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Abstract: 7 

The overlap and separation distances of relay zones follow a power-law scaling relationship 8 

over nearly 8 orders of magnitude. Approximately one order of magnitude scatter in both 9 

separation and overlap exists at all scales. The strong power-law relationship (R2=0.98) 10 

suggests that the primary control on relay aspect ratio (overlap/separation) is a scale-11 

invariant process, such as the stress interaction between the overlapping fault tips as 12 

suggested by previous authors. Host rock lithology is not a first order control. Much of the 13 

observed scatter can be attributed to the spread of measurements recorded from individual 14 

relay zones, which relates to the evolving three-dimensional geometry of the relay zone as 15 

displacements on the bounding faults increase. Relay ramps exposed at two localities where 16 

the faults cut layered sedimentary sequences display mean aspect ratios of 8.20 and 8.64 17 

respectively, more than twice the global mean (4.2). Such high aspect ratios can be 18 

attributed to the relay-bounding faults having initially been confined within competent 19 

layers, facilitating the development of large overlap lengths. The presence of pre-existing 20 

structures (veins) at fault tips may also enhance fault propagation, giving rise to increased 21 

overlap lengths. 22 
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1 Introduction 27 

Fault arrays comprise multiple fault segments at all scales (Peacock and Sanderson, 1991; 28 

Childs et al., 1995; Childs et al., 1996a; Willemse, 1997; Crider and Pollard, 1998; Peacock, 29 

2002). As the fault-array grows these segments overlap to form relay zones (Fig. 1a), which 30 

are dynamic structures that evolve with increased displacement (Peacock and Sanderson, 31 

1994; Childs et al., 1995; Walsh et al., 1999). The linkage of fault segments at relay zones is a 32 

fundamental process by which faults grow (Cartwright et al., 1996; Walsh et al., 2003). In 33 

map view, different stages in the evolution of relay ramps have been recognised. Relay 34 

ramps initiate as open structures with a continuous relay ramp linking the footwall and 35 

hanging wall (Fig. 1a) (Peacock and Sanderson, 1994). As displacement on the bounding 36 

faults increases, the ramp continues to rotate (i.e. to accommodate shear strains) and 37 

linking faults begin to grow. Finally, a through going fault is formed producing a breached 38 

relay ramp (Fig. 1b and c). It is inferred that different stages of relay ramp evolution can 39 

coexist within a single relay zone (Peacock and Sanderson, 1994; Long and Imber, in review).  40 

The geometry of a relay ramp is most commonly described in terms of its aspect ratio, which 41 

is the ratio between the fault overlap and separation, as measured in map view on a 42 

particular stratigraphic horizon (Fig. 1) (Aydin and Schultz, 1990; Huggins et al., 1995; 43 

Acocella et al., 2000; Soliva and Benedicto, 2004). Published datasets of relay ramp aspect 44 

ratios show a power-law scaling relationship between overlap and separation, with mean 45 

relay aspect ratios ranging from 4 to 4.9 (Aydin and Schultz, 1990; Huggins et al., 1995; 46 

Acocella et al., 2000; Soliva and Benedicto, 2004). In these global relay datasets, there is 47 

approximately one order of magnitude scatter around the trend line at all scales. A 48 

proportion of this scatter may arise from the different techniques used to define and 49 

measure fault overlaps and separations in disparate outcrop and seismic reflection datasets, 50 

each with different resolutions and at different scales of observation. We describe an 51 

approach to reduce the main sources of sampling-related error before presenting a refined 52 

global dataset. This refined dataset comprises a consistent set of overlap and separation 53 

measurements from relays observed in three-dimensional (3D) seismic surveys, outcrops 54 

and selected published sources. Any remaining scatter within the refined dataset should 55 

primarily reflect geological processes, rather than measurement errors or inconsistencies 56 



between disparate datasets. We use this refined dataset to propose a simple mechanical 57 

model, which explains the overall power-law relationship between fault overlap and 58 

separation distances in relay zones. We then investigate the geological causes of scatter 59 

within the refined global dataset. An important difference between this and previous 60 

studies (e.g. Aydin and Schultz, 1990; Acocella et al., 2000; Soliva and Benedicto, 2004) is 61 

that we focus on the role played by the 3D geometric variability of individual relay zones 62 

(e.g. Kristensen et al., 2008). We conclude that processes attributed to relay zone growth 63 

and linkage, and the influence of mechanical stratigraphy and pre-existing heterogeneity are 64 

the main causes of scatter within the overall power-law scaling relationship. 65 

2 Criteria to identify and measure fault overlap and 66 

separation 67 

In the context of this paper, uncertainty occurs when multiple interpretations can be drawn 68 

from the same data and a unique interpretation cannot be ascertained. Errors in 69 

measurement are those arising due to sampling related inaccuracies or inconsistencies. The 70 

main sources of error or inconsistency are related to accurately locating the positions of the 71 

relay-bounding faults and their lateral tips in disparate datasets (outcrops and 3D seismic 72 

surveys). In the following section, we explain how methods developed by Long and Imber 73 

(2010; in review), which permits measurements of both the continuous and discontinuous 74 

components of fault-related deformation (Walsh et al., 1996; Walsh et al., 2003), can be 75 

used to derive a consistent set of overlap and separation measurements from relay zones 76 

observed in outcrop and 3D seismic data. 77 

2.1 Fault overlap 78 

Overlap is defined as the distance between the tips of the relay-bounding faults, measured 79 

parallel to the strike of the faults on a given stratigraphic horizon (Fig. 1a). In linked 80 

(breached) relay ramps, overlap is measured from the branch point to the fault tip (Fig. 1b), 81 

or branch point to branch point (Fig. 1c). Measuring overlap length thus depends on 82 

accurately locating fault tips and branch points. Branch points are the intersections between 83 

two faults. Displacements at branch points are non-zero. Therefore, in datasets which have 84 



limited vertical and horizontal resolution, such as 3D seismic surveys, the errors in locating 85 

fault tips are likely to be greater than those for locating branch points (Long, 2011; Long and 86 

Imber, in review). In suitable outcrops, fault tips can be observed directly, whereas in 87 

seismic data there is an inherent resolution limit below which discrete fault geometries 88 

cannot be imaged (Steen et al., 1998; Townsend et al., 1998). Therefore, outcrop 89 

observations are used to develop simple criteria for identifying the location of fault tips. The 90 

same criteria are then used to identify the tips of fault zones mapped using 3D seismic 91 

reflection datasets. 92 

2.1.1 Criteria to locate fault tips at different scales of observation 93 

2.1.1.1 Outcrop scale examples - Kilve 94 

Two examples of fault tips associated with a centimetre-scale relay zone from Kilve, UK, are 95 

shown in Fig. 2. For details of the tectonic and sedimentary history of Kilve, see (Peacock 96 

and Sanderson, 1991, 1992, 1994) . The throws on faults F1 and F2 decrease laterally and 97 

terminate within pre-existing veins (Crider and Peacock, 2004). The magnitude of 98 

continuous deformation (reverse drag or fault propagation folding) around these faults is 99 

negligible, and the tips can be located with a high degree of accuracy from (throw) 100 

displacement vs. distance plots (Fig. 2b).  101 

Fig. 3 shows the tip of a metre-scale fault zone from Kilve (maximum displacement > 2.5 m). 102 

