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ABSTRACT

The Sterkspruit Intrusion, in the south-western portion of the Barberton
greenstone belt, is a sill-like body containing rocks of gabbroic to dlorldo
composition, It is hosted by a sequence of 'tomatlltlc basalts and komatiites of
the Lower Onverwacht Group. The intrusion is considered unique in this area in
that it lacks ultramafic components and has no affinities with the surrounding
mafic- to- ultramafic lavas, The gabbrole suite also contains an unusual
abundance of quartz, and thu chill margin shows an evolved quartz-normative,
tholeiitic parental magma. Based on petrographic and geochemical evidence,
the intrusion can be subdivided Into four gabbroic zones and a quartz dlorlte,
whic!", is an end product of a differentiating magma, The chill margin records an
MgO content of 4,8%, an Mg# of 42, an Si02 value of 52.5% and fa normative
plagioclaRe composition of An44, The sill-like nature of the body, indicated by
geochemical trends, and the steep sub-vertical layering, point to a body that
has been tilted along with the surrounding lavas, This constrains the relative
age of the body to be older than the emplacement of the Kaap Valley and
Nelshoogte Plutons, which caused the regional deformation observed in the
Nelshoogte Schist Belt. A sequence of tholeiitic to andssltlc basalts from the
~(romberg Formatlon in the Upper Onverwacht Group, have compositions which
can be correlated with the Sterkspruit Intrusion, It is possible that this body
represents a subvolcanlc rnaqrna chamber, which acted as (I feeder to tholeiitic
lavas higher up in the volcanic sequence, The 8terkspruit Mafic Dyke SWarm
intruded the southern Nelshoogte Schist Belt and displays intra-dyke chemical
variation.
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1.3 Physiography and Climate

Geographically, he study area is situated between highveld and lowveld,
east of the Transvaal escarpment, within the 'mlst-belt', The climate is
warm to hot, with cooler weather recorded closer to the escarpment.
Average temperatures vary between 18°C and 30°C In summer, and
between 8°C and 23°C in winter.

Rainfall is seasonal with the summer months (October to March)
recording an average of 92 mrn per month and the winter months (April to
S~ptember) recording 17 mm.The drainage of streams Is mostly towards
the south and west, eventually reaching the eastward flowing KomaU
River. In the study area, the Mawslawels and Starl(spruit streams are
perennia, with the remaining first and second order streams forming a
dendritic drainage pattern.

1.4 Research Objectives

The area Is moderately hilly with some steep-sided valleys In places.
Vegetation on the Sterkspn.llt Intrusion consists of grassland and a verlety
of scrub types. lViore dense bushes and trees are r(:Jstrlctedto river
courses and to crosscutting mafic dyl<es. The Nelshoogte Forestry
Reserve occurs to the northeast of the study area where pine and gum
tree plantations are located.

The primary aim of this research Is to characterise the Sterl<spruit
Intrusion. To accomplish this It will be necessary to establish whether this
body has any similarities with other Archaean layered Intrusions In the
Barberton greel1stonebelt, particularly those within close proximity of the
Sterksprult lntruston, or whether this body might be related •.0 a younger
(Proterozoic) basic intrusive event. A number of younger mafic Intrusions
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western end of the Jamestown Schist Belt, the latter associated with .ne
Kaapsehoop Intrusive Body.

The Sterkspruit Intrusion was mapped by Anhaeusser in 1971, during

regional mapping of the Nelshoogte Schist Belt. He produced a geological

map entitled "Geological map of a portion of the Nelshoogte Schist Belt

and the Stolzburg Layered Ultrarnatlc Complex, Barberton Mountain

Land. ", which is Included with an abstract on the Stolzburg Complex
(Anhaeusser, 1974). Here ment'on was made of a massive layered

diabase sheet or sill, lying conformably within the layered successlon of

basalts and peridotites. The map mentioned above was also included In a

DSc thesis (Anhaeusser, 1983).

Anhaeusser (1976, 1985, 1986), in papers on the Archaean layered

ultramafic complexes and ohrysotlle asbestos occurrences In South

Africa, described a diabase sheet north of the Stolzburg Complex which

Intrudes komatlltlc basalts and peridotites. He recorded mostly a massive
gabbro with some vertical layering, which suggested that tilting may have

occurred, He also suggested that there was no genetiC relationship

between the gabbro and the neighbouring komatlltlc country rocks,

Posplssk (1991) undertool< a geochemical study across a 100 m traverse

of the gabbro body, She concluded that tl1e Sterksprult intrusion Is an
Archaean, layered, slll"like body and'descrlbed differentiation cycles and
a zonation across the 100 In traverse,

Visser et aI, (1956), Visser and Verwoerd {'I960), Vlljoen and Vlljoen

(1969a), Anhaeusser (1973), Robb (1977) and Wuth (1980) also

desorlbed the dykes that are pr,::>liflcally distributed throughout the

Barberton area, in particular the northwesHrending set that Is found

traversing the study area,
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The sterksprult Intrusion outcrops in only a few localities, with large areas
covered by alluvium and scree, There are, however, a number of
relatively fresh, less weathered sectlcns that provide suitable samples for
geochemical and petrographical studies, The younger diabase dykes form
prominent ridges and provide good outcrop making sampling a lot easier,

Mining activity in the area was previously carried out at three chrysctlle
asbestos mines, now abandoned, situated In the lower parts of the
adjacent Stolzburg Complex, A number of prospncting pits and past
exploration activity can be observed along Cu-NI gossans within komatlltic
basalts between the Sterl<sprultand Stolzburg bodies, in the southern part
of the study area, This work was carried out by AfrIcan Selection Trust
during the 19705,

1,2 Previous Work

Visser et el. (1956) Were the first investigators in the Barberton region to
categorise the volcanlo, sedimentary and basic to ultrabasl'1 layered
Intrusive complexes. They classified these Intrusive rocks as being part of
the Jamestown Igneous Complex whlch intr'Jded fhe Swaziland System
compriSing the Onv9N/acht, Fig Tree and Moodles Series. These authors
further described grsnltlc, syenltlc and dlacase dykes and sUh invading
the area and classified these as being either Post Jamestown, Pre- or
Post-Transvaal System or Post-Karco System In age.

Visser at el. (1956) also described sheet intrusions as having been
injected parallel to the foliation of basic schists of the Jamestown Igneous
Complex. They noted a thicl< Intrusive sheet on the farms Sterksprult,
Stolzburg and Doyershoel< in the southwestern portion of the Barberton
area, and included this lntruslon with those hypabyssal rocks older than
the Godwan Formation. They also described diabase sheets at the
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CHAPTER 1
INTRODUCTION

1.1 Location of the StudyArea

The Sterksprult Intrusion is sltui:!lteain the southwestern region of the
Barberton Mountain Land, Meumalanga Province (formerly the Eastern
Transvaal) (Figure 1). This east-northeast trending body, whlch is
approximately 8 km In length and about 500 m wide, is geogrJphlcally
located about 20 km northeast of Badplaas, almost midway between
Badplaas and Barberton. The Intrusion is situated on the farms Sterl<sprult
709 JT, Stolzburg 710 J1' and DO~'ershoek702 JT, and occupies an area
of approximately 4.8 km2, between latitudes 30°43' and 30°47' and
longitudes 25°54' and 25°55'.

Geologically this intrusion Is a massive (and In places layered) body of
gabbrol,c to dlorltlc composition, located north' of, and sub-parallel to, the
Stolzburg Layered Ultrar11!'~fjcComplex. 80th these intrusions erie hosted
by komattltes and komatlltlc basalts forming the lower mafic to ultramatlc
unit of the Onverwacht Group and lying within the Nelshoogte Schist Belt.
A number of younger diabase dykas, termed the Sterksprult M~aflcDyl~e
Swarm, are also located in the study area,

Access to the study area Is via a dirt road to the (now defunct) Sterksprult,
Stolzburg and Doyershoek asbestos mines, or through the Nelshcoqte
Forest Reseive. 80th roads lead off the main 8adplaas to i8arberfon
macadarmsed road. The quality of the dirt roads Is generally very poor so
that accese Is mostly restricted to four wheel drive vehicles, The area. Is,
however, easily f\"\.esslble on foot.
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The Nelshoogte Schist Belt is buttressed by the trondhjemitio Nelshoogte

pluton to the west and the tonalltic Kaap Valley pluton to the north, These

plutons represent part of the oldest granitic Intrusive events in the area

which commenced at approximately 3500 Ma (Anhaeusser and Rabbi

1981), The Nelshoogte pluton has yielded U .. Pb ag~s of 3220 Ma

(Oosihuyzen, 1970) , while the Kaap Valley pluton has been dated at

3227 Ma (Kama and Davis" 1991). The area has also been Intruded by a

swarm of predominantly ncnhwest-sfrlklnq, orosscuttlng mafic dykes,
thought to be of Proterozoic age,

The greenstone belt successions resemble the Theesprult and Sandspruit

Formations uf the Lower Onverwacht Group (Anhaeuaser, 1974). These
successions include komatlltlc basalts, komatlltes and subordinate

siliceous marker horizons. A variety of volcanic and pyroclastic textures
and structures are displayed Including pillow lavas, flow breccias, mafic

tuffs, agglomerates and spherulites.

Van Berkel (1977) Identified komatlltic basalts and komatlltes in the

eastern part of the Nelshoogte Schist Belt, thus confirming the earlier
mapping and interpretation of Anhaeusser (1973, 1974, 1983), T~e

geoohemlstry of these volcanics show the komatiltlc basalts to he'ls

CaO/AI20a> 1, MgO > 9, K20 < 0.9 and TI02 :;. 0,9, The tholeiitic basalts

in contrast have CaO/AI:Pa :: 0,7, (Wuth, 1980). Observations by Wuth

(1980) on the basalts of the Oorschot-Weltevreden Sohist Belt to the
northeast of the Nelshoogte Schist Belt, show them to have compositions

intermediate between Barberton type komatlltlo basalts and
metatholelltes.
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CHAPTER 3

GEOLOGY OF THE STERKSPRUIT INTRUSION

AND MAFIC DYKE SWARM

3.1 Geology of the Nelshoogte Schist Belt

The Nelshoogte Bch.st Belt consists of a triangular-shaped area underlain

mostly by rocks of the Lower Onverwacht Group (Tjakastad Subgroup)
with Moodles Group sediments, granitic rocks and hypabyssal diabase
dykes present in the surrounding region (Figures 1 and 2). The schist belt
mainly comprlses komatlltic basalts, inclu("ng both pillowed and varlolltlc

varieties, metatholeiites, rnenc-to-ultrernaflo tuffs, cherty-qeartzltlo

sediments and ultramafic komatiites. The sequence of alternating

komatiltic basalts and komatlltes are highly visible features to the north

and south of the Sterkspruit Intrusion, with the komatiites forming

prominent ridges.

Visser e: al. (1956) referred to this large triangular area of baslo rocks as

part of the Jamestown Igneous Complex, They also described a

differentiated green and blue serpentinite in contact with basic schists and

sediments of the Moodles System,

This area, now krlown as the Nelshoogte Schist Belt, wa~ mapped In

detail by Anhaeusser (1973, 1974, 1983), The mafic-t~)-ultram(\fic

volcano-sedimentary rocks were Interpreted as forming a trlamgLJ!!ilror

funnel-shaped synclinal fold structure with axes trending southwest,
northeast and northwest. The schist belt conforms to til, schistose

synclinal belts or arcuate tongues of Onverwacht volcanics described by

Viljoen and VilJoen (1969a).
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2.2 Metamorphism

The Barberton greenstone belt succession, especially the Onverwacht

Group volcanics, has been Influenced by regional low-grade greenschist
facies metarnorphtsm (Anhaeusser at et., 1969; Viljoen and Viljoen,
1969b; Cioete, 1991; 1994; Ward, 1995). Earlier, Hall (19'18)and Visser
et a/. (1956) had described contact metamorphic rocks along narrow
contact aureoles surrounding granitic plutons. The metamorphic grade
along these dynamic contact zones, ranges from upper greenschist to
amphibolite facies (Vlljoen and Viljoen, 1969b).

A chronological sequence of metamorphicevents has been proposed by
Oloete (1991, 1994), be~lnning with hlgh- and low-temperature, sea-floor
metamorphism. He described the high-temperature (spreading centre)
type as having caused hydration and greenschist-grade metamorphismof
the Komatl Forrnetlon and Upper Onverwacht. 0106t~ assoclated this
metamorphism with rnagmatlcally driven hydrothermal convection of
heated seawater In the '1-3 km levels of an oceanic crust. The low
temperature type (or shallow subaerial/submarine variety) Is associated
with pervastve silicification which according to Cloete (1991) occurs only
In rocks of the Upper OnverwachtGroup.

Superimposed on this earlier sea-floor metamorphism was a regional
bcrlal metamorphism (clcete, 1990, 1991, 19S4), also described as a
static style of metamorphism. The origin of this metamorphismvariety Is
not well understood but Is belleved to result from volcano-sedimentary
loading and/or low-angle tectonlo duplication. The last metamorphic
episode, according to Cloete (1991, 1994), Is dynamotharmal oontaot
metamorphism confined to Intrusive contact zones of early granitic
plutons.

"
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Tak}le 1: Lithostratigraphy of the Barberton Sequence (after SACS. 19S0)

Grol!f_ Subgroup Formation Description (m)
Bavlaanskop sandstone, 685

greywacke, grit,
quartzite,
conglomerate, shale

MOODIES Joe's Luck shale, subgreywacke, 740
grit, conglomerate,
quartzite, jaspilltes

Clutha shale", 1600
conqlcmerates,
quartzites, jaspilites

Schoohge:r.:lcht agglomerates, tuffs, 550
lava, chert breccia

Belvue Road banded ferrLlglnotls 600
FIG TREE chert, tUff, shale

Sheba banded ferruginous 1000
chert, graywacke,
shale

Swartkopple mafic-felsic lavas, 915
chert ,

Geluk Kromberg mafic-felsic lavas, 1920
agglomerates, banded
cherts and carbonates

Hooggenoeg mafic-felsic lavas, 4850
chert ,,.

ONVERWACHT Middle Marker chart and carbonate
Kcrnatl ultramafic-mafic lavas, 3510

1---
chert

Tjakastad Theesprult ultramaflc-rnaflc lavas, 1890
felSic tLlffs,
carbonaceous ohert-Sandsprult ultramafic lavas 2130
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A number of sill~llke, differentiated, mafic..to-unremarle lay~~red
complexes, of which there sre about 27' (Anhaeusser, 1985), occur at
various stratigraphic levels In the Onverwacht Group. The majority of
these complexes are looated along the northwestern to northern parts of
the greenstone belt where they occur In the formations of the TJakastad
Subgl'oup. These complexes are considered to have Intruded
peneconternporaneously with the surrounding basaltic and kornatlltlo
lavas (Viljoen and VIIJoen,1970; Anhaeusser, 1976, 1979, 1985; Wuth,
1980). As the bulk composition of these layered complexes approximate
to the composition of komatlltes from the KomaH Formation, they are
attributed to fractionation and magmatic differentiation of a similar
kornatllte magma (WLlth, '1980). In contrast, the basaltlc-to-tholelltlc
magma types are responsible for the !~rg9r differentiated gabbrolc
intrusions such aa Stillwater, SI<aergaardand the Bushveld Complex
(Condie, 1981). De Wit ei a/. (1987e.) Interpreted the layered ultramafic
intrusive complexes as rf.lpresentlngperic'wll\,;1tectonltes, similar to alpine
peridotites which form the upper mantle base of the oceanic lithosphere.

Byerly at el. (1996) questioned the tectonic stacking model and suggested
that the early Archaean crust developed slowly by episodic maflo and
felsic igneous activity. This Interpretation supports the hypothesis of a
continuously evolving sequence, rather than a thin volcanic unit
structurallYduplicated several times. They also recorded an age of 3445 ..
3452 Me for the dacltlc lavas from the upper Hooggenoeg Formation.



12

Smith (1980) also identified three types of tholeiitic basalts In the

Onverwacht Group, namely:

1) low-TI tholeiites;

2) high-Ti tholeiites; and
3) high-Mg tholeiites,

The presently accepted stratigraphy of the volcano-sedimentary

Barberton Sequence is the one adopted by the South African Committee

for Stratigraphy (SACS, 1980), and proposed by Viljoen and Viljoen

(1969a,b,c) and Anhaeusser (1975), Table 1 Is a modified stratigraphic

column after SACS (1980), and shows the dominantly volcanic

Onverwacht Group overlain by the largely argl"aceous sedimentary Fig
tree Group ano the uppermost arenaceous sediments of the Moodles

Group,

The lowermost formations of the Onverwacht Group (the Tjal<astad
Subgroup) are found around the periphery of the greenstone belt, with the

Geluk Subgroup located In the southwestern parts (Tankard et ai" 1982),

The Fig Tree and Moodles Groups are located mostly within the central

core regions of the belt.

The lithostratigraphic sequence of units or 'layer cake' Interpretation of
the stratigraphic sequence has been questioned by more recent field

Investigations. The stratigraphy of the Onverwacht Group Is considered

by some to consist of several tectonic uolts that have been structurally

duplicated by a meohanlsm of large-scafp Isoclinal folding combined with

thrusting (De Wit, 1982; De Wit and Tredoux, 1987; De Wit et aI"~198:3;
1987a,b; 1992; Williams and Furnell, 1979; Lowe et €II., 1985).

Furthermore, De Wit at €II, (1987a) proposed that the maflc-to-ultramafic

rocks form a pseudostratlgraphy comparable to Phanerozoic ophiolites.
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content of sodium plagioclase with conspicuous chlorite and minor

actinolite. They also have higher alumina (A1203 :: 13.3%) and alkali

contents (Na20 :::2.9% and K20 :::0.26%) than komatlltlc basalts. In

contrast to the Lower Onverwacht, Viljoen and Viljoen (1969d) and Smith
(1980) considered the Geluk Subgroup to consist of a normal tholelltlo

succession with lesser amounts of andesite, dacite and rhyodacite. They

described pillowed tholeiites at the base of the sequence, which

approximate to oceanic tholeiite compositions, while those towards the top

of the sequence have affinities with continental tholeiites. MgO contents

of these tholeiites van' from about 9% In massive, coarser-grained flow
centres to 7.5% In pillowed, or finer-grained non-pillowed varieties

(Viljaen and Viljoen, 1969d). VllJoen and Vlljoen (1969a,d) and
Anhaeusser (1971) also described cyclic volcanism, whereby cycles

grade from tholelltlc lavas at the base through to rhyodaoltes at the top.

Eaoh cycle Is often terminated by a chert horizon.

The Interpretation of cyclic volcanism has been Investigated by Ranson

and Byerly (1983), who indicated that silicification of matlc flows accounts
for the more felsic nature of these cycles, P.coordlngto De Wit et el.

(1987b), the felsic units in the Onverwacht Group do not form part of

maflc ..to-telslc volcanic cycles and are not related to mafic " ultramaflc

reeks of this group. Rather they Interpreted these units as high-level

equlvalents of gnelsslo trondhjemite - tonalite plutons whioh Intruded the

greenstone belt and post-date the Onverwacht Group by 40-50 Ma.

In a study on the geoohemistry of Lower Onverwacht Group lavas, Smith

(1980) proposed a three-fold subdivision of komatlltlc rocks:

1) ultramraflc komatiltas with MgO > 24%;

2) high-Mg mafio komatiltes with MgO between '19 " 24%; and

3) 10w..Mg mafiC komatlltes with MgO between 8 ,. 16%.
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worldwide have CaO/AI20a ratios between 0.8 and 1. Higher CaO/Alp3

results from AI depletion in komatlltes, and are restricted to sequences

older than 3.0 Ga (Cattell and Taylor, '1990).

Komatiitlc basalts, on the other hand, erupted with MgO contents between
7-15 % (Cattell and Taylor, 1990). MgO may vary from 5%, In evolved

gabbroic centres, to 18% in layered cumulate flows. In general, komatlltlo

basalts are relatively rich in silica and poor In aluminium compared to

tholeiitic basalts. The komatiitic basalts in the lower Onverwacht Group

(Tjakastad Subgroup) constitute the bulk of the Komati Formation, where

they were originally subdivided into three varieties (Vlljoen and Vlljoen,

1969c), vlz.:

1) the Barberton type, which Is a tremolite-actinollte-plagloclase variety,

having equal MgO, CaO and AI203 contents of about 10% each. Both

pillowed and massive pbases are developed;

2) the Bedplaas type, which Is a tremollte/actinolite variety with MgO

contents between 14 and 18.5%, and th~ highest Ce/AI ratlos of the three

varieties (Ca/AI In the Badplaas type ::: 2.4 as opposed to 1.0 for the

Barberton type and 1.2 for the Geluk type). Fewer pili(')w structures have

been observed in this class, which mostly resemble rnasslve gabbroio to

pyroxenitic sills; and

3) the Geluk type, which is a lremollte-chlorlte variety consisting of small,

but well-formed pillow structerse. MgO contents are between 19% end

24%, with SI02 averaging 47.4%, the lowest of the three basalt varieties.

Met~tholeiltes are also present In the Tlakastad Subgroup but are only

sporadically developed, mainly associated with komatlltlo basalts of the

Barberton type (Vlljoen and Vlljoen, 19690), The tholeIItes have a high
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the Jamestown Series as intrusive rocks belonging to the Jamestown

Igneuus Complex.

Visser et a/. (1956) interpreted this Complex as being intrusive into both
the Swaziland and Moodies Systems. It contained both basic and

ultrabaslc rocks as waH as an acid phase (granodi()ritic In composition),

which was termed the Kaap VG,lIey Granite. The Barberton area was

subsequently intruded by various granitic and syenitic rocks, and later by

diabase dykes and sills of varying aqes.

As part of the Upper Mantle Project, Vlljoen and Viljoen (1969c,d),

reclassified the rocks from Barberton into the Swaziland Sequence
comprising the Onverwacht, Fig Tree and Moodles Groups. They,
together with Anhaeusser and Viljo~m (1965), also reinterpreted the

Jamestown Igneous Complex as b~~ing the highly metamorphosed

equivalents of the Onverwacht Group. Their investigations of the volcanic

rocks of the 15 000 m thick Onverwacht Group led them to further
classifying this succession Into the Tjakastad Subgroup, consisting of

basaltic to ultrematlc lavas (tower Ultramafic Unit), and the more felsic

Geluk Subgroup towards the top (Upper Mf.,fic to Felsic Unit). These two

Subgroups are separated by the Middle Marker, a continuous sedimentary
horizon which, according to VllJoen and Vlljoen (1969c), heralded a

change In tha nature of the volcanic activity.

In the ,'jakastad Subgroup, the Viljoens descrlbed both perldotltlc

komatiltes and komatlltlc basalts, Komatiites are ultramafic lavas with an

MgO content greater than '18%, which are the products of liquids that, In

turn, have an MgO content greater than 18% (Arndt and Nisbet, 1982).

The early definitions of komatiltes by Vlljoan and Viljoen (1969c) Included
CaO/AI20a ratios greater than 1. However, these komatlltas are now

considered unique as the majority of kornatiites 111 Archaean terrains
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CHAPTER 2

REGIONAL GEOLOGICAl. DESCRIPTION

2.1 Geology of the Barberton Mountain Land

The Barberton Mountain Land, situated in the eastern portion of

Mpumalanga Province and the western sector of Swaziland, comprises a

rugged triangular-shaped tract of mountains elongated in a northeast -

southwest direction. This mountalnoue terrain is comprised of 3,5 - 3.2 Ga

Archaean greenstone volcanic and sedimentary rocks intruded by later
granitic plutons and diabase dykes and sills.

Hall (1918), was the first investigator in the Barberton region to classify all

the volcanic and sedimentary rocks into one system, which he called the
Swaziland System. He defined a three-fold subdivision, vlz.: the

Onverwacht Volcanic Series for the volcanic rocks, the Jamestown Series

for the serpentlnltes, basic schists, slates, quertzltes and conglomerates

and the Moodles Series for the sedimentary rocks occupying the central

part of the B~3rbertongreenstone belt.

The Geological Survey of South Africa remapped the Barberton area

between 193"' and 1948. As a result of this work, Visser at al. (1956)

redefined the Moodies Series and classified the upper, predominantly

arenaceous rooks Into the Moodlss System, separated by an unconformity

from the lower banded Iron formations, shales and greywacl<es, which

they termed the Fig Tree Series, This Series and the Onverwacht Series,

which then comprised of basic and ar.id lavas, formed the Swaziland

System, The Geoloylcal Survey further reclassified the ultramafic rocks of
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1.5 Research Methods

An initial reconnaissance investigation of the study area preceded two

months of regional geological mapping using 1:1a 000 scale aerial

photographs. This was followed by detailed field investigations of

outcrops, and the collection of a suite of rocks comprising some 95

samples from the Sterkspruit Intrusion, the surrounding volcanic rocks

and the mafic dyke swarm.

The samples were analysed for major and trace element abundances in

the Geology Department, and for rare earth elements at the Schonland

Research Centre, both at the University of the Witwatersrand,

Johannesburg. Thin sections were also prepared from these samples for

petrographic investigations, and selected polished sections were used for

electron microprobe analyses, undertaken in the Geology Department at

Rand Afrikaans University, Johannesburg.

The samples from two complete traverses across the width of the

gabbroic body, supplemented by samples used by Posplssk (1991) in her

study on a portion of the intrusion, formed the hasis for the geochemical

investigation and characterisation of the Sterkspruit Intrusion.

Binary variation diagrams and ternary classification plots are presented in

this study comparing the gabbroic suite from the Sterkspruit Intrusion with

other gabbroic rock suites from intrusive sills, dyi~es mplexes in the

Mpumalanga region. Samples from the crosscuttiru, ....J.,es were also

investigated geochemically so as to relate them to th~ gabbroic intrusion

and other dykes present In the Barberton area. Trace elements, including

rare earth element variations were used to investigate geochemical

differentiation trends within the intrusion and to compare the Sterkspruit

body with patterns from other complexes.
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occur in the eastern Mpumalanga region, mostly in the form of sills and

larger complexes. Examples include me Uitkomst Complex, approximately

20 km northwest of the study area, which is considered to be a satellite

body of the Bushveld Complex (Kenyon et a/., 1986; Allen, 1990) ; the
Usushwana Complex situated near Piet Retief in the southeastern part of

Mpumalanga and in Swaziland, which contains a gabbroic suite within a

broad magmatic cycle (Hammerbeck, 1982); and numerous sills,

classified by Sharpe ('1981) as being Pre-Bushveld in age, situated in the

Lydenburg area.

It also needs to be established if this body intruded as a sill, or sheet and

whether it was tilted along with the surrounding VOlcanic rocks into its
present position, or whether it intruded as a dyke, thereby post-dating

regional tectonism and deformation. If the body is a sill, then the base and

top of the intrusion will have to be resolved, which will aid in establishing

a regional younging direction for the southern portion of the Nelshoogte

Schist Belt. To this end, the geochemical variation within the body will be

investigated, in order to identify differentiation trends. If the body is a

dyke-like feature, then the subverticallayering will have to be adequately

explained.

It will also be necessary to ascertain whether the body consists of a single

gabbro!c rock type, or whether more than one variety of gabbro is present,

which could represent a number of magmatic events. ' ssociatlons

between this intrusion and volcanic rocks in the Barberton region will also
be invostigated.

The numerous crosscutting diabase dykes, intrusive, into the gabbroic

body, will also be examined and compared with one another and the rocks

of the Sterl<spruit Intrusion, to determine any differentiation trends or
similarities.
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The chill margin (Plate 7) is estimated to be less than 2 rn wide at the

Traverse 2 locality, with the gabbro coarsening gradually away from the

contact into the Marginal Zone. The Marginal Zone (MZ) is a fine- to

medium-grained, massive, rnesocratlc gabbro which is apple 'frnately 40
rI1wide (Plats 8). Rounded quartz crystals are clearly visible in the gabbro
at the hand specimen scale. The Lower Zone (LZ) measures between 70
and 100 m In width and Is characterised by discontinuous,

centimetre-scale, rhythmic layering as well as crude felsic and mafic

segregations. The gabbro In this zone is medium- to coarse-qralned with

both rnesocratlc and leuoooratlc portions visible (Plate 9).

The Central Zone (CZ), measuring 100 to 150 rn In width, is a medium-
grained mesocratlo gabbro. The Quartz Diorite (QO), whloh was only

identified along Traverse 1 (Figure 4), conslsts of a medium.. to

coarse-qralned, teucocratlc quartz diorite, probably less than 50 m wide.

The Upper Zone (UZ) comprises both mesocratlo and leucocratic

quartz-gabbro phases. The UZ Is characterised by randomly orientated

acicular needles of green hornblende or actinolite replacing skeletal

clinopyroxene grains (Plate 10). Some of these amphibole laths reach 1

em in length. The width of the UZ varies between 150 and 200 m,

A separate, but smaller, lensold gabbrolc lntruslor; orientated !n an
east-northeast direction, and conformable with the surrounding volcsrucs,
is situated just south of the main Sterkspruit body at the eastern corner of
the farm sterksprult 709JT. This mesocratlc to leucocratlc lens, measuring

150m x 600m, is texturally and mineralogically Similar to the Upper Zone

of the main gabbroic body, and contains Similar'green acicular hornblende
needles.
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1 It,e 5
"vaathere{! gabbro from the Steri<sprult Intrusion sllowlng
spheroidal weathering.

~
Contact between the Sterksprult Intrusion (right) and I<omatlltlc basalts (left),
Traverse 2 (shown In FI~lure 2). The geological contact Is demarcated by a
shallow depression In the centre of the photograph.
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The northern margin of the body, which is in contact with komatiitic

basalts, can be clearly traced in the field and has a definite chill zone

exposed In at least two localities. The southern edge of the body is less

well defined. The approximate contact can, nevertheless, be determined
in most places along strike from the posltlon of gabbrolc boulders and

scree. There is a section in the centre of the study area, north of the

Stolzburg asbestos mine, where a large area of alluvium obscures the

southern contact. The shape of the Bterksprult Intrusion is unclear at this

point. Most of the intrusion is poorly exposed with outcrops consisting

mainly of veathered gabbro boulders, the latter displaying

'onlon-skln-type exfoliation (Plate 5). The remainder of the Intrusion is

covered by transported overburden In the form of scree and alluvium.

$.3.2 Lithology

The two localltlss along the northern edge of the intrusion, where E\ chilled
margin Can be observed, were sampled and Included in detailed

Traverses 2 and ~l(Figure 3). The intrusion at this margin (Plate 6) Is fine
grained and Is In contact with splnifex-textured and pillowed komatlltlc

basalts. Based on 'fIeld observations of the intrusion and supported by

textural, mineralogical and chemical variatlcns, the body can be

subdivided into five zones. Moving from north to south across the body,

the following zones art~ recognised: a Marginal Zone, a Lower Zone, a

Central Zone, a Quartz Diorite and an Upper Zone (Figures 4, 5 and 6).

The Marginal Zone includes the chill margin on Traverses 2 and 3. The

exact contacts of these zones oar not b!:' I.IGlIneatedwith accuracy due to

constraints Imposed by lack of otl'~rc.:r', but a broad correlation between

Traverses 1 and 2, a distance of 91')0m apart, can be seen. The Marginal
and Lower Zones of Traverse 3, '1200 m to the east of Traverse 2, can
also be clearly correlated with those from Traverses 1 and 2.
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Plate ~
View of the Sterl<sprult Intrusion looldrlg west from Traverse 2 (shown In Figure
2), forming the smooth terrain In the central and right parts of the photograph.
Komatllte rocks form prominent ridges on the left. The well-vegetated ridge In
the mlddleground is a mafic dyke.

Platl!.i
View of the Sterksprult Intrusion from the western end of the study area, looking
northeast. Komatlitlc basalts and komanltes form the prominent ridges.
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volcanics, the Stolzburg Complex, the Moodies Group sediments,

the Nelshoogte granitic intrusion and later hypabyssal intrusives;

4) the major structural features including regional lineaments, faults

and localised shear zones; and

5) the gabbroio and dyke sample positions and the locations of the

three traverses across the gabbroic lntruslon selected for the

geochemical investigation.

These traverses, labelled 1, 2 and 3, are represented In Figures 4 ~ 6,
which show the sample localities and geological descriptions of the

gabbro in more detail.

3.3 Geology of the Sterkspruit Intrusion

3.3.1 Morphology

The Sterksprult intrusive body measures approximately 8 km In length and

averages about 500 m in wIdth (Plate 3). This sheet-llke body has an

overall elongated shape orientated in an eaet-northeest direction. It is

generally conformable with the surroundlnq mafic and ultramafic volcanic
rocks, with only a few marginally crosscutting end indented sections
(Figure 2).

At the western end of the study area the intrusion thins and bifurcates into

two "fingers" before disappearing beneath a cover of alluvium and

agricultural land (Plate <1). At the eastern extremity the Intrusion appears

to be abruptly truncated by a wide crosscutting diabase dyke which forms

part of the mafic dyke SWarmIn the study area. Abundant scree from this
dyke made observations of the gabbroic body very difficult.
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this body from the Stolzburg Complex. Exploration carried out by African

Selection Trust in the Nelshoogte Schist Belt during the 1970s

investigated signs of copper-nickel mineralisation identified by

Anhaeusser in 1971.

3.2 Description of the Geological Map

The 1:20 000 scale geological map of the Sterl<spruit Intrusion and

crosscutting dykes, was produced following regior~' 1:1a 000 scale aerial

photograph il"'terpretatic." and more detailed field ,napping (Figures 2 and
3). The geological map of a portion of the Nelshoogte Schist Belt and the
Stolzburg Complex, complied by Anhaeusser (1974, 1983), was used as a

base map onto which details of the geology of the Sterksprult Intrusion

was superimposed.

The map depicts the gabbroic intrusion, the surrounding mafic to
ultramafic volcanic rocks into which it intruded, the Stolzburg Complex,

the Nelshoogte trondhjemite pluton and the crosscutting mafic dykes. The

purpose of the map Is to show:

1) the locality of the study area, the access routes and the three

defunct chrysotlle asbestos deposits;

2) fhe position or setting of the gabbroic Intrusion with respect to the

surroundIng geology, and in particular the contact relationship of

this intrusion with the mafic and ultramafic rocks;

3) the distribution and relationships of the major rock types In this part

of the Barberton ares, Including the lower Onverwacht Group
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Anhasusser (1976, 1985, 1986) interpreted the Stolzburq Complex as

being a gravitationally influenced differentiated layered body, rotated

tectonically to the vertical position, and younging in a southeasterly

direction. He described ''1calised folding developed due to Gross faults

which offset the stratigraphy, De Wit et el. (1987a), on the other hand,

interpreted the lower division of the Complex as being a tectonic peridotite

body which intruded the rocks of the upper division (which they regarded

as not representing part of the Complex), They described isoclinal folds in

the layering as well as steeply plunging fold cores in the southwest.

These structures, they maintained, resemble folding in Alplne-type

ultramafic complexes in the Pyrenees.

Rodel (1993) pointed to a genetic link between the Stolzburg Complex

and ultramafic flows in the Barberton Greenstone Belt and provided two

alternative origins for the Stol2burg Complex, Firstly, she proposed a

subvolcanlc sill model whereby the complex formed a high-level magma

chamber from which lavas were extruded. Secondly, she considered a

lava river model, with the complex forming a coarse-grained lateral

equivalent of the volcanics.

In the west, the Stolzburg Complex appears to pinch out and is covered

by agricultural land and alluvium. In the east, the Complex continues

beneath the Nelshooqts Forest Reserve and can possibly be linked to

other ultramafic complexes such as Morgenzon, Sawmill, Emmenes and

Pioneer, described by Wuth (1980).

Mining activity in the area Is restricted to chrysotile asbestos deposits

located within the 'ore-zone' serpentlnised dunltes of the Stolzburg

Complex (Anhaeusser, 1976, 1986). Numerous prospecting pits and

boreholes can also be found In the vicinity of the sterl<spruit Intrusion,

especially within sheared and gossanolJs komatiitic basalts separating
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Plate..:!..
View of the eastern part of the SterksprLlit Intrusion. The northern margin forms
the well-vegetated steep slope, extending to the upper le!t of the photograph. In
the middleground, t~lIlng$ from the Doyarshoek asbestos mine can be seen
hosted by the Stolzburg Complex which forms well-vegetated ridges.

Plata 2
View of the Sterksprult Intrusion (forming the mlddleground) looking west from
Traverse 3 (shown on Figure 2). The Stol:z:burg Complex forms the vegetatU1d
ridge on the left of the photograph, and the Moodles sedlrnents form tile
background on the left. Tailings from the Stolzburg asbestos mine are also
visible.
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The Sterkspruit and Stolzburg bodies are two rnaflc-to-ultrameflc

intrusions situated along the southern portion of the Nelshoogte Schist

Belt (Plates 1 and 2). They are aligned sub-parallel to each other and to

the volcanic rocks into which they are intruded and are orientated in an

east-northeast direction (Figure 2). A thin sliver of Onverwacht Group

komatiitic basalts and komatiites separate the two intrusive bodies and

varies in width from a few metres to about 300 m.

The southern margin of the Stolzburg Complex is juxtaposed by a major

strike fault against the Moodies Group rocks comprising quartzites,
sandstones, conglomerates and shales. Evldence of a faulted contact in

the south is provided by intense shearing and schistosity, and the
transgressive nature of the fault, which is seen cutting across the layering

in the Complex. The Stolzburg Complex has a western portion comprising

lower division rocks and an eastern portion comprising both lower and

upper dlvlslor, rock types. These terms were coined by Anhaeusser (1976,
1985), to describe the repetitive cycles of dunite and orthopyroxenlte

which form the lower division of the Complex and the upper division
cycles of harzburqite, websterite and gabbro. Rodingites, whil..t1occur as

dykes and as a calcium rnetasomatlsed zone, are an integral feature of

the upper division and have been described by Anhaeusser (1979) and

Radel (1993).

The nature of the northern contact of the Stolzburg Complex with
komatlltlc basalts is less well defined, but has been de!icrlbed by

Anhaeusser (1976, 1985, 1986) as being faulted. There are indications

however, that this is an intrusive contact, as evidenced by the

conformable relationship along strike, the absence of shear zones and the
presence of possible chill margins in the vicinity of the Stolzburg asbestos
mine (Radel, 1993).
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wide diabase dyke crosscutting the gabbro body in the stream traverse

IClt:. ,d Traverse 3 in Figure 6 (Plate 17),

Plate 17
Close-up view of an Intrusive contact, showing a flne·gralned chilled margin,
between a c,rosscuttlng mafic dyke (left) and gabbro (fight) from the Sterl{sprult
Intrusion (Traverse 31 Figure 6),
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This relationship between diabase dykes and the Bushveld Complex was

also proposed by Anhaeusser (1978) for a set of medium-grained diabase

dykes crosscutting the Johannesburg Dome and the western parts of the

Muldersdrif Ultramafic Complex,

The dykec which intruded into the Nelshoogte Schist 8elt are generally
steeply dipping and form prominent ridges, especially in the lower-lying

granitic terrains, The majority of the dyl<es also support abundant

vegetation growth, making them highly visible features, Most of the dykes

tend to terminate against the Stolzburg Complex, Where they do Intrude
this Complex, they generally form negative weathering depressions
relative to the more resistant ultramafic rocks. Within the Sterkspruit

lntruslon, these dykes form plies of weathered boulders and contact

relationships are rarely visible,

The dykes vary in thickness from a few metres to about 50 m, Closely
spaced parallel dykes commonly coalesce or split and form thinner dykes

before dying out completely, A variety of shapes occur, Inoludlng wider

sections where the dykes appear to form large bulbous masses, The most

common dyke form, however, Is tile linear, subvertlcal variety which often
follow (or are intruded into) earlier fault or shear zones, Many of these

dykes have been displaced by later faulting, In places the dykes also
appear to have been deflected by the kornatlltlc lava units that appear to

have undergone shearing father than fracturing, making it more difficult
for tile magma to lntrude the strongly foliated or anisotropic successlone.

More rarely, finer-grained, narrow sheet Intrusions (sills) can be observed

Interlayered with the surrounding volcanics.

All of the dykes In the study area appear to be younger than the

Sterksprult Intrusion. CleAI' evidence of an intrusive relationship can be

demonstrated by a fine-grained chilled contact on both sides of a 5 m



39

of sediments correlated with the ... 2.8 Ga Witwatersrand Supergroup.

Hunter and Reid (1987) considered there was sufficient evidence of dyke

emplacement in the Archaean and Early Proterozoic at "'3.0 Ga, "'2.8 Ga,

-2.2 Ga and ""1.9 Ga. Dykes from these time periods were shown to be

orientated In northwesterly or northeasterly directions.

