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Project Aim:

« This study aims to create a better understanding the palaeo-
depositional environment, thermal maturity and gas bearing potential
of the lower Ecca Group in the Karoo Basin.

« Focus is placed on the fine grained mudrocks and shales of the
Prince Albert, Whitehill and Collingham Formations, with particular
Interest in the Whitehill Formation black shale.




Outline:

1. Mapping of the Ecca Group in the Greystone area, near Jansenville

2. Use of structural information to site and drill 2 boreholes from which
fresh core of the lower Ecca Group was obtained.

3. Selection of core samples for geochemical and petrophysical
analysis conducted at the GFZ Helmholtz-Zentrum, Potsdam,
Germany. Analyses include: Scanning Electron Microscope (SEM)
and thin section analysis, X-Ray Diffraction (XRD), X-Ray
Fluorescence (XRF), TOC/Rock Eval, vitrinite reflectance, 6'%C an
O1°N stable isotope analysis, pyrolysis-gas chromatography,
thermovapourization-gas chromatography and mercury intrusi
porosimetry
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Borehole SFT 2
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Fresh black shale from the
Whitehill Formation




Geochemical and petrophysical

analyses:

HeELmHOLTZ CENTRE POTSDAM

Mineralogy (Thin Section GFZ GERMAN RESEARCH CENTRE
’ FOR GEOSCIENCES
SEM, XRD)

Vitrinite reflectance
Hg-intrusion porosimetry
Geochemistry (TOC/Rock Eval,

XRF, Stable isotopes, pyrolysis
and thermovapourization)
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Thin section: Whitehill Fm







SEM: Prince Albert Fm
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D) altered organic material E) Milliolid foram




SEM: Whitehill Fm
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XRD (X-Ray Diffraction)
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Depth Lithology
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Porosity




TOC/ Rock Eval

« TOC= Total Organic Carbon

* Rock Eval pyrolysis measures hydrocarbon release of
sedimentary rocks which helps characterise maturity and
type of organic matter.

* Produces Tmax (maximum hydrocarbon generation), HI
(Hydrogen Index) and Ol (Oxygen index) values.




TOC/ Rock Eval
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TOC/ Rock Eval
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XRF (X-Ray Fluorescence)
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Fe (wt%)

Whitehill Formation
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C/N ratios vs 613C %o
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Conclusions-Prince Albert Fm:

Fine-grained mudrock and shales with TOC content of 0.37%.
Deposited via suspension settling in anoxic marine setting.

Evidence of this palaeo-environment includes:
» Milliolid fossil foram suggest marine setting.

« Geochemical proxies such as Rb/K, V/Cr, V(V+Ni) ratios and a high percentage of
atomic S, indicates increased salinity and an anoxic-euxinic environment.

« O13C and 6'°N stable isotope data, C/N ratios and rock eval data suggest a mari
setting with the influx of both terrestrial and marine organic matter.




Conclusions-Whitehill Formation

Consists mostly of black, calcareous, carbonaceous shales with sporadic lenses of
porous dolomite.

The Whitehill Formation has a high TOC content averaging at 4.5% accompanied
with by high sulfur content.

Deposited in an anoxic, quiescent, marine inland sea evidence for this includes:

» Pyrite rich, fine-grained, dark carbonaceous shales is indicative of suspension
settling of fine grained sediments under anoxic conditions.

« Geochemical proxies such as elevated Ba/Al,O5; and P,0O./ Al,O, ratios in the
sample of dolomite, indicates increased palaeoproductivity. Ratios of Rb/K, V/
V/V+Ni suggest an anoxic, marine environment. TOC-S-Fe relationships a
suggest prevailing anoxic conditions.

« O13C and &N stable isotope data, C/N ratios and Rock Eval data
source of organic matter. This is further verified by the discove
pollen grain (terrestrial) via SEM analysis and a Millolid fossi
section.




Conclusions-Collingham Formation

Consists mostly of tubiditic mudrocks and shales intercalated with volcanic tuffs. Near
the top of the Collingham Formation the mudrock grades into fine-grained sandstone
which contains fossil imprints of plant matter.

The TOC content of the Collingham Formation is 0.62%

Represents the basin filling stage and changing from anoxic to oxic, and marine to
brackish conditons.Evidence for this palaeo-depositional environment includes:

« Turbidites, a multitude of trace fossils (Planolites and Scolicia) and imprints of
plant fossils (Glossopteris?) and upwards grading of sediments indicate basin
filling and deposition from an unstable slope.

« Geochemical proxies such as Rb/K indicate the transition from marine to more
brackish conditions. V/Cr ratios suggest that the water was becoming more
oxygenated and pyrite only dominates the lower Collingham Formation
water was still anoxic.

« O13C and &N stable isotope data, C/N ratios and Rock Eval d
source of organic matter. This is particularly evident with fossi
animal traces.




High organic richness (TOC=4.5%)

Deposited under conditions which allow preservation of organic material.
Presence of bitumen means thermal cracking took place=gas was formed
Mineralogy suggests suitable brittleness (good for fracking)

Mixture of type Il and type lll kerogen

Tightness of shales

Whitehill may be a good source rock for gas, but not in such close proximity to the
CFB




Areas for further study

The porosity of the micro-and nano-scale pores and the porosity of the organic
material need to be determined. Permeability of the pores should also be determined.

Determine the gas saturation and if the gas is stored in interstitial pores and
microfractures. It must be calculated how much gas is adsorbed onto organic matter
and how much of it is free gas.

Isotope data for 634S and 820 is required to help determine the palae-depositional
environment of the early Ecca Group.

To better determine the metamorphic conditions, fluid inclusion in metamorphic
minerals and quartz veins can be tested

Further data from joint directions, joint densities and joint spacing must be
Joint systems may facilitate in gas escape from the Whitehill Formatio

Data must be attained from further north from the Cape Fold
i< 1inaffected bv intriided dvkes and <ills
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