In map view (Fig. 3b), the fault passes laterally into a monocline. Bed rotations within the 103 

monocline are facilitated by shearing of the surrounding shale layers and by development of 104 

wedge-shaped veins within the limestone bed (Fig. 3a). The vertical deflection of the 105 

limestone bed across the monocline can be measured by hand in the field or, more 106 

effectively, by obtaining measurements from terrestrial laser scans of the deformed bedding 107 

surface (Long, 2011; Chapter 2). The total vertical displacement (throw) on the fault and 108 

adjacent monocline decreases monotonically towards the west (Fig. 3d), indicating that the 109 

fault and monocline are part of a single, coherent fault zone (sensu Walsh and Watterson, 110 

1991; Walsh et al., 1996). In this case, the “true” tip of the fault zone is situated at the 111 

lateral termination of the monocline, approximately 20m west of the point at which the 112 

fault scarp disappears (Fig. 3d). A similar situation pertains to fault zones mapped in 3D 113 

seismic reflection datasets, as described below. 114 



2.1.1.2 Seismic scale example - Inner Moray Firth 115 

Long and Imber (2010; their Figs. 8 and 9) have shown that seismically-resolvable normal 116 

faults that cut sub-horizontal sedimentary sequences pass laterally into bands of continuous 117 

deformation (monoclinal folding and/or sub-seismic scale faulting; Steen et al., 1998; White 118 

and Crider, 2006). Added together, the continuous and discontinuous deformation define a 119 

coherent fault array (Walsh et al., 1996; Long and Imber, 2010). The location of the “true” 120 

fault tip is assumed to be the point at which the total vertical displacement (fault throw + 121 

continuous deformation) reaches zero. Fig. 4 shows the aspect ratios measured on different 122 

stratigraphic horizons within a single relay zone from the Inner Moray Firth, Scotland (Fig. 123 

4). The grey line shows the aspect ratios calculated using fault overlap lengths based on 124 

locating the fault tips using plots of fault throw vs. distance (i.e. the standard method used 125 

to define the location of fault tips). Using plots of total vertical displacement (i.e. vertical 126 

displacement due to fault-related folding + fault throw) vs. distance in order to locate the 127 

“true” tips of the relay-bounding faults increases the aspect ratio by approximately 1.1 at all 128 

depths within the relay zone (Fig. 4: black line). We have therefore used plots of total 129 

vertical displacement vs. distance to obtain the “true” fault tip locations, hence a consistent 130 

set of relay overlap lengths, in all the data derived from outcrop and seismic examples 131 

presented in this paper (Fig. 5).  132 

2.2 Fault separation 133 

Fault separation is defined as the perpendicular distance between two overlapping fault 134 

segments, measured at the centre of the relay zone (Fig. 1). There are two main sources of 135 

error in this measurement: (1) correctly identifying the centre of the relay zone; and (2) 136 

correctly locating the primary relay-bounding fault surfaces within a potentially wide zone 137 

of fault-related deformation. Locating the centre of a relay zone depends on knowing the 138 

overlap length. Therefore, errors in establishing the fault overlap length will alter the 139 

location at which separation is recorded. Separation has therefore been measured after the 140 

“true” tips of the relay-bounding fault zones have been established. 141 



2.2.1 Criteria to locate the primary relay-bounding faults within a zone of fault-142 

related deformation 143 

Long and Imber (2010; in review) have shown that fault planes mapped in 3D seismic data 144 

are surrounded by volumes of continuous deformation that vary in width in both the strike 145 

and dip directions of the fault. These volumes of continuous deformation can be 146 

asymmetrically distributed between the hanging wall and footwall and may comprise more 147 

than 50% of the total vertical displacement across a fault zone. In all cases, however, the 148 

continuous deformation is an integral component of the coherent fault array (Walsh et al., 149 

1996; Long and Imber, 2010; Long, 2011; Long and Imber, in review) . 150 

In this study, the principal relay-bounding faults are taken as laterally continuous structures 151 

on which the majority of the offset is accommodated. In settings where the fault traces can 152 

be mapped directly (e.g. in outcrop or some 3D seismic datasets), fault separation is 153 

measured between the centres of the mapped fault polygons (Fig. 1d). In relay zones where 154 

the bounding faults are identified solely by zones of continuous deformation (e.g. in many 155 

3D seismic datasets; see Long and Imber, 2010; their fig. 9 horizons H1-H3) the separation is 156 

measured between the centres of laterally continuous monoclines with the largest 157 

measured deflections i.e., between the inferred fault traces (Fig. 1e). Nevertheless, 158 

monoclines can range in width from 50 to 300 m and the precise location of the main fault 159 

trace cannot always be inferred. Fault separation could therefore be under or over 160 

estimated by an amount up to half of the width of the monocline (Fig. 1f). At present, there 161 

is no way to ascertain the unique distribution of faults below the resolution of seismic data 162 

and therefore these uncertainties cannot be mitigated. 163 

3 First order trends in the global dataset of relay zone 164 

aspect ratios 165 

Fig. 5a shows the global dataset of relay zone overlaps and separations. The data are all 166 

derived from faults in extensional terrains and include measurements from selected 167 

literature sources (diamonds), in addition to new measurements obtained during the 168 

present study (circles). The new measurements have been obtained from relay zones 169 



mapped using 3D seismic data (Inner Moray Firth, offshore Scotland; Laminaria High, NW 170 

Shelf of Australia; and Miskar, Gulf of Gabès, offshore Tunisia; n = 161), terrestrial laser 171 

scans of centimetre- to metre-scale relays exposed onshore (Kilve and Lilstock, Bristol 172 

Channel, UK; and Lamberton, Berwickshire, UK; n = 52) and high-resolution digital elevation 173 

models of larger metre- to decametre-scale relays exposed onshore (Bishop Tuff, California; 174 

and Arches National Park, Utah; n = 12). These measurements have been made in 175 

accordance with the criteria outline in section 2 (i.e. continuous deformation has been 176 

included in order to define fault overlap and separation). The raw data are provided in the 177 

Supplementary Material and the background geology of each area is summarised by Long 178 

(2011). The data from the literature sources have been derived from (Barnett et al., 1987; 179 

Larsen, 1988; Morley et al., 1990; Cartwright, 1991; Roberts and Jackson, 1991; Stewart and 180 

Hancock, 1991; Gawthorpe and Hurst, 1993; Anders and Schlische, 1994; Peacock and 181 

Sanderson, 1994; Trudgill and Cartwright, 1994; Childs et al., 1995; Huggins et al., 1995; 182 

Walsh et al., 1999; Acocella et al., 2000; Gupta and Scholz, 2000; McLeod et al., 2000; 183 

Peacock et al., 2000; Cowie and Roberts, 2001; Morley, 2002; Peacock et al., 2002; Soliva 184 

and Benedicto, 2004; n = 291). The raw data are provided in the Supplementary Material. 185 

The literature-derived data in Fig. 5a have not been corrected for measurement errors or 186 

inconsistencies (section 2). Nevertheless, there is a clear power-law relationship between 187 

relay overlap and separation that spans nearly 8 orders of magnitude in separation distance. 188 

