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1. EXECUTIVE SUMMARY 

 
Geometry of structures and timing of deformation in the Murchison Basin (MB) 
have been analysed by integrating surface geological data (Figs. 1, 2, 3, 4, and 6) 
with the interpretation of reprocessed seismic lines (MA84-01, 02, 03; MB-01, 02; 
MB 87-01, 02, 03, see Fig. 5 and Plates 1-8) and the available exploration wells 
(Matiri-1, Murchison-1, Blackwater-1, Bounty-1).  
 
The geological interpretation is provided by 7 transverse cross sections and 3 
longitudinal cross sections (Plates 9-13) and the regional synthesis by the 
structural contour map of the base of the Oligocene Matiri Formation (Plate 14).  
 
The most important conclusions of this study are: 
 
• The basement of the Murchison Basin preserves the strong imprint of the 

Eocene extensional faulting, and location of associated normal faults has 
controlled: (i) distribution of the source rocks of the Eocene Brunner coal 
measures; (ii) facies and thickness variation of the Oligocene Matiri Formation 
which seals the underlying Eocene source and potential reservoir rocks and, 
(iii) the reactivation and/or the site of nucleation of new thrust (and strike-slip) 
faults during Miocene and later compression (Fig. 4). 

 
• The presence and extent of the Brunner coal measures in the central part of 

MB remain unproven. However, the extensional offset (down to the east) 
preserved along the Matiri Fault and the inferred along-strike continuation of 
this fault system with the Eight Mile Creek Fault (Fig. 6), suggest a former 
extensional depocentre in the central part of MB. This is consistent with the 
larger thickness of the Maruia Formation on the eastern margin of MB, and 
with the known oil and gas seeps in the centre of the basin. 

 
• Neogene sedimentation and shortening are synchronous, with 3 major stages: 

Stage I - buckling and detachment of the sediments above the basement (latest 
Oligocene-early Miocene, Lw-Po); Stage II - fold growth and amplification 
(Fig. 7) coeval with deposition of the Longford Formation (middle Miocene, 
Pl-Sc), associated with compressional inversion of suitably oriented inherited 
normal faults (Fig. 8); Stage III - late cross-cutting (post 5 Ma) of earlier folds 
and high-angle reverse faults by newly propagating low-angle thrust faults. 

 
• The geometry of the fault network consists of: (i) steeply dipping normal 

faults inherited from the early extensional phases and reactivated in 
compression; (ii) later, low-angle thrust faults (Figs. 8 and 9) that crosscut the 
earlier faults and accommodate larger components of shortening.  The 
presence of superposed sets of faults with varying angles of dip controls the 
geometry of basement buttresses, the style of folding in the cover sequence, 
and the amount of E-W shortening. The strongest shortening is localised at the 
basin’s margins, but appears to increase from W to E and from N to S, in 
connection with proximity to the footwall panel of the Alpine Fault. 
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• The geometry reconstructed for the base of the Oligocene Matiri Formation 
(Plate 14) shows that: (i) tight N-S anticlines at shallow depth flanking the 
broad synclinal depocentre of MB are strongly disrupted in the core region and 
in the sub-vertical limbs by late thrust faults; (ii) a large section of the Tertiary 
sequence is likely to be buried underneath the allochthonous thrust sheets at 
the eastern margin of the basin (hanging wall of the Tainui and Tutaki thrust 
faults). 

 
• It is possible that structural plays relevant for further exploration are preserved 

below basement overthrusts, especially in the sub-thrust panel of the Tainui 
and Tutaki thrust fault and in the deeper portion of the Matiri and Blackwater 
structural highs. However, the facies and thickness variations, the multiple 
detachments between units and the non-cylindrical structural style make it 
very difficult to project surface data to depths >2000 m. 

 
The proposed structural interpretation is internally consistent (Plate 14), but is not 
satisfactorily constrained by the available subsurface data, which do not provide a 
robust basis for the location, geometry and depth of units.  
 
It is opinion of the writer that MB offers a good combination of source rocks, 
maturity and structures favourable to hydrocarbon preservation in deep, but 
probably small traps. However, acquisition of modern subsurface data is critical to 
any further exploration and for identifying eligible drilling sites, especially 
towards the eastern margin of the basin. Other additional data worth collecting 
concern the definition of the preserved footwall stratigraphy, the recognition of 
sub-thrust closure, the role played by faults in providing fracture permeability, 
migration pathways and sealing at critical stratigraphic position, and the 
assessment of the late breaching of structural reservoirs by strike-slip faults and 
cross-cutting thrust faults. 
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2.  INTRODUCTION 

This Report analyses the subsurface structural setting of the Murchison Basin 
(MB, Fig. 1) derived from a re-interpretation of: (1) data from published 
geological maps; (2) reprocessed seismic lines; and, (3) exploration wells. 
 
The geometry of the deformed sequence has been assessed by the interpretation of 
8 seismic lines (reprocessed seismic lines MB-01, 02; MB87-01, 02, 03; MA84-
01, 02, 03, Plates 1-8) with construction of 10 geological cross sections (7 cross 
sections transverse and 3 cross sections longitudinal to the structural trends) that 
incorporate shallow and subsurface geology (Plates 9-13). The structural setting 
based on these data is regionally consistent and is synthesized by the structural 
contour map of the base of the Oligocene Matiri Formation (Plate 14) that 
provides the lowest stratigraphic seal of the primary hydrocarbon system.  
However, oil has also migrated into potential reservoirs of secondary interest, e.g. 
having been tested from within the Mangles Formation in the Blackwater-1 well. 
 
Results of this analysis give information on: 

• The extent and geometry of the Eocene source rocks (Brunner coal 
measures) and associated potential sandstone reservoir units of the Maruia 
Formation in the deeper portions of MB. 

• The style of folding, presence of detachments, and structural 
heterogeneities between units with strong competence contrasts. 

• Subsurface structural highs. 
• The geometry of the major faults and timing of breaching relative to the 

folds. 
• The amount of shortening. 
• The likelihood of preserved reservoir units. 

