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Abstract 22 

Faults in extensional basins commonly display geometries that vary with depth, 23 
presumably reflecting depth- and lithology-dependent mechanical strength.  We 24 
address this important relationship by investigating stratified sequences 25 
consisting of brittle (sand) and brittle-ductile (sand-silicone polymer). We 26 
subject the sand-silicone polymer sequence by multistage extensional 27 
deformation through physical analogue experiments. 28 
  29 
Experiments (series 1) using homogeneous and stratified quartz and feldspar 30 
sand produced asymmetric, composite single grabens with diverse fault 31 
frequency and fault style for the graben margin faults.  32 
For the mechanically stratified experiments with one décollement level (series 33 
2), contrasting graben configurations were produced and that the lowermost 34 
sequence was characterized by graben geometries of similar type to that of the 35 
series 1 experiments, whereas the upper sequence was strongly influenced by 36 
large fault blocks delineated by over-steepened marginal faults sliding above the 37 
silicone layer.  38 
The experiments with two décollements (series 3) displayed similar, but 39 
widening-upward graben geometries, each level being characterized by 40 
independent fault systems. The marginal faults of the grabens were soft-linked 41 
and in some cases hard-linked, thus contributing to a generally consistent graben 42 
geometry at those levels. 43 
The results can be used in explaining the contrasting fault patterns and the 44 
depth-dependent extension at different levels as seen in several places in the 45 
Norwegian continental margin and elsewhere.   46 
 47 
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 54 

Introduction 55 

 56 

Contrasting fault patterns (fault style and frequency) at different stratigraphic 57 

levels in sediment sequences due to lithological contrasts and thus mechanical 58 

strength are common in contractional (e.g. Froitzheim & Eberli, 1990, Grelaud et 59 

al., 2003, Briggs et al., 2006, Bruton et al., 2010, Chapman & McCarty, 2013, 60 

Perrin et al., 2013) as well extensional systems (e.g. Gabrielsen 1984; Harvey & 61 

Stewart 1998; Withjack & Callaway 2000; Dooley et al. 2003; Dutton & Trudgill, 62 

2009; Wilson et al. 2013; Jackson & Lewis 2012; Gabrielsen et al 2016). 63 

Décollement layers are commonly associated with distinct stratigraphic levels 64 

such as evaporite or mudstone (Brun & Choukroune 1989; Koyi & Petersen, 65 

1993, Stewart, 1993, Withjack & Callaway, 2000, Marsh et al., 2010, Jackson & 66 

Lewis 2012; Wilson et al., 2013). It is generally assumed that layer-parallel 67 

décollements are affiliated with distinct bedding-parallel, sub-horizontal sole 68 

faults (Gabrielsen 1984; Gibbs, 1984; Fossen & Gabrielsen, 1995; Wijns et al., 69 

2005; Latta & Anastasio 2007), but  intra-formational flow in stratigraphically 70 

thick sequences can create conditions where strain is more evenly distributed 71 

within the weak unit (Edwards, 1976, Harvey & Stewart 1998; Marsh et al. 2010; 72 

Anell et al., 2013; Jackson & Lewis  2012; Gabrielsen et al. 2016). Décollements in 73 

extensional fault systems are common in many basins worldwide, like in the 74 

Northern Alboran Basin in the Betics (García-Dueñas et al., 1992), the Naxos and 75 

Paros islands in Greece (Gautier et al., 1993) or the Early Cretaceous trans-76 

tensional basins now exposed within the Pyrenean mountain belt (e.g. 77 

Berástegui, et al., 1990). The influence of salt in its structuring is common for all 78 

of these examples.   79 

Several complex fault systems of this kind are found in the Norwegian 80 

continental shelf such as the Hoop the Ringvassøy-Loppa and the Bjørnøya fault 81 
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complexes in the Barents Sea (e.g. Gabrielsen 1984; Gabrielsen et al. 1990; 1997; 82 

