 

rare ostracods, common small 

benthic foraminifera (included 

textulariids, valvulinids and 

porcellanaceous foraminifera) 

 

Non-skeletal components: 

abundant peloids, rare fecal pellets 

aggregate, abundant cortoids (with 

destructive and rare with 

constructive envelope), rare 

oncoids type I/II 

 

Matrix: micrite/sparite 
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Taphonomical characters: see the 

text for further details 

 

Lithology: packstone – grainstone 

in restricted areas 

 

Note: silt in restricted areas, thin 

section size: 4*5 cm 

 

8 A2-8 

 

Skeletal components: abundant 

bioclasts, rare Palaeodasycladus 

sp., abundant larger benthic 

foraminifera (abundant 

Orbitopsella sp. and rare undefined 

larger foraminifera), rare 

?Earlandia sp., rare echinoderms, 

common small benthic foraminifera 

(included textulariids, valvulinids, 

porcellanaceous foraminifera) 

 

Non-skeletal components: 

abundant peloids, abundant cortoids 

(with destructive and rare with 

constructive envelope) 

 

Matrix: micrite/sparite 

 

Taphonomical characters: see the 

text for further details 

 

Lithology: packstone – grainstone 

 

Note: bioturbation traces, thin 

section size: 4*5 cm 

 

9 A2-9 

 

Skeletal components: abundant 

bioclasts, abundant larger benthic 

foraminifera (abundant 

Orbitopsella sp. and rare undefined 

larger foraminifera), rare 

?Earlandia sp., rare echinoderms, 

common small benthic foraminifera 

(included textulariids, valvulinids, 

porcellanaceous foraminifera), rare 

micritized ring-shaped bioclasts 

 

Non-skeletal components: 

abundant peloids, abundant cortoids 

(with destructive and rare with 

constructive envelope) 

 

Matrix: micrite/sparite 

 

Taphonomical characters: see the 

text for further details 

 

Lithology: packstone – grainstone 

 

Note: thin section size: 4*5 cm 
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10 A2-10 

 

Skeletal components: rare 

brachiopods, rare larger benthic 

foraminifera (included Orbitopsella 

sp. and rare undefined larger 

foraminifera), rare ?Earlandia sp., 

common small benthic foraminifera 

(included textulariids, valvulinids, 

porcellanaceous foraminifera), rare 

micritized ring-shaped bioclasts, 

rare ostracods 

 

Non-skeletal components: 

abundant peloids 

 

Matrix: micrite/sparite 

 

Taphonomical characters: see the 

text for further details 

 

Lithology: wackestone – packstone 

 

Note: thin section size: 4*5 cm 

 

Results of semi-quantitative analysis of taphonomical characters are plotted in the taphodiagrams (details in 

the text).  

Semi-quantitative analysis (%) of skeletal components are explain in the text. 

* “bivalves” are referred to non-lithiotid bivalves 

/: absent  
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A.7. Toraro Mt. accumulation B (TorB) 
 

No. Sample Thin section Description 

1 B-1 

 

 

Skeletal components: abundant undefined 

bioclasts, rare bivalves* 

 

Non-skeletal components: / 

 

Matrix: very fine-grained micrite 

 

Taphonomical characters: high fragmentation, 

moderate abrasion, no bioerosion, no 

micritization, no encrustation 

 

Lithology: floatstone with mudstone matrix 

 

Note: bioturbation traces 

 

2 B-2 

 

Skeletal components: abundant undefined 

bioclasts 

 

Non-skeletal components: rare undetermined 

peloids, rare fecal pellets, rare dark micritic clotted 

structures 

 

Matrix: micrite/microsparite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, moderate 

micritization, no encrustation 

 

Lithology: floatstone with mudstone matrix 

 

Note: / 

 

3 B-3 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: common 

undetermined peloids, rare fecal pellets, rare 

pelletoids 

 

Matrix: micrite/microsparite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: / 
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4 B-4 

 

Skeletal components: rare undefined bioclasts, 

rare brachiopods 

 

Non-skeletal components: rare undetermined 

peloids 

 

Matrix: micrite/microsparite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, no 

encrustation 

 

Lithology: mudstone 

 

Note: / 

 

5 B-5 

 

 

Skeletal components: abundant undefined 

bioclasts, rare brachiopods, rare echinoderms, rare 

gastropods, rare ostracods, rare ?Earlandia sp., 

rare micritized ring-shaped bioclasts, rare small 

foraminifera included textulariids, valvulinids, 

?Siphovalvulina variabilis and Meandrovoluta 

asiagoensis  

 

Non-skeletal components: rare undetermined 

peloids, common microbial peloids, common 

cortoids with constructive and destructive 

envelope 

 

Matrix: very fine-grained micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, moderate 

micritization, low encrustation 

 

Lithology: floatstone with mudstone matrix 

 

Note: / 

 

Semi-quantitative analysis of components: (absent), rare, common, abundant 

Semi-quantitative analysis of taphonomic features: no, low, moderate, high 

* “bivalves” are referred to non-lithiotid bivalves  

/: absent 
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A.8. Toraro Mt. accumulation C (TorC) 
 

No. Sample Thin section Description 

1 C-1O 

 

Skeletal components: rare undefined bioclasts 

included Tubiphites like-organism, rare 

brachiopods, rare echinoderms, rare small 

foraminifera included ?Siphovalvulina  

variabilis, ?Meandrovoluta asiagoensis, 

valvulinids and textulariids, rare micritized 

ring-shaped bioclasts, common 

Thaumatoporella parvovesiculifera (irregular 

roundish specimens, daughter colonies forms, 

encrusted morphologies within oncoids) 

 

Non-skeletal components: common 

undetermined peloids, abundant oncoids type 

3/type 4, rare small cortoids with destructive 

envelope 

 

Matrix: micrite/sparite 

 

Taphonomical characters: high 

fragmentation, moderate abrasion, no 

bioerosion, no micritization, high encrustation 

 

Lithology: wackestone – packstone 

 

Note: / 

 

2 C-1I 

 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: rare undetermined 

peloids 

 

Matrix: microsparite/micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no bioerosion, 

no micritization, no encrustation 

 

Lithology: mudstone 

 

Note: lithiotid shells 

 

3 C-1I2 

 

Skeletal components: common undefined 

bioclasts, rare echinoderms, common larger 

foraminifera included ?Bosniella sp. and 

?Everticyclammina sp., common small 

foraminifera included Siphovalvulina 

variabilis, textulariids and valvulinids, 

common micritized ring-shaped bioclasts, rare 

Earlandia sp., abundant Thaumatoporella 

parvovesiculifera (fragments, irregular 

roundish specimens, daughter colonies forms, 

encrusted morphologies within cortoids) 

 

Non-skeletal components: rare undetermined 

peloids, rare ?pelletoids, rare microbial 

peloids, rare isolated coprolite (longitudinal 
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section), common cortoids with destructive 

and constructive envelope 

 

Matrix: sparite/micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, moderate 

micritization, no encrustation 

 

Lithology: grainstone – packstone 

 

Note: / 

 

4 C-1CR 

 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: rare dark micritic 

clotted structures 

 

Matrix: microsparite/micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no bioerosion, 

low micritization, no encrustation 

 

Lithology: mudstone 

 

Note: / 

 

5 C-1CL 

 

Skeletal components: rare undefined bioclasts  

 

Non-skeletal components: common 

undetermined peloids, rare fecal pellets 

(isolated and aggregates), rare pelletoids (?) 

 

Matrix: micrite/microsparite in a restricted 

area 

 

Taphonomical characters: high 

fragmentation, high abrasion, no bioerosion, 

low micritization, no encrustation 

 

Lithology: floatstone with mudstone matrix 

 

Note: lithiotid shells 

 

6 C-1B 

 

Skeletal components: rare undefined 

bioclasts, rare bivalves* 

 

Non-skeletal components: common 

undetermined peloids, rare ?pelletoids 

 

Matrix: microsparite/micrite 

 

Taphonomical characters: / 

 

Lithology: floatstone with mudstone matrix 

 

Note: / 
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7 C-2B 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: rare undetermined 

peloids, rare pelletoids 

 

Matrix: microsparite/micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no bioerosion, 

no micritization, no encrustation 

 

Lithology: mudstone 

 

Note: lithiotid shells 

 

8 C-3O 

 

 

Skeletal components: rare undefined bioclasts  

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: micrite/microsparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no bioerosion, 

no micritization, no encrustation 

 

Lithology: mudstone 

 

Note: lithiotid shells 

 

9 C-4I 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: rare undetermined 

peloids 

 

Matrix: microsparite/micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no bioerosion, 

no micritization, low encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

10 C-4B 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods 

 

Non-skeletal components: rare undetermined 

peloids, rare fecal pellets (?), rare dark micritic 

clotted structures 

 

Matrix: microsparite/micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no bioerosion, 

no micritization, no encrustation 

 

Lithology: mudstone 
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Note: lithiotid shells 

 

11 C-4O 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods, rare bivalves* 

 

Non-skeletal components: rare undetermined 

peloids, rare pelletoids, rare dark micritic 

clotted structures  

 

Matrix: microsparite/micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no bioerosion, 

no micritization, no encrustation 

 

Lithology: mudstone 

 

Note: / 

 

12 C-4IS 

 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods (one articulated) 

 

Non-skeletal components: / 

 

Matrix: microsparite/micrite 

 

Taphonomical characters: high 

fragmentation, moderate abrasion, no 

bioerosion, no micritization, no encrustation 

 

Lithology: floatstone with mudstone matrix 

 

Note: lithiotid shells 

 

13 C-BT 

 

Skeletal components: common undefined 

bioclasts, rare brachiopods, rare echinoderms, 

common small foraminifera included 

?Meandrovoluta asiagoensis, 

Glomospira/Planiinvoluta spp.,  textulariids, 

?Ammobaculites sp., Siphovalvulina variabilis, 

?Duotaxis metula, rare larger foraminifera 

included ?Haurania sp., ?Lituosepta sp. and 

?Everticyclammina sp., rare ?Earlandia sp., 

rare ?Palaeodasycladus sp., rare micritized 

ring-shaped bioclasts, abundant 

Thaumatoporella parvovesiculifera (included 

ladders, daughter colonies forms, irregular 

roundish specimens, fragments and encrusted 

morphologies) 

 

Non-skeletal components: abundant 

undetermined peloids, common mud peloids 

(?), common microbial peloids (in restricted 

areas), rare cortoids with destructive and 

constructive envelope, common dark micritic 

clotted structures included dendritic forms 

 

Matrix: micrite/sparite 

 

Taphonomical characters: high 

fragmentation, moderate abrasion, low 
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bioerosion, moderate micritization, high 

encrustation 

 

Lithology: packstone – grainstone 

 

Note: lithiotid shells, micritic laminae 

 

14 C-5I 

 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: / 

 

Matrix: microsparite/micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no bioerosion, 

no micritization, no encrustation 

 

Lithology: mudstone 

 

Note: lithiotid shells 

15 C-5O 

 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: rare undetermined 

peloids 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, low bioerosion, 

no micritization, no encrustation 

 

Lithology: mudstone 

 

Note: lithiotid shells 

 

16 C-5B 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: rare undetermined 

peloids, rare fecal pellets (aggregates), rare 

pelletoids 

 

Matrix: microsparite/micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no bioerosion, 

no micritization, no encrustation 

 

Lithology: mudstone 

 

Note: / 
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17 C-6I 

 

 

Skeletal components: rare undefined 

bioclasts, rare bivalves*, rare brachiopods (one 

articulated) 

 

Non-skeletal components: rare undetermined 

peloids, rare ?pelletoids 

 

Matrix: microsparite/micrite 

 

Taphonomical characters: moderate 

fragmentation, moderate abrasion, no 

bioerosion, no micritization, low encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

18 C-6O 

 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: microsparite/micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no bioerosion, 

no micritization, no encrustation 

 

Lithology: floatstone with mudstone matrix 

 

Note: / 

 

19 C5 

 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods 

 

Non-skeletal components: rare undetermined 

peloids, rare fecal pellets (aggregates) 

 

Matrix: microsparite/micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no bioerosion, 

no micritization, no encrustation  

 

Lithology: mudstone 

 

Note: / 
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20 C-OC 

 

Skeletal components: rare undefined 

bioclasts, common small foraminifera included 

Siphovalvulina variabilis, ?Meandrovoluta 

asiagoensis, Glomospira/Planiinvoluta spp.,  

Duotaxis metula, valvulinids and textulariids, 

common micritized ring-shaped bioclasts, rare 

?Earlandia sp., abundant Thaumatoporella 

parvovesiculifera (fragments, irregular 

roundish specimens, daughter colonies forms, 

encrusted morphologies within oncoids) 

 

Non-skeletal components: abundant 

undetermined peloids, abundant oncoids 

type3/type 4, rare cortoids with destructive 

envelope, common dark micritic clotted 

structures 

 

Matrix: micrite/sparite 

 

Taphonomical characters: moderate 

fragmentation, moderate abrasion, low 

bioerosion, moderate micritization, high 

encrustation 

 

Lithology: packstone 

 

Note: / 

 

Semi-quantitative analysis of components: (absent), rare, common, abundant 

Semi-quantitative analysis of taphonomic features: no, low, moderate, high 

* “bivalves” are referred to non-lithiotid bivalves  

/: absent 
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A.9. Toraro Mt. accumulation D2 (TorD2) 
 

No. Sample Thin section Description 

1 D2-BT 

 

Skeletal components: abundant 

undefined bioclasts, rare brachiopods, 

rare echinoderms, rare larger 

foraminifera, rare small foraminifera 

included Duotaxis metula, 

?Meandrovoluta asiagoensis, 

?Glomospira/Planiinvoluta spp., 

textulariids and valvulinids, rare 

micritized ring-shaped bioclasts, 

common Thaumatoporella 

parvovesiculifera (fragments), rare 

encrusted organisms (?foraminifera) 

 

Non-skeletal components: common 

undetermined peloids, rare pelletoids, 

rare fecal pellets aggregates, rare dark 

micritic clotted structures included 

dendritic forms 

 

Matrix: micrite/clotted peloidal 

micrite/sparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, moderate micritization, low 

encrustation 

 

Lithology: packstone – grainstone in 

restricted area 

 

Note: / 

 

2 D2-OB 

 
 

 
 

 

 
 

 

Skeletal components: abundant 

undefined bioclasts, rare ?Earlandia sp., 

rare micritized ring-shaped bioclasts, rare 

Palaeodasycladus sp., rare small 

foraminifera included textulariids, 

valvulinids, ?Meandrovoluta asiagoensis 

and ?Glomospira/Planiinvoluta spp., rare 

larger foraminifera included ?Haurania 

deserta, rare echinoderms, common 

Thaumatoporella parvovesiculifera 

(daughter colonies forms, fragments and 

irregular roundish specimens)  

 

Non-skeletal components: rare 

undetermined peloids, rare cortoids with 

destructive envelope, rare dark micritic 

clotted structures included dendritic 

forms 

 

Matrix: very fine-grained 

micrite/micrite/sparite in restricted areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, moderate micritization, no 

encrustation 
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Lithology: packstone – grainstone in a 

restricted area  

 

Note: bioturbation traces 

 

3 D2-OT 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods, rare 

echinoderms, rare ostracods, rare 

gastropods, rare small foraminifera 

included ?Siphovalvulina variabilis and 

?Glomospira/Planiinvoluta spp. and 

vavulinids, rare ?Earlandia sp., rare 

micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(irregular roundish specimens, encrusted 

morphologies, fragments and cysts) 

 

Non-skeletal components: rare 

undetermined peloids, rare pelletoids, 

rare dark micritic clotted structures 

included dendritic forms 

 

Matrix: very fine-grained micrite in a 

restricted area/micrite/sparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, moderate micritization, low 

encrustation 

 

Lithology: wackestone – grainstone in a 

restricted area 

 

Note: lithiotid shells 

 

4 D2-I 

 

Skeletal components: abundant 

undefined bioclasts, rare gastropods, rare 

small foraminifera included valvulinids, 

rare micritized ring-shaped bioclasts, rare 

Thaumatoporella parovesiculifera 

(daughter colonies forms, irregular 

roundish specimens and fragments), rare 

?Earlandia sp. 

 

Non-skeletal components: common 

undetermined peloids, rare pelletoids, 

common cortoids with destructive 

envelope, rare dark micritic clotted 

structures 

 

Matrix: very fine-grained 

micrite/micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, moderate micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 
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5 D2-V 

 

Skeletal components: abundant 

undefined bioclasts, rare small 

foraminifera included ?Meandrovoluta 

asiagoensis, ?Glomospira sp. and 

textulariids, rare micritized ring-shaped 

bioclasts, rare Thaumatoporella 

parvovesiculifera (daughter colonies 

forms and irregular roundish specimens) 

  

Non-skeletal components: common 

undetermined peloids, rare pelletoids, 

common cortoids with destructive 

envelope, rare dark micritic clotted 

structures included dendritic forms  

 

Matrix: micrite/very fine-grained 

micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, moderate micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

6 D2-U 

 

Skeletal components: rare undefined 

bioclasts, rare gastropods, rare ostracods, 

rare echinoderms, rare small foraminifera 

included valvulinids, ?Meandrovoluta 

asiagoensis and ?Glomospira sp., rare 

micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(daughter colonies forms, cysts and 

irregular roundish specimens), rare 

?Earlandia sp. 

 

Non-skeletal components: rare 

undetermined peloids 

 

Matrix: very fine-grained 

micrite/micrite in restricted areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

Semi-quantitative analysis of components: (absent), rare, common, abundant 

Semi-quantitative analysis of taphonomic features: no, low, moderate, high 

* “bivalves” are referred to non-lithiotid bivalves 

/: absent 
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A.10. Toraro Mt. accumulation E (TorE) 
 
No. Sample Thin section Description 

1 E-1C 

 

Skeletal components: abundant 

undefined bioclasts, common 

brachiopods, rare gastropods, rare 

small foraminifera included 

textulariids, rare Renalcis-like 

structures, rare ?Earlandia sp., rare 

micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(irregular roundish specimens, 

encrusted morphologies, daughter 

colonies forms and fragments) 

 

Non-skeletal components: rare 

undetermined peloids, common dark 

micritic clotted structures included 

dendritic forms 

 

Matrix: micrite/clotted peloidal 

micrite in a restricted area/sparite in 

restricted areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, moderate micritization, 

low encrustation 

 

Lithology: packstone – grainstone 

 

Note: bioturbation traces 

 

2 E-2O2 

 
 

Skeletal components: common 

undefined bioclasts, rare 

echinoderms, rare small foraminifera 

included textulariids, valvulinids and 

?Siphovalvulina variabilis, rare 

?Glomospira/Planiinvoluta spp., rare 

?Earlandia sp., rare micritized ring-

shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(irregular roundish specimens, 

ladders, daughter colonies forms and 

fragments) 

 

Non-skeletal components: rare 

undetermined peloids, common dark 

micritic clotted structures included 

dendritic forms  

 

Matrix: micrite/sparite in restricted 

areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone – grainstone 

in a restricted area 
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Note: bioturbation traces 

 

3 E-4B 

 

Skeletal components: common 

undefined bioclasts, rare brachiopods, 

one articulated bivalve*, rare small 

foraminifera included textulariids and 

valuvlinids, rare micritized ring-

shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(irregular roundish specimens, 

fragments and daughter colonies 

forms) 

 

Non-skeletal components: common 

undetermined peloids, common dark 

micritic clotted structures included 

dendritic forms 

 

Matrix: micrite/sparite in restricted 

areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, moderate micritization, 

low encrustation 

 

Lithology: wackestone – packstone 

and mudstone in a restricted area  

 

Note: / 

 

4 E-2OB 

 

Skeletal components: common 

undefined bioclasts, rare 

echinoderms, rare brachiopods, rare 

bivalves*, rare small foraminifera 

included Meandrovoluta asiagoensis, 

Siphovalvulina variabilis, valvulinids 

and textulariids, rare micritized ring-

shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(fragments) 

 

Non-skeletal components: rare 

undetermined peloids, rare dark 

micritic clotted structures  

 

Matrix: micrite/sparite 

 

Taphonomical characters: high 

fragmentation, moderate abrasion, no 

bioerosion, moderate micritization, 

no encrustation 

 

Lithology: wackestone – packstone 

in restricted areas 

 

Note: bioturbation traces 
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5 E-3O2 

 

Skeletal components: common 

undefined bioclasts, rare brachiopods 

included articulated specimens, rare 

gastropods, rare small foraminifera 

included valvulinids and 

Siphovalvulina variabilis, rare 

micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(irregular roundish specimens, 

fragments and cysts, daughter 

colonies forms) 

 

Non-skeletal components: rare 

undetermined peloids, rare dark 

micritic clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: floatstone with 

wackestone matrix 

 

Note: / 

 

6 E-4O 

 

Skeletal components: rare undefined 

bioclasts, rare echinoderms, rare 

small foraminifera included 

textulariids, ?Meandrovoluta 

asiagoensis and 

?Glomospira/Planiinvoluta spp., rare 

?Earlandia sp., rare micritized ring-

shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(?cysts, irregular roundish specimens, 

fragments and daughter colonies 

forms) 

 

Non-skeletal components: rare 

undetermined peloids, rare dark 

micritic clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: / 
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7 E-3B 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods, 

?Earlandia sp., rare small 

foraminifera included Siphovalvulina 

variabilis and valvulinids, rare 

micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(fragments and irregular roundish 

specimens) 

 

Non-skeletal components: common 

undetermined peloids, rare dark 

micritic clotted structures included 

dendritic forms 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: floatstone with 

wackestone matrix 

 

Note: bioturbation traces 

 

8 E-1B 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods, rare small 

foraminifera included rare 

?Glomospira/Planiinvoluta spp., 

textulariids and valvulinids, rare 

micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(fragments and irregular roundish 

specimens) 

 

Non-skeletal components: common 

undetermined peloids, common dark 

micritic clotted structures included 

dendritic forms 

 

Matrix: micrite/sparite in restricted 

areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone – packstone 

 

