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Abstract 31 

We constrain the orientation of the horizontal stress field from borehole image data 32 

in a transect across the Hikurangi Subduction Margin. This region experiences NW-33 

SE convergence leading to recurrent slow slip events. The direction of the horizontal 34 

maximum stress is E-W at an active thrust fault near the subduction margin trench. 35 

This trend changes to NNW-SSE in the Tuaheni Basin in the offshore accretionary 36 

wedge, and to NE-SW in the onshore forearc. Multiple, tectonic and geological 37 

processes, either individually or in concert, may explain this variability. A general 38 

offshore-onshore stress rotation may reflect a change from dominantly 39 

compressional tectonics at the deformation front, to a strike-slip and/or extensional 40 

stress regime closer to the Taupo Volcanic Zone. In addition, the offshore stress may 41 

be affected by topography and/or stress rotation around subducting seamounts, 42 

and/or temporal stress changes during the slow slip cycle.  43 

 44 

Plain Language Summary 45 

Using geophysical images captured from the inside of boreholes drilled across the 46 

Hikurangi Subduction Margin, an area that experiences slow earthquakes, we 47 

describe variability in the direction of modern day maximum horizontal tectonic 48 

forces (stress) at this collisional plate boundary. Changes in the direction of 49 

maximum horizonal stress occur as you move from the plate boundary toward the 50 

onshore region of New Zealand’s North Island. We provide a range of possible 51 

tectonic and geological processes that either individually or in concert may explain 52 

our observed stress direction variations. This includes changing tectonic regimes as 53 

you move away from the plate boundary, topography, and effects on the stress field 54 

caused by the presence of subducting seamounts, and changing stress conditions 55 

related to the intermittent activity of slow earthquakes.  56 

 57 

1) Maximum horizontal stress directions vary in a transect across the Hikurangi 58 

Subduction Margin 59 

2) Stress orientations suggest a change occurs moving from offshore to onshore 60 

associated with changing dominant tectonic regime 61 

3) Offshore stress variation may be caused by a number of specific tectonic and 62 

geological causes. 63 

 64 

 65 

 66 

 67 
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1 Introduction 68 

The stress state in the crust is a fundamental control on a wide range of processes, 69 

including crustal deformation, earthquake dynamics, the generation and 70 

maintenance of topography, and crustal hydrology (Duan, 2010; Ito & Zoback, 2000; 71 

Miller & Dunne, 1996; Sibson et al., 2011; Warren-Smith et al., 2019; Zoback & 72 

Townend, 2001). Fault slip resulting from stress accumulation is a function of the 73 

orientation and magnitudes of the three principal stresses (1, 2, 3), subsurface 74 

pore pressures (Pp), orientations of existing faults, and rock cohesion and friction 75 

(Anderson, 1906; Zoback et al., 1989). Stress orientations, magnitudes, and pore 76 

pressures can in turn be altered by local topography, mechanical contrasts of 77 

geological units in the subsurface, and earthquake and creep activity. Studies of 78 

active tectonic systems, including shallow subduction zones, reveal both temporal 79 

and spatial perturbations in the crustal stress state related to fault geometry and 80 

activity (Byrne et al., 2009; Chang et al., 2010; Hardebeck & Okada, 2018; Lin et al., 81 

2009; McNamara et al., 2015), earthquake slip (Allmann & Shearer, 2009; Brodsky 82 

et al., 2017; Lin et al., 2015), and redistribution of pore pressure (Magee & Zoback, 83 

1993; Song et al., 2011).  84 

Episodic, shallow (<15 km) slow slip events, spanning timescales ranging from days 85 

to years, are recorded at several subduction zones, including the Nankai margin, 86 

offshore Japan (Araki et al., 2017; Hirose et al., 1999; Obara et al., 2004), the Costa 87 

Rican margin (Davis et al., 2015; Dixon et al., 2014), and the Hikurangi Subduction 88 

