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EXECUTIVE SUMMARY 

 

• This report describes the structural setting of the eastern margin of the 
Murchison Basin, based on the new field mapping of the Te Wiriki Anticline 
(TWA) in an area of ~ 40 km2 (cf. Figure 1 and Table 1). All data are 
synthesised in a geological map at scale 1:25,000 (Plate 1) that also re-
interprets the previously published geological maps. The stratigraphy and 
thickness of the mapped sequence is summarised in Figure 2. 

 
• The new field data and the newly interpreted, depth-converted, seismic line 

MB-87-02 have been used to constrain the subsurface geometry along six 
cross sections transverse to the structural fabric (Plates 2-7), one cross section 
along the trace of line MB87-02 (Plate 8), and one cross section that follows 
the axial trace of TWA (Plate 9). The geometric consistency of the sections 
has been checked by length restoration of the mapped horizons, using the 
software Lithotect© (Geo-Logic Systems). 

 
• The surface and subsurface data are synthesised in the structural contour maps 

on the base of the Matiri Formation (Plates 10 and 11). These maps define the 
3D geometry of the folded sedimentary package detached above the basement, 
and crosscut by systems of low-angle thrust faults (Mt. Murchison and Tutaki 
Thrusts) and high-angle reverse/right-lateral faults (Tainui and Te Patiti 
Faults). 

 
The major conclusions derived from this analysis are: 
 
• The Tainui Fault duplicates the N-S, S-plunging Tutaki Syncline and thrusts it 

over the N-S, N-plunging Blackwater anticline. The N-S to NE-SW Tainui 
Fault (probably inherited from the early phases of extensional deformation) 
shows a ramp-flat geometry, dipping 30-40º E down to – 3000 m. The slip 
vector (defined by the line joining the hangingwall and footwall cutoff of the 
axis of the Tutaki Syncline) has a rake of 35º SW, with a vertical displacement 
of the base of the Matiri Formation of 1000-1500 m and a right-lateral 
displacement of 600-1000 m. 

 
• TWA is a basement cored, conical, S-plunging fold, with a crestal culmination 

decapitated by the Mt. Murchison Thrust. The fold is W-vergent and strongly 
asymmetrical, with a steep west limb and a gently dipping east limb that 
deflects into parallelism towards the Tutaki Thrust. The axial trace of the 
anticline is distorted into “S”-shaped geometry, and the S-plunging axis shows 
- from north to south - two major deflections with a change in dip from 40º to 
10º and 20º S. 

 
• TWA and the Tutaki Syncline are truncated by the Mt. Murchison-Tutaki 

Thrust, which ramps at an angle of ~ 30º E and deflects into sub-horizontal 
trajectories at surface. This geometry suggests mechanisms of large-scale 
gravity sliding of the up-thrust basement towards the basin depression.  
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• The Mt. Murchison and Tutaki Thrusts are different segments of the same 
fault, but their continuity is interrupted by the NE-SW, high-angle 
reverse/right-lateral Te Patiti Fault. This fault does not break through the 
uppermost cover sequence, but its presence is inferred from the “S”-shaped 
distortion of the axial trace of TWA, and possibly from the breaching of the 
Matiri Formation seal at the Te Wiriki gas seep (Plate 10). The whole 
geometry of TWA and its tectonic culmination appear to be controlled by 
buttressing of the basement along a major zone of weakness at the suture 
between the Buller and Takaka terranes (Anatoki Thrust). Both the Tainui and 
Te Patiti Faults are eventually splaying from this principal basement structure.  

 
• The repetitive, closely spaced (cm to metre) deformation fabric that 

characterises the Matiri Formation may affect its sealing quality. 
 

• Structural traps are probably preserved in the sub-thrust panel of the Mt. 
Murchison and Tutaki Thrusts, but there are no data to constrain the presence 
of anticlinal closures berneath the basement thrust sheets. 

 
The eastern Murchison Basin is therefore characterised by complex, non 
cylindrical folds, truncated by high angle reverse/right lateral and low angle thrust 
faults. Shortening is accommodated by both rigid and anelastic deformation.  
 
Refinement of the surface geology has resulted in an improved definition of the 3D 
geometry of TWA. However, some key features remain poorly defined, and, 
notably: 1. Precise location of the core region at depth; 2. Presence of a N-plunging 
closure beneath the Tutaki Thrust; 3. Absolute depth bsl of the base of the Matiri 
Formation, and 4. Effect of cross-cutting faults on the integrity of the reservoir-seal 
system. 
 
 Only the acquisition of new subsurface surveys may add the data needed for a 
well-constrained model of TWA at depth. 
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1.  INTRODUCTION 
 

This Report analyses the structural setting of the eastern margin of the Murchison 
Basin (MB) in the area of the upper Mangles River Valley, where the Te Wiriki 
Anticline (TWA) is truncated by the Mt. Murchison Thrust to the north and by the 
Tutaki Thrust to the east (Figure 1).  
 
The choice of this area for a detailed field analysis has been suggested by the results 
of a previous study (“Structural Analysis of the Murchison Basin”, Ghisetti, 2007), 
but the hydrocarbon prospectivity of TWA was already suggested by previous authors 
(e.g. the well proposal Nuggety Creek by Crundwell, 1988). 
 
The data described in this Report derive from a new field mapping (scale 1:25,000) of 
TWA (Figure 1 and Plate 1) and from the field revision and re-interpretation of the 
existing geological maps (Fyfe, 1968; Suggate, 1984; Rattenbury et al., 2006), 
implemented with stereoscopic air photos. 
 
