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                                                 ABSTRACT  

This is a MSc research project, and is aimed at the new insight on the stratigraphy, 

sedimentary facies, diagenesis and depositional environments of the Ecca Group, Karoo 

Supergroup in the Eastern Cape Province. Methodologies used in this research include field 

investigation, stratigraphic logging, thin-section microscope study, X-Ray Diffraction (XRD) 

and Scanning Electron Microscopy (SEM) analyses. 

The stratigraphy of the Ecca Group is divided into five formations, namely the Prince Albert 

Formation, Whitehill Formation, Collingham Formation, Rippon Formation and the Fort 

Brown Formation from bottom upward. Based on the field investigation and laboratory 

correlation, the Prince Albert, Whitehill, Collingham, and Fort Brown Formations can each 

be subdivided into two new members, i.e. lower member and upper member; whereas three 

new members have been proposed for the Rippon Formation, i.e. lower, middle and upper 

members.  

The Ecca Group sediments were accumulated in various depositional environments, from 

bottom of deep marine environment, passed through the middle of deltaic environment, and 

ended in a lacustrine environment. The Prince Albert Formation, Whitehill Formation and the 

Collingham Formation were all deposited in a deep marine basin, whilst the Rippon 

Formation was laid down in a deltaic environment. As the climate gradually became warmer 

and drier, the top Fort Brown Formation was lastly deposited in a lacustrine environment. 

The stratigraphic succession of the Ecca Group constitutes a perfect regression sequence, 

indicating that the marine water gradually retreated and the sea-level gradually dropped. 

The rocks in the Ecca Group are mainly terrigenous sandstone and mudstone with some 

coarse grain-sized siliciclastic rock of conglomerate. The sandstones are dominated by 

feldspathic graywackes with minor quartz-wackes, and there are no arenites in the Ecca 

Group. Whereas the mudstones are dominated by grayish mudrocks and black shales, purer 

claystone was found in the turbidite facies of the Collingham Formation, which probably has 

economic significance for the future since the reserve is quite large.  

Optical microscope, XRD and SEM analyses demonstrated that the minerals in the Ecca 

Group include detrital minerals of quartz, orthoclase, microcline, plagioclase, biotite, 

muscovite; and clay minerals (smectite, kaolinite, illite and sericite). These minerals 

constitute the rock framework grains and cements whereas; the authigenic minerals of calcite 



  

 

and hematite were formed during diagenesis. Accessory minerals such as rutile and zircon are 

the heavy minerals present in the strata, and occur only in a small amount.  

Based on the lithologies, sedimentary structures and sequence stacking patterns, ten 

sedimentary facies have been recognised, namely 1) Grayish laminated and thin bedded shale 

facies, 2) Grayish laminated shale and intercalated chert facies, 3) Grayish rhythmite facies 

(all the three facies above were deposited in deep marine water); 4) Flat and lenticular bedded 

graywacke facies, 5) Grayish alternating mudstone and sandstone facies, 6) Dark organic rich 

mudstone facies, 7) Fossil bearing mudstone facies, 8) Laminated and thin bedded black 

mudstone with lenticular siltstone facies, 9) Interbedded grayish sandstone and mudstone 

facies (above Facies 4-9 were deposited in deltaic environment and appeared in the Rippon 

Formation); and 10) Varved rhythmic mudstone facies, which occurs only in the Fort Brown 

Formation and represents lacustrine sediments.  

Four types of cements have been identified in the rocks of the Ecca Group, including quartz, 

smectite, calcite and feldspar cements. The first three cement types are the major cement 

types, whilst the feldspar cement is minor and occurs only locally. 

Recrystallisation in Ecca sediments includes quartz, feldspar, clay mineral recrystallisation 

and conversion from smectite and kaolinite to illite and then to sericite. Replacement involves 

calcite replacing quartz, feldspar and clay matrix; accompanied by albitization, i.e. albite 

replacing other feldspar minerals in a deep burial environment. Dissolution in the Ecca Group 

involved calcite and kaolinite dissolving and leaching, which created more pore-space and 

increased porosity. 

The sediments of the Ecca Group went through three stages of digenesis, namely the early 

stage, the late stage and the up lift stage which led the rocks being exposed on the Earthôs 

surface and being weathered. In each stage, some minerals became unstable, then replaced by 

a more stable mineral suitable for the new diagenetic environment. Precipitation of cements 

and formation of authigenic minerals mostly occurred in the early diagenetic stage, which led 

the soft sediments becoming a hard rock; whilst recrystallisation, replacement, and 

dissolution took place mostly in the later diagenetic stage due to increase of temperature and 

pressure resulting from increase of burial depth. 
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                                     CHAPTER 1. INTRODUCTION  

 

1.1. BACKGROUND  

The Ecca Group generally consists of five formations, namely, the Prince Albert Formation, 

Whitehill Formation, Collingham Formation, Rippon Formation and the Fort Brown 

Formation respectively. The group sequence accumulated between the Late Carboniferous 

Dwyka Group and the late PermianïMiddle Triassic Beaufort Group (Catuneanu et al., 2005) 

and it consists of mudstones, siltstones and sandstones which Johnson (1976) concurred with. 

And according to Cadle et al. (1993), deep and shallow water environments with a cool 

climate predominated during the Ecca times. 

According to Bamford (2004) the Prince Albert is noted for having dark green grey shale 

with some graded silt layers, whilst the Whitehill Formation has carbonaceous shale (which 

weathers white) intercalated with chert bands and lenses which are dense and dark in colour. 

The Collingham Formation has rhythmites of mudstone, shale and siltstone with a greyish-

green colour, whereas the Rippon Formation shows massive greywackes, arenites, mudstone 

and carboniferous shale. The Fort Brown Formation has dark or greyish shale and siltstone, 

with well-developed laminations of probably lacustrine deposits.  

Sole clasts, micro-cross lamination and current lineation are the three types of sedimentary 

structures that have been used to provide reliable palaeo-current information in the Ecca 

Group(Kingsley (1977). According to Kingsley (1977), the uniform distribution of current 

directions in the Ecca Group implies the existence of one large mountainous source area to 

the south and south east of the current coast line during the Permian-Triassic times. 

 

 

1.2. PROBLEM STATEMENT  

Different stratigraphic formations were established for the Ecca Group, especially through the 

works Kingsley (1977) and Johnson (1976), however, without detailed information about the 

vertical lithological variations. In terms of sedimentology studies carried out on the Ecca 

Group, rock types and sedimentary structures were identified, but not in great detail to clearly 



  

 

depict the different sedimentary facies; and no diagenetic pathways were deduced for the 

minerals.  

 

1.3. AIMS AND OBJECTIVES OF THE PROJECT  

The aims of this investigation were to measure the stratigraphic section and to establish the 

stratigraphic sequence of the Ecca Group, study the lithology, sedimentary facies and 

diagenesis of the sediments and deduce the depositional environments of the Ecca Group in 

the study area in Eastern Cape. 

The related tasks of investigation in this study included to: 

¶ Measure the stratigraphic sections and establish the stratigraphic sequence of the Ecca 

Group in the study areas; 

¶ Distinguish different rocks types and recognize their petrographic characteristics; 

¶ Establish of different types of sedimentary facies in the stratigraphic succession; 

¶ Study the sedimentary structures occurring in the sequence in order to ascertain the 

depositional environments and the hydrodynamic conditions during the deposition of 

sediments; 

¶ Investigate the diagenetic textures, cement types and the diagenetic environments of 

the Ecca Group; 

¶ Establish of the burial history and fluid flow episodes of the sediments in order to 

restore the diagenetic history/pathway of the Ecca Group.  

