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- The fractures trend NNE/SSW and dip steeply, most commonly in an easterly direction. 

 

Figures PK19-21 – Pobiti Kamani – Locality 4: PK19. NNE trending fracture network through a sub-

horizontal carbonate layer, at higher elevation than the carbonate pipes observed to the east. 

PK20,21. Examples of the measured fracture surfaces. Weathering and erosion may have 

slightly altered the true orientation of the fractures. 

 

Diagram A-C – Locality 4. A diagram to further highlight the potential distortion of the original fracture 

geometry (A), following weathering and erosion (B), in addition to subsequent infill of the top 

surface with recent sand/ soil deposits (C).
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4.1.5.  Pobiti Kamani – Locality 5 – Inside a cave 50 m north of locality 4 

- A cave, representing an upper and lower carbonate layer, supported by carbonate pipes is 

present at this locality (Figure PK22). 

- The fractures observed on the top of the upper carbonate layer, observed at locality 4, 

extend to the base of the carbonate layer, which can be observed on the cave ceiling at 

locality 5 (Figure PK24). 

-  We inferred in some places that parts of the cave may have been washed with concrete, 

to preserve the structural integrity of the ‘cave’. Therefore, caution was taken when making 

observations at this locality. 

- The cave ceiling did not appear to have stalactites (Figure PK24). Stalactite formation relies 

on a constant supply of water for their continued formation. 

- One of the carbonate pipes inside the cave, acting as a supporting wall for the upper sub-

horizontal carbonate layer, had a large, metre scale vertically orientated convex structure 

on its outer surface. This structure was 5-7 cm in diameter, with a diffuse widening top, 

thinning slightly towards the base, with a slightly sinuous vertical geometry (PK23,25). It is 

unlikely that precipitation into a fracture would create the cylindrical / convex geometry, 

neither would such a geometry be characteristic of a stalactite, particularly given the slight 

sinuous vertical geometry. Therefore, it may be interpreted as a large burrow. If this is a 

large burrow, I would attribute it to a tube worm of the genus Lamellibrachia. This type of 

tube worm lives at deep-sea cold seeps where hydrocarbons are leaking out of the seafloor. 

They can reach up to 3 m in length, which could explain the size of the structure observed. 

This would also explain other examples of this type of structure observed at other localities, 

which also contained sub-horizontal branching networks. 

Locality 5 summary: 

- From the evidence presented in the cave, it may be more confidently interpreted that the 

sub-vertical, convex structures on the outer surface of the carbonate pipe structures 

represent burrows (Figure PK23,25). 

- This locality provides evidence that the carbonate pipes are linked to an upper sub-

horizontal carbonate layer. Whether the carbonate pipes formed above the seabed, then 

were subsequently enveloped by further sedimentation, or whether they formed beneath 

the seabed is still an area for further discussion. Though, the central core of unconsolidated 

sand would suggest that they formed slightly beneath the seabed surface, as would the 

presence of burrow fossils. 
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- There is still no conclusive evidence that the carbonate pipes and the NNE trending 

fractures are genetically linked, this may only be possible to interpret from the drone 

mapping. The fracture was observed extending through the carbonate pipe at locality 1, 

therefore the fracturing may post-date the formation of the carbonate pipes; it remains an 

area of uncertainty. 

 

Figures PK22-25 – Pobiti Kamani – Locality 5: PK22. Inside the cave, where an upper carbonate layer is 

supported by carbonate pipe structures. PK24. The NNE trending fractures, also observed at 

locality 4, can be seen extending through to the base of the upper carbonate layer. PK23,25. An 

example of an interpreted sub-vertically orientated, metre-scale burrow. This interpretation is 

preferred to other possible interpretations of a stalactite or infilled fracture / vein, which are 

not believed to produce this type of observed geometry.
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4.2 Beloslav Quarry 

- Locality overview: 700 m length x 100 m width area of exposure. Cross sectional view of 

metre-sized tubular carbonate pipes, within an unconsolidated sand host rock. Carbonate 

cemented intervals are also present, which are directly linked to the pipe structures. 

- The outcrop is situated slightly east of the main quarry site (Figure C.3). There is a 30-40 m 

steep drop from West (135 m) to east (95 m). The steepness of the cliff between localities 

6A -7 meant that large parts of the exposure along the 700 m transect were not accessible, 

highlighting the benefit of drone-based imagery.  

 

Figure C.3. Google Earth map of the Beloslav area, highlighting the locality numbers (6, 6A and 7). The 

white horizontal line is 100 m length. The blue icon represents where the car was parked. Safe access to the 

area was achieved along an old road from the west, now largely overgrown with grass.  