2016 Faleide et al. 1993;), the Leirfallet and Bremstein fault complexes of mid 83 

Norway (Marsh et al. 2011; Wilson et al., 2013) and the Egersund area of the 84 

North Sea (e.g.  Kane et al. 2010; Marsh et al. 2010; Jackson et al. 2013; Jackson & 85 

Lewis 2013; Tvedt et al. 2016) illustrate the need for a better understanding of 86 

relationships between graben configurations and fault geometries and their 87 

vertical linkage in sedimentary sequences of mechanical contrasts.  88 

We apply physical analogue experiments, the effects of mechanically stratified 89 

systems (single and multiple décollement layers) on extensional geometries and 90 

fault connectivity upon single and polyphase deformation events. These novel 91 

experiments are complementary to previously published studies using single 92 

décollements in extensional systems (e.g. Withjack & Callaway, 2000, Brun & 93 

Choukroune, 1983, Bahroudi et al., 2003; Gabrielsen et al. 2016).  94 

 95 

 96 

Set-up and conditions for the analogue experiments 97 

The present experiments were performed at the Tectonic Laboratory (TecLab) at 98 

Utrecht University and consisted of stratified brittle-ductile systems with layered 99 

sequences of sieved sand (brittle layers) of similar composition and grain size, 100 

interlayered with silicone putty (SGM-36 Dow Coming; see Weijermars et al. 101 

1993) representing ductile layers.  102 

 103 

All experiments were built on a 1 mm thick plastic sheet (40x40 cm) that was 104 

placed on a flat, horizontal table surface (Figure 1a). The coloured layers of 105 

sieved quartz sand had a grain size of 300 m, density of 1510 kgm-3, cohesion of 106 

30-70 Pa and a coefficient of friction of 0.6. The feldspar sand had a grain size of 107 

300 m, cohesion of c. 15 Pa, a density of 1300 kgm-3. The feldspar sand grains 108 

were, more angular with an internal friction coefficient of 0.75 as an average (see 109 

also Sokoutis et al. 2005: Willingshofer et al. 2005; Luth et al., 2010). The layered 110 

models were scaled so that 10 mm in the model approximates 1 km in nature 111 

(for scaling calculations, see McClay 1990, Brun et al. 1994).  112 

In all cases extension was applied by pulling a basal plastic sheet at a constant 113 

rate of 1 cm/hr. The contact between the fixed and movable base define a 114 
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velocity discontinuity, “VD” (Ballard J-F. et al. 1987; Tron V. and Brun J-P. 1991) . 115 

In all experiments, care was taken to prevent silicone layers coming into direct 116 

contact with the sidewalls in order to avoid unwanted border effects due to 117 

enhanced friction. The development of the structural configurations was 118 

documented by taking one top-view photograph for each centimeter of 119 

extension. When complete, the experiments were covered with a thin layer of 120 

sand to stabilize the structures and the surface topography. After deformation, 121 

the models were soaked in water and cut into longitudinal stripes to expose 122 

cross sections for photographs of the internal structures. In the experiments 123 

where two phases of extension were utilized, the second phase of extension was 124 

applied following the emplacement of a second layer of silicon polymer and 125 

filling of the earlier formed grabens with sand. This sequence accordingly 126 

represented a second cycle of sedimentation. Finally, the results of the 127 

experiments with one phase of extension were compared to results with two 128 

phases of co-axial extension. Emphasis was paid to the reactivation of faults in 129 

response to the second phase of extension.  130 

In the present analysis, the series 1 experiments, consisting of a homogeneous 131 

quartz or quartz-feldspar sand sequence (Figure 1b)  serves as a reference to 132 

the other experiments. Series 2 and 3 experiments were sand-silicone models in 133 

which one (series 2) or two (series 3) layers of silicone were embedded in the 134 

sand (Figure 1c,d). The series 2 experiments where one detachment layer was 135 

utilized, are relevant to the Halten Terrace and the North Sea, which are both 136 

characterized by one dominant salt layer of Triassic and Permian salt, 137 

respectively (Marsh et al. 2010, 2011; Wilson et al., 2013; Kane et al. 2010;  138 