Note: ?lithiotid shells, bioturbation 

traces 
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9 E-1O 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods, rare small 

foraminifera included Planiinvoluta 

sp., Meandrovoluta asiagoensis and 

valvulinids, rare ?Earlandia sp., rare 

micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(fragments, daughter colonies forms 

and irregular roundish specimens), 

rare encrusted organisms 

(?foraminifera) 

 

Non-skeletal components: common 

undetermined peloids, common dark 

micritic clotted structures included 

dendritic forms 

 

Matrix: micrite/sparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, low 

encrustation 

 

Lithology: wackestone – packstone 

 

Note: / 

 

10 E-2I 

 
 

Skeletal components: abundant 

undefined bioclasts, rare brachiopods, 

rare echinoderms, rare ostracods, rare 

small foraminifera included 

Siphovalvulina variabilis, valvulinids 

and Glomospira sp., rare micritized 

ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(fragments and irregular roundish 

specimens) 

 

Non-skeletal components: rare 

undetermined peloids, rare micritic 

clotted structures included dendritic 

forms  

 

Matrix: micrite/sparite in restricted 

areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone – packstone 

 

Note: bioturbation traces 
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11 E-2C 

 

Skeletal components: abundant 

undefined bioclasts, rare brachiopods, 

rare gastropods, rare small 

foraminifera included Siphovalvulina 

variabilis, textulariids and 

valvulinids, rare ?Earlandia sp., rare 

micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(irregular roundish morphologies, 

?cysts, fragments and encrusted 

specimens), rare encrusted organisms 

 

Non-skeletal components: rare 

undetermined peloids, rare fecal 

pellets aggregate (?), rare dark 

micritic clotted structures included 

dendritic forms 

 

Matrix: micrite/sparite in restricted 

areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, low 

encrustation 

 

Lithology: wackestone – packstone 

 

Note: / 

 

12 E-3C 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods, rare small 

foraminifera included valvulinids, 

rare micritized ring-shaped bioclasts, 

rare Thaumatoporella 

parvovesiculifera (irregular roundish 

specimens and/or ?cysts) 

 

Non-skeletal components: rare 

undetermined peloids, rare dark 

micritic clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: / 
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13 E-4C 

 
 

Skeletal components: rare undefined 

bioclasts, rare small foraminifera 

included valvulinids, rare micritized 

ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(fragments), rare encrusted organisms 

 

Non-skeletal components: rare 

undetermined peloids, rare dark 

micritic clotted structures 

 

Matrix: micrite/microsparite in a 

restricted area 

 

Taphonomical characters: high 

fragmentation, high abrasion, low 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

14 E-2O3 

 

Skeletal components: abundant 

undefined bioclasts, rare brachiopods, 

rare small foraminifera included 

textulariids, valvulinids, 

?Planiinvoluta sp. and 

?Meandrovoluta asiagoensis, rare 

micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(fragments), rare encrusted organisms 

(?foraminifera) 

 

Non-skeletal components: rare 

undetermined peloids, rare dark 

micritic clotted structures included 

dendritic forms 

 

Matrix: micrite/sparite in restricted 

areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, low 

bioerosion, low micritization, low 

encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 
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15 E-4I 

 

Skeletal components: common 

undefined bioclasts, rare 

echinoderms, rare brachiopods, rare 

small foraminifera included 

textulariids and valvulinids and 

?Meandrovoluta asiagoensis, rare 

?Earlandia sp., rare Thaumatoporella 

parvovesiculifera (irregular roundish 

specimens, ?cysts, fragments and 

daughter colonies forms) 

 

Non-skeletal components: rare 

undetermined peloids, common dark 

micritic clotted structures 

 

Matrix: micrite/sparite in restricted 

areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone – packstone 

 

Note: micritic laminae 

 

16 E-5B 

 
 

Skeletal components: abundant 

undefined bioclasts, common 

brachiopods, rare gastropods, rare 

small foraminifera included 

?Glomospira/Planiinvoluta spp., 

valvulinids, and textulariids, rare 

?Earlandia sp., rare micritized ring-

shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(irregular roundish specimens, 

fragments and daughter colonies 

forms) 

 

Non-skeletal components: rare 

undetermined peloids, rare dark 

micritic clotted structures  

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: floatstone with 

wackestone matrix 

 

Note: / 
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17 E-C5 

 

Skeletal components: abundant 

undefined bioclasts, common 

brachiopods included articulated 

specimens, common small 

foraminifera included 

?Meandrovoluta asiagoensis, 

Glomospira/Planiinvoluta spp., 

textulariids and valvulinids, rare 

micritized ring-shaped bioclasts, 

common Thaumatoporella 

parvovesiculifera (irregular roundish 

specimens, fragments, daughter 

colonies forms and cysts), rare 

encrusted organisms (?foraminifera) 

 

Non-skeletal components: abundant 

undetermined peloids, rare microbial 

peloids, rare dark micritic clotted 

structures included dendritic forms 

 

Matrix: micrite/clotted peloidal 

micrite in restricted areas/sparite in 

restricted areas  

 

Taphonomical characters: high 

fragmentation, moderate abrasion, no 

bioerosion, low micritization, low 

encrustation 

 

Lithology: packstone – grainstone in 

restricted areas 

 

Note: /  

 

Semi-quantitative analysis of components: (absent), rare, common, abundant 

Semi-quantitative analysis of taphonomic features: no, low, moderate, high 

* “bivalves” are referred to non-lithiotid bivalves  

/: absent 
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A.11. Toraro Mt. accumulation F (TorF) 
 

No. Sample Thin section Description 

1 F1-1 

 

Skeletal components: abundant 

undefined bioclasts, rare brachiopods, rare 

ostracods, rare gastropods, rare 

echinoderms, rare small foraminifera 

included valvulinids and textulariids, rare 

Palaeodasycladus sp., rare ?Earlandia sp., 

rare micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(daughter colonies forms, irregular 

roundish specimens, fragments, encrusted 

morphologies), rare encrusted organisms 

 

Non-skeletal components: common 

undetermined peloids (included rare 

microbial peloids), rare cortoids with 

destructive envelope, common dark 

micritic clotted structures included 

dendritic forms 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, low 

encrustation 

 

Lithology: wackestone 

 

Note: bioturbation traces 

 

2 F1-2 

 
 

 

 
 

 

 
 

 

Skeletal components: abundant 

undefined bioclasts, rare brachiopods, rare 

larger foraminifers, rare small 

foraminifera included textulariids, 

valvulinids and Meandrovoluta 

asiagoensis, rare ?Earlandia sp., rare 

micritized ring-shaped bioclasts, common 

Thaumatoporella parvovesiculifera 

(daughter colonies forms, fragments and 

irregular roundish specimens) 

 

Non-skeletal components: common 

undetermined peloids, rare cortoids with 

destructive envelope, common dark 

micritic clotted structures included 

dendritic forms 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, low 

encrustation 

 

Lithology: wackestone 

 

Note: / 
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3 F1-3 

 

Skeletal components: abundant 

undefined bioclasts, rare brachiopods, rare 

small foraminifera included valvulinids, 

rare ?Earlandia sp., rare micritized ring-

shaped bioclasts, Thaumatoporella 

parvovesiculifera (daughter colonies 

forms, irregular roundish specimens, 

fragments and encrusted morphologies) 

 

Non-skeletal components: common 

undetermined peloids, rare dark micritic 

clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: / 

 

4 F1-4 

 

Skeletal components: abundant 

undefined bioclasts, rare echinoderms, 

rare gastropods, rare brachiopods, rare 

small foraminifera included 

?Meandrovoluta asiagoensis, rare 

micritized ring-shaped bioclasts, common 

Thaumatoporella parvovesiculifera 

(fragments, daughter colonies forms, 

irregular roundish specimens) 

 

Non-skeletal components: rare 

undetermined peloids, rare microbial 

peloids, rare cortoids with destructive 

envelope, rare dark micritic clotted 

structures included dendritic forms  

 

Matrix: micrite/sparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, low 

bioerosion, low micritization, low 

encrustation 

 

Lithology: wackestone – packstone 

 

Note: lithiotid shells, bioturbation traces 
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5 F1-B 

 

Skeletal components: abundant 

undefined bioclasts, rare brachiopods, rare 

small foraminifera, rare echinoderms, , 

rare micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(fragments, cysts, daughter colonies forms 

and irregular roundish specimens) 

 

Non-skeletal components: common 

undetermined peloids, rare cortoids with 

destructive envelope, rare dark micritic 

clotted structures 

 

Matrix: micrite/clotted peloidal 

micrite/sparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, moderate micritization, low 

encrustation 

 

Lithology: floatstone with packstone 

matrix 

 

Note: bioturbation traces 

 

6 F1-C1 

 

Skeletal components: abundant 

undefined bioclasts, common 

brachiopods, rare ostracods, rare small 

foraminifera included valvulinids and 

textulariids, rare Palaeodasycladus sp., 

rare micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera 

(fragments, daughter colonies forms, cysts 

and irregular roundish specimens) 

 

Non-skeletal components: rare 

undetermined peloids, rare cortoids with 

destructive envelope, rare dark micritic 

clotted structures 

 

Matrix: micrite/microsparite in restricted 

areas 

 

Taphonomical characters: high 

fragmentation, moderate abrasion, 

moderate bioerosion, low micritization, no 

encrustation 

 

Lithology: floatstone with wackestone 

matrix 

 

Note: / 
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7 F1-C2 

 

Skeletal components: abundant 

undefined bioclasts, rare echinoderms, 

rare ostracods, common small 

foraminifera included Siphovalvulina 

variabilis, textulariids and valvulinids, 

rare larger foraminifera included 

?Amijiella amijii, rare Thaumatoporella 

parvovesiculifera (fragments, encrusted 

morphologies and irregular rounded 

specimens) 

 

Non-skeletal components: common 

undetermined peloids, rare dark micritic 

clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, moderate 

bioerosion, no micritization, low 

encrustation 

 

Lithology: wackestone 

 

Note: / 

 

8 F2-1 

 

Skeletal components: abundant 

undefined bioclasts, rare ostracods, rare 

gastropods, rare echinoderms, rare small 

foraminifera included textulariids, 

valvulinids, ?Glomospira/Planiinvoluta 

spp. and Meandrovoluta asiagoensis, rare 

?Earlandia sp., rare micritized ring-

shaped bioclasts, rare Thaumatoporella 

parvovesiculifera (irregular roundish 

specimens, fragments and cysts) 

 

Non-skeletal components: rare 

undetermined peloids, rare cortoids with 

destructive envelope  

 

Matrix: micrite/sparite/clotted peloidal 

micrite in restricted areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone – packstone 

 

Note: / 
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9 F2-2 

 

Skeletal components: rare undefined 

bioclasts, rare echinoderms, rare 

brachiopods, rare small foraminifera 

included ?Meandrovoluta asiagoensis, 

rare larger foraminifera, rare 

Thaumatoporella parvovesiculifera 

(fragments and irregular roundish 

specimens), rare ?Earlandia sp., rare 

micritized ring-shaped bioclasts 

 

Non-skeletal components: common 

undetermined peloids, rare fecal pellets, 

rare cortoids with destructive envelope, 

rare dark micritic clotted structures 

included dendritic forms  

 

Matrix: micrite/sparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone – packstone 

 

Note: / 

 

10 F2-3 

 

Skeletal components: rare undefined 

bioclasts, rare echinoderms, rare ?larger 

foraminifera, rare small foraminifera 

included valvulinids and ?Meandrovoluta 

asiagoensis, rare ?Earlandia sp., rare 

micritized ring-shaped bioclasts, 

Rivularia-like organisms, Girvanella-like 

structures 

 

Non-skeletal components: rare 

undetermined peloids, rare dark micritic 

clotted structures 

 

Matrix: micrite/clotted peloidal micrite in 

restricted area/sparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone – packstone 

 

Note: / 
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11 F2-4 

 

Skeletal components: abundant 

undefined bioclasts, rare brachiopods, rare 

gastropods, rare small foraminifera 

included textulariids and Siphovalvulina 

variabilis, rare Thaumatoporella 

parvovesiculifera (irregular roundish 

specimens, fragments and encrusted 

morphologies), rare micritized ring-

shaped bioclasts 

 

Non-skeletal components: common 

undetermined peloids, rare microbial 

peloids, rare fecal pellets, rare cortoids 

with constructive and destructive 

envelope, rare dark micritic clotted 

structures 

 

Matrix: micrite/sparite in restricted areas  

 

Taphonomical characters: high 

fragmentation, high abrasion, low 

bioerosion, low micritization, low 

encrustation 

 

Lithology: wackestone – packstone 

 

Note: / 

 

12 F2-5 

 

Skeletal components: abundant 

undefined bioclasts, rare brachiopods, rare 

small foraminifera included textulariids, 

valvulinids and ?Meandrovoluta 

asiagoensis, rare Thaumatoporella 

parvovesiculifera (fragments and cysts), 

rare ?Earlandia sp., rare micritized ring-

shaped bioclasts 

 

Non-skeletal components: rare 

undetermined peloids, rare microbial 

peloids, rare dark micritic clotted 

structures 

 

Matrix: micrite/clotted peloidal 

micrite/sparite in restricted areas  

 

Taphonomical characters: high 

fragmentation, high abrasion, low 

bioerosion, no micritization, low 

encrustation 

 

Lithology: wackestone – packstone 

 

Note: / 
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13 F2-C 

 

Skeletal components: abundant 

undefined bioclasts, rare ostracods, rare 

brachiopods, rare small foraminifera, rare 

larger foraminifera included ?Amijiella 

amiji 

 

Non-skeletal components: common 

undetermined peloids, rare cortoids with 

destructive envelope, rare dark micritic 

clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: / 

 

Semi-quantitative analysis of components: (absent), rare, common, abundant 

Semi-quantitative analysis of taphonomic features: no, low, moderate, high 

/: absent 
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A.12. Campoluzzo Mt. accumulation (Cm) 
 

No. Sample Thin section Description 

1 Cm-1-1 

 

Skeletal components: common undefined 

bioclasts, rare small foraminifera, rare 

echinoderms 

 

Non-skeletal components: rare undetermined 

peloids, rare pelletoids, abundant fecal pellets 

aggregates, rare cortoids with destructive and 

constructive envelope 

 

Matrix: very fine-grained micrite/clotted peloidal 

micrite in restricted areas/sparite in restricted 

areas 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, low micritization, 

low encrustation 

 

Lithology: wackestone-packstone 

 

Note: lithiotid shells 

 

2 Cm-1-2 

 

Skeletal components: abundant undefined 

bioclasts, rare gastropods, rare ostracods, rare 

?Earlandia sp. 

 

Non-skeletal components: rare undetermined 

peloids, common fecal pellets included one 

aggregate 

 

Matrix: very fine-grained micrite/clotted peloidal 

micrite in restricted areas/sparite in restricted 

areas 

 

Taphonomical characters: high fragmentation, 

moderate abrasion, low bioerosion, no 

micritization, low encrustation 

 

Lithology: wackestone-packstone 

 

Note: lithiotid shells 

 

3 Cm-2 

 

Skeletal components: common undefined 

bioclasts, rare small foraminifera, rare ostracods 

 

Non-skeletal components: rare undetermined 

peloids 

 

Matrix: very fine-grained micrite/micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, no micritization, 

no encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 
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4 Cm-3 

 

Skeletal components: common undefined 

bioclasts, rare ?Earlandia sp. 

 

Non-skeletal components: rare undetermined 

peloids, rare isolated fecal pellets 

 

Matrix: very fine-grained micrite/clotted peloidal 

micrite in a restricted area 

 

Taphonomical characters: high fragmentation, 

moderate abrasion, no bioerosion, no 

micritization, no encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

5 Cm-4 

 

Skeletal components: common undefined 

bioclasts, rare gastropods 

 

Non-skeletal components: rare undetermined 

peloids  

 

Matrix: very fine-grained micrite 

 

Taphonomical characters: high fragmentation, 

moderate abrasion, low bioerosion, low 

micritization, no encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

Semi-quantitative analysis of components: (absent), rare, common, abundant 

Semi-quantitative analysis of taphonomic features: no, low, moderate, high 
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A.13. Rotzo accumulation (Ro) 
 

No. Sample Thin section Description 

1 Ro-1 

 

Skeletal components: rare undefined bioclasts, 

rare ostracods, rare brachiopods, rare 

echinoderms, rare small foraminifera, rare 

micritized ring-shaped bioclasts 

 

Non-skeletal components: rare undetermined 

peloids, rare dark clotted micritic structures 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

moderate abrasion, low bioerosion, no 

micritization, low encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

2 

 

Ro-2 

 

 

Skeletal components: rare undefined bioclasts, 

rare ostracods, rare small foraminifera included 

Meandrovoluta asiagoensis, rare micritized ring-

shaped bioclasts, rare Thaumatoporella 

parvovesiculifera (fragments), rare encrusted 

organisms (foraminifera?)  

 

Non-skeletal components: rare undetermined 

peloids 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

moderate abrasion, low bioerosion, no 

micritization, low encrustation 

 

Lithology: mudstone 

 

Note: lithiotid shells 

 

3 Ro-3 

 

 

 

 

Skeletal components: rare undefined bioclasts, 

rare ostracods, rare small foraminifera 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, no micritization, no 

encrustation 

 

Lithology: mudstone 

 

Note: lithiotid shells 
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4 Ro-4 

 

Skeletal components: rare undefined bioclasts, 

rare ?brachiopods, rare ?bivalves*, rare ostracods, 

rare small foraminifera, rare micritized ring-

shaped bioclasts, rare encrusted organisms 

(foraminifera?) 

 

Non-skeletal components: / 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

moderate abrasion, low bioerosion, no 

micritization, moderate encrustation 

 

Lithology: floatstone with mudstone matrix 

 

Note: lithiotid shells 

 

5 Ro-5 

 

Skeletal components: rare undefined bioclasts, 

rare gastropods, rare bivalves*, rare ostracods, 

rare small foraminifera included valvulinids, 

?Meandrovoluta asiagoensis and Duotaxis 

metula, rare micritized ring-shaped bioclasts 

 

Non-skeletal components: rare dark micritic 

clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

moderate to high abrasion, low bioerosion, no 

micritization, low encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

6 Ro-6 

 

Skeletal components: common undefined 

bioclasts, rare ostracods, rare brachiopods, rare 

small foraminifera, rare micritized ring-shaped 

bioclasts, rare ?Thaumatoporella 

parvovesiculifera (fragments) 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, no micritization, no 

encrustation 

 

Lithology: mudstone-wackestone 

 

Note: lithiotid shells 
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7 
Ro-7 

 

 

Skeletal components: rare undefined bioclasts, 

rare brachiopods, rare small foraminifera included 

Duotaxis metula, rare micritized ring-shaped 

bioclasts, rare encrusted organisms 

(foraminifera?) 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: micrite/very fine-grained micrite in 

restricted areas 

 

Taphonomical characters: high fragmentation, 

moderate abrasion, low bioerosion, low 

micritization, low encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells, bioturbation trace 

 

8 
Ro-8 

 

 

Skeletal components: rare undefined bioclasts, 

rare micritized ring-shaped bioclasts, rare small 

foraminifera included ?Meandrovoluta 

asiagoensis 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

included dendritic forms 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

moderate abrasion, low bioerosion, no 

micritization, low encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

9 
Ro-9 

 

 

Skeletal components: rare undefined bioclasts, 

rare ostracods, rare brachiopods, rare small 

foraminifera included textulariids, valvulinids, 

rare micritized ring-shaped bioclasts, 

?Meandrovoluta asiagoensis and 

?Glomospira/Planiinvoluta spp., rare 

echinoderms, rare encrusted organisms 

(foraminifera?) 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

included dendritic forms 

 

Matrix: micrite/very fine-grained micrite in 

restricted areas 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, no micritization, 

low encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 
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10 

 

Ro-10 

 

 

Skeletal components: rare undefined bioclasts, 

rare brachiopods, rare small foraminifera, rare 

encrusted organisms (?foraminifera), rare 

micritized ring-shaped bioclasts, rare 

?Thaumatoporella parvovesiculifera (fragments) 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: micrite/very fine-grained micrite in a 

restricted area 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, no micritization, 

low encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

Semi-quantitative analysis of components: (absent), rare, common, abundant 

Semi-quantitative analysis of taphonomic features: no, low, moderate, high 

* “bivalves” are referred to non-lithiotid bivalves  

/: absent 
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A.14. Contrada Dazio accumulation (Da) 
 

No. Sample Thin section Description 

1 Da-1 

 

Skeletal components: rare undefined bioclasts, 

rare brachiopods, rare small foraminifera 

included valvulinids and textulariids, rare 

Thaumatoporella parvovesiculifera (fragments) 

 

Non-skeletal components: rare dark micritic 

clotted structures 

 

Matrix: micrite/microsparite/sparite in a 

restricted area 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone-packstone in a restricted 

area 

 

Note: / 

 

2 Da-2 

 

Skeletal components: rare undefined bioclasts, 

rare brachiopods, rare small foraminifera 

included ?Meandrovoluta asiagoensis and 

Glomospira/Planiinvoluta spp., rare micritized 

ring-shaped bioclasts, rare Thaumatoporella 

parvovesiculifera (fragments, daughter colonies 

forms) 

 

Non-skeletal components: rare undetermined 

peloids, rare cortoids with destructive envelope, 

rare dark micritic clotted structures included 

dendritic forms 

 

Matrix: micrite/sparite in restricted areas  

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

low encrustation 

 

Lithology: floatstone with packstone matrix 

 

Note: lithiotid shell 

 

3 Da-3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Skeletal components: rare undefined bioclasts, 

rare Thaumatoporella parvovesiculifera 

(fragments and irregular roundish specimens)  

 

Non-skeletal components: rare undetermined 

peloids, common microbial peloids 

 

Matrix: micrite/sparite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone-packstone 
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 Note: lithiotid shell 

 

4 Da-4 

 

Skeletal components: rare undefined bioclasts, 

rare brachiopods, rare Thaumatoporella 

parvovesiculifera (fragments) 

 

Non-skeletal components: rare undetermined 

peloids, rare microbial peloids, rare dark micritic 

clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, no micritization, 

no encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shell 

 

5 Da-5 

 

Skeletal components: rare undefined bioclasts, 

rare brachiopods, rare echinoderms  

 

Non-skeletal components: common 

undetermined peloids, rare dark micritic clotted 

structures 

 

Matrix: micrite/clotted peloidal micrite in a 

restricted area 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone 

 

Note: / 

 

6 Da-6 

 

Skeletal components: rare undefined bioclasts, 

rare Thaumatoporella parvovesiculifera 

(fragments)  

 

Non-skeletal components: rare undetermined 

peloids, rare microbial peloids, rare pelletoids 

 

Matrix: micrite/sparite in a restricted area 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, no micritization, 

no encrustation  

 

Lithology: wackestone-packstone in a restricted 

area 

 

Note: lithiotid shell 
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7 Da-7 

 

Skeletal components: rare undefined bioclasts, 

rare small foraminifera, rare micritized ring-

shaped bioclasts, rare Thaumatoporella 

parvovesiculifera (fragments and irregular 

roundish specimens) 

 

Non-skeletal components: rare dark micritic 

clotted structures included dendritic forms 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shell 

 

8 Da-8 

 

Skeletal components: rare undefined bioclasts, 

rare gastropods, rare Thaumatoporella 

parvovesiculifera (fragments), rare ?Earlandia 

sp. 

