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ABSTRACT

The Sterkspruit Intrusion, in the south-westerr portion of the Barberton
greenstone belt, Is e sill-like body containing rocks of gabbroic to dioritic
composition. It s hosted by a sequence of “iomatiitic basalts and komatiites of
the Lower Onverwacht Group. The intrusion Is considered unlgue in this area in
that it lacks ultramafic components and has no affinitles with the surrounding
mafic- to- ultramafic lavas. The gabbroic suite also contalns an unusue)
abundance of quartz, and the chill margin shows ah evolved quariz-normative,
tholelitlc parental magma. Based on petrographic and geochemical evidence,
the Intrusion can be subdivided into four gabbroic zones and a quartz dlorite,
which |s an end product of a differentiating magma. The chill margin records an
MgO content of 4.8%, an Mg# of 42, an SI0, value of 52.5% and a normative
plagioclase composition of An,,, The sill-like nature of the bady, indicated by
geochemical trends, and the steep sub-vertical layaring, point to a body that
has been tilted along with the surrounding lavas., This constrains the relative
age of the body to be oider than the emplacement of the Kaap Valley and
Nelsheogte Plutons, which caused the regiona) deformation observed in the
Nelshoogte Schist Belt. A sequence of tholeiltic to andesitic basalts from the
Kromberg Formation in the Upper Onverwacht Group, have compositions which
can be correlated with the Sterkspruit Intrusion. it Ie possible that this body
represents a subvolcanic magma chamber, which acted as & feeder to tholsiitic
lavas higher up in the volcanlc sequence. The Sterksprult Mafic Dyke Swarm
intruded the southern Nelshoogte Sckilst Belt and displays intra-dyke chemical
variation,
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1.3 Physiography and Climate

Geographlcally, -he study area is sltuated between highveld and [owveid,
east of the Transvaal escarpment, within the 'mist-balt’. 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
bstween 8°C and 23°C In winter,

Rainfall is seasonal with the summer months (Qotober to March)
recording an average of 92 mm per month and the winter months (April to
September) recording 17 mm. The drainage of streams |s mostly towards
the south and west, eveniually reaching the eastward flowing Komati
River, In the study area, the Mawelawela and Sterksprult streams are
perenniai with the remaining first and second order streams forming &
dandritic drainage pattern,

The area is moderately hilly with some steep-sided vallsys in places.
Vegetation on the Sterkspruit Intrusion consists of grasstand and & veriety
of scrub types. More dense bushes and trees are restricted to river
courses and to crosscutting mafic dykes. The Nelshoogte Forestry
Reserve occurs to the northeast of the study area where pine and gum
trew piantations are located, -

14 Research Objectives

The primary alm of this research Is to cheracterise the Sterkspruit
Infruslon. To accomplish this It will be necessary to establish whether this
body has any similarities with other Archaeen teyered Intrusions in the
Barberton gresnstone belt, particularly those within close proximity of the
Sterkspruit intruston, or whether this body might be retated to a younger
(Proterozoie) baslc intrusive event. A number of younger mafls intruslons




western and of the Jamestown Schist Belt, the [atter associated with ¢he
Kaapsehoop Intrusive Body.

The Sterkspruit Intrusion was mapped by Anhesusser ih 1871, during
regional mapping of the Nelshoogte Schist Belt. He produced a geological
map entitled "Geological map of a portion of the Nelshoogte Schist Belt
gnd the Stolzburg Layered Uliramafic Complex, Barberton Mountain
Land", which Is Included with an abstract on the Stolzburg Complex
(Anhaeusser, 1674). Mere mentlonn was made of a masslve layered
diabage sheet or sill, lying conformably within the layered succession of
basalts and perldotites. The map mentioned above was also Included in a
DS8o thesls {Anhaseusser, 1983),

Anhasusser (1976, 1985, 1986), in papars on the Archasan |ayered
ultramaflc complexes and chrysotile asbestes ocourrences In South
Africa, described a diabase shest north of the Stolzburg Complex which
intrudes komatiltic basalts and peridotites. He recorded mostly a massive
gabbro with some vertical layaring, which suggested that tlliing may have
ocourred. He slso suggested that there was no genetic relationship
betwsen the gabbro and the nelghbouring kematlitio country rocks,

Pogpisek {1891} undertook a geochemical study across a 100 m traverse

of the gabbro body. She concludad that the Sterkspruit intrusion Is an
Archasan, layerad, sill-like body and described differentiation cycles and
a zonation across the 100 m traverse, :

Visser eof al. {1956), Visser and Virwoerd {1960), Vlljoen and Viljosn
(1969a), Anhasusser (1973), Robb (1977) and Wuth (1980) also
described the dykes that are proliiically distributed throughout the
Berberton area, In particular the northwest-trending set that Is found
traversing the study arsa.

S



The Sterkspruit Intrusion outcrops In only a few focalities, with large areas
govered by alluvium and scree, There are, however, & number of
relatively fresh, 1ess weathered sections that provide suitable samples for
geochemical and petrographical studias, The younger diabase dykes farm
prominent ridges and provlde good outcrop making sampling a lot easier.

Mining activity in the area was previously carried out at three chrysotile
ashestos mines, now abandoned, situated in the lower paris of the
adjacent Stolzburg Complex. A number of prospscting pits and past
exploration activity can be observed along Cu-Ni gossans within komatlitic
basalts between the Sterksprult and Stolzburg bodies, in the southern part
of the study area, This work was carrled out by African Selection Trust
durlng the 1970s,

1.2 Previous Work

Visser ef al. (1956) were the first Investigators in the Barberton reglon to
categorise the voicanio, sedimentary and basic io ultrabasiv |layered
Intrusive complexes, They classified these Intrusive rocks as being bart of
the Jamestown Igneous Complex which intrided the Sweziland System -
comprising the Onverwacht, Fig Tree and Moodies Serles, These authors
further described granitle, syenitic and diabase dykes and sills invading
the area and ciassifled these as belng elther Post Jamestown, Pre- or
Post-Transvaal System or Post-Karoo System in age.

Vigser ef al, (1986) also described sheet Intrusions as having bsen
Injected parallel to the foliation of basle schists of the Jamestown lgnaous'
- Complex. They noted a thick intrusive sheet on the farms Sterksprult,
Stolzburg and Doyersheek in the southwestern porlldn of the Barbarion
area, and included this Intrusion with those hypabyssal rocks older than
the Godwan Formation, They aiso dascribed diabase sheets at the
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CHAPTER 1
INTRODUCTION

1.1 Location of the Study Area

The Sterksprult Intrusion is situated In the southwestern region of the
Barberton Mountaln Land, M;t.-u'matanga Province (formerly the Eastern
Transvaal) (Figure 1), This east-northesst trending body, which s
approvimately 8 km in length and about 500 m wide, is geogr.phically
located about 20 km northeast of Badplaas, almost midway between
Badplaas and Barberton, The Intruslon is situated on the farms Sterkspruit
708 JT, Stolzburg 710 JT and Doyershosk 702 JT, and occupies an area
of approximately 4.8 km? between latitudes 30°43' and 30°47' and
longitudes 25°54' and 25°55',

Gaologically this Intrusion is & massive (and In places layaersd) body of
gabbroic to dioritic composition, located north of, and sub-paraliel to, the
Stolzburg Layered Ultramafic Complex. Both these intrusions are hosted
by komatiltes and komatiitic basalts farming the lower maflc to uitramafic

unit of the Onverwacht Group and lying within the Nelshcogte Schist Belt,

A number of younget diabase dykes, termed the Sterksprult Mafic Dyke
Swarm, are also located In the study area,

Acoess to the study area is via a dirt road to the (now defunict) Sterkspruit,
Stolzburg and Doyershoek asbestos mines, or through the Nelshoogte
Forest Reseive. Both roads lead off the main Badplaas o Barberton
macadamssed road, The quality of the dirt roads is generaily very poér 80

that acess ls mostly restricted to four wheel drive vehicles, The area is,

howaver, easlly a~cassible on foot,

I"ch 1
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Plate 34:

Plate 35:

Plate 36:

Plate 37;
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Page
Photomicrograph of a mafic dyke from the western par of the
study area, Intergranular textures with tabular clinopyroxane and
clouded plagioclase gralns are visible (Sample 8D1; plang
polarised fight; 1 cm = 200 1im), &1

Photomicrograph of the same sample shown It Plate 34
above, but ohserved under crossed nicols (Rampie 8D1;
1 ¢m = 200 Um). 61

Photomicrograph of a sample from a maflc dyke Intruded irito the
Neishoogte trondhjemitic gneiss pluton. Right side of photograph
shows plaglociage laths and interstitlal quartz while the left side

shows a uralitised pyroxene grain (Sample SD7; plane polarisad

fight; 1 em = 200 pm). 82

Photomicrograph of the same sample shown In Plate 36
above, but vbserved under crossed nicols (Sample SD7;
1 em = 200 pm), 62
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Plate 28: Photomicrograph of the high-Ti ferragabbro from the Central
Zone, showing an intergrowth between flbrous actinolite,
saussurltised plagioclase and quartz. Ysflow-green epidote with
bright interfererice cofours Is more prominent in the Central Zone.
Opaque phases are lsticoxene after Ti-imenite (Sample SG26;

plane polarised light; 1 om = 250 Jm), 53
Plate 27, Photomicrograph of the same samiple shown in Plate 28 above,

but with bright Interference colours and observed under crossed

nicols (Sample SG26; 1 om = 250 Lm). 53

Plate 28: Photomicregraph of the Quartz Dierlte, showlng dark-green
chlorite, large subhedral quartz grains, relatively unaltered
plagioclase, carbonate, epidote and tiny biutite fiakes (Sample

8G28; plane polarised ight; 1 cm = 200 ), 55
Plate 29: Photomicrograph of the same sample shown in Plate 28

above, but observed under crossed nicols (Sample SG28;

1 am = 200 pm). 55
Plate 30 Photomicregraph showing the amorphous nature of dark brown

leucoxene, Also shown are partly uralitised clinopyroxene and
subhedral plagloclase gralns (Sample SG22; plane polarised
ifght; 1 cm = 200 pm). 56

Plate 31: Photomicrograph of the same sample shown In Plate 30
above, but observed under crossed nicols (Sample SG22; _
1 em = 200 Jm). 58

Plate 32; Photomicrograph of the quartz gabbro from the Upper Zone,
showing intersertal textures with plecchrole green, acicular,
actinolite needies parly enclosing epidotised plagloclase and
quartz (Sample SG31; plane polarised light; 1 cm = 250 pm), 58

Plate 33; Photomicrograph of the same sample shown In Plate 32
above, but observed under crossed nicols (Sample SG31;
1 cm = 250 Jm), ' 58



Plate 19

Plate 20:

Piate 21;

Plate 22:

Plate 23;

Plate 24:

Plate 26;

Photomicrograph of the same sample shown in Plate 18
above, but observed under crossed nicols (Sumple SG38,
1 em = 250 um),

Photomlcrograph of gabbro from the Marginal Zone within 5m
of the intrusive contact, Subophitic textures occur with partly
altered clinopyroxene, ortihopyroxene and saussuritised
plagioclage, Quartz Is Interstitial t~ plagloclase and occirs

as subrounded grains (Sampie SG39; plane polarised light;
1em = 200 Jm).

Photomicrograph of the same sample shown In Plate 20
above, but observed under crossed nicols (Sample SG39;
1 cm = 200 Em},

Photomicrograph of the gabbrolc racks from the Marginal Zone,
showing typlcal subophitic textures with partly urailtised
clinopyroxane oikocrysts anclosing plagioclase laths. The
plagioclase retalns subhedral shapes, but are clouded to a
dark-biown colour due to the effects of saussuritisation (Sample
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Photomicrograph of the same sample shown n Plate 22
above, but observed under crossed nicols (Sample SG22;
1 ¢m = 200 Pm).

Photomicrograph of the layered gabbro from the Lower Zone,
showing orthocumulate clouded plagioclase with Interstitial
angular-shaped quartz, A clinopyroxene grain showlng Incipient
uralitisation can be seen on the lower left side of the photograph
(Sample SG24; plane polarised light; 1 cm = 200 Um), '

Photomicrograph of the same sample shown in Plate 24
ahove, but observed under crossed nicols {Sample SG24;
1 om = 200 pm).
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The Nelshoogte Schist Belt is buitressed by the trondhjemitic Nalshoogts
pluton to the west and the tonalitic 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 (Anhaesusser and Robb,
1881). The Nelshoogte pluton has ylelded U « Pb ages of 3220 Ma
(Qosthuyzen, 1870) , while the Kaap Valley pluton has been dated at
3227 Ma (Kamo and Davis, 1991). The area has also been Intruded by a
swarm of predominantly northwest-striking, crossculting maflc dykes,
thought to be of Proterozols age,

The greenstons belt successiors resemble the Theesprult and Sandsprult
Formations uf the Lower Onverwacht Group (Anhasusgser, 1974), These
successions Include komatiltic basalts, komatiites and subordinate
siliceous marker horizons, A varlety of volcanle and pyroclastio texturas
and siructures are dispiayed inciuding plllow lavas, flow brecclas, mafic
tuffs, agglomerates and spherulites.

Van Berkel (1977) Identlfied komatiitic basalts and komatilites in the
eastern part of the Nalshoogte Schist Belt, thus confirming the earlier
mapping and interpfetation of Anhasusser (1673, 1974, 1983), The
geochemislry of these volcanics show the komatlitic basalts to heve
CaO/Al,0, > 1, MgQ > 9, K,0 < 0,9 and TiO, » 0.9, The tholelitlc basalts -
In contrast have CaO/Al,O, = 0.7. (Wuth, 1980), Observations by Wuth
(1980) on the basalts of the Oorschot-Weltevreden Schist Belt to the
northeast of the Nelshoogte Schist Belt, show them to have compositions
Intermediate  between Barberion type komatilc basalts and
metatholeiltes, '
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CHAPTER 3
GEOLOGY OF THE STERKSPRUIT INTRUSION
AND MAFIC DYKE SWARM

3.4 Geology of the Nelshoogte Schist Belt

The Nelshoogte Sch.st Balt consists of a triangular-shaped area underlain
mostly by rocks of the Lower Onverwacht Group (Tlakastad Subgroup)
with Mogdles Group sediments, granltic rocks and hypabyssal diabase
dykes present in the surrounding reglon (Figures 1 and 2). The schist belt
mainly comprises komatiitic basalts, incluc"ng both plilowed and variolitic
varleties, metatholelites, matic-to-ultramafic tuffs, cherty-quartzitio
sediments amd ultramafic komatlites. The sequence of alternating
komatiltic basalts and komatiites are highly visible features o the north
and south of the Sterkspruit Intrusion, with the komatlites forming
prominent rldges,

Visser <i al. (1956) referred to this large triangular area of basic rocks as
part of the Jamestown Igneous Complex. They also described @
differentiated green and blue serpentinite in contact with basic schists and
sediments of the Moodies System,

This area, now kriown as the Nelshoogte Schist Belt, was mapped In
detall by Anhameusser (1973, 1674, 1883). The mafis--ultrametic
volcano-sedimentary rocks were Interprated as forming a triangular or
funnel-shaped synclinal fold structure with axes trending southwest,
northeast and northwest, The schist belt conforms to the sohistose
gynclinal belts or arcuste tongues of Onverwacht voleanics desaribad by |
Viljoen and Viljosn (1969a).



16

2.2 Metamorphlsm

The Barberton greenstone belt succession, especially the Onverwacht
Group voleanics, has besn Influenced by regional low-grade greenschist
facies metamorphism (Anhaeusser ef al, 1969; Viloen and Vlloen,
1969b; Cloete, 1991; 1994; Ward, 1995). Earller, Hall (1918) and Visser
et al. {1958) had described contact metamorphic rocks along narrow
contact aurecles surrounding granitic plutons, The metamorphic grade
along these dynamic contact zones, ranges from upper greshschist to
amphibolite facles (Viljjoen and Viljoen, 1969b).

A chronoaloglcal sequence of metamorphic events has been proposed by
Cloets (1991, 18984), beyinning with high- and low-temperature, sea-floor
metamorphlsm. He desoribed the high-temperature (spreading centre)
type as having caused hydration and greénschist-grade metamorphlsm of
the Komatl Formetlon and Upper Onverwachi Closta assoclated this
metamorphism with magmatically driven hydrothermal convection of
heated seawater in the 1-3 km levels of an oceanic crust. The low
temperature type (cr shellow subaerial/submarine variety) Is assoclated
with pervasive sillcification which siccording to Closte (1991) accurs only
~ Inrocks of the Upper Onverwacht Group.

Superimposed on this earller sea-floor metamorphism was a re'gloriai
burlal metamorphism (Closte, 1680, 1891, 1984), also described a8 a
stalic style of metamorphism. The origin of this metamorphism varlety Is
not well understood but |s believed to result from volcano-sedimentary
loading and/or low-angle tectonle duplication. The last metamorphic
episods, acoording to Closts (1991, 1994), Is dynamothermal contact
metamorphism confined to intrusive contact zones of early granitio
plutons,



14

Takle 1: Lithostratigraphy of the Barberton Sequence (after SACS, 1980)

[ Group 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., 1800
conglomerates,
_ fuartzltes, jaspilltes | _
Schoongezichl | agglomeratag, tuffs, 580
_ laya, chert breccla _
Belvue Road {banded ferruginous 800
FlG TREE chert, tuff, shale
Sheba banded ferruginous 1000 {
| chert, greywatke, '
_ shale - _
Swartkopple | maflc-falsic lavas, 918
- chert _
Geluk Kromberg maflc-felsic lavas, 1920
agglomerates, banded
_ cherts and carbonates
Hooggenosg |mafle-felsic lavas, 4880
| chert 1
ONVERWACHT Micdla Marker |chert and carbonate _
' Komati ultramaflc-mafic lavas, | 3510
_ _ chert .
Tjakestad |Theesprult  [ultramafic-mafic lavas, | 1880 ||
falsic tuffs, '
_ _ carbonaceous chart _
Sandspruit ultramafic lavas 2130
et = L —La- e Lo - -
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A number of  slilkike, diifferentlated, maficdo-ultramafic laysred
complexes, of which there are about 27 (Anhaeusser, 1985), ocour at
various stratigraphlc levels in the Onverwacht Group, The majority of
these complexes are located along the northwestern to northern parts of
the greenstone belt where they oceur in the formations of the Tjakastad
Subgroup. These comploxes are oconsidered fo have Intruded
penacontempoaraneously with the surrounding basaitlc and komatiitic
lavas (Viljoen and Viljosn, 1870; Anhasusser, 1876, 1979, 1885; Wuth,
1880). As the bulk composition of these layered complexes approximate
to the composition of komatiltes from the Komatll Formation, they are
atirbuted to fractionation and magmetic diiferentlation of a similar
komatilte magma (Wuth, 1880), In contraut, the basaltic-to-tholelitic
magma fypes are responslble for the larger differentiated gabbroic
intruslons such s Stlliwater, Skeergaard and the Bushveld Complex
(Condle, 1981), De Wit of al. {19878\ intetprated the layered ultramafic
Intrusive complexes as representing perit..wi tectonites, similar to alpine
peridotites which form the upper mantle base of the ocsanic {lthosphere.

Byerly of a/, {1986) questionad the tectonic stacking model and suggested
that the early Archasan crust developed slowly by episodic mafic and
felsic Ignecus aotivity, This Interpretation supports the hypothesls of a
continuously evolving sequencs, rather than a thin voleanic unit
structurally duplicated several times. They also recorded an age of 3445 -
3452 Ma for the daoitlc [avas from the upper Hooggenosg Formation,
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Smith (1980) also identified three types of tholeiitlc basalts In the
Onverwacht Group, namely:

1) low-Ti tholelites;
2) high-Ti tholeiites; and
3) high-Mg tholelites,

The presently accepted stratigraphy of the volcano-sedimentary
Barberton Sequence s the one adopted by the South Afrlcan Commiltiee
for Stratlgraphy (SACS, 1980), and proposed by Vilicen and Vlljoen
(1969a,b,6) and Anhasusser (1875), Table 1 |s a modified stratlgraphic
column after SACS (1980), and shows the dominantly volcanic
Onverwacht Group overlain by the largely argiliacecus sedimentary Fig
Tree Group and the uppermost arenacecus sediments of the Moodies
Group.

The lowermost formations of the Onverwacht Group (the Tjakastad
Subgroup) are found around the periphery of the greenstone belt, with the
Geluk Subgroup locatad In the southwestern parts (Tankard ef al,, 1982),
The Fig Tree and Moodles Groups are located mostly within the central
core reglons of the beit,

The lithostratigraphic sequence of units or layer cake' interpretation of
the stratigraphic sequence has besn questioned by more recent field
Investigations. The stratigraphy of the Onverwacht Group Is considered
by some to consist of several tectonic uriits that have been structurally
dupliceted by & mechanism of large-scale Isoclinal folding combined with
thrusting (De Wit, 1982; De Wit and Tredoux, 1987; De Wit of al,, 1983;
1987a,b; 1992; Willlams and Fumell, 1979; Lowe ef al, 1085),
Furthermore, De Wit of al. (1987e) proposed that the mafic-to-ultramafic
rocks form a pseudastratigraphy comparable to Phanerozoic ophlolites.
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content of sodium plagioctase with conspicuous chlorite and minor
actinolite. They also have higher alumina (Al,0, = 13.3%) and alkall
contents (N2,0 = 2.9% and K,0 = 0.26%) than komatlitic basalts. In
contrast to the Lower Onverwacht, Viljoen and Viljoen (1869d) and Smith
(1980) considered the Geluk Subgroup to consist of a normal tholelltic
succession with lesser amounits of andesite, daclte and rhyodacite. They
described pillowed tholelites at the base of the sequence, which
approximate to ocaanic tholelite compositions, while those towards the top
of the sequence have affinities with continental tholelites, MgG contents
of these tholelites vary fram about 8% in massive, coarser-grained flow
centres to 7.6% In plliowed, or finer-grained non-pilowsd varletles
(Villoen and Vijjoen, 1989d), Viljoen and Vljoen (1869ad) and
Anhasusser (1971) also described cyclic volcanism, whersby cycles
grade from tholelltle lavas at the base through to riwodaclies at the top,
Each oyols Is often terminated by a chert horfzon,

The interpretation of cyclic voloanism has been investigated by Ranson
ahd Byarly (1983), who Indicated that sliiciflcation of medic flows accounts
for the more felsic nature of these cycles. According to De Wit ¢ &/,
(1987b), the felsic units In the Onverwacht Group do not form part of
 mafic-to-felsic voloanic cycles and are not related to mefic - ultramafic
rocks of this group. Rather they Inferpreted these units as hlgh-'[evel
equivalents of gnelssie trondhjemite - tonalite plutons which Intruded the
graenstone heit and post-date the Onverwacht Group by 40-50 Ma,

In a study on the geochemistry of Lower Onverwacht Group lavas, Smith
(1980) prapased a three-fold subdlvision of komatiitic rocks;

1) uiframafic komatlltes with MgO > 24%;
2) high-Mg imafic komatiites with MgO between 18 - 24%; and
3} lowMg mafic komatiites with MgO betwsen 8 - 16%.
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worldwlde have CaO/AlQ, ratios between 0.8 and 1. Higher CaQ/ALQ,
results from Al depletion In komatilies, and are restricted to sequences
older than 3.0 Ga (Cattell and Taylor, 1990).

Komatiltic basalts, on the othet hand, erupted with MgC contents between
7-16 % (Cattell and Taylor, 1880), MgO may vary from 5%, In evolved
gabbrolc centres, to 18% In layered cumulate flows, In general, komatiltic
basalts are reiatively rich In sillca and poor in aluminium compared to
tholeiitlc basalts. The komatiltic basalts in the Jower Onverwacht Group
(Tjakastad Subgroup) constitute the bulk of the Komat! Formation, where
they were originally subdivided into three varietiss (Viljoen and Viljoen,
1969¢), viz.:

1} the Barberton type, which Is a tremollte-actinolite-plagioclase varlety,
having equal Mg, Ca0 and ALO, contents of about 10% each. Both
plliowed and masslve phases are developed,

2) the Badplaas type, which Is a tremollie/actinolite varlety with MgO
contonts between 14 and 18.5%, and tha highest Ca/Al ratlos of the three
varletles (Ca/Al in the Badplaas type = 2.4 as oppusad to 1.0 for the
Barberton type and 1.2 for the Geluk type). Fewer pillow structures have
- been observed in this class, which mostly resemble massive gabbrole to
pyroxenitic sills; and - '

38) the Geluk type, which Is a tremolite-chlorite variety conslsting of small,
but weli-formed pillow structures, MgQO contents are betwsen 19% and
24%, with Si0, averaging 47.4%, the lowest of the three basalt varleties,

Meteitholelites are also present in the Tjakastad Stbgroup but are only
sporadically developed, malnly assoclated with komatiitio basalis of the
Barberton type (Viljoen and Vifjoen, 19880¢), The tholeiites have a high



the Jamestown Series as intrusive rocks belonging to the Jamestown
Ignewvus Complex.

Visser ef al, (1956) interpreted thls Complex as being Intrusive into both
the Swaziland and Moodies Systems. it contained both basic and
ulitrabasic rocks as weil as an acld phase (granodioritic in compasition},
which was termed the Kaap Valley Granite. The Barberton area was
subsequantly Intruded by various granitic and syenitic rocks, and later by
dlabase dykes and silis of varying ages,

As part of the Upper Mantle Project, Vilioen and Viljoen (1869¢,d),
reclassifled the rocks from Barberton into the Swaziland Sequence
comprising the Onverwachi, Flg Tree and Moodies Groups, They,
together with Anhaeusser and Viljoen (1985), also reinterpreted the
Jamestown Igneous Complex as being the highly metamorphosed
equivalents of the Onverwacht Group, Thelr invéstigations of the voleanic
rocks of the 15 000 m thick Onverwacht Group led them to further
classifying this successlon into the Tiakasted Subgroup, consisting of
basaltic to ultramaflc lavas (Lower Ultramafic Unlt), and the mare felsic
Geluk Subgroup towards the top (Upper Maflc to Felsic Unit), These two
Subgroups are separated by the Middle Marker, a continucus sedimentary
“horizon which, according to Viljeen and Viljoen {1969c), heraided a
change in the nature of the voloanio aotivity. |

I the Tjekestad Subgroup, the Viljoens described both peridotitic
komatlites and komatiitle basalts, Komatiltes are ultramafle lavas with an
MgO content greater than 8%, which are the products of liquids that, in
turn, have an MgQ content greater than 18% (Arndt and Nishet, 1982),
The early definitions of komatiltes by Vifjoen and Viifoen {19680c) included
CaO/AlO, ratios greater than 1, However, these komatltes are. now
considered unique as the majorlty of komatiltes In Archaean terrains



CHAPTER 2
REGIONAL GEOLOGICAI, DESCRIPTION

2.1 Geology of the Barberton Mountain Land

The Barberton Mountaln Land, situated in the eastern portion of
Mpumalanga Province and the westermn sector of Swaziland, comprises a
rugged triangutar-shaped tract of mountains elongated in a northeast -
southwest direction. This mountalnous 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, viz.: the
Onverwacht Volcanic Serles for the valcanic rocks, the Jamestown Seriss
for the serpentinites, basic schists, slates; quartzites and congiomerates
and the Moodiss Series for the sedimentary rocks occupying the ceniral
part of the Barberton greenstone bett. - '

The Geological Survey of South Africa remapped the Barberton area
betwesn 1937 and 1948, As a result of this work, Visser ef &/, (1956)
redefined the Moodies Serles and classified the upper, predominantly
arenaceous rocks Into the Moodles System, separated by an unconformity
from the lower banded Iron formations, shales and greywackes, which
they termed the Fig Tree Serles, This Series and the Onverwacht Serles,
which then comprised of basic and anid lavas, formed the Swaziland
Systern, The Geologlcal Survey further reclassified the ultramafic rocks of



1.6 Research Methods

An initial reconnaissance investigation of the study area preceded two
months of regional geological mapping using 1:10 000 scale aerlal
photographs. This was followed by detailed fisld 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 sampies 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 sactions wers 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 Pospisek (1991) In her
study on a portion of the Intrusion, formed the hasis for the geochemical
investigation and characterisation of the Sterkspruit Intrusion,

Binary veriation diagrams and temary classification plots are presanted in
this study comparing the gabbrolc suite from the Sterkspruit Intrusion with
other gabbroic rock suites from intrusive sifls, dyiwes mplexss in the
Mpumalanga region. Samples from the crossoutting «,..s were also
jnvestigated geochemically so as to relate them to the: gabbroic intruslon
and other dykes present In the Barberton area. Trace elements; Including
rare oarth element variations were used to Investigate geochemical
differentiation trends within the Intrusion and to compare the Sterkspruit
body with patterns from other complexes,



oocur in the eastern Mpumalanga region, mostly in the form of sills and
larger complexes, Examples include e Uitkomst Complex, approximately
20 km horthwest of the study area, which is considered fo be a satellite
hody of the Bushveld Compiex {(Kenyon et al., 1986; Allen, 1890) ; 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 tlited along with the surrounding voicanic rocks into its
prasent position, or whether it Intruded as a dyke, thereby post-dating
regional tectonism and deformation. If the hody 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 wilt be
- Investigated, in order to identify diiferentiation trends. I the body is a
dyke-like feature, then the subvertical layering wiil have to be adequately |
explained. ' ' '

it will also ba necessary to ascertain whether the body consists of a single
gabbrois rock type, or whether more than one variety of gabbro [s present,
which could represent & number of magmatic events. *ssoclations
between this intrusion and volcanic rocks in the Barberton regior will also
be investigated. '

The numerous crosscutting diabase dykes, Intrusive into the gabbrolc
body, will also be examined and compared with one another and the rocks
of the Sterks'pruit Intruslon, to determine any differentiation trends or
simliarities.
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The chill margin (Plate 7) Is estimated to be less than 2 m wide at the
Traverse 2 locallty, with the gabbro coarsening gradually away from the
contact into the Marginal Zone. The Marginal Zone (M2) is a fine- to
medium-grained, massive, mesocratic gabbro which is appic-imately 40
m wide (Plats 8), Rounded quartz crystals are clearly vislble In the gabbro
at the hand specimen scale. The Lower Zone (L.Z) measures between 70
and 100 m In width and s characterised by discontinuous,
centimetre~-scale, rhythmic layering as wall as crude felsic and mafic
sagregations. The gabbro In this zone Is medium- to coarse-grained with
both mesotratic and Jeucocratic portions visible (Piate 9).

The Central Zone {CZ), measuring 100 to 150 m [n widih, is a medium-~
grained mesocratic gabbro. The Quartz DRiorite (QD), which was only
identified along Traverse 1 (Figure 4), conslsts of a medium- to
coarse-grained, leucocratic quartz diorite, probably less than 50 m wide,
The Upper Zohe (UZ) comprises both mesocrafic and leucocratic
quartz-gablro phases, The UZ is characterised by randomly orientated
acleular needles of green hornblends or actinolite replacing skeletal
clinopyroxsne grains {Plate 10), Some of these amphibole laths reach 1
om In langth. The width of the UZ varies between 150 and 200 m.

A separate, but smallar, lensold gabbrolo intrusion, orientated In an
sast-northeast direction, and conformable with the surrounding voleanics,
Is sttuated Just soutti of the maln Sterksprult body at the eastetn corner of
the farm Sterksprult 709JT. Thls mesocratic to leucosratlc lens, measuring
150m x 600m, Is texturally and minsralogically similar to the Upper Zone

of the main gabbroic body, and contains similar grean acicular hormblends
needies, _ '
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| el

yeatharet gabbro from the Sterkspruit Intrusion showing
spheroidal weathering,

Plate & _ _

Contact between the Starksprult Intrusion (right} and komatiitic baseits (left),
Traverse 2 {shown in Figure 2). The geological contact Is demarcated by a
shallow depressior 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 localitles. The southern edge of the body is lass
well defined, The approximate contact can, nevertheless, be determined
in most places aiong strike from the position of gabbrolc boulders and
scree, There Is a section in the cenire of the study area, north of the
Stolzburg asbestos mine, where a large area of alluvium obscures the
southern contact, The shape of the Sterksprult Intruslen 1s unclear at this
point. Most of the intrusion ls poorly exposed with outcrops conslsting
mainly of weathered gabbro boulders, the latter displaying
'onlon-skin'type exfoliation (Plate 5). The remalnder of the intrusion is
covered by transported overburden in the form of scree and aliuvium.

3.3.2 Lithology

The two localities along the northern edge of the intrusion, where a chilited
margin can be observed, were sampled and Included in detailed -
Traverses 2 and 3 (Flgure 3), The intrusion at this margin (Piate 6) Is fine
grained and is in contact with spinifex-textured and plilowed Komatiltic
besalts, Based on fleld observations of the intruslon and supported by
textural, mineraloglcal and chemical varlations, the body can be
subdivided into five zones, Moving from north to south across the body,
the following zones are recognised: a Marginal Zone, a Lower Zone, a
Ceniral Zone, a Qurtz 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 car 1ot be ualineated with accuracy due to
constralnts Imposed by lack of oursrup, but a broad corrslation betwsen
Traverses 1 and 2, a distance of 990 m apart, can be seen, The Marginal
and Lower Zohes of Traverse 3, 1200 m to the east of Traverse 2, can
aiso be clearly correlated with those from Traverses 1 and 2,
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Plate 3 _

View of the Sterksprult Intruslon looking west from Travsrse 2 (shown In Figure
2), forming tha smooth terrain in the central and right parts of the photograph.
Komatlite rocks form prominent ridges on tha left. The wellkvagetated ridge in
the middleground is a mafic dyke,

Plata 4 _ _
View of the Sterksprult Intrusion from the wastemn end of the study area, looking
northeast, Komatlitis basalts and komatiites form the prominent ridges.
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volcahics, the Stolzburg Complex, the Moodies Group sediments,
the Nelshoogte granitic intruslon and later hypabyssal intrusives;

4) the major structural features including regional lineaments, faults
and localised shear zones; and

5)  the gabbrolc and dyke sample positlons and the jocatlons of the
three traverses across the gabbroic intruslon seiected for the
geochemlcal investigation,

These traverses, labelled 1, 2 and 3, are represented In Figures 4 - 6,
which show the sample localittes and geological descriptions of the
gabbro in more detall,

3.3 Geology of the Sterksprult Infrusion
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-ike body has an
overall elongated shape orientated In ah east-northeast direction, It is
generally conformable with the suirounding mafic and ultramefic voleanic
rocks, with only a few marginally crosscutting and indented sections
(Figure 2),

At the wastern end of the study area the Intrusion thing and bifurcates into
two "fingers" before disappsaring beneath a cover of alluvium end
agricultural land (Plate 4), At the sastern extremlty the Intrusion appears
to be abruptly truncated by a wide crosscutting diabase dyke which forms
part of the maflc dyke swarm In the study area, Abundant scras from this
dyke made observations of the gabbroic bady very difficult, '
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this body from the Stolzburg Complex. Exploration carried out by African
Selection Trust in the Nslshoogte Schist Belt during the 1970s
Investigated signs of copper-nickel mineralisation Identified by
Anhasusser in 1971,

3.2 Description of the Geologleal Map

The 1:20 000 scale geological map of the Sterksprult Intrusion and
crosscutting dvkes, was praduced following reglons! 1:10 000 scale aerial
photograph irterpretatic,; and more detalled fleld .napping (Flgures 2 and
8), The geological map of a partion of the Nelshoogte Schist Belt and the
Stolzburg Complex, complled by Anhasusser (1974, 1683), was used as a
base map onto which details of the geology of the Sterkspruit intrusion
was superimposed.