In the study area, approximately 15 crosscutting mafic dykes were found

Intruded into the Sterl<spruit body and surrounding volcanic and granitic

rocks. These dykes were mapped and sampled (Figure 3). The majority of

these dykes, forming the Sterksprult dyke swarm, conform to the most

common northwest or 30 to 35° west of north direction, which is the

prominent strike direction In the Barberton area (Visser at al., 1956; Wuth,

1980). The Sterl<sprult dykes do not appear to Intrude either the Godwan

Beds, or the sediments of the Transvaal Supergroup and therefore

correspond to dykes older than the Godwcan Formation (VlssGr at al.,

1956) and to pre-Gcdwart Intrusions (Visser and Verwoerd, 1960). The
dykes are also similar to the majority of dykes and sills studied by Robb

(1977) in the region north of Nelspruit, between Hazyvlew and

Bushbucl<rldge, These dykes, which Robb (1977) Interpreted to be

pre-Oodwen in age, are predominantly dlabaslc In composition consisting

of sertclttsed plagioclase and uralltlsed pyroxene. The petrological and

geochemical chereoterletlcs of these dykes compare favourably with those

of the Sterksprult dyke swarm and will be discussed further In Chapters 4

and 6.

A variety of dlahass and dolerite dykes and sills of different ages have

also been reported by Menell at a/. (1986) which intrude the Kalkkloof

Complex which lies within a greenstone remnant west of (he Nelshoogte
Schist Belt. They described a set of dykes and sills which are post

Transvaal Supergroup in age and which they associate with the 19nef.lus

activity that led to the emplacement of the Bushveld Igneol.~s Complex.
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3.4 Geology of the Sterksprult Mafic Dyke Swarm

Hypabyssal rocks in the for'l1 of dykes and to a lesser extent, sills, are

prolifically distributed over the entire Barberton area (Visser ei el., 1956;
Visser and Verwoerd, 1960; Viljoen and VllJoenl 1969a; Anhaeusser,

1973; Rabbi 1977). Establi!snment of dyl<e emplacement ages Is based
mainly on field observatlons, From their relationship with the

volceno-sedlrnentery sequences comprising the Barberton Mountain Land

and the granites, as well as relationships with the stratigraphic sequences
present along t~le Transvaal Drakensberg escarpment to the west, the
relative ages of these dykes can be determined. Visser et al. (1956),

proposed a four-fold subdivision of the dykes as follows:

1) dykes older than the Moodles System (now Moodles Group);

2) dykes and sills older than the Gadwan Formation;

3) dykes and sills younger them the Transvaal System (now Transvaal
Supergroup); and

4) later dykes of KalliO dolerite age.

Visser and Verwcerd (1960) also recognised three ages of dykes north of

Nelsprult which they termed:

1) pre-Godwan Intrusions;
2) pcst-Transvaet lrurustons: and

3) post Karoo dolerltlc Intrusions.

The lack of g':lochronologlcal data on Archaean and Proterozoic dykes In

Southern Africa was highlighted by Hunter and Reid (1987) as
constraining the Identification of their extant and dlstrlbutlcn. They also

based the relative ages of dykes Ot1 field criteria. An Archaean age Can be

Inferred where It can be demonstrated that dyl<es predate the deposition



37

Plate 15
Deformation In the Sterksprult Intrusion shown by shGar foliation and flattening
of gabbro from the Central Zone,

PlatCi.,16
Late veins, parallel
to regional strll<9,
containing fine
grained quartz and
recrystalllsed gabbro
occurring In a
weathered portion of
the Sterksprliit
Intrusion.
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recrystallised gabbro and resemble isolated shear zones with sub-parallel

foliation developed locally in the surrounding gabbro. TI,e orientation of

these veins and shear fabric is generally east-west, dipping steeply to the

north. This direction Is parallel to the rhythmic layering in the Lower Zone
gabbro as well as the regional strike direction of the rocks in the southern

portion of the Nelshoogte Schist Belt.

The lack of more widespread deformation in the gabbro body is probably

due to its greater width in comparison to the thinner, layered komatiitlc

basalt flow units, both massive and pillowed, as well as the interlayered

kornatlltes and cherty and ferruginous sediments. These units,
constituting part of the Nelshoogte Sc:hlst Belt, acted as zones of
preferential movement during deformation.

On a larger scale, towards the west side of the intrusion, the body

displays gentle open folding, with the strike changing from east-northeast
to northeast, concordant with the surrounding volcanic rocks and the
Stolzburg Complex.

'ineaments, forming regional features, can be clearly seen on aerial
'otographs as evidenced by abundant vegetation growth and where

many streams have taken advantage rf fractures. The general tr~nd of

these lineaments Is northwElst, wlf ,1 .aults and fractures commonly

providing tensional zones of weaknees that appear to have controlled the
emplacement of diabase dykes,
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Layering in the Sterksprult Lower Zone Gabbro can also be described as

density sorted, whereby the more dense pyroxenes accumulated towards

the floor of the chamoer, and the less dense plagioclase accumulated in

the upper portions of layers by means of a flotation mechanism (Irvine,
'1982). Goode (1976) described similar layering in the I<alka layered
intrusion In Australia. He proposed that density-sorted layers resulted

from repeated phases of discontinuous nucleation, followed by differential

gravity settling of pyroxene relative to plagioclase. Factors such as

thlcl<ness and height of the nucleation zone above the nucleation front
and the time Interval between nucleation bursts, control differential crystal

settling and the production of 1I='omodalor graded layers (Naslund and

McBlrney, 1996). On the other hand, Mandzluk at al. (1989), described a

genetic linl< between magmatic flow and layer development In the Falcon

Lake Complex in Manitoba. They proposed a process of orystal-llquld

separation, stimulated by laminar flow,

Deformation, In the form of flattening and shear foliation, is evident In the
gabbro and in the field takes the form of both 'dog-tooth' type outcrops

and sets of sub-parallel fractures, both dipping steeply to the north and

having an east-northeast direction parallel to the gabbro-basalt contact

(Plate 15). The 'dog-tooth' outcrops are similarly located in the

surrounding komatlltlc basalts, but at a smaller' scale. These localised
shears within the gabbro are not widespread and are sept"rated by zones

of more massive, unsheared gabbro, The absence of shearing is also not
uncommon in the surroundirlg schist belt.

Shearing is also evldent In dilatlonal veins, vEirylng In width from a few

centimetres to more than a metre wide, but averaging 50 ern (Plate 16).
These veins show no preferential placement In the gabbro body, but are

discontinuous and never more than fa few metres In length, These thin

zones of deformation are replaced by quartz and 'fIne-grained
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Plat.e 13
Close-up view of rhythmic layering from the Lower Zone (Traverse 3, Figure 6).

Plate 11
Close-up view of rhythmli::: layering from the Lower Zone (Travers,} 3, Figure 6)
showing gradational as weH as sharp layer contacts. .



Plat~ 11
View (lool<lng west)
of the Lower Zone
showing plagioclase-
rich ~tringers dipping
to the north
(Traverse 3, Figure
6).

Plate 12
Close-up view of
the plagioclase-rich
stringers In gabbro
from the Lower Zone
(Traverse 3, Figure
6).

33
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3.3.3 Structure

Structurally, the Sterkspruit gabbroic lntruslon is mostly massive except in

the Lower Zone where discontinuous, steeply subvertical to northerly
dipping stringers and layering are evident. The lower portion of this zone
consists of gabbros with plagioclase-rich strlnosrs <5 om in width (Figure

6, Plates 11 and 12). The rhythmic layering found higher up in the Lower

Zone is conformable with the intrusive contact, and consists of diffuse

lighter and darker mineral phases representing altered plagioclase and

ferromagnesian (altered pyroxene) phases respectively (Plate 13). Strike

continuity of these layers is difficult to assess due to poor outcrop, but In
places, layers disappear within a single outcrop, The grain size is medium
to coarse and mottled textures, at the hand specimen scale, are features

of this zone, Contacts between predominantly white feldspar-rich zones

and mafic zones are mostly diffuse and gradational, but in many places

sharp contacts are also visible (Plate 14), A usually encountered
gradation is from a predominantly mafic, mineral-rich base, to a
coarser-grained plagioclase-rich top. Similar rhythmic layering Is not
evident In the marginal, central and upper zones of the body,

The type of layering found in the Lower Zone conforms best to rhythmic or

rnlcrorhythrnlc modal layering as described by Irvine (1982), ·Layerin9 is

formed by alternating modally graded and more uniform layers, but in
places a continuous succession of modatly graded layers Is observed.

Each indivldl~al layer rneasurea less than 30 ern in width and a zone of

these graded layers does not exceed 2 or 3 m before more uniform layers

are again encountered.
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Plate 9
Close-up view of the medium- to coarse-grained, leucocratlc gabbro of ,'. ~
Lower Zone.

Plate 10
Close-up view of the medium- to coarse-gralned, meso- to leucocratlc gabbro,
with darl<-green needles of amphibole, typical of the rocks In the Upper Zone.
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Plate 7
Fine-grained gabbro forming the chill margin to the Sierkspruit Intrusion,
Traverse 2 (Figure 5).

,Plate 8
Close-up view of the medium-grained, massive, mesocratlc gabbro from the
Marg!nl31Zone.
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Plate 26
Photomicrograph of the hlgh-TI ferrogabbro from the Central Zone, showing an
intergrowth between fibrous actinolite, aaussutitlsed plaglot1lase and quartz.
Yellow-green epidote with bright lnterference colours Is more prominent In the
Central Zone. Opaque phases are leucoxsne after TI-llmenite (Sample SG26;
plane polarised light: 1 em = 250 I-Im),

Plate 2Z
Photomicrograph of the same sample shown In Plate 26 above, but with bright
Interference colours and observed under crossed nlcols (Sample SG26: 1 em :::
250l-lm).
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4.3,3 Central ZOIle Gabbro

This rather non-descript zone is gradational between the Lower Zone and
the Quartz Diorite (Traverse 1, Figure 4). The rocks consist of a high-Ti
ferrogabbro and display similar plagioclase orthocununate textures as
seen lower down in the sequence, with quartz occurring as the main
intercumulus phase. In addition, plagloolase and actinolite display an
Intergranular texture, These dark-qreen, extremely pleochroic amphiboles
have fibrous shapes and show complete conversion from pyroxene
(Plates 26 and 27), The plagloolase phases are also highly saussuritlsed,
but show epidote alteration to be more common than zolslte, In this zone
there Is a high proportion ("'15%) of amorphous leucoxene (after Ilmenite)
which increases In amount towards the Quartz Diorite horizon. This
Increase in lsucoxene Is reflected chemically In the TI02 abundance in
this zone which reaches 2.2%•

The upper portion of the Central Zone shows a gradational change, and
has textures which are similar to the Quartz Diorite horizon. Intergranular
textures comprising plE:lgioclaJo, quartz and amphibole
(actinolite/hornblende) are features of this part of the Central Zone. The
plagioclase laths show less clC')udlngthan in the Lower Zone and are not
as Intensely seuesurltlsec. Abundant epidote alteration occurs around the
margins and replaces cores of plagioclase grains. Polysyrdhetlotwinning
In some of these grains Is common. A number of the dark...green
amphibole grains show alteration to chlorite,
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Plate 24
Photorr~crograph of U)e layereld gabbro from the Lowelr Zone, :showil'lg
orthocumulate clouded plaglocl2lse with Interstitial angular-shaped quartz, A
clinopyroxene grain showing Incipient uralltlsatlon can be seen on the k)wer left
side of the photograph (Sample SlG24; plane polarised light; 1 ern =: 200 pm).

Plate .25
Photomicrograph of the same sample shown In Plat~ 24 above, but observed
under crosaed nlcols (Sample SG24; 1 em = 200 !Jm).
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4,3,2 Lower Zone Gabbro

The rhythmically layered Lower Zone gabbro occurring on the northern
portion of the intrusion displays both plagioclase and plagioclase ..
clinopyroxene cumulate textures (Plates 24 and 25), The more felsic
tayers and segregations consist of plagioclase orthoc 'mulats textures
with quartz forming the Intorstitial phase, The more mafic portions of the
layers consist of cumulate plagioclase and clinopyroxenewhich nucleated
together, Subhedral, lath~lIke plagioclase grains are partly enclosed by
altered clinopyroxene in sn ophltlc to subophltlc texture,

The lath~llke plagioclase grains are clouded, as a result of
saussurltlsatlon, to a mixture of zolslte, albite, chlorite, sericite and
epidote, Some grains still show evldenoe of pol~lsynthetlctwinning, As in
the Marginal Zone, the tntercumulate quartz forms typical angular shapes,
The primary pyroxenes have either been altered to a medluln-grained
fibrous mass comprising Incipient actinolite and chlorite needles, or are
completely pseudomorphed by crystals of actinolite or hornblende. These
latter amphiboles are generally aubhedral in shape, but in places the
mafic phases consist of highly altered masses of urallte with flbrous an~
very Indistinct boundaries. In places, remnant simple twinning In
pyroxenes Is preserved. In addition to the above-mentioned altered mafic
and felsic mlnsrals there are also accessory amounts of dark, red-brown
rutile together with leucoxene,
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Plate 22
Photomicrograph of the gabbrolc rocks from the Marginal ZOIle, showing typical
subophltlc textures with partly uralitlsed clinopyroxene olkocrysts enclosing
plagioclase laths. The plagIoclase retains subhedral shapes, but are clouded to
a dark-brown colour due to the effects of saussurltleatlon (Sample SG22: plane
polarised light; 1 em::: 200 !-1m).

Plru.€!6§_
Photomicrograph of the same sample shown hi Plate 22 above. but observed
under crossed nlcols (Sample SG22: 1 em ::.:200 IJm).
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Plate 20
Photomicrograph of gabbro from the Marginal Zone within Sm of the Intrusive
contact. SLibophltlc textures occur with partly altered clinopyroxene.
orthopyroxene and sauesurltlsed pllagloclase. Gluartz Is Interstitial to plagioclase
and occurs as subrounded grains (Sample SG39; plane polarised light; tern =
200 f,lm).

Plate 21
Photon~crograph of the same sample shown In Plate 20 above. but observed
under crossed nlcols (Sample SG:l9: 1 cm =: 200 f,lm).
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Away from the chill margin, the gabbro shews a progressive increase in
grain size, but within 15 m of the contact retains the same minerals and
texture as the fine·grained chill margin (Plates 20 and 21), Further into the
Intrusion, various textures are observed, including poiki!itic
olinopyroxenes enclosing plagioclase laths ill a subophitic arrangement
(Plates 22 and 23) and pyroxenes forming minor adcumulate to
mesocumolate textures without the presence of plagioclase, RelativElly
fresh remnants of pyroxene are still visible In some grains, but all show
some degree of alteration and conversion to urallte end amphibole, In
glmeral the pyroxene grains are either:

1) completely uralitised, havingfibrous anhedral shapes or;
2) l'etcKIsome resemblanceof original shape and contain tiny urallte

needles or;
3) are completely pseudornorphedby amphibole.

Simple twinning can be observed In the fresher clinopyroxene grains.
A,lthough alteration makes the Identification of minerals difficult,
c:lnopyroxene appears to be the most common pyroxene with
orthopyroxeneestimated to form less than 10%of the sample,

Plagioclase grains can be recognisedin places by their equant subnedral
tabular shapes, but are extremelyclouded as a result of seussurltlsation,
Of particular note is the greister presence of zoisite In the alteration
assemblage over epidote, associated with anorthite-rich plagioclase and
probably controlled by iron activity and changes in oxygen fugacity
In this part of the intrusion. Quartz is abundant and is

interstitiF.lI to plagioclase forming characteristic angular intill shapes.
Accessory mineral phases include leucoxene, an alteration product of
t!tanlum rich phases such as 1:,', lenita, which occurs as a light brown
minerai surrounding a dark brown core. Chlorite can be found mostly in
the altered groundmass, alongwith zolslte.
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Plate 18
Photomicrograph of the flne.gralned gabbrolc chill margin In the Sterl<spruit
intrusion. lntergrowth of actinolite, saussurltlsed plagioclase and quartz
(Sample SG38; plane polarised light; 1 om= 250 !-1m).

Plate 19
Photomil~r( /aph of the same sample shown In Plate 18 above, but observed
under crossed nlcols (Sample SG38; 1 em ::::250 !-1m).
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4,2,6 Carbonation

This process involves the transformation of minerals containing Ca, Mg,

K, Na and Fe into carbonates or bi-carbonates of these metals by CO~ in
circulating water (Bates and Jackson, 1980), In the Barberton sequence,
Viljoen and Viljoen (1969b), described carbonate occurring as scattered

grains or as small c sscutting veinlets close to shear zones, Elements

lost dLlring carbonation include 8;02' AI;P3' MgO, CaO and ~O while

FeO, Na20 and Ti02 increase.

4,3 Petrography of the 8terl<spruit Intrusion

4,3,1 Marginal Zone Gabbro

A fine-grained chill zone, rneasurlnq less than 2 m in width, marks the
intrusive contact along the northern margin of the intrusion at Traverse 2
and at Traverse 3 (Figures 5 and 6). In thin section the chili margin is a

fine-grained rock and, due to rapid cooling, shows in situ nucleation and

growth, The chill margin consists of fibrous pleochroic green

actinolite/tremolite showing low to moderate birefringence, a mass of
highly saussuritised plagioclase of oligoolase composition and quartz
(Plates 18 and 19), This mineralogical assemblage ~)uggests low-grade

greenschist facies metamorphism. Due to the fine-grained nl:-:tureof this
chill margin and the absence of cumulates, the whole..rock composition

from this chilled zone could possibly be used as an indication of the

parental magma to the gabbroic intrusion as a whole. The normative

plagioclase composition for the chili zone is An29 • 44 indicating a dioritio

liquid. This observation is supported by its evolved chemistry to be

discussed in Chapter 5,
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temperature metamorphic rocks (greenschist facies), but is also deposited

from hydrotherllh.'J1solutions (B1:ltesand Jackson, 1980; Deer et a/., 1982).

4.2.3 Uralitisation

Uralitlsatlon is the alteration process whereby primary pyroxenes are

converted to fibrous amphibole. This process is ascribed to both the

action of circulating hydrothermal solutions during late-stage

crystallisation of the igneous rocks, or to regional metamorphism (Deer et

a/'l 1982). L'ralite is a green, fibrous, acicular variety of secondary

amphibole occurring as pseudomorphs after pyroxene.

4.2.4 Epidotisation

Epidotisation is the hydrothermal introduction of epidote into rocks, or the

alteration of rocks in which plagioclase is albitised, freeing the anorthite

molecules for the formation of epidote and zolslte. Epidote iO, therefore,

associated with albit.e and chlorite in low-grade metamorphic rocks.

Zoisite (part of the epidote group) is an essential constituent of saussurlte

In low-grade metamorphic rocks, especially calcium-rich phases.

4.2.5 Chloritisation

Chloritisation is the replacement or conversion of ferromagnesian

minerals into chlorite (Bates and Jackson, 1980) and is a product of

hydrothermal processes.
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4.2 Alteration

All samples investigated are highly altered, with ferromagnesian minerals

(clinopyroxene and orthopyroxene) partly or completely uralltised and the

plagioclase phases having undergone saussuritisation, albitisation,

epldotlsatlon and sericitisation to varying degrees. Due to the lack of

penetrative deformation fabric in the gabbroic rocks, this alteration

assemblage possibly results more from high temperature deuteric

alteration shortly after or during emplacement of the body (Cloete,
1991, 1994). However, it is likely that burial

metamorphism caused greenschist facies overprinting to take place. The

mineral assemblage, comprising actinolite, chlorite, epidote, zolsite, albite

and leucoxene, are typical of green' .chlst facies metamorphism. However,

the presence of pyroxenes in the Marginal and Lower Zones, discussed

later on in sections 4.1.3 and 4.1.4, does not indicate a stable

metamorphic assemblage. The following descriptions are of the most

common types of alteration found in the Sterkspruit gabbroic rocks.

4.2.1 Saussuritisation

Saussuritisation is the replacement of plagioclaHe, especially noted in

basalts and gabbros, by a flne-qrainsd aggregate of zolsite, epidote,

albite, calcite, sericite and zeolites (Bates and Jackson, 1980). This

alteration is considered to be a metamorphic or dauteric process and is

often accompanied by ch'oritlsatlon of ferromagnesian minerals.

4.2.2 Albitisation

Albitisation is a proce 3S whereby albite is introduced and replaces more

calcic plaqioclaso, This type of alteration is associated. with low-
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CHAPTER 4

PETROGRAPHY

4.1 Introduction

The mineraloqtcal description of the Sterkspruit gabbro samples has been

restricted to two main sample traverses across the body, namely Traverse

1 and Traverse :2 (Figures 3 - 5). The overall petrography of the gabbroic

intrusion is relatively uniform between the two sections which can be used

as type localities for describing the intrusion as a whole, In addition,

samples collected by Pospisek (1991) for a study of a portion of the

intrusion were used to supplement those collected by the writer.

Along both sample sections the compositions of some of the least altered

plagioclase gr~ins were determined using a microprobe analyser.

Depljnding on the locality within the body, the composition was found to

VF:;IY between oligoclase in the Marginal Zone to albite in the Central and

Upper Zones. The plagioclase grains from the Lower Zone ,gabbro are

highly altered and are unsuitable for analysis (see Chapter 5.3 on mineral

chemistry).

As alteration effl;)cts are prevalent throuqhout the Sterksprult Intrusion I

only a general description of the main alteration types is included. Each

of thE)main zones delineated across the width of the intrusion is described

in detail (viz: the Marginal Zo119 , the Lower Zone, the Central Zone, the

Quartz Diorite and the Upper Zone),
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the vicinity of Traverse 2 is approximately 450 m with the variation in

geochemistry egaln being described from north to south across the body.

Sample SG 38 was taken from the chilled margin with an additional 6
samples being spaced at 5 m intervals within the first 40 m of the base of

the intrusion. Thereafter, to the south, the sample spacing becomes more
erratic because of poor exposure and varies from a few metres to 30 m.

The last sample from this traverse (SG 55) Is located approximately 20 m
from the southern gabbro-basalt contact (Figures 3 and 5).

5.2,3 Traverse 3

As part of an earlier study of the Sterksprult Intrusion, Posplsek (1991)

collected 24 samples along a 100 In river traverse east of Traverse 2. The
sampling included rocks from the chilled margin in the north at the contact

with the komatlltlc basalts of the adjacent schist belt, the Marginal Zone
and part of the layered Lower Zone gabbro found towards the centre of
the intrusion (Figures 3 and 6). The analytical results from these samples,

which have a spacing of a faw metres, were used in this Investigation to
describe the lower portions of the sterksprult body.

5.2.4 Mafic Dykes

Major and trace element concentrations were determined for 18 samples

from selected mafic dykes crossouttlnq the Sterksprult gabbrolc intr'.Ision

(Figures 2 and 3), Each major dyke Was sampled where It occurred within

the Sterkspn~it gabbro body. Some dykes were also sampled where they

Intruded both the surrounding kornatlltlc lavas and the Nelshoogte granitic
pluton. In this way, any alteration by, or assimilation of, the country rock

that might have Influenced the composltlon of the dyl<es could be
IrtVestigated, The composition of each dyke Is comparad to that of the
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sampled by Pospisek (1991), and used to describe a portion of the

Sterkspruit body, is located east of Traverse 2 (Figure 3). Samples from

this traverse, although representing only a part of the gabbroic body

extending southwestwards for approximately 100 m from the northern
contact with the komatiitic basalt, have been used to investigate the

geochemistry of this part of the intrusion.

$,2.1 Traverse 1

The northern and southern contacts of the Sterksprult Intrusion with the

adjacent komatlitic basalts are not Visible as they are both covered by soil

and scree, The width f'lf the Intrusion in the vicinity of Traverse 1 Is
approximately 400 m (Figure 3), Variations in major and trace element

geochemistry are described from north to south across the gabbro body.
Ten samples (SG 22 .. SG 31) were collected at intervals Clfbetween 30

and 50 rn, Sample SG 22 was collected about 20 m from the northern
edge of the gabbrolc body, while sample SG 31 is located about 30 m

from the gabbro-basalt contact In the south. The sampling therefore does

not reflect the geochemistry of the margins of the Intrusion.

Samples SG 32 and SG 33 were collected from the small satellite gabbro

Intrusion located approximrately 1eo m south of the main Sterkspruit
Intrusion (Figures 3 and 4),

5.2.2 rreverse 2

Eighteen samples from Traverse 2 (SG. 38 .. SG. 55) were collected along
a stream Gutting diagonally through tt1e gabbrolc body from northwest to

southeast (Figure 5), The northern contact of the body 'Nlth the basalt is

clearly seen forming a chilled margin, while the southern contact Is again
not visible due to soil and scree cover. The width of t11l tlabbrolo body In
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CHAPTER 5

GEOCHEMISTRY

5.1 Introduction

In the previous chapters the field geology, mlneraloqy ~mdtexture of the
Sterkspruit Intrusion was described. From this evidence, It Is clear that
distinct variations exist within the body giving rise to at least five different
zones resulting In different types of diorite and gabbro. The following
chapter describes these zones chemically and enables more exact zone
boundaries to be defined. The gabbroic rooks of the Intrusion will be
classified geochemloally and compared to other mafio complexes.
Variations across the body will also be described,

5.2 SamplingMethod

Major and trace elements were determineu from 66 samples of the
Sterksprult lntruslon, b samples from the adjoining komatlitlc basalts In
the Nelshooqte Schist Belt to the north of the intrusion and .2 samples
from the associated komatllt~'lextruslves.All sample localities In the study
area can be found In Figure 3.

As far as possible, samples were taken across the whole length of the
gabbrolc intrusion from southwest to northeast and across the width of the
body. However, due to poor outcrop restraints Which resulted in selective
sampling, only two relatively complete sections or traverses across the
width of the intrUsioncould be used to investigate the geochemical trends.
These traverses, labelled Traverse 1 and 2, are located towards the
centra of the intrusion and are about 1 km apart (Figure 3). Traverse 3,
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Plate 36
Photomicrograph of a sample from a mafic dyke Intruded Into the Nelshoogte
tl"ondhJemltlcgneiss pluton. Right side of photograph shows plagioclase laths
and Interstitial quartz while the left side shows a uralltlsed pyroxene grain
(Sample S07; plane polarised light,'1em = 200 j.Jm).

Plate 37
Photomicrograph of the same sample shown In Plate 36 above, but observed
under crossed nlcots (Sample S07; 1 ern = :200 !-1m).
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Plate 34
Photomicrograph of a mafic dyke from the western part of the study area.
Intergranular textures with tabular clinopyroxene and clouded plagioclase grains
are visible (Sample SD1; plane polarised light; 1 em= 200 I-Im).

1. ,~_~~ ..~~ ..~
.~ "" ,. ",V .•...~,..,

Plate 35
Photomicrograph of the same sample shown In Plate 34 above, but observed
under crossed nlcols (Sample SD1: 1 em ;::200 I-Im).
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intergranular, with subophitic textures showing plagioclase partly
enclosed by pyroxenes also evident in many places. The plagioclase

crystals are mostly tabular in form and appear cloudy due to the effects of

sausauritlzation.

The pyroxenes are also highly altered and are replaced by actinolite or

hornblende Of altered to a fibrous uralite mass comprising amphibole and

chlorite. Some crystals of pyroxene are altered around the edges to
amphibole, biotite and chlorite. sphene is present as an accessory
mineral in some samples. In places, patches of plagioclase intergrown

with quartz form a myrrnekltlc texture.

Sample SD? is from a dyke the' 'uded into the trondl1jemitic gneisses

forming the Nelshoogte pluton northwest of the sterksprult Intrusion
(Figure 3}. Texturally, this dyke sample differs from the other mafic dykes

forming the Sterkspruit mafic dyke swarm in that typical subophltlc
textures are rare, and folsic segregations more common. Plates 36 and 37

show what has been interpreted as a cumulate plagioclase texture with

interstitial quartz in contact with a large crystal of fibrous, highly uralitised
pyroxene, ASsimilation of the granitic rock by the intruding magma could
explain this textural difference.

Dyke sample SOS (Fi!~ure 3) Is a flne~gralned, 2 m-wide dyl(e striking

almost east-west, This dyke differs from the northwest-trending dyl<es In
that it intruded along weaknesses in the gabbro, resulting from shearing
parallel to the length of the Sterkspruit body. 'The dyl<e consists of a mass
of fibrous amphiboles forming long acicular needles as well as radiating

fibres. The rock also contains fine-grained altered pyroxene remnants in a

groundmass conslstlnq of chlorite, biotite and epidote.
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4.3.6 Gabbroic Lens

A small intrusive lens to the south of the main sterksprult body end seen

in Traverse 1 (Figure 4) displays typical subophltlc textures with lath-like

plagioclase grains enclosed by large ctlnopyroxenes altered to uralite and

hornblende. These textures show similarities to those seen in the Upper

Zone of the main gabbroic body. the textures observed are in accordance

with a magma body that has cooled rapidly, and the small size of this
satellite intrusive body supports this interpretation.

4.4 Petrography of the Sterkspruit Mafic Dyke Swarm

Texturally, all the dykes in the study area are very similar and they can
generally be described as medium-grained hypabyssal mafic dykes. The

dykes are usually referred to as dlabases, a term synonymous with
dolerite, but generally considered to be older or pre-Tertiary in age
(Bowes, 1989), They are also more altered than dolerites, having

undergone saussuritlzation of feldspars and uralitizafion of pyroxenes.

The use of the term diabase will be retained for the purposes of this study.

The outer, weathered portions, of the diabase dykes have a characteristic
light-brown to cream coloration and are often speckled with small,

positively weathered, quartz grains. The fresh rock is equlgranular and
medium grained, green to grey"green in colour, with ferromagnesian
mineral phases plus plaqloclase and quartz,

The diabase dykes are highly altered, but original rock textures and grain
Shapes can be distinguished microscopically and show variable textures
and intergrowths of plagioclase, clinopyroxene, orthopyroxene and quartz

(Plates 34 and 35). The most common texture displayed by these rocks is
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Plate 32
Photomicrograph of the quartz gabbro from the Upper Zone, showing intersertal
textures with pleochroic green, aclcular, actinolite needles partly enclosing
epldotised plagioclase and quartz (Sample SGS1; plane polarised light; 1 em ::
250 IJm).

Plate 33
Photomicrograph of the same sample shown In Plate 32 above, out observed
under crossed rdcols (Sample SG31: 1 em :: 250 IJm).
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4,3.5 Upper Zone Gabbro

The lower portions of the Upper Zone (Figure 4) have many similarities

with the Quartz Diorite and a gradational contact between the two

horizons is assumed, In this part of the sequence, plagioclase, quartz,

amphibole, epidote and chlorite are the main constituents, while biotite

and leucoxene are accessory phases, Significantly, carbonate is almost

completely absent. '(he amphiboles are partly or completely altered to

chlorite, while epidote replaces plagioclase around the edges and within

the cores of grains. The complete saussuritisation of plagioclase, as seen

lower down in the gabbro sequence, was not observed in the Upper Zone,

The remainder of the Upper Zone gabbro, towards the southern margin, is

texturally distinct from the remainder of the gabbro body in that bladed,

epidotised plagioclase laths form an interlocking, granular texture with

light to dark-green, needle-like hornblende and actinolite crystals (Plates

32 and 33), The amphiboles are generally equant in size and shape, but

some anhedral grains occur, often with jagged rims where complete

alteration to chlorite has taken place. Some acicular amphibole needles

characteristically reach 1 cm in length. Epidote is more common in this

part of tile body, as opposed to zoisite in the lower portions. Overall, the

plagioclase appears less altered in the Upper Zone,

Closer to the upper contact (southern margin), subophitic textures can be

observed, together witll plagioclase laths partly enclosed by fibrous

hornblende. In contrast to the lower parts of the intrusion, quartz does not

appear to be a late infilling stage in rocks of the Upper Zone.
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Plate 30
Photomicrograph showing the amorphous nature of darlc brown leucoxene. Also
shown are partly uralitised clinopyroxene and subhedral plagioclase grains
(Sample SG22; plane polarised light; 1 cm = 200 IJm).

Plate 31
Photomicrograph of the same sample shown in Plate 30 abo v'\:l , but observed
under crossed nlcols (Sample SG22; 1 em = 200 IJm).
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Plate 28
Photomicrograph of the Quartz Diorite, showing dark-green chlorite, large
subhedral quartz grains, relatively unaltered plagioclase, carbonate, eplcote and
tiny biotite flakes (Sample SG28; plane polarised light; 1 em = 200 pm),

Plate 29
Photomicrograph of the same sample shown In Plate 28 above. but observed
under crossed nlcols (Sample SG28; 1 em = 200 !-1m).
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4.3.4 Quartz. Diorite

This zone, which appears to be less than 50 m in width, is comprised of a

medium- to coarse-grained, leucocratic, quartz-rich diorlts with quartz (up

to 26%), plagioclase (up to 25%), chlorite (20%) and ccrbonate (15%)

forming the major constituents of the rock (Plates 28 and 29). The

plagioclase is much less saussuritised than lower down in the body and

displays polysynthetic twinning. It typically has epidote forming around the

edges of grains or replacing the interior of grains. The quartz forms large,

anhedral, subrounded grains and shows undulose extinction. The

amphibole has been completely altered to chlorite and minor biotite. The

chlorite forms amorphous fibrous masses, while the biotite forms tiny

grains between the quartz and plagioclase grains.

An unider. vpaque phase (probably ilmenite) and leucoxene are

abundant, forming about 15% of the rock. Ti02 in this zone is high,

reaching 1.4%. The relative abundance of leucoxene (after ilmenite) in

this horizon and in the underlying Central Zone, is an indication of Fe-Tl

oxides forming late in the crystallisation sequence The amorphous

leucoxene shown in Plates 30 and 31, has dark-brown interiors

surrounded by a lighter-brown rim. Carbonate is also an important

accessory mineral replacing primary mineral phases rather than occurring

in proximity to veins or fractures. De Wit et al. (1987b) and Cloete (1991)

interpreted the carbonate alteration in the mafic volcanics to be the result

of syndeposltlcnal sea-floor alteration. This Quartz Diorite horizon,

although only observed in one locality on Traverse 1 (Figure 4), could

represent the end product of a differentiating mabilla body.
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Using the above approach, the parental magma composltlcn of the

Sterkspruit Intrusion has MgO values between 4.8 and 5.4%, consistent

with that of normal to iron-rich tholeiites (Jensen, 1976; Viljoen et al.,

1982), By comparison, the average MgO contents In gabbros, quartz

gabbros and f\;~rrogabbros from the Usushwana Complex, southeast of the
Sterkspruit Intrusion, range between 3.4 and 5.4% (Hammerbeok, 1982).

The MgO contents in bulk compositions from the Skaergaard Intrusion
range between 7.2 and 8.6% (Mc8Irney, 1996), for the Bushveld
Complex, 12% (Davies et al., 1980) and for the Mt Kilkenny tholelltlc sill in

Australia, between 7.7 and 8.2% (Jaques, 1976).

rhe parental composition of the Sterkspruit Intrusion differs markedly,
however, from that of the neighbouring Stolzburg Complex, whioh has a
calculated MgO composition of 33.8% (Rodel, 1993). This falls within the
range of other layered complexes In the Barberton greenstone belt of

between 29.4 and 34.1% MgO (Viljoen and Vlljoen, 1970; Anhaeusser,

1976; Wuth, 1980). A single, relatively unaltered gabbro sample from

Stolzburg does, however, compare favourably with Sterksprult, having an
MgO value of 5.9%. These gabbro units were however, considered by

Anhaeusser (1985) to represent residual liquids left over after the
crystallisation of earller-torrned phases and were derived from primary

komatiitic basalt liquids. Wuth (1980) confirmed this view by showing the
existence of geoohemical similarities between gabbrolc phases of layered
complexes in the Oorschot-Weltevreden schist belt and Barberton ..typf'
komatlitlo basalts. The average MgO content In komatiltlc basalts f! th,~

Nelshooqte Schist Belt Is 15% ('SB' samples, Table 13), while tholeIItic
basalts from the Hooggenoeg Formation at Barberton have MgO contents

of 7.3% (Vlljoen and Viljoan, 1969d),
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Table 5: Comparison of chill margin and calculated bulk compositions
of the Sferkspruit Intrusion

chili Sample Chili Sample Averllge ChIli Clltr.:ulatedBulk
SG.38 SG.63 (X) Composition (a)

wt%

Si02 52.82 52.26 52.54 52.55
no, 1.M 1.31 1.36 1,39

AI:P:l '13.81 13.43 13.62 13,61
Fe203(t) 15.38 16,00 15,69 13.70.
MnQ 0.22 0.17 0.20 0.19
MgO 4.84 4.82 4.83 5.42
CaO 1.21 1.26 7.24 8.29
Na20 3.39 2.24 2.82 2.15
K20 0.09 0.10 0.10 0.16

P20a 0.16 0.16 0.16 0.14

FeO 11.74 12.21 11.98 10.46
FE'l2°(j 2.35 2.44 2,39 2,09

ppm

Rb 14 14 14 14
Sr 91 117 104 98
Y 35 29 32 33
Zr 102 100 101 83
Nb 6 7 7 6
Co 26 33 30 39
Nj 55 64 60 58
Cu 53 1M 79 46
Zn 69 91), 81 83
Ba 8 4 e is
TI 1 1 1
v 371 364 368 421
Cr 55 61 58 64
Tl/zr 79 82 81 100
TIIY 231 282 254 255
mg# 42 41 42 48

FaP3(t): Total Fe as Fe203

FeD and Fe20:Jcalculated using Fs2031FeD ratio CI 0,2
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5.6 Whole-rock Geochemistry in the Sterkspruit Intrusion

5.6,1 Bulk Geochemistry

In many instances, the parent compositions of magmas forming mafic- to-

ultramafic layered complexes are used to formulate petrogenetic ideas on

the origins of these complexes and to compare them with similar

intrusions worldwide. The parent compositions are in many instances
taken as the composition of the chill margin of the intrusions. The bulk
composition of the body can also be expressed by calculating the average
weighted composition for the intrusion as a whole,

In the case of the sterksprult Intrusion, the parent composition was

derived using the following approach:

Firstly, the compositions of the two chill margin samples, SG38 from
Traverse 2 and SG63 from Traverse 3 were averaged, Secondly, the bulk
composition of the body Waf;} calculated usir:J a weighted average
method, The average composltlon of samples from each of the main

zones was calculated and an overall weighted average expressed using
the fdl'Dwlng estimated percentages: MZ (9%), LZ (23%), CZ (24%) and
UZ (44%). The shortcomings in this metllod Include the Inaccuracy In
locating exact contacts between zones, the uncertainty In assigning to a

zone a partlcular composition and the inhomogeneous sampling method.

Possible shortcomings using the chill margin composltlon concern

whether or not the fine ..gralned gabbro represents a primary liquid or a
cumulate, Nevertheless, despite these uncertainties, the averalge chill
zone composition (X), shows a good correlation with the calculated bulk
composition (9), both of which are listed in Table 5, This composltlonal

consistency suggests that the chili margin gabbro can be used as an

Indication of the parental magma composition,
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table 4: Microprobe analyses of plagioclase, clinopyroxene and
orthopyroxene

sample plagioclase cpx 1 cpx 2 cpx 3 opx

wt%

5102 52,96 51,6 52,4 51.4 56,11
,.102 1.4 0,3 0,4 0,06

A11!°3 29,72 2,6 1,8 1,6 0,086
FaO '1,0 5,8 ita 8,98
MoO nd 0,19 0,18 0.24 0.17
MgO 16,3 17,2 15,1 33,14
CaO 12,28 21,3 20,0 18,5 1,39
NIl:zO 4,21 0,35 0.18 0.18 0.02
K:zO 0,'13 nd nd nc! 0,01

plagioclase: Labradorite (beer at el" 1982)
cpx 1: High-TI clinopyroxene from the Kromberg Fm (Cohway, 1985)
cPX2: cllnopyroxene from the Kromberg Fm (Conway, 1985)
cpx 3: High-Fe cllnopyroxene from the Krombarg Frn (Conway, 1985)
opx: S!olzburg Complex - bronzlte sample DH8a (Rodel, 1993)
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The trends shewn by major oxides in plagioclase Is consistent with a
magma body cooling and crystallising from the base and roof of the
magma chamber, with the lowermost marginal zones crystallising more
Oa-rlch plagioclase which tllen becomes more albite rich upwards in the
sequence. The roof crystallisation process would also initially crystallise
more ca-rlch plagioclase, with the composition becoming albltlc
downwards towards the Quartz Diorite in the centre of the magma
chamber. This upwards cryptic variation shown by plagioclase is In
accordance with similar trends seen In the Mt. Kilkenny tholeiitic sill in
Australia (Jaques, 1976), where fractional crystallisation from a single
magma pulse is suggested, The Skaergaard Intrusion also shows
decreaSing An content of plagioclase with Ilelght (Maaloe, 1976).