The new field data (1) constrain the geometry of TWA at surface; (2) allow for a 
better correlation with the subsurface information (seismic line MB87-02, Plate 8); 
and, (3) are the basis for the construction of eight geological cross sections (Plates 2-
9) that depict the structural setting of the eastern margin of MB down to ~ 4 km depth. 
The geometric consistency of the cross sections has been checked by length 
restoration of the mapped horizons (performed with the software Lithotect© by Geo-
Logic Systems). 
 
All together, this analysis provides an improved and more detailed image of the 
eastern margin of MB, as synthesised by the structural contours on the base of the 
Matiri Formation (Plates 10 and 11), that is considered the major seal of the 
hydrocarbon system in the area. 
 
The structural detail added by the acquisition of new surface data results in the partial 
modification and overall refinement of the interpretations provided in Ghisetti (2007), 
but confirms the complex subsurface geometry of MB, with, in particular: (1) 
inheritance of basement structures; (2) intense shortening at the basin margins; (3) 
non-cylindrical folds; and, (4) truncation of folds by different generations of high-
angle thrust /right-lateral faults. 
 
These inherent characteristics of MB, added to the lack of an adequate grid of seismic 
surveys and exploration wells, make it very difficult to build a predictive subsurface 
structural model. In fact, it is likely that large departures from the surface geometry 
occur with increasing depth, as a consequence of competence contrasts in the 
deformed multi-layer, presence of detachments, and/or inherited basement buttresses.  
 
For these reasons, the acquisition of new subsurface data is strongly recommended. 
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2.  GEOLOGY OF THE EASTERN MARGIN OF THE 
MURCHISON BASIN 

 

This paragraph describes the geology of the area included in the map with vertexes 
GR630450, 730450, 730290, 630290 (Figure 1), and in particular the geometry of the 
Scotty Mudstone member of the Matiri Formation (irs, Whaingaroan-Waitakian), 
deformed in the Te Wiriki Anticline (TWA). 
 
The regional geological setting of the Murchison Basin (MB) and the stratigraphy of 
its Tertiary sequence (see also Suggate, 1984; Nathan et al., 1986) have been already 
discussed in the previous Report “Structural Analysis of the Murchison Basin” 
(Ghisetti, 2007), and will not be repeated here. However, for convenience of the 
reader, the summary stratigraphy and the thickness of the exposed sections in the 
eastern margin of the basin are reproduced in Figures 2a and 2b. 
 
Field work was carried out in 6 days in early November 2007 with detailed mapping 
of ~ 40 km2 of rugged mountain terrain and farmland (Figure 1). Outcrop conditions 
are generally very poor, and the best exposures are found along river beds, but they 
are often under water. The geology of the region surrounding the mapped area 
(included in Plate 1) has been revised from previously published geological maps 
(Fyfe, 1968; Suggate, 1984; Rattenbury et al., 2006), and from the original survey 
sheets of H. E. Fyfe (1928-1930) stored in the GNS Map Library. 
 
Completion of the map has also involved the analysis of stereoscopic air photos at 
scale 1:25,000.  
 
The comparison with earlier maps shows that a number of new outcrops are indeed 
exposed at present, partly because of new human developments (e.g. farm tracks,), but 
mostly because of the erosive down-cutting of the Mangles River and its tributaries, 
apparently related to the uplift generated by the great Murchison earthquake of 
17.06.1929. 
 
Precise location of field outcrops has been achieved with the high sensitivity Garmin 
GPS 60Csx, and the geology has been mapped on the 1:50,000 Topographic Map 
M29 (LINZ), enlarged to scale 1:25,000. 
 
The newly collected field data are listed in Table 1, and consist of measurements of 
bedding, cleavage, faults, fractures and veins. The Geological Map that summarises 
old and new data is shown in Plate 1. 
 
From west to east, the major outcropping structures are: (1) Longford Syncline; (2) 
Tainui Fault; (3) Tutaki Syncline; (4) Te Wiriki Anticline; (5) Mt. Murchison Thrust; 
(6) Te Patiti Fault; (7) Tutaki Thrust. 
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Figure 1. Geographic location and major geological features of the area included in the 
geological map of Plate 1. In grey is the area mapped in detail for this study. 
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Figure 2a. Synthetic stratigraphic column of the sedimentary sequence in the Murchison 
Basin. Redrawn from Suggate (1984). Colour code as in Plate 1. 
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Figure 2b. Stratigraphic columns of the eastern Murchison Basin, illustrating the 
synsedimentary control exerted by the Tainui Fault. See Ghisetti (2007) for further details. 
Redrawn and modified from Suggate (1984). Colour code as in Plate 1. 
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2.1 Longford Syncline 
 
The eastern flank of the Longford Syncline is marginally included in the western 
margin of Plate 1, where moderately to steeply W-dipping beds of the Longford 
Formation (Hudson conglomerate, onh) and the Upper Mangles Formation (Trig A 
sandstone (lea) and Valley Creek sandstone (lev)) are truncated by the Tainui Fault. 
The surface mapping of this structure is reproduced from Suggate (1984). 
 
 
2.2 Tainui Fault 
 
The Tainui Fault is a N-S to NNE-SSW trending, high-angle fault that juxtaposes the 
Longford and Tutaki Synclines, with elision of the intervening Blackwater Anticline. 
At surface, the Valley Creek sandstone member of the Mangles Formation (lev) is 
down-faulted on the west side of the fault relative to the uplifted Tutaki Flysch (let) 
on the east side.  
 