All interpretations are strongly affected by the poor quality of subsurface data, and 
by the lack of significant stratigraphic penetration of the four existing exploration 
wells (Matiri-1, Murchison-1, Blackwater-1, Bounty-1, see Kanak and Blumer, 
1970; Dunn et al., 1985; Crundwell, 1990).  
 
The regional location, stratigraphic sequence, structural style and timing of 
shortening of MB provide, in principle, favourable combinations for hydrocarbon 
migration, sealing and preservation in deep, but small structural and stratigraphic 
traps. However, the deep geometry of the basin is not satisfactorily defined by the 
subsurface data, especially considering the disharmony of structural style, the 
presence of multiple detachments, and the unknown strike-slip displacement along 
major faults. As a consequence, the presence, location and depth of structural 
targets suitable for further exploration remain ambiguous. 
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3.  REGIONAL GEOLOGICAL SETTING 

The Murchison Basin (MB) is a narrow, fault-bounded depression located on 
Australian continental crust, west of the Australian-Pacific transform plate 
boundary of the Alpine Fault (Fig. 1). MB is therefore part of the system of the 
West Coast Basins of the South Island (Nathan et al., 1986), and can be 
considered the southern termination of the Taranaki Basin (Fig. 1). 
 
A major characteristic of MB is a length/width ratio of >65 km/25 km, coupled to 
a large thickness (> 7500 m) of infilling Tertiary sediments (Maruia, Matiri, 
Mangles and Longford Formations). This setting suggests that the basin is 
strongly shortened and detached at the cover/basement interface, and that the 
basin’s edges are actually buried beneath overthrust crystalline basement at its 
eastern and western margins.  
 
The metamorphic/igneous basement to the MB is largely buried, but a number of 
authors (cf. Lihou, 1993; Muir et al., 2000) have argued for a strong imprint of the 
Paleozoic and Mesozoic fabric of the Western Province (Buller and Takaka 
terranes) and Median Tectonic Zone, inherited from the long history of subduction 
and accretion at the Gondwana margin (Fig. 2). Above the basement, the 
outcropping sedimentary sequence (Nathan et al., 1986) tracks the whole Late 
Eocene to Neogene evolution of the New Zealand margin (King, 2000) through 
the following stages: 
 
(1)  Development of extensional basins during the stages of mid-late Eocene 

rifting, at about the tip of the N-migrating spreading axis of the Emerald 
Basin. The configuration of the extensional margin is largely unknown, but is 
often depicted with N-S to NNE-SSW-trending asymmetrical half grabens 
filled with a sequence transitional from fluvio-lacustrine to marine during 
progressive subsidence.  

 

(2)  Prolonged subsidence and carbonate-rich sedimentation during the Oligocene 
“drifting” stage. Burying of the pre-existing structures and facies and 
thickness variations controlled by the topography inherited from the rifted 
margin, appear to characterize this tectonically quiescent stage, though 
reactivation of earlier faults, at least locally, is suggested by Doughboy 
Member facies, especially towards the basin’s margins.  

 
(3)  Progressive northward translation coupled to persistent subsidence during the 

Miocene to Pliocene development of the Alpine Fault transform margin. The 
onset of Miocene shortening is reflected by the upward-coarsening 
siliciclastic infilling, the intense folding of the sedimentary sequence, and the 
reactivation of many inherited faults, with compressional inversion from 
normal movements to strike slip and/or reverse movements. This late 
shortening was accompanied by uplift, and estimates of erosional removal of 
up to 3500 m of Eocene and younger sections have been reported (Gibson et 
al., 1996). However, the dominant signal is the large sedimentation space 
created during the Miocene and Pliocene interval in some of the fault-
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bounded compartments, consistent with large-scale subsidence induced by 
flexural warping of the Australian crust in front of the Alpine Fault. 
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4.  STRATIGRAPHY AND SYNTECTONIC SEDIMENTATION 
 
The analysis of MB presented in this Report is based on the re-interpretation of 
the surface geology mapped (at scale 1:63,360 and 1:50,000) by Fyfe (1968), 
Suggate (1984), and Roder and Suggate (1990), and summarised in the QMaps at 
scale 1:250,000 (Sheets Nelson, Greymouth, and Kaikoura, Rattenbury et al., 
1998; Nathan et al., 2002; Rattenbury et al., 2006). Description of Formations is 
beyond the aims of this Report, and reference is made to Suggate (1984) and 
Roder and Suggate (1990) for stratigraphic nomenclature, lithology, facies and 
age of units. 
 
The stratigraphy of MB summarized in Fig. 3 shows the evolution of the 
sedimentary sequence, the competence contrasts between units with different 
lithology, and the significance of units for the hydrocarbon system. Facies and 
thickness of units appear to be strongly controlled by deposition in fault-bounded 
panels (Fig. 4).  
 
The following points are relevant for the interpretation of the geological evolution 
of MB and for the assessment of its hydrocarbon potential: 
 
(1) There are no known source rocks other than the Eocene Brunner coal 

measures, which are preserved in outcrop at the basin’s margins (Fig. 4). The 
outcropping portions are generally few tens of metres thick, but thickness 
appears to increase towards the eastern margin of MB (Fig. 4). A complete 
source (Brunner coal measures)-reservoir (Nuggety sandstone)-seal (Scotty 
mudstone) system is present in the lowest part of the stratigraphic column 
(Fig. 3), but other potential reservoirs are represented by the thick sandstones 
members of the Mangles Formations. Thin lignite horizons, which are unlikely 
to have anywhere attained sufficient rank to be treated as potential source 
rocks, are hosted in the lowest portion of the Longford Formation. 

