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ABSTRACT

In the last decade, the Faroese sector of the Faroe-Shetland Basin, northeast Atlantic margin,
has been an area of increased interest in terms of hydrocarbon exploration. During this time,
the main focus has been on sediments beneath the Palaeocene-Eocene flood basalts, which
cover most of the Faroese Continental Shelf. Discoveries have, however, been made in the
post-basalt succession in the UK sector of the Faroe-Shetland Basin. Consequently, this study
is focused on the predicted reservoir quality of the post-basalt sediments in the Faroese sector of the basin.
The post-basalt sediments in the Faroese area of the Faroe-Shetland Basin are poorly understood, especially in relation to their provenance. Most of the literature that exists about the
post-basalt sediments in the basin shows sediment being deposited from the S to SE (the NW
British shelf area). These sediments are of siliciclastic origin and have been shown to be of a
very good reservoir quality. However, this study shows that sediment has also been derived
from the Faroese Platform and the Munkagrunnur Ridge. Both of these structures are wholly made up of basaltic material; this sediment derived from these source areas will be of volcaniclastic composition.
Whereas siliciclastic material is known to have very good reservoir quality at the burial
depths of the post-basalt sequence, the reservoir quality of volcaniclastic sediments has been
reported to deteriorate faster than in siliciclastic deposits. We will discuss this issue, and
show what kind of depths we expect volcaniclastic rocks to be of useful reservoir quality in
relation to the burial depths of the post-basalt sequence in the Faroe Shetland Basin. By considering the development of three prograding sediment sequences of Eocene to Miocene age,
we highlight the mixed provenance of the post-basalt infill of the Faroe-Shetland Basin, and
assess the kind of depths within the basin that we can expect volcaniclastic rocks to be of useful reservoir quality. From this study we conclude that the post-basalt sandstone in the
Faroese area of the Faroe-Shetland Basin could be a prospective reservoir in the future.

Introduction

moved onto the Faroe Continental Shelf, the focus
was primarily on the Paleocene sequence, with
sub-Tertiary targets of secondary importance. The
post-basalt sequence was not targeted at all in the
early phases of exploration. One reason for this
might be the expected influence of volcaniclastic
rocks, which can have a negative effect on reservoir qualities.
This paper will focus on the reservoir quality of
the post-basalt sequence. We firstly describe three
Eocene to Miocene age, prograding sedimentary

Exploration in the Faroe Shetland Basin was initially focused on structural plays on the south-eastern flank of the basin. This effort resulted in discoveries in Palaeozoic and Mesozoic rocks, with
the target stratigraphy becoming increasingly
younger into the axis of the basin (Lamers and
Carmichael, 1999). The youngest prospective section in the Faroe-Shetland Basin consists of Middle Eocene deep water fans in the central part of
the basin (Davies et al., 2004). As exploration
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Figure 1. Map showing the thickness (milliseconds, TWT) of the post-basalt succession in the Faroe sector of the
Faroe-Shetland Basin. The succession is thickest in the NE part of the area with a maximum thickness of about 2000
ms. Inset map shows the regional location of the study area.

units that we have mapped in order to demonstrate
the mixed provenance of the basin fill. We then
discuss various the issues relating to reservoir parameters in areas influenced by volcanic detritus,
from which we draw same conclusions regarding
the potential reservoir quality of the post-basalt
volcaniclastic sediment unit in the Faroe-Shetland
Basin.

Geological setting
The study area is located between the Shetland and
Faroe islands in the Faroe sector of the modernday Faroe-Shetland Channel (Figure 1). This is an

elongate, NE-SW trending basin up to 200 km
wide, and deepens from about 1000 m in the SW
to about 1700 m in the NE where the Faroe-Shetland Channel enters the Norwegian Basin. The
Faroe-Shetland Basin lies beneath the Faroe-Shetland Channel, and has been a major depocentre
since the Late Palaeozoic (Doré et al., 1999; Knott
et al., 1993; Roberts et al., 1999; Ziegler, 1989).
The most recent development of the FaroeShetland Basin is related to processes involved
with the separation of Greenland and NW Europe,
and the onset of sea-floor spreading and
development of the NE Atlantic Ocean in Late
Paleocene-Early Eocene time. This was
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Figure 2. Seismic profile showing a NE aggrading unit. The blue area is interpreted as the NE aggrading unit. The read
area is the NW prograding unit. The interpreted green line is the top of the basalt, the dark purple line is the top of
Balder Formation and the light purple line is the Miocene unconformity. Profile located in Figures 1 and 3.