In order to model chemical differentiation In the cooling magma chamber
Using binary diagrams, a plagloclasA composition of AnSi was used,
calculated from the normative data from the sterksprult gabbro samples.
This approximates to a composition for labradorite Which is common in
gabbroic bodies in general (Bowes, 1989). This plagioclase composition
(Deer et al., 1982) Is listed In Table 4.

t;,5,,2 Pyroxene

The pyroxs "'~ephases over most of the S-lerkspruit Intrusion have been
altered to fine, fibroLls urallte or are completely converted to amphiboles
SUCl1as actinolite. The altered state of these minerals thus prevented the
determination of pyroxene minerai compositions, In order to model
ohernlcal trends In the gabbro, compositions of clinopyroxene from the
Krornberg Formation (UMFU) were used (Conway, 1985). The
orthopyroxene compositions Were derived from the Stolzburg G('Implex
(Redel, 1993). Table 4 lists the average compositions from I:1Bchof these
sources,
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Table 3: Microprobe analyses of plagioclase from Traverse 2

Sample SG 38 SG40 SG48 SG49 SG 50 SG 53 SG55
Zone chili MZ CZ CZ CZ UZ UZ

margin
wt%

81°2 66.19 66.32 64.92 66.64 66.77 66.85 66.20
TI02 nct nd nd nd nct nd nd
AI203 22.26 22.23 20.99 21.43 20.93 20.94 21.08
FeO 1.30 0.28 0.19 0.22 0.17 0.17 0.17
MoO 0.00 0.01 0.00 0.01 0.03 0.00 0.01
MgO 0.38 0.00 0.01 0.00 0.00 0.00 0.01
CaO 2.20 1.015 0.25 0.26 0,10 0.15 0.27
Na20 8.95 11.27 11.26 11.37 '11.27 11.51 11.75

t<20 0.06 0.06 0.10 0,06 0.45 0,69 0.Q4

Total 100.32 101.24 97.72 99.97 99.72 100,32 100.53

No. of Ions on the basis of 32 oxygens

Si 11.49 11.5'1 11,65 11.67 11,74 11.71 11.72
TI nd nct oct nct nct nd nd
AI 4.56 4.5S 4.44 4.43 4.34 4.32 4.33
Fe 0.19 0.04 0.03 0.03 0.03 0.02 0.03
Mo 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.10 0,00 0.00 0.00 0.00 0.00 0.00
Ca 0.41 0.20 0.05 0.05 0,02 0.03 0.05
Na 3.01 3.80 3,92 3.87 3.84 3.91 3,97
K 0.01 0.D1 0,02 0.01 0.10 0.16 0.01
rotal 19.75 20.11 ..@jQ 20,OQ 20,06 20.16 20.11

Z 16.04 16,06 16.09 16.10 16.07 16.04 16.05
X 3.72 4,05 4.02 3,95 3.99 4.12 4.06

Z = Si+AI
X = NEI+Mg+Fe+Mn+K+Ca
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Table 2: Microprobe analyses of plagioclase from Traverse 1

Sample SG 22 SG 27 SG 28 5G 29 5G 30 SG 31

Zone MZ CZ GG UZ UZ UZ
wt%

5;°2 62.98 66.90 67.03 67.34 67.83 65.86

Ti02 nd nd nd nd nd nd

AI203 23.69 20.84 21.17 20.63 21.40 21,57

FeO 0,24 0.21 0.07 0.16 0.10 0.27

MnO 0.02 0.04 0.01 0.00 0.02 0.03

MgO 0.02 0.01 0.01 0.00 0.00 0.00

CaO 3.31 0.29 0.12 0.05 0.19 0,18

Na20 9.76 11.36 11.38 11.86 10.88 10.98

K20 0.07 0.05 0.04 0.06 0.05 0.11

Total 100.1 99.70 99.83 100.1 100.47 99.00

No. of Ions on the basis of 32 oxygens

SI 11.12 11.75 11.74 11.78 11.77 11.64

Ti nd nd nd nd nd nd

AI 4.93 4.31 4.37 4.25 4.38 4.49

Fe 0,04 0,03 0.01 0.02 0.02 0.04

Mn 0.00 0.01 0,00 0.00 0.01 0.00

Mg 0.00 0.00 0.00 0.00 0.00 0,00

Ca 0.63 0.06 0.02 0.01 0.04 0.03

Na 3.34 3.87 3.87 4.02 3.67 3.76

.( 0.02 0,01 0.01 0,01 0.01 0.02

Total 20.09 20.04 .20.02 _g0.11 19.88 20.00

Z 16,06 16.06 16.11 16.03 16.15 16.13

X 4.03 3.98 3.01 4.06 3.74 3,85

Z = SI+AI
X = Na+Mg+Fe+Mn+K+Ca



69

plaqloclase compositions in the gabbro samples from Traverse 1 and

Traverse 2 respectively,

From the data provided in the tables, it can be seen that the plagioclase

feldspars range in composition from oligoclase (An1S_30) in the chill margin
and Marginal Zone forming the base of the intrusion, to albite (Ano_7) in the

Central and Upper Zone gabbros towards the southern side of the body,

No analyses from the Lower Zone were possible due to the highly turbid

and altered nature of the plagioclase grains in these rocks, The more

calcic plagioclase in the Marginal Zone, are also the ones showing strong

saussurttisatlcn.

The CaO concentrations in plagioclase from both Traverses 1 and 2 show
a markeal increase towards the northern contact (Figures 7 and 8), Values
range from less than 0,5% in the Central and Upper Zones to over 3,0%
in the Marginal Zone, This increase towards the base of the intrusion is

matched by increased amounts of AI:Pa' The Na20 concentration, by
contrast, shows the opposite trend, decreasing towards the Marginal Zone
and the chill margin, 1:1 trend matched also by Si02, The Na20 values

range from between 10,5 and 12,0% in plagioclase from the Central and
Upper Zonl9s, to less than 10,0% in the Marginal Zone,
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demonstrated that the abundances of large ion lithophile trace elements
are modified by alteration. Beswick (1982) demonstrated widespread

redistribution of Na20 and K20 In kornatlltlc suites, with no major

redistribution of 81°2, AI203, TI02, FeO, MgO and CaO. In contrast,

Condie (1981) showed significant changes in ~O, 8102, CaO, AI203,
MgO, Ba, Rb and Cs, from Archaean greenstone belts in general.

Closer to the study area, Jahn et el. (1982) studied secondary element

redistribution patterns in the Onverwacht volcanics. They found that, in
general, the alkali (Na, K, Rb, Cs and Li) and alkaline earth elements (Mg,

Ca, sr, Ba and Be) were more prone to alteration effects. The less mobile

elements include higl1 field strength elements - REE, Y, 2r, Nb, Hf, P, Ti

and some ferrom.9gnesian elements - Ni, Co, Cr and Sc.

In this study of the Sterkspruit Intrusion, Na20 and ~Ol along with Sr, Rb,

Ba, Cu and Zn, show widespread scatter of data points, indicating

element mobility. The major oxides such as MgO, 81°2, 1"i02, FeO (.lnC

AI;P3 and trace elements such as Zr, Y, Nb, Ni and V, can, however, lW)

used with a certain amount of confidence for geochemical Interpretation
and petrogenetic modelling.

5.5 Mineral Chemistry

5.5.1 Plagioclase

The compositions of Individual plagioclase grains were determined from
samples collected along the two main sample traverses, Traverses 1 and

2 described earlier. The highly altered state of most of the plagioclase

crystals, especially in the Marginal and Lower lones, often made

identification difficult, but suitable material Was available to provide an

aven~ge plagioclase composition for each sample. Tables 2 and 3 list the
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The Rare Earth Element (REE) abundances were determined using

Instrumental Neutron Activation Analysis (INAA) at the Schonland

Research Centre for Nuclear Sciences at the University of the

Witwatersrand, A list of selected cnondrlte normalised REE from Sections

1, 2 and 3 appears in Table 10,

5.4 Alteration and Element Mobility

Element mobility and superimposed sec: ndary element redistributions,

especially that of major elements, is an important consideration in

Archaean rocks when interpreting geochemical data, Rocks from the

Barberton greenstone belt and other Archaean-to-Proterozoic volcanic

terrains have been subjected to sea-water alteration, low-grade

metamorphism and surface weathering which has affected the element

distributions to varying degrees (Viljoen and Viljoen, 1969bi Condie et a/"
1977; Sun and Nesbltt, 1978; Jahn et aI"~1982; Smith and Erlank, 1982;

Viljoert et ai"~1982; Anhaeusser, 1985),

Due to the expected alteration, an Fe203/FeO ratio of 0,20 is used to

eliminate these alteratlon effects as much as possible, This ratio is

considered typical for Archaean mafic rocks (Smith and Erlank, 1982;

Maclachlan and Helrnstaedt, 1995). All whole rock analyses presented in

this study express total Fe as Fe203(t), with FeO and Fe203 values

calculated using Fe20/FeO :::0,20,

Sun and Nesbitt \ ' ) have shown that elements such as Tl, V, 2r, Hf,

Sc, Nb, P and tf19 REE are fairly immobile during alteration,

metamorphism and w~';Iatherlng,They also demonstrated, however, that

crystalline Archaean basalts may show an increase in LREE, with HREE

patterns rernamlnq flat, along with Eu mobilisation, O'Nlons alid

Pankhurst (1978), fonawing studies of early Archaean rocks,
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other dykes in the study area, as well as to the Bterkspruit Intrusion and

.he komatlitic basalts, Comparison are also made between the Sterkspruit

Mafic Dykes and diabase sills which intruded the Uitkomst Complex,

situated approximately 18 km northwest of the study area, Comparisons

with these sills are made because of their close proximity to Sterksprult

and because their ages have been constrained to being younger than the

2025 Ma Uitkomst Complex (Kenyon et a/" 1986),

5,3 Analytical Techniques

Whole-rock and trace element analyses were determined in the Geology

Department of the University of the Witwatersrand, Johannesburg.

Samples from the study area wefe crushed using a steel jaw crusher and

ground to a fine powder (-300 mesh size) in a tungsten sleb mill. The

major oxides (S102, Ti02, AI203, FeO, iF'0203'MnO, MgO, Ca20, ~O and

P20S) were determined on a Phillips PW1400 X-Ray Fluorescence

Spectrometer, on fusion discs prepared using the method described by

Norrlsh and Hutton (1969),

The trace elements (Rb, sr, V, zr, Nb, Co, Ni, Cu, Zn, Cr and Ba, as well

as Na20) were also determined using X-Ray fluorescence techniques, but

on pressed powder pellets, Full analytical results can be found in

Appendix A, Tables A1 and A2, while analyses of rocks of the main

zones, the mafic dyke groups and surrounding volcanics, can be found

listed in this chapter u, ;,..~r Tables 5, 6, 7, 8, 9, 11 and 13,

Major oxide and cation compositions of plaqlociases found in the gabbroic

rocks were determined using an Electron Microprobe Analyser at the

Geology Department of Rand Afrikaans University, Johannesburg.

Analyses are listed in Tables 2 and 3,
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82 in the UZ and 81 in the average chill margin composition (Table 5), is
in agreement with Archaean :zlge greenstone belt volcanic rocks> 3.0 Ga,
as recorded by Condie (1~d£11\\ The similarity in this ratio attests to an

Archaean age for the 8terkspr'li~ Intrusion, to be discussed in Chapters 6

to 8.

Compositional variations with stratigraptlic height are shown in Figures

13, 14 and 15. Trends are best shown by 8i02, A1203, MgO, Mg#, zr and

Vb. The variations displayed by these elements are typical of those

encountered across layered sill-like intrusions. The variation, especially
apparent across Traverse 'I, shows a fractionation trend from the floor of
the magma chamber upwards and from the roof of the chamber inwards,
These fractionating fronts converge at the most evolved composition, the
quartz diorite, located approximately 60% of the way up the body. Thls

trend, however, is not symmetrical due to the cumulate Nhlch formed
on the floor of the chamber, some 50 m into the crystClIII$ingbody. Note

that incompatible trace element abundances initially decrease steadily
over the lower 50 m (MZ), attain their mlnlmum values in the cumulate LZ
and then increase upwards, reaching 1:1 maximum in the QD zone. The
element abundances also Increase from the upper rnargin of the UZ

towards the OD, and show an overall higher abundance than lower in the

sequence.

The low concentration of Zr and other Incompatible elements In the

cumulate LZ is conslstent with a similar association in the Kamiskotla
gabbroic complex in western Abitibi 8ubprovlnc<'ll Canada, described by

Barrie et al. (1991). According to them, lncompallble element variations
are ascribed to chanqes in the mode of CIJII~qlusand lntercumuius
phases. The increasing concentration of these e!emelils up-section In the
Sterkspruit Intrusion Is attributed partly to a decrease In the cumulus
phases.
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MgO values are higher in the MZ and LZ where they range from 5.0 • 9.7
%, falling drastically to 1.3% in the QD. The high values In the lower

portions of the body are again a reflection of the cumulate processes as

well as the presence of more orthopyroxene in the assemblage than
higher up in the gabbro series. MgO values in the upper zones are
generally lower than the MZ and LZ, with th~ CZ and UZ recording values
of between 3.0 and 5.8%. CaO remains constant throughout the body at

around 7.0 - 11.0%, except in the QD zone where it drops to 5.9%.

The above major oxide variations are mirrored by the Mg#:. The
magnesium number (Mg#) Is an Index using the MgO-FeO ratk, to

measure fractionation during the evolution of an Igneous sequence
(Rollinson, 1993). The Mg# for the Sterkspruit gabbrolc rocks has been
calculated (as an atomic fraction) as 100[Mg2+/Mtl~++ Fe2+], The MZ and

LZ have Mg# of about 60, reflecting the cumulate processes that took

place lower down in the body. The Mg# drops to about 42 in the CZ and

UZ and 20 in the QD reflecting the more fractionated nature of this zone.
The low values from the CZ and UZ match that from the chili margin (Mg#
composition 42 .. Table 5) and confirm the evolved nature of the parent
magma,

In the case of trace elements, a slightly different variation can be seen.
The lowest Zr concentrations (46 ppm) are reached In the cumulate LZ,
While average Zr contents of about 64 ppm are recorded In the MZ and
ez. The UZ Is enriched in Zr, averaging 108 ppm, While the QD records

the highest concentrations of 16" ppm. This behaviour of Zr is matched

by the other incompatible trace elements, Y and Nb. The low Incompatible
trace element values In the cumUlate LZ are typical of rocks formed by
cumulate processes. These elements are excluded from the plagiOClase
and pyroxenes, whloh are the main cumulate phases and are enriched In
the liquid squeezed out from the crystallising oumulates, 'TheTIIZr ratio of
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'rQPle a: Whole·rock geochemical dnta from the Sterksprult Irllruslon •
Central Zone lind Qunrtz blorlte

nRmple 5026 S027 5040 5049 5050 5051 SG20 qu~~ Olorllo
Traverso 1 1 2 2 ~ 2 1
wt%
Slo, 4900 5021 4a~O 5174 5009 50.23 GO60
Tlo, '.73 2.21 tn 131 185 1.92 U3
AI,o, 1392 1295 1355 14.33 12.70 1314 11.55
FOIO,lt! 1631 te.so 16.98 1293 15.96 -e.es 1208
MnO 017 0.20 0.17 017 020 0.21 0.18
MoO 4.93 411 $.18 5.15 578 4.60 130
CuO 10.13 9.21 1.83 9.21 863 7.811 5.\13
Nfi,O 240 228 250 222 1.42 300 251
1<,0 011 0.07 022 0.12 0.16 012 0.09
P,o, 0.09 0.14 012 0.13 0.12 011 031
~ol 21G 1.91 1 S3 lea 2.04 2.10 3.83
TotBI J!l.1Jli 1QQ.ll.2 iMl. rulZI Il&ill J.QQ.2A ~
Foo 12.50 1282 12.96 9.67 12.20 12S0 9.68
Fo,O, 2$0 25B 259 1.07 2.44 2.51 1.94

ppm
IU, 15 10 11 12 17 18 12
sr a1 6G 81 125 74 01 8~
V ~I 32 27 2S 27 27 ae
Zr 55 7~ 60 71 59 67 161
Nb 6 e 5 6 $ G 10
Co 40 41 fiG 31 4G 40 13
HI &1 0 G2 41 85 5 I
CU 219 71 18~ 44 127 92 29
tn 83 101 95 71 107 102 52
!lu 9 4 14 B 15 ~7 8
TI 1.4 1.7 1.2 1.0 1.4 1.6 1.1
V eSI 562 GAS 402 100 eel 28
Or 0 0 0 9 4 0 0
l'l/Zr laa 176 171 102 189 113 63
lilY 429 418 3ae 214 411 419 127
ZrlY • ~ 2 3 2 2 2
ZrlNb 12 12 11 14 12 13

I
17

mgtl 41 36 44 48 40 OS 20

dlr.tnl1ca m 170 210 160 100 200 220 240

Flla03(t)

mgll
dlntnllao In

Totnl Fe as 1'0103 Poe nllq 1'020) cnlclllniad !lulna FOa031Fao rntlo = 0,2

lOG [MgH, Mylt + Foli
Distance In InQlrQ$from tho b~s<1011110Intrusion



Tabla 7 !conllnued ... ): Whole-rock geochemical data from the sterksprult tntrualen- Lower Zohe

cnh\plo P1G PiG P17 P19 P21 P24 P26 P27 pa1
trnvors. a 3 3 3 3 3 3 3 3 -WI%
$10, 50.97 1i061 50.94 60.96 6109 5143 51.46 51.19 51.00
ne, 0.69 nee Qe7 078 om 0.70 0.79 01a 070
AI,o, 1803 1600 1123 16.39 16.48 Ufa 14011 15.01 1,1.30
1'0,0,(1) 1110 1042 1017 1007 aso 11.87 11.81 11.48 11.70
MilO 0.13 013 0.12 011 014 017 015 016 0.10
MuO 7.64 7.49 685 6.95 7,07 8.90 854 7.E6 903
eee 7.24 878 a.61 a.83 a.as 804 029 836 M6
Hn,O na 205 2.74 2.0G :lOG 16B 1.D2 1.85 1.87
K,o 024 035 026 0.63 052 0.30 011 0.22 0.13
~,Ol 00. o.oa 0.00 0.07 0'0 009 0.10 0.09 0.04
LOI 2.9~ :173 2.84 276 274 2.77 2.M ao 2.94
Tolnl M DW 1Q.QM Wi DMl! .tllQ.QJ. l1W. ~ 1QQ.Ji

FoO 8.41 7.95 7.76 7.G9 7.56 90G 8.91 a75 8.98
Fo,o, 169 159 155 1.54 1.51 181 1.79 1.75 1.90

ppm
Rb 13 17 14 21 24 16 9 12 7
Sr 68 1M 126 m 119 01 92 00 73
V 1~ 16 1$ 10 19 18 14 16 14
Zr 41 61 41 47 41 60 41 45 40
Nb 3 4 3 4 5 3 4 4 2
Co 52 47 39 42 41 49 50 40 6~
NI lOG 110 99 9'1 10~ 129 1a2 114 132
cu 10 14 12 22 10 7 a 8 1
Zn S1 79 DB 79 70 111 91 90 87
Iln 32 42 30 63 04 30 ';;7 34 30
TI 0.6 0.6 OG 0.7 O.B ae 0.7 0.7 o.a
V 190 220 226 234 215 229 249 252 222
cr no 216 191 100 202 246 ~.9 202 2eO
TI(Zr 100 11 97 gO 65 04 110 105 lOB
TIIV 306 221 275 291 214 240 330 322 297
Z"Y 3 3 3 3 3 3 3 3 3
ZllNb 15 12 14 13 0 la 12 11 18
matl S2 63 61 82 ~3 64 63 62 ~4

~ - 95------;00-dlslnnco rn 61 ..L...- 71 14 77 81 64

FaI03(1)

mu#
disjunct) m

Toll\) Fo n5I"o~o$ FeO Rlld FG203 ~tllc~IDtod 11$(nll 1'0IO)IFoO r~llo " C.2
100 (Md'+/1I102+ + Full,
DlstnncQ In m&tros from IIlo ~nsG of tho hllrusloh



Table 7: WholHock geochemloal data frem the sterksprult lntruslon- Lower zene

s"",plo 5024 5025 5045 5046 11047 P10 P11 P12 P1a P14
Trav.r •• 1 1 2 2 2 - a 3 3 3 3
wt%
510, 5126 5245 5143 51,44 50.31 61.47 51 G9 51.34 5M2 5087
no, 0.73 0.92 067 M2 0.70 076 0,73 0.72 0,76 0,69
AI,o, 16.09 16.68 lMI 15.63 la.o2 1317 14.04 lil.06 15.01 15,90
1'0,0,(11 1052 an 1071 10.85 10,53 12.02 11,55 1070 11,10 10.45
Milo 017 014 o IS 0,18 0.15 0,14 015 0.15 013 (1M

MUo 723 4,88 781 7,63 653 900 8S8 7.38 1,911 7,39
OnO 9.16 11.41 S.37 878 0,30 70e 7,35 7.85 7.S0 7.67
NnlO 247 227 1.04 1.54 I.4S 169 US 2.66 282 297
K,o 013 0,14 0,15 012 003 0,29 0.30 0,19 023 0,18
P,o, 010 0.13 0,01 0.07 0.10 000 0.08 009 0,09 O.Og
Lol 213 172 2a~ 265 3.91 M7 264 2,81i 2.89 3,75
T~{nl ~ .1QW ~ eu.l 2M.l aw ~ ~.[l .1.ll!l~ .1Q!L11

~~o a 03 1.43 818 8.28 8.04 9 18 8.82 8,17 8,47 196
fD,o, 1,61 149 164 1.56 1.Gl 1.84 170 1.63 1,69 IGO

ppm
Rb 10 9 1~ 11 9 13 14 10 13 10
&r 97 114 107 Ill2 111 74 85 lOa 102 92
Y 17 23 lQ 10 24 16 14 17 19 16
Zr 42 51 39 49 60 45 40 45 52 45
Nb 4 4 b 5 6 , 1 3 3 4
Co 35 29 43 36 31 49 MI 41 46 41
NI 103 89 12: 109 97 134 10J loa 123 110
011 13 SG 3' 18 9 2Q 38 9 10 1·1
2n 72 5" ee as 67 87 84 76 81 83
Bn 17 10 24 16 7 38 40 34 30 35
TI 0.6 O.S 06 0,1 o.a 07 O,G 0.7 e.G a.s
V 213 200 211 244 230 244 225 239 239 233
or m 123 249 197 153 201) 207 243 2GO 221
Tltzr 105 107 102 100 91 101 95 96 89 91
't11Y 262 240 226 282 189 280 305 250 235 283
Zr/Y 2 2 2 3 2 3 3 3 3 3
Zr/Nh 11 12 9 10 11 22 39 18. 20 11
1n1J# 62 54 63 ~2 S9 64 84 e~ 63 62-.
t.!!!!!.~nc.OI_no 110.~ 50 65 _ll'5 45 48 49 ~1 65

FOt03(1)
mgtl
dI~tl1ncQn,

Tem! .!I.'~1'010,
• '\0 [MO~+'Mg~+'f. Fo2~
OlstMcu In motros froln tho hnsa of tho Inlruslon



Table G: Who la-rock geoohemlcal elata from the Sterksptult h1trLlsion • Marginal Zone

$nmpla 5022 5023 5039 5040 5041 $042 5043 S044 P1 P2 P3 I"t, PG pa P7 PO
Trov.r •• 1 1 2 2 2 2 2 2 3 3 3 3 J 3 3 3
wt%
SIO, 52,63 5\,17 53,54 5Ma 52,64 52,10 sal 51A8 53,36 52,71 53.26 52.69 5tG8 52,19 SUB 50.51
TIO, 0,99 072 1.3~ 1.27 1.07 Q89 ca7 0.76 1.14 0,a9 1.15 0,03 MO 091 0,80 MO
AI,O, 11.89 15,31 13,16 1330 1247 1265 13,73 1460 13,33 1:1,M 13,33 1213 11.49 12,30 13a7 14,70
F.,O,lt) 1395 lL7G 14.11 13.11 13,66 1288 1241 1147 13.41 12.87 1383 130a 1M2 1300 12.38 12.60
MnO 0.20 0.15 020 022 021 0.22 019 0.15 0.20 0,18 0.20 019 Q,19 0.16 0,15 0,14
MUO 8.$2 8.07 512 576 735 8,40 7,6a 1.M 609 8,10 6,16 8.73 9,70 7,Sa 8,13 8.78
CnO 7.08 8,64 HB 7,17 7,91 7,27 770 8.42 777 7.41 7,91 1.51 ~,92 1,16 8,22 7,35
No,o 2,04 1.11 4,$0 4.39 1.98 2.0$ 1.14 120 2,20 185 1.73 229 104 2,01 2.02 204
K,o 0,22 0.15 0,07 0,10 005 0.10 0.14 0.14 017 0,24 0.10 015 0,11 020 0,17 0.21
P,o, 0.11 0.01 0,20 0,22 013 012 012 O.O~ 013 0.11 0.12 010 O,IQ 0.10 0.10 0.11
Lol 2.$0 2,89 lA3 1.42 230 275 246 2,08 1.08 2.1'7 2,04 219 2A9 2,34 233 ~,8a
Totnl 1!lQJ.4 J.QQJQ .1J1.t.2Q 1~ U M 2U4 iM§ U ~ 2W .1MJ1 2W 2a~ ~ J.QQJQ

rllo 10,65 Q,S8 10,17 10.05 10A3 983 947 0.70 10,28 9.82 1056 Me 9.94 9,92 045 M~
F.,Oj 213 1.80 215 2,01 2,09 1.97 189 1.75 2,0$ 1.aG 2,11 2,~n 1.99 198 189 1,92

ppm
Rb 16 12 12 11 12 10 14 14 9 11 B 8 8 10 9 14
8r 72 94 93 68 08 011 01 97 96 sa 90 94 130 III 128 80
Y 25 10 39 44 31 26 24 19 31 25 28 25 22 23 20 20
Zr Bl 4Q 101 93 79 62 84 53 85 85 78 61 07 00 52 53
N~ a G 7 G G 0 B 5 6 5 0 5 5 6 0 5
Co 02 44 3~ M 44 47 48 42 sa 52 sa 5' 53 56 51 53
NI 133 122 GO 07 lOB 128 121 125 so 120 82 129 Isa 121 119 m
CU 02 60 43 61 09 93 54 53 62 eo 59 112 62 52 48 26
Zn 110 126 92 93 107 gil 87 84 93 116 eB 161 67 91 80 101
Bn 32 11 14 15 11 15 20 20 30 40 20 34 25 30 30 33
1'1 O,G M to 1.0 O,S oa 07 0,7 O,g o.e D,S 0.0 0.7 0,8 07 0,7
V 218 214 347 3B3 204 201 250 220 316 2GG 304 277 273 26U 245 248
Or 282 24G 74 as 204 2G6 250 2GO 131 267 144 ?ga 295 251 249 299
Tll%r 97 6S 70 82 61 0'/ 81 se 00 63 06 92 00 93 102 91
TIIY 242 235 202 113 207 209 215 234 222 218 248 22Y 242 235 2aS 230
%11'( 2 3 3 2 3 2 3 3 3 3 3 :I 3 3 3 3
Zr/N~ 11 10 14 15 14 14 1.: 11 15 16 13 13 1$ 10 9 11
.~a# GO 62 40 50 G6 ao So 62 at GO 51 at e4 59 6\ 02._ -dlutanQ. rn 15 40 2 5 1~ 19 lL_ ~D 2 3 5 13 20 ..2§, 28 3B

FOIOl(t)
mgli
dllltaM~ h1

Totnl Fo as FatOI FaO nnd FOa03cnl~lIlntad Ilainu Flla03'FaO rnllo = (l,lI
100 lMg2+/ MuH + !'IIH)
Platnl1co hI motres froill tho bnsQ of tho Intrllslon
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5.6.3 Major Oxide and Trace Element Varlatlon

The whole-rock geochemistry of the Sterksprult Intrusion has been used

to separate the body into a number of zones. These zones, which were

described petrographically in an earlier section, can be more accurately

subdivided on the basis of geochemical variations. The whole-rock
analytical data from the Marginal Zone (MZ), Lower Zone (LZ), Central
Zone (CZ), Quartz Diorite (QO) and Upper Zone (UZ) is listed in Tables 6
to 9. Based on chemical differences the body can be subdivided into

cumulate-textured gabbros forming the LZ and parts of the MZ, Tl-rlch
ferro-gabbros forming the ez, quartz-gabbros forming the UZ and a
quartz diorite horizon (QO), only observed on Traverse 1 between the CZ
and UZ (Figure 4).

SI02 and TI02 show similar chemical trends in the lower and upper

sectors of the gabbroic l'l)dy, with both having overall higher contents in

the upper zones as compared to lower in the sequence, 8102 varies
between 50.5 - 53.5% in the MZ and LZ, and between 53.0 - 56.7% in the

UZ. As INel1 as Increa'3lng upwards from the lower margin, 8102 also

lnoreases from the upper margin downwards towards the QD horizon

which Is located approximately two thirds of the way up the body, The

SI0:2content in the QD is 60.6%. TI02 values are between 0.8 •. , ,3% In

the MZ and LZ and averag,e 1.5% in the UZ. The Central Zone is enrlchec.l

In 1'102 (1,3 - 2.2%) as well as In Fe (average 16.6% Fe203(T»)' which
distinguishes this zone from the rest of the body.

AI203 remains constant throughout the gabbrolc body with concentradons

between 11.5 ~ 14.8%, except in the case of the LZ, where it reaches
13.7- 17.2%, in response to th0 cumulate development and the more
felsic portions of the laYtil J(lg.
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Figure 11 5102 VS Total Alkali diagram (or rocks from the sterkspruit Intrusion
showing the tholeiitic composition Of the gabbr<) (after MacD(IOald
and Katsura, 1964).

o UPPER ZONE

Q OUAI1TZ DIORITE

a CI!NTRA~ ZONE

+ I.OWEIl Z(lN"

• MARarNA~ ZONE

)( CHI!.1. MAROIN

Figure 12: Cation ternary dIagram (Fe~'+Fe3t+Tl- AI ..Mg) of the Sterkspruit
Intrusion (aftel' Jenson, 1976).
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F (FaO+Fe203)

o UPPER :tONE

o OUARTZ DIORITE

"CENTRAL ZONE

+LOIIER ZONE

• MARGINAL ZONE

X CHILL MARGIN

Figure 9 : ArM (Na20+K20 - FeO+re20~- MgO) diagrl:lm of the sterksprult
Intrusion showing the gabbroic zones and Fe enrichment trend.

F (FeO+FazOa) 5__ 5 STEI1KSPRUI T lNTRUS I ON

T .~ _'r STOLZSURG coMPLEX
(ANHAEUSSER, 1985 )

K _K SKAERGAARO INTRUSION
(WAGER I BROWN, 1966

U" • ....JJ USUSIIWANA COMPLE)(
(HAMMERSECK d 962)

M •• ,.M ~.t..io~mf~~rl)~ILL
·1 %~I~~EW~~ntl)f()'t\lqm\8~

.2 ~%M8N~O~6Ue~xOF

~I M
(Na20+K20) (MgO)

Figl.u'e10: AFM (Na2o+K2o. FeO+Fe203• MgO) diagram comparing the
Sterkspruit Intrusion to trends from other layered complexes.
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The complete suite of samples from the Sterksprult Intrusion have also

been plotted on a silica (SI02) vs t:otal alkali (Na20 + Kz0) diagram

(Figure 11). The gabbroic rocks shows a subalkaline, tholetlfic character,

consistent with the composition of some gabbros from Barberton layered

complexes and Archaean basic volcanic and intrusive rocks elsewhere in

the world (Viljoen and Viljoen, 1969c; Anhaeusser, 1985),

On the Kaapvaal Craton, baslc-to-ultrabaalc intrusions having the same

tholeiitic nature as the 8terkspruit Intrusion (as shown by the silica vs total

alkali diagrams), include the Pre-Bushveld and Waterberg sills (Sharpe,

1981), the Usushwana Complex in Mpumalanga and Swaziland

(Harnrnerbeck, '1982), and gabbros from the Upper Division of the

Stolzburg Complex (Radel, 1993), The Ultkornst Complex, however, which

is situated on the edge of the Transvaal Escarpment close to Badplaas is

comprised of gabbros and diabase sills, more alkaline in character than

the rocks of the Sterksprult Intrusion (Allen, '1990).

A Jensen (1976) cation plot was also used to olasslfy the subalkallne

gabbroic rocks from the Sterkspruit Intrusion. The proportions of the

cations (Fe2+ + Fe3+ + Ti), AI and Mg were recalculated to 100% and

plotted on a triangular diagram (Figure 12). The liquid composition of the

body, represented by the chill margin, as well as the rocks from the

Central and Upper Zones, fall in the field of high-Fe tholeiites. The quartz

diorite sample, significantly, plots In the andesite-tholeiite field and Is

consistent with this rock being a late-stage differentiate. The gabb from

the Marginal and Lower Zones form a distinct grouping within the high-Mg

tholeiite field, but this relationship is ambiguous as these compositions

are cumulate enriched, and hence higher MgO contents are to be

expected,
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5.6.2 Classification

A composite ternary plot of A (Na20+K20) ~ F (FeO+Fe203) ~ M (MgO)

(AFM diagram), shows the Sterkspruit gabbroic suite forms an overall

linear Fe~enrichment trend typical of the initial differentiation trend shown

by some tholeiitic suites (Viljoen and Viljoen, 1970; Jaques, 1976; Sharpe,

1981; Harnmerbeck, 1982; Hunter and Sparks, 1987). The main zones

comprising the gabbroic intrusion plot as distinct, though in places,

overlapplnq fields (Figure 9). The Marginal and Lower Zones plot in fields

closest to the MgO apex, which is consistent with the northwestern

section forming the base of the intrusion, with a differentiation trend

towards the Central and Upper Zones in the southeast. The Lower Zone

gabbros, in addition, form a much tighter grouping and plot closest to the

MgO apex. The Marginal Zone samples display a spread of points from

the chill zone (X) towards the Lower Zone.

The overlapping Upper Zone and Central Zone fields plot towards the

FeO+Fe203 apex. The quartz diorite sample (SG28) lles on an Fe-

enrichment trend closer to the FeO+Fe203 . Na:;p+K:p tie line than the

Central and Upper Zones, and is consistent with this unit being a late

stage. more differentiated portion of the intrusion. The average chill zone

composition (X) plots within the Central and Upper Zone fields.

The marked Pe-enrtohment trend shown by the Sterksprult Intrusion has

close similarities with the trends of the Usushwana Complex

(Hammerbeck, 1982), the f:ikaergaard Intrusion, and the Mt Kilkenny

Intrusion (Jaques, 1976) (Figure 10). These trends Indicate tholeiitic

affinities and similarities between them will assist in modelling the origin

and crystallisation sequence of the Sterkspruit body.
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The Marginal Zone gabbro Is charactertsed by flat to slightly lig',t rare

earth element (LREE) enriched patterns, with REE abundances between

20 and 30x 01 chondrlte values (Figure 19a). The average (LalYb)N ratio
Is 1.08. Small negative and positive Eu anomalies that are found (average
Eu/Eu* = 0.96), are produced by either plagioclase fractionation or
alteration at shallow depths (Condie, 1981).

The Lower Zone gabbro, by contrast, displays slightly LREE depleted,

sloping patterns with positive Eu anomalies (Figure 19b). Th3 Eu/~:u*
averages 1,3, varying between 1,04 and 1,77, The concentrations of

these REE vary between 10 and .20x 01 ohondrlte abundances and the
(LaITb)N ratio averages 0.72. Petrographical evidence from this zone,
which shows plaqioclase cumulates ln diffLISEIlayering and segregations,

suggests that plagioclase fractionation Is tl'1e cause of the positive Eu

anomalies. This zone, compared to the rest of the gabbro, displays the
greatect degree of REE fractionation as well as the lowest element
abundances.

The Central Zone gabbro Is characterised by flat, slightly convex upwards
patterns with REE abundances averaging ap")ut 20x ohondrltlc. The
Eu/Eu* anomaly is about 0.92 while the (LaITb)N ratio averages 0.9
(Figure 19c), Lastly, the Upper Zone gabbro has flat REE patterns with

ReE abundances between 20 and 40x C1 chondrite values. The ratios
are very similar to the Central Zone, Eu/Eu'" ~ 0.97 and (LaITb)N= 0.92
(Figure 19d).

The patterns observed in the Sterksprult gabbroic rooks compare

favourably with those of Archaean komatlltlc and tholeiitic basalts.
O'Nlcns and Pankhurst (1978) found that tholeIItic volcanics from early
Archaean terrains have low Incompatible element centents and LREE
depleted or flat R.SS patterns.



Tllble 10 : AVerllge chondrlte normalised rare earth element ahundances from the Sterksprult Intrusion

GdLn Ce Nd
" ..,...;..·.."'I1"'."'··"" .•_u; ___ ""'..,''''·_,;<-''_,'''-''", ...·~_· ..''"··'''"~··"''''''''·'"-<

1m 29.94 29.22 27.54
Ml! 11.38 17.56 17.26
MZ 20.09 20.01 18.40
LZ 8.19 9.91 11.43
LZ 9.96 11.22 11.1:l2
LZ 8.34 8.62 8.73
CZ 19.88 19.60 17.73

Sm Eu

26.77 26.44
16.83 '1'7.02
1$.02 1S.sa
17.47 13.35
22.03 13.58
12.92 10.a3

26,71 30.66 34.06 34,89 o.ee 1.01
16.96 16.71 16.55 16.43 1.05 1.01
1451 13.23 11,75 11.53 1.79 0.90
14.74 14.15 13.8a 12.60 0.59 1.:.'19
15,84 11.31 17,18 11.91 0,50 1,17
11.26 11.75 11.30 11.21 0,74 1.27
17,4; 16,41 18,<.14 1S,09 1.08 0,98
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5.6.4 Rare Earth Element Geochemistry

Rare Earth Element (REE) concentrations were determined for a suite of

samples from the Sterkspruit Intrusion, using instrumental neutron
activation techniques. Selected samples, which in outcrop Were the least
altered, are located along Traverses 1 and 2 and Include a sample from
the chilled margin (SG38) at the base of the Intrusion in Traverse 2. Three
more sample sites are located towards the eastern portion of the

intrusion, with a further sample having being taken from the chilled margin

east of Traverse 3 (Figure 3). In addition, the REE values from Traverse

3, reported by Pospisek (1991), were used in this investigation. The REE
concentrations were normalised to chondrite abundances using the REE
abundances In chondrltlc meteorites as provided by EVensen et a/. (1978)

(Appendix A, Table A4).

The REE abundances from the Marginal, Lower, Central and Upper Zone
gabbros are listed In Table 10 and show a clear variation across the
intrusion. Typical REE patterns from gabbro samples in each of the malor
zones are discussed Using chondrlte-normallsed diagrams. These REE

patterns will also be compared to gabbro lithotypes from other layered

complexes In the Barberton area arid with Onverwacht volcanic rocks.
The europium (Eu) anomaly discussed In this section refers to the plotted
position of Eu which sometimes lies away from the trend defined by the
other REE on a chondrtte-normallsed diagram (Henderson, 1984). The
anomaly is expressed as follows:

Eu'" Is the value obtained at the europlum position by straight line
Interpolation between the plotted points for Sm and Gd.
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On all the bivariate diagrams the separation of the gabbroic rocks into

zones is clearly evident. Fractionation paths, or liquid lines of descent,

are best demonstrated by the Marginal, Central and especially the Upper

Zones, which display strong geochemical coherence between the major
elements. The LZ, being comprised of cumulate plagioclase and
pyroxene, rarely forms distinct trends and Is excluded from modelling

processes.

A point of inflection, marking the apparent change in direction of the liquid

path, can be seen on the variation diagrams between the MZ and UZ

rocks. This trend, best seen on the Si02 plots (Figure 16a-c) and on the
MgO vs AI203 plot (Figure 17a), Is attributed to changing proportions of
the fractionating minerai assemblages. The MZ crystallised equal

amounts of pyroxene and plagioclase, while the UZ crystallised more

plagioclase than pyroxene (In the proportion of approximately 60 - 40%).
A definite path can be observed in the UZ rocks, from the chili margin
composition towards the QD. This confirms the postulated fractionation
trend seen on the height Variation diagram (Figures '13 and 14) whereby

the UZ gabbros l.~rysta"i~led(and the composition evolved) downwards
towards the QD zone. The Zr vs Nb incompatible element Variation

diagram also demonstrates this trend (Figure 189).

The Tl-rlch ferrogabbros from the CZ form a discrete group on bivariate

plots of 8i02 VS Ti02 (Figure 16c), Zr vs Ti/Zr and Zr 'IS NI (Figures
18b,r:), This zone could reflect the late stage crystallisation of Tl-rlch
pyroxenes and Tl-rlch oxides or could be unrelated tCJ the. rest of the

gabbroic body, forming a separate influx of magma, It has been observed

petrographically that leucoxene, an alteration product of 1'1..tlmenlte, Is
abundant In this zone,
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MgO, AI203 and the Mg#, all display a reverse trend to the incompatible

elements. They increase to the top of the MZ, reach their highest values

in the LZ and then decrease towards the QD. They also decrease
down-section, through the UZ, from the upper margin towards the QD.

The trend shown by MgO, Al203 and Mg#, mirrors the 'S'~shaped variation
of modal olivine with height in some basic sills (Gibb and Henderson,
1992). They ascribed this trend to gravity settling.