The map deplcts the gabbroic Intrusion, the surrounding mafic to
ultremafic voloanic 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 atcess routes and the threé
defunet chrysotlle asbestos deposits;

2} the posltion or setting of the gabbrolc Intrusion with respect to the

surrounding geology, and in particuiar the contact relationship of
this intrusion with the mafic and ultramatfic rocks; '

3)  the distribution and relatiohships of tha major rock types in this part
of the Barberton area, Inoluding the lower Onverwacht Group
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Anhaesusser (1976, 1985, 1986) interpreted the Stolzburg Complex as
being a gravitationally influenced differentiated layered body, rotated
tectonically to the vertical position, and younging in a southeasterly
direction. He described 'calised folding developed due to cross faults
which offsst the stratigraphy. De Wit ef al. {1987a), on the other hand,
interpreted the lower division of the Complex as being a tectonic peridotite
hady which intruded the rocks of the upper division (which they regardad
as not reprasenting part of the Complax). They described isoclinal folds in
the layering as well as steeply plunging fold cores In the southwest,
These structures, they maintained, resemble folding in Alfplne-type
ultramafic complexes in the Pyreness.

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 Stolzburg Complex. Firstly, she proposed a
subvolcanic sill mods! whereby the complex formed a high-level magma
chamber from which lavas were extruded. Secondly, she considered a
lava rlver model, with the complex forming a coarse-graihed lateral
equlvalent of the volcanics,

In the west, the Stolzburg Complex appears to pinch out and ls covered
by agricultural land and alluvium. ih the sast, the Compléx continues
behesth the Nelshoogte Forest Reserve and san possibly be linked to.
other ultramafic complexes such as Morgenzon, Sawmill, Emmenes and
Pionear, described by Wuth (1980},

Mining activity In the area Is restricted to chrysotile ashestos deposits
located within the 'ore-zone' serpentinised dunites of the Stolzburg
Complex (Anhasusser, 1976, 1986), Numarous prospecting plts and
poreholes can also be found in the vicnity of the Sterkspruit Intrusion,
especlally within sheared and gossanous komatiitic basalts separating
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Plate 1.

View of the eastern part of the Sterkspruit Intrusion. The northern margin forms
the well-vegetated steep slope, extending to the upper left of the photograph. In
the middleground, {sliings from the Doyershosk asbestos mine can heé seen

hosted by the Stolzburg Complex which forms well-vegetated ridges.

Plste 2
View of the Sterkspruit Intrusion (forming the middleground) looking west from
Traverse 3 (shown on Flgure 2), The Stolzburg Complex forms the vegetatad
ridge on the left of the photograph, and the Moodles sediments form the
hla;:;ground on the left. Tallings from the Stolzburg asbastos mine are also
visibie,
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The Sterksprult and Stolzburg bodies are two maficto-ultramafic
intrusions sltuated 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 intc which they are intruded and are orlentated in an
east-northeast direction (Figure 2). A thin sliver of Onverwacht Group
komatlitic basalts and komatlites separate the two intrusive bodies and
varies in width from a few metres to about 300 m,

The southem margin of the Stoizburg Complex is juxtaposed by a major
sirike fault against the Moodies Group rocks comprising quartzites,
sandstones, conglomerates and shales. Evidence of a fauited contact in
the south is provided by intense shearing and schistosity, and the
transgressive nature of the fault, which Is seen cutting acrocs the laysring
in the Complex, The Stolzburg Complex has a western portion comprising
lower division rocks and an eastern portion comprising both lower and
uppér divisior, rock types. These terms were coined by Anhaeusser (1978,
1985), to describe the repetitive cycles of dunite and orthopyroxenite
which form the lowser division of the Complex and the upper division
cycles of harzburgite, websterite and gabbro. Rodingites, whiuvh ocour as
dykes and as a calcium metasomatised zone, are an Integral feature of
the upper division and have been described by Anhaeusser (1979) and
Rodel (1993). ' '

The naturs of the northern contact of the Stolzburg Complex with
komatilic basalts is less well defined, but has been dercribed 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 vicinlty of the Stolzburg asbestos
mine (Rodel, 1993).
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wide diabase dyke crosscutting the gabbro body in the stream traverse
la. d Traversa 3 in Flgure 6 (Plate 17).

|
Glose-up view of an intrusive contact, showing & fine-grained chilled margin,
between a crosscutting mafic dyke (left) and gabbro {right) from the Sterksprult
Intrusion (Traverse 3, Figure 8),
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This relationship between diabase dykes and the Bushveld Complex was
also proposed by Anhasusser {1978) for a set of medium-grained diabase
dykes crosscutting the Johannesburg Dome and the western parts of the
Muldersdrif Ultramafic Complex.

The dykes which Intruded Into the Nalshoogte Schist Belt are generally
steeply dipping and form prominent ridges, especially in the lower-lying
granltic terrains. The majority of the dykes also support abundant
vegetation growth, making them highly visible features. Most of the dykes
tend to terminate against the Stolzburg Complex. Where thay do intrude
this Complex, they generally form negatlve weathering depressions
relalive to the more resistant ultramafic rocks, Within the Sterkspruit
intruslon, these dykes form plles of weathered boulders and contact
relationships are rarely visible,

The dykes vary in thickness from a few metres to about 50 m. Closely
spaced parailel dykes commonly coalesce or split and form thinner dyles
before dying out complstely, A varlety of shapes occur, including wider
sections where the dykes appear to form large bulbous masses, The most
common dyke form, however, is the linear, subvertical varlety which often
follow (or are intruded Into) earlier fault or shear zones. Many of these
dykes have been displacad by later faulting, In places the dykes also
appesar to have been deflacted by the komatiitlc lava units that appear to
have Undergone shiearing rather than fracturing, making it more difflcult
for the magma to intrude the strongly foliated or anlsotropic suscessions,
More rarely, finer-grained, narrow sheet intrusions (sllls) can bé chseérved
Interlayerad with the surrounding voleanies.

Al of the dykes In the study area appear to be younger than the
Sterksprult Intruslon. Clear evidence of an intrusive relationship can be
demonstrated by a fine-gralned chilled contact on both sides of @ 5 m
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of sediments correlated with the ~ 2.8 Ga Witwatersrand Supergroup.
Hunter and Reid (1887) considered there was sufficient evidence of dyke
emplacement In the Archaean and Early Proterozolc at ~3.0 Ga, ~2.8 Ga,
~2.2 Ga and ~1.9 Ga, Dykes from these time perlods were shown to be
orientated in northwesterly or northeasterly directions.

In the study area, approximately 15 crosscutting mafic dykes were found
intruded Into the Sterkspruit body and surroundirig voleanic and granitic
rocks. These dykes wers mapped and samplad (Figure 8), The majority of
these dykes, forming the Sterkspruit dyke swarm, conform te the most
commmon northwest or 30 to 35° west of north dirsction, which Is the
prominent strike directlon In the Barberton area (Visser ef al,, 1858; Wuth,
1980), The Sterksprult dykes do not appear {6 intrude either the Godwan
Beds, or the sediments of the Transvaal Supergroup and therefore
correspond {o dykes ofder than the Godwan Formation (Viaser ot &/,
1666) and to pre-Gadwan Intruslons {Visser and Verwoerd, 1980}, The
dykaé ars aiso similar to the majority of dykes and silis studied by Robb
{1977) In the region north of Nelspruit, betwesn Hazyview and
Bushbuckridge, These dykes, which Robb (1977) Interpreted to be
pre-Godwan in ags, are predominantly diabasic In c:omp'os_ition consisting
of serlcltised plagloclase and uralitlsed pyroxene, The petroioglcal and
geochemical charscteristics of these dykes compare favourably with those
of the Sterkspruit dyke swarm and will be discussed further In Chapters 4
and 5.

A variely of diabase and dolerite dykes and sllls of different ages have
algso been reportad by Menell ef g/, (1986) which intrude the Kalkiioof
Complex which lies within & greenstone remnant west of the Nelshoogte
Schist Belt, They described a set of dykes and sills which are post
Transvaal Supergroup In age and which they assoclate with the lgnewus
activity that ied to the emplacament of the Bushveld Ignecus Complex.
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3.4 Geology of the Sterksprult Maflc Dyke Swarm

Hypabyssal rocks in the form of dykes and to a lesser extent, sills, are
prolifically distributed over the entire Barberton area (Visser et al,, 1856;
Visser and Verwoerd, 1960; Viljoen and Viljoen, 1969a; Anhasusser,
1873; Robb, 1877). Estabilshment of dyke emplacement ages is based
mainly on fleld observations. From their relatlonship with the
volcano-sedimentary sequencas comprising the Barberton Mountain Land
and the granites, as well as relationships with the stratigraphic sequences
present along the Transvaal Drakensberg escarpment to the wsst, the
relative ages of these dykes can be datermined, Visser ef al. (1956),
proposed a four<fold subdivision of the dykes as foliows:

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

2) dykes and sills older than the Godwan Formation;

3) dykes and sliis younger than the Transvaal System (now Transvaal
Supergroup); and

4) later dykes of Katuo dolerlte age.

Visser and Verwoerd (1960) also racognised three ages of dykes north of

Nelspruit which they termed:

1) pre-Godwan intruslons;
2) post-Transvaal intrusions; and
3) post Karoo doleritic Intruslons,

The lack of geochronelogical data oh Archagan and Proterozofc dykes in
Southern Afrioa was highlighted by Hunter and Reld (1987} as
constraining the identification of thelr extent and distribution, They also
based the relative ages of dvkes on fleld eriterla, An Archaean age can be
inferred where it can be demonstrated that dykes predate the depasltian
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Blate 18
Deformation int the Sterksprult Intrusion shown by shear follation and flattening
of gabbro from the Central Zone,

o)
Late veins, parallel
to regional strike,
contairing  fine -
grained quartz and
recrystallised  gabbro
occurring In a
weathered portion of
the Storkspruit
Intruslon,
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rectystzllised gabbro and resemble isolated shear zones with sub-paraile!
follation developed locally In the surrounding gabbro. The orlentation of
these velns and shear fabric is generally east-west, dipping steeply to the
north, This direction s parallel fo the rhythmie layering in the Lower Zone
gabbro as well as the regional strike direction of the racks in the southemn
portion of the Nelshoogte Schist Belt.

The lack of more widespread deformation in the gabbro body is probably
due to its greater widih In comparison to the thinner, layered komatiitic
basalt flow units, both massive and plllowed, as well as the interlayered
komatites and cherty and ferruginous sediments, Thess units,
constituting part of the Nelshoogte Schist Belt, acted as zones of
preferentla! movement during deformation.

On a larger scale, towards the west side of the Intrusion, the body .
displays g_entle open folding, with the strike changing from east-northeast
to northeast, concordant with the surrounding vofcanic rocks and the

- Stolzburg Complex.

I ineaments, forming regional features, can be clearly seen on aerial

otographs as evidenced by abundant vegetation growth and where
many streams have taker advantage of fractures, The general trand of
these lineaments Is northwest, wiin ‘aults and fraciures commonly
providing tensional zones of weakness that eppear to have controlled the
emplacemeant of diabase dykes.



35

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 chambaer, and the less dense plaglioclase accumulated in
the uppert portions of layers by means of a flotatlon mechanism (lrvine,
1982), Goode (1976) described similar layering in the Kalka laysred
intrusion In Australla, He proposed that density-sorted layers resulted
from repeated phases of discoritinuous nucleation, followed by differentlal
gravity settling of pyroxsne relative to plagioclase. Factors such as
thickness and height of the nucleation zone above the nusleation front
and the time interval between nucleation bursts, control differential crystal
settling and the production of lromodal or graded layers {Naslund and
MeBirney, 1998). On the other hand, Mandziuk ef al. (1989), described a
genetic {ink between magmatic flow and layer development in the Falcon
Lake Complex in Manitoba, They proposed a process of crystaliguld
separation, stimulated by laminar fiow.

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 outerops
and sets of sub-parallel fractures, both dipping steeply to the north and
having an sast-northeast direction parailel to the gabbro-basalt contact
(Plate 15), The 'dog-t'onth" outcrops are slmiiarly focated In the
surfounding komatlitie basalts, but at & smaller scale, These localised
shears within the gabbro are not widespread and are seperated by zones
of mare massive, unsheared gabbra, The absence of shearing is also not
uncommon In the surrounding schist belt,

Shearing is also evident In dilational veins, varying In width from a few
oentirmetres to more than & mefre wide, but averaging 80 cm (Plate 16).
These velns show no preferential placement In the gabiro body, but are
discontinuous and never more than a few metres In lengih. These thin
zohes of deformation are replaced by quartz and fine-grained
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Plate 13 .
Close-up view of rhythmic layering from the Lowaer Zone (Traverse 3, Figure 8).

Plate 14
Close-up view of rhythmiz layering from the Lower Zone (Traverse 3, Figura 8)
showing gradationaf as wal! as sharp layer conteocts, '




Plate 11

View (looking west)
of tha Lower Zone
showing plagloclase-
tich stringers dipping
to the north
{Traverse 3, Flgure
8).

ate

Close-up view of
the plagloclase-fich
stringers in gabbro
from the Lower Zone
(Traverse 3, Figure
6).
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3.3.3 Structure

Structurally, the Sterksprult gabbroic intrusion Is mostly massive sxcept in
the Lower Zone where discontinuous, steeply subvertical to northerly
dipping stringers and layering are evident. The lower portion of this zone
conslists of gabbros with plagioclase-rich stringers <5 om in width (Figure
6, Plates 11 and 12). The rhythmic layering found higher up In the Lower
Zone I8 conformable with the intrusive contact, and consists of diffuse
lighter and darker mineral phases representing altered plagioclase and
ferromagnesian (altsred 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
io coarse and mottled textures, at the hand specimen scale, are features
of this zone, Contacts between pradominantly 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 conforme best to rhyth'mic or
microrhythmic modaf layering &s describad by Irvine (1982), Layering Is
formed by alternating modally graded and more uniform layers, bu_t in
places a continuous succession of rhodally graded layers is observed,
Each Individual Jayer measures less than 30 om in width and a zone of
these graded layers does not exceed 2 or 3 m before more uniform layers
are again sncountered, | -
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Plate 9 .
Close-up view of the medium- to coarse-grained, lsucocratic gabbro of ™2

Lowsr Zahe,

Plate 10 :
Close-up view of the medium- to coarse-grained, meso- to leucocratic gabbre,
with dark-green needles of amphibole, typlcal of the rocks In the Upper Zone.
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Plate 7
Fine-grained gabbro forming the chill margin to the Sterkspruit Intrusion,
Traverse 2 (Figure 5).

Plate 8

Close-up view of the medium-grained, massive, mesocratic gabbrae from the
Margingl Zone,
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Photomicrograph. of the high-Ti ferrogabbro from the Central Zonas, showing an
Intergrowth betwaen flbrous actinollts, saussuritised plagloclase and dquarlz,
Yellow-graan epldote with bright interference colours Is mare prominent In the
Central Zone. Opatue phases are leucoxene after Tl-l!manlte (Sample SG26;
plane polarisad Iight' 1 ¢m =250 um)

ate
Photomicrograph of the same sample shown [n Plate 26 ahove, but with bright
Interference colours and observed under crossed ricols {Sample 8626' 1om=

250 um)
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433 Central Zohe Gabbro |

This rather n'un-descri'pt zane is gradational betwesn the Lower Zone and
the Quartz Diorlte (Traverse 1, Figure 4), The rocks 'conais_t of & high-Ti
fefrogabbro and display simllar plagloclase orthocumulate textures as
sech lower down in the saquence, with quariz occurring as the main
intercumulus phase. In addition, plagioclase and ectinolite dispiay an
Intergranular texture. These dark-green, extremely pleochrole _amphiboles_
have fibrous shapes and show complete conversion from pyroxene
(Plates 26 and 27). The plag_ioclasé phases are also highly saussuritised,
but show epidate alteration to be more common than zoisite, In this zone
there Is & high proportion (~15%) of amorphous leucoxene (after limenite)
which Increases In amount towards the Quartz Dlorite horlzon, This
- [ncrease in leucoxene Is reflected chemically in the T [0, abundance In
~ this zone which :Baohes 2 2%, -

“The upper portion cjf the Central Zone shows a gradetional change, and
has textures which are simllar to the Quartz Dierite horlzon, Intergranular
textures  comprising  plagloclase, quarz  and  amphibole
(actinolite/homnblende) are features of this part of the Central Zone. The

- plagioclese laths show less clouding than in the Lower Zone and are not
as Intensely saussuritised, Abundent epidote alteration coours around the
marglns ahd replaces cores of plagiociase grains, Polysynthetlc tWInn‘ing
In some of these gralns ls coinmen. A number of the dark-green
amphibole grains show alteratlon tochlorite, '
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Elate 24
Photomlcrograph of the layered gabbro from the Lower ZOna. showing
" orthocumulate clouded plagioclase with Interstitial snguiarshaped quartz. A
clinopyroxene graln showing Insiplant uraliisation can he sean on tha lower left

side of the photograph (Sample SG24; plane polarised light; 1 cm = 200 Lim),

Plate 28
Phatom!crograph of the same sample shown ln Plata 24 above; but n:abserved
undsr cmssed nicols (Sample 8624. 1 em = 200 Um).
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| 432 Lower Zone Gabbro

The rhythmically layered Lower Zone gabbro octurring on the northern
portlon of the intrusion displays both plagloclase and plagicclase -
clinopyroxene cumulate textures (Plates 24 and 25), The more felsic
~ layers and segregations consist of plagloclase orthog! 'mulate {extures
* with quatz forming the Interstitial phase. The more fmaflc portions of the
layers consist of cumulate plagioclase and clinopyroxsne which nucleated
together, Subhedral, lath-llke'pl_a'gloclase grains are partly enclosed by
sltered clinopyroxene in an ophitlo to subophitic texture,

_The lath-like plaglociase grains are douded, as a result of
. saus__suritlsé_l'tion'. to a mixture of zolsite, alblte, chiorite, sericlte and _
epidote, Some grains stlll show evidence of polysynthetic twinning, As in
- the Marginal Zone, the intercumulate quartz forms typical anguler shapes,
The primary pyroxenes have elther been altered to a hedium'-grainad.
florous mass comprising incipient actinolite and chiorite needies, or are
somplately pseudomorphed by orystals of actinollte or hormnblends, These
latter amphiboles are generally subhedral in ‘shape, but In piaoes the
. mafio phases conglst of highly altered masses of uraiite with flbrous and
very Indistinet boundarles. in places, remnant élmpie twinning In
pyroxenes [s preserved. in addition to the above-mentloned altered maflc
and felsic minerals there are also accassory amounts of dark, red- brown
© ullle togethar with leucoxene,



E}atg 22

Photomictograph of the gabbrole rocks from the Marglnai ZOne. showlng typlcat
subophitic textures with partly uralltised clinopyroxene oikocrysts enclosing
plagloclese laths. The plagloclase retains subhadral shapes, but are cloudad to
~ a dark-brown colour due to the effacts of saussuritlsation (Sample 8622 plane
polarlsed light; 1 em = 200 Lm). -

Plate 28
Photomlcrograph of the same semple shown in Plate 22 above, but observed
under crossed nicols (Sample SG22; 1 crn = 200 K,
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Photomicrograph of gabbro from the Marginal Zohe within 8m of the Intrusive
contact, ~ Subophitic textures occur. with -partly altered clinopyroxens,
orthopyroxene and saussuritised plaglociase, Giuartz is Interstitiat to plagloclase
and Qcours as subroundad gralns (Sample SC39; plane polarlsed light; 1cm =

2C0 um),

Elate 21
Photomicrograph of the same s4 mpia shown In Plate 20 above. but obsanred
under crossed nicols (Sample SGA9; 1 cm = 200 um) :
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Away from the chill margin, the gabbro shows & progressive increase in
graln size, but within 15. m of the contact retains the same minerals and
texture &s the fine-grained chill margin (Plates 20 and 21), Further Into the
intruston, - varlous - textures . are observed, including polkiiitic
clinopyroxenes enclosing plagioclasa laths in a subdphitlc arfangement
(Plates 22 and 23) and pyroxenes forming minor adcumulate to
mesocumulate textures without the presence of plagioclass, R_eiative;ly

fresh remnants of pyroxene are stiil visible in some grains, but alt show
some degree of aiieration-.and-converslon to uralite and amphlbole. In
.ganeral the pyroxene graine ars elther:

1) completely urailtased having ﬂbrous anhedral shapes or;

2) retaq some resemblance of original shape and contain tiny uralite
 needles or; | | |

3) are completely pseudomorphed by amphibole.

_ Slmpla thning can be observed in the fresher clinopyroxene grains

- Al though glteration makes the ldentlfication of minerals dlﬁicult

clinopyroxens appears fo be the most ‘common pyroxene with
erthopyroxene estimated to form less than 10% of the sample,

- Plaglociase gralns can be recognised In places by thelr equant subhedral
tabular shapes, but are extremely clouded as a result of saussuritisation,

of pﬁrﬂcu[ar note is the greater presence of zoisite in the aiteration

. _assemb_lage over epidote, associated with anorthite-rich plagioclase and

probably’ controlled by iron activity and changes in oxygen figacity:

~ . Inthis part of the intrusion. | Quartz I3 abundant and is

i_niemtitial to plagioclase forming characteristic angular Infill shapes.
Accessory mineral phases Inciude leucoxens, an aiteration product of
titaniuin rich phases such as ilnenite, which cceurs as a Iig_ht-brown'
mineral surrounding & dark brown core, Chlorlte can be found mestly in
 the altered groundmass, along with zolsite.
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Plate 18 : '
- Photomicrograph of the ﬂne~grained gabbroic chill margin in the Starkspruit
intruslon. Intergrowth of actinalite, saussuritised plagloclass and quartz
(Sample SG88; plane polarised light; 4 om = 280 pmy.

Plate 19
Photomicre ,raph of the same sample shown In Plate 18 above, but observed
under crossed nicols (Sample SGSB 1 o = 260 um)
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4,26 Carbonation

This process inv_olvés the transformation of minarals 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 sequencs,
Viljoen and Vlljoen (1969b), described carbonate occurring as scattered

grains or as small ¢ . sscutting veiniets close to shear zongs, Elements -
lost during carbonatlon include SiO,, Al,O, MgO, CaO and K20 while

FeO, Na20 and T!O2 increase,

43 Pe.tfbgraph_y' of the .Sterkspruit Intrusion

431 Margtna'l Zone Gabbro _

_A flne-grained chill Zohe, measuring oss thah 2 m In width, marks'the '
' iht_ruéiv;e contact along the northern margin of - the intrusion at Traverse 2

 and at Traverse 3 (Figures 5 and 6}, In thin section the chill margin is a
fine-grained rock and, due to rapld covling, shows In situ nucleation and
‘growth. The . chift margin consists of fibrous - pleochroic green
actinolite/tremolite showing low to moderate birefringence, a mass of

highly saussuritised. plagloclase of olignclase composition and quartz

(Plates 18 and 18). This mineralogical ass_e_mblage suggests fow-grade

greenschist facles metamorphism, Due to the fine-grained heture of 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 gabbrolc intrusion es a whole. The normative
plagicclase composition for the. chill zone Is Jl\h29 ,‘,,,lindicatlng a dloritic

| figuld, This observatlon is supported by its evoived chemtstry to be
' dlscussed in Chapter &, :

e
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temperature metamarphic rocks (greenschist facies), but Is also deposited
from hydrothermal solutions (Bates and Jackson, 1980; Deer et al, 1982),

4.2.3 Uralitlsation

'Uraiitisation is the alteration BroCEss whereby primary pyr.okenas. aré
converted to fibrous amphibole. This process Is ascribed to both the
action  of circulating  hydrothermal  solutions during  late-stage
erystalllsation of the Ighecus rocks, or to regional metamarphism (Deer et
al, 1982) Lrallite is a green, fibrous, acicular variety of secondary
_ amph|bole occurring as pseudomorphs after pyroxane '

424 Epidotisation_

~Epldotisation Is the hydrothermal introduction of epidote into rocks, or the -

- alteration of rocks In w_hi_t:h plagloclase Is albitised, freeing the anorthite
molecules for the formation of epidote and zoisite. Epidote ig, thér‘efore,
associated with alblie and chlorite in low-greide metamorphic rocks.
Zolsite (part of the apldote group) is an essential constituent of saussurite
in low-grade metamorphic rocks, especially calcium—rich phases,

425  Chioritisation
* Chioritisation is the replacement or conversion of ferromagne'éian'

- minerals into chlorite (Bates and Jackﬂon 1980) and is & product of
hydrothermal processes.
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42 Altsration

All samples investigated are highly altered, with ferromagnesian minerals
(clinopyroxene and orthopyroxenie) partly or completely uralitisad and the
plagioclase phases having undergone saussuritisation, albitisation,
epidotisation and sericitisation to varying degrees. Due to the lack of
penetrative deformation fabric in the gabbroic 'rod<s,. this alteration
assemblage possibly results more from high femperatura deuteric
alteration shortly after or during emplacement of the body (Cloets,

1991, 1994). . However, It is likely that burial
metamorphism caused greenschist facies overprinting to take pface. The
- mineral assemblage; cpmprising actinoiite. chlorite, epidote, zoisite, albite
and leticoxene, are typical of green chist facies metamorphism. However,
the presence of pyroxenss in the Marginal and Lower Zones, discussed

later on in sections 41.3 and 4,14, does not indicale a stable
rﬁetarnorphic assemblage, The fallowing desériptians are of the most -
common types of alteration found in the Sterkspruit gabbroic rocks. -

- 421  Saussuritisation

Saussuritisation Is the replacement of plagloclase, especially noted in
~ basalts and gabbros, by a fine-grained aggregate of zdlsite, epidote,-
albite, calcite, sericlte and zeolites (Bates and Jackson, 1980). This
alteration is considered to be a metamorphlc or deuteric process and is
often accompanied by chioritisation of ferromagneman minerals.

422 Albiti_sation

Albitisation Is a proce ss wher_eby albite is introduced and rep'lades more
calcic plagioclaso. This type of alteration s associated. with low-
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GHAPTER 4
PETROGRAPHY

4.1  Introduction

“The mineralogical description of the Sterkspruit gabbro samples has been
reétri'cted to tw'o main samplé traverses across the body, hamely Traverse' :
1 and Traverse 2 (Figures 3 - 5). The overall petrography of the gabbroic
Intrusion is relatively uniform between the two sectlons which can be used

‘as type localities for describirg the intrusion as a whoie. in addition,
'sampies collected by Pospisek: (1991) for a study of a portion of the |
lntmslon were used to supplement those coi Iected by the wrlter '

- Aleng both sample sections the composatlons of some of the |east aitered

plagioclase grains were determined using a microprobe analyser.

- Depznding on the locality W|th|n the__ body, the composition was found to
very between oligoclase in the Marginal Zone to albite in the Central and -

“Upper Zones. The plagloclase grains from the Lower Zone gabbro are
h|ghly altered and ara unsuitable for analysm (see Chapter 5 3on m!neral
chemlstry)

As alteration effects are prevalent throug‘nnut the Sterksprult Intrusien,
only a general descriptlon of the main alteration types is included. Each
- of the maln zones delineated across the width of the Intrusion is described |
fn detail (viz: the Marginal Zone, the Lower Zone, the Central Zone, tha
_ Quartz Diorite and the Upper Zone).
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the viinlty of Traverse 2 Is approximately 450 m with the variation in
geochemistry again being described from north to south across the body,

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

_the intrusion, Th‘ereafier, ta the south, the sample spacing becomas more
srratic because of poor exposure and varles from a few metres to 80 m.
Th'e last sample from this traverse {SG 55) Is located approximately 20 m
from the southern gabbro-basalt contact (Figures 8 and §).

523 Traversed .

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

collectad 24 samples along a 100 m river traverse east of Traverse 2, The

~ sampling Included rocks from the chilled margin In the north at the contaot

. with the komatiitic- besalts of the adjacent schist beit, the Marginal Zone

- and part of the layered Lower Zorie gabbro found towards the centre of *

~ the intrusion (Figures 3 and 6). The analytical results from these samples,
which have & spacing of a few metres, were used in this Investigation to
- describe the lower portlons of the Sterksprult body, -
524 Meflc Dykes-

Major and trace element concentrations were determined for 18 samples

- from selected mafic dykes crosscutting the Sterksprult gabbrole Intrusion
{Figures 2 and 3), Each mejor dyke was sampled where It oceurrad within

the Sterkspruit gabbro botly. Some dykes were also sampled where they

" Intruded both the surrounding komatiltio lavas and the Neishoogte granitic

pitton. In this way, any alteretion by, or assimflation of, the country rock
that might have Influenced the composition of the dykes could be

 Investigated, The compasition of sach dyke is compated to that of the

e s



64

sampled by Pospisek (1991), and used to describe a portion of the
Sterksprult body, Is located east of Traverse 2 (Figure 3), Samples from
thls traverse, although representing only a part of the gabbroic hody
extending southwestwards for approximataly 100 m from the northern
contact with the komatiitic basalt, have been used to investigate the
* geachemistry of this part of the Intruslon, '

- 621 Traverse 1

- The northern and southern contacts of the Sterksprult Intrusion with the
adjacent komatiitic basalts are not visible as they are both covered by soil |
and soree. The width ~f the intrusion In the vicinity of Traverse 1 ls.
approximately 400 m (Figure 3), Varlations  In mejor and trace element
gaochemistry are described from notth to south scross the gabbra body,
Ten samples (SG 22 - 8G 31) were collected at intervals of between 30
and 50 m. Sample 8G 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 §G &2 _andj SG 33 were collected from the smali satellite gabbro
intrusion located approximately 180 m south of the maln - Sterksprult
Intrusion (Flgures 3 and 4),

522 Traverse2

Eighteen samples from Traverse 2 (S, 38 - SG, 55) were collected alang

8 straam cutting diagonally through the gabbrole body frem northwest to

 southeast (Figure B). The northem contact of the body with the basalt Is
clearly seen forming & 'ohillad margin, while the southern contact Is again
ot visible due to soll and scree cover. The witith of thy. Jabbrois body in
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~ CHAPTER §
GEOGHEMISTRY

51 Int_rpduction

~ in the pravious chapters the fleld geology, mineralagy and texture of the
“Sterkspruit Intrusion was desctibed, From this evi'clenoe, it is clear that
distinct varlations exist within the bady glving rise to at least flve different
zones resulting In different types of diorits and gabbro. The following
chapter describes these zones chemically and enables mors exact zone
~ boundarles to be defined. The gabbrolc raoks of the intrusion will be
classifisd geochemically and compared to other mafic complexes.
* Variations across the bdy will also be descrlbed, |

52 Sampling Method

Mejor and trace slements were determined from 66 semples of the
Sterksprult Intrusion, & samples from the adjoining komatitic basalts in
the Nelshoogte Schist Belt to the north of the intrusion and 2 samples
from the assoclated komatlita extrusives. All sample localities In the study
area can be found In Figure 3, '

As far as possible, samples were takan"aorosé_ the Whola_ length of thé
gabbrole intriusion from southwest to northeast and across the widths of the

body, Howaver, dus to poor outcrop restraints which resulted in selective

sampling, only. two relatively complete ssotions or traverses across the
width of the Intrusion could be used to investigate the geoshemical trends, -

These traverses, labelled Traverse 1 and 2, are located towards the

centra of tha Intruslon and are sbout 1 km apart (Figure 3). Traverse 8, -
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Plats 38 . '
Photomicrograph of & sample from & mefic dyke lntruded into the Nelshoogte '
trondhjemitic gnelss piuton, Right side of photograph shows plagioclase laths
and interstitlal quartz while tha left slde shows a uralitlsed pyroxene graln

(Sample SD7: plane polarised light; 1 cm = 200 um).

f—*’l M

~ Plat '
Phatornicrograph of the same sarnple shown In Plata 38 abava, but observed
uncler crossed nicols (Sample SD?" 1 em = 200 tim).
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Elgte ﬁ

Photomlcrograph of & mafle dyke from the western part of the study ares,

- Intergranular textures with tabular clinopyroxene and clouded plagioclase graing -

dre visible (Sample SD1; plane polarisad light; 1 cm =200 pim),

Blate 36 .

Photomicrograph of the same sample shown i Plate 34 abovs, but observed

“under crossed nlools (Santple SD1; 1 cm = 200 |.1rn)
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intergranular, with subophltic textures showing pilagioclase partly
enclosed by pyroxenes also evident in meny places. The plagioclase
crystals are mostly tabular in form and appear cloudy due to the effects of
saussurltrzation '

The _pymxenes are also highly altered and are replaced by actinollte or
‘homblende or altered to a fibrous uralite mass comprising amphibole and
chlorlte, Some crystals of pyroxene are altered around the edges to
amphibole, blotite and chiorite, Sphene is prasent & &n accessory

mineral in some samples. In places, patches of plagloclase Intergrown”

with quartz form a myrmekitic texture,

Sample SD7 Is from a dyke e uded Into the trondhjemitic gneisses
forming the Nelshoogte pluton northwest of the Sterkspruit Intrusion
(Flgure 8}, Texturally, this dyke sample differs from the other mafic dykes

forming the Sterkspruit mafic dyké_ swarm In that typlcal subophitic -

textures are rars, and flslo segregations more common, Plates 36 and 37
'show what hae been Interpreted as & cumulate plagioclase texture with
. Interstitial quartz In conitact with a large arystal of flbrous, Highly uralitised
pyroxene, Assimlfation of the granitic rock by the intruding magma could
explaln this textural dlfference

Dyke sample sD8 (Figure 3) Is & fine-grained, 2 m-wide dyke striking
almost east-west, This dyke differs from the northwestrending dykes in
that It Intruded along wesknesses In the gabbro, resulting from shearing
parallel to the length of the Stérksprult- bady. The dyke conslsts of & mass
“of fibrous amphiboles forming long acloular needles as well as radlatlng' '
fibres. The rock also contains fine-grained altered pyroxene remnanta in 8

groundmass oonsisﬂns; of chiorits, biotite and epidots, |
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438 Gabbroic Lens

A small intrusive lens to the south of the main Sterkspruit body and seen
in Traverse 1 ('Figure 4) displays typ]cal subbphitic texturas with lath-like
plagiociase grains enclosed by large clmopyro:- :ones altered to uralite and
homblende, These textures show similarities to those seen in the Upper
Zone of the main gabb'rdic body Theé textures observed are in accordance
with a magma body that has cooled rapidly, and the smaH size of this -
satellite intrusive body supports this interpretatlbn '

44 Petrography of the Sterksprult 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 diabases, a ferm synonymous with
dolerite, but generally considered to be oider or pre-Tertlary in age
(Bowes, 1988). They are also more altered than 'dolarites,_ having
undergone saussuritizetion of feldspars and uralitization of pyroxehes,'
- The use of the term diabase will ba retained for the purposes of this study..