In the cross sections of the “Mangles Valley Geological Map” (Suggate, 1984) the 
“Tainui Fault Zone” is interpreted as composed of nearly vertical faults with a net 
normal displacement. However, the mapped fault trace (cf. Suggate, 1984) and the 
outcrops described by Lihou (1991) at GR648397 and GR650413 suggests that the 
latest movements are indeed associated with an E-dipping, reverse fault.  The 
geometry of the fault at depth > 1 km is unconstrained, but the complete elision of the 
Blackwater Anticline at surface is not compatible with down to the west extensional 
movements, neither with compressional reactivation of a high-angle W-dipping 
normal fault. In fact, this geometry requires shortening along a fault that rotates from 
surface dips >75-80º E to dips <60º E with depth. This geometry is also confirmed by 
the re-interpretation of the depth-converted seismic line MB8702 (Plate 8), as 
discussed later in Section 3 (“Subsurface Interpretation”). Consequently, the map of 
Plate 1 depicts the Tainui Fault as a high-angle, E-dipping fault. 
 
The interpretation proposed in Ghisetti (2007) (see also Ghisetti and Sibson, 2006) is 
that the Tainui Fault had a complex history of reactivation from the Eocene 
extensional phases to the Miocene shortening episodes, and is composed of different 
segments, with an inherited normal fault that has been reactivated in compression, 
rotated to high-angle dips, and decapitated by new, cross-cutting E-dipping reverse 
faults. 
 
According to Lihou (1991; 1993) The Tainui Fault has components of right-lateral 
strike-slip displacement, and is the upper crustal splay of the deep-seated Anatoki 
Thrust in the basement (suture between the Buller and Takaka terranes, cf. Ghisetti 
2007 and Figure 2b). This possible correlation suggests that a major zone of crustal 
weakness bounds the eastern margin of MB and has controlled its structural 
development over a long time period, spanning the transition from Cretaceous-Eocene 
extension to Miocene-Pliocene shortening. 
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2.3 Tutaki Syncline 
 
In the western zones of the mapped area the Tutaki Syncline has a N-S, S-plunging 
axial trace, truncated by the Tainui Fault. 
At surface the Tutaki Syncline deforms the Valley Creek sandstone member (lev), the 
Crowe sandstone member (lec), and the Tutaki Flysch member of the Mangles 
Formation, and maintains the characters of a symmetrical fold, with a sub-vertical 
axial surface and moderate to steeply dipping limbs. 
 
 
2.4 Te Wiriki Anticline 
 
The new field mapping has been mostly focused on the definition the Te Wiriki 
Anticline (TWA) and the data collected display a fold geometry that is substantially 
different from what depicted by previous geological maps. 
 
TWA is defined by the bedding and cleavage attitude in the Scotty mudstone member 
(irs) of the Matiri Formation, and its crestal culmination is exposed from GR686375 
(see also cross section B-B’ in Plate 3) to GR672335 along the Mangles River. North 
of GR686376 the fold disappears beneath the Mt. Murchison Thrust. South of 
GR672335 the fold is concealed by extensive Quaternary alluvial cover and is 
eventually truncated by the Tutaki Thrust at GR672300. 
 
One of the major challenges for the reconstruction of the geometry of TWA is the 
closely-spaced network of fractures and cleavage surfaces that deform (from mm to 
metre scale) the Scotty mudstones (irs in Figure 2 and Plate 1), causing the 
transposition of bedding (Figures 3 and 4). 
 
Where bedding is not surely indicated by lithology changes or where erosive 
conditions mask the 3D geometry of outcrops (e.g. in water-washed outcrops along 
river banks), it is sometimes difficult to assess whether the observed repetitive 
surfaces are to be ascribed to bedding or rather to fracturing. These uncertainties are 
labelled as ”unknown” type of surface in Table 1. The strike and dip measurements 
plotted on Plate 1 are only the ones where there is a ≥ 90%  confidence on the 
attribution of the datum. 
 
The average geometry of TWA is reconstructed in Figure 5, by using the 
stereographic projection (Schmidt equal area stereonet, lower hemisphere) of the 
poles to all bedding planes in the Scotty mudstone member of the Matiri Formation 
(78 measurements).  
 
The plot shows that the fold is not cylindrical; it rather possesses a conical shape (see 
concentration of poles in a small circle, with a discontinuous clustering of density 
peaks, cf. Groshong, 2006), and is defined by beds with a wide dispersion in strike 
and dips ranging from sub-horizontal to 50-60º E and W.  
 
However, the west flank of the fold must deflect into higher angle dips (> 65º) to the 
west, to maintain the concordant relationships with the overlying Tutaki Flysch on the 
east flank of the Tutaki Syncline. In contrast, there is no evidence for an inflection to 
higher dips on the eastern flank of the anticline, buried underneath the Tutaki Thrust. 
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Figure 3. Outcrop of the Scotty mudstones member (irs, Matiri Formation) along the Nuggety 
Creek Road (GR676370) showing a closely-spaced network of fractures crosscutting the 
bedding. 
 

 

Figure 4. Set of closely spaced fractures (sub-perpendicular to bedding) in calcareous 
mudstones of the Scotty mudstone member (irs, Matiri Formation) at GR670375. Note that 
this intense fracturing may result in complete transposition of bedding. 
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The average fold axis derived from the distribution of bedding (Figure 5) has a plunge 
of 25º to 200º, and a similar attitude is derived from the measurements of reverse slip 
lineation on folded beds (Figures 6 and 7).   
 