 

 

1.4. LOCATION OF THE STUDY AREAS  

The study area is located along the Regional Road R67 from Grahamstown to Fort Beaufortin 

the Eastern Cape Province, South Africa. This research was targeted at the Ecca Group of the 

Karoo Supergroup, which is well exposed to the roadside of the R67 and shows a continuous 

stratigraphic thickness of 1363.67m. Supplementary sections of the Ecca Group were also 

studied along the N2 Road from East London to King Williamôs Town and along the N6 

Road from Gonubie to Macleantown (marked as A-B) in the Eastern Cape shown in Figure 



  

 

1.1. The rocks of the Ecca Group are clearly exposed along the road cuttings, which mean 

that, there is easy accessibility of the study areas. 

 

 

 

Figure 1.1 location of research area within the marked area (Modified  from Google 

Maps). 

 

 

 

 

 

 

 



  

 

1.5 METHODOLOGY  

Methodology involved in this project includes field and laboratory work. 

1.5.1. FIELD WORK  

The field work was done by carefully observing and recording data. Different sedimentary 

features were described, measured and photographed and where possible, rock samples for 

analysis were collected. Field exposures of the Ecca Group are easily accessible and data 

documented during the visits to the study area involved: 

¶ Identifying the different lithologies and their mineral compositions; 

¶ Measuring thicknesses of the stratigraphic units; 

¶ Identifying the rock colours and sedimentary structures;   

¶ Identifying fossil types and variations within the strata; 

¶ Recording the changes in grain size, grain sorting and roundness; 

¶ Establishing sedimentary facies and facies associations; 

¶ Recognizing hydrodynamic conditions and depositional environments;  

¶ Identifying and describing palaeocurrent marks. 

The data were used to deduce the stratigraphy of the Ecca Group, and also to identify and 

describe the sedimentary facies. The equipment used during field work included a camera, 

hammer, tape measure, global positioning system (GPS), knife, grain-size charter, hand lens 

and compass.  

 

1.5.2. LABORATORY WORK  

Laboratory work was done to confirm some of the field findings and also to discover possibly 

new attributes that were not visible to the naked eyes especially with regard to mineralogy. 

Proper identification of the rock minerals was of great significance with regard to diagenetic 

studies. Thin sections for microscopy, scanning electron microscope (SEM), and x-ray 

diffraction (XRD) were used for the detailed laboratory analysis and the methods were 

combined for accurate results.  

 

 



  

 

1.5.2.1. THIN SECTIONS FOR MICROSCOPE STUDY  

Eighty thin sections were made and analysed by using the petrographic light microscope. 

With low and high magnification variations, authigenic and detrital minerals were identified 

using their optical properties. Photographs of the different minerals and their petrological 

textures were studied to ascertain the rocks types, grain size variation, grain sorting and 

roundness, and mineral compositions.  

 

1.5.2.2. SCANNING ELECTRON MICROSCOPE (SEM) 

The scanning electron microscope was used on the basis that it has a wide range of 

magnification for the identification of fine grained minerals; with the aid of Energy 

Dispersive X-Ray (EDX) technic, chemical compositions can also be identified. SEM was 

used to photograph the distribution of clay minerals, both detrital and authigenic and also in 

the study of the effects of cements and grain coating on porosity. The rock samples were 

coated with carbon prior to the analysis. The scanning electron microscope used is the Jeol 

JSM-6390LV model with a voltage of 15KV and the secondary electron detector.  

 

1.5.2.3. X-RAY DIFFRACTION (XRD)  

This technique is best on the principle that each crystalline substance produces its own unique 

diffraction pattern, thus providing a fingerprint of the individual components to enable 

identification of the mineralogical make-up of a rock. The method was used to reveal the 

mineral compositions of the mudrocks and sandstones found in the Ecca Group especially 

with the identification of the unknown minerals and the fine grain sized. The D8 Advance 

Model was used for the XRD analysis and the machine had a maximum speed of 30 rotations 

per minute with a 2ɗ range of between 5 and 70. 

 

 

 

 



  

 

                               CHAPTER 2. GEOLOGICAL SETTING  

 

2.1 GEOLOGICAL BACKGROUND  

The Main Karoo Basin forms the thickest and stratigraphically most complete mega-sequence 

of several depositories of Permo-Carboniferous to Jurassic aged sediments in south western 

Gondwana Continent (Catuneanu et al., 1998). The maximum preserved thickness of this 

mega-sequence, according to Smith (1990), is adjacent to the Cape Fold Belt, exceeding 6km 

in thickness, with the sedimentary succession reflecting changing environments from glacial 

to deep marine, deltaic, then fluvial and aeolian. 

 The sedimentary fill of the Karoo Basin accumulated under the influence of tectonics and 

climate changes. Catuneanu et al. (2005) indicate that the tectonic regimes during the Karoo 

time varied from dominantly flexural in the South, in relation to processes of subduction, 

accretion and mountain building along the margin of the Gondwana continent. Climate 

fluctuations also left a mark on the stratigraphic record, showing evidence of a general shift 

from marine to delta, to river and desert conditions (Keyser, 1966).  

 

2.2 THE MAIN KAROO BASIN  

2.2.1 THE TECTONIC SETTING OF THE MAIN KAROO BASIN  

The Karoo Supergroup is a thick succession of sedimentary rocks that accumulated in a large 

intra-cratonic retroarc foreland basin in South-western Gondwana (Smith, 1995). According 

to Damiani (2004), the Karoo Basin of South-western Gondwana formed as a retroarc 

foreland basin brought about by the collision of the Palaeo-Pacific plate and the Gondwana 

plate as pictured in Figure 2.1. 

The interior position of the basin was controlled by the re-activation of the Late Proterozoic 

Cape Conductive Belt in which the sediments of the Cape Supergroup had previously 

accumulated (Turner, 1999; Figure 2.2). The Karoo succession accumulated within several 

tectonically controlled depositories, under which different climatic regimes resulted in an 

almost continuous record of intra-cratonic sedimentation from the Late Carboniferous (300 

Ma) to Early Jurassic (190Ma). 



  

 

 

Figure 2.1 Reconstruction of the Karoo Basin and the Gondwanaland Continent in the 

late-Palaeozoic Period (Turner, 1999). 
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Figure 2.2Generalised foreland basin model of the Karoo basin during the Triassic 

Period, showing the location of the foredeep and forebulge parts of the basin in relation 

to the Cape Fold Belt, and the inferred position of the arc and subduction zone (Turner, 

1999). 

 

2.2.2 ARCHITECTURE OF THE MAIN KAROO BASIN  

The Main Karoo Basin becomes thinner from the south to the north as shown in Figure 2.3. 

This idea is also supported by Catuneanu et al. (2005) who describe the Molteno Formation 

as northerly thinning. It is because of this architecture that the Basin is observed as having 

proximal facies in the south west and distal facies in the north east as shown in Table 2.1. 

From the information given in the above mentioned table, the Whitehill Formation and the 

Pietermaritzburg Formation consist of the same facies, however, due to their proximal and 

distal positions have different names. 