Margin (HSM) (Wallace et al., 2012, 2016). Despite the recognised importance of 89 

stress in earthquake dynamics, data constraining stress states and stress variability 90 

on, and in the near field of, faults that host slow slip earthquakes (SSEs) is limited 91 

(Chang et al., 2010; Huffman et al., 2016; Warren-Smith et al., 2019). This study 92 

provides new data on contemporary stress orientation variability across an area of 93 

recurring slow slip in the northern HSM. We characterise shallow crustal stress 94 

orientations from boreholes along a transect from the actively deforming frontal 95 

accretionary wedge, through the landward, offshore Tuaheni Basin, and onto the 96 

onshore forearc (Figure 1). We then discuss possible geological processes 97 

responsible for the observed stress orientation variations.  98 

1.1 State of Stress at the Hikurangi Subduction Margin 99 

The HSM accommodates westward subduction of the Pacific plate beneath the 100 

North Island of New Zealand (Australian Plate) at rates of ~2-3 cm/year in the south, 101 

and ~6 cm/year in the north (Figure 1a) (Wallace et al., 2004). Changes in 102 

subduction rate relate to clockwise rotation of the forearc which creates changes in 103 

upper plate tectonics along-strike of the margin. Pacific-Australia plate convergence 104 

is oblique, with the margin-perpendicular component accommodated primarily along 105 

shallow subduction thrust faults, and the margin-parallel component accommodated 106 

by a combination of forearc rotation and strike-slip tectonics in the onshore North 107 

Island Dextral Fault Belt (NIDFB) (Beanland & Haines, 1998; Wallace et al., 2004). 108 



 4 

Episodic SSEs are observed at shallow depths of 2-15 km at the northern HSM 109 

every 18 to 24 months, and involve >20 cm of slip on the plate boundary occurring 110 

over a 1-2-week period (Wallace et al., 2010, 2016). There have also been 111 

moderate-sized subduction thrust earthquakes in the north Hikurangi SSE source 112 

region, including two Mw 7.0-7.2 events in 1947 (Figure 1c) (Doser & Webb, 2003). 113 

 114 

Figure 1. a) Map of the North Island of New Zealand, tectonic structures, and the extent of regions 115 

that have experienced cumulative slow slip of 50 mm between 2002-2012 (Wallace & Eberhart‐116 
Phillips, 2013). Fault traces from (Barnes et al., 2010; Langridge et al., 2016; Mountjoy & Barnes, 117 
2011; Pedley et al., 2010); blue square is the area depicted in Figure 1b. b) Bathymetric map showing 118 
the location of IODP Expeditions 372 and 375 drill Sites (U1517, U1519, U1518, U1520, and U1526), 119 
and the seismic line 05CM-04 (Figure 1c). Modified from (Barnes et al., 2020) the figure shows the 120 
extent of three recent SSEs (fine black lines with labels are slip contours (mm) for the September to 121 
October 2014 SSE, blue dashed lines are 40-mm slip contours for the January to February 2010 SEE, 122 
and red dashed line is the 40-mm slip contour for the March to April 2010 SEE (Wallace et al., 2016), 123 
dashed black lines show the approximate depth of the plate interface (Williams et al., 2013), bold 124 
black line with teeth marks the plate boundary deformation front, fine red lines are upper plate thrust 125 
fault traces, the bold white line is the approximate morphology of an inferred subducted seamount 126 
(Barker et al., 2018). c) Interpretation of NW-SE seismic profile 05CM-04 (modified from (Barnes et 127 
al., 2020)), showing the interpreted location of major structures, and well locations (green lines). 128 
Coloured scale shows amount of slip across the HSM during the 2014 SEE (Wallace et al., 2016). 129 
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Some aspects of the HSM stress state have been reported previously. For example, 130 

at the northern HSM, focal mechanism-derived SHmax directions are NE-SW (oblique 131 

to relative plate motion, and oriented approximately parallel to the strike of the 132 

margin), with some suggested local variation in the area east of Gisborne where 133 