 
(2) There is a strong link between the kinematics and timing of synsedimentary 

faulting and depositional architecture in MB. As shown in Fig. 4, the most 
relevant control on the early evolution of MB (Eocene to Oligocene) is exerted 
by the White Creek Fault to the west and the Tainui Fault to the east. During 
deposition of the Maruia and Matiri Formations both faults were extensional 
normal faults, with the east side down (note that the Tainui Fault could be 
controlled at depth by location of the Anatoki thrust, see Lihou 1993, and Fig. 
2). This setting suggests that the whole compartment in-between the two faults 
could host down-faulted panels of Maruia Formation (including the source 
rocks of the Brunner coal measures). During sedimentation of the Scotty 
Mudstone Member of the Matiri Formation (irs, early Whaingaroan to 
Duntroonian) the inherited paleogeography, coupled to reactivation of the 
earlier faults, controlled the facies transition from condensed platform 
carbonates west of the White Creek Fault to thick calcareous basinal 
mudstones in the down-faulted depocentres. 

 
(3) In the southern Matakitaki River valley (Taylor Stream, Fig. 4), the discordant 

superposition of Scotty mudstones (irs, Duntroonian) directly above the 
granites of the Karamea Batholith suggests the presence of a structural high 
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within or up-plunge of the late Eocene Maruia Formation depocentre, bounded 
by inherited faults oblique to the N-S trend of the Eocene faults.  

 
(4) Compressional inversion of the White Creek Fault and of the Tainui Faults as 

high angle reverse faults (Fig. 4) is recorded by the sedimentary sequence 
above the Tutaki member of the Mangles Formation (let, Waitakian-Otaian), 
with the thick sequence of the Valley Creek Sandstone member (lev, Otaian) 
and of the Longford Formation (onb, onh, Altonian-Clifdenian) in the down-
faulted panel bounded by the Matiri Fault to the west and by the Tainui Fault 
to the east. 

 
(5) Erosion and uplift in-between the Doughboy and Matiri Faults (Fig. 4) have 

left no evidence of the sedimentary evolution of this panel; however, it can be 
inferred that the west side of the Matiri Fault was continuously uplifted since 
the early Miocene (Po). This setting suggests that the inherited Matiri normal 
fault was not reactivated during compressional inversion, and has possibly 
been decapitated by new cross-cutting reverse faults. 

 
(6) Though there is a strong transverse (i.e. W to E) depositional architecture 

controlled by N-S synsedimentary faults, it seems that sedimentation flux in 
MB was also channelled longitudinally. This is particularly true for the lens-
shaped sandstone fans (potential reservoirs), filling longitudinal sedimentary 
furrows (e.g. Doughboy Member of Matiri Formation ird, early Whaingaroan 
to Duntroonian and Crowe Member of Mangles Formation, lec, Altonian). 

 
(7) In the geological maps and stratigraphic description of Suggate (1984) and 

Roder and Suggate (1990) the Eocene to middle Miocene sedimentary 
sequence of MB is reported as continuous and concordant. However: (i) the 
Scotty Mudstone member of the Matiri Formation (irs) discordantly overlies 
the eroded basement with older Tertiary units absent; (ii) a non layer-cake 
stratigraphy is indicated by the abrupt lateral closure of units; and, (iii) the 
basinal mudstone-rich sequence is repeatedly interrupted by coarser clastic 
horizons (e.g. Nuggety sandstones, Doughboy sandstones, Trig M bioclastic 
limestone and sandstones, Crowe sandstones and conglomerates, Trig A 
sandstones). The thermal data (Apatite Fission Track Analysis and Vitrinite 
Reflectance, see Gibson et al., 1996) suggest four major cooling events 
relatable to vertical uplift and erosion: 105-65 Ma (Late Cretaceous), ~ 25 Ma 
(latest Oligocene), 12-9 Ma (late middle Miocene), and 5-3 Ma (early 
Pliocene). These events should be recorded along the basin margins and near 
the Matiri Fault, but this evidence has been largely removed by erosion or 
remains concealed in sections of the basin that are overthrust by basement 
blocks. In contrast, what is preserved in the outcropping part of MB appears to 
belong to the deeper central part of the basin, characterized by distal, 
continuous deposition. In these areas syndepositional deformation is not 
marked by unconformities, but rather by the input of clastic sedimentation 
within a mudstone-dominated sequence (correlative unconformities).  
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5. INTERPRETATION OF THE REPROCESSED SEISMIC 
LINES 

 
The network of available seismic lines and exploration wells in MB is shown in 
Fig. 5.  A brief summary of the exploration history in the basin (from the first 
Murchison-1 well drilled in 1925-27 to the later seismic acquisitions in 1987) is 
provided in Crundwell (1990).  
 
The available seismic lines (MB-01, 02, 03; MB-87 01, 02 and MA-84 01, 02, 03 
see also Petroleum Corporation of New Zealand, 1984) have been reprocessed by 
GeoSphere and provide the basis for the structural interpretation in the subsurface.  
However, these data are insufficient for the following reasons: 
 
(1) The rugged topography of MB, with natural pathways running in 

longitudinal, N-S directions has dictated line orientations parallel or oblique 
to the major structures for most lines (with the exception of MB-01, MB-87-
02, and part (SP 1-656) of MB-87-01). 

 
(2) Resolution and continuity of reflections are extremely poor. Apart from the 

technical problems of data acquisition in old surveys, there are other 
contributing geological factors, such as the high-angle dip of bedding, the 
intense folding, the shadow zones beneath dipping faults and low angle 
detachments, the short wavelength of fold structures, with multiple 
reflections out from the plane of the seismic line. 

 
(3) The cover sequence-basement interface does not stand out as a well-marked 

reflection. In fact, where the basement can be traced down-section from the 
surface (e.g. SP 1-150 of MB-01) the basement itself is characterized by 
patterns of reflections, probably derived from sets of oriented fractures. 

 
(4) The exploration wells do not provide significant stratigraphic information. 

Murchison-1 (TD 1245 m) and Blackwater-1 (TD 637 m) remain within the 
steeply dipping early Miocene beds of the Mangles Formation; Bounty-1 
(TD 3131 m) penetrates the Po-Pl stratigraphic interval of the Mangles 
Formation down to upper Matiri Formation (Lw); and Matiri-1 (TD 1467 m) 
starts in Kaiata mudstones (Ar) and penetrates Nuggety sandstones, Brunner 
coal measures and the basement. 