 

Non-skeletal components: common 

undetermined peloids, rare pelletoids, common 

fecal pellets, rare microbial peloids, rare dark 

micritic clotted structures 

 

Matrix: micrite/clotted peloidal micrite in 

restricted area/sparite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone-peloidal grainstone in a 

restricted area 

 

Note: lithiotid shells 

 

9 Da-9 

 

Skeletal components: common undefined 

bioclasts, rare bivalves*, rare echinoderms, rare 

brachiopods included articulated specimens, rare 

gastropods, rare Thaumatoporella 

parvovesiculifera (fragments and irregular 

roundish specimens) 

 

Non-skeletal components: rare microbial 

peloids, rare dark micritic clotted structures 

included dendritic forms 

 

Matrix: micrite/sparite in restricted areas 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, no micritization, 

no encrustation 

 

Lithology: wackestone-packstone 

 

Note: / 
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10 Da-10 

 
 

Skeletal components: common undefined 

bioclasts, rare ostracods, rare gastropods, rare 

echinoderms, rare small foraminifera included 

valvulinids, rare micritized ring-shaped 

bioclasts, rare Thaumatoporella 

parvovesiculifera (daughter colonies forms, 

fragments and irregular roundish specimens) 

 

Non-skeletal components: rare undetermined 

peloids, rare microbial peloids, rare dark micritic 

clotted structures included dendritic forms 

 

Matrix: micrite/sparite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone-packstone 

 

Note: bioturbation traces 

 

11 Da-11 

 

Skeletal components: rare undefined bioclasts, 

rare small foraminifera included ?valvulinids, 

rare micritized ring-shaped bioclasts, rare 

Thaumatoporella parvovesiculifera (fragments) 

 

Non-skeletal components: common 

undetermined peloids, rare fecal pellets 

aggregates, rare microbial peloids, rare dark 

micritic clotted structures 

 

Matrix: micrite/sparite 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, low micritization, 

low encrustation 

 

Lithology: floatstone with wackestone matrix 

 

Note: lithiotid shell 

 

12 Da-12 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: micrite/sparite in restricted areas 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone-packstone 

 

Note: / 
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13 Da-13 

 

Skeletal components: rare undefined bioclasts, 

rare gastropods, rare bivalves*, rare 

Thaumatoporella parvovesiculifera (fragments 

and irregular roundish specimens) 

 

Non-skeletal components: rare undetermined 

peloids, rare microbial peloids, rare dark micritic 

clotted structures included dendritic forms 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, low micritization, 

no encrustation 

 

Lithology: floatstone with wackestone matrix 

 

Note: / 

 

14 Da-14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: micrite/sparite 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, no micritization, 

no encrustation 

 

Lithology: wackestone-packstone 

 

Note: lithiotid shells 

 

15 Da-15 

 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: rare undetermined 

peloids, common microbial peloids, rare dark 

micritic clotted structures 

 

Matrix: very fine grained micrite/micrite/clotted 

peloidal micrite in restricted areas 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 
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16 Da-16 

 

Skeletal components: rare undefined bioclasts, 

rare Rivularia-like structures, rare 

Thaumatoporella parvovesiculifera (fragments)  

 

Non-skeletal components: rare undetermined 

peloids  

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, no micritization, 

no encrustation 

 

Lithology: floatstone with wackestone matrix 

 

Note: lithiotid shells 

 

17 Da-17 

 

Skeletal components: rare undefined bioclasts, 

rare Thaumatoporella parvovesiculifera 

(fragments) 

 

Non-skeletal components: rare undetermined 

peloids  

 

Matrix: micrite/sparite in restricted areas 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone-packstone 

 

Note: lithiotid shells 

 

18 Da-18 

 

Skeletal components: common undefined 

bioclasts, rare gastropods, rare brachiopods, rare 

Thaumatoporella parvovesiculifera (fragments) 

 

Non-skeletal components: rare dark micritic 

clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, no micritization, 

no encrustation 

 

Lithology: floatstone with packstone matrix 

 

Note: lithiotid shells 
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19 Da-19 

 

Skeletal components: rare undefined bioclasts, 

rare small foraminifera, rare ?Rivularia-like 

structures, rare Thaumatoporella 

parvovesiculifera (fragments, irregular roundish 

specimens and daughter colonies forms) 

 

Non-skeletal components: rare undetermined 

peloids, common dark micritic clotted structures 

included dendritic forms 

 

Matrix: micrite/microsparite and sparite in 

restricted areas  

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone 

 

Note: / 

 

20 Da-20 

 

Skeletal components: rare undefined bioclasts, 

rare Rivularia-like structures, rare brachiopods, 

rare Thaumatoporella parvovesiculifera 

(fragments and irregular roundish specimens) 

 

Non-skeletal components: rare undetermined 

peloids, common dark micritic clotted structures 

 

Matrix: micrite/sparite in restricted areas 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone-packstone 

 

Note: lithiotid shells 

 

21 Da-21 

 

Skeletal components: rare undefined bioclasts, 

rare Rivularia-like structures, rare 

Thaumatoporella parvovesiculifera (fragments 

and irregular roundish specimens) 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: micrite/sparite in restricted areas  

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone-packstone 

 

Note: lithiotid shells 
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22 Da-22 

 

Skeletal components: rare undefined bioclasts, 

rare brachiopods, rare Thaumatoporella 

parvovesiculifera (fragments) 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

23 Da-23 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: rare undetermined 

peloids 

 

Matrix: micrite/microsparite/sparite in restricted 

areas  

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, no micritization, 

no encrustation 

 

Lithology: wackestone-packstone 

 

Note: / 

24 Da-24 

 

Skeletal components: rare undefined bioclasts, 

rare ostracods, rare brachiopods included 

articulated specimens 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: micrite/sparite in restricted areas 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone-packstone 

 

Note: lithiotid shells 
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25 Da-25 

 

Skeletal components: rare undefined bioclasts, 

rare ostracods, rare brachiopods, rare gastropods, 

rare Thaumatoporella parvovesiculifera 

(fragments and irregular roundish specimens), 

one coral 

 

Non-skeletal components: rare microbial 

peloids  

 

Matrix: very fine-grained micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, low micritization, 

no encrustation 

 

Lithology: floatstone-rudstone with wackestone 

matrix 

 

Note: lithiotid shell 

 

26 Da-26 

 

Skeletal components: rare undefined bioclasts, 

rare Thaumatoporella parvovesiculifera 

(fragments and cysts) 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: micrite/sparite in restricted areas 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, no micritization, 

no encrustation 

 

Lithology: wackestone-packstone 

 

Note: / 

 

27 Da-27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shell 
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28 Da-28 

 

Skeletal components: rare undefined bioclasts, 

rare Thaumatoporella parvovesiculifera 

(fragments) 

 

Non-skeletal components: rare undetermined 

peloids 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shell 

 

29 Da-29 

 

Skeletal components: rare undefined bioclasts 

 

Non-skeletal components: / 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, no micritization, 

no encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shell 

 

30 Da-30 

 

 

Skeletal components: rare undefined bioclasts, 

rare ostracods, rare small foraminifera, rare 

brachiopods, rare Thaumatoporella 

parvovesiculifera (fragments and irregular 

roundish specimens) 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures  

 

Matrix: micrite/sparite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone-packstone 

 

Note: / 
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31 Da-31 

 

Skeletal components: rare undefined bioclasts, 

rare Thaumatoporella parvovesiculifera 

(fragments) 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures  

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, low micritization, 

low encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shell 

 

32 Da-32 

 

Skeletal components: rare undefined bioclasts, 

rare small foraminifera, rare brachiopods, rare 

Thaumatoporella parvovesiculifera (fragments 

and irregular roundish specimens) 

 

Non-skeletal components: common 

undetermined peloids, common dark micritic 

clotted structures included dendritic forms 

 

Matrix: micrite/sparite in restricted area 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

low encrustation 

 

Lithology: wackestone-packstone 

 

Note: / 

 

33 Da-33 

 

Skeletal components: rare undefined bioclasts, 

rare brachiopods, rare Thaumatoporella 

parvovesiculifera (fragments and irregular 

roundish specimens) 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

included dendritic forms 

 

Matrix: micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone 

 

Note: / 
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34 Da-34 

 

Skeletal components: rare undefined bioclasts, 

rare Thaumatoporella parvovesiculifera 

(fragments), rare brachiopods 

 

Non-skeletal components: rare undetermined 

peloids, rare dark micritic clotted structures 

included dendritic forms 

 

Matrix: micrite/sparite 

 

Taphonomical characters: high fragmentation, 

high abrasion, no bioerosion, low micritization, 

no encrustation 

 

Lithology: wackestone-packstone 

 

Note: / 

 

35 Da-35 

 

 

Skeletal components: rare undefined bioclasts, 

rare gastropods, rare Thaumatoporella 

parvovesiculifera (fragments)  

 

Non-skeletal components: common peloids, 

rare microbial peloids, rare dark micritic clotted 

structures  

 

Matrix: very fine-grained micrite/micrite 

 

Taphonomical characters: high fragmentation, 

high abrasion, low bioerosion, low micritization, 

low encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

Semi-quantitative analysis of components: (absent), rare, common, abundant 

Semi-quantitative analysis of taphonomic features: no, low, moderate, high 

* “bivalves” are referred to non-lithiotid bivalves  

/: absent 
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A.15. Passo Vezzena accumulations (Ve) 
 

No. Sample Thin section Description 

1 Ve1-1 

 

Skeletal components: abundant 

undefined bioclasts, rare echinoderms, 

rare brachiopods, rare bivalves*, rare 

small foraminifera included valvulinids, 

textulariids, ?Meandrovoluta asiagoensis, 

Glomospira/Planiinvoluta spp., ?Duotaxis 

metula and ?Ammobaculites sp., rare 

larger foraminifera included ?Amijiella 

amiji or ?Haurania deserta  

 

Non-skeletal components: common 

undetermined peloids, rare pelletoids, rare 

fecal pellets, common cortoids with 

constructive and destructive envelope, rare 

dark micritic clotted structures 

 

Matrix: micrite/sparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, low 

bioerosion, moderate micritization, 

moderate encrustation 

 

Lithology: packstone – grainstone 

 

Note: / 

 

2 Ve1-2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Skeletal components: rare undefined 

bioclasts, rare ostracods, rare brachiopods, 

rare small foraminifera  

 

Non-skeletal components: rare 

undetermined peloids 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, moderate abrasion, low 

bioerosion, no micritization, no 

encrustation 

 

Lithology: floatstone with mudstone 

matrix 

 

Note: lithiotid shells, stilolaminated fabric 
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3 Ve1-3 

 

Skeletal components: rare undefined 

bioclasts, rare ostracods, rare brachiopods, 

rare small foraminifera included 

valvulinids and textulariids, rare 

micritized ring-shaped bioclasts, rare 

larger foraminifera included 

?Pseudocyclammina liassica and 

?Evertyciclammina sp. 

 

Non-skeletal components: rare 

undetermined peloids, rare pelletoids, rare 

dark micritic clotted structures included 

dendritic forms 

 

Matrix: micrite/microsparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, low micritization, no 

encrustation 

 

Lithology: wackestone – mudstone in 

restricted areas 

 

Note: lithiotid shells, bioturbation traces 

 

4 Ve2-4 

 

Skeletal components: rare undefined 

bioclasts, rare ostracods, rare micritized 

ring-shaped bioclasts, rare small 

foraminifera included ?valvulinids 

 

Non-skeletal components: rare dark 

micritic clotted structure (included one big 

dendritic form) 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: mudstone 

 

Note: lithiotid shell 

 

5 Ve2-5 

 

Skeletal components: rare undefined 

bioclasts, rare micritized ring-shaped 

bioclasts, rare small foraminifera 

 

Non-skeletal components: rare 

undetermined peloids, rare dark micritic 

clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: mudstone – wackestone 
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Note: lithiotid shells, stilolaminated fabric 

 

6 Ve2-6 

 

Skeletal components: rare undefined 

bioclasts, rare micritized ring-shaped 

bioclasts, rare small foraminifera included 

valvulinids 

 

Non-skeletal components: rare 

undetermined peloids, rare dark micritic 

clotted structures 

 

Matrix: micrite/microsparite in restricted 

areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: mudstone 

 

Note: lithiotid shells  

 

7 Ve2-14 

 

Skeletal components: rare undefined 

bioclasts, rare Palaeodasycladus sp., rare 

micritized ring-shaped bioclasts, rare 

small foraminifera 

 

Non-skeletal components: rare cortoids 

with destructive and constructive envelope 

 

Matrix: micrite/microsparite in restricted 

areas 

 

Taphonomical characters: high 

fragmentation, moderate abrasion, low 

bioerosion, low micritization, low 

encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

8 Ve3-7 

 

Skeletal components: rare undefined 

bioclasts, rare ostracods, rare small 

foraminifera 

 

Non-skeletal components: rare 

undetermined peloids, rare dark micritic 

clotted structures 

 

Matrix: micrite/sparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone – packstone 

 

Note: lithiotid shells, stilolaminated fabric 
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9 Ve3-8 

 

Skeletal components: rare undefined 

bioclasts, rare small foraminifera included 

Duotaxis metula, ?Meandrovoluta 

asiagoensis and valvulinids, rare 

micritized ring-shaped bioclasts, rare 

encrusted organisms (foraminifera?), rare 

ostracods  

 

Non-skeletal components: rare 

undetermined peloids, rare fecal pellets (?) 

 

Matrix: micrite/sparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, low 

encrustation 

 

Lithology: packstone – wackestone 

 

Note: lithiotid shells, concavo-convex 

contacts, bioturbation traces 

 

10 Ve3-15/1 

 

Skeletal components: rare undefined 

bioclasts, rare gastropods, rare ostracods, 

rare small foraminifera included 

?Duotaxis metula, textulariids and 

?Meandrovoluta asiagoensis, rare 

?Earlandia sp., rare micritized ring-

shaped bioclasts, rare encrusted organisms 

(foraminifera?), rare Rivularia-like 

organisms 

 

Non-skeletal components: rare 

undetermined peloids, rare pelletoids, rare 

cortoids with destructive envelope, rare 

dark micritic clotted structures included 

dendritic forms 

 

Matrix: micrite/microsparite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, low 

encrustation 

 

Lithology: wackestone 

 

Note: / 
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11 Ve3-15/2 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods, rare ostracods, 

rare small foraminifera included 

?Meandrovoluta asiagoensis, ?Duotaxis 

metula and valvulinids, rare micritized 

ring-shaped bioclasts  

 

Non-skeletal components: rare 

undetermined peloids, common dark 

micritic clotted structures 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, moderate abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells 

 

12 Ve4-9 

 

Skeletal components: rare undefined 

bioclasts  

 

Non-skeletal components: common 

undetermined peloids, rare fecal pellets 

(isolated and aggregates) 

 

Matrix: micrite/microsparite in restricted 

areas 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone – mudstone in a 

restricted area 

 

Note: lithiotid shells, bioturbation traces 

 

13 Ve4-10 

 

Skeletal components: rare undefined 

bioclasts, rare brachiopods 

 

Non-skeletal components: / 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, low 

bioerosion, no micritization, no 

encrustation 

 

Lithology: floatstone with wackestone 

matrix 

 

Note: lithiotid shells 
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14 Ve4-11 

 

Skeletal components: rare undefined 

bioclasts, rare ostracods 

 

Non-skeletal components: / 

 

Matrix: micrite (very dark in restricted 

areas) 

 

Taphonomical characters: high 

fragmentation, high abrasion, low 

bioerosion, low micritization, low 

encrustation 

 

Lithology: floatstone – rudstone with 

wackestone matrix 

 

Note: lithiotid shells, concave-convex 

contacts, bioturbation traces 

  

15 Ve4-12 

Skeletal components: rare undefined 

bioclasts  

 

Non-skeletal components: rare 

undetermined peloids 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, high abrasion, no 

bioerosion, no micritization, no 

encrustation 

 

Lithology: wackestone 

 

Note: lithiotid shells, concave-

convex/sutured contacts  

 

16 Ve4-13 

Skeletal components: rare undefined 

bioclasts  

 

Non-skeletal components: / 

 

Matrix: micrite 

 

Taphonomical characters: high 

fragmentation, moderate abrasion, low 

bioerosion, no micritization, no 

encrustation 

 

Lithology: floatstone 

 

Note: lithiotid shells 

 

Semi-quantitative analysis of components: (absent), rare, common, abundant 

Semi-quantitative analysis of taphonomic features: no, low, moderate, high 

* “bivalves” are referred to non-lithiotid bivalves  

/: absent 
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Appendix B 

B.1. The analysed taxa 
 

 

 

Table 1. List of the studied bivalve specimens for geochemical and sclerochronological analyses. The evaluation 

of growth pattern in the shell surface was conducted on several specimens deposited in the “Piero Leonardi” 
Museum at the University of Ferrara. They are not reported in this table. 

  

Taxon 
Specimen 

ID 
Sclerochronology 

Diagenetic screening Isotopic Analysis 

SEM XRD CL δ13C and δ18O 

Lithiotis 

problematica 

LT1 x     

LT2 x     

LT3 x     

LT6 x x x x x 

LT7 x x x x x 

Lithioperna 

scutata 

LP1 x     

LP2 x     

LP3 x x x x x 

LP4 x     

Cochlearites 

loppianus 

CO1 x x x x x 

CO2 x x x x x 

CO3 x     

Opisoma 

excavatum 
O1  x x x x 

Pachyrisma 

(Durga) crassa 

P1 x x x x x 

P2 x     



248 

 

  

Figure 1. Main analysed 

lithiotid bivalves. The red 

lines indicate the cutting 

profiles used for geochemical 

analyses. A, B) Cochlearites 

loppianus, specimen CO1 

and CO2, respectively. C) 

Pachyrisma (Durga) crassa, 

specimen P1. D, E) Lithiotis 

problematica, specimen LT6 

and LT7, respectively. F) 

Opisoma excavatum, 

specimen O1. G) Lithioperna 

scutata, specimen LP3. The a

transect is referred to wing 

profile while b is the nearly 

transversal section (see 

Chapter 5 for further details). 

dog, direction of growth. 
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Figure 2. Some of the studied Lithiotis problematica specimens. The growth pattern in the anterior and posterior 

wings are particularly well detectable (A, B, C). Rarely, growth lines are also recognizable in the outer shell surface 

(D). aw, anterior wing; pw, posterior wing; fp, furrowed plate (also called central platform; see Chinzei, 1982); 

bc, body cavity; dog, direction of growth. 
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Figure 3. Some of the studied Cochlearites loppianus specimens. A) Articulated specimen, outer shell surface. 

Rarely, growth lines are also recognizable in the outer shell surface. The valve orientation is opposite. Note the 

growth pattern in the anterior and posterior wings (B, D, E). C) Articulated individual; transverse section. Note 

the different valve thickness. aw, anterior wing; pw, posterior wing; lg, ligamental groove (in the central platform; 

see Chinzei, 1982 for further details); bs, body space; rv, right valve; lv, left valve; dog, direction of growth. 
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Figure 4. Photographs of some of the Lithioperna scutata specimens showing the highly variability in the 

feather-like wings (A–E). Well-development ligamental area (F). RV, right valve; LV, left valve; la, ligamental 

area; ams, adductor muscle scar; bs, body space; ac, area of contact; dog, direction of growth. 
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Figure 5. A, B, C) Pachyrisma (Durga) crassa. A) Outer shell view. B) Inner shell view. C) Weakly growth lines 

recognizable in the outer shell surface. D–H) Opisoma excavatum. D) Note the weakly growth lines recognizable 

in the outer shell surface. E, F) The analysed specimen O1. G, H) Articulated individual, apical and basal shell 

views, respectively. dog, direction of growth. 
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B.2. SEM results 

Scanning electron microscope images showing the ultrastructure of the studied bivalve 

shells. 

  

Figure 1. A–F) Lithioperna scutata, specimen LP3. Aragonitic irregular fibrous prismatic layer and 

nacreous sublayers. D) Detail of the previous nacreous alternations. E, F) Oblique and sub-horizontal 

sections of irregular fibrous prismatic layer. G) Opisoma excavatum, specimen O1. Aragonitic cross-

lamellar microstructure. H) Lithiotis problematica, specimen LT1. Aragonitic irregular fibrous prismatic 

layer occurring in the inner surface of the feather-like wings (longitudinal section). fp, fibrous prismatic; 

cl, cross-lamellar; n, nacre. See Chapter 5 for further details. 
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Figure 2. A, B) Pachyrisma (Durga) crassa, specimen P1. Inner irregular fibrous prismatic layer with growth 

increments highlighted by changes in size and shape of aragonitic crystals (homogeneous microstructure). C–E) 

Cochlearites loppianus, specimen CO2. C, D) Well-defined nacreous layer intercalated in the aragonitic irregular 

fibrous prismatic layer. E) Oblique/sub-transversal section of the nacreous layer. F–H) Cochlearites loppianus, 

specimen CO1. F) Nacreous and aragonitic irregular fibrous prismatic layers. G) Aragonitic irregular fibrous 

prismatic layer occurring in the inner surface of the feather-like wings (longitudinal section). H) Well-defined 

nacreous layer intercalated in the aragonitic irregular fibrous prismatic layer. fp, fibrous prismatic; n, nacre; hms, 

homogeneous microstructure; GL, growth line. See Chapter 5 for further details. 

hms

GL 
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B.3. XRD results 

XRD results and relatives diffractograms of the studied bivalve specimens. See Chapter 

5 for further details. 