As noted by previous authors, there exists approximately 1 order of magnitude scatter in 189 

both overlap and separation at all scales of observation (Fig. 5a).  190 

Fig. 5b demonstrates the effect of including continuous deformation in obtaining 191 

measurements of fault overlap and separation, using examples from the Inner Moray Firth 192 

and Laminaria High. Accurate location of the “true” fault tips using total displacement vs. 193 

distance plots (section 2) has caused a shift towards greater overlap lengths, by 194 

approximately a factor of 1.5 for relays mapped using 3D seismic data (Fig. 5c). Fault 195 

separation measurements for some relay zones also changed when continuous deformation 196 

was included, because an increase in overlap length changed the point at which relay 197 

separation was measured (Fig. 5c). A correction factor of 1.5 has therefore been applied to 198 

all literature-derived fault overlap measurements, where the relay zones have been mapped 199 

from 3D seismic data. This correction incorporates the zone of coherent, continuous 200 



deformation that is likely to exist beyond the mapped fault tips. Literature-derived fault 201 

overlap measurements obtained from relays measured in outcrop have not been corrected: 202 

unless specifically stated in the source paper, it is assumed that monoclines and/or minor 203 

structures at fault tips would have been included in the measurements of fault overlap 204 

length.  205 

The refined global dataset also displays a clear power-law relationship between overlap and 206 

separation that again spans nearly 8 orders of magnitude (Fig. 5d). The best-fit power-law 207 

trend line is y=3.634x0.97 R2=0.98 and the mean aspect ratio of 4.2 and a standard deviation 208 

of 3.0. The extent of the observed scatter in the refined global dataset is approximately the 209 

same as the unrefined dataset: that is, an order of magnitude in both overlap and 210 

separation across the entire measured scale range (Fig. 5c). Nevertheless, this correction 211 

gives us confidence that: (1) the observed correlation between overlap and separation is 212 

genuine; and (2) that the remaining scatter is primarily caused by geological processes, not 213 

measurement errors or inconsistencies.  214 

More detailed analyses of the overall controls on the power-law scaling and scatter are 215 

provided below, but three key points are immediately evident from inspection of the 216 

refined global dataset. First, separating individual data points by the dominant host-rock 217 

lithology shows that no systematic relationship exists between lithology and relay aspect 218 

ratio (Fig. 5d). Thus, host rock lithology is not a first-order control on relay aspect ratio. 219 

Second, relays from particular locations, whether those sampled for this study or those 220 

acquired from literature sources, often display a spread of relay ramp measurements that 221 

fill the observed scatter range (Fig. 5d). Third, relay ramps at two of the field localities in this 222 

study (Kilve and Lamberton) both systematically plot above the global trend line and have 223 

higher than mean aspect rations, of 8.20 (standard deviation = 4.9) and 8.64 (standard 224 

deviation = 4.5) respectively, when compared to the global mean aspect ratio (4.2). Relay 225 

aspect ratios from these outcrops are also greater than other outcrop-scale relays from 226 

literature sources of similar scales and quality of outcrop exposure (Fig. 5d) (Peacock and 227 

Sanderson, 1994; Gupta and Scholz, 1998; Acocella et al., 2000; Gupta and Scholz, 2000). 228 

These observations suggest there may be location-specific controls on relay ramp geometry. 229 



4 Geometries of individual relay zones  230 

The global relay dataset can be filtered to show the changes in relay ramp aspect ratio with 231 

depth throughout individual relay zones mapped using 3D seismic reflection data (Fig. 6). 232 

The overlaps and separations of relay-bounding faults surrounding individual relay zones 233 

span up to the entire range of scatter observed in the global dataset (Fig. 6a). Three main 234 

trends can be identified from this data: type one, relay zones have a wide spread in overlap 235 

length but a narrow range in separation values (dashed black lines defining sub-vertical 236 

ellipses in Fig. 6a); type two, relay zones have similar spreads in both overlap and separation 237 

lengths (solid grey lines defining circles in Fig. 6a); and type three, relay zones have a wide 238 

spread in separation length but a narrow range in overlap length (solid black lines defining 239 

sub-horizontal ellipses in Fig. 6a). 240 

The same data have been re-plotted as aspect ratio against normalised depth in Fig. 6b in 241 

order to show how the observed trends in overlap and separation measurements relate 242 

spatially. In general, type one relay zones (Fig. 6: dashed black lines) can be described as 243 

having low aspect ratios at the upper and lower parts of the relay zone (i.e. toward the 244 

upper and lower tip lines of the relay-bounding faults) and relatively high aspect ratios in 245 

the centre. An example of this type of relay zone is shown in Fig. 4, which is comprised of 246 

two overlapping semi-planar fault segments. The upper and lower tip lines retreat upwards 247 

and downwards respectively, and appear elliptical in strike projection (Fig. 7a). Type two 248 

relay zones (Fig. 6: solid grey lines) can be approximated to relay zones with relatively 249 

uniform aspect ratios with depth. The tip lines of the overlapping relay-bounding faults are 250 

sub-vertical and display only slight curvature (retreat) at the top of the relay zone compared 251 

to type one relays (Fig. 7b). Finally, type three relay zones can be described as having 252 

relatively low aspect ratios in the upper sections of the relay zone and comparatively large 253 

aspect ratios in the lower sections of the relay zone. Relay Laminaria east R9, for example, 254 

displays an increase in aspect ratio with depth throughout the relay zone (Fig. 6b). The 255 

relay-bounding faults, for Laminaria east R9, are also linked along branch lines (Fig. 7c). 256 

Not all relay zones conform to these idealised geometries. For example, the Laminaria east 257 

R7 relay zone has relatively large aspect ratios, of 6.8 to 8.4, in the upper and lower sections 258 

of the relay zone but has aspect ratios, of 4.4 to 4.7, in the centre of the relay zone (Fig. 6b). 259 



Such variations can be ascribed to partially-breached relay zones in which the relay-260 

bounding faults are linked along branch lines at certain stratigraphic levels, but retain free 261 

tips above and below (Fig. 7d) (Imber et al., 2004). The stratigraphic levels at which linkage 262 

occurs could be related to the mechanical properties of the host stratigraphic sequence, 263 

which can influence how strains are accommodated (Ferrill and Morris, 2008). However, we 264 

do not have the data required to test this hypothesis in the Laminaria east R7 example (e.g. 265 

detailed well log calibration). 266 

To summarise, variations in the geometries of the relay-bounding faults (tip line shape, fault 267 

surface geometry and location and continuity of branch lines) within a single relay zone can 268 

account for much of the observed scatter within the refined global dataset of relay aspect 269 

ratios. In the following section, we discuss the possible controls on the overall power-law 270 

relationship between fault separation and overlap in relay zones. We then propose a simple 271 

kinematic model to explain the variations in relay zone geometry that account for much of 272 

the observed scatter. Finally, we consider the role of mechanical stratigraphy and 273 

lithological heterogeneity to explain the unusually high aspect ratios recorded in relay 274 

ramps exposed at Kilve and Lamberton. 275 

5 Discussion  276 

5.1 Global scaling of fault overlap and separation in relay zones 277 

The power-law relationship between fault overlap and separation in relay zones suggests 278 

that the primary control on relay zone geometry scales with the size of the relay-bounding 279 

faults (Fig. 5). We propose that Gupta and Scholz’s (2000) elastic-plastic model of fault 280 

interaction can explain this first order scaling relationship. In the model, the relay-bounding 281 

faults interact through their overlapping stress fields, and little or no interaction is expected 282 

between overlapping faults where the separation distance exceeds 15% of their total length. 283 