Table C.2 Pobiti Kamani fieldwork locality coordinates. 

Locality no. GR (Latitude) GR Longitude 

6  43°12'29.09"N  27°40'48.25"E 

6A  43°12'30.24"N  27°40'47.14"E 

7  43°12'47.30"N  27°40'47.71"E 
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4.2.1. Beloslav Quarry – Locality 6 – Vantage point looking NNW of the exposure 

Vantage point looking NNW towards the exposure. 

- This locality provided an opportunity to gain a contextual overview of the area. 

Main Field observations: 

A – Light grey sand unit changes diffusely to a sandy brown colour towards the top of the interval. 

Birds nest holes, indicate that the sediment is poorly consolidated (Figure BQ1). 

B – There is limited evidence for bedding, suggesting that the sand interval may be heavily 

bioturbated. Decimetre-scale carbonate cemented horizons provide an indication of sub-

horizontal bedding (Figure BQ1). 

C – The carbonate pipes are orientated perpendicular to the carbonate horizons, the pipes are 

orientated sub-vertically. The carbonate pipes are also light grey in colour, the same colour as the 

surrounding sand host rock. The darker grey colour of some pipes is attributed to a greater 

amount of weathering (Figure BQ1). 

D – The pipes are metre-scale in width and appear to occur in discrete clusters. From this vantage 

point, there is no evidence for any regular pattern of the clustering. The separation of the clusters 

appears to be ~2-3m, but could be quantified in more detail by the drone imaging (Figure BQ1). 

E – It is common to observe bifurcation of carbonate pipes upwards towards the top of the pipes 

(where one pipe splits into two), though convergence of pipes is also observed (two pipes 

merging into one).  Some pipes appear intertwined, leading to more complex geometries (Figure 

BQ1). 

F – Where pipes bifurcate, the pipes commonly have a more globular / bulbous / buldging outer 

surface, which often correlates with carbonate cemented horizons (Figure BQ1). 

G – The top of the pipe increases in thickness slightly towards the top. In some areas you can see 

the overlying carbonate interval dips down slightly towards the carbonate pipe, showing a direct 

relationship between the pipe and carbonate horizon. It may be interpreted that sub-horizontal 

fractures and the differing colour (most likely due to preferential weathering) at the interface 

between the pipes and upper carbonate unit, give a false impression that the two units are 

distinct (not linked)(Figure BQ1). 
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H – The carbonate horizons are very discernible due to preferentially less erosion, compared to 

the sand intervals. From this vantage point, there appears to be two main carbonate units of 

metre-scale thickness that the pipes originate from (lower unit) and terminate into (upper unit) 

(Figure BQ1). 

Locality 6 summary: 

- The locality provided a suitable vantage point to understand the geometry of the carbonate 

pipe structures, as well as gain some insight into their relationship with the sub-horizontal 

carbonate interbed units. Further observations will be made at locality 6A, in order to 

further understand the relationship between the carbonate pipes and sand host rock. 

 

Figure BQ1 – Beloslav Quarry – Locality 6: BQ1. Vantage point looking NNW, providing an understanding of 

carbonate pipe geometry, and the relationship of the pipes with the surrounding sand host 

rock, and the upper & lower carbonate horizons. The letters correspond to the main field 

observations described on the previous page. 

4.2.2. Beloslav Quarry – Locality 6A – 40 m north of locality 6 

- A close-up view of the sand intervals and carbonate pipes observed from the vantage point 

at locality 6. 

- A more detailed description of the sand host rock is provided from making further field 

observations. 
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Rock description of the unconsolidated sand host strata: 

- From locality 6, it appeared that the unit graded from a light grey colour, upwards into a 

more sandy (orange / light brown) colour. On closer inspection, the sandy colour is caused 

by weathered soil material from above. 

- The host strata material is composed of well sorted, fine sand (200 µm). It is highly friable 

and uncemented. The host rock material is composed of predominantly quartz, with a 

carbonate matrix (micrite) that dissolves with dilute hydrochloric acid (HCL). The grains are 

unreactive to the HCL. 

- The host material commonly contains shell fragments, an abundance of Nummulites, 

ranging from 0.5 – 25 mm in diameter. Nummulites are common in Eocene aged marine 

rocks found in the Mediterranean. Dense clusters of Nummulites commonly display a 

subtle imbricate texture, with subhorizontal alignment (Figure BQ3). The large size range 

and clustering provides evidence for a higher energy environment of deposition, possibly 

in a mid-outer ramp setting. 