 
For all these reasons it is not possible to attribute a clear seismic facies to each 
rock unit, and the boundaries between formations remain hypothetical in many 
cases. The interpretation of the lines is shown in Plates 1-8. The most important 
elements arising from this analysis are summarized below: 
 
Maruia Formation 
 
Packages of high-energy reflections attributed to the topmost sandstone horizons 
of the Maruia Formation are detected in line MB87-02, MB-02, MB87-01 and 
MB-01, at 1.8 to 2.5 sec. 2WT. The geometry of these reflections shows some 
relevant structural implications, with:  
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• Evidence in line MB87-02 for a disharmony in the shape of reflections, 
possibly at the cover sequence-basement interface. However, as already 
mentioned, there is no obvious contrast between the basal Brunner coal 
measures (source rocks) and the basement, and the basal detachment is not 
evident in all other lines.  

 
• In line MB-02 reflections of the Maruia Formation show an apparent normal 

offset, attributed to an inherited normal fault (transverse or oblique to the N-
S trends) that could localize a depocentre of source rocks at 2-2. 2 sec 2WT 
below the Blackwater-1 well 

 
• In line MB87-02 the Maruia Formation is deformed in an anticlinal fold 

culminating at 1.8 sec 2WT, detached above the basement and crosscut by 
reverse faults. The geometry of the detached fold is compatible with a flow 
of ductile coal measures in the fold core, but there is no clear reflection that 
confirms the presence of coal measures in this position. In line MB-01 
another anticline culminating at 2.4 sec 2WT (SP 23—350) is traced by a 
package of reflections underneath a thrust fault that penetrates the basement. 

 
• In line MA84-01 and MA84-03 (across the Matiri-1 well) high-energy 

reflections at 1-1.2 sec 2WT beneath the O’Sullivans granite penetrated by 
the Matiri-1 well (between 1446 m and the TD of 1467 m) are interpreted as 
a panel of Maruia Formation in the footwall of a low angle thrust fault. 
Unfortunately there is no transverse seismic line that crosscuts the Matiri 
structure. 

 
Matiri Formation 
 
The Matiri Formation is characterized by discontinuous and confused reflections 
in all lines, and its internal geometry is poorly defined. Generally this unit can be 
traced as a transparent interval between the higher energy reflections of the 
Maruia Formation below and of the Tutaki member of the Mangles Formation 
above, but there is some evidence for higher energy reflections from interlayered 
sandstones (Doughboy member, e.g. line MB87-03). The mudstone units of the 
Matiri Formation provide an impermeable seal for hydrocarbons sourced from the 
Brunner coal measures, and a favourable setting is provided by the tectonic 
duplication of this interval of mudstones above the structural high of Maruia 
Formation in lines MB87-02 and MB-01. A tectonic duplication of the Matiri 
Formation also occurs in line MB-02 above the inferred depocentre of Maruia 
Formation along the down-hole trace of the Blackwater-1 well. 
 
Mangles Formation 
 
The Tutaki member of the Mangles formation is well imaged by high energy and 
rather continuous sub-parallel reflections, especially evident in lines MB87-01, 
02, and 03.  
 
These reflections show disharmony of folding. The Tutaki flysch outcropping at 
surface is deformed in the steep limbs of the Tutaki, Longford and Matiri 
synclines, but this setting is not clearly apparent in all lines that run parallel (or 
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oblique) to the structural axes. Some pattern of short wavelength folding is 
apparent in lines MB87-01, 02 and 03, probably related to intra-formational 
duplications and detachments caused by E- and W-dipping reverse faults.  
 
Longford Formation 
 
The Longford Formation is poorly imaged in all lines, because it occurs close to 
surface, it has steep dips, and a coarse conglomerate lithology. The base of this 
unit can be located in line MB-01 in the Longford syncline at about 0.95 sec 2WT. 
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Fig. 5. Location of the exploration wells (Matiri-1, Murchison-1, Blackwater-1 and Bounty-1, from 
north to south) and of seismic lines (in red) interpreted in Plates 1-8.  The trace of the geological cross 
sections 1-10 (Plates 9-13) is in blue.  Only the major faults) are shown for reference.  See Fig. 6 for 
structural details.
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6.  GEOLOGICAL CROSS SECTIONS 
 

Seven transverse cross sections (1-7) and 3 longitudinal cross sections (8-10) are 
shown in Plates 9-13. The trace of these cross sections and their orientation 
relative to the seismic lines and the exploration wells is shown in Fig. 5. The cross 
sections integrate the surface geology with the structural style inferred from the 
interpreted seismic lines and provide an interpretation down to ~ 5 km depth. A 
crude depth conversion of the horizons marked in the 2WT seismic lines has been 
performed assuming an average velocity of 2600 m/sec, with corrections 
calibrated according to the average thickness of units. 

The major structural elements portrayed by the geological cross sections are 
summarized below: 

6.1 Transverse Cross Sections  

From W to E the major structures crossed by the transverse cross sections are: 

• The White Creek Fault is interpreted as an inherited normal fault that 
controls the facies transition in the Matiri Formation, from condensed facies 
to the west (uplifted footwall) to the basinal facies to the east (downfaulted 
hanging wall). The present kinematics of the fault indicates compressional 
inversion post deposition of the Mangles Formation, with dominant reverse 
faulting on the high-angle (60°) E-dipping fault plane.  

• The uplifted basement block in-between the White Creek Fault to the west 
and the Maunga Fault (sections 1, 2, 3), Doughboy Fault (section 4, 5, 6), 
and Maruia River Fault (section 7) to the east hosts deformed slices of the 
Maruia and Matiri Formations, involved in short wavelength folds with sub-
vertical axial surfaces (see e.g. Matiri Range syncline and Sphinx syncline). 
This geometry suggests that the Maunga, Doughboy and Maruia River Faults 
are high-angle, W-dipping inherited normal faults reactivated in 
compression, with extrusion of the sedimentary sequence originally 
deposited in the down-faulted trough bounded by conjugate sets of normal 
faults. In sections 4, 5, 6 the Doughboy Fault system is depicted as a flower-
like structure, suggesting that high-angle inherited faults may be reactivated 
with strike-slip components. 