Gupta and Scholz (2000) assumed the stress distribution surrounding an isolated normal 284 

fault is a first-order approximation of the stress field surrounding two interacting faults (Fig. 285 

8). The stress field surrounding a relay zone can in fact be quite perturbed (Segall and 286 

Pollard, 1980; Crider and Pollard, 1998), and more complex models that explicitly capture 287 

fault growth and/or mechanical interaction are available (Willemse et al., 1996; Crider and 288 



Pollard, 1998; Imber et al., 2004). However, this degree of sophistication is not required for 289 

our purposes. 290 

Gupta and Scholz (2000) considered the shear stress changes induced on a normal fault (F1) 291 

by slip on a neighbouring fault (F2; Error! Reference source not found.Fig. 8). The stress 292 

drop following slip on F2 is calculated from the surface deflection and an assumed slip 293 

distribution on the fault surface. An increase in stress at the tip of F2 is assumed in order for 294 

the fault to propagate (Fig. 8). For a given fault segment size and material properties of the 295 

host rock, there is a critical stress drop contour located within the stress drop region of the 296 

adjacent to F2 (Fig. 8), through which an overlapping fault (F1) does not propagate (Gupta 297 

and Scholz, 2000). The critical stress drop contour coincides with the boundary of the stress 298 

shadow region outlined in (Ackermann and Schlische, 1997). The interaction between the 299 

propagating fault tip and the critical stress drop contour limits the overlap of the bounding 300 

faults, providing an upper bound on the aspect ratio of the relay ramp. The important point 301 

here is that the size of the stress drop zone, and the radius of the critical stress contour, 302 

scale with the size of the bounding faults. Thus, the maximum separation and overlap 303 

dimensions of any potential relay ramp will increase along with displacement on the 304 

bounding faults, but aspect ratios will remain approximately constant. 305 

5.2 Kinematic model to explain the development of individual relay zone 306 

geometries 307 

The simple model of fault interaction, in section 5.1, can account for the power-law 308 

relationship between fault overlap and separation in relay zones. However, it does not 309 

explain the variation in relay zone geometry identified in section 4 (Figs. 6 and 7), nor does it 310 

account for the order of magnitude scatter observed within the separation and overlap 311 

data. In this section, we outline a kinematic model for the 3D geometric evolution of 312 

individual relay zones, based on the interaction and linkage of two initially isolated normal 313 

faults, which is consistent with Gupta and Scholz (2000). However, the model is not unique. 314 

As discussed below, some of the geometries observed in Fig. 7 could arise due to fault 315 

surface bifurcation, rather than interaction and linkage of two initially isolated faults. 316 



Stage 1 corresponds to the type one relay zones identified in Fig. 6. The characteristic relay 317 

ramp geometries within a single Stage 1 relay zone are: low aspect ratios near the upper tip 318 

lines, maximum aspect ratios around the centre of the relay zone, and low aspect ratios 319 

near the lower tip lines (Figs. 9a and b). Fault separation varies little with depth and is 320 

controlled by the original separation distance between the overlapping fault segments (Fig. 321 

9a). Maximum overlap occurs towards the centre of the relay zone where displacements on 322 

the bounding faults are the highest. At this early stage of relay zone development, the tip 323 

lines of the overlapping bounding faults are approximately elliptical in strike projection (Fig. 324 

9c). During Stage 1, we suggest that unrestricted, elliptical fault tip lines overlap to form a 325 

relay zone (Fig. 9c), resulting in a large spread in fault overlap at different depths within the 326 

relay zone (Fig. 9a). 327 

During Stage 2, the lateral tip lines of the relay-bounding faults are sub-vertical within the 328 

relay zone (Fig. 9b). Overlap length and separation are approximately constant with depth. 329 

The separation is equal to that of the original separation distance of the overlapping fault 330 

segments (Fig. 9a). Sub-vertical tip lines develop in response to further displacement 331 

accumulation and propagation of the relay-bounding faults. As such, sub-vertical lateral tip 332 

lines may develop when the relay-bounding faults become pinned and subsequent 333 

propagation is retarded (Gupta and Scholz, 2000). 334 

During Stage 3, further displacement accumulation on the relay-bounding faults gives rise to 335 

linked relay zones. The tip line geometries will depend on the location and extent of fault 336 

linkage (Kristensen et al., 2008; Long and Imber, in review). In relay zones that display down-337 

dip fault linkage, along slip-normal branch lines, the separation distance decreases with 338 

depth, as fault propagate towards each other (Fig. 9e). This results in an increase in relay 339 

zone aspect ratio with depth towards the branch line, if fault overlap length remains the 340 

same, such as in Laminaria east R9 (Fig. 6a and b). Alternatively, a downward-decrease in 341 

separation between the relay-bounding faults could arise due to fault surface bifurcation, 342 

rather than linkage processes (e.g. Childs et al., 1995; Childs et al., 1997; Kristensen et al., 343 

2008). 344 

The proposed geometric progression is based on a relay zone consisting of two planar, 345 

initially isolated faults (Fig. 9b). However, fault propagation within a heterogeneous layered 346 



sequence will inevitably lead to irregular lobed shaped tip lines (Huggins et al., 1995; 347 

Marchal et al., 2003; Schöpfer et al., 2006), which become out-of-plane with one another 348 

(Childs et al., 1996b) and overlap to form a relay zone. The geometric evolution of relay 349 

zones formed by the bifurcation of fault tip lines has already been document (Childs et al., 350 

1995; Huggins et al., 1995; Childs et al., 1997; Kristensen et al., 2008). In such relay zones, 351 

the bounding faults are linked at depth throughout the growth of the relay zone and both 352 

the overlap and separation may vary with depth at all stages during relay zone 353 

development. 354 

5.3 Influence of mechanical stratigraphy and heterogeneity 355 

The post-depositional normal faults at Lamberton have maximum displacements of less 356 

than 20 cm, and cut and offset an inter-bedded sandstone-shale sequence. Their upper tip 357 

lines are restricted by a shale layer (c. 80 cm thick), which overlies this sequence (Long, 358 

2011). The post-depositional normal faults at Kilve developed in and offset an interbedded 359 

limestone-shale sequence. They nucleated within the mechanically strong limestone beds 360 

and were initially confined by intervening shale layers (Peacock and Sanderson, 1992; Crider 361 

and Peacock, 2004). 362 

Dip-slip faults within mechanically confined sequences are free to propagate laterally but 363 

are restricted vertically. This results in long faults with relatively low displacements 364 

(Benedicto et al., 2003). The width of the stress shadow zone bounded by the critical stress 365 

drop contour relates to the displacement and shape of the fault. Large displacement faults 366 

produce wider stress drop regions than small displacement faults (Willemse, 1997; Gupta 367 

and Scholz, 2000). Faults that are mechanically confined therefore have relatively narrow 368 

stress drop zones for their length (Fig. 10a). In addition, despite increases in fault length, the 369 

displacement remains low and therefore the value of the critical stress drop contour is 370 

approximately constant (Soliva et al., 2006). Mechanically confined faults with separation 371 

distances (Fig. 10b: S*) that are greater than the radius of the critical stress drop contour 372 