Jackson et al. 2013). The series 3 experiments are of particular relevance to the 139 

Barents Sea area, because this series utilized two layers of mechanical contrast, 140 

which compares to the evaporate- and mudstone-sequences in that area 141 

(Mahajan et al. 2014; Gabrielsen et al. 2016).  142 

The experiments with two phases of extension are of particular interest to e.g. 143 

the Hoop fault Complex of the Barents Sea, where two phases of extension are 144 

likely to have occurred (Mahajan et al. 2017; Gabrielsen et al. 2016).  145 

 146 

 147 
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 148 

Experimental Results 149 

In the following we describe the general development and the final geometries of 150 

each experimental series, utilizing information from individual experiments to 151 

illustrate variations within each experimental series. Detailed information about 152 

the set-up and conditions for each model are given in Table 1. 153 

 154 

Experiment Series 1:  155 

Series 1 experiments, which utilize mechanically homogeneous sand sequences, 156 

produced an overall similar structural style. As a typical example, Experiment 157 

S1-1 was performed by extending a 10 cm thick sequence of homogenous quartz 158 

sand by totally 9 cm in one stage. The initial stage of deformation resulted in a 159 

symmetrical graben, the axis of which was oriented orthogonally to the 160 

extension direction. The first faults became visible on the surface on both sides 161 

of the graben after 1 cm of extension (Figure 2a). Normal faults continued to 162 

develop on the in the footwall block by sequential footwall collapse (Figure 2b-163 

d), so that the oldest faults were found in the inner part of the graben. On the 164 

side of the moving block, deformation was focused in one relatively stable fault 165 

zone that widened and accumulated the displacement as deformation proceeded, 166 

producing a more asymmetrical graben as the experiment proceeded (Figure 167 

2d). 168 

The asymmetric final configuration is evident in the final experiment S1-1 cross-169 

sections (Figure 3a,b), which was characterized by an array of normal faults 170 

affecting the entire sequence, and dipping towards the graben axis on the fixed 171 

(proximal) side and an oppositely dipping distinct, 5 mm wide master fault zone 172 

defining the graben margin at the side of the moving (distal) block. Each fault 173 

was generally planar, but with a listric shape towards its base. 174 

 175 

Experiment S1-2 (Table 1) differed from S1-1 in that it utilized quartz sand in 176 

the lower half of the experiment and feldspar sand in the upper half, creating a 177 

strength contrast within the total sequence (see information about sand types 178 

above).  Furthermore, extension was performed in two stages. Thus, after 6 cm of 179 

extension, the experiment was stopped and a sequence of feldspar sand was 180 
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sieved on top of the experiment before the second stage of extension was started. 181 

By the end of the second stage (6 cm of extension), the total graben width (as 182 

observed at the surface) was less than that in Experiment S1-1, which is also 183 

obvious from the analyzed cross sections. The cross-section of the final stage 184 

display two vertically fault systems. The deepest of these is affiliated with the 185 

deepest part of the basin and developed in the first deformation stage. This fault 186 

system was wider than the system associated with the second stage of extension 187 

affecting the shallower feldspar sand layers.. There was no detachment between 188 

the two layers, so that the faults of the top layer continue without interruption 189 

into the lower layer showing that the inner parts of the two fault systems at the 190 

two levels of became hard-linked during the second phase of extension. In 191 

contrast, the marginal (distal) faults in the stationary wall of the experiments 192 

remained isolated and stable structure during the second stage.   193 

 194 

Experiment Series 2  195 

In experiment series 2, a layer of silicon polymer was introduced in the sequence 196 