• The Matiri anticline (MA) is crossed by sections 1, 2, 3, where it shows a 
sub-vertical axial surface. The eastern limb of the anticline is crosscut by the 
sub-vertical Matiri Fault system that preserves an extensional offset. This 
geometry suggests that the Matiri Fault mapped at surface is the decapitated 
relic of an earlier normal fault rotated to the vertical. The Matiri Fault is 
truncated by blind, W-dipping thrust faults that cause the overriding of 
basement slices above the Maruia Formation (cf. seismic lines MA-01, 02, 
and 03 and Matiri-1 well). The Matiri anticline is shown as detached and 
repeatedly crosscut at the level of the Maruia Formation. The continuity of 
the surface axial trace of the Matiri anticline is lost southwards. In section 4 
(modeled on the basis of seismic line MB-01) and in sections 5 and 6 an 
anticlinal closure in Maruia Formation above a structural high of the 
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basement is depicted at depths > 3000 m, but, as mentioned before, there is 
no positive evidence for Brunner coal measures in this position.  

• The N-plunging Longford syncline is crossed by sections 1-6. Based on the 
surface geology and on the reflection patterns shown in the seismic line MB-
01 the syncline (e.g. section 4) is depicted with steep limbs in the Longford 
Formation, and a box-like geometry at depths > 2500 m, with shallow-
dipping or subhorizontal panels of Mangles, Matiri and Maruia Formations 
crosscut by W-dipping blind thrust faults to the west and E-dipping thrust 
faults to the east (emerging to the surface in the flanking Blackwater 
anticline). This geometry implies that shortening of the sedimentary 
sequence was progressively achieved since the Miocene, that 
contemporaneous folding and thrusting have modeled the geometry of the 
syntectonic basin of the Longford Formation, and that the final stages of 
thrusting have occurred after folding of the Longford Formation, with 
consequent truncation of the core of the syncline. 

• The Blackwater anticline is crossed by sections 3, 4, 5, 6 and 7, where it is 
characterized by an E-dipping axial surface and a progressive tightening of 
the limbs to the south. The core and the eastern flank of the fold are truncated 
by the Tainui Fault system, interpreted as an inherited normal fault, that has 
been reactivated in compression (sections 1, 2, 3), rotated to high angle dips, 
and decapitated by new crosscutting reverse faults (sections 4, 5, 6). 
Shortening is also accommodated by sets of E-dipping reverse faults and the 
Blackwater anticline is probably detached at the cover sequence-basement 
interface. North of section 3 the core of the Blackwater anticline is depicted 
as buried beneath the Tutaki thrust (cross sections 1 and 2). The fold limb 
shared by the Blackwater anticline and by the Longford syncline is 
characterized by structural complexities and short wavelength fault 
propagation folding, as e.g. shown in cross section 2, 5, 6, with a tight couple 
of intervening syncline and anticline depicted in section 7. 

• The Tutaki syncline is crossed by sections 3, 4, 5, 6 and 7, where it is 
characterized by an E-dipping axial surface with a sub-vertical to overturned 
eastern limb truncated by E-dipping thrust faults. North of section 3 the 
syncline could be buried below the Tutaki thrust. 

• The Tutaki anticline is the easternmost outcropping fold. It is crossed by 
sections 3 and 4, where it is depicted with a high angle to W-dipping axial 
surface, and crosscut in the core by W-dipping thrust faults. This structure is 
perhaps buried underneath the Tutaki thrust in the northern sections 1 and 2 
and in the southern sections 5, 6, and 7. 

• The Tutaki thrust system is interpreted as a set of low-angle thrust faults that 
truncate the underlying high angle faults and decapitate sets of earlier folds, 
with superposition of the eastern basement blocks (with remnants of the 
Maruia Formation, inclusive of thick panels of Brunner coal measures) above 
the deformed sequence of MB. 
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6.2 Longitudinal Cross Sections  

The three longitudinal cross sections provide from east (section 8) to west (section 
10) the best link with the seismic lines, and show the degree of compatibility and 
continuity of faults and folds crossed by the transverse cross sections from North 
to South.  

The most relevant features shown by the sections are: 

• Cross sections 8 and 9 show that the deepest part of the basin is located at the 
intersection with sections 3 and 4 and that – from north to south –there is a 
relevant inflection of all units towards the centre of the basin. The 
depocentral inflection hosts the thicker section of the Longford Formation 
and can be attributed to synsedimentary warping controlled by progressive 
overthrusting of the basement onto the sedimentary panel during the Sc to 
Sw time interval. 

• At the eastern margin of MB (section 8) the basement is repeatedly cut by 
thrust faults belonging to the Tainui and Tutaki thrust systems, and is 
tectonically uplifted to the surface. In the south-central part of the basin 
(section 9) a structural high of the basement is controlled by the 
compressional reactivation of sets of conjugate early normal faults and 
thrusting along the Eight Mile Creek reverse fault (see also Fig. 6 and cross 
section 7). This setting is similar to what is portrayed along the Matiri 
structural high, where (section 10) the basement is uplifted and tectonically 
duplicated by low-angle, newly-propagating thrust faults that crosscut the 
inherited normal faults. Thus, it seems likely that the Matiri Fault does not 
continue with NE-SW orientation west of Murchison (as mapped in Suggate 
1984), but rather that it is aligned and – eventually - continuous with the 
Eight Mile Creek Fault system (Fig. 6). Therefore, a first-order basement 
high at the western margin of the depocentre of MB can be located along the 
Matiri and Matakitaki Rivers. This inherited structural alignment controls the 
site of nucleation of new crosscutting thrust faults that partly reactivate and 
partly decapitate the inherited structures. 