accompanied by extensive volcanism that was
extruded over a large part of the Faroe-Rockall
area, and which forms a significant component of
the Faroe Islands and its continental shelf
(Boldreel and Andersen, 1995; Boldreel and
Andersen, 1993; Passey and Bell, 2007;
Waagstein, 1988)
Hot-spot-related uplift of the Faroe-Shetland
region immediately prior to break-up gave way to
thermal subsidence as sea-floor spreading was
initiated. However, compression generated by
ridge-push processes in the developing ocean is
envisaged to have been responsible for the uplift of
the Munkagrunnur, Wyville Thomson and Ymir
Ridge between late Paleocene/early Eocene to
Miocene time (Boldreel and Andersen, 1995;
Boldreel and Andersen, 1993). This is disputed by
(Ziska et al., In Press)) who suggest that a transient
rifting episode in the early Paleocene was heavily
influential in the creation of these mentioned
ridges, and that the later compressive phases
augmented simply and reorganised these preexisting features (Ziska and Varming. In Press).

The development of the Munkagrunnar and
Wyville-Thomson Ridge are especially enhanced
during the Miocene (Stoker et al., 2005), with
localised uplift in the Faroe-Shetland Basin into
the Plio-Pleistocene (Johnson et al., 2005).
In terms of sedimentation, the sea transgressed
southwestwards into the Faroe-Shetland Basin in
the latest Palaeocene – earliest Eocene as the area
underwent thermal subsidence (Dean et al., 1999).
A series of shelf margin prograding systems build
out into the Faroe-Shetland Basin through the
Eocene, including a numbers of deepwater fans
(Andersen et al., 2000; Davies et al., 2004). A
significant deepening of the Faroe-Shetland Basin
occurred in late Eocene-early Oligocene time,
which was fully accentuated by compression in the
early Miocene, that led to the deepwater gateway
of the Faroe-Shetland and Faroe Bank Channels,
and which provides a deepwater connection
between the Norwegian and Iceland basins (Stoker
et al., 2005). Initially vigorous bottom water
circulation in the Faroe-Shetland Basin caused
widespread erosion including the formation of the
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Munkagrunnar fall (Stoker et al., 1993; Stoker et
al., 2005). However the deep-water current system
stabilised, bottom current have played an
important role in eroding and depositing sediments
throughout the Neogene. Because of this process,
the cover of Neogene sediments is of variable
thickness. In the central part of the basin, the
Neogene deposits are thin or absent due to a very
low deposition rate or local erosion of the seafloor
(Boldreel and Andersen, 1995). In contrast, PlioPleistocene glaciation result in the renewed buildout of the Faroe continental shelf through a series
of prograding fans (Nielsen et al., 2005).

Post-basalt sediment input directions
and provenance areas
The post-basalt sediments in the Faroese sector of
the Faroe-Shetland Basin have thus far only been
mapped as a single succession; no detailed map-

ping of the individual sequences has yet been establishes on the regional basis. However detailed
mapping in the southwestern part of the basin has
revealed several large prograding/aggrading systems from different locations into the basin. These
prograding/aggrading systems have different
provenance areas, which, by implication, we infer
them to have different sediment composition. The
Munkagrunnur Ridge, Faroe Platform and Fugloyar Ridge (Figure 1) are covered by the flood
basalts of the Faroe Islands Basalt Group, which
means that material eroded from these structures
will have a volcaniclastic composition. In contrast
sediments originating on the NW British shelf area
are likely to be of siliciclastic composition.
In the following sections we briefly describe
three different prograding and aggrading systems
out into the Faroe-Shetland Basin. We have informally named these the NE aggrading unit, the NW
and SE prograding units. The aim of having examples is to highlight both the variable sediment in-

Figure 3. Map showing thickness (milliseconds, TWT) of the NE aggrading unit. Black line shows location of profile
in Figure 2.
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Figure 4. Seismic profile showing a NW prograding unit. The red area is interpreted as the NW prograding unit and
the blue area is interpreted as the NE aggrading unit. The interpreted green line is the top of the basalt, the dark purple line is the top of Balder Formation and the light purple line is the Miocene unconformity. Profile located in Figure
1 and 5.