(Fig. 10b: D*) are able to overlap un-hindered by neighbouring faults as they accommodate 373 

extension. The initially confined faults eventually propagate through the confining layer. 374 

Displacement now increases and the stress shadow enlarges (i.e. D* increases) (Fig. 10c). 375 

Eventually the stress field will grow to a point where the critical stress drop contour will 376 



intersect with the overlapping fault tip (Fig. 8), which stops further propagation (Fig. 10d). In 377 

this way, the aspect ratios of relay ramps formed between mechanically confined relay-378 

bounding faults are predicted to be greater than those whose growth is unrestricted. 379 

The concept behind this proposed model is supported by observations made by Soliva et al., 380 

(2008), who observed elevated aspect ratios for a relay ramp that was bounded by a low 381 

displacement footwall fault. The low displacement on the footwall fault resulted from 382 

restrictions on slip due to a reduction in fault dip near a slip-normal branch line. The cause 383 

of the restricted displacement differs from that inferred from Lamberton, but the underlying 384 

relationship between reduced displacement and increased fault overlap length is the same. 385 

Faults at Kilve are also closely associated with pre-existing veins, which are oriented sub-386 

parallel to the strike of the faults. The presence of vein material at fault tips could change 387 

the yield strength needed to be overcome by a propagating the fault. We postulate that the 388 

calcite veins themselves, and/or the vein-wall rock interfaces have lower yield strengths 389 

than intact limestone. No yield strength measurements are known to exist for calcite veins, 390 

although previous authors suggest that veins are relatively weak structures compared to the 391 

intact host rock (Peacock and Sanderson, 1994; Crider and Peacock, 2004). If this is correct, 392 

the presence of pre-existing veins may further enhance fault propagation, again giving rise 393 

to relay ramps with large aspect ratios.  394 

The proposed modifications to Gupta and Scholz’s (2000) model of fault interaction are only 395 

applicable in situations that have similar controls to Lamberton and Kilve, i.e. mechanical 396 

layering that restricts fault growth and/or the presence of pre-existing structures that 397 

influence fault tip propagation. Therefore, the scale over which these controls operate 398 

depends strongly on the size of the faults relative to the thickness of the mechanical layers 399 

or size of heterogeneity. Further research is needed to test whether such controls on relay 400 

aspect ratios are applicable to larger scale structures than are observed at Lamberton and 401 

Kilve. 402 



6 Conclusions 403 

1. Overlap and separation distances for relay-bounding faults have been measured for 404 

225 relay ramps, using a consistent approach that takes account of both continuous 405 

and discontinuous deformation to accurately define relay ramp geometry. A 406 

correction factor has been applied to published overlap and separation distances, 407 

which have been combined with our new measurements to produce a refined global 408 

dataset of relay zone geometries.  409 

2. The refined dataset of overlap and separation distances for relay-bounding faults 410 

displays a single power-law scaling trend over nearly 8 orders of magnitude. The 411 

best-fit power-law trend line is y=3.634x0.97 R2=0.98 and the mean aspect ratio of 4.2 412 

and a standard deviation of 3.0. This conclusion similar to published datasets which 413 

have power-law exponents of 0.97 and mean aspect ratios (overlap/separation) 414 

between 4 and 4.9. However, at all observed scales there exists an order of 415 

magnitude scatter in both overlap and separation. 416 

3. The overall power-law scaling between overlap and separation distance suggests 417 

that a single mechanism, common at all scales, controls the first-order geometry of 418 

relay zones. It is inferred that stress field interaction of overlapping faults could be 419 

the primary controlling factor in relay ramp geometries, as exemplified by the Gupta 420 

and Scholz (2000) elastic-plastic model of fault interaction. Host-rock lithology is not 421 

a first-order control on relay ramp geometry. 422 

4. Almost all the scatter in the global dataset of relay ramp overlap and separation 423 

distances can be accounted for by the variation in 3D geometry within individual 424 

relay zones. This variability reflects processes associated with fault surface 425 

bifurcation, relay growth and breaching. 426 

5. Specific instances occur where relay ramps have aspect ratios more than twice that 427 

of the global mean. Relay ramps with high aspect ratios may develop where growth 428 

of the relay-bounding faults is restricted by the mechanical layering, and/or where 429 

fault tip propagation is enhanced by the presence of pre-existing structures, such as 430 

veins.  431 
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8 Figure list 439 

Fig. 1. (a) A schematic depiction of a relay ramp in map view. Fault overlap is measured 440 

between the two overlapping fault tips and separation is the perpendicular distance 441 

between the two fault segments measured at the centre of the relay ramp. Relay aspect 442 

ratio = Overlap/Separation. (b) A linked relay ramp. Overlap length is measured between the 443 

branch point and the fault tip. (c) A fully breached relay ramp. Overlap length is measured 444 

between the two branch points. (d) In three-dimensions, faults have a component of heave 445 

and the separation distance is thus the distance between the fault polygon centrelines. (e) 446 

When a relay ramp is bounded by two laterally continuous monoclines (Long and Imber, 447 

2010), the separation distance is measured between the points of maximum deflection on 448 

the limbs of each monocline. (f) Seismic reflection datasets have limited resolution. Laterally 449 

continuous monoclines could therefore result from different combinations of sub-seismic 450 

scale faults, each with a different location to which separation should be measured (white 451 

circle; see text for further explanation).  452 

Fig. 2. A limestone bed exposed at Kilve, Somerset, UK, showing a “simple” relay ramp that 453 

resembles the schematic depiction of a relay ramp in Fig. 1a. Fault tips for faults F1 and F2 454 

are annotated T1 and T2, respectively. Veins are located along-strike of the fault tips, 455 

annotated V1 and V2, respectively. (b) A schematic displacement-distance plot for faults F1 456 

and F2 (a). Fault tips are located at the point where the measureable displacement on the 457 

fault decreases to zero. 458 



Fig. 3. (a) Cross-section view of a monocline from Kilve. Rotation of the limestone beds is 459 

accommodated by veining and minor fault movement. (b) Map showing the distribution of 460 

continuous deformation (i.e. monoclinal folding) at the tip of the fault. (Apparent) dips have 461 

been measured on transect lines oriented perpendicular to the axis of the monocline. Map 462 

is derived from terrestrial laser scans of the Kilve foreshore. (c) Vertical displacement 463 

(throw) vs. distance plot along the axis of the monocline. Displacements have been 464 

calculated from the apparent dips shown in (b). Displacement decreases steadily towards 465 

the west. The west end of the monocline is covered by sand. (d) A displacement-distance 466 

plot with fault throw recorded from the field and displacements measured across the 467 

monocline (b and c). Despite the change from fault to monocline, displacement decreases 468 

continuously towards the west. 469 

Fig. 4. Aspect ratio plotted against depth for a single relay zone from the Inner Moray Firth, 470 

mapped using 3D seismic data. For the light grey profile, relay overlap and separation are 471 

measured using only discontinuous fault offsets, i.e. fault polygons. The black profile 472 

includes the regions of continuous, coherent deformation around the mapped faults in 473 

measurements of relay aspect ratio. The difference in measured aspect ratio between the 474 

two profiles is approximately 1.1 for each horizon. The largest aspect ratios are found 475 

towards the centre of the relay zone; the upper section of the relay zone (above 170 ms 476 