“The outer, weathered portions, of the diabese dykes have a characteristic
light-brown to cream coloration and are often speckled with small,
positively weathered, quartz grains. The fresh rock Is equigranular and
medium gralned, green to grey-green in coiour. with farromagneslan :
mineral phases plus plagroclasa and quar!z. '

The dlabase dykes are highly altered, but original rock textures and grain

shapes can be distingulshed microscopically and show variable textures

and Intergrowths of plagiociase, clinopyroxens, urthopyroxane and quartz___-_ .
(Ptates 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 Uppar Zona, showing intersertal

" textures with pleochroic green, acicular, actinolite needles partly enclosing
opldotised plagioclase and quartz {Sample SGB1* plane polarised [Ight 1em=
250 um)

Photomicrograph of the same sample shown In Plate 82 above, but obserwad
under crossed ricols (Sample 8G31; 1 em =250 Jm),
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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,
amphlbr:né, spidote and chiorite are the main constituents, while Biotité
and leticoxens are accessory phases. Signlficantiy; carbonate is almost
completely absent, ‘the amphiboles are parily or completely altersd to
chlorite’, while epldote _repiaibes plagioclase around the edges and within
the cores of grains, The complete saussuritisation of plagioclase, as seen
lower dowh in the gabbro sequaence, was nat o_bser‘ﬁed_!n the Upper Zone,

The rema'inder of the Upper Zone gabbro, towards the southern margin, Is

fexturslly distinct from the remainder of the gabbro body in that bladed,
* epldotised plagioclase laths form an interlocking, granular texture with
light to dark-green, needle-like hnrn'blende-'and actinolite cry_étals (Plates
32 and 33), The amphibqles 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 nesdles -
‘characteristically reach 1 em in length. Epidote is more common in this

‘part of the body, as opposed to zolsite In the lower portions. Overall the
plagioclase appears less altered in the Upper Zone,

Closer to the upper contact (southern ma‘rgin),‘ subophitic textures can be
observed, together with plagioclase laths partly enclosed by fibrous |
hornblende. In contrast ta 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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Plate30
_ Photomiorograph showlng the amorphous nature of dark brown lelcoxene. Also
shown are partly uralltised clinopyroxene and subhedral piagiociase grains

(Sample 85G22, plane polarlsed light; 1 cm = 200 pm)

- Plate 31
Photomicrograph of the same sample shown In Plate 30 abom. but observed

under crossed nicols (Sample 8622, 1 cm = 200 pm)
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Plate 28
Photomlcrograph of tha Quartz Dlorite, showmg dark-green chiorite, |arge
subhedral quartz grains, relatively unaitered plagloclase, carbonate, epitiote and
tiny biotite flakes (Sampia 5@328; plane polaﬁsed light; 1 em = 200 pm)

Plate 29
Photomicrograph of the same sample shown in Plate 26 above, but observed
under crossed nlcots (Sample 5G28; 1 cm = 200 um)



4.3.4 Quarti Diorite

This zone, which appears to be less than 50 m in width, is oo'm'prisad ofa

medium- to coarse-grained, l'euoooratio, quartz-rich dloritz with quartz (up

to 25%), plagloclase (up to 25%), chlorite (20%) and oorbonate {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 opldote formmg around the .
edges of grains or replacing the Interior of grains. The qu_artz 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 biotlte forms tlny
grains betwesh fhe quartz and piag{oclase grains. - '

~ An unider, wpaque phase (probably ilmenite) and leucoxene are
abundant; forming about 15% of the rock. TiO, in this zone is high,
. reaching 1.4%, The relative abundance of leucoxene '(after iimenite) in
this horizon and in the underlying Central Zone, is an indication of Fe-Tl -
orides forming late in 'tho crystallisation -sequence The amorphous
~ leucoxene shown in Plates 30 and 81, has dark-brown interiors
éurrounded by a'ligh'ter-broWn rim.. Carbonate is also an important
accessory mineral replacing primary mineral phases rather than ocourring
in proximity to veins or fractures. De Wit ef al. (1987b) and C!oete (1991}
 interpreted the carbonate alteration in the mafic volcanics to be the result
of syndep'ositlonal sea-floor: alteration' Thls Quertz Diorite horizon,
glthcugh only abserved in one Iooality on Traverse 1 (Figuro 4). could'-
represent the end product of a diﬁerentiatmg mag,ma body. - |
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Using the above approach, the parental magma composition of the
Sterksprult Intrusion has MgQ values between 4.8 and 5.4%, consistent
with that of normal to iron-rich tholsiites (Jensen, 1976; Vilioen et al,
1982), By comparison, the average MgO contents in gabbros, quartz
- gabbros and ferrogakbros from the Usushwana Complex, southeast of the
Sterkspruit Intrusion, range between 8.4 ard 5.4% (Hammerbeck, 1962),
~ ‘The MgO contents in butk composltions from the Skaergaard Intrusion
_rangé botween 7.2 and 8.6% (McBlrney, 1996), for the Bushveld
Complex, 12% (Dav:as et al,, 1980) and for the Mt Kllkenny tholalitic sill in
~ Australia, between 7.7 and 8.2% (Jaques, 19?6) :

The parental composition of the Sterksprult Intrusion differs markedly,
however, ff_om thet of the nelghbouring Stolzburg Complex, which has a
calculated MgO composition of 33.8% (Rodal, 1993}. This falls within the
range of other iayered complexes in the Barberton greenstone belt of
between 29,4 -and 34.1% MgO (Viloen and Viljoen, 1970; Anhaeusser,
1976, Wuth, 1980), A single, relatively unaltered gabbro sample from

Stol2burg does, however, compara favourably with Sterksprult, having an

MgO value of 5.9%, These gabbro units wers howaver, considered by
Anhaeusser (1985) to represent residual lquids lsft over- after the
crystallisation of earlier-formed phases and were derived from primary
- komatiitic basait {iquids. Wuth (1980) confirmed this view by showirig the
~ existence of gsochemical similarities betwesn gabbrolc phases of laysred
camplexes in the Oorschot-Weltevreden schist belt and Barberton-tyne
komatiltic basalts, The average MgO content In kematiitic basalts ' . ths
Nelshoogte Schist Belt is 15% ('SB' samples, Table 13), while tholelitic
basaits from the Hoogyenoeg Formatlon at Barberton have MgO contents
of 7, 3% (Vi!jcen and Viljosn, 1969d)
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- Table 5 Compa_risdn of chili margin and cajculated buik compasitions -
' of the Sterksprult Intrusion

Ghill Sampie  Ghill Sample  Average Chul  Calouisted Buik
5G.38  SG63 (X)) Composition (B}
810, 5282 6228 5254 52,65
Ti0, 1,34 1.87 1.38 1,39
ALO, - 1381 1348 1362 13,61
Fe, 0,00 1538 16,00 15,69 13,70,
MO - 022 0.47 0,20 0,19
Mgd - 484 4.82 488 - 542
ca@ 7.2t 7.26 7.24 8.20
Na,O 839 2.24 2.82 2.8
K0 Sgod 010 . ode 08
PO,  0f8  ode o048 044
e M 122 1498 1048
Fe, 0, 285 244 230 2,00
ppm : :
Wb 4 4 14 4
7 I -1 M7 104 08
Y - 8 - %2 . 8
Zr 102 100 104 83
" Ne o8 1T 6
e = - s a0 80
NI 6 64 60 58
oy 58 . 08 70 48
2zn . e o2 81 83
" |Ba 8 4 8 18
Tt 1 1 1
v 8 a4 868 421
cr 85 et 58 84
vwze.. 70 B2 8 100
TWY 281, 282 284 255
Clmg# - 42 A A2 A

6,0, ¢ Total Fe as Fe,0, | _
. PsO and Fe,0; calculated using Fe,0/Fe0 ratlo = 6,2
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56 Whole-rock Geochemistry In the S{erkspruii Intrusion
86.1 Bulk Geochemisiry

It many Instances, the parent composiilons of magmas fortilng mafle- to-
ultramafic layered complexes are used to formulate pefrogenetic ideas on
‘the orlgins of these cdmplexes 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 exprassed by calculating the average
welghted composition for the intrusion as a whole, o

in the case of the Sterkepruit Intrusion, the parent composition was
derlved using the falowing approach: - '

Flrstly, the compositions of the two chill rhargfn samples, $G38 ftom-
Traverse 2 and SGB3 from Traverse 3 were avaraged, Secondly, the bulk
composmon of the body was calculated usir) a weighted average
~ method, The average composition of samples from each of the main
- zones was caloulated and an overall welghted average expressed using
the foliowing estlmated percentages; MZ (9%), L7 (23%), CZ (24%) and
UZ (44%), The shortcomlngs in this method include the Inaccuracy in
locating exact contacts between zones, the uncertainty In assigning to a
* zone a perticular composition and the Inhomogensous sampling methed.
Possible shortcomings using the chill margin composition concern
whather or not the fine-grained gabbro'reprasents a primary liquid or g
* cumulate, Nevertheless, despite these uncertsintles, the average. chill
- zone compesition (X), shows a good correlation with the'camulate'_d butk
composition (B), both of which are listed In Table 5. This compasitional
conslstency suggests that the chill margi gabbra can bs used as an
indication of the parantai magma camposition,
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Table 4 : Microprobe analyses of plagloclase, clinopyroxene and

orthopyroxene

|Sampla - plagioclase  c¢px 1 cpx2 cpx3 - opx

wt % _ _

sio, 52,96 5186 . 824 814 861
- Irio, - 14 03 - 04 0,08
AL, 2802 28 1.8 1.8 0,86
Fe0 53 5.8 1,8 ' 8.98

MO nd 048 0.18 0.24 047 -

Mgo - 188 472 15.1 8344
lcao 228 218 00 - 185 139
a0 42 0,35 ofe 018 0.02

KO el o nd nd 001

plaglociage ;" Labradorite (Deer of al, 1882}

opx 11 High=Tl clinopyroxene from the Kromberg Frn (Conway, 1888)
epx 2! Clinopyroxane from the Kromberg Fm (Conway, 1985)
epx 81" High-Fe clinopyroxane from the Kromberg Fm (Canway, 1986}
~ opx: Stolzburg Complex - bronzlts sammple DHBa (Rodel, 1983) -
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The trends shown by mejor oxides in plagiociase ls consistent with a
- magma body cooling and orystallising from the base and roof of the
magma chember, with the iowermost marginal zones erystallising more
Ca-rich plagloclase which then becomes more albite rich upwards in the
sequence, The roof cryst'alll_sat'lqh process would alsc Initlally crystallise
more Ce-rich plagioclase, with the composition becoming albltic
downwards towards the Quertz Diorite in the centre of the magma
chamber. This. upwards cryptic variation shown by plagloclase is in
* acsordance With similar trends seen in the Mt Kilkenny tholeiitic sil in
Australia (Jaques, 1978), where fractional crystallisation from & single
magme pulse Is suggested, The Sksergaard Intrusion also shows
decraasing An content of plagloclase with helght (Maaloe, 1976).

I erder to model chemical differentiation In the cooling magma chamber

- using binary diagrams; a plagloclass composition. of Ang, was used, :

caloulated from the normative data from the Sterkspruit gabbro samples,
- This approximates to & composition for labradorlte which Is commion In
gabbrolo bodiés in general (Bowes, 1989), Thié-p[agioslase composition
(Deer et al, 1982) Is listed In Table 4. |

652 Pyroxene

The pyroxe e phases over most of the Sterksprutt Intrusion have been -
altered to fine, fibrous urallte or are completely converted to amphiboles.
 such as aatinolite. The aitered state of these minerals thus prevented the
“determination of pyroxene mineral compositions, In order to model
chemical frends .l_n' the gabbro, compositions of clinopyroxene from the
Kromberg Formation (UMFU) wers used (Gonway, - 1985), The
orthopyroxene compositions were derived from the Stolzburg Grmplex
(Rodel, 1998), Teble 4 lists the average compositions from sach of these -
30Urces, - I )
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Table 3 ¢ Microprobe analyses of plagioclase from Traverse 2

Sample  5G38 5G40  SGAB SG49 SGB0 SGE3  SG5B

Zone ohill Mz cZ cz ¢z vz uz
_ . margin ' ) : '

wt % - _ : :
sio, 6610 8882 6402 6664 68,77  BBSS  66.20
TIO, - nd nd nd nd nd nd nd
A0, 2226 2223 2089 2143 2083 2084 2108
FeO 1,30 0,28 049 022 647 - 047  ad7
{Mno 606 o0 - 000 001 - 008 0.00 0,04
MgO 0,38 0,00 001 000 . 000 000 0.0
ca0 220 108 025 028 00 045 027
Na & 885 1127 1128 1187 1127 - 161 178
Ko 008 008 040 006 045 088 004 |

Total . 10032 10124 9772 9097 go2 10032 10053

No. of lans on the basls of 32 oxygens

Si itde. 115 186 1ie7 1174 11 T2
Ti nd nd nd nd  nd - od  nd
Al 456 485 . 444 - 443 434 432 433
IFe - 019 0.04 0,08 0.03 0,03 .02 0.03
Mh - 000 000 000 - 000 000 - 000 000
Mg 010 000 0,00 0.00 0.00 0.00 0,00
Ca 041 - 020 006 005 002 . 003 005
Na 3.0 3,80 362 387 384 39 3,97
K 001 001 002 0.0 010 - 018 001

Total 1875 2041 2040 2008 2008 2048 2041

2 1604 1608 1609 1640 1807 1804  18.05

X 372 405 402 8,05 3,90 4,12 4.06
Z= 8wl

X = Na+Mg+Fe+Mn+K+Ca
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Table 2: Microprobe analyses of plagioclase from Traverse 1

5G27 SG28 5629 5630  SG 3

- [Total

K

X = Na+tMg+Fe+Mn+k+Ca

Sample  SG 22
[Zone MZ c2 GG uz uz uz
wt %
lsio, . 6268 6690  67.08 6734  67.83 . 8588
TiO, nd nd nd nd nd nd
iAL0, 2369 2084 2147 2083 - 2140 2157
FeO 0.24 0.2 007 048 040 027
MnO 002 . 004 001 - 000 002 008
MgO g02 o0 001 006 000 000
Jeao 3,31 029 012 005 - 018 018
Na,0 .76 - 1188 . 1138 1188 1088 1008
KO 007 008 004 008 . 005 O
No. of lons on the basis of 32 oxygens -
st 142 1175 T4 178 177 184
Ti nd  nd nd ‘nd “fid nd
Al 4,93 431 437 425 438 449
Fe 0.04 008 0.01 0.02 0.02 0.04
 [Mn 000 . 001 000 000 601 - 0,80
Mg 000 - 000 600 000 . 0.00 0,00
Ca 083 . 008 002 001 004 0,03 |
Na 334 - 387 387 402 387 . 376
_ 0.02 0,01 0,01 001 001 - 002
[Total - 2008 2004 2002 2041 1386 .2000 |
z 1606 1608 1811 1803 1615 1818
X 408 388 301 408 3,74 3.85
Z = Al




69

plaglociase 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 composltion from oligoclase (Anyy 5,) in the chill margin
and Marginal Zone forming the base of the intrusion, to aibite (An, ) in the
Central and Upper Zone gabbros towards the southern side of the body.
No aha_lyses from the Lower Zone were possible dus to the highly turbid

~ - and altered nature of the plagioclase grains in these rocks. The mdr‘e
calcic plagi‘dclase in the Marginal Zone, are aiso the ones showing strong -

saussuritisation, -

The Ca0 concentrations in plagioclase from both Traverses 1 and 2 show
. a marked Increase towards the northern c:ontac_':t'(FIgures 7 and 8). Valuas
. rahge from less than 0.5% in the Central and Upper Zones té over 3.0%
In theMarginai- Zone. This Increase towards the base of the fn_t’rusic::n s

" matchad by Increased amounts of Al,O, The Na,0 concentration, by
contrast, shows the opposite trend, Jecreasing towards_ the Marginal Zone .
and the chill margin, a trend matched also by SIO, The'- Na,0 vaiues

-~ range from between 10,5 and 12.0% In plagiociase from the Central and .
Upper Zones, to less than 10.0% In the Marginal Zone, o
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demonstrated that the abundances of large ion lithophile trace elements
are modified by aiteration, Beswick {1982) demonstrated wldespread
redistribution of Na,0 and K,0 In komatliic sutes, with no major
redistibution of $i0, ALO, TIO, FeO, MgO and CaO. In conirast,
Condie (1981) showed significant changes in K,0, S0, CaO, Al,O,,
MgO, Ba, Rb and Cs, from Archaean greehétone belts in general,

Gloser to the study area, Jahn ef al, (1982) studied secondary element
redistribution patterns in the Onverwacht volcanics. They found that, n-
general, the alkali (Na, K, Rb, Cs and Li} and alkallne earth slements (Mg,
Ca, 8r, Ba and Be) were more prone to alteration affects The less moblle

' elements include High fleld strength elements - REE, Y, Zr, Nb Hf, P, TI
~ and some farromagn_esian elements - Ni, Co, Cr and Sc.

~ Inthis study of the Sterkspruit intrusion , Na,O and K,0, along with Sr, Rb,
- Ba, Cu and 'Zh. show widespread s'c;gttér of data 'polnts._ indicating
~ elsment mability, 'The'major oxides such as Mgo, Si0, TiQ,, FaQ and
Al0, and trace elements such as Zr, Y, Nb, Ni and V, can, howsver, ur:

used with a certaln amount of confidence for gaochamical interpretation
and petmgenatic modeliing.

55 Mineral Chernistry
5.5.1 Plagloclase

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

2 described earfler. The highly altered state of most of the plagloclase -

crystais._ espaclally In the Marginal and Lower Zones, often made
ldentlfication diffieult, but sultable material was available to. provide an
average plagloclase 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 Acti\}atlon Analysis (INAA) at the Schoniand

Research Centre for Nuclear Sciences at the University of the

Witwatersrand. A iist of selected chondrite normaiised REE from Sections
1, 2 and 3 appears in Table 10,

54 Alteration and Element Mobilty

Element mobility and superimposed secindary elsment redistributions,
especially that of major elements, is an important consideration. in
- Archaeah rocks when Interpreting geochemical data. Rocks from the
Barberton graenstone beit and other Archaean-to-Proterozoic volcanic
terraing -have been subjected to sea-water alt.eration, low-grade -
metamorphism and surface weathering which has affected the elemerit
distributions to varying degrees (Viljosn and Vijoen, 1969b; Condie ef &/,
~1877; Sun and Neshitt, 1678; Jahn et al,, 1982; Smith and Erlank 1982,

_ .Vlijoel'l et al, 1982; Anhaeusser. 1985),

Due to the expected alter_atio.n, an Fe,0,/Fe0 ratio of 0,20 is used to
eliminate these alteration effects as much’ as possible. This ratio is

- considered typical for Archaean mafic rocks (Smith and Erlank, 1962;

MacLQChlan and Hélmslaedt 1995), All whole rock analyses presented in
this study express fotal Fe as Fe,0 3(1), with FeQ and Fezo values
caloulated using Fe,0,/Fe0 = 0. 20, | |

Sun and Ns'sbsrt . ) have shown that elements such as Ti, Y, Zr, Hf,
So, Nb, P and the REE are fairly immobile during alterstion,
~metamorphism and weathering, They also demonstrated, however, that
. orystalline Archaean basalts may show an increase in LREE, with HREE
patterns remalning flat, along with Eu 'mpbillsatio'n. ONions anrd .
Pankhurst (1978), following studies of eary Archaean rocks,
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other dykes in the study area, as well as to the Sterkspruit Intrusion and
the komatiitic basalts, Comparison are also made between the Sterkspruit
Mafic Dykes and diabase sllls which Intruded the Ultkomst Complex,
situated approximately 18 km northwest of the study area, Comparlsons
with these sllls are made because of thelr close proximity to Sterkspruit
and because thelr ages have been constrained to being younger than the
2025 Ma Uitkornst Complex (Kenyon ef &f,, 1986), |

53 Analytical Techniques

" Whole-rock and trace element analyses were determined 'in'th'a_ Geology -
Department of the University of the Witwatersrand, Johannesburg.'
Samples from fhe study area were crushed using a steel jaw crusher and
ground to a fine powder (-300 mesh size) in a tungsten steb mill, The
- mejor oxdes (S0, TIO,, Al,05, FeO, Fa,0,, MnO, Mg0, Ca,0, K,0 and
ong) were determined on a Phillips PW1400 X-Ray Fluorescence |
‘Spectrometer, on fusion discs preparad using the method described by -
Norrish and Hutton (19689). | |

The trace elements (Rb, St, Y, Zr; Nb, Co, Ni, Cu, Zn, Cr and_B_a, as wall

- as'Na,0) were also determ[ha_d using X-Ray fluoréscence_techniquaé. but

o on pressed powder pellets. Full apalytical 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 voleanics, can be found
listed in this chapter Ui:.cr Tables 5, 6, 7, 8, 9, 11 and 13, -

" Major oxide and cation compositions of plagloclases found in the gabbroic

rocks were determined using an Electron Microprobe Analyser at the -
Geology Department of Rand Afrikaans Unlversity, Johanhesburg.
" Analyses are {sted in Tables 2 and 3, | |
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82 In the UZ and 81 in the average chiil margin composition (Table 5), Is
In agreement with Archasan age greenstone beit volcanic rocks > 3.0 G'a,
as recorded by Condie (199 The similarlty In this ratlo attests to an
Archaean age for the Sterkspr it intruslon, to be discussed in Chapters 6
to 8,

cdmpositibnal varlations with sfrattgraphlc height are shown in Figures
13, 14 and 15, Trends are best shown by SIO,, Al,0, MgO, Mg#, Zr and
Yb, The variations displayed by these slements are typical of thd'se
encountered across layered sili-ike intrusions, The variation, especially
* apparent across Traverse 1, shows a fractlonation trend from the floor of

the magma chamber upwards and from the roof of the chamber inwards., "
These fractionating fronts convergs at the most evolved compos:tlon, the _
quartz diorite. located approximately 80% of the way up the body. This
trand, however, Is not symmetrical due to the cumulate which formed .
on the floor of the chamber, some 50 m into the crystalnsing body, Note
- that incompatible trace element abundences intially decrease steadily
over the lower 50 m (MZ), attaln thelr minimuin values in the cumulate L2
~ and then Increase upwards, reaching & maximum in the QD zone, The
~ element abundances also Increase from the upper margin of the UZ
towards the QD, and shiow ah overall higher abundancs than lc':wér' in the
sequence. - -

The low concentration of Zr and other Incampatible elements In the
cumulate LZ is consisient with & simllar assoclation In the Karniskotia
gabbroic complex In western Abitibi Subprovine=s Caneds, described by
Barle et &/, (1991). Accarding to them, Incompatible element variations
are ascribed to changes in the mode of einulus and Interoumulus
'phas_es. The Increasing concentration of these elemenis up—sacﬂon fnthe
~ Sterksprult Intrusion Is attributed partly to a decresse In the cumulus
‘phases, - "
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MgO values are higher In the MZ and LZ where they range from 5.0 - 8.7
%, falling drastically to 1.8% In the QD. The high values in the lower
portiors 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 serles, MgO values in the upper zones are
generally lower than the MZ and LZ, with tha CZ and UZ recording values
of between 3.0 and 5.8%, Ca0 remalins constant throughout the body at
around 7,0 - 14.0%, except In the QD zone where It drops to 5.9%.

" ‘The above major oxide varlations are mirored by the Mg# The
magnesium number (Mg#) Is an lndex using the MgO-FeO rath. to
measure fractionation during the evolution of an igneocus saquenca '
~ {Rollinson, 1993). The Mg# for the Sterkspruit gabbroic rocks has besn

 caloulated (as an atomic fraction) as 100[Mg™/Mg™ + Fe“‘] The MZ and

LZ have Mg# of about 60, reﬂecﬂng the cumulate prccesses that took-.
place lower down In the body. The Mg# drops to about 42 Inthe 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 chill margin (Mg#
~ composition 42 - Table &) and confirm the evolved nature of the parent

magma. - :

In the case of trace elements, a slightly different variation can be sean,
The lowest Zr concentrations (46 ppm) are reached in the cimulate LZ,
while average Zr contents of about 64 ppm are recorded In the MZ and
' CZ. The UZ Is enriched in Zr, averaging 108 ppm, while the QD records
 the highest concentrations of 161 ppm. This beheviour of Zr Is matched
by the ather incompatible trace elements, ¥ and Nb, The low incompatible
trace element values in the cumulate LZ are typlcal of rocks formed by
oumulats processes, Thase elements aro excluded from. the plagiociase
“and pyroxenes, which are the main cumulate phases and are enriched in
the liquid squeezed out from the orystalllsing cumulates. The Ti/Zr ratio of
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56,3 Mejor Oxide and Trace Element Variation
The whole-rock geochemistry of the Sterkspruit 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 Margina) Zone (MZ), Lower Zone (LZ), Central
~ Zone (C2), Quartz Diorite (QD) and Upper Zone (UZ) s iisted In Tables 6
. to 9, Based on chemical differsnces the body can be subdivided into
cumulate-textured gabbros forming the L2 and parts of ihe'-MZ. Ti-rich

ferro-gabbros formlng the CZ, quartz-gabbros forming tha UZ énd a

quartz dlorlte horizon (QD), only chserved on Traverse 1 betweerl the CZ o

and Uz (Figure 4;

Si02 and TlO2 show similar chemicel trends in the jower and upper
sectors of the gabbroic {ody, with both having overall higher contents in
“the upper zones as compsred to lower In the sequence, SlO2 varles

 between 50.5 - 53.5% In the MZ and LZ, and between 53.0 - 56.7% In the

U2 As well as Increasing upwards from the lower margh, SIO, also

increases from the upper margin downwards towards the QD horizon

* which Is located approximately two thirds of the way up the body, The
. 8I0, content In the QD is B0.6%, TIO, values are between 0.8 - 1,3% In
the MZ and LZ and average 1.5% In the UZ. The Central Zone Is enriched
In TIO, (1.3 - 2.2%) as well as in Fe (average 16.6% Fe,0,), which
distingulshes this zone from the rest of the bady,

Al0, remains constant throughout the gabbrole body with oori_centratid_ns | | _

between 11.5 - 14.8%, except In the case of the 1.2, whare It reaches

13.7- 17.2%, in response to the cumulate davelopment and the more
_ faisic portions ofthe laye ing. :
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¢l Alkal Basals

8loy {wt Bk}

Figuré_ 11 Siog vs Total Alkail dlagfam for racks from the Sterkspruit Intrusion
‘shoiwing the tholelitic composition of the gabbru {after MacDonald
and Katsura, 1964). '

Fa *ge Mty

o UPRER 20N
O GUARTZ DICRITE
o CENTRAL ZONE
o LOMER 20N

"+ HARGINAL ZONE
X CHILL. MARGIN -

KOBTHITE

Flgure12:  Catlon temary dlagram {Fe™+FeM+Ti - Al 4 «Mg) of the starksprult
: Intruston {after Jensen, 1976).
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'F (FaD+Fe203)

& UPFER Z0ME

0 OUARTZ DIﬁHlTE
" BCENTRAL ZOKE

+LOWER Z0ME
+ MARGINAL ZONE
K CHILL MARGIN

{Na20+Ka0) - S L Mg

. Figure8: . AFM (Na,0+K,0-- FeO+Fe,0, - MigO) dlagram of the Storksprult
' Intrusion showing the gabbrolt zones and Fe enrichment trend, -

F {FeO+Fo202) 85 STERRSPRUIT INTRUSION
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R SRR T
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.(ﬁazumzoi BBE - _ o - ng'g)

Figure 10 AFM (N&,0+K,0 - FeO+Fe,0, « MgGQ) diagram comparing the
o - Sterkspruit Intrusion to trends fram other layered tomplexes,
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The complate suite of samples from the Sterkspruit Intrusion have also
' béen plotted on a silica (SIO,) vs total alkali (Na,0 + K;0) diagram
(Figure 11). The gabbroic rocks shows a subaikaline, tholeiitic character,
. conslstent _with the composltion of some gabbros from Barberton layered
complexes and Archasan basic volcanic and Intrusive rocks eisewhere in
the world (Viljoen and Viljoen, 1989¢; Anhaeusser, 1985). -

On the Kaapvaal Craton, basic-to-ultrabasic intrusions having the same
 tholelitic nétura as the Sterkspruit Intrusion (as shown by the silica vs total
alkali diagrams), include the Pre-Bushveld and Waterberg sﬂ[s (Sharpe-
1981). the Usushwana Complex in Mpumalanga and Swaziland
* (Hammerbsck, 1982), and gabbros from the. Upper Divlsmn of the .
Stolzburg Corhplex (Rodel, 1993), The Uitkomst Complex, however, which
" is sltuated on the edge of the Transvaal Escarpment close to Badplaas is
comprised of gabbros and diabase siiis; more alkaline in character than
" the rocks of the Sterkspruit Intrusion (Allen, 41990).

A Jehsen'(1976) cation plot was also used to bla'ssify'the subalkéltna
~ gabbrolc rocks from the Sterkspruit Intruslon The proportions of the
catlons (Fe?* + Fe™ + Ti), Al and Mg were recalculeted to 100% and
plotted on a triangular diagram (Figure 12). The liquld composition of the
body, represented by the chill margin, as wel! as the rocks from the
Central and Upper Zones, fall in the fleld of hIgh-Fe tholelltes, The quartz
“dlorite sample, significantly, plots In the andeslte-tholsiite fleld and is
conglstant with this rock beirig a late-stage differentlate, The gabb .. from
the Marginal and Lower Zones form & distinct grouping within the high-Mg

tholsiite fleld, but this relationship s ambiguous as these compositions -

are cumulate enriched and hence higher Mgo oontents are to be
expacted
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56.2 Classiication

A composite ternary plot of A (Na,O+K,0) - F (FeO+Fe,0,) -~ M (Mg0)
~ (AFM diagram), shows the Sterkspruit gabbroic suite forms an overall
linear Fe- enrichment trend typical of the Initial differentiation trend shaown
by some theleiitic suites (Viljoen and Vilioen, 1970; Jaques, 1976; Sharp'e, :
1981; Hammarbeck, 1982, Hunter and Sparks, 1987). The main zones
comprising the gabbroic Intrusion plot as distinct, though. In places, .
overlapping flelds (Figtire 9), The Marginal and Lower Zones plot in fields
f(_:[osea_t io 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, |n addition, form & much tighter grouping and plot closest to the
'MgO apex. The Marginal Zone samples display a spread of polnts from -
_the chill zone {X) towards the Lowsr Zone,

_The overlapping Upper Zone and Central Zone flelds plot towards the

| FeO+Fe,0, apex. The quariz diorite sample (SGZB)' lles on an Fe- o

enrichment trend closer to the FeQ+Fe,0, - Na,0HGU tie line than the
Central and Upper Zones, and is consistent with this unit belng 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 Fe-enrichment trend shown by the Sterkspruit Intruston has
close similerities with the trends of the Usushwana Compiex-
(Hammerbeck, 1982), the Skeergaard Intruslon, and the Mt Kilkenny
intrusfon (Jaques, 1978) (Flgure 10), These trends Indloate tholelitic
 affinities and simitarities between them will assist in modslling the origin
and crystallisation sequence of the Sterkspruit body
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The Marginal Zone gabbro s characterised by flat to slightly light rare
earth element (LREE) entiched patterns, with REE abundances betwaen
20 and 30x C1 chondrite values (Figure 19a). The average (La/Yb)y ratio -
is 1,08, Small negative and positive Eu anomalias that are found (average
" EWEW* = 0,96), are produced by either plagloclase fractionation or
alteration &t shallow depths {Condie, 1981). '

The Lower Zone gabbro, by contrast, displays slightly LREE depleted,
sloping patterns with poslfive Eu enomalies (Figure 19b), The EuRu*
averages 1.3, varying between 1.04 and 1.77. The concentrations of
‘these REE vary between 10 and 20x C1 chondrite abundarces and the
_ {La/Tb), ratio averages 0.72, Pefrographical eviderice fromm this zone,
which shows plagioclase cumulates ir diffuse layering and sagregat[ons. _
suggssts that plagioslase fractionation Is the cause of the positive Eu
anomalles, This zbne, comparad to the rest of the gabbro, displays the
oreatect degree of REE fractlonatlon as well as the lowest slement
abundances, '

The Central Zone gabbro is characterised by fist, slightly convex upwards
pettems with REE abundences averaging absut 20x chondritis, The
EWEu* anomaly Is about 0.82 while the (La/Tb)y ratic averages 0.9
(Flgure 190), Lastly, the Upper Zone gabbro has flat REE patierns with
REE abundances between 20 and 40x C1 chondrite values, The ratios -
are very similar to the Gentral Zone, EulEu"' = 0.97 and (LaITb)N 0.92
{Flgure 19d) - :

The patterns observed in the Sterksprult gabbroic rocks compars
favourably with those of Artheean komatitic and tholsittic basalts,
O'Nlons and Pankhurst (1878) found that tholelitic volcanlcs from early
- Archaean terrains have low incompatible element contents and LREE
depleted or flat REE patterns.
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564 Rare Earth Element Geochemistry

Rare Earth Element (REE) concentrations were determined for a suite of
samples from the Sterkspruit Intrusion, using instrumerital neutron
activation technigues. 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
Intruslon, with a further sample having belng taken from the chilled margin
~ oast of Traverse 3 (Flgure 8). In addition, the REE values from Traverse
- 8, reportad by Pospisek (1991), were Used in this Investigation, The REE

concentrations were normalised fo chondrlte abundances using the REE

~ abundances in chondritic meteorites as provided by Evensen et al, (1978)
(Appendix A, Table Ad), | |

The REE abundances from the Marginal, LoWer, Central and Upper Zone
gabbros are listed In. Table 10 and show a clear varlatlon across the

intruslon. Typloal REE petterns from gabbro samples In each of the major -

zohes are discussed. using chondrite-normallsed diagrams, These REE
patterns will aiso be compared to gabbro lithotypes fram other iayered
complexes in the Barberion ares ard with Onverwacht volcanic rocks.
The europlum {Eu) anomely discussed in thls section refers to the plotted
pasition of Eu which sometimes lles away from the trend defined by the
“other REE on a chondrite-normalised diagram (Henderson 1984). The
'anomaly is expressed as follows!