put directions, and the variable depth of the prograding/aggrading system in the post-basalt succession. The later has implications for processes of
diagenesis, which we discuss later in the paper.
Thickness and depth of the post-basalt sedimentary units is inferred using average velocity of
2240 m/s (Stoker et al., 1993). Since the maximum
time thickness of the post-basalt sediments is approximately 2 sec two-way travel time (TWT) the
maximum thickness of post-basalt sediments is
about 2240 m (Figure 1), so the maximum burial
depth of any post-basalt sequence is 2240 m.
NE aggrading unit
The NE aggrading unit has not been dated but it is
located immediately above the Balder Formation
in the SW part of the Faroe-Shetland Basin (Figure
2 and 3). The Balder Formation is of Early Eocene
age (Ebdon et al., 1995), this means that the NE

aggrading unit is of Early to Middle Eocene age or
younger.
The source area for the NE aggrading unit is
Munkagrunnar Ridge, which means that it most
likely consists of volcaniclastic sediments.
The size of the unit is about 60 km in both
length and width and has a maximum thickness between 280 m and 340 m (250-300 ms TWT) (Figure 3). The internal reflectors in the NE aggrading
unit show a Sigmoid clinoform type, where the offlap break point trajectory is going upwards. From
the offlap break point trajectory the unit is exhibiting an aggrading depositional architecture where
the sediment influx, the subsidence and the sealevel rise have been moderate during the deposition/formation of the NE aggrading unit (Emery
and Myers, 1996).
The unit is dipping into the basin, with its updip
(SW) end being approximately 200 m below
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seabed, while the termination of the aggrading unit
towards the NW is about 1200 m below seabed
(Figure 2). By detailed mapping of the unit it is
possible to tell that the unit is a wave/input dominated shelf edge delta, where the slope gradient is
approximately 3.0° (found by flattening of the
topset).
According Orton and Reading, (1993) a delta
front gradient (slope gradient/clinoform) is directly proportional with the grain size of the delta.
When a delta has a slope gradient at about 3.0°, as
the NE aggrading unit has the expected grain size
in the delta will be fine sand.
NW prograding unit
This unit progrades in a northwestward direction
from the NW British shelf area (Figure 4 and 5)
into the SW part of the Faroe-Shetland Basin, approximately at the place where the NE ward aggrading unit is situated, albeit with the base at a
higher stratigraphic level (Figure 2 and 4). This
unit is dipping into the basin with the southeastern

end being about 200 m under the seabed, while the
deepest part towards the northwest is up to 1200 m
under the seabed.
The internal reflectors in the NW prograding unit
show a Complex Sigmoid-Oblique clinoform type,
where the offlap break point trajectory is going in
a seaward direction, this depositional architecture
is related to a high sediment influx, static sea-level and no subsidence in the area (Emery and Myers, 1996). Andersen et al. (2000) mentioned this
same prograding unit and characterised it as a
north- to westward prograding delta.
The NW prograding unit is 75 km long and 65
km wide, and with a maximum thickness of around
400 m (350 ms TWT) (Figure 5) and the slope gradient of the unit is calculated to be approximately
1.0°. The slope gradient is found by flattening of
the topset of the prograding unit because the angle
of the topset is nearly 0o during deposition of a
delta. A slope gradient at 1.0° indicates, according
to Orton and Reading (1993), a silty to sandy delta.

Figure 5. Map showing thickness (milliseconds, TWT) of NW prograding unit. Black line shows location of profile
in Figure 4.
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Figure 6. Seismic profile showing a SE prograding unit. The light purple area is interpreted as the SE prograding unit.
The read and the blue areas is representatively the NW prograding and the NE aggrading units. The interpreted green
line is the top of the basalt, the dark purple line is the top of Balder Formation and the light purple line is the Miocene
unconformity. Profile located in Figures 1 and 7.