  

 

 

Figure 2.3 Section view of Karoo Supergroup (Johnson et al., 1997). 
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Table 2.1 Distal and proximal Formations of the Karoo Supergroup (After Catuneanu 

et al., 1998) 

TIME 

PERIOD 

PROXIMAL FACIES (SW)                                    DISTAL FACIES(NE)                                                      

Middle 

Jurassic, 

volcanics 

DRAKENSBERG GROUP 

                  

Late Triassicï

Early Jurassic 

S
T

O
R

M
-

B
E

R
G

 

G
R

O
U

P 

Clarens Fm  

Elliot Fm  

Molteno Fm  

                                

Late Permian-

Middle 

Triassic 

B
E

A
U

F
O

R
T

 G
R

O
U

P 

Tarkastad Subgroup 

Burgersdorp Fm  Driekopppen Fm 

Kartberg Fm  Verykerskop Fm 

Adelaide Subgroup 

Tekloof Fm (W) Balfour Fm (C) Normandien Fm (N) 

Abrahamskraal Fm 

(W) 

Koonap / Middleton 

Fms (C) 

 

 

 

Permian 

E
C

C
A

 G
R

O
U

P 

 

Fort Brown Fm  Volkrust Fm 

Rippon / Collingham  

Fms 

 Vryheid fm 

Whitehill Fm  Pietermaritzburg Fm 

Prince Albert Fm   

Late 

Carboniferous-

late Permian 

DWYKA GROUP 

 

 

2.2.3 STRATIGRAPHY 

The Late Carboniferous-Early Jurassic succession of Karoo Supergroup is distinctly different 

in lithology and sedimentary environment (Catuneanu et al., 2005). According to Visser and 

Dukes (1979), these tectono-stratigraphic units are preserved as both fining upwards and 



  

 

coarsening upwards megacycles, forming the basis of the litho-stratigraphic sequence. The 

succession is stratigraphically divided into five groups, which are, in ascending stratigraphic 

order, the Dwyka (Late Carboniferous), Ecca (Early Permian), Beaufort (Late Permianï

Middle Triassic), Stormberg (Late TriassicïEarly Jurassic) and Drakensberg Groups (Middle 

Jurassic, volcanics) (Damiani, 2004)as shown in Table 2.2, with their aerial distribution 

depicted in Figure 2.4. The Drakensberg lavas are believed to have terminated sedimentation 

in the Basin in the Middle Jurassic (Smith, 1990), which represented the process of breaking 

up of the Gondwana Continent. 

 Damiani (2004) alluded that the section broadly represents deposition in glacial, marine and 

terrestrial environments. Catuneanu and Elango (2001) further explained that the deeper 

marine facies of the Dwyka and Early Ecca Groups accumulated during the under-fill ed 

phase of the foreland system, whilst the shallow marine facies of the late Ecca Group 

correspond to the filled phase of the basin, which was followed by an overfilled phase 

dominated by fluvial sedimentation. As Damiani (2004) deduced, from the Late Permian 

onwards, non-marine sediments were laid down and were provenanced mainly from the 

rising Cape Fold Mountains along the southern periphery with episodic tectonics in the 

source area, coupled with fore-deep subsidence, resulting in deposition on large prograding 

alluvial fans. Catuneanu et al. (2005) envisage that the main Karoo Basin stratigraphy is 

however complex and this complexity was related to the mode of origin, deep marine water 

and shallow marine turbidites and submarine fan deposits from specific source areas. 

 

 



  

 

 

Figure 2.4 Areal distributions of litho-stratigraphic units in the Main Karoo Basin 

(Johnson et al., 1996). 

 

According to Smith (1995), below the Permo-Triassic boundary, the sediments comprise of 

drab greenish grey mudrocks with a few multi-storied, laterally accreted fine grained 

sandstone bodies; and above this boundary, the strata changes into reddish brown mudrocks 

with numerous thin ribbon sandstone bodies and more continuous sheet sandstones. These 

changes came as a result of the change in depositional environments from marine to fluvial at 

the Permo-Triassic boundary which separates the Ecca Group from the Beaufort Group. As 

Smith (1995) further explained, the changes in fluvial style in the Karoo Basin at the end of 

the Permian were triggered by a pulse of thrusting in the southerly source area dated at about 

247 Ma, which brought about rapid progradation of a large sandy braided fan system 

(Katberg sandstone Formation) into the central parts of the Karoo Basin. 

 

 

 



  

 

Table 2.2 Bio-stratigraphy of the Karoo Supergroup (After Rubidge, 2005). 

 

PERIOD GROUP FORMATION EAST 

OF 24
0 
LONGITUDE 

ASSEMBLAGE ZONE 

 

Jurassic 

Drakensberg Drakensberg  

 

Stormberg 

Clarens  

 

Triassic 

Elliot  

Molteno  

 

 

Beaufort 

Burgersdorp Cynognathus 

Katberg Lystrosaurus 

 

 

 

 

Permian 

Balfour Dicynodon 

Cistecephalus 

Middleton Tropidostoma 

Pristerognathus 

Koonap Tapinocephalus 

Eodicynodom 

 

 

 

Ecca 

Water Ford*   

Fort Brown  

Ripon  

Collingham  

Whitehill  

Prince Albert  

Carboniferous Dwyka Elandsvlei  

*: does not occur in the study area. 

 

2.2.3.1 DWYKA GROUP 

Johnson (1976) explained that the Karoo Supergroup commenced with the Dwyka Tillite, 

which is a 700m thick diamictite unit. Johnson et al. (1996) indicated that in the Main Basin, 

the Dwyka Group extends from the Late Carboniferous to the Early Permian. Catuneanu and 

Elango (2001),concur with this and explained that the initiation of the Dwyka sedimentation 

is estimated at about 300 Ma, following a 30 million years stratigraphic break after the end of 



  

 

the Visean when the sedimentation in the Cape Basin was terminated. According to 

Catuneanu and Elango (2001), the deeper marine glacial facies of the Dwyka Group, 

including those of the early Ecca Group, accumulated during the under-filled phase of the 

fore-land basin. In the south, as Catuneanu et al. (1998) explained, the Dwyka succession has 

a uniform character with lateral continuity of layers suggesting that deposition from floating 

ice within a large marine basin was the dominant process. Bamford (2004) also concurred 

with this idea when he explained that the tillites are uniform and laterally extensive, having 

formed in a glacial marine environment with deposition from both grounded and floating ice, 

with the latter being dominant. 

In general, there are seven lithofacies that have been identified in the Dwyka Group. 

According to Johnson et al. (2006), the facies include the massive diamictites, stratified 

diamictites, massive carbonate-rich diamictites, conglomerate facies, sandstone facies, 

mudrock with drop-stone facies and lastly the mudrock facies. Johnson et al. (2006)  noted 

that the massive diamictite facies  consist of highly compacted diamictite, generally clast 

rich, with rounded to angular, frequently striated clasts up to 2m across, commonly reflecting 

the composition of the underlying or surrounding rocks, hence can be explained as lodgement 

or melt out deposits.  

According to Visser (1991), the stratified diamictite facies of the Dwyka Group consist of 

argillaceous diamictite containing sub-rounded to rounded extra-basinal clasts as much as 3m 

across. The stratification contains faint bedding planes within the diamictite as well as thin 

inter-bedded mudrock beds and laminae. Johnson et al. (2006) explained that these stratified 

diamictites were formed by sediment gravity flows, although intermittent reworking of sub-

glacial diamictons and rain-out of glacial debris also occurred during deposition. 

The mudrock with drop-stone facies consists primarily of rhythmite, and angular to 

rounddetrital stones varying from small to large (maximum ± 1m across) are commonly 

found deforming the rhythmite (Visser, 1991). The facies represents deposition in a distal 

iceberg zone. The mudstone with drop stone facies is different from ordinary mudstone facies 

in the sense that mudstone facies does not have any kinds of detrital stones, but consist of 

greenish grey mudstone and black pyrite shale (Visser, 1991). 

The massive sandstone diamictite facies are as called because of the thick sandstones (up to 

about 30m). Von Brunn (1994) described these facies in the Dwyka Group as consisting of 



  

 

either very fine to medium grained, massive to ripple-laminated or medium to coarse grained, 

trough cross bedded, immature sandstones. The ripple laminated sandstones have been 

interpreted as turbidite deposits, whereas the trough cross bedded sandstones, represent 

traditional fall-out from subaqueous outwash streams. 