ENE-WSW SHmax directions are noted (subparallel to relative plate motion, and 134 

strike-oblique) (Townend et al., 2012). Borehole image logs (acquired within the 135 

upper 3 km of the crust) from three onshore wells also show NE-SW SHmax 136 

orientations in the Hawke’s Bay region (Lawrence, 2018). Investigations of principal 137 

contraction (strain) directions from GPS measurements along the HSM are highly 138 

variable, with dominantly east-west directions near the east coast, and with some 139 

principal contraction directions rotating to NE-SW further inland (Dimitrova et al., 140 

2016; Haines & Wallace, 2020).  141 

Pore pressure (Pp) measured from drill stem tests and repeat formation testing, and 142 

inferred from mud weights in onshore wells, reveal shallow overpressures within 143 

basins of the upper plate (Burgreen-Chan et al., 2016; Darby and Funnell, 2001). 144 

The Hawke’s Bay region displays lower overpressures than Raukumara and 145 

northern Hawke’s Bay. Overpressures are found within Cretaceous to Paleogene 146 

lithostratigraphic units, are spatially variable within Neogene units, and uncommon 147 

within Quaternary units (Darby & Funnell, 2001). These shallow overpressures have 148 

been attributed to both disequilibrium compaction, where pore water flow is restricted 149 

during sediment compaction, and to porosity reduction associated with high 150 

horizontal compressive stresses related to plate convergence (Burgreen-Chan et al., 151 

2016; Darby & Funnell, 2001). Finally, in the Hawke’s Bay region, σ3 magnitudes 152 

determined from leak-off tests performed in onshore wells are less than (though in 153 

places close to) vertical stress (Sv) magnitudes, consistent with a strike-slip or 154 

reverse faulting stress regime, where σ3 is the horizontal minimum stress (Shmin) or 155 

the Sv respectively (Burgreen-Chan et al., 2016).  156 

2 Methods and Data 157 

2.1 GVR resistivity image log processing and analysis 158 

International Ocean Discovery Program (IODP) Expeditions 372/375 drilled a series 159 

of wells across the HSM (Saffer et al., 2019b) (Figure 1). As part of Expedition 372, a 160 

suite of LWD data including geoVISION (GVR) resistivity image logs were acquired 161 

in Holes U1517A, U1518A/B, U1519A, and U1520A/B. Hole U1517A was drilled 162 

through bedded, clayey-silt sediment packages associated with the Tuaheni 163 

Landslide Complex (Pecher et al., 2019). Hole U1518A/B drilled across the Pāpaku 164 

Fault, an active splay thrust fault in the frontal accretionary wedge, and the bedded 165 

sediments that comprise its hangingwall and footwall (Fagereng et al., 2019; Wallace 166 

et al., 2018). Hole 1519A is located ~38km offshore within an upper continental slope 167 

sedimentary basin (Tuaheni Basin) and intersects bedded mudstones, siltstones, 168 

and sandstone packages, as well as mass transport deposits (Saffer et al., 2019b). 169 

Finally, Hole U1520A/B is located on the incoming subducting plate and intersects 170 
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the trench-wedge clastic sediments and a lower sequence of carbonates and 171 

volcaniclastics (Barnes et al., 2020).  172 

GVR resistivity image logs are analysed in this study to identify and quantify the 173 

properties of natural structures (fractures) and stress-induced borehole features such 174 

as borehole breakouts. GVR logging provides a 360° image of the borehole wall. 175 