In the Mt Kilkenny sill in Western Australia, the MgO content also
decreases sharply at the top of the Lower Zone, a trend which Jaques

(1976) attributed to the cessation of olivine crystallisation. Radel (1993)
also desoribed an initial increase in the MgO content in the basal dunltes

of the Stolzburg Complex, prior to the development of a normal

fractionation trend. This she attributed to the Initial 'filling"effect' of the

magma chamber in a subvolcanlc sill setting. In addition, the MgO content

In olivine cumulates at the base of the Rozentuin body initially increases
upwards, before decreasing as in a normal fractionation trend (Radel,
1993).

The varlatlons of selected major oxides can be demonstrated on bivariate

plots with firstly SI02 (Harker diagrams) and MgO plotted on the x-axls
(Figures 16 and '17). Chemical variations are also shown on trace element
bivariate diagrams, with Zr plotted on the x-axls (FigLlre 18). F::>rsome of
the major oxide diagrams the composition of pyroxene and plagioclase

are also shown to provide clarification on tile fractionation processes that
have taken place. The source ()f these minerai cornposltlons to be used

for modelling purposes has already been described in section 5.5.2, and
are listed in Table 4.
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The mafic dykes are also plotted on a Jensen (1976) diagram based on

the proportions of the cations (Fe2+ + Fe3+ + Tl), AI and Mg, Figure 25

shows the wide range in compositions of these dykes, with the different

groLlps clearly differentiated. Group A dykes plot In the field for
calc-alkaline basalts while group B dykes straddle the boundary between
higll-Mg tholeiitic basalts and kornatlltlc basalts, The samples from groups

C and D plot in the komatiitic basalt field with group C closer towards the
Mg apex and group D closer towards the Fe+Ti apex reflecfing their high

Ti contents.

The dyke compositions are clearly different to the gabbrolc compositions
from the Sterksprult Intrusion, which range from high-Mg to high-Fe
',holelit.es (Figure 12), Some dykes from Group B are similar to the
Prsoambrlan dyke swarms reported by Sial et aI, (1987) who investigated

the differences between dykes from this time period and dykes In the
Phanerozoic. The Precambrian dyke swarms have affinities with
Mg-tholelltes while the Phanerozolo are similar to Fe-tholeIItes.

On an AFM (Na20+~O - FeO+Fe203 .•MgO) ternary diagram (Figure 26)
the mafic dyke data show a broad differentiation curve and plot In the

calc-alkaline field as defined by Kuno ('1968). The Fe-enrichment trend of
the Sterkspruit gabbroic rocks is plotted for comparison, The clear
separation of the data points from the trend line of the Sterksprult
Intrusion suggests there is no genetic link between the magma types
responsible for the intrusions.
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Table 11 : Average Whole-rock geochemical data of dyl(e groups from
the Sterksprult Mafic Dyke Swarm In comparison with dykes
of similar and younger age

Oyl<e A B C 0 Pre Post Karol'.)
Group Godwah rrahsvalll
Sample 1,2,3,1 4,5,6 15, 16 11,18 H.V.2 p.r.1 005.1
No. g -14
wt%

-_
SI02 64.8 52.6 49.1 52.3 56.8 63.? 61.4
'r102 0.4 0.4 0.3 1.1 1.2 0.6 0.6
AI203 16.4 12.9 11.9 9.7 14.2 6.8 7.9
re~03(t) 8.0 8.8 9.5 11.9 10.4 9.6 11.2
MI10 0.1 0.1 0.2 0.2 0.4 0.2 0.2
MgO 6.7 10.9 14.3 10.5 4.1 18.9 19.6
CtlO 8.8 B.O 9.0 9.1 6.2 6.1 7.1
Na20 2.0 1.3 0.5 1.2 4.4 1.0 1.1
KzO 1.9 1,5 0.8 0,9 0,9 0.9 0,3
PZOd 0.1 0.09 0.0'1 0.13 0.26 0,1'1 a.06

PPm
Rb 12 05 41 36
sr 254 136 87 202
Y 19 18 14 21
Zr 95 87 47 130
Nb 7 1 4 8
Co 32 49 58 58
NI 126 4'/9 591 466
Ou 26 29 36 117
Zh 64 61 62 78
DIl 300 233 111 270
TI 0 0 0 1
V 103 126 126 '\99
ar 213 1203 2024 1041
TIIZr 24 26 36 62
TIIY 122 128 124 316
ZrlY 6,1 4.9 3,5 6.1
Zrll~b 13,1 11.9 11 16.5
m!)# 62 74 78 67

Fe~03(t): Total Fe as Fe?,03
H.V.2 · Pre-Godwan dlabase dyke, Hazyvlf)w area (Robb, 1977)·
P.T,1 , Post-Transvaal Intrusion, south of White River (Robb, 1917)·
ODS. 1 · Karoo"age dolerite sill, west of Sabls Sands (Robb, 1977),
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5.7 Whole-rock Geochemistry of the Sterkspruit Mafic Dyke Swarm

5.7.1 Introduction

The northwest-trendlnq dykes which make LIP the Sterksprult mafic dyke
swarm can be classified Into four main groups (A - D) based on
differences in their chemistry (Table 11). Figure 3 shows the localities of
the dyke samples and a complete list of whole-rock analyses appears In
Appendix A, Table A2. 111~ dyl<e samples forming these groups are as

follows:

Group A: samples SD.1, 21 3 end 7
Group B: samples ~D. 4, 51 6, 9,10,11,12,13 and 14.
Group C: samples SO. 15 and 16

Group D: samples SD. 17 and 18

5.7.2 Classification

On a silica" total alkalis (8102 vs Na20+K20) major oxide diagram (Figure
24) the sterksprult mafic dykes all plot In the subalkallne field below the

MacDonald and Katsura (1964) line. The dykes show a wide range In

SI02 and, to a lesser extent, alkali concentrations, Groups A to 0 can be
clearly distinguished on this diagram, with Group A plotting at the high
Si02 end and Group C at the low end, Also plotted for comparison are the
average compositions of the pra-Godwan, post-Transvaal and Karoo agE)

dykes after Robb (1977) The Sterl<spruit Intrusion is also indicated.
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Ti ~ Zr and Tl - Zr - Y relationship Indicates an association of these

gabbroic rocks with ocean floor basalts and low-K tholeiites. Exceptions

include the Central Zone Tl-rloh ferrogabbroic rocks which plot as a

separate group not related to any reported specific tet.L "lie setting. The
Sterkspruit gabbroic compositions also show an airtllatlon with plate
margin basalts on a ZrlY ..TilY discrimination diagram (Pearce and Gale,
1977) as opposed to within plate basalts (Figure 23).

The trace element associations from the Sterkspruit body are comparable
to +.hl.tholeiitic and andesitic basalt trace element relationships from the
Kromberg Formation (Conway, 1985) as well as the high..TI basalts from
the Lower Onverwacht Group (Smith, 1980). Smith ('1980) also dr~w an
analogy between the Onverwacht lavas and back-arc basin lavas,

pointing to similarities In their chemistry, Exceptions include higher K, Rb,

Os, Sr, Ba and REE's in the arc-related basalts, which he felt could be
related to sea-water contamination.

In a description of the geochemical characteristics of Precambrian

basaltic greenstones, Condie (1990) concluded that basalts with island-

arc affinities are dominant in the Archaean and that basalts with MORS or

within-plate geochemical characteristics are rare in Precambrian
sequences of all ages,
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5.6.6 Trace Element Discrimination Diagrams - Tectonic Setting

Trace element discrimination diagrams are commonly used during

petrogenetic modelling to infer the original tectonic setting of a particular
suite of basaltic lavas, Due to their relative immobility, elements such as
Tl, Zr, Y and Nb are found to be the most effective discriminants between
baealts erupted in differing t 'tonic environments (Rollinson, 1993), Smith

(1980) alluded to certain assumptions which must be made when using

geochemical parameters for modern tectonic envlronmeots and adapting

them to infer Archaean environments, These assumptions include:

1) similar rnineralogical and chemical source compositions;
2) melting conditions through time were similar;
3) a particular geochemical feature is generated by a single process

which is diagnostic of a specific environment; and

4) plate tectonic processes were in operation in the Archaean.

Rocks containing cumulus phases may give erroneous results, so only the
chill margin composition and that of the quartz gabbro from the Upper

Zone of the Sterkspruit Intrusion have been included in the interpretation.

Further limitations, according to Pearce and Cann (1973), for tholeiitic
basalts Is that they fall in the compositional range 20% > CaO + MgO >

12%. On the Ti - Zr ~ Y discrimination ternary diagram after Pearce and
Cann (1973), the Sterkspruit data plots in the field assigned to MORB,
Island-arc tholeiites and calc-alkali basalts (Figure 21). Rocks plotting in

this field, however, give an ambiguous result and can be further

subdivided on their Ti - Zr relationships (Pearce and Cann, 1973). On the
Tl ~Zr diagram (Figure 22), the Chill Zone and Upper Zone quartz gabbro
compositions of the Sterkspruit Intrusion, representing magmatic liquids,
plot in the field for modern day MORS. According to Smith (1980) who
stud;·ad the tectonic setting of tholeiites from the Onverwacht·Group, the
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plotted from left tu right in order Jf increasing compatibility in a small

fraction melt of the mantle, as described by Rollinson (1993). The

normalising values used (listed in Appendix A, Table AS) are those of

Thompson (1982) with modifications fur the Ba value from Hawkesworth

et et. (1984). To overcome erratic patterns, due to the effects of fractional

crystallisation in different basalts of varying MgO content, Thompson et al.

(1983) recalculated the normalised trace-element data to make (Yb)N =
10.

The incompatible element contents of the gabbroic rocks from the

Sterksprult Intrusion are shown on a chondrlte-norrnallsed multi-element

diagram (Figure 20). Overall the elements are enriched at about 'IOx

chondrlte abundances and show flat patterns. Also plotted are the

average patterns from >3.0 Ga and 3.0 - 2.S Ga greenstone belt basalts,

as calculated by Condie (1990), average ocean island basalts (OIB), and

E- and N-type MORB from Floyd (1991). The Sterkspruit rocks show

similar flat patterns to the average greenstone belt basalts except for a

slight enrichment in elements Ba, Rb, Th and K in the basalts. These

latter rocks are also more enriched at about 10 - 20x chondrite. The

mobility of Ba is indicated by their low values in the Sterkspruit gabbro

samples.

The multi-element patterns do not show any similarity with average N-
MORS and seem to lie midway between the E-MORB and ocean island

basalt (OIB) patterns. Floyd (1991) painted out that the OIB have a wide

range of compositions that actually encompass E-MCRB, making them

difficult to distinguish.
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Condie (1981) proposed a two-fold classification of Archaean tholeiites

based on REE patterns. Firstly, TH1 (originally termed OAT) is

characterised by flat REE patterns with or without small Eu anomalies.

Abundances are about 10x chondrltlc, The TH2 group by comparison

(originally termed EAT) is characterised by LREE enriched, sloping

patterns between 10 - 40x chondrltic, According to Condie (1981), TH1 is

the most common tholeiitic rock type in most greenstone belts with TH2

becoming more abundant at higher stratigraphic levels.

Both these types of REE patterns were observed in tholeiites from the

Onverwacht Group by Condie ei et. (1977) who studied the effects of

alteration on element distributions. These authors found different patterns

between relatively unaltered flows and those flows displaying

spldotlsatlon and carbonation. The unaltered flows display LREE

enriched, sloping patterns (10 - 50x chondritlc), typical of TH2 tholeiites r.. 7

Condie (1981), while the epidotised and carbonatised flows are

characterised by flat to slightly LREE enriched paterns (,' a - 29x

chondrltlc).

5.6.5 Normalised Multi-element Diagrams (Spider Diagrams)

Normalised multi-element diagrams, more commonly called spider

diagrams, provide a 9raphical representation of Incompatible elements,

and are useful for depicting basalt chemistry and for comparing rocks with

each other. They are also used to measure deviations from primitive

composltlons, The incompatible trace elements are plotted in order of

decreasing incompatibility and are conventionally normalised to either

chondrltlc, MORB or primitive mantle values.

The trace-element concentrations form the Sterkspruit Intrusion have

been normalised to +l'f:~ composition of chondrltlc meteorites and are
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6.2 Comparison Between the Sterkspruit Intrusion and Other Mafic

( implexes

Comparisons are made between the compositions of gabbro rocks from
the Sterkspruit Intrusion and gabbrolc suites from intrusions In
Mpumalanga Province. These include the Stolzburg, Usushwana and

Uitkomst Complexes, as well as smaller pre-Bushvsld sills. A comparison

is also made with the Insizwa Complex, a younger Karoo age intrusion,

A direct comparison "'If major element oxides in gabbros from both the
Sterkspruit and Stolzburg bodies, initially shows them to be quite similar,

with the exception of MgO and Ti02. MgO has a higher range (5 ~ 'Ii %) in
the Stolzburg Complex (T;:able 12) compared to the 3 - 5% in the

Sterkspruit rocks, whlle Ti02 is considerably lower (average 0,55%)

compared to the 1.4% ill Sterkspruit. However, differences in composition
are seen on major element classification diagrams. It has already been
shown that a distinct tholeiitic Fe-enrlchrnent trend is displayed by the

Sterkspruit Intrusion on an AFM diagram (Na20+1S0 - F~0+Fe203 -
MgO) (Figure 10), which has no resemblance to the more ultramafic

tendency of the Stolzburg Complex. Gabbro samples from Stolzburq have
a wide scatter (not shown) on an AFM diagram, probably the result of the
alteration that is prevalent in that Complex.

The wide scatter of the gabbro samples from Stolzburg are highlighted on

an MgO-CaO-AI203 (MCA) ternary diagram (Figure 31) and a cation plot

of (Fe2++Fe3++Ti)-AI-Mg (rAM) (Figure 32). On the MCA diagram, the
gabbroic rocks plot between the Sterkspruit gabbro field and the field for
the Barberton type komatlltlc basalt. On the cation plot, the gabbroic rocks
from Stol;:::burg fall In the komatiitio basalt, hlgh~Mg tholeiite and
calc-alkallna tleld, In contrast, the Sterkspruit Intrusion parental magma
falls in the high-Fe tholeiitic basalt field.
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characteristics (Irvine and Ridler, 1972): they are pre-orogenic and

underwent the same regional deformation and metamorphism as the

related stratified rocks; they rarely show close relationships to faults; and
they have suba/kallne affinities, with the gabbroic rocks having modal
hypersthene and quartz,

6.1..5 United States - Midcontinent Rift, Duluth Complex

The Duluth Complex iI'1 northeastern Minnesota is composed of numerous
individual mafic layered Intrusions of tholeiitic affinity (Miller and Ripley,
1996). The complex was emplaced Into comagmatlc volcanics during the
development of the 1,1 Ga Midcontinent Rift In North America, Miller and
Ripley (1996) summarised the geological setting and the cumulate

stratigraphy and cryptic variation of six of thase intrusions looated in the
layered series comprising the Duluth Complex, These Intrusions, although
formed from similar tholeiitic basaltlc magmas, differ fundamentally In their
openness to maqmatic recharge, eruption, and assimilation during
crystallisation. The Sonju Lake Intrusion displays features consistent with

a nearly closed magmatic system, wherein cumulus augite crystallised

before ilmenite. The Partridge River and South Kawlshiwi Intrusions show
evidence of frequent magmatic recharge and country rook assimilation.
The Layered Series at Duluth shows a oycllcal progression of cumulates
and features strong crystallisation differentiation Interrupted by recharge
and eruption events. The Wilder Lake Intrusion differs from the other
intrusions in that cumulus Ilmenite appears before augite and that olivine
and augite compositions define an Inverted cryptic variation. Lastly, the
Bald Eagle Intrusion Is considered unique in that Fe-Tl oxide did not
appear as a cumulus phase despite cry~tailisation of cumulus augite,
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Skaergaard Intrusion become compositionally more evolved inwards from

the floor, roof and walls, culminating at the Sandwich Horizon, which is a
unit located at the Interface of the upper part of the Layered Series and
the lower reaches of the Upper Border Series. McBirney (1996) suggested
that the Sandwich Horizon represents a zone of convergence for the
fronts of crystallisation from the floor up and from the roof down. The
Quartz Diorite zone in the Sterkspruit Intrusion may have a similar setting
and origin to that described for the Sandwich Horizon.

Trace element variations with height in the Skaergaard Intrusion are also
similar to those of the Sterkspruit Intrusion. Incompatible elements initially
decrease in abundance across the lower Layered Series, then strongly
increase to reach maximum concentrations In the Sandwich Horizon,

Above this horizon the abundances again decrease Into the Upper Bortier
Series, but overall abundances remain higher than in the Layered Series.
McBirney (1996) attributed this to compaction processes operating In the
Layered Series, whereby only small proportions of segregating late
interstitial liquids (residual liquids) were retained, In ccntrast the Upper
Border Series lacked significant compaction and therefore r~talned larger

proportions of late interstitial 1IC:1.I1dsleading to higher element
abundances.

6.1.4 Canada ~ Superior Province

Intrusions in the Superior Province of Canada, described as normal

gabbroic bodies by Irvine and Rldler (1972), are distinctive In that they are
composed essentially of gabbro with only minor ultramafic or anorthosltio
components. They are described as tholeIItic bodies with the only
common acidic differentiate being small amounts of granophyre. Most
ultramafic and gabbroic bodies In the Superior Province are closely

associated with voloano-sedlmsntary belts and have the follOWing
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6.1,3 Greenland - Skaerqaard Intrusion

One of the best described examples of a e,hallow, differentiated layered

complex, formed from a tholeiitic magma, Is the Skaergaard Intrusion on
thet east coast of Greenland (Wager and Brown, 1968; Hess, 1989;
McSirney, 1996). Even though the Skaergaard Intrusion is much larger

than the Sterksprult Intrusion, measuring 6 by 11 krn, and Is associated
with a much younger magmatic event at 55 Ma, their exist many
similarities between these two igneous intrusions which can be used for
petropenetlc modelling of the Sterkspruit Intrusion,

The gabbroic Skaergaard Intrusion was emplaced Into Archaean gneisses
and Tertiary basalts as a moderately evolved tholeiitic magma in a single,

prolonqsd pulse (McBlrney, 1996), The original magma followed a

differentiation trend characterised by strong Fe-enrichment and a late..
stage split Into two liquids, one rich in Fe, the other rich In silica, The
intrusion is subdivided into three major units: A Layered Series, an Upper
Bordar Series and a Marginal Border Series. The Layered Series is made

up of medium- to coarse-grained gabbl'os that can be subdivided Into

three zones, each of which, in turn, is also subdivided into units based on
mineralogical differences. Layering is prevalent throughout most of this
Series. The Upper Border Series is also SUbdivided into three subzones
based mostly on plagioclase composition. The Marginal Border Series Is a
sequence of gabbros that crystallised on the walls of the chamber.

Tha Skaergaard lntruslon displays differentiation mechanisms which may
have some relevance to the Ster!<sprult lrnruslcn, Crystallisation
processes oocur from the floor of the magma chamber upwards, forming
the Layered Series, from the roof downwards, forming the Upper Border
Series and from the walls Inwards, resulting In the development of the
Marginal Border Series, The plagioclase, olivine and pyroxene In tha
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Hammerbeck (1982) related the mafic rocks of the Piet Retlsf Suite to a
tholeiitic parentage which originated from a magma source that was

re-activated from time to time. He also described sills of the Thole
ultrarnaflcs and compared the parental magma to komatlltlc basalts of the
Geluk type from the Barberton Sequence.

6.1.2 Western Australia .. Mt Kilkenny Layered Sill

The Mt Kilkenny Intrusion is a small (6DOm wide) metamorphosed layered
gabbroic sill of Archaean age, situated in t~le Eastern Goldfields of
Western Australia. This intrusion was emplaced into a lower mafic -
ultramafic volcanic sequence which forms the lower unit of a basic to acid
volcanic cycle (Jaques, 1976). The parent magma is thought to be a

high-alumina tholeiite Which gave rise to an intrusion consisting of
non-cumulate marginal portions, cumulate gabbroic zones and a simple
layered sequence. A small amount of granophyre was produced as an
end stage differentiate. Based on a steady cryptic variation with heig'1t
shown by plagioclase and augite, Jaques (1976) suggested fractional
crystallisation from a Single magmElpulse by gravity settling.

Geocnemically, the Mt Kilkenny gabbroic rocks are hypersthene or quartz
normative indicating a saturated, non-alkaline magll'la type. Plots of oxide
Variation with height In the sill show an 'S'-type pattern, similar to tnat
seen In the sterksprult Intrusion. MgO Increases to the top of the Lower
Zone and then decreases steadily following a normal fractionation trend.
Jaques (1976) attributed this decrease Itl MgO at the top of the Lower

Zone to the cessation of olivine crystallisation, il02 and Fe ~re enriched
in the late-stage cumulate rocks of Mt Kilkenny, a feature also seen in the
O(ll1tral Zone of the Sterl<sprult Intrusion, This Increase Is attributed to the
late formation Of lntercumulus tltanomagnetlte,
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1) deposition of sediments and basic volcanics of the Pongola Sequence;
2) emplacement of the Thole ultramafic sills;

3) extrusion of rhyolites and dacites of the Amsterdam Formation; and
4) Intrusion of the gabbrolc and acidic rocks of the Usushwana Complex.

The igneous rocks of the Usushwana intrusive suite represent a case of
late Archaean continental magmatism (Hegner et al'l 1984). Using Srn-Nd

whole rock data, they interpreted an apparent age of ... 3.1Ga for the
gabbros as a mixing line between 2.87Ga old magma and older
continental crust.

The Intrusive rocks of the Usushwana Complex are subdlvlded into the
gabbroic Piet Retief Suite and the acidic Hlelt ,.e, both forming the two

outer limbs of the Complex. The western limb, reaching 4000 m in width,
is more continuous and extends as a narrow belt for about 90 km. The
main mafic rock types from the Plet Retlef Suite are quartz gabbro,
ferrogabbro, gabbro and hyperite (Hamrnerbeok, 1982). Quartz gabbro is
the most common type In which quartz Is (1 conspicuous constituent.
Weakly developed layering Is displayed in the ferrogabbro which contains

high ..TI contents. Magnetite layers form discontinuous lenses at several
localities In the ferrogabbro. The gabbro unit Is considered to be more
mafic than the other gabbroic types but shows distinctive uralltlsatlon of
the ferromagnesian components. The hyperite (ccrnperable to
hypersthene gabbro) is intermediate In cornposltlon between the sills of

the Thole ultramafics and the gabbroic rocks of the Piet Retiief Suite.

The granodiorite from the more acidic Hlelo Suite, occurrln,g Intermittently
along strike of the Plet Relief Suite, is considered to be partly a
differentiation product of the gabbrolc rocks outlined above with
assimilation of rhyolitic roof rocks also til possibility.
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CHAPTER SIX

COMPARISONS WITH OTHER MAFIC COMPLEXES

6.1 Description of Mafic Complexes

Mafic-to-ultramafic layered complexes have been described from many
Archaean terrains including South Africa, Australia and Canada. Mafic or
gabbroic intrusions, which are distinct from typical layered complexes
having kornatlltlc affinities, have also been described from the Archaean
through to the Tertiary. Many of these intrusions lack ultramafic lithologies

(such as dunites, pyroxenltes and peridotites) and can be associated with

tholeiitic rock suites (Condie, 1981). The smaller complexes are generally

lensoid and conformable with the sediments and volcanic rocks into which
they intrude (Condie, 1981), and many appear to be closely related to
volcanism, Jolly (1977) suggested that layered intrusive bodies represent
fractionated holding chambers from which volcanics were erupted, Tho
following is a brief description of some selected mafic Intrusions from
different Precambrian Shields that could have SOme bearing on the
characterlsatlon of the SterkSprllit Intrusion.

6.1.1 Southern Africa .. Usushwana complex

The Usushwana Complex is located in the southeastern part of the

Kaapvaal Craton, In Mpumalanga Province, between Plet Retief and
Amsterdam, extending into neighbouring Swaziland, The Complex, Which
has the shape of an Inverted 'h', extends in a northwesterly-southeasterly
direction for approximately 100 km. Hamrnerbeck (1982), described the
progression of events leading to the emplacement of the Complex as
follows:
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Condie et a/. (1987), following a study of the geochemistry of Precambrian

mafic dykes from the Southern Superior Province in Canada, suggested

that variations in incompatible element abundances within dyke swarms

resulted from a heteroqeneous mantle source. These authors further

suggested that the enrichment of highly incompatible elements reflects

enriched mantle or crustal contamination. However, constraints imposed

on crustal contamination by Condie et a/. (1987) include the requirement

of at least 20% contamination to explain enrichments of LlL. Such levels

of contamination, however, would change the bulk composition of the

dyke to andesite, which is not the case.

In a geochemical study of the Mackenzie dyke swarm in Canada, Gibson

et a/.. (1987) also described inter-dyke chemical variation and included

processes such as crystal fractionation as well as the dykes being fed

from several different high-level magma chambers, possibly of slightly

different ages and each having different magma chemistry. They also

considered possible crustal contamination of basaltic magmas and both

selective and/or wholesale aselmtlatlon of gneissic country reeks, Further

examination of the effects of contamination on the Sterkspruit dykes

would require studying samples from the chill margins and comparing

them with the compositions from the dyke interiors, which is beyond the

scope of the present investigation.

5.7.4 Trace-element Discrimination Diagrams - Tectonic Setiing

On the Ti - Zr - Y ternary discrimination diagram after Pearce anc

(1973), the Sterkspruit mafic dykes plots in the field assignec.j to

calc-alkali basalts (Figure 29). This setting is cont'rmed by the Ti (ppm) -

Zr (ppm) diagram after Pearce and Cann (1973) (Figure 30), In both

diagrams the Sterkspruit gabbroic rocks are plotted for comparison and

show the completely dissimilar source and tectonic setting.
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5.7.3 Binary Variation Diagrams

As mentioned in the introduction, the mafic dykes from Sterkspruit show

clear Intra-swarm chemical variation. The dykes are numbered genar-ally

from west to east across the study area and show, in this direction, a

steady increase in MgO and FeO and a decrease In 5102 and A1203• The

average compositions from each of the four groups is listed in Table 11.

Group A dykes, intruded into the western end of the study area, have high

Si02 (54.8%), AI203 (16.4%) and low MgO (5.6%). These dykes are in

close proximity to the trondhjemitic gneisses of the Nelshoogte pluton,

with sample SD7 located in a dyke hosted by this gneiss. The effects of

assimilation of the granitic material by the intruding melt are thought to be

the cause of the high Si02 and AI203 contents in these dykes. A dyke

located nearby, and "',.. -" "ng the main Badplaas - Barberton road, is

full of granitic lncluslons that have spalled off the sidewalls to the dyke

and provide support for the assimilation argument (C.R. Anhaeusser,

pers. comrnun.),

Group C dykes are characterised by low Si02 (49.1%) and high MgO

(14.3%), They also have the lowest incompatible element contents

between the groups with Zr and Nb concentrations of 47 ppm and 4.3 ppm

respectively. Group D dykes, adjacent to those of group C (Figure 3), are

TlO, rich (1.12%), low in AI203 (9.7%) and have the highest Zr

concentrations (130 ppm) of all the dykes.

These intra-dyke swarm compositional differences are highlighted in the

major OXideand trace element binary diagrams shown in Figures 27 and

28. A number of processes COI.Jldbe responsible for the differences seen

in dykes having the same orientation. These include emplacement of

magma at different times, crystal fractionation, variable degrees of partial

melting, crustal contamination and a heterogeneous mantle source.
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margin and 161 ppm for the Quartz Diorite from '(he Sterkspruit Intrusion.
Ti/Ir ratios from the tholeiites averages 82 compared to the 79 for the
Sterkspruit Intrusion. The average TilZr ratio of the andesites is 43
corresponding to the 53 from the Quartz Diori~e from Sterksprult.

1"he similarities between the Kromberg Formation tholeiites and the

parental (liquid) composition of the Sterkspruit Intrusion can be shown

graphically. On an MCA (MgOMCaOMAI203) ternary classification diagram

(Figure 33), the data from the Sterkspruit Intrusion is plotted along with
tholeiites from the Kromberg Formation (Conway, 1985) and tholeiites
from the Tjakastad Subgroup (SmNh, 1980). The bulk oomposltlon of the
Stolzburg Complex is also shown for comparison. This diagram clearly
shows the close affinity between the liquid composition (Upper Zone and
chill margin) of the sterksprult Intrusion and the tholeiites from the
Kromberg Formation. The tholeiites from the Tjakastad Subgroup have
lower AI203 and higher MgO contents than the tholeiites from higher In the
Onverwacht sequence, and plot in the hlgh"Mg tholeiite field.

The cation ternary diagram (Fe2+tFe3+tTi)-AIMMg (Figure 34), also
demonstrates the very close correlation between t, ,e tholeiites from the
l<rombElt'g Formation and the parental cornposltron of the Sterksprult
Intrusion. This diagram also shows the disparity between different tholellte
types from the Onverwacht Group.

An examination of the REE in tholeiitic basalts from the Kromberg
Formation by Gllkson and Jahn (1985), showed them to have Similar flat
patterns to some gabbrolc rocks of the SterksprLllt Intrusion. As previously
mentioned, the Marginal Zone and Upper Zone gabbroic rocks display flat
to very slightly LREEMenriched patterns at about 10 to 20x ohondrltlc
abundances. The REE from the Kromberg Formation, although reported
by Glikson and Jahn (1985) to have suffered alteration effects, likewise
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The Kromberg Formation conformably overlies the Hooggenoeg

Form~~tionand is developed predominantly in the southern partial" of the
Mountain Land. The type section is located along the Komati River gorge
on the west limb of the Kromberg syncline (Figure 1). A geochemical
study of volcanic lavas from this section was carried out by Conway
(1985). TI19se lavas were found to range in composition from kornatlltlc
basalt to tholeIItic basalt to andasltlc basalt. Whole rock geochemical
analyses from this area have been used to compare the compositions of
tholeiitic. basalts with gabbrolc rocks studied In the sterksprult intruacn,
Averagl~ geochemical analyses from these tholelltes and andesites are
listed In Table 14, while a more complete list of analyses is included In

Appendix A, Table A3.

The thclellttc basalts from the Kromberg Formation have MgO contents
ranging from 2.·' to 9.3%, averaging 5.5%, This compares with the 4.8%
from the Sterl<sprult Intrusion chill margin composition. The andesitlc

basalts average 3.8% MgO. The 8102 content in the tholeiitic basalts

ranges from 45.5 to 60.0%, aVeraging 51.5%, while the andesitlc basalts

average 58%. The tholeiites compare favourably with tile 52.5% 8102 In
the 8terksprult Intrusion chili margin. TI02 contents average 1.3% In both
tholeiitic basalts and the 8terl<sprult Intrusion ch!!1margin, and 1.5% In the

andesltlo basalts. The lower MgO, and higher SI02 and TI02 contents in
the andesltlc basalts are also a feature of the Quartz Diorite from the
sterkeprutt Intrusion. The CalAI ratio in the tholelitio basalts averages
0.46 compared to 0.48 for the 8terl(sprult Intrusion ohlll margin.

Trace element data from the Kromberg Formation are also similar to the
Sterksprult Intrusion. Unusually low sr values in tholeIItic basalts remge
from 36 to 507 ppm, averaging 142 ppm, compared to 104 ppm from the
chill margin of the sterksprult Intrusion. Zr contents average 100 ppm for
tholeiites anrj 224 ppm for andesites compared to 102 ppm for the chili
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Table 14: Average whole-rock geochemical data of tholeiitic and andeeltlc
basalts from the onverwacht Group

TholeIIte Andesite l.oW-Ti High·TI
Tholeiite Tholeiite

2 3 4

wt%

Sl02 51.6 68.1 61.6 51.1

TIO:! 1.4 1.6 0.6 1.4
AJ203 14.2 13.1 16.1 14.0
FeO 9.6 7.8 8.2 11.4
FeZ03 3.0 2.4 1.6 2.3
MhO 0.2 0.2
MgO 5.6 3.8 8.7 7.0
CaO 7.2 6.6 10.8 9.8
NazO 2.6 3.6 2.4 2.2
KzO 0.8 0.3 0.6 0.6
PZ05 0.2 0.4

ppm

Rb 15 4 22 10
Sr 142 80 148 118
Y 30 64 16 34
ZI' 100 224 40 106
Nb 4 11 1 4
Co
NI 84 24 176 99
au
Zn
Ba
V
Or 87 10
Mg# 50 46 51 38

1 : Average tholeiitic basalt- Kromberg Formation (ConWa!I, 1985)
2: Aver!lga andesltlo basalt - Krombarg Pormallon (Conway, 1985)
3: Average low-TI tholelltlo baealt - Tjakastad SUbgroup ($,mlth, 19M)
4: Average high-TI tholelltlo basalt. Tjakastacl SUbgroUp (Smith, 1980)
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7,2 Comparisons with Tholeiitic Basalts from the Onverwacht Group

It has been established that the gabbroic rocks from the Sterkspruit
Intrusion were derived from a magma which was tholeiitic In composition,
It Is therefore pertinent that comparisons be made with tholeiitic basalts
from the Onverwacht Group volcanics, As has been mentioned In the

description of the regional geology of the Barberton Mountain Land
(Chapter 2), tholeiitic basalts are more common in the Upper Maflc~to-
Felsic Unit (Gel uk Subgroup) of the Onverwacht sequence than in the
Lower Ultramafic Unit (Tjakastad Subgroup). Comparisons will be made
with tholeiites from both these subgroups, the average compositions of
which are listed In Table 14.

Smith (1980) studied tholeiitic basalts from the Tjakastad Subgroup and
Identified three types, which he believed to be similar in composition to
bonlnltes, vlz.:

1) a low-Ti basalt;

2) a hlgh ..TI basalt; and

3) a high-Mg basalt.

Accordlnq to Smith (1980) none of these basalt types are related to each
other, or to low-Mg maflo kcmatlltlc rocks, by crystal fractionation or
accumulation processes,

The tholeiites from the Kromberg and Hooggel1oeg Formations In the
Geluk Subgroup show some similarities with tholeiites from lower In the
sequence, but those from the Kromberg Formation, although
mineralogically similar to those from the Hooggenoeg Formation, have
significant chemical differences (VIIJoen and Vlljoan, 1969d). These
authors noted that some of the Kromberg Formation rocks contain more
plagioclase than normal and possibly represent basaltic andesites,
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Tab!e 13 : Selected whole-rock geochemical data of komatiitic basalts
and komatlltes from the Nelshoogte Schist Belt

Sample SB7 SB10 SB 36 S937 SK6 SK9

komatlltlc basalt komatllte

wt%

SI02 51.6 48.9 51.6 61.1 40.6 40.4
no, 0.4 0.6 0.4 0.6 0.2 r7

Alz03 3.1 5.1 9.6 11.9 2.3 2.3
FeO 6.9 12.5 ts 9.2 9,4 9,7
Fez03 1.4 2.5 1,6 1,9 1,9 1,9
MilO 0,2 0.2 0,1 0.1 0,3 0,2
MgO 17,6 13.8 13.1 10.4 32.2 32.3
CaO 15.7 12.2 10.9 9,1 1.2 0.9
NazO 0.08 0.29 1.3 1.8 ° °
KzO 0.05 0.16 0.35 0,07 ° 0
PZ°(l 0,03 0.05 0,05 0.07 0.03 0.03

ppm
Rb 12 18 14 10 3 2
Sr 5 11 23 46 1 1
y 6 11 15 24 4 5
Zr 17 25 36 67 12 11
Nb 4 3 3 5 3 4
Co 54 76 45 48 130 137
NI 38~ 3'11 341 184 2762 2613
cu 74 208 5 9 86 154
Zn 121 71 94 95 274 186
8a 8 21 47 6 .- --
V 148 241 222 296 76 78
Cr 3097 60 1283 869 2 1002
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CHAPtER SEVEN

COMPARISONS WITH VOLCANIC ROCKS FROM THE

ONVERWACHT GROUP

7.1 Comparisons with Volcanic Rocks from the Nelshoogte Sohlst Belt

The geology of the Sterksprult Intrusion has been described earlier in
Chapter 3, as well as its setting within the southern part of the Nelshoogte
Schist Belt. The composition of the surrounding komatiitic basalts and
komatiltes are listed in Table 13 and show no similarity to the gabbroic
suite from the Sterl<spruit Intrusion. The komatlltic basalts share some
chemical affinities with both the Barberton- and Badplaas-type komatlltlc
basalts, as classified by Viljoen and Viljoen (1969c). MgO contents range

from 10 to 17%, while Si02 and CaO contents average 50.8 and 12%
respectively. The komatiites have average MgO values of 32%. These

ultramafic lavas, as expected, have much lower incompatible trace
element concentrations than the more evolved tholeiitic magma that gave
rise to the gabbroic rocks of the Sterkspruit Intrusion.

The komatiitic basalts and komatlltes are compared to the Sterkspruit
Intrusion parental magma composltlon on an MCA diagram (Figure 33)
and on a cation plot (Figure 34). These diagrams demonstrate the

difference in composition between the sterksprult Intrusion and the
effusive mafic-to-ultramafic rocks into which It was emplaced. The bulk
composition of the Stolzburg Complex is also shown for comparison. The
close affinity between the perldotltic parental magma composition of this

Complex and the kometlltlc rocks is indicated.
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Figure ,31 : MgO - ceo •AI203 ternary diagram comparing gabIJroic rocks
from complexes on the Kaapvaal Craton with the sterkspruit
Intrusion gabbros. Data breaks separating komatiitlc basalt
fields atter Viljoen et al. (i 982).
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Figure 32: Cation ternary diagram (Fez++Fe3++Ti • AI ..Mg) comparing
gabbroit rocks from complexes on the Kaapvaal Craton
with the Sterkspruit Intrusion (after Jensen, 1976).
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parentage for the marginal gabbro and pron,s units, which were

subsequently enriched in Mg due to the addition of cumulus olivine.

These rocks are still, however, much more enriched in Mg than the

cumulus Lower Zone gabbros from the Sterkspruit Intrusion which fait in

the high-Mg tholeiitic field, as opposed to the komatlltlc basalt field for the

lnslzwa rocks.
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into the field for tholeiitic series. The ferrogabbro compares most

favourably with the Sterkspruit chill margin (parental magma) composition

(Table 12), while the quartz gabbro and gabbro have much higher AI203
(18.7%) compared to tt.e 13.6% for Sterkspruit.

Gabbroic rocks from the Uitkomst Complex are clearly different to those
from the Sterkspruit Intrusion, in that they are alkaline in composition as
compared to the subalkaline nature of the sterksprult gabbroic suite.

Table 12, which lists typical gabbro compositions from the Uitkomst

Complex, shows the high Na20 and f~O contents, and relatively low Si02
of these rocks. On both the MCA and cation diagrams (Figures 31 and
32), the samples from the Ultkornst Complex display a wide scatter of

points and do not fall into anyone field. This large variation in

composition, which makes direct comparisons between the intrusions
difficult, is confirmed in Table 12.

Sharpe (1981) studied the chemistry of pre-Bushveld sills which intruded
into the Transvaal Supergroup in eastern Mpumalanga. He described
these sills as gabbros, norltes and pyroxenites, possessing tholeiitic
affinities. The average MgO contents in these sills is 8.7%; higher than in
the gabbros from the Sterkspruit Intrusion. On an AFM diagram, these
sills lack the pronounced Fe-enrlchment trend displayed by the
Sterksprult rocks. Average SI02 values are 53.0%, with AI203 and CaO
oontents of 12.9 and 8.0% respectively.

The Insizwa Complex is included to demonstrate the clear difference in
composition between this I<aroaage Intrusion, associated with continental
flood basalts (Lightfoot and Naldrett, 1984), and the much older
Precambrian bodies. In general, on both the MCA and cation diagrams,

the Insizwa gabbros and plcntes plot towards the Mg apex.indicating their
high MgO contents. Lightfoot and Naldrett (1984) argued for a 10w~Mg



127

Significant distinctions in trace element contents are a better reflection of

the differences in the chemistry of these two intrusions. Incompatible

elements such as Zr and Yare much lower in the gabbro layers from the
Stolzburg Complex, while Cr, Ni and Sr contents are higher than in the
gabbroic rocks from the Sterkspruit Intrusion. The REE from both
intrusions display flat, chondrite normalised patterns, with no REE

fractionation. The Stolzburg gabbros have average (LalTb)N = 0.9 (Redel,
1993), similar to the Central and Upper Zones of Sterkspruit, but REE
abundances are much lower, varying between 3 ~ 1Ux chondrltic
abundances (10 - 40x chondrltio in the Sterkspruit body).