EugEu*_ =Euy /¥ (Smy % (Gel)y

~ Eu* is the value obtained at the europium. position by straight line
~ Interpolation batwesn the plotted paints for Sm and Gd.
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On all the bivariate diagrams the separation of the gabbrole rocks into
2ones 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, belng comprised of cumulate plagioclase and -

pyroxens, rarely forms distinct trends and Is excluded from modelling
processes, ' '

_ A polnt of infie'ction, marking the apparent change in direction of the liquid
path, can be seen on the variation diagrams betwsen the MZ and Uz
~ rocks, Thig trend, best seen on the 810, plots (Figure 18a-c) and on the
* MgO vs AlLO, plot (Figure 172), is attributed to changing proportions. of
" the fractionating mineral assemblages, The MZ ecrystallised equal
 amounts of byroxene and plagioclase, whils the UZ crystallised more _'
- plagioclase than -_pyroxene (in the proportion of approximately 80 - 40%).
A definite path can be observed in the UZ rocks, from the chill margin
composition fowards 't_he QD. This confirms the postulated fractionation
) trehd_seen on the helght irarlation diagram (-Flgufes‘ 13 and 14) whereby
the L_JZ gabbrés arysta!llaed (ahd the composition evolved) _downwards
tdwa‘rds the QD zone. The Zr vs Nb Incompatlble element variation
~ diagram also demonstrates this trend (Figure 18a). |

The Tirich ferrogabbros from the CZ form a disorete group on bivariate
plots of 810, vs TIO, (Flgure 18¢), Zr vs TiZr and Zr vs Ni (Flgures
18b,n), This zone could reflect the late stage crystallisation of Ti-rich
pyroxenes and Tl-rich oxides or could be unrelated tu the rest of the
- gabbrolc body, forming a seperate influx of magima. It has been observed
petrographically that leucoxene, en alteration product of Ti-imenite, is
abundant In this zone, | ' | -
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MgO, AL,0, and the Mg#, all display a reverse trend fo the incompatible
elements. They increase to the top of the MZ, reach their highest values
in the LZ and then decrsase towards the QD. They also decrease
down-section, through the UZ, from the upper margin tbwa_rds the QD.
The trend shown by MO, Al,O5 and Mg#, mirrors the 'S-shaped variation
of modal olivine with height in some basio sills (Gibb and Henderson,
1992), They ascribed this trend to gravity settling.

In the Mt Kikenny sill in Western Australis, the MgO content also
' decreases sharply at the top of the Lower Zone, a trend which Jaques
(1 g76) aftributed to the cessatlon of olivine crystallisation, Rodel (1998) |
also described an Initial increase In the Mgo content in the basal dunites
_of the . Stqlzburg Complex, prior _tq the developmant of a normal
fractionation trend. This she attributed to the initial "ﬂ[iin-ffe’ct.' of the
- magme chamber in a subvoloanic sl setting. In addition, the MgO content
in oliulﬁe cumulates at the base of the Rozentuln body Initially increasas
Upwards, before. decreasing as In a- normal fractionation trend {Rodel,

1993)

' The varlations of selected major oxides can be-demonstrated on bivarlate
plots with firstly SIO, (Harker dlagrams) and Mg plotted on the x-axis
(Figures 16 and 17). Chemical variations are also shown on trace alement
bivariate diagrams, with Zr plotted on the x-axis (Flgure 18). For some of
the major oxide diagrams the composition of pyroxene and ptaglocias'a
are also shown to provida clariﬁcatlon oty the fractionatuon processes that
have taken placs, The sourcs of these mineral oompositlons to be used
for modemng purposes has already been described in section 5,5, 2, and S
are Ilsted in Table 4, :
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Flaure 26 :  Classification of the Sterksprult mafic dykes according to thelr
cation proportions of {Fe™ + Fe* + Ti) « Al - Mg (after Jensen,
1976) A D refer to the dyke groups.

F {Fe(+Fe20i}

Su—§ STERKSPRUIY INTRUSEGN

(No20+K20) o B - B
Figure 25:  AFM (Na,O-I-K,D FeO+Fa,0, - MgO) dlagram of tha starkspruit
mafic dykes, The trend of the Sterkspruit Intrusion {s ~ s) Is
shown for comparison,
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The mafic dykes are also plotted on a Jensen (1976) diagram bassd on
the proportions of the cations (Fe® + Fe® + Ti), Al and Mg. Figurs 25
-ghows the wide range in dompaéitlons of these dykes, with the different
groups clearly differsntiated. Group A dykes plot in the fleld for
calc-alkallne basalts while group B dykes straddle the boundary between
higl-Mg tholelltic basalts and komatiltic basalts, The samples from groups
C and D plot In the komatiitic basalt fisld with group C ciosar towards the
Mg apex and group D closer fowards the Fe+Ti apex reflacting thelr high
Tl contents. '

The dyke compositions are clearly different to the gabhbrole compositions
from the Sterksprit Intrusion, which range from high-Mg fo high-Fe
‘holelites (Figure 12). Some dykes from Group B are similar to the
Precambrian dyke swarms reported by Sial et a/, (1987) who investigated
_the differences between dykes from this time period and dykes in the -
Phanerozolc. The Precambrian dyke swarms have affinlties  with |
Mg-tholeiltes whl l& the Phanerozolc are simller o Fe-thalelites,

On an AFM (N920+K20 - F'e0+F9203 - MgO) temary diagram (Figure 26)

the mefic 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 Sterkspruil gabbroic rocks s plotted for comparison, The clear
separation of the data points from.the trend line of the Sterksprult
Intrusion suggests there is no genatis link betwaen the magma types
responsible for the Intrusions, '
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N S
' " BIO (with)

‘Flgure 24: SIO, Vs Total Alkall diagram for racks from the Sterksprult matle.
dykes showing their subalkaline composition ( atter MacbDonald

and Katsura, 1964}, A < D are the dyke groups referred to in the toxt. S
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Tabio11: Average whole-rock genchemical data of dyke groups from
' thie Sterksprult Mafic Dyke Swarm In comparison with dykes
of simllar and younger age _

Byka A .8 . ¢ ) Pre Post  Karao
Group _ : Cotwah  Transvaal
Sample  1,2,3,7 4,858 1518 17,98 | HvV2 P14 ODSA
Ne. L L ) :
54.8 62.6 481 52,3 859 63.2 51.4
0.4 0.4 0.3 11 1,2 08 0.5
164 128 - .9 87 142 - 68 7.8
8.0 8.8 85 - 110 104 BB 112
o ot 0.2 0.2 0.4 o2 - 02
5.7 0.8 14,3 105 {41 188 188
8.8 B0 ap 8.1 82 - 61 74
20 18- 08 12 44 0 1.1
19 18 68 ‘g8 | 0B . o8 0.4
0 b0 007 013 028 ol 0.08
Bpm _
Rb T2 s 4 8
Sr . 2B4 135 a7 202
Y 18 18- 14 21
2r - 05 87 & 130
Nb 7 7 4 8
Ca az - 49 . 88 68
NG 126 119 501 466
Su 28 28 38 117
“lzn B4 6t a2 78
Ba 800 - 283 111 270
mo 0 0 o 1
v o 108 28 6 108
o 218 1208 2004 - 1044
T2 24 . 28 88 52
TirY 122 128 124 318
Zry G 48 35 8.1
Z e/ 181 11.8 1. 16,8
ima# _-__:62 T T8 e

Fe,04(t) : Total Fe as Fe,0
HV.2 : Pra-Godwen diabase dyke, Hazwluw area (Robb '1977)
PTA 1 PostTransvaal Intrusion, south of White River (Robb, 1977y -
0ODS.: 1 Karco-age dolerlte sill, west of Sable Sands (Robb, 1677)
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5.7 Whole-rock Geochemistry of the Starkspruit Maﬂo Dyke Swarrm
571 Introduction

The northwest-trending dykes which make'up the Sterkspruit maflc dyke

swarm can be classified Into four main groups (A - D) based on '_

differences In thelr chemistry (Table 11), Figure 3 shows the localities of

the dyke samples and a complete list of whole-rock anafyses gppears in

'Appendix A, Table A2, Thy dyke samples forming thase groups are as
follows: - '

GroupA samples SD 1 2 8and7
“Group B : samples $D. 4, 5, 6.9 10, 11, 12,13and14
Group C: samples 8L, 15 and 16

Group D : samples 8D, 17 and 18

572 Classification -

-On a silloa - total alkalls {8162 vs_Na20+K20) malor oxide dlagram {Figure
24) the Sterksprult maflo dykes all plot In the subalkaline field below the
MecDonald and Katsura (1984) line, The dykes show a wide range In
S$I0, and, _to' a lesser extent, alkall concentrations, Groups A to D can be

* clearly distinguished on this diagram, with Group A plotting af the high

Siog arid and Group C at the iow end, Also plotied for oumparidon are the
avarage compositions of the pre-Godwan, post-Transvaal and Karoo aga'
dykas after Robb (1977) The Sterkspru:t Intrusion Is also indicated
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Tl » Zr and T} - Zr - Y relationship Indlcates an assoctation of these
* gabbroic rocks with ocean floor basalts and low-K tholeiltes, Exceptions
include the Ce'nti'al Zorie Ti-rloh ferrogabbroic rocks which plot as a
saparate group not related to any reported specific tet. nic setting. The
Sterksprult gabbroic compositions also ‘show an airllistion with plate
margin basalis on a Zr/Y - TirY discrimination diagram (Psarce and Gale,
1977) as opposed to within plete basalts (Figure 2'3). -

The trace element associatlons from the Starkspruit body are comparable

to the tholeutic and andesitic basalt trace element relahonships from the

Kromberg Formation (Conway; 1985) as well gs the high-Tl basalts from :
the Lower Onverwacht Group (Smith, 1980), Smith (1980) also drew an

shalogy bstween the Onverwecht lavas and back-arc basin lavas,
- pointing to similarities In thelr chemistry. Except!ons Include hlgher K, Rb,
Cs, Sr, Ba and REF’s in the aro—related basa!ts, whlch he felt could be
 ralated to sea-water contarmination. |

In & dascription of the geoohemlcal “cheracterlstics of Pr‘ecambrién
 basaltic greenstones, Condie (1990) concluded that besalts with Island-
arc affinitles are dominant In the Archaean and that basaits with MORBor
within-plate geochemical characteristics are rare in Precambrian
sequences of all éges. | '
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8.6,6 Trace Element Discrimination Diagrams - Tectonic Setting

Trace element disctimination diagrams are commonly used during
petrogen'aﬂc modslling to Infer the original tectonlc setting of a particular
suite of basaltic lavas, Dus to their relative immobiiity, slements such as
Tl, Zr, Y and Nb are found to be the most effective discriminants between
 basalts erupted In differing t tonic environments (Rollinson, 1693). Smith
{1980) alluded to certain assumptions which must be made when using
gecchemical parameters for modsm tectonic environments and adapting
* themm to Infer Archaean environments. These assumptions include: |

1) similar mineralogical and chemical source bompqsitions; :

-2) melting conditions through time were simtlar.

3) a particular geachemical feature Is generated by a single process
which s diagnostic of a specific environment; and -

4) plate tectonlc processes were in operatlon In the Archaean

| Rocks co'ntaining cumulus phages may .glv'e 'errona'ou_s- results,_ $0 only the
chill margin compbsltion__and that. of the quartz gabbro-from the Upper
- Zohg of the Sterksprult Intruslon have been Included in the interpretation,
" Further limitations, according to Pearce and Cann {(1973), for tholeiftic
~ basaits Is that they fali in the compositiorial range 20% > Cal + MgO =
12%, Onthe Ti-Zr - Y dlscrimination ternary diagram after Pearce and
" Cann (1673), the Sterksprult data plots in the field assigned to MCRB,
Island-arc tholeiites and calc-alkall basalts (Figure 21), Rocks plotting In
~ this field, however, give an ambliguous result and can be further
subdivided on their Tj - zr relationships {Pearce and Cann, 1973). On the
Ti - Zr diagram (Figure 22}, the Chlll Zone ahd Upper Zone quartz gébbro
* compositions of the Sterkspruit Intrusion, representing magmatic liquids,
plet in the flsld for modern day MORB. According to Smith (1980) whe

studiad the teotonic setting of tholelites from the Onverwacht Group, the o
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piotted from left tu right in order 5f increasing compatibility in a smaill
fraction melt of the mantie, as described by Rollinson (1993). The
normalising values used (listed in Appendix A, Table A5) are those of
Thompson (1982) with modifications fur the Ba value from Hawkesworth
et af. (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-elsment d_ata' to make {Yb)y, =
10.

The lncompatlble elament contents of the gabbroic ‘focks from the |
~ Sterksprult Intrusion are ‘shown on a chondrite-normalised mult|~e|ement-
diagram (Flgure 20). Overall the elements are enriched at ab_out 0%
" chondrite abundances a’nd'show- flat _pétterns. Also plofted are the _'
average patterns from >3.0 Ga and 3.0 - 2.5 Ga grae‘nStdna belt basaits,
~ as caloulated 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 helt basalts'exoapt for a
slight enrichment in elements Ba, Rb, Th and K in the basalits. These
latter rocks are also more erwiched at about 10 - 20x chondrlte The
mobility of Ba is mdrcated by thelr low values in the Sterksprmt gabbro
samples, '

. The multi-element patterns do not show any simllarity with average N-

- MORB and seem to lie midway between the E-MORB and ocean island
basalt (OIB) pattems, Fioyd (1991) pointed out that the OIB have a wide
range of compositions that actually encompass E- MGRB making them
dlfﬂcult to dlsttnguibh
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Condle (1981) proposed a two-fold classification of Archasan tholelites
based on REE patterns. Firstly, TH1 (originally termed. DAT) Is
- characterised by flat REE paiterns with or without small Eu anomaiies.
Abundances are about 10x chondritic, The TH2 group by cnmparison
(criginally termed. EAT) is characterised by LREE enriched, sloping
patterns between 10 - 40x chandritic, According to Condie (1881), TH1 Is
the most common thol'efitic' rock type in most greenstong belts with TH2
" becoming more abundant at higher Stratigraphic' levels,

" Both these types of REE patterns were observed in tholelites from the -

- Onverwacht Group by Condie &t al. (1977) who studied the effects of
alteratlon on elerient distributions. These authors found different patterns
betwsen relatively unaltered flows and those flows displaying
spidotisation and carbonation. The unaitered flows display LREE -
enriched, sloping patterns (10 - 50x chondritic), typical of TH2 tholelites u;
Condie (1981), while the epidotised and carbonatised flows are
characterised by flat to slightly LF:EE enriched paterns (10 - 26 :
chondrltlc)

56.5 Normalised Mul_ti—eleme_nt Diagrams (Spider Diagrams)

Normalised multi-slement diagrams, more commonly calied spider
diagrams, provide a graphical representation of incompatibie slements,
and are useful for depicting basalt chemistry and for compating rooks with |
each other. They are aiso used to measure deviations from primitive -
- compositions. The incompatible trace eloments are pIotted"in order of

decrsasing incompatibility and are conventionally normalised to éithar- )
| chondriti_c:, MORB or primitive mantle Values. |

The- trece-element concentrations form the Sterkspruit Intrusion have
been ncrmaiised to e composltlon of chondritic meteorites and are
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6.2 Comparlson BetWeen the Sterkspruit intrusion and Other Mafic
C ymplexes

Gompari’sbns are made betwaen the compositions of gabbro rocks from
the 'Sterk'spruit Intrusion  and gabbroic suites from ihtruslons in
Mpumalanga Province, These include the Stolzburg, Usushwana and
Ultkomst Complexes, as well as smalier pre-Bushveld sills. A cor‘hparison
is also made with the Insizwa Complex, & younger Karoo age intrusion,

‘A direct oﬁmpéﬂson »f major element oxides in gabiros _fro}'n both the
Sterkspruit and Stolzburg bodies, initially shows them to be quite similar,
with the axcepticn of MgO and TIO,, MgO has a higher rahga {5-11 %)} In
the Stolzburg Complex (Table 12) compared to the 8 - 5% in the

- Sterkspruit rocks, whils TiO, Is congiderably lower (av_erade 0.55%)

compared to the 1,4% in Sterksprult, HdWeVar. differences in composltion

- dre seen on major element -classiﬂcatlon: diagrams. It has alread_y been

‘shown that a distinct tholelitic Fe-snrichment trend Is displayed by the
‘Sterksprult Intrusion on @n AFM diagram (Na,0+K,0 - FaO+Fe,0; -
MgO) (Figure 10), which has no ressmblance to the more ultramafic

- tendency of the Stolzburg Complex, Gabbro sample’s from Stolzburg have
‘a wide scatter (not shown) on an AFM diagram, probably the result of the
~ alteration that s prevalent in that Complex,

" The wide goatter of the gébbro samplas from Stolzburg are highlighted on
an MgO-Ca0-Al,0, (MCA) ternary diagram (Figure 31} and a cation plat
of (Fe**+Fa™+TI)-Al-Mg (FAM) (Figure 32), On the MCA diagram, the
gabbroic rocks plot between the Sterksprult gabbro field and the fleld for
the Barbérton‘ type komatiitic basalt, On the cation plot, the gabbrolé rocks
from Stolzburg fal In the komstiitic basalt, high-Mg tholelite and |
 calc-alkalina flsld. In contrast, the Sterksprult intrusion parental magma

falls in the high-Fe tholeiitic basalf fleld, ‘
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characteristics (Irvine and Ridler, 1872) they are pre-orogenic and
underwent the same reglonal deformation and metamorphism as the
related 'stratifie'd rocks; they rarely show close relationships to faults; and
they have subaikaline afflnities, with the gabbrolc rocks having medal
hypersthene and quattz,

645  United States - Midoontinent Rif, Duiluth Corplex

The Duluth Complex In northeasterm Minnesota s composed of numerous
* Individual mafic layered intruslons of tholelitic affinfty (Miller and Ripley,
1996), The complex was emplaced Into comagmatle voleanics during the
development of the 1.1 Ga Midcentinertt Rift in North America. Miller and -
Ripley (1996) summarised the geological setting and the cumulate |

stratigraphy and cryptic variation of six of these intrusions located in the N

'~ layered series comprising the Duluth Gomplex, These intrusions, aithough
formed from similar tholelltic basaitic magmas, differ fundamentaily In thelr
_openness fo magmatic recharge, eruption, and assimilation during
. orystallisation, The Sonju Lake Intrusion displays features consistent with
. & nearly closed magma{ic system, whereln curmulus augite erystallised
bafore ilmenlta. The Partridge Rlver and South Kawishiwi Intrusions show
avidence of frequent magmatic recharge and- cauntry roek assimilation..

‘The Layered Series at Du[uth shows a cyelical progression of cumulates

and features strong crystallisation 'cl_iffarentlation Interrupted by recharge..
and eruption events, The Wilder Lake Intrusion differs from the other

Irtruslons [n that cumulus limenite éppaérs' before augite and that olivine

and augite compcsitlons define an inverted cryptic variation, Lastly, the

Bald Eagle intrusion is consldared unigue in that Fe-T] oxide did not

appear as a cumulus phase daspite cryataliisation of cumulus augite.
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~ Skaaergaard Intrusion become compositionally more evolved inwards from
the floar, roof and walls, cuiminating at the Sandwich Horlzon, which is a
unit located at the Interface of the upper part of the Layered Serles and

the lower reaches of the Upper Border Series. MeBlirney (1996) suggested

~ that the Sandwich Horlzon represents a zone of convergence for the
fronts of crystallisation from the floor up and from the roof down. The

_ Quartz Diorita zone In the Sterksprult Intrusion may have a simllar satting

~ &and orlgin to that described for the Sandwich Horizon., '

Trace slement variations with helght in the 'Skaergéard Intrusion are also
 simitar to thase of the Sterksprult intrusion. Incompatible elements Initially

decrease in abundance across the lower Layered Series, then strongly

Increase to reach meaximum concentrations In the Sandwich Horizon,

 Abovs this horlzon the abundances again decrease into the Upper Borcier
‘Series, but overall- abundances remaln higher than in the Layered Serles.
MeBlimey (1996) attributed this to compaction processes operating In the
Layered Serles, whereby only small proportions of segregating late

Interstitial liguids (residusl llquids) were retained. In czntrast the Upper
Border Serles lacked significant compaction and therefore ratained larger
‘proportions  of- Iate interstitial Hqulds Iead]ng to highér element
abundances,

614  Canhada - Superior Province

Intrusions in the Supetior Province of Canada, descrlbed as normal
gabbroic bOdlBS by Irvine and Ridler (1872), are distinctive in that they are
"~ coriposed essent[ally of gabbro with only minor ultramafic or anorthositio
components.  They are- described as tholelitic bodies with the only
common aeldic. differentiate belng small amounts of granophyre, Most
- ultramafic and gabbrols bodies In the Superior Province are closely
assoclated with volcano-sedimentary beits and have the following
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6.1.3 Greenland - Skaergaard infrusion

One of the best describad examples of a shallow, differentiated layered
complex, formed from & tholsiltic magma, 1s the Skaergaard Intrusion on
" the east coest of Greenland (Wager end Brown, 1968; Hess, 1980;
- McBirney, 1996). Even though the Skaergaard Intrusion Is much larger
than the Sterksprult Intrusion, measuring 6 by 11 km, and Is gssociated
with a much younger magmatic event at 55 Ma, their exist many
‘simllarities between these two igneous intrusions which can be used for

patrogenetic modsiling of the Sterkspruit Intruslon, N

The gabbrolc Skaergaard Intrusion was emplaced inta Archaean gneisses -
and Tertiary basalts as a moderately evolved tholelltic magma In a single,
prolonged pulse (MoBiimey, 1996), The original magma followed a -
differentiation trend characterised by strong Fe-snrichment and & late-
sfage spllt into two liguids, one rich In Fe, the other rich in sllica, The
intrusion Is subdivided Into thres major units: A Layered Series, an Upper
 Border Serles and a Marginal Border Series. The Layered Serles Is made
up of medium- to coarse-grained gabbros that can be subdivided info
three zones, each of which, In tum, Is also subdivided Into units based on
mineraloglcal differences. Layering Is prevalent throughout most of this

Series, The Upper Border Serles is also subdivided Into thrés subzones -

based mostly on plagioclase composition. The Marginal Border Serles is 8 N
saquence of gabbros that crystalllsed oh the walls of the chamber.

- "The Skaergaard intrusion displays differentiation mechanlsms which may
have some rele\ran'ca to the Sterksprult Intrusion, - Crystallisation

processes oocur from the floor of the magma chamber upwards, forming
 the Layered Series, from the roof downwards, forming the Upper Border

Serles and from the walls Inwards, resuiting in the development of the

Marginal' Border Serles, The plagloclase, olivine and pyroxene in the



121

'Hammerbeck (1982} related the mafic rocks of the Plet Retief Suite to a
tholelitic parentage which originated from a magma source that was

re-activated from time to time. He also described sills of the Thole
ultramafics, and compared the parental magma to komatiitic basalts of the
Geluk lype from the Barberton Ssquencs, -

'6.1.2 Western Australia - Mt Kilkenny Layered Sill

. The Mt Kilkenny Intrusion is a smali (600m wide)} metamorphosed Iayeréd_ -
| _'gabbrc::ic sill of Archaeen age, situated In the Easten Goldfields of
Westetn Australla, This intrusion was smplaced Into a lower mafic - |
ultramafic voloanic sequence which forms the lower unit of a basic to acld
volcanlc oyole (Jaques, 1976). The parent magma is thought to be &
“high-alumina tholelite which gave rise to an intruslon consisting of |
" non-sumulate marginal portlons, cumulate gabbraic zones and a simple
' layered sequerice. A small amount of granophyre was produced as an
end stage differentlate, Based on @ stgady cryptic variation with helg'
 shown by plagloclase and aughe, Jaques (1976) suggested fractional
crystailisation from & single magme pulse by gravity settiing,

_ Geo#hemically, the Mt Kilkenny gabbroic rocks are hypersthene or quariz
' normative indleating a saiurated, non-alkaline magma type. Plots of oxide -
- varlation with helght in the sill show an 'S-type pattern, similar to that
seen In the Sterksprult Intrusion, Mgo increases to the top of the Lower
- Zone and then decroases steadlly following a normal fractionation trend,
Jagues (1976) attributed this decrease In MgO at the top of the Lower
~ Zone to the cessation of olivine crystallisation, TIO, and Fe &re enriched
in the late-stage cumulate racks of Mt Kilkenny, & featura also seen in the
Central Zone of the Sterksprult Intruslon, This Increase Is altributed to the
 late forinatlon of intercunulus titanomagnetite, |
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1) deposition of sediments and basic volcanics of the Pongola Sequence;
2) emplacement of the Thole ultramafic sills; _

' 8) extrusion of rhyolites and dacites of the Amsterdam Formation; and

4) Intrusion of the gabbroic and acldic rocks of the Usushwana Complex.

The Igneous rocks of the Usushwana intrusive sulte represent a case of
- [ate Archaean continental magmatism (Hegner ef al,, 1984), Using Sm-Nd

" whole rock data, they Interpreted an apparent age of ~ 3.1Ga for the

Qabbrqs as a mixing line bethen. 2'-8?68 oid magma and older
continental crust, S .

The Intrusive rocks of the Usushwana Complax &rs subdivided inta the
gabbroic Plet Refief Sulte and the acidic Hiele ., both forming the two -
outer limbs of the Cormplex. The western limb, reaching 4000 m in width,
is more continuous and extends as & narrow belt for aboUt 90 km. The
maln mafic rock types from the Plet Retief Suite are quartz gabbro,
ferrogabbro, gabbro and hyperlte (Hammerback, 1982), Quartz gabbro Is
* the most common type in which quartz Is a consplcuous constituent.
Weakly develaped layering Is displayed in the ferrogabbro which contains
“high<Ti contents, Magnetite Jayers form discontinuous lenges at several
localities In the ferrogabbro. The gabbro unit [s considered to be more
maflc than the other gabbrolc types but shows distinctive uralltisation of -
the ferromagnesian components, The hypar'ite_ (camparable o
~ hypersthens gabbro) Is intermediate In composition betwaen the silis of
 the Thole ultramefics and the gabbroic rocks of the Plet Retief Suite,

The granodiorite from the more acidic Hielo Suits, occurring intermittently
along strike of the Piet Rellef Sulte, is considered to be partly a
differentiation product of the gabbrole rocks outiined above with
“assimllation of rhyolitio roof rocks also a possibillty,
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CHAPTER SiX
COMPARISONS WITH OTHER MAFIC COMPLEXES

8.1 . Description of Mafic Compiexes |

Mafic-to-ultramafic layered complexes have been described from mary
- Archaean 'terreine including South Africe, Ausiraiia and Canada, Mafic or |
gabbrei'c intrusions, which are distinct from typical Iey’ered complexes
~ having komatitic affinlties, have also been described from the Archaean

- through to the Tertlary Many of these Intrusions lack ultrarneﬂo llthelogles
(such as dunltes. pyroxenites and peridotites) and can be associated with
~ tholelitic rock suites (Condle, 1981). The smaller complexes are generally
lensold and cenfonnable with the sediments and voleanic rocks into which
-they mtrude (Condle, 1981), and many appear to be clesely related to
volcanism, Jolly (1977) suggested that layered intrusive bodies represent :

fractionated holding chambers from which velcanics wera erupted, The

| following is a brief description of sonme selected mafic Infrusions from
~ different Precambrian Shields that could have some bearing on the
chera.ctensatien of the St_erkspruit Intrusion, '

61,1 Southern Africa Q_ Usushwana Complex

The Usushwana Complex is located in the southeastern part of the
Kaapvaal Craton, i Mpumalanga Province, between Plet Retisf and
Amsterdam, extending Inte neighbouring Swazfland, The Complex, which
has the shapa of an inverted ', extends In a northwesterly-southeasterly
direction for approximately 100 km, Hammerbeck (1982), desaribed the
progression of events leading to the emplacement of the Complex as
follows: -
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Condie et &/, (1987), following a study of the geochemistry of Precambrian
mafic dykes from the Southem Superior Province in Canada, suggested
" that variations in incompatible element abundances within dyke swarmis
resulted from a heteroqeneous mantle sourcs. These authors further
suggested that the enrichment of highly incompatible elements reflects
enriched mantle or crustal contamination. Howevér,_ constraints imposed
on crustal contamination by Condie et a/, (1887) include the requiremerit' _'
of at least 20% contamination to explain enrichments of LIL. Such levels
of contamination, howsver, would change the bulk compos:tion of the
dyk-:-a to andesite, which is not the case.

In a geochemical study of the Mackenzie dyke swarm in. Canada_. Gibson

- et al (1987) also described Inter-dyke chemical variation and included
processes such as orystal fractionation as well as the dykes being fed
‘from several different high-leve! 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 assimilation of gneissic country rosks. Further

examination of the effects of contamination on the Sterkspruit dykes =~
: 'wciuld _requlre'studyi'ng samples from the chill.margins and comparing
them with the compositions from the dyke interiors, which is beyond the
scope of the present Invastigalioh; ' | -

574 Trace-element Discriminatioh Dlagrams - Tectonic Seziing

On the Ti - 2r » Y ternary _dlscrimination _diagra'm aift_er_ Pearce anu
(1973), the Sterksprult mafic dykes plots In the field assigned to' |
' calc-alkall basaits (Figure 28), This setting s confrmed by the Ti (ppm) -
Zr (ppm) clagram after Pearce and Cann (1973) (Figure 30). in both
diagrams the Sterkspruit gabbroic rocks are plotted for comparison. and.
. show the aompletely dissim]lar source and tectonic setting.
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57.3 Binary Varlation Diagrams

~ As meritioned in the introduction, the mafic dykes from Sterksprult show
 dlear intra-swarm chemical variation. The dykes are numberad gencrally
from west to east across the study area and show, in this direction, a
steady inorease in MgO and FeQ and a decreass In Si0, and Al,O,. The
average compositions from each of the four gmups is listed in Tebie 1.
Group A dykes, intruded into the western end of the study area, have high
810, (54.8%), A0, (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 _{his gneiss. The effects of
_ as'slmﬂation' of the granitic material by the Intruding melt are theught tobe
the cause of the high SIO, and ALO; contents in these dykes. A dyke -
located nearby, and =~ - * ung the main Badplaas - Barberion road, is
full of granitic inclusions that have spalled off the sidewalls to the dyke.
 and prowde support for the assmiletlon argument {C.R. Anhaeusser,
~ pers. commun.). '

Group C dyke's are characterised by low SIO, (49,1%) and high MgO
(14.3%). They also have the lowest Incompetible element contents
between the groups with Zr and Nb concentrations of 47 ppm and 4.8 ppm
| respectively, Group D.dykes, adjacent to those of group C (Figure 3), are-

TIO, rich (1,12%), low in ALQ, (9.7%) and have the h|ghest Zr

oonoentrations (130 ppm) of all the dykes : -

These intra-tlyke swarm cempesitionel differences are highlighted in 'fhe
major oxide and trace element binary diagrams eh'own_ in Figures 27 and
. 28, A number of pracesses ceul_cl be responsible for the differences seen
in-dykes having the same orlentation, The‘se ‘Include empiacement of
magma at differenit times, orystal fractionation, varlable degrees of pertlal'
malting, -crustai contammaticn and ¢ heterogeneous mantle source,
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margin and 161 ppm for the Quartz Diorite from the Sterksprult Intrusion.
TiZr retios from the tholelites averages 82 compared to the 79 for the
Sterksprult Intrusion. The average TUZr ratio of the andesfies Is 43
corresponding to the 53 from the Quartz Dicrile from Sterksprult.

The similatities between the Kromberg Formation theleltes and the
parental (liquid) composition of the Sterksprult Intrusion can be shown
graphically, On an MCA (MgO~Ca0-A| 505} ternary classification diagram
(Figure 38), the data from the Sterkspruit Intrusion is plotted along with

tholelites from the Kromberg Formation {Conway, 1985) and tholsiites

trom the Tjakastad Subgroup (Smiith, 1980). The bulk composltior of the
- Stolzburg Complex Is also shown for comparison, This dlagram clearly

shows the cloge affinity between the liquid composition (Upper Zone and
- chln'ma'rgin} of the Sterksprult intrusion and the tholeiites from the
Kromberg Formation, The tholelites from the Tjakastad Subgroup have
 lower ALO; and higher MgO contents than the tholalites from higher in the
Onverwacht sequerncs, and plot in the hlgh~Mg tholsiite fleld.

~ The cation ternary dlagram _(Fe"’-*f+r=e?'*+T'i)-A1—Mg (Flgure 34), also
demonstrates the very close correlation betwsen 116 tholeiltes from the

Kromberg Formation and the parentel compositun of the Sterkspruit

Intruslon. This diagram also shows the dlsparity between diffe'ant thole[lte
- ypes from the Onverwacht Group.