 

Taxon Specimen 

Sampled area 

and respective 

spectrum  

Results 

Lithioperna 

scutata 
LP3  

White area 

(Fig. A) 

Aragonite 

and calcite 

(ca. 23%) 

Brownish area 

(Fig. B) 

Calcite (ca. 

85%) and 

aragonite 

 

White area 

(Fig. C) 
Aragonite 

Opisoma 

excavatum 
O1 

 

 

 

 

 

Only one sample 

(Fig. D) 

Aragonite 

Lithiotis 

problematica 

LT6 

 

White area 

(Fig. E) 

Aragonite 

and calcite 

(ca. 27%) 

Brownish area 

(Fig. F) 

Calcite 

LT7 

 

White area 

(Fig. G) 

Aragonite 

and calcite 

(ca. 34%) 

Brownish area 

(Fig. H) 

Calcite 

Pachyrisma 

(Durga) 

crassa 

P1 

 

 

 

 

 

 

 

Only one sample 

(Fig. I) 

Aragonite 

Cochlearites 

loppianus 
CO1 

 White area 

(Fig. J) 

Aragonite 

Brownish area 

(Fig. K) 

Calcite 

Brownish-white 

banded area 

Calcite 
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(Fig. L) 

 CO2 

 
White area 

(Fig. M) 

Aragonite 

Brownish area 

(Fig. N) 

Calcite 

 

Table 1. X-ray results of the studied specimens used for isotope analysis. For each analysed specimen the sampled 

area was reported. When aragonite and calcite occur together, the percentage of the two mineralogical phases is 

calculated considering the area of mean peaks. 
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Figure 1. A–C) Lithioperna scutata, specimen LP3. D) Opisoma excavatum, specimen O1. E, F) Lithiotis 

problematica, specimen LT6. G, H) Lithiotis problematica, specimen LT7. I) Pachyrisma (Durga) crassa, 

specimen P1. J–L) Cochlearites loppianus, specimen CO1. M, N) Cochlearites loppianus, specimen CO2. The 

characteristics peaks for aragonite are: 26.2 > 27.2 > 33.1 > 37.8, 36.1, 38.4. Calcite peaks are: 29.4 > 36.0, 23.0, 

39.3 > 31.3.  



259 

 

B.4. δ13C and δ18O results and inferred 

paleotemperatures 
 

Stable oxygen and carbon isotope values of the studied bivalves with the inferred 

paleotemperatures calculated for three δ18Owater values (VSMOW): -1‰ (according to 

Shackleton and Kennett, 1975), -1.2‰ (according to Martin-Garin et al., 2010) and 0‰ using 

the equation of Grossman and Ku (1986) for “all skeletal data” with a scale correction of -

0.27‰ (Dettman et al., 1999). In the specimens LT1, LT2, CO1 and CO2 the bold and 

underlined values indicate lower oxygen isotope value (<-4‰) which should not be considered 

in the final analysis of paleotemperatures (due to influence of diagenesis). The reported 

paleotemperatures were calculated considering normal marine salinity conditions (see Chapter 

5 for further details). 

 

Lithioperna scutata (specimen LP3a - wing profile) 
 

No. Sample 
Distance  

(mm) 

δ13C 

(‰ VPDB) 
δ18O 

(‰ VPDB) 
Temperature calculated for δ18O 

-1 -1.2 0 

1 LP-B1 0 5.41 -0.97 19.3 18.4 23.9 

2 LP-B2 0.44 5.21 -1.60 22.0 21.2 26.7 

3 LP-B3 0.93 4.98 -1.63 22.2 21.3 26.8 

4 LP-B4 1.73 5.26 -1.37 21.0 20.2 25.7 

5 LP-B5 2.30 5.75 -1.27 20.6 19.8 25.3 

6 LP-B6 2.90 4.96 -1.96 23.6 22.7 28.2 

7 LP-B7 3.36 5.25 -1.61 22.1 21.2 26.7 

8 LP-B8 3.93 4.98 -2.06 24.0 23.2 28.7 

9 LP-B9 4.18 4.93 -1.60 22.0 21.2 26.7 

10 LP-B10 4.59 5.84 -1.02 19.5 18.7 24.2 

11 LP-B12 5.55 6.21 0.09 14.7 13.8 19.3 

12 LP-B13 6.14 5.39 -0.89 19.0 18.1 23.6 

13 LP-B14 6.68 5.86 -0.55 17.5 16.6 22.1 

14 LP-B15 6.95 5.17 -1.15 20.1 19.2 24.7 

15 LP-B16 7.47 5.14 -1.31 20.8 19.9 25.4 

16 LP-B17 7.99 5.88 -0.38 16.7 15.9 21.4 

17 LP-B18 8.55 5.23 -1.43 21.3 20.4 26.0 

18 LP-B19 9.07 5.31 -1.92 23.4 22.6 28.1 

19 LP-B20 9.75 5.21 -1.92 23.4 22.5 28.1 

20 LP-B21 10.18 5.33 -1.30 20.7 19.9 25.4 

21 LP-B22 10.49 5.47 -1.17 20.2 19.3 24.8 

22 LP-B24 12.27 5.76 -1.29 20.7 19.8 25.3 

23 LP-B25 13.01 5.72 -1.02 19.5 18.7 24.2 

24 LP-B26 13.71 4.97 -2.01 23.8 23.0 28.5 
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 Lithioperna scutata (specimen LP3b - nearly transversal profile) 

No. Sample 
Distance 

(mm) 

δ13C 

(‰ VPDB) 
δ18O 

(‰ VPDB) 
Temperature calculated for δ18O 

-1 -1.2 0 

1 LP-A1 0 5.18 -1.19 20.2 19.4 24.9 

2 LP-A2 0.30 6.36 -0.46 17.1 16.2 21.7 

3 LP-A3 0.61 5.97 -0.94 19.2 18.3 23.8 

4 LP-A4 1.19 6.08 -1.12 19.9 19.1 24.6 

5 LP-A5 1.80 5.22 -1.68 22.4 21.5 27.0 

6 LP-A6 2.28 5.02 -1.43 21.3 20.4 25.9 

7 LP-A7 2.92 5.72 -0.86 18.8 18.0 23.5 

8 LP-A8 3.30 5.17 -1.26 20.6 19.7 25.2 

9 LP-A9 3.62 5.28 -1.63 22.1 21.3 26.8 

10 LP-A10 4.16 5.72 -0.78 18.5 17.6 23.1 

11 LP-A11 4.79 5.83 -0.99 19.4 18.5 24.0 

12 LP-A12 5.40 5.65 -0.79 18.5 17.6 23.2 

13 LP-A13 5.99 5.23 -1.63 22.1 21.3 26.8 

14 LP-A14 6.29 5.49 -1.21 20.3 19.5 25.0 

15 LP-A15 6.59 5.67 -1.21 20.3 19.5 25.0 

16 LP-A16 7.03 5.60 -1.65 22.3 21.4 26.9 

17 LP-A17 7.56 5.12 -1.83 23.0 22.2 27.7 

18 LP-A18 7.92 5.92 -1.01 19.5 18.6 24.1 

19 LP-A19 8.09 6.13 -1.00 19.4 18.6 24.1 

20 LP-A20 8.41 7.42 -0.73 18.3 17.4 22.9 

21 LP-A21 8.90 7.47 -0.58 17.6 16.7 22.3 

22 LP-A22 9.57 7.76 -1.27 20.6 19.7 25.3 

23 LP-A23 10.31 7.59 -1.97 23.6 22.8 28.3 

        

Average 5.94 -1.18 20.2 19.4 24.9 

Minimum 5.02 -1.97 17.1 16.2 21.7 

Maximum 7.76 -0.46 23.6 22.8 28.3 

Standard Deviation 0.84 0.41 1.8 1.8 1.8 

 

Opisoma excavatum (specimen O1) 
 

 No. Sample 
Distance 

(mm) 

δ13C 

(‰ VPDB) 
δ18O 

(‰ VPDB) 
Temperature calculated for δ18O 

-1 -1.2 0 

1 O - 1 - 2 0.2 4.28 -0.76 18.4 17.5 22.7 

25 LP-B27 14.77 5.01 -1.79 22.9 22.0 27.5 

        

Average 5.37 -1.33 20.8 20.0 25.5 

Minimum 4.93 -2.06 14.7 13.8 19.3 

Maximum 6.21 0.09 24.0 23.2 28.7 

Standard Deviation 0.35 0.53 2.3 2.3 2.3 
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2 O - 2 0.6 4.32 -0.52 17.4 16.5 21.7 

3 O - 3 - 2 1.0 5.11 0.08 14.7 13.9 19.1 

4 O - 4 1.5 5.32 -0.01 15.1 14.7 19.5 

5 O - 5 1.9 5.36 -0.37 16.7 15.8 21.0 

6 O - 6 2.3 5.24 -0.27 16.3 15.4 20.6 

7 O - 7 2.7 4.62 -0.98 19.3 18.5 23.7 

8 O - 8 3.1 5.75 -1.10 19.9 19.0 24.2 

9 O - 9 3.6 6.01 -0.67 18.0 17.1 22.3 

10 O - 10 4.0 5.86 -0.50 17.2 16.4 21.6 

11 O - 11 4.4 5.05 -0.11 15.6 14.7 19.9 

12 O - 12 4.8 5.68 -0.14 15.7 14.8 20.0 

13 O - 13 5.2 5.73 0.48 13.0 12.1 17.3 

14 O - 14 5.7 5.74 0.10 14.7 13.8 19.0 

15 O - 15 6.1 5.24 -0.60 17.7 16.8 22.0 

16 O - 16 6.5 5.23 -1.03 19.6 18.7 23.9 

17 O - 17 6.9 6.02 -0.64 17.9 17.0 22.21 

18 O - 18 7.3 4.93 -1.19 20.3 19.4 24.6 

19 O - 19 - 2 7.8 4.98 -0.64 17.9 17.0 22.2 

20 O - 20 8.2 5.03 -0.47 17.1 16.2 21.5 

21 O - 21 - 2 8.6 5.18 -0.85 18.8 17.9 23.1 

22 O - 22 9.0 5.15 -0.75 18.4 17.5 22.7 

23 O - 23 9.4 5.75 -0.06 15.3 14.5 19.7 

24 O - 24 - 2 9.9 6.08 -0.34 16.6 15.7 20.9 

25 O - 25 10.3 5.21 -0.52 17.3 16.5 21.7 

26 O - 26 10.7 5.29 0.02 15.0 14.1 19.3 

27 O - 27 11.1 5.53 0.00 15.1 14.2 19.4 

28 O - 28 11.5 6.12 0.05 14.9 14.0 19.2 

29 O - 29 12.0 5.81 -1.05 19.7 18.8 24.0 

30 O - 30 12.4 6.34 -0.95 19.2 18.4 23.6 

31 O - 31 12.8 6.04 -1.28 20.7 19.8 25.0 

32 O - 32 13.2 5.39 -1.80 23.0 22.0 27.3 

33 O - 33 13.6 5.75 -0.46 17.1 16.2 21.4 

34 O - 34 14.1 4.94 -0.29 16.4 15.5 20.7 

35 O - 35 14.5 5.18 0.06 14.8 14.0 19.2 

36 O - 36 14.9 5.77 0.23 14.1 13.2 18.4 

37 O - 37 15.3 6.43 -0.12 15.6 14.8 20.0 

38 O - 38 15.7 6.37 -0.20 16.0 15.1 20.3 

39 O - 39 16.2 6.83 -0.69 18.1 17.2 22.4 

40 O - 40 16.6 5.54 -0.85 18.8 18.0 23.1 

41 O - 41 17.0 5.72 -0.45 17.0 16.2 21.4 

42 O - 42 17.4 5.97 -0.02 15.2 14.3 19.5 

43 O - 43 17.8 4.91 0.02 15.0 14.1 19.3 

44 O - 44 18.3 6.81 0.37 13.5 12.6 17.8 

45 O - 45 18.7 6.59 0.00 15.1 14.2 19.4 



262 

 

46 O - 46 19.1 6.51 -0.37 16.7 15.9 21.1 

47 O - 47 19.5 5.71 -0.63 17.8 17.0 22.2 

48 O - 48 19.9 5.94 -0.67 18.0 17.1 22.3 

49 O - 49 20.4 6.30 -0.90 19.0 18.1 23.3 

50 O - 50 20.8 6.20 -0.91 19.0 18.2 23.4 

51 O - 51 21.2 6.24 -0.65 17.9 17.1 22.3 

52 O - 52 21.6 6.22 -0.53 17.4 16.5 21.7 

53 O - 53 22.0 5.82 -0.79 18.5 17.7 22.9 

54 O - 54 22.5 5.36 -1.31 20.8 19.9 25.1 

55 O - 55 22.9 5.07 -1.59 22.0 21.1 26.4 

56 O - 56 23.3 4.92 -1.75 22.7 21.8 27.0 

        

Average 5.62 -0.52 17.4 16.5 21.7 

Minimum 4.28 -1.80 13.0 12.1 17.3 

Maximum 6.83 0.48 22.9 22.0 27.3 

Standard Deviation 0.59 0.51 2.2 2.2 2.2 

 

Lithiotis problematica (specimen LT6) 
 

No. Sample 
Distance 

(mm) 

δ13C 

(‰ VPDB) 
δ18O 

(‰ VPDB) 
Temperature calculated for δ18O 

-1 -1.2 0 

1 LT1-56 0 2.55 -4.34 33.9 33.1 38.3 

2 LT1-55 0.44 2.32 -3.22 29.1 28.2 33.4 

3 LT1-54 0.98 2.24 -3.22 29.1 28.2 33.4 

4 LT1-53 1.48 2.33 -3.24 29.1 28.3 33.5 

5 LT1-52 1.78 2.40 -3.23 29.1 28.3 33.5 

6 LT1-51 2.24 2.46 -3.04 28.3 27.4 32.6 

7 LT1-50 2.71 3.14 -2.55 26.1 25.3 30.5 

8 LT1-49 3.30 3.77 -2.02 23.9 23.0 28.2 

9 LT1-48 3.58 4.10 -1.88 23.2 22.4 27.6 

10 LT1-47 3.83 4.74 -2.01 23.8 23.0 28.2 

11 LT1-46 4.34 5.24 -1.80 22.9 22.0 27.2 

12 LT1-45 4.34 5.08 -2.00 23.8 22.9 28.1 

13 LT1-44 4.61 4.61 -2.33 25.2 24.3 29.5 

14 LT1-43 5.05 4.37 -2.38 25.4 24.5 29.7 

15 LT1-42 5.33 3.76 -2.50 25.9 25.1 30.3 

16 LT1-41 5.72 3.21 -2.74 27.0 26.1 31.3 

17 LT1-40 5.99 2.92 -3.43 30.0 29.1 34.3 

18 LT1-39 6.35 2.79 -4.27 33.6 32.8 38.0 

19 LT1-38 6.88 2.71 -4.50 34.6 33.7 39.0 

20 LT1-36 7.45 2.87 -5.45 38.7 37.9 43.1 

21 LT1-35 7.78 2.98 -6.30 42.4 41.6 46.8 

22 LT1-34 8.34 3.00 -6.14 41.8 40.9 46.1 

23 LT1-33 8.96 3.06 -6.61 43.8 42.9 48.1 
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24 LT1-32 9.42 2.87 -6.13 41.7 40.8 46.0 

25 LT1-30 9.81 2.89 -6.03 41.3 40.4 45.6 

26 LT1-29 10.31 3.00 -6.25 42.2 41.4 46.6 

27 LT1-28 11.01 3.07 -6.40 42.8 42.0 47.2 

28 LT1-27 11.47 3.18 -6.62 43.8 43.0 48.2 

29 LT1-26 11.94 3.32 -6.92 45.1 44.3 49.5 

30 LT1-25 12.84 3.18 -5.92 40.8 39.9 45.1 

31 LT1-24 13.51 2.90 -4.15 33.1 32.2 37.4 

32 LT1-23 14.40 2.99 -3.52 30.4 29.5 34.7 

33 LT1-22 15.29 3.00 -2.99 28.0 27.2 32.4 

34 LT1-21 16.34 3.06 -3.59 30.7 29.8 35.0 

35 LT1-20 16.90 3.04 -2.95 27.9 27.0 32.3 

36 LT1-19 17.46 3.13 -2.66 26.6 25.8 31.0 

37 LT1-18 18.53 3.04 -2.30 25.1 24.2 29.4 

38 LT1-17 19.19 3.26 -2.29 25.0 24.2 29.4 

39 LT1-16 19.71 3.55 -1.88 23.2 22.4 27.6 

40 LT1-15 20.14 4.13 -1.92 23.4 22.6 27.8 

41 LT1-14 20.67 4.11 -1.67 22.3 21.5 26.7 

42 LT1-13 21.12 4.09 -1.94 23.5 22.7 27.9 

43 LT1-12 21.71 4.20 -3.35 29.6 28.8 34.0 

44 LT1-11 22.31 4.61 -2.50 25.9 25.1 30.3 

45 LT1-10 22.85 4.10 -4.08 32.8 31.9 37.2 

46 LT1-9 23.41 4.30 -4.02 32.5 31.7 36.9 

47 LT1-8 23.97 4.66 -2.73 26.9 26.1 31.3 

48 LT1-7 24.50 4.35 -3.76 31.4 30.5 35.7 

49 LT1-6 25.12 4.17 -4.75 35.7 34.9 40.1 

50 LT1-5 25.52 3.74 -5.92 40.8 39.9 45.1 

51 LT1-4 25.92 3.84 -5.85 40.5 39.6 44.8 

52 LT1-3 26.45 3.62 -6.15 41.8 40.9 46.1 

53 LT1-2 26.95 3.29 -7.12 46.0 45.1 50.4 

54 LT1-1 27.50 3.34 -6.86 44.8 44.0 49.2 

        

Average 3.46 -3.93 32.2 31.3 36.5 

Minimum 2.24 -7.12 22.3 21.5 26.7 

Maximum 5.24 -1.67 46.0 45.1 50.4 

Standard Deviation 0.75 1.72 7.5 7.5 7.5 

Without highlighted values 

Average 3.61 -2.63 26.5 25.7 30.9 

Minimum 2.24 -3.76 22.3 21.5 26.7 

Maximum 5.24 -1.67 31.4 30.5 35.7 

Standard Deviation 0.87 0.61 2.7 2.7 2.7 
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Lithiotis problematica (specimen LT7) 

No. Sample 
Distance 

(mm) 

δ13C 

(‰ VPDB) 

δ18O 

(‰ VPDB) 
Temperature calculated for δ18O 

-1 -1.2 0 

1 LT2-1 0.00 2.11 -4.39 34.2 33.3 38.5 

2 LT2-2 0.48 2.20 -3.53 30.4 29.5 34.7 

3 LT2-3 1.10 2.33 -3.23 29.1 28.2 33.4 

4 LT2-4 1.80 2.57 -3.97 32.3 31.5 36.7 

5 LT2-5 2.49 2.88 -4.08 32.8 31.9 37.1 

6 LT2-6 3.12 2.72 -4.45 34.4 33.5 38.7 

7 LT2-7 3.71 2.70 -4.24 33.5 32.6 37.8 

8 LT2-8 3.89 2.68 -4.30 33.7 32.9 38.1 

9 LT2-9 4.15 2.69 -4.14 33.1 32.2 37.4 

10 LT2-10 4.70 2.52 -4.37 34.0 33.2 38.4 

11 LT2-11 5.08 2.59 -4.60 35.0 34.2 39.4 

12 LT2-12 5.53 2.48 -5.14 37.4 36.5 41.8 

13 LT2-13 5.95 2.74 -5.21 37.7 36.8 42.0 

14 LT2-14 6.33 2.80 -5.40 38.5 37.6 42.8 

15 LT2-15 6.68 2.32 -5.58 39.3 38.5 43.7 

16 LT2-16 7.13 3.03 -5.53 39.1 38.2 43.4 

17 LT2-17 7.45 3.27 -4.74 35.7 34.8 40.0 

18 LT2-18 7.63 3.34 -4.38 34.1 33.2 38.4 

19 LT2-19 8.20 3.52 -3.82 31.7 30.8 36.0 

20 LT2-20 8.66 4.08 -3.14 28.7 27.8 33.0 

21 LT2-21 9.13 4.15 -3.28 29.3 28.4 33.6 

22 LT2-22 9.65 3.91 -4.35 34.0 33.1 38.3 

23 LT2-23 10.19 4.59 -3.19 28.9 28.0 33.3 

24 LT2-24 10.57 4.07 -3.80 31.6 30.7 35.9 

25 LT2-25 11.12 3.19 -4.42 34.3 33.4 38.6 

26 LT2-26 11.51 3.25 -4.87 36.2 35.4 40.6 

27 LT2-27 11.97 3.17 -3.91 32.0 31.2 36.4 

28 LT2-28 12.64 3.13 -5.02 36.9 36.0 41.2 

29 LT2-29 13.10 2.84 -5.80 40.2 39.4 44.6 

30 LT2-30 13.47 3.10 -6.10 41.6 40.7 45.9 

31 LT2-31 13.75 3.26 -6.38 42.8 41.9 47.1 

32 LT2-32 14.30 3.02 -5.40 38.5 37.6 42.8 

33 LT2-33 14.95 2.58 -5.15 37.4 36.6 41.8 

34 LT2-34 15.58 3.22 -4.76 35.8 34.9 40.1 

35 LT2-35 16.15 3.80 -4.42 34.3 33.4 38.6 

36 LT2-36 16.56 3.89 -4.01 32.5 31.6 36.8 

37 LT2-37 17.06 4.12 -5.47 38.8 38.0 43.2 

38 LT2-38 17.60 4.77 -2.39 25.5 24.6 29.8 

39 LT2-39 18.02 4.01 -2.88 27.6 26.7 31.9 

40 LT2-40 18.39 3.34 -5.86 40.5 39.6 44.9 

41 LT2-B1 18.59 3.19 -6.47 43.2 42.3 47.5 
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42 LT2-B2 18.84 3.20 -6.68 44.1 43.2 48.4 