This study reports borehole breakout orientation results determined from a high-176 

resolution, post-expedition reanalysis of the GVR image logs which have resulted in 177 

a more detailed and accurate data set in comparison to the preliminary data provided 178 

from the shipboard analysis (Wallace et al., 2018). Raw data was processed from 179 

the GVR tool following the procedure detailed in (Wallace et al., 2019). For this study 180 

all GVR images (those generated from the shallow, medium, and deep resistivity 181 

button) were analysed. The shallow button GVR image logs are the preferred image 182 

for data acquisition as they have a higher potential of recording features close to the 183 

borehole wall, including stress-induced features such as borehole breakouts and 184 

drilling-induced tensile fractures (DITF). The GVR image logs were statically and 185 

dynamically normalised to enhance resistivity contrast for improved feature 186 

identification, with a 1 m and 0.5 m normalisation window used for the latter. Feature 187 

classification is based on criteria set out in (McNamara et al., 2019). Quality rankings 188 

and circular statistics for stress induced borehole features identified from the GVR 189 

image logs follow World Stress Map criteria (Heidbach, 2016). 190 

3 Results 191 

3.1 Borehole Image Stress Induced Features 192 

From all GVR image logs collected during IODP Expedition 372, 82 distinct borehole 193 

breakout pairs are identified in Holes U1518A/B and U1519A; none were identified 194 

within the other Holes (Table 1; Figure 2). No drilling-induced tensile fractures, or 195 

petal centreline fractures are observed on resistivity image logs at any of the drill 196 

sites. Borehole breakout azimuths are variable between the two drillsites and with 197 

depth in each individual Hole (Figure 2). 198 

Eight of the ten borehole breakout pairs identified in Hole U1518B occur between 199 

518-591 mbsf (metres below seafloor) and have an average orientation of 003°±6° / 200 

180°±4° (Figure 2a). These lie in the footwall of the Pāpaku fault that was intersected 201 

at 315-348 mbsf (Cook et al., 2020). From these breakout orientations we report an 202 

Shmin orientation of N-S, and infer an SHmax orientation of E-W (Figure 2a, 2b). 203 

Orientation trend variations between borehole breakouts <10 m apart range between 204 

3° and 16° within this interval (Figure 2a). In the hanging wall (~210-220 mbsf), two 205 

borehole breakout pairs (low resistivity zones, approximately 180° apart around the 206 

borehole, associated with an increase in caliper values) are identified and have 207 

065°/252° and 056°/236° azimuths (Figure 2a), from which a NE-SW Shmin and NW-208 

SE SHmax orientation is inferred.  209 



 7 

At Hole U1519A, 72 borehole breakout pairs have average azimuths of 072°/±13° / 210 

252°/±9° (Table 1), corresponding to an ENE-WSW Shmin and NNW-SSE SHmax 211 

orientation (Figure 2c, 2d). Most borehole breakouts cluster within two depth 212 

intervals, 596-616 mbsf (cluster A) and 640-661 mbsf (cluster B) (Figure 2c). 213 

Localised variation of borehole breakout azimuth (between borehole breakouts <10 214 

m apart) ranges from <1° to 52° (average variation of 12°±9°) (Figure 2c). The 215 

largest of these azimuth variations (52°) occurs at ~545 mbsf and includes a 216 

borehole breakout azimuth (029°) that sits outside the circular statistical range for 217 

Hole U1519A (Figure 2c). Both clusters show a maximum borehole breakout azimuth 218 