• The geometry of the basinal depocentre (see also Fig 4) controlled by 
inherited (Eocene?) normal fault systems down-stepping to the east (Matiri 
Fault-Eight Mile Creek Fault) provides a structural setting consistent with 
deposition and burial of the Maruia Formation at the intersections between 
longitudinal sections 8 and 9 and transverse sections 5 and 6. Section 8 
depicts a structural high of Maruia Formation beneath the Tutaki thrust, but 
this geometry is highly speculative and its validation requires better 
subsurface data. A structural high of Maruia Formation is also envisaged at ~ 
2500 m of depth along the trace of the Matiri well, but again there is not a 
good subsurface control for this interpretation. 
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7. STRUCTURAL CONTOUR MAP ON THE BASE OF THE 
MATIRI FORMATION 

 
The geometry of the deformed base of the Oligocene Matiri Formation, 
reconstructed from the network of geological cross sections (Fig. 5), is shown in 
Plate 14, providing a structural synthesis for MB at the level of the most relevant 
sealing unit above the Eocene source rocks and associated potential reservoirs. 
 
The along-strike continuity of folds and faults that deform the base of the Matiri 
Formation proves the internal consistency of the structural interpretation. 
However, the geometry of the base of the Matiri Formation is not necessarily 
mirrored by the other horizons (especially the base of the Maruia Formation), 
because of multiple detachments (see Fig. 3), and the propagation of non-
cylindrical structures (Plates 9-13). 
 
The most relevant features highlighted in Plate 14 are: 
 
• The strongest shortening is localized at the eastern and western margins of 

MB. Between the White Creek and Maunga Fault to the west and in the 
hanging wall of the Tutaki thrust to the east, strong shortening is documented 
by large-scale uplift, with erosion of the base of the Matiri Formation. The 
reconstructed contours higher than 500-1000 m asl are projected above the 
topographic surface. Shortening is strongly localized on the flanks of the 
Longford syncline (depocentre of the Tertiary sequence), with folding and 
thrusting along the N-S structural alignments of the Matiri Fault to the west 
and the Tainui Fault to the east. The base of the Matiri Formation is dissected 
by shallow to moderately dipping faults that truncate steep faults and cause 
relevant horizontal overlap and duplication of the sequence.  

 
• Along the central region of the basin the increase in shortening from north to 

south is related to the closure against a buttress of the basement interpreted as 
an inherited structural high oblique to the dominant N-S trend (cf. Fig. 4). 
This change is also evident considering the tightness of all folds in the 
geological cross section 7 (Plate 12) relative to all other sections to the north. 

• Localized shortening is accommodated by tight folds with vertical to 
overturned limbs and steep axial surfaces, repeatedly truncated by systems of 
closely-spaced faults. This geometry portrays the strong dissection of earlier 
folds (once they become unable to fully accommodate the imposed 
shortening) operated by the late propagation of thrust faults. 

  
• The discordant overlap between panels uplifted in the hanging wall of the 

Matiri and Tainui Faults and panels buried in their footwall shows that –
depending on the amount of shortening – panels of Tertiary sediments remain 
buried beneath allochtonous thrust sheets bounded by moderate to shallow-
dipping thrust faults.  

 
• The presence of faults oblique or at high angle to the dominant N-S trends, 

localised at the northern and southern edge of MB, is based on the 
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interpretation of line MB87-01 and MB87-03 (see section 9 in Plate 13). 
Only the southern set displays relevant offsets and can be traced at surface 
with WNW-ESE trends (Fig. 4). These faults are interpreted as inherited 
from the extensional phases (transfer faults?), and subsequently reactivated 
in compression. Together with the longitudinal faults these structures control 
the strong and localized foundering of the Tertiary depocentre of the 
Longford syncline. 

 
• Relevant components of strike-slip faulting are not apparent from the 

reconstructed contour map of the base of the Matiri Formation. This setting is 
partly a consequence of the boundary conditions imposed for structural 
continuity between faulted panels during the construction of cross sections, 
but it also demonstrates that a consistent geometry can be obtained without 
invoking large misfits caused by strike slip displacements. 
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8.  INTERPRETATIVE STRUCTURAL MODEL 
 
The interpretation of the subsurface geometry of MB arising from the seismic 
lines and from the surface geology focuses on the geometry of the deformed 
horizons, the trajectory of faults, and the progressive build-up and timing of 
shortening relative to sedimentation.  
 
The interpretative structural model that results from this analysis is summarized as 
follows: 
 
8.1 Folding 
 
At the surface MB is dominated by juxtaposed synclines, with lack of intervening 
well-developed anticlines (see Fig. 4). Exposed fold limbs possess steep dip 
angles, and previous geological cross sections (Suggate, 1984) project these dips 
down to > 3500 m on the flanks of symmetrical folds, with sub-vertical axial 
surfaces. Vertical dips down to > 3000 m are inferred from the Bounty-1 well, but 
this could equally be explained by tectonic duplication within the Tutaki member 
of the Mangles Formation. 
 
The interpretation outlined below is distinctly different. The lack of clear and 
continuous reflections in the upper part of many seismic lines is consistent with 
bed dips at angles > 45° on the fold limbs in the shallow subsurface. However, the 
seismic lines that are transverse to the structural axes show sub-horizontal or low-
angle reflections at > 1.5 sec 2WT (estimated average depth < 2000 m), 
suggesting that rotation of beds or detachments affect the folds at shallower 
depths.  
 
On the western and eastern margin of MB, folds are characterized by inclined 
axial surfaces with opposed vergence towards the central area filled with the 
Longford Formation. Note also that fold structures are strongly non-cylindrical, as 
a consequence of the interference of inherited faults, and the relevant changes in 
distribution, thickness and lithology of sedimentary units. The lateral closure of 
horizons and the important competence contrasts between different units 
(especially at the basement-cover boundary, at the base of the Matiri Formation 
and at the base of the Mangles Formation, Fig. 3) control the structural 
disharmony, and the development of multiple detachments, with flow and 
thickening of ductile horizons (e.g. Brunner coal measures) in the fold cores.  
 