43 LT2-B3 19.43 3.19 -6.19 41.9 41.1 46.3 

44 LT2-B4 19.79 3.32 -6.25 42.2 41.3 46.6 

45 LT2-B5 20.35 3.33 -5.79 40.2 39.3 44.5 

        

Average 3.18 -4.69 35.4 34.6 39.8 

Minimum 2.11 -6.68 25.5 24.6 29.8 

Maximum 4.77 -2.39 44.1 43.2 48.4 

Standard Deviation 0.63 1.04 4.5 4.5 4.5 

Without highlighted values 

Average 3.59 -3.38 29.7 28.8 34.1 

Minimum 2.20 -3.97 25.5 24.6 29.8 

Maximum 4.77 -2.39 32.3 31.6 36.7 

Standard Deviation 0.90 0.49 2.1 2.1 2.1 

 

Pachyrisma (Durga) crassa (specimen P1)  

No. Sample  
Distance  

(mm) 

δ13C 

(‰ VPDB) 
δ18O 

(‰ VPDB) 
Temperature calculated for δ18O 

-1 -1.2 0 

1 P-1 0 5.01 -1.14 20.0 19.2 24.4 

2 P-2 0.53 4.21 -1.30 20.7 19.8 25.4 

3 P-3 1.00 4.51 -1.12 19.9 19.1 24.6 

4 P-4 1.48 3.53 -1.63 22.2 21.3 26.8 

5 P-5 2.05 4.17 -1.15 20.1 19.2 24.7 

6 P-6 2.45 3.81 -1.19 20.3 19.4 24.9 

7 P-7 2.86 4.14 -1.23 20.4 19.6 25.1 

8 P-8 3.03 4.66 -0.87 18.9 18.0 23.5 

9 P-9 3.53 4.51 -1.18 20.2 19.3 24.8 

10 P-10 3.81 4.56 -1.24 20.5 19.6 25.1 

11 P-11 4.24 4.70 -1.15 20.1 19.2 24.7 

12 P-12 4.59 4.24 -1.33 20.9 20.0 25.5 

13 P-13 4.76 4.65 -1.03 19.6 18.7 24.2 

14 P-14 5.24 4.44 -0.78 18.5 17.6 23.1 

15 P-15 5.66 5.18 -0.91 19.1 18.2 23.7 

16 P-16 5.97 4.58 -1.37 21.0 20.2 25.7 

17 P-17 6.37 4.38 -1.21 20.3 19.5 25.0 

18 P-18 6.86 4.04 -1.59 22.0 21.1 26.6 

19 P-19 7.38 4.09 -1.34 20.9 20.0 25.5 

20 P-20 7.76 4.20 -1.13 20.0 19.1 24.6 

21 P-21 8.34 3.98 -1.78 22.8 22.0 27.5 

22 P-22 9.07 3.87 -0.91 19.0 18.2 23.7 

23 P-23 9.33 4.12 -1.48 21.5 20.6 26.1 

24 P-24 9.78 4.34 -1.15 20.1 19.2 24.7 

25 P-25 10.21 4.50 -1.01 19.5 18.6 24.1 
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26 P-26 10.62 3.98 -1.86 23.2 22.3 27.8 

27 P-27 11.14 4.10 -0.86 18.8 18.0 23.5 

28 P-28 11.70 4.24 -0.43 16.9 16.1 21.6 

29 P-29 12.06 4.14 -1.83 23.0 22.2 27.7 

30 P-30 12.46 4.11 -1.37 21.1 20.2 25.7 

31 P-31 13.03 4.89 -0.74 18.3 17.4 23.0 

32 P-32 13.48 4.60 -1.71 22.5 21.6 27.1 

33 P-33 13.95 4.80 -0.76 18.4 17.5 23.0 

34 P-34 14.49 4.89 -0.71 18.2 17.3 22.8 

35 P-35 15.03 4.82 -0.71 18.1 17.3 22.8 

36 P-36 15.38 4.56 -1.17 20.2 19.3 24.8 

37 P-37 15.92 4.69 -1.00 19.4 18.6 24.1 

38 P-38 16.37 4.22 -1.27 20.6 19.7 25.2 

39 P-39 16.84 4.55 -1.54 21.8 20.9 26.4 

40 P-40 17.25 4.38 -1.62 22.1 21.2 26.8 

41 P-41 17.63 4.19 -1.16 20.1 19.3 24.8 

42 P-42 18.05 4.25 -0.64 17.8 17.0 22.5 

43 P-43 18.46 3.97 -0.70 18.1 17.2 22.8 

44 P-44 19.09 3.38 -1.39 21.1 20.3 25.8 

45 P-45 19.56 3.64 -0.65 17.9 17.1 22.6 

46 P-46 20.02 3.60 -1.06 19.7 18.8 24.3 

47 P-47 20.39 3.72 -1.08 19.8 18.9 24.4 

     
   

Average 4.30 -1.16 20.1 19.3 24.8 

Minimum 3.38 -1.86 17.0 16.1 21.6 

Maximum 5.18 -0.43 23.2 22.3 27.8 

Standard Deviation 0.40 0.34 1.5 1.5 1.5 

 

Cochlearites loppianus (specimen CO1) 

No. Sample 
Distance 

(mm) 

δ13C 

(‰ VPDB) 

δ18O 

(‰ 
VPDB) 

Temperature calculated for δ18O 

-1 -1.2 0 

1 CO1 - 1 0.14 3.71 -5.25 37.9 37.0 42.2 

2 CO1 - 2 0.43 3.87 -4.71 35.5 34.7 39.9 

3 CO1 - 3 0.72 3.90 -5.10 37.2 36.4 41.6 

4 CO1 - 4 1.01 4.05 -5.22 37.8 36.9 42.1 

5 CO1 - 5 1.29 3.98 -5.06 37.0 36.2 41.4 

6 CO1 - 6 1.58 3.83 -4.79 35.9 35.0 40.2 

7 CO1 - 7 1.87 3.81 -4.68 35.4 34.5 39.8 

8 CO1 - 8 2.16 3.86 -4.93 36.5 35.6 40.8 

9 CO1 - 9 2.44 3.92 -4.94 36.5 35.6 40.9 

10 CO1 - 10 2.73 3.93 -5.18 37.6 36.7 41.9 

11 CO1 - 11 3.02 3.81 -5.13 37.3 36.5 41.7 

12 CO1 - 12 3.30 3.68 -4.99 36.7 35.9 41.1 
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13 CO1 - 13 3.59 3.76 -4.44 34.3 33.5 38.7 

14 CO1 - 14 3.88 3.97 -3.80 31.6 30.7 35.9 

15 CO1 - 15 4.17 3.97 -3.73 31.3 30.4 35.6 

16 CO1 - 16 4.45 3.84 -4.00 32.4 31.6 36.8 

17 CO1 - 17 4.74 3.91 -4.96 36.6 35.7 41.0 

18 CO1 - 18 5.03 3.86 -4.90 36.3 35.5 40.7 

19 CO1 - 19 5.32 3.89 -4.48 34.5 33.7 38.9 

20 CO1 - 20 5.60 3.77 -4.13 33.0 32.2 37.4 

21 CO1 - 21 5.89 3.68 -4.02 32.6 31.7 36.9 

22 CO1 - 22 6.18 3.64 -4.26 33.6 32.7 37.9 

23 CO1 - 23 6.47 3.70 -4.54 34.8 33.9 39.1 

24 CO1 - 24 6.75 3.76 -3.95 32.2 31.4 36.6 

25 CO1 - 25 7.04 3.62 -3.73 31.3 30.4 35.6 

26 CO1 - 26 7.33 3.29 -3.27 29.3 28.4 33.6 

27 CO1 - 27 7.62 3.19 -2.56 26.2 25.3 30.5 

28 CO1 - 28 7.90 3.11 -1.37 21.1 20.2 25.4 

29 CO1 - 29 8.19 3.14 -1.33 20.9 20.0 25.2 

30 CO1 - 30 8.48 4.08 -1.17 20.2 19.3 24.5 

31 CO1 - 31 8.77 4.00 -0.98 19.3 18.5 23.7 

32 CO1 - 32 9.05 3.27 -0.88 18.9 18.0 23.2 

33 CO1 - 33 9.34 3.32 -1.31 20.8 19.9 25.1 

34 CO1 - 34 9.63 2.84 -3.88 31.9 31.0 36.2 

35 CO1 - 35 9.91 2.96 -4.09 32.9 32.0 37.2 

36 CO1 - 36 10.20 3.15 -3.83 31.7 30.8 36.1 

37 CO1 - 37 10.49 3.29 -3.45 30.1 29.2 34.4 

38 CO1 - 38 10.78 3.40 -4.24 33.5 32.6 37.8 

39 CO1 - 39 11.06 3.35 -5.00 36.8 35.9 41.1 

40 CO1 - 40 11.35 3.11 -4.93 36.5 35.6 40.8 

41 CO1 - 41 11.64 3.20 -4.53 34.8 33.9 39.1 

42 CO1 - 42 11.93 2.99 -3.07 28.4 27.6 32.8 

43 CO1 - 43 12.21 3.09 -2.88 27.6 26.7 31.9 

44 CO1 - 44 12.50 2.76 -2.25 24.9 24.0 29.2 

45 CO1 - 45 12.79 2.82 -2.01 23.8 22.9 28.1 

46 CO1 - 46 13.08 3.10 -2.05 24.0 23.1 28.3 

47 CO1 - 47 13.36 3.71 -1.43 21.3 20.4 25.6 

48 CO1 - 48 13.65 3.80 -2.32 25.2 24.3 29.5 

49 CO1 - 49 13.94 4.45 -0.70 18.1 17.3 22.5 

50 CO1 - 50 14.23 3.58 -1.23 20.4 19.5 24.8 

51 CO1 - 51 14.51 3.22 -1.88 23.3 22.4 27.6 

52 CO1 - 52 14.80 4.08 -1.37 21.0 20.2 25.4 

53 CO1 - 53 15.09 3.44 -2.84 27.4 26.6 31.8 

54 CO1 - 54 15.38 2.47 -4.25 33.5 32.7 37.9 

55 CO1 - 55 15.66 2.78 -4.66 35.3 34.4 39.6 

56 CO1 - 56 15.95 2.40 -4.61 35.1 34.2 39.4 
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57 CO1 - 57 16.24 2.29 -4.05 32.7 31.8 37.0 

58 CO1 - 58 16.52 2.37 -4.37 34.0 33.2 38.4 

59 CO1 - 59 16.81 2.46 -4.24 33.5 32.6 37.8 

60 CO1 - 60 17.10 2.51 -3.80 31.6 30.7 35.9 

61 CO1 - 61 17.39 2.32 -3.85 31.8 30.9 36.1 

62 CO1 - 62 17.67 2.50 -3.85 31.8 30.9 36.1 

63 CO1 - 63 17.96 2.32 -2.85 27.5 26.6 31.8 

64 CO1 - 64 18.25 2.35 -2.65 26.6 25.7 30.9 

65 CO1 - 65 18.54 2.79 -1.88 23.2 22.4 27.6 

66 CO1 - 66 18.82 2.75 -1.94 23.5 22.6 27.8 

67 CO1 - 67 19.11 3.02 -2.69 26.8 25.9 31.1 

68 CO1 - 68 19.40 3.21 -2.12 24.3 23.4 28.6 

69 CO1 - 69 19.69 3.26 -1.42 21.3 20.4 25.6 

70 CO1 - 70 19.97 3.35 -0.91 19.0 18.2 23.4 

71 CO1 - 71 20.26 3.18 -1.09 19.8 19.0 24.2 

72 CO1 - 72 20.55 2.45 -2.20 24.6 23.8 29.0 

73 CO1 - 73 20.84 2.53 -1.57 21.9 21.0 26.2 

74 CO1 - 74 21.12 2.50 -2.14 24.4 23.5 28.7 

75 CO1 - 75 21.41 2.54 -2.57 26.2 25.4 30.6 

76 CO1 - 76 21.70 2.24 -4.07 32.8 31.9 37.1 

77 CO1 - 77 21.98 2.87 -3.72 31.2 30.4 35.6 

78 CO1 - 78 22.27 2.42 -3.51 30.3 29.4 34.7 

79 CO1 - 79 22.56 2.82 -4.72 35.6 34.7 39.9 

80 CO1 - 80 22.85 2.63 -4.38 34.1 33.2 38.4 

81 CO1 - 81 23.13 2.82 -3.57 30.6 29.7 34.9 

82 CO1 - 82 23.42 3.37 -2.99 28.0 27.2 32.4 

83 CO1 - 83 23.71 3.02 -2.85 27.5 26.6 31.8 

84 CO1 - 84 24.00 2.75 -2.54 26.1 25.3 30.5 

85 CO1 - 85 24.28 2.83 -2.39 25.5 24.6 29.8 

86 CO1 - 86 24.57 2.94 -2.15 24.4 23.6 28.8 

87 CO1 - 87 24.86 3.80 -1.26 20.6 19.7 24.9 

88 CO1 - 88 25.15 3.39 -0.83 18.7 17.8 23.0 

89 CO1 - 89 25.43 3.23 -0.86 18.8 17.9 23.1 

90 CO1 - 90 25.72 3.85 -0.92 19.1 18.2 23.4 

91 CO1 - 91 26.01 3.62 -1.18 20.2 19.3 24.6 

92 CO1 - 92 26.30 3.28 -1.22 20.4 19.5 24.7 

93 CO1 - 93 26.58 3.26 -1.23 20.4 19.6 24.8 

94 CO1 - 94 26.87 3.30 -1.32 20.8 20.0 25.2 

95 CO1 - 95 27.16 3.12 -1.46 21.4 20.6 25.8 

96 CO1 - 96 27.45 3.24 -1.38 21.1 20.2 25.4 

97 CO1 - 97 27.73 2.89 -2.07 24.1 23.2 28.4 

98 CO1 - 98 28.02 2.85 -2.54 26.1 25.3 30.5 

99 CO1 - 99 28.31 3.00 -2.73 26.9 26.1 31.3 

100 CO1 - 100 28.59 2.62 -3.71 31.2 30.3 35.5 
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101 CO1 - 101 28.88 2.90 -3.11 28.6 27.7 32.9 

102 CO1 - 102 29.17 2.43 -2.68 26.7 25.9 31.1 

103 CO1 - 103 29.46 2.85 -3.09 28.5 27.6 32.9 

104 CO1 - 104 29.74 2.76 -3.00 28.1 27.2 32.4 

105 CO1 - 105 30.03 2.85 -3.04 28.3 27.4 32.6 

106 CO1 - 106 30.32 2.78 -2.95 27.9 27.0 32.2 

107 CO1 - 107 30.61 2.62 -3.01 28.2 27.3 32.5 

108 CO1 - 108 30.89 2.49 -2.99 28.1 27.2 32.4 

109 CO1 - 109 31.18 2.74 -2.76 27.1 26.2 31.4 

110 CO1 - 110 31.47 2.84 -2.44 25.7 24.8 30.0 

111 CO1 - 111 31.76 2.91 -1.80 22.9 22.0 27.2 

112 CO1 - 112 32.04 3.14 -1.40 21.2 20.3 25.5 

113 CO1 - 113 32.33 3.46 -1.22 20.4 19.5 24.7 

114 CO1 - 114 32.62 4.19 -1.30 20.7 19.9 25.1 

115 CO1 - 115 32.91 4.46 -1.30 20.7 19.8 25.1 

116 CO1 - 116 33.19 4.37 -1.72 22.5 21.7 26.9 

117 CO1 - 117 33.48 4.21 -1.32 20.8 20.0 25.2 

118 CO1 - 118 33.77 3.91 -0.86 18.8 17.9 23.2 

119 CO1 - 119 34.05 3.82 -0.80 18.5 17.7 22.9 

120 CO1 - 120 34.34 3.63 -0.85 18.8 17.9 23.1 

121 CO1 - 121 34.63 3.06 -1.34 20.9 20.0 25.3 

122 CO1 - 122 34.92 2.68 -2.01 23.8 23.0 28.2 

123 CO1 - 123 35.20 2.41 -2.29 25.0 24.1 29.4 

124 CO1 - 124 35.49 2.47 -2.91 27.7 26.9 32.1 

125 CO1 - 125 35.78 2.71 -2.85 27.5 26.6 31.8 

126 CO1 - 126 36.07 3.58 -3.31 29.4 28.6 33.8 

127 CO1 - 127 36.35 3.65 -3.29 29.4 28.5 33.7 

128 CO1 - 128 36.64 3.43 -3.42 29.9 29.1 34.3 

129 CO1 - 129 36.93 3.12 -3.41 29.9 29.0 34.2 

130 CO1 - 130 37.22 2.94 -3.36 29.7 28.8 34.0 

131 CO1 - 131 37.50 2.91 -3.03 28.2 27.4 32.6 

132 CO1 - 132 37.79 2.90 -2.95 27.9 27.0 32.2 

133 CO1 - 133 38.08 2.96 -2.38 25.4 24.6 29.8 

134 CO1 - 134 38.37 3.21 -1.91 23.4 22.5 27.7 

135 CO1 - 135 38.65 3.47 -1.66 22.3 21.4 26.6 

136 CO1 - 136 38.94 3.44 -1.48 21.5 20.6 25.8 

137 CO1 - 138 39.52 3.74 -1.43 21.3 20.4 25.6 

138 CO1 - 139 39.80 4.47 -1.15 20.1 19.2 24.4 

139 CO1 - 140 40.09 5.02 -0.89 18.9 18.1 23.3 

140 CO1 - 141 40.38 5.10 -0.96 19.3 18.4 23.6 

141 CO1 - 142 40.66 4.55 -0.79 18.5 17.6 22.9 

142 CO1 - 143 40.95 3.80 -0.80 18.5 17.7 22.9 

143 CO1 - 144 41.24 3.32 -0.96 19.3 18.4 23.6 

144 CO1 - 145 41.53 3.05 -1.27 20.6 19.7 24.9 
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145 CO1 - 146 41.81 2.70 -1.58 22.0 21.1 26.3 

146 CO1 - 147 42.10 2.57 -1.81 22.9 22.1 27.3 

147 CO1 - 148 42.39 2.67 -2.19 24.6 23.7 28.9 

148 CO1 - 149 42.68 2.77 -2.16 24.5 23.6 28.8 

149 CO1 - 150 42.96 2.79 -2.07 24.1 23.2 28.4 

150 CO1 - 151 43.25 2.69 -2.21 24.7 23.8 29.0 

151 CO1 - 152 43.54 2.62 -2.47 25.8 25.0 30.2 

152 CO1 - 153 43.83 2.66 -2.88 27.6 26.7 31.9 

153 CO1 - 154 44.11 2.81 -3.13 28.7 27.8 33.0 

154 CO1 - 155 44.40 3.36 -2.95 27.9 27.0 32.2 

155 CO1 - 156 44.69 3.57 -2.87 27.5 26.7 31.9 

156 CO1 - 157 44.98 3.66 -2.78 27.2 26.3 31.5 

157 CO1 - 158 45.26 3.24 -2.61 26.4 25.5 30.7 

158 CO1 - 159 45.55 3.54 -2.13 24.3 23.4 28.7 

159 CO1 - 160 45.84 3.72 -1.72 22.6 21.7 26.9 

160 CO1 - 161 46.12 3.97 -1.33 20.8 20.0 25.2 

161 CO1 - 162 46.41 3.96 -1.19 20.2 19.4 24.6 

162 CO1 - 163 46.70 4.09 -1.07 19.7 18.8 24.1 

163 CO1 - 164 46.99 4.01 -0.95 19.2 18.3 23.5 

164 CO1 - 165 47.27 3.56 -0.96 19.3 18.4 23.6 

165 CO1 - 166 47.56 3.04 -1.06 19.7 18.8 24.0 

166 CO1 - 167 47.85 2.92 -1.11 19.9 19.0 24.3 

167 CO1 - 168 48.14 2.87 -1.19 20.2 19.4 24.6 

168 CO1 - 169 48.42 2.77 -1.28 20.7 19.8 25.0 

169 CO1 - 170 48.71 2.98 -1.60 22.0 21.2 26.4 

170 CO1 - 171 49.00 3.89 -2.25 24.8 24.0 29.2 

171 CO1 - 172 49.29 3.73 -2.03 23.9 23.0 28.2 

172 CO1 - 173 49.57 4.24 -2.76 27.1 26.2 31.4 

173 CO1 - 174 49.86 3.99 -2.78 27.2 26.3 31.5 

174 CO1 - 176 50.44 3.34 -2.62 26.5 25.6 30.8 

175 CO1 - 177 50.72 2.74 -2.46 25.8 24.9 30.1 

176 CO1 - 178 51.01 2.63 -2.30 25.1 24.2 29.4 

177 CO1 - 179 51.30 2.74 -1.97 23.6 22.7 28.0 

178 CO1 - 180 51.59 2.91 -1.64 22.2 21.4 26.6 

179 CO1 - 181 51.87 3.27 -1.69 22.4 21.6 26.8 

180 CO1 - 182 52.16 4.15 -1.11 19.9 19.0 24.2 

181 CO1 - 183 52.45 4.24 -1.41 21.2 20.3 25.5 

182 CO1 - 184 52.73 3.76 -1.98 23.7 22.8 28.0 

183 CO1 - 185 53.02 3.05 -1.55 21.8 20.9 26.2 

184 CO1 - 186 53.31 2.52 -1.37 21.0 20.2 25.4 

185 CO1 - 187 53.60 2.51 -0.95 19.2 18.3 23.5 

186 CO1 - 188 53.88 2.66 -1.03 19.6 18.7 23.9 

187 CO1 - 189 54.17 2.43 -1.34 20.9 20.0 25.2 

188 CO1 - 190 54.46 2.48 -1.49 21.6 20.7 25.9 
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189 CO1 - 191 54.75 2.99 -1.93 23.4 22.6 27.8 