variation of 31° at 607.5 mbsf (cluster A) and 658.5 mbsf (cluster B).  219 

Hole U1518B U1519A 

Latitude 38°51.5476'S 38°43.6372'S 

Longitude 178°53.7621'E 178°36.8537'E 

Average Borehole Breakout Azimuth (°) 003 / 180 072 / 252 

S.D. (°) 4 / 6 9 / 13 

Feature Type Borehole Breakout Borehole Breakout 

n 10 73 

Total Length of Borehole Breakouts (m) 2.2 16.8 - 17.3 

Stress Indicator Quality Ranking A A 

Date of Image Logging 21st December 2017 24th December 2017 

Top Borehole Breakout Depth (mbsf / mrsl) 210 / 2844 28 / 1028 

Bottom Borehole Breakout Depth (mbsf / mrsl) 591 / 3225 661 / 1662 

Sea Floor Depth (mrsl) 2634.6 1000.7 

Distance Between Rig Floor and Sea Level (m) 10.9 10.9 

Image Log Top (mbsf / mrsl) 54.5 / 2689.1 92 / 1092.7 

Image Log Bottom (mbsf / mrsl) 647.1 / 3281.7 755.8 / 1756.5 

Well Orientation Vertical Vertical 

 220 

Table 1. Stress indicators from analysed LWD resistivity image from IODP Expedition 372. Average 221 
borehole breakout azimuths and standard deviations (S.D.) calculated according to World Stress Map 222 
criteria (Mardia, 1975; Tingay et al., 2008) and show values generated for both pairs of borehole 223 
breakout sets. N = number of borehole breakout pairs. Stress indicator quality ranking based solely on 224 
standard deviations of the borehole breakout azimuths and do not account for length component of 225 
quality laid out by the World Stress Map Project (Tingay et al., 2008) due to conflicting aspects of the 226 
quality criteria for this dataset. mrsl = metres relative to sea level; mbsf = meters below seafloor. 227 
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 228 

Figure 2 a) Borehole breakout azimuth as a function of depth (mbsf) in Hole U1518B. Depth extent of 229 
the Pāpaku Fault and LWD-defined units shown on the right (Cook et al., 2020; Saffer et al., 2019a), 230 
b) Bi-directional rose diagram of Hole U1518B borehole breakout azimuths, c) Borehole breakout 231 
azimuth in Hole U1519A as a function of depth (mbsf). LWD-defined units shown on the right Barnes 232 
et al., 2019), d) Bi-directional rose diagram of Hole U1519A borehole breakout azimuths. 233 

 234 
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4 Discussion 235 

The stress orientation data presented here are the first direct measurements made 236 

across the offshore northern HSM (Figure 3). At the borehole scale, SHmax rotates 237 

from an E-W orientation at the Pāpaku fault, an active thrust fault splay near the 238 

deformation front (Site U1518), to a NNW-SSE orientation above the plate interface 239 

where peak slip in SSEs occurs (Site U1519), and finally to a NE-SW orientation in 240 

onshore wells (Figure 3). Geological and tectonic influences on stress direction 241 

variability at both the well scale and across the northern HSM are discussed here.  242 

 243 

 244 
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Figure 3. Map of the northern HSM showing SHmax orientations from IODP borehole image logs, 245 
borehole image analysis from (Lawrence, 2018), and focal mechanism SHmax from (Townend et al., 246 
2012). Also shown is the direction of maximum contraction from GPS (Haines & Wallace, 2020). Plate 247 
convergence direction (orange arrows) and rate obtained from (Laura M. Wallace et al., 2012). Wells 248 
are numbered (1 – Kauhauroa-2, 2 – Kauhauroa-5, 3 – Tuhara-1A, 4 – U1517, 5 – U1519A, 6 – 249 
U1518B, 7 – U1520B, 8 – U1526). Thin, dashed, black lines show depth contours to the subduction 250 
interface (Williams et al., 2013), and the transparent red zone is the extent of cumulative slow slip in 251 
the northern HSM occurring between 2002-2012 (Wallace et al., 2012). Faults traces from (Barnes et 252 
al., 2010; Langridge et al., 2016; Mountjoy & Barnes, 2011; Pedley et al., 2010).  253 

4.1 Well-scale stress orientation variability at Sites U1518 and 254 

U1519 255 

The rotation of SHmax within Hole U1518B from NW-SE direction in the Pāpaku Fault 256 

hanging wall to E-W in the footwall is indicated by a small number of data points. 257 

This depth-related stress rotation, if real, may be explained by a number of 258 

processes acting in combination or separately. First, as the Pāpaku Fault is an active 259 

splay fault near the trench, recent slip on this structure may have perturbed the 260 

stress field. Second, the NW-SE SHmax orientation is observed within a depth interval 261 

of core-scale hanging wall folds and fractures (Fagereng et al., 2019). LWD 262 

resistivity image logs of this same depth interval also reveal the presence of 263 

fracturing and bedding orientation patterns consistent with large-scale folding 264 