TWT) has elevated aspect ratios compared to the lower section of the relay (below 2000 477 

ms). 478 

Fig. 5. (a) Log-log plot of relay overlap verses separation for data collected in this study 479 

(circles) and from literature sources (diamonds). Literature sources used in this plot are 480 

listed in the Supplementary Material: Relay table 2. (b) Measurement of relay zone overlap 481 

and separation before and after continuous deformation was included. Relay zones from a 482 

range of scales are plotted (IMF R1 and Laminaria east R7). Including continuous 483 

deformation in the measurement of relay aspect ratios increases measurements by a near 484 

constant factor. (c) Corrected literature data to take into account the potential under-485 

sampling of fault overlap when continuous deformation is not included, as seen in (b). In 486 

general, over 8 orders of magnitude there is approximately an equal amount of scatter of 487 

measurements about a single power-law trend. (d) Relay measurements are coloured for 488 

lithology. There is no systematic relationship between lithology and relay zone aspect ratio.  489 



Fig. 6. (a) Log-log plot of overlap verses separation for individual relay zones (large symbols). 490 

Data for each relay zone have been circled to highlight trends in the spread of data. Three 491 

trends are recognised: sub-vertical distributions (dashed black line), point distributions 492 

(solid grey line), and horizontal distributions (solid black line). The range of aspect ratios 493 

measured from individual relay zones span almost the entire scatter in the global dataset 494 

(grey dots). (b) Relay aspect ratio against normalised depth, in order to show changes in 495 

aspect ratio between the top and bottom of relay zones. Details on each location can be 496 

found in Supplementary Material: Relay table. 1. As in (a) three trends are recognised; low-497 

high-low vertical aspect ratio profiles (dashed black line), approximately uniform aspect 498 

ratio with depth (solid grey line), low-high vertical aspect ratio profiles (solid black line). 499 

Relay zones Laminaria east R8, R6, R7 and west R2 display modified vertical aspect ratio 500 

profiles, see (Fig. 7).  501 

Fig. 7. Perspective 3D images of mapped “true” tip line geometries (solid black lines), branch 502 

lines (thick solid black lines), branch points (black circles), and horizon-fault intersections 503 

(dashed lines). The “true” tip line locations include the fault-related continuous deformation 504 

(see section 2). (a) Type 1 example: IMF R1. (b) Type 2 example: Laminaria east R1. (c) Type 505 

3 example: Laminaria east R9. (d) An example of a relay zone that does not conform to 506 

idealised geometries. Relay Laminaria east R7. 507 

Fig. 8. Map view of the stress field around fault F2 and its interaction with the propagating 508 

tip of F1. The stress field for F2 is modelled as if it were an isolated fault, which is taken to 509 

be a first order approximation of the stress field for the relay zone. Each fault is surrounded 510 

by a region of stress drop in the footwall and hanging wall, and stress increase near the tips. 511 

Taken from Gupta and Scholz, (2000). 512 

Fig. 9. The three stages in the geometric evolution of a relay zone, identified from Fig. 6. (a) 513 

The schematic changes in overlap and separation for each relay zone, circled. Stage 1, the 514 

relay zone has a large spread in overlap length compared to separation. Stage 2, separation 515 

remains the same as in stage 1, but overlap length at all levels within the relay zone are now 516 

similar. Stage 3, overlap length remains similar to stage 2, whereas separation now 517 

decreases within the relay zone. (b) AR plotted against depth for each stage of relay zone 518 

development. (c-e) 3D schematic models of the geometry of the relay zones at the three 519 



stages in their evolution. (c) Stage 1, the relay zone is bounded by faults with 520 

upward/downward retreating tip lines which results in a high degree of scatter in overlap 521 

length, but not separation. Separation is set by the original location of the bounding faults. 522 

(d) Stage 2, the bounding faults are laterally pinned by the adjacent fault and develop sub-523 

vertical tip lines. (e) Stage 3, breaching of a relay zone occurs when faults propagate 524 

towards each other and link, which results in a decrease in fault separation at certain levels 525 

within the relay zone. 526 

Fig. 10. A modification to Gupta and Scholz, (2000) fault interaction model based on 527 

observations from Lamberton. The model includes a fault array that is initially confined 528 

within a mechanical layer. (a) Faults initiate within a strong mechanical layer. (b) The faults 529 

are confined within the mechanical layer and develop low displacement-length ratios, with 530 

relatively small stress fields when compared to unconfined faults with similar lengths. D* is 531 

the maximum distance of the critical stress drop contour from the fault trace. S* is the 532 

separation distance between two overlapping faults. (c) Faults begin to propagate through 533 

the mechanical layer into surrounding strata. The size of the stress shadows grow as fault 534 

displacement increases. At a certain point the critical stress drop contour will interact with 535 

the nearby fault tip, preventing further overlap. (d) Fault linkage occurs and a through going 536 

fault is formed. Large aspect ratios are produced by accumulating large overlap lengths in 537 

stage (b) prior to the expansion of the stress fields in (c). Figure style after (Soliva et al., 538 

2006: their Fig. 14). 539 
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Digital Appendix

Location Horizon Relay Ref. Separation (m) Overlap (m) AR  Rock Type(s) Fault Linkage Data Type
Lamberton, UK sst F_R1 0.1 0.275 2.8 Sst & Shale Open Fieldwork
Lamberton, UK sst F_R2 0.042 0.252 6.0 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R3 0.044 0.268 6.1 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R4 0.04 0.488 12.2 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R5 0.096 0.578 6.0 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R6 0.11 1.243 11.3 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R8 0.056 0.936 16.7 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R9 0.031 0.174 5.6 Sst & Shale Fully breached Fieldwork
Lamberton, UK sst F_R10 0.066 0.97 14.7 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R11 0.026 0.165 6.3 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R12 0.037 0.46 12.4 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R13 0.114 1.03 9.0 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R14 0.042 0.7 16.7 Sst & Shale Fully breached Fieldwork
Lamberton, UK sst F_R15 0.098 0.41 4.2 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R16 0.064 0.996 15.6 Sst & Shale Fully breached Fieldwork
Lamberton, UK sst F_R17 0.084 0.606 7.2 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R18 0.48 1.33 2.8 Sst & Shale Open Fieldwork
Lamberton, UK sst F_R19 0.22 0.96 4.4 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R20 0.237 1.44 6.1 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R21 0.087 0.46 5.3 Sst & Shale Linked Fieldwork
Lamberton, UK sst F_R22 0.101285714 0.731571429 7.2 Sst & Shale Linked Fieldwork
Lamberton, UK sst_c R1 0.38 1.7851 4.7 Sst & Shale Open Scan
Lamberton, UK sst_c R2 0.357 2.611 7.3 Sst & Shale Linked Scan
Lamberton, UK sst_c R3 0.176 0.577 3.3 Sst & Shale Fully breached Scan
Lamberton, UK sst_c R4 0.046 0.5 10.9 Sst & Shale Linked Scan
Lamberton, UK sst_c R5 0.086 0.4 4.7 Sst & Shale Linked Scan
Lamberton, UK sst_c R6 0.179 2.079 11.6 Sst & Shale Fully breached Scan
Lamberton, UK sst_c R7 0.0558 1.002 18.0 Sst & Shale Linked Scan
Lamberton, UK sst_c R8 0.06 0.752 12.5 Sst & Shale Fully breached Scan
Lamberton, UK sst_c R9 0.145 1.129 7.8 Sst & Shale Fully breached Scan

Table: 1. All original relay zone measurements collected during the course of this study. 
The first three columns record the geographical locations of individual relay zone measurements.