190 CO1 - 192 55.03 3.27 -2.73 26.9 26.1 31.3 

191 CO1 - 193 55.32 3.28 -3.62 30.8 29.9 35.2 

192 CO1 - 194 55.61 3.28 -3.34 29.6 28.7 33.9 

193 CO1 - 195 55.90 3.40 -3.10 28.5 27.7 32.9 

194 CO1 - 196 56.18 3.52 -2.89 27.6 26.8 32.0 

195 CO1 - 197 56.47 3.29 -2.13 24.3 23.4 28.7 

196 CO1 - 198 56.76 3.05 -1.72 22.5 21.7 26.9 

197 CO1 - 199 57.05 3.34 -1.55 21.8 21.0 26.2 

198 CO1 - 200 57.33 4.35 -0.96 19.2 18.4 23.6 

199 CO1 - 201 57.62 4.67 -0.85 18.8 17.9 23.1 

200 CO1 - 202 57.91 4.59 -0.75 18.3 17.5 22.7 

201 CO1 - 203 58.20 4.07 -0.79 18.5 17.7 22.9 

202 CO1 - 204 58.48 3.53 -1.48 21.5 20.6 25.8 

203 CO1 - 205 58.77 3.26 -1.98 23.7 22.8 28.0 

204 CO1 - 206 59.06 3.56 -2.49 25.9 25.0 30.2 

205 CO1 - 207 59.34 4.05 -2.53 26.1 25.2 30.4 

206 CO1 - 208 59.63 4.46 -1.87 23.2 22.3 27.5 

207 CO1 - 209 59.92 4.73 -1.46 21.4 20.6 25.8 

208 CO1 - 210 60.21 4.85 -0.73 18.2 17.4 22.6 

209 CO1 - 211 60.49 3.84 -0.80 18.6 17.7 22.9 

210 CO1 - 212 60.78 3.44 -0.88 18.9 18.0 23.2 

211 CO1 - 213 61.07 3.25 -1.35 21.0 20.1 25.3 

212 CO1 - 214 61.36 3.89 -3.76 31.4 30.5 35.7 

        

Average 3.31 -2.49 25.9 25.0 30.2 

Minimum 2.24 -5.25 18.1 17.3 22.5 

Maximum 5.10 -0.70 37.9 37.0 42.2 

Standard Deviation 0.61 1.27 5.5 5.5 5.5 

Without highlighted values 

Average 3.30 -2.08 24.1 23.3 28.5 

Minimum 2.32 -4.00 18.1 17.3 22.5 

Maximum 5.10 -0.70 32.4 31.6 36.8 

Standard Deviation 0.61 0.92 4.0 4.0 4.0 
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  Cochlearites loppianus (specimen CO2) 
 

No. Sample 
Distance 

(mm) 

δ13C 

(‰ VPDB) 
δ18O 

(‰ VPDB) 
Temperature calculated for δ18O 

-1 -1.2 0 

1 CO2 - 1 0.2 3.44 -3.08 28.5 27.6 32.8 

2 CO2 - 2 0.5 3.11 -3.70 31.1 30.3 35.5 

3 CO2 - 3 0.8 2.70 -4.14 33.1 32.2 37.4 

4 CO2 - 4 1.1 2.43 -4.33 33.9 33.0 38.2 

5 CO2 - 5 1.4 3.15 -3.80 31.6 30.7 35.9 

6 CO2 - 6 1.7 4.39 -2.85 27.5 26.6 31.8 

7 CO2 - 7 2.0 4.60 -2.67 26.7 25.8 31.0 

8 CO2 - 8 2.3 4.76 -2.40 25.5 24.6 29.8 

9 CO2 - 9 2.6 4.59 -2.73 26.9 26.1 31.3 

10 CO2 - 10 2.9 4.47 -3.43 30.0 29.1 34.3 

11 CO2 - 11 3.2 4.37 -3.84 31.8 30.9 36.1 

12 CO2 - 12 3.5 4.36 -3.39 29.8 28.9 34.2 

13 CO2 - 13 3.8 4.59 -2.63 26.5 25.6 30.9 

14 CO2 - 14 4.1 5.24 -1.01 19.5 18.6 23.8 

15 CO2 - 15 4.4 5.72 -0.94 19.2 18.3 23.5 

16 CO2 - 16 - 2 4.7 4.66 -1.39 21.1 20.2 25.5 

17 CO2 - 17 5.0 3.65 -1.98 23.7 22.8 28.0 

18 CO2 - 18 5.4 4.19 -1.49 21.6 20.7 25.9 

19 CO2 - 19 5.7 4.01 -1.32 20.8 19.9 25.2 

20 CO2 - 20 6.0 4.41 -0.84 18.8 17.9 23.1 

21 CO2 - 21 6.3 4.27 -1.58 22.0 21.1 26.3 

22 CO2 - 22 6.6 4.48 -0.55 17.5 16.6 21.8 

23 CO2 - 23 6.9 3.84 -0.83 18.7 17.8 23.0 

24 CO2 - 24 7.2 3.79 -1.44 21.4 20.5 25.7 

25 CO2 - 25 7.5 3.68 -1.67 22.3 21.5 26.7 

26 CO2 - 26 7.8 3.80 -2.75 27.0 26.2 31.4 

27 CO2 - 27 8.1 3.66 -3.52 30.4 29.5 34.7 

28 CO2 - 28 8.4 3.45 -4.09 32.8 32.0 37.2 

29 CO2 - 29 8.7 3.44 -2.98 28.0 27.2 32.4 

30 CO2 - 30 9.0 3.51 -2.00 23.8 22.9 28.1 

31 CO2 - 31 9.3 3.53 -2.64 26.6 25.7 30.9 

32 CO2 - 32 9.6 4.34 -0.98 19.4 18.5 23.7 

33 CO2 - 33 9.9 4.76 -0.76 18.4 17.5 22.7 

34 CO2 - 34 10.2 5.02 -0.77 18.4 17.6 22.8 

35 CO2 - 35 10.6 4.49 -0.55 17.5 16.6 21.8 

36 CO2 - 36 10.9 3.96 -0.90 19.0 18.1 23.3 

37 CO2 - 37 11.2 3.52 -2.11 24.2 23.4 28.6 

38 CO2 - 38 11.5 3.35 -3.17 28.9 28.0 33.2 

39 CO2 - 39 11.8 3.26 -3.93 32.1 31.3 36.5 

40 CO2 - 40 12.1 3.38 -3.42 29.9 29.1 34.3 

41 CO2 - 41 12.4 3.47 -2.91 27.7 26.9 32.1 
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42 CO2 - 42 12.7 3.80 -2.20 24.6 23.8 29.0 

43 CO2 - 43 13.0 3.90 -2.35 25.3 24.4 29.6 

44 CO2 - 44 13.3 3.96 -2.25 24.9 24.0 29.2 

45 CO2 - 45 13.6 3.97 -2.23 24.7 23.9 29.1 

46 CO2 - 46 13.9 4.16 -2.31 25.1 24.3 29.5 

47 CO2 - 47 14.2 4.50 -2.59 26.3 25.5 30.7 

48 CO2 - 48 - 2 14.5 4.17 -2.22 24.7 23.9 29.1 

49 CO2 - 49 14.8 3.78 -2.55 26.7 25.3 30.5 

50 CO2 - 50 15.1 3.59 -2.16 24.5 23.6 28.8 

51 CO2 - 51 15.4 3.76 -1.92 23.4 22.5 27.8 

52 CO2 - 52 15.8 4.08 -1.35 21.0 20.1 25.3 

53 CO2 - 53 16.1 4.54 -0.87 18.8 18.0 23.9 

54 CO2 - 54 16.4 4.69 -0.53 17.4 16.5 21.7 

55 CO2 - 55 16.7 4.32 -0.27 16.3 15.4 20.6 

56 CO2 - 56 17.0 4.24 -0.89 19.0 18.1 23.3 

57 CO2 - 57 17.3 4.20 -0.77 18.4 17.6 22.8 

58 CO2 - 58 17.6 4.07 -0.97 19.3 18.4 23.6 

59 CO2 - 59 17.9 4.35 -1.27 20.6 19.7 24.9 

60 CO2 - 60 - 2 18.2 4.31 -1.50 21.6 20.7 25.9 

61 CO2 - 61 18.5 4.44 -2.18 24.6 23.7 28.9 

62 CO2 - 62 - 2 18.8 4.44 -1.92 23.4 22.6 27.8 

63 CO2 - 63 19.1 4.63 -1.06 19.7 18.8 24.0 

64 CO2 - 64 19.4 4.59 -0.95 20.0 18.3 23.5 

65 CO2 - 65 19.7 4.44 -1.07 19.7 18.9 24.1 

66 CO2 - 66 20.0 3.99 -0.35 16.6 15.7 21.0 

67 CO2 - 67 20.3 4.24 -0.90 19.0 18.1 23.4 

68 CO2 - 68 20.6 4.55 -1.58 21.9 21.1 26.3 

69 CO2 - 69 21.0 4.21 -1.92 23.4 22.5 27.8 

70 CO2 - 70 21.3 4.64 -2.35 25.3 24.4 29.6 

71 CO2 - 71 21.6 4.05 -1.90 23.3 22.5 27.7 

72 CO2 - 72 21.9 4.54 -0.92 19.1 18.2 23.4 

73 CO2 - 73 22.2 4.18 -0.97 19.3 18.5 23.7 

74 CO2 - 74 22.5 4.32 -0.74 18.3 17.4 22.6 

75 CO2 - 75 22.8 4.02 -0.79 18.5 17.7 22.9 

76 CO2 - 76 23.1 4.10 -0.88 18.9 18.0 23.2 

77 CO2 - 77 23.4 3.73 -1.65 22.3 21.4 26.6 

78 CO2 - 78 23.7 4.32 -2.68 26.7 25.8 31.1 

79 CO2 - 79 24.0 3.55 -2.75 27.0 26.1 31.3 

80 CO2 - 80 24.3 3.51 -2.44 25.7 24.8 30.0 

81 CO2 - 81 24.6 3.93 -1.72 22.6 21.7 26.9 

82 CO2 - 82 24.9 4.35 -1.03 19.5 18.7 23.9 

83 CO2 - 83 25.2 4.46 -1.51 21.6 20.8 26.0 

84 CO2 - 84 25.5 3.47 -3.53 30.4 29.5 34.7 

85 CO2 - 85 25.9 3.24 -4.54 34.8 33.9 39.1 
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86 CO2 - 86 26.2 3.53 -3.96 32.3 31.4 36.6 

87 CO2 - 87 26.5 4.36 -3.30 29.4 28.5 33.7 

88 CO2 - 88 26.8 3.96 -1.70 22.5 21.6 26.8 

89 CO2 - 89 27.1 4.04 -1.30 20.7 19.9 25.1 

90 CO2 - 90 27.4 4.16 -1.15 20.1 19.2 24.4 

91 CO2 - 91 27.7 4.47 -0.96 19.3 18.4 23.6 

92 CO2 - 92 28.0 4.66 -0.89 19.0 18.1 23.3 

93 CO2 - 93 28.3 4.53 -0.40 16.8 16.0 21.2 

94 CO2 - 94 28.6 3.79 -0.31 16.5 15.6 20.8 

95 CO2 - 95 28.9 3.05 -0.91 19.1 18.2 23.4 

96 CO2 - 96 29.2 2.97 -1.37 21.1 20.2 25.4 

97 CO2 - 97 29.5 3.46 -2.37 25.4 24.5 29.7 

98 CO2 - 98 29.8 3.95 -2.65 26.6 25.7 30.9 

99 CO2 - 99 30.1 4.24 -3.52 30.4 29.5 34.7 

100 CO2 - 100 30.4 5.28 -3.93 32.2 31.3 36.5 

101 CO2 - 101 30.7 5.75 -1.56 21.9 21.0 26.2 

102 CO2 - 102 31.0 5.98 -0.82 18.6 17.8 23.0 

        

Average 4.10 -1.96 23.6 22.7 27.9 

Minimum 2.43 -4.54 16.3 15.4 20.6 

Maximum 5.98 -0.27 34.8 33.9 39.1 

Standard Deviation 0.60 1.10 4.8 4.8 4.8 

Without highlighted values 

Average 4.15 -1.87 23.2 22.3 27.5 

Minimum 2.97 -3.96 16.3 15.4 20.6 

Maximum 5.98 -0.27 32.3 31.4 36.6 

Standard Deviation 0.56 1.01 4.4 4.4 4.4 
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B.5. Trichites sp. and Gervilleioperna sp.  

In addition to the previous taxa discussed in Chapter 5 other two bivalves, which 

frequently occur in the Rotzo Formation (Trento Platform), were analysed from 

sclerochronological point of view: Trichites sp. and Gervilleioperna sp. (2 and 3 specimens, 

respectively). 

Trichites sp. specimens were collected from Toraro Mt. (Vicenza; Fig. 1) whilst 

Gervilleioperna sp. come from the Lessini Mts. (Verona; Fig. 1). 

  

Figure 1. Geographical (A) and stratigraphic location (B, C) of the collected specimens in the Trento Platform 

(north-eastern of Italy). 1, Toraro Mt. (Vicenza); 2, Ponte dell’Anguillara (Vaio dell’Anguilla, Verona). 
Palaeogeographic map modified from Posenato and Masetti (2012). The stratigraphic sections (C) are modified 

from Coletta (2012; Toraro Mt.) and Posenato and Masetti (2012; Vaio dell’Anguilla). Z., Zone; L. compressa Z., 

Lituosepta compressa Zone; OM, Oolite di Massone; Si, upper Sinemurian. 
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Diagenetic screening was conducted using scanning electron microscope at the 

University of Ferrara (Italy). For sclerochronological studies, Gervilleioperna sp. were cut 

along the direction of maximum growth. All the collected Trichites sp. specimens are 

incomplete hampering a usual sclerochronological analysis (along the direction of maximum 

growth). Therefore, the growth pattern was tentatively observed on transversal sections. In 

these taxa, the growth pattern in the outer shell surface is less developed, therefore will not 

considered in the results. For further information see the paragraph 5.5 (Materials and 

methods) in Chapter 5. 

 

Trichites sp. Voltz in Thurmann, 1832 

Trichites sp. is distinguished by thick calcitic shell with well-defined simple prisms. 

SEM analysis confirms the good preservation of the analysed specimens (Fig. 2). In restricted 

areas, daily microgrowth increments were also recognised. Their thickness varies from ~3 to 

~6 µm. Rarely, groups of 13 to 16 consecutive microgrowth increments formed distinct 

bundles.  

Figure 2. Trichites sp., specimen TR1. A–D) Simple prismatic layer with well-defined major (black arrow) and 

minor growth lines (yellow arrow). GL, growth lines. 
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A similar growth pattern was observed also in thin sections under transmitted light 

microscope. Daily increments (range from ~2.5 to ~6.5 µm in thick; average: ~4 µm) and 

fortnightly bundles were identified only in restricted shell portions (Fig. 3). The possible 

annual growth increments were not easy recognizable due to the unclear distinction of the 

annual growth lines (usually, more marked). Therefore, it’s not possible to outline the bivalve 

life span even if the analysed specimens might not live more than few years. 

 

  

Figure 3. Growth pattern in Trichites sp. A–C) Specimen TR1. A) Stitched microphotographs of thin section 

showing the entire shell thickness with not well-defined growth pattern. The red lines highlight likely annual 

growth increments. B) Scanned image of the analysed articulated specimen TR1. C) Detailed microphotograph 

of likely monthly (green arrow) and fortnightly bundles (yellow lines). D, E) Specimen TR2. D) Scanned image 

of the analysed articulated specimen TR2. The red rectangle shows the analysed area. E) Detailed 

microphotograph of daily growth increments grouped in fortnightly bundles (~14 increments/bundle; yellow 

lines). The green arrow points to a monthly bundle. 
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Gervilleioperna sp. Krumbeck, 1923 

Gervilleioperna sp. is distinguished by calcitic prismatic outer layer (frequently not 

preserved), a middle nacreous layer and an inner aragonitic fibrous prismatic layer. The 

calcitic and nacreous layers contribute to the growth increments recognizable in the shell 

surface (Tasselli, 1982; Accorsi Benini and Broglio Loriga, 1982). SEM analysis confirms the 

good preservation of the analysed specimens (Fig. 4). 

The growth pattern was recognisable only in one of the three studied specimens (e.g., 

Fig. 5). It is better recorded in the thinner right valve since the thicker valve seems to be more 

prone to diagenetic alteration (Fig. 5A). Shell microgrowth pattern, recognised only in a 

restricted area, is characterized by daily increments, which vary from ~2 to ~4.5 µm in thick 

(average: ~3 µm), arranged in fortnightly bundles (~14 increments/bundle). Annual 

increments were tentatively recognised in the polished sections (Fig. 5A). About ~430 daily 

microgrowth increments were counted constituting a sufficiently long chronology in order to 

conduct spectral analysis (Fig. 5C). 

  

Figure 4. Gervilleioperna sp., specimen GP2. A) Inner shell layer with fibrous prismatic aragonitic layer 

intercalated with homogenous aragonite. This microstructure derived from degradation of prims (Accorsi 

Benini and Broglio Loriga, 1982). B) Detail of fibrous prismatic aragonite. C) Outer calcitic shell layer, simple 

prisms. D) Detail of nacreous layer occurring in the outer shell layer. For further details see Accorsi Benini and 

Broglio Loriga (1982). fp, fibrous prismatic; n, nacre; sp, simple prismatic; hom, homogenous microstructure. 
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Continuous wavelet transformation spectra showed a signal at period of ~16 increments (Fig. 

5C). The annual growth increments observed in polished slabs are ~1.5 mm in thickness. 

Considering the studied specimens, the taxon could live up to ~10–15 years. 

 

Figure 5. Gervilleioperna sp., specimen GP2. A) Scanned polished section with recognizable annual growth 

increments (red lines). B) Microphotographs of acetate peel with well-defined daily microgrowth increments. 

Dotted black lines indicate a monthly bundle while the green ones delimit fortnightly bundles. C) Continuous 

wavelet transformation analysis. Thick black contour lines display significant power (above the 5% significance 

level). The “cone of influence” shows the region where boundary effects are present (Hammer et al., 2001). D) 

Microgrowth increment width chronology. Assuming tide-controlled growth cycles, the chronologies represent 

430 days. E) Articulated individual. Red line indicates the cutting direction. dog, direction of growth. 
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Both taxa show a clear tidal influence (i.e., fortnightly bundles). Trichites sp. was 

likely semi-infaunal and usually inhabited moderate soft sediments in brackish lagoon 

(Fürsich, 1980; 1981). Gervilleioperna sp. shows a well-defined fortnightly growth pattern 

since this bivalve lived in the intertidal zone (e.g., Gambarin, 1986). 
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B.6. New data on Lithiotis problematica shell 

microstructures 
 

B.6.1. Introduction  

Lithiotis problematica Gümbel, 1871 was the first lithiotid taxon described in 

literature. Morphological and systematic studies were conducted by Böhm (1891), Reis 

(1903), Cox (1971), Accorsi Benini and Broglio Loriga (1977) and Chinzei (1982). The mode 

of life was discussed by Chinzei (1982), Seilacher (1984; 1985) and Savazzi (1996). 

Lithiotis is characterized by a dorso-ventrally elongated and inequivalve shell. The 

thicker valve, usually defined as attached valve, is up to ~0.5 m height and up to 2 cm thick, 

whilst the other valve is thinner and defined as free valve (only few mm thick). In literature, 

the attached valve was alternatively considered as the right or the left (Accorsi Benini and 

Broglio Loriga, 1977; Chinzei, 1982). The individual was cemented at early life stage and 

mud-supported during the adult phase (e.g., Chinzei, 1982). 

The inner face of the attached valve is divided in two parts: the umbonal or cardinal 

region and the body cavity (Accorsi Benini and Broglio Loriga, 1977; Chinzei, 1982). The 

body cavity located at the ventral end of the shell, is reduced respect to the whole shell size. It 

is distinguished by a spoon-like cavity with one large muscle scar located in central-posterior 

area. The shell is particularly thin and flat close to the ventral margin, likely due to weakly 

calcification or the occurrence of higher organic content of shell margins (e.g., Chinzei, 

1982). The umbonal region is distinguished by central platform with several ridges and 

grooves and two lateral feather-like wings recording the growth increments. Reis (1903) 

observed rare articulated specimens. The free valve was represented by a thin calcareous 

lamina. He suggested that the thinner valve of Lithiotis is as high as the thick valve and the 

cardinal area should occur on the both valves. Accorsi Benini and Broglio Loriga (1977), 

observing rare specimens with the same calcareous lamina, proposed that the thin valve 

should be shorter, lid-like (opercular) and mostly restricted to the body cavity of the thick 

valve. Moreover, they reported that the outer face of the free valve was smooth and lacking, in 

the inner surface, of the typical features of the cardinal area of the attached valve.  

Chinzei (1982) suggested that the ligament became non-functional after the juvenile 

stage and in the adult individuals the mechanism of opening and closing shell was based on 

elasticity of the thin free valve. Study conducted on well preserved articulated L. 

problematica specimens allow to clarify the occurrence of multivincular ligament placed in 

the ligamental grooves of the cardinal area (Savazzi, 1996). The latter author concluded that 
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the occurrence of a long ligament means that the free valve had the same height of the 

attached one (as reported also by Nauss and Smith, 1988) and the closure mechanism was 

based on flexibility of the free valve. On contrary, describing some articulated Lithiotis 

specimens studied in polished slabs, Nauss and Smith (1988) suggested that the thin and flat 

free valve closed by articulating.  