The lowermost part of this prograding unit is interbedded with the uppermost part of the NE aggrading unit described above. This tells us that these
two systems were active at the same time, but with
different provenance areas (Figure 2, 4 and 8).
Since the NW British shelf area is a siliciclastic
provenance area we can expect the sediments in
this NW prograding unit to have a siliciclastic
composition. The age of the delta is similar to the
NE aggrading unit, i.e. early-mid Eocene or
younger.
SE prograding unit
The internal reflectors in the SE going unit show a
Oblique Tangential clinoform structure and the offlap break points is going in a seaward direction,
which indicates a prograding unit (Figure 6). The
structure of the internal reflectors and the offlap
break point trajectory indicates a depositional environment where there was a high sediment influx
rate, no subsidence and static sea-level rise during
the deposition of the unit.
This unit progrades from the Faroese Platform
in a southeastwards direction and it terminates to
the north of the two previously described units

(Figure 6). The prograding unit is about 55 km
long, 35 km wide and has a maximum thickness of
approximately 400 m (Figure 7). The slope gradient is approximately 4°, which indicates a sandy
delta (Orton and Reading, 1993). The prograding
unit directly overlies the mid Miocene unconformity, so that indicate that the prograding unit probably is a delta of mid-late Miocene age or younger
(Andersen et al., 2000; Nielsen et al., 2005; Stoker et al., 2005).
Since the unit is prograding out from Faroe
Platform, the sediment in the unit, most likely consists of volcaniclastic sediments. The prograding
unit extends from the seabed to 500 m below the
seabed where it is deepest.

Reservoir parameters of
Volcaniclastic rocks
We have demonstrated that aggrading/prograding
units have built out from volcanic source areas.
This introduces the question as to what kind of
reservoir parameters can thus be expected from
volcaniclastic rocks. Although there was some research into this issue undertaken in the 1980's and
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early 1990's (e.g (Mathisen and McPherson, 1991;
Vernik, 1990; Willumsen and Schiller, 1994)), it is
only in resent years that there has been an increase
in research into reservoir quality of volcaniclastic
rocks, reflecting the increasing exploration focus
in volcanic provinces (e.g. Berger et al., 2005;
Klarner et al., 2008; Lou et al., 2005; Wu et al.,
2006). In this section we briefly discuss some issues relating to this type of reservoir.
Volcaniclastic classes and facies
Volcaniclastic sediments can be divided into four
major classes; autoclastic, pyroclastic, hydroclastic and epiclastic (Fisher and Smith, 1991). The
post-basalt sediments deposited in the Faroe-Shetland Channel are epiclastic which according to
Willumsen and Schiller (1994), usually offer the
best reservoir potential of the four volcaniclastic
sediment types. Volcaniclastic sediments can be
further divided into four general facies (Figure 9),
which are based on the distance from the volcanic
source. The four facies are core, proximal, medial,

and distal facies, with the rate of erosion of the volcanic and volcaniclastic rock being highest in the
core and proximal facies, and decreasing in the
medial and distal facies (Reading, 1996).
The distal volcaniclastic facies is sub-divided
into two groups, marine and non-marine (Figure
9). Volcaniclastic sediments deposited as marine
distal facies is better sorted than volcaniclastic
sediments deposited in proximal and medial facies
because reworking results in reduction of the volcanic component before final deposition. Consequently the marine distal facies has a better initial
sorting related reservoir quality, which is further
improved by an increase in the relative content of
more stable mineral assemblages. The more stable
mineralogy may limit the formation of early pore
filling cements, and therefore preserving some of
the primary porosity (Mathisen and McPherson,
1991). In general, only the two distal groups can be
expected to have acceptable reservoir quality
(Willumsen and Schiller, 1994).

Figure 7. Map showing thickness of SE prograding unit. Black line shows location of profile in Figure 6.

Reservoir quality assessment of the volcaniclastic post-basalt sediments

235

Figure 8. Overview map showing relative spatial setting of the NE, NW and SE prograding/aggrading units. Structural elements on the figure is FH=Flett High, FVC= Frænir Volcanic Centre, GFT= Grani Fault Terrace, HH=Heri
High, JH=Judd High, MFH=Midd Faroe High, MR=Munkagrunnar Ridge, RH=Rona High and SH=Sjúrður High and
WH=Westary High.