An examination of the REE In 'thoreiitic bassits from the Kromberg
Formation by Glikson and Jahn (19885), showed them to have similar flat
pattemns to some gabbrola rocks of the Sterksprult Intruslon, As previously
* mentloned, the Marginal Zone and Upper Zone galbirolc rocks display flat
to very slightly LREE-enriched patterns at about 10 to 20x shondritic
abundances, The REE from the Kromberg Formation, aithough reported
by Glikson and Jahn (1988) to have suffered alteration effecis, llkewlse
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The Kromberg Formation conformably overlies the Hooggenoceg
Formation and is developed pradoninantly In the southern portiop of the
Mountain Land, The type sectlon i 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 carled out by Conway
{1985), These lavas were found to range In composition from komatiitic
basalt to tholelitic basalt to andesitic basalt. Whole rock geachemical
~ analyses from this area have been used to campare the compositlons of
tholelltic basalts with gabbroio rocks studied In the Sterksprult Intruston,
Average geochemical analyses from these tholelltes and endesites are
listed In Tablg 14, while & more complete list of analyses is included In
" Appencix A, Table A3, e | |

The thalelltic basalts from the Kromberg Formation have MgO contents
ranging from 2.7 to 9.3%, averaging 5.5%. This compares with the 4.8%
from the Sterkspruit Intrusion chill margin comppsitlon.'The- andesitic
basalts average 3.8% MgO. The SIO, content in the tholeiitic basaits
ranges from 45,5 to 60.0%, averaging 51.5%, while the andesitic hasalts
average 58%, The tholelltes compare favourably with the 52.6% SIO, In
the Sterksprult Intrusion chill margin, TIO, contents average 1.3% In both
tholeiitlc basalts and the Sterksprult intrusion chifl margin, and 1.5% Inthe
andesltio basalts, The lower MgO, and higher Si0, and TIO, contents in -
the andesitic besalts are also a feature of the Quartz Diorite from the
- Bterksprult Intruslon. The Ca/Al ratio in the tholsiitlc baaalia averages
0.48 compared to 0,48 for the Sterkaprult Intrusion chill margin,

“Trace element data from the Kromberg Formation are also similar to the
Sterksprult Intrusion. Unusually low Sr values In tholelitic basalts range
~ fror 86 ta 507 ppm, averaging 142 ppm, compared to 104 ppm from the
chill margin of the Sterkspruit Intrusion. Zr contents averaga 100 ppm for
tholelftes and 224 ppmi for andesites compared to 102 ppm for the chill
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Table 14 : Average whole-rock geochemical data of tholelitic and andesitic
basalts from the Onverwacht Group ' _

Tholellte  Andesite Low-T|  High-T

_ Tholeilte Tholellte

1 2 3 4

% .

8I0, 61,6 68.1 5.6 B
IO, 14 1.5 08 14
AL, 14,2 18,1 164 14.0
FeO 0.6 7.8 8.2 114
Fa,0, 3,0 24 1.8 23
Mo - - 0.2 0.2
) 5.6 3.8 8.7 70
Ca0 7.2 66 108 08

Na,0 28 3.6 2.4 22
K,0 0.8 0.9 086 05
P,0, 02 . 04 - -

lppm -

Fb 18 4 22 10
Clsr 142 80 480 118
\¢ 80 64 18. 34
2t 100 40 . 108
Nb 4 11 o 4
Co - - - “m
I 84 - %4 T8 09 -
Cu ~ - . - -
Zn = o - -
Ba - “ - - =
v - o= - -
or b7 10 - -
Mgt 80 48 & %8

11 Average tholelitls basalt - Kromberg Formation {Conway, 1985)
t Average andesiti basalt - Kromberg Formation (Conway, 1985)

81 Average low-T] tholelitio basat - Tjakastad Subgroup (Smith, 1980) )
: . Average high-T! tholelitia basalt - Tiakestad Subgroup (Smith, 1680)
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7.2 Comparisons with Tholeiltic Basalts from the Onverwacht Group

It hes been established that the gabbroic rocks from the Sterksprult
Intruslon were derlved from a magma which was tholslltic in composition,
It s therefore pertinent that comparisons be made with tholelltic basalts
from the Onverwacht Group volcanics. As has been mentioned In the
~ desoription of the regional geology of the Batbsrion Mountaih Land
~ (Chapter 2), tholelitic basalts are more gormmon in the Upper Mafic-to--
Felsic Unit (Geluk Subgroup) of the Onve_érwaCht sequence jtﬁan in the
~ Lower Ultrariaflc Unit (Tlakastad Subgroup). '-Oomparlsons wilt be made
with tholeiites from both these subgroups, he averaga compositions of
whlch are listed in Table 14 -

Smith -(1930) stuclied -tholeutic'basalts' from the Tjakastad subgro'up and

identified three types, which he belleved to he similar in compositlon to. -

bbnlnites, viz.

1) alow-Ti basalt;. _
2) a high«Ti basalt; and
8) & high-Mg basalt. '

Acecording to Smith (1860) none of these basalt types are related! to each
other, or to low-Mg maflo komatiitic' rocks; by crystal fractionation or
accumulation procasses, o

The tholeiites from the Kromberg and Hooggenoeg Fcrmatidns i the
Geluk Subgroup show sorrie slmilarltles with tholelites from lower In the
‘sequence, but those from the . Kromberg Formetion,  although
mineralogically shmilar to those from the Haoggenceg Formation, have
significant . chemical differences (Viloen and Vijoen, 198gd). These
authars noted that some of the Kromberg Formation rooks contaln more
plagioclase than normal and posslbly represent basaltlc andesites, |
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Table13: Selacted whole-rock geochemical data of komatiitic basalts
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and komatlites front the Nelshoogte Schist Beit

8K8  8K®

“Gampla  8B7  SB10  SBAG  SB A7
komatlitio basal; komatllte
wt % S
i, 518 . 488 . B1E  BL1 | 408 404
o, 04 08 04 0B | 02  ro
ALO, a4 5.1 86 119 | 23 23
FeO 69 - 126 78 8.2 84 07
Fe,0, 1.4 X} 1.8 1.9 1.8 1.9
Mo 0.2 02 o1 0.1 0.3 0.2
Mgo 176 188 134 04 | 822 823 |
GO - 187 122 109 . 84 12 08
Na,O- 0,08 0.28 1.3 1.8 0 0
K0 005 Ot 08 007 | 0 - O
X o3 005  oLs  Bo7 | 003 008
- [RE> 12 18 - 14 1 | 3 2
Isr - 8 11 - 23 48 ] 1 .
\¢ 8 M. 185 - 24 4 5
Zr 17 28 38 57 12 11
INb 4 3 3 B 3 4
Co 64 78 46 48 | 180 137
NI a8z 917 @4l 184 | orez 2618
" lou % 208 B 2 8 164
Zn 121 i3 84 85 | 24 188
Ba & 21 47 8 - -
v 148 244 222 208 78 78
o 3087 60 1263 868 2 1002
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CHAPTER SEVEN |
COMPARISONS WITH VOLCANIC ROCKS FROM THE
ONVERWACHT GROUP

7.1 Comparisons with Volcanic Rocks from the Neishoogte Schist Belt

The geology of the Sterksprult Intrusion has been described earfler in
Chapter 3, as well as Its setting within the southern part of the Nelshoogte
* Sohist Belt, The composition of the surrounding komatiitlc basalts and
* komatiltes are fisted In Table 13 and show no similarity to the gabbrolc
_ suite from the Sterkspruit Intrusion. The komatiitle basalts share some
¢hemlcal affinities with both the Barberton- and Badplaas-type komatiltlc

- _' basalts, as classified by Viljoen and Viljoen (1969::)_ MgO contents range

from 10 to 17%, while SI0, and CaD contents average 50,8 and 12%
raspectively, The komatlites have average MgO valugs of 32%, These
ultramaflc lavas, as expected, have much lower incompatible trace
slement concentrations than the more evolved tholelitic magma that gave
rise to the gabbraic rocks of the Sterksprult intrusion,

The komatlltic basalts and komatiites are compared to the S_terksprult g

“Intruslon parental magma composition on an MCA diagram (Figure 38)
. and on a cation plot (Figure 34), These diagrams demonstrate the
differance in composition - between. the Sterkspruit Infruslon and the'
offusive mafic-to-uliramafic rocks Into which It was ampiaced The bulk

composition of the Stolzburg Complex is alse shown far comparison, The.

close affinity between the perldotitic parental magma composition of this
Complex and the komatiltic rocks is Indicated. "
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pérentage for the marglnal' gabbro and plerke units, which were
subsequently enriched in Mg due to the addition of cumulus olivine.
Those '_rock'é are still, however, much more enriched in Mg than the
- cumulus Lowsr Zone gabbros from the Sterkspruit Intrusion which fall in
the high-Mg tholelitic fleld, as opposed to the komatiitic basalt field for the

insizwa rocks,
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into the fleld for tholeiiic series. The ferrogabbro compares most

- favourably with the Sterksprult chill margin {parental magma) composition
- (Table 12), while the quartz gabbro and gabbro have much hlgher AlLO,
- (18.7%) compared to t:e 13.6% for Sterkspruit.

- Gabbrolc rocks from the Uitkomst Complex are clearly different to those:
“from the Sterkspruit Intrusion, in that they are alkaline in cempositien as
compered to the subalkaline nature of the Sterkspruit gabbroic suite.
Table 12, which lists typical gabbro compositions from the Uitkomst
| Complex, shows the high Na,0 and K0 contents, and relatively low-SiO, -
of these rocks. On botiy the MCA and cation diagrams (Figures 31 and

82), the samples from the Uitkomst Gomplex dlsplay a wide scatter of
points and do not fall Into any one fleld. This large variation in
composition, which makes direct cempaneons between the intrusions N

- diffi cult is cenﬂrmed ih Table 12

- Sharpe (1981) etudlec_i the c;he'misl:ry'r of pre-Bushveld_ sills which intruded
Into the Transvaal Supergroup in eastern -Mpumaianga. He described

these sills as gabbros, norltes and pyroxenite_e',' posseeeing tholelitic |
~ affinities, The average MgO contents in these sllls is 8,7%,; higher than in
the gabbros from the Sterkspruit Intrusion, On an AFM diagram,_th'eee
sills lack the pronounced Fe-enrichment trend - displayed by the

Sterkspruit rocks, Average SI0, values are 68,0%, with Al;0; and CaQ

contents of 12,9 and 8.0% respectlve!y

The Insiiwa Complex s included fo demonstrate the clear difference in

* composition between this Karoo age intrusion, associated with continental

flood basaits (Lightfoot and Naldrelt, 1984), and the much older
Precambrian bodies In general or both the MCA and catioti diagrems
the Insizwa gabbros and pfcr‘ltee pIet towards the Mg apex indicating thelr
high MgO contents, L}ghtfeet and Naldrstt (1984) argued for a low-Mg
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Significant distinctlons in frace element contents are 4 better refiection of
the différences In the chemistry of these two intrusions. incomipatible
elements such as Zr and Y are 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
infrusions d|splay flat, chondrlte normalised patterns with no REE

fractionation. The Stolzburg gabbros have average (La/Tb), = 0.9 (Rodei, - -

1993} similar to the Central an_d Upper Zeones of Sterkspruit, but REE
) abundances ar_é much lower, varying between 3 - 1ux  chondritic
abundances (10 - 40x chondrltic in the Sterksprult body).

From the above descriptions, gabbroic rocks oceurring in the uppar'

- divisions of the Stolzburg Complex (Anhaeusser, 1985; Rodet, 1993) are

dlfficult to mterpret and are not readily oomparable with the Sterkspruit
gabbros; The fundamentai drﬁerenoa hetwesn the Sterkspruit and
_Stolzburg Intruslons is that the gaL\bros from the upper parts of the
Stolzburg bady are essehtially late-stage dtfferentiatlon products of an
 ultramafic layered complex, with a parental komatiitic composltlun
' (Anhaeu‘ssér,_1985), while the Sterkspruit gabbroic rocks were darived

from an evolived thaleiltic magma. ' o '

" The average quaﬁz gabbro, farrogabbro and gabbro from the Usushwéna .
gabbroic sujte are plotted on both the MCA and caticn diagrams {Figures
81 and 32), In contrast to Stolzburg, these gabbrolc rocks show a close

affinlty, on the MCA diagrsm, © ° e Sterksprult Intrusion parental =

- magma composition, On the catiat .. however, the quartz gabbrb and
gabbro fall in the calc-alkaline fleldt while the ferrogabbro fails In the -
high-Fe tholeiite field. This calc-alkaline composition of the quartz gabbro
* and gabbro from Usushwana is a feature also shown on the AFM diagram

(Figure 10). The mejority of the chemical, '-Fe-en'richment trend, falls inthe . -

calc-alkaline fiel_d with only the férrogabbro ekte‘_ndlng across the divide
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Table 12 : Selected whole-rock analyses of gabbroic rocks from the

Stolzburg, Usushwana and Uitkomst Complexes

3

- Gabbro from Uitkomst Gomplex (Allen, 1900)

1 2 4 3 ) 7 B
DH14B OH22  DH85 |Qlz.gab Fer Gab Gabbro | Gabbro - Gabbro
et % _ ' '

s10, 543 648 849 | 535 B4 BI6 | 448 619

o, . 6a 07 07 | 04 18 D2 [ 1D 17

ALO, 126 122 183 | 172 189 1a7 | &6 151 '

FeO 89. 101 &8 | 76 12 65 [ - -
. |Fey0, 00 00 00 | 14 38 12 | 228 i

MO 007 01 04 - - = |02 02

Mgo 114 &7 59 | 43 84 - 54 [ M1 81

cag 186 87 79 |08 81 128 78 &5

Na,& 27 8 57. | a7 84 24 | 22 49

K0 02 02 81 ) oB 68 0G83 } 10 08

P,0, 0.03 008 005 - - - 01 02

ppm _ _ :
~ Irb <0 <10 <10 - - 4 25

St 237 116 142 - - - {111 384

\ <0 18 40 - - - | 24 21
- r 24 54 30 - - - Mo 408

Nb 6 =0 <10 - - - 17 8

Co a8 47 - 88 [ - - = | 24
S 261 87 66 - - - | 6608 105
" lou 13 86 11 - - - | 8381 239

Zn 27 B2 2w | - - - 72 . 78

Ba 207 79 34 - - - - -

\i 204 284 7 | - - - - -
ler 628 434 6D - - - - -
DH14B - - Aliered gabbro, Stolzburg Cr  lex (Rodel; 1993)

DHz22 - ‘Altered gabbro, Stolziurg Ctaplex (Radel, 1968)
DH8s - Altared gabbro, Stolzburg Cotnplex {(Rodel, 1993)
Qfz. Gab, - Av, quartz-gabbro from Usushwana Complex {(Hammerbeck, 1 982} _
Fer, Gab, - Av, ferro-gatbro from Usushwana Complex (Hammerbeck, 1982)
Qiz, Gab, - Av, gabbro from Usushwana Complex (Hammerbeck, 1982)
Ges/zo ~ Gabbro from Utkemst Compiex (Allen, 1880)

. B43M2
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7. The Quariz Diorite, comprising abundant quartz, plagiociase,
carbonate, chlorite and epldoie. has very high Si0, (60.6% ) and fow MgO
{1.4%). This unit could have been the iecidue which formed at the
Infarface between advancing crystallisatlon fr-its from the base anhd roof
of the cooling magma chamber, '

8. The Sterksprult lntrusion has an Interpreted younging direction from
north to south, which corresponda to that observed in the adjacent

Stolzburg Complex. This has 1mplicatlons for the reglonal strueture of the

Neishoogte Schist Bait.

9, The Sterksprult Intrusion, with its evalved, quartz-hofmative,- tholelltle
composition, is consldered unlque In the lower or Tjakastad succession of -

- the Onverwacht Group of the Barberton Sequsnce when compared to the
“more usual ultramafic layered combplaxes, This gabbrolo intruslon has
chemical similarities with the maﬂc-to-ultramaﬂo voloanilo racks into wh.

it was intruded, nor with the komatiitic bulk composition of the Stoizburg
~ Complex, which is Iocated adjacent and subparaliel to the Sterkspruit -
" body,

10. The gabbraic compasition of the Sterksprult Intrusion has chemical
similarles with tholelitic and andesitic basalts from the Kromberg
- Formation of the Geluk Subgroup, as well as with some high-Ti tholeiltes
frtm the Hooggenoeg Formation, This intrusion could, therefore, have

~ orighiated as a subvolcanic magma chamber and now represents 8

hypabyssal equivalent of assoclated tholsiitic besalts found
stratigraphically higher up In the Onverwacht Group,

.
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4. The major mineral phases observed within the gabbro[c rocks are
albitic plagloclase, pyroxene, actlnolite!hornblende, guattz, . chlorite,
epldote and (eucoxens, Alteration, in the form of saussuritisation and
albitisation of plagioclase and ural_ttlé-atlbn of pyroxene, is especially
prevalent in the Marglngl and Lower Zonss, Abundant carbonate
alteration is found in the Quartz Diorite. This alteration cen be ascribed to
early sea-floor metamorphism which was subsequently superirrposed by
~ reglonal, burlal metamorphism, resultlng in the present greenschist
matamorphlc grade.

5 A _fin_e-grai_ned- ohill margin to the gabbro was observed at two localities

on the northern contaat of the body and provided what Is considered ‘o be

a pa ntal magma composition. This magma is quite _évolvad with

' tefatively high sfoa (52,6 %), low MgO (4.8 %) and &n Mg# of 42, A

quartz-normative magma Is indicated by the ‘abundance of primary and
Interstitial quartz found throughout the gabbro body.

6, Majo‘r- and trace element vartatlons with helght across the intruslon are
typical of a layered siil with cumulate mineral phases forming In the iower
portions of the body.- MgQ Increases and incompatible trace element
contents decrease upwards o the top of the cumulate Lower Zone,

followed by a decrease In MgQ and an increase In Incompatible trace -

alements towards the Quartz Dicrite at the centre of the Intrusion, This
trénd of decreasing MgQ and increasing incompatible trace elements ls
also observed from the roof of the chamber (Upper ZOne) downwards
towards the Quartz Diorite, -
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CHAPTER NINE
CONCLUSIONS

1. The Sterkepruit Intrusion, which comprises mostly gabbi?oic rocks of
 subalkaline, tholeiltlc affinity, intruded komatiltic basalts and komatites of
the Tlakastad Subgroup of the Lower Onverwacht Group In the Barberton
- gresnstone belt, It Is argued that this slll-like Intrusion is of early Archaean
age and, along with the surrounding Nelshoagte Schist Belt, was Intruded |
by granltlc racks forming the Nelshoogte and Kaap Valley Plutons, These
granitic plutons were empiacad 8.2Ga ago- (Oosthuyzen, 1970' Kamo and
Davis, 1991) '

2. The length of the Intruslon Is approximately 8 km and averages 500 m
In width. It has a concordant relationship with the. surrounding mafic and
uiframafic voleanic _' rocks, further a’xempuffed by subperallel rhythmic |
layering, shear foliation and thin dliational veins. The thythmic layering,
along with felsio stringers; are well devalbped in parts of the Lower Zone
and dlp steeply to the north, - :

B, The S_térkspruit Irtiusion haé besn subdivided into & Marginal Zone

containing a chill margin, a Lower Zone comprising cumulste plagioclase

‘and pyroxene, a Central Zone which is characterlsed by & high-T|
ferrogabbro, and an Upper Zone mude up of & quartz-rich gabbro, A
Quartz Dlorite unit, interpreted to be a late diffsrentiate or residual melt, - :
‘was Identifled along Traverse 1 between the Central and Upper Zones,

- Compositional variations In the gabbroio sulte were found to be vonslatent -

- with fractionation of cllnopyroxene, orthapyroxene and plagioclase,
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the Kromberg Formation of the Geluk Subgroup, By anelegy, the Intrusion
may have represented a high level magma chamber that acted as a
feader zone for tholelitlc lavas developed higher up In the greenstene
- seqguence, -

Passible probliems refating the Sterkspruit intrusion to tholsiltes from the
Kromberg Formation Include the large distance (~40 km) between the
intrusion and the type section of this Formation further to the east,
~ Howaver, It Is feasible to assume that similar volcanic sequiences may
- have existed at higher stratigraphic laveis In the N_el_sheegte area and that
-~ these higher units were remaved by erosion or by structural _Infl'uences. '

The Isctopic age of the Sterksprult Intrusion needs to be determined to -
guantlfy Its relationship with associated tholelitls volcanics and to confirm
the finclings _e_ut[ined above, This may present problems dus to the high
g degree of alteration in the rocks and the superimposed greenschist facies
metamorphism, as well as the scarcity of zircons or other mineral
. assemblegee useful In geochronologleal studles,
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a central gabbroic portion with lower MgO contents, In the range of & -
8%. This settinn for the'Sterkspruit intrusion 1s rejected dus to the great
width of the Infrusion relative to the iriteriayer‘ed'komatiitfc basalts and
komatiite flows, and also because of the clear chili margin observed along
the northern contact of the body., |

The Sterksprult Intrusion has been compared With_ the gabbraic portions of
~ some Iayefed complexes In eastern Mpumalanga Province, Similarities
have also been found with thelailtic Intrusions from other parts of the
world. The geological zonation and geochemlcal variation across the
_ Sterkspruit body are consistent with those observed in other complexes
such as the Skaergaard Intfuslon, Mt Kilkenny sl and Usushwana
Complex, The Sterksprult Intrusion is, however, unique In Its setting in the
 Lower Onverwacht Group when compared with the layered ultramafic
complexes. The parentai magma to the Sterkspruit gabbrole suite has an.
- evolved, quartz normative, tholeiltle éompdsitton. n 'addi'tloh. guartz forms
a high proportion of the minaral assemblage throughout the gabbro and
. diorlte, & feature not commonly cbserved in mafle racks from the
Barberton gresnstone sequence,

Bearing In mind all the arguments for the origin of the Sterksprult
Intrusion, the writers preferred model suggests that the magma wes
empiaced as & sl into the mafic-to-uitramafic lavas of the Tiakastad

Subgraup. The subverticel layering In ths Lower Zone and the =

geacharmical varlation hareln recorded constrains the age of the intrusion
to pre-reglonial deformation of the Nelshoogte Schist Belt, 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 .

Usushwana, Uitkamst “ghd pre-Bushveld sIHs.. The gabbros have,
- however, geochamlcal affinities with tholelltie and andasitir.s basaits from :



144

Upper Zone quartz gabbros are comprised of acloular grains of green
pleochrole amphibole, quartz and epidotised albitic plaglociase.

It has been established that extrusive equivalents to Intrusive layered
t:ompiexes are common, As examples from the Lawer Onverwacht Group,
Anhasusser {1985) and Rodel (1998) correlated the 'Stolzbﬂrg‘_Gomplex

with the surrounding komatiitic laves. Viljoen and Viljoen (1870) showed

similarltles between their Geluk-type komatiitic basalts and the bulk
composition of the Canal differentlated body. These authars also found an

association between thelr Badplaas-type kamatiitic basalts and the mafic B

. portions of the Ship' Hill Intrusion, By analogy, the Sterksprult Intrusion

parental magma composition (taken from the chill margin) should also

' show similarities wlth extrusive rocks

'Th'e evolved uartz-normative thdleii.tic- “magma odmpusltlon_ from

Sterksprult bears no resemblance to the maflc-to-ultramaflc lavas of the.
‘Nelshoogte Schist Belt, Therefore, the second option for the origin of the

Intrusion, mentioned above, Is dispelled, This leaves option fhree above
s being the most feasible, whereby the magma Intruded into older
greenstone volcariics of the Tlakastad Subgroup (Lower Onverwacht

Group) prior to the completion of the Onverwacht Group voleanism, The |

 effinlty between the Sterkspruit magma composition &nd evolvad tholslitic
basalt from the Geluk Subgroup (Upper Onverwacht Group), points to

- elther & common tholelitlc magma source or a hypabysgsal lntrusion acting o

as & feader to the extrusive rocks.

 Possibliity four abown, follows deas proposed by Cattell and Taylor

(1880) for sume gabbrolc sultes In Precambrian terrains, These authors

describad the lower parts of basaltic komatiic flows having cumulate - -
textures whilst the upper, spinffex-textured zones represent orystallisation-

downward from the flow tops, They also described thicker flows as having
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Lastly, the geochemical varlation across the body points to a slli-like
magma chamber that was fllled during a single event, or at the most, two
intrusive pulses. The mejor oxides and trace slements deplict a trend of
crystallisation from the base of the chamber upwards and from the roof

downwards, converging at the Quertz Diorite layer. The Lower Zone

contains high Mg and NI contents. and low concentrations of [ncompatible
~ elements, typical of & cumulate-formed gabbra. The cumutate textures are
_only located within the northem part of the body, thus supporting the:
contention that this margln of the Intruslon forms the base of & sill

" The factors mentioned ‘whove argue strongly for & sill- llke mtrusive origin,
If this ls the case, then the steeply dipping’ attitude of rhythmic layers in
th_e_ 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 hes Its base in
the north, It is therefore postulated that the 'Sterksprui't Intrusion was
- emplaced into the komatiitic lavas prior to the raglonal deformaton that
affected the Barberton sequence following the granite intrusion phase,
This body then underwent regional deformation elong._wlth the racks

- forming the Nelshoogte Schist Bejt and was rotated to a subvertical

attitude. The present erosional surface, therefore, represents 8 oross
“saction across the width of the body.

Furthe‘r avidence for an older, Archaean age for the Sterkspruit Intrusion
comes from the deuterically altered and  metamorphosed mineral
- assemblages, which match those observed in the surrounding
Onverwacht lavas and the Stolzburg Complex. The reglonal greenschist
facies metamorphism that the Lower Zone gabbros have undergone Is
shown by the products of 'saussuritisationi_ fibrous  urallie,
actinolite/tremolite, apldote, zolsite, chlorite and alblte, Higher up, the
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1988), Nelther thie layering model for the Binneringle Dyke nor the
Vandfaldsdalen Macrodyke, are consistent with the Starkspruit Intrusion,
In the first instance, layering would be expscted along both margins, but
In the Sterkepruit body, fayering only occurs In the Lower Zone. In the
second 'case, if layering formed horizontally in the magma 6hamber, then
an explanation for its rotation to & subvertical attitude would be needed.

The second feature pointing towards a slil-like orlgin s the aftitude of _the -

layering, internal shear _structures, veining  and the margins of-tha'

intrusion, which are all subparalle! to the reglonal strike direction in the |

southern portion of the Nelshoogte Schist Belt. The cancordant attitude of

this intrusion corresponds more to a slll than & dyke, in addition, the

 Sterkspruit intruslon Is subparaliel to the Stolzburg Complex, whioh has &
~ younging (facing) direction to the south,

Thirdly, the Sterkspruit Intrusion coritains at least four gabbrolc rack types
~which form a heterogensous zonation acruss the body and also display
an Interpreted younging direction to the south, The Merginal and Lower

Zones, forming the northern portlon, consist of cumulate textured and -

 layered gabbros, The Upper Zone In the south conslsts of & subophltio,

quartz-rich gsbbro with chanicteristic coarse, acloular, green émph'lboles. |

The Central Zone gabbros are Thrich and could elther be & separate
magma puise, or crystalllsed Ti-rch minerals late In the fractionation
histery of the caoling magma, A late stage diffarentiate, termed the Quartz

Diorite zbne‘:_, ocours between the Central and Upper Zones, approximately

two thirds of the way up the intruslon. In & dyke-like intrusion, & certain

amount of petrological homogsnalty, from both borders towards: the .

centre, would bs expected, This Is not the case across the' Sterkspruit
body. - y _ .
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separated from thls body by less than 100m. Bscause of these
differences, a number of options for the emplacement of the Sterkspruit
magme body can be considered, viz '

1) the Intrusion represents & youriger, Proterozorc dyke or sil whjch
pest-dated the grarute plutonic phase and regiona] deformation;

'2) it was emplaced as & hypabyssal equivalent of assoclated
kemetiltic and tholelitic besalts, '

3) It was e‘mplaced as & high laval intrusion into older greens_tone- E
' chanl‘33| and is uhrelatec’ 2 these voleenies; or

4) the gabbroic body could represent the centre of & very thick komathtlc
' beselt lava flow, :

The fe'l_lewin_g' discussion evaluates sach of thiese possible models n the . .

light of the geologleal and geachemical ev_'i'dence._ -

With reference fo the attitude of the body {dyke-like or sillike), several
features of the Sterksprult Intrusion suggest that it was emplaced as a slil
Firstly, steop, northerly dipplng, felslc stiingers and _rh?thmic layaring In -
‘the Lower Zone are construed as denslty-sorted layers formed by a8
combination of gravlty setting of pyroxene and plagioclase cumulates,
In-situ crysteflisation and magmatic flow. Magmatic layers could aiso have
been produced paralle! to the margins.of a dyke, or within Its Interior, The_
Binneringle Dyke in Western Australla shows vertical magmatic layering
- near to both nargins, which McCall and Peers (1971) assumed to reflect
the attitude of the maln dyke. The core of this cyke is mostly massive and
coarsely crystallised. In contrast, the Vandfsldsdalen Macrodyke in the -
Skaergaard reglon contalns a central serles of differentiated and
~ subhorizontally layered gabb_res in the interlor of the dyke (White e &/, -
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CHAPTER EIGHT
DISCUSSION

In the_pre.vious chapters the geology and petrography of the Sterkspruit
intruslon were described, and the Intrusion classified geochemicalily.
These descriptions and dlassifications have led to a characterisation of
the intrusion and have shown the body to be distinct from most Intrusive
ig_né_o_us rocks in the Barberton Mountain Lend, -

Layered ulitramafic complexes are widespread in the Onverwacht Group, o

particularly the lower Tjakastad Subgroup, of the Archasan Barberton
~ greenstone sequence. These complexes, of which the Stolzburg Complex
Is ‘& typical example, comprise dunites, orthepyroxeriites and harzburgites
in thelr lower portllons', with subordinate websterites, gabbros and
anorthosites oceurring highet In the body, In general, they are best
developed along the north-western flank of the g're'enstone belt. The bulk
composition of most of these complexes is peridotitic, \é'ery simflar to the
composition of the kematiitic extrusives found I the Onverwacht Group
(Viljoen and Viljoen, 1970; Anhasusser, 1985), The Iay'ered intrusions are
- thought to be comagmatic with these ultramafic volcanics. Gabbroic rocks,
‘located In the upper portlans of some complexes, are perceived fo be
fractionated residual liquids. " B

In contrast, the Sterksprult 'lntrusionz. contains no ultramafic mmbdneht,_ |

being comprised entirely of gabbroic and dioritic rock types. This featire
s consideted unusual because of its emplacement into maficto- -

ultramafic lavas of the Lower Ultramafic Unit of the Onverwacht Group. In
addiltion, t lies in very close proximity. to the Stolzburg Complex, which |
“has a perldotitl bulk composition {Anhaeusser, 1985), in places -
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Figure 35:  Bivarlate diagrams of major oxides and trace alemants ploited against
~ {a) MgO and {b} Zr, comparing gabbros from the sterksprult Intrusion
with tholeiitic basalts from the Onverwacht Grolip. ' _
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‘have abundances of between 12 and 20x chondritic. These authors also
showed that the composition of the tholsiites from the Geluk Subgroup -
differs from those of the tholentas from the Lower Ultramafic Unit
(T‘akastad Subgroup).

In-addition, Glikson and Jahn (1985) reported magnesium numbers (Mg#)
to be lower (49 - B4} in the Kromberg Formation tholeiltes compared to
valuas of 87 in the underlying Hooggenoeg Formation and 56 - 61 in the
Komatl Formetion. These low valuas in the Kromberg Formation were
confirmed by Conway (1985) who reported avarage Mg# of 50 for thofelltic
~basaits and 46 for andasitic basalts, The low Mg#- values in the K_'ro_mberg _
'Formaticn correspond closely with the vaiues from the Sterkspruit
Intrusion chifl margin-and calculated bulk composition, Hera values of 42 .
and 48 respectwe!y. were calcul:..ted

Major o_xide and trace slement variations in both the gabbrolc rocks _fi‘om
~the Sterksprult Intrusion and the tholsiites from the Onverwasht: Group,
are depicted on blvariate dlagrams (Figure 35). Plots with MgO and Zr on
the x-axis, demonstrate the geochemical overlap between the gabbroic
suite and the tholelltic basalts from the Kromberg -Formation, The
andesitic basalts from this Formation corsistently plot on the more
evalved end of the tholelitic trend; and corruspond to the position of the
Quartz Dicrite from the Sterksprult infrusion, The tholelites from the
Tjakastad Subgroup (Smith, 1980), fall In a separate field et the high-Mg,
{low-Zr) end of the individua) trends, and stow no affinity with the parental
magima composition of the Sterkspruit Intruslon. Even though these
tholeiltes differ chemically, they all have similar tectonlc seftings to the
Sterkspruit intrusion, According to the Pearce and Cann (1973)_
classification of Ti-Zr-Y, they fall into the oceanic basalt field asslgned to
- MORB, Is!and—arc tholelltes and calo-alkaline basalits,
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14,  Incompatible trace element patterns piotted on multi-element

diagrams are consistent with the Sterkspfuit Intrusion having an oceanic
| ialand éSsociatiOn. Discrimination diagrams suggest that the gabbroic
sulte dispiays an afflliation with plate margin, ocean-floor basalts,

12. The determination of isotope signatures and the use of & dating
technique for gabbroic rocks from the Sterkspruit Intrusion are deemed
- necessary to equivocally compare this body with volcanic rocks from the
surounding Onverwacht Group and to resolve the age of emplacement of-
the Intrusion, '

48, -The“éterkspruit Intrusion and southern portion of the Nelshoogte' !
~ Schist Belt were intruded by a set of northwest trending diabage dykes,
termed the Sterkspruit Mafic Dyke Swarm. These dykes which are older
than the Godwan Formation end Transvaal Supergroup, show strong
Intra-dyke chemical variation and ¢an be. subdivided into four groups: The .
“dykes have a calc-alkaline afﬂnity - :
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ABSTRACT

The propoged study investigated the underxstanding and ideas of
the subjected students regarding 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 plcetures of motions in
resl 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 belonged to the disadvantaged class
at their matriculation in terms of facilities like equipped
laboratory, books, jualified staff, etc. Data was obtained
through diagnostic tests and explorative interviews. The
dnterviews ended into elx case studies, which gave much
information regarding the confusiona, misconceptions and
alternative concepts held by studeuts. Ag a lecturer of the
students, it was possible through ‘action research’ to look
into the depth of the difficulties of studente while clearing
some migconceptlons with them, carried over from thelr
previous schooling. The work has been an attemr* to filter
out the misconceptions, the confusgiong and the Jficultieg in
the areas of pictures, vectors and graphs of L .+ real motlons.

The findings of this research revealed that the students do
have difficulties in sketching and interpreting graphs,
drawlng vectors and understanding pictures of real *ife.
motions, The definitions learnt by rote were not understood

' conceptually., BEnough practlical examplea, practice on vector
drawings, sketching graphs of real life wmotion etc, aB toolg
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 confusion due to lack of relevant practice
particularly when mathematical processes are used in Physica.
In perspective of the previous researches elsewhere (U.8.A.,
Burope, Zimbabwe and Botowana) the educational implications
appear to be of global importance. '
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fable A5 : Chondrite normalised daty used in the Jalgulation of splder
diagrams from Thompsen (1982) and Hawkesworth et al.