Cox (1971, p. 1199) stated that Lithiotis shell is “formed of lamellar calcite together 

with prismatic calcite”. Subsequently, other authors demonstrated that Lithiotis shell is 

essentially composed by aragonitic fibrous prisms, frequently alternated by nacreous wedges 

in the feather-like wings (e.g., Accorsi Benini and Broglio Loriga, 1977; Chinzei, 1982). In 

well preserved specimens generally occurring in marlstones, the original aragonitic structures 

are detectable only in the outer part of the shell. The inner part of the shell is always 

recrystallized. This alteration is likely due to the occurrence of highly porous aragonitic 

chalky deposit (Chinzei, 1982). Only Chinzei (1982) provided some information on the 

microstructure of the free valve. He considered the free valve as composed by “alternating 

prismatic and nacreous aragonitic layers interbedded with granular and prismatic calcitic 

layers” (Chinzei, 1982, p. 188). However, he did not figure this architecture or demonstrated 

the mineralogical composition (his description also included Cochlearites) and the 

relationship between calcitic and aragonitic layers was not clearly defined.  

The diagnosis of the family Lithiotidae lacks a clear documentation on the shell 

structure and composition of Lithiotis inducing Carter (1990) to describe with uncertainty the 

occurrence of an outer layer of calcitic prisms.   

The finding of well-preserved and articulated specimens of L. problematica allows to 

clarify the occurrence and structure of the outer calcitic layer in this species. Moreover, the 

preservation of these lithiotid specimens allows to improve the knowledge of the free valve 

shell morphology. Additionally, the corroboration that Lithiotis is distinguished by bi-

mineralic nacroprismatic shell could give new information on its systematic position. 

 

B.6.2. Materials and methods 

The studied materials were collected from a small lithiotid accumulation (Toraro Mt., 

Vicenza, Italy) dominated by Lithiotis problematica. Its stratigraphic position is illustrated in 

the Chapter 3 and in Brandolese et al. (2019; TorA2). The shell accumulation is ~4 m wide 

and ~30 cm high. The L. problematica shells are included in hard limestone which precluded 

to isolate specimens from the matrix. In this lithology the aragonitic portions are always 

recrystallized. Two collected rock blocks (here referred to as block A and block C; Fig. 1) 
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were cut perpendicular to the bedding surface in serial slabs about 1 cm in thickness (see 

Supplementary data). Each slab was polished and scanned with high resolution scanner 

(Epson Perfection V800 Photo) in order to reconstruct the lithiotid shells arrangement (for 

further details see Chapter 3 and Brandolese et al., 2019) and bivalve morphology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The most representative slabs were selected for further analyses in order to 

characterize the calcitic layer both in free valve (FV) and attached valve (AV) of Lithiotis 

problematica. The analysis was conducted by acetate peels, thin sections, SEM-EDS (Energy 

Dispersive X-ray Spectrometry), cathodoluminescence and Raman spectroscopy. Acetate 

peels and thin sections (4.5x6 cm), made from selected slabs, were observed with optical light 

microscope in order to assess morphology and shell architecture. 

Two polished thin sections (ca. 4.5x3 cm) were observed with cold luminescence 

microscope (University of Ferrara, Italy) in order to detect the pristine nature of the prismatic 

layers. Cathodoluminescence (CL) microscopy is a powerful technique to study biominerals 

and, in particular to asses preservation of carbonate rocks and shells (e.g., Barbin, 2013). 

Calcite luminescence depends on the molar ratio of iron and manganese (Fe/Mn). High Mn 

content in the calcite lattice is an activator of luminescence, whereas Fe is a quencher (e.g., 

Garbelli et al., 2012). Mn is generally low in unaltered recent and fossil calcitic shells (e.g., 

Brand et al., 2003), where it could be preferentially incorporated during diagenesis (Brand 

and Veizer, 1980). The analysed thin sections were prepared according to the methodology 

proposed by Mugridge and Young (1984). 

Figure 1. The studied blocks of TorA2, surface view (modified from Posenato et al., 2014). The red lines 

indicate the cutting direction. The bold numbers show the location of polished slices. 
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Bivalve samples were analysed for shell microstructure and major trace elements with 

SEM Zeiss EVO 40 scanning electron microscope coupled with EDS device set in pressure 

variable mode (University of Ferrara, Italy). Before the analysis, the samples were polished, 

etching with HCl 1% for about 10 seconds and clean with ultrapure water. They were not 

covered with gold in order to reuse them for further analyses.  

Regarding mineralogy, Raman spectra were acquired at Department of Physics and 

Earth Science of Ferrara University (Italy) using HORIBA Jobin Yvon LabRam HR800 

spectrometer coupled to Olympus BXFM optical microscope, equipped with ×10 and ×50 

magnifications. The analysis was conducted on ultra-polished thin sections which allow to 

obtain better results. The instrument operates with He-Ne laser source with excitation 

wavelength at 632.81 nm and the laser beam diameter is about 1 mm. The investigated 

vibration frequencies spanned from 100 to 1600 cm-1, covering all the frequency range both 

internal (molecular) and external (lattice) vibrations. All Raman spectra were smoothed and 

elaborated with data analysis and graphing software (further details in Supplementary data). 

Raman spectroscopy is a useful tool to rapidly and accurately identified sample mineralogy. 

This analysis easily distinguishes calcium carbonate polymorphs including aragonite, calcite, 

vaterite and amorphous phases (DeCarlo, 2018, and references therein). All calcium 

carbonates are distinguished by a strong ν1 peak around 1085 cm-1 that represents the 

symmetric stretching of C–O bonds. Another C–O bonds (as in-plane bedding) in the ~700 

cm-1 region is helpful to discriminate between calcite and aragonite (e.g., Urmos et al., 1991; 

Behrens et al., 1995). These peaks are called “internal modes” (or “molecular modes”) 

because they are originated from vibrations between the C and O of carbonate (CO3
2-). In 

addition, the Raman spectra of crystalline calcium carbonates contain other mineral-specific 

peaks, called “lattice modes” (or “external modes”). These peaks are in the <400 cm−1 region 

and result from vibrations between molecules in the lattice (e.g., Urmos et al., 1991). The 

Raman shifts available in literature do not perfectly agree each other (see Discussion) 

therefore the main peaks of calcite and aragonite are reported in Supplementary data. 

For SEM-EDS analysis the Lithiotis shells were compared with other specimens 

collected from the Rotzo Formation (Trento Platform, Southern Alps). All the analysed 

samples are listed in the Supplementary data. 

Because of unusual shell morphologies a specific nomenclature was already proposed 

in the past (e.g., Accorsi Benini and Broglio Loriga, 1977; Chinzei, 1982) and it is adopted 

also in this study (Fig. 2). In particular, the feather-like wings are distinguished by well-

defined growth increments (e.g., Chinzei, 1982), here referred to as major growth increments. 
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Sometimes, in each major growth increment, weakly minor growth increments can be 

recognizable (here referred to as minor growth increments; e.g., Accorsi Benini, 1985). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B.6.3. Results 

In the block A (Fig. 1) five L. problematica individuals were recognised (see 

Supplementary data). All the individuals are short and large (up to 11 cm high and 8.5 cm 

wide) and inclined between 40° to 50° (Ngadiuba, 2015) in respect to the vertical plane. They 

are articulated and the FV is well-recognizable. The reduced height can be related to a low 

sedimentation rate (see Chapter 4 for further details). The shells are dissolved in the umbonal 

region and the aragonitic layers are completely recrystallized. Frequently, in the upper part, 

the shell moulds are infilled by marls. Only few thin portions, opaque whitish in colour, 

correspond to the prismatic layers. These layers occur both in the attached and free valves. 

Figure 2. Lithiotis problematica and here adopted terminology (from Chinzei, 1982, modified). A) Internal view 

of attached valve. B) Side view of articulated individual. * Terms used by Accorsi Benini and Broglio Loriga 

(1977). The umbonal region is also called cardinal or apical area in Chinzei (1982). AV, attached valve; FV, free 

valve. Lam, conchiolin-rich thin lamellae (Chinzei, 1982). As suggested by Chinzei (1982), the feather-like 

wings should not be included in the cardinal area. The shell orientation is according to the up-right L. 

problematica mode of life. 



286 

 

The block C (Fig. 1) includes at least five individuals. The FV cannot always be 

distinguished. In this block the analysis was focused on the occurrence of prismatic layer in 

the attached valves.  

In the polished slabs, the FV is well-defined towards the ventral area where it is ~1 

mm thick. As the AV, the FV is dissolved towards the dorsal margin. In the middle part of the 

shell, the FV reaches a maximum thickness of ~3 mm. The inner face is smooth and 

slightly curved (Fig. 3). The outer face is characterized by squamose ornamentations with 

scales about 1 mm in high and they are more frequent in correspondence of body space (Fig. 

3). In the FV the prismatic layers occur in the inner part of the external scales (Fig. 3). In thin 

sections and acetate peels under optical light microscope, the prisms are well-defined and 

frequently arranged in sub-layers (Fig. 3). Each prism is short and wide, oriented 

perpendicular to the inner face (e.g., Fig. 3F). The entire layer measured in longitudinal 

section is up to ~500 µm in thick. In horizontal section, the prismatic structure shows an 

irregular, almost polygonal, outlines of the prisms, whose major axes range from ~20 to ~60 

µm wide. The completely recrystallization of the inner shell portions hampered to define the 

geometrical relationship between the outer calcitic layer and the inner aragonitic part. In the 

FV, in particular in the sample Fv5, the prismatic layer observed in polarized light (cross-

light) is characterized by wavy extinction. 

One isolated FV specimen was collected from the debris of TorA2. This specimen 

allows describing the internal surface characters clearly detectable on small shell portions. As 

supposed by Chinzei (1982), the FV is as high as the AV and shows the same internal 

features: a central platform with ridge and grooves structure and two feather-like wings with 

growth increments (Fig. 4). Due to the reduced thickness, the internal features are less 

prominent than the AV. The growth increments measured in the FV was comparable to those 

observed in some Lithiotis AV (see Chapter 5 for further details). Although the correct 

thickness is biased by the lower preservation state, the single major increment is ~0.5 cm 

thick and the lower ones are ~0.2–0.3 mm thick. The well recognizable scales thickness 

(~0.4–0.5 cm) is almost compatible with the measure of cross-sectioned shell in the polished 

slabs. The ventral region is distinguished by reddish area, without a calcified layer which 

could be considered as the end of the ventral region entirely made of organic matter, now 

oxidized (e.g., Chinzei, 1982; Posenato and Masetti, 2012). 

The prismatic layer was recognised also in the outer AV shell face. In this surface the 

prismatic layer is not continuous (Fig. 3A). Apparently, the prismatic layer occurs also in the 

feather-like wings towards the inner face where the prisms are organized in thin sub-layers 

https://context.reverso.net/traduzione/inglese-italiano/slightly
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Figure 3. Lithiotis problematica, articulated specimen. A) Polished slab (slab 21b, block A3; see Supplementary 

data). The black arrow points to the outer prismatic layer in the AV. B) Sketch of attached valve (AV) and free 

valve (FV) showing the terminology used in the text. C, D) Detailed microphotographs of the red rectangle in 

the polished slab showing the prismatic layers in the AV (white arrow). E, F, G) Detailed microphotographs of 

the blue rectangle in the polished slab showing the prismatic layer in the FV (blue arrows) with well-defined 

prisms. H) Another polished slab cutting the same individual towards the umbonal region (slab 23b, block A3; 

see Supplementary data). I, J) Oblique/sub-horizontal section (red line points to the cutting direction) of outer 

prismatic layer. K–M) Detailed microphotographs of the blue rectangle in the polished slab showing the 

prismatic layer in the FV. N–P) Another articulated individual (isolated block). N) Thin section. P, O) Detailed 

microphotographs (red rectangle in thin section) of the prismatic layer in the FV (Fv5). See text for further 

details. 

 

(Fig. 5). In horizontal sections, the prisms have well defined polygonal outlines, with a 

maximum axis ranging from ~20 to ~60 µm (Fig. 5E). 
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The prismatic calcitic layer, both of FV and AV, was observed by SEM in longitudinal 

and oblique/horizontal sections. The size of measured crystals varies from ~10 µm to ~30 µm 

in wide. Frequently, the prisms are organized in several sub-layers and their height (along c-

axis) varies from ~50 µm to ~95 µm (Fig. 6). Small granular crystals are recognizable 

between two sub-layers whilst the base of the prisms is not recognizable, probably due to not 

optimal preservation state (e.g., Fig. 6). According to Carter et al. (2012) granular 

microstructure is defined as “a variety of homogeneous shell microstructure consisting of 

more or less equidimensional, first-order structural units generally greater than 5 µm in 

width” and is distinguished by homogenous microstructure sensu stricto which are 

distinguished by first-order structural units generally less than 5 µm in width (Carter et al., 

Figure 4. Isolated FV of L. 

problematica. A) Red arrows point 

to the ridge and grooves structure 

in the central platform (Chinzei, 

1982). Black arrows point to 

prominent scales, observed also in 

cross-sectioned polished slabs. 

Blue circle marks the thin growth 

lines in the feather-like area. The 

dotted line indicates the likely 

complete shell outline. The reddish 

area in the upper part marks the 

likely oxidized ventral region 

originally made by a conchiolin 

layer. B) Details of minor growth 

increments distinguished in the 

feather-like wing (blue circle). C) 

A detail of ridge and grooves 

structures in the central platform. 

The shell orientation is according 

to the up-right L. problematica 

mode of life. 
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2012). In the analysed samples, each unit varies up to ~15 µm therefore could be defined as 

granular structures.  

 

 

 

 

 

 

 

Figure 6 (following page). SEM images of prismatic calcitic layer in L. problematica FV and AV. A) Free 

valve, sample Fv2, slab 24 block A3. B, C) Free valve, sample Fv1, slab 22 block C. C) Horizontal section 

showing the prism surface. The yellow rectangle delimited well-define prism outlines. D–G) Free valve, sample 

Fv1, slab 22 block C. H) Attached valve, Sample Av1, slab 22 block C. I, J) Attached valve, sample Av2, slab 

11 block A2. SP, simple prismatic microstructure; GM, granular microstructure; R, inner dissolved aragonitic 

layer replaced by calcite. 

Figure 5. A–D) Attached valve of L. problematica, polished slab 11 (block A2). A, B) Polished slab and 

scanned acetate peel images. C) Acetate peel microphotographs of the outer prismatic layer. D) Detail of 

previous microphotographs. E) Acetate peel microphotograph with well-defined polygonal prism outlines (AV, 

slab 16 block C; surface view).  
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The prisms are different from the irregular fibrous prismatic microstructures (aragonite) 

which is reported for the inner part of Lithiotis shell. The prisms outlines observed in 

oblique/sub-horizontal sections are less defined (Fig. 6C). 

The screened FV shows no luminescence in the prismatic layer as the AV does. The 

difference with the host rock is remarkable: peloids and surrounding matrix are not well 

preserved (Figs. 7, 8). 

 

The Raman shifts observed in the studied materials do not perfectly fit with the results 

available in literature (see Supplementary data). This variance could be due to instrumental 

differences among laboratories or to the fact that carbonates are solid solutions and their 

chemical composition importantly influences the Raman mode positions (Borromeo et al., 

2017). Raman spectra confirm that calcite occurs in almost all the analysed samples (see 

Figure 7. Thin section under cathodoluminesence 

showing different preservation states (Sample Fv2, 

slab 24 block A3). A) The studied thin section 

(slightly thicker); red rectangle indicates the analysed 

area. B) Microphotograph of the prismatic layer of 

the FV under optical microscope using transmitted 

light. C, D) Non-luminescent prismatic layer of the L. 

problematica FV (white arrow) in high luminescent 

matrix. E) Likely altered nacreous layer of the L. 

problematica FV. 
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Supplementary data). The distinction with the recrystallized calcite is sharp due to the low 

fluorescence effect (see Supplementary data).  

 

 

  

Figure 8. Thin section of AV under 

cathodoluminescence (Sample Av2, slab 11 block A2). 

A) The studied thin section (slightly thicker); red 

rectangles indicate the analysed areas. B) 

Microphotograph of the prismatic layer under optical 

microscope using transmitted light. C, D) Non-

luminescent prismatic layer of the L. problematica AV. 

E) Alternated non- (yellow arrows) and luminescent 

layers occurring in the peripheral area of the studied 

sample. 
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B.6.4. Discussion  

B.6.4.1. Preservation state 

Multiple screening tests are highly recommended for the detection of the preservation 

state. CL was long considered a useful tool to revealed diagenetic modification along with 

SEM observations. In order to better define the prismatic layer recognised in the L. 

problematica individuals (TorA2, Toraro Mt. section) a comparison with the prismatic 

microstructure characterizing Trichites, another bivalve genus from the Rotzo Formation, was 

carried out (Fig. 9).  

Trichites sp. (Family Pinnidae Leach, 1819) is distinguished by thick shell consisting 

of an outer shell layer originated by calcitic simple prisms (Carter, 1990; Fig. 9C). In the 

analysed specimens (collected from Toraro Mt. succession; see Appendix B.5 for further 

details), each prism varies from 70 to 140 µm wide.  

SEM-EDS analysis revealed a reduced magnesium (Mg) content in the Trichites sp. and in the 

prismatic layer of analysed Lithiotis AV (TorA2; Fig. 9). In the FV of L. problematica the 

prismatic layer shows a negligible amount of Mg (Fig. 9B). In Trichites sp., EDS analysis 

also revealed the occurrence of sulphur (S) as reported by several author for the prismatic 

layer in Pinna nobilis (e.g., Dauphin and Cuif, 1999; Masuda and Hirano, 1980). Sulphur is 

associated with the organic content in the shell microstructure therefore its occurrence along 

with well-preserved prims (as observed with SEM; see Appendix B.2 for further details) 

confirm that the studied Trichites sp. specimen is pristine. 

SEM-EDS is not probably the most suitable tool to detect the Mg content due to the low 

resolution of this technique. Considering that in calcite Mg varies during the diagenesis, the 

EDS analysis could give information on the enrichment in Mg. Comparing the SEM-EDS 

analyses carried out on well-preserved calcitic shells (i.e., Trichites sp.) along with 

cathodoluminescence analysis, a neomorphic alteration in the analysed Lithiotis specimens 

can be excluded. The analyses confirm that the observed calcitic prismatic layer in L. 

problematica (TorA2) is pristine. It’s might be possible that a gently alteration could interest 

the prisms as suggested by the less-defined border observable in some samples (e.g., Fig. 6I–

J). 

Regarding the granular microstructure, it might be possible that slight alteration interested this 

layer as suggested by the wide size range of units. Moreover, the granular microstructure 

could be associated with shell dissolution induced by changes in paleoenvironmental 

conditions (i.e., temperature; e.g., Lutz and Rhoads, 1980). In this case, the microstructural 
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changes are gradual instead of distinguished by sharp contact as in the analysed Lithiotis 

specimens. 

 

 

Figure 9. SEM-EDS analysis of Lithiotis problematica AV (A) and FV (B). For AV and FV, the chemical 

composition is compared with the surrounding sediment matrix. Mg was detected in AV while in FV it is below 

the detection limit (red label). 
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B.6.4.2. Lithiotis problematica Free Valve 

The bivalve shell is constituted by carbonate mineral and organic matrix. Carbonates 

could be aragonite or calcite while organic matter is essentially constituted by proteins. The 

mutual spatial arrangement between carbonates and organic matrix is translate in several type 

of microstructure which are characterized by specific mechanics proprieties. The shell 

secretion is essentially controlled by genetic and environmental factors (e.g., temperature).   

In the analysed free valves, the aragonitic portion was completely recrystallized 

hampered the identification of original microstructure and arrangement. Probably, as briefly 

mentioned by Chinzei (1982), the aragonite occurred as fibrous prismatic and nacre layers.   

The combination of higher organic matrix in the periostracum and the simple prismatic 

layer, which usually occurs as outer layer, provide an enhancing shell-margin flexibility 

(Carter, 1980). In the lithiotids the flexibility of the FV was already supposed by Chinzei 

(1982) and confirmed by Savazzi (1996). Their hypothesis was based on shell morphology 

and ligament function. No specific microstructural data were considered until now. 

Considering the growth pattern observed in longitudinal sections, Chinzei (1982) 

suggested that a conchiolin-rich fringe (not in sensu Carter et al., 2012) could characterized 

the ventral margin of Lithiotis (both in AV and FV). The interruptions of growth lines only 

one or two centimetres beyond the muscle scar indicate the outer shell layer was not so 

Figure 9. continued. C) SEM-EDS analysis of Trichites sp. (specimen collected from Toraro Mt. section; see 

Appendix B.5 for further details) In this taxon, S occurrence is associated with higher organic content in the 

prismatic layer. 
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extended (Chinzei, 1982). This could hamper the accommodation of the gills, so the presence 

of conchiolin-rich lamellae may be expected along the ventral margin (Chinzei, 1982). The 

reddish area observed in the isolated FV (Fig. 4), likely derived from oxidation of conchiolin-

rich lamellae during the diagenesis.  

The calcitic prismatic microstructure in pteriomorphian bivalves contains the highest 

content in organic matter recorded in molluscs (Checa et al., 2005), prone to diagenetic 

alteration. The organic content seems to be the main controlling factor involved in the 

microstructure alteration (e.g., Glover and Kidwell, 1993; Chadwick et al., 2019).  

On the outer FV face, the prismatic calcitic layer occurs only in restricted portions and 

it is arranged in protruding ribs, or as isolated prismatic fragments (Fig. 10). This aspect is 

likely associated with the maceration process. The maceration is due to the combination of 

dissolution and degradation of organic phase in shell microstructure which allows the 

breaking down of carbonate shell into various structural subunits (Alexandersson, 1978; 1979; 

Fig. 10G). In particular, the prismatic calcitic degradation was more intense in the outer side 

of the scales whilst the segments sheltered between two scales are more prone to preservation 

in case of rapid burial (Fig. 10). 