From the above descriptions, gabbroic rocks occurring in the upper
divisions of the Stolzburg Complex (Anhaeusser, 1985; Rodel, 1993) are
difficult to interpret and are not readily comparable with the Sterkspruit
gabbros. The fundamental difference between the Sterkspruit and
Stolzburg Intrusions is that the gal.\bros from the upper parts of the
Stolzburg body are essentially lete-staae differentiation products of an
ultramafic layered complex, with a parental kornatlltlc composition

(Anhaeusser, 1985), while the Sterkspruit gabbroic rocks were derived

from an evolved tholeiitic maoma

The average quartz gabbro, ferrogabbro and gabbro from the Usushwana
gabbroic suite are plotted on both the MeA and cation diagrams (Figures

31 and 32). In contrast to Stolzburg, these gabbroic rocks show a close
affinity, on the MCA diagt8m, ..' 1e Sterksprult Intrusion parental
magma composition. On the ca~io! however, the quartz gabbro and
gabbro fall in the calc-alkaline field 'while the ferrogabbro falls in the
high-Fe tholeiite field. Thls calc-alkaline composition of the quartz gabbro
and gabbro from Usushwana is a feature also shown on the AFM diagram
(Figure 10). The majority of the chemical, Fe-enrichment trend, falls In the
calc-alkaline field with only the ferrogabbro extending across the divide
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Table 12: Selected whole-rock analyses of gabbroic rocks from the
C)tolzburg, Usushwana and Uitkomst Complexes

1 2 3 4 5 6 7 8
OH14B OH22 OH85 Qtz, gab Fer, Gab Gabbro Gabbro Gabbro

wt%

SIOz 54,3 54,8 54,9 53,5 51,1 51.6 44,9 51,9

TIOz 0,3 0.7 0,7 0.4 1,6 0.2 1,0 1.7

AI203 12,5 12,2 15,3 17.2 13,9 18,7 5,6 15,1

FeO 8,9 10,1 8,9 7,5 11,2 5,5 - !FeZ03 0.0 0,0 0,0 1.4 3,9 1,2 22,9 ·t-, r:
MnO 0,07 0,1 0,1 -- -- -- 0.2 0,2

MgO 11,1 8,7 5,9 4,3 3.4 5.4 11.1 6.1

CaO 11.5 8,7 7.9 10,3 9.1 12,3 7,6 6.5

NazO 2,7 3,1 5,7 2,7 3,1 2.4 2,2 4,9

K20 0,2 0,2 (',1 0,6 0,8 0.3 1.0 0.8

PzOs 0,03 0,06 0,05 -- - -- 0.1 0.2

ppm
Rb <10 <10 <10 -- -- - 47 25

Sr 237 116 142 -- -- -- iii 364

Y <10 16 10 -- - -- 24 21

Zr 24 54 30 -- -- -- 110 108
Nb <10 <10 <10 -- -- - 7 6
Co 38 47 38 - -- -- 331 34

NI 251 87 56 -- . -- -- 5606 105
cu 13 86 11 -- - - 6391 239
Zn 27 52 20 -- - -- 72 76

Sa 207 79 34 - -- -- -- -
V 204 254 277 -- -- -- - -
Cr 623 434 50 -- - - - -

1. DH14B
2. DH22
3. DHB5

4. Qtz. Gab,
5. Fer. Gab,
6, Qtz. Gab.
7. <:368/20
8. G43/12

- Altered gabbro, stolzburg c- .Iex(Rodel, 1993)
- Altered gabbro, stolzburg CI;;fllplex (Rodel, 1993)
- Altered gabbro, Stolzburg Complex {Rodel, 1993)
- Av. quartz-gabbro from usushwana Complex (l-larnrnerbeck, 1982)
- Av. ferro-gabbro from Usushwana Complex (Hammerbeck, 1982)
- Av, gabbro from Usushwana Complex (Hammerbeck, 1982)
- Gabbro from Uftkomst Complex (Allen, 1990)
• Gabbro from ultkornst Complex (Allen, 1990)
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7, The Quartz Diorite, comprising abundant quartz, plagioclase,

carbonate, chlorite and epidote, has very higi'l SI02 (60.6% ) and low MgO
(1.4%), This unit could have been the ~P(Idue which formed at the
Interface between advancing crystallisation f( »its from the base and roof
of the cooling magma chamber.

8. The Sterksprult Intrusion has an interpreted younging direction from
north to south, which corresponds to that observed In the adjacent
Stolzburg Complex. This has implications for the regional structure of tho
Nelshoogte Schist Belt.

9. The Sterksprult Intrusion, with its evolved, quartz-normative, tholelltlc
composition, Is considered unique In the lower or TJakastad succession of
the Onverwacht Group of the Barberton Sequence when compared to the
more usual ultramafic layered complexes. This gabbroic lntruslon has
chemical similarities with the matlc-to-ultramatlo volcanic rocks into who I

It was intruded, nor with the I<omatiitic bulk composition of the Stolzburg
Complex, which Is located adjacent and subparallel to the Sterkspruit
body.

10. The gabbroic composltion of the Sterkspruit Intrusion has chemical
slmilarules with tholeiitic and andesltlc basalts from tha Kromberg
,Formation of the Geluk Subgroup, as well as with aome hlgh~TI tholeIItes
frcm the Hooggenoeg Formation. This Intrusion could, therefore, have
orlglr 'elted as a subvclcsnlc magma chamber Sind now represents n
hypabyssal equivalent of associated tholelltlc baealts found
stratigraphically higher up In the Onverwacht Group.



148

4. The major minerai phases observed within the gabbrolc rocks are
albltlc plagioclase, pyroxene, actinolite/hornblende, quartz, chlorite,
epidote and Ieucoxene. Alteration, In the form of saussuritisation and
albitisation of plagioclase and uralltlsatlon of pyroxene, is especially
prevalent in the Marginal and Lower Zones. Abundant carbonate

alteration is found in the Quartz Dlorite, This alteration c£..,be ascribed to
early sea-floor metamorphism which was subsequently superimposed by
regional, burial metamcrph ISI'l1 , resulting in the present greenschist
metamorphic grade.

5. A fine-grained chili margin to the ~abbro was observed at two localities
on the northern contact of the body and provided what is consldered to be
a pa' .mtal magma composition. This magma Is quite evolved with

relatively high SI02 (62.5 %), low MgO (4.8 %) and an Mg# Of 42. A
quartz-normative magma is indicated by the abundance of primary and
interstitial quartz found throughout the gabbro body.

6. Major and trace element variations with height across the intrusion are
typical of a layered sill with cumulate minerai phases forming In the iower
portions of the body. MgO Increases and Incompatible trace element
contents decrease upwards to the top of the cumulate Lower Zone,
followed by a decrease In MgO and an increase In Incompatible trace

elements towards the Quartz Diorite at the centre of the Intrusion. This
trend of deoreaslng MgO and increasing incompatible trace elements Is
also observed from the roof of the chamber (Upper Zone) downwards
towards the Quartz Diorite.
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CHAPTER NINE

CONCLUSIONS

1, The Sterkspruit Intrusion, which comprises mostly gabbroic rocks of
subaikallne, tholeiitic affinity, Intruded komatiltic basalts and kornatlltes of
the Tjakastad Subgroup of the Lower Onverwacht GroLip In the Barberton
gr~'i)n$tone belt. It is argued that this slll-llke intrusion Is of early Archaean
age and, along with the surrounding Nelshooqte Schist Belt, was Intruded
by granitlo rocks forming the Nelshooqts and Kaep Valley Plutons. These
granltlo plutons were emplaced 3.2Ga ago (Oosthuyzen, 1970; Kama and
Davis, 1991).

2. The length of the intrusion Is approximately 8 km and averages 500 m
in width. It has a concordant relationship with the surrounding mafic and
ultramafic volcanic rooks, further exemplified by subparallel rhythmic
layering, shear foliation and thin dllatlonal veins. The rhythmic layering,
along with felsic stringers, are well developed in parts of the Lower Zone
and dip steeply to the north.

3. The SterksprLllt Intl'usion has been subdivided Into a Marginal Zone
containing a chili margin, a Lower Zone comprising cumulate plagioclase
and pyroxene, a Central Zone which is characterised by a l1igh-Ti
ferrogabbro, and an Upper- Zone made up of a quartz ..rich gabbro. A
Quartz Diorite unit, Interpreted to be a late differentiate or residual melt,
was ldentltled along Traverse 1 between the Central and Upper Zones.
Compositional variations in the gabbrolc suite were found to be ecnslstent
with fractionation of clinopyroxene, orthopyroxene and pIE~gloclase.
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the Krornberg Formation of the Geluk Subgroup. By analogy, the Intrusion
may have represented a high level magma chamber that acted as a

feeder zone for tholslltlo lavas developed higher up In the greenstone
sequence.

Possible problems relating the Sterl<spruit Intrusion to tholeiites from the
Kromberg Formation include the large distance (""40 km) between the
intrusion and the type section of this Formation further to the east.
However, it is feasible to assume that similar volcanlc sequences may
have existed at higher stratigraphic levels in the Nelshoogte area and that

these higher units were removed by erosion or by structural influences.

The Isotopic age of the sterksprult Intrusion needs to be determined to
quantify its relationship with associated tholeiitic VOlcanics and to confirm
the findings outlined above. This may present problems due to the high
degree of alteration in the rocks and the superimposed greenschist facies
metamorphism, as well as the scarcity of zircons or other mineral
assemblages useful in geochronological stucles,
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a central gabbroic portion with lower MgO contents, in the range of 5 -
8%, This settinn for the sterksprutt Intrusion is rejected due to the great
width of the intrusion relative to the interlayered komatiltic basalts and
komatllte flows, and also because of the clear chill margin observed along
the northern contact of the body,

The Sterkspruit Intrusion has been compared with the gabbrolc portions of
some layered complexes in eastern Mpumalanga Province. Similarities
have also been found with tholeiitic intrusions from other parts of the
world, The geological zonation and geochemical v:lriation across the
Sterkspruit body are consistent with those observed in other complexes
such as the Skaergaard Intrusion, Mt Kilkenny sill and Usushwana
Complex, The Sterkspruit Intrusion is, however, unique In its setting In the
Lower Onverwacht Group when compared with the layered ultramsflc
complexes, The parental magma to the Sterkspruit gabbroic suite has an
evolved, quartz normative, tholeiitic composition. In addition, quartz forms
a l1igh proportion of the minerai assemblage ttlroLlghout the gabbro and
diorite, a feature nat commonly observed in mafic rocks from the
Barberton greenstone sequence.

Bearing in mind all the arguments for the origin of the Sterksprult
Intrusion, the writers preferred model suggests that the magma was
emplaced as a sill into the maftc-to-uttramaflc lavas of the TJakastad
Subgroup, The subvertical layering in the Lower Zone and the
geochemical variation herein recorded constrains the aga of the Intrusion
to pre-reqlonal deformation of the Nelshoogte Schist 8elt, brought about
by the granite plutonic phase at about 3.2Ga. In support of this age
Interpretation, the Sterksprult gabbros bear little resemblance to the
compositions of gabbroic suites from younger Intrusions such as
USl~shwana, Ultkt'mst and prElMBushveld sills. The gabbros have,
however, geoohemical affinities with tholeiitic and Ilndesitlt' basalts from
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Upper Zone quartz gabbros are comprised of acicular grains of green
pleochroic amphibole, quartz and epidotised albltic plagioclase.

It has been established that extrusive equivalents to intrusive layered
complexes are common. As examples from the Lower Onverwacht Group,
Anhaeusser (1985) and Redel (1993) correlated the Stolzburg Complex
with the surrounding kornatlitlc lavas. Vlljoen and VlIJoen (1970) showed
similarities between their Geluk~type komatiitic basalts and the bulk
composition of the Canal differentiated body. These authors also found an
association between their Badplaas-type komatiitic basalts and the mafic
portions of the Ship Hill intrusion, By analogy, the Sterkspruit Intrusion

parental magma composition (taken from the chill margin) should also
show similarities with extrusive rocks.

The evolved quartz-normative tholeiitic magma composition from
Sterksprult bears no resemblance to the rnaflc-to-ultramaflo lavas of the
Nelshccqte Schist Belt. Therefore, the second option for the origin of the
Intrusion, mentioned above, Is dl~pelled. This leaves option three above
as being the most feasible, whereby the magma Intruded Into older
greenstone volcanics of the 1:Jakastad Subgroup (Lower Onverwacht
Group) prior to the completion of the Onverwacht Group volcanism, The
affinity between the Sterksprult magma composition and evolved tholeiitic

basalt from the Geluk Subgroup (Upper Onverwacht Group), points to
either a common tholeiitic magma source or a hypabyssal Intrusion acting
as a 'feeder to the extruslve rocks.

Possibility four at'olrn, follows Ideas proposed by Cattell and Taylor
(1990) for $1'J!11egabbrolc suites In Precambrian terrains, These authors
described the lower parts of basaltic komatlltlc flows having cumulate
textures whilst the Upper, splnlfex-textured zones represent crystallisation
downward from the flow tops. They also described thicker flows as having
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Lastly, the geochemical variation across the body points to a sill-like
magma chamber that was filled during a single event, or at the most two
intrusive pulses, The major oxides and trace elements depict a trend of

crystallisation from the base of the chamber upwards and from the roof
downwards, converging at the Quartz Diorite layer, The Lower Zone

contains high Mg and Ni contents, and low concentrations of incompatible
elements, typical of a cumulate-formed gabbro. The cumulate textures are
only located within the northern part of the body, thus supporting the
contention that this margin of the intrusion forms the base of a sill,

The factors mentioned above argue strongly for a sill-like intrusive origin,
If this Is the case, then the steeply dipping attitude of rhythmic layers In
the Lower Zone need to be explained, From the evidence above, the
northern margin of the sterksprult Intrusion forms the base to this body.
This is compatible with the Stolzburg Complex which also has Its base In
the north. It Is therefore' postulated that the Sterkspruit Intrusion was
emplaced Into the komatiitlc lavas prior to the regional deformation that
affected the Barberton sequence following the gral1ite Intrusion phase.
This body then underwent regional deformation along with the rocks
fonning the Nelshoogte Schist Belt and was rotated to a subvertlcal
attitude. The present erosional surface, therefore, represents a cross
section across the width of the body.

Further evidence for an older, Archaean age for the Sterksprult Intrusion
comes from the deuterically Gltered and metamorphosed mineral
assemblages I which match those observed in the surrounding
Onverwacht lavas and the Stolzburg Complex. The regional greenschist
facies metamorphism that the Lower Zone gabbros have undergone Is
shown by the products of seussurltlsatlon, fibrous urallte,
actlnolite/tremollts, epidote, zolslts, chlorite and albite. Higher up, the
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1989). Neither the layering model for the Binnerlngie Dyke nor the

Vandfaldsdalen Macrodyl<e, are consistent with the Sterkspruit Intrusion.
In the first instance, layering would be expected along both margins, but
in the Sterkspruit body, layering only occurs in the Lower Zone. In the
second case, if layering formed horizontally in the magma chamber, then
an explanation for its rotation to a subvertical attitude would be needed.

The second feature pointing towards a sill-like origin is the attitude of the
layering, Internal shear structures, veining and the margins of the
intrusion, whloh are all subparallel to the regional strike direction in the
southern portion of the Nelshoogte Schist Belt. The concordant attitude of
this Intrusion corresponds more to a sill than a dyke. In addition, the
Sterkspruit Intrusion is subparallel to the Stolzburg Complex, which has a
younging (facing) direction to the south.

Thirdly, the Sterksprult Intrusion contalns at least four gabbroic rock types
which form a heterogeneous zonation across the body and also display

an Interpreted younging direction to the south. The Marginal alld Lower
Zones, forming the northern portion, consist of cumulate textured and
layered gabbros. The Upper Zone in the south consists of a subophltlc,
quartz-rich gabbro with oharaoterlstlo coarse, acicular, green amphiboles.
The Central Zone gabbros are Tl-rloh and could either be a separate
magma pulse, or crystallised Tl-rlch minerals late in the fractionation
history of the cCloling magma. A late stage differentiate, termed the Quartz
Diorite zone, occurs between the Central and Upper Zones. approximately
two thirds of the wr::.yup the intrusion. In a dyke-like intrusion, a certain
amount of petrological homoqsnelty, from both borders towards the
centre, would be expected. This Is not the case across the Sterksprult
body.
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separated from this body by less than 100m. Because of these
differences, a number of options for the emplacement of the Sterksprult
magma body can be considered, viz.:

1) the intrusion represents a younger, Proterozoic dyke or sill \A!l")ich
post-dated the granite plutonic phase and regional deformation;

2) it was emplaced as a hypabyssal equivalent of associated

komattltlc and tholeiitic basalts;

3) it was emplaced as a high IAV':.l I intrusion into older greenstone
. .ncanlcs, and is unrelatec' ,t) these volcanics; or

4) the gabbroic body could represent the centre of a very thick kornatlltlc
basalt lava flow.

The following discussion evaluates each of these possible models in the
liqht of the geological and geochemical evidence.

With reference to the attitude of the body (dyke-like or sill-like), several
features of the Sterkspruit Intrusion suggest that It was emplaced as a sill,
Firstly, steep, northerly dippIng, felsic strIngers and rhythmic layering in
the Lower Zone are construed as density-sorted layers formed by a

combination of gravity settling of pyroxene and plagioclase cumulates,
In-situ crystallisation and magmatic flow, Magmatic layers could also have
been produced parallel to the rnarqlns of a dyke, or within its Interior. The
Blnnerlngle Dyke In Western Australia shows vertical magmatio layering
neal' to both ,~argins, which Mccall and Peers (1971) assumed to reflect
the attitude of the main dyl<e.The core of this dyl<e is mostly massive and
coarsely crystallised, In contrast, the Vandfaldsdalen Macrodyke In the
Skaergaard region contains a central series of differentiated and
subhorlzontally layered gabbros in the Interior of the dyke (White at a/"
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CHAPTER EIGHT

DISCUSWON

In the previous chapters the geology and petrography of the Sterkspruit
Intrusion were described, and the intrusion classified geochemically,
These descriptions and classifications have led to a characterisation of
the intrusion and have shown the body to be distinct from most Intrusive
igneous rocks in the Barberton Mountain Land,

Layered ultramafic complexes are widespread in the Onverwacht Group,

particularly the lower Tjakastad Subgroup, of the Archaean Barberton
greenstone sequence, These complexes, of which the Stolzburq Complex
is a typical example, comprise dunltes, orthopyroxenltes and harzburgites
in their lower portions, with subordinate websterites, gabbros and
anorthosites occurring higher in the body, In general, they are best
developed along the north-western flank of the greenstone belt. The bulk
composition of most of these complexes is perldotltlc, very similar to the
composition of the komatlltlc extrusives found in the Onverwacht Group
(Viljoen and Viljoen, 1970; Anhaeusser, 1985). The layered intrusions are
thought to be comaqmatlc with these ultramafic volcanics, Gabbroic rocks,
located In the upper portion'S of some complexes, are perceived to be
fractionated residual liquids,

In contrast, the Sterl<spruit Intrusion contains no ultramafic component,
being comprised entirely of gabbroic and dlorltlo rock types, This feature
Is considered unusual because of Its emplacement Into mafic-to-

ultramafic lavas of the Lower Ultramafic Unit of the Onverwacht Group, In
addition, it lies in very close proximity to the Stolzburg Complex, which
has a pertdotltlc bulk composition (Anhaeuaser, 1985), In places
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with tholeiitic basalts from the Onverwacht Group.
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have abundances of between 12 and 20x chondritic. These authors also

showed that the composition of the tholeiites from the Geluk Subgroup

differs from those of the tholeiites from the Lower Ultramafic Unit

(Tjakastad Subgroup).

In addition, Glikson and Jahn (1985) reported magnesium numbers (Mg#)

to be lower (49 - 64) in the i<romberg Formation tholeiites compared to

values of 67 in the underlying Hooggenoeg Formation and 66 - 61 in the

Komati Formation. These low values in the Kromberg Formation were

confirmed by Conway (1986) who reported average Mg# of 50 for tholeiitic

basalts and 46 for andssttlo basalts. The low Mg# values in the Kromberg

Formation correspond closely with thp. values from the Sterkspruit

Intrusion chill margin and calculated bulk composition. Here values of 42

and 48, respectively, were calculated,

Major oxide and trace element variations in both the gabbroic rocks from

the Sterkspruit Intrusion and the tholeiites from the Onverwacht Group,

are depicted on bivariate diagrams (Figure 36). Plots with MgO and Zr on

the x-axls, demonstrate the geochemical overlap between the gabbroic

suite and the tholeiitic basalts from the Kromberg Formatlon. The

andesitic basalts from this Formation consistently plot on the more

evolved end of the tholeiitic trend, and correspond to the position of the

Quartz Diorite from the Sterkspruit Intrusion. The tholeiites from the

Tjakastad Subgroup (Smith, 1980), fall in a separate field at the high-Mg,

(Iow-Zr) end of the individual trends, and st ,ow no affinity with the parental

magma composition of the sterksprult Intrusion. Even though these

tholeiites differ chemically, the~1all have similar tectonic settings to the

Sterkspruit Intrusion. According to the Pearce and Cann (1973)

classification of Ti-Zr-Y, they 'fall into the oceanic basalt field assigned to

MORB, Island-arc tholeiites and calc-alkallne basalts,
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11. Incompatible trace element patterns plotted on multi-element
diagrams are consistent with the Sterkspruit Intrusion having an oceanic
island association. Discrimination diagrams suggest that the gabbroic
suite displays an affiliation with plate margin, ocean-floor basalts.

12. The determination of isotope signatures and the use of a dating
technique for gabbroic rocks from the Stsrksprult Intrusion are deemed
necessary to equivocally compare this body with volcanic rocks from the
surrounding Onverwacht Group and to resolve tl1eage of emplacement of
the Intrusion.

13. The Sterk~pruit Intrusion and southern portion of the Nelshoogte
Schist Belt were intruded by a set of northwest trending diabase dykes,
termed the sterksprult Mafic Dyke SWarm.These dykes which are older
than the Godwan Formation and Transvaal Supergroup, show strong
intra-dyke chemical variation and can be subdivided into four groups. the
dykes have a calc-alkaline affinity,
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sRmple Q.H4 OHB OHs GII9 OH10 oH11 QH1~ OH13 OH14 oH1G GH17 OH1Q GH22 OH30 GH~1
Thololltlc BosoUs

wt%
8101 49.2 flO.15 51.7 52.1 52.6 68.0 62.3 52.8 158.4 55.5 50.3 $1.(1 5P.1 51.1) aM
nUa 1.4 1,4 i.a 1.6 1.8 1.5 1.4 1.4 1.4 1.4 1.3 1 1.3 1,1 1,:;1

A110~ 14.3 14 13.4 14.8 14.6 13.0 13.0 16.4 13,7 15 15.3 1M 14.3 12.11 14.4
)'laO 11,47 10.9 11,75 10.12 0.39 5.56 7,72 7.55 0.95 7,44 10.09 0.15 11,09 7.02 10.02
FelO~ 3.57 3.30 3.G8 3.15 2.92 '1.73 2.4 2.35 2.10 2.3~ 3:14 Ul2 3.45 2.43 3.12
MnO 0.2 0.2 0.2 O.:! 0.2 O.:! 0.2 0.2 0.2 o.a O.? 0.2 0.2 0.1 0.2
MOo 1).92 5.!l0 4.41 5.2 6.3 2.7 4.7 4.3 4 3.9 4.0 6.7 5.4 I) 6,1
CoO M 0.9 5.4 7.2 4.6 5.4 7.4 5.7 6.2 a.5 9.2 6.1 11,1 12.3 8.2
NOlO 2.07 2.6 3,74 2.21 1.04 3.03 3.09 M6 3.02 4.07 3.77 1.95 0,77 4.19 3.43
Klo 0.06 0.19 0.57 0.16 0.58 1.66 0.24 0.48 0.27 0.36 0.27 4.76 0.05 0.24 0.41
p~o~ 0.16 0,16 0,22 0,16 0.16 0,18 0,16 0,16 0.16 0.16 P.14 0.07 0.14 0.12 0,14
LOI 2.7 2.3 1.0 :1.4 4.0 4.0 5.13 4.7 3.2 2.2 2.1 3.6 2.8 1.9 2.1
TolIIl ru411 jIlQ"Q ~ ~ PM Q!.!..§ ilD.& .®..ll ~ MJ. W4 ~ 1lllU :t®..Z. !lll&

ppm
Ilb 2 5 13 4 16 38 15 10 5 6 6 70 2 3 a
er 133 137 41 180 93 122 11\0 139 65 70 104 91 ~56 56 8G
v n~ 30 47 32 36 !l4 ~It) 33 30 311 29 16 29 :t3 26
Zr 92 97 127 107 121 10G 104 100 100 99 91 73 07 1)6 02
Nil 3.6 3.4 3.0 3.1 3.7 4.6 M 6.1 4.7 3.5 4.0 3.0 s.e 2.5 3.4
Co 03 155 53 45 41 54 41 37 36 37 40 70 61 47 00
Nt 129 113 S5 01 12 104 44 47 41 49 65 153 55 115 111
elU 127 164 120 104 103 10a 166 105 149 4 02 a Oll 5 29
ZO 123 114 101 127 S3 136 ~1'1 146 91 95 86 69 01 39 62
Bm 11 32 29 24 61 '120 20 37 3~ 21 23 32() 19 24 53
v 381 391 4SS WJ 320 317 343 346 334 :133 335 3~0 307 25(1 314
Cr 1:14 115 20 125 SB 90 12.3 13 11 12 45 355 15 157 84
TlfZr 92 eo e6 ea i6 83 60 70 01 U'" 85 03 69 93 65
TIN 242 232 234 294 26!l 257 239 2S0 267 271 270 304 263 267 261
ZrN 2.6 2.7 2.7 3.3 3.4 3.1 3.0 3.3 3.3 3.3 3.1 4.6 3.0 3.rJ 3.3
:t.rlNb 26 29 33 • 35 33 22 19 21 21 20 19 20 24 27 27
M# 43 47 40 4S 54 46 62 50 51 48 45 66 47 50 a,



rabln""l Wl1olo roCk gQochomlc~1dnll1 fromlho Gtorksprult Mona Dyke ewnrm
lIio~

~.",pl. SOl S02 SO~ S[).4 SOO SOO SOT BOO soa sOIa SOIl 8012 0013 0014 Solb SOlO 81')17 11010
OUJU /, A A II B D A IJ . 0 !I II II 0 0 U IJ
W\%
Sl~ U3,02 011,20 06,00 02,03 02.40 02,00 00.00 G:l1l2 0327 03,10 am G2,IZ 0344 0201 4un 40,01 01,33 ~M2
TIo, 0,30 0,39 0,37 0,30 0,27 0,31 0.41 0.30 1)33 0,31 UOO 000 038 0,34 O:lll 020 1.01 1,10
Al,a. lMO 11l.43 10,33 13,0.' 12·03 1200 10.22 15,23 12,23 12,43 14,~3 13,13 13,03 12M 1240 11,41 023 10111
" .. 0,(1} U2 0,04 B,10 UI 9.02 U,02 0,17 0,00 637 032 g,03 g,OO 000 024 0,13 003 1100 12,10
MnO 1),11 0,12 011 0.10 0,10 0,10 014 0,11 1).12 1).14 I) 10 I) 15 0,13 1),12 0,14 0,10 0,10 1),17
MI)O 0,04 MO GeU 10,04 12,01 11.00 023 7.24 lUI 12.30 0,14 \l07 032 1231j 1293 1!I.ta 11.23 U,UO
CoO om 0,73 0,21$ 0.11 0.20 1,01 11,11 001 1.40 ?al 7.0tl III 1 0.21 ne GA4 0,00 Q 01) (1,(10
1'10,0 1.1$0 2,51 2.11 1.30 1.01 0.82 164 210 1,20 004 2.03 U4 2,33 1.01) O,7~ 0.30 003 1,70
1(,0 2.42 207 1.00 1.60 120 1.B3 1,00 127 uo 1M 1.00 1.41 1,43 \,20 0110 013 017 j.1n
P,o, 0,07 0.01) 0.00 0.00 0.06 0,09 0.13 0,12 0.10 0,06 011 O,I~ 1)01) GOO 001 1),01) 012 0,14
LOt 1.00 1111 1,01 ;I,O~ 3,11! 3.03 1.01 W 280 M7 2,02 2,10 2,BO 3,10 ~.40 2,70 2,:!ll till!
"Qt.1 wa .1.O.m 1QO.O.Q l!W .1JlI).U ~ W2 IlW DJl.IIll llJ).lJl DJl.IIll 0iL~ .tOllJZ !lUi IlW IlIlJU ~ ~
Fea 0,82 0,14 0,24 6,00 6.80 Q,M 024 0,40 0,30 0.30 7,00 7,~ MD 0,20 6.07 7,00 0,07 0,24
F"'I.o, 1.10 1,23 1,20 1.30 1,30 1,3~ 1,20 \,30 1.20 \,27 1.(12 MO 1,30 1,20 1.30 M\O 1111 1.00

Nl!11
Rb 104,01) 7MO 04.43 tlMB 4331 71.40 03,20 30.70 OMU 0000 OUG 00,03 4U.3~ 40.42 uno 40.02 ~O,OO 42,00
It 27$,10 23B,11 23:1.20 141,74 120,02 102.04 200,21 W2,31 101.00 121.22 117,72 127.:10 100.04 laMo 00.01) 100,00 212,00 100,61
V 10,44 18,02 It.oU IIl.o~ 10,77 20,01 10.70 W,lO lUi 10.00 20,42 10,10 10,13 fU4 14.21 1300 20,00 U60
Zt 80,32 OMI 03.014 0',10 aM7 00,\0 102,07 lQ4,Oe 70,33 71.4~ 103,011 07,14 03.41 73.04 40,24 4UO lW~ 13Ml
Nb 1.04 1.40 7.40 0,20 0,31 7,70 1,:11 0.11 0,00 0,74 7,21 6.66 0,00 O,~4 tOO 4.01 7,00 7~O
Co 32.13 32,88 33,Ol 44,17 04.00 40.01 30.40 30M 40,30 00.24 44.40 40.13 "MP 81.61 ~,21 02.00 01,30 64,1).1
NI t~~,40 131,20 12d.oO 311Q.0I) 000,34 ·1t7.311 100,30 101.07 440.00 000,02 ~IMO 204.32 302,07 532,01 021,1" 00000 003.14 ~70,t!D
eu 27.011 20,07 20,34 10,10 10,2(1 10,71 20,44 31,64 22,74 2Mil 42.00 01.26 32,20 3000 40.10 31.00 ll!'lO2 10340
:tn 02,02 00,00 OM3 03.00 73,00 M,77 00.00 07,00 00.00 0032 70.73 ro.oG 00,'0 01).77 0487 OO,W klO 00,02
D. 311,07 320,00 200,72 312,33 2(12,47 331).70 300,4~ 301,00 212,40 204,74 210,20 2OMo :124.02 101.34 143.7d 11,00 224,00 310.07
TI 0,33 0,30 0,32 0.:10 0,2(1 0.20 0,31 0.34 032 030 0,83 M2 0,37 0,32 0,27 0,27 (l.O7 1,00
V Oo.t1 107,00 102.00 147,08 132,43 1a7,Ql 103,71 131.73 10Ml 109,01 120.311 1«,12 110.07 110.'/2 130.04 121.40 IUII,OI 2OU2
at 201,711 223,24 200.02 fufO,73 141G.43 mO,73 17Q,17 :!03,0I) f4~W 1(14002 71!.70 957.74 1070.71 1418,70 1707,9j 2200.~3 11~0,1 04d,1$4
TIltt 23 24 24 10 10 21 24 ~ 20 24 34 41 ~4 ~O ~1 34 01 02TIN 100 1~4 12a 01 07 03 131 ' 103 lW 116 m 106 1~3 137 121 IW 311 321
'b/V 4,b GO 0,3 4,8 6,1 4.D M 6,1 0,0. 4,0 0,1 4,8 0,2 M M 3,5 0,0 0,2
ZrINb 12,7 12,0 12,0 IU 10.2 11.0 14,3 12.6 g,O 1M 14,3 10.4 11.0 11.2 IO,~ 11,4 10.0 10,0
11lIl~ dO 02 02 74 11 70 00 07 78 70 ea 00 n 76 7'1 jQ 00 00

I'",~(t' Total Fe as FI1tO, 1"0 Q~lcuIQ(.d"slnll fQ203lFeO ratio ~ 0,2
mg' 100 tMgll',Mg!~+ FQ~



Tallie Ai: WhoJo-rook ocochomlclll data of g"bbros from tha stork!lprlJlt Intrusion

Sal'llple SGG4 SGOG SGOG SG07 SGGG SGG9 SG70 SG7i ~G'12 SG73
wt%
8102 64.73 64.00 56.26 51.72 61.68 61040 61.03 51,01 51.69 53.98
TI02 1.25 1.32 1.27 0.44 0.70 0.70 0.73 aee 0.86 1,35
AJ203 13,32 13,2G 12.81 10.35 14.26 13.75 15.02 14.71 13m 13.51
Fe203(t) 13.05 12.77 11.74 11.87 11.79 12.28 11.28 11.SS 12.47 14.33
Mno b.19 0.14 0.15 0.11 0.11'3 0.17 0,16 0.15 0.16 \J.17
MOQ 5.49 5,88 5.44 10.64 8.66 9.20 8.02 8.66 8.48 4.72
CliO 8.66 7.43 7.73 10.56 8.02 7.77 13057 0.11 1.31 6.62
Na20 1.67 1.65 1.63 1.82 1.69 2.42 2.05 2.27 1.99 3.29
K20 0.13 0.33 0.96 0.10 0.24 0.20 0.31 0.31 0.6G 0.07
P205 0.19 O.Hl 0.16 0.06 0.Q1 0.10 0.10 0.10 0.11 0.16
LOI 1.38 2.23 1.94 1.30 2.29 2.57 2.32 2.58 2.43 1,63
Total 1Q:Q..91! Sl.2J!l .1.Q.Q..®. 9J~ ~ ~ ~ W.JZ ~ ~
FeO 9.50 9.39 8.83 S.73 8.67 9.03 8,29 0.60 9.17 10.54
Fe203 2.40 2.35 2.16 2.18 2.17 2,26 2,07 2.13 2.2.:1 ....133

ppm
I'lb 14,01 16.98 26.68 11,28 18.17 16,50 20,79 21,84 38.80 10,62
at 94.69 105.44 110.42 40.60 88.13 07.63 95.64 80,14 66.75 80.73
Y 39.29 37.00 ~91 19.67 1B.40 18,06 18,1,6 17.93 22,48 30,29
Zr 96.00 102.42 97,13 45.65 38.25 45,95 39,02 43,23 60.46 103.66
Nb 7.64 6.40 5.62 5.10 ·4.47 5.33 4.28 4.17 5.14 6.91
Co 35,71 26.56 30.45 44.38 • 41,50 46.89 41.33 45.51 44,05 32.00
NI 00.24 54,97 48,12 132.75 132,28 135,76 122.62 134,66 123,33 60,64
CU 56.28 117.60 26.30 147,93 50.07 so.sa 49.97 79.00 75,33 64,17
Zn 113,09 76.94 61,84 65,81 77,13 79.15 96,71 66,47 112.38 07.as
BIl 22.53 21.40 54,52 10,72 1:!!,07 8,44 13.10 15,22 3fWl 6.53
TI 0.97 0.97 1,10 0.44 0.66 0.01 0,85 0,69 a,i'1 1,20
V 312,31 358,95 335.03 245,8E) 234,77 235,66 237.20 220,62 254,00 376.67
Or 101.43 62,77 61,91 1262,85 257,08 ~54.44 231.09 2411Q 256,57 68,30



Tailio A1: Wholo-rock geochornlclIl daU) of gabbros from tho Slel'kspl'ult Intrusion

Samplo 8G49 8(:160 SOli1 8052 8G53 ~ SG55 SOliS SOll7 SGBS SG!i9 6G60 SG61 8G63
wt%
SI02 61,74 60,09 60,23 64.08 54.94 54.47 63.130 54.132 63.02 54.01 54.37 59.64 53.96 62.213
TI02 1.31 1.86 1.92 1.48 1.44 1.50 1.34 1.41 1,50 1,33 1.39 1.21 1.39 1.37
AI203 14.33 12.70 13.14 12.88 12.95 13.14 13.08 12,97 12.96 13.34 13.00 12.14 13.32 '13.43
Fe203(t) 12.93 16.98 1MS 14.10 13.27 13./6 12.83 12.68 14.38 13.00 '13,81 11.29 13.4G 16,00
MhO 0.17 0.20 0.21 0.20 0.17 0.20 0.15 0.19 0.20 0.15 0.20 0.12 0.17 0.17
MgO 5.15 5.78 4.66 4.76 4.\36 4.73 6.09 4,62 4.94 4.81 4.76 2.3B 4.99 4.82
CllO 0,21 B.63 7.86 0.05 ',29 7.70 7.139 7.97 8.29 7.81 7.30 10.16 7.31 7.26
No20 2.22 1.4~ 3,08 2.33 3,05 1.39 1.92 3.07 1.D5 2.60 2.11 0.00 2.03 2.24
K20 0,12 0.18 0,12 0.08 0.12 0.08 0,31 0.17 0.07 0.23 0.11 0.01 0,09 0.10
P205 0.13 0.12 0.11 0.20 0.19 0.17 0,15 0,21 0.17 0.17 0,18 0.25 0.17 0,16
LOI 1.88 2.04 2.10 2.00 2.28 2.03 2.35 2.31 2.09 1.91 2.11 2,H) 2.08 1.69
Toml ~ ~ ~ .1.Q.Q..1.1 1QQ.~ ~ 2!UQ ~ ~ ~ ~~ ~ !m.&§ ~
FoO 9.61 11.76 12,39 10.31 9.76 10.12 9.43 9.32 10.67 9.GO 10,16 B.30 9.90 11.76
Fo203 2,38 2.94 3.10 2.59 2.44 2.53 2,36 2.33 2.64 2.40 2.54 2.0e 2.41 2.94

ppm
Rb 12,13 lUI2 17.08 12.90 12.92 1M2 13.85 12,36 13.46 13.73 13.00 10.20 11.61 14,38
Sr 124.70 13.75 91.00 92,90 93.81 62.74 62,06 79,12 B6.49 80,33 78.90 195.98 66.1')7 111.27
y 28,71 26.99 27.49 39.32 41,8e 42.26 37.04 38.29 40.49 37.19 42,26 48.84 40.19 29.17
Zr 7/3.99 5B.01 60.52 106.96 114.a5 105.47 99.18 95.90 101.30 101.97 10a.o3 130.25 106,76 100.19
Nb 5.60 4.91 4,97 B.59 B,85 6.65 6,00 6.43 6.10 7.00 7.22 7,28 B,69 6.92
Co 31.04 46.40 39.61 35.38 30.07 32.80 . 34.16 21.02 32.12 39.19 31.9B 21.78 3M7 33.26
NI 46,70 a5.09 5.47 $(.1B 38.GO 46.07 51,71 41,27 49.82 sa. as 61.65 10.eo 49,99 134.2SClI 43.84 127.49 92.21 33.02 5.25 14.39 32.41 12,91 15.70 101.87 96.flS 101.E)2 58,62 105.44
Zn n.13 107.34 101.(B 91,10 73,82 60.61 71,01 6S,9B 112.16 77.66 109,84 43.53 79,29 92.46
So 7.97 15.45 26.B7 0.92 20.72 16.00 10.12 27.19 8.26 6.42 1B.67 -2.51 13.33 4.14
TI 0,99 1.42 1.51 1.17 1,12 1.12 1.12 1,05 1.15 1.13 1.00 0.97 1.00 1.16
V 402.30 700.07 6132.98 392.BO 3eM1 392,14 360.23 380.133 364,52 345.08 360.90 182.99 370.18 363.94
Or 9.13 3.74 0.00. 7,06 14.19 22.50 53.48 19.18 29.78 61.27 22.02 12.42 37.87 61,46



TllbloA1 : Whole-l'oQk gcochllnllcl'Il data of gabbros trom Ule storkiSprult Intrusion

Sam Ie SG::3 SGM S~35 SG36 SG39 SG40 SG41 SG42-SG43 SGM SG4!; SG4G SG47 SG48
....1't••
8102 64,46 63.41 54.45 62.82 63.64 63.36 52.84 6~.10 52,07 51.46 51.43 51.44 50,31 48.20
TI02 1.41 1.31 1,40 1,34 1.32 1.27 1.07 0,89 0,87 0.76 0,67 0.62 0.76 1.72
Ai203 13.05 13,57 13.19 13.61 13.16 13.30 12,4', 12,65 13.73 14.80 16.61 16.53 18,02 13.55
f0203(t) 13.68 13.18 13,76 16.36 14.11 13.17 13.66 12.8a 12.41 11.47 10.71 10.a5 10,63 1(3.96
MnO 0.16 0.18 0.20 0.22 0,2Q 0,22 0.21 0,21) O,1S 0.15 0.16 0,18 0,16 0,17
MgO 4.86 6,05 4.76 4.B4 6.12 6,75 7.35 B,40 7.0e 7,e8 7.87 7,53 6,5'3 5.76
CaO 8.93 6.70 7,93 7.21 r.68 7,17 7.91 7.21 7,76 8,42 6,37 (l,78 9.31) 7,83
NIl20 ~9a 1.135 2.40 3.39 4.60 4,39 1.98 2.05 1,14 1.20 1.64 1.54 1.46 2,50
K20 0.Z1 0.63 0.14 0.09 0.Q7 0,10 0.06 0.10 0.14 0.14 0.15 0.12 0,03 0,22
P201i 0,20 0.17 0,20 0.16 0.20 0.22 0.13 0.12 0.12 0.09 0.07 0,07 0.10 0.12
LOI 1.70 2.37 2,10 1.48 1,43 1,42 2.30 2,76 2,46 2.68 2.82 2,85 3,91 1.93
Tottll ~ ~ .1QQM 3QO,ZQ ~ 1QQ&i ~ ~ ~ ~ iMa 2U1 99.:11 lll\&Z