{1984)

Elament " Chendrite
. ' ppm
Ba . 3l 3.85
Rb 0.35
Th 004
K ' 120
N - | 0.35
Ta 002
B 0,33
ce . 0.87 .
s 118 -
Nd 068

P . 48
sm 62
I 884
Ht 02
T ' 620
Th 005
Y . 2
™ 0.03
Yo | . 022




Table Ad : Average Rare Earth Element Abundances in C1 Chondritic
Meteorites (Evensen et al., 1978}

“Element Chondrite
PP
La : 0.24
Ca 0.64
Pr . R
Nd | oar
Sm | 045
Eu 0.06
Gd 62
T 004
oy 0,25
“Ho 0.0

Er’ ' 047
™| 00
Yo o | 047
Ly 0,03
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collection into a consistent relstionehip. It is emphasiszed that
framing research questions expliclbly and seeking relavant data
deliberately enzble and empower intultion.

Erikeon outlines 5 inadequate evidence issues at the stage of data amalysis
in the absence of deliberative spproach. They are:

- Inadeouate amount of evidence. The reseavcher has too litble evidence
to warrant certain key assertions, :

- Inadeouate variety din jcind of evidence: The researcher faila to have
evidence across a range of different kinds of sources (for example,
direct cheervation, int:améwing, gite documente et cetera) to warrant

 key asserticons through triangulation, : :

- Mm@m&a@mﬁ.ﬂﬁm

ance,  The xesearcher lacks data that

e

It ie further advocated that the researcher wust develop a collaborative
relationship with focal informants. The researcher can expect that informants
wlll test the assurances of confidentlality, non-judgmental perspactive and
. other ethicsl consideratlrne that were negotiated by the researcher.

For vecoxding the informwation, Exickson (1983} prefers tape recording in
Fieldwork research, This imevation has distinctive stwengths and
Limitations, The styengths are given as: _
- Cepagity for completenesy of anslvmls, Because of .  uiimited
oppoxttmity for rev:l.s:.tmg the recorded instance by play.ung L8,

_ygj,ﬁ_c_a;_im,._ Becauge t:he instanca can be replayed, the obaaarver ha.a
oppartun.ity for weliberation,

uceg  the Klenc s _ohe on freq.lent.ly ocouETing
gvents ag the. best source of data. 'Ihrcmgh this, rave events too, can
ke scudied quite thoxoughly. '

The two possible limitations in the use of wachine records as a primary data
gource, according to Erickson (1983), are '
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Science” and “children’s Science®. Each of these sciences differs from the
~other and the intexaction between 'chilaren's sclence’ and the cther three
selences detaymines how concepts are lesxmied in a classwoom. In conclusion
they pointed out that the curwicula should be designed so that parallels can
be drawn between children’s sclence and conceptions cthat have historically
been Scientist’s Science, This, in conjunction with a conceptual presentaticn
that is sequentially logical, would help recduce the number of conceptual
problems that puplls have with motion,

© Mackay (1993) irvestigated with gome high school puplle in Botswana the idea
 of speed and acceleraticn. In the light of his findings regarding the
- migconceptions he forwarded the following suggestions for teachers:

Make mure that pupils wderstand and ars able to use the definitions

_ frem a conceptual point of view.

* Make sura that puplls do graghical interpretatlons,

* Insist on the use of definitions when solving motion problems, rather

' than algerithmic use of the kinematics equations at least for a
significent period of time.

*  Regulawly involve pupils in classroom discussions that relate the

- reallty of the motion to the graphical abgtract.

ok Try as far am possible to use graphs that raali.stically represent
motion.

% Conduct sufficient experiments.

* - Perdodically test the pupils with carsfully t:hwght out teste that
Identify particular misconceptions and analyze these tests, s0 chat a
coneaptual profile of sach pupll is kept:.

1.4.3 Data Gollection

In reviewing the major themss snd issues in data collection, Erickson (1963)

points out that the approach to data collection should be:

- ag intuitive or &g radically Inductive as possible, _

- to make the process as deliberative as possible. Frow the point of
view of a more deliberative conception of fieldwork, hewever, the
central issue of t e mathod is to kring the vese - question and data
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‘Mackay (1993) investigated high echool pupils ideas of speed and acceleration,
with students of a high scheol in Botswana. His students were aged between
13 and 17 yoas who had studied Sclence from standard 6 to standard 10, Of
hig seven diffevent tasks, task five was related to graphs. It tested
students’ abilitles to interpret graphs and their understanding of graphs in
_ multiple-choice mets of cuestions. The test was aimed at spaed/time and

" -genexal wmotion {rate of change) . Mackay (1993) sees the problems of speed and

acceleration to be the developed problems of 'vats of change, =

' In his action resemrch approach, he spent almost three years with the same
students and his instruments were questiomraires and interviews. Mackay’s
: (1993) fzndings highlighl:ed the following pointg: '

) ] Land speed, He found that st:udent:a find-

it diffiault ko correlate physical raalit:y wil:.h graphic represantation.

, skwes zed_alx sratd Here he mentioned that
_pupila* c:onception-a of khe relationship hetween physical reality and
graph of motlon needs further reseavch.
The weaning «f the slope of the speed/ time greph ls confused.
'I‘here arve caomept:ual problems with rate of wsnge,

gde g of speed and accelevation as rate of change.

®* ® % ¥

Graph and maalit:y.

1.4.2  Atemative Conceptions

Hewson (1981) studied how to address the ewdsting misconueptions: In oxder
for conceptual change to ccoux, the leammer wust first be faced with a
gituation whexe there is a certain amount of diseatisfaction with the exieting
conception. Once this happens conceptual capture can ccour, eince the lesrner

will be sble to make sense out of new information., This weans that an

exigting conception must be exchanged for a more elegant conception, For this
to ocour, Hewson suggests that the new conceptlon has to have certaln
pa:cperl::l.es that is to zay, 1t must be :Lntell:.q:l.b @, plavsible and frultful.

Gilpert and zylberszi:ajan (1985) outlined a conceptual Eramework for Selence
Bdueation, They locked particularly st the case of force and motion and the
difference between "Scientist's Sclence", 'Curriculer Science', “teachers’
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Work done by Avong {1981}, in review of students’ difficult‘.ies in introduatory

Fhysics cowrse reveals that: :

&, The students get confused with the ldea of inatanta.necus velocity.
Tnly iz bacsuse thay regard "instant" as referring to a short, but
finite time intexval and do not form the concept Minstantaneous
position’ hefore they are asked te cope with the concept "instantsneous

; valocliy".

b, Another diEfloulty mentioned by Avena i the int:uitive ccn'xfusion

between velocity and acceleration., This is especially gvident when

- students deal with objects thet are instantanecusly at rest, for

example a projectile at the highest point of its trajectory, o the
extyeme points of a pendulum swing.

Schultz et al, (1988) investigated students’ problems with grepbical
representations of linesr wmotion. They teck 25 students in the seventh and
gighth grades, They used Piaget:'s clinical interview method, uming. sei:a thaL _

- included problemy which called for graphica:l interpratation, Problems were
~ designed to give information on possible misconceptiona ddencified fmm
previcus work with the students of the same age and older {(Clement, .985),

fore generally to assess the subject’s understanding of graphs and skills in

graphing,

Schultz et al. (1986) found that the students could intexpret and produce
graphs in simple straight forwaxd situations. 'They also found evidence of
some suspected misconceptiom and of swme that wers not anticipat:ed‘ Fox
exanple- :

a. gm:_ag_a_gigm There ig tendency among subjeeta ko view graph.s 28
© pletures rather than as synbolic vepresentations, .

b,  Greph ymst gkevt At gexo. An unenticipated result that appeared ina
sizable minowity of graphs produced by students is the appavent bellef
that graphs must begin (and in some cases also end) on the horizontal
axis. This is not merely the result of hebit or carelessness.

- Kuiper (1988) of the Universlty of Zimbalwe, found a similay {as Bchult:z et
al. 1986) vexrlety of misconcepticns among the school children ok Zimoalwe a9
* cthers found in Burepe and America, in mechsnical temms.
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were emxolled in a loboratory-based preparatory Physice course, They examined
two categories of difficulties: :

1) difficulby in comecting grephs to physical reality end,
1) ddEficulty in connecting graphs to the xeal world,

It wag found that the students had a falrly good command over kinematical
sencepts which do not involve graphs., The students’ inability to interpret
 grephe was the yeal problem. 'Ihey mntioned the following areas of students’

_ dif.ficulties :

Interpretation

a, Discriminating between glope and helght of g graph It was found
that fxrom a graph ¢f wposition (dlatance vexsus time in & Liness
motlon}, students do not know whether to extract the desired
information from the slope or the height of the graph.

b Interpreting changes in height and changes in elope.

¢ - Relating ons type of graph to snothex, |

4. Matching narrative information with ralevant featuves of a graph.

&.  Intsrpreting the area under a greph,

Connecting & g~uph to the real world.

a.  Representing a contimicus motion by a conuimcous line.

b.  Separating the shape of a graph frem the path of the motdon..
e, Repregenting a negative velocity on a V versus t graph.

d.  Reprasenting constant acceleration on a V versus t graph.

¢.  Distingulshing smong different types of wotion grephs,

MeDexmott et al. (1987), suggested that the most important agpect of graphing

1z practice ga:l.né.d in gelecting the appropriate feature of & graph to thtain
the informasion required. In conclusion they enphasize on the gruphing
ability (to draw and to interpret) to be onhe of the most Jportant tools in
 leaming Physics. '



during my teaching period in four cotmtries, namely: India, Nigeria,
Lesothe and iy the Nerthern Province of South Africa. Students seem to
 hold either (1) confusion in understanding concepts (for example: what i

a graph, what are its axes, why does the graph point upmards or downwards) f
or (2) real problems with the concepts and how those relate to graphs whah
e;q:las.ning motion,

The investigatim thue aimes at _stablishing students’ Aifficulties, and
posgible misconceptions of terms uged in motdion. '

1.3 RESEARCH QUESTION

What are students ideas about the velationshipe between plotorial, graphical
and vector represencations of velocity and speed with zespect to time and
 position in mome real life examples of motion? |

1.4 ]‘.EE‘I'ERA’I‘URE REVIIEW
1.4.1 Research on Motion and Grephs of Moticn

Plaget (1970), found that at the age of 11 years children are able to reason
and can undergtend motion. A similar conclusion was derived by Ravem (1972)
‘when he conducted his vesearch on 96 children from grade 3 to 6,

 Trowbridge and McDermott (1980); found that first year college students in
North America have problems in understanding position and velecity in
different stages of notion. It was concluded that conceptual problems ave
tostly responsible in understanding the problem., Trowbradge and McDexwott
(1981) further investigated the concept of acteleration in one dimengion, The
main tlrust of the study was on the qualitat:l.va understanding of acceleration
as the ratio V/t. They ilnvestigated how students of the different
populations compared accelerations for two similtansous motions, Fallure to
nake proper compardson was dus to conceptusl diffiouities regarding velouity
and acceleration. McDexmott et al. (1987) researched students! difficulties
in commecting orephs and FPhysice in America, BExamples were taken from
kinematies, The population chosen was several hundred university students who



the slope and beight of a graph, position versus time and velccity versus
time graphs, area under the graph and connecting graphs to the real world.
Schultz, Clement and Mokros (1986) investigated ‘adolescents' Graphing
Skills '. 2Among their Findings were slope and height confusion, graph as a

o picture and greph mist start from zero. Awons (1981) studied thinking,

" reasoning and understanding in an introductory physics couvse among the
students in the USA and found a lack of conceptual understanding namely,
with instantaneous position, velocity and acceleration at the end of a

swing of a pendnlum

Thig inveatigative and explorative study with the basic alm of ldentifying -

conceptual Afficiltles intends to add to the findings of the predecessors

© in the fiald of graphing skills comected to velocity-time and speed-time
‘motien. Other than this the study includes two move areas of interest,

ondmely vector and pictorial understanding of some real life wotlons, The
“study has been dene with Physical Science students of the Senior Primary

- and Secondaxy Teachexs Diploms Course I & IT studying ab Mamokgalake Chuene

College Of Educatilon, Nerthern Province of South Africa during their study
year in 1994 and 1995, Tools used were 2 Qlagnostic questiomnairve and
explavative interviews of selected students (six in nunber) as case stucies
with the intention of explowing the idess they had regarding the proposed
study, : '

Although this study does not extend to providing a remedial programme for
the mlsconceptions ldentified, it is expected that the information will
assist teschers in thelr teaching and hepefully may nob trensmit thelr
misconceptions to their studente/puplls in thedr f£isld of work, A meminar,
with the Pre-sexvice teachers, on the findings on motion ds expected to ke -
organised at the end of the study. The aim would be to pravent: the circle .
ko oonl:inue in the field of miscmceptima.

1.2 PROBLEM STATEMENT

draphical understanding of gpeed-time and velocity-tite relations are pext
of the high school and teachers’ diploma coursss. As a teacher I have
 notdced surprising answars from college/achocl students, while dealing with
the preblems pertaining to graphs, I have experienced eimilar problems -



CHAPTER, NE

1,)  GENERAL TNTROCKICTION

~To. understand motion problems in Plysics, a student iz expected to
~ understard the motion in a real life situation and to use some suitable

© mathematice to describe it. Normally some calculations involving basic
operations {addition, suotraction, miltiplication and diviaion); solving
equations,' translating the wotion into figures or pictures; vector nature
of quentities used; graphical understanding of varisbles imvolved; some -
geometry, vectors and elementary trigenometry are needed to undevstand
motion at Sendor Primary and Secondexy Teachers’ Diploma level as well as
. at High School level. '

My study lindte its scope to finding difficulties encountexed hy students
in undexstanding speed and vslooity in terms of their sbility to draw
plotures, vector diagrams and graphs of resl life exanples and vice versa.
The vector nature of velocity and the sealar natuve of speed as reflected
in students’ drawlngs of vectors/scalars and studants’ intexpretations of a
vector dlagram as well a8 a speed/tive and a velocity/time graph will be
the second avea of investigation. 'The graphs of velocity-time and speed-
time: sketching, interpreting and relating to real life motions shall be

~ the focal issues of investigation in the graphical understanding of motion,

Graphs are widely used as tools to understand moticns in kinematics, When
& real-life motion is sketched in the form of graphs with lta two related
variables, for most of the students, difficulty begins, Faced with the.

. poor performence of puplls and  students in motion related graphs, several
studies have been canducted in the past few decades to bring to the
difficulties, misconceptions and confugions encountered by the leaynevs,
MeDexmott, Rogernguist and Van Zee (1987) studled students’ difficulibies in
connecting grephs and physics, The two categories of difficulties
investigated were: AlEficulty in connecting graphs to physical concepts
" and difficulty in connecting graphs to the real world, Problems were
reparted in both areas and students wexe found to have difflculties with
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The analysis started with producing individual students’ interview profile,
The profile coneists of the questions aml the view of an interviewee in the
forn of & conclusion, This helped 14 . solidating the views, understandings
and held concepts in each individual c.we study, '

Finally the jssues emerging awe discussed in context o the amewers glven by

the interviewee and the literature available. The issues are sorted out
according to the respective aspects of the study (picture, graph ox vactor) .
The individual interviewes is allocated & code mmber for the dissuesion and
deliberations in oxder to maintain thely anonymity in the interview.

1.6  CONCLISTON

My work finds its departure from Mackay's (1993) and other researched work
(reviewed in research on motion) and intends to add to the work already dome
in the field of motion and graphical understanding., In : ‘on to that
scalar and vector rorcepts of speed anxd velowity in graphs and .ector drawings
have alao been included,

- My study investigates the understanding of motlops in physical reality and
. interpretation of the graphical and vectorial representaticns of these
physical realities by the pre-service teachers mostly in disadvantaged areas
of South Africa.

The insl:mnta used wers diagnostic tests and explorative interviews. The
test questiona were designed carefully to include multiple choice, open ended
and structuved questions. 'the written test was supplemented by the
intexviews., 8ilx cage studies were done through explorative interviews,
Qualitative and quantitative analysis concluded the 1 as, understand.mg.-a and
existing trends among atudenta,

Sk e



C1.5.4.2 Interview Analysis

Out of 79 students who tock part in the questiomaire test, only six were
salected for the interview. Two were picked from the best performers, two
frem the medium and another two selected from the weskest performers, This
wag done with the intention to have a repregentat've welection Erom the lek,

It was decided that the interview be recorded with the agveement of the
participating interviewees. More numoers would not ke convenlent to
interview in texms of the amount of work involved in txenscxiption and
gubsequent analyels, This nurber influsnced the interview to ke limited to
gix individual case studies in the perspactive of the research questicma,
‘gince & pmall number was accommodated the study egain limited itself to e
gqu.Lltative in terme of hoth tie data ccllectien and analysis,

~ The interviews were conducted in the Fhysical Sclence laboratory ~f the

 college in context Suring the wmiddle part of Aug. 95. Only two interviews
ware done & day. A brief bio-history of students was sought to assess the
background of thelr past study and the environment in which they had lived
 during thelr matric education. It wag gladly accepted and provided with for
inspection and Flling before the start of Lhe interview.

Seven questions from the cuestlomalve wave picked to glve a start to the
interview, but stuclents were not told shout the questions or the nature of the
questions, Twe questionyg oa pletordal mepresentation of the motden (3.1 &
3.2), two on vectors {3,3,1 & 3.3.2) and three questions oh graphicsl
undexatanding of the motion were chosen and each question was typed on a page
with sufficlent space to work on it. These cuestion sheets were made
available to esch student to resd and to work on, if they =0 wished. Since
it was an explorative study about the ideas and concepts held by gtudents,
follow up questions were designed on the mpot and thyown to studerts for their
coments, dlscuseions o answers. These follow up questions were, obviously,
Gifferent in each case because thedr formatlon depended an the nature of
answers coming forth. 8o no mention of such on the spob cuestions ave
possible here, These guestions and follow p process aan ke gesn in the
transcriced interview text,
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becomes valid and conclusions relisble. This analysis provided some expected
and wany other unexpected ideas and conceptions held by studencs gometimes in
pizable minerity and sometimes in a good majority.

In the fourth step all the issues relatlng to the various agpects of the study
are concluded. Some common ideas, some ldeas in pocket groups and othex
ideas not very common but held by individuals are reported. In this sectlon
the filtered ideas and concepticns held are supported by the ralevant snswars
given by students and the mupport from literature if amy, Other than this,
those questions, which sre designed to test all thrse aspects (plctwre, greph
-and vector} , are put together to study the possible teaching at:::a\:egiau in the
light of the followlrg quastiona:

- If 3 student has the correct conceptual mlderst:anding in one aspect say graph,
doee she/he have the same in other aspecta?

In cage the anewer ls ‘ves’, the teacher should focus on the strategic one
and other agpects will be taken care of, In case of ‘no' (that is to say
there is no lirk between the understanding of one aspect to the other), the
‘teaching strategy will ke to teach all the ampects and related conwepts
individually and separately.

For gtabisticzl understanding, Srequency distrlbution tables éhc:ming
Frequencies of correct, wrong and no-answer or no idea anewers have bean

given., These related to guastions or iseues on different aspects of the
Budy. Example: : '

Aspact of study : Pictorial undexsbtanding
Question 1.1 Identify the pleture of motion of a tenmnis ball,

| 'J.‘able (N 3 libcarrple oIZ quant:itativa ana.'l,yais off hhe teut data

-
Queation eoprect wreng | no anewer © | total
| 40 s -

8o the questiommalre was avalyzed quaniltavively as well as qualiratively. .
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In the mecond stage each question with lte sub-sections was considered
individuslly. In this section for esch amswer, respendents’ pre-azllocaced
Andex rumbers were indicted in front of the particular snswer and hence it was
posgible to indicate a frequency for that answer. It was always checked that
the total murber of respondents in the and matched the mudser of students
namely 79. 'This helped in identifying the spread of a pavticular concept
- attached to an answer. Exanple: '

Quegtion 1.1 (In thip, multiple-choice answers arve marked A, B, €
: and D) ' :
Table 1.2  Example of how the respondents of a question were counted

Iajr-|3 {4 {5 |6 fua |25]27 |35 |41 |58 |59[68 [78 |80

=

B |13 [18]20 {22 |30 [42 [44 {45 [46 (47 |49 |53 | B4 |55 |68

6 | 7|78

cls [12210 |24 |26 {31 |32 |34 |36 [37 |39 |57 |63 |64 |67

g8 | 70|72 |76 | 79

P2 |7 |9 j10 {14 |28 |26 |27 |29 |23 [28 [29|33 38 |40

43 |48 |50 |51 |52 |56 {60 |61 |73 |74 |77

Aw S
" B=18
Cw 20
D= 26 Total 79,

In this parl:ic_:‘ular axample it is abvious Ehat the underlying concept in cption
‘D has more suppert. And to capture the concept with its supporter group
 1s made casy. : : : -

In the thixd step the three main aspecte (ploture, graph and vector) are
gtudied sepavately. for this purpose the questions related to the particular
concept (namely, graph) are collected in a saction along with the answers and
studied for students’' idess and concepts in perspective of the literature
available. This gives a collective data from different questions in veal life
on a particular aspect of study. Being from many sources the data collection



(a)

{b)

1.5.4

1.5.4.%

1

it is time coneuming, both in conducting them and in their
aralysis. The most time consuming item is the transcription £xon
recorded tapes,

students often do not like interviews, as they feel threatened
and nervous and consecquently tend to meke mistakes they would
perhaps not make otherwise., Despite the fact that all methods
have some merits and limltations, they have to be used with care.
In this research the questiomnaire included multiple cholee and
- gtructured questionsg. ‘The interview had some gquestions Lrom
structured questions 2 a bage to start with, In a way their
anewers in questiomalre and ideas rxising from these were agein
vevigited in the case study of gix selected students, and
therefore the exploratory interview was adopted am a tool, In
this way an attempt was made to huild a complete profile of
students thinking and the misconceptions held by them,

_ Data Bhalysis

Data Fran Questionnaire

The questiomaire was analyzed in the following mannext

A ghort condensed profile of individual atudents wae prepaved showlng their
vespective answers in a box provided for the purpose. This way all 79
students who took part at the same time could ba accammedated in a few pages,
- making the study of their answers simpler, Example:

Teble 1.1 Format of tramscription of individual test anewers

Student WO ervsviey COULEA «vervane
1.l xS L3 | Lau |2
22,1 8¢ 48 At 68 - 222 | a3 . EXY
e T T T
3.4 {240 |er@ | fazsuf
lao o) |4 S
5(a) | B(b) 7(a) | 70




1.8.3.1.2  Structured Questions

Structured cuestions were more in muber than multiple-choice ones. Although
such questions give a large amount of work in enalyzing students' too many
different answers, but they help to filter cut the various conceptions held
by students. In other words, the structured guestions probe the conceptions
prevailing among students and students’ thinking ls revesled.

In interprative questions plctures, graphs and vectors (sketohes) were glven

to ptudents representing daily life situations. The studente were asked to

gtudy the situstien and answer the question, The maln advantage of the

interprative question over the essay tesk 1o derived from its greater
structure, Students are not free to define the problem or to demenstrate

those thinking skills in which they are more proficlent. The major Limitation

with interpretive structured questions dis difficulty of construction.

Selacting material, scmetimes new to studants and presenting it in a way
“puitable to studanta, takes a lot of time and requives much effort,

The questiormaire conmisted of mltiple cholce cuestions ag well as
prruckured questions. Open ended questions attached to structured questions
ware inserted to probe .nto the variety of ideas studente have sbout some
- coneepts and thedr understanding.

1.8.3.2 mLexviews

. In qualitative vesearch interviews ave valuble tools. Bewause of kthely
- flexibility, the interviewsr hsg the ability to pursue a pupll’s line of
reasoning in a way that no other item can. Thie means that if the interviewar
has & 'mAgoing suwpiclon® that a student shews evidence of relylng on a
particuls *edsocnueption, but has otherwise successfully completed other taske
" (such a3 nuluwipaa-cholce guestionnaive) , he probes into the studant’s thinking
in rrder to wpose such a misconception, Another advantage of thig method dg
an extya opportunity to continue until the cbjective is reached and ideas
 explored,  Students too have opportunities to ask sbout their doubts
. concemning the clarity of questions and to discuss other elated issues,

The disadvantages of thie technigue are:
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1.5.3 Instruments
1.5.3.1  Wrltten Test

A questiomaire was admindstered firat., It aimed to give students a chance
toc express themselves in a written warmer which they ave used to., The

© proposed teat depended on a questicnnaire designed for the purpose. Questions

in the questiomaire were Eramed to test the plchorial, graphidal and vector
understanding of almple motion in xeal life. The inter-relations of these
 ideas like: from pleture to real 1ife statement, from pleture to vector
representation, from picture to graphical representation and similarly from
~ graph of a motion to plctures and vectors and from vectorial diagrams to
ploture and graph were the basic factors influencing the questions. The
aimple examples like: a ball thrown upwards, wotlen of a temis ball, motion
of a ball betwsen two walls au a smooth surfags, moticon of & caxr and motion
of a swing weve used to shape the questions. Orher than these milkiple

‘cholce, open ended nd structured questions gave a way férwend to channelise
" the questions, Con. .ptual understanding, ability to intexpret and make use
of the information chtained were some of the goals to be achieved at the end
of the teat,

1.5.3.1.1  Multiple Choice Questions

The maln advantage of the multiple-cholce item is Llts wide applicability in
measurement of various phases of achievement. It can measure a vardety of
learning outcomes at knowledge and undexstanding level, In additien, the
miltiple-choice ltem is free fvom response sets and is useful in diagnosis.
The other advantage of this item, is that it is easy to analyze because sach
distracter represents a particular conception of the prablem, BEven if, a
student selects a wrong response it tells his way of thinking and his
perception of the problem. Because of the channelised options that are glven
& student carnot bwing in his variety of sentences, Thexe ig a Limitation
with mltipleéchoice questions that & student cannot glve reason in favour of
his chosen answer, In case he guesges the answey, hils concept cannot be
exposed and in analysis the conception behind his guessed anawer will
wirongfully be his concept.
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central-gouthern tip of the province near Greblersdal), presents for auch
courses and was chosen for this study as an idesl site, for the dbvious reason
that the researcher (myself} is a lecturer in the same college for Phymical
Selenge, 'This helped in cheosing the sample without much dlfficulty and
Seliberationg were without much comstrainte. Much of the familiarieding,
introduction and formalities of getting permisaion were easily avolded. The
students took part in tests and interviews with a fair knowledge that this
research is in no way harmful to them in their performances,

Mrong the 79 available students 46 belonged to Secondary Teacher’s Diploma

(STD) smd 33 to Senior primary Teacher's diploma (SFTD},  Most of the
students were takeh from Course one from each group. They took part with
curlogity and interest. A few senior students who took part in the
questiomaire test had spent at least one year in the College bui very likkle
Physice xom Mechardics wag done with them, So they represented a class whose

' high school memories were a little older,

{1) Six students were identified : baged on their performances in the wrdtten
test ‘questiormaire) for interviews

' C(4d) Two studénts from each category namely the best scoring students; medium

scoring and those with lowest scores weve chosen to give the total number of

‘gix. A large number of interviewsss could not be accomodated because the

intexview air_nad te have a sort of case study with explorative question. Thesa
students happened to be the students of Physical Science taught by the

_veseavcher. So a close cheervation and a background knowledge helped

in resching the desived goal of establishing thely understanding of certain -
concepts and ekills., These students in the college, mlike the high schools,
represent. fav and wide swear because of the nature of selection for
admisplon to these courses in the colleges of education. Of coutee they
reprogent the stendard of Physics education in _t:he' formar ‘Depargment of
Educatlon and Training’ for so called YBantu Education!, '



1,5  RESEARCH DESIGN

The research involved wostly underprivileged students. Underxprivileged here
means ot having qualified teachevs se well as unsatisfactory lsboratory
facilities at sohool. In additien sometimes students’ ar .clon ig just to pass
" tests rather than to have a corvect understanding of the subject matter. The

. study aimed to investigate understanding of speed as a scalar and velocity as

a vector in pictorial, graphic as well as vector diagrame. Also students’
ideas regerding basic understanding of graphs related to physical reality in
‘motion were included., The reason behind such effort is that students show
poor understanding when a Little shift, from rote lsamt definitions or
algorithmic caleulation, .8 mede in a common classroom situation (my own
experience) , The students under cbservation have a matric pass and come
wostly from the townships and former Homelands of the Norkhsim part of South
Africa, It is heped that the vesearch findings will have some impact on
teaching methods and strategles in schools,

15,0 Method

The study was based on diagnostic tests, To administer a well designed test
in written form was poswible because the students were avallable and willing
to weite the tzsh, On analymis the results weve quite germine and vevealing.

Six students out of the whole group of 79 were chosen for cagse studies through
- intexview. They and thedr pavents agreed to the tape recorded dnterview. The
population were students From classes T taught, so the research had an ‘action -
rvepearch’ spproach, Much of the analysis was done qualitatively so the method
- uged was more qualitative than quantitative. '

1.5.2 Population

Fre~service teachers who have passed matric and have chosen teaching as theix
. profession were the subjects of the study. They had Phyeical Sclence as one
 of the subjects in high school and their awbition is to specialize in the
gubject as the avea of thelr teaching in Senior Primary and Secondary Schoola,
Mamokgalake Chiens College of Education, situated in Northemn Province lat the
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1.4.4  Ifplications

' The *hree aveas namely resezych in motion, alternative cor ception and data
collection reviewed in the above literature have significent contribution to
wy research design. The way forward and the point of departure was from the
literature in research on motion and grephs of motion by the researchers
mentioned in the review., Comnecting real life motion to graphe and
understanding graphs correctly as a mathematical tool in the study of
mechanics surfaced as a global concern. The difficulties and confusion in
understanding motion end graphe ag discussed earlier, wers points to - start
with some additions. -

In the section ‘altermative concepts’, the literature reviewed tells how the
corkepts are leamt. learning stages differ depending on the maturity level

_of the learner, content to be dealt with and the environment where leatming
takes place, Mackay (1993) listed 7 suggestions to improve leawming through
his findings, for a high school class, Gllbert et al. (1985) talked about
gifferent forme of acience for different categories of pecple. My populatien
are students of Pre-Sexvice Teaching, For this group with a matrie 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 asm
well as methods. Several mources and different ways of collecting data are
encouraged. The weaknesses of one arxe compensated by other fechnigues, The
test questions had mu ziple cholce, open ended, construction, grephing and
interpreting components, The xecorded interview in a familiayr environment was
another source of data collection. The starting questions in the interview

were taken £xom test papers though exploratory guestions were added. Though

tha recording of interviews have 1ehgthy procesges of transcription, its:
. outstanding merits like playing the tape as many times as needed encouraged
my interviews to be vecorded. Data Trisngulation which means touring
different sources, making the research findinges nore valid, encouraged me in
my instrument design and in choosing different categories of population.
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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
reagonable number of subjects be picked and an amount of time be spent in each
interview that makes sense in terms of the work involved in transcribing it.

In an article '"Why Triangulate?"  Mathison (1988} lays emphasis. on
triangulation of a resesrch. It ls a strategy to make a regearch more valid.

A researcher should use multiple methods, data sources and researchexs’ views
to enhanece the validity of research findings. Data triangzlatmm refers
ginply touring several data sowxces. When data gathered from different
gources and that collected through different methods agree, the outcome is
- called convergence, - The outcome received after data triangulation has more
validity.

. Other than intexviews, written tests on miltiple choice, cpen ended or essay .
type, or structured cuestions need to be conmidered as a tool for research,

. Kellington and Mitchell (1980) asserts that any Form of assessment: needs o

" e a cmbmation of a nmber of different form of test.

Johnstone, Mactiire, Friel and Morrison (1983) found out that the success rate
for guessing can at times be as high am 45 % and ot the expected 25 % for a
four item miltiple choice test.

. Brother observation mede by the group Jomstone et al. (1983) exposes the fact
‘that the use of miltiple choice test, while intended to ease the language load
on paplls, simply shifte the load, so that the pupll no longer has to express
him/herself, but has to work harder at interpreting the question. It is a
commen e.xper:l.ence that to many the mltiple cholce q.lestions give o, - rtun:l.ty
fer guess “work. '

Gonsidering 8O many factors aficcbing the data collection for a reséarch.a
~corbination of interview and written diagnostic teste (including mutiple
cho:.cae, open ended, struc‘:tured questions et cetera) sheuld be ussd
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- . 'The researcher has no opportumity to test the emerging theories by
trying them cut as an active participsnt in the scenes being cbsérved.
- In order to meke sense of the recorded matexial the analyst usually
needs to have access to contextual information that is not available aon

- the recording itself. '

' Brickson {1983) suggests that by conbining reqular ethnogrephy - with micro-
ethtiography both the limitations (that is to say, absence of participation as
ieans of learning, and the absence of contextual information beyend the frame

“of the recordin., can be overcome) . '

Osborne and Gilbert (1980) suggested that interviews about specific physical
situation can ke used for exploring learner’s understanding of a particular
concept in a wey that is mot thresteming the learner. ‘“Interview about
instances® has the following strengths:

- . It can be applied to most age groups.

- It is enjoyable to both interviewer and the interviewee,

- It is nore flexible and hag more depth than written answers to tasks.

- Clasgifying instances is more probing then asking 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 wethod are:

- A limited but adequate set of instances has to be chosen, This is a
© Qifficult task.
- The order of the instances mar influeme the responses.
- The interviews and subsequent. tramscadption and analysis are all
time consuming. '
- Tt is often difficult to report the responses succinctly.

Degpite these limitations, Osborne and Gilbert (1380}, in cohclusim, £inds
the technique suitable not only for exploring students' undewstanding about
physicsl instances but as a tesching tool also,

Referring to qualitative hterviews, Bogden and Eiklén (1982) asserts that it
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graphs of the same motion., In questions where vector sketches
were needed, the angwers indicated that students give vectors
Cas: (1) graph and (il}) path of the metion.

Quaatian 3.3.1: Draw the vector of the velocity half-way up
in motion of the ball thrown upward, To answexy this vector
consbruction one has to decide the magnitude and direction of
the velocity at the middle of the helght raached.

vable 2.8 Upderatandings of veator diagrams

question correct % wrong ¥ no idea %
3.3.1 52 e BELE

3.3.2 a5 a8 ) 17

s @ 0 s 82

_ _ - _ T
Thirty-two persent of the students answersd as I . The

arrow indicates the diregtion of the vector and its length the
magnitude. Hlnce the arrow reaches ug to the half of the
Eigure it could have auother intevpretatlon khst this vecbor
hag ikte magnitude as half of the haight and not the velociby -
at half way. This confuslion arises because of the ccmpiebidn
of the line by dots up to the Lop, o

Porty-nine percent gave bthe wactor an graph. Most of tin

graphical askebches gbaxt Zyom the origiu, These graphical
sketches were unexpected and show the gross misconception
prevauling anong studenta. '

In gueation 3.3.2, where bhe students had Lo draw tlie veokor
of the velouwlty while the ball .o caught, 48% drew different
graphe again. This ls the most positive confirmation of the
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riding a bicycle over a hill: they gaid that, at the top of
“the hill the speed was maximum. '

2.2.5 The Length of a Line Vector and Its Magnitude

This section deals with the concepce held by studemts in
-regard to the representation of vectors.