A similar process was also recognised in a Trichites sp. specimen collected from 

Toraro Mt. (Fig. 11). This genus is distinguished by organic-rich prismatic calcite as outer 

layer. The rapid burial occurred in TorA2 probably allowed the preservation of the prismatic 

calcitic layer both in Lithiotis FV and AV. 

In L. problematica FV, the common occurrence of prismatic layer remains close to 

shell cavity is due to the upward shift of ventral margin during the bivalve growth. The 

flexibility requested by the opening shell mechanism is allowed by the ventral region whilst is 

not necessary towards the umbonal region. Consequently, the loss of the outer layer could 

also occur before bivalve death and it is not necessarily associated with diagenetic processes. 
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Figure 10. The arrangement of the outer prismatic calcitic 

layer and the maceration process in L. problematica FV.  

A–C) Observed prismatic layer in the studied specimens 

(white arrows). D, E) Sketch illustrating the position of 

calcitic prismatic layer (red portions) in L. problematica FV, 

as observed in the polished slabs. F) Reconstruction of the 

original location of the outer calcitic layer (red portions). 

The light blue rectangle indicates the portions loosed during 

the pre-diagenetic phase. G) Maceration process which 

involves the outer prismatic layer. The different prismatic 

layer thickness observed in the studied specimens is due to 

the preservation state and the progress of maceration 

process. See text for further details. 



298 

 

 

 

 

 

 

 

 

 

 

B.6.4.3. Lithiotis problematica Attached Valve 

 In the L. problematica AV, the occurrence of the outer prismatic layer was just 

presumed (Chinzei, 1982) and in the previous well-studied specimens was never documented. 

According to the observations on polished slabs and acetate peels, the thin calcitic prismatic 

layer occurs in the outer shell face extended up to of external border of the feather-like wings 

(Fig. 12A–C). The outer shell surface is characterized by more or less prominent ribs, which 

correspond to the main growth increments recognizable in the feather-like areas (e.g., Fig. 

12). During the shell growth, the up-right shift of the body cavity leads the adding of new 

shell materials with the contemporaneous shift of the prismatic layer which never reaches the 

central platform. Frequently, the outer shell layer is not preserved. Its absence in the ventral 

region could be due to pre-diagenetic alteration because of the reduced thickness which 

usually characterised this area. On contrary, the rapid burial which occurred only in the lower 

part of the accumulation hampered the maceration process which imply the rapid degradation 

of the outer prismatic layer. 

The AV sections observed in the TorA2 slabs are oblique, up-right directed allowing 

to observe the interdigitate prismatic arrangement in feather-like wings (e.g., Figs. 5, 12). In 

the observed specimens, the apparently occurrence of prismatic layer towards the inner shell 

face (e.g., slab 21 block A3; Fig. 3A–C) could be associated with a section-cutting through 

the area proximal to the end of cardinal area, in the wing-regions (Fig. 12D). The attached 

valve observed in the polished slabs 11a (block A2; Fig. 5) is instead a tangential section of 

Figure 11. A, B) Trichites sp. specimen collected from Toraro Mt. (Vicenza) (distort stitched 

microphotograph). B) Detail microphotographs of Fig. A (yellow rectangle). The maceration process occurring 

in the outer calcitic prismatic layer of L. problematica is also observable in this genus (yellow arrow). See text 

for further details. 
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the adult bivalve shell (Fig. 12E). Peripheral areas were calcite-rich therefore the occurrence 

of several calcitic layers are more frequent (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Considering the large number of collected specimens, the sampling bias can be ruled 

out for the absence of documented calcitic outer layer in the previous studies. The absence is 

therefore due to taphonomic alteration. The most studied and well-preserved lithiotid 

specimens are collected from the Lessini Mounts (see Chapter 5 for further details), from 

organic-rich marlstones. The high organic content and low/absent permeability of these 

sediments contribute to the preservation of aragonitic layers. Surprisingly, the higher stability 

of calcite respect to aragonite should contribute to the preservation of the calcitic layer. 

Figure 12. A, B) Lithiotis problematica AV 

(specimens deposited at “Piero Leonardi” Museum, 
University of Ferrara, Italy). A) Outer face with 

quite preserved growth increments corresponding to 

those in the feather-like wings. B) AV of another 

specimen, lateral view. The growth increments are 

well-defined along the side. Black arrows point to 

the prominent ornaments both in profile view and 

outer shell face. C) Sketch showing the location of 

prismatic layer remains in the L. problematica AV 

(red portions); side view. D, E) The section-cutting 

of the specimens in the Figs. 3A and 5, respectively 

confirm the occurrence of prismatic calcitic layer 

only in the external portions of the feather-like 

wings of the AV. In the Fig. D and E, the black 

dotted lines indicate the umbonal cavity.  

The shell orientation is according to the up-right L. 

problematica mode of life. 
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Therefore, the previously discussed maceration process could explain the lack of outer 

prismatic layer in the specimens collected in the past. 

 

B.6.4.4. Systematic remarks 

Originally, Lithiotis problematica was included in family Lithiotidae Reis, 1903 (e.g., 

Accorsi Benini and Broglio Loriga, 1977). Bouchet and Rocroi (2010) invalidated the 

authorship of Lithiotidae Reis, 1903, because Reis (1903) used the name “Lithiotiden” that is 

a German vernacular name published after 1900, and thus not available according to the 

ICZN. The author of Lithiotidae is therefore Cox (1971), and the nomenclatural priority 

pertains to the Plicatostylidae Lupher & Packard, 1929. Now, the valid Lithiotis problematica 

Gümbel, 1871 classification is the following (Carter et al., 2011): 

 

Class Bivalvia Linnaeus, 1758 in 1758–1759 

Clade Eubivalvia Carter, nov. 

Subclass Autobranchia Grobben, 1894 

Infraclass Pteriomorphia Beurlen, 1944 

Cohort Ostreomorphi Férussac, 1822 in 1821–1822 

Subcohort Ostreioni Férussac, 1822 in 1821–1822 

Megaorder Ostreata Férussac, 1822 in 1821–1822 

Order Ostreida Férussac, 1822 in 1821–1822 

Suborder Malleidina! J. Gray, 1854 

Superfamily Pterioidea! J. Gray, 1847 (Goldfuss, 1820) 

Family Plicatostylidae Lupher & Packard, 1929 

Genus Lithiotis Gümbel, 1871 

Lithiotis problematica Gümbel, 1871 

 

In literature, another genus similar to Lithiotis was reported: Plicatostylus Lupher & Packard, 

1929, which is considered a junior synonym of Lithiotis Gümbel, 1871 (Grubić, 1961; Buser, 

1965; Broglio Loriga and Neri, 1976; Accorsi Benini and Broglio Loriga, 1977; Smith and 

Tipper, 1986; Nauss and Smith, 1988; Debeljak and Buser, 1998; Aberhan, 1998, 2001; 

Fraser et al., 2004; Ros-Franch et al., 2014). 

In the family Isognomonidae Woodring, 1925, the calcitic prisms show mostly 

irregular, wavy polycrystalline extinction in crossed polarized light (Carter, 1990). The same 

extinction is shown in the family Bakevellidae King, 1850 distinguished by outer shell layer, 
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usually calcitic, with regular prisms in both valves (Carter, 1990). This is completely different 

from the family Pinnidae Leach, 1819 where the calcitic regular prisms show a perfect, 

monocrystalline extinction under crossed polarized light due to optically homogenous nature 

of each crystal (Carter, 1990). The observed extinction in the FV is different from Trichites 

sp. (Pinnidae) distinguished by well-defined monocrystalline extinction and from 

inoceramids, which show grainy extinction. It is more similar to the wavy extinction 

characterizing the Bakeveliidae and Isognomonidae families. This phylogenetic relationship 

confirms the hypothesis so far proposed, on the basis of shell morphology, by Seilacher 

(1984) and Savazzi (1996). 

 

B.6.5. Conclusions 

 Studies on some extraordinarily preserved Lithiotis problematica shells have allowed 

to improve the knowledge on the microstructure of the outer shell layer and of the free valve 

morphology. Multiple screening tests (i.e., SEM, Raman and cathodoluminescence analyses) 

were carried out for the detection of the preservation state. 

• The thin free valve shows the same height and the same internal features (i.e., feather-

like wings and central platform with ridge and groove structures) of the attached 

thicker valve.  

• A calcitic prismatic outer layer occurs both in the attached and free valves. The simple 

prisms are organized in several sub-layers and varies from ~50 µm to ~95 µm in 

height (along c-axis) and from ~10 µm to ~60 µm in width. The entire calcitic layer is 

up to ~500 µm thick. In the attached valve, the layer doesn’t reach the inner central 

platform. The calcitic simple prims provide high shell flexibility due to the occurrence 

of inter-crystalline sheaths made by conchiolin as described in the living Pinna. The 

probable occurrence of conchiolin-rich rim along the ventral region confirm that the 

shell opening mechanism was based on margin flexibility. 

• The rare preservation of outer prismatic calcitic layer is likely due to a very rapid 

burial which impeded the maceration process. 

• The microstructure of the outer calcitic prisms suggests a close phylogenetic 

relationship of Lithiotis with the families Bakevellidae and Isognomonidae.  
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B.6.6. Supplementary data 
 

The analysed specimens 
 

Method Sample Sample ID Notes 

Acetate peels on 

polished slabs 

Attached valve - slab 15b (block A2)   

Articulated individual - slab 21b 

(block A3) 
  

Articulated individual - slab 23b 

(block A3) 
  

Attached valve - slab 11a (block A2) Av2 Section 

Attached valve - slab 16b (block C) Av16 Section and surface 

Attached valve - slab 18a (block C)   

Attached valve - slab 21b (block C)   

Thin sections 

Trichites sp. (Toraro Mt.) Tr Section and surface 

Free valve - 23 (block A3) Fv3 Surface 

Free valve - 14 (block A2) Fv4 Surface 

Free valve - isolated block Fv5 Section 

Attached valve - 16 (block C) Av16 Section 

Attached valve - To41.2 (block G) Av3 Section 

Attached valve - To41.3 (block G) Av4 Section 

Cathodoluminescence 

(CL) 

Attached valve - 11 (block A2) Av2 Section 

Free valve - 24 (block A3) Fv2 Section 

SEM-EDS 

Trichites sp. (Toraro Mt.) Tr Section and surface 

Free valve - 22 (block C) Fv1 Section and surface 

Free valve - 24 (block A3) Fv2 
Section 

Same thin section of CL 

Attached valve - 22 (block C) Av1 Surface and section 

Attached valve - 11 (block A2) Av2 
Surface and section 

Same thin section of CL 

Attached valve - To41.2 (block G) Av3  

Attached valve - isolated samples Av5 Surface 

 
Table 1. Summary of the studied specimens. Attached and free valve is always referred to Lithiotis problematica 

individuals. Block G is an isolated block collected from the debris of TorA2. Fv5 and Av5 are not referred to the 

same articulated individual.  
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Figure 1. Polished slabs of the block A2 showing several Lithiotis problematica individuals (Ngadiuba 2015, 

modified). In the block A1 the shells are not well-defined (see Appendix B.6, Fig. 1). The respective thickness 

(mm) are: 0, 14.5, 18.5, 29.2, 33.2, 43.9, 47.9, 59.9. 
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Figure 2. Polished slabs of the block A3 showing several Lithiotis problematica individuals (Ngadiuba 2015, 

modified). The respective thickness (mm) are: 0, 4, 15.6, 19.6, 29.9, 33.9, 45.3, 49.3, 66.3. 
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Figure 3. Polished slabs of 

the block C showing 

several L. problematica 

individuals (Ngadiuba, 

2015, modified). The 

respective thickness (mm) 

are: 13, 30, 40, 55, 70, 84, 

95, 111, 128, 146, 163, 

177, 195. 
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Raman analyses 

Biogenic calcitic and aragonitic samples typically produce noisy spectra because of 

fluorescence due to the occurrence of organic content (Bischoff et al., 1985). The fluorescence 

effect (Fig. 4) was not corrected as done by other works (e.g., Perrin and Smith, 2007).  

In order to compare the obtained spectra, the data was normalized with data analysis and 

graphing software (Figs. 5, 6). Afterwards, the spectra were smoothed, and the Raman shift of 

the main peaks were also reported in the final graphs (Figs. 5, 6; Tab. 2). 

Moreover, the main peaks of calcite and aragonite available in literature are reported in Tab. 3 

and Tab. 4. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Raman spectra of the attached 

valve (sample Av2). The black spectrum 

is related to calcitic prismatic layer 

while the blue one represents the 

recrystallized inner calcite. The 

fluorescence effect is evident in the first 

spectrum due to the occurrence of 

organic content in the pristine calcitic 

microstructure. 

Figure 5. Raman spectra of Lithiotis problematica specimens. For the sample acronyms see Tab. 1. A) Both 

spectra are referred to the same sample. The two colours indicate two different analysed points. B) The black 

spectrum corresponds to prismatic layer whilst the blue one to recrystalized inner area (calcite). 
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Figure 5. continued. Raman spectra of Lithiotis problematica specimens. For the sample acronyms see Tab. 1. C) 

The spectrum of analysed sample Fv5 shows no picks. D) The upper spectrum corresponds to prismatic layer 

whilst the lower one to recrystalized inner area (calcite).  

Figure 6. Raman spectra of Lithiotis problematica specimens. For the sample acronyms see Tab. 1. A) The red 

spectrum indicates the recrystallized inner area (calcite). B) The two colours indicate two different points of the 

same specimens. C) Microphotograph of the analysed recrystallized area (sample Fv2). Note bigger calcitic 

crystals. D) Microphotograph of the analysed prismatic layer (sample Fv2). 
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Specimen 

ID 

Supposed pristine 

mineralogy 

Raman Analysis 

Lattice modes ν4 ν1 ν3 
Raman deduced 

mineralogy 

Av2 
Calcite  156 283 712 1086  Calcite 

Calcite (recrystallized)  156 282 712 1086  Calcite 

Av3 
Calcite  155 283  1086  Calcite 

Calcite    707 1081 1432 ?Calcite 

Fv1 
Calcite     1085  ? 

Calcite     1086  ? 

Fv2 

Calcite    713 1085  calcite 

Calcite 

(recrystallized) 
 155 282 713 1086  calcite 

Fv3 
Calcite     1086  ? 

Calcite 142 155 281 712 1086  ? calcite 

Fv5 Calcite       ? 

 

Table 2. Raman frequencies of the studied Lithiotis problematica shells. In some cases, the spectra results cannot 

be interpreted (?). ?Calcite indicates uncertain results. Av1, Attached valve 1; Fv1, Free valve 1.  

 

BIOGENIC CALCITE 

A. Sample 
Composition 

mole % MgCO3 
T L ν4  ν1  ν3   

1 White coral - 159 285 716 1011 1089 1131 1441 1522 1750 

1 Pink coral - 148 284 715 1020 1087 1134 nm 1527 nm 

2 Barnacle 1.2 152 277 711 - 1085 - - - - 

2 
Diadema 

antillarum 
6.2 145 274 712 - 1084 - - - - 

2 
Lytechinus 

variegatus 
6.5 149 271 710 - 1084 - - - - 

2 
Diadema 

antillarum 
9.1 152 279 712 - 1086 - - - - 

2 
Tripneustes 

esculentis 
10.5 im 280 714 - 1086 - - - - 

2 
Lytechinus 

variegatus 
11.2 im 279 Nr - 1086 - - - - 

2 
Lytechinus 

variegatus 
11.3 155 282 713 - 1085 - - - - 

2 
Diadema 

antillarum 
11.8 152 284 nr - 1087 - - - - 

2 
Lytechinus 

variegatus 
12.0 im 277 713 - 1086 - - - - 
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2 
Diadema 

antillarum 
12.2 153 284 715 - 1087 - - - - 

2 
Homotrema 

rubrim 
12.4 148 276 712 - 1085 - - - - 

2 
Echinometra 

lucanter 
13.3 152 282 714 - 1087 - - - - 

2 
Echinometra 

lucanter 
13.6 157 284 715 - 1087 - - - - 

2 
Lithothamnium 

corallioides 
15.5 im 270 nr - 1086 - - - - 

2 Amphiroa rigida 19.5 im 277 714 - 1087 - - - - 

5 Barnacle, Italy ~ 4 155 282 713 - 1087 - - - - 

5 

Paracentrotus 

lividus (Echinoid), 

Italy 

~ 10 156 284 713 - 1088 - - - - 

5 
Cidaris 

(Echinoid), Italy 
~ 15 156 286 714 - 1088 - - - - 

CALCITE (SYNTHETIC) 

1-2 Calcite ~ 0 154 281 711 - 1085 - 1434 - 1748 

3  ~ 0 155 282 711 - 1085 - - - - 

2  1.9 155 281 711 - 1085 - 1435 - 1747 

2  3.9 155 281 712 - 1086 - 1436 - 1748 

2  5.7 155 282 712 - 1086 - 1436 - 1747 

2  8 156 284 714 - 1087 - 1438 - 1749 

2  9.9 157 284 714 - 1087 - 1438 - 1749 

1  9.9 157 284 714 - 1087 - 1438 - 1750 

2  12.5 156 283 714 - 1087 - 1438 - 1749 

2  15 156 286 716 - 1086 - 1439 - 1750 

2  25 154 278 715 - 1088 - 1439 - 1748 

5 
UNIMIB standard, 

Chihuahua, Mexico 
~ 0 154 281 712 - 1086 - - - - 

 

Table 3. Main peaks for biogenic and synthetic calcite reported in literature. A., author. 1, Urmos et al., 1991; 2, 

Bischoff et al., 1985; 3, Behrens et al. 1995; 4, Perrin and Smith, 2007; 5, Borromeo et al., 2017; -, not reported. 
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Table 4. Main peaks for aragonite reported in literature. A., author. 1, Urmos et al., 1991; 2, Bischoff et al., 1985; 

3, Behrens et al. 1995; 4, Perrin and Smith, 2007; 5, Borromeo et al., 2017; -, not reported. S-AC: semi-amorphous 

carbon. 

 

ARAGONITE 

A. Sample Lattice modes ν4   ν1 
S-

AC 
ν3  

S-

AC 

3 
Aragonite 

(synthetic) 
142 152 179 189 205 213 273 282 701 705 - - 1082 - - - - 

1 
Aragonite 

(synthetic) 
143 153 180 190 206 247 261 284 701 705 - 853 1085 - 1462 1574 - 

1 Porites coral 145 155 182 192 208 249 264 286 704 707  nm 1086  1463 1573  

4 

Lobophyllia 

corymbosa 

(skeletal 

fibers; 

modern 

coral) 

- 151 179 - 204 248 - - 703 - 717  1085 1336 1458 1572 1603 

4 

Lobophyllia 

corymbosa 

(calcification 

center; 

modern 

coral) 

- 152  - 202 - - - 704 -   1081 1344 1460 1573 1584 

4 

Lobophyllia 

corymbosa 

(calcification 

center; 

ancient 

coral) 

148 - 179 - 201 - - - 703 706 717 - 1081 1343 1459 1562 1586 

5 

UNIMIB 

standard, Val 

Formazza, 

Italy 

154 -  - 207 - - - 702 707 - - 1087 - - - - 
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B.7. Altered chalky deposit in juvenile Lithiotis 

problematica individual 
 

The single studied specimen was deposited at the 

“Piero Leonardi” Museum of the University of Ferrara and 

was collected from Lessini Mounts (see Chapter 5 for 

further details). 

The studied shell is likely juvenile individual (Fig. 1). In 

polished section, the inner part of the shell shows a 

completely altered brown area (calcite) and a central white 

region, likely preserved as aragonite (Fig. 2A). At crossed-

polarized microscope this area does not show specific 

extinction, probably due to slight diagenetic alteration. 

The inner part of the specimen has been observed in 

transversal section with SEM (Fig. 2A). The distinction 

between brownish recrystalized calcite and white area is 

sharp (Fig. 2B). Even though the original microstructure is 

not preserved, rare blades provided the spongy appearance 

of the “chalky” structure. During the diagenesis these thin 

sub-parallel blades, which distinguished the chalky microstructure, were fused together. The 

altered structures observable in this sample are quite similar to those observed by Ragaini and 

Di Celma (2009; fig. 10) in the Pleistocene oysters from Ecuador. In the literature, the presence 

of chalky deposit was suggested only by Chinzei (1982, fig. 7D), who documented the 

“granular texture of the inner calcitic part”, due to the alteration of original chalky 

microstructure. The inner calcitic part is here described as granular or prismatic grains with 

irregular prisms and parallel streaks (Chinzei, 1982, p. 189). As suggested by several authors 

(e.g., Chinzei et al., 1982; Seilacher, 1984; Vermeij, 2013), the occurrence of chalky deposits, 

is considered a successful feature to prevent the sinking among the “secondary soft-bottom 

dwellers” organisms.  

The SEM-EDS analysis revealed a weakly difference in Mg content between the area with 

altered blades (spectrum 9; Fig. 3) and completely fused microstructure (spectrum 6; Fig. 3). 

The higher Mg content in the last area is likely due to more intense diagenetic alteration (see 

Appendix B.6 for further details). 

 

Figure 1. The analysed specimen of 

Lithiotis problematica. The red line 

points to the cutting profile. dog, 

direction of growth. 
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Figure 2. Lithiotis problematica altered chalky deposit. A) High resolution scan of the analysed area (red arrow). 

B–D) Scanning electron images of studied bivalve microstructures. B) The border between completely 

recrystallized inner part (brown area in image A) and quite preserved chalky area (white part in image A) is sharp 

(red arrow). C, D) Altered chalky deposit; rare partially fused lamellae are still recognizable (black arrow). 

Figure 3. SEM-EDS analysis of Lithiotis 

problematica altered chalky deposit. Mg is locally 

abundant (spectrum 6), corresponding to the fused 

(more altered) area. 
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“Questa conclusione, benché trovata da povera gente, c'è parsa così giusta, 
che abbiam pensato di metterla qui, come il sugo di tutta la storia. 

La quale, se non v'è dispiaciuta affatto, vogliatene bene a chi l'ha scritta […]. 
Ma se in vece fossimo riusciti ad annoiarvi, credete che non s'è fatto apposta.” 

(A. Manzoni, I promessi sposi) 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 