The style of folding in the sedimentary cover is well reproduced by the 
experiments of Cobbold et al. (1971) that have analysed the shortening of an 
anisotropic multilayer, with buckling of bedding and development of kink-bands 
that evolve to chevron folds with increasing shortening (Fig. 7). This style models 
many features observed in MB, and especially the change from sub-vertical dips 
in the fold limbs to sub-horizontal dips in fold hinges and the narrow anticlinal 
hinges separating larger synclinal hinges observed in outcrop. Note also how the 
style of fold closures may change along the axial surface, e.g. from mitre to 
chevron and to box folds. 
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Detachment folding plays a relevant role in MB, however – in contrast with the 
boundary conditions of many experiments – the basement-cover sequence 
boundary is not a flat horizon, but it has a complex inherited geometry from 
previous tectonic events (Terrane accretion, Eocene rifting and - possibly - a 
separate late Cretaceous phase of rifting). Thus, folding of the cover sequence is 
also associated with compressional reactivation of earlier normal faults and to 
propagation of new thrust faults with progressively increasing shortening of the 
basin, as discussed next. 
 
8.2 Faulting  

In MB it is possible to distinguish high-angle (≥ 60°) and low-angle (≤ 30°) 
reverse faults that mark different stages of deformation since the Eocene. 
Moderate to high-angle reverse faults are well represented, from west to east, by 
the White Creek Fault, the Maunga Fault, the Matiri-Eight Mile Creek Fault, and 
the southern segment of the Tainui Fault. They all are interpreted (Fig. 6) as 
inherited normal faults (see also Ghisetti and Sibson, 2006) that exerted a strong 
control on facies distribution during the stages of Eocene extension and Oligocene 
subsidence, and that have undergone different degrees of compressional 
reactivation during Miocene and later contraction. 

Contractional displacement on an inherited normal fault (Figs. 8a and 8b) causes 
the kinematic inversion of the hanging wall (that move upwards) relative to the 
footwall, and consequently causes the restoration of the pre-extensional position 
(Fig. 8c). If the reverse displacement is less than the normal displacement, the 
original extensional offset is preserved, though inversion is recorded by the 
folding and extrusion of the synrift sediments (Figs. 8 b). Increasing amounts of 
shortening eventually obliterate the original extensional displacement (Fig. 8d). 

In MB (cf. Ghisetti and Sibson, 2006) some of these inherited normal faults (e.g. 
the White Creek Fault, the Maunga Fault, the northern segment of the Tainui 
Fault) have maintained an orientation relative to the maximum horizontal stress 
that has made possible their reactivation with reverse mechanisms (Sibson, 1995). 
In contrast, other inherited faults (e.g. the Matiri-Eight Mile Creek Fault, and the 
southern segment of the Tainui Fault on the east flank of the Blackwater anticline, 
Fig. 6) maintain an extensional offset, and do not appear to have been successfully 
inverted. These faults may partly possess strike-slip components and are 
interpreted as decapitated by newly-propagating reverse faults (see cross sections 
1-7 in Plates 9-13). This style has also been documented by an analysis of seismic 
lines in the eastern Taranaki Basin (Hill et al., 2004).  
 
The surface geology shows that at the eastern margin of MB, the uplifted 
basement is bounded by reverse faults with a sinuous mapped trace (Tutaki thrust 
system), consistent with low-dipping thrust faults (see also Lihou, 1993). In the 
geological cross sections and in the interpreted seismic lines the Tutaki thrust fault 
is interpreted as a late structure that has accommodated a significant amount of 
shortening, decapitating high angle faults and folds in its footwall. 
 
As shown by many studies (Friedman et al., 1976; Gries, 1983; Chester et al., 
1988; Schmidt et al., 1993; Bailey et al., 2002) the buttressing caused by thrusting 
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of rigid basement blocks along moderate- or shallow-dipping faults dictates the 
structural style of the layered cover sequence, that is deformed by buckling, 
detachment, asymmetric folding, and imbricate faulting. 
 
Some examples of this geometry are shown in Fig. 9, with: (i) thrust propagation 
folding above shallow-dipping reverse faults; and, (ii) passive drag folding above 
inherited, high-angle faults in the basement. Both styles can be recognised in MB, 
with the first case well represented by the Tutaki thrust fault and the second case 
by the Matiri-Eight Mile Creek, Blackwater and Tainui structural highs. 
 
8.3 Timing and amount of shortening 
 
The structural data show that shortening has accumulated progressively by: 
 
Stage I - Buckling and detachment of the sediments above the basement during 

the latest Oligocene-Early Miocene (Lw-Po). 
 
Stage II - Fold growth and amplification during compressional inversion of 

suitably oriented inherited normal faults, coeval with deposition of the 
Longford Formation (Middle Miocene: Pl-Sc). 

 
Stage III - Crosscutting of earlier folds and reverse faults by late, low angle thrust 

faults at the eastern margin of MB, and along the Matiri-Eight Mile Creek 
and Blackwater structural highs. These events are probably synchronous 
with the activity of the Alpine Fault over the last 5 Ma. 
 

 
Evaluation of the amount of shortening associated with these events requires 
progressive retro-deformation and balancing of the cross sections and is beyond 
the scope of this study. However, it can be qualitatively assessed that shortening in 
MB increases: (1) from west to east and, (2) from north to south, consistent with 
increasing proximity to the bend region of the Alpine Fault (Fig. 2).  
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9. IMPLICATIONS OF THE STRUCTURAL STYLE FOR THE 
HYDROCARBON SYSTEM AND RECOMMENDATIONS 
 
Assessment of the hydrocarbon system in MB in terms of: (1) presence of source 
rocks; (2) maturation of hydrocarbons; (3) migration into sealed reservoirs; and, 
(4) preservation of hydrocarbons in stratigraphic and structural traps, requires an 
integrated stratigraphic, geochemical, and structural approach. These issues are 
not fully addressed in this study, which focuses only on the structural aspects. 
Also, this study deals exclusively with geometry and timing of deformation 
inferred from the re-interpretation of existing surface data and reprocessed old 
seismic lines. There is no addition of new and potentially relevant data (e.g., 
fracture permeability associated with the major faults and/or sealing properties of 
thrust fault in gouge zones). 
 