Reservoir quality of volcaniclastic sediments
During burial diagenesis, the sandstone became
compacted and cementation begins; both these
processes reduce the porosity and permability of
the rock. Some of the key controls of sediment diagenesis are fluid flow and fluid composition,
along with temperature, depth and pressure. In volcaniclastic sandstone early carbonate cements are
commonly created especially in marine environments (Mathisen and McPherson, 1991). During
compaction the grains became more closely
packed, which reduces the porosity of the sediment with increasing depth of burial. Overpressure
can, however, reduce the effect of this process.
The mineral composition of sandstone is a significant control of reservoir quality, because of
variations in the stability of minerals. For example,
quartz is much more stable than plagioclase, pyroxene and olivine. Thus a sandstone consisting of

stable minerals experiences less reduction in reservoir quality compared to sandstones consisting of
unstable minerals. Volcaniclastic sandstones,
which primarily consists of unstable minerals like
feldspar, volcanic rock fragments and heavy minerals, is much more affected by burial diagenesis
than siliciclastic sandstone that consists of more
stable minerals, such as quartz.
Mathisen and McPherson (1991) have made a
schematic diagram of factors controlling the
porosity of volcaniclastic sediments with increasing depth (Figure 10).
During shallow burial (not specified in absolute
depth) diagentic processes can reduce or preserve
porosity (Figure 10). In the first case the development of early carbonate pore-fill will reduce the
porosity of the volcaniclastic sediment. The carbonate pore-filling material usually comes from
the pore water, but in marine sandstones, much is
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probably derived from dissolution of carbonate
skeletal grains. If early carbonate precipitated in
the post-basalt sediments, the primary porosity
may have been significantly reduced. When the
sediment is buried to greater depths, dissolution of
the unstable fragment grains, primarily carbonate
pore fill may occur forming secondary porosity in
the sandstone. This is not considered directly relevant for the post-basalt sediments described in this
paper, but volcaniclastic rocks have also been
found under the basalt (Morton et al., 2002) and
also within the basalt (Passey and Bell, 2007),
which means that secondary porosity might be relevant on other parts of the Faroese Continental
Shelf.
The second case of volcaniclastic diagenesis at
shallow burial depth, the development of clay rims
and coats form around the sediment grains, and is
preserving the net porosity until the sediment is
buried to depths where zeolite and phyllosilicates
will start to fill the pore space and occlude porosity (Figure 10).
Development of the zeolite/phyllosilicate facies
depends on burial depth and temperature gradient.
Given conditions in Faroe-Shetland Basin with a
temperature gradient of 30°C/km (Green et al.,
1999) the sediments will probably not reach the
zeolite facies shallower than 4 km.
The predicted porosity difference between volcaniclastic and siliciclastic sediments at a given
depth is large and increases with depth as plotted
by Tucker (1991) (Figure 11).
Epiclastic sediments have been subjected to
long distance transport which remove the more unstable elements, do not lose as much porosity with
depth as the more unstable volcaniclastic sediments as autoclastic, pyroclastic and hydroclastic
(Figure 11). The red curve in Figure 11 is produce
out from the porosity of volcaniclastic deltaic
sandstones (epiclastic) at a given depth from East
Java, Indonesia (Willumsen and Schiller, 1994)
and from Santos Basin, Brazil (Klarner et al.,
2008). The porosity of the volcaniclastic deltaic
sandstones is respectively 20% at 2250 m (7500
feet) in East Java, Indonesia and 12-15 % at 3965
m depth in Santos Basin, Brazil. In comparison the
porosity for the Paleocene siliciclastic sediments

Figure 9. Overview of volcaniclastic facies belts (modified after Willumsen and Schiller 1994). See text for
details.

in the Judd Basin (Figure 1) at 2250 m depth, assuming no porosity preserving mechanism, is expected to be about 20 % (Lamers and Carmichael,
1999).

Discussion
Detailed mapping of the post-basalt sediments in
the SW part of the Faroe-Shetland Basin has documented three depositional systems building out
from the Faroese Platform and NW British shelf
area (Figure 8). Although presence of such systems within the basin has been previously documented (Andersen et al., 2000; Davies et al.,
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Figure 10. Depositional depth versus diagenesis process (modified after Mathisen and McPherson 1991). See text for
details.