- Within the host strata unit at this locality, there is no evidence for bedding horizons or 

laminations, therefore the unit appears heavily bioturbated. 

The contact between the carbonate pipe and the host rock:  

- The contact between the less weathered pipe and the host rock appears more diffuse than 

the contact between the more weathered pipe and the host rock (Figure BQ2). 

- There is evidence for later stage sub-vertical fracturing, interpreted to have formed post-

exhumation (post-exposure at the surface). Some of these fractures are infilled with 

carbonate (distinct white colour), with 2-5 mm aperture (Figure BQ4). 

- The same bioclastic material is present in both the host rock and the carbonate pipe (Figure 

BQ7,8). 

Contact between the carbonate pipe and upper carbonate layer: 

- On closer inspection, the carbonate pipe and upper carbonate interbed layer are the same 

colour and have the same composition. The view from the vantage point (locality 6), is 

slightly deceptive, as the upper carbonate layer has a white coloured thin outer crust, 

caused by weathering (Figure BQ5).  

- The base of the upper carbonate interbed layer contains an abundant network of 

horizontal, branching burrows (Thalassinoides) (Figure BQ6). 

- A closer inspection proves the interpretation that the sub-horizontal fractures at the top of 

the carbonate pipes (locality 6 – observation G) have likely formed post-exhumation, as the 
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contact between the pipe and upper carbonate interbed appears very diffuse, with the pipe 

emanating into the upper carbonate layer (Figure BQ5).  

Sampling: 

- Two samples were collected from the carbonate pipes (samples L-M)(L - the dark grey 

coloured pipe)(M- the less weathered pipe). 

- Two samples were collected from the unconsolidated sands of the host strata (N-O).  

Locality 6A summary: 

- The host rock is composed of poorly consolidated, quartz sandstone with minor micritic 

cement. The unit is heavily bioturbated, with an abundance of Nummulites. 

- The carbonate pipe and host sandstone have a similar composition and texture, the only 

differences are the amount of carbonate cementation and the presence of burrow fossils. 

- There appears to be a direct relationship between the carbonate pipe and upper carbonate 

interbed unit, as they have the same texture and composition. The carbonate pipe, which 

widens towards the top, emanates into the carbonate horizon. 

 

Figures BQ2-4 – Beloslav Quarry – Locality 6A: BQ2. Two carbonate pipes observed, one less weathered (in 

the foreground) and one more weathered (the dark grey coloured pipe). BQ3. The poorly 

consolidated sandstone host rock, containing an abundance of fossil Nummulites (0.5-25 mm 

size) which are often observed in ~10 cm diameter clusters. BQ4. Sub-vertical fractures 
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observed splaying from the carbonate pipe within the sandstone host rock, interpreted as post-

exhumation features. The yellow letters (M-O) outline core sample locations. 

 

Figures BQ5-8 – Beloslav Quarry – Locality 6A: BQ5. The interface between the top of the carbonate pipe 

and the upper carbonate interbed unit. The carbonate pipe emanates into the upper carbonate 

interbed unit, despite the false appearance of a sharp contact due to a sub-horizontal fracture 

and white staining of the upper carbonate interbed unit. BQ6. Horizontal branching burrow 

network at the base of the upper carbonate interbed unit. BQ7. Another view of the carbonate 

pipe, appearing to intruded vertically upwards through the poorly consolidated sand host rock. 

BQ8. An abundance of shells and shell fragments 0.5-25 mm in size within the carbonate pipe, 

highlighting the similarity in composition between the pipe and the surrounding sandstone 

host strata. The yellow letter ‘L’ outlines a core sample location. 

Beloslav Quarry – Brief stop between Locality 6A and 7 

- Metre-scale carbonate pipes displaying sub-vertically oriented veining within fractures 

(Figure BQ9). 

Observations of the veins within the carbonate pipes (Figure BQ9): 

- The veins were 0.5-3 cm thickness, white in colour, reactive to HCL, and have a metre-scale 

vertical extent. 

- The veins display a constant thickness from top to bottom, with a sharp top and base 

(where observed). 
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- The veins were linear in shape, displaying no degree of sinuosity. There was no evidence of 

branching of the veins. 

- The veins appear to display a predominant N/S orientation. However, this may be slightly 

due to exposure bias (based on the surfaces that we can observe in outcrop). It was too 

dangerous to take measurements here due to unstable, steep ground surface close to 

exposure. 