FaO 9,99 9,69 10,11 11.31 10,38 9.68 10,04 9.47 9.13 8.43 7,88 1.98 7.74 12,49
fo203 2,50 204:2 2.63 2,83 2.59 2.42 2.61 2.37 2,28 2,11 1,97 1,99 1,94 3.12

ppm
Rb 11,67 19.47 13.07 13,62 12.32 10.93 12,09 9.87 13.79 13.62 12,21 11.32 8,71 17.15
s,. 72,138 91.91 96,34 91,48 92.73 B8,16 88,13 8a,66 91,06 97,30 107.10 101.613 111.41 60,00
Y 41.44 37.6U 39,62 34,83 39.12 43.92 31,04 26,62 24,28 19.4Sl 17,74 18,73 24.09 26.72
Zr 108,58 99,43 106,11 101,73 100.61 92,68 79.41 61,67 64.28 52,99 39.49 49.29 60,01 60.39
Nb 6,15 6.34 6,25 6.49 7.44 5,28 6,76 4,66 5.64 4,97 4,38 4,7'1 4.56 1M2
ee 31.64 32,32 32,52 26.28 35.46 34.01 . 44,34 47,1'1 48.25 41,89 43.02 35,56 37,08 66,OB
Nt 46,90 69,11 49,41 65.48 66.71 (36,81 105,73 127.85 120,68 124,68 122,05 109,01 91.41 62,03
CU 12.41 16.34 99,88 53,23 42,65 01,31 68.92 93.05 53.64 63,31 30,65 17.64 aee 162,34
7.0 31.10 94.40 108,76 {la.57 92,08 92.54 107.46 97.93 67.29 83.89 68,08 85,28 613,65 94,84
Sa 8,76 68.44 9,00 7,75 14.34 15.37 11.36 14.as 20.48 25.93 23.86 16.81 M'7 13,75
TI 1.~1 1.013 1.08 1.20 1.04 0,99 0,80 0,76 0,73 0.65 0.57 0.65 0.60 1.20
V 385,07 354,68 36'1.09 370.56 346,73 3133.20 284.43 261,09 250.43 227,9~ :111,30 243.57 :l29,{)1 948,55
Or 1£),98 83,65 2a.77. 65,42 74,02_.!8.oo 203.94 265.49 260.14 266,213 248,76 197.01 157,92 0,00



TllbtoA1 : Wholo·rook gcoohohltoat datu of Ollbbl'oS ftom tho Storksprllit Intrllslon

l~anliilO 3G19 8G20 8G21 5G22 8G23 8G24 8G25 8G26 8G27 8G28 5G:l9 5G30 S,G31 SG32
wt%
t;;02 52,22 52,54 ,}3,58 52,63 61.17 61.28 62.45 49.CO 60.21 60.60 56.78 F':,.OO 53.68 66.69
TI02 0.8a 1.01 1.40 Cl.99 0.72 0.73 0.92 1.73 2,21 i.43 1.69 1.47 1.49 1.43
A1203 15.04 14.48 12,76 11.69 16.31 16.09 16.68 13.92 12.e5 11,65 12.42 12.96 13.17 12.41
F0203(t} 10.76 12.12 1,.1.87 13.96 11.76 10.62 9,73 16.37 16.80 12.68 14.46 16.17 12.89 13,77
MnO 0.17 0.20 0.16 0.20 0.16 0.17 0.14 0.17 0.20 0.18 0.20 0.24 0.25 0.17
MOO 8.22 5.37 4.78 8.92 8.07 7.23 4.88 4.93 4.11 1.36 3.02 4.66 4.83 4.46
CliO 7.78 9.63 7.66 7.08 8.64 9.16 11.47 10,13 9.21 5.93 7.21 6.86 9,2$ G.29
Na20 160 2.64 3.24 2.04 1.17 2.47 2.27 2.40 2.29 ;.1.51 2.51 1.23 2,31 3.83
K20 040 0.12 0.17 0.22 0.15 0.13 0.14 0.11 0.07 0.06 0.09 0.Q7 0.22 0.23
P201i 0.11 0.13 0.18 0.11 0.07 0.10 0,13 0.09 0,14 0.31 0.22 0,17 0,18 0.20
LOI 2.69 1.65 1.79 2.30 2,69 213 1.72 2.16 1.91 3,63 1.85 2.04 2,02 1.90
Total ~9,63 1QQJ.§ ~ .1QQ.&6 .1Q.Q..1Q 100,60 100.52 .1Q.LQ1 jQQ..Q.2 jQ:l~ :!QQ..4.1 09.81 jOO,28 ~
F~O 7,90 6.91 10,93 10,26 8,65 7.74 7,16 12,04 12,35 9,32 1M3 11,15 9.48 10,13
F.Z03 1.96 2,23 2,73 2.5$ 2.18 1.93 1.79 3.01 3.09 2.33 2,66 2.79 2,37 2,53

ppm
Rb 15.94 '10.63 13,96 16.19 12.47 10,21 9,22 14,89 18.16 11.73 12.92 15,22 1 :lG 12.00
Sr :02.28 91,83 91.13 71.73 9401 97.28 113.93 66.64 85.05 84.14 106.68 122,92 122.38 48.1,9
Y 18, :4 27.71 37.63 24.50 18.36 16.71 22.97 24,19 31.66 67.61 50,04 40.24 43.80 48.30
Zr 46.)6 83.00 84.31 61.12 48.75 41.76 61.49 55,16 74.26 161.38 121.66 105.04 106.25 116.38
Nb 4.22 6.0a 5,84 5,50 4.74 3.79 4.19 4.59 6.12 0.68 7.95 6.59 7.06 7.31
Cc.- 41.64 38.00 42.43 51.69 43,76 34.60. 28.92 46,36 46,75 12,85 35.20 39.00 34.00 38.22
Nt 116.56 64.98 51.97 133,32 122.37 102.92 69,14 57.36 0.00 0,83 10.50 39.61 45.14 38.04
Cu 38.41 35.49 127.00 82,24 6M4 12.58 35.88 219.00 71.36 29.05 23.28 1.61 4,97 19.72
Zn 73.04 80.71 71.40 118.35 125.72 72.15 56.82 62.75 101.24 52.48 42.35 86.45 91.11 44.47
ali 32.46 18.81 27.48 31.89 10.94 17.11 10,06 9.13 4.00 6.06 7.79 7.23 27,89 25,59
TI 0.60 0,64 1.05 0.79 0.50 0.59 0,76 1.39 1,70 1.13 1.34 1.20 1.18 1.13
V 21:3,05 317.67 385.01 278.10 213.94 212.72 257.81 881,46 561.70 27.80 313.57 412.62 3ij7.08 364.47
Cr 206.46 22.12 29.75 282.44 246.42 1119.40 122.97 0.00 0.00 0.00 0.00 2.66 23.07 6.17



Table Ai: Whole-rook geoohemtonl data ot gabbros from the Sterksprult Intrusion

Sample SG1 SG2 - SG3 SG4 SGIl 6GB SG11 SG12 6G13 SG'i4 SG11i SG16 SG17 SG18
wt%
SI02 51.64 49.93 51.80 49.(J2 53.83 51.89 52.96 50,68 54.12 51.23 51.17 50.96 52.66 52.79
TI02 0.84 0.72 0.75 0.74 2.66 n.69 0.99 065 1.20 0.75 0.66 0.82 1.01 0.95
AI203 13,91 16.44 16.28 13.73 12.62 113.05 12.18 15.60 13.38 '15.04 16.66 16.34 11.91 12.04
Fe203(t) 12.04 10,93 10.30 12.31 16,83 10.51 13.12 10.98 12.99 11.?2 10.15 10,49 14.01 13.15
MnO 0.18 0.16 0.16 0.18 0.21 0,14 0.17 0.15 0.17 0.17 0,16 0,15 0.19 0.20
MilO 8.62 7,28 7.32 8,36 3,03 7,21 8.40 8,16 6.01 8.34 7,19 6,60 8,87 9.07
CaO 8.06 9.35 9.00 11.84 7,30 8.93 7.48 8.79 8.34 7.63 9.09 9,15 6.85 7.30
Na20 1.70 1.56 1.74 0.87 2.14 0.98 2.51 1.08 1.79 1.55 1.16 1.66 1.16 1.96
K20 0.13 0.12 0.40 0.71 0.42 0.10 0.11 0.18 0.08 0.31 0.26 0.06 0.36 0.3~
P205 0.12 0.14 0.07 o.os 0.16 0.07 0.11 0.08 0.14 0.10 0.09 0.08 0,14 0.11
LOI 2.61 2.93 2.72 2.03 1.22 2,76 2.43 2.94 2.06 2.72 2.76 2.53 2.54 2.24
Total .1QQ.&§ ~~ 100.63 100.45 .1Q~ 98.82 JOO.45 99.18 100.28 ~ 99.32 98.74 §l9.~!l 100.12

FeO 8.85 8.04 7.67 9.05 12,38 7.73 9.65 8.07 9.55 8.25 7.46 7.71 10.30 9.67
Fe203 2.21 2.01 1.89 2.26 3.09 1,93 2.41 2.02 2.39 2.06 1.87 1.93 2.68 2.42

ppm
Rb 13.42 11.94 24.86 47.03 36.63 10.60 9.76 13.28 10.12 16.43 14.8a 7.59 19.21 18.31
Sr 08.11 100.61 131.62 110's7 99.92 97.41 72.02 8S.40 87.11 93.46 109.61 107.04 69.06 79.45
y 20.81 22.18 17.04 20.28 46.77 16.93 30.13 19,39 31.68 17.35 17.04 18.41 24.52 24.70
Zr 44.45 48.82 45.20 30.84 124,06 40.75 65.33 38.85 04.54 40.42 42.66 46.77 59.20 59.44
Nb 6.19 4.29 4.55 4,03 8.01 4.31 4.86 5.03 5.80 3.86 3.78 3.90 4.14 4.47
Co 45.72 45.83 38.04 44.49 32.44 36.60 . 49,38 39.00 40,60 41.63 37.00 37.29 44.09 45.08
NI 133.94 124.42 114.68 103.97 2,72 109.22 129.67 1:-3.06 81.54 120.69 102.93 96.63 129.78 131.63
cu 34.09' 154.12 52.17 13.37 17.33 56.39 61.46 16.90 67,40 63.79 32.13 15.54 20.34 64.04
Zn 90.46 87.01 69.18 74.19 103.94 73.56 113,93 76.38 94.82 72.8:!! 76.54 63.56 111.91 116.22
Sa 1700 B.16 27.42 56.11 21.95 9.16 11.90 7.35 6,26 29.96 16.12 11.26 51.14 4M9
TI o.es 0.64 0.65 0.75 2.24 0.57 0.84 0.60 0.93 0.64 0.S7 0,69 0.70 0.74
V 243.57 227.57 217.62 322.66 143.85 210.47 264.17 216.85 317.04 235.68 208.44 243.66 286.01 270.69
Cr 209.10 162,33 194.90 37.34 0.00 215.45 264.26 216.69 132.47 252.BS 164.12 171,31 269,39 272.B4
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ABSTRACT

The proposed study investigated the understanding and {deas of
the sUbjected students regaxding the concepts of velocity and
speed with respect to time, considering the motion of few
daily life examples. The field of study was focused on the
understanding of vectors, graphs and pictures of motions 1n
real life. Pre-service teachers, with a mat~ic pass
qualification, were chosen to be the sUbject· of this
research. These future teachers of senior primary and
secondary schools mostly ~elonged to the disadvantaged class
at their matriculation in terms of facilities like equipped
labOratory, books, ~ualJtied staff, etc. Data was obtained
through diagnostic tests and explorative interviews. The
interviews ended into six case studies, which gave much
information regarding the confusions, misconceptions and
alternative concepts held by stude.uts. As a lecturer of the
students, it was possible through 'action research' to look
into the depth of the difficulties of students while clearing
some misconceptions with them, carried over from their
previous schooling. The !;Vorkhas been an attemr"" to filter
out the misconceptions, the confusions and the ~ficulties in
the areas of pictures, vectors and graphs of t ~ real motions.

The findings of this research revealed that the students do
have difficulties in sketching and interpreting graphs,
drawing vectors and understanding pictures of real 'ife
motions. The definitions learnt by rote were not understood
conceptually. Enough practical examples, practice on vector
drawings, sketching graphs of real life motion etc, as tools
of conceptual learning, seem to be under-utilised. It seems to
be imperative that the teaching and learning should be focused
on the shift from memorising the content to concept building
and to clearing oonf'uad on due to lack of relevant practice
particularly when mathematical processes are used in Physics.
In perspective of the previous researohes elsewhere (U.S.A.,
Europe, Zimbabwe and Botswana) the educational implications
appear to be of global importance.
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fable A5: Chondrite normalised data used in the .Jalculation of spider
diagrams from Thompson (1982) and Hawkesworth et 61.
(1984)

Element Chondrite
ppm

8a 3.85
Rb 0.35
Th 0.04
K 120
Nb 0.35
Ta 0.02
La 0.33
Ce 0.87
Sr 11.8
Nd 0.63
P 46
Sm 0.2
Zr 6.84
Hf 0.2
TI 620
Tb 0.05
Y 2
Tm 0.03
Yb 0.22



Table A4 Average Rare Earth Element Abundances in C1 Chondrltlc
Meteorites (Evensen et al., 1978)

Element chondrtte
ppm

La 0,24

Ce 0.64

Pr 0,1

Nd 0,47

3m 0,15

Eu 0.06

Gd 0,2

Tb 0,04

Dy 0.25

Ho 0.06

Er 0,17

Tm 0.03

Yb 0,17

Lu 0,03
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collection into a consistent relationship, It is emphasised that
framing research questions axplicit:ly and seeking relevant: data
deliberately enable and eroJ?Owerintuit.ion.

Erikson outlines 5 inadequate evidence issues at the stage of data analysis
in the absence of deliberative approach, Theyare:

Inadequate amountof evidence. The researcher has teo little evidence
to warrant certain 1(eyassertions,
Inadequate variety in kind of evidence: The researcher fails to have
evidence across a range of different kinds of sources (for example,
direct. observation, interviewing, site documentset cetera) to warrant
key assertions through triangulation.
Faulty intel'pret;?ttive st~\ls of ev.:i.dence,
Inadem!ate disconfirming evidence. The researcher lacks data that
might disconfirm a key assertion.
Inadequate discrepant case analysis.

It is further advooated that the researcher must develop a collaborative
relationship with focal informants. '111(::'researcher can expect that infoli!1ants
will test the assurances of confidentiality, nOI'l-judgmentalperspective and
other ethical consideratinns that were negotiated by the researcher.

For recording the info:rma~ion, Erickson (1983) prefers t.ape reco:rdil'lg in
fieldwork research. This innovation has dist::i.nct:ive strengt.hs and
limitations. The strengt:hs are given as:

C"..apacityfor complet:~ss of_?naly~:tis. Because of LuJ; tmited
opportunity for revisiting the recorded inst.ance by :,;laying .~c,
Potential to reduce t.he deP§lndenc~f the oJ;?s§p;verQ~ p:d.mit;:iv~
typification. BeCi:;IUSethe instance can be replayed, the obsE"xverhas
opportunity for c..isliberatio11.
It reduces the del?Sluc1enceof l:h9...Qb§lsrveron freq).tent.ly occu'l::r:ing
evencs as the best. source of data. Tb.l70Ughth.:l.sI rare events too I can
be studied quite t.horoughly.

'1'1161 .t;~ possible limitations in the use of rrachine records as a primary data
source, according to Erickson (1983), are:
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ScienceII and IIchildren's Sciencell• Each of these sciences differs from the
other and th(:1 interact:i.on between "chilaren's science II and the other three
sciences determines howcclrtcepts are Learned in a classroom. In conclusion
they pointed out that. the currdcula should 00 designed so that parallels can
be drawn between children's science and conc:eptions chat have historically
been Scientist's Science. This, in ccnjunccaon with a conceptual presentation
that. iS1 sequentially log:~cal, would help reduce the number of conceptual
problems that pupils have with motion.

Mackay(1993) investigated with somehigh school pupils in Eotswana the idea
of speed and accelerat:LC>l.1. In the light of his findings regarding the
misconceptions he forwarded the following suggestions for teachers:

Make sure that pup:Lls l.u1.derst.andand .::treable to use the definitions
fran a conceptual point of view.

* ~1akesure that pupils do graphical interpretations.
* Insist on the use of defil1ltions whensolving motion pl:'oblel'ilS,rather

than algorithmic use of the kinematics equations at least for a
si911.ificant period of time.

* Regularly involve pupils in classroom discussions that relate the
reality of the motion to the graphical abstract.

* Thy as far as possible to use graphs that realistically represent
motion.

* Conduct sufficient experiments.
* l?eriodically test the pupils with carefully thought out tests that

identify particular misconceptions and analyze these tests, so chat a
conceptual profile of each pupil i$ kepI:.

1.4.3 Data COllwt::.ion

!n reviewing the major themes and issues in data colleotion, Elricl<son(:1.983)
points out that::.the approach to data colleotion should bet

as intuitive or as radically inductive as :possible.
to make the proct!.ds as deliberative as possible. F:.ron1 the point of
view of a more deliberative conception of fieldwork, however, the
central ;i,ssueof t 119 method is to bring the rese 1) question and data
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Mackay(1993) investigated high school pupils ideas of speed and acceleratiol'1,
with students of a high schccl, in Botswana. His students were aged between
13 and 1'/ yu"U:fj whohad studied Science from standard 6 to standard 10, Of
his seven different tasks, task five was related to graphs. It tested
students I abilities to interpret graphs and their understanding of graphs in
multiple-choice sets of questions. The test was aimed at speed/time and
general motion (rate of change). JV:ackay(1993) sees the problems of speed and
acceleration to be the developed pl"Oblernsof IIrate of changeII ,

In his action research approach, he spent almost three year~ with the same
students and his instruments were questionnaires and Incervdews. Mackay's
(1993) findings highlighted the following points:
* The confusion between position and speed., He fo~trldthat students find

:I,t difficult to cOrJ."'elatephysical x:eality with graphic represel'ltation.
* The cQl'l.fusionbetween speed at1dagcele:t'atioll.. Here he mentioned that

pupils' conceptions of the relationship between physical reality and
graph of motion needs further research.

'k 'l'he meaningQf the slope of the speed/ ti,toograph is confused.
* 'I'here are cOl'1ceptualproblell'f.Iwith rate of t...J.ange.
* InaQ.Sl®a~egl~tnil;iol!s of speed and acceleration as rate of change.
* Graph and re(~lity,

:1•• 4.2 Alternative Concept;i,ons

Hewson (1981) studied howto address the existing miscorKleptions, In Ol"d~'H:'
for conceptual change to ccour. the learner must first be faced with a
situation when:ethere is a certain at110untof dlssatisfacticm with the exieting
conception. Oncethis happengconceptual capture can OCC1.tr, since the leaJ::ner
will be able to maka Sense out of new information. This m..;MS that an
existing conception must be exchangedfor a moreelegant conception, FOl~this
to occur, Hewsonsuggests that the new conception has co have certain
pl"Opert:i.esthat is to say, it must be intelUgib'.e, pla\,.tsible at'ld fruitfuL

Gilbert. and Zylbersztajan (1985) outlined a conceptual frameworkfor Science
Education. 't'hey looked particularly at the case of forCe and motion and the
d,iffe:t:encebetween "Scientist's Science 'I , "Curric.'ular Sciet'lce", !Iteachers'
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Workd011eby Arons (1981), In review of students' difficult:ies in int:t:oauctory
Physics course reveals that:
a. The students get oClnfusedwith the idea of Instantaneous velocity.

'1'ni9 :L9 because the;\yregard "instant" as referring to a shOlt, but.
finJ,te t.ine interval and do not fotrrl the concept "instatltaneous
position" before the~yare asked to cope ~\liththe concept "instantaneous
velocity" .

b. Another difficult.v mentioned by Arons is the intuitive confusion
between velocity and acceleration. '1'his is especially evident when
students deal with objects that are instantaneously at rest, for
example a projectile at the highest point of its trajectory, or the
t$Xt:t:'ett1epoints of ,~pendulumswing.

Schultz et al. (1986) investigated students' problems with graphical
representations of linear motion. They took 25 studoflts in the seventh and
eigllch grades. '1'heyused Piaget' s clinical interview method, u:1Iingsets that
included problems which called fOl' graphical inte:rpr~tation. l?ro')lemswere
designed to 9ive informatJ.on on possible misc.~onceptionsidendfied from
previous v.'Orkwith the students of the sameage and older (Clementi ....985), and
trore gene:t:'allyto assess the subject's understanding of graphs and skills in
gruphing.

Schultz et al , (1986) :eoundthat. the students could interpret and produce
graphs in simple straisrht fO:t.'"Warosituations. 'rhey also found evir1enceof
some suspected misconc€!ptions, and of some that were not anticipated. For
example:

a. .@raphas a ~~~ '1'hereis tendency amongsubjects to view graphs .IS

pictures rather than as symbolic representations.
b. Gr.;tphmust §leart. at 1;e1"O.,1m unanticipated res\.tlt. that appeared in a

sizable minority of graphs produced by student~~is the apparent belief
chat g:l:'aphsmust begin (and in somecases also end) On the horizontal
uxis. This is not ~rely the result of habit or carelessness.

Kuiper (1988) of the Un:i.versity of Zimbabwe,found a similar (as Schultz at
al . 1986) variety of misconoepcicns amongthe school children of Zimbabweas
ethel's found j.n Europe and .America, in mechanical terms.
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were enrolled in a lnl:x:>rat:ory-oosedpreparatory Physics course. Theyexamined
two categories of difficulties:

il difficulty in cOltnecting graphs to physical reality and,

ii) clifficulty in contlecti'ng graphs to the real world.

It was found that the students had a fairly good ccnrnandover kinematical
ooncepts which do not involve graphs. The students' inability to interpret
graphs was the real problem. Theymentioned the following areas of studenca'
difficulties:

XntC:":r.p:r.etat:ion

a. Piscriminating between slope and height of a graph. It was found
that f:r.cm a graph cf 1=lOsition(di.stance versus time in a linear
tf'Oticm), students do not )mowwhether to extx'act the desired
info:cmat:Lonfrom the slope or the height of the graph.

b. Inte:l:preting changes in height and changes in slope.
c. Relating one type of graph to another.
d. Matching narrative information with relevant features of a graph,
e. Inte:rpreting the area under a graph,

Cbnnecl:inga, g""'llphto the 1"'et'J.1 \',():r.ld.

a . Repl~esenting a continuous rr'Otion by a continuous line.
b. Seplltrating the shape of a graph from the path of the IT'Otion.
c. Representing a negative velocity on a V versus t graph.
d, Representing constant acceleration on a.V versus t graph.
e. Dis,tinguishing alT'Ongdif:eatent types of. IT'Otiongraphs.

McDeJ::1TOttat al , (1967), suggested that the trost, important aopect of graphing
is practic'e gal.ned in selecting thE!appropriate feature of a graph to obtain
the in:f.oJ:nv.:ltic.nrequired. In conclusion they emphasise on the graphing
ability (to draw and to intel.':pret) to be one of the lTPst important tools in
learning Physics.
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during lny teaching period in four countries, namely: India 1 Nigeria,
Lesotho and in the Northern Province of South Africa. Students seem to
hold either (1) confusion in understanding concepts (for e:x:arnple: what is
a graph1 what are its axes 1 whydoes the graph point t1)?wardsor downwards);
or (2) real, problems with the concepts and howthose relate to graphs when
~~laining motion.

The investigation thus aims at _stabUshing students 1 difficulties, and
possible misconceptions of terms used in motion.

Whatare students 1 Ldeas about the relationships between pictorial, graphical
and vector repreSElntations of velocity and speed with respect to time and
position in same real life examples of 1notion?

1.4 :LITE'.AATORERl1VIJ1W

1.4.1 Research on M::>t,ionand Graphs of M::>tion

Piaget (1970)1 found that at the age of 11 years children are able to reason
and can understand rnotion. A similar conclusion was o-=rivedby Ravan (1972)
whenhe conducted hiEl research on 96 children from grade 3 to IS.

Trowbridge and MoDaJ:1nott(1980), fOUl1dthat first year co1J.ege students in
North Amer.Lcahave problems in understanding position and velocity in
different stages of motion. It was concluded that conceptual. problems are
rnostly :responsible .:i.nunderstanding the problem. Tl:-owbndgeand McDel.1nott
(1981) further investigated the concept of acceleration in one dimension. The
main thrust of the study was on the qualitative Ul1derstandingof acceleration
as the ratio Vlt. They investigated how students of the eLi fferent
populations comparedacceleracicne for two simultaneous rnotions. Failure to
makeproper comparison was due to conceptual difficulties regarding velocity
and acceleration. McDermottet al. (1987) researched students' difficulties
in cormecting graphs and Physics in America. Examples were taken. from
kinematics. Thepopulation chosen was several hundred university students who
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the slope and height of a graph, position versus time and velocity versus
time graphs, area under' the gtaph and connecting graphs to the real. world.
Schultz, Clementand Mokros (1986) investigated 'Adolescents' Graphing
Skills'. Amongth8i:r' findings were slope and height confusion, graph as a
picture and graph must start from zero. Arons (1981) studied thinking,
reasoning and lU1derstandingin an introductory physics course anong the
students in the USA and found a lack of conceptual lU1derstandingnamely,
with instantaneous position, velocity and acceleration at the end of a
swing of a pendulum.

This investigative and explorative study with the basic aim of identifying
conceptUal difficulties intends to add to the findings of the predecessors
in the field of graphing skills connected to velocJ.ty~time and speed··time
lTIOtion.Other than this the stu~y includes two more areas of interest,
namelyvector and pictorial understanding of some:real life tnotions. ~1e
study has been done with Physical Science students of the Senior Primary
and SecondaryTeachers DiplomaCourse :r &; II studying at MamokgalakeCbuene
College Of Education, Northern Pl"Ovinceof South Africa during their study
year in 1994. and 1$195, Tools used were a diagnostic questionnaire and
explorative interviews of selected students (six J.n number) as case studies
with the intention of exploring the ideas they had regal"ding the proposed
study.

Although this study does not extend to pl:oviding a remedial programttefor
the misconceptions identified, it is expected that the inEort11Eltionw.:l.ll
assist teachex's in their teaching and hopefully maynot: transmit their
misconceptions to their students/pupHs in their field of work, 'A seminar,
with the .J?re~serviceteachers, on the findings on motion is expected to be
organj.sed at the end of the study. ~1e aim wouldbe to prevent the circle
to continue in the field of misconceptions,

Graphical understar.ding of speed~time and velocity-time relations are part
of the b:Lghschool and teachers' diplona courses. As a teacher :r have
noticad 61.1.l"Prisinganswers from college/school students, while dealing with
the pmblems pertaining to graphs. ! have experienced similar problems
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INl'OO.DOcrrCN

1.1 GENERAL:ooRO.DOcrroo

To understand motion problems in Physics, a student is expected to
understand the motion in a real life situation and t.o use somesuitable
mathematicsto describe it. Normallysomecalculations involving basic
operations (addition, sUJJtraction, multiplication and division); solving
equations} translating the motion into figures or pictures; vector nature
of quantities used; graphical understanding of variables involved; SOl116

geometry}vectors and elementary trigonometry are needed to understand
motion at Senior PrimalJ(and SecondaryTeachers' Diplomalevel as well as
at HighSchool level,

Mystudy limits its scope to finding difficulties encountered by students
in understanding speed and velocity in terms of their ability to draw
pictures, v~ctor diagrams and graphs of real life examplesand vice versa.
Thevector nature of velocity and the scalar nature of speed as reflected
in studa~t~' drawings of vectors/scalars and st.ud~nts' interpl~tations of a
vector diagramas well as a speed/time and a velocity/time graph will be
the second area of investigal~ion, Thegraphs of velocity-time and speed~
time: sketching, interpreting and relating to real life motions I:3ha11be
the focal issues of investigation in the graphical understanding of motion.

Graphsare widely used as tools to understand motions in kinematics. TNhen
a real-life trotion is sketched .:I.nthe form of graphs with its tWt') related
variables, for most of the students, difficulty begins. Facedwith the
].X'lOrperforl11al1ceof pupils and students in motion related graphs, several
studies have been conducted itt the past few decades to bring to the
difficulties, misconcept:J.onsand confusions encountered by the learners.
McDermott,Rosenquist and VanZee (1~87)studied students' difficulties in
connecting graphs and physics. The two categories of difficultJ.es
investigated were: difficulty in coru1ectinggraphs to physical concepts
and difficulty in connecting graphs to the real world. l?roblemswere
reported in both areas and students were found to have difficulties with
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Th~analysis started with producing i1101vidual students' interview profile.
Theprofile consists of the questj.or..sand the view of an interviewee in the
formof a conclusion. This helped 1••· ,:;olidating the views, understandings
and held concepts in each individual c.l:!e study.

Finally the issues emergingare discussed in context to the answers given by
the interviewee and the literature available, The issues are sorted out
according to the respect~ve aspects of the study (picture I graph or vector) ,
The individual interviewee is allocated a cede n1.ll11berfor the discussion and
deliberations in order to maintain their anonymityin the interview.

1.6 CXlNCLUSION

Mywork find.g its departure fromMackayIs (1993) and other researched work
(reviewedin research on motion) and intends to add to the work ~ll."eadydone
in the field of motion and graphical understanding. In, 'on to that
scalar andvector r::onceptsof speed andvelocity in graphs and y..:ctordrawings
have also been Included.

My study investigates the understanding of mot'iom1Jin physical reality and
interpretation of the graphical and v.;:...:torial representations of these
physical realities by the pre-service teachers l'lPstly in disadvantaged areas
of SouthAfrica.

The instruments used were diagnostic tests and explorative interviews, The
test guestions were designed carefully to include multiple choics, openended
and structured questiona. 'l'he written test was suppleMented by the
interviews. Six case studies were done through explorative interviews.
Qualitative and quantitative analysis concludedthe ic" as, understanding/OJand
existing trends al'lPngstudents.

*****'it'***'I.'
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1.5.4.2 Interview Analysis

Out of 79 st.udents who took part in the CJ.uest:i.onnairetest I only six wet'e
selected for the int.erview. 'I\t.lowere picked from the best performers / two
from the ~dium and another two selected frorn the weakest performe:t:'s. This
was done with the intention to have a rep.t:'esentat~.ve ~,election fl"<.."'mthe Icc ,

It was decided that the interview be recorded with the agreement of the
participating intel'Viewees. More numbers would not be convenient to
interview in terms of the arcunt of worJ<involved in t:ransc:ription and
subsequent analysis. This number inf11tsnced the interview to be limi ted to
six individual case studies in the pel"~;pective of the research questiC'"lS •

Since a omall nu.tt1berwas accomn::0...c:\t:r:,dche study again limited itself to be
qu,•.J.itative in t::eJ:1T1S of both t'ne data collection and analysis.

The interviews lNel"econducted in the Physical science laboratory nf the
college in context during the middle part of ).\ug. 95. Only two interviews
we:redone a day. A brief bio-J:ustOl.'Yof students was sought to assess the
background of theil:' past: study and the environment in which they had lived
dudng their matriQ educatdon. It:: was gladly accepted and provided with fo:r
il'1speotion, and filing before the start of the interview.

Seven questions from the questionnaire were picked to give at start to the
interview / but students were not told about the questions or the nature of the
quest,1.on.s:. 'two quescions C"'l pictorial l:'epl"esentation of the trot:!on (3,1 &

:3.2) / two on vectors (3.3,1 & :3,3.2) and three qLl9stions on graphical
1.U'1de:rstandingof the motion were chosen and each CJ.\.testionwas typed on a page
with sufficient space to work on it. 'rheas question sheets were rrade
available to each student to read and to work on, if they so wished. Since
it was an explorative study al::x;)utthe J.deas and concepts held by students/
follow up questions were designed on the spot:.and thrown to students for their
Commel'1tSI discussions or ansv.Jers. These follow up questions were, obviously,
different. in each case because their f:o:rmatic.)ndepended on the l'lE'H':1..U:'e of
answers cc:lmingforth. So no mention of such on the spot questions are
possible here. These questions and follow up process can bs seen in the
transcribed i~ter.view text.
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becores valid and conclusions reliable. 'Ihis analysis provided someexpected
and manyother unexpected ideas and concept.icns held by students sometimesin
sizable minority and sometimes in a good n'8.jority.

In the fourth step all the issues relating to the various aspects of the study
are concluded. Son1e corrmonideas, some ideas in pocket g:r.oupsand other
ideas not very cotl1llOnbut held by individuals are repoxted. In thi.s section
the filtered ideas and conceptions held are suppol:ted by the relevant answers
given by students and the support from literature if any. Other than this,
thee;::quE'lstions,which are designed to test: aU three aspects (picture, graph
andvector) I are put together to study the po.9sible.teaching strategieB J.nthe
light of the following questions:

If a student. has the correct conceptual understanding in one aspect say graph,
does she/he have the same in other aspects?

In case the answer is 'yes' I the teacher should focus on the st.rategic one
anu other aspects will be taken care of. In case of Ino' (that is to say
there is no link between the tmderstanding of alia aspect to the other) I the
teaching st.rategy will be to teach all th~ aspects and ralaced concepts
individually m1dseparat.ely.

For statistical understanding I frequency distribution tables showing
frequencies of correct , wrong and no-answer or no idea answers have been
given. These related to quest:ions or issues on diffF.lre111:.aspects of the
sl'.udy. Example:

Aspect of stt.\dy : Pictor:l.al .b1llc1~rst:nnding

Question 1..1 Identify t.he pioture of rnot::.on<"'f a t.ennis ball.

table :L.:3 m~nlple of quanl:itat:i:ve analysis of the !;ec.,tdata-~
QuestiO\1 C()l:'rect. wrong no answer tOt:~J.

1.1 2,0 S$l '" 79

So the quest.ionnaire was analyzed quam..lt.advely as well as qual:l.l;at:.:i.vely.
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In the second stage each question with its sub-sections was considered
individually. In this section for each answer, respondents' pre~allccated
index numberswere indicted in front of the particular answer and hence it was
possible to indicate a frequency for that answer. It was always checked that
the total number of respondents in the end matched the number of students
l1al'l1ely79. '1"hishelped in identifying the spread of a pru:ticula:c concept
attached to an answer. Example:

Question 1.1 (In this, multiple-choice answers are markedA, 8, C,
and D)

'I'able 1.2 Exampleof bow the respondents of a question were counted

A 1 3 4 5 6 11 2S 27 35 41 58 59 68 78 80.
B 13 18 20 22 30 42 44 45 46 47 49 53 54 55 ISS

66 71 75 --I- i---'-
C 8 12 21 24 26 31 22 34 26 37 39 57 63 64 67

69 70 72 76 79

D 2 '7 9 10 14 15 16 17 19 23 28 29 33 38 40.-
43 48 50 51 52 56 60 63. 73 74 77

A r.1 15
B t;l 18
C t:: 20
D ,..,26 Totl:tl 79.

In this partic.ular e..xampleit is obvious that the underlying concept in option
\D' has more suppert. And to capture the concept with its sUPpo:l.tergroup
is trade easy.

tn the third sl:ep t:he three mall/.aspects (picture, graph and vector) are
studied separately. £o'orthi.s pl.trJ?OSethe questions related to the p",rt:icula:r
concept (namely, graph) are collected i1'1a section along with the answers and
studied for students' ideas and concepts in perspeotive of the literat1.ll:"e
availCtble. 'Ibis gives a collective data fromdifferet'1t qI.t6stiol'1Sin :r:eallife
on a particula1.~aspect of study. Being frommanysources the data collection
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(a) it is time consuming, both in conducting them and in their
analysis. Themost time consumingitem is the transcription from
recorded tapes.

(b) students often do not like interviews, as they feel threatened
and nervous and consequently tend to make mistru~es they would
perhaps not makeotherwise, Despite the fact that all methods
have somemerits and limitations I they have to be used with care.
In this rese.::trchthe questionnaire included muldple choice and
structured questions. The interview had some questions from
structured questions as a base to start with. In a way their
answers in questionnaire and ideas ,.:rising from these weJ:'eagain
J:'svisited in the case study of six selected students, and

therefore the explo.t',ato:r.yInterview was adopted as a tool. In
this way an attempt was made to build a complete pro:e:.1G'Jof
students thinking and the misC'?nceptionsheld by them.

:I.. 5 •4 Data Analysis

1.5.4.1 Data ~ Questionnai~

The questiolmaire was analyzed in the £ol1o\'1ingmannexi

A short: condensed p1"Ofi1eof individual studencs was prepared showing theiJ:'
respectiwl answers in a OOX provaded for the purpose. 'rhis way all 79
students whotook part at the same time could be accommodatedin a fewpages,
maJdng the study of their answers simpler. Example:
Table 1.1 Format of tlCU1Sm:':J.ptionof individual test answers

Stud~Jlt~~ •..,.••.•• Course f ..

.l•• l 1.2 [ ~.. 3·(i) 1.3 (i:L) [2.1-
2.2.1 At 49 At 6s ~1.2.2 a, 3 2.4
3.1 3.2 3.3.1 3.3.2

....._

~-: :-1: 4.13.4(a) 3.4 (b) 4.1(a) a iii

4{b) 4 (0) 4 (d) -
Sial S(b) 7{a) 7 (b)
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1.5.3.1.2 ScructU1~l Questions

Structured questions were more in numberthan multiple~choice ones. Although
such questions give a large amo\lntof wot'k. in analyzing students' too rrany
different answers, but they help to filter out the various conceptJons held
by students. In other words, the structured questdcns probe the oonceptions
prevailing amongstudents and studellts' thinking is revealed.

In intel-pretille questions pictures, graphs and vectors (sketches) were given
to students representing daily life situations. The students were asked to
study the situation and answer the question. The train advantage of the
interpret.j.ve question over the essay test is derived from its greater
strLtotUl.·e. Students are not free to define the problem or to demonstrate
those J;hinldngskills in whichthey are moreproficient. Themajor limitation
with int.erpretivE;l structured questions is difficulty of constructJ.on.
Sel~~ctingmaterial, sometimesnew to students and presenting it in a way
suitable to students, takes a lot of time cu1d requires mucheffort.

'111equestionl'laire consisted of multiple c.:hoj.cequestiom:! as well as
I~tructured questions. Opell ended questions att.ached to structured questions
were inserl:ed to probe j,nto the variet.y of ideas students have about: some
concepts and thei'!:' \.lIlderst.anding.

1.5.3.2 Int.erviews

In qualitative research inte:r.views are valuable tools. Because of thei'!;
flex.ibilit:.y, the interviewer has the ability to pursue a pupil's line of
reasolll.ng i1'la way t.hat no other item can. This meansthat: if. the interviewer
bas a 1lt1r1.gging stJ,~picion" that: a st.udent shows evidence of relying on a
part;icul~."m' R:,~C>l'L",cption,but:has otherwise successfully completedother tasks
(such do'3 r{nll",.I.pJ.e~choicequestionnaire), he probes into the student Is thinking
in i")rd~rto 'lXPOsesuch a nti.sconc:eption.Another advantage of this met~hodis
an ~~tra opportUl1ity to continue until the objective is reached and ideas
explored. Students too have opportunities to ask about their doubts
C'Joncerningthe clarity of questions and to discuss other related issues,

Thedisadvantages of this technique are:
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1.5.3 Instruments

1.5.3.1 Written 'l'est

A questionnaire was administeJ~edfirst.:. It aimed to give students a chance
to express themselves in a written manner which they are used to. '!he
proposed test dependedon a questionnaire designed for the purpose. Questions
in the questionnaire were fJ:'amedto test the pictorial, graphical and vector
understanding of simple motion in real life. The inter-relations of these
ideas like: from picture to real life statement I from picture to vector
representation, from picture to graphical representation and similarly from
graph of a motion to pictures and vectors and from vectorial diagrams to
picture and graph were the basic factors influencing the questions. The
simple exampleslike: a ball th:rownupwa:rc'ls,motion of a tennis ball, motion
of a ball between two walls on a srnoothsurface, rootion of a car and motion
of a swing were used to shape the questions. Other than these multiple
choice, open ended ond structured questions gave a way forward to cbannelise
the questions, Con. ptual understanding, ability to interpret and make use
of the infollnation obtained were someof the goals to be achieved at the end
of the t.~st..