Page 1 Relayzone_tables.xlsx ‐ Table 1



Digital Appendix

Location Separation (m Overlap (m) AR Corrected Overlap (m) Corrected AR Rock Type(s) Fault Linkage Data Type Data Sources
Iceland 150 230 1.5 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 150 380 2.5 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 110 360 3.3 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 90 230 2.6 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 60 70 1.2 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 52 90 1.7 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 40 60 1.5 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 30 40 1.3 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 30 50 1.7 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 30 90 3.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 20 60 3.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 20 80 4.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 18 50 2.8 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 14 50 3.6 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 13 20 1.5 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 12 40 3.3 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 11 43 3.9 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 11 33 3.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 10 20 2.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 8 20 2.5 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 8 40 5.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 7 47 6.7 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 5 14 2.8 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 5 40 8.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 5 50 10.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 4 9.9 2.5 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 4 11 2.8 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 4 16 4.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 4 20 5.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 4 30 7.5 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 3.3 13 3.9 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 3 6 2.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 3 11 3.7 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 3 16 5.3 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 3 21 7.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 2 3 1.5 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 2 4 2.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 2 5.3 2.7 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 2 10 5.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 2 11 5.5 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 2 13 6.5 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 2 19 9.5 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 2 23 11.5 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 1.1 8 7.3 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 1 1.3 1.3 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 1 1.6 1.6 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 1 2 2.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 1 5 5.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 1 6 6.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 1 11 11.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 0.7 7 10.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 0.5 2 4.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 0.5 1.7 3.4 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 0.5 3 6.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 0.5 4.5 9.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Iceland 0.1 0.5 5.0 0.0 Volcanic Lava - Fieldwork Acocella et al. 2000
Newark Basin, USA 7777 14444 1.9 0.0 Basement Open Fieldwork Anders and Schlische 1994
Northeast Idoho, USA 4583 18888 4.1 0.0 Basement Fully Breached Fieldwork Anders and Schlische 1994
Cumbria, UK 8.33 34.72 4.2 0.0 Coal Seem Open Fieldwork Barnett et al. 1987
Central Graben, North Sea 3333 5454 1.6 8181.0 2.5 Basement - 3D Seismic Cartwright 1991
Central Graben, North Sea 2424 1818 0.8 2727.0 1.1 Basement - 3D Seismic Cartwright 1991
Central Graben, North Sea 1515 1818 1.2 2727.0 1.8 Basement - 3D Seismic Cartwright 1991
Central Graben, North Sea 1212 2424 2.0 3636.0 3.0 Basement - 3D Seismic Cartwright 1991
Northern North Sea 565 1043 1.8 1564.5 2.8 Sandstone Open 3D Seismic Childs et al. 1995
Northern North Sea 200 650 3.3 975.0 4.9 Sandstone - 3D Seismic Childs et al. 1995
Northern North Sea 164 642 3.9 963.0 5.9 Sandstone Linked 3D Seismic Childs et al. 1995
Abruzzo, Italy 9545 17727 1.9 0.0 Basement Open Fieldwork Cowie and Roberts 2001
Abruzzo, Italy 8181 27272 3.3 0.0 Basement Open Fieldwork Cowie and Roberts 2001
Abruzzo, Italy 7500 13636 1.8 0.0 Basement Open Fieldwork Cowie and Roberts 2001
Atalanti, Greece 1666 1666 1.0 0.0 Basement Open Fieldwork Gawthorpe and Hurst 1993
Solite Quarry, NC, USA 0.0598 0.0127 0.2 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0353 0.0216 0.6 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.034 0.0335 1.0 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0326 0.0657 2.0 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0289 0.0428 1.5 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0217 0.0344 1.6 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0202 0.0446 2.2 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0188 0.0461 2.5 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0179 0.0344 1.9 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0173 0.0131 0.8 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0162 0.0396 2.4 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0152 0.0139 0.9 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0137 0.0147 1.1 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0136 0.0163 1.2 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0134 0.0438 3.3 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.013 0.034 2.6 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0118 0.0181 1.5 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0106 0.0108 1.0 0.0 Siltstone - Fieldwork Gupta and Scholz 2000