 

Figures BQ9 – Beloslav Quarry – Between Localities 6A and 7: BQ9. Metre-scale carbonate pipes 

displaying interpreted secondary sub-vertical carbonate veining within fractures. The veins are 

orientated NNE/SSW.  

4.2.3. Beloslav Quarry – Locality 7 – 500 m north of locality 6A at a carbonate pipe 

cluster. 

The objective at this locality was to sample the carbonate cemented sub-horizontal intervals, as 

well as make further geological observations. 

Field Observations: 

- A cluster of carbonate pipes of metre-scale diameter. 

- The carbonate pipes extend vertically for 5-10 m (more detailed measurements to be 

gathered from the drone imagery). 

- This outcrop is highly weathered, veining is clearly visible, comparable to the stop between 

locality 6A and 7 (Figure BQ11). The veins are also predominantly sub-vertically orientated. 
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- There is an example of a 20 cm diameter pipe, with a hollow interior, which appears to have 

previously contained unconsolidated sand (Figure BQ10). The interior of the carbonate pipe 

is analogous to examples observed in Pobiti Kamani. This relatively thinner pipe appears to 

have formed upwards, along the outer surface of a carbonate pipe with a largely metre-

scale diameter (Figure BQ10).  

- Similar to other carbonate pipes, this smaller pipe widens at the top, emanating into the 

overlying carbonate horizon (Figure BQ10).  

- Within a (lower) carbonate unit, S-shearing is observed (Figure BQ12). The observed S-

shearing is orientated NNE-SSW.  

- The carbonate pipes at this locality appear to extend beyond the upper carbonate interbed 

horizon observed at locality 6A (Figure BQ14), which may be important for understanding 

the mode of formation of the pipes (i.e. the pipes do not always terminate at the thick 

carbonate intervals). 

- Towards the base of the carbonate pipes at this locality (Figure BQ13), there is a bioclastic, 

shell-rich carbonate unit, composed of broken shell fragments 0.5-20 mm in size (Figure 

BQ15). The bioclastic unit is likely representative of a mid-ramp depositional environment. 

This carbonate unit is laterally extensive and is representative of the carbonate horizon / 

unit sampled from this site (Figure BQ16).[A sample is taken through the outer crust layer 

formed from weathering of the carbonate horizon] 

Sampling: 

- Four samples were collected from this site: Two samples from the carbonate cemented, 

bioclastic horizon / unit, one sample from a metre-scale carbonate pipe (the 20 cm pipe 

was too structurally unstable to sample from), and one sample through the S-shear 

structure within the carbonate horizon.  

Locality summary: 

- The carbonate pipes at this locality extend vertically through two prominent carbonate 

horizons, indicating that they do not always terminate at carbonate interbed horizons. This 

may suggest that if there is constant / continued methane flux vertically upwards towards 

the seabed, that it is possible to get multiple generations / sequences of MDAC (methane-

derived authigenic carbonate) pipes, as part of a cold-seep system.  
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Figures BQ10-12 – Beloslav Quarry – Locality 7: BQ10. 20 cm diameter carbonate pipe with hollow interior 

(previously infilled with unconsolidated sand), running vertically along the outer surface of a 

large diameter pipe. BQ11. Fractures and carbonate veins observed, cross cutting both the 

carbonate pipes and surrounding host rock, with no clear orientation or trend. BQ12. S-shaped 

shear fabric within a carbonate horizon. Yellow letters (R and S) outline core sample locations. 
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Figures BQ13-16 – Beloslav Quarry – Locality 7: BQ13,15. A laterally extensive bioclastic carbonate 

interbed horizon, present near the base of a series of carbonate pipes. BQ14. An overview 

image of locality 7, displaying a carbonate pipe cluster, which extends vertically 5-10 metres 

through two prominent carbonate interbed horizons. BQ16. The bioclastic carbonate horizon 

has been sampled, and a core has been collected through a thin outer carbonate crust (which 

has formed due to weathering). The yellow letters (P-Q) outline core sample locations. 
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5. Direct Sampling 

Table C.3 Samples collected 

Sample Location Locality no. GR (Latitude) GR Longitude Type of structure  

A Pobiti Kamani 2 43°13'27.98"N 27°42'26.06"E  Burrows on a carbonate pipe 

B Pobiti Kamani 2 43°13'27.98"N 27°42'26.06"E Carbonate pipe 

C Pobiti Kamani 2 43°13'27.98"N 27°42'26.06"E  Burrows on a carbonate pipe 

D Pobiti Kamani 2 43°13'27.98"N 27°42'26.06"E Carbonate pipe 

E Pobiti Kamani 3 43°13'43.57"N 27°42'21.20"E Carbonate pipe - Inner part of column 

