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Abstract

The aim of this study is to estimate the physical properties (mainly density and seismic

velocities) of the deep borehole cores from the Main Karoo Basin (South ATiieasamples

were obtained from all the lithological units intersected by the-BRbaehole (~ 2034 m

deep). The study also investigates the influence of applied uniaxial stress (up to 120 MPa) and
mineralogical content on seismic wave propagation through the Karoo Basin Tdeks.
studied rock samples include sandstone, siltstone, straldillite. The main objectives were

to accurately distinguish the geological contacts, delineate the shabeayasg formations,

and provide guidelines for future laboratory measurements and planning of reflection seismic

surveys in the Karoo Basin.

Thirty-eight samples were measured for density and seismic velocity using different
techniques to obtain results that would represent true physical properties of the lithological
units. Different techniques were used for density measurements, hamelytdmtaimsous
water immersion, wax immersion, and calliper methods using ADAM analytical balance scale
with a sensitivity of 0.01 g. For ultrasonic measurements, two techniques were used: the
Tektronix TDS 2021 and Proceq Pundit Pl 2000 ultrasonic pulsecityetester consisting of
two pairs of transducers with a centre frequency of 54 KHz. The water displacement and water
displacement with wax techniques provided similar density results and the latter was chosen
owing of its capability to preservethesam@ s i nt egri ty. Tektroni Xx
more preferable over the Proceq technique for velocity measurements conducted under

uniaxial stress.

The average density for shale samples was 2.350°ghowever the density values
decreased witincreased amount of carbonaceous materials within the sample. Moreover, the
more carbonaceous shale from Collingham Formation measured the lower density values (e.qg.,
2.113 g/cm), whilst carbonaceous shales from the Whitehill and Prince Albert Formation
(main focus of this study) produced relatively higher average densities (e.g., 2.411 and 2.445

glen?).

The Rwave velocities of sandstone (4506600 m/s), shale (21004800 m/s), and
siltstone (1700 4700 m/s) exhibited an increase in values as aifimof depth. The Svave
velocities (Vs) mimicked the-Rave velocity (Vp) throughout the formations. The estimated
Vp/Vs relation for sandstone, shale, and siltstone were linear, however the sandstone appears

to be slanting horizontal while the relatioishfor shale and siltstone were directly
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proportional with ratio of approximately 1.52, and 1.73 respectively. The information from the
Vp-Vs relationship was used to differentiate and identify several lithological units within the

Karoo Basin.

Mineralogical analysis indicates that the sandstone packages comprise quartz with
relatively high seismic velocities. Shale samples, on the other hand, are mostly clayey with
limited transmission of acoustic waves which result in relatively lower seismic velokigsva
within the package. Seismic velocities for siltstone fluctuate between clayey materials and
sandstone rock types as they are a mixture of both.

The estimated bulk densities and seismic velocities were used to compute synthetic
seismograms to investte the potential source of seismic reflectivity and their associated
lithological boundaries. The strong reflections were observed at several lithological contacts
including WaterforeKookfontein, KookfonteirSkoorsteenberg Skoorsteenberdierberg
Formatons, and the carbonaceous rich shale formations with the underlying or overlying
rocks. The information from the borehole data and synthetic seismograms were used to
constrain the seismic interpretation of the legacy 2D reflection seismic data acquired in
area for exploration purposes. Generally, seismic sections exhibit strong reflections at major
lithological boundaries and various fault zones cimdting the strata. Delineation of faults,
in particular, has significant impact on the future exgioraprojects in the area. Summarily,
these results show the importance of analysing more than one sets of data to provide a realistic
geological information of the subsurface. Ultimately, the integrated “gediscientific data
that were collected were e to generate a geological model to provide a better understanding

of the existing geological structures in the Karoo Basin.
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1 INTRODUCTION

1.1 Background

The shortage of power in South Africa has opened opportunities for the country to focus
on several science disciplines to find alternative energy resources that can complement the
current coalgenerated energy. Shale gas is one of the few solutions tleabéen considered
becausé emits less than 5060% carbon dioxide aompared to coal. The Main Karoo Basin
has long been one of the targeted geological environments for oil and conventional gas
exploration. Lately, it is targeted because of its padéta host shale gas within some of its

formations.

The Karoo Basin has the most prevalent stratigraphic uriica (Figure 1.) and lies
south of the Kalahari DeseiE#tuneanu etal., 2005; Johnson, 2006 The Karoo Basin covers
almost twathirds of the southern African landscape including five of the nine provinces within
South Africa, and outcrops into the neighboring countries such as Namibia, Mozambique,
Botswana, and Zimbabw€#§tuneanu etal., 2005; Johnson, 20068Chere 2015).