There are also the massive carbonate-rich diamictite facies which Visser (1991) described as 

the clast poor diamictites containing thin carbonate beds of less 5cm, stringers and 

concretions forming thick facies units. These facies formed from the rain-out of debris, with 

the carbonate probably originating by crystallization from interstitial waters.  

Theconglomerate facies contain, as the name suggests, pebbles and boulders within fine 

sediments. The facies ranges from single layered boulder beds to poorly sorted pebble and 

granule conglomerate, with boulder beds interpreted as lodgement deposits, whereas the 

poorly sorted conglomerates are a product of water reworking of diamictons by high density 

sediment gravity flows (Johnson et al., 2006). 

 

2.2.3.2 ECCA GROUP 

The Ecca Group is a sequence that accumulated between the Late Carboniferous Dwyka 

Group and the late PermianïMiddle Triassic Beaufort Group, occupying most of the Permian 

time of the Karoo Supergroup (Catuneanu et al., 2005). However, according to Bamford 

(2000), the absolute age of the Ecca Group is not perfectly constrained as most age 

determinations rely on fossil wood biostratigraphy. The term Ecca is suggested by Rubidge 

(in Catuneanu et al., 2005) for argillaceous sedimentary strata exposed in the Ecca Pass, near 

Grahamstown in the Eastern Cape Province, South Africa. Therefore, to use the term outside 

the main Karoo Basin is sometimes questionable as rock types could be totally different. The 

Ecca Group comprises of mudstones, siltstones, sandstones, minor conglomerates and coal. 

Cadle et al. (1993) explained that deep and shallow water environments with a cool climate 

predominated during the Ecca times, with coal forming in alluvial fan, fan delta and fluvial 

systems of the formation.  

The group is believed to be about 3000m thick in the Southern part of the main Karoo Basin. 

Johnson (1976) concurred with this idea when he explained that the Ecca Group consists of 

sandstone and subordinate mudrock with a total thickness of 2000-3000 m. The Ecca Group 



  

 

generally consists of five formations, namely, the Prince Albert Formation, Whitehill 

Formation, Collingham Formation, Rippon Formation and the Fort Brown Formation 

respectively. According to Bamford (2004) the Prince Albert is noted for having dark green 

grey shale with some graded silt layers, whilst the Whitehill Formation has carbonaceous 

shale (which weathers white) intercalated with chert bands and lenses which are dense and 

dark in colour. Johnson et al. (1996) envisaged that the black carbonaceous shale of the 

Whitehill Formation distinguishes it from the underlying and overlying shale units in the 

Main Karoo Basin. Phosphatic and siliceous rocks probably formed by chemical or biological 

processes under reducing conditions in areas where upwelling of cold water occurred; and 

this upwelling current may have enhanced a rich marine life, which supplied the organic 

materials trapped in the bottom mud (Parrish and Curtis, 1982). The Collingham Formation 

has rhythmites of mudstone, shale and siltstone with a greyish-green colour, whereas the 

Rippon Formation shows massive greywackes, arenites, mudstone and carboniferous shale. 

The Fort Brown Formation has dark or greyish shale and siltstone, with well-developed 

laminations of probably lacustrine deposits. It is most probable that the Prince Albert and 

Whitehill Formations were formed in a reducing deep water marine environment, whilst the 

Collingham Formation is a deep water turbidite deposit. The Rippon Formation was formed 

in a shallow marine to deltaic environment whilst the Fort Brown Formation was formed in a 

broad continental margin of lacustrine environment.  

According to Kingsley (1977), sole clasts, micro-cross lamination and current lineation are 

the three types of sedimentary structures that have been used to provide reliable palaeo-

current information in the Ecca Group. According to Kingsley (1977), the uniform 

distribution of current directions in the Ecca Group implies the existence of one large 

mountainous source area to the south and south east of the current coast line during the 

Permian-Triassic times. 

 

2.2.3.3 BEAUFORT GROUP 

Most of the continental deposits of the Karoo Supergroup are grouped in the aerially 

extensive Beaufort Group which formed from the much greater volume of the sediments that 

were produced from the fast rising Cape Fold Belt. The sediments prograded diachronously 

northward in rivers that flowed across the floor of the former brackish to freshwater basin 



  

 

down a 500km long piedmont flank into a westward sloping axis of sediment transport 

(Johnson et al, 1997). Further explained is that, after about 15 million years of deposition, the 

piedmont wedge reached an estimated thickness of about 6km at the south part of the Karoo 

Basin. The Beaufort Group thins northwards due to the youngling of the Ecca and Beaufort 

boundary and the deeper erosion of the Beaufort strata that happened before the deposition of 

the Late Triassic Molteno Formation. The mud and sand in the Beaufort Group are 

commonly red due to the well-drained, highly oxidized fluvial slope on which they were 

deposited; as well as due to the onset of warm and seasonal global temperature increase. As 

Johnson et al. (1996) explained; red and greenish mudrocks are common in the upper 

Beaufort Group, reflecting an increase in sub-aerial exposure under oxidizing conditions. 

Bamford (2004) also explained that the Beaufort Group deposits indicate river systems down 

grading to braided rivers and meandering streams as the regional climate dried up and basins 

filled with sediments from the Cape-Fold Belt. 

The Beaufort Group is exposed almost over the entire Karoo basin and is intruded by dolerite 

sills and dykes. The dolerite intrusions are not all of the same rock type; varing from being 

olivine rich through tholeiitic to granophyres. When considering the minerals within the 

rocks, dolerites are also noted by differences in colours (Karpeta and Johnson, 1979), with 

sills showing grading through olivine, hyperite into gabbro. The proportion of dolerite to 

country rock is seen to vary in the formations. This could be attributed to the fact that some 

areas experienced much of magmatic activity than the other areas. The sediments on the 

contact of dolerite intrusions have been indurated or recrystallised, which led to the formation 

of hornfels. 

The Beaufort Group is subdivided into the Adelaide Subgroup and the Tarkastad Subgroup. 

The lower Adelaide Subgroup consists of the Balfour Formation with the Palingkloof, 

Elandsberg, Barberskrans, Daggaboersnek and the Oudeberg Members, the Koonap 

Formation and the Middleton Formation. As Viser (1995) explained, the lower Beaufort 

Group consists of dark grey, green and red mudstone alternating with fine grained sandstone, 

with the base of the group consisting of an upward coarsening deltaic sequence, whereas 

stacked upward-fining fluvial cycles and flood plain mudrocks, with thin crevasse splay 

sandstones, commonly present in the rest of the succession. The Tarkastad Subgroup which 

forms the upper part of the Beaufort Group, consists of the Katberg and Burgersdorp 



  

 

Formations that are restricted to the southern margins of the Karoo Basin from south of 

Queenstown to north of Aliwal North (Rubidge, 1995).  

According to Bamford (2004), the Balfour Formation is a fining upward sequence of green-

grey sandstones with bands of darker mudstones,deposited when braided rivers graded 

upwards into meandering stream systems.  However, according to Smith (1995), the major 

coarsening upward cycle begins in the Balfour Formation and ends at the top of the Katberg 

Formation. The Koonap Formation consists of greenish silty-mudstones and sandstones in a 

fining upward sequence deposited when a high energy braided river system graded into a 

lower energy meandering river system (Bamford, 2004). The Middleton Formation has dark 

red and green grey mudstones interbedded with sandstones in an overall fining upward 

sequence. The upper member of the Balfour Formation is characterized by red and maroon 

mudrocks as opposed to the dark grey and greenish grey mudrocks of the underlying strata. 

The predominantly argillaceous unit gradually coarsens upwards into the arenaceous Katberg 

Sandstone Formation which is composed of fine to medium grained pinkish grey sandstone 

with subordinate greenish grey mudstone (Smith, 1995). 