1.5.3.1.1 Multiple ChoiceQt.lesl~ions

Themain advantage of the multiple~choice it.em is its wide applicability in
measurementof various pl1ases of acl1ievement. It can meas~~ea variety of
leal"ning outcomes at Imowledge.:and understanding level, In addition, the
multiple~choice item is free fl"Omresponse sets and is useful j.n diagnosis.
Theother advantage of this item, is that it is easy to analyze because each
distracts:!:' represents a particular conception of the problem. Even if, a
student selects a wrong response it tells his way of thinking and Me
perception of the problem. Becauseof the chmnelised options that are given
a student cannot;bdng in his variety of sentences, There is a limitation
with multipl~H;:hoicequestions that a student cannot give reason in favour of
his chosen answer. Il1 case he guesses the answer, his concept cannot be
exposed and in analysis the conception behind his guessed answer will
wrongfully be his concept.
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central-southern tip of the province near Groblersdal), presents for such
courses and was chosen for this study as an ideal site, for the obvious reason
that the researcher (myself) is a lecturer in the same college for Physical
Science. This helped in choosing the sample without much difficulty and
deliberations were without much constraints. Muchof the familiarising,
introduction and fo:r:malities of getting permission were easily avoided. The
students took part in tests and intel"Viewswith a fair knowledge that this
research is in no way harmful to them in their perfo:r:mances.

For questionnaire:

Amongthe 79 available students 46 belonged to Secondary Teacher's Diploma
(ST.D) and 33 to Senior primary Teacher's diploma (SfiID). Most of the
students were taken from Course 011efrom each group. They took part with
curiosity and Inceresc. A few senior students who took part; in the
questionnaire test had spent at least one year in the College but very little
l?hysics fromMechanicswas done with them. So they represented a class whose
high school memorieswere a little older.

For Interview L

(i) six studenta were identif:i,ed : based on their perfOJ:1l1c"U1CeSin the written
test 'questionnaire) for interviews.

(il) 'TWO students from each category l1amelythe best scoring students; medium
scoring and those with lowest scores were chose),')'to giVe the total numberof
six. A lro:ge number of bterviewees could not be accommodatedbecause thE:l
intel"Viewaimed to have a SOl"\::of case study with explorative question. These
students happened to be the studE:lrttsof Physical Science taught by the
researcher. So a close observatdon and a background lmowledgehelped
in reaching the desired 9'oaJ.of establishing l..hai:J:'understanding of certain
conceptA and skills. These students in the college, tull.i.ke the high sohools,
represent fa'!:." and wide are!')'"because of the nature of selection for
admission to these courses in the colleges of education. Of course they
rep:J:'esent the standard of l?hys;!.csed\"lcation in the fOl:1ner'Department of
Education and rrraining' for so cal.Led "Bantu Education",

..
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1.5 R1i'..SEAAO-IDESIGN

The research involved rnostly underpr'ivd.Leqedstudents. Underprivileged here
means not having qualified teachers as well as unsatisfactory lal:oratory
facilities at school. In addition sometimesi=Jtudents'ar ....don is just to pass
tests rather than to have a correct understanding of the subject matter. The
study aimedto investigate understanding of speed as a scalar and velocity as
a vector in pictorial, graphic as well as vector diagrams. Also students'
ideas regarding basic understanding of graphs related to physical reality in
rnotionwere included. The reason behind such effort is that students show
poor understanding when a Little shift, from rate learnt definitions or
algoritl1mic calculation, ...s made in a comronclassroom situation (my own
experdence). The students under observation have a matric pass and come
rnostly from the townships and former Homelandsof the Northern part; of C30uth
Afri.ca. It is hoped t.hat the research fil'ldings will have sotne impact on
teaching methcds and strategies in schools.

1.5.J.

The study wasbased on diagnostic tests. To administer a well designed t.est
in written formwas possible because the students were avaHable and willing
to write the tsst. OnI::UJalysisthe results were quite genuine and revealing.

Six students out of the wholegroup of 79were chosen for case studies through
.i.nterview. Theyand their parents agreed to the tape recorded interview. The
population were students fromclasses I taught, so the research had an 'action
research' approach. Muchof the analysis wasdone qualitatively so the method
used wasmorequ~litative than quantitative.

1.5.2 Population

J:'re~service teachel"Swhohave passed matric and have chosen t.eaching as t'.heil:'
profession were the subjeccs of the. study. Theybad Physical Science as one
of th~ subjects in high school and their ambition is to specialize in the
subjeat as the area of theil:' teaching in senior Primary and SecondarySchools.
MarnokgalakeChueneCollege of Education, situated in Northern J?rovince (at the
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1.4.4 J:I11plications

The +hree areas namely research in motionI alternc.tive co' ception and data
collection reviewed in the above literatute have significal1t contribution to
my research design. Thewayforward and the point of departure was fromthe
literature in research on motiOnand graphs of motion by the researchers
mentioned in the review. Connecting real life trot.ion to graphs and
understanding graphs correctly as a mathematical tool in the study of
rrecharricssurfaced as a global concern. The difficulties and confusion in
understanding motion and graphs as discussed earlier, were points to start
with someadditions.

In the section 'alternative concepts' I the literature reviewed tellS howthe
concepts are learnt. learning stages differ dependingon the maturity level
of the Learner, content to be dealt with and the environmentwhere learning
takes place. Mackay(1993) listed 7 suggestions to irrprove leal."rlingthrough
his findings, for a high school class. Gilbel.t et 19.1. (1985) talked about
different formsof science for different categories of people. My population
are students of Pre-Service Teaching. For this groupwith a matric background
the expectations and realities helped me in designing the test questions,
interviewing and analyzing the test data.

The literature on data collection lays emphasis on the validity of data as
wen as methods. Several sources and different waysof collecting data are
encouragu[..1. Th.eweaknessesof one are compensatedby other teohniques. The
test questions had mu' :iple choice, O~1 ended, construction, graphing and
interpreting components.Therecorded interview in a familia.r.environmentwas
rulother source of data collection. The starting questions in the interview
were taken from test papers thoughexploratory questions were added. Though
the recording of interviews have lengthy processes of transcription, its
outstanding merits like playing the tape as manytimes as neededencouraged
my interviews to be recorded. Data Triangulation which means t.ouring
different sources, makingthe research findings nore valid, encouragedmein
myinstrument.design and in choosingdifferent. categories of popula.cion.
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should be open ended and flowing. Considering the lengthy work of
transcription after the recording of the interview it is suggested that a
reasonable numberof subjects be pi.oked and an anount of time be spent in each
interview that makes sense in terms of the work involved in transcribing it.

In an art.i.cl.e "Why Triangulate? /I Mathison (1988) lays emphasis on
triangulation of Fl. research. It is a strategy to makea research morevalid.
Aresearcher should use multiple methods, data sources and researchers' views
to enhance the validity of research findings. Data triangulation refers
simply touring several data sources. Whendata gathered from different
sources and that col.Leoted through different methods agree, the outcome is
called convergence. The outcome received after data triangulation has more
validity.

Other than interviews, written tests on multiple choice, open ~1ded or essay
type, or structured questions need to be conaidezed as a tool for research.
Kel1ington and Mitchell (1980) asserts that any form of assessment need~ to
be a combination of a number of different fOl1nof test.

Johnstone, MacGuire, Friel and Morrison (1983) found out that the success rate
for guessing can at times be as high as 45 % and not the expected 25 % for a
four item multiple choice test.

Another obsezvatd.on madeby the group Johnstone et al.. (1,983)exposes the fact
that the use of multiple choice test, while intended to ease the language load
on pupils, simply shifts the load, so that the pupil no longer has to express
him/herself, but has to work.harder at interpreting the question. It is a
commonexpezLence that to manythe multiple choice questions give Of,,.,rt1..U1ity
for guess~work.

Considering so many factors ttC'.:.;cting the data collection for a research a
combination of interv;i.ew and written diagno,9tic tests \ir'.cludi.ng multiple
choice, open ended, structured questions et cetera) shculd be used.
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The researcher has no opportunity to test the emerging theories by
trying them out as an active participant in the scenes being observed.
In order to make sense of the recorded material the analyst usually
needs to have access to contextual information that is not available on
the recording itself.

Erickson (1983) suggests that by ccxnbiningregular ethnography - with micro-
ethnography both the limitations (that is to say, absence of participation as
meansof learning, and the absence of contextual information beyond the frame
of the recordirs, can be overcome).

Osborneand Gilbert (1980) suggested that interviews about specific physical
situation can be used for exploring leatn8r's understanding of a particular
concept in a way that is not tr.reatening the 1earner .
instances II has the foJ..lowingstrengths:

IIInterview about

It can be applied to most age groups.
It is enjoyable to both interviewer and the interviewee.
It is rrore flexible and has moredepth than written answers to tasks.
Classifying instances is more probing than a~cing for a definition.
It is concerned with the student's views rather student's deviation
from the scientific view.

The limitations and the difficulties of the method are:

A limited but adequate set of instances has to be chosen. This is a
difficult task.
The order of the instances mao r influence the responsea.
The interviews and subsequent'.transcription and analysiS are all
time consuming.
Xt is often difficult to report the responses succinot.ly.

t;espite these limitations, Osborne and Gill.:.elt (1980), in conclusion, fil1ds
the techni~te suitable not only for exploring students' understanding about
physical instances but as a teaching tool also.

Referring to qualitative interviews, Bogdenand Biklen (1992) asserts that it
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g>t:aphsof the same motion. In que sb Lona where vector sketches
were needed, the answers indicated that students give vectors
as: (i) graph and (1i) path of the motion.

Question 3.3.1: Draw the vector of the velocity half:~way up
in motion of the ball thrown upward. To answer thds vector
constJ."uctionone haS to decide the magnitude and direction of
the veloci cy at the middle of the heigl!!::reached.

Table 2.8 Understandings of vector diagrams

.
question corJ."ect:% wrong % no idea %

3.3.1 32 49 19

3.3.2 35 48 ==E'4 (d) 0 18
="r

1 The
arrow indicatc8 the direction of the vector and its length tha
magnitude. Since the arro'N'reaches Ll},':l to the half of r he
figure it cou l.d have al~othel:'int.el~prel:at:ionthAt I:his vect oz
has its magnit.ude as half of the height and not th~ velocity
at 11&1£ way. This confu~ion arises because of the completion
of t:heEne by dots up to the t.Clp.

Thirty-two percent of the students answered as

FOl.~ty-ninepercent. gavf" t.he Vp.C\::.Ol:'t.\:"1 gl:'P.Ph..Most of t.'1

graphical sketches start ~l:'omthe origit,. These graphical
sketches were unexpected and show the gross misconception
P;!"BvuJ.1in0among acudenca.

In queac Lon 3.3.2, whe:t'sthe sl:udent:shad to draw t11evector
of the valoaity while the ball ~~ caught, 48% drew different
graphs again. This is the most positive confirmation of the
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riding a bicycle over a hill: they said chat, at the top of
the hill the speed was maximum.

2.2.5 'l'heLength of a Line Vector and Its Magnitude

This section deals with the concepts held by stude~ts in
regard to the representation of vectors.

Table 2.7 Representation of vector quantities

question correct % wrong % no idea %

1.2 39 61 0

Why a vector should be longer and another shorter is probably
a problem to most of the students.

In question 1.2 a tennis player 'A' hits a ball with a
ve~ocity V. After being hit by the opposite pla''er 'B' the
ball return9 to the player lA' with velocity 2V.

This motion Was shown in the form of vector diagrams with
four distracters. Thirty~nine percent indicated the correct
a.nswer 'e'. The rest 61% chose the distraoted answers showing
their confusion with the understanding of Vectors. The other
popular wrong ans~ers like '0' (24%) and 'B' (24%) indicate
the misconception with the magnitudes and representing the
direction of vectors respectively.

2.2.6 Vector as a Graph

Questions 3.3.1, 3.3.2 and 4(d) are discussed in this section
in order to view the students' ideas regarding vectors and
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changes the direction of mot.ion. Students seem not to be
familiar with the concept involved at fourth second. My
findings support the idea found by Arons (1961) and McDermott
et at . (1986).

2.2.4 Confusing Speed with Position

Table 2.6 : students' responses regarding speed and position
in case of a ball thrown upward

question correct % wrong 9.3 no idea %

3.2 :37 4S 18

In question (3.2), the questions identified th.;pos i.t Lons of
highest speed during the motion of the ball thrown upwards.

This quest.ion required an understanding of various positions
and the corresponding speed, especially when the speed changes
with the direction. For example : in the starting pcai.t Lon,
at the top and when the ball has fallen and is caught are
important positions to consider. From the start to the top
pos i t Lcn the ball is uniformly decelerating and from the top
to the catching point it is being uniformly acoelerated.
Because of che deceleration the initial maximum speed reduoes
to zero at the top, and the ball starts to fall again with
acceleration Ig', thus reaching ~~ximum speed when it is
caught.

Only 37% of the students could give the correct answer. The
other 37% indicated the highest speed a.tt.hehlghest point.
Thus more than a third of the students :.'onfusedthe position
with velocity. Schultz and Clement (1986) found students
holding a similar misconception in an example when a child is
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Two track a~rangements as above were given and students were
asked to draw position VB time and velocity versus time
graphs. Some velocity VB time graphs were:

v
(o,) --'_ .. \

\,-,~.,...

)figure 2.4 Velocity-time graphs of the above expez-Lmenc

A:Eter careful exami nat Lon McDermott: et al. (1987) concluded
that::.

1. There was a tendency to represent. cont Lnueus motion
by a C0111:1nu0\18line.

2. Students have difficult::.yin separating the graph from the
path of the motion like I

(a) There is a tendency to represent spatial
appearance of the motion.

(b) They seem to expect: that t:heshape of the
graph should resamble the shape of the
track and thus draw a horizontal line.

Arons (:1.981) I found that students did not understand
instantaneous posi~~'¢l1. My data frOm question (:2.1)ahove
dhow that both of the concepts 1nstantaneOUD position and
velocity, at fourth second, are equally impot'tant hecause at
the fourth second the object is instantaneously at rest and
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(ii) it abruptly falls below the time axis from 3 emls to a
negative 2 em/s.

(Hi) Lnatai.oaneousl.y che mot ion s\:ops at the fourth second.
(iv) when +3 cm/e changes to -2 emls, a change of direction

(reverse) takes place.

option (tv) is the correct answer and was answered thus by 49%
of the subjects. The remaining 51% could not make a sensible
choice related to the motion shown by the graph.

In Question 4(s), the segments of the graph representing (i)
Constant velocity, (ii) A motion illa forward directio11 and
(iii) A motion in a backward direction was answered correctly
by 82%, 10% and 8~ respectively.

In matching constant velocity with the graph there was
success (82 %), but the same (correct answer) had been very
low in the forw~ll:c1and backward motion as 1.0% and a%
):espect:l.vely.:tt indicates the low level of tnatchill,gabil:i.ty
in cases other than const.ant.veloc:il:y.

1~ere is a tendency t.odraw answers from t.hegraph looking at
it as a picture. McDermott, Rosenquist and Van Zee (19B7) too
found students' difficulties in conneol::1nggraphs to the real
world. They had the following example:

l.~igu1"e.2.:3. Experiments in which ball rolls along (a)
st~aight level track, (bl traok with level
and lnclined segments
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in the forward direction.

This picture-as-graph trend seems to be in agreement with
Schultz IS et al. (1986) I finding that students dzaw graphs as
pictures of the real motion.

2.2.3 Matching the li'eacu:r:esof a Graph with the Narrative
In:torrnation

In questions 2.1 and 4(a) an attempt is made to find out the
students' ideas in matching the narrative information with
graphs

Table 2.5 Students' zesponses in matching narrative
information from a graph

question COl:rect % wrong % no idea %

2.1 49 47 4
1--'

4a (1) 82 18 -
4 a. (H) 1(\ 62 8

4 a (iii) 8 60 32

In question 2.1, the given graph h..lsbeen represented by
narrative options to be matched wit)').che meaning of the g:r.'aph
in real life.

To get the correct answer the student must be careful to
under'atand and to i11terpret the motion at the fourth aecond of
the motion from the given graph, Where:

(i) the graph is discontinuous,
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lines.

Figure 2.1 students' picture of the ball thrown
upward

The students appear to have a trend to produce a picture as a
graph. They forget the mathematical nature of graphing
skills. Sixty-six percent made their pictures as graphs ~ht
acceptable as correct.

In addd t i.on , in question 4 (a) (E) t.he re is l~videl1ca thab a
graph is Bean as a pictura by some students.

V
m/s

·2"

·4'

·6

l!':i.guJ;'a2.2 Veloc:Lty"tlme graph of question '1

Question 4 A (ii). Which part of t::h~graph represents the
motion in a forward direction?

A s:Lzable minor:i.t:.y (5%) answered AB and EF'. Foth tho' lines
show f:orward directions. It. seams I;;11el-1'":~l;uc.hw fZ f~1,f'lply cock
the graph as a pLouure and answered Eli' representing mobLon
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Table 2.3 comparative understanding of motion and their

pictures as in questions 1.1 and 3.1

Question students responses (N= ) % J
correct wrong no idea

1.1 25 75 0

3.1 29 58 13

2.2.2 Interpreting Pictures as Graphs

Questions 3.1 and 4(a) (ii) are discussed in this part. It
seems that students confuse the shape of the graph with a
pioture of the motion and vice verSa.

Table 2.4 Motion of the ball thrown in form of a picture

question correot % I wrong % no idea %

3.1 29 58 13

4 a (ii) 10 82 8

In queGtion 3.1, students were asked to draw the picture of
the ball thrown vertically upwards.

In their answers a variety of graphs were seen.
some sense of a picture in a graphioal frame.
(ii) below are answered by 22 students or 28%.
pioture of the motion as a graph (Figure 2.1).

Some show
Graphs (i) and
They drew the
The other

graphs do not make much senae because they are just random
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no idea (see table 2.2).

It seems that the students have difficulties in
identifying a correct picture, of the given motion, from
given pictures.
drawing pictures on their own from statements.

'rable 2.2 Question 3.1 Pictures of the ball thrown upwards

~l braw a picture of the motion of the ball. ,.-
ohoices answers %-

A.

If
23 C* 29

-
B. 9 C* 11

C. \'lS' + =t = 22 X 28

lQ_(IS) ~_(1)
(i) (H).
P.lc r..L 15 X 19

& so on, --No idea and random lines as graphs 10 X 13
~~
TOTAL 79 100_.
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'.l'able2.1 Match:Lr1gbhe pictures wi\:.hLhe given information
:1nquestion 1.1

A tennis player A hits a ball with velocity v. Anel" being
hit by the opposite player B, the ball retUrns to the player
1\ with velocity 2V.
1.:1. Which 011e of the following represents I:he motion best?

--
cho:l.ces answers %

A. .........--..~ ...-O ~..__ 15 X 19

A ~--? "" -----0:--'''- . ............B~-_ .c .·0-~--.~ 0 --,_.-------- - .......

B. 18 X 23
A 0 ) ··O···---/-.._--Cl B. " .....

--
C. ---.~("'\..._~ 20 C . 25-".- .......".,..

A o--~-4::--'()---< ~o B
D. __7"'---O-~- __ 26 c* 33
A 0r----4 0---"':':""'- -"0 B' ".,;

TOTAIJ 79 100

In question 3.1, students were asked to draw a picture of the
ball thrown upward into the air and caught as it falls back,
This Was an open-ended quaat i.onwhere I:.hegiven mot.i.onin
words had to be produced as a picture.

Here too only 29% percent could produce an acceptable picture.
The r~maining students produced the pioture as g~aphs or
variety of unacceptable diagrams and ol:.hersh~d no idea (see
table 2.2) .
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in terms of reality.

2.2 DISCUSSION

In this section the above mentioned tre~ds and issues ~re
discussed in context of the data collected from students.
Some trends identified by the previous researchers would also
be viewed parallel to my data. The following conventions were
used in tables.

Conventions

In the Tables to follow, the following
X indicates an unacceptable answer
c* indicates an acceptable answer
C indicates a correct answer

'~ntions are used:

2.2.1 Interpreting Pictures of Motions

In this section the difficulties in pictorial understanding of
motions ...1 physical reality, in questions 1.1 and 3.1 are
discussed.

To answer question 1.1 (the correct route of the tennis ball),
students' realization that the double return velocity (2V)
will take a comparatively shorter route than the forward one,
is important. The other important factol;'to remember was the
possible shape of a trajectory of a projectile is with its
concavity downwards. The best answer IC' was given by 25% of
the population. The remaining 75%, who thought otherwise,
could .J.:?tmake out the best relationship ):)etweenthe path of
the motion in picture and in reality. ThE, return route of the
tennis ball as a straight line is just an acceptable answer
giv'9n by 33%,
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CHAPTER TWO

ANALYSIS OF TBST DATA

The data from the t,f:'stquestions of the questionnaire gives
rise to ideas, trends and alternative conceptions prevailing
among students (Appendix B). In this analysis, those ideas
shall be dd sous sed and p ror-ed , The views of 1:i.teraturein
context shall also be used f ox :no:ceunderstanding of t.'~.edata.
Another attempt is made to analyze the correct answers and
their respondents in questions 1, 2 and 3. This may help find
the common correct respondents in the different areas.

2 , 1 ISSUES AND TRENDS IDENTIPIED

.
An analysis of the tables and statements in Appendix B,
suggests some identified trends prevailing among the
popUlation. Some issues are carried over from during the
schooling time of studentS. The following underlying issues
and trends will be discussed and concluded in this chapter:

Interpreting pictures of motions.
Interpreting pictures as graphs.
Matching the features of a graph with narrative
information.
Confusing speed and position.
The length of a line vector and its magnitude.
V~ctor as a graph.
Interpretations of:

(i) a vector diagram into physical reality aud
(H) the graph of a motion into a vector d:i.agram.

The origins of graphs.
Difficulty in interpreting f graphical representa.tion
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Among those who did compute the acceleration using slopes,
many' ere unable to match the correct slopes with the correct
engin~. !t was realised that most of the mistRkes occur due
to memorised algorithms to find inferences from the graph and
lack of ability to match the written description to the
relevant portion of the graph correctly.

In my findings too a similar error is noticed when students do
not match 2V to the graph showing a negative feature because
it is the velocity opposite in direction to 'v' in question
1.3 of the t~nnis ball example.

2.2.9.6 Extracting inf.ormation from vector diagrams to
sketch graphs

question correct % wrong % no idea %.
7 a. 5 37 58

'"I b. 1 59 I 40 ."

Table 2.18 Extracting data from a vector diagram of a real
motion to use in sketching the graphs

From a vector diagram of a given motion, to extract the
necessary data and sketch the graph has been anoth"~ ~J~ficult
area. Question 7(a) and (b) were used to find students' ideas
in this regard (Appendix A) .

Question 7(a) was to draw a velocity~time graph of the motion
between che walls. The point of concern here WaS the
understanding of the velocities in magnitude as well as in
di.rection at bouncing points, before and after bouncing. The
data had to be drawn from the stateMent of the question and
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the graphs which show changes in magnitude and direction of
the motion (velocity). McDermott et al. (1987) suggested that
students had d~fficultiei in matohing narrative information
with relevant features of a graph.

Theh' example was the velocity~time graph of a rocket when
i;.hl:eeengines were fired at different intervals. In the
figure below (taken from McDermott's work, 1987) point 'P'
represents the velocity of the rocket at a particular time.
At point 'i?, the captain turns on # 1 engine. At point IQI the
#1 engine is turned off and #3 engine is turned on. At point
R the #3 engine is turned off and the #2 engine is turned on.
We lo~e all information of the rocket after point 'R'.

600

400

200 p
I I

5 10
~'igure 2.G Velocity-time graphs of the engines

'l'hequestion Was to find the acceleration produced by each
engine. It was expected that students should be abJ.e'to
associate the slope of a particular line with the accelerati~n
of a particular engine.

It was found that students do not recognise that they must
calc\.\latedv/dt during respective time intervals. Instead
they found students dividing coordinates of point p', while
others were dividing coordinates of point Q.
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'l'able :2.17 students I inte:rpretations of graphs in real
life situation

""""'"
question COl:rect % wrong % no idea %

---.
1.3 43 49 jf2,1 49 47

4 c, 0 63

To citrlSWerthis question students must undelAstand the
direction as well as the magnitudes of the velocities during
the fOJ:'wEtrdand the retulm motion of the tennis ban. Fifty··
seven percent of the population could net identify the oorrect
graph of the motion as velocity/time,

QUestions 2.1 and 4(e) were used to test studentsl ideas in
translating graphl3 into reality (Appendices A and 8). Forty
seven percent could not match the given correct situation
represe11ted by the graph and four percent had l'10 idea in
question 2.1,

In question 4(C) I the aim was to test the understanding of the
graph leading to find the motion in daily life. Sixty-three
peroent wrong and 37% no idea were the responses from che
population. Some examples from their answers of question 4
(0) l:tre:

i)
ii)
iii)

Speed increases as time decreases.
Object accelerates uniformly from rest.
A girl is throwing a stone along a wall-drop.
and from top down.

Up

Thee,s answers given by the st.udent.ssay that students hardly
make a sensible meaning out of a graphical rep:t:'esentation.
The difficulty mainly lies in understanding the segments of
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graphs were sketched with distracters in a multiple-choice
form. since che data was from the given velocity/time graph,
students were expected to understand the dat a used in the
speed/time graphs. Si:x:ty eight pe ...cerrt; could 1101: make out a
sensible meal'ling and gave the wrong anawez ,

Table 2.16 The dat a from a velocity-t:i.me. g:r.aph to sketch a
speed-time g:t'aph

-
guestion correot % wrong %' no idea %
I-~
4 b. 0 a.i 89_._. --
2.4 32 68 ~

- -

In queat ion 4 (b) the given velocity/time 9.caph ( Appendi:x:~A.,
guestion 4) WAS to be amended so that it may :r.epresent a
speed/time graph. No student could do it correctly.

I may J.nfer that the students have problem in graphs from
velocity-time to a speed~time. The main difficulty appears to
be the interpreting of data from the given graph.

2.2.9.5 From g:r.aphical representation to real life events

Questions wex'€:set in both ways such as: (i) feom real life
to graphs and (ii) from graph to rea.l life situatiot'ls.

Question 1.3 dealt with an e:x:ampleof at tennis baJ.l and its
forward and return velocities were represented in the form of
graphs. Students were e:x:pected to identify the correct graph
of the motion.
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parallel graphs to che time axd s . In some cF.tsesthey
interpreted it as a zero line.

Table 2.15 Students' answers in quest.ion 2.2.1

. -

%~

vele 'ty at 4 F.:l. velocity at 6s.
". -answers (m/s) no. of %' answers no of

stud. (cm/s) stud.
3 17 c* 22 -2 6 C 10-
-2 9 c* 11 2 7 X lit

3cm/s 5 c* (5 0.5 3 X 4

om/s 7 c 9 0 (5 X 7
--

0.75 =t3/"1m/s 12 X 15 no idm:~ 55 X 70_, -2cm/s 8 X 10 - - -
"l0cm/s :3 X 4 ~ - ~-----no idea 16 X 23 - -

_

TOTAL 79 TOTAL 79

- - - -
2.2.9.4 Speed- time ~fraph from a

velocity-time graph

For this study the questions chosen were 2.4 and 4(b). In
these questions the speed-time graphs to be drawn needed the
data to be interpreted from the given velocity··time graphs in
their respective quaat Lcna ,

In question '::,4,the information data was taken from the
velocity/time graph ( given in the question) and speed/time
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2.2.9.3 Meaning of:a graph parallel to the time-axis

In the d.iscussicms, here, graphs parallel to the time-axis
should be having an analogy with the graphs parallel to X-axis
in Mathematics. Do students understand the parallel graphs?

Table 2.14 Students' understanding and ',nte:rpretationsof
graphs parallel to X-axis

queat.Lon correct %' wrong %' no idea
-- ..,.....

2.2.1 9 68 23
-

2.2.2 10 20 70
- 'to

The simple idea, expected vf a parallel graph to the time axis
was that the variable l~epresented by the vertical a~ds (i.e.
velocity or speed) does nee change with time. It remains
constant as long as the graph is parallel.

In questions 2.2.1 and 2.2.2 the velocity after six seconds
and velocity after five hOU1~Swere asked respectively. The
same parallel graph after four seconds was needed to be
understood by the population for both the questions to be
answered correctly. The velocity at the sixth second was
answered wrong by 20%'percent, 70%'had 110 idea and lO%' gave
2 mls (correot, Table 2.15). Out of 2D%' wrong answers, 7%'
answered zero m/s. The velocity after five hours in question
2.2.2, was answered as zero m/s by eight peroent. Th1.s data
supports the trend among students that parallel to time axis
means zero.

'theresponses, in the respeoti ve questJ,ons, given by the
students indicate that they have diffioulty in interpretir).g
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2.2.9.2 Interpreting the discontinuities in graphs

Table 2.13 Students! understanding of ddacontii.nuousgraphs

--
question correct % wrc1ng % no idea %

1.3 43 t19 8

2.1 49 47 4

2.2.1 9 68 23 ....__
5 b. 0 61 39

7 a. 5 37 58

7b. 1 40 59
-

Discontinuous graphs were given in question J..3and question 2
(refer to Appendix Xl •

The discontinuity had t.obe interpreted as an abrupt change in
the directi.on of motion from forward to reverse along with the
idea of instantaneous position nnd velocity.

Forty-four percent of the population did not show their
understanding of discontinuous graphing by answering the wrong
options (1) and (ii) as the velocity vs time graph of the
tennis ball in question 1.3 (Table 2.12) .

Ag'ain the discontinuous graphs were not understood by 51% in
question 2.1, 91% in 2.2.1, 100% in Sib) I 95% in 7(a) and 99%
in 7(b) (Table 2.13).

It seems that students have real problem in understanding when
it comes to discontinuous graphing.
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a graph and forward velocity v~, positive direction. Forty
four percent. answered the wrons choices i) and :1..:1,) (Table
2.10). It appears that the students have difficulty in
interpret.ing the direction and magnitude of velocities
re);lresentedby the negative segments of the graphs.

In question 2.2.1 the velocity at the sixth second, required
tb~ understanding of negative and constant velocity -2 cmls as
read from the graph below the time-axis. Over B2% answered
w~~hout considering the negative velocity and its meaning in
physical reality. Out of this group 65% gave irrelevant
answers or had no idea what the answer should be.

In the exampIe of the swing motion in question 5 (b)I the
reverse direction from the maximum point and its effect on
graphing was needed to draw the graph of velocity vs time. No
student showed the needed understanding. Instead, irrelevant
gtaphs were produced. Examples:

u
v

- ,... ..... -..
\ ,

\
\

.{:. lSI ~

Figure 2.5 Graphs of the swing's motion produce~ by
students
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Table 2 12 Question 1.3 (i), velocity-time graphs of the
tennis ball.

A t.ennis player A hits a ball with velocity v. After being
hit. by the opposite player B, the ball returns to the
player with velocity 2V.
1.3 Which one of the following is the correct graphical
J."epresentat ion of the above motion?

~
choices for : (1) velocity vs time answers %

i) 2vh 17 X 21.5
I'

'_' •II I

ii) 21' 17 X 21.5
I'!----'

'--0 l-
I

iii) 21' 5 X 6
v

'~ii -----.
.\'_ ",

iv) -r--' 34 C 43-.---.
'1'

'21' '

no anSWl)r 6 8

rorxr, 79 lQ:Q;Ii",~',

In question 1.3, the motion of the tennis ball ~n its forward
direction with velocity V and in reVArse direction with 2V waS
given in the form 1:d'I.i: graphs (multiple choice), Students had
(;.0 identify the correct graph for the motion of the'.tennis
ball, To answer this question the direotion component of the
rel:urn velocity 2V must: be understood ets nege>.tivedirection in
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2.2.9 Difficulty in Interpreting a Graphical Representation
in Terms of Reality

The following difficulties have been identified in the areas
of sketching, interpreting and co-relating graphs with
pictures or vectors:-

2.2.9.1 Interpretatio11 of the negative parts of the
graph.

2.2.9.2

2.2.9.3
2.2.9.4
2.2.9.5

Interpreting the dJ.scont.inuities in graphs.
Meaning of a graph parallel to t Lme-caxd s .
Speed-time graph from a velocity-time graph.
From graphical representation to real life
events.
Extracting information from vector diagrams to
sketch graphs.

2.2.9.6

The above mentioned difficulties are explained in thei:
relevant contexts in the following headings:

2.2.9.1 Interpretation of the negative parts of the graph

Questions 1.3, 2.2.1 and 5(b) are discussed in this section.
Do students understand the meaning of the negative segments of
the graphs?

Table 2.11 Interpreting the negative parts of the graphs

question correct ~ wrong %' no idea %'0

1.3 43 49 8

2.2.1 9 68 23 ~-
5 b. 0 61 39

- "'7"''';'
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be interpreted into their physical reality. Sixty~one percent
of the population could not choose the relevant answer Ie'.

In question 7, a student had to understand the given vector
diagrams in physical reality, before the graph could be
sketched. More than 92% of the students coul~ not make
sensible meaning of the vectors in reality.

In question 4(d) it has already been found that not one
student could draw vectors from the data to be extracted from
the givel1 graph. H~re too it seemed that students could not
make enough meaning from the given vectors of motion to enable
them to draw graphs.

2.2.8 The Origins of Graphs

Schultz et al. (1986) found students beliefs that graphs must
start from zero an unanticipated result. Thoy reported that
this belief WaS not because of students' habit or
carelessness. They could not ascertain the origin of such
beliefs in graphing.

Similar unexpected results, graphs starting from zero, were
often found in this study too. The following table shows
that:

Table 2.10 Graph must start from zero

I
..~:;.';,~".--.

Questions ~ starting from zeroo I

3.4 sp..:ed/timegraph. 40-
3.4 velocity/time graph. 46
'7 a. velocity/time graph. 53

7 b. speed/time graph. 59
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view found above.

In question 4 (d)I the given graph was to be represented by a
vector diagram. To represent this graph in form of vectors
of velocity, a student needs to find thd direction and
magnitude of velocities of diffel::'entsections of the graph.
Then only the vectors could be drawn. A close analysis of the
answers reve~l that:

(a) Eighty-two percent had no ideas.
(b) Fourteen percent drew some arrows which made no sense.
(0) Four percent sketched another graph.

In general, it seems as if there is a total collapse of
understanding from a graph to vector.

2.2.'7 Interpretations of: (i) a Vector Diagram into Physica.l
Reality (ii) the Graph of a Motion into a Vector
Diagram

Questions 7, 4(d) and 1.2 are involved in the discussion in
this section.

Table 2.9 Interrelation between vectors, graphs and real
motion

question correct % wrong % I no idea % =l7 (a) 5 37 58

7 {b) 1 40 59

4 (d) 0 18 82

1./ 39 61 0
== ..'.,.;
Vectors given in question 1.2, were found to be difficult to
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The motion of a child ~l a swing was the second example for
graphing. The students had to proddce speed-time and velocity-
time graphs. .IV.~i(

v

~.
(

L~--~t*
I '

speed-ti...egraph Velocity-time graphs
Figure 3 IS Graphs of speed-time and velocity-time of the

swing

3.4 CASE STUDY:t: B1

3.4.:t Interpl=eting Words into pi(.!tures

B1 produces the picture of the ball thrown vertically upwards as:

B'igure 3.6 Pictures produced by B:L.

Bl's pioture (FigUre 4.1), and positions of the highest speed of
a ball when thrown up and when the ball is oaught are COrrect.
However, his reasoning and understanding of the velocity and the
acceleration during the motion with respect to ~he changing
pcsLt~011$ of the ball do not Seem to be compatible.

First, Bl reasons that to have a oonstant Velocity one needs
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Explanation: The direction of the velocity is verticaU:c,
downwards and the magnitude is the same as when the ball.was

:.'\I\ltJ·ithrown. 'the arrow in the horizontal vector must show the
opposite direction to the vector of the velocity when the ball
wae thr0wn. ThQugh the vector of the velocity of the ball when
it was thrown :La not asked directly yet students were expectad to
talk about it.

3.3.3 Ideas Rogarding Graphs

Speed-time and velocity-time graphs of the motion of the ball
thrown upwards were given in fiV(9 multiple choice answers as:

I, y v
A n c

v

D E

...__~.
t

v

)?:i.gure3. "1 Dist.l~act.ergraphs for the:questions 3.4
(a) and (b)

The acceptable graphs (a) speed-time A
(b) \elocity~time C

Graphs A, C Bnd D show soma initial velocity while Band D have
Zel';'O. Th,~se whc choae D and B were accepted to undez'at and the
graph as the path o~ the motion.
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highest speed. The two positions a~a: when the ball was~~hrown
and when the ball was caught by the th~ower. Both speeds are:t,,\~1'~egual.

3.3.2 Ideas About Vectors

The two vectors to be drawn by the students were:

vector of the velocity half way going up and,
vector of the velocity while the ball is caught.

These vectors were asked in quest; i0119 3.3,:1. and 3.3.2.
",

Acceptable vectors (velocity half-way up)
",e
I
I
I

t(:1.) (H)

Figure 3.2 Acceptable vectors of the velocity half-way
up

Explanation: if AJ3 represents t:he vectt:n;'of che velocity when the
ball was thrown, AC will be the vector of the velocity haH~wc\y
up :l.n FigUre 3.:2 (i). With the sJ,milar expltlnation the vecl:ol,')\,13
in (iiI will also be acceptable.

C)'(

FigUre 3.:3 Vecl:Ol: of. the velocity when che ball Was
~'jaughl:.
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In this section th~ question and their acce~table responses are
discussed.

:3 .3 .J. lnterpl~eting Words :r.111::0 1'lcI::Ul:es

stuctents wen"e asked to interp:ret and produce a sens.:Lblepd cuure
of: the baLL thrown vert:.icalJ.yupwards and caught as it falls
back, The acoeptable piotUl:es for this motion a:eB:

PICTURE

,.().:.I.
11' '\'
I (.~)(' \.1 l

If a stUdent produces the path with arrows, it is also acceptable
e.g.

Pigura 3.1 Acceptabl~ pictureo of the ball thrown
vertically upwards

'I'he ball moves wil:.ha givcl1 speed by tho thrower under
acceleration due to gravity. Under the effect. of the retardation
IS' the ball decelerates until it reaches the top where the speed
becomeS zero. Now the ball accelerates downwards with the same
va Iue of: \g' from zero speed at the ccp of the mot.ion. The ball
reaches the throwers hand with the same speed as it was thrown
llpWax"ch:l •

In interpJ."et!.l.ng 1:}1(3 rnagn:ll:ude of the speed and cOl:'I'espondil'lg
positions of the ball, Question 3.2 demands the positions of the
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the interview. In a few cases the oral answers were not the same
as t (\.'1\:: in the written test and it was possible to pzobe into the
chnnge. One of the criterion, to select the interview questions
was to choose those which showed most misconceptions among the
students. Another criteria, was to have questions which are very
close to students daily life experiences, for example throwing a
ball and the:motion of a swing. With known examples it was easy
to discuss and probe into t:heconcepts of physics. The questions
3.1, 3.2, 3.3.1, 3,3.2 and 3.4 were related to the throw-ball
expedment and S(a) and S(b) to the motion of a swing. The
numbering of the questions was not changed. Also a full page was
pl~ovided below the typed question for scribbling.

The :t:esearchergenerated questions on motion during the
i11terviews which were not the same across the interviews. These
questions depended on each individUal's responses. The aim of
such questions was to expose the hidden ideas and, in some cases
the misc:cll1ceptionsheld by the students. This me.::hodprevents
any comparison acrose the interview sample. The data is therefore
presented as six case studies, rather than categorical
constructions and comparisons among categories.

3 .3 ACCEl?TABL;.;J ANSWERS 'I'D Tl-IEJ INTERVIEW Qu"ESTIONS

The interview questions were focused on two instances of real
life motion namely: the motion of a ball thrown vertically
upwards and the motion of a child on a SWil'l.g.For the convend ent;
analysis of the interview the following three sections could be
the sub-divisions of the interview.

* inteJ.~p:retingwO:l:'dsinto pictures
* ideas about vectors and
* ideas regarding graphs.



CHAPTER r.rHREE

INTERVIEW ANALYSIS

CASE STUDIES

3.1 INTRODUCTION

The data concerning students' ideas about speed and velocity, are
discussed in this section. The pictorial, vector and graphical
representatiotls of a certain motion were presented to the
students and they were asked to "think out loudll while they were
answering thA questions. Ea~Y ~tudent's ideas were considered
and from that students' prof~ s were prepared. In this analysis
the ideas of six students are assessed in three sections i.e. (a)
on pictorial understanding; (b) vector understanding and (c)
graphical understanding.

Students have been allocated code names as Bli B2i Mli M2i Ll;
and L2.

3.2 INTERVIEWEES AND INTERVIEW QUESTIONS

The interview ~uestions were exploratory. The aim was to probe
into the underst.anding of the interviewee. Based on the
performances in the questionnaire, two of the best students, two
of the medium and two of the weakest on the test scores, were
selected for the interviews. The codes were: B for bestl M for
medium and L for lower achievement. students with most
misconceptions and the related questions were Impoxt.ant; in order
to answer the research qUestion.