However, the axial trace is not straight, and designs a “S”-shaped trajectory, with: (i) 
N-S orientation between GR686376 and GR685350; (ii) NE-SW orientation between 
GR685350 and GR671325; and, (iii) again N-S orientation between GR671325 and 
GR672300. Note that the Te Wiriki gas seep (GR 685348, Fig. 8) is close to the 
deflection of the axial trace from N-S to NE-SW trajectories. The distortion of the 
fold south of GR685350 is well constrained by measurements along the Mangles 
River valley, and locates the axial trace of the anticline ~ 2 km west of the trace 
mapped in Suggate (1984).   
 
The south plunge of the sub-conical fold is confirmed by all bedding measurements 
(cf. Figures 6 and 7), by the progressive southward tightening of the fold interlimb 
angle, and by the crestal culmination of Nuggety Creek sandstones in the core of the 
anticline at GR 687370.  
 
All field observations show that the strong irregularity of the folded surface of the 
Scotty mudstones, from outcrop scale (1-10 m) to regional scale (1-2 km),is  imposed 
by the presence of minor folds, shear zones, and pervasive cleavage. 
 

 

Figure 5. Density contour plot of the poles to bedding in the Scotty mudstone member of the 
Matiri Formation (irs), illustrating the conical geometry of the Te Wiriki Anticline. 
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Figure 6. Reverse slip movements on beds of the Scotty mudstones that constrain the axis of 
the Te Wiriki Anticline. Note consistency with Figure 5. Measurements at GR704367 (see 
Figure 7) and GR688358. 
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Figure 7. Fibrous calcite steps (plunging 28º to 148º) indicating reverse slip (top to the NW) 
on a bedding plane slip surface 088/30ºSE at GR704367. These beds are located on the 
eastern limb of the Te Wiriki Anticline (cf. Figure 6). 
 

 

Figure 8. Gas bubbles in the Te Wiriki gas seep at GR685348. 

 



 

 16

2.5 Mt. Murchison Thrust  
 
The Mt. Murchison Thrust is mapped (Plate 1) as a low-angle fault, which superposes 
the Cretaceous granites of the Separation Point Batholith and the overlying Brunner 
coal measures (uib) and Nuggety Creek sandstones (uin) of the Maruia Formation 
above the Scotty sandstones of the Matiri Formation. 
 
In Suggate (1984) the Eocene-Oligocene sedimentary sequence that drapes the 
granites of Mt. Murchison is considered to be in stratigraphic continuity. In fact there 
is an apparent concordance in bed strike between the Matiri and Maruia Formations at 
GR655415 and GR657404, though the Matiri Formation is characterised by dips  of 
70-80º W, higher than those of the Maruia Formation (30-65º W). 
 
However, the tectonic superposition of the Nuggety Creek sandstones above the 
Scotty mudstones is evident all along the frontal contact from GR663392 to 
GR700370, with marked discordance in bed strike between the two formations. 
Locally, the Nuggety Creek sandstones possess dips lower than the topographic slope 
(e.g. dips of 12º and 22º S at GR696375 and GR696372), that project the unit above 
the Scotty mudstones, and therefore indicate a non stratigraphic contact. The tectonic 
repetition is also confirmed by the outcrop of Nuggety Creek sandstones 
stratigraphically below the Scotty mudstones in the core of TWA at GR685370, with 
truncation of the fold axial trace by the overlying Mt. Murchison Thrust. 
 
Though the stratigraphic offset of the Mt. Murchison Thrust is apparently small (given 
that the Nuggety Creek sandstones overlie the Scotty mudstones), the net 
displacement is actually larger, because the thrust duplicates the conical-shaped TWA 
(Figure 9). In fact, the hangingwall panel of the Mt. Murchison Thrust exposes the 
northward culmination of the conical fold, with the basement cored, open drape fold 
(cf. Friedman et al., 1976) designed by the Maruia Formation. In contrast, the footwall 
panel exposes the tighter, south-plunging, conical apex of TWA. 
 
 

 

Figure 9. Simplified geometrical reconstruction of the conical Te Wiriki Anticline, with the 
trajectory of the crosscutting Mt. Murchison Thrust. 
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2.6 Te Patiti Fault 
 
There is no continuity between the Mt. Murchison Thrust and the Tutaki Thrust across 
the Te Patiti River (from GR271380 to GR270370), and in fact the Tutaki Thrust 
appears to be down-faulted to the east relative to the Mt. Murchison Thrust. 
 
At three different localities (GR709368, 708379, 701370) the belt of deformation that 
separates the Mt. Murchison and the Tutaki Thrusts is defined by a sub-vertical, 
foliated black gouge with crushed angular blocks of sandstones and granites cm to dm 
in size (Figure 10). In the proximity of this zone the Scotty mudstones are intensely 
deformed by sets of minor folds (GR703373 and nearby localities), and by an intense, 
closely spaced cleavage. All these outcrops appear to lie along the surface trace of a 
high-angle NE-SW trending shear zone (Te Patiti Fault) with an eastern down-thrown 
side. The southern tip of the Patiti fault can be projected ~ 1 km SW, where the axial 
trace of TWA deflects from N-S to NE-SW orientation, suggesting that right-lateral 
components of movement on the Te Patiti Fault have controlled the “S”-shaped 
deflection of TWA. Note that right-lateral components have also been suggested for 
the sub-parallel Tainui Fault (Lihou, 1993). 
 
 
 
 

 

Figure 10. Detail of the contact between steep foliation planes and granite angular clasts in 
the vertical deformation band belonging to the Te Patiti Fault. GR708379. 
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2.7 Tutaki Thrust 

 
The Tutaki Thrust is defined by at least two different fault splays that bound the 
eastern margin of MB and superpose the igneous rocks of the Separation Point 
Batholith and Rotoroa Complex (with remnants of the overlying Maruia Formation) 
onto the eastern flank of TWA. 