In the Early Triassic times, there was a tectonic rejuvenation of source area that led to steeper 

gradients and a sharp increase in the supply of coarser grained detritus. Therefore, alluvial 

fans developed in areas adjacent to the source terrain and river channels became braided, 

depositing only sands that formed the Katberg Sandstone, mud and silt was carried down 

further into the distal parts of the flood plain to form the Burgersdorp Formation. As tectonic 

changes occurred, climatic conditions were also changing, and it was these climatic changes 

that influenced stream types. For instance, between the late Permian and early Triassic 

Periods, there was a change to warmer climatic conditions after having had glaciations of the 

early to middle Permian.  

The lowest Beaufort Group sediments were deposited in warm temperate to humid 

conditions, but later on deposition occurredin increasingly arid conditions. Hence the 

Tarkastad Subgroup corresponds to the Early Triassic Lystrosaurus and Cynognathus 

tetrapod zones (Rubidge, 1984).  

According to Bamford (2004), the Katberg Formation is thick and laterally extensive and has 

light olive grey, coarse grained sandstone with transverse and longitudinal macro-forms 

containing horizontal and trough cross bedding. The tabular sheet sandstones of the Katberg 



  

 

Formation are vertically superimposed and separated by erosion surfaces lined with intra-

formational mud pebble conglomerates (Smith, 1995). 

The Burgersdorp Formation is a thick, upward fining unit of olive grey, medium to coarse 

grained sandstones overlain by dark red siltstones and mudstones. It conformably overlies the 

Katberg Formation. As emphasized by Hancox (1998), the Burgersdorp Formation consists 

predominantly of thick, fining upward units of olive grey, fine to medium grained sandstones 

overlain by red-maroon coloured siltstones and mudstones, with the fining upward sequence 

and represents a mixed load meandering river and floodplain deposits which preserve a fauna 

assignable to the Cynognathus Assemblage Zone.  

 

2.2.3.4 STORMBERG GROUP 

The Stormberg Group is made up of the Molteno, Elliot and Clarens Formations from bottom 

upward respectively. A major stratigraphic gap corresponding to the late Anasian Ladinian 

separates the Stormberg Group from the underlying Tarkastad Subgroup (Cole, 1992),thus, 

the gap represents the erosional or non-depositional boundary between the Stormberg and the 

Beaufort Groups. 

The Molteno Formation consists of the Bamboesberg Member, Indwe Member, Mayaputi 

Member, Qiba Member and Tsomo Member (Figure 2.5). According to Hancox (1998), the 

Formation has a maximum thickness of 600m in the Southern outcrop and gradually thinner 

northward. Bamford (2004) explained that the sandstones are tabular sheets of medium to 

coarse grained sediments with horizontal and cross stratified macro-forms that formed in a 

braided stream environment on a vast braid plain. Turner (1975) supported this idea when he 

indicated that the deposition of the Molteno Formation was predominantly by bed-load 

dominated rivers flowing across extensive braid plains. Siltstone, mudstone and coal occur, 

but coal is far less abundant than the coal in Ecca Group, and these deposits are interpreted as 

the fills of abandoned channel tracts and within ponded bodies of water on the braid plain 

(Turner, 1975). 

 



  

 

 

Figure 2.5 Typical section of the Molteno Formation in the southern outcrop area 

(Christie, 1981). 

 

 

The Elliot Formation is a fluvial deposit of playa nature. The formation comprises an 

alternating sequence of mudrock and subordinate fine to medium grained sandstone with a 

maximum thickness of about 500m in the South Foredeep area (Visser and Botha, 1980). The 

Formation was deposited when the climate was changing to arid conditions hence the reddish 

mudstones.  

The top formation in the Stormberg Group is the Clarens Formation, deposited in a desert 

environment and shows high dip angle cross-bedding structures. The climate was 

progressively drying and warming, as indicated by fine grained aeolian sand dunes and 

associated playa lakes; as well as the sheet floods and ephemeral stream deposits (Beukes, 



  

 

1970). According to Bamford (2004), creamy-yellow fine grained sandstones, sandy 

siltstones and mudstones and some coarse grained sandstones are found in the formation.  

 

2.2.3.5DRAKERNSBERG GROUP 

This group has no sedimentary deposits, but is composed of pure mafic volcanic rocks, 

basaltic in nature with minor felsic rhyolite in later stage.  According to Johnson et al. (1996), 

volcanic activity produced the basaltic lavas along the Drakensberg Mountain Range that 

covered a large area of central South Africa and Lesotho. The volcanic activity terminated the 

sedimentation of the Karoo Supergroup and signified the breaking up of the Gondwana 

Continent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

                                    CHAPTER 3. STRATIGRAPHY  

 

3.1 INTRODUCTION  

A considerable amount of work has been done on the Ecca Group stratigraphy as portrayed in 

Chapter 2. The different stratigraphic formations have been properly investigated, however, 

the difference between the previous work and this new work lies on the fact that each and 

every formation has been broken down into smaller rock units and therefore, was produced 

with more detailed information about the vertical lithological variations and the stratigraphic 

columns of the different rock units of the Ecca Group. There has so far been no published 

stratigraphic column or columns of the Ecca Group along the Road R67 from Grahamstown 

to Fort Beaufort. Therefore this study provides new insight into the Ecca Group, particularly 

the aspects of the stratigraphy, petrology, sedimentary facies and depositional environments 

of the Ecca Group. 

 

3.2 THE PRINCE ALBERT FORMATION  

The Prince Albert Formation crops out at longitude 26
o 

13
ǋ 
43ǌ S and latitudes 26

o 
37ǋ 59ǌE 

along the R67 Road from Grahamstown to Fort Beaufort, and is the basal Formation of the 

Ecca Group. The Formation disconformably overlies the Dwyka Group and is also 

disconformably overlain by the Whitehill Formation. The formation has a thickness of 120 

meters along the road cuttings, and consists of laminated and thin bedded dark gray mudstone 

at the bottom and the khaki shale and mudstones at the top (Figure 3.1). The khaki colour of 

the rocks was the result of strong weathering due to tectonic uplift and exposure to 

atmospheric conditions thereby obscuring the original gray-black colour of the fresh rocks.  

However, in the upper most parts of the formation, iron oxide led to the red colouration of the 

well laminated shale. The rocks contain significant amount of iron-rich minerals which 

include illite, pyrite and chlorite which produce haematite after weathering. Haematite is 

found as a cement mineral in the lenticular siltstones of the rock sequence whilst the other 

named minerals are constituents of the matrix.  

The mudstones at the bottom of the Prince Albert Formation are either well laminated or thin 

bedded (less than 10cm for a single layer). Bottom sea currents reworked the laminated 



  

 

sediments and resulted in the occurrence of thin beds. The action of bottom currents 

coarsened the clay grain size of the thin beds. Both the fine grain size of the sediments and 

the well developed lamination indicate a deep water deposition, presumably a deep marine 

environment, such as a restricted deep marine plain, while the pyrite-rich sediments indicate a 

reducing environment. The well developed lamination and the pyrite-rich phenomenon, may 

also be indicative of a very slow rate of deposition and a scarce source of supply of sediments 

as the lamination are between 1mm and 3mm in thickness. At the bottom of the formation, 

the argillaceous rocks have a steep inclination because of the deformation by the fault that 

occurs in the Collingham Formation. The rocks have a dip angle of 35
o 
and a dip direction of 

20
o
. At the top of the formation the red stained shales are also folded due to the tectonic 

faulting. Regardless of the folding, the lamination is well maintained (Figure 3.2). In general, 

both the folding and faulting had no effect on petrography and the depositional processes of 

the rocks. 
 

 

Figure 3.1 Well laminated and thin bedded shales in the Prince Albert Formation. The 

khaki colour of the shale was due to weathering, and the original colour of the shale was 

grayish black or greenish black. Showing also lenticular siltstone layers in the shale 

dominated sequence.  