(Table 1), and the experiments were performed with two separate stages of 197 

extension. Thus, the experiments were halted after the first stage of extension, 198 

and a silicone polymer layer and a sand sequence of equal thickness to that used 199 

in stage 1 was deposited on the surface (48 mm above the base of the 200 

experiment) from the first deformation stage after smoothing the relief by 201 

sieving sand on it. The three experiments of series 2 displayed almost identical 202 

development and final geometries (Figure 4). In the first stage of these 203 

experiments asymmetrical grabens with an array of synthetic faults facing the 204 

graben axis above the fixed fault block and a wide fault zone above the moving 205 

block were produced (Figure 4). This is similar to the geometry obtained in 206 

experiment S1-1 and the first stage of experiment S1-2 (see above), as expected, 207 

because the experimental set-up and conditions were identical for these parts of 208 

the experiments. 209 

   210 

After depositing the silicone polymer layer and the upper sand, sequential 211 

extension was restarted. In all series 2 experiments an elongated sag-area 212 

started to develop orthogonally to the direction of stretching and above the 213 
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buried graben axis (velocity discontinuity) from the first deformation stage, after 214 

c. 12.5% of total extension. As seen on the surface display, the second stage of the 215 

series 2 experiment was characterized by a much wider, asymmetric horst-and-216 

graben system with an asymmetric central halfgraben situated above a wide, 217 

broken (Figure 4a) or intact (Figure 4b) a fault block that rotated towards the 218 

graben axis, defining a half graben. The large fault blocks were delineated by 219 

anti-listric, normal faults that were rotating towards the graben axis during 220 

transportation towards the graben center of the fault block itself (Figure 4), 221 

lkely due to sliding of the fault block on the silicon polymer layer.  All faults in 222 

this stage in series 2 were rooted in the silicon polymer layer, and were 223 

generally not linked with the faults of stage 1. The only exception from this was 224 

the border faults that were soft-kinked to the deeper faults in all series 2 225 

experiments. All faults in the upper fault system were planar, except for those in 226 

the middle graben that were upward steepening. 227 

 228 

Experiment Series 3  229 

In this series of experiments, a second ductile layer with similar mechanical 230 

properties and dimensions to that used in series 2 was included so that the two 231 

silicon layers were situated 30 and 66 mm above the base of the modeI (Figure 232 

1; Table I). In Experiment S3-1 the model was extended in one stage (totally 4 233 

cm  of the total length of the experiment), whereas two phases of extension  (2 + 234 

2 cm) were adopted for experiments S3-2 and S3-3, with the upper silicone layer 235 

being placed after the first phase of extension.  236 

 237 

All experiments produced an axial sag structure after 6% of extension. This 238 

structure was bordered by two separate narrow, distinct grabens. The first faults 239 

appeared at the surface on the side of the stable block of the sag area after 10% 240 

of extension, whereas the earliest faults on the opposite side of the sag area 241 

appeared slightly later. Thereafter, two more distinct grabens became visible at 242 

the surface on both flanks of the primary graben. All graben units subsided in 243 

concert until the termination of extension. 244 

 245 
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The final profiles show that the first-stage structures in experiments S3-1 and 246 

S3-2 portray simple, slightly asymmetrical grabens that were characterized by a 247 

contrasting number of faults at the two flanks and with rotated graben flanks 248 

related to sliding on the lowermost ductile layer. The central part of these 249 

grabens was situated right above the basal discontinuity (VD). This is identical to 250 

what was observed in the series 1 and the first stage of the series 2 experiments. 251 

The second stage of extension produced similar, but wider structures in the two 252 

upper sand layers, as compared to the ones of the deepest sand layer. The faults 253 

displayed both hard-linked and soft-linked relations between the levels 1 and 2 254 

and between levels 2 and 3, respectively (Figure 5). The hard-linked faults 255 

mainly occurred in the boundary faults of the graben.  256 

The experiments of series 3 were stopped by a total extension of 4 cm, because 257 

the lowermost sequence was thinned to less that 1 cm.  258 

 259 

In conclusion; by adding the second ductile layer and the upper sequence of 260 

sand, e.g. experiment S3-2, three distinct, separate strata-bound fault systems 261 

formed (Figure 5). The graben structures widened stepwise from the bottom to 262 

the top sand sequences. As in the experiments of the two previous series, the 263 