F Pobiti Kamani 3 43°13'43.57"N 27°42'21.20"E Carbonate pipe - Central part of column 

G Pobiti Kamani 3 43°13'43.57"N 27°42'21.20"E Carbonate pipe - Outer part of column 

H Pobiti Kamani 3 43°13'43.57"N 27°42'21.20"E Carbonate pipe - Inner part of column 

I Pobiti Kamani 3 43°13'43.57"N 27°42'21.20"E Carbonate pipe - Central part of column 

J Pobiti Kamani 3 43°13'43.57"N 27°42'21.20"E Carbonate pipe - Outer part of column 

K Pobiti Kamani 3 43°13'43.57"N 27°42'21.20"E Background unconsolidated sand  

L Beloslav Quarry 6A 43°12'30.24"N 27°40'47.14"E Carbonate pipe 

M Beloslav Quarry 6A 43°12'30.24"N 27°40'47.14"E Carbonate pipe 



 

262 

N Beloslav Quarry 6A 43°12'30.24"N 27°40'47.14"E Unconsolidated sand from host strata - Dikilitash Fm. 

O Beloslav Quarry 6A 43°12'30.24"N 27°40'47.14"E Poorly consolidated sand sample from host strata - Dikilitash Fm. 

P Beloslav Quarry 7 43°12'47.30"N 27°40'47.71"E Carbonate cemented sub-horizontal layer along bedding plane 

Q Beloslav Quarry 7 43°12'47.30"N 27°40'47.71"E Carbonate cemented sub-horizontal layer along bedding plane 

R Beloslav Quarry 7 43°12'47.30"N 27°40'47.71"E Carbonate pipe 

S Beloslav Quarry 7 43°12'47.30"N 27°40'47.71"E Sample of S-shear within carbonate cemented sub-horizontal layer 

 

Table C.4 Sample dimensions 

Sample Structure strike Structure dip Sample strike Sample dip Sample height (mm) Sample diameter (mm) 

A n/a 90 168/348 90 22-25 26 

B n/a 90 162/342 90 24 25 

C n/a 90 238/58 90 24-26 26 

D n/a 90 208/38 90 24-25 25 

E 351 44 171 60 17-25 25 

F 351 44 171 60 25 25 

G 351 44 171 60 16-25 26 
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H 351 44 171 60 15-25 25 

I 351 44 171 60 17-25 25 

J 351 44 171 60 20-23 26 

K n/a n/a n/a n/a n/a n/a 

L n/a 90 n/a 90 12-24 25 

M n/a 90 n/a 90 14-22 25 

N n/a n/a n/a n/a n/a n/a 

O n/a n/a n/a n/a n/a n/a 

P 306 8 190 85 20 25 

Q 306 8 190 85 19 25 

R n/a 85 n/a 85-90 15 25 

S 306 8 155/335 90 18 25 
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6. Structural Measurements 

Table C.5 Structural Measurements – Pobiti Kamani - 1  

Location Locality no.  Context Strike Dip 

Pobiti Kamani 1 
Measurement of fractures in the sub-horizontal 

carbonate layer 
201 87 

   188 80 

   204 68 

   189 80 

   189 80 

   209 80 

   198 74 

   8 82 

   184 78 

   29 80 

   209 60 
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   196 72 

 
Figure C.4. Stereonets showing strike and dip plane measurements for fracture orientation, observed in the sub-horizontal carbonate layers at Pobiti Kamani locality 1.
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Table C.6 Structural Measurements – Pobiti Kamani - 2  

Location Locality no. Context Strike Dip Strike Dip 

Pobiti Kamani 4 

Measurement of NNE trending 

fracture set in the sub-horizontal 

carbonate layer 

220 74 186 65 

   194 76 2 59 

   190 50 0 62 

   188 80 0 87 

   5 80 2 80 

   10 60 190 80 

   190 78 181 81 

   178 80 178 75 

   358 48 179 90 

   186 78 186 80 
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Figure C.5. Stereonets showing strike and dip plane measurements for fracture orientation, observed in the sub-horizontal carbonate layers at Pobiti Kamani locality 1. 
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Table C.6 Structural Measurements – Beloslav Quarry -1 

Location Locality no. Context Strike Dip 

Beloslav Quarry 7 Bedding orientation 318 4 

   300 14 

   300 5 

 

Figure C.6. Stereonets showing strike and dip plane measurements for bedding orientation, for the sub-horizontal carbonate interbeds at Beloslav quarry. 
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