  

 

 

Figure 3.2 Folded well laminated red stained shale of the Prince Albert Formation. 

 

The Prince Albert Formation can be divided into two members, the lower gray mudstone 

member and the upper khaki mudstone member. The lower gray mudstone member consists 

of the thin bedded and dominant well laminated dark-grey shale, whilst the upper khaki 

mudstone member is composed of khaki-brownish mudstones. The members are clearly 

distinguished in Figure 3.3 depicting the stratigraphy of the Prince Albert Formation. The 

lower gray mudstone member and the upper khaki mudstone member are named after the 

main lithologies as there are no locality towns or village names to be used.  



  

 

Figure 3.3 Stratigraphy of the Prince Albert Formation. 

 

 

 



  

 

3.3 THE WHITEHILL FORMATION  

The Whitehill Formation rests disconformably on the Prince Albert Formation and is 

disconformably overlain by the Collingham Formation (Figure 3.4). There is a gradational 

transitional zone between the Prince Albert and the Whitehill Formations. The gradational 

zone is shown by slight changes in rock colour and lithology for about one meter at the top of 

the Prince Albert Formation. The distinguishing feature of the Whitehill Formation is the 

predominant black shale inter-bedded with black chert. The black chert is silica, which is 

hard and resistant to weathering, and is darker in colour than the shale which is susceptible to 

weathering and develops a grayish white colour after weathering (Figure 3.5). The existence 

of the carbon rich shale together with the chert indicates that the chert may be of organic 

origin, and the siliceous ooze that led to the formation of chert in the depositional 

environment was released from the decaying organic rich materials. The organic materials 

and the reducing deep sea environment therefore both attributed to the dark gray colour of the 

rocks. Some of the silica that precipitated in the rock sequence was incorporated in the 

claystones, increasing the hardness of the rocks.   

  

Figure 3.4 Disconformable contact between the Prince Albert Formation and the 

Whitehill Formation.  

Disconformable 

contact 
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Figure 3.5 Laminated shale layers intercalated with chert layers. 

 

The Whitehill Formation is 25.2m thick, but is broken into two parts by a normal fault 

(Figure 3.6), which was influenced by another major reverse fault cutting through 

Collingham Formation. The foot wall in the lower part of the formation is 15.1m thick whilst 

the hanging wall is 10.1 m thick in the upper part of the formation. Therefore, the thickness 

of the stratigraphy could not be established. There is a clear difference between the lower part 

of the formation and the upper part. In the upper part of the formation, chert layers are 

prevalent and also longer and thicker (up to 6m in length). The lamination of the shale is very 

thin and well developed at 1-2mm laminae or less because of the very fine nature of the clay 

sediments. Higher in the formation, chert layers are not only minor, but also shorter and 

thinner. The claystones are laminated and thin bedded in appearance. Due to the coarser 

grained clay sediments, the lamination is thicker than that at the bottom of the formation, (up 

to 5mm in thickness for the individual layers). Incorporated in the thin bedded rocks is silt 

material, indicating that higher energies resulted in the transportation of silty sediments into 

the depositional basin and also in the re-working of the laminated sediments leading to the 

Dark chert layer 

Laminated dark shale weathering off to white 



  

 

formation of the thin bedded siltstone. For both parts, the thickness of the chert layers ranges 

from 1cm to 10cm.  

 

Figure 3.6 Anormal fault cutting across the Whitehill Formation.  

 

The detailed stratigraphy of the Whitehill Formation is presented in Figure 3.7 with the lower 

black shale-chert member and the upper gray mudstone member. The two members are 

separated by a normal fault line. The lower black shale-chert member has laminated black 

shale intercalated with thin bedded black chert layers, with the black shale weathering to give 

a grayish whitish colour. The upper gray mudstone member has well laminated shale and thin 

bedded fine to silt grained mudstone with minor chert layers.  

Up-throw 

Down-throw 



  

 

Figure 3.7 Stratigraphy of the Whitehill Formation. 

 

3.4 THE COLLINGHAM FORMATION  

The Collingham Formation rests conformably on the Whitehill Formation and is 

disconformably overlain by the Rippon Formation. The formation is consists of dark grayish 

or dark greenish shales and thin bedded claystones with a total thickness of 55.2m. The 

Collingham Formation is divided into two parts by a fault line that runs through it. The 

footwall has a thickness of 35.1m whilst the hanging wall measures at 20.1m. In general, the 

formation has beds thicker than those of the Whitehill Formation (ranging from 1cm to 15cm 

thick), indicating a much quicker deposition. The footwall has thin and tabular mudstones 



  

 

with the bedding scale ranging from 1cm to 12cm in thickness (Figure 3.8). The thicker beds 

have coarser grain size whilst the thinner beds are finer grained. 

 

Figure 3.8 Thin bedded mudstones of the Collingham Formation. 

 

The hanging wall has thin to medium beds that are near horizontal with thicknesses between 

2.5cm and 10cm and many vertical joints.  Alternated hard and soft layers are interbedded 

together (Figure 3.9). The mudstones are the hard and dark coloured layers with a relatively 

coarser grain size; whereas the soft and light coloured layers are relatively fine grained 

claystones. The soft beds are well laminated with a pure clay mineral composition which 

results in their flakiness and crumble characteristics. Micro-ripple lamination and climbing 

ripple lamination structures are found in the dark hard mudstone layers, but not in the soft 

claystone layers. The alternated layer structure has typical rhythmite rock features, indicating 

that the deposits were turbidite sediments in origin and probably formed in marine 

continental slope environment. The purer claystone layers were deposited in relatively quieter 

water period whereas the hard mudstone layers were formed in a slightly agitated water 

period, reflecting that the water energy fluctuated during the deposition of sediments.  Other 



  

 

sedimentary structures of importance on the mudstones layers include slumping and 

recumbent folding structures. The occurrence of this stratigraphic is horizontal (Figure 3.9) to 

inclined (Figure 3.8) with a deep angle of 28
o
 and a dip direction of 36

o
 due to late tectonic 

influence.  

 

Figure 3.9 Well developed horizontal rhythmite of claystone (soft and light coloured) 

alternated with mudstone (hard and dark coloured). The claystone is purer and thus 

crumbles more than the mudstone. Lamination structures can be seen in the finer 

mudstone. Micro-ripple lamination appeared in the relative coarser and thicker 

mudstone layers, which is a typical sedimentary structure for turbidite sediments.  

 

The stratigraphy of the Collingham Formation can be divided into members; the lower gray 

mudstone member and the upper black rhythmite member. The lower gray mudstone member 

is composed of thin bedded claystone and siltstone and well laminated shale overlaying the 

Whitehill Formation. The upper black rhythmite member differs from the lower member in 

that it has dark-black rhythmite depicting multiple cyclotherms of repeated couplets of 

claystone and mudstone (Figure 3.10). 



  

 

 

Figure 3.10 Stratigraphy of the Collingham Formation. 

 

3.5 THE RIPPON FORMATION  

The Rippon Formation disconformably overlays the Collingham Formation (Figure 3.11) and 

the formation has a mean thickness of 813.07m. Sandstones and mudstones constitute the 

rocks of the formation. The sandstones are predominantly graywacke and in general, 



  

 

silicification in the Rippon Formation is much strongly developed than in any other 

formations in the Ecca Group. The beds vary from thin to thick, ranging between 0.3m and 

48.1m in thickness for an individual bed. In some instances, there are no bedding planes that 

can be identified leaving the sandstones as massive bedded rocks. 

 

Figure 3.11 Disconformable contact between the Rippon Formation at the top and the 

Collingham Formation at the bottom. The top beds are slightly inclined compared to 

the bottom beds, indicating a disconformity or lower angle unconformity.  