(Wallace et al., 2018). Recent slip on faults and fractures associated with this 265 

deformed depth interval may have generated a local rotation on the stress directions 266 

in this region. Third, east of Hole U1518B, there is an abrupt change in topography 267 

which may influence the formation and orientation of the shallower stress-induced 268 

wellbore failures observed here (Figure 1c; (Zoback et al., 1989). This topography 269 

may also have a broader effect on the overall observed E-W SHmax orientation 270 

observed at Site U1518. Modelling of the spatial influence of the topographical 271 

feature on local stress conditions at Site U1518, and more than two borehole 272 

breakout measurements are required in this region to confirm and explain the causes 273 

of stress rotations with depth here. 274 

The small-scale variation in borehole breakout orientation within Hole U1519A is 275 

likely due to stress field perturbation from localised deformation in these depth 276 

intervals. This is supported by the large number of fractures and observation of 277 

deformed bedding within these depth intervals, as noted from LWD resistivity 278 

borehole imaging (Wallace et al., 2018).  279 

4.2 Stress orientation variability across the Northern HSM 280 

A number of geological and tectonic phenomena, either in isolation or in concert, 281 

could explain the observed SHmax orientation variability across the northern HSM, 282 

from the trench through to the onshore forearc. An E-W SHmax in the Pāpaku fault 283 

footwall (Site U1518), fits with the geological understanding of this region, and 284 

suggests that this site lies in a region characterized by horizontal compression 285 
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subparallel to relative plate convergence. An E-W SHmax orientation is further 286 

supported by the N-S strike of frontal thrust faults imaged in seismic and bathymetric 287 

data from this area (Barnes et al., 2020; Saffer et al., 2019a), and E-W shortening 288 

directions inferred from sediment magnetic susceptibility anisotropy measured from 289 

the Pāpaku Fault footwall (Greve et al., 2020). 290 

NNW-SSE orientations reported from Hole U1519A are not aligned with NE-SW 291 

SHmax (margin parallel) orientations reported from onshore wells and derived from 292 

focal mechanisms, nor with E-W SHmax orientations reported from Hole U1518B 293 

(Figure 3). Several factors may explain this discrepancy. First, Hole U1519A is 294 

located ~5km above a zone of the plate interface that experiences regular large 295 

SSEs, which is locked in-between SEE events (Wallace et al., 2010, 2016) (Figure 296 

1c). Hole U1519A was drilled and logged during a time in-between SSE events, 297 

when the subduction plate interface was locked, and elastic strain accumulation was 298 

occurring, similar to past inter-SSE periods (Wallace et al., 2010). As stress 299 

orientations from existing onshore industry wells are located above the steadily 300 

creeping plate interface region (with no locking and minimal slow slip; Figure 1, 3), 301 

the observed difference in SHmax orientations may be related to differences in plate 302 

interface behaviour (creeping beneath the onshore region; locking and episodic 303 

SSEs offshore). This assumes that stress states at the plate interface remain broadly 304 

consistent from depth to shallow crustal levels. We also note that the broadly NE-SW 305 

orientation of the onshore SHmax observations may also be related to the position of 306 

the northern Hikurangi forearc to the east of an actively extending intra-arc rift (the 307 

Taupo Volcanic Zone). Here, the forearc is likely to be under margin-normal 308 

(southeast-directed) extension, due to the transmission of slab rollback forces across 309 

the forearc and into the extending arc region (Wallace et al., 2012). 310 

The observed NNW-SSE SHmax orientation at Hole U1519A may also result from the 311 

influence of a subducting seamount which has been inferred between Sites U1519 312 

and U1518 (Barker et al., 2018). Numerical modelling suggests that enhanced 313 

compression (SHmax magnitude), rotation of the SHmax orientation, and increased 314 

fault-normal stresses can be expected ahead of the landward flank of the subducting 315 

seamount, while creating an extensional stress shadow behind it (Sun et al., 2020). 316 