The formation of the Karoo Basin was controlled by tectonism, which modulated the
accommodation of placement of volcanic and sedimentary rocks in the Basin with subduction
ranging from flexural event in the south to extensional even in the rioathir{eantet al.,
2005;Malumbazo, 201p6 Catuneantwet al. (2005)reported that this tectonic regime was also
controlled by climate change from early cold conditions during the Late Carboniferous to
warmer, and eventually hot climates with fluctuatmmgcipitation during the deposition of the
Karoo sedimentsatuneantet al, 2009. Moreover, the climatic background resulted in the
sedimentary depositions that consist of sandsi@sfales,and siltstones formations in the
Karoo Basin lalumbazo, 2016

The shale lithologies can be observed through many of the formations within the Karoo
Basin. The gabearings strata, which are Permian in age, normally grey to black in colour, are
found within the Collingham Formation and/or Tierberg Formation throing Whitehill
Formation to the Prince Albert Formation of the Lower Ecca subgroup of the Karoo Basin. The
Whitehill Formation is more carbonaceous and orgaglt and contains the most pyrite
compared to the underlying Prince Albert and overlying Tiggrb®rmation Chere, 201}
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It is paramount to investigate the contacts of shalebgasing formations for planning
of future exploration projects (mainly seismics). The contact between Whitehill Formation with
either Collingham/Tierberg and Prince Alberay be imaged using reflection seismic method
if it exhibits a significant contrast in acoustic impedance (Z), which is a product of seismic
velocity (V) and bulk density (1}). However,
thicknessshapeand depth of the target, as well as the sigoatoise ratio (S/N) of the data
(Manziet al, 2019). Acoustic impedance is a physical property used in the seismic method,
whereby the wave energy transmitted into the subsurface are reflected, refractidzanteld
at the interface between two distinctive layers due to acoustic impedance contrast. The
difference in acoustic impedance affects the reflection coefficient, which is described as the
amount of energy reflected at the geological boundariesi(ZB) / (Z2 + Z1)). In that case,
the measurements of densities and seismic velocities of core samples obtained from various
lithologies in the Karoo Basin require accurate and precise laboratarg set techniques to
mimic the inrsitu environment. Thestimated results would assist in designing future reflection
seismic surveys; for example, the velocity model derived from these measurements could be
used to constrain seismic processing (velocity analysis, static corrections, migration, and time
to-depthconversion). In addition, the study investigates the effects the density, mineralogy,
depth, and uniaxial stress might have on the propagation of seismic waves through the Karoo
Basin rocks.

1.2 Aim and objectives

The main aim of this study i® characterize physical properties of rocks in the Karoo

Basin and understand how these will affect exploration for shale gas.

The main objectives wete conduct laboratory measurements of density and seismic velocity

of sanples obtained from deep borehole kKB&% (Figure 1.1b and)cusing three different
methods in order to obtain the accurate and most representative measurement for each rock
property. These objectives wereoncerned withvarious tasksof the study to addresbe

following questions
I.  How does the change stress affecthe seismic velocity of the rock?

II.  How dcesmineral composition affect the seismic velocity?



<
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Can the shale gasearing formation be directly imaged using surface reflection seismic

method?

What is thesource of seismic reflectivitgt the lithological boundaries?

What is the thinnest shale layer that can be resolved by reflection seismic method?

20
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2 GEOLOGY OF THE STUDY AREA

The Karoo Supergroup occupies half of Sout
Cape Fold Belt in the south, to the seatistern boundaries of KwaZtiNatal and northward
into the Northern Cape, Free State and Limpopo provirfégsie 2.). The Karoo Basin hosts
al most al |l of South Africads coal deposit s,

groundwater, coalbed methane, and geothermal energy.

The Karoo Basin haan aerial extent of ~ 550,000 kiand has its greatest sedimentary
fill along the southern margin of the basin. Sedimentation began in the Carboniferous period
with the deposition of the glaciogenic Dwyka Formatibiy(re 2.). The Ecca Group shales
weredeposited following the retreat of the glacier and the transgression of the EcCadlea (
et al, 1993. The carbonaceous shales of the Whitehill Formation of the Ecca Group are being

targeted for shale gas potential.

Figure 2-1 The geological map of the Karoo Basin showing the location o8& borehole
(Wikimedia.org/wiki/File: Geology of Karoo Supergroup.pnblote that the dotted lines
show the South African boundaries with other Southern African countries



































































































































































