 

The rocks of the Rippon Formation contain numerous upward coarsening cycles of well 

laminated mudstones and sandstones (Figure 3.12). The repeated cycles were influenced by 

flooding and lack there-of, in the delta plain river channels as climatic conditions gradually 

changed. When the sediment load overcame the carrying capacity of the delta plain, coarse 

sediments were deposited onto the mouth bars of the delta front. Tides and currents re-

worked the sediments at the mouth bars leaving them mostly structure-less, only being 

massive and thin bedded and also lenticular bedded.  The mudstones accumulated from 

suspended fine materials, allowing lamination to form. Due to pelagic and hemi-pelagic 

Conformable contact 



  

 

conditions that can prevail in the flood plains of delta plains, the mudstones observed in the 

study area have an increased carbon content compared to the sandstones.  

 

Figure 3.12 Floodplain deposits represented by the alternating sandstones and 

mudstones. 

 

The basal unit of the Rippon Formation consists of graywackes with a thickness of up to 

50m. The rocks have 7 cycles of alternating thin and thick beds. The thicknesses of the beds 

are between 2.2m and 12.3m. Typical for all sandstones, the sediment grains are sub angular 

to sub round and imbedded in a clay matrix that makes the rocks very hard. The rocks also 

have a high percentage of feldspar with matrix minerals that include smectite, illite, chlorite 

and kaolinite. The sandstones have horizontal bedding planes and joints and also calcite 

concretions (Figure 3.13). 



  

 

 

Figure 3.13 Well developed horizontal bedding, lenticular bedding (upper middle), 

calcite concretions, and joints on the graywackes in the basal unit of the Rippon 

Formation. 

 

The presence of siltstone facies in the mudstones stand out to verify the increase in hydraulic 

energy in the depositional environment because of flooding. Sedimentary structures that can 

be identified on the mudrocks include ribose structures, convolute bedding and low angle 

cross bedding. 

There are three members that the Rippon Formation can be divided into (Figure 3.14). The 

lower graywacke-mudstone member is 138.07m thick and consists of thin to thick bedded 

graywackes overlain by alternating shale and sandstone rocks. The middle gray mudstone-

sandstone member (515.5m in thickness) is also composed of thin to thick bedded sandstones 

(generally thicker than in the lower member) overlain by alternating sandstones and shale 

produced during delta regression. The upper black mudstone-sandstone member consists of 

alternating sandstone and shale overlain by interbedded sandstone and mudstone with a 

thickness of 259.5m. 

Horizontal bedding  

Calcareous concretions 



  

 

Figure 3.14 Stratigraphy of the Rippon Formation. 



  

 

Figure 3.14 Stratigraphy of the Rippon Formation Continued. 



  

 

Figure 3.14 Stratigraphy of the Rippon Formation Continued. 



  

 

Figure 3.14 Stratigraphy of the Rippon Formation Continued. 



  

 

3.6 THE FORT BROWN FORMATION  

The Fort Brown Formation is divided into two members with a total thickness of 350.2m. 

The formation accumulated in a lacustrine environment since there are well developed varve 

rhythmite structure and seat-earth layers. The shift in the depositional environments of the 

Ecca Group, from a deep marine water environment to a delta environment and lastly to a 

lacustrine environment, clearly documented the change in climatic conditions in the 

depositional basin.  

Two members have been established for the Fort Brown Formation, the lower gray varved 

rhythmite member and the upper mudstone-sandstone member. The lower gray varved 

rhythmite member consists of thin bedded grayish brown and well laminated rhythmites of 

mudstone, intercalated with a subordinate lenticular sandstone layer of about 10m in length 

imbedded within the mudstone sequence. The varved rhythmites are presented light and dark 

colour layers with a thickness of less than 2 millimetres. The thin layers (Figure 3.15) have 

resulted in the crumbling of the rocks of the study area. The upper mudstone-sandstone 

member has more sandstone beds compared to the lower member. The increase in the number 

of sandstone beds indicates the shallowing of the lacustrine environment in which the 

sediments of the Fort Brown Formation accumulated. The shallowing of the basin water 

continued to the overlying strata of the Beaufort group, which is dominated by fluvial 

sediments as the basin was finally closed.  

The stratigraphy of the Rippon and Fort Brown Formations is presented in Figure 3.16, 

marking the end of the Ecca Group at longitude 33
o 

10
ǋ 
54
ǌ
S and latitude 26

o 
36ǋ 54ǌEalong 

the Road R67 from Grahamstown to Fort Beaufort.   



  

 

 

Figure 3.15 Varve rhythmite facies of the Fort Brown Formation. Centimetre thick light 

coloured mudstone alternated with dark coloured mudstone, representing deposition of 

summer and winter seasonal changes.  



  

 

Figure 3.16 Stratigraphy of the Fort Brown Formation. 

 

 

Figure 3.17 Legend for the stratigraphy of the Ecca Group 



  

 

                                     CHAPTER 4. PETROGRAPHY 

 

4.1 INTRODUCTION  

Detrital mineral grains that make up sedimentary rocks are derived from already existing 

metamorphic, igneous and sedimentary rocks. Some of these minerals are distinctive minerals 

which lead to the better understanding of their source areas. As sediments are transported 

from their source to the point of deposition, physical and chemical processes act upon them 

which in-turn influence the resultant rocks. According to Williams et al. (1954), a few detrital 

types of sediment components can point clearly to a particular source, but the composition of 

any detrital sediment reflects the character of its source. However, as Williams et al. (1954) 

further explained, many minerals may be altered or completely destroyed; therefore, 

sediments never have exactly the same mineral composition as their parent rock. 

Minerals much more resistant to either physical or chemical changes are better preserved 

compared to those which are easily eroded and turned into more stable counter parts. The 

resilient minerals become the primary minerals in the rocks, whilst the weaker are reduced to 

minute particles then form the matrix. Although chemical changes can result in some changes 

on the detrital sediments, it is usually the physical processes that play a major role on the 

changes that occur. The sediments are altered in size, shape and level of sphericity. As the 

distance travelled by the sediments increases, the level of sorting, and the physical and 

chemical maturity is also drastically increased. 

 

4.2 ROCK TYPES OF THE ECCA GROUP 

Argillaceous rocks are prevalent in Prince Albert and Whitehill Formations, while arenaceous 

rocks (sandstones) compose a large part in the Rippon and Fort Brown Formations. 

 

4.2.1 Classification of sandstones 

The sandstones are flood plain, delta and tidal deposits with the same mineral composition. 

Their classification was based on the classification by Pettijohn et al. (1987) (Table 6.1). 



  

 

Table 4.1 Classification of sandstones based on Pettijohn et al. (1987).  
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4.2.1.1 Graywackes  

The rocks of the Ecca Group were basically classified as graywackes. The characteristic 

feature of these rocks was the dominance of matrix as compared to the sand sized grains 

(Figure 4.1) although some rock samples were moderately sorted. The framework grains were 

always quartz, feldspar and lithic grains.  

According to Tucker (2001), there are two possible origins of the matrix; fine grained 

sediment deposited along with sand fraction and diagenetic alteration of unstable lithic grains 

to produce a pseudomatrix. The latter is the most accepted opinion because of the presence of 

authigenic clay minerals caused by diagenetic alteration of detrital relicts. In the graywackes, 

clay minerals were separated from sand by turbidity currents hence could not be deposited 

together with the sand fraction.  



  

 

The wackes were further divided into feldspathic graywackes, quartz graywackes and lithic 

graywackes and the groups had varieties within them. 

 

 

Figure 4.1 Thin section photomicrograph of a typical graywacke. The rock is 

characterised by poor sorting of angular and subround quartz, feldspar and lithic 

particles in a fine matrix. 