The lowest fault dips 20-40º E and is well exposed at GR689348, where upright 
massive beds of coarse arkosic sandstones (Brunner coal measures of the Maruia 
Formation) overlie strongly foliated mudstones of the Matiri Formation (Figure 11). 
The foliation planes maintain a strike sub-parallel to the thrust, but range in dips from 
20º to 80º E. This geometry suggests a “S-C” fabric of the cleavage in a broad shear 
zone adjacent to the thrust fault, typical of foliated cataclasites in mudstone-
dominated lithologies (e.g. Lin et al., 2001). Fibrous calcite veins interlayered to the 
foliation planes indicate a thrust slip vector towards 153º, i.e. an almost pure dip-slip 
component for the thrust fault. The Brunner coal measures (uib) and the Kaiata 
mudstones (uik) in the hangingwall of the lower Tutaki Fault appear to be deformed 
by minor folds, some with overturned limbs (GR687324). The upper Tutaki Thrust 
Fault bounds the slopes of Mt. Baring (Figure 12) and is characterised by average dips 
of 60-70º E. 

Unfortunately there is no good exposure of the Matiri Formation on the E flank of 
TWA south of GR680340, because of extensive Quaternary alluvial cover.
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Figure 11. Closely spaced (mm-cm) cleavage (average plane 100/60º SW) in the Scotty 
mudstones member of the Matiri Formation (irs) in the footwall of the Tutaki Thrust. 
GR688347. Note the intense deformation of this cataclastic belt, where bedding is completely 
obliterated. 

 

Figure 12. Panorama (view towards NE) of the Rotoroa Complex basement up-thrusted in the 
hangingwall of the Tutaki Thrust. Lower Mangles valley. 
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3.  SUBSURFACE INTERPRETATION 
 

The subsurface interpretation of the area mapped in Plate 1 is based on: 1. the 
geological interpretation of the depth-converted seismic line MB87-02 (Plate 8), that 
crosses the investigated area with a dog legged trajectory; and, 2. the down-dip 
projection of the surface geology (with maintenance of the average thickness of the 
units, see Figure 2b) along 6 transverse cross sections oriented WNW-ESE (sections 
from A-A’ to F-F’ in Plates 2-7). The tie between all sections is provided by a 
longitudinal cross section (H-H’-H”, Plate 9) parallel to the axial trace of TWA.  
 
 
3.1 Geological Interpretation of the Seismic Line MB87-02 
 
An interpretation of the seismic line MB87-02 (Petroleum Corporation of New 
Zealand, 1984) has been already proposed in Ghisetti (2007), but the revised 
interpretation presented in Plate 8 gives an improved definition of the subsurface 
geology, because the line has been depth-converted (conversion done by A. Melhuish, 
Excel Geophysical Services, using the stacking velocities of the migrated section), 
and plotted to a true horizontal scale with no vertical exaggeration (Plate 8a). Also, 
the seismic line is plotted with its WNW-ESE segment to the left, for a better 
comparison with the other geological cross sections (Plates 2-7). 
 
Note however that the geological cross section G-G’-G” shows a distorted image of 
structures and units, because of the changes in orientation of the seismic line, with a 
short western trace oriented WNW-ESE (i.e. nearly transverse to the structural fabric), 
a central trace oriented NW-SE (i.e. oblique to the structural fabric) and the longest 
southern trace oriented NNE-SSW and N-S (i.e. nearly parallel to the structural 
fabric).  
 
As already discussed in Ghisetti (2007) the poor seismic resolution of line MB87-02, 
and the lack of ties with other lines and/or exploration wells is the biggest problem for 
a well-constrained subsurface interpretation. In addition, the dipping units at surface 
cannot be tied to any reflection, as particularly evident where the line crosses the 
steeply dipping beds on the east flank of the Longford Syncline.  
 
The interpretation shown in Plate 8 is mainly based on the attribution of the packages 
of high energy reflections to the Maruia Formation, and on the attribution of the 
transparent seismic facies with discontinuous and confused reflections to the Matiri 
Formation.  
 

The major features shown by the cross section G-G’-G” (Plate 8b) are: 
 

• The E-dipping Tainui Fault, that causes the reverse duplication of the 
basement and of the overlying sedimentary sequence with a vertical 
displacement ≤ 1500 m.  

 
• The culmination of the Blackwater Anticline in the footwall of the Tainui 

Fault.  
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• The lateral ramp along the trajectory of the Tainui Fault (at G’), interpreted 
as occurring above a basement buttress (inherited normal fault? strike-slip 
fault?). This geometry is derived from the apparent change in thickness 
and the sharp deflection of the horizons of the Maruia Formation (Brunner 
coal measures) that provides the major detachment for the whole sequence. 
Note also that the lateral ramp along the Tainui Fault can be correlated 
with the surface deflection of TWA from N-S to NE-SW trends (cf. Plate 
1). 

 
• The duplication and tectonic thickening of the Maruia Formation along the 

axial trace of TWA, resulting from fault displacement and/or flow of the 
low competence units in the fold core. 

 
 
3.2  Transverse Cross Sections (Plates 2-7) 
 
The transverse cross sections are oriented WNW-ESE and closely spaced, and the 
major features portrayed from west to east are: 

 
• The steeply dipping east limb of the Longford Syncline is crossed by 

sections A-A’ and B-B’, and is truncated by the reverse, E-dipping Tainui 
Fault. The adjacent Blackwater Anticline remains buried in the subsurface 
in the footwall of the Tainui Fault. Correlation with the seismic line 
MB87-02 (Plate 8) suggests that bedding becomes progressively flatter at 
depth, with a detachment of the fold within the Maruia Formation. 

