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1) The study area is located in Billefjorden, Svalbard, where a Carboniferous graben structure has been described onshore: the Billefjorden Trough.

3) The structures observed within the heterogeneous deposit suggest that the Odellfjellet fault influenced its deposition.

2) The formation of the heterogeneous deposit of area 1 is most likely related to gravitational processes.
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The heterogeneous deposit found in the hanging-wall of the Odellfjellet fault likely corresponds to a late Carboniferous fault-growth deposit and/or to a dissolution breccia.

Figure 1: A) Geological map of Svalbard, modified after Dallmann et al. (2015), showing the location of figure 1B in a black frame. The upper right corner box is modified after Jakobsson et al. (2000) and corresponds to a bathymetry map of the northeastern part of the 
Atlantic Ocean showing the location of Svalbard in a white frame; B) Overview map of the Billefjorden Trough displaying the outcrop extent of Carboniferous rift sediments in Billefjorden. The location of figure 1C is outline by a red box and the location of the cross-section 
in figure 1D by a red line. Modified after Maher & Braathen (2011); C) Satellite photograph showing the main faults in the study area in red. The corresponding fault names are labelled in white. The white frames show the location of the studied outcrops in the hanging-
wall of the Odellfjellet fault (areas 1 & 2). Photograph from toposvalbard.npolar.no; D) Schematic E-W cross-section across the Billefjorden Trough showing the major faults and stratigraphic units. Location shown in fig. 1B. Modified after Braathen et al. (2011).

Figure 3: A) Field photograph showing the heterogeneous deposit in area 1 and the western part of area 2 (see fig. 1C for location). The dashed white lines indicate possible E-dipping stratification surfaces within the heterogeneous deposit. This layering may indicate several 
pulses in the deposition of the heterogeneous deposit. The white lines show the location of a discrete, dark shaly bed that displays bedding strike and dip that are representative of what was generally observed for bedding surfaces in area 2, and that is offset by minor, N-S 
to NW-SE trending extensional faults that were frequently observed in area 2 (dashed red lines); B) Lower hemisphere stereonets showing the poles to bedding surfaces on the left, and the great circles for fracture surfaces in the heterogeneous deposit on the right, in area 
1; C) Lower hemisphere stereonets showing the poles to bedding surfaces on the left, and the great circles for fracture surfaces on the right, in area 2. The bedding and fracture surfaces show a significantly broader spread in dip-angle in area 1 than in area 2, but display 
similar trends. This may indicate that, during transport, the clasts observed within the heterogeneous deposit in area 1 have mostly been rotated along a single axis that is orthogonal to the photograph, i.e. parallel to the Odellfjellet fault. Furthermore, the possible E-
dipping stratification surfaces (dashed white lines) together with the dominantly NE to SE-dipping bedding surfaces recorded in the heterogeneous deposit (cf. left hand-side stereonet in B) may indicate that the material that composes the heterogeneous deposit comes 
from the footwall of the Odellfjellet fault. This is reinforced by the presence of lithologies from the lower part of the Minkinfjellet Formation (cf. fig. 2). Alternatively, the broader spread in the bedding surface trends might indicate that the heterogeneous deposit is part of a
columnar dissolution breccia deposit that are common in this part of the stratigraphy in the Billefjorden Trough (Eliassen & Talbot 2003; 2005).

Figure 2: A) Outcrop photograph showing the heterogeneous deposit found in area 1 (location shown in fig. 1C). The clasts incorporated in the deposit show lithologies typically observed in the upper part of the Minkinfjellet Formation, such as micritic carbonate (M) 
and limestone showing dissolution features (lst) that were also observed in area 2. The deposit also showed fine-grained, yellowish to greenish sandstone (sst) and hydrocarbon-bearing dolomite that are characteristic lithologies in the lower to middle part of the 
Minkinfjellet Formation (Lønøy 1981; Eliassen & Talbot 2003). On this photograph, the block of sandstone (sst) shows sub-vertical bedding (in black) and sub-horizontal fractures (in red) suggesting that this boulder was rotated after sediment deposition and 
fracturing; B) Outcrop photograph showing a zoom in a limestone (lst) clast that displays characteristic, millimeter-size dissolution features; C) Outcrop photograph showing sigmoidal fabric in clay material (dashed white curves) below the base of a boulder. This 
possibly indicates that the boulder fell and sled on top of poorly consolidated, fine-grained sediments, which triggered the formation of S-like shears in the clay. This tends to suggest that the formation of the heterogeneous deposit is related to gravitational 
processes. Moreover, the presence of sandstone and hydrocarbon-bearing dolomite, not observed in the adjacent outcrops of area 2 but present in the lower to middle part of the Minkinfjellet Formation, suggests that the material that makes up the heterogeneous 
deposit of area 1 comes from the footwall of the Odellfjellet fault (see fig. 4A). Note that the studied outcrops of the heterogeneous deposit did not contain any clasts of Formations that are stratigraphically older or younger than the Minkinfjellet Formation. This 
possibly indicates that the older Formations were not exposed, or not uplifted high enough in the footwall of the Odellfjellet fault, and that the younger overlying Wordiekammen Formation was perhaps not yet consolidated, or deposited, or was later dissolved in 
the studied outcrops; D) Outcrop photograph of a calcite-rich fault breccia typically observed along fault zones in the hanging-wall of the Odellfjellet fault in area 2 (location shown in fig. 1C). The vertical arm of the yellow measuring tape is 20 cm-long. The dotted 
red curve shows the approximate boundary of the fault-rock in the footwall of the main fault. Note that the heterogeneous deposit observed in area 1 displays a different composition and is significantly larger than fault-rocks observed in the Billefjorden Trough 
(Childs et al. 2009; Bastesen et al. 2013).
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4) The heterogeneity of the deposit favors an interpretation as a fault-growth deposit (model A), or as a composite between a dissolution 
breccia and a fault-growth deposit (model A + B).

Figure 4: Schematic E-W cross-sections showing two possible scenarios for the formation of the heterogeneous deposit observed in the hanging-wall of the Odellfjellet fault; A) The first model argues for a formation as a gravity-driven deposit made of material from 
the footwall of the Odellfjellet fault. This model implies a late Carboniferous age for the formation of the heterogeneous deposit; B) The second model shows a formation as a columnar dissolution breccia related to the dissolution of evaporites in the lower part of 
the Minkinfjellet Formation. The dissolution of evaporites, and thus the formation of the heterogeneous deposit, is believed to have occurred slightly after deposition of the brecciated units, i.e. in the late Carboniferous (Eliassen & Talbot 2005). In addition, the
possible stratification surfaces observed within the heterogeneous deposit (cf. fig. 3) suggest several pulses of deposition and, therefore, potentially several episodes of faulting and/or pulses of dissolution-related brecciation. Note the relatively high level of mixing
between clasts from the upper and lower parts of the Minkinfjellet Formation in model A compared to model B. The highly mixed lithologies from the upper and lower parts of the Minkinfjellet Formation within the heterogeneous deposit suggests some input of
lower-part material from the footwall of the Odellfjellet fault, therefore favoring model A for the formation of the heterogeneous deposit, or a composite between model A and B.
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