Table 2.7 Representation of vector quantities

question gorrect % wrong ¥ . |no idea ¥ -

1.2 -39 ' 3 : 0

Why a vector should be longer and another shorter is probably
a problem to most of the students.

In question 1,2 a tennig plaver ‘A’ hits a ball with &
veleclty V. After being hit by the opposite plarer ‘B’ the
ball returny to the player ‘A’ with velocity 2V.. :

~ Thie motion was shown in the fomm of vector diagrams with

four distracters. Thirty-nine percent indicated the corwect
angwer ‘'C', The rest 61% chose the distracted answers showing
their confualon with the understanding of vectors. The other
" popular wrong answers like ‘D! (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) ave discussed ir this section
in order to view the students’ ideas regarding vectors and
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changes the direction of motion, Students seem not to be
familiar with the concept invelved at fourth second., My
findings pupport the idea found by Arons {1881) and McDermott
et al. {(1986).

2.2.4 Confusing Speed with Pogition

Table 2.6 : Studenta’ responses regarding speed and position
in case of a ball thrown upwaxrd

IF

i question correct % wrong % no idea %

ts.2 37 45 {18

In question {2.2), the quasgtione identified the positlons of
highest speed during the motion of the ball thrown upwards.

This question required an understanding of various positions
and the corresponding speed, especially when the apeed changes
~ with the direction. Fox example : in the starting position,
- at the top and when the ball has fallen and is caught are
Important positions to conslder. From the start to the top
position the ball ia uniformly dauelerating and from the top
to the vatching point it im belng uniformly acvelarated,
Because of the deceleration the initlal maximum speed reduces
to sero at the top, and the ball starts to fall again with
acdeeleration ‘g’, thus reaching maximum speed when it is '
“caught.. ' B

‘only 37% of the students could give the correct answer. The
other 37% indicated the highest speed at the highest point.
Thus more than a third of the students ronfused the posiltion
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 arrangements as above were given and students were
agked to draw pomitlon ve time and veloclby versusg time
graphs. 8Some velocibty ve time graphs were:

v o'l *
) -&“ﬂ\ @ /
.
’ \__“_,m. ./’
e
1 t
¥ ¢ s {d)? | .-*.-"
@) . | ’/f 
. SN 4 aovrmet
£ g ﬂmﬂma
e L . 'b

Tlgure 2.4 Velocity-time graphs of_the above experiment

‘After sareful examlnation MoDermott ek al. (19&7) congludad
that

1. There was a Lendency Lo represent cqptinuouS'motipn
by a continuous linas.

2. Students have difficulty in separxating the graph from the
path of the motion like :

{a) There iz a tendency to represent apatlal
.  appearanca of the motion. '
(b}  They seem to expeck that the shape of the
graph should ressuble the shape of the
brack and thue draw & horizontal line. =

Arong {1981), found that students did rnot understand
 instantaneous posi@f&n. My data from question {2.1) ahove
‘dlow that both of the concepts iustantaneous position and.
velocity, at fourth second, are equally impovtant because ak
the fourkh second the objeck is instantanecusly at rest and
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{11) it abruptly falls below the time axie from 3 cm/s to a
negative 2 cmfs :

{iid) ingtantaneously the motion stops ab the fourhh #econd.

" {iv} when +3 cm/s changes to -2 ow/s, a change of direction

{reverse) takes place.

option {iv) is Lthe correct answer and was answered thus by 49%
of the subjecta. 'The remaining 51% could not make a wensible
- cholea related to the wotion shown by the graph.

In Quastion 4{a), the segments of the graph representing (L)
Constant veloclby, (ii) A motion in a forward direction and
(1ii) A motion in a backward direction wag answered correctly
by 82%, 10% and 8% respectively.

In mabkehing constant veloalty with the graph there was
success (82 %), but the same {(correct answer) hed been vefy
low in the forward and backward motion ag 10% and 6% |
respectively. It indioatem Lhe low level of watehing ability
in cases other than constant velocity. |

Thete e a tendency to draw answers [rom the graph looking at
it as a ploture., McDexmott, Rosenguist and Van Zee (1987) too
found students’ difficuliles in connecting graphs to the real
world They had the following example: |

MNO 00 o'o_ 00

Trase »“Ln-n]‘m.——mmmum-“' -u.-.---..‘t-.:m:' mhp.wm'mm-m 4 m] e |
< llﬂxl-nh»t-n- ( )
: + O
.

Pigure 2.3. Experiments in-which ball rolly along (a)
straight level track, (b) track with level
and inclined aegments .
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in the forward direction.

This plcture-as-graph trend seems to be in agreemant with
Schultz's et al. (1986), finding that students draw graphs as
pictures of the real motion.

2.2.3 Matching the PFeatures of a Graph with the Narrative
Intormation

~In questions 2.1 and 4{(a) an attempt is made to find ocut the
students’ ideas in matching the narrative information with
graphs .

‘Table 2.5 Studente’ responses in matching narrative
information from a graph

question - correct ¥ wrong % Inp ides %
2.1 | 49 T .
I 4a (i}  |s2 | 18 .. - -
sa () |0 ez g
sa (il |8 Teo |32

In question 2.1, the glven graph hus bean represented by
narrative options to be matched with the meaning of the graph
in real life. '

Tc get the correct angwar the student must be sareful to
understand and to laterpret the motion at the fourth aaoond of

the mation from the givan graph, Where:

{{)  the graph is discentinuous,
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Lines.

(1) L

Figure 2.1 Students’ pleture of the ball thrown
' upward

The students appear to have a trend Lo produve a plicture asm a
graph, They forget the mathematical nature of graphing '

gkills. @ixty-six percenk made their pmcLures ag graplis net

accepLabla ag correct.

Tn addition, in quemtion 4{a) (11} there is evidence that a
graph lg meen as a plcture by some students.

N EERFNIYEN

F
= r ifs)

Figure 2.2 Velocity-time graph of guestion 4

Question 4 A {(il). Which park of the graph rapreSants the
motion in a forward direction?

A aizable'minority (%) angwered AB and EF, BRobh the*lines
ghow forward directions. It meems thesr sludeuts miwply took
the graph as a plcture and anfswered BF represenking motion
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Table 2.3 Comparative understanding of motion and their
pictures as in questions 1.1 and 3.1

Quastion students responges {N= 5'%
correct xﬁrang 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
- peems that atudents confuse the shape of the graph with a
plcture of the motion and vice versa.

‘Table 2.4 Motion of the ball thrown in form of a picture

question corract % wrong ¥ no idea % o
3.1 | 29 58 13
4 a (4i) 10 82 8

In question 3.1, students were asked to draw the ploture of
the ball thrown vertically upwards. . :

In thelr answexrs a variety of graphs were seen, Some show
. some sense of a pleture in a grephical frame. Graphs (1} and
" {i1) below are answered by 22 studente or 28%. ' '
pioture of the motion as a graph (Figure 2.1),
graphs do not make much sense because they are qust random

They drew the

The other .
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g

no idea (see table 2.2).

It peems that the students have difficulties in :

- identifying a correct pictura, of the given motion, from
given pleturea, '

-  drawing pictures on their own from statements,

Table 2.2 Question 3.1 Pictures of the ball thrown upwards

I 3.1 braw a picturé of tha mgtion-of Lhe ball,

choices answers | %
A, 23 | o+ |39
B. 9 |eo+ |11

¢ _ - AEAR s 122 X a8

. | (5) | \ (D
{1} ' (i) ' RE '
1o n]\ V Tis [x |19
- & so on, : |
"No idea and random lines as graphé ' .10 X ._ 13
— | | T 1| | teo

e
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Table 2.1 Matching the Pictutes W1bh the glven information
ln quesation 1.1

| A tennis player A hits a ball with veloaiby v. After being

hit by the opposite player B, the ball retuns to the playar
I & with velocity 2v.

1.4 Which one of the following repxeseuta khe motion best?

—————
T —

choices ' _ . answers %

VW .15 1 X 19
A o oB| | |

T &

s

'-A_o S—

-
LA E}

c. e 20 |c . |25
. e P s L
f\ O <0 :—a%f:::tzaij E} _

AWM\O ] 26 | c# 3.3 :

..TOTAI.: ' _ ' . 79 100 -

 In question 3.1, Students were asked to draw & plcture of the
ball thrown upward inte the air and caught as it falls back.
This was an open-ended question where the given motion in
words had to be produced as a picture. -

Here too only 29% percent could produce an acoeptable picture,
The remaining studente produced the pisture as graphs or
variety of unacceptable diagrams and okhers had no idea. (see
table 2.2). C
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in.terms of realitvy,
2.2 DISCUSSION

In this section the above mentioned trends and imsues are
 discussed in context of the data collected from students.

Some trends identified by the previous researchers would also
be viewed parallel tc my data. The following conventions were
usged in tables. - :

'Conventions

In the Tables to follow, the following .~ 'entions are used:
¥ indicates an unacgeptable angwer
¢+ indicates &n acceptable answer
¢ indicates a dorrect answer

2.2.1 Interpreting Pictures of Motionas

In this section the difficulties in plctorial understanding of
motlons .. physical reality, in questions 2.1 and 3.1 are
discusged.

To angwer question 1.1 (the correct route of the tennis ball},
‘gtudents’ realization that the double return velocity (2V)
-will take a comparatively shorter route than the forward one,
. Lls important. The other important factor to remember was the

possible shape of a trajectory of a projectile is with its
concavity downwards, The best answer ‘G’ was given by 28% of
the'pépulation. ~The rwemalning 75%, who thought otherwise;
could .ot make out the best relationship between the path of
the motion in ploture and in reality., The return route of the
tennis ball as a gtraight line is just an acoaptable answer
given by 33%,
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CHAPTER  TWO
ANALYSIS OF TEST DATA

The data from the test questions of the questionnaire glves
rise to ideas, trends and alternative conceptions prevailing
.among gtudents (Appendix B). In this analysis, those ideas
shall be discussed and proied. The views of literature in
context shall also be used for more understanding of the data.
Znother attempt is made to analyze the correct answers and
their respondents in questions 1, 2 and 3. This may help F£ind
the common correct respondents in the different areas.

2.1  ISSUES AND TRENDS IDENTIFIED

An snalysis of the tables and statéﬁenta in Appendix B,
guggests mome ldentified trends prevalling 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 platures aa graphs, _

- Matching the features of a graph with narrative
inforxmation. ' '

- Confusing apeed and position, :

- The length of a line vector and its magnitude.

- Vactor as a graph. '
- . Interpretations of:

(i} & vector diagram into physicallreality and
(i1) the graph of a motion into & vector diagram.

- The origins of graphs. D .
- Difficulty In interpreting ¢ graphical representation
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Arong those who did compute the acceleraticon using slopes,
many ‘ ere unable to match the correct slopes with the correct
engine, It was vealised that most of the mistakes occur due
Lo memorised algorlthms to find inferences from the graph and
- lack of ability to match the written descr;ption to the
relevant portion of the graph correctly.

In my £indings too a similar error is noticed when students do
not match 2V to the graph showing a negative feature because
it is the velouity opposite in direction to 'V’ in question
1.3 of the tennle ball example,

2.2,9.8 Extracting infoxmation from vector diagrams Eo
sketch graphe

Table 2.18 Extracting data from a vector diagram of a real
motion to use in sketching the graphs

question correct % wrong ¥ no idea %
7 a, 5 37 58
7 b, 1 59 40

From a vector diagram of a glven motion, Lo extrast the
neceppary data and sketch the graph has been another &*Ffioult
area. Question 7{a) and (b} were used to find gtudents’ idesas
in this regard (Appendlx A). '

Question 7{a) was to draw a velocity-time graph of the motien
between the walls. The point of convern here was the
understanding of the velocities in magnitude as well aa in
direction 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 dmfficultiea in wmatching naxrative information

" with relevant features of a graph.

Their example was the veloclty-time graph of B rocket when

" three engines were firved at different intexvals, In the

figure below (taken from McDexrmott's work; 1887) point B!
represents tha'velocity of the rocket at a partlcular time.

At point 2, the captain turns on # 1 engine, At point 'Q' the
#1 englng ils turmed off and #3 engine ip turned on. At point
R thae #3 engine is turned off and the #2 engine is turned on,
We lose all information of the rocket after point ‘Rf.

600:: AR
| T
] Q
%007 p

IR L L

Flgure 2.6 Veiocity-time graphs of the engines

- The question was to find the acceleration produced by each

engine, It was expected that students should be able to

_ associate the slope of a partzcular lins with the accelerativn
of & particular engine,

Tt was found that students do not recognise that they must .
caleulate dv/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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1ife situabtion
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mqueation corredt.% _wrang ¥ nd idea %.
1.3 B .f43' 49 | 8
2.1 49 47 I
4 . 0 63 37

To answer thig questian students must understand the
diraction as well as the magnitudes of the velocities during
the forward and the return motion of the tenmis ball. Pifty-
geven percent of the population could not identify the correct
graph of the motion ap veloslty/tine.

Questiong 2.1 and 4 (¢} wera used to tesgt studente’ ideas in
translating graphs into weality (Appendices A and B), Forty
seven percent could not match the given corract situation
repregented by the graph apd four percent had no idea in

_ queation 2.1,

In question 4{c), the aim was to test the understanding of the
graph leading to find the motion in daily life, Sixty-three
percent wrong and 37% no idsa were the responses from the
population. Some examples from thelr answers of question 4
(¢} are: _ . ' '

1) - Speed increases as time decreases.

1i) Object accelarates uniformly from rest.

1id) A gixl ia throwing a stene along a wall ~drep, . U

and from top down,

 These angwers gilven by the's;udéh:s say that students hardly
make a sensible meaning out of a Qraphicgl repregentation,
The difficulty malnly lies in understanding the aegments of
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graphs were sketched with distracters in a multlple-choice
form. BSince the data was from the given veloclty/time graph,
students were expected to understand the data used in the
gpeed/tima graphs. Sixty eight pe.cent could not make out a
sengible meaning and gave the wrong answar.

Table 2.16 ‘The data from a velociby-time graph to sketch a
speed~time graph

question correct % wrong ¥ no ldea %
2.4 | iz 68 -
= — =

In guestion 4(b) the given velocity/time graph { Appendix-a,
question 4) was to be amended so that it may represent a
speed/time graph, No student could do it correctly,

I may infer 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 khe glven graph.

2.2.9.5 From graphical representation to xeal life events

Questions were set in both ways much as: (L) from real life
to graphs and (ii) frxom graph to real life siltuations,

Question 1,3 dedlt with an example of a tennis ball and ite
forward and réturn valoclties were represented in the form of
graphs. Students were expected to identify the correct graph
‘of the motion. ' - o



parallel graphs to the time axis.

interpreted it as & zero lina.

In some cases they

Table 2.15 BStudents' answers in question 2.2.1

40

velea! ty at 4, velocity at 6s, _

answera{m/a} ng, of ¥ | answers .no of ¥
gtud, “lem/8) stud,

3 . lov 22| -z | & |c| 1(_}. |
2 3 ot |11 2 7 1% |9
Jem/s 5 O .G 0.5 3 )4
om/s 7 FRERE 6 |x {7
0,75 =3/4m/& 12 X |15 |no idea | 58 x |70
2em/8 | 8 X a0 | R
40cm/a 3 X 14 - - |-
no idaa 18 X |23 R
POTAL 78 “|rorar. | 7e

2.2.9.4 Spead~time graph froﬁ a

velocity~time graph -
For this study the questions chosen were 2.4 and 4(b}. In -

these questlons the sgpeed-time graphs toé be drawn naeedsd tha

data to be interpreted from the glven velocity +time graphs in

_their respectiva questiona.

In question 4, the information dats was taken From the
veloclty/time graph ( given in the question) and speed/time
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: 2i2;9.3. Meaning of a graph parallel to the time-axis

In the discuseions, hers, graphs parallel to the time-axis
should be having an ahalogy with the graphs parallel to X-axis
in Mathematice. Do studente understand the parallel graphs?

‘Table 2, 14 gstudents’ understanding and nterpretatlons of
graphs paral]al to X-axis

gquestion gotrraect % wrong ¥ no idea
2.2.1 s &8 23
2.2,2 10 20 70

The simple idea, expected of a parallel graph to the time axis
was that the variable represented by the vartiscal axls {i.e.
veloclty or speed) does not change with time. It remaing
constant as long as the graph is parallel.

In questions 2.2.1 and 2.2.2 the veloclty after six seconds
and velocity after flve hours were amsked respectively., The
same parallel graph after four seconds was needad to be
understood by the populstion for both the gquestions to be
answered correctly, The veloolty at the sixth second wag
answerad wrong by 20% percent, 70% had no idea and 10% gave -
2 m/s {correct, Table 2.15). Out of 20% wrong answers, 7%
angweraed zero m/a. The velogity after flve hours in guestion
2.2.2, was answared ag zero m/e by eight percent. This data
gupporks the trend among students that parallel to time axis
masang zaro,

The reaponses, in the respective guestions, given by the
gtudenta indicate that they have difficulty in interpreting
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2,2.9.2 Interpreting the discontinuities in graphs

Table 2.13 Students’ understanding of discontinuous graphs

guestion correct ¥ wreng % no idea %
13 a3 fee 8 |
2.1 49 | a7 e
22,0 le | es )23

5 b, a le s

7 a. 5 | _ 37 58

7o, | - | 40 T

' Discontinuous graphs were given in question 1.3 and question 2
{refer to Appendix I).

The discontinuity had to be interpreted as an abript change in
the direction of motion from forward to reverse along with the
idea of instantaneous position and velogity.

Forty-four percent of the populaticn did not show their
understanding of discontinuous graphing by answerlng the wrong
eptiong (1) and (ii) as the velocity ve time graph of the
tennis ball in question 1.3 {(Table 2,12).

Again the digcontinuous graphs were not understood by 51% in
question 2.1, 91% in 2.2.1, 100% in B(b), 95% in 7(a) and 99%
in 7(b) (Table 2.13). '

It seeams that gtudents have real problem in understanding wheri
it comes to discontinuous graphing,_
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a graph and Forward veloeity V « positive direction. Forty
four percent answered the wron, choices i) and ii) (Table
2.10). It appears that the students have difficulty in
interpreting the dlrection and magnitude of velocities
represented by the negative segments of the graphs.

It question 2.2.1 the velocity ab the sixth second, required
the understanding of negative and constant veloalty -2 com/s as
read from the graph below the time-axis. Over 82% answered
wikhout, considering the negative velocity and lte meaning in
phyeleal realiby. Out of this group 65% gave lrrelevant
answers or had no idea what the answer should be.

In the example of the swing motion in question 5{b), the
‘reverse direction from the maximum point and its effect on
- graphing was needed to draw the graph of velocity vs time. No
student showaed the needed understanding. Instead, irrelevank
guaphs were produced. Examples: '

Vel

\h’l’ "‘"J
t .-Lcs>

_ N oo
——RE ) - : “\l} it ‘-.\ .
: ' / A - : Kt
| _ | N

A | t Ly

Figure 2.5 Graphe of the swing’s motion produced by
students | S
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Table 2 12 Quegtion 1.3 (1), velocity-time graphs of the
‘tennis ball

A tennis player A hite a ball with veloaity v. After being
hit by the opposite player B, the ball returns to the
player wilth velocity 2V.

1.3 Which one of the following is the correct graphical
representation of the above motion?

cholces for i (1) velociby ve time answers %
i)" e — _“ = .. : | R P o
: AT ‘
14) w 1 {x {215
d—_
T 1
144) 5 %X |6
A r—— a1l
iv) J— 34 e |43
"'_'_'D " .
5
‘1‘. A ————-——y—
no answer . 6 . 8 .
TOTAL - e | | rage

In questilon 1.3, the motion of the tehnis ball in ite forward
direction with veloclty V and in reverse directlon with 2V was

~glven in the Formlof graphs {multiple cholce), Students had

po identify the correct graph for Lhe motion of the tennie
ball, To anewer this question the diregtion component of the
reburn velocity 2V must be widerstood ag negabive direction in
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2.2.9 Difficuity in Interpreting a Graphical Representation
in Terms of Reality

The following difficulties have been identified in the areas
~of sketohing, interprating and ¢o-relating graphs with
pictures or vectors: '
2,2,9.1 Interpretation of the negative parte of the
graph,
2.2.9.2 Interpreting the dmscontinultles in graphs,
2,2.9.3 Meaning of a gxaph parallel to time-axis.
2.2,9.4 Spead-time graph from a velocity-time graph.
- 2.2.9.5 From graphlcal representation to real life
| events.
2,2.9,6 - Extracting information from vector dlagrams £o
a sketch graphs,

The above mentloned difficulties are explalned in theix
‘rélevant contexts in the following headings:

2.2.9.1 Interpretation of the negative parts of the graph
Queaticns 1.3, 2.2.1 and 5(b) are discussed in this aection
‘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 %
1.3 43 ' 49 18
fz.20 o 68 23

B h. o 181 o 138
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be interpreted into thelr physical reality. Sixty-one percent
‘of the population coculd not chooge the relevant snswer 'C’.

In question 7, & student had to understand the given vector
diagrams ln physical reality, before the graph could be
gketcohed, More than 92% of the students could not make
sensible meaning of the vectors in reality.

In question 4(d) it has already been found that not one

student tould draw vectoxs from the data to he extracted Erom .
~the given graph. . Hare too it seemed that students could not

make enough meaning from the given vectors of motlon to enable

them to draw graphs. - '

2.2.8 The Origins of Graphs

Schultz et al, (1986) found mtudents baliefs that graphs must
gtart from zero an unanticipated result. They reported that
this belief was not because of students' habit o
carelessness. They could not ascextain the origin of such
beliefs in graphing. ' '

8imilar unexpected results, grapha starting from zero, were
often found in thie study too. The following table shows

that :

Table 2.10 Graph must start £rom zero -

Questioné" | — %} startiﬁé frow zero -
:.3,4 SPQed/time g#éph; | 40 |

3.4 Q;ioeity/time gfaph;_. 46

 ? a. _Qelocit?ftiﬁe'grﬁph; :" 53

7 b.” speed/time graph; : .59
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view found above.

In question 4{(d), the given graph wae to be represented by a
vector diagram. To represent thig graph in form of vectors
of ve1081ty, a gtudent needs teo find thke direction and
magnitude of velocities of different sections of the graph.
Then only the vectors_could be drawn. A cloge analysis of the
answers reveal that:

(a)  Eighty-two percent had no ideas. |
(b) Fourteen percent drew some arrows which made no sense.
(@) Four percent sketched ancther graph.

In general, it seems ap if there ig a total collapse of
understanding from a graph to vector.

2.2.7 Interpretations of: (i) a Vector Diagram into Physical
Reality {ii) the Graph of a Motiom into a Vector

Diagram

Questlons 7, 4(d) ‘and 1.2 are involved in the discussion in
this sectlon.

Tablé 2.8 Interxrelation between vectors, graphs and real

motion
question 1 correct - wﬁong % S idea_%
7 (@) o s I | 531' -
£ (b} | ) a0 T 59.
6@ o B PP P
.o las R T Y

Vectors given in guestion 1.2, were found to be difficult to -



"swing

56

The wmotion of a child on a swing was the second example for
" graghing, The students had to produce speed-time and velociby-

time g;?phs. TR . i;
v T
o : E\
f/;f"’“"‘“~\\\\‘ L,,/)/* ° vt
L \
. - | . ]
' T A e
speed-ti.e graph Veloalty-Lime graphs

Figure 3.5 QGrapha of spesd-time and velocity-time of the

3.4 CASE STUDY 1: Bl

 3.4.1 Interpreting Words into Pictuves

Bl prbduces Lhe plcture of the hall thrown vertioally upwards as:

Figure 3.6 Pletures produced by Bl.

Bl'e ploture {(Figure 4.1}, and poslitiloneg of the highest apeed of
a ball when thrown up and when the ball is caught are correct.

- However, his reasoning and understanding of the velocity and the

acceleration during the motion with respect to the changing
positiony of the ball do not seem to be compatible. '

~ Pirsk, 91 reamons that to have a constant velocity one needs
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Explanation; The diresltlon of the veloclty is ver:ica11¥
downwards and the magnltude is the samﬁ as when the ball was
thrown. The arrow in the horizontal vector must show the
oppopite direction ko the vector of the velogity when the ball
wag thrown. Though the vector of the valoalty of the ball whan
it was thrown ilg not asked direecily yet students were expected Lo
talk about it.

3.3.3 Ideas Regarding Graphs

Spaed-time and velowlty~time graphs of the motion of tha ball

_thrawn upwards were givan in five multiple cholce answers as:

4

B 4 c . *

N\

. : ;

-

Figure 3.4 Distracter graphs for the questiong 3.4

{a) and (b}
The acceptable grapha (a) spesed-time A
(b} velowiby~-kima ¢

Graphs A, C and D show some initial velocity while B and D have
rero. Those who chope D and B were acoepted to undersland bhe
graph as the path of the motion, ' ”
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highest spesd. 'The btwo positions are: when the ball waaﬁghrown
and when the ball was caught by the thﬁ%wer. Both speeds are
equal. ' o

3.3.2 Ideas About Veckors

The two vectors to be drawn by Lhe studente were:

- vector of the veloclty half way going up and,
« - wector of tha velocity while the ball is caught,

These vectors were asked in guestions 3.3.1 and 3.3.2.

Acveptable vectors (veloclty hall-way up)

~ AB
| | |
[ ' ﬂm;%?”!u-“.%
(1 e (14)

Figure 3.2 Acceptable vectors of Lhe velocity half-way
Sup

Explanation: if AB representa the veckor of the velocity when tha
ball wae thrown, AC will be the vestox of khe velacity hall-way
up in Flgure 3.2 (1), With the similar explanatilon the vactor AR
in (i1} will almo be acceptable. ' ' '

Figure 3.3 Vector of the veloeity when the ball was
caught '
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In this section the question and thelr acceptable responses are
Glscunsed,

3.3, Intetrpreting Worde Into Pictures

students were asked to interpret and produce a sensible picture
of the ball thrown vertlcally upwards and caught as it falle
back. ' The acgoceptable plotures for this motlon are:

_ PICIURE -
If a student produces the pakh with arrows, it ie slec accepltable

PICTURE

Figure 3.1 Acceptahls pictures of the ball thrown
vartically upwards

The ball moves with a given speed by the thrower undex
acceleration due to gravity. Under the effect of the retardation
‘g’ the ball decelerates until It reaches the top whers the speed
betomes mero. Now the ball accaieratea downwaxrds wikth the same
value of ‘g’ Erom mero apeed ab bha top of Lbhe motlon, The ball-
reaches the throwers hand with the same speed as it was thrown
upwazds . ' o a o

It intarpreting the magnitude of Eha'speed and corresponding
pomitlons of the ball, guestion 3.2 demands the positions of the
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" the interview., In a few cases the oral answers were not the same
ag that in the written test and it was possible to probe into the
ehonge, One of the criterion, to select the interview guestions
wag to chooge those which showed most misconceptions among the
students, Another criteria was to have questions which are very
- ulosge to students dally life experiences, for example throwing a
“ball and the motion of a swing, With known examples it was easy
to discuse ami probe into the concepts of physics. The questions
3,1, 3.2, 3.3.1, 3,3.2 and 3.4 were related to the throw-ball |
experiment and 5(s) and 5(b) to the motion of a swing. The
numbaring of the questions was not changed, Algo a full page was
provided balow the typed question for scribbling. | -

The researcher geusratad questions on motion during the
interviews which were not the same across the interviews, These .
quastions depended on each individual'w resporises. The aim of |
such questilons wasg to expose the hidden ldeas and, in some cases
the miscenceptions held by the students, Thim mechod prevents
-any comparimon acrose the interview sample. The data ilg therefore
presented as six case studies, rather than categofical -
gonatrugtions and compariscons among catagories,

3.3 ACCEPTABLY ANSWERY TO THE INTERVIEW QUESTIONS

~ The Interview questions were focused on two inatances of real
life motlon namely: the motien of a ball throwh'verticaily' '
upwards and the motlon of a child on a swing. For the convenient
analysis of the intarview the following three sections could be
the sub-divisions of the interview,

% interpreting womds into pletures
¥ ideas about vectors and
b ideas regarding graphe, -



CHAPTER THREE
IN'mevmw ANALYSIS
CASE STUDIES
3.1 - INTRODUCTION
The data concerning students! ildaas about speed and velooity, are

diecussed in this segtion., The pictorial, vector and graphical
representaticas of a certain motion were presented to the

‘ptudents ahd they were asked to "think out loud® while they were

answering the questions. HBac* student's ideas were considered
and from that students' prof: ¢ were prepared., In this analysis

" the ideas of ailx students are assessaed in three sections i.e. {a)

on pioctorial understanding; (b} vector understanding and (c)
graphical understanding. '

Studenis have been allocated code names as Bl; BZ; Ml; M2; Ll;
and LZ.

3.2 INTERVIEWEES AND INTERVIEW QUESTIONS

The interview-questibns were exploratory. The aim was to pfoba

into the unhderstanding of the interviewea. Based on the

performances in the gquestionnaire, twe of the best students, two
of the medium and two of the weakest on'the tedt scores, wers
gelected for the interviews. The codes were: B for best, M for
medium and L for lower achlevement. Studente with most
misconceptinna and the related questions were important in order
ko answer the research question, |

geven 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. In thim way the written

answers were also looked into through follow-up questions during



50

The gecond area of agreement was the confusion sbout tne
ingtantanecus motion when directlon changes (Arons 1981}).

2.4.4 The analysis of the ¢ wrect responses suggests that if a
student is good in one topic it i not necessary that he/she will
ke 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, ' '

ok k e kok ok ok ok okk
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vectors are very weak. If a student is good in one specific
area it does not iwply that he/she would be good in others..

2.4 .CONCLUSION

The gquestions were aimed at testing the undeir: anding of
pictures, graphs and vector diagrams of x&.l motion,
interpretation of graphs into real 1ife and vector diagrams and
‘vice versa, &nd graphing abilities from given motions in
different forms. Vectors were another area of interest in simple
pases of real motion as well as in capes where the velocities
were changing. &peed and veloecity were the physical quantities
involved.

The findings out of thie 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.

2.4.1 Difficulties are manifold but mainly inform .on from
given Figures; eketching graphs or vectors from information;
interpreting a graph; understanding a vector in real. life;
matching a line vector with ite length may make headings,

2.4.2 One alternative doncepti&n nay be the students finding
velocity from a veloclty-time graph at certain instants, say the
fourth éecond, wany students divided the velooity oh the graph
by time and answered still am velocity. Equating vectors with
graphs and pictures with graphs were othey pogaible alternative
aoncephs,

2,4.3  Agreement with previous research.

The £indings concur with Schultz et ai, (1986) that graphs ghould
.gtart from zerc, :
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Table 2.20 Common respondents in sub-sections of question 3

Specific areas looked into, Common correct answerers ¥
pioture and speed/posgition. _ 4
vector from real life halfway 10

up and real llfe pleture,

Vector when the ball is caught _ _ 9
and real life picture.

raal life and speed/time graph _ 8
real life and velocity/time ' 8
graph.
vectors (halfway and catch 18
Lime)
speed/tima.graph and veotor ' 4
halfway.
| epeed/time graph and vector at 5
‘catch time.
velocity/time graph and vector ' 8
halfway. : '
#elodity/time graph and vector | _ _. | 9

.at catcoh time,

real iife, vector and graphs. ' o .0

2.3.3 Conclugion

A general conclusion can be reached that the interQ
relationship of understanding between pictures,'graphS'and_



47

Table 2.1.9 Common correct respondents in sub‘sectibns of
' question 1.
'Specific areas looked into - Common corregt answerers
%

picture and vectors. ' 9

picture and velocity/time graphs. 9
 ploture and gpeed/time graph. _ _ 4

vector and velocity/time graph. 19

vestor and gpeed/time graph. - : 3
 velocity/time graphs and 10

speed/time graphs.

corrsct in ail categoriss, - ' 0

2.3.2.2  Question 2

In question 2, only sub-section 2.1 and 2.4 have been _
congidered, Sub-section 2.1 tests the understanding of real

- life motion from the given graph, while 2.4 requires students

to draw a gpeed/time graph frxom the given velocity/time graph,
In the two areas the common correct answerers ldentified were
7.5% of the population.

2.3.2.3 Question 3

Question 3 introduces the motion of a ball.thrown_ﬁwzaight

upwards., The ball falla back and is caught by tie thrower.

The table below gives the_number of students who answered the
gub-questions correctly, R -
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attempt is made to identify the respondents of the correct
answers commen to the areas under congsideratinn tat is to say
pictures, vectors and graphe. This will help answering some
related questilons like:

i) Are the same students good in every area?
ti}) I£ not, up to what level are the three fields
'related in the performances of the learners?

The data collaction 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 gection the correct responses of the respondenta 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 sll 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 inm graphe is equally good in tha
other two sections and vice versa (Apr ndix ‘C/ lists the code

numbers of students whose answers were accepted as e},
The analysis of the data is aimed at finding - ,ations
regarding teaching and learning. This is & ~wnding the

mode of correct respondents in different gues..on. .
4.3.2.1 Cuestion 1

Question 1, with thres sub-sections, relates a real life
motion of a tennis ball to the pictoxial (1.1}, the vector
(1.2) and the graphical understanding (1.3 {i) and (11)] of
the students.
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from the vector diagrams {(given}. This understanding would
only enable a student to draw a graph of the wmotion.

Ninety-five percent of the population produced graphs making
no logical sense and indicating the gross inability to extract
information or data neaded to sketch the graph. Out of the
wrong graphs produced 53% started their graphs from zero.
What made them to understand the starting velocity ag zero, is
difficult to ascertain from this guestion but a general
impression created, is poor understanding and very. little-
 practice of graphing gkills from such data.

Question 7(b' « .ed-time graph.

Here too 99% failed to produce any sensible graph. Other
features were: BSixty-three percent started their graphs from
zero and gome ended on the time axis; three students put the
vectors within the coordinate axes as their graphs {Appendix
Bj .

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 =
cagses also end) on the horizontal axis. My findings are in
agreement with theirs, where 63% believed that the graphs must
start from zero and some ended on time axis,

2.3 ANALYEIS OF THE CORRECT.ANBWERS
2.3.1 INTRODUCTION
B review of the data to establieh the percentage of corrsct

and wrong answers to the test questions might give a geueral
idea of the students' understanding. In this section another
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In a goncluding statement ML says:

375 g: So, this means the ball is thrown from zero and
hack again to zero.