2004), this is the first detailed mapping of systems
that are derived from the Faroese platform. One
fascinating outcome of this study is the interaction
between depositional systems originating on opposite sides of the basin. Figure 8 shows how the
two older depositional systems (NE aggrading and
NW prograding units) overlap in space and time.
These two depositional systems are building out
into the same basin at the same time but from different areas. The architecture of the two systems is
different, one system is aggrading from the Munkagrunnar area and the other system is prograding
from the NW British shelf area into the southwestern part of the Faroe-Shetland Basin. The different architecture of the depositional units can indicate that the Munkagrunnar area underwent subsidence during the time of deposit while in the NW
British shelf area there was no subsidence. The SE

prograding unit was built out towards the two older units.
The complex interaction of sedimentary systems derivate from different provenance areas
raises the issue of the potential variation in reservoir quality from different source areas.
The sediments from the Shetland platform,
(NW prograding unit in Figure 8), are most likely
similar in nature to those which are documented in
fan systems of similar age, e.g. in well 214/4-1
(Figure 1) found hydrocarbons in Eocene sandstone. The sandstone was deposited as deep water
fans, and the porosity 1100 m below the mudline is
about 35 %.
The lithology of the depositional units that originate from the Faroese platform is likely to be volcaniclastic. Consequently, the reservoir quality of
the NE and SE prograding unit will be poor due to
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Figure 11. Graph showing
general trend of porosity with
increasing burial depth for both
volcaniclastic and siliciclastic
sandstone (black lines) (modifies after (Tucker, 1991). The
red line in the figure is derived
from porosity values measured
from volcaniclastic deltaic
sandstones in the Santos Basin,
Brasil (horizontal red line)
(Klarner et al., 2008) and from
East Java, Indonesia (red dot)
(Willumsen and Schiller,
1994).

a reduction in both the porosity and the permeability of these rock bodies, as outlined above.
The maximum burial depth of the post-basalt
sediments in the Faroese area of the Faroe-Shetland Basin is less then 2½ km. This means that the
siliciclastic rocks are likely to have a porosity in
excess of 25 %, which under most circumstances is
adequate when it comes to producing hydrocarbons. In contrast, the reservoir quality of the volcaniclastic rock is, more likely to degrade to such
a level that they become unsuitable as hydrocarbon
reservoirs. Conventional burial induced porosity
reduction in the Faroe-Shetland Basin is unlikely
to have resulted in a minimum porosity of less then
15 % (Figure 11, curve for volcaniclastic sandstone) where the deepest burial is found in the NE
part of the Faroe Shetland Basin. There are, however, aspects which affect this, both in a positive
and negative fashion. These are:
1) The NE aggrading unit and the NW prograding
unit practically interfinger with each other. This
means that one can expected to find both siliciclastic and volcaniclastic sediments. Such mix-

ing of volcaniclastic and siliciclastic sediments
would arguably increase the reservoir quality of
the rock, because the larger amount of stable
minerals reduce the possibility that early cementation destroy the porosity and permeability.
2) Given the maximum post-basalt sediment burial depth of 2500 m it is unlikely that the diagenetic process has reached the zeolite facies,
which can have a very negative effect on the
porosity (Mathisen and McPherson, 1991).
3) Early carbonate fill can have a significantly
detrimental effect on the reservoir quality.
Whether such early carbonate pore-fill has occurred in the Faroe Shetland Basin is not known
to these authors.
The volcanic provenance area is the Fugloy Ridge,
Faroese Platform and Munkagrunnur Ridge (Figure 1). This means that sediments in the central
part of the Faroe Shetland Basin are likely to have
been deposited in a distal setting. Such distal epi-
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clastic deltaic sediments are known to have the
best reservoir quality of the volcaniclastic sediments with an approximate porosity of 20 % at a
burial depth of 2500 m (Figure 11, read curve).
This is because the longer transport distance of the
sediments results in better sorting of the sandstone,
and also in the destruction of the less stable minerals, which leaves a well-sorted volcaniclastic sandstone consisting of relatively stable minerals, and
where early cementation is less likely to occur.

Conclusions
1) We have shown that depositional systems started building out from the Munkagrunnur Ridge
shortly after the extrusion of basalt. This was
contemporaneous with similar depositional systems being built out form the West Shetland
Platform.
2) Sediments that are derived from the Faroese
Platform and Munkagrunnur Ridge are likely to
be volcaniclastic in nature. This means that the
reservoir quality is likely to degrade faster with
depth compared to siliciclastic sediments.
3) The depositional setting in the Faroe-Shetland
Basin suggests that potential volcaniclastic
reservoirs are deposited in a distal setting,
which increases the likelihood of finding postbasalt sandstones with reservoir quality that is
suitable for hydrocarbon exploration in deeper
parts of the Basin.
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