Given that Hole U1519A is located on the landward side of the proposed subducting 317 

seamount, and in the context of the approximate seamount morphology, this may 318 

explain the observed NNW-SSE compressional direction of SHmax here (Figure 3). 319 

This theory however would require a morphological feature at the plate interface to 320 

generate a perturbation large enough to affect the stress field at shallow levels 321 

where borehole breakouts are being measured. Furthermore, this effect would have 322 

to only apply to the leading flank and not the extensional stress shadow, in order to 323 

explain the compressional SHmax orientation at Site U1518 (which is located seaward 324 

of the seamount, in the expected stress shadow).  325 

The borehole breakout-derived SHmax orientations recorded from Hole U1519A may 326 

represent a transient stress state associated with the current interseismic SSE 327 
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period, which may change during slow slip events. If so, stress states during SSEs in 328 

this region could either rotate the SHmax orientation, change the stress state from 329 

compressional to strike-slip or extension as a result of the small, typically <1 MPa 330 

(Ide et al., 2007; Leeman et al., 2016), stress drops associated with SSEs, or allow a 331 

combination of both. Analysis of fracture orientations from GVR image logging at Site 332 

U1519 (Supplement 2) shows a dominant NNE-SSW strike consistent with the 333 

interseismic NNW-SSE compressional SHmax direction, though multiple strike 334 

orientations seen for subordinate fractures may be more consistent with alternative 335 

stress states to the one observed at the time of drilling. These may reflect temporal 336 

rotations in SHmax orientation. If SSE stress drops reduce SHmax below the SV 337 

magnitude, becoming 2 or 3 to create a strike-slip or extensional stress state 338 

respectively, then from calculated total Sv magnitudes of the region (Supplement 1), 339 

the interseismic SHmax magnitude would fall in the region of 16-19 MPa. Until stress 340 

orientations can be quantified during slow slip events, further fracture orientation 341 

analysis is performed, and/or quantification of the interseismic SHmax magnitude from 342 

existing data is carried out, this idea remains conjectural, though worthy of further 343 

investigation.  344 

Overall, offshore borehole breakout-derived SHmax orientations from IODP wells 345 

(NNW-SSE, and E-W) differ from the documented NE-SW SHmax for the northern 346 

HSM from shallow depths to plate interface (Lawrence, 2018; Townend et al., 2012). 347 

This may reflect a transition from a thrust fault regime in margin-normal compression 348 

at the northern HSM deformation front, to extensional (normal-faulting) and strike-slip 349 

tectonics in the onshore forearc of the northern HSM forearc, adjacent to the actively 350 

extending Taupo Volcanic Zone. We suggest that the offshore IODP stress 351 

orientations presented here are influenced by processes occurring near the 352 

deformation front, including topographical effects, possible temporal effects 353 

associated with the SSE cycle, and spatial effects associated with the presence of a 354 

subducting seamount in the region.  355 

5 Conclusions 356 

Changes in horizontal stress orientations are observed in a transect across the 357 

northern Hikurangi subduction margin. Borehole image log SHmax orientations imply 358 

margin-normal (E-W), maximum compression in the Pāpaku thrust fault footwall, a 359 

compressional NNE-SSW orientation in the forearc offshore Tuaheni Basin, and a 360 

NE-SW, strike-slip orientation further landward within the onshore forearc. The 361 

NNW-SSE SHmax observed ~40 km east of the coast at Site U1519 may reflect a 362 

number of offshore subduction-related processes including temporal variations in 363 

subduction interface locking and elastic strain accumulation associated with the SSE 364 

cycle, and/or spatial controls associated with subducting seamounts in this region. 365 

Well-scale variations in stress orientation are likely caused by a combination of 366 

topographic effects and recent activity on active fractures and faults.  367 
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