 
• The Tainui Fault possesses a ramp trajectory in the uppermost sections and 

rotates into a flat trajectory with increasing depth. In sections D-D’, E-E’ 
and F-F’ the fault is depicted as propagating within the Matiri Formation. 
The cross section G-G’-G” shows another ramp of the Tainui Fault at 
depth > 4 km, i.e. beneath the maximum depth plotted in Plates 2-9. 

 
• The hinge region of the Tutaki Syncline is truncated in the hangingwall of 

the Tainui Fault along sections B-B’, C’C’, D’D’ and E’E’, and its up-dip 
projection is decapitated by the Mt. Murchison Thrust. In contrast, along 
section A-A’ the hinge of the Tutaki Syncline is buried in the footwall of 
the Tainui Fault, as indicated by surface geology (Plate 1). The axial plane 
of the fold is nearly vertical at surface, but is interpreted to rotate into 
shallower dips at depth, with an overall W vergence. 

 
• TWA is decapitated and duplicated by the low-angle Mt. Murchison 

Thrust in section A-A’ (see also Figure 9), and emerges with its crestal 
culmination in Maruia Formation (uin) in section B-B’ at an elevation of ~ 
500 m asl. South of section B-B’, the culmination of the base of the Matiri 
Formation in the fold core becomes progressively deeper, from –250 to – 
400 m bsl, compatible with a plunge of ~ 10º S. Therefore, the average 
plunge measured between the cross section B-B’ and E’E’ is less than the 
average plunge of 20-25º S measured from the density contour of bedding 
in the Scotty mudstones (Figures 5 and 6). This discrepancy can result 
from: (i) an incomplete sampling of the bedding surfaces that design 
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TWA, or, (ii) an imprecise location of the base of the Matiri Formation in 
the depth converted seismic line MB87-02, consequent on the poor seismic 
resolution, and/or the velocity model used for depth conversion. However, 
another possibility is that there are along-strike inflections of the fold axis, 
as it is in fact suggested by the longitudinal cross section H-H’-H” (Plate 
9). 

 
• TWA shows a strong asymmetry and W-vergence, with a short, steeply 

dipping western flank, and a long, shallow-dipping eastern flank, 
overridden by the Tutaki Fault. The axial surface of the fold dips ~ 70º E. 

 
• TWA is interpreted as detached at the sediment-basement interface (i.e. at 

the base of the low-competence Maruia Formation). The rigid basement 
blocks accommodate the imposed deformation by block faulting and 
rotation along sets of high-angle reverse and strike-slip faults. One set of 
these faults is depicted on the west limb of TWA, but its presence and 
position are entirely hypothetical, and required only by geometrical and 
mechanical considerations. In contrast, the other set of faults depicted on 
the east limb of TWA corresponds with the high-angle, right-lateral Te 
Patiti Fault, that is crossed at surface along sections A-A’ and B’B’. South 
of section B-B’ the Te Patiti Fault is projected at depth into the basement, 
with a tip line in the lower Matiri Formation. Both the Te Patiti and Tainui 
Faults are interpreted to merge into a high-angle fault at depths > 3.5 km 
(see sections C-C’, D-D’, E-E’), with a “flower” geometry, typical of 
strike-slip systems. As discussed earlier on, this major zone of weakness in 
the basement may eventually correlate with the Anatoki Thrust. 

 
• The Tutaki Fault is defined by two surface splays (cf. Plate 1), interpreted 

to merge into a single plane dipping ~ 30º E. The fault has a large 
component of shortening, and truncates with a ramp geometry the buried, 
east limb of TWA, the eroded up-dip projection of the core of TWA, and 
the fold limb shared by TWA and the Tutaki Syncline (sections D-D-. E-E’ 
and F-F)’.  

 
All the transverse cross sections have been restored and length balanced (using the 
Lithotect© software by Geo-Logic Systems) in order to test their geometric 
consistency. The balanced length of the sedimentary units overlying the basement is 
generally satisfactory, but the basement topography does not restore to the horizontal, 
probably reflecting a complex tectonic fabric inherited from superposed phases of 
deformation. However two fundamental conditions required for balancing (i.e. 1. ties 
to undeformed units, and 2. lack of strike–slip faults with components of displacement 
out from the plane of the section) are not fulfilled, and is therefore unlikely that the 
restored sections are fully balanced. 
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3.3 Longitudinal Cross section (Plate 9)  
 

The internal consistency of all the transverse cross sections has been calibrated with 
the longitudinal cross section H-H’-H”, which follows the axial trace of TWA from 
south to north (Plate 9). 
The section shows: 
 

• Satisfactory geometric ties between the transverse cross sections. 
 

• The continuity between the Mt. Murchison and the Tutaki Thrust along a 
N-S transect, where the thrust is not crosscut by the Te Petita Fault. 

 
• The tectonic duplication of the basement and of the overlying sedimentary 

sequence in the subsurface of MB. 
 

• The lateral ramp of the Tainui Fault at depth > 3.5 km. 

• Along-strike deflections and culminations of the axis of TWA, with a 
change in the angle of plunge from ~ 40º S to ~ 12º S southward. These 
deflections may explain the discrepancy between the average plunge of the 
anticline derived from the density contour of bedding (Figure 5) and the 
regional plunge constrained by the depth of the base of the Matiri 
Formation in the seismic line MB-8702 (Plate 8b). 
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4. GEOMETRY OF THE BASE OF THE MATIRI FORMATION 
 

 
The subsurface geometry of the base of the Matiri Formation, reconstructed from 
the transverse and longitudinal cross sections, is shown in Plate 10. 