 

4.2.1.1.1 Feldspathic graywackes 

The rocks were also referred to as arkosic wackes. Feldspar grains were most dominant as 

compared to the lithics. In all of the rock samples, quartz content was generally high. Calcic 

and pottasic detrital feldspars had a high occurrence indicating the chemical immaturity of 

the rocks, having been deposited at close proximity to the sediment source. The varieties of 

the feldspathic graywackes are shown in Figure 4.2, Figure 4.3 and Figure 4.4. 

 

20 µm 



  

 

 Figure 4.2 A thin section photomicrograph of a typical feldspathic greywacke which 

consists chiefly of quartz, feldspar and rock fragments in a fine grained sericite matrix. 

The grains are moderately sorted and subround. 

 

Figure 4.3 Photomicrograph of a feldspathic graywacke. It is moderately sorted with 

angular and subangular shaped quartz, feldspar and lithic grains. 
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Figure 4.4 A thin section photomicrograph of a fine grained feldspathic graywacke. The 

rock is also moderately sorted. 

 

4.2.1.1.2 Quartz graywackes 

The rocks had a similar mineralogical composition to the feldspathic graywackes. The only 

difference lies in the dominance of quartz sand sized grains compared to feldspar and lithic 

grains (Figure 4.5). Quartz grains are the most durable when sediments undergo reworking 

during transportation. 
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Figure 4.5 Thin section photomicrograph of a quartz graywacke. The rock lacks 

feldspar grains and is moderately sorted with subangular to subround quartz grains 

and lithic fragments. 

 

The quartz rich graywackes were formed as a result of the deposition of sediments mostly 

derived from sedimentary sources. Considering that the mineral sediments had undergone 

reworking at first deposition, only the quartz grains could withstand further alteration when 

compared to the other mineral grains. The rocks are also reasonably sorted; therefore, the 

rocks have moderate textural and mineralogical maturity.  

 

4.2.1.1.3 Lithic graywackes 

The rocks have a high rock fragment content compared to feldspar although they generally 

had a wide range of composition with regard to grain types. The rock fragments were derived 

from mudrocks, low grade metamorphic and volcanic rocks. Micas and quartz grains could 

also be identified in the rocks. The amount of matrix in the rock samples was generally low 

when compared to the other types of graywackes. In some rock samples, feldspar minerals 
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occurred in considerable amounts, hence the rocks could be referred to as feldspathic lithic 

wackes. 

 

 

Figure 4.6 Thin section photomicrograph of a volcanic graywacke of the Ecca group; 

volcanic fragments indicated by arrows. 

 

Volcanic graywackes had a considerable amount of ferromagnesian minerals due to the high 

presence of volcanic materials. The ferromagnesian minerals were easily identified by their 

dark colour under the microscope. Figure 4.6 shows a typical volcanic graywacke due to the 

high content of volcanic lithics. 
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Figure 4.7 thin section photomicrograph of a lithic graywacke. The rock has a 

sedimentary rock source. It is moderately sorted with subangular to subround detrital 

grains of feldspar, quartz and sedimentary rock lithics. 

 

Figure 4.7 shows lithics derived from sedimentary sources. The sedimentary rocks were 

generally sandstones and shales. Graywackes with lithics from sedimentary sources had high 

quartz content whilst those with volcanic lithics were observed as having lower quartz 

content and the quartz grains were also smaller in size. 

 

4.2.2 Sedimentary structures in the Ecca Group sandstones  

4.2.2.1 Lenticular bedding 

The heterolithic facies phenomenon occurs in the sandstones of the Rippon Formation 

(Figure 4.8). Lenses of mud are found occurring within the sand sediments, a common 

feature for tidal deposits. The mud sediments probably invaded the sand deposits during 
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fluctuations in sediment supplies and low water strengths. The mud ripples may be the 

muddy matrix that was separated from the sand sediments by tidal action. 

 

 

Figure 4.8 Sandstone rock with lenticular bedding (shown by arrows). 

 

4.2.2.2 Tabular bedding 

Horizontal bedding in the rocks was mostly as a result of deposition of suspended sediments. 

Low density tidal currents and a slow moving sediment load could have also been another 

cause of the planar bedding of the sandstones. The beds are of various thicknesses and are 

visibly separated from each other. Thin, medium and thick beds can be recognised. The thin 

beds measure between 1cm and 1m whilst the medium beds measure between 1m and 30m.  

The thick beds have a thickness of more than 30m.  



  

 

 

Figure 4.9 Sandstone rock with planar bedding (shown by arrows). 

 

4.2.2.3 Node clasts 

The sole marks (Figure 4.10) were observed at the bottom surfaces of the coarser grained 

sandstones which were overlying fine grained mud sediments. The fine grained sediments 

either had uneven loading or were also affected by currents resulting in the formation of 

depressions which were later filled up by the coarser sediments. The mudstones of the 

Collingham Formation are turbidite deposits, the currents could have resulted in the uneven 

surfaces which were then later filled up by sand rich sediments of the overlaying Rippon 

Formation. 



  

 

 

Figure 4.10 Node clasts at the bottom surface of a sandstone rock. 

 

4.2.3 Classification of argillaceous rocks 

The rocks are mainly composed of detritus clay and silt size particles with some chemically 

precipitated cements and organic material. Quartz and feldspar are the common minerals with 

calcite, haematite and organic matter also being of great influence in the rocks. The rocks 

accumulated in deep ocean water, continental slope, delta plains and lakes. Although found in 

low energy environments, in some instances, mudrocks were found trapped within high 

energy rocks as lenticular beds.  

 The rocks were grouped based on their particle size and origin. In terms of particle size, the 

rocks were divided into: 

1. Siltstones 

Siltstones composed of particles that range between0.062mm and 0.0039mm (i.e. 4-8 

Ø). 

2. Claystones 



  

 

These rocks have particle sizes that are less than0.0039mm (i.e. > 8 Ø) and >75% 

clay. 

3. Mudstones 

Mudstones are generally rocks that consist of both clays (> 50%) and silt size grains. 

With reference to the places of origin deduced in the stratigraphy chapter, the mudrocks were 

classified as; 

¶ Non marine mudrocks 

The rocks were mainly associated with fluvial and lacustrine depositional 

environments. The rocks were in most cases over bank deposits hence associated with 

floodplains and lakes and have a fining upward phenomenon. Climate, chemistry of 

waters and organic productivity played a major role in the variations of the mudrocks. 

¶ Marine mudrocks 

These rocks were deposited at the delta front, continental slope and off shore marine 

shelf. The rocks were affected by tides and turbidites and other current processes, 

hence mostly derived from suspended sediments. The rocks are dark grey in colour, a 

function of both high organic content and the reducing environments.  

¶ Black shales  and Organic rich mudrocks  

The rocks contain between 3% and 10% of organic matter. The rocks were found 

occurring in lakes, flood plains and delta front. The depositional zones at some point 

became oxygen deficient and anoxic, resulting in the decomposition of organic matter 

by bacteria. With increase in anoxic conditions, the rocks became darker in colour.  

 

4.2.4 Sedimentary textures of the Ecca Group argillaceous rocks 

4.2.4.1 Fissility 

The rocks of the Ecca Group have a fissility texture (Figure 4.11) allowing the rocks to break 

along laminae planes. Thefissility of the shale is as a result of the high organic content, the 

alignment of clay particles and presence of laminae. The rocks were all deposited in low 

energy environments which allowed for the preservation of the laminae. 



  

 

 

Figure 4.11 The crumbling of shale along lamination planes.  

 

4.2.4.2 Orientation of minerals parallel to bedding 

The texture was detected in thin sections. The texture was effected by settling and 

compaction allowing the clay and silt grains to lie parallel to the lamination of the rocks as 

shown in Figure 4.12. 