408 8 When the swing moves the gpeed comes back to zero.
there ig 1no increase in apeed. It remaine
constant.

For the child in a swing question M1 gives ideas about the graph
of the swing. She thinkg speed does not change and gonsequently .
- produces a stralght line graph (figure 4.11). . .

She also considers the graph to be a hyperbola.

461 8 Tt will not be a straight line, mugt be in form of
a hyperbola. :

402 I Do you know hyperbola?
403 8 No,

The shape of the graph given was:

|

N\

Figure 3.16 Speed-time graph of the swing by Mi _

ML's following statements may indicate thut her thinking is
direated towards a giaph as the pictorial shape of wotlon and
that mekion below Lhe starting line must be negative,

P

i)
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345 I: Can you find any difference between the two?

146 G when we aombine the two vectoers 1t will be zero.

' One is golng up and other one is going down. So
tha resultant will vancel sach other and become
28%0.

It appears that for her the two velocities e.g. halfway up and
when the ball was caught, are equal, coincident and in opposite
direction in order to give a cancellation effect. Seemingly ML
appuars not to be able to make ocut the velocltles at diffaerent
‘positions of the molion of the ball,

3.6.: Mi'e Tdeas Regarding Graphs

For, quemstion 3.4 (a), speed/time graph of the ball thrown up,
. her answer is "D'. Her explanation in support of the answer is: -

361 8; Because the sgpeed means the rate of distance

- travelled by an object, so the graph is in this
way. It means that the distance travelled by the
ball is thig way.

Por, the valccity-time graph of the ball thrown up the graph than
shows heyr answer ig "B'.

ghe explaine:

371 8 “B* iz the veloclty-time graph, because veloclty

: 18 the rate of displacement of an object, This
means displagement le a straight line from the
starting point to the £inal position.

1t appears that for both the veloolty-time and gpeed-time graphs
above, Ml thinks about distance and displacement rather than
speed and velogity. She thinke both distance and displacemant
were zaro in the beginning and increased with time, without
taking note of the graph being velocity-time rathax than
digplacement~time. : '
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Pigure 3.15 Ml’a vectors of the velocities half-way
' up and at the time of the ball belng caught

Hexe, it appears that for her the veloclty halfway is being taken
a8 half the height of the throw and further more ghe did not
realise the difference between the magnltudes of the velocities
at half-way upwaxds and when the ball was caught. Apparently the
vectors drawn by her are equal in length., Ml explaing ‘silze of
the vactor’ in her following words:

318 &: I can éay it is zero degrees celsius because it is
_ golng up to the middle. '
323 It ‘Zero degrees celsiusl’, is it the measurement of
lencgth?

324 8+ Ne, it is the measurenert of a vector, that means,
_ I can say, 1f you measure & vector, you use a
protractor from North to Hast and South to West.
80 this veator ls pointing upwards to the North,
with the protractor it will be the ‘Naught' (Q)
degree celaius. _

This use of the unit for temparature as the measuremeat of a
veotor was exposed with the misunderstanding of ‘degrees’ (angls)
“with ‘degree celsius’ (temperature). I think Mi's confusion with
the unite lies in the lack of practice with vector drawings,
Maybe, she had more everyday experience with temperature.

Whan agked about the difference hetween the two vectors-i.e{, the
veckor of the velovity half-way up and veator of the velocity
before it isg caught, it ended as: ' :
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For Mi, the balle highest speed is, just before thé ball teaches
the thrower’sa hand while falling. :

290 8: When I say in Lhe air,t mean hefore it is
caught.

Howaver, - when ahe was asked to locate the position in her
plcture, she shows it at she peak of hex graph/picture,

Figure 3.14 Highast veloclty alk highest point

The intuitive answex ‘highest apeed abt highest point’ is a
problem for her. 1 think Ml's plcture as a gfaph‘confuaea her
and she confuses Lhe highest point of the graphlcal pleture as
the pogltlon of the highest velocily, It appears that wrong
plotures lead to the. wrong anewers of Lhe abtached questions.

3.6.2 Ideas About Vacgtors

Ml says that & vector lg a physical guantity which has magnitude
and direction, Although she says that an arrow showe Lhe
direction of the vector, how to draw the line in its magnitude
and direction ls difficult Ffor Wer. She gives unexpeuted and
pome lrrelevant answers, Mi's ideas are as Eollows:.

314 & Magnitude is the slzd of this vector,
318 I: - Size meaning ?
316 8 Meaning that 1k ia halfway of the vector,
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He may have had a problem with the algebralc nature of the
vectors and drawlng of line vectors. BZ’E analogy of the swing
motion with a pendulum seemsd Lo help him draw the veloctty-time
and sppeed-time graphs of the swing, I think he understands the
positive and negative behaviour of the graphlcal axes in context
to the motions.

3,6 CASH STODY 3: M1
' 3.6.1 Intexrpreting Words Into Pictures

For the ball thrown up, Ml’'e pictuxe is more like a graph.

&

b
»

L

E
Flgure 3.13 ML's ploture of the ball thrown upwards

273 Ii - It apgeara in your answer Lhat you have taken aoma
graphical axes,

274 &: Yes.
275 i: - Do you think that, it is necessary to draw Lhe
: picture in a graphical framewoxk?
276 8: Yes, so thar it must be visible. When I draw it

without using the graph it will not ba visible and
gliall not be stralght.

It seema Ml's graphs and pictures are getting mixed up because of
her view that plotures are mors visible as graphs..
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/
N

Figure 3.12 The swing’s velogity-time sketech graph.

¥

He c¢ould explain the pomitive and negaktive sides of his graphs .

287 8 (Reads question Bb,) This can be represented as
' ' follows. _ '
We ara goiug Lo have positive and negative'here.
When the swing is at zero, I mean at the highest
point it has got ne velocity now. The velowity
inoreases as the swing goes to the other slde, It
incresses until it reaches the highest point. Now
it goes to the other smide and velocity decreases.
It decreames until it reaches zero on the othew
gide., Now when it reaches zero, it moves back to
the flyst poink, I can asay thabt the velocity.
increases again but it is in opposite directlon,
Now we will have our graph moving below the X-axis
and ther until it reaches the highest point again
it is here now when it wovea thak side, that
- veloelby decreases until it reaches zero, then it
comes back again it changed direction and it moves
into the opposikbe direction Ifigure'4.7).

3.5.4 Conclusion
B2, as the second bemt mcorer and a student of the final year

~ study of the Becondary Teachera’ Diploma gave good answers. B2 '
doss not seemt ko have a clear understanding of vectors drawings.
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 bime graphs as his answers Lo questions 3.4(a) as ‘A’ and to
question 3.4(b) as ‘Q’ are correct as suggested. Since the
graphs were given in a wmultiple-choice formab the guessing could
not be ruled out, The follow up questions put to B2 confirmed
his understanding as below, -

244 I: Yes, how do you say that?
B2 explained,

245 S: The ball leaves the throwers hand with a high
speed and after a while it reaches the highest
point where lts speed ls zerc whare 1t stopped and
now it burned and changed ity course thabt’s why we
are golng to have the negative velocity here, this
shows ue that it has changed the direction afber
it hag reached the highest poink, changes
direction until it is caught by the thrower.

He understood the motion of a ¢hild on the swing and drew the
following mketah grapha:

Figure 3.11 The swing's speed-time sketch graph,

His swing’s motlon,im like the motlon éf'a pendﬁlum.'

I
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and hie vecktor halfway up la:

. 2385 8¢

Immediately before it is caught? Then it is golng
to be like thig (Ha draws). I think this should

be our representation, This is ouxr highest point.

. \

Half way up - While ball iz caught

gSeemingly he has the ldea of using a scale to draw the magnitude

- Figure 3.10 B2's vecotors of Lhe wotilon.

of the vector on paper.

221 8

T should think that when you draw vectors you
should measure them aceording to thedr, I mean
thaiz, magnitude that is maybe they can give that
draw 10 km, you know you ¢an not draw 10 km, you
have to measure some acale so that you can puk
your 10 km on this page. '

it appears to me that in both of his vectors (Figure 4.5) he ism

trying to match the vechor with the path of the ball, and that is

where he has confused Lhe direction and magnitude of the motion
with the picture halfway up or when the ball is caught.

3.5.3 B2's Ideas Regarding Graphs.

/B2 seems to have a good understanding of speed-time and velooity-
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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 throw-ball by a
vertical line wikth arrows showing up and down (183, 8.).

Flgure: 3.9 B2'g plcture of the throw ball

He suggests that changes in the directlon of motion take 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:

208 & When ik leaves the thrower's hand and when it
reaches the thrower's hand again ,

The picture and the graph are the same for B2 in thls case. He
BAys!: : »

195 &: If they say draw the picture of the motion, means
you are going to represent it graphically.. :

3.5.2 Ideas About Vectors
B2 seems to understand that a vector is:

227 " &:  Thatk quantlty which poasessas both magnltude and
diqgctton.

Wi

ol
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3.4.3 Bl‘s Ideas Regarding Graphs

In question 3.4, where the gketch graphe of the wmotion of a ball
throwa upwards ara'givan and where the students have to identify
the correct gpeed/time and veloclty/time graphae, Bl identified
the correct speed/time graph as ‘A’. The velocity/time graph of
the ball wag also identifled correctly. He sxplained the
positive and negative directions of the graphs as follows:

142 8:  BA represents the downward motion.
140 8¢ The_upwara movement ig positive and the downward
ig negative.
In the case of the motion of a child on a'9wing Bl iz unable to
~ diffeventiate hetween speed and velocity. Both of his graphs '
- leock alike, :

31 accepts:

158 8¢ But I‘m not sure about this,
About the velocity-time graph he says:

170 s} fhia one.ia challenging,
3.4,4 Conclusion

Bl, a atudent who received the best goores on the test,
apparently confuses velocity and acceleratlon, and is not able to
differantiaste between force and acceleratilon. _Despite the fact
that he can produce the dafinition of a vector quantity, Bi hag a
problem deciding the maghitude of a vector in drawlng a line
vector, To Bl, the velocity-time graph and speed-time graph of
the motion of the swing appears to be the same and the whole
concept seems challenging., I think Bl lacks.practice'in dealing
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From this it seems that he understands the idea of direction but
later it appears that how to represeﬁErthe magnitude is a problem
for him. To represent a force of 5 N at 30 degrees f£rom North,
he shows the idea of directlion as in:

|

139

]

1

Figure 3.7 Bl's fcrce or 5N at 30 degrees from North

112 8¢ {Indicating to his draWLng) This is the anule and
'  this part is the SN.

about the magnitude he pays:

124 8. This part which represents the magnjitude? This
one I‘m not sure, I‘m not told about this. -

Bl makes reference towards hlE 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. N

When the ° 1g caught.

Pigure 3.8 Bi‘s drawing of vectors
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constant acceleration, that is, he regards the velocity ond
acceleration as the sgame., In his cwn worde:

S 14 8: constant acceleration, that means that the ball
: wasg just moving with tito same velocity from the
thrower's hand to upw..~  »ntil it comes hack

again.

Here he seems to have a misunderstanding of the effeat of
acceleration on velocity as time changes.

- Second, he seems to regard gravitational force responsible for
reducing and increaging the velogity.

70 = Because of the gravitational force, which act
against the ball, the ball starts to decrease in
velocity is zere and then it returns back again.
And when it returns it increases and increasea

I infer that Bl takes the change in velogity as an outcome of the
gravitational force in vertical motion. His problem may be that
he is not able to relate acceleration to the effect of gravity in
vertical motien and velocity to the effect of aceceleration, I
think this sequence of systematic Physics plays an important role
in understanding motions. :

And a third, misundeistanding surfaced when Bl sai&:

36 8&: suceleration does not have a direction.

3.4.2 ideas About Vectoxs

Tn his response to the question what i & vector?
Bl defines a vector as:

94 8 Vector in fact includes two things -W directicn '

of motion and magnitude.
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Probably he has problems wiih the decreage and increase ofp
variables in a graphioxl :tusdtion, He ﬁ;plalna his
understanding ag: : *
743 8 Because it seemy, while the speed was high, this
object decelerated te reduce the Lime, bto say the

rate. That ims why the velocity goes down and time
also deoreases,

732 1 Where ig time decreasing in this graph?
733 8 From ‘A’ to ‘B’,

L2 acceptsa:

747 8:  'The preblem is about the creativity in graphs. I
have no clear picture or I don't have snough basis
in graphas, _

He tries to elaborate on some of the isaues a.fecting the concept
building in schools:

749 8 This is more or less standard 9 work. So I
happenad teo have a problem there, even khouqh we
managed Lo pass, :

751 & We had problems as far as reading akills and study
skills axe concemed. Because we are gtudying

only for testa and exams and not really for the
purpose of understanding the thing.

L2 drew his graphs of the wotion of the swing as:

.J .

£
1Cd

+

Figure 3.29 speed-time and velocity-time graphs of L2 of
the swing’s motion ' '
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veqtor: | y
693 &: Vectors are guantiliiles which have both magnitude
' and dilrection. i f

 But how to represent it by a vector dlagramw is a problem for him.
gomehow only the ‘direction' part has got some senss. L2‘s
vegLors are: '

}

i) velowity halfway up : ii) The veloolty vren the ball
' ig caught,
~ Plgure 3. 27 L2's vectors for the motion of the ball

But aboub magnitude scwme new ideas appesar. L2 says:

695 @:  When the ball was thrown up it had magnitude and
the directlon which was upward and its magniLuda
will be determined hy lks mass.

- It seems that he ig confueing the magnitude of the velocity with
the mase or welght of the object, Abour direclion he zays:

708 8 By drawing a line which has an arrow ind;caLing
the direction,

3.9.3 L2's Ideas Regarding Graphe .

L2'e spesd-time graph of the ball thrown vertically upwarda Li
‘¢ and veloclty- Lime graph is ‘B’, 1

v . v

b

. .\_.._l.,
(; . _ .

Mgure 3,28 L2'8 apeed time and velowity-time graphs of tha
ball krhrown upwards
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Life motlon repregented asg graphs.
3.8.4  Conclusion

11 is a student from one of the lower achlevers in the test. Mis
picture of the ball thrown upwards as twe parallsl lines, does
throw some light on the real motion but when ideas regarding
vestors and graphs are inguired, he could only glve the rote
lgarnt definition of the vectors. He suggests that his weak
sclence education might be the reasen for his poor conceptual
understanding of graphe and vectors.

3.9 CASE ETUDY 6: L2
'3.9.1 In"srpretlng Words into Pleture

L2 thinke that the cause of the vertical velocity upwaxd ls
kinatic energy and that the kinetic enargy ls continually opposed
- by the gravitational force. As he explainsg:-

651 81 It (kinetic energy) im contradicted by the force
. of gravity, the energy has now dome o an end,
Kinetic energy has come te a stand stlll,
_ Tharefore the potential energy regalns its value.
It meems L2 thinks that the force of gravity exerted in the:
opposite direction to the velecity reduces the kinetlw enargy.
However, what he means exactly by ‘contradicted’ needs to be

further probed into,

L2's point of highest speed ls the beginning of the motion from
the thrower’s hand and he states that the ball will return with
the same veloclty back to the thrower, '

3,9.2 Ideas About Vectors

L2 too, like others, has the rote learht theoretical ides of a
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Figure 3.24 LLl‘e Velooity-time graph of the ball thrown

Ll says, "Thls length is like a clrcla".
Furthez he says:

611 §: Aaesh ....it le too difflqult.

"Ll relates some of the difficultles ha had to hia previcus
bagkground education as follows:

613 8  In graphing especially iln Physleal Science, I have
more difficulties, because in standard 8 and 7 our
teacher did not teach us aboub graphs., They only
taaclh us aboub mobions and momentums and so on,
But the graphs thay did not.

Li'e epeed-tlme graph of the swing motlon im:

‘Figurae 3.25 Hpsedebime greph of the mwing by Ll

and Lhe veloclty-time graph of the ewing im:

Figure 3.26 Velogity-time graph of ths swing_byinl |

Li's graphs here tell the story of a pooar uhdeﬁatanding of zeal
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E51 & The vector (thinks...) i# where we get direction
and magnitude.

For the vestor of the velogity when the ball was caught back
while falling, he drwew a picture-like diagram (597, &h

VTFnAI

IMgure 3.23 Ll'eg Vestor of the ball thrown upwards
L1 acvceptg:

585 8: T don’t have the information, where can I gek the
lnformation? That le why I don't know it fully.

Thue, for L1 veubors are plotures.
3.8.3 L'a Tdeas Regarding Graphs

Ll's speed-time graph of the motion of the throw-ball is ‘B/. As
he explaine, he probably takes the graph as the pichura of the-
path of the ball in a frame of coordinates, '

603 8 80 fust like bafore when you bthrow bthe object
upwarda, we show 1t when we draw a sketeh., You
draw Lt up then Lt ls vertical. Then when the
object retwrns it ls alse vertleal but £aclng the
ground. %hat le why I say that ‘B! ig the anawer.

Yor velooiby-time graphs, hls ahah&r wag ‘Df,
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3.7.4 Concluaion
| Although with & madium performanca in the test, M2's approach to
the questions were quite relevant. The confuslons in graphs and
vactors were fraquently vielble. This might be because of the
lack of basics and lack of practice in previous studies.

3.8 CASE STUDY 5: L

3.8.1 Interprelbing Woxds into Pilctures

1\

-

Figure 3.22 Ll's Picture of the ball thrown upwards

Li'e pieture is ghown by twe parallel, vertical and opposite
arrows showing upwarde and downwards motion. 1L too assigne the
change in the speed due to the force of gravity and not dua to
Lhe aceceleration. ' o

547 8: I think for this (spesd) to be the highest is for
: the force of gravity. The foree of gravity they
aktract the object to the ground se that the spaed
kecomes higher.

.8.2 Avaas About Vewlbons
Ll uenesgtly atates:

53 8: I don't have the ides, .
561 S: I don,t know, how can I represent 1t?

e
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For the speed-time graph of the motion of the awlng, M2 produced
the following graph with mome initial speed on gpeed axis.

-

v

=
k

i

Figure 3.20 Swing's speed-time graph by M2

‘When probed about the initlal speed of the swing, M2 emphasilzes
" that the swing must have a certaln initial speed at the top as
ghown in the graph. Although the'example of the swing ls very
- comwon in dally life, his uhderstanding of speed with respect to
‘positions on the path of the swing seems Lo be weak. His ideas

alout the initial speed of the awing are expressed am follows:

505 I: Whalk should be the gpeed at the bop? _ ¥
506 §:  ({Thinks). OK, here akt the top I can say that time
© moves kherefore spead moves also, so there at the

top there must be a certain number for the speed
algo. '

M2’'s velowity-time graph of the motion of the ewing looks like a’

valociby~time graph wikth constant acvelerabion in the following
flgure.

-

Figure 3,21 M2's veloclty-time graph nﬁ'the”swing
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graph and tried to explain the motion as:

481 I:
482 8.
483 I
484 84

Which one you think ig correat?
(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 ite
speed ig zero, then after zero it goes up Ll.e. it
increages again.

8o which one do you think is the best graph out of
these five? _
I think this is the graph (Marks A as his graph).

For the velocity-time graph of the ball’s motion his anewer ‘¢’
was a correct cholce. He menaged to explain the meaning of the
different parts of the graph ‘C’, but hig explanation does not
give a clear picture of the motion attached to the graph ‘¢’
M2'a velacity, relrted to digplacement changes, does not
correspond to the graph of the velocity-time, but astill he
maintaing the answer 'C’ as the correct answer ag Ffallows:

dke 81

The velocity attained by the ball as it goes up is
equal to the velocity as it goes down. 8o ag the
ball moves up the veloeity increases. The ball
accelerates so there ls a change in veiocity, and
bacause the velocity is a change in digplacement
versgus time. &0 as the ball moves the '
displacement changes and the time changes as it_
goes up, then at the turning point the
displacement changes. So I oan say this one
becauvee (a pause)this (indicates C ap his graph).

Thiz type of explanation by M2 leads me to think that his answer
'¢t is a rote learnt mnswer (from a book) of the ball thrown

upwards.
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3.7.2 Ildeag pboul Vectoxs -
. :f“-

M2 states that a vedtor is a quantity‘wqith magnitude and

direction. He rapresgents magnitude by a straight line and

diregtion by an arrow.

464 3: In fact we draw a line and there-after we measure
it using a ruler, ‘That lg the magnitude. 8o the
line represents the magnitude on the paper., Then
the arrow repregente the direction on the paper.
That is the vector.

He drawe the jector for the veloclty at the time of its capture
by Lhe throhar as:

Y
Flgure 3.19 M2's vector of the veloclty of the
ball when caught by the Lhrower
And he asays:

474 8¢ Then the digtange f£rom the startimg point to there
at the point of return ls the same as fxom the top
as 1t goes back te the gtarting point,

I infezr thab for him, the velooity concept with keapect Lo time
change is confused here with the distance/diaplacement change
‘wlth bime.

1 3.,7.3 M2’ Idems Regaraing Gxaphs

M2 choosee ‘A’ for the speed-bims graph of the ball Ehrown -
upwards. He maintailned the answer ‘A’ as his goxrect speed time
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‘For M2, the speed is affected by the fc.ce, He talks about the
gravitational force acting on the ball and not the acceleration.
. By sayving that force produces speed we drop the step of
acceleration in the seguence of foree to apeasd 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 gayus to have a
' constant speed in absence of the air resistance, The following
dialogue reveals that M2 confuseg the effect of the force of
gravity to give constant speed rather than constant acceleration.
The conceptual relationship ketween force, acceleration and speed
of a motion geems to be a problem to M2.

448 8: The starting point. Here it (speed) is maximum
and here it ls wero, then 1t starts from minimum
and comas down to maximum. So I say that in
absence of reglstance the speed should be
congtant, in the abeence of alr friction.

449 I: What do you mean by alr frictlon? :

450 8: By alr friction I mean that as the ball ......

451 I: Why will the speed be consgtant? '

452 8: Becausde there will be only one force acting on it,
the downward foxce that is the force of gravity. o

453 I: 8o If there is no friction, what will happen?

454 8: The ball will continue at the maximum speed

455 I: t the maximum spead, why?

456 8: We gee that heve ig the turning point and as it

- falle its velocity changes as it falls downwards

and it becomes constant. .

Here he talks about conatant veloaity while f£alling but'he doeg
net mention the idea of terminal velocity. Hence I infer that
the alr resistance - what he talked about - is playing some role
in his explanation but he digd not exactly express it,
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displacement in a straight line and speed as the rate of change
' of dimtance and gets confused over their graphs with respect to
time. '

3.6.4 Conclusion

M1 shows fo canceptual understanding in her explanations of the
vectors and graphs, Her explanations and diagrame showed a poor
understanding of speed and velocity, It is difficult to
comprebend the origin of the degree celsius for angles'and'
hyperbdliﬂ graphs for the swing motien. She hasg difficulty in
 translating the rgal'life-statementa-into the plctures,

3.7 CASE STUDY 4: M2

3.7.1  Interpreting Words Into Pictures

Figure 3.18 Picture of the ball thrown up

While explaining the motion of the ball thrown up he says:

438 5 It means that one certaln forxce acting in one
dAirection like when it ils going upwards there are
two forces agting on the body, that is the force
of gravity and the foxce axerted by the hand to
direot 1t upwards,
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405 &8 When the awing moves the speed comes back to zero.
There is no increage in speed. It remaixns
conAatankt. .
. winl ’-.i
411 8 It does not increase its speed. Ib remaina to

zaro but 1t decreases to negative as 1t swings.

The velccity-time graph of the swing to M1 is a straight line
parallel to time-axis ghowing a conatant veloecity starting -from
ZEero. '

A’

Figure 3.17 Graph of velogity-time by Mi.

When she was prbbed about the shape of the graph, she maintains
that the velocity remains zero,

416 I What does it mean?
417 8 It means velocity remains to zero,

In her éxplanation to the speed-time and velocity-time graph she
paya: '

421 8y The velogity-time graph is & stralght line graph,
that means 1t has direction and magnitude and
speed- time is a ourve.

I think ML is éonfusing the definition of gpeed with_apeedAtime
and veloclby with velocity-time graphs, Probably she remembers
fhe rote learnt definitlon of velocliy as the rate of change of
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of the study of motion conceptually? Is it to start with the
pioturs, the vector and the graph in sequence or should the
topice be dealt with separately?

The concept of the gradlent of a graph and ite relation with
physical guantities help extract information from velocity-
time graphs. Students showed poor understanding of graphs when
guch information (gradient-ralated) wer to be extracted.

This area needs more investigation, '

- an understanding of vectors and graphs, seem quite oclogely
related in the case of velogity but in my findings I could not
find much influence of one on the other; for example, the
students good in graphs, did not perform well in vectors,
gince my work did not cover this area asp & topic thevefore I
gtill believe further research would ba needed,

Appropriate teéching ptrategles reed to be developed and

“evaluated as suggested above, Through seminars and workshops

the research done must reach the population {(students and

teachers} on the ground for thelr daily use, via action
research and concomitant improving of the teaching and |

' leazrning. '

deok ek U el e ok ek ok R e
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- Gulded practical investigations and discoveries with full
invelvement of students must be encouraged. For these
investigatiohs, more practical lessons than lectures will
be useful, It will encourage owning of the knowledge by
the students.

- Micro-computer based laboratory technigues will ke very
| upeful in understanding graphe of speed versus time and
velocity versus time by using ultrasonics to interpret
the movementa. gtudents experience zero aceeleration and
at the game time view the velocity-time graph of the
-motion in the computer monitor, '

- Real-life examples should be presented by studenta
' thamsalves'and plotures should be drawn._'In paguence
they should draw grephs snd vector diagrams, This
effort, made by students, might give a way through to
‘@stablish inter-relations between these concepts,

- Testing for incorrect concepts before teaching, could be
" uged to know weak peoints., For such an exercise & Pre-
‘test oould be uged before :Lnstruction beglhes on & topieg,
After interventions a post-test could be useful to find
oub if the taaching has been effeative,

~ Inclusion of these suggastions in a practiaal way, may heip
improve the concept building and retaining a concept for a
longer duration. : :

4.5 RESEARCH IMPLICATION

The relationship between Physlcs and Maths in the £ield of the
gtudy of motion seems to be simple, but when reseavched, it
proved to be difficult I tried to £ind out the intex-
ralationg and dependence of vector, graphical and pictorial _
understandings of studenrs. Bub much more research if needed,
For example, which methodology couwld improve the understanding
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1. In measuring angles students uged the unit asg degree
Celaiua, It 18 a gpeculatlon that probably, because of
too much use of the term in measaring remperature it ie
baing confused with angles too. While discussing this
problem of measuring angles in degree Celalus, with one
of my colleagues in the college, I was told that in high

- gehool Biology tlasses degree Celmius appears like & song
as the unit of body tempersture. Probably the same :

. appeared in Physics as a result of that rote learnt
singing.

2w.. Without knowing the meaning and shape of a hyperbola a
student said the speed-time graph of the swing motion
will be a hyperbola. :

4.4 IMELICATIONS.FOR INSTRUCTION

Regarding the learning and teaching of mechanics, by
implication in respect of veloeity and speed, it acould be said

that problems are more than their solutions. Relationship
betwaen misconceptions and confusions are complex, the
problems outlined above need a comprehensive research to £ind
a way through., 8till, the followlig suggestions might be
useful to teachers as well as to learners,

4.4.1  Buggestions Forwarded

The following suggeétions are forwarded for taarning
Kinematics conceptually and effestively:~ '

- mathematical methods used in pﬁyaics 6.9 vectors and
- graphs, should be dealt with comprehensively with
-practical examples of dally life.

- The definltions learnt by rote, musat ha practiaally tried
in physical realitles.
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with time during accelerated motion, was found to be difficult
for the gtudents. Vectors aof real life motion gave the
students two problems: Firstly, to undewstand the velocity at
various (time positions) pointe 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 tronds found as a
result of this sktudy in veators : '

{a} Students do not correlate the magnitude of a vector to
its line vector. Thus the direct relatlon between the
magnitudé of a vector and the corresponding length of the
line vector appesarad to be very weak with the sgtudents.

{b) Vector as a graph: BStudents drew graphs whan.ésked to
draw vectors: This probably appeared because of the lack
‘of teaching and learning the vector part of mechanics.

{e) The difficulty in extracting information:

(1)

Grapp information from a vooLor diagram and to .
gorrelate 1t to the physival reality appeared
'dlfficult for students.

(i4) From.a graph o 4 Ve ' To

extract the information regarding direction and
changing magnitude from a graph and then drawing
line vectors to reprasent the moclon was found very
diffloult, '

- Other than these some unantiuvipated {not mentioned ahywhere in
Literature review) confusions and concepts were also '
 discovered while doing the case-studies through intorviows

e.g,



-87

B, It was difficult for students to interpret:

(&) negative part of the graph,
(b} digeontinuity in graphs

in physical reality of the motion. In this study
disgontinuity in graphs appeared mostly when an abrupt
direction change occurred and veloclty wag not zero, for
example when a ball hits a wall and returns back,
Negative cegments of the graphs were viewed as difficult.
in examples like the ball thrown upwards.

6. Students had difficulties in extracting information from
graphs, for example raading graphe fox the_vélcuity at a
¢certain point in time and ldentifying the segments
representing the accelerated, forward and backward
motion,

7. gtudents have diffilculty in interpreting a parallel graph
ko the time axis ir texms of physical reality of the
motion,

8. The concepts of apeed and velocity seem to overlap
especially when it comes to graphs, To draw a speed-time . -
craph from a velocity-time graph surfaced as a major
«allure area. : '

4,3 VBCTORS

Vﬁqtora'are an integral part of the concept ‘velocity’.
Velocley Lo different from speed only because it has a
Girection to be Qistinctly seen in it's representation. Ik
appeared the that rote learnt definitions of velocity as a
vactor quantilty is known to many but ite representaidion is
problematic, Some students show diraction (in most cases) but
the idea of magnitude an iine vettors are hard for then to
make out, To understand the changing megnitudes of velocity
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a narrative word statement and vice-versa.

4,  Obtaining data for graphs and vector drawings from
pleturea was difficult,

'4}2 GRAPHS

From a graph to physical reality and £rom phy-~ical real motion
‘to a graph, students had difficulties in extruuting
information data and using them. oOther difficult areas
experienced by students were: tha goncep: ~% physical motion
and lte negative and positive meaning when in the form of a
graph; meaning of a parallel graph to the axes; meaning of
discontinuous graphe in real life; why and when should a graph
_start from zers, The investigation found grcunds to uonclude
the following about graphs, :

1, Students have the idea that a platuze -oould look-like a
graph, Mostly pictures of real motir: in the cage of a
ball throws upwards) were drawn in graphical frames usinq

. axes,

2, Matehing the features 2Ff a graph wlth naxrabive
information and vice-versa 1lg difficult,

3. There is a tendency to take the highaét speed at the
- highest point. It appears that speed im confused with the
dlstance travelled whan the motion i in tha form of a
. graph.

4. - Data, abtained from atudents’ answexrs, suggest that _
velociLy time or speed-Lime graphs must alwaye start From
zero, even while the initdial veloc:tiaa were ot zaro,-
students drew spsed-time as well ap velocity-time grapha 
staxting from zexo in examples llke the ball thrown
upwarde and the motion of a swing. This supports the -
£indings of researchers likes Bohultz et al. (1986).
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CHAPTER FOUR
CONCLUSTION

The misconceptions regarding the definitiona_of spead and
velocity and the related understanding of mathematical
processes like graphs and vectors, highlighted a number of
difficulties among the pre-service teachers. The data
analysis showed that the difficulties Ffaced by individual
studente mostly axe not interrelated among the topics
inVlead, and if they are related the percent relation ig less.
than 20%, Certain diffioultles emerged due to the wrong
understanding of definitions and poor bagic doncepte of
practical vectors and graphs. Most of the learning problems
revolve around these difficulties. Consequently the '
~performances of students are affected negatively, The
mathematical processes, such as graphs and vectorg, when uged
for understanding phylius &.d, mechanics, seem to confusa it
evern moxre,

Isome difficultles and confusions found through thie scudy are
_the following.

4.1 STUDENTS UNDERSTANDING OF PICTURES

Plotures in the cases: (a) the motion of a tennis ball, b a
bhall thrown upwards, (¢} the motion of a swing and (4} a ball
rolling betwsen two walle, suggest that: ' -

1. Pilctures were not understood well in the context of the
mathematical representations namely graphs and vectors, The
pleture ag a graph and the picture as vectors were commosn
happenings in ptudents responses. '

.' The drawing of pictures Erom graphs and vectore ware found
to be difficult,

3, Very few students could translate the glven plotures into
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veckor of the velocity,
e} Low level of practice in drawing vectors.

3.10.3 Graphlcal Understanding

Based on the above analysis the following can be deduced as the
exipting idear and problems about velocity-time and epeed-time
graphs of real life activities based on the throw-ball and swing
mokion,

al Most graphs looked like the pictures of the motion. .

k) Tu the case of the swing motion, it was assumed that the
motion was negative, bacause it was always belaw the starting
line. Probably this confusion hag its origin in the cartesian
- plane where the gquankitles below ¥-axie are always negative.

¢} If the ball or swing returns back to the original position,'
there ls no increase in speed, it remains constant. It may be
that no change in displacement hag been confumed with no change
in velociby. And the velocity-time graph by L1 has been drawn as
gere line,

Figure 3.31 Velocity-time graph of Ll ag zero-line

**++*****w********
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i) Bt the highest point there is highest velocity.

1i) Consgtant veldcity with constant avceleration.

iii) Aceceleration has no direction.

iv) If there ig no air resistance the speed will be
congtant .

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‘’.

3.10.2 Vector Understanding:

The theoretical definition of a vector that is "Vector iz a
physical quantity represented by magnitude and direction' is
known to most students in one form or another. Thelr problem is
the representation by a line vector. An arrow-head representing
the directien of the vector satisfied many of the interviewees.
The understanding of the role of an angle in a vettor drawing
from a given direction is absent. 'The concept of bearing a
direction is not shown by any student.

‘Degres Celsius’ was mentioned as the unit of an angle while
trying to draw the vectcr., 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 haw to represent a vector. In this
regard the following problem areas could be noted:

a) Lack of realization of the changing magnltude of velocity/
gpeed with time,

b) Lack of realization of the changing magnitude of veloolty/
speed with the height reached. - _

" @) Inability to uge the length of & line vector on a soale
repregenting the magnitude, -

d) The mass of the object is confused w;th the magnituda of the