 
As already pointed out, the lack of a grid of subsurface seismic lines and/or 
exploration wells, and the poor exposure conditions of the Matiri Formation in the 
lower Mangles River valley affect the quality of this extrapolation. 
 
Plates 2-9 show that the Tainui Fault truncates the Tutaki Syncline and overrides a 
large panel of the sequence. The superposition of the core of the Tutaki Syncline 
in the hangingwall onto its western limb and decapitated core in the footwall 
creates a complex duplication of the base of the Matiri Formation, which is 
difficult to represent in one single figure. For the sake of clarity the geometry of 
the area of overlap of the Matiri Formation is omitted in Plate 10 and shown 
separately in Plate 11.  
 
The major features shown by Plates 10 and 11 are: 
 

• West (and in the footwall) of the Tainui Fault the Matiri Formation is 
folded along the N-plunging Blackwater Anticline, that culminates at 
depth of ~ -2000 m at the west margin of the investigated area.  

 
• The east limb of the Blackwater Anticline is deflected underneath the 

Tainui Fault, and truncated with oblique ramp geometry. 
 
• The Tainui Fault maintains N-S trends and dips ~ 30-40º E. The core of 

the Tutaki Syncline is largely preserved in the fault hangingwall, where the 
fold axial trace maintains N-S trend, and plunges south. The decapitated 
core of the syncline (with a NNE-SSW, N-plunging axial trace) can be 
located in the sub-thrust panel of the Tainui Fault at the northern margin of 
the area (Plate 11). The vertical displacement of the base of the Matiri 
Formation is of the order of 1500 m along the northern segment of the 
Tainui Fault and decreases to ~ 1000 m southward. The presence of two 
cutoff points at the intersection between the fault plane and the axis of the 
Tutaki Syncline give the possibility of estimating a rake of ~ 35º SW for 
the fault slip vector (Plate 11). This estimate confirms components of 
right-lateral displacement of ~ 600-1000 m. 

 
• TWA is a complex structure, with: (1) a “S”-shaped, N-S to NE-SW axial 

trace. (2) A crestal culmination in outcrop at ~ 500 m asl in the footwall of 
the Mt. Murchison thrust. (3) An undulated, S-plunging axis, that dips ~ 
40º S in the northern N-S segment of the fold, flattens to dips of ~ 10º S in 
the central, NE-SW segment, and plunges ~ 20º S in the southern, N-S 
segment. (4) A core region that is open and broad in the northern part, and 
progressively tightens southward, as a consequence of the conical shape of 
the fold (cf. Figure 9). (5) A strong asymmetry between the western, 
steeply dipping limb and the gently dipping eastern limb. The eastern limb 
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of the fold appears to deflect and rotate beneath the Tutaki Thrust, where it 
is truncated with a nearly flat geometry. (6) The truncation of both limbs 
by sets of NE-SW, high-angle reverse faults with components of right-
lateral displacement. The Te Patiti Fault is the most important structure 
crosscutting the eastern limb of the fold, but its upper tip line remains 
buried below the Matiri Formation south of line B-B’ (Plate 10). However, 
the basement buttressing controlled by the fault is the apparent cause for 
the “S”-shaped deflection of the fold axis. 

 
• The geometry of the base of the Matiri Formation in the sub-thrust panels 

of the Mt. Murchison and Tutaki Thrusts is poorly constrained. The crestal 
culmination of the fold beneath the Mt. Murchison Thrust suggests the 
presence of a N-plunging fold closure, but there are no data to corroborate 
this geometry. Likewise, the geometry plotted beneath the Tutaki Thrust is 
simply the down-dip extrapolation of the surface geology. Large variations 
to this conservative interpretation are possible and likely. 
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5. CONCLUSIONS 

 
 

The new field data collected for this project have added a number of constraints on 
the surface geometry of the Matiri Formation, allowing for an improved definition 
of the Tutaki Syncline-Te Wiriki Anticline (TWA) fold system in the eastern 
Murchison Basin (MB). The resulting subsurface interpretation offers a structurally 
consistent definition of TWA and a much sharper image of its 3D geometry 
relative to what available so far (e.g. Crundwell, 1988, and Crundwell, 1990). 
 
This structural study confirms some of the major conclusions presented in an 
earlier report (Ghisetti, 2007), and in particular: 
 

• The sequence of structural phases with: (1) early buckling and detachment 
of the sediments above the basement (Lw-Po); (2) fold growth and 
amplification during compressional inversion of inherited normal faults 
(Pl-Sc); and, (3) truncation of the earlier folds by late crosscutting of the 
low-angle Mt. Murchison-Tutaki Thrust at the eastern margin of MB. 

 
• The geometry of basement-cored folds, with detachment and thickening of 

the low-competence sedimentary sequence above rigid buttresses of the 
basement, and with accommodation of shortening in the basement 
accomplished by displacement and rotation along high-angle faults that 
possess components of reverse and strike-slip displacement. 

 
• The non cylindrical geometry of the folds and their W vergence. 
 
• The contractional inversion of inherited normal faults during the Miocene 

shortening phases. 
 
However, the improved interpretation of the depth-converted seismic line MB87-
02 (Plate 8b), the more detailed scale (1:25,000) of the geological map (Plate 1) 
and of the cross sections (Plates 2-9), and a large number of field measurement 
and observations (Table 1) produce a more refined image of the subsurface 
geometry of the Matiri Formation (Plates 10 and 11), that partly modifies the 
earlier interpretations. 
 