Table: 2. Relay zone measurements reproduced from different literature sources.
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Solite Quarry, NC, USA 0.0105 0.0321 3.1 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0098 0.0244 2.5 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0095 0.045 4.7 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.009 0.0105 1.2 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0083 0.0194 2.3 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0078 0.0094 1.2 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0072 0.0245 3.4 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0071 0.0213 3.0 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0071 0.0183 2.6 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0071 0.02 2.8 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0069 0.0162 2.3 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0062 0.0055 0.9 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0062 0.0276 4.5 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0062 0.0235 3.8 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0054 0.0334 6.2 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0054 0.0219 4.1 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0053 0.0084 1.6 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.005 0.019 3.8 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0049 0.0214 4.4 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0044 0.0083 1.9 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0044 0.0059 1.3 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0039 0.0045 1.2 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0036 0.0171 4.8 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0035 0.013 3.7 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0034 0.0072 2.1 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0033 0.0159 4.8 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0025 0.0047 1.9 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0024 0.0143 6.0 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0024 0.0125 5.2 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0023 0.0135 5.9 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.002 0.0075 3.8 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.002 0.0072 3.6 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0019 0.0076 4.0 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0018 0.0079 4.4 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0017 0.0063 3.7 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0016 0.0064 4.0 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0015 0.007 4.7 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0015 0.009 6.0 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0014 0.0046 3.3 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0013 0.0048 3.7 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0013 0.0075 5.8 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0009 0.0028 3.1 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0008 0.0025 3.1 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0008 0.0058 7.3 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0007 0.0023 3.3 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
Solite Quarry, NC, USA 0.0006 0.0015 2.5 0.0 Siltstone - Fieldwork Gupta and Scholz 2000
UK, Coal mines 230 400 1.7 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 72 202 2.8 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 72 330 4.6 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 61 72 1.2 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 53 210 4.0 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 49 56 1.1 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 49 160 3.3 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 49 230 4.7 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 49 260 5.3 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 49 305 6.2 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 43 103 2.4 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 43 128 3.0 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 42 26 0.6 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 41 102 2.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 33 180 5.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 33 380 11.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 29 47 1.6 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 29 190 6.6 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 25 60 2.4 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 25 102 4.1 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 24 55 2.3 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 23 20 0.9 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 23 33 1.4 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 23 34 1.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 23 72 3.1 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 23 100 4.3 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 23 150 6.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 21 100 4.8 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 20 12 0.6 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 20 49 2.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 20 67 3.4 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 20 72 3.6 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 20 84 4.2 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 20 122 6.1 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 20 135 6.8 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 17 60 3.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 17 135 7.9 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 16 16 1.0 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 16 20 1.3 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 16 29 1.8 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 16 72 4.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 16 120 7.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 15 7 0.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 15 12 0.8 0.0 Coal Seem - Fieldwork Huggins et al. 1995
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UK, Coal mines 15 120 8.0 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 14 11 0.8 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 14 23 1.6 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 14 72 5.1 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 13.5 240 17.8 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 13 20 1.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 13 72 5.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 12 9 0.8 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 12 11 0.9 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 12 14 1.2 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 12 20 1.7 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 12 120 10.0 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 11 12 1.1 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 11 20 1.8 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 11 23 2.1 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 11 50 4.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 11 58 5.3 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 11 72 6.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 9.9 4.9 0.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 9.9 110 11.1 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 9.9 140 14.1 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 9.6 14 1.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 9.6 17 1.8 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 9.6 23 2.4 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 9.6 28 2.9 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 9.6 31 3.2 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 9.5 28 2.9 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 8.9 10 1.1 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 8.8 47 5.3 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 7.3 4.9 0.7 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 7.3 12 1.6 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 7.2 20 2.8 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 7.2 23 3.2 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 7.2 29 4.0 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 7.2 34 4.7 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 7.2 47 6.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 6 4 0.7 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 5.9 12 2.0 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 5.9 20 3.4 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 5.9 23 3.9 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 5 4.9 1.0 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 4.9 7.2 1.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 4.9 10 2.0 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 4.8 14 2.9 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 4.8 23 4.8 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 4.8 31 6.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 4.8 41 8.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 4 10 2.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 4 38 9.5 0.0 Coal Seem - Fieldwork Huggins et al. 1995
UK, Coal mines 2.3 3.6 1.6 0.0 Coal Seem - Fieldwork Huggins et al. 1995
Karstryggen, Greenland 4411 5294 1.2 0.0 Basement Open Fieldwork Larsen 1988
Northern North Sea 2222 3333 1.5 4999.5 2.3 Sst & Shale Open 3D Seismic McLeod et al. 2000
Northern North Sea 1470 2941 2.0 4411.5 3.0 Sst & Shale Open 3D Seismic McLeod et al. 2000
Northern North Sea 1111 1666 1.5 2499.0 2.2 Sst & Shale Open 3D Seismic McLeod et al. 2000
Kenya 3684 4210 1.1 6315.0 1.7 Sst & Shale Open 3D Seismic Morley 2002
North Sea Rift 29268 58536 2.0 0.0 Basement - Fieldwork Morley et al. 1990
North Sea Rift 12195 24390 2.0 0.0 Basement - Fieldwork Morley et al. 1990
North Sea Rift 4000 9600 2.4 0.0 Basement - Fieldwork Morley et al. 1990
Hawaii 689 1034 1.5 0.0 Volcanic Lava Open Fieldwork Peacock and Parfitt 2002
Hawaii 603 1379 2.3 0.0 Volcanic Lava Fully Breached Fieldwork Peacock and Parfitt 2002
Kilve, Somerset, UK 0.26 0.9 3.5 0.0 Carbonate Linked Fieldwork Peacock et al. 1994
Kilve, Somerset, UK 0.15 0.9 6.0 0.0 Carbonate Fully Breached Fieldwork Peacock et al. 1994
Kilve, Somerset, UK 0.14 0.64 4.6 0.0 Carbonate Linked Fieldwork Peacock et al. 1994
Kilve, Somerset, UK 0.08 0.75 9.4 0.0 Carbonate Open Fieldwork Peacock et al. 1994
Kilve, Somerset, UK 0.03 0.27 9.0 0.0 Carbonate Linked Fieldwork Peacock et al. 1994
Greenland 100000 250000 2.5 0.0 Basement - Fieldwork Peacock et al. 2000
Gulf of Corinth, Greece 1666 5416 3.3 0.0 Carbonate Open Fieldwork Roberts and Jackson 1991
Gulf of Corinth, Greece 1250 2083 1.7 0.0 Carbonate Open Fieldwork Roberts and Jackson 1991
Gulf of Corinth, Greece 833 2500 3.0 0.0 Carbonate Open Fieldwork Roberts and Jackson 1991
Gulf of Corinth, Greece 833 1666 2.0 0.0 Carbonate Open Fieldwork Roberts and Jackson 1991
Fumanya, Spain 0.238 0.63 2.6 0.0 Carbonate Open Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.225 0.8 3.6 0.0 Carbonate Linked Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.197 0.91 4.6 0.0 Carbonate Linked Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.177 0.75 4.2 0.0 Carbonate Open Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.142 0.75 5.3 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.139 0.8 5.8 0.0 Carbonate Linked Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.135 1.05 7.8 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.13 0.6 4.6 0.0 Carbonate Linked Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.123 0.42 3.4 0.0 Carbonate Linked Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.117 0.2 1.7 0.0 Carbonate Open Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.107 0.2 1.9 0.0 Carbonate Open Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.083 0.45 5.4 0.0 Carbonate Linked Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.076 0.23 3.0 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.07 0.5 7.1 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.068 0.32 4.7 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.065 0.1 1.5 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.0645 0.195 3.0 0.0 Carbonate Open Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.058 0.825 14.2 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.05 0.29 5.8 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.048 0.83 17.3 0.0 Carbonate Linked Fieldwork Soliva and Benedicto 2004
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Niguelas, Spain 0.043 0.18 4.2 0.0 Carbonate Open Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.036 0.11 3.1 0.0 Carbonate Linked Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.035 0.1 2.9 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.033 0.105 3.2 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.03 0.17 5.7 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.03 0.25 8.3 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.028 0.21 7.5 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.028 0.24 8.6 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.023 0.1 4.3 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.022 0.09 4.1 0.0 Carbonate Open Fieldwork Soliva and Benedicto 2004
Fumanya, Spain 0.022 0.15 6.8 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.022 0.16 7.3 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.015 0.1 6.7 0.0 Carbonate Fully Breached Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.012 0.06 5.0 0.0 Carbonate Open Fieldwork Soliva and Benedicto 2004
Niguelas, Spain 0.01 0.04 4.0 0.0 Carbonate Open Fieldwork Soliva and Benedicto 2004
Aegean Region 100 220 2.2 0.0 Carbonate Open Fieldwork Stewart and Hancock 1991
Aegean Region 80 220 2.8 0.0 Carbonate Fully Breached Fieldwork Stewart and Hancock 1991
Canyonlands, UT, USA 140 360 2.6 0.0 Sandstone Open Fieldwork Trudgill and Cartwright 1994
Canyonlands, UT, USA 120 360 3.0 0.0 Sandstone Open Fieldwork Trudgill and Cartwright 1994
Canyonlands, UT, USA 66.67 100 1.5 0.0 Sandstone - Fieldwork Trudgill and Cartwright 1994
Northern North Sea 250 1200 4.8 1800.0 7.2 Sst & Shale Linked 3D Seismic Walsh et al. 1999
Northern North Sea 133 1444 10.9 1999.5 15.0 Sst & Shale Open 3D Seismic Walsh et al. 1999
Northern North Sea 44.44 122 2.7 183.0 4.1 Sst & Shale Linked 3D Seismic Walsh et al. 1999
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