Seven original questions from the queStionnaire were picked. An
additional advantage was that the oral answers could be viewed in
the context of the written answers. :l:nthis way the written
answers were also looked into through follow~up questions during
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The second area of agreement was the confusion about tne
instantaneous motion when direction changes (Arons 1981).

2.4.4 rl'heanalysis of the c, 'trect responses suggests that if a
student as good in one topic it is not necessary that he/she will
be equally good in the other. The common correct respondents in
the areaS of drawing pictures from a real life motion, graphical
understanding and vector representations of those problems were
found to be zero percent. No interdependence of the mathematical
processes could be ascertained.

***********
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vectors are very weak. If a student is good in one specific
area it does not imply that he/she would be good in others.

2.4 CONCLUSION

The questions were aimed at testing the undel~ anding of
pictures, graphs and vector diagrams of re.l motion,
interpretation of graphs into r~al life and vector diagrams and
vice versa, and graphing abilities from given motions in
different forms. Vectors Were another area of interest in simple
cases of real motion as v,ell as in cases where the velocities
were changing. Speed and velocity were the physical quantities
involved.

The findings out of this analysis agree that students do have
difficulties, alternative concepts, confusions and poor graphing
skills. The definitions learnt by rote are known to students but
they confuse these when it comes to their application.

2.4.J. Difficulties are manifold but mainly inform .on from
given figures i sketching graphs or vectors from information i

interpreting a graph; understanding a vector in real life;
matching a line vector with its length may make headings.

2.4.2 One alternative conception may be the students ±1nding
velocity from a velocity-time graph at certain instants, say the
fourth second, many students divided the velocity on the graph
by time and answered still as velocity. Equating vectors with
graphs and pictures with graphs were othel possible alternative
concepts.

2.1.3 Agreement with previous research.

The find:i.ngsconcur with Schultz et al.. (1986) that graphs should
start from zero.
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Table 2.20 Common respondents in sUb-sections of question 3

='
Specific areas lookp'l.into. Common correct answerers %

picture and speed/position. 4

vector from real life halfway 10
up and real life picture.
Vector when the ball is caught 9

and real life picture.
rdal life and speed/time graph 8
1-'
real life and velocity/time 8

graph.
vectors (halfway and catch 18
time)
speed/time graph and vector 4
halfway,
speed/time graph and vector at 5

catch time.
velocity/time graph and vector 8

halfway.
velocity/time graph and vector 9

at catch time.
real life, vector and graphs. 0

-

2.3.3 Conclusion

A general conclusion can be reached that the inter-
relationship of understanding between pictures, graphs and
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Table 2.19 Common correct respondents in sub-sections of
question 1.

Specific areas 1;'))ked into Common correct answerers
%

picture and vectors. 9

picture and velocity/time graphs. 9
-

picture and speed/time graph. 4

vector and velocity/time graph. 19

vector and speed/time graph. 3

velocity/time graphs and 1D
speed/time graphs.
correct in all categories. D

.

2.3.2.2 Question 2

In quest ion 2 I only sub- sect ~·.on2.1 and 2.4 have been
considered. Sub-section 2.1 tests the understanding of real
life motion from the given graph, while 2.4 requires students
to draw a speed/time graph from the given velocity/time graph.
In the two areas the common cOTrect answerers identified were
7.5% of the population.

2.3.2.3 Question 3

Question 3 introduces the motion of a ball thrown ~~laight
upwards. The ball falls back and is caught by t;.1 ,= thrower.

The table below gives the number of otudents who answered the
sub-questions correctly.
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attempt is made to identify the respondents of the correct
answers common to the areas under cons i.dexat.Lont"at is to say
pictures, vectors and graphs. This will help answering some
related questions like:

i) 1l;.rethe same students good in every area?
ii) If not, up to what level are the three fields

related in the performances of the learners?

The data collection is based on students' written responses to
the test questions of the questionnaire.

2.3.2 ANALYSIS OF THE CORRECT RESPONSES OF STUDENTS

In this section the correct responses of the respondents are
looked into for the purpose of the number of students whose
answers were correct. For this questions 1, 2 and 3 were
chosen because these questions contain ell the components
aimed at namely; graphs, vectors and pictorial understandings
of real life motions.

This comparative analysis would probably be able to tell
whether a student who is good in graphs is equal1y good in the
other two sections and vice versa (Apr -ndi.x \C' lists r,hA.code
numbers of students whose answers were accepted as ~,).
The analysis of the data is aimed at finding "'~ .at.Loris
regarding teaching and learning. This is c, _.mding the
mode of correct respondents in different que~.~on,

~.3.2.1 Question 1

Question 1, with three sub-sections, relates a real life
motion of a tennis ball to the picturial (1.1), the vector
(1.2) and the graphical understanding [1.3 (i) and (ii)J of
the students.
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from the vector diagrams (given). This undexsw.e.nd inq would
onJy enable a student to draw a graph of the motl.on.

Ninety-five percent of the population produced graphs mctking
no logical sense and indicating the gross inability to extract
information or data needed to sketch the graph. Out of the
wrong graphs produced 53% started their graphs from zero.
What made them to understand the starting velocity as zero, is
difficult to ascertain from this question but a general
impression created, is poor understanding and very littl~
practice of graphing skills from such data.

Question 7(b' r _ed-time graph.

Here too 99% failed to produce any sensible graph. Other
features were: Sixty-three percent started their graphs from
zero and SOme ended on the time axisi three students put the
vectors within the coordinate axes as their graphs (Appendix
B) .

Schultz et al. (1986) reported from his research on
"Adolescents' Graphing Skills" that a sizable minority of his
subjects believed that the graphs must begin (and in Some
cases also end) on the horizontal axis. My findings ctre in
agreement with theirs, where 63% believed that the graphs must
start from zero and some ended on time axis.

2.3 ANALYSIS OF THE CORRECT ANSWERS

2.3.1 INTRODUCTION

A review of the data to establish the percentage of correct
and wrong answers to the test questions might give a gelLeral
idea of the students' understanding. In this section another
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In <1 concluding statement. Ml says:

375 S: So, this means the ball is t.hrown from zero and
baak again to zero.

40S S When t.heswing moves t.hespeed comes back to zero.t.here is no increase in speed. It. remains
const.ant.

For t.hechild in a swing question Ml gives ideas about the graph
of t.heswing, She thinks speed does not. change and conaequerit.Ly
produces a st.raight line graph (figure 4.11).

She also considers t.hegraph to be a hyperbola.

401 S It will not.be a straight line, must. be in fOrm of
a hyperbola.
Do you know hyperbola?
No.

402 I
403 S

The shape of the graph given was:

'\'

Pi.gure 3. :l6 Speed··time gl:aph of the swing b~'Ml

Ml'S following statements may indicate th~t her thinking is
directed towards a graph as the pictorial shape of motion Bnd
that motion below thm starting line must be negative.
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345 I:
346 S:

Can you find any difference between the two?
when we combine the two vectors it will be zero.One is going up and other one is going down. So
the resultant will aan~el each other and become
zero.

It appears that for her the two velocitie!'le.g. halfway up and
when the bi'tllwas caught, are equal, coincident and in oppoaf te
d~rection in order to give a cancellatioll effect. Seemingly Ml
app',.carsnot to be able to make ant the velocities at different
positions of the moLion of the ball.

3.6. ,. Ml'S Ideas Regarding Graphs

For, q:uestion 3.4 (a)I speed/time graph of the ball thrown up,
her answer is "D'. Her explanation in support of the answer is:

361 S: Because the speed means the rate of distance
travelled by an object, so the g:t'aphis in this
way. J:t means that the distance travelled by the
ball is this way,

For, the velocity~time graph of the ball thrown up the graph that
shows her answer is "S'.

She explains:

371 S: "B' is the velocity-·time graph, because velocity
is th~ rate of nisplacement of an object. This
means displacement is a straight line from the
starting point to the final position.

It appears that for b~th the velocitYMtime and speed~tim~ graphs
above, Ml thinks about distance and displacement rather than
speed and veJocity. She thinks both distance and displaoement
were zr:1roin the besrinning and increased with time, wj.thout
taking note of the ~1rali'hbeing veloaitYMtime rathe:r:than
displacement-time.
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Figure 3.15 Mi's vectors of the velocities halfwway
up and at the time of the ball being caught

Here, it appeaz.s chat for her the velocity halfway is being taken
as half the height of t.hethrow and further more she did not
realise the difference between the magnitudes of the velocities
at half-way upwards and when the ball was caught. Apparently the
vectors drawn by her are equal in length, Ml explains 'size ()f
the vector' in her following words:

r. can say it is zero degrees celsius because it is
going up to the middle.
'Zero degrees celsiusl /, is it.the measurement of
length?

318 S:

323 I:

No, it is the measurement of.a vector, that means,
I can say, if you measure a vector, you use a
protractor from Not'th to East and South to West.
So this vector is pointing upwards to the North,
with the protractor it will be the 'Naught' (0)degree celsius.

324 S:

This use of the un:i.tfOl"ternperat.ureas the measurement of a
vector was exposed with the misunderstanding ~f 'degrees' (angle)
with 'degree celsius' (temperature}. I think tvJl'sconfusion with
the units lies in the lack of practice with vector drawings.
Maybe, she had more everyday experience with temperature.

When asked about the differenoe between the two vectors i.e., the
vector of the velocity half~way up and veotoc of the Velocity
before it is caught, it ended as:
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For Ml, the balls highest speed is, just before the ball reaches
the thrower's hand while :Ea:Lling.

290 s: When I say in the ai:r.,:Cmean befol:e it:. is
caught.

However, when she was asked to locate the position in har
picture, she shows it at ~he peak of her graph/picture.

o

Figure 3.1~ Highest velocity at highest point

The i11tuit1ve answer 'highest. speed at highest. point' :i.sa
problem for her , I think M1' s pictUl:e as a graph confuses her
and she confuses the highest point of the graphical picture as
the position of che highest velocity. It: appears that:Wl:ong
pictures lead to the wrong answers of the attached questions.

3.6.2 Ideas .i'ilioutVectors

Ml says that a vec~or is a physical quantity which has magnitude
and direction. Although she says t.hat an arrow shows t:.he
direction of the vector, how 1:.0 d:r.awthe line in il:.smagnitude
and direction is difficult for hez-, She gives unexpected and
some irl:"elcwanl:.answers. Mi's ideas are as follows;

314 s: Magn:i.t~ude is t.he sJ.ZG of this veCtor.
315 II Si.ze meaning ?
3:1.6 s: Meaning that it:. is halfway of t.he Vector.
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He may have had a problem w:i.t.hche algebraic nacure of the
~'~veotors and drawing of line vectors. 82's analogy of the swing

{.',II( 11~tmotion with a pendulum seemed to help him dr'aw the ve l.ocLtry-time
and speed-time graphs of the swing. I think he understands the
positive and negative behaviour of the graphical axes in context
to the motions.

3 • 6 CASEl STtJlJY 3: M1

3.6.1 J.ntel."pretingWords Into Pictures

For the ball thrown up, Ml's picture is more like a graph.

'I, v

E

Figure 3.13 Mi's picture of the ball thrown upwards

273 I:

274 $:

275 I:

276 S:

It appears in your answer that you have taken some
gl"aphical axes.

Yes.

Do you think that, it is necessary to draw thepicture in a graphical framework?
Yes, so that it.must be visible. When I draw it
without using t.hegraph it will not be visible and
shall not be straight.

It seems Ml'S graphs and piotures are getting mixe1 up because of
her view that pictures are more visible as gr~phs.
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..II

Figure 3.12 'I'heswing's velocity-time sketch graph.

He could explain the positive and negative sides of his graphs.

257 S: (Reads question Sb.) This can be represented as
follows.
We are going to have positive and negative here.
When the swing is at zero, :r. mean at the highest
point it has got no velocity now. The velocity
increases as the swing goes to the other side. It
increases until it reaches the highesl;.point.. Now
it goes to the other side and velocity decreases.
It decreases until it reaches zero on the other
side. Now ·"hen it reaches ze1"O, it moves back. to
the first point, I can say that the velocity
inCl:eases again but it is in oppos at e diJ."ection.
Now we will have OUl"graph moving below the X-axis
and then until it:reaches the highest point again
it is here now when it moves that side, that
velocity decreases until it reaches zero, then it
comes back again it changed direction and it moves
Lnuo the opposite direction (figure L1. 7) .

3.5.4 Conclusion

B2, as the second best scorer and a student of the final year
study of the Secondary Teachers' Diploma gave good answers. B2
does not seem to have a clear understanding of vectors drawings.
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time graphs as his answers to questions 3.4(a) as 'A' and to
question 3.4(b) as 'e' are correct as suggested. Since the
graphs wet'e given in a multiple~dhoice format the guessing could
not be ruled out. The follow up questions put to B2 confirrned
his understanding as below.

244 I: Yes, how do you say t.hat?

B2 explained.

245 s: The ball leaves the throwers hand with a high
speed and after a while it reaches the highest
point where its speed is zero where it stopped and
now it turned a11l:1changed its course that's why we
are goi11g to have the negative velooity here, this
shows us that it has changed the direction after
it has reached the highest point, changes
direction until it is caught by the thrower.

He understood the motion of a child on the swing and drew the
following sketch graphs:

',.

Figure 3,11 The swing'e speed-time sketch graph.

His swing's motionl.,;\,rnlike the motion of a pendulum .
..



and his veotor halfway up is:
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235 S: Immediately before it is oaught? Then it is going
to be like this (He draws). I think this should
be our representation. This is our highest point ..,.
I

t
I

1
Half way up While ball is oaught

Figure 3.10 B2's veotors of the motion.

Seemingly he has the idea of using a soale to draw the magnitude
of the vector on paper.

221 S: I shoul.d think that when you draw vectors you
should measure them according to their, I mean
their, magnitude that is maybe they can give that.
draw 10 kill,you know you can not diraw 10 kin,you
have to measure some scale so that you can put
your 10 km on this page.

It appears to me that in both of his vectors (Fig~re 4.5) he is
trying to matoh the vector with the path of the ball, and that is
where he has confused the direction and magnitude of the motion
wHh the picture halfway up or when the ball is oaught.

3.5.3 02'8 Ideas Regarding Graphs

B2 seems to have a good understanding of sp6ed-time and velocity-
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with the graphs and vector problems of dailY life examples.

3.5 CASE STUDY 2: B2

3.5.1 Interpreting Words into Pictures

B2 draws his picture of the motion of the chxow-ba lI by a
vertical line with drrOWS showing up dnd down (183, s.).

Figure: 3.9 B2's picture of the throw ball

He suggests that changes in the direction of motion tdke place
when the vertical velocity of the ball at the top of the motion
becomes zero, For him the highest speed of the ball is:

205 S: When it Leaves the throwar 's hand and when it
reaches the thrower's hand again,

The picture and the graph are the same for B2 in this case. He
says: '"

195 S: If they say draw the picture of the motion, medns
you are going to represent it graphically.

3.5.2 Ideas About Vectors

82 seems to l.tnderstdnd that a vector is:

227 S: 'I'hatquantity which possesses both magnitude and
dil-;.ec,tion.

pdll''h
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3.4.3 Bl's Ideas Regarding Graphs

In question 3.4, where the sketch graphs of the !notion of a ball
throwL1 upwards are given and where the students have to identify
the correct speed/time and velocity/time graphs, Bl identified
the correct speed/time graph as 'A'. The velocity/time graph of
the ball was also identified correctly. He explai.ned the
positive and negative directions of the graphs as follows:

142 s:
140 S:

BA represents the downward motion.
The upward movement is posit.ive and the downward
is negative.

In the case of the motion of a child on a swjng Bl is unable to
differentiate between speed and velocity. Both of his graphs
look alike.

B1 accepts:

158 s: But I'm not sure about this.

About the velocity-time graph he says:

170 S: This one is challenging.

3.4.4 Conclusion

Bl, a student who received the best scores on t.he test,
apparently confuses velocity and acceleration, and is not able to
differentiate between force and acceleration. Despite the fact
that he can produce the definition of a vector quantity, B1 has a
problem deciding the magnitude of a vector in drawing a line
vector. To B1, the velocity-time graph and speed-time graph of
the motion of the swing appears t.obe the same and the whole
concept seems challenging. I think :81 lacks practice in dealing
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From this it seems that he understands the idea of direction but
'"later it

for him.
he shows

appears that how to represent the magnitude is a problem
:,\.\1 ,,~

To represent a force of 5 N at 30 degrees from North,
the idea of direction as in:

Figure 3.7 Bl's fcr'ce 01' 5N at 30 degrees from North

112 S: (Indicating to his drawing) This is the ar1::Jleand
this part is the SN.

About the magnitude he says:

124 S: This part whf.chrepresents the magnitude? This
one I'm not sure. I'm not told about this.

Bl makes reference towards his high school study where he was not
told about the magnitude of such vector drawings.

The two vectors Bl drew are:

Velocity half-way up.

When the is caught.

Figure 3.8 Bl's drawing of vectors
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constant acceleration, that is, he regnrds the velocity 0nd
acceleration as the same. In his own words:

14 s: constant acceleration, that means that the ball
was just moving with tl,> same velocity from the
thrower I s hand to upw. ,'ntil it comes hack
again.

Here he seems to have a misunderstanding of the effect of
acceleration on velocity as time changes.

second, he seems to regard gravitational force responsible for
reducing and increasing the velocity.

70 s: BecaUse of the gravitational force, which act
against the ball, the ball starts to decrease in
velocity is zero and then it returns back again.
And when it returns it increases and increases.

T infer that B1 takes the change in velocity as an outcome of the
gravitational force in vertical motion. His problem may be that
he is not able to relate acceleration to the e:Efect of gravity in
vertical motion and velocity to the effeot of acceleration. I
think this sequence of systematic Physics plays an important role
in understanding motions.

And a third, misunde:tstanding surfaced when B1 said:

36 s: .~celeration does not have a direction.

3.4.2 Ideas About Vectors

In his response to the question what is a vector?
B1 defines a vector as:

94 s: Vector in fact includes two things i.e. direction
of motion and magnitude.
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probably he has problenH.l\11.1.1. h the decrease and increase of 10'

variables in a graphic!ll ;uua t Lon , He explains his
:.~\I''4understanding as~

743 S

732 I

733 S

L2 accepts:

747 S:

Because it seems, while the speed was high, this
object dece Lezat.ed to reduce the time, to say the
race. That is why the velocity goes down and time
also decreases.

\~here is time decreasf.nq in this graph?
From 'A' to IB'.

'rhe problem is about the creativity in graphs. :r.
have no clear picture or I don't have enough basisin graphs. ..

He tries to elaborate on some of the issues ~~lecting the concept
building in schools:

749 S

751 S

This im more or less standard 9 work. So Ihappened to have a probl.em there I even though wemanaged to paElG.
WC-lbad pl.·oblemsas far elS reading skills and study
skills are concerned. Because we are studying
only for tests and exams and not really for thepurpose of underst:anding che thing,

L2 drew his graphs of the motion of the swing as:

Figure: :3.29 speed ~t;Lme and veloci tyM t .:I.me 91.~ttl:lhsof 1..:2 of
the swing':;;rnot:ion



veotor:
693 S:

":"~Vectors are quantit:1es which have both magnitudeand direotion. :..,,1",1

But how to represent it by a vector diagram is a pr0blem for him.
Somehow only the 'direction' part has got some sensa. L2'9
vectors are:

1
i) velocity halfway up: ii) '1'hevelocit.y vr.en the ball

is caught.
Figure 3.27 112' s vect.ors for the motion of the ball

But about::.magnitude some new ideas appear. L2 suys:
695 S: When the baU was thrown up it:had tTlugnitudeandthe direction whi ch was upward and :I.\:s magnitudewill be determined by its mass.

It seems that he is confusing the magnil:ude of the velocity with
the mass or weight of the object. Abou~ direc~ion he says:

70S S: By drawing a l.ine which has an arxow indicating
the direction j

3.9.3 I.12 I a Ideas Regarding Graphs

L2's speed-time graph of the ball thrown Vertically upwards iM
'e' and velocity-time graph is 'B',

v

I
Figure 3.28 LI;?IS speed-t:j,me and velociL:y~time graphs of the

ball thrown upwards
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life motion represented DS graphs.

3.8.4 Conclusion

Ll is a student from one of the lower achievers in the test. His
picture of the ball thrown upwards as two parallel lines, does
throw some light, on the real motion but when ideas regarding
vectors and graphs are inquired, he could cnIy give the rote
learnt definition of the vect.or's . He suggests that his weak
science edUcation might be the reason for his poor conceptual
understanding of graphs and vectors.

3.9 CASE STUDY 6: L2

3.9.1 :tn"e:rprf::ltingWords into Picture

L2 thinks that the caUSe of
kinetJ.c energy and that the
by the gravitational force,

the vertical velocity upward is
kinetic energy is continually opposed
As he explains:-

It (kinetic energy) is contradicted by the force
of grav:!.ty, the energy has now come to an end,
Kinetic energy has come to a stand still.
Therefore the potential energy regains its value.

XC seems 1,,2 thinks that the force of gravity exerted in the
opposd.te direction to the velocity reduces the kinetio energy.
However, what he means exactly by 'contradicted' needs to be
further probed into.

651 S:

L2' s point of highes.t speed :Ls the beginning of the motion from
t.he thrower'S hand and he states that the ball will :return wJ.th
the Same velocity back to the thrower,

3.9.2 Ideas About Vectors

L2 too, like others~ has the rote learnt theoretic~l idea of a



Figure 3.24 Ll's Velocity-time graph of the ball thrown

1.)1 says, "This lengt.h j.s 111<\'3 a c:1.rc1ell•
F'UJ:ther he says:

61.1 S: ABash ..,,it. is too difficult.

Ll relates ~ome of the difficulties he had to his previous
background education as follows:

613 S In graphing especially in Physical Science, I have
mora difficulties, because in standard Band 7 our
te9cher did not teach us about graphs. They only
teach us about motions and momentums and so on.
But the graphs they did not.

L:l' s speed- 1:1111e graph Ot the sw:l.llHmotion :1.9:

Ju
Figure 3.25 Speed-time graph of the swing by Ll

And the velocity-time graph of the swing is:

I~:Lgu:t:'e3.26 Velocity-t.ime graph of the swing by Ll

ld.'s graphs heJ:'e ten the sl:oJ::yof a POOl: understanding of real
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551 S: 'Eha vector (thinks ...) is where we get direction
and magnitude.

For the vector 0.1: the velocity when the ball was caught back
while falling, he drew a picture-like diagram (597, 9).

u

J)"igure 3.23 Ll'a VeJtor of the ball t.hrown upwards

11 accepts:
"

585 S: I don/ c have the information, where can I gel: the
information? That is why I don't know it fully.

Thus, for 11 vectors are pictures.

3.8.3 roll'sIdeas Regarding Gr.aphs

11's spmed ..time graph of the mot.ion of the th:l:'ow-ballis IB'. As
he explains, he p:l:'obablytakes the graph as the picture of I:.he
path oE the ball in a :eramC!lof coo rdf.nabe a ,

603 S So :just like befol.·ewhen you throw I::heobject
upwards, We show it when we draw a sketch. You
draw it up then it. ils vertical. 'rhen when the
object returns it is also vertical but facing the
grc.n.md. That is why I say that IB' is the answex ,

For velocity-time g:l:'aphs,his answar was '0',
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3.7.4 concJ.usion

Although with a medium performance in the test, M2's approach to
the questions were quitE'. relevant',. The conf'ue Lons in graphs and
vectors were frequently visible. 'l'his might be because of the
lack of basics and lack of practice in previous studies.

3.8 CASE STUDY S: Ll

3.8.1 Interpreting Words into Pictures

Figure 3.22 tl's Picture of the ball thrown upwards

L1' s picl:uJ:'e i~J shown by two parallel, vel:"tical and opposite
Gtl~rowsshowil'1~rupwards and downwards 1110(: ion . :t,l t.oo aS9ig1")'sthe
change in the speed due to the force of gravity and not due to
the acceleration.

547 s: I think fOl:: this (apead) to be the hi gh(;st:. is for
the force of gravity. 'l'he :Eol'ce of gravity they
attract the object to the ground so that the speed
becomes h:i.gh(!l:r.

: . a .2 J.(Jea.s2\bout Vectors

L1 ~onestly states:
559 S: ! don't have the idea.
S6l. S: I don I t. know, how can I represen I: it:?
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For the speed-time graph of the motion of the swing, M2 produced
the following graph with some initial speed on speed axis.

v

Figure 3.20 Swing's speed-time graph by M2

When probed about the initial speed of the swing, M2 emphasizes
that the swing nrust have a certain initial speed at the top as
shown in the graph. Although the example of the swing is very
cOl11monin daily Hfe, his uttderstanding of speed with respect to
positions on the path of the swing seems to be weak. His ideas
about the initial speed of the swing are expressed as follows:

505 I:
506 s:

What should be the speed at the top7
(Thinks). OK, here at the top I can say that time
moves therefore speed moves also, so there at the
top there must be a certain number for the speed
also.

','

M2's velocity-time graph of the motion of the swing looks like a
velocity-time graph with constant ac~eleration in the following
figure,

Fig\lre 3.23. lV12 I S velocil:.y-t,:I,meg.raph of the swing



73

graph and tried to explain the motion as:

481 I:
482 S:

Which one you think is correct?
(Thinks) Speed-time, speed-time, it starts, that's
where the ball goes up, it moves up with a certain
speed, then as it reaches the turning point its
speed is zero, then after zero it goes up i.e. it
increases again.

483 I: So which one do you think is the best graph Qut of
these five?

484 S: I think this is the graph (Marks ,"A- as hie graph) .
For the velocity-time g'raphof the ball's motion his answer \C'
was a correct choice. He managed to explain the meaning of the
different parts of the graph IC', but his explanation does not
give a clear picture of the motion attached to the graph Ie'.
M2's velocity, relrted to displacement changes, does not
correspond to the graph of the velocity-time, but still he
maintains the answer IC' as the correct answer as follows:

S· .. . Th~ velocity attained by the ball as it goes up is
equal to the velocity as it goes down. So as the
ball moves up the velocity Lncreases , The baJ.l
accelerates so there is a change in velocity, and
because the velocity is a change in displacement
versus time. So as the ball moves the
.'iisplacementchanges and the time changes as it
goes up, then at the turning point the
displacement changes. So I can aay this one
because (a pause) this (indicates C as his graph).

'rhistype of explanation by M2 leads me to thin;"that his answer
Ie' is a rote learnt answ~r (from a book)' of the ball thrown
upwards.
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3.7.2 Ideas About Vectors
'N\11t.jM2 states that a vector is a quantitj with magnitude and

direction. He represents magnitude by a straight line and
direction by an arrow.

464 S: 1.n fact we draw a line and there~after we measure
it using a ruler. That is the magnitude. So the
line represents the magnit.ude on t.hepaper. Then
the arrow represent.s the direction on the paper.
That is the vector.

He draws the lector for the velocity at the time of its capture
by the thro~or as:

li'igure3.19 M2'S vector of the velocity of the
ball when caught by the thrower

And he says:

474 S: Then the distande from the starting point to there
at the point. of return is the same as from the top
as it goes back t.o t.he starting point.

r. inf~r that for him, the velocity ooncept with respect to time
change is confused here with the distance/displacement change
with time.

3,7.3 M2's Ideas Regal:'dingGraphs

M2 chooses 'A' for the speed-t:iml'llgraph of the ball thrown
upwards. He maintained the answer 'A' as his COrrect. SPeed time
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For M2, the speed is a.ffected by the fe.'ce , He talks about the
gravitational force acting on the ball and not the acceleration.
By saying that force produces speed we drop the step of
acceleration in the sequence of force to speed or velocity.

M2 correctly locates the positions of the highest speed at the
thrower's hand, while leaving and catching the ball. He brings
an additional consideration of air resistance and saY8 to have a
constant speed in absence of the air resistance. The following
dialogue reveals that M2 confuses the effect of the force of
gravity to give constant speed rather than constant acceleration.
The conceptual relationship between force, acceleration and speed
of a motion seems to be a problem to M2.

448 S:

449 I:

450 s.
451 I:

452 s:

453 r:
454 s:
455 I:

456 s:

The starting point. Here it (speed) is maximum
and here it is zero, then it starts from minimum
and comes down to maximum. So I say that in
absence of resistance the speed Should be
constant, in the absence of air friction.
What do you mean by air friction?
By air friction ! mean that as the ball ..•...
Why will the speed be constant?
Because there will be only one force acting on it,
the downward force that is the force of gravity.
So if there is no friction, what will happen?
The ball will continue at the maximum speed.
t the maximum speed, why?
We see that here is the turning point and as it
falls its velocity changes as it falls downwardS
and it becomes constant.

Here he talks about constant velocity wh.iLe falling but he does
net mention the idea of terminal velocity. Hence! infer that
the air resistance ~ what he talked about ~ is playing Some role
in his explanation but he did not exactly express it.
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displacement in a straight line and speed as the rate of change
of distance and gets confused over their graphs with respect to
time.

3.6.4 Conclusion

Ml shows no conceptual understanding in her explanations of the
vectors and graphs. Her explanations and diagrams showed a poor
understanding of speed and velocity. It is difficult to
comprehend the origin of the degree celsius for angles and
hyperbolic graphs for the swing motion. She has difficulty in
translating the real life statements into the picbur'e s .

3.7 CASE STUDY 4: M2

3.7.1 Interpreting Words tnto Pictures

Figure 3.18 Picture of the ball thrown UP

While explaining the motion of the ball thrown up he says:

438 S: It means that one certain force acting in one
direction like when it is going upwards there are
two 'forces act:i.ngon the body I that is the force
of gravity and the force exerted by the hand to
direct i t upwa rda ,
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405 S When the swing moves the speed comes back to zero.
There is no increase in speed. It remains
uonF'tant.

411 S It does not increase its speed. It remains to
zero but it decreases to negative as it swings.

The velocity-time graph of the swing to Ml is a straight line
parallel to timc~axis showing a constant velocity starting from
zero.

Or-~------------~

Figure 3.17 Graph of velocity-time by Ml

When she was probed about the shape of the graph, she maintains
that the velocity remains zero,

416 I
417 S

What does it mean?
It means velocity remai~s to zero,

In her explanation to the speed.-time and velocity-time graph she
says:

421 S: The velocity-time graph is a straight line graph,
that means it has direction and magnitude and
speed-time is a curve.

I think Ml is confusing the definition of speed with speed-time
and velocity with velocity-time graphs, Probably she remembers
t:herote learnt definition of velocity as the rate of ohange of
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of the study of motion conceptually? Is it to start with the
picture, the vector and the graph in sequence or should the
topics be dealt with separately?

The concept of the gradient of a graph and its relation with
phys.ic!alquantities help extract information from veLocdcy-
time graphs. Students showed poor understanding of graphs when
such information (gradient-related) wer to be extracted.
This area needs more investigation.

Ar1 understanding of vectors and graphs, seem quite closely
related in the case of velocity but in my findings I could not
find much influence of one on the ochez , for example I the
students goad in graphs I did not perform well il1.vectors.
SJ.ncemy woz'k did not cover this area as a topic thereforel I
still believe further research would be needed.

Appropriate teaching strategies need to be developed and
evaluated as suggested above. Through seminars and workshops
the research done must reach the population (students and
teachexa) on the ground for their daily use, via action
research and concomitant improving of the teaching and
learning.

****************
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Guided practical investigations and discoveries with full
involvement of students must be encouraged. For these
invastigations, more practical lessons than lectures will
be useful. It will encourage owning of t.heknowledge by
the students.

Mj,cro~comp\.\terbased laboratory techniques will Pel very
useful in understanding graphs of speed versus time and
velocity versus time by using ultrasonics to interpret
the movement s , Students experience zero acceleration and
at the same time view the velocity-time graph of the
motion in the computer monitor.

Real-life examples should be presented by students
themssl ves and pictures should be drawn. T.11 sequence
they should draw graphs and vector diagrams. This
effort, made by students, might give a way through to
establish inter-relations between these concepts.

Testing for incorrect conce~ts before teaching, could be
used to know weak points. For such an exercise a Pre-
test could be used before instruction besina on a topic.
After interventions a post-test could be useiul to find
out if the teaching has been effective.

Inclusion of these suggestions in a practical way, may help
improve the concept building and retaining a concept for a
longer duration.

4.5 RESEARCH IMl?t.ICATION

The re)lationship between l?hysics and Maths in the field of.the
study of motion seems to be Simple, but when researdhud, it
proved to be difficult I tried to find out the inter-
relations and dependence or vector, graphical and pictorial
understandings of students. But much mOre research is needed.
FOl':example, which met.hodology oouLd improve the underscanding
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1. In measuring angles students used the unit as degree
Celsius. It is a speculation that probably, because of
too much use of the term in meas.lring temperature it is
being confused with angles too. While discussing this
problem of measuring angles in degl:'eeCelsius, with one
of my colleagues in the college, I was told that in high
school Biology classes degree Celsius appears like a song
as the unit of body temperature. probably the same
appeared in Physics as a result of that rote learnt
singing.

2. Without knowing the meaning and shape uf a hyperbola a
student said the speed~time graph of the swing motion
will be a hyperbola.

4.4 IMPLICATIONS FOR INSTRUCTION

Regarding the learning and teaching of mechanics, by
implication in l:"'ilspectof velocity and speed, it could be said
that problems are more than their solutions. Relationship
between misconceptions and confusions are complex, the
prOblems outlined above need a comprehensive researoh to find
a way through. Still, the followi:lg suggestions might be
useful to teachers as well as to learners.

"1.4.:1 Suggestions Forwarded

The following suggestions are forwarded for \earning
Kinematics conceptually and effectively:-

mathematical methods used in physios e.g veotors and
graphs, should be dealt with comprehensively with
practical examples of daily life.

'r'hedefinitiol'lslearnt by rote I must J;~ practically tried
in physical rea1:i.ties.
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with time during accelerated motion, was found to ba difficult
for the students. Vectors of real life motion gave the
students two problems: firstly, to understand the velocity at
various (time positions) points in magnitude and direction and
to collect information data accordingly, and secondly how to
draw vectors from informacion collected.

The following summarize the difficulties and trends found as a
result of this study in vectors :

(a) Students do not correlate the magnitude of a vector to
its line vector. Thus the direct relation between the
magnitude of a vector and the corresponding length of the
line vector appeared to be very weak with the students.

(b) Vector as a graph: Students drew graphs when.asked to
draw vectors. This probably appeared because of the lack
of teaching anctlearning the vector part of meChanics.

(0) The difficulty in extracting information:

(i) Prom a vector diagram to the physical reality: To
grasp information from a vector diagram and to
correlate it to the physical reality appeared
difficult for students.

(ii) From a gra.phof a motion to vector diagram: To
extract the information regarding direction and
changing magnJ.tude from a graph and then d:r:awing
line vectors to reprl1sent the medon was found very
difficult.

Other than these some unantiljipated (not:mentioned anywhere in.
Literature revi ew) ccnfiuai.ons and concepts were also
discovered while doing the casewstudies through interv:Lews
e.g.
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5. It was diffioult for students to interpret:

(a) negative part; of the graph,
(b) discontinuity in graphs

in physical reality of the mdtion. In this study
discontinuity in graphs appeared mostly when an abrupt
direction change ooouz red and velocity was not zero, for
example when a ban hits a wall and returns back.
Negative segments of the graphs were viewed as difficult
in examples like the ball thrown upwards.

S. students had difficulties in extracting information from
graphs, for exampl.e reading graphs for t.heve l.c..it.:yat a
oertain point irltime and identifying the segments
representing the accelerated, forward and backward
motion.

7. Students have difficulty in interpreting u parallel graph
to the time axis ir cerms of physical reality of t.he
mot.ion.

8. The coneept.s of speed aud velocity seem t.ooverlap
especially when it comes to graphs. To draw a speed-time
'raph from a velocity-time graph surfaced as a major
",ailure area.

4.3 VElC'I'ORS

Vectors are an integrlal part of the concept 'velocity'.
Velocity is diffel:e11tfrom speed ('.m1y because it has a
direction t.obe dist:Lnct1y seen in it's representation. It.
appeared the that rol:'8 learnt. defin:i.t.ionsof velocity as a
veccer quantit.y is known to many but its l"epresent.aLionis
problematio. Some students show direotion (in most cases) but
the idea of magnitude ln line vect.ors are hard for them to
make out. To understand the changing magnit~ldes of velocity
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a narrative word statement and vice-versa.

4. Obtain:i.ngdata for graphs and vector drawings from
pictures was difficult.

4.2 GRAPHS

From a graph to physical reality and from phy- ~.calreal motion
to a graph, students had difficulties in extr......Jting
information data and using them. Other difficult areas
expezi.encedby students were: the oonoepr .~,physioal motion
and its negative aridpositive meaning when a.nthe form of a
graph; meaning of a parallel graph to the axes; meaning of
discontinuous graphs in real :Life;why and when should a graph
start from zero. The investigation found grounds to conclude
the following about graphs.

1. Students have the idea that a pictul", ..icuf d look-like a
graph. Mostly pictures of real motil",; ~.nthe case of a
ball thrown upwards) weJ"p.drawn in graphical frames usinsr
axes.

2. Matohing the features ~f a graph with narrative
information and vice-versa is difficult.

3. There is a tendency to take the highest speed at the
highest point. It appears that speed is confused with the
distance travelled when the motion is in the form of a
graph.

4. Data, obtained from students' answers, suggest that
velocity-time or speed~time graphs must always start j:rom
zero, even while the initial velocities were not zero.
Students drew slHed-time as well as velocity ...time graphs
starting from zero Ln e:>tampleslike the ball thrown
upwards and the motion of a swing. This supports the
findings of researchers liJ~I'~ Schul tz et al. (1986).
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CHAPTER FOUR
CONCLUSION

The misconceptions regarding the definitions of speed and
velocity and the related understanding of mathematical
prooesses like graphs and veotors, highlighted a number of
difficulties among the pre-service teachers. The data
analysis showed that the difficulties faced by individual
students mostly are not interrelated among the topics
Lnvo Lved , and if they are related the percent relation is less
than 20%. Certain difficulties emerged due to the wrong
understanding of definitions and poor basic concepts of
practical vectors and graphs. {Vlostof the learning problems
revolve around these difficulties. Consequently the
performances of students are affected negatively. The
mathematical processes, such as graphs and vectors, when used
for understanding physics e.g. mechanics, seem to confuse it
even more.

Some diffioulties and confusions found through this study are
the followin.g·.

4.1 STUDENTS UNDERSTANDING OF PICTURES

Pictures in the cases: (a) the motion of a tennis ballt (b) a
ball thrown upwards, (c) the motion of a swing and (d) a ball
rolling between two walls, suggest that:

1. Pictures were not understood well in the context of the
mathematical representations namely graphs and vectors. The
picture as a graph and the picture dS vectol;"Swere common
happenings in students responses.

2 . The dl;"awingof pictures from graphs and vectors '.·'lerefC\.\hd
to be difficult.

3. Vel;"yfew students could translate the given pictures into
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vector of the velocity.
e) Low level of practice in drawing vectors.

3.10.3 Graphical Understanding

Based on the above analysis the following can be deduced as the
existing ideaA and problems about velocity-time and speed-time
graphs of real life activities based on the throw-ball and swing
motion.

a) Most graphs looked like the pictures of the motion.

b) "'uthe case of the swing motion, it was assumed that the
motion was negative, because it was always below t.he sta:rting
line. Probably this confusion has its origin in the cartesian
plane whe re the quantities below X-a~ds are always negative.

c) If the baIlor swing returns back to the original position,
there is no increase in speed, it remains constant. It may be
that no change in displacement has been confused with no change
in velood ty. And the velcod cy- time graph by L1 has been drawn as
zero Une,

Dl--~--

Figure 3.31 Velocity·time graph of L1 as zero-line
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i) At the highest point there is highest velocity.
ii) Constant velocity with constant acceleration.
iii) Acceleration has no direction.
iv) If there is no air resistance the speed will be

constant.

In their discussion students explain the pictures as the effect
of the force of gravity in increasing or decreasing the speed but
do not address the acceleration due to gravity 'g'.

Vector Understanding:

The theoretical definition of a vector that is "Vector is a
physical quantity represented by magnitude and direction" is
known to most students in one form or another. Their problem is
the representation by a line vector. An arrow-head representing
the directicn of the vector satisfied many of the interviewees.
The undersranding of the role of an angle in a vector drawing
from a given direction is absent. The concept of bear~ng a
direction is n~t shown by any student.

'Degree Celsius' waS mentioned as the unit of an angle while
trying to draw the vector. This probably indicates the poor
practice with protractors in drawing angles accurately and a weak
background in the mathematical concept of angles. The most
difficult for students' was how to represent a vector. In this
regard the following problem areaS could be noted:

a) Lack. of realization of the changing magnitude of velocity/
speed with time.

b) Lack. of realization of the changing magnitude of velocity/
speed with the height reached.

c) Inability to use tho length of a line vector on a scale
representlng the magnitude.

d) The mass of the object is confUsed with the magnitude of the