Earlier authors (e.g. Crundwell , 1990; Gibson et al., 1996) have already 
emphasised the hydrocarbon potential of MB, with the presence of oil and gas 
seeps attesting to the presence of mature source rocks (Brunner coal measures), 
but they have also pointed out that breaching faults potentially provide escape 
pathways for hydrocarbons.  
 
The major conclusions of this structural study are: 
 
• None of the analysed seismic lines provides definite evidence for the 

presence of the source rocks of the Brunner coal measures in the deepest area 
of MB. However, the geometry of the basinal depocentre in the hanging wall 
of the Matiri-Eight Mile Creek normal faults (Figs. 4 and 6), coupled to some 
evidence for preserved down-faulted pockets of Maruia Formation (line MB-
02, Plate 2) provide a structural setting consistent with deposition and burial 
of the Maruia Formation in an area roughly located at the intersections 
between longitudinal sections 8 and 9 and transverse sections 4-6. 

 
• The shallow structural highs along the crest of the Matiri and Blackwater 

anticlines do not appear to provide ideal structural conditions for 
preservation of hydrocarbons in significant traps. In fact the folds are uplifted 
and detached above extruded basement highs, dissected by high angle faults 
(that would promote the escape of hydrocarbons to the surface), and 
decapitated at depths > 1500 m by shallow-dipping thrust faults (see e.g. 
cross sections 1, 2, 3, 4, 5, 6).  Seeps and shows indicate secondary migration 
of oil and gas; minor quantities of oil have been produced (not commercially) 
from the Mangles Formation sandstone in Blackwater-1. 

 
• Preservation of structural and stratigraphic traps is favoured in the footwall 

of low-angle thrust faults that may provide a seal to preserved depocentres of 
source and related reservoir rocks, causing repetition of sealing units (Matiri 
Formation) and eventually burying portions of the basin that may host 
structural plays. The quality of available subsurface data makes these 
conditions largely hypothetical, but locations worthy of further investigation 
are: (i) the sub-thrust panels in the deepest portions of the Matiri and 
Blackwater structural highs, where the newly propagating low angle reverse 
faults bury depocentres of Maruia Formation (line MB-01 in Plate 1 and 



 29

cross sections 3 and 4 in Plate 10). A similar setting is envisaged for the 
footwall panel of the Doughboy and Matiri River Faults in cross sections 5 
and 6 (Plate 11); (ii) the buried footwall panel of the Tainui and Tutaki thrust 
faults at the eastern margin of MB (line MB87-02 in Plate 4, cross section 2 
in Plate 9 and cross sections 3 and 4 in Plate 10). Of particular interest is the 
possibility that a large part of the Tutaki anticline remains buried beneath the 
Tutaki thrust in the northern cross sections 1 and 2 (Plate 9) and in the 
southern sections 5, 6, and 7 (Plates 11 and 12).  This structural high partly 
coincides with the Nuggety Creek Prospect of Crundwell (1990). 

 
The structural setting emphasized by this analysis requires the search for structural 
traps buried at depths > 2000 m beneath low-angle thrust faults that cause the 
overriding of the basement rocks above sedimentary sections that are tectonically 
buried at the margins of the basin. The anticipated geometry is similar to that 
which has been documented in the foreland of the Rocky Mountains thrust belt in 
U.S.A. (see examples in Fig. 10), but in the case of MB the subsurface definition 
of these structures is poor.  
 
At the western margin of MB (along the White Creek Fault and the Matiri-Eight 
Mile Creek Fault system) deformation is controlled by structures with steep to 
moderate dips, eventually characterized by components of strike-slip 
displacement. Basement is involved in deformation (cross section 10 in Plate 13), 
but the interpretation based on the reprocessed seismic lines and the regional 
reconstruction (Plate 14) does not anticipate a large degree of allochthony. In 
contrast, east of the Blackwater structural high (cross section 8 in Plate 12) low 
angle thrusting characterises the eastern margin of MB (Tainui and Tutaki thrust 
faults). This setting is well emphasised by the structural discordance of the 
structural contours of the base of the Matiri Formation (Plate 14), consistent with 
the overthrusting of the basement above large portions of MB. 
 
 
Based on this analysis, it is the opinion of the writer that: 
 
(1) The proposed structural model is consistent and compatible with all the 

available data, but better subsurface information is required for its validation. 
 
(2) Further structural constraints may be acquired by performing the retro-

deformation of the cross sections. 
 

(3) A robust depth conversion from the 2WT seismic lines is needed, but the 
quality of the lines remains extremely poor and does not provide adequate 
constraints for the interpretation. New seismic data are needed for a more 
reliable analysis. 

 
(4) The depth of transition from high-angle decapitated faults to low-angle 

newly propagating thrust faults is critical for assessing the eventual location 
of preserved stratigraphic and structural trap. This problem could be 
evaluated with mechanical modeling and new subsurface data. 
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(5) Pathways of structurally-controlled permeability and conditions for structural 
sealing should be assessed based on analysis of faults at the surface. 

 
(6) The most interesting area where new analyses and data acquisition should be 

implemented is located along the Blackwater structural high and in the 
footwall and buried panel of the Tainui-Tutaki fault systems. 
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Plate 1: Interpreted seismic line MB-01 
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Plate 2: Interpreted seismic line MB-02 
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Plate 3: Interpreted seismic line MB87-01 
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Plate 4: Interpreted seismic line MB87-02 
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Plate 5: Interpreted seismic line MB87-03 
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Plate 6: Interpreted seismic line MA-8401 
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Plate 7: Interpreted seismic line MA-8402 
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Plate 8: Interpreted seismic line MA-8403 
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Plate 9: Geological Cross Sections 1 and 2.  (see Plate 14 for Location) 
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Plate 10: Geological Cross Sections 3 and 4.  (see Plate 14 for Location) 
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Plate 11: Geological Cross Sections 5 and 6.  (See Plate 14 for location) 



 46

 

Plate 12: Geological Cross Sections 7 and 8.  (See Plate 14 for location) 
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Plate 13: Geological Cross Sections 9 and 10.  (See Plate 14 for location) 
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STRUCTURAL CONTOUR MAP ON THE BASE OF THE MATIRI FORMATION 
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