The most relevant points that arise from this study are: 
 

1. TWA is defined as a basement cored, S-plunging fold, with a crestal 
culmination decapitated by the Mt. Murchison Thrust. The fold is 
characterised by a conical shape, constrained by (1) geometry of bedding 
(Figure 5); (2) the truncated portions of the fold preserved in the hangingwall 
and footwall panels of the Mt. Murchison Thrust (Figure 9 and Plate 2); and, 
(3) progressive southward tightening of the core region in the Matiri 
Formation (Plate 10). The fold is strongly asymmetrical, with a steep west 
limb and a gently dipping east limb that rotates towards parallelism with the 
Tutaki Thrust. The axial trace of the fold is distorted with “S”-shaped 
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geometry, and the S-plunging axis shows two major deflections, where the 
angle of dip changes from 40º to 10º and 20º S.  

 

2. The Mt. Murchison and the Tutaki Thrusts are the same fault, that ramps to the 
surface with an angle of ~ 30º E at the eastern margin of MB, and deflects into 
sub-horizontal trajectories along the Mt Murchison Thrust. This type of 
geometry can be controlled by large-scale gravity sliding of the up-thrusted 
basement towards the basin, as e.g. demonstrated for the San Cayetano thrust 
at the eastern margin of the Ventura Basin (Nicholson et al., 2007). The 
continuity between the Mt. Murchison and Tutaki Thrust is interrupted by the 
NE-SW, high-angle, Te Patiti Fault, a structure defined by the new field data 
collected for this study. The Te Patiti Fault appears to die out in the Matiri 
Formation south of the Te Patiti Stream (cf. Plate 10), and is only marginally 
included in the geological map of Plate 1. However, the fault may well 
continue to the NE along the corridor that separates the Rotoroa Complex and 
Separation Point Batholith (cf. Rattenbury et al., 2006). The “S”-shaped 
distortion of the axial trace of TWA at the projected intersection with the SW 
tip of the Te Patiti Fault is the major evidence for right-lateral components of 
movement along this fault. 

 
3. The geometry, tectonic culmination and distortion of TWA appear to be 

strongly controlled by buttressing of the basement along a system of high-
angle reverse /right-lateral faults. Both the Tainui and Te Patiti Fault appear to 
splay from this major zone of weakness in the basement, which can be 
correlated with the position of the Anatoki Thrust, i.e. the suture between 
Buller and Takaka terranes. Note that the Te Wiriki gas seep is located in this 
position (cf. Plate 10), possibly indicating that localised deformation breaches 
the sealing quality of the Scotty mudstones. 

 
4. A number of field measurements and observations demonstrate the complex 

geometry of deformation of the Scotty mudstone member of the Matiri 
Formation, with minor folds, closely spaced networks of fracture and 
cleavage, multiple sets of calcite-filled veins, and the presence of shear zones.  
All these features are probably connected with the strong distortion of the rock 
package during folding of TWA, and late crosscutting by sets of high-angle 
and low-angle faults. There has been no attempt to systematically measure and 
analyse these structures in the field, and a detailed description of small-scale 
deformations is beyond the aim of this work. However, it is important to note 
that these repetitive, small-scale structures may alter the lithological sealing 
properties of the Matiri Formation. 

 
5. The reconstructed geometry of the base of the Matiri Formation (Plate 10) 

demonstrates the strong amount of shortening at the eastern margin of MB, 
accommodated by both rigid and anelastic deformation. The geometric 
consistency of the proposed interpretation has been validated by the successful 
restoration of cross sections to the undeformed state (using the software 
Lithotect© by Geo-Logic Systems), with preservation of the horizon length. 
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However, the geological setting clearly shows that there are important 
components of movement out from the plane of the section, and it is therefore 
not possible to reliably quantify the amount of shortening. 

 
6. The reconstructed geometry of the base of the Matiri Formation (Plate 10) 

confirms the likelihood of structural traps preserved in the sub-thrust panel of 
the Mt. Murchison and Tutaki Thrusts. However, there is not adequate 
information to depict the presence of the north closure of TWA beneath the 
allochthonous basement. 
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6. RECOMMENDATIONS 
 

 
As already discussed in Ghisetti (2007) the stratigraphy, tectonic evolution and 
structural geometry of the Murchison Basin (MB) provide conditions favourable to 
the presence of structural traps for hydrocarbons.  
 
The new field data collected in the area of the Te Wiriki Anticline (TWA), and the 
compilation of the revised geological map of Plate 1 result in a sharper definition 
of the fold, but the generally poor outcrop conditions (especially on the east limb of 
the anticline) and the lack of adequate and modern subsurface data affect the 
quality of the proposed interpretations. 
 

In fact, all the conclusive points summarised  in Section 5 demonstrate that the 
rock units that host the hydrocarbon system in the eastern margin of MB possess a 
complex 3D geometry, imposed by: (1) detachments; (2) irregular trajectories of 
faulting; (3) superposed events of deformation; (4) intense shortening, and (5) 
interference of basement buttresses. 
 
The major problems for the definition of TWA are:  
 
1. A precise location of the core region with increasing depth. 
2. The undemonstrated presence of a N-plunging closure in the sub-thrust panel of 

the Mt. Murchison Thrust. 
3. The uncertainty in the absolute depth bsl of the base of the Matiri Formation. 
4. The effect of cross-cutting faults on the integrity of the reservoir-seal system. 
 
These problems (with the exclusion of point 4) cannot be addressed by additional 
collection and/or analysis of surface data and require the acquisition of new, robust, 
and adequately located subsurface surveys. 
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