deepest fault system generated an asymmetric graben. In contrast, the middle 264 

and upper sand units were delineated by symmetric grabens. The faults were 265 

generally planar. Exceptions are upward-steepening faults, which were related 266 

to the rotation of the marginal fault blocks.  267 

 268 

 269 

Discussion and reflection seismic examples 270 

 271 

The present series of experiments demonstrates the influence of multiple 272 

décollement horizons on the basin (graben) formation as well as on fault styles 273 

and fault linking mechanisms in stacked sediment sequences with variable 274 

mechanical strength. They also show that the complexity of the graben 275 

geometries are sensitive to even minute such contrasts (e.g. quartz and feldspar 276 

sand) and that the complexity increases for systems with multiple décollement 277 
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horizons and polyphase deformation. This is similar to that reported for 278 

contractional systems by e.g. Soleimany et al. (2013) and Santolaria et al. (2015).  279 

 280 

Thus, the experiments performed with a mechanically homogeneous sequence 281 

(experiment 1-1 - quartz sand) and one stage of extension, displayed a graben 282 

asymmetry in that an array of sub-parallel extensional planar faults with listric 283 

lowermost parts developed in the stationary fault block, whereas the displaced 284 

block rather developed a zone with one dominant fault that remains stable with 285 

increasing strain (Figure 6a). This geometry was probably ruled by the 286 

displacement of the basal velocity contrast In contrast, the stratified experiment 287 

1-2 (quartz- and feldspar sand) resulted in an up-section narrowing of the 288 

graben width in the feldspar sand sequence at the top of the experiment. This is 289 

likely due to the enhanced strength (greater friction) in the feldspar sand and 290 

means that up-section-narrowing graben systems can be expected in 291 

sedimentary sequences of inverted mechanical strength, and that a downward 292 

narrowing is the normal situation due to compaction and increasing mechanical 293 

strength with depth.  294 

 295 

When one silicon putty layer was introduced between the quartz sand 296 

sequences, two distinct intra-formational soft-linked or unlinked fault systems 297 

(below and above the silicone polymer layer) formed. In these experiments, the 298 

fault system associated with the deeper sand layer was similar to that developed 299 

of experiment series 1 (sand sequences without silicon putty layer). The fault 300 

system affiliated with the second extension stage (above the décollement layer) 301 

displayed a strikingly different development and geometry; The deformation 302 

activated a wider panel than that seen for the faults below the décollement 303 

(stage1) and included some upward-steepening and rotated faults producing 304 

apparent reverse faults with anti-listric geometries The reason for this contrast 305 

in geometry was likely that the faults of the upper sequence were associated 306 

with basinward tilted fault blocks that had been trapped at the margins of the 307 

first-stage graben structures, where the silicon polymer layer had been 308 

substantially thinned, and were subject to gravitational gliding directed towards 309 

(the deepening) graben axis (Figure 4). Such unstable/sliding fault blocks on 310 
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basin margins are known from several places at the mid Norwegian continental 311 

shelf; e.g. the Mikkel structure (Withjack & Callaway (2000) and Revfallet Fault 312 

Complex (Dooley et al.  2003). Extensional faults with apparent reverse 313 

geometries are promoted by strong contrasts in mechanical stiffness where the 314 

stronger layer is the deepest (Horsfield 1977, Withjack et al. 2002). Hence, the 315 

fault pattern of the upper sand sequence was completely at stake with that of the 316 

lowermost sand unit. Although not very common, such geometries are found in 317 

several places in the vicinity of basins with active syn-faulting halokinesis 318 

(Harvey & Stewart 1998) One example from the Vingleia Fault Complex of Mid 319 

Norway is shown in Figure 6b.   320 

 321 

By adding a second ductile layer a third strata bound fault population developed 322 

in the uppermost brittle unit. The faults and the master faults at the uppermost 323 

level had either hard-linked, soft-linked or non-linked relations to faults at 324 

deeper levels (Figure 5), allowing for differential strain to be accumulated for 325 

each layer. The faults in each sand unit seemed to be nucleated at the lower 326 

contact between the silicon putty and the sand, in some cases generating blind 327 

faults. Contrasts in fault frequency and style when comparing the deep and 328 

shallow sand sequences separated by silicon putty as observed in the 329 

experiments of Series 2 and 3 is similar to observations reported for natural fault 330 

systems by for the Channel Basin of southern England (Harvey & Stewart 1998), 331 

for the for the Bremstein and Revfallet fault complexes offshore mid Norway 332 

(Dooley et al. 2003; Wilson et al. 2013), for the Sembo relay system offshore 333 

Angola (Dutton & Trudgill 2009) and for several fault systems elsewhere 334 

(Withjack & Callaway 2000). The effects of mechanically stratified sequences on 335 

fault populations at different stratigraphic levels are, therefore, well established 336 

in nature.  337 

By further extension it is likely that the master fault systems in these arrays 338 

would become hard-linked in the vertical dimension, generating a consistent 339 

system of faults like that reported by Harvey & Stewart (1998), Jackson & Lewis 340 

(2012), Jackson et al. (2013) and Gabrielsen et al. (2016). In experiment series 2 341 

and 3 fault vertical fault linkage was promoted where layers of silicone polymer 342 

remained intact. Accumulated heave associated with repeated reactivation as 343 
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reported from the Barents Sea by Mahajan et al. (2014). This observation is also 344 

consistent with analogue experimental results obtained by Withjack & Callaway 345 

(2000) and Withjack et al (2002) and Dooley et al. (2003) (Figure 6c), In the 346 

cases where the silicon polymer became unevenly thinned and even thinned to 347 

zero, vertically stacked regimes of contrasting geometry and the rotation of fault 348 

blocks towards the basin center was common, the fault block riders sometimes 349 

becoming stuck at the graben margins where the silicon polymer was thinned 350 

the most (Figure 6b).  In summary, the experiments shed light on the 351 

mechanisms leading to composite and complex fault geometries sometimes 352 

observed in reflection seismic data.  353 

 354 

 355 

 356 

Conclusions 357 

 358 

The three series of experiments demonstrated that:  359 

(1) the deepest fault system developed in homogeneous quartz sand produced  a 360 

very robust and asymmetric graben geometry with deformation being localized 361 

along a wide and diffuse fault at the moving (distal with respect to the stationary 362 

fault block) flank of the graben whereas strain was distributed over several 363 

discrete faults at the stationary proximal) flank. This development was similar in 364 

all one-stage and first-stage on layer experiments.  365 

(2) In experiments with one or several weak layers (silicon polymer) fault 366 

systems of the middle and upper sand units (above silicon putty layers) had 367 

significantly different configurations from the fault systems in the layers below 368 

the silicon putty. For the three-layer (sand-silicon-sand) system configurations 369 

were dramatically different for the two sand sequences. In these experiments 370 

large, rotated fault blocks delineated by anti-listric faults with a reverse throw 371 

developed above the graben margin master faults. These were affected by 372 

gravitationally induced sliding of the fault blocks across the deeper graben 373 

margins.  The fault systems in deep and shallow sequences were generally un-374 

linked. It is inferred that this pattern is strongly influenced by the gravitational 375 

forces due to basin-ward sliding of the uppermost fault block 376 
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(3) The three-layer systems produced relatively symmetrical upward-widening 377 

graben structures with a stronger tendency for soft-linking and hard-linking 378 

between the deep and shallow faults, generating more stable, but upward 379 

widening graben structures. The gravitational component causing basinward 380 

fault block sliding was less pronounced in these experiments.  381 

(4) We find that some of the depth-dependent and composite graben geometries 382 

as well as complex fault geometries developed in the present experiments 383 

explains some less well explained geometries in extensional structures observed 384 

in the Norwegian continental shelf. 385 

 386 
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 397 
 398 
 399 
Figure captions 400 
 401 

Figure 1 a) Horizontal view of the experimental setup. b) Schematic section 402 
showing construction of Experiment series 1 (only basal silicon polymer layer).  403 
c) Schematic section showing the construction of experiment series 2 (One level 404 
of silicon polymer).  d) Experimental set-up for experiment series 3. Redrafted 405 
from Gabrielsen et al. (2016).  406 
 407 
Figure 2a-d; Top-view photographs showing the step-wise development of 408 
experiment S1-1 after 1, 3, 5 and 7 cm of extension. Arrow indicates direction of 409 
the moving block.  410 
 411 
Figure 3: Top views and cross sections of Experiments S1-1 and S1-2 of 412 
experiment series 1 after fulfilled extension (9cm; 22.5%). a) Experiment S1-1 413 
was performed with only quartz sand and one stage of extension. Note different 414 
fault styles for the two-graben margins.  b) Experiment S1-2 was performed with 415 
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quartz sand in the first stage (base; gray) and feldspar sand (top; white) in the 416 
second stage. Note the wider area of faulting associated with the first stage 417 
compared to the narrower graben associated with the second stage of extension.  418 
See text for full description. 419 
 420 
Figure 4: Map view and cross-sections for experiments three experiments (1-3) 421 
of experiment series 2. These experiments were performed with one layer of 422 
silicon putty separating a lower and an upper sand sequence. Both sequences 423 
were quartz sand.  Note contrast in graben geometry between stages 1 and 2, 424 
and the complex system of lined grabens and the large, basinward-rotated fault 425 
block that was common for stage 2 for all experiments. See text for full 426 
description. 427 
 428 
Figure 5: Map view of and cross-sections of S3-1 and S3-2 of experiments of 429 
series 3 (two layers of silicon polymer separating three sequences of quartz 430 
sand). Note the generally symmetrical grabens at all levels and the upward 431 
increasing graben width. See text for full description. 432 
 433 
Figure 6: Comparison between experiments and observed fault/graben 434 
geometries at the Norwegian continental shelf. a-b) graben with contrasting fault 435 
geometry at the two margins. Experiment S1-1 and the margin of the 436 
Fingerdjupet Subbasin, southwestern Barents Sea.  c-d) Upward-steepening anti-437 
listric fault at graben margin with sliding fault block. Experiment S2-2 and 438 
seismic example from the Vingleia Fault Complex, mid Norway. e-f) graben 439 
systems developed above weak layers where graben marginal fault steps 440 
towards the footwall for each structural level, resulting in stepwise increasing 441 
the up-section graben width. Experiment S3-6 and seismic example from the 442 
Hoop Fault Complex, southwestern Barents Sea.     443 
 444 
Table 1: Summary of set-up and conditions for experiment used in the present 445 
analysis. The experiments were divided into three series: Series 1 consisted of 446 
sand only. Series 2 and 3 utilized one and two layers of silicon polymer 447 
respectively. The experiments were performed with single and polyphase 448 
extension and different bulk extension (columns 7 and 8).  449 
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Table 1 

 

Experiment Expr.no Materials Sequence Silicone Depth of Phases  of  Total 

series     thickness 
polym. 
layer s.p. Layer extension extension 

      (cm) thickness     (cm) 

        (cm)       

1 1 Qtz sand 9.6 none   1 9 

                

  4 Qtz sand        10.0 none   2 6 + 6 

    fsp sand           

2 2 Qtz sand        10.4 0.8 4.8 1 5 

    one sp-layer           

  3 Qtz sand        10.4 0.8 4.8 2 4 + 3 

    one sp-layer           

  8 Qtz sand        10.0 0.4 6.6 2 2 + 2 

    one sp-layer           

    glass beads           

3 5 Qtz sand         9.8 0.4 3.0 and .,6 1 4 

    
two sp- 
layers           

  6 Qtz sand         9.8 0.4 3.0 and .,6 2 2 + 2 

    
two sp- 
layers           

  7 Qtz sand         9.8 0.4 3.0 and 6.6 2 2 + 2 

    
two sp